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Dwight Bower 
Deputy Director 
Colorado Department of Highways 

On behalf of the Department of Highways and certainly the State of Colorado, I 

would like to welcome a1.l of you here. It occurred to me from looking at the 

program that it has been well thought out. There are a number of activities 

that I myself would like to participate in and would like to stay for the 

entire conference. Unfortunately, I will not be able to. I arn going to leave 

town as soon as I leave here. But I am certainly expecting that our people 

from the Department will bring back a lot of good information that we will be 

able to use that will be helpful to us and to other agencies in the State of 

I 
Colorado in our weighing and truck activities throughout the state. 

There are a number of important things that I think will come out of this 

conference. Certainly weighing vehicles with the limited funds we have is one 

of the important things that you will be looking at. The availability of 

these types of scales, accuracies, all of the things that I am sure you will 

be learning, are important to the entire industry both private and public. 

Qne of the things in the Colorado Department of Highways that we hope to be 

improving on is our allocation formulas as they relate to the trucking 

industry. I would think that with these types of devices we ought to be able 

to develop more information at a lower price and certainly have it more 

reliable. This past year we experienced the pleasant opportunity to go to the 

Legislature trying to get an increase in our fuel t a x  as well as our 

distribution of the burden to the trucking industry as well as the motorist. 

One of the things that we were hard pressed to do was to really come up with a 

good allocation formula of costs which are attributable to trucks. 

So with all of that, I wish all of you a good session. I hope you enjoy your 

stay in Colorado and that you all will take advantage of the trips that have 

been put together as part of this conference. I want to congratulate all of 

you on what is obviously going to be a very successful conference. 
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Morris Reinhardt 
Regional Federal Highway Administration 
Region 8 
Federal Highway Administration 

On behalf of the Federal Highway Administration it is a real pleasure for me 

to welcome you to Denver because this is the home of our regional office and 

one of our division offices. We do welcome you to Denver, and on behalf of 

the regional office, if you see anything that comes up during your stay this 

week that we can do to make not only the business part of your trip but also 

the personal situation more enjoyable, if possible we will try to accomucate 

you. Give us a call. 

Since we are having a Weigh-in-Motion Conference I would be remiss on the part 

of representing the Federal Highway Administration if I didn't say a few words 

about the conference. We are here today primarily because of a special 

appropriation act by Congress in the form of a real technical assistance 

program that has its intent and purposes of providing assistance to state and 

local governaents in their efforts to resolve state and local transportation 

problems. So financially that is why we are here. 

Over and above that, I think I can safely say the Federal Highway 

Administration for several years and certainly today has a very strong 

interest in weigh-in-motion technology development and advancement and 

hopefully ultimate full utilization. So we see this conference as a part of a 

means to that end. We do have a vested interest. When you start talking 

about weigh-in-motion technology equipment procedures and so forth, you say, 

"why do you need that?" Probably all of you in your own spectrum of work 

environment know this better than I, it comes quick to the mind the era of 

data collection, also the potential for truck weight enforcement. Data 

collection for your overall general highway needs and what you may or may not 

be doing. Hopefully all of you are doing something in long term pavement 

monitoring. We just recently got enacted the new Highway Transportation Act 

o f  1982 that permits longer and heavier trucks on our highways. We see all 

these things together and independently as possible areas where we need to 

look much closer. 



So weigh-in-motion has a potential to give us the capability to get the data 

we need to make our future decisions from the standpoint of all these things I 

mentioned. If you read the media presentations that have come out both from 

the industry in some cases, but more primarily from the investigative types 

such as the Inspector General Office and the General Accounting Office, they 

have been very critical in the past of some states' weigh-in-motion program. 

I think that is just two examples of where FHWA sees some potential use for 

this conference to develop a data collection process or procedures system and 

help you in a hopefully more effective and efficient truck weight program, 

whether it be research or law enforcement. You say, "why this conference?" 1 

don't know of a better way. We see this as a real opportunity to explore, 

not only what has been done, but the potentials down the road in the area of 

just the technology procedures and concerns and so forth. We are faced with 

it as a group today trying to work out some of our transportation concerns. 1 

see a golden opportunity for you if you will participate fully to provide data 

information not only to this conference but to all the individuals here that 

they might take back home and share in their state with those people who need 

to be involved. We sometimes sort of get to the point of being isolationists 

in the little things that we do, we don't see the big picture. This is one of 

the areas that we are in today that it takes all kinds of disciplines, and if 

we are ever going to make this a successful part of our planning tools and 

enforcement tools in regards to the highway operations, we need the engineer, 

we need the traffic engineer, we need enforcement personnel, researchers, we 

need not only our structural but our pavement designers, we need all these 

people. We are trying to get a general overview of what the needs are, how we 

are going to solve these needs. No one is going to do this by himself. 

Again, that just gives another reinforcement as to why we at FHWA see a need 

and a very strong potential for positive results coming out of a conference of 

this nature. I looked at the agenda and it is very comprehensive. There is 

going to be a world of information exchanged. So all I can do at this point 

of time is say I totally endorse strong participation by each one whether you 

are giving a paper or receiving information. Digest what is heard and take it 

back home and put it to some use. I think collectively then we all can come 

up with a much better, more efficient method of doing some of the things we 

need to do in the area of total highway planning, which is the basic tool for 
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noted pavement deterioration on many of the older sections of the 

Interstate, We in FRWA, and most of the States, are recognizing 

the need for better pavement management programs. The Congress 

has responded to this situation by significantly increasing funds 

available for 3R-type work, 

o But do we really understand what is happening to 

pavements? 

o Are they reaching the end sf their design life and 

failing? 

o Are traffic valurnes exceeding estimates and causing 

premature failuse? 

o Are vehicle weights increasing faster than projected? 
I 

o 'Are pavements failing prematurely due to poor design? 

I 

Experience indicates that some of these theories may be 

happening, but unfortunately we are weak at quantifying the 

contribution of the specific causes. We are now updating the 

AASHTO Pavement Design Guide, and unfortunately, there are too 

many questions and not enough answers. Judgment of experts will 

have to substitute for facts! 

The next and final influence heightening the interest in truck 

weighing comes from the Congressional mandate to establish 

national uniformity of vehicle weight, length, and width limits. 

The issue on vehicle lengths seems to be the major consideration. 

Nationally, uniform limits will affect the practices of 38 
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As we have travelled to various States, David Oliver, a 

e and lawyer who has wosked with size and weight issues 

for 10 years, is appalled by some States that are outraged on 

length issues and yet virtually ignore vehicle weights, There 

are no records of weisht enforcement and only a minimal Tine 

structure. In addition, many States seem almost paranoid about 

the opesation of double trailer combinations, yet almost totally 

ienore the loading characteristics of the single semitrailer 

combination. 

Let me try to quickly pull things together. 

In 1981, we decided, for many of the reasons noted above, that 

our truck weight manual was outdated and we established a task 

foree to decide what to do. This task foree was staffed with 

members from different FHWA offices, including planning, design, 

and research, as well as representatives from field offices. In 

addition, the States provided numerous and extensive comments on 

the draft report. 

In brief, the recommendations of the task force were: 

1. The Truck Weight Study should be completely 

redesigned to: (a) establish a statistically 

representative network of weigh-in-motion scale 

sites for the collection of noninterview data 

on a continuing basis and (b) collect interview 

' 





The Rural Transportation Assistance Program ( R T A P ) ,  which was 

funded through the last two congressional highway bills, will 

provide additional information regarding coordinated weight 

monitoring for planning and enforcement. The Weighing-in-Motion 

Demonstration Project portion of the program will assist the 

efforts of eight States that have been selected for the 2-year 

program with some specific objectives : ( a )  The States will 

evaluate current programs and compare those separate activities 

to a coordinated program using weighing-in-motion; ( b )  They will 1 
1 

evaluate and report on the adequacy of weigh-in-motion systems I 
I 
i 

currently on the market; (c) Thev will test alternative i j 
1 

I monitoring and enforcement strategies; and (d) They will document I 
i 

the results for distribution to all of the States. I 
I 

I 
I 
I Are we - the Federal Highway Administration - endorsing weighing- I 

in-motion? I I 

! 

Yes, we encourage States to initiate weigh-in-motion programs and 

to experiment, but mistakes will be made. We must get the bugs 

out, we must determine which equipment works and at what 

accuracy, and we must make maximum use of new technology. I am 

convinced that the only way to accelerate development is through 

trials. Accuracy will improve and cast will be reduced. 

Weighing-in-motion to me means weight and vehicle classification 

as well. A weight without a vehicle type is sf limited value. 

If we pick up total count and speed, so much the better. I ask 

you to focus on this in the workshops. 
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Additionally, there is the relationship between pavement design 

and vehicle weights. My friends in the Office of Engineering are 

fond of saying that there is a data problem, and by implication 

or directly, they ask what we planners are going to do about it. 

But in reality, the combine6 current resources of planning and 

enforcement of truck weighing data probably would allow us 

sufficient data if it were all retained and correlated. what is 

lacking is the necessary performance relationships among design 

standards, materials, quality of construction and load 

applications. We have to w o r k  together to develop broader use of 

the various data bases to quantify these relationships. For 

example, if we had monitored pavements adjacent to permanent 
1 

weighing stations and had permanent automatic traffic recorders 

I at the same points over the last 20 years, such pavement life 

relationships might now exist. 

In conclusion, I am convinced that the weigh-in-motion 

capability is the key to solving our data collection problems. 

Monitoring the compression or deflection of devices in or on our 

pavements and interpreting the responses with microcomputers will 

provide new approaches to planning, design, research, and 

enforcement. Through the use of telemetry, it can all be 

accomplished more efficiently. For example, in planning, 

regardless of the method of collection, we may be able to obtain 

higher quality products with fewer automated monitoring points. 

New theories in design are emerging, and by understanding the 

dynamic response to loads rather than approximating static loads 



I 

it will be possible to develop the wear relationship, resulting 
I 

in significant breakthroughs. As we have done with bridges, we I 

may be able to consolidate pavement design functions into 
I 

specific categories, for example, by volume and truck weight : 
I 

categories. 

In the research area, better long-term monitoring data and 

dynamic response will lead to new approaches to pavement design, 

more emphasis on targeting 3R activities to optimize overall 
I 
I 

pavement cost. New emphasis will be directed toward vehicle I 
1 

suspension systems and axle configurations. 1 

In enforcement, there may be much less emphasis on conventional 

weighing station operations and more emphasis in the area of 

weighing-in-motion. For example, for key routes in States, and 

even the not so key routes, the percent of overweight trucks by 

our of the day may be determined. The enforcement program can 

better be targeted where the problems are the worst and with the 

same flexibility that radar now provides for speed enforcement. 

Finally, do not sell this conference short. I urge you to join 

in the workshops and make sure that your perspective is I 
i 

represented and made known. In this way, the conference as a 1 

hole will be much greater than the sum of its parts. 
i 
I 
i 
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-Observations 

-Twenty f i v e  percent of a l l  loaded 5 axle trucks are 

overweight 

-One 5 axle  truck loaded t o  80,000 pounds does q i v a l e n t  

damage to the  p a m n t  a s  9,600 tm thousand pound cars, 

-One 20,000 pound axle does equivalent damage a s  4,000 cars 

but, one 26,000 pound axle  does equivalent damage as 

12,000 cars-a 30 percent increase in productivity but, 

a 200 percent increase i n  damage, 

-States spend $98,000,000 annually on enforcement and do 

not  know i f  t h a t  enforcemant reduces d m g e  due to overweight, I 

-Overweight trucks cause $562,000,000 incremental damaqe to 

the  In t e r s t a t e  system each year, i 

-Recomndations of GAO and OIG 
i 
i 

-Extend Federal Truck Size and Weight Requirements tr, a l l  

Federal-aid systems, 

-Eliminate a l l  grandfather r i gh t s  

-Eliminate permitting a l l  d iv i s ib l e  loads 
I 

-Assure t h a t  f ines  and pena l i t i es  su f f i c i en t  t o  de te r  

violat ions  

-Assure t h a t  repeat violators  are suf f ic ien t ly  penalized 

-Get  answers to 2 questions: 

-W!mt is the  magnitude of the  National Overweight 

Problem? 
I 

I 

-Is the  Overweight Problem ge t t ing  be t te r  or warse 

each year? 









TRUCK WEIGHT STUDIES - OS~~ECTIVES AND 
METWODS FROM A STATE'S VIEWPOINT 

I 

I 

Truck w e i g h t  s t u d i e s  a r e  conduc ted  a s  p a r t  o f  t h e  e n g i n e e r -  
I 
I 

i n g  i n v e s t i g a t i o n s  d e s i g n a t e d  i n  S e c t i o r )  3 0 7  ( c ) ,  T i t l e  2 3  o f  
I 

t h e  US Code. The s t u d y  i s  c o n d u c t e d  i n  West V i r g i n i a  i n  a c c o r -  

dance  w i t h  t h e  Highway P l a n n i n g  Program Manual,  Volume 4 ,  

Chap te r  111 and t h e  Guide  f o r  Truck ~ e i d h t  S tudy  Manual. The 

W.Va. Depar tment  o f  Highways ' S t a t e w i d e  : p l a n n i n g  ~ i v i s i o n  con-  

s c i e n t i o u s l y  c o l l e c t s ,  p r o c e s s e s  and  t r d n s r n i t s  t o  t h e  F e d e r a l  
I 

Highway A d m i n i s t r a t i o n  each  d a t a  i tern ad r e q u i r e d  .' Bu t  

s h o u l d  s t a t e s  c a r r y  o u t  t r u c k  w e i g h t  s t  d i e s  s o l e l y  t o  meet  4 I 
FHWA o b l i g a t i o n s ?  R e c e n t l y  t h e r e  h a s  been c o n s i d e r a b l e  res is t -  

a n c e  by s t a t e s  t o  c a r r y  on t h e  s t u d y  forj  t h i s  s i n g l e  need.  

What a r e  t h e  o b j e c t i v e s  f rom a  s t a t e r s  d i e w p o i n t  and  what met- 

hods  would most  e f f e c t i v e l y  a c c o m p l i s h  h e s e  o b j e c t i v e s ?  1 
West V i r g i n i a  is p r i m a r i l y  i n t e r e s t e b  i n  c o l l e c t i n g  d a t a  

I 
which w i l l  be  u s e f u l  i n  d e v e l o p i n g  t h e  f e l l o w i n g :  

i 
1. Trends  i n  v e h i c l e  ( t r u c k )  c \ h a r a c t e r i s t i c s  such  a s  

body t y p e ,  s i z e ,  w e i g h t ,  anid a x l e  c o n f i g u r a t i o n .  

2 .  Data  f o r  pavement d e s i g n .  i 
! 

3 .  I n f o r m a t i o n  f o r  r e v e n u e  e s q i m a t e s ,  v e h i c l e  t a x  
r a t e  c a l c u l a t i o n s  ( i n c l u d i i g  w e i g h t / m i l e ) ,  etc. 

i 

4 .  I n f o r m a t i o n  f o r  c o s t  a l l o c 4 t i o n .  

5. I n p u t  i n t o  r e c e n t l y  c r e a t e 4  pavement m o n i t o r i n g  
and  management programs.  I 

I 
4 

1 I n  1982 w.Va. d i d  n o t  c o n d u c t  we igh inp  a c t i v i t i e s  a s  
s c h e d u l e d  due  t o  f i n a n c i a l  and manpower l i m i t a t i o n s .  / 

I , 





capability t o  sample  a  g r e a t e r  number o f  v e h i c l e s  d u r i n g  e a c h  

s u r v e y  p e r i o d .  I n  a d d i t i o n ,  min imiz ing  t r a f f i c  i n t e r r u p t i o n  

c o u l d  e n a b l e  s t a t i o n s  t o  be conduc ted  a t  l o c a t i o n s  c u r r e n t l y  

u n s u i t a b l e  f o r  d a t a  c o l l e c t i o n .  I 
Obvious ly  Weigh-In-Motion ( W I M )  equ ipment  would f a c i l i t a t e  I 

I 
t r u c k  w e i g h t  d a t a  c o l l e c t i o n  t r emendous ly .  A s  would b e  t h e  ! i 

c a s e  w i t h  e l i m i n a t i n g  t h e  c o l l e c t i o n  o f  d a t a  items r e q u i r i n g  

d r i v e r  i n t e r v i e w s ,  WIM would r e s u l t  i n  i n c r e a s e d  d a t a  c o l l e c -  

t i o n  c a p a b i l i t i e s .  WIN c o u l d  a l s o  a l l o w  d a t a  c o l l e c t i o n  on 

lower  c l a s s i f i c a t i o n  r o a d s  where a  s e r i o u s  l a c k  o f  d a t a  c u r -  

r e n t l y  e x i s t s .  I n  West V i r g i n i a  and  s i m i l a r  s t a t e s  w i t h  l a r g e  

min ing  i n d u s t r i e s  a g r e a t  dea l  o f  heavy  t r u c k  movement, o v e r -  

l o a d e d  t r u c k s  i n  p a r t i c u l a r ,  o c c u r s  on s e c o n d a r y  r o a d s  between 

mines  and v a r i o u s  t r a n s f e r  p o i n t s .  The n a t u r e  o f  t h e s e  r o a d s  

(na r row pavement ,  minimal  s h o u l d e r s  and  poor  geometries) i s  

i n c o n g r u e n t  t o  we igh ing  u s i n g  s t a t i c  equipment .  Enforcement  

weighing  o f  v e r y  b r i e f  p e r i o d s  i s  c a r r i e d  o u t ,  b u t  weighing  f o r  

e x t e n d e d  p e r i o d s  f o r  d a t a  c o l l e c t i o n  p u r p o s e s  is  i m p r a c t i c a l ,  i 
b 
t 

i f  n o t  i m p o s s i b l e .  Even i f  s t a t i c  equipment  c o u l d  b e  u s e d ,  i 

o v e r w e i g h t  v e h i c l e s  s i m p l y  a v o i d  we iyn ing  o p e r a t i o n s  o r ,  i f  
5 1 
i 

sites c a n n o t  be a v o i d e d ,  s i m p l y  c e a s e  o p e r a t i o n s .  T h i s  s i t u a -  ! : 

t i o n  h a s  d e c r e a s e d  somewhat f o r  d a t a  c o l l e c t i o n ,  n o t  e n f o r c e -  

ment ,  we igh ing  a c t i v i t i e s  w i t h  t h e  a d v e n t  o f  t h e  C i t i z e n ' s  Band 

r a d i o .  Once i t  is d e t e r m i n e d  t h a t  no en fo rcemen t  is t a k i n g  

p l a c e ,  t h e  t r u c k  d r i v e r s  i n f o r m  one  a n o t h e r  v i a  t h e  CB and  

"normal"  movement resumes .  However, i t  is  f e l t  t h a t  many o v e r -  



l o a d e d  v e h i c l e s  s t i l l  c a u t i o u s l y  a v o i d  any t y p e  w e i g h t i n g  o p e r -  

a t i o n s .  r i I M  equ ipmen t ,  p a r t i c u l a r l y  i f  G O  i n t e r r u p t i o n  of 

t r a f f i c  f l o w  o c c u r r e d ,  c o u l d  e l i m i n a t e ,  o r  subdue ,  t h e  t r u c k -  

e r s '  a w a r e n e s s  t h a t  we igh ing  was b e i n g  done .  T h i s  would r e s u l t  

i n  more comple t e  d a t a  and  i n c r e a s e s  s t a t i s t i c a l  r e l i a b i l i t y  

w i t h  r e s p e c t  t o  r e p r e s e n t i n g  t r u e  t r u c k  w e i g h t s .  

P r e s e n t l y  W.Va. c o l l e c t s  d a t a  a t  s e v e n t e e n  s i tes .  These  

s i t e s  f o r  t h e  most p a r t  were  hand s e l e c t e d  a t  t h e  time t h e  

Truck Weight S t u d y  o r i g i n a t e d .  A few s t a t i o n s  have  been  re -  

p l a c e d  w i t h  s i t e s  l o c a t e d  on t h e  comple t ed  I n t e r s t a t e  s y s t e m .  

Given t h e  c o n s t a n t l y  c h a n g i n g  t r a f f i c  f l o w  p a t t e r n  and  d e v e l o p -  

ment a l o n g  h ighways ,  i t  is a l m o s t  a c e r t a i n t y  t h a t  t h e  c u r r e n t  

l o c a t i o n s  a r e  n o t  a  s t a t i s t i c a l l y  r e p r e s e n t a t i v e  s a m p l i n g  o f  

t h e  s t a t e ' s  t r u c k  t r a v e l  and w e i g h t s ,  A r e s t r u c t u r i n g  o f  t h e  

s t u d y  based  on m i l e a g e  o r  t r u c k  t r a v e l  by highway f u n c t i o n a l  

c l a s s i f i c a t i a n  would g i v e  a much more c o m p l e t e  b a s e  f rom which 

t o  sample  d a t a .  P e r h a p s  a  r e s t r u c t u r i n g  based  on a  s t a t i s t i c a l  

d e s i g n  s i m i l a r  t o  t h e  55 m i l e  p e r  hour  s p e e d  m o n i t o r i n g  program 

would be  a d e q u a t e .  S t a t i s t i c a l l y  sound s a m p l e s  c o u l d  b e  ob-  

t a i n e d  f o r  a l l  f u n c t i o n a l  c l a s s e s ;  i n c l u d i n g  a l l  u r b a n  c l a s s e s  

and  lower  c l a s s  r u r a l  r o u t e s  which a r e  n o t  b e i n g  a d e q u a t e l y  

sampled a t  t h e  p r e s e n t .  

An a l t e r n a t e  t o  p o s s i b l y  e l i m i n a t i n g  some e x i s t i n g  s t a t i o n s  

t h r o u g h  s t a t i s t i c a l  r e a l i g n m e n t  m i g h t  be t o  s i m p l y  add  more 

s t a t i o n s  l o c a t e d  s o  a s  t o  " f i l l - i n "  t h e  g a p s .  The added  ex -  

p e n s e  may be p r o h i b i t i v e  b u t  t h i s  m i g h t  b e  more e v e n l y  d i s t r i -  

b u t e d  by c o n d u c t i n g  p o r t i o n s  o f  t h e  s t a t i o n s  e a c h  y e a r  r a t h e r  

-4- 
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t h a n  c o n d u c t i n g  a l l  s t a t i o n s  on  t h e  same b i e n n i a l  c y c l e .  Or ,  

r e s e a r c h  may r e v e a l  t h a t  a  g r e a t e r  cycle t h a n  two y e a r s  c o u l d  

be u t i l i z e d  w i t h  l i t t l e ,  o r  no  l o s s  i n  d a t a  p r e c i s i o n .  I f  t h i s  

l a t t e r  p r o c e d u r e  c o u l d  be  implemented no a d d i t i o n a l  c o s t s  would 

be i n v o l v e d  i f  s t a t i o n s  c o u l d  be sampled a t  f o u r  y e a r  i n t e r -  

v a l s .  T h i s  way t h e  same number o f  s t a t i o n s  p r e s e n t l y  s u r v e y e d  
I 

c o u l d  be  sampled  e v e r y  two y e a r s  w i t h  a  d o u b l i n g  o f  t h e  t o t a l  I 

number o f  s t a t i o n s '  d a t a  i n  e a c h  f o u r  y e a r  c y c l e .  
I 
I 
I 

I 
I n  l i n e  w i t h  t h e  p 0 S s i D l e  r e l o c a t i o n  o r  e x p a n s i o n  o f  s t a -  1 

I 

t i o n s ,  i t  is  a l s o  c o n t e m p l a t e d  t h a t  a  v a r i a t i o n  o f  t h e  h o u r s  of 1 
i 

t h e  day  sampled  m i g h t  b e  b e n e f i c i a l .  C u r r e n t l y  w e i g h i n g  o p e r a -  1 
t i o n  t a k e s  p l a c e  f o r  e i t h e r  e i g h t  o r  s i x t e e n  h o u r s  d u r i n g  t h e  1 
p e r i o d s  6 AM - 2 PM and 2 PM - 10 PM. No compar i son  of t r u c k  

1 

i 

w e i g h t s  o c c u r r i n g  d u r i n g  non - su rvey  h o u r s  w i t h  d a t a  c o l l e c t e d  i 
f 

d u r i n g  t h e  s u r v e y  h a s  been  made due  t o  t h e  added  e x p e n s e  o f  I 
i 
i 

c o l l e c t i n g  more i n f o r m a t i o n ,  t h e  added  s a f e t y  h a z a r d s  o f  n i g h t  i 

i 
we igh ing  t o  Depar tment  p e r s o n n e l  and m o t o r i s t s ,  and t h e  h e s i t -  I 

1 

a n c e  t o  s u g g e s t  c h a n g e s  i n  ths PHWAts program.  P e r h a p s  some 1 
I 
1 

s p o t  c h e c k s  o f  n o n - s t a n d a r d  s u r v e y  h o u r s  c o u l d  i n d i c a t e  whe the r  t 
i 

any  a d v a n t a g e  c o u l d  b e  r e a l i z e d  by v a r y i n g  d a t a  c o l l e c t i o n  1 

h o u r s .  S i m i l a r  s p o t  c h e c k s  m i g h t  i n d i c a t e  a  day-of- the-week 
I 
t 
I 

v a r i a t i o n  e x i s t s  and  s i m i l a r l y ,  s e a s o n a l  v a r i a t i o n  a s  w e l l .  1 

Weekend s u r v e y i n g  migh t  g i v e  v e r y  d i f f e r e n t  d a t a  t h a n  weekday. 
I 
I 
! 

Comparable  v a r i a t i o n  m i g h t  be  found  i n  s e a s o n a l  d a t a .  Ob- I 
I 

v i o u s l y  w e i g h i n g  a c t i v i t i e s  would be  r e s t r i c t e d  d u r i n g  p e r i o d s  1 
I 

o f  bad w e a t h e r  b u t  t h e  f a l l  and  s p r i n g  months c o u l d  b e  sampled 1 
i 

e f f e c t i v e l y .  
t 
I 

- 5 -  
I 
I 



Obvious d i f f i c u l t i e s  l i e  i n  making any o f  t h e  aforemen- 

t i o n e d  m o d i f i c a t i o n s  t o  t h e  e x i s t i n g  s u r v e y  methods, s c h e d u l e s  

o r  equipment.  The most b e n e f i c i a l  change would be t h e  conver-  

s i o n  t o  WLM equipment.  U n f o r t u n a t e l y  t h e  expense  is c u r r e n t l y  

p r o h i b i t i v e .  Some r e s e a r c h  h a s  been conducted  i n t o  u t i l i z i n g  

p o r t a b l e  WIM equipment. However, p o r t a b l e  W I M  equipment  s a c r i -  

f i c e s  many of  t h e  advan tages  g a i n e d .  The p r e s e n c e  of  weighing 

a c t i v i t y  c a n n o t  be c o n c e a l e d ,  t r a f f i c  i n t e r r u p t i o n  i s  magni- 

f i e d ,  and p e r s o n n e l  needs  may be  i n c r e a s e d ,  

A l t e r i n g  weighing s c h e d u l e s  f o r  d i f f e r e n t  months, day-of-  

the-week, o r  h o u r s  o f  s u r v e y  c o u l d  c r e a t e  problems such a s :  

g r e a t e r  chance  f o r  i n t e r r u p t i o n  o f  a c t i v i t i e s  due t o  inc lement  

weather  i f  non-summer months were su rveyed ,  i n c r e a s e d  t r a f f i c  

I f l ow d e l a y s  i f  weekend weighing a c t i v i t i e s  o c c u r r e d  on r e c r e a -  
I 

I 

t i o n a l  o r  o t h e r  h e a v i l y  t r a v e l e d  r o u t e s ,  i n c r e a s e d  s a f e t y  haz- 

a r d s  and a d d i t i o n a l  p e r s o n n e l  management r e q u i ~ e m e n t s  d u r i n g  

n i g h t t i m e  s u r v e y s ,  etc. 

I n  a n  a t t e m p t  t o  c i rcumvent  some o f  our d a t a  need s h o r t -  

comings West V i r g i n i a  is a t t e m p t i n g  t o  deve lop  a  " t r u c k  we igh t  

p r o f i l e "  t o  e n a b l e  t h e  Depar tments i  t r a f f i c  a n a l y s t s  t o  a n a l y z e  

t r u c k  c h a r a c t e r i s t i c s  on r o u t e s  hav ing  l i t t l e  o r  no we igh t  s u r -  

vey  d a t a .  T h i s  " p r o f i l e "  w i l l  be an  endeavor t o  s t a t i s t i c a l l y  

c a r r e l a t e  t r u c k  t y p e s  and body s t y l e s  w i t h  a x l e  w e i g h t s .  T h i s  

w i l l  a l l o w  t h e  a n a l y s t  t o  e s t i m a t e  a x l e  l o a d i n g s  f o r  pavement 

i g n ,  e t c  rou t e s  where o n l y  v e h i c l e  c l a s s i f i c a t i o n  d a t a  









OVERVIEW O f  GEORGIA'S 

SIZE AND WEIGHT ENFORCEMENT PROGRAM 

In 1956 when the in t e r s t a t e  system was born, Georgia's weight laws were 

very simple - 73,280 pounds gross and 18,000 pounds plus a 13% tolerance 

on each individual axle, o r  i n  other  words, 20,340 pounds per axle o r  

73,280 pounds gross. 

T h i s  remained basical t y  the same up u n t i  1 1975, when many s t a t e s  increased 

the i r  gross weights to  80,000 pounds, but implemented, a t  leas t  i n  theory, 

the "Bridge Formula". A t  t h i s  time, Georgia included the "Bridge Formula", 

which was required by the Federal Highway Administration, only f o r  vehicles 

-weighing between 73,280 and 80,000 pounds. Even a f t e r  t h i s ,  Georgia was 

like many o r  most other s t a t e s ,  and did not completely enforce the "Bridge 

Formula", even f o r  the vehicles weighing between 73,280 and 80,000 pounds. 

Until recently, we enforced only the ex ter ior  ax7e grass weights i n  

accordance with the "Bridge Formula", and not the inner axle groupings, 

After much urging from the Federal Highway Administration, during t h i s  past 

leg is la t ive  session - the  f i r s t  of 1983, Georgia changed the laws t o  be in 

accordance w i t h  the new weight laws passed by the Federal government t k j s  

past December and January. Our new law does not d i f fe rent ia te  between 

the in t e r s t a t e  system and s t a t e  highway and local road systems, w i t h  respect 

t o  the "Bridge Formula". We are  presently enforcing t he  "Bridge Formula" 

completely on the in t e r s t a t e  system. The'mining i ndustGy i n  Georgia obtained 

an injunction through the courts t o  stop us from enforcement of the "Bridge 

Formula" on routes other than the in te rs ta te .  During t h i s  past week, however, 
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the judge lifted the temporary restraining order and we are beginning 

today, July I f ,  1983, to enforce the "Bridge Formula" on a1 1 routes 

throughout the s ta te  of Georgia. The Federal government a1 lowed Georgia 
i 

t o  grandfather our 40,680 pound tandem weight for vehicles weighing less 1 
t h a n  73,280 pounds. However, the 34,000 pound tandem weight appl i e s  for 

vehicles above 73,280. The "Bridge Formula" appl ies i n  a1 1 instances. 

In Georgia, we were allowed t o  pernit vehicles weighing less t h a n  73,280 

pounds, t o  be exempt from the "Bridge Formula" for a three or five year 

period, provi  ding they were registered with our Department of Revenue 

prior t o  April 1, 1983. I understand many o r  most other states were 

allowed this same exemption. This was one concession which helped to pass 

our new lati in Genrgia during our past legislative session. This allows 

those vehicles t h a t  were in use as of April 7 ,  1983, t o  be depreciated 

out over the next three t o  five years. 

Georgia's height law i s  13 feet 6 inches, as i s  most states,  and our  widths 

on the interstate are in accordance w i t h  the new Federal law, a maximum 

of 102 inches. Our state law on routes other than interstates and 

designated routes, which are very 1 irnited in Georgia, remains a t  96 inches. 

Twin t rai lers  and the 102 inch widths are allowed, primarily, on our  intersta 

system, only as of today. Forty-eight foo t  semi-trailers are allowed on 

routes in Georgia. . -  
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Vehicles tha t  a re  overdimens ion are ci ted f o r  criminal vi 01 a t i  ons and 

the c i ta t ions  are processed through the local courts. As I am sure you 

are  well aware, the f ines  vary considerably fo r  these types of violations 

because the local courts s e t  the f ines ,  

Vehicles that  a re  overweight are  gui l ty  of a c ivi l  v i o l a t i o n  and are 

issued an ovenveight assessment. The amount of the assessm2nt is  based 

on a specif ic  amunt per oound overweight, which varies from -84 per 

pound t o  as much as 5C per pound. Individuals receiving an overweight 

c i ta t ion  are required t o  off-load any excess weight of more than 6,000 

pounds. This off-loading does not reduce the amount of the assessment, 

which of ten  exceeds $1 ,OCi). The violatcr  must pay the assessment within 

f i f teen  days,  o r  he may apply f o r  a hearing \vithin this time frame. 

Failure t o  pay o r  request a hearing within the f i f teen  days causes an 

automatic l ien  on the vehicle and a tag suspension. 

1 t h i n k  the reasons fo r  weight and dimension l imitat ions a r e  very obvious .  

For instance, i f  you consider an 18,000 pound single axle equivalent load 

fac tor  f o r  pavement damage, considering 18,000 pounds as 1 . O ,  an increase 

of 2,340 pounds or up t o  20,340 pounds will increase thc equivalent load 

fac tor ,  from the standpoint of road damage, by 69%. If a vehicle i s  

hauling 23,000 pounds on an axle, then the  fac tor  would increase by 189%. 

This would be for  a pavement section w i t h  a se rv icabi l i ty  index of 2.0 

and a structural number of 3.0. The net r e su l t  would be  t ha t  the pavement, 
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i f  i t  was designed, for  instance, f o r  a ten year l i f e  w i t h  20,340 pounds ! 
i 

single axle weight and you went to  23,009 pounds, the service l i f e ,  i n  ! 
i 
i 
t 1 ieu of ten years, would be reduced to  approximately s i x  and one-half I 

years. Considering tandem weights and, again based on 18,000 pound single I 
I axle equivalent load factors ,  a 34,000 pound tandem would be only an 8% I 

i 
increase over what an 18,000 pound sing1 e axle equivalent load would be. i 

I 
i 

I f  you go t o  the 40,680 pound tandem loading, which i s  what our law i s ,  

th i s  would be increased to  132% over the 78,000 pound equivalent load factor ,  

I f  you went then to  a 46,000 pound tandem the equivalent factor  would be 1 

increased by 292%. 1 
I 
t 
! 

Again, going from a ten year design, based on 34,000 pounds, t o  a 40,680 I 
I 
L 

pound tandem l imi t ,  the service l i f e  would be reduced from ten years to  

approximately f ive  and one-half years. As we a1 1 know, bridges a r e  designed I 
1 

f o r  carrying certain loads and i f  they are overstressed i t  cer tainly i s  1 
t 

going t o  reduce the l i f e  o f  the structure.  1 
i 
i 

From a safety standpoint, i t  i s  very obvious tha t  the wider a vehicle i s  
I 
I 
I 

the more chance you have of having a col i is ion with e i ther  another vehicle 1 

or an obstacle along the side o f  the roadway, par t icular ly on s t a t e  and I 
local routes. The in te rs ta te  system i s  not nearly so c r i t i c a l .  O u r  in te r -  I 

I 
s t a t e  systems i n  t h i s  country are certainly designed t o  better handle B 

I 

a l l  types of t r a f f i c  than our other highway systems such as the s t a t e  routes 1 
L 

and local roads. I think our safety s t a t i s t i c s  bear t h i s  out. In Georgia, i 
i 

based on our 1980 accident data, t r ac to r - t r a i l e r  type trucks a re  a t  l eas t  
I 
i 
I 

ten times more safe on the in te rs ta tes  than on other s t a t e  routes and local 
r 

1 
1 
i 



roads, and f a t a l i t y  ra tes  involving trucks are  only approximately 10% 

as high on the in t e r s t a t e  systems as on other roads. In comparison with 

a l l  vehicles, including trucks,  accident and f a t a l i t y  rates  on other 

routes versus the  in t e r s t a t e  system are  only about four times as great.  

To me t h i s  means tha t  large trucks should be limited as much as practical 

t o  the in t e r s t a t e  systems and cer tainly movements of those vehicles t h a t  

a re  overwidth and overlength should be carefully controlled i f  a t  a l l  

possible . 

The responsibil i ty of inonstoring the weights and dimensions i n  Georgia 

r e s t s  w i t h  our Permit and Enforcement Office. All of our of f icers  are  

D.O.T. personnel. We consider t h i s  as a p'tus, since these off icers  are  

under the control of the Department of Transportation and devote fu l l -  

time t o  our enforcement program; unlike many s t a t e s  whose of f icers  perform, 

not only th i s  function, but have many other functions as well. We have a 

Chief of our Permit and Enforcement functions, who i s  i n  the room here, as 

I pointed out ea r l i e r .  We have seven Dis t r ic t s  which a re  each comprised 

of a captain and other  of f icers ,  t o  monitor the program. We have a to ta l  

of 206 cer t i f ied  police of f icers  i n  our overall program. 

We have 41 two-man patroll ing teams who operate from s ta t ion  wagons, each 

of which are  equipped w i t h  s ix  MD 500 scales and measuring devices. Each 

vehicle i s  equipped w i t h  a two-way radio on the S ta te  Patrol . . frequency, as - 
well as ,  an additional two-way radio t h a t  i s  on our Maintenance frequency. 
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This assures us of rapid contact w i t h  our teams, and allows for  close 
I 

coordination between our D.O.T. personnel who spot problems, and our 
I 
i 
i 

enforcement off icers .  A l  1 of our off icers  a re  cer t i f ied  Peace Off jeers 

who have attended the Mandate Schools as required of al 1 police off1 cers. I 

Each of these patrol1 ing teams covers from three to  f ive  counties. In 
I 
I 

Georgia, we have a total  o f  159 counties. Each team operates f ive  days I 
a week, eight hours a day. However, the days and hours are  staggered 

I 
I 

i 
as necessary. 

i 

A t  the present time, we have 11 permanent weigh s ta t ions  along our inter-  

s t a t e  system, most of which are reasonably close to  the s t a t e  l ines .  We 

will  have two more of these s tat ions to  come on l i n e  within the next month. ! 

Each s tat ion i s  operated w i t h  two off icers  per s h i f t  and are generally I 

1 
open seven days a week, 24 hours a day. Studies indicate tha t  t h i s  i s  I 

t 

necessary beca~se  violators are moving a t  a l l  hours of the day and n i g h t .  
I 
t 
i 
I 

A t  our permanent weigh s ta t ions  along the in t e r s t a t e  system, there i s  I 

suf f ic ien t  space on the grounds, as we1 1 as,  i n  the building t o  accommodate 
, 
I 
i 

other agencies such as the Public Service Commission, both federal and 1 

1 
i 

s t a t e  safety inspectors and other enforcement units which may need t o  

check trucks. Each s ta t ion  i s  equipped with three platform scales which i 
i 

are 2 fee t  by 11 feet ,  for  weighing separate axles s t a t i ca l ly .  Each s ta t ion i 
1 
i 

so has a weiqh-in-motion system for sorting purposes. Georgia was the e . - I 

r s t  s t a t e  to  u t i l i z e  weigh-in-motion for sor t ing,  having ins ta l led  a i 

E 
system in Monroe County, Georgia i n  1978. Our  plans are to  have a to ta l  of 

18 of these s tat ions in operation within the next three years. i 

I 

j 
I I 



As you can imagine I am sure, there i s  a problem of trucks bypassing 

these permanent scales by using other routes. We have addressed this 

by assigning a one-man patrol to each pair of stations to monitor 

likely bypass routes and require suspected violators t o  return t o  the 

permanent stations for  weighing. 

I n  addition t o  our 11 permanent weigh stations on the interstate system 

and our roving patrol teams, we have wha t  we call a semi-portable scale 

t h a t  i s  also used by a number of teams. These particular scales are 

Lodec, spl i t  wheel weighers capable o f  weighing three axles a t  one time. 

We have nine o f  these scales t h a t  are transported by vans to prepared 

locations. We have prepared 22 locations along the interstate system i n  

areas where we do n o t  have permanent stations. I n  addition, we have more 

than 50 prepared locations on other routes for use w i t h  these scales, and 

are s t i l l  preparing additional locations. Five of these scales are surface- 

type and four are transported and placed in prepared pits. We have an 

additional seven of these surface-type scales, one assigned t o  each of o u r  

Districts, which can be transported by a roving team to any location which 

i s  determined t o  be a problem area with a relatively h i g h  t raff ic  volume. 

Within the past several months we have trained a number of o u r  personnel 

t o  handle the maintenance problems with our scales. We present1 y have two 

men equipped with mobile u n i t s  and the necessary equipment and too l s  t o  i 
i 

. . i 
1 

maintain scales. To aid them i n  this work we are utilizing the Agriculture 
I 

I 
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Department's weigh truck, as well as our own D.O.T. weigh truck, assigned i 
I i 

t o  the Department of Transportation's Laboratory, in order to  ca l ibra te  
! i 

our p i t  scales.  I I 

We have found tha t  overweight vehicles operate 24 hours a day, seven days 

a week throughout our highway system, which consists of 1,177 miles of 
I 

i n t e r s t a t e  highways; 16,937 miles of s t a t e  highwaJ" and 86,684 miles o f  I 
I local roads, fo r  a to ta l  of 104,792 miles. To ass,ist  with enforcement on i 

a l l  roads we have, within the past several months, issued portable scales I 
I 

to  28 of our 159 count'es, f o r  use by the county palice o r  sher i f f s  off ices .  1 
1 

Ye issued each of these counties four of oL;r portable wheel weighers. This i 
I 

method has helped our program and caused the counties t o  become more involved, I 
f 
i 

As an incentive, the counties rece-ive 50% of a l l  oVerv~eight assessments i 
i 
I 

within the i r  respective counties, except f o r  viol ations written on the 8 
i 

i 
i n t e r s t a t e  system. In which case, the D.O.T. retafns  100% o f  the assessment. 

i I k 

D u r i n g  t he  past ten years we feel t ha t  we have madk considerable progress 
I i h 

w i t h  our enforcement program. A t  t ha t  time we hadi a t o t a l  of 16 portable i 
i 

teams working statewide and were weighing approximately 250,000 vehicles i 
E 

per year. A t  the  present time we are  weighing appCoximately f o u r  and one- I 
i 

half mill ion vehicles per year. We are looking forward to  the time i n  i 
! 

I t 

Georgia when we can make overweight c i ta t ions bas&d on in-motion scale 1 
I 

weights, which, of course, we could do much f a s t e r ,  t h u s  allowing us t o  weigh 
1 

. I 
i 

many more vehicles than we do a t  t h i s  time. However, t o  my knowledge there 

i s  not on the market a t  t h i s  time a weigh-in-motion scale  tha t  i s  considered ! 

accurate enough a t  high si:eeds from which the courts wouf d accept the weights 1 
: 

f o r  enforcement purposes. We hope to  learn something t h i s  week tha t  will i 
I 
I 

a s s i s t  us i n  t h i s  area. 
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GOOD AFTERNOON, I HAVE BEEN ASKED TO ADDRESS THE TOPIC OF WYOMING'S 

COMBI NED TRUCK WEIGHT STUDY AND Sf ZE AND WEIGHT ENFORCEFlENT PROGRAM, 

TO MY KNOWLEDGE, WYOMING I S  THE ONLY STATE WHICH PRESENTLY OPERATES 

A COMBI NED DES I GN/ENFORCEMENT TRUCK WE I GH I NG PROGRAM. 

i 

I 
i 
i 

OUR PROGRAM EVOLVED AND WAS GIVEN ADWIONAL IMPETUS WHEN THE FHWA 
i 

THOUGHT WYOMING WAS NOT WE1 GH ING ENOUGH TRUCKS FOR ENFORCEPENT. i 

I FEEL THAT A BRIEF HISTORY OF OUR WEIGHING EFFORTS IS I N  ORDER. 

I N  THE MID 119303 THE HIGHWAY DEPARTMENT, USING PORTABLE SCALES, I 
1 
E 

N WEIGHXNG TRUCKS FOR PLANNING PURPOSES. THE WEIGHING WAS t E 
t 

COORD I HATED WITH POL I C I ES ESTABLISHED BY THE FEDERAL GOVERNMENT. I L 

B 
I 
I 

WE UTILIZED THE BLACK & DECKER "LQADQMETER" PORTABLE SCALES UNTIL 
i 
i 
? 

i 

1978 AT WHICH TIME WE PURCHASED A SET OF SEMI-PORTABLE SCALES, 
a 
E 
2 

THE SEMI-PORTABLE SCALES, FOR ACCURACY, ARE MUCH BETTER THAN THE I 
I 

OLD "BATHROOM SCALE," PRIOR TO 1978 THE PATROLS WEIGHING EFFORTS 
b 
E 
1 
i: 

RE MAINLY CQNCENTRATED AT THE PORTS-OF-ENTRY AND OTHER FIXED 
I 
[ 
I 



TYPE FACILITIES, SOME WORK BY THE PATROL WITH PORTABLE SCALES 

WAS ATTENPTED BUT MET WITH LIMITED SUCCESS, THE SUCCESS RATE WAS 

MINIt'lAL BECAUSE OF THE INACCURACY OF THE SCALES AND THE WEIGHTS 

WOULD NOT HOLD UP I N  COURTS-OF-LAWI 

OUR STATE, FOR YEARS, HAS MA I NTAI WED NUMEROUS PORT-OF-ENTRY STATIONS 

AND PERPlANENT SCALES FOR THE PURPOSES OF REGULATING TRUCK TRAFFIC 

AND ENFORCING LAWS MANDATED BY LEGISLATIONI THROUGH THE USE OF 

OUR SEMI -PORTABLE SCALES THE PLANNING BRANCH ALSO HAS B I ENN E ALLY 

CONDUCTED A TRUCK WEIGHT STUDY AT VARIOUS SITES TO SUPPLY NEEDED 

ROAD USE/DESIGN INFORRATION AND TO SATISFY THE REQUIREMENT OF 

THE FEDERAL TRUCK WEIGHT STUDY. SEVERAL YEARS A60 WE SUSPECTED 

THAT VARIOUS INTRASTATE TRUCK I NG OPERATIONS WERE GO I NG UNCHECKED 

DUE TO THE LACK OF CONVENIENT WEIGHING LOCATIONSn THEREFORE, WE 

ESTABLISHED AS OUR GOAL THE DEVELOPMENT OF A PROGRAM THAT WOULD 

PROVIDE FOR A SET OF SEIJII-PORTABLE SCALES TO BE SET UP AT RANDOM 

LOCATIONS THROUGHOUT THE STATE, THE PURPOSE OF THIS ROVING SCALE 

t PROGRAPI WOULD BE TWOFOLD: FIRST, TO PROVIDE DATA ON ROAD USE AND 

I VEHICULAR CHARACTER ISTICSj SUCH AS LENGTH, W IDTHj AND K I P  FACTOR, 
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FOR DESIGN PURPOSES, AND SECONDLY, FOR TRUCK WEIGHT L IMIT  ENFORCE- 
1 
I 

MENT PURPOSES. ABOUT THE TIME OUR PLANS FOR THE DEVELOPMENT OF i 
i 
! 

A SEMI -PORTABLE SCALE PROGRAM BEGAN TO SOL I D  IFY, ANOTHER EVENT 1 

! 

TRANSPIRED WHICH INTRODUCED SOME COMPLICATIONS FOR US. I N  OCTOBER 

1 
OF 1979, THE FEDERAL H I GHWAY ADM I N I STRRT I ON MOT 1 F I ED THE STATE i 

i 
! 

THAT A SIGN I F  I CANT PORTI ON OF OUR FEDERAL HIGHWAY ALLOCATIONS 1 I 

i 
WOULD BE WITHHELD UNLESS WE COMPLIED WITW A MORE COMPREHENSIVE j 5 

f 
t 

TRUCK WEIGHT L IMIT  ENFORCEMENT PROGRAM. WE WERE GIVEN 60 DAYS 
t 

i 
TO SHOW CAUSE WHY THE SANCTION, WHICH AROUNTEI) TO 10% OF ALL THE 

1 
1 
t 
i 

STATE'S FEDERAL HIGHWAY FUNDING, SHOULD NOT BE IMPOSED 8 
s 
I 
i 
1 

L 

DURING THE 60 DAY PERIOD A MEETING WAS HELD I N  WASHINGTON DsC. 
1 
I BEIWEEN OFF I C I ALS OF THE FEDERAL HIGHWAY ADM I N li STRAT ION AND THE 

i I 

i THE IMPOSED SANCTION. THE AGREEMENT INCLUDED A PROPOSAL TO SUPPLE- e 
E 

ADDITIONAL OFFICERS AND TO IMPLEMENT TWO SETS OF SEMI-PORTABLE 
5 
t 

SCALES I N  CONTINUOUS OPERATION THROUGHOUT THE STATE, 
I 
E 
I 

i 
t 



THIS BRINGS US UP TO WHERE WE INITIATED THE COMBINED PROGRAfl INVOLV- 
I 

ING THE PLANNING BRANCH AND THE HIGHWAY PATROL. SINCE THE PLANNING 

BRANCH HAD SEVERAL YEARS OF EXPERIENCE UTILIZING PORTABLE AND 

SEMI -PORTABLE SCALES, THE SUPER I NTENDENT AND CHI EF ENG I NEER 
I 

SUGGESTED THAT THE PATROL AND PLANNING COMBINE THEIR EFFORTS AND 

TO DEVELOP A PILOT PROGRAM, UNDER THE TERMS OF THE PILOT PROGRAM, 

PLANNING WOULD OPERATE THE SEMI-PORTABLE SCALES AND THE PATROL 

WOULD ENFORCE WEIGHT VIOLATIONS FOUND WITH THE USE OF THE SCALES. 

THE PILOT PROGRAM WAS INITIATED I N  MARCH OF 1980, AND MET WITH 

VARIOUS DEGREES OF SUCCESS. THE PROGRAM aJAS DETERRINED TO BE 

EFFECTIVE AND WE WERE INSTRUCTED TO CONTINUE THE PROGRAM 

INDEFINITELY. THE BIGGEST PROBLEM WE CONFRONTED DURING THE INITIAL 

PHASES OF THE PROGRAM WAS SCALE CERTI F I CAT1 ON, SCALE CERTIFICATION 

I S  CONDUCTED BY THE STATE DEPARTMENT OF AGRICULTURE. WE FOUND 

THAT TO HAVE THE INTEGRITY OF A PROGRAM WHICH WAS DEFENDABLE I N  
I 

A COURT, THAT CERTIFICATION WAS IMPERATIVE. AFTER A COUPLE OF 

YEARS OF STRUGGLING TO OBTAIN CERTIFICATION WE FINALLY MET WITH 

SUCCESS, I N  SEPTEMBER OF 1982 THE SCALES WERE CERTIFIED, ONE ITEM 
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CONTINGENT FOR SCALE CERTI F I CAT1 ON WAS THAT WE HAVE APPROXIMATELY 

24 FEET OF APPROACH PLATFORMS, 12 FEET FORE AND 12 FEET AFT OF 

THE SCALES. THE APPROACHES HAVE BEEN A SLIGHT PROBLEM I N  SETTING 

THE SCALES UP AND DISASSEMBLING THEM, HOWEVER, THEY ARE MNAGEABLE. 
I 

i 

j 

WE HAVE EXPER I ENCED A VERY All I ABLE WORK I NG RELAT I ONSH I P BETWEEN 4 I 
t 

THE PLANN I l G  AND PATROL PERSONNEL. TH I Sj POSSIBLY, COULD BE ATTR IB- I 
I 
k 

UTED SOMEWHAT TO THE FACT THAT BOTH THE PATROL AND PLANNING REPORT 
F 
I 
$ 

TO ONE ADMI NSTRATORj THE SUPER I NTENDENT AND CH 1 EF ENGINEER s 1 
F a 
! 

i 
i 

t 

PLANNI NGj UTIL I Z  ING THE TRADITIONAL FEDERAL TRUCK WE I GHT STUDY 
i: 
6 

WOULD USUALLY WEIGH APPROXIMATELY 1.000 TRUCKS EVERY TWO YEARS. * 

b 

THIS TRUCK WEIGHT DATA WAS USED TO DETERMINE THE HIGHWAY LOADINGS 1 
F 
II 

S 
i 

FOR DESIGN. WE REALIZED THAT THE INFORMATION FROM THE BIENNIAL 
P 

$ 
il 

TRUCK WEIGHING AT BEST WAS INADEQUATE BECAUSE OF THE SMALL SAMPLE i 
E 

Y 

SIZE. CONSEQUENTLYJ WE KNEW SOMETHING HAD TO BE DONE TO OBTAIN c 

F 

FORE REPRESENTATIVE INFORMATION . THE P ~ ~ T R o L  ' S WE lGH IN6 EFFORTS is I 

I 
I APPARENTLY WERE CONS I DERED I NSUFF I C I EN? BY THE FHWA BECAUSE OF ji 

I 

i 
I THE IMPOSED SANCT ION. t 

p 
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A DIFFERENT YEAR, ONE TABLE I S  FOR AUGUST. 1982 AND THE OTHER 

I S  FOR MAY, 1983 n 

ONE SPECIFIC QUESTION ASKED OF OUR WEIGHING PROGRAM I S  THERE A 

DUPLICATION OF WEIGHING. THE ANSWER I S  "NO" BECAUSE WE ARE THE 

I N  THE STATE USING SEMI-PORTABLE SCALES. ALL SCHEDUL- 

IONS I S  COORDINATED BETWEEN THE PATROL MOTOR CARRIER 

THE TRAFFIC UNIT SUPERVISOR, I F  SPECIAL AREAS NEED 

A PATROLMAN ASSIGNED TO THE MOTOR CARRIER DIVISION, 

OF WHICH THERE ARE 16 ASSIGNED TO 13 DIFFERENT TOWNS, WILL SELECT 

A SITE WHERE WE1 

AREAS. 

GHING CAN ACCOMPLISHED I N  THE 1 R RESPECT I VE 

THE ADVANTAGES OF THE CBIVIBI NED PROGRAM FAR OUWE I GH THE DISADVAN- 

TAGES. HAVING THE PATROL WITH PLANNING HAS ELIMINATED THE TRUCKS 

FROM RUNNING OUR WEIGHING SITES. WITHOUT THE PATROL, MANY TRUCKS 

WOULD REFUSE TO BE WEIGHED, THEREFORE, THE 18 K I P  EQUIVALENT FACTORS 

WOULD SUFFER. AN ADVANTAGE FOR THE PATROL I S  THAT THEY HAVE A 

CAPTIVE AUDIENCE AND CAN S INULTAMEOUSLY CHECK TRUCKS FOR VAR IOU§ 



- -- . - - ...-,+- -.- " -- 
,- 

- ,  .& -a~- . 

ITEMS E rn G a j LOG BOOKS, SAFETY V I  OLAT I ONSj REG I STRAT IONS j ROUT I NGS, 

AS WELL AS OVERWEIGHTS. ONE EFFECT THAT I S  IMMEASURABLE FROM THE 

PROGRAM I S  THE NUMBER OF TRUCKING COMPANIES THAT BRING THEIR PAPER 

WORK UP TO DATE BECAUSE THE SCALES ARE BEING OPERATED I N  THEIR 

AREA. WE HAVE BEEN TOLD BY VARIOUS REVENUE AND HIGHWAY DEPARTMENT 

CLERKS THAT THEY CAN TELL WHEN THE SCALES ARE BEING OPERATED NEAR 

THEIR TOWNS AS THEIR WORK LOAD INCREASES DUE TO TRUCK COMPANIES 

OBTAI M ING PERMITS, ETC . 

I N  1982 THE PATROL CITED APPROXIMATELY 4% OF THE TRUCKS WEIGHED 

FOR OVERWEIGHTS. ANOTHER 3% OF THE TRUCKERS RECEIVED WARNINGS 

FOR OVERWEIGHTSj WH HCH I W EFFECT CONSTITUTES APPROXIMATELY 7X 

QF THE TRUCKS AS VIOLATORS OF THE WEIGHT LAWS. OTHER VXOLATIONS 

AMOUNT TO 7% CITATIONS, THEREFORE, THE PROGRAM I S  RESPONSIBLE 

FOR APPROXIMATELY 14% OF THE TRUCKS BEING WEIGHED HAVING A VIOLATION 

OF SOME TYPE, 

I BELIEVE THE SINGLE MOST IMPORTANT ITEM I N  A COOPERATIVE PROGRAM 

SUCH AS THIS I S  THAT THERE I S  ONE ADMI1MPSTRAHOR I N  OVERALL CHARGE 

THUS EL I M I NAT I NG ANY SORT OF DUPL I CATED EFFORTS. 

- 8 - 
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18 KIP EQUIVALENT FACTORS BY PERIODS OF THE DAY 

US 20 & WUO 789 SOUTH OF TWERMCbPOLIS 

May 2 5 ,  1983 

EXAMPLE: # Trucks (27) 
Factor 1,200.00 
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Robin Moore 

TRRL 
I 

Ministry of Transport 

United Kingdom 

It is a real honor and privilege for me to be invited to be 

evening. I really welcome the opportunity. 

here this 

One might ask us what is an Rnglishman doing here tonight talking to you at 

your National Weigh-Tn-.Motion Conference? I think that is a pretty good 

question. I wish I had a good answer. I've got an answer, but perhaps not 

too good of one. However, following my visit to your country last year the 

FHWA and our host here tonight, the Colorado Depa~kmenk of Highways were kind, 

or perhaps foolish enough to ask me to come along and talk. 

First of all, I think we shereald deal with the 5Ws. You don't know what those 

are? X was told by my boss many years ago that if he didn't find the 5Ws in 

the first paragraph of any of the reports that 1 might read he would just 

throw it in the trash can. Over the years I found that was pretty sound 

advise. Because the 5Ws are the key things, who, why, when, where and what. 

I think if you know that you know most of what is going on. 

So let's start with the first W. I am a principle scientist attached to the 

Department of Transport, working for the Transport and Road Laboratory in the 

United Kingdom. My research interests are automatic vehicle classification 

systems (AVCS), and weigh-in-motion, the WIM systems. 

The second W, why. I hope that current policy of WIM systems in U.K. in 

Europe and the technology employed will be of interest to all the delegates 

here tonight. I very much hope we can produce a useful information exchange 

between the U.S.A. and Europe on this subject during the next few days. 

The second and third W, when and where. That is obvious tonight. 

The fifth and last W. Current Application and Future Developments of WIH 

Technology in the U.K. and Europe. So this is my topic. 



'I think perhaps we will start with policy. Lt is 'the right place Lo start. I 
Weigh-Tn-Hotion policy. Winston Churchill once s,pid, "policy should only I 

consist of three words, "We shall win," and then ybu apply it to everything." , 

However, with regard to the heavy vehicle size an4jweight issue, we may well 

win but at what cost to our community. What mist IFes in predicting future 4 ! 
I 

truck growth in terms volume, vehicle design, and, oad damage over the next 10 f i 
1 
! 

to 40 years will we make? We have great responsi ilities in shielding future 

generations from increasing financial burdens without bridge and road 

maintenance, None of us can pretend that future forecasting of truck damage 

to the road infrastructure is an easy task. It is' a very complicated 
1 

problem. The factors such as economic growth and ginancia1 investment, energy 
/ I  i 

supply, trucking industry regulations and economic:/:, environmental impact. i 

transfer of cargo from one transport mode to anothkr, all need full, complete 1 
i 
I 

and proper assessment. To those of you who study 'this problem, I would i 

I 

recornend starting with a paper written by bfr. @. 'Shippeg, Officer sf 1 
r 
i 

Research, FHWA, Washington, D.C., entitled "Technical and Policy Factors in 

the Heavy Vehicle Size and Weight Issue." I was reading that paper again 
i 
! 

recently and was somewhat horrified to find that it was written and presented 

at an OECD Seminar in Paris in 1977. When you read that paper you wonder what 
I e 

steps we have really made since then. It demonstrates very well the 1 
t 

nature of the problem. Because of the problem complexity, many of us I 1 
suspect would like to think about a lesser problem or even change careers. i 

F e 
i 

We have heard in some detail this afternoon from the FHWA, the states of i 

Virginia, Georgia, Wyoming. We should hear more on the collection and use of i. i 
such data. At the risk of repeating what has already been said, the needs for 

traffic data are first to provide the trend data in traffic growth, axle loads k 

and spacings by vehicle category. Such trends are necessary to provide the 
I 

data source from which estimates for the future cap be made. Specific highway 
6 

e 

sections will also produce input for updating, roab design standards for both 
h 

t 
new road construct ion and existing road maintenaneb projects. 

1 
I I 

K 
I E 

Second, the trend data should be obtained for each1 separate regional state. i 
i 

I 6 
This provides for interstate variations and enables a critical distribution in 

central finance for road construction and maintenahce. E 

9 
b 



Last, but not least, a i . r u s k  c:nfucccment prograh, to ensure truck operators 

keep to the regulations acid t o  safeguard the road infrastructure. In my view, 

the policies adopted t h e  truck data collection must reflect these three 

needs, I would not suggcst  that once you have obtained all of this 

information, all national pol.icies with regard to the trucking industry, 

pavement design could easily be made. T t  would tell us nothing about 

predicted energy shortfalls. We must also remember the climactic damage as 

well as truck damage that causc our highways to fail. However, an unbiased 

indication of traffic growth, vehicle time, axle weights and spacings would be 

a valuable to future pl-anning of our road structure. 

So how are America and Europe going to obtain this information? We have 

mentioned policies are being or about to be taken. Policy has of course 

existed for many years in both Europe and heriea with regard to both 

enforcement and the collection of axle load spectrum on selected sections of 

highway. In the W.K. enforcement of truck regulations is conducted by the 

Department of Transport, the Trading Standards Association and the police. 

The U.K. Department of Transport checked about 200,000 trucks in 1982. From 

those opted ks weigh 55,000. From those 20% were found to be overweight. Due 

to the additional activities of the Trading Standards authorities and the 

police, a total of about 130,000 trucks are check weighed in the W.K. every 

year on static or slow speed dynamic axle weighs. By slow speed, I mean the 

type of weigher that can weigh a vehicle moving up to 2 1/2 mph. 

The Weighrite Company's product is used extensively for this purpose in the 

U.K. A total of 41 installations exist and an increase is planned. However, 

this enforcement data obtained will not satisfy the needs that I previously 

mentioned. We are not satisfied because it is biased data. The enforcement 

checks are conducted on vehicles principally which appear to the police or 

whoever is conducting the survey to be overweight. There is no doubt about 

it, some overweight vehicles undoubtedly take alternative routes. The sample 

size in the U.R. although it Is small is respectable because 130,000 trucks 

weighed every year represents 7 1/2% of our trucking population. 

The enforcement effort in other European countries is similar in scale. 

France, for example, has 46 locations and a similar number of mobile units. 



In France, P was talking about a year ago to snc of the enforcement 

authorities on one of the highways 40 or 50 mites west of Paris. There they 

have built on the side of the road structure, static, continuously in position 

scales. L 

1 
I 

E 

One of the main problems they have is due to vehicles very quickly knowing, t 

that they are opening up enforcement static weighing stations. What happens 
< 

is that the information gets back down the road, and has for the last 10 

years, before the CB was ever around in Europe. What happened is when they 

opened up the station on this side of the road, then all of the drivers with 

heavy goods vehicles just picked up a copy of the daily paper and stuck in the 

window and all the trucks coming down would see the paper there and know that ? 

there was an enforcement program going on. They took surveys on this and they 
r 
I 

found that within 1/2 an hour of opening up an enflorcement scales about 20 to 

25% of the heavy goods vehicles had either stopped upstream or were on the 1 e 
feeder roads around the side. Of course, Europe h~as a much bigger problem f 
than you in this regard because it has so many parlallel feeder roads. It is i 

very easy for drivers to divert and it really takes them only five or six 
I 

miles out of their way. This has very serious implications for enforcement in 
i 
/' 
C 

Europe, because from the cost benefit point of vie&, you may be catching one 1 
or two of these and fining them, but you are putting all these heavies, 6 

F- 
particularly the ones who think they are overwoighk onto the roads that aren't 1 
built for that traffic, so you are knocking those roads to pieces. 

f 
5 
I 
i 

Xn Europe the major effort for enforcement is conducted at sea ports and 
I 

borders between countries. The trucking regulations vary a bit within 
i 
1 

countries. Most European countries have a maximum rate limit of 44 tons. In F 

the U . K .  the maximum total weight limit was raised this year from 32 to 38 

tons. To obtain axle weight data, many of the European countries install high 

speed weighing systems. In the U . K .  we have WIM scales at 30 locations, 

I 
I 
/I 

producing sample data and axle weight inspection. Axle numbers are collected t 

in weight bounds, and are recorded at 16 or 24 hour intervals. However, these 
i 
I 

WIN systems in the U.K. have been installed mainly on experimental sections of 

highway where evaluations of operation are being conducted. Pavement history 

is also collected at these sites from the accumulating equipment axle 

weighings. ! 
[ 
b 



The U.K. WIM system cornnlcnccd operatians in 1968. The design is based on 

three modules, each one 2' by 2, strain gauge, low cells with traditional 

design. It weighs one s e t  of wheels from the axle, takes that weight and 

doubles it , which is axle weight. Now these sites need to be regularly 

maintained to give reliable axle weight data. By that I mean they need to be 

looked ab and calibrated about once every four to six months. We have found 

that this measurement system with a recently smooth road profile, the ratio of 

the dynamic load to the static load has a value between 0.7 and 1.3 for a 

single axle measurement. In the study of road pavement damage, however, when 

the effects of large numbers of vehicles are considered, variations of vehicle 

speeds, vehicle suspension systems introduce a randomness into the dynamic 

loads so the average dynamic factors, the average onas are much closer to 

unity. On our scales we record average dynamic factors between 0.1 and 1.1. 

In the rest of Europe the most popular WIN system arrived at the German BAST 

(bonding plate). These bending plates have been used in West Germany. 

They've got about 80 or XQQ installations. Denmark 7. Netherlands around 

20. Sweden and Switzerland have a few. In the U . K . ,  weqve got three 

installations of this design 1 heard that this design has been used in 

several states and it will be interesting to see if the experiences of the 

Xdaho Transportation Department are similar to the U.K. experience., 

Xn addition to truck data from static enforcement and WIM weighing systems, 

most European countries obtain truck data from annual censuses from the truck 

populators and owners. Tn the U . K .  for example, a continuous survey of rail 

goods transport commenced in 1970. Each year details on some 15,000 trucks 

and what they do are collected by a weekly postal questionnaire. Information 

obtained contains vehicle details rigid or articulated number of axles, 

unladen weight, etc., details like one week's activity, payload weight, and 

commodity carrier. Unfortunately, axle weight is not recorded. And again, 

this information, although very useful does not shed light on truck 

overloading. According to the returns, no overloaded trucks ever run on the 

U . K .  road network. 

So in Europe at present, truck data is obtained as a by-product from 

enforcement weighing, by annual census methods, by specialized case study and 

by axle road data from high speed WIM systems. All of these methods, apart 

I.a: 



from the WTM techniques, produce a colXection bias in the data. Now the 

ritics of the W l M  system, and there are some of course, are quite correctly I 

i 
ncerned with the question, don't high speed WIM techniques also produce bias 

data. I have no doubt that several contributors of this conference would 1 
I attempt to answer this question. From measurements taken in the U.K. at a i 
i 

number of high speed WIN sites, it is my view that periodic measurements of i 
I 

road profile at least 100 yards prior to each weigh bridge should be made. i 
Z 

is road section profile should meet an approved specification. Furthermore, I 
b 

ior to data collection, when data is continuously collected at regular k 

intervals, in impact factors for rigid and articulated test trucks should be 1 
tained. These impact factors should also be within approved 1 
ecifications. These two procedures will insure that data collecting is a 1 

meaningful accuracy. Variations due to road profile change and equipment 

performance were overcome. The TRR apparently is investigating variations of i 

impact road factors with known road profiles. f 
I 

So in Europe I have outlined the current situation and what new policies, new 1 
equipment are emerging. MOM I know that a popular view of Europe, 1 
particularly from this side of the Atlantic is that the EAC appears to be a i 

1 
boxing club European nations. There they are busy Fighting, arguing, cutting i 

each other's economic throats, all of this activity happening simultaneoasly 1 t 

n at least 10 languages. There is some truth in that. It will be some years 1 
et before the countries in Europe become a fully integrated set of nations 

f 
L 

with full econoomic financial and political economic partnership. However i I 

progress is being made. Where there is a will, there is a way. Sometimes, of ? E 
! course, Murphy's way. X believe that Murphy's law, if something can go wrong, 
i 

it will, is as well known to you over here as it is in Europe. 

? 
d 

The European economic community does try to pull things together. It requests 
i i 

and obtains From member states every 4 years statistical returns of traffic 

data. This data is in the form of vehicle kilometers by vehicle country, f i 
% 

B 
category and weight data. It is used to assess road utilization by member I 

countries and to provide a base for future allocation, central finance, road ? 

I 

construction and maintenance. At the current time, most of this classified 

flow and weight data are collected using manual counts and special surveys. 
F 



In the U.K. research at the TRRL produced an effective and accurate automatic 

vehicle classification system. This system can classify road vehicles into 

separate categories and provide strict detail by vehicle category. Other 

details such as vehicle wheel base, length and lane occupancy can also be 

obtained. In the U.K. vehicle classification requirements are for 20 separate 

categories and their road classification accuracy by the ABSC is 95%. This 

system has been demonstrated to the FHWA using facilities provided by the 

Maine Department of Transportation last year. The TRRL designed the software 

to suit the FHWA performance which at the time was for 13 vehicle categories. 

The Department of Transport Maine carried out the collection analysis and the 

data and it produced accuracies of around 98%. Now this is as good as or even 

better than manual observers can do. Of course, the mathematic system can be 

carrying on while doing something else. The AVCS micro-computer equipment has 

now through the research stage, specifications have been written and contracts 

let for the U,K. Company to produce that equipment. A policy decision has 

also been made in the U,K. to equip 120 sites with this equipment to enable 

the collection of continuous classified vehicle data. This automatic traffic 

census is expected to commence operation in early 1987. 

In addition to the data mentioned, the census is also planned to collect axle 

weight information. My recent research activity in the U . K .  is to link the 

ASCS with our existing WIH systems. We did this last October. The TEURL 

collected four weeks of continuous data for traffic crossing on one of our 

largest bridges, the Sudden Bridge, which carries the traffic from England to 

Wales. This bridge is 10 years old. It is one of Britain's firsk and biggest 

box girder suspension bridges. It carries four lanes of traffic. On a 

typical week day 17,500 vehicles cross over this bridge, 17% of them are 

trucks. The total bridge span length is just under a mile and the bridge deck 

is 170 feet above the river. Now in the U.K. that is a big bridge. I'm not 

sure with what is Over here, it is a medium bridge. But traffic data has been 

collected and analyzed to provide details on average complete traffic loadings 

on the bridge structure. It has also been possible to calculate maximum 

traffic load which would occur if there was an accident on the bridge and the 

traffic plane was closed. Accidents occur on this bridge quite frequently, 

about once a week. Also the time interval between an accident occuring and a 



I 
stationary traffic queue occupying at a defined length of this bridge 

I 

structure, can be calculated from the data. The records show that a maximum I 
I 

traffic load that could exist in a typical month's data was just under 5,000 I 
I 

tons on the main bridge span, the length is quite a bit less, it is just over i 1 
3,000 feet. The period of most risk is early in the morning between 4 a.m. I 

i 

and 7 a.m. when the truck traffic is heavy and the car volume is small. 1 
During late morning and early afternoon there are peak loads of 3,700 tons 1 

E 

queue can form and a formation time on our bridge with less than 3.8 minutes. 
I 
i 

So the data collected by this combined AVCS WJM system can be very useful for 1 
I 

the road, or in this case, the bridge design engineer. It enables, not only I 
I 

on bridge structural design to be made, but also it provides an insight into I 
i 
L requirements for any traffic control scheme to detect incidents and prevent i 

traffic queuing on the structure. I 
i 
i 

Of course, traffic data in with other data can be 
i 
i 
i 

interpreted in several ways. I always like the story of three scientists I 
I 

ravelling from London to the conference in Edenborough. They just passed i 
? 

ver the border when they saw a black sheep. "How interesting the d 1 
astronsmeter said, "all sheep in Scotland are black." "That's an unwarranted 

assumption," the physist replied. "All we know is that some sheep in Scotland 1 
are black." "All we can really disclose," said the statistician, **is that at f 

least one sheep in Scotland is black, on at least one side." 1 

E 
1 
k 

I see from the conference time table, our guest speaker will be talking about 1 
future developments of WIH technology. Along with most of you, X will be f 

Ir 
extremely interested in that presentation. e 

i 

?, 
In Europe at present, efforts are being made to produce low cost and portable > 

t 

In systems. The Pezzo electric pavement sensor is manufactured in France and k 

1 
1s the subject of considerable studies in Europe. It shows great promise as a F 

relatively low cost sensor, but at the present time the variation by the TRL 1 
41 

indicates that future research is needed to produce results which will be S 

omparible with existing WIM systems. I would expect to see the remaining j 

problems associated with this sensor overcome within the next two years, d 
C 

provided research funds are forthcoming. In the U.K. the TRL have installed 
ii 

Z 
L{ 



the Pezzo electric sensors in the approach roads of one of our oldest 

bridges. It was built in 1819. The bridge is now restricted to a single 

traffic lane in each direction. We have a system which weighs the weight of 

vehicles approaching and if the vehicle i s  over the 2 ton limit, sign saying 

to the driver, "overweight, turn back." The system is supported by occasional 

enforcement to add some bite to this warning. The complete cost of such a 

system amounted to about $8,000 for each approach and f think that is' a pretty 

low cost to protect a valuable bridge structure. 
I 

I The capacity of Weighmat has received some attention in Europe. I know that 
I 
I 
I the Arizona Department of Transportation will be describing their experiences 
i 

I with an weighmat connected to the Golden River weigh analyzer, I think it 

best if 1 left Arizona to provide you with the relevant details on this 
I 

portable WZM system. 
I 

I 

I 

I 

I 

I 

I 
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Wisconsin 

Truck Weight and Characteristics 

Program 

The Truck Weight and Characteristics Program for Wisconsin was 

completely redesigned in 1982. The impetus for the study was with our 

ability to respond positively to several key questions. Does the data 

satisfy the needs of the various users? Is the program comprehensive 

and statistically defendable? Is there a valid data base? A cursory 

examination provided a resounding "NoTt to the questions, with only a 

slightly qualified "No" to t.he first question. With these consistent 

responses the choices were to drop the entire Truck Weight Program or to 

develop a new one. Here the direction was split. Those individuals 

interested in personnel positions and budget reductions favored program 

elimination. However, the data users, those needing the information for 

satisfactory accomplishment of their studies, projects, and programs 

were unified and prevailed for a new program. 

The development of the new program took into consideration previous 

program activities plus additional current conditions. The latter also 

served as prerequisites for the future. The remainder of this paper 

will address this development. 

Previous Programs 

An analysis of historical activities provided insight to how, when, 

where, and especially why these programs were conducted. This is not to 

say there was a total explanation or justification . . .  some queries still 

1 



remain unanswered. I-lowcver, r a t i o n a l i z e d  answers s t a r t e d  t h e  framework 

t o  develop a new progranr, 

The major a t t r i b u t e s  f o r  each of the  programs a r e  summarized i n  

Table 1 by time pe r iods ,  The i n i t i a l  program i n  1936 and 1937 was 

unique, s i n c e  i t s  p r i n c i p l e  purpose was t o  o b t a i n  f a c t u a l  d a t a  and no t  

having t o  r e l y  on personal  f e e l i n g s .  Af t e r  t h a t ,  it i s  i n t e r e s t i n g  t o  

no te  t h a t  annual a c t i v i t i e s  u sua l ly  remained cons tan t  f o r  seven year  

pe r iods .  From 1942 through 1973 t h e  Truck Weight Programs grew i n  s i z e ,  

coverage, and s o p h i s t i c a t i o n .  Then from 1974 t o  1981 t h e  bottom dropped 

o u t ,  Por tab le  opera t ions  were nea r ly  e l imina ted  as unsafe f o r  t h e  

t r a v e l l i n g  pub l i c ,  a s  wel l  as,  t h e  s t a t e  personnel conducting t h e  program. 

Fur ther  budgetary cuts  were Imposed, s i n c e  t h e  requirements f o r  a v a l i d  

I 

d a t a  base could not  be Eirmfy defined.  The remainder was a fragment of  

a program, l imi t ed  t o  some coverage of  t h e  r u r a l  I n t e r s t a t e  and S t a t e  

Trunk Highway systems, I 

The geographic d i s t r i b u t i o n  of  l oca t ions  f a r  t h e  c o l l e c t i o n  of 

f i e l d  d a t a  was responsive t o  s h i f t s  i n  t h e  ex t en t  of t h e  program, and a s  a 

! 
minimum, always included t h e  southern  h a l f  o f  t h e  s t a t e .  That a r e a  has , 

I 
i 

t h e  h ighes t  populat ion d e n s i t y ,  heavy indus t ry ,  and a g r i c u l t u r a l  a c t i v i t y .  I 

However, with a de-enlphasis o f  r a i l  s e r v i c e  i n  t h e  nor thern  p o r t i o n  of  

t h e  s t a t e  t h e  movement of f o r e s t  products  has  been s h i f t i n g  t o  t rucking .  

Temporal coverage has been r e l a t i v e l y  s t a b l e  throughout t h e  yea r s .  

I t  is be l ieved  t h i s  was a r e s u l t  o f  ope ra t iona l  c r i t e r i a  and no t  d a t a  

v a l i d i t y .  Weekend d a t a  were no t  c o l l e c t e d  p r i o r  t o  1980-81. A s  a p a r t  

of t h e  Highway Performance Monitoring System (HPMS) Truck Weights Case 

Study it was found t h a t  t ruck  weights do not  vary s i g n i f i c a n t l y  between 

weekdays and weekend days and ac ros s  seasons i n  Wisconsin. This  can be 

p a r t i a l l y  a t t r i b u t e d  t o  Wisconsin's f l e x i b l e  motor c a r r i e r  enforcement 

program. 

2 





The number of samples obtained per year are shown in Tabbe I for 

informational purposes and a common base for relative comparison does 
1 

not exist. In addition, in 1963 a 10-minute random sampling procedure 

was initiated to reduce the delay on truckers, thus further complicating a 
I 

comparison. 

I The sole basis for the program, ohtaining information about gross 

vehicle weights and the weights of individual axles, remained throughout 

all of the years. The growth in truck types was a contributing factor 

to the program demise by increasing complexity and sophistication. 

Temporal sampling rules caused shortages in the number of samples by 

truck type, resulting in limited value for much of the data. 

The number of truck characteristic items collected fluctuated in 

response to changes in needs and issues of concern. Some of the usual 

items were axle spacings, truck dimensions, commodities, trip origin- 

destination, and more, but at times included tire size, special dimensions, 

fuel consumnption, annual miles of travel and others. 

All vehicles of the entire traffic stream were manually classified 

every year the program was conducted. This was especially important as I 

an operational control when the trucks were random sampled for weighing. 

The listed uses/needs of truck weight and characteristics data are 

for state purposes. Although the surveyed data was transmitted to the 
! 

Federal Highway Administration [FHWA) for many years, no attempt was 1 

made here to list FHWAqs uses. Several areas of data use were repeated 

for each year the program was conducted. Others were added as highway k 

I 

engineering and administrative practices intensified. Of particular 

importance is the ballooning of needs and uses during the past ten years. 

Comparing these desired uses to the program's other attributes leads one 

to conclude that many could not be supported at all. For those that 1 

4 
I 



could use the data it had to bc used as a general indicator, recognizing 

a lack of statistical reliability. In addition to the lack of responsiveness 

to specific application areas, there was a much larger concern, namely, 

developing a data base to satisfy all of the needs. 

Program Prerequisites - 
The examination of previous program experiences in conjunction with 

other current factors influenced the design of the new program. These 

factors, described below, made it possible to satisfy the program's 

primary objective of creating a valid data base. 

- A prioritization of data items for each data application 

area allowed for the program to be divided into two components. 

One component consisted of axle and gross weights by truck 

type and the other addressed truck characteristic items. 

- Variances in operating gross weights of trucks on different 

highway systems, based on the HPMS Case Study, directed an 

increase in system coverage. The extent of increase should also 

be guided by changes in facility design class and proportion 

of truck VMT. 

- The extent of different trucking practices on the sections 

of a highway system are highly variable. Until more information 

is available, a random selection technique should be used for 

geographic distribution of station locations. 

5 





- The new program should be developed on a concept of progressive 

satisfaction of present and changing user needs. 

New Program - 
1 
i The program being implemented has two distinct components. The 
i 
i 

I 

i component emphasizing truck weights is further divided into two parts, a 
F 
h base and a monitor, for operational purposes. The second component I 

emphasizes truck characteristics through driver interviews, with secondary 

importance placed on truck weights. This separation is used in Table 2 

to describe the program's major attributes. 

The base and monitor parts that together make up the truck weight 

component are repeated every other year for a two year program cycle. This 

portion of the program is suspended during the fifth year and replaced 

with the truck characteristics component. The cycling is based on 

operational balancing and data users accuracy suggestions. 

The base part requires the collection of data at twenty-one stations 

statewide to realize an 80%/10% level of accuracy (80% confidence/lO% 

precision). Other accuracy levels, such as 90%/LO% requiring 33 stations 

or 95%/5% requiring 188 stations could have been chosen, but were precluded 

by cost considerations. The twenty-one bidirectional stations are 

distributed across seven jurisdictional and functi.ona1 road systems by I 

proportionate share of truck vehicle miles of travel (VMT). These seven 

road typos serve 83% of the truck VMT. The remaining road types, rural 

Town Roads, urban CitylVillage Streets and Other Roads will be selectively 

sampled on a spot basis as the need arises. 

The monitor part is, as the title suggests, a sampling of data at 

one station for each road system to track temporal variations. 

7 
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Because it is necessary to re-establish a sound data base in a 

reasonable amount of time, initially extensive temporal levels of detail 

are not being attempted. Statistically valid data will not be available 

for each hour of the day nor for each day of the week. If the "need- 

to-know" intensifies, the program can be refined or adjusted to the 

appropriate level. Therefore, the temporal coverage shown in Table 2 is 

used as a general guideline for scheduling of field operations. A 

minimum sample size by truck category for the time period is the governing 

criteria. On a summer weekday, data may be collected for only six hours 

of the 6A to 6P period to attain the minimum sample. Conversely, several 
, 
I 

GA to 6P periods may be required at low volume stations to satisfy the i 
I 

number of needed observations, This same concept applies to the monitor I 

part which supplemenrs the basic part to make the truck weight component 

complete. 

The sample size is different for each truck category for each juris- 

dictional and functional class of a highway system. As an example, 60 

single unit 3 axle (and plus) truck sa.mp1e.s are required at a rural 

Interstate station, while a rural State Trunk Highway principal arterial 

requires 100 samples far a 95%/10% accuracy. The number of samples 

shown in Table 2 are an aggregation of the minimum required for an 

annual program. The program is based on a 95%/10% accuracy level (95% 

confidence/lO% precision). To achieve a 95%/5% accuracy would require 

more than a tripling of effort and was considered unnecessary for an 

initial program. 

For the truck weight component of the program the following planning 

data items will be obtained: 1) truck type; 2) gross vehicle weight; 

3) axle weights; and 4) axle spacings. For other purposes vehicle speed 

and bridge strain information will be available. The truck types will 



be compressed into nine truck categories and for practical purposes little 

truck characteristic data will be collected. Limited body type data will 

be collected during selected operations. 

The entire traffic stream will not be classified during WIN operations, 

since it is not necessary as a control of random sampling. In addition the 

past supply of such information has led to misuse. Some individuals accepted 

the 24 hours of summer weekday classification data to represent annual 

values. 

The purpose of the truck characteristics component of the program is 

to monitor changes in trucking practices. These characteristics tend to 

be more stable than truck loading operations, since they are influenced 

by much broader factors. Several of the factors are: I) changes in 

truck size and weight legislation; 2) updating of licensing and regis- 

tration practices; 3) trucking deregulation; 43 major shifts for 

distribution of commodities; 5) scrappage and replacement rates of 

trucks; and, of course, 6) economic well-being. Therefore, a five year 

data update cycle is considered adequate to measure these characteristic 

variances. 

The majority of the characteristics are indicative of the trucking 

industry as a whole and are not road system or site specific dependent. 

To optimize data collection activities the stations are located in high 

volume trucking corridors on rural Interstate and State Trunk highways. 

Permanent-site pit-scale locations will be used to collect the driver 

interview data. These provide the greatest safety for the truckers and 

the survey crew. 



Again the temporal coverage shown represents a time period, the 

same as for the truck weight component, with the governing criteria 

being sample size. The minimum sample shown is predicated on variations 

in truck weights. Based on the truck characteristic with the most 

severe variation, 20,736 samples are required for a 95%/5% accuracy and 

5,184 are needed for a 95%/10% accdracy. Since there is a significant 

difference in the sampling requirements for characteristics and weights, 

these preliminary values will be confirmed before actual operations. 

Truck characteristic data items are emphasized for this component 

of the program. These are: 1) registered weight; 2) load status, i.e., 

loaded, empty, permitted overload; 3) commodity type; 4) originldestination; 

5) fuel type; and 6) annual miles of travel. Gross vehicle weight and 

axle weights are of secondary importance and will be collected only for 

possible correlation of data to the weight component of the program. It 

is not necessary to collect axle spacings, since they are obtained in 

the other program component and would increase costs significantly to 

duplicate. 

Manual vehicle classification of the highway traffic stream will be 

conducted only for the period of field operations as a verification of 

random sampling. 

The needs for both truck weight and characteristics data continues 

to grow in number of application areas and in data items required. This 

is obvious from Table 1 and is expected to continue in the future. The 

intent of the program is to be able to convert the needs to actual uses 

by providing valid data. The initial program focuses on the most important 

data elements by jurisdictional and functional highway systems. This 
I 

base can be supplemented later with less important data elements and 

expanded to sub-highway systems or to a site specific level. 



Summary 

The Truck Weight Programs from 1936 to 1973 were adequate to support 

the identified planning and administrative needs of the users. From I 

1974 to date, needs increased dramatically for policy, planning, programming, 

design, operations, research, administrative, and legislative purposes. 

At the same time the Truck Weight Program was being reduced so that less t 
i 

and less of the data needs could be satisfied. The fragment of a program 
I 

remaining in 1981 was suspended until a new program could be developed. 

The goal to develop a program that would contain a statistically I 

I 

valid data base was predicated on past experiences, prioritization of 1 
I 

user needs, availability of weighing equipment and costs. The most I 
significant factor that aided in developing a viable program was the splitting I 1 

I 

j 
of the program into two components, one addressing truck weights and the j 
other truck characteristics. The initial capital expenditures will be I 

I 
amortized in less than six years through reduced operational costs, I 

I 

while road system coverage and data integrity will be greatly enhanced. In I 
summary, so to go from a good program to an extremely bad one can be beneficial, I 

providing it can be the impetus to design a new improved program. I 
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Stephan Fregger, P.E. 
Chief, Bureau of System Statistics 
Florida Department of Transportation 

At this stage in the conference, I believe it would be somewhat 

redundant for me to spend much time to tell you why Florida 

collects truck weight data. Suffice it to say that we are 

principally a "Planning Survey1' State. 

Our mission has been twofold: First, to determine statewide 

truck weight averages by truck classification; and, second, to 

develop long term trends in loading configurations and truck 

classifieation usage. All of our collection of weight data, and 

classifications, and averages, and trends was strictly for 

highway design purposes. 

Over the past nine years our weigh-in-motion system has weighed 

several million vehicles, including over five hundred thousand 

trucks. I dare say that no state has as much experience as 

Florida. In fact I suspect that we may surpass the combined 

experience of the rest of you here today. 

Let me spend the next few minutes sharing with you the 

experiences of our method of operation. Following that, before 

your very eyes, I will bare my soul with a confession that may 

re-direc't the future of weigh-in-motion. 



Ten years ago we collected all of our truck weight data by I 
I 

Loadometer Survey. Our surveys were conducted during the summer i 

months only (student labor was cheap and plentiful then); during I 
I 
! 

daylight hours only (night surveys were unsafe for the i I 

students); and during sunshine only (rain dampened the student's 
i 

spirits). ! , 
I 

! 

I 

In 1973 it occurred to us that data collected in such a manner 

was probably severely biased. We were missing truck data for 

the three other seasons, including all of the fall, winter, and i 

spring agricultural movements. We were also missing all of the 

night truck movements. i 

I 
C 
I 

Clearly, a better statistical sampling system was necessary. 1 

Our staff began a technology analysis to identify alternative 1 
1 

procedures for collecting truck weight data. After I 
I 

participating in a weigh-in-motion conference in Austin, Texas 
I 
! 

in 1973, we became firmly convinced that weigh-in-motion was the 
I 

solution to our data collection problems. I I 

i 

I 
? 
I he next year, 1974, we acquired a WIM I-A weigh-in-motion i 
i 

system from Unitech (the predecessor of Radian). I believe that I 
our system was the second or third unit delivered in the 

i 

country. Upon delivery of the WIM System we abandoned our i I 
Loadometer Surveys and switched to exclusive WIM operation. 1 

I 

I 
I 

I 
I 

1 
I , 
I 



The WIM System collects weight data by individual wheel, it sums 

the wheel weights by axle; and it totals the axle weights for a 

total vehicle weight. The system provides vehicle configuration 

data by counting the number of axles and computing the distance 

between axles. The system also measures vehicle speed, a 

feature which we have used extensively in our 55 mph speed 

certification program. 

Operationally, the system consists of two wheelpath transducer 

pads placed in a single roadway lane. Also installed in the 

roadway lane are inductance loops for vehicle speed and presence 

detection. In our system, the electronic data is transmitted by 

wire to our mobile housing unit which is an Argosy Travel 

Trailer. Inside the trailer are located all of the electronic 

input/output, processing, and storage devices. In the WIM I-A, 

those devices were an ASR 33 teletype, a Data General Nova 

minicomputer/controller, and a Wang magnetic tape drive. 

By 1980, our six year old system had become obsolete. That year 

we entered into negotiations to conduct an HPMS Truck Weight 

Case Study for the Federal Highway Administration, for which we 

subsequently acquired a new WIM I-D System. This new system 

collects essentially the same data as the previous system, 

although it does have multi-lane data collection capability. 

With the exceptions of the nine year old Argosy trailer and the 

transducer pads, all of the system components have been replaced 

and upgraded. The new system utilizes a video display/keyboard, 



II 

floppy diskette storage and a high speed printer. I 
I 

I 

Florida has 19 operational WIM sites. Within this year we I 

expect to complete our system with the installation of two more i 
I 

sites. Our sites are geographically distributed throughout the i 
I 

state on Interstate routes, and other principal and minor I 
arterials. They cover rural and urban locations. 

I 
i 

As noted earlier, we have recorded a tremendous number of i 

1 
samples -- literally millions of vehicles, including hundreds of 1 

! 
thousand trucks. At our high point in 1981 we weighed over 1 / 2  i 

I 
! 

million vehicles. That "Guiness Record" was made during the E 
1 

period when we were conducting 4-day surveys at each site. 
i 

i 
I 
E 
i 

We have subsequently altered the program to permit better system j 

Y 

management and equipment maintenance. Our current program 1 
i 
j 

provides for a 48-hour survey at each site. 
2 
i 

During a typical week, the three man WIM crew is in the 
t 
L 

headquarters on Monday morning, attending to administrative t C 
i 
! 

details and completing any required system maintenance. Monday i I 

I 

afternoon the crew begins its travel to the scheduled survey G 

site. The dormant site is activated and the survey commences at 

noon on Tuesday. The survey proceeds for 48 straight hours, 1 
concluding at noon on Thursday, The site is de-activated and 1 

the crew returns to the headquarters. Friday is reserved for 
i 
f 
C 

data processing and system maintenance. Periodically, time is I 
i 
E 
$ 

I 

S 
E 
t 



allowed in the schedule for major repairs, new construction and 

vacations, 

As a consequence of our new 48-hour survey program, the WIM 

System is maintained in a better state of repair; personnel 

management is substantially improved; and, the overall program 

operates more smoothly. Of course, with the reduced survey 

period, there is a reduction in the number of weight samples. 

Last year we only weighed 1/4 million vehiclesl 

Output from the WIM System is routine and automatic. The survey 

data stored on diskettes is brought back to headquarters where 

it is converted to magnetic tape. The data is then processed on 

the Department's IBM mainframe where the output is in FHWA card 

format on tape. 

Originally the tapes were forwarded to the FHWA for processing 

into W-Tables. However our procedure now performs the W-Table 

conversion inhouse. The W-Tables are then converted to 18 KIP 

equivalency factors. That data, combined with ADT, T, B and 

Lane Factor, yields the equivalent 18 KIP axle loads necessary 

for pavement design purposes. 

Our overall experience with the WIM System has been absolutely 

favorable. Unitech/Radian and their transducer supplier 

(Rainhart) have been consistently cooperative and helpful. 

Certainly our system has had its share of the operational 

----. - 



I 

problems that all pioneering programs experience, But, with our 
I 

own ingenuity and some advice from Radian, we have been able to I 

resolve them all. I will be glad to address specific problem I 

! 
issues in the question session following this presentation. i 

i 
I 
I 

i 
i 

The WIM program is beset with one major difficulty. It is a 

difficulty that has avoided a solution for several years, 

although we expect to solve it next year. The difficulty is 
S 
t 

that the system is super efficient! I k 

We operate the WIM System with a three man crew. Each of the 

crew members is a highly specialized expert on system operation 

and electronic repair. The WIN Unit itself is a highly 

specialized electronic device which requires environmental 

conditioning and frequent exercising. 

When you buy into such a specialized operation, you can never 
f 

"pull the plug." Have you seen the TV commercial for Ryder ei 
1 
r 

trucks where Ed and his wife run a rabbit business? I must L 

frankly tell you that we are up to our axles in truck weight 
i 
F 
6 

data, and we can't stop the flow. I 
I 

For years we have been searching for some compatible program to 

merge with the WIM resources. Our hope was to be able to divert I 
b 

the personnel and/or equipment to the other program on alternate I t 
weeks, or months or years. Last year we identified a proposed 

video log system as the long-sought program. Fortunately we 



have now been given authorization to acquire the video system. 

We hope that this compatible program will resolve our surplus 

weight data difficulty. 

Now it is confessional time! 

A funny thing happened on the way to this conference. About a 

month ago we came to the realization that the truck data element 

of the pavement design procedure had a serious conceptual flaw, 

This finding was the out growth of the creation of a new 

Pavement Management System in our Department. 

The conceptual flaw: For decades we have been creating 

historical files of generalized or average truck traffic data 

for the usage of the pavement designers. Yet, the designers 

have been producing specific project pavement designs which 

require project-specific truck data. 

Thus, the designers have had to rely on extrapolated or 

synthesized estimations of truck traffic data to design their 

specific projects. Unfortunately, in many instances the 

estimations of current truck traffic have been poor and the 

design truck traffic projections have been terrible. As a 

result some roads have experienced substantial over-design, 

The new Pavement Management System 

disintegrated. 

is going to require 



responsible design based on accurate project-specific traffic 

data and reliable design truck traffic projections. More over, 
1 

i to complete the accountability loop, long term project-specific 

traffic data monitoring will be required to validate the truck 

traffic projection procedures that were utilized in the design 

of the project. 

So, I'm here to confess to you that while we have gotten high 

grades for our WIM operation and our historical generalized 

weight data files, we have failed the course in developing 

accurate useful data for the pavement designs. 

What does all this mean? Well in Florida it does - not mean that 

we are going to abandon our WIM System. We will continue to 

need the baseline weight and classification data developed by 

that program. However, I see the WIM program assuming a role 

similar to the role of the Automatic Traffic Recorder (ATR) in 

the traffic counting program. 

We are now preparing to develop a truck weight and 

classification data collection program which will fulfill the 

needs of the Pavement Management System. As presently 

envisioned the program will assure that every pavement project 

in the Work Program has been provided project-specific truck 

data sufficient for responsible and accurate pavement design. 

1 In addition, the program will provide long term monitoring of 

B constructed projects to validate the design loading projections. 









SIZE AND WEIGHT ENFORCEMENT PROGRAMS 

MR. HAROLD J.BROWN, CHIEF 
TRAFFIC REGULATION BRANCH 
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WASHINGTON, D.C. 



Size and Weight Enforcement 

As  has been previously stated, the authority f o r  the federal government t o  
1 

be involved i n  s i ze  and weight e n f o r c m t  stems from T i t l e  23 of the U. S ,  
< 

, Code. This authority was strengthened with the issuance of Section 123 of 

the Surface Transportation Assistance A c t  of 1978. 

In capsulated form, the STAA of 1978 required the States t o  make an i n i t i a l  

sub i s s ion  and annual revision of a plan f o r  enforcement, and an annual 

cert i f icat ion of compliance. Failure to  do ei ther  could resu l t  i n  a 
I 

reduction of apportioned Federal-aid highway funds. 



b. Geographical coverage 

c. Off-loading requirmnts 

d. Penalties i 

e. Special permits 
I 
I 
I 
j 

FHWA is to annually evaluate the plan (delegated to  Division office), and i 
! 
i 

the s ta te  mst have an approved plan i n  effect by October 1 of each I 
i 

year. Although we ask for "numbers"; consistent, vigorous enforcement 

activities, together with the certainty of penalty a s sessmt  for wer- 

load, are greater deterrents, 

Each state shall certify to the Federal Highway Admknistrator before 
i 
I 
I 

January 1 of each year that they are, i n  effect, following their approved 

plans. The actual certification includes: 

1. A s t a t m t  by the Governor (or his designee) that laws and 

regulations governing the use of the Interstate System conform 

t o  23 U. S. C. 127. 
i 

2 .  E? similar statunmt to the effect that a l l  state size a d  weight I 
laws are being enforced on a l l  Federal-aid systems. i 

3. A copy of new state size and weight regulations. 
I 

4. And a camparison of the stzte 's  a c t ~ a l  effort lm that proposed. 
4 
I 

'This certification is reviewed by EBWA's Division Office, Regional Office, 

Office of 'Ikaffic Operations i r ~  Washington, and the Gffice of the Chief 

Counsel. 
I 
I 
P 

E 









STATE AND WEIGHT ENFORCEMENT PROGRAMS - 

OFFICER JOHN BALCOM 
FIELD OPERATIONS COORDINATOR 
COMMERCIAL VEHICLE ENFORCEMENT SECTION 
WASHINGTON STATE PATROL 



Washington S t a t e  Size and Weight Enforcement 

SPEAKER: Officer John Baleom, Field Operations Coordinator 
Commercial  Vehicle Enforcement Section 
Washington S t a t e  Patrol  

THEME: Commercial  Vehicle Enforcement Program 

Size and Weight Regulations: Overview of State 's  Interpretation of Federal  
Size and Weight Standards 

Enforcement Responsibility: 

The Commercial  Vehicle Enforcement Section of t h e  Washington S t a t e  Patrol  is solely 
responsible for size and weight enforcement throughout t h e  s ta te .  Some counties and 
c i t ies  have part- t ime weight enforcement  programs in their  respective jurisdictions. 

There a r e  presently 63 Commercial  Vehicle Enforcement Officers and we a r e  in t h e  
process of hiring approximately 30 more off icers  t o  bring us closer t o  our authorized 
s t rength  of 93 officers. 

Geography: 

Washington S t a t e  i s  divided by t h e  Cascade Mountain Range, home of t h e  legendary 
volcano, Mount St. Helens, in t h e  southwest corner  of t h e  s ta te .  As a result,  the re  
are two  different c l imat ic  regions. Western Washington borders t h e  Pacif ic  Ocean 
and is covered with t h e  Evergreen fores ts  t h a t  t h e  s t a t e  is famous for, hence t h e  name 
"Evergreen State". Sixty percent  of t h e  state 's  population lives in t h e  Puge t  Sound 
region in Western Washington. The major north-south f reeway is In ters ta te  5 which 
en te r s  t h e  state at t h e  Oregon border near Portland and runs t o  t h e  Canadian border 
near Vancouver, British Columbia. The state operates  a port-of-entry at Ridgefield 
near t h e  Oregon border and another port  is planned near t h e  Canadian border. 

Eastern Washington is a dry arid c l imate  and is  known for  dry land wheat  farming. Mammoth 
irrigation projects pumping water f rom t h e  Columbia and Snake Rivers have turned 
i t  into highly productive fa rm land. The Wenatchee and Yakima Valleys near  t h e  Cascades  
a r e  world famous for  their  apple production. The primary East-West corridor through 
t h e  s t a t e  is In ters ta te  90, which originates in Sea t t l e  and  crosses t h e  state t o  t h e  Idaho 
border. W e  opera te  two Parts-of-Entry in Eastern Washington, located at Plymouth 
(Oregon border) and Spokane (Idaho border). 

/ 

Enforcement Plan: 

Washington State's enforcement plan is tailored t o  t h e  needs of t h e  state and goes beyond 
traditional size and weight enforcement.  I t  also includes enforcement  of t h e  state's 



-2- 
I 

l icensing and equipment laws. Our t ruck inspection program is also an  intregal. pa r t  1 of t h e  S t a t e  Patrol's Accident Prevention Plan. Through these  coordinated programs, I 
t h e  S t a t e  Patrol  is able t o  promote commercial  vehicle safe ty  throughout t h e  s ta te .  

In an  e f f o r t  t o  obtain t h e  maximum benefit  of our l imited resources, t h e  S t a t e  Patrol  
has implemented a Selective Enforcement Program. This program uses computerized i 

management information t o  assign our off icers  where they will be most effective.  
I 

The S t a t e  Patrol  maintains and operates  64 permanent scale  s i tes  located throughout 
t h e  state's 39 counties. A number of fixed scales  have markings at t h e  36 foo t  length j 
t o  aid in t h e  enforcement  of bridge formula violations. We also have approximately k 

e 35 vehicles equipped with two sets of portable wheel load weighers and a r e  a t t empt ing  ! 
t o  purchase eight portable axle scales. I r 

orcement  plan requires 24-hour operation? of t h e  state 's  ports-of-entry. Other  i 
C 

ta t ions  a r e  manned on a peak t ra f f i c  basis by day of week and/or season. Distr ict  ! 
sops prepare monthly duty rosters ensuring variations in operating t imes  of both 1 
d portable scales. Officers have t h e  responsibility and la t i tude t o  adjust  their  i 

ules according to seasonal movements witkin their  geographica1 a reas  such as  1 
sts, t imber sales, construction projects, etc. .r 

t 

The  depar tment  has been reevaluating t h e  need fo r  some of our r e m o t e  weigh s ta t ions  Z 
due t o  t h e  increasing cos t  of maintenance and extensive vandalism damage; however, r, 

i 
t h e  trucking industry is opposed t o  this. Our s t a te ,  has traditionally l e f t  t h e  scales 
operational even when not occupied by our personnel. This pract ice  allows t h e  trucking 8 5 
industry t o  check weigh their  loads before traveling on t h e  highways. The  depar tment  I 

has even received offers  of reimbursement for  these  expenses from local trucking associations, 1 
provided we continue t o  leave t h e  scales available for their  use. The depar tment  has b 

no legal authority at this t ime  t o  accep t  reimbursement, but th is  would allow t h e  industry $ 

to continue use of t h e  scales, and aid in prolonging t h e  l i fe  of a highways. The damage $ 
; 

by one  overload can conceivably cos t  t h e  state more than an  ent i re  scale facility. I! 

Although t h e  primary mission of our s i ze  and weight program is t o  protect  t h e  state's 
roads and bridges, t h e  Commercial  Vehicle Enforcement Section is also responsible 
for  enforcing t h e  state 's  licensing and equipment laws. This includes seiling permits  
for  t h e  Depar tment  of. Licensing and Depar tment  of Transportation. Permit  sales at 

i i" 
$ 

t h e  Ridgefield Port-of-Entry to ta l  over one million dollars annually. Due t o  t h e  volume E 
of permit  sales, w e  have insti tuted a pilot program at t h e  Ridgefield and Spokane Por ts  Si 
t o  hire temporary clerks t o  issue permits. This allows more  t i m e  for Officers t o  concentra te  
their  e f fo r t s  on size and weight, safe ty ,  and hazardous materials  inspections, etc. As 
a result  of this program, they a r e  now spending approximately 75 percent  or  more  of 
their  t i m e  on weight enforcement. 

The s t a t e  has also been heavily involved in heavy t ruck equipment enforcement. In I* 
January of 1980 t o  July of 1981, t h e  state conducted a study of heavy truck equipment k 
de fec t s  under a federal  grant. Five two-man inspection t e a m s  were  trained in a special 5 
cr i t ica l  i t em inspection system in which equipment with a high accident potential  is r 

ti 
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given a detailed review. The t eams  inspected over 18,000 vehicles during t h e  18 month 
period. Fifty-nine percent of those inspected were  placed out-of-service fo r  hazardous 
defect ive  equipment. The most prevalent of these  violations were improper brake adjus tment  
and defect ive  brake components. 

W e  have continued probable cause  and spot check inspections for  defect ive  equipment. 
iin 1979, t h e  depar tment  requested a n  administrat ive law change requiring all vehicles 
carrying low-level radioactive waste  t o  en te r  Washington a t  t h e  Spokane o r  Plymouth 
Ports-of-Entry and t h a t  they be inspected by t h e  Commercial  Vehicle Enforcement 
personnel. Initially, equipment de fec t s  resulted in 65 percent  of t h e  trucks being placed 
out-of-service. Currently, only about six percent  a r e  placed out-of-service. hnlost importantly,  
Washington has not had a single accident involving a radioactive waste  carr ier  since 
t h e  program began four years ago. 

Another aspect  of t h e  inspection program is t h e  accident  investigation assistance provided 
by this Section to line troopers, An Equipment Specialist responds t o  a l l  accidents involving 
commercial  vehicles t o  determine if t h e  cause  of t h e  accident was due t o  defect ive  
equipment. 

In addition, t h e  Commercial  Vehicle Enforcement Section is responsible for  semiannual 
inspections of t h e  state 's  eight thousand school buses. 

- 

Officers assigned t o  portable scales work on a n  as-traffic-warrants basis. Through 
t h e  observance of t r a f f i c  pat terns  based upon t h e  type of trucking in t h e  a rea ,  they 
basically establish their  own schedule t o  de te r  a s  many overweight vehicles a s  possible. 
They also work together as t e a m s  t o  sa tu ra te  by-pass routes  as a means of deterrence,  
A typical  example of controlling by-pass routes  is in District  IV, Spokane. The Port-of-Entry 
on Inters ta te  90 operates  on a 24-hour basis; but the re  a r e  s t h e r  highways in t h e  a r e a  
t h a t  allow t ruckers  t o  by-pass t h e  Port. These roads a r e  worked extensively by one  
or  rnore Commercial  Vehicle Enforcement Officers with portable scales at varying 
times, so t h a t  no set pa t t e rn  is established. 

Officers also establish rapport  with local jurisdictions and businessmen within their  
geographical areas. These contacts,  in turn, provide t h e  Patrol  with information concerning 
trucks running overloads or  a t t e m p t s  at circumventing other  laws. 

Program Improvement Recommendations: 

The Washington S t a t e  Patrol  is very interested in t h e  weigh-in-motion concept.  The  
depar tment  recognizes its potential  a s  a sort ing o r  screening device for  weight enforcement.  
However,weighing trucks at highway speeds in t h e  lane of t r a f f i c  i s  not  consistent  with 
our enforcement  plan. We need t o  have trucks en te r  t h e  scale  a r e a  t o  be screened for  
licensing and equipment violations. W e  fee l  t h a t  a weigh-in-motion installation on t h e  
approach ramp t o  a scale would e l iminate  some t ra f f i c  management problems, provide 
weight, axle  and bridge formula screening, and at  t h e  s a m e  t i m e  rou te  t rucks  close 
enough and slow enough t o  provide visual licensing and equipment checks, The S t a t e  

-- pa 











PENNSYLVAKIA' S PKOGRMf AHD OPEFd?TONS FOX 
ENFORCING SIZE lJElGIiT REGULATIONS 

I. INTRODUCTION 

A. 1, S l i d e  I. shows Pennsylvaa-ia a s  a c o r r i d o r  state between mid-west: 
and t h e  c i t i e s  of Phi lade lphia  and New York p lus  t h e  New England 
S t a t e s .  

2. Major I n t e r s t a t e  Routes 

East-\Jest -- 1-90, 80, 76, 70 
North-South - 1-79, 81., 83, 95 

E. 1, S l i d e  2 shows the  a r e a s  of t h e  26 mobilc teams 

26 Mobile Teams 
2 I n t e r s t a t e  Mobile Teams 
1 Permanent Weigh S t a t i o n  

2 ,  Cooperative E f f o r t  wi th  Terns Headquartered a t  S t .  P o l i c e  Barracks 

3. a. Mobile Teams = 1 S t a t e  Trooper and 2 Pa, DOT 
b. Mobile I. Team = 2 S t a t e  Troopers and 4 Pa. DOT 
c .  Permanent I. Team = 2 S t a t e  Troopers and 2 Pa. DOT 

4. Teams work i r r e g u l a r  schedule (7 1 / 2  hourulday) 

5. a. Green Areas a r e  Urban Arcas 
b. Blue Areas a r e  coa l  reg ions  

C. Slide 3 shows equipment a v a i l a b l e :  

i 
1. Por t ab le  Scales i 

366 G.E.C. (385 -19) 
i 

(60 4-80) 
i 

140 Haenni 
85 Load-0-Meter ( S t a t e  Po l i ce )  i 
46 Others  

t 

- (Metrodyne and Load-0-Neter) i 
637 Uni t s  (283 s e t s  used by our  Enforcement Team) i j 

(35 s e t s  used by D i s r r i c t s  for Qual i ty  i 
Assurance) 1 

2. W.I.M. Po r t ab l e  Sca les  
1 
t 

3 - P.A.T.  
1 -- Eldec -- 
4 Uni t s  i 

i t  

I 
i 

i I 
j 
i 
i 
I 
I 



3. Permanent Scales 

1 W. I .M, Screening 
1 Static Pl.atform - Streeter bet 

(3 Sections 16 - 10 - 34) 

D. Slide 4 shows Sp~cific Limits: 

Width - 8 '  ; 8'-6" (102") Interstate 
Height - 13'-6" 
Length - Motor Vehicle 4 0 ' ,  Cornbination 60' 

Maximum Gross - 73,280 vehicle; 80,000 Combination 
Maximum Axle - Under 73,280 - I of 2 = 18,000 

2 o f  2 = 22,400 
Over 73,280 - Federal Bridge Formula 

Maximum FJ'heel - SOO#/inch of Tire width 
11. HOW TO I5IPROVE PROGRtUI? 

A. Slide 5 

- Semi-permanent weigh sites 
- Safety Inspection 
- Comunications 
- Computerization of 

- Team Productivity 
I - Magistrates/Courts I 

- Locati.on/Truck Volumes 
- Legjslative Liaison t 

3. Team Productivity 

1. Slide 6 - Monthly Computer Listing 
(~topped/b!eighed/ lhight  Violations) i 

I 

2, Slide 7 - Inspected/Violations 
Heasured/~iolations 

3. Slide 8 - Graphic - Ueight Violations 

4. Slide 9 - Sumary of Yearly Values 

5. Slide 10- Area Supervisor's Xonthfy Summary 

6. Slide 11- Fiscal Year Graph of Similar Teams - Interstate 
F?eighed/ Citat ions 

7. Slide 22- Fiscal Year Graph Interstate Inspections I 

I 

-- 
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1. Portable Scales 

366 G.E.C. (385 - 19) 
140 Haenni (60 + 80) 
85 Load 0 Meter (Sta te  police) 
46 Others - (Netrodyne & ~oad-0-lfeter) 

637 Units ( --- 283 s e t s  used by our  Enforcement ~ e a m s )  
( 3 5  S e t s  used by D i s t r i c t s  f o r  

Quality Assurance) 

2. WIM Portable Scales 

3 - P.A.T. 
1 - Eldec - 
4 Units 

3. Permanent Scales 

1 W I M  Screening 
1 S t a t i c  P la t form - St ree te r  Amet 

(3 Section 16 - 10 - 34) 

Sl ide  3 

Specif ic  Limits: 

Width 8 ' ; 8'-6" (102") I n t e r s t a t e  
Height 13' - 6" 
Length Motor Vehicle 40', Comb. 60' 

Maximum Gross - 73,280 Vehicle; 80,000 Comb. , 

Maxtmum Axle - Under 73,280 - 1 of 2 = 18,000 
2 of 2 = 22,400 

Over 73,280 - Fed, B r .  Form. 

Maximum Wheel - 800ii/in of T i re  Width 

I 
Slide  4 
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UNITED KINGDON SYSTEM OF TRUCK WEIGHT ENFORCEMENT BY 
LOW-SPEED IN NOTIOt4 WEIGHING 

Paper by J Winder, Department of Transport, London 

Is truck overloading aserious problem in the UK? -- 

Driving an overloaded truck is a serious offence under 
United Kingdom law. The truck operator and driver can 
face fines of up to a maximum of £1,000 (approximately 
$1,500 (dollars)) for each offence. 

The UX Government has made its position towards truck 
osTerloading very clear. In a recent Debate in Parliament 
e a i i i n g  te an increzse i n  UK truck maximum weights from 
32.5 tonnes (71,649 US Ibs) to 38 tonnes ( 8 3 , 7 7 5  US 
Ibsj for 5 axle trucks it was emphasised that roadside 
enforcement would be increased. Mare Traffic Examiners 
would be recruited and development of the national network 
of inspection sites would be increased. 

The decision to increase truck maximum weights in the 
TJX was to allow trucks to carry more payload. Increasing 
the numbers of axles to 5, and which qualified for certain 
vehicle tax advantages, wacild e n s u r e  that new and heavier 
vehicles would be less  damaging to roads. The UK Govern- 
ment i s  therefore commlisted to stronger enforcement 
against truck overloading because overloading: 

i, increases wear and damage to roads; 

ii. is unfair competition, since the truck which 
complies with UK weight limits carries a smaLler 
payload and the overloaded truck has an unfair 
commercial advaotage - there is some trukh in the 
say ing  thak 'one trucker's overload is another's 
job'; and 

iii. serious overloading can affect a truck's 
performance on the road and put the safety of other  
road users at risk. 

All UK truck operators are expected to comply with UK 
weight limits laid down j.n the Motor Vehicle Construction 
and Use Regulations 1978 (as amended in 1982). A convict- 
ion for overloading before the Courts can result in 
a heavy fine for the trucker and operator/ownex. The 
operator's 5 y e a r  licence to operate c a n  also be put 
at risk. This is because he would have failed to comply 

1 
1 

with the undertaking he gave when he applied for a licence 
in road haulage, that his trucks would not be overloaded. 

I 

. 



How does the UK Enforcement system work? - 
The United Kingdom is divided into 11 geographical Traffic 
Areas, covering England, Scotland and Wales, for truck 
licensing and freight and passenger vehicle enforcement 
purposes. Each Traffic Area has its own Licensing 
Authority with wide powers to grant licences .or take 
them away for serious offences including overloading, 
Each Area has its own technical and non-technical staff 
of the Department of Transport who carry out regular 
checks on trucks and passenger coaches at the roadside 
and at depots. Before he can be issued with a licence 
a truck operator must make an application and show to 
the Licensing Authority that he is of good character; 
has adequate finance to operate and maintain the number 
of trucks he wants licensed safely; he must give under- 
. . ea:rings t h a t  his trackers 1 not drive excessinre hours 
- truckers' hoilrs of driving are regulated now by United 
Kingdom and European Community law - and last but not 
least, that his trucks will not be overloaded. The 
depot from which he operates and his truck maintenance 
facilities will be inspected. Increased concern has 
been shown in the UK with the effects of heavy trucks 
on roads, the local environment and in some areas people's 
homes. This has led to tighter controls due to be 
introduced shortly on truck operating centres. New 
Regulations will give people who stand to be affected 
by noise, fumes and other bad effects of trucks a stronger 
right to object to licences being granted. 

Department of Transport Traffic Examiners (non-technical) $ 
provide support for the Licensing Authorities throughout L 3 

the UK. They and Vehicle Examiners (technical) hold 
Q 

regular programmes of enforcement checks on trucks mostly 
ti 
! i 

at special inspection sites. Most sites are being equipped 
with dynamic axle weighbridges. Examiners work in teams d 

)I 

with the traffic Police who have powers to stop vehicles 5 &i 

on the highway. Trucks are either brought off the highway 
under Police escort to the check site or signs are used hi' e: 
to warn drivers to be prepared to stop and to direct t-I; 

8 
them in for checking. Most checks are held during the 
working day, although special checks are often held A A l 
at night or in the early hours. The aim is to make Ir 

1" 
a comprehensive check on the truck - its weight and s: 3~ 

mechanical condition - and the drivers' records and E :  

other documentation. In the United Kingdom, as elsewhere k; 
in the European Community, most drivers are required g 
to use a tachograph which is fitted in the cab and 21 
automatically records how long he has been driving. ;I 6' 
This instrument records distance, time and speed of ;1: 
the truck. The chart used in the tachograph is checked L FJ 
along with the truck's loaded weight and other aspects 5, 

' 1  
at an inspection site. i" 

t' 



A truck found to be overloaded between 5 - 10% is likely 
to be placed under immediate prohibition by the Traffic 
Examiner. Some checks are made at the roadside and 
Pay--bys without axle weighbridges and Examiners have 
powers to direct trucks suspected of being overloaded 
to the nearest weighhridcje within 5 miles. But if the 
truck is then found not to be overloaded the law provides 
for the truck operator to claim costs. The law also 
provides a defence against prosecution when a trucker 
can show that he was on his way to the nearest weighbridge 
when be was stopped at an Enforcement check. Axle over- 
loading is a major problem and trucks found to have 
overloaded axles, but to be operating within the gross 
weight limit must have the load adjusted to remove the 
overloaded axle before being permitted to continue. 

UK Axle Weighbridge Sites 

Tr,e Department of Transpart is citrrently giving priority 
to developing a national network of check sites with 
dynamic axle weighbridges. This is part of a 5 year 
programme at a cost of $1+ million (dollars) per annum. 
More than 40 dynamic axle weighbridge sites have already 
been constructed at major ports and strategic sites 
mostly on major routes. A further 18 are under construct- 
ion with up to 80 more sites being considered for the 
future programme. 

Checks are also made at all major ports of entry into 
the United Kingdom and both British and foreign trucks 
are checked. Because the maximum permitted weight in 
some European countries is higher than in the UK, for 
example in Holland and Spain, many trucks reach the 
United Kingdom overloaded compared with the U K  weight 
limits. Foreign truckers are therefore encouraged to 
make arrangements to have overloads removed before they 
leave the port and break U K  weight law by travelling 
on the highway. Enforcement checks are often held just 
outside ports, and trucks suspected of being overloaded 
are sent back into the port to be check-weighed and 
if overloaded, are prohibited there until the excess 
load has been removed and transferred to another truck. 

Equipment is now being connected to the Department sf 
Transport enforcement weighbridge at most ports and 
at selected inland sites which allows truckers to check 
their axle and gross weights for themselves at any time 
of the day and night, free of charge. This equipment 
connects easily to the Weighwrite dynamic axle weighbridge 
which is used extensively by the Department. It is 
simple to use, and UK truckers appear to be making good 
use of it. 



I 

I 
I 

The Department is continuously exploring new methods i 
of enforcement. Some portable weighers have been ! 
considered, but none has been found to be sufficiently 
.tasy to use and weigh Ear fewer vehicles than the fixed 
site using slow speed axle weighing equipment. One 

to avoid roadside checks. I 

to be made into possible use of mobile weighers. ! 
1 

FLn interesting experiment at one site has combined the 
use of a high speed weighing pad yhich gives a signal 

I 
when crossed by a vehicle travelling at normal speed I 
with an axle weighing more than 10 tonnes. An operator 
sits by the weighing pad and radios details of the vehicle 

I 
The trucker 

I 
t 

I 

i 
loaded, compared with the national average of approximately 1 
14% of vehicles found to be overloaded at other enforcement 1 

I 
1 

Size of UK Truck Weight Enforcement Effort 1 
, 
1 

In 1982 Examiners checked 198,000 trucks and weighed 
55,000, an increase of about 36% on the figure for 1981. i 

s 
There were 6,378 Court prosecutions issued against truck i 

operators and drivers resulting in total fines sf $619,197 1 
(dollars) by the Courts. Average dines for overloading 1 
offences are expected to rise in the UK following the 
decision to increase the maximum fink by 150% from April I 
this year. In addition to being fined, truckers and t 

L 

owners of overloaded can put their licences at risk, I 

I 

Local Authority Consumer Protection Offices and some 
Police also have powers to weigh trucks. 
encouraged to use the Department of Transport's slow 
speed weighbridges and many conduct their own checks 
in co-ordination with the Department. 

The UK does not have a system of instant fines for over- , 
loading or other offences. Penalties, including fines, i I 

are dealt with by the Courts. But in some Traffic Areas 
driverso£ foreign trucks found to be overloaded - mostly ! 
from Ireland and Europe - are brought before special 
courts which sit during the period of the check and 
impse instant fines . These fines must be paid either j 

by the trucker or his UK agent, and arrangements made I 

to remove excess loads before the truck is allowed to I 

All prohibited trucks have to be re-weighed I 

before a prohibition can be lifted. Details of serious 1 
I 

traffic offences, including overloading, committed by i 

foreign drivers, when in the UK, are reported to the I I 
foreign government concerned, who may want to take action. I 

1 



Why Low-Speed In Motion Weighing is used for UR Enforcement 

The low-speed dynamic axle system of weighing offers 
a number of advantages to the enforcement agencies 
concerned with overloading. The first prototype equipment, 
manufactured by Weighwrite Limited of Farnham,. England I 

in 1973,  was sub jec t  to extensive tests by the UX enforce- 
ment authorities before the necessary legislation which 
allows it to be used for enforcement was intfoduced. 
There were also detailed consultations with UK transport 
industry representatives. The advantages which this 
eqsipment offers includes the following: 

i. Individual axles can be measured more accurately 
than by any okher method. It eliminates errors 
and unrepeatability causad by the transfer of the 
load from one a x i e  to another when the vehicle 
is stopped; 

, 
! 

ii, Combinations of vehicles and axles are easily 
and speedily weighed at a speed of 2.5 miles per 
hour as the truck passes over the weighbridge, 
This means trucks can be weighed in less than 30 
seconds, and with minimum delay fur truckers, 
particularly those whose trucks are not overloaded 
and who can then _quickly be sent on their way. 
The Department also uses a few static weighbridges 
at truck test stations, but these are much slower 
to use. 

> 

iv. Truckers are more likely to be prepared to 
co-operate at a check site if they can see the -- 
weighing operation and truck weight. This is 
increasing as more weighbridge sites come into 1 
operation, Truckers are less likely to seek 
alternative routes to avoid a check-site. 

V. Encouraging drivers to use the equipment to 
check their weights has helped and is supported 
by the U K  road transport industry and truckers1 
national associations who a r e  encouraging their 
members to use the equipment, 

vi, Large scale display indicators at the weighbridge 
site clearly show the individual axle and total 
gross weights of the trucks passfng overt: the weigh- 
bridge. This can be seen by the trucker and Examiners 
and helps to speed the flow of vehicles through 
the check-site and to make all concerned aware 
of the recorded weights. 

1 - 



A l l  this helps to improve the cost-effectiveness of 
the enforcement site and contributes to greater observance 
of truck weight laws by truckers and truck operators. 
This in turn leads to less excessi~e wear and damage 
to roads and hopefully, safer road conditions for all 
UK soad users. 

TRAFFIC AREA CO-ORDINATION DIVISION (TACD) 
Department of Transport, London 

July 1983 







NATIONAL WEIGH-IN-MOTIOPJ CONFERENCE 

Denver, Colorado, J u l y  11-15, 1983 
I 

WIN Technology Session,  Wednesday, J u l y  13,  1983 

CONCEPTS OF WEIGH-IN-MOTION SYSTEMS 

by 

Clyde E. Lee 
P h i l  M. Ferguson Professor  i n  C i v i l  Engineering 

The Univers i ty  of Texas a t  Austin 

I n  o rde r  t o  understand t h e  complex t echn ica l  requirements f o r  a highway 

veh ic l e  in-motion weighing system, i t  w i l l  be  i n s t r u c t i v e  t o  review some b a s i c  

p r i n c i p l e s  of phys ics  and t o  d e f i n e  a few t e r n s  t h a t  a r e  used i n  engineering 

mechanics t o  dese r ibe  t h e  s t a t i c  and dynamic behavior of o b j e c t s  which e x i s t  

i n  t h e  e a r t h ' s  g r a v i t a t i o n a l  f i e l d .  

Weight i s  t h e  f o r c e  wi th  which an o 6 j e c t  i s  a t t r a c t e d  toward t h e  
e a r t h  by g r a v i t a t i o n ;  it is  equal  t o  t h e  product of t h e  mass 
of t h e  a b j e c t  and t h e  l o c a l  va lue  of g r a v i t a t i o n a l  acce le-  
r a t i o n .  For p r a c t i c a l  purposes i n  weighing highway veh ic l e s ,  
g r a v i t a t i o n a l  a c c e l e r a t i o n  can be considered cons tan t  a t  32.2 
f t / s e c 2  f o r  a l l  l oca t ions .  

Mass is  t h e  measure of- t h e  r e s i s t a n c e  of an o b j e c t  t o  a c c e l e r a t i o n ,  ......- 
o r  i ts  i n e r t i a .  Mass is cornonly taken a s  a measure of  t h e  
amount of m a t e r i a l  which makes up an ob jec t  and causes  i t  t o  
have weight i n  a g r a v i t a t i o n a l  f i e l d .  

Acce lera t ion  i s  t h e  time r a t e  of change of v e l o c i t y .  

Veloc i ty  i s  t h e  t i m e  r a t e  of change of displacement.  

Force is  t h a t  which changes, o r  tends  t o  change, t h e  s t a t e  of - 
motion of an  o b j e c t .  

Newton's Laws a r e  a p p l i c a b l e  i n  de f in ing  t h e  state of motion of a highway 

v e h i c l e  a t  any given i n s t a n t  of t ime. 

1. There i s  no change i n  t h e  motion of an ob jec t  un le s s  an unbalanced 
f o r c e  a c t s  upon i t .  

2. Whenever a n  unbalanced f o r c e  a c t s  on an o b j e c t ,  i t  produces an  
a c c e l e r a t i o n  i n  t h e  d i r e c t i o n  of t h e  fo rce ;  an a c c e l e r a t i o n  t h a t  
is  d i r e c t l y  p ropor t iona l  t o  t h e  f o r c e  and inve r se ly  p ropor t iona l  
t o  t h e  mass of t h e  o b j e c t .  

1 
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These concepts can be appl ied  t o  weighing highway v e h i c l e s  and i n t e r p r e t e d  

f i r s t  f o r  t h e  s t a t i c  (no-motion) c a s e  and then f o r  t h e  dynamic (in-motion) 

case.  A highway v e h i c l e  i s  made up of s eve ra l  interconnected components, each 

wi th  i t s  own mass. The connectors ,  which a l s o  have mass, can be viewed a s  

sp r ings ,  hinges,  and motion dampers. A f o r c e  appl ied  t o  any component w i l l  

be  t r a n s f e r r e d  t o  t h e  o t h e r s  through t h e  connectors .  (See Fig 1 )  P 
STATIC WEIdHING 

To weigh a veh ic l e ,  a t o t a l  upward f o r c e  exac t ly  equal  t o  t h e  downward 

f o r c e  of g r a v i t y  i s  app l i ed  through t h e  mot ionless  ( i n  t h e  v e r t i c a l  d i r e c t i o n )  

tires of t h e  v e h i c l e  and measured simultaneously by s c a l e s  ( f o r c e  t ransducers )  

o r  a balance.  This  i s  known as s t a t i c ,  s ing le -d ra f t  weighing and i s  t h e  most 

accu ra t e  means of determining g ros s  v e h i c l e  weight. 

Gross weight can a l s o  be determined accu ra t e ly  by success ive ly  measuring 

t h e  downward f o r c e  on t h e  tires wi th  a l l  t h e  v e h i c l e  components motionless  and 

i n  exac t ly  t h e  same r e l a t i v e  p o s i t i o n  t o  each o the r  throughout t h e  e n t i r e  

weighing sequence. This  condi t ion  of j ux tapos i t i on  can be  approximated i n  

p r a c t i c e ,  but  r a r e l y  achieved. The c e n t e r  of o s c i l l a t i o n  of t h e  composite 

v e h i c l e  mass u s u a l l y  changes when t h e  v e h i c l e  is  moved; t he re fo re ,  t h e  d i s t r i -  

bu t ion  of t h e  t o t a l  downward f o r c e  among t h e  t i r e s  changes. Some s a c r i f i c e  i n  

weighing accuracy can thus  be expected i f  t h e  v e h i c l e  is  moved between succes- 

s i v e  t i re  f o r c e  measurements a s  i s  t h e  case  when us ing  a x l e  load o r  wheel load 

weighers. This  is e s p e c i a l l y  t r u e  when t h e  v e h i c l e  i s  moved s e v e r a l  t imes and 

t h e  weighing s u r f a c e  of t h e  s c a l e s  i s  no t  i n  t h e  same ho r i zon ta l  p lane  as t h e  

surrounding s u r f a c e s  support ing t h e  t i r e s  which a r e  no t  being weighed a t  t h e  

t i m e .  

A t y p i c a l  sp r ing  r a t e  f o r  a r e a r  t ruck  wheel suspension is  about 3,500 t o  

4,000 pounds per  inch  of displacement and each t i r e  a l s o  has a r a t e  of about 

4,000 pounds per  inch. The f r o n t  suspension gene ra l ly  has a sp r ing  r a t e  of 

about 500 pounds per  inch. Thus, i f  one wheel of a v e h i c l e  is r a i s e d  o r  low- 

e red  w i t h  r e spec t  t o  t h e  o t h e r s  during weighing, t h e  wheel f o r c e  on t h e  s c a l e ,  

o r  weigher, w i l l  be  considerably d i f f e r e n t  than  when t h e  wheel i s  no t  d i sp laced .  

P a r t i c u l a r  a t t e n t i o n  must be given t o  t h i s  concept when weighing t h e  wheels of 

tandem o r  t r i p l e  a x l e s  i f  reasonable  accuracy i s  t o  b e  achieved wi th  wheel load 

weighers.  The same p r i n c i p l e s  a l s o  apply t o  weighing a x l e s  and a x l e  groups 





! 

w i t h  sets of wheel load weighers o r  w i th  a x l e  s c a l e s .  The only  way t o  weigh 
! 

a highway v e h i c l e  accu ra t e ly  by success ive  pos i t i on ing  of wheels on a s c a l e ,  i 
1 
$ 

o r  a s e r i e s  of s ca l e s ,  i s  t o  main ta in  a l l  wheels of t h e  v e h i c l e  i n  a hori-  1 
I 
i 

z o n t a l  p lane  (a smooth l e v e l  su r f ace )  and have no r e d i s t r i b u t i o n  of weight I 
during t h e  weighing process .  This  means t h a t  t h e  d e f l e c t i o n  of t h e  s c a l e  B 

i t s e l f  must be considered and t h a t  t h e  f r i c t i o n  i n  t h e  v e h i c l e  suspension, 

d r i v e ,  and braking systems must be accounted f o r .  A cons iderable  amount of 

weight t r a n s f e r  among a x l e s  occurs  dur ing  a c c e l e r a t i o n  and s topping of a 

veh ic l e ,  and t h e  weight d i s t r i b u t i o n  a t  t h e  t ime of weighing depends on t h e  
i 

f r i c t i o n a l  f o r c e s  i n  t h e  suspension system a t  t h a t  tfme. In  p r a c t i c e ,  e f f o r t s  1 
must be made t o  minimize t h e  e f f e c t s  of weight t r a n s f e r  during success ive  

weighings i n  o rde r  t o  make measurements w i th in  acceptab le  to le rances .  

IN-MOTIO?T WEIGHING B 
P 
i; 

By d e f i n i t i o n ,  and by common usage, t h e  term weight means t h a t  only 

g r a v i t a t i o n a l  f o r c e  is  a c t i n g  on a n  o b j e c t  a t  r e s t .  In-motion weighing of 

a highway v e h i c l e  a t tempts  t o  approximate t h e  weight of t h e  veh ic l e ,  a wheel, 

an ax le ,  o r  a group of a x l e s  on t h e  v e h i c l e  by measuring ins tan taneous ly ,  o r  e 
during a s h o r t  per iod of t ime, t h e  v e r t i c a l  component of dynamic ( con t inua l ly  

changing) f o r c e  t h a t  is appl ied  t o  a smooth, l e v e l  road su r f ace  by t h e  t ires 

of t h e  moving veh ic l e .  The weight of t h e  ve.hicle does not  change when it 

moves over  t h e  road, but t h e  dynamic f o r c e  appl ied  t o  t h e  roadway su r f ace  by 

a r o l l i n g  t i r e  of t h e  v e h i c l e  v a r i e s  from more than double i t s  s t a t i c  weight a 

when it  runs  up on a bump, thereby exe r t ing  a l a r g e  unbalanced f o r c e  on t h e  

wheel mass, t o  ze ro  witen t h e  t i r e  bounces of f  t h e  road. F igure  2 i l l u s t r a t e s  
k 

t h e  p a t t e r n  and magnitude of v a r i a b i l i t y  i n  dynamic wheel f o r c e  f o r  t h e  l e f t  1 
r e a r  wheel (dual  t i r e s )  of an empty dump t ruck  dr iven  a t  30 mph over t h e  i' 

E 
r e l a t i v e l y  smooth road p r o f i l e  shown i n  t h e  f i g u r e .  A shee t  of 3/8- inch t h i c k  k 
plywood was placed on t h e  first p a i r  of t he  n i n e  wheel f o r c e  t ransducers  t h a t  1 
were a r rayed  i n  the  road s u r f a c e  as shown i n  Pig 3 f o r  experimental rneasure- 

a e n t s .  Measured wheel f o r c e s  Ear t h r e e  success ive  runs of t h e  t ruck  a r e  

p l o t t e d  i n  Fig 2 along with output  from a v e h i c l e  s imula t ion  model c a l l e d  

DYEIOL. Fig 4 i s  a s i m i l a r  graph f o r  t h e  loaded veh ic l e .  Several  important 

concepts of dynamic veh icu la r  behavior a r e  i l l u s r r a t e d  by t h e s e  f i g u r e s .  
L 
i: 

F i r s t ,  t h e  p a t t e r n  of wheel f o r c e  f o r  a given v e h i c l e  t r a v e l i n g  over t h e  same 









roadway s u r f a c e  a t  t h e  same speed is c o n s i s t e n t  as seen from t h e  small s c a t t e r  

i n  t h e  experimental measurements. Next, t h e  mass of t h e  v e h i c l e  components 
I 

a f f e c t s  t h e  magnitude and frequency of dynamic wheel f o r c e s  and t h e i r  va r i a -  I 

t i o n  from s t a t i c  weight a s  i l l u s t r a t e d  f o r  t h e  loaded and unloaded veh ic l e .  

D i f f e ren t  v e h i c l e s  w i l l  r e a c t  d i f f e r e n t l y  t o  road roughness. The wheels i 

(unsprung masses) o s c i l l a t e  t y p i c a l l y  i n  t he  range of about 8 t o  12 Hz when ; 
disp laced  suddenly, and o s c i l l a t i o n s  damp r a t h e r  qu ick ly .  F i n a l l y ,  the dynamic t I 

wheel f o r c e  i s  sometimes l e s s  than  s t a t i c  weight, and sometimes g r e a t e r .  A 
! 

c h a r a c t e r i s t i c  behavior of t rucks  t h a t  is not  i l l u s t r a t e d  by t h e s e  f i g u r e s ,  I 
but  which i s  known from a c t u a l  observa t ion  and from computer s imula t ion ,  i s  E 

e 
t h a t  t h e  sprung mass (body and payload) t yp ica l13  o s c i l l a t e s  a t  abaut  0.5 t o  ! 

D 

3 o r  4 Hz depending on many f a c t o r s  which includs) mass. An out-of-round o r  1 

out-of-balance t i r e  o r  wheel can a l s o  apply ver tUcal  f o r c e s  t o  t h e  r o t a t i n g  i 
i 

mass and cause l a r g e  v a r i a t i o n s  i n  dynamic wheel ' force.  
I , 
i 

Accurate in-motion v e h i c l e  weighing is p o s s i b l e  only when t h e  v e r t i c a l  5 

a c c e l e r a t i o n  of a l l  v e h i c l e  components is  zero.  The sum of t h e  v e r t i c a l  f o r c e s  b 

exerted on a smooth, l e v e l  su r f ace  by t h e  per fecdly  round and dynamically 

balanced, r o l l i n g  wheels of a v e h i c l e  a t  cons tan t  speed i n  a vacuum a r e  equal 

t o  t h e  weight of t h e  veh ic l e .  None of t h e  v e h i c i e  components w i l l  be acce le-  

r a t i n g  v e r t i c a l l y  under t h e s e  i d e a l  condi t ions .  But, such conditions never 1. 

e x i s t  i n  p r a c t i c e .  Some of t h e  f a c t o r s  which a f f e c t  t h e  t i r e  f o r c e s  of a L 
i 

moving v e h i c l e  a r e  shown i n  the  t a b l e  below. 

Roadway F a c t o r s  Environment Fac to r s  

0 Transverse P r o f i l e  e Temperature 

a Cross Slope 

3 Curvature 

m Load, Load S h i f t  

Aerodynamic 
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I 

No road su r f ace  is p e r f e c t l y  smooth and l e v e l ,  no v e h i c l e  i s  p e r f e c t ,  and t h e  
i ex i s t ence  of t h e  atmosphere caanot be ignored,  The nea re r  a c t u a l  condi t ions  
1 

1 approach i d e a l  condi t ions ,  t h e  b e t t e r  .the approximation of v e h i c l e  weight t h a t  

l can be made by measuring t h e  v e r t i c a l  f o r c e s  appl ied  t o  t h e  roadway s u r f a c e  
J 

I by t h e  t i r e s  of a  moving vehic le .  
i 

I n  p rac t i ce ,  t h e  adverse  e f f e c t s  of t h e  roadway f a c t o r s  can be made q u i t e  

I small by c a r e f u l  s i t e  s e l e c t i o n  and proper i n s t a l l a t i o n  and maintenance of 

in-motion weighjng equipment. Undesirable  environmental e f f e c t s  can be recog- 

nized o r  perhaps avoided by schedu.ling weighing opera t ions .  The v e h i c l e  

f a c t o r s ,  except f a r  poss ib ly  speed and acce lera t ion ,  a r e  l a r g e l y  uncontrol-  

l a b l e  at a weighing loca t ion .  Legal and s a f e t y  r e g u l a t i o n s  r e s t r i c t  t h e  range 

wi th in  which c e r t a i n  othe.1 v e h j c l e  f a c t o r s  occur, and economic cons ide ra t ions  

inf luence  t h e  v e h i c l e  opera t ing  condi t ions  t h a t  d r i v e r s  and owners a r e  w i l l i n g  

t o  t o l e r a t e .  Perhaps t P ,  amst s i g n i f i c a n t  uncont ro l led  v e h i c l e  f a c t o r  t h a t  

a f f e c t s  in-motion weighing i s  t i r e  condi t ion .  Unbalanced or  out-of-round 

tires r o t a t i n g  at high speed can cause large v a r i a t i o n s  in. t h e  v e r t i c a l  com- 

ponent of f o r c e  a c t i n g  on t h e  wheel mass and can t h e r e f o r e  produce v e r t i c a l  

a c c e l e r a t i o n  of t h i s  mass. T i r e  i n f l a t i o n  p re s su re  a l s o  c o n t r i b u t e s  s i g n i f i -  

can t ly  t o  t h e  dynamic behavior of t h e  t i r e  and wheel mass. Even though t h e  

t i re -condi t ion  v a r i a b l e  cannot be con t ro l l ed  i n  in-motion wefghing, observa- 
i 

t i o n  and experience i n d i c a t e  t h a t  t h e  tires on most over-the-road v e h i c l e s  a r e  

maintained i n  reasonably good cozlditi.on; t he re fo re ,  t h e  r e s u l t s  of t h i s  poten- 
I t i a l l y  adverse e f f e c t  might a l s o  f a l l  w i t h i n  t o l e r a b l e  l i m i t s  f a r  most v e h i c l e s  

and f o r  c e r t a i n  types of in-motion weighing opera t ions .  Severa l  yea r s  of 

experience have demonstrated t h a t  in-motion weighing i s  p r a c t i c a b l e .  Proper ly  

designed and maintained equipment i s  a b a s i c  requirement.  Appropriate  u s e  of 

t h e  equipment and i n t e r p r e t a t i o n  of t h e  measurements i s  equal ly  important i f  

s a t i s f a c t o r y  r e s u l t s  a r e  t o  be achieved wi th  t h e  techniques.  

VIM SYSTEMS 

A b a s i c  in-motion v e h i c l e  weighing system c o n s i s t s  of one o r  more wheel 

force  t ransducers  plus the assoc ia ted  s i g n a l  processing instruments  . Supple- 

mentary veh ic l e  presence sensors  (e .g . ,  inductance loop d e t e c t o r s )  o r  ax l e  

passage d e t e c t o r s  may a l s o  accompany the  weighing system t o  measure speed, 

ax l e  spacing,  o v e r a l l  veh ic l e  length ,  and l a t e r a l  placement a s  the  v e h i c l e  

passes over  the  system. 

& 



Wheel Force Transducer 

The key component of any W I M  system i s  the wheel fo rce  t ransducer ,  which 

converts  the v e r t i c a l  component of force  appl ied t o  i t s  su r f ace  through the 

t i r e s  of a  moving veh ic l e  i n t o  a propor t iona l  s i g n a l  t h a t  can be measured and 

recorded. I n  order  t o  measure the t o t a l  v e r t i c a l  fo rce  imposed on the  t rans-  

ducer  by a  s e l ec t ed  t i r e ,  o r  by a  group o f  t i r e s ,  on a  v e h i c l e ,  the f u l l  t i re  

contac t  a r e a / s  of i n t e r e s t  must be supported completely and simultaneously by )j 
the t ransducer .  The t ransducer  must then produce a  s i g n a l  which i s  exac t ly  i 
propor t iona l  t o  the v e r t i c a l  fo rce  appl ied .  This s i g n a l  must not  be a f f ec t ed  I 

Eb s; 
by (1)  t i r e  con tac t  a r e a ,  s t i f f n e s s ,  i n f l a t i o n  pressure,  nor pos i t i on  on the 

sensing su r f ace  of t h e  t ransducer ,  (2 )  t r a c t i v e  fo rces ,  (3)  temperature,  nor 
1 
5 

(4) mo i s  t u r e  . 1 
8 
r 

An i d e a l  fo rce  vs. time s i g n a l  from a  wheel fo rce  t ransducer  is  shown in 4 
3 

the ske tch  below, $ D 
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As the t i r e  con tac t  length ,  L , moves onto the  t ransducer ,  fo rce  increases  

u n t i l  the f u l l  t i r e  contac t  a r ea  i s  supported by the  t ransducer .  Force does 

not  change (assuming no v e r t i c a l  movement of t he  veh ic l e  components) dur ing  

the time bWL while  t he  t i r e  con tac t  patch cont inues t o  be supported only by 

the  t ransducer .  This is the time when wheel fo rce  measurements a r e  poss ib le .  

Typical ly ,  54-L 
i s  about 0.006 seconds f o r  a  loaded t ruck  t r a v e l i n g  a t  

60 mph over  a  t ransducer  1.5 f e e t  long wi th  a  t i r e  con tac t  length  of 1.0 f o o t .  

The su r f ace  of the  wheel force  t ransducer  must be exac t ly  even wi th  the  

su r f ace  of t he  l e v e l  roadway i n t o  which i t  is  i n s t a l l e d  i n  o r d e r  no t  t o  c r e a t e  

an unbalanced fo rce  on the whee l / t i r e  mass a s  the  t i r e  passes over  the  t r ans -  

ducer .  This unbalanced fo rce  w i l l  a c t  upward t o  d i sp l ace  the mass i f  the  

t ransducer  s tands  above the road su r f ace ,  o r  i t  w i l l  cause the sp r ing  fo rce  of 

the  veh ic l e  suspension and the pneumatic t i r e  t o  a c t  downward on t h e  mass a s  

an unbalanced fo rce  if the t ransducer  is  below the  sur face .  The i n e r t i a  of 

the  whee l / t i r e  mass w i l l  a f f e c t  t he  wheel fo rce  and thus the  fo rce  measurements 

made by the t ransducer  under e i t h e r  of these  condit ions.  It is  not  poss ib le  

t o  c a l i b r a t e  t he  s i g n a l  from the t ransducer  t o  compensate exac t ly  f o r  d i f f e r -  

ences i n  e l e v a t i o n  of t he  force-sensing t ransducer  su r f ace  wi th  r e spec t  t o  t he  

surrounding road su r f ace  a s  each veh ic l e  w i l l  respond d i f f e r e n t l y  t o  the 

su r f ace  i r r e g u l a r i t y .  Such f a c t o r s  a s  speed, t i r e  s t i f f n e s s  and i n f l a t i o n  

pressure ,  and mass of the var ious  unsprung veh ic l e  components a r e  p a r t i c u l a r l y  

a f f ec t ed ,  even by small  su r f ace  i r r e g u l a r i t i e s .  

I d e a l l y ,  t he  t ransducer  should d e f l e c t  under load t h e  same amount a s  the 

road su r f ace .  I f  the  t ransducer  is very s t i f f  a s  compared wi th  the  pavement, 

the n e t  e f f e c t  upon fo rce  measurements w i l l  be l i k e  t h a t  of  the wheel running 

up on a  bump. S imi l a r ly ,  i f  t h e  t ransducer  d e f l e c t s  more than t h e  road 

su r f ace  under load, t he  wheel w i l l  be a f f e c t e d  a s  i f  it runs i n t o  a  shal low 

hole.  The t ransducer  should d e f l e c t  a  smal l  amount under load i n  o rde r  t o  

behave l i k e  the surrounding road sur face .  

The mass of t he  t ransducer  should be smal l  i n  r e l a t i o n  t o  the dynamic 

forces  t h a t  a r e  t o  be measured. In  p r i n c i p l e ,  a  fo rce  t ransducer  u sua l ly  

measures t he  displacement i n  an e l a s t i c  body t h a t  is subjec ted  t o  an appl ied  

force .  This displacement i s  a  func t ion  of t he  magnitude and du ra t ion  of t h e  

fo rce  a s  w e l l  a s  the mass of the  d isp laced  body. To i l l u s t r a t e ,  t h ink  of your 

hand a s  an e l a s t i c  spr ing  support ing a mass and your nerves a s  a  displacement 

measuring system. Place your palm upwards on the  t a b l e  and s e t  a  10-pound 



i 
I 
! 

s t e e l  block i n  your hand. Close your eyes.  Have a  f r iend  s t r i k e  the weight a  I 
1 

sharp  blow wi th  a  hammer. Gage and remember your ' s ensa t ion  t o  the  force  i 
I 

appl ied by the  hammer. Open your eyes and replac: the s t e e l  block wi th  a  

penny and c lose  your eyes again.  Have your f r i e n d  s t r i k e  the  penny a  s i m i l a r  

sharp  blow wi th  the hammer. Was the  appl ied forca  the  same? Yes, the  appl ied I 

fo rce  was the  same, b u t  the  displacement i n  your dand was much more i n  t h e  

r e l a t i v e l y  smal l  i f  dynamic forces  of a  few thous4nd pounds appl ied  f o r  a  few 
i; i 

mil l i seconds  a r e  t o  be measured accu ra t e ly  by sending the displacement of t he  

e l a s t i c  element of the t ransducer .  The i n e r t i a  o i  the  t ransducer  mass a f f e c t s  

i t s  displacement wi th  r e spec t  t o  time under an ap$lied unbalanced fo rce .  b 

Closely assoc ia ted  with the  mass of the trandducer i s  i t s  resonant ,  o r  

placed downwards by an appl ied fo rce  w i l l  reboundlwhen the fo rce  is removed 
I 

p a t t e r n  of unbalanced forces  a c t i n g  on the  t r a n s d k e r  mass w i l l  cause it t o  
r 

o s c i l l a t e  u n t i l  some form of damping d i s s i p a t e s  t ~ e  energy s t a r e d  i n  the  

e l a s t i c  system. The period of o s c i l l a t i o n  i s  a  fqnc t ion  of mass. General ly ,  
I 

t he  g r e a t e r  t he  mass, the  slower the  period s f  o s d i l l a t i o n  and the  more  t h e  

energy requi red  f o r  damping. 
! 

A wheel force  t ransducer  measures t he  r e l a t i t e  displacement of an e l a s t i c  

a lgeb ra i c  sum of the unbalanced fo rce  assoc ia ted  wi th  the  i n i t i a l  displacement 

p lus  the  unbalanced fo rce  from the appl ied  wheel i o rce .  I f  the  t ransducer  

force  when the  t i r e  app l i e s  an a d d i t i o n a l  downward fo rce ,  the mass w i l l  move 

downwards. I f ,  on the  o the r  hand, the t ransducer  !mass i s  moving upwards due 

ducer  mass with r e spec t  t o  i t s  r e s t  pos i t i on  w i l l / r e s u l t  from a fo rce  equal  t o  
I 

t h e  d i f f e r e n c e  i n  t he  upward i n e r t i a l  fo rce  and tHe downward wheel fo rce .  
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An e f f e c t i v e  wheel fo rce  t ransducer  must be a t  r e s t  when the  wheel f o r c e  

t o  be measured i s  appl ied .  A low mass t ransducer  tends t o  o s c i l l a t e  a t  h igh  

frequency and damp t o  a  r e s t  pos i t i on  r e l a t i v e l y  quick ly ;  t h e r e f o r e ,  a  low 

mass, c r i t i c a l l y  damped t ransducer  is gene ra l ly  p re fe r r ed .  S ince  the  time 

between tandem ax le s  (approximately 4 f e e t  a p a r t )  on a  v e h i c l e  moving a t  

60 mph i s  about 4/88 = 0.045 seconds, t h e  t ransducer  should cease  o s c i l l a t i o n  I 

wi th in  t h i s  s h o r t  time i n  o rde r  t o  be ready t o  measure t h e  wheel fo rces  of  
: 

such c l o s e l y  spaced ax le s .  To a s su re  t h a t  t h e  t ransducer  mass is  a t  r e s t  when I 
I an unknown t i r e  f o r c e  i s  t o  be measured, an osc i l l o scope  should be used t o  I 

examine t h e  s i g n a l  wi th  r e spec t  t o  time. The fo rce  vs .  time t r a c e  shown i n  

the  previous ske tch  should be c l o s e l y  approximated, p a r t i c u l a r l y  i n  t he  time 
I 

j u s t  before  t he  t i r e  goes onto the  t ransducer .  The t ransducer  should i n d i c a t e  I 

no fo rce  except  t h a t  o f  :-raviEy when i t  is n o t  loaded e x t e r n a l l y .  1 
A wheel fo rce  t ransducer  must be designed and cons t ruc ted  wi th  adequate  

I 

capac i ty  t o  handle the  xaheel loads t h a t  w i l l  occur i n  p r a c t i c e .  Legal a x l e  

load l i m i t s  and poss ib l e  overloads must be considered. Also,  t h e  f a c t  t h a t  

dynamic wheel fo rce  can sometimes be double t he  s t a t i c  wheel weight should be 

allowed f o r .  The gene ra l  r e l a t i o n s h i p  between f a t i g u e  l i f e  of t h e  t ransducer  

elements and the  expected number of r e p e t i t i o n s  of var ious  s t r e s s  l e v e l s  

should a l s o  be recognized. L i e e l  fo rce  t ransducers  opera te  i n  a n  extremely 

h o s t i l e  environment of impact loading,  v i b r a t i o n ,  c l i m a t i c  extremes, and 

sometimes i n t e n t i o n a l  abuse. Wear and t e a r  a r e  expected; t h e r e f o r e ,  good 

design must be complemented by proper i n spec t ion  and maintenance i f  s a t i s -  

f a c t o r y  s e r v i c e  i s  t o  be r e a l i z e d  from wheel fo rce  t ransducers .  

A p a r t i a l  check l i s t  of wheel f o r c e  t ransducer  f e a t u r e s  i s  shown i n  the  

t a b l e  below. This  might be u s e f u l  f o r  a s se s s ing  t h e  adequacy of t h e  t r a n s -  

ducer  des ign  and the  p o t e n t i a l  performance of  t h i s  important  p a r t  of a  WLM 

sys  tern. 
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WHEEL FORCE TRANSDUCER FEATURES I 
i 

Fea ture  

e I n s e n s i t i v e  to :  T i r e  contac t  a r e a  ( s ing le /dua l )  I 

T i r e  s t i f f n e s s  

T i r e  i n f l a t i o n  pressure  

T i r e  pos i t i on  (edge-to-edge) 

Temperature I 
h 

Moisture i 

e I n s t a l l e d  even wi th  roadway su r f ace  

e Signa l  d i r e c t l y  propor t iona l  t o  appl ied  v e r t i c a l  fo rce  

e Small d e f l e c t i o n  under load 

Low mass / ~ i g h  compliance 
r 

High n a t u r a l  frequency / C r i t i c a l  damping i 

Capacity 

Durab i l i t y  I ~ a i n t a i n a b i l i t y  E 

WIM S igna l  Processing Instruments 

Analog s i g n a l s  from the wheel fo rce  t ransducers  must be i n t e r p r e t e d  and 

recorded by appropr ia te  e l e c t r o n i c  instruments  t o  y i e l d  samples of dynamic 

wheel fo rces  which serve  a s  es t imates  of wheel, a x l e ,  and veh ic l e  weight. 

Analog-to-digi ta l  conversion of s i g n a l s  i s  now rou t ine ;  t he re fo re ,  most WPM 

systems a r e  based around d i g i t a l  d a t a  processors ,  The wheel force  s i g n a l  

sketched i n  the  previous s e c t i o n  i s  d i g i t i z e d  a t  a t y p i c a l  r a t e  of about 

1,000 Hz. The r e s u l t i n g  d i g i t a l  a r r ay  i s  evaluated r ap id ly  and e f f e c t i v e l y  t o  

i s o l a t e  t he  p e r t i n e n t  information and d i sp l ay  a measured wheel force  i n  appro- 

p r i a t e  u n i t s ,  This information i s  s to red  f o r  f u r t h e r  use i n  computing e s t i -  

mated ax le  weights and gross  veh ic l e  weights.  A l l  d a t a ,  o r  only se l ec t ed  

software must be provided t o  u t i l i z e  t he  hardware c a p a b i l i t i e s  of any WLM 

I b 



ACCURACY OF WIM SYSTEMS 

Highway veh ic l e s  a r e  normally weighed f o r  one o r  more of the  fol lowing 

purposes: (1) commerce (buying and s e l l i n g  by weight ) ;  ( 2 )  s t a t i s t i c a l  d a t a  

(needed f o r  planning, f inanc ing ,  designing,  cons t ruc t ing ,  opera t ing ,  and main- 

t a i n i n g  the  road system); o r  (3) enforcement (assur ing  t h a t  des ign  loading i s  

not  abused). The need f o r  accu ra t e  ( c o r r e c t ;  without  e r r o r ;  dev ia t ing  only 

s l i g h t l y  o r  w i th in  acceptab le  l i m i t s  from a s tandard)  weighing v a r i e s  somewhat 

f o r  each of these  purposes because the  consequences of using inaccu ra t e  weight  

information involve d i f f e r e n t  degrees of r i s k  t o  t h e  use r s ,  Tolerances,  o r  

permitted v a r i a t i o n s  from a c o r r e c t  va lue ,  can be s e t  t o  r e f l e c t  t he  r e l a t i v e  

importance of accuracy i n  view of both the  use of the information and the  c o s t  

and f e a s i b i l i t y  of ob ta in ing  i t .  S e t t i n g  of such to l e rances  involves the  

s p e c i f i c a t i o n  of t he  magnitude of a l lowable v a r i a t i o n s  a s  w e l l  a s  the  proba- 

b i l i t y  t h a t  any given measurement w i l l  l i e  w i th in  the s t a t e d  l i m i t s .  Consid- 

e r ab le  judgment must be exerc ised  i n  developing these  s p e c i f i c a t i o n s ,  and the  

need f o r  nationwide uniformity must be recognized. 

Prom the  previous d i scuss ion  of in-motion weighing, i t  should be apparent  

t h a t  t he  dynamic i n t e r a c t i o n  of an imperfect  veh ic l e  wi th  an imperfect  road 

su r f ace  i n  the  e a r t h ' s  atmosphere makes h ighly  accu ra t e  es t imates  of veh ic l e  

weight impossible by t h i s  technique. But t he  p r a c t i c a l  ques t ion  remains, can 

samples of dynamic wheel fo rce  be used t o  e s t ima te  v e h i c l e ,  a x l e ,  and wheel 

weights w i th in  acceptab le  to le rances  f o r  s p e c i f i c  purposes? The demonstrated 

answer t o  t h i s  ques t ion  i s  yes .  The s t a t e - o f - t h e - a r t  i n  in-motion weighing 

now permits e f f i c i e n t ,  s a f e ,  economical measurements of v e h i c l e  weights and 

dimensions t o  be made f o r  s t a t i s t i c a l  d a t a  purposes. Properly designed,  

i n s t a l l e d ,  and maintained WIM equipment i s  capable of making unbiased measure- 

ments of dynamic wheel forces  t h a t  r ep re sen t  adequately t h e  loading p a t t e r n s  

t o  which our  roads and br idges  a r e  being subjec ted .  The f a c t  t h a t  some of the  

sampled forces  a r e  g r e a t e r  than the t r u e  s t a t i c  weight and some a r e l e s s  i s  

important ;  t h i s  i s  what the road su r f ace  a c t u a l l y  experiences.  As long a s  our  

s t r u c t u r a l  design procedures and m a t e r i a l s  t e s t i n g  procedures a r e  based on 

s t a t i c  loading,  an es t imate  of t he  s t a t i c  loading p a t t e r n  i s  a  u se fu l  s t a -  

t i s t i c .  When these  procedures can u t i l i z e  a  more s o p h i s t i c a t e d  d e s c r i p t i o n  of 

dynamic loading, the  W I M  technique can be adapted f o r  providing such in fo r -  

mation. For now, however, a  WIM system which can measure and record the  
L 1 \  
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applied wheel fo rce  wi th in  about 1 percent  to le rance  can be i n s t a l l e d  and used 1 I 
with confidence t o  c o l l e c t  l a r g e  samples of d a t a  f o r  s t a t i s t i c a l  app l i ca t ions .  

Tolerance needed f o r  commercial v e h i c l e  weighing a p p l i c a t i o n s  a r e  long 

e s t ab l i shed  and w e l l  recognized. In-motion weighing a t  high speeds cannot now 

s a t i s f y  these  smal l  t o l e r ances ,  bu t  t h i s  app l i ca t ion  should no t  be overlooked 

i n  f u t u r e  W I M  development. 

Enforcement app l i ca t ions  of in-motion weighing c u r r e n t l y  u t i l i z e  the  

technique mostly a s  a sc reening  device  t o  i d e n t i f y  suspected weight  v i o l a t o r s  

f o r  subsequent checking on s t a t i c  s c a l e s  c e r t i f i e d  t o  t he  requi red  to le rances .  

Weight th reshold  l i m i t s  on the  W I M  system can be  ad jus ted  t o  al low f o r  expec- 

ted d i f f e r e n c e s  i n  dynamic fo rce  measurements and s t a t i c  weight and thereby 

s e l e c t  only those veh ic l e s  t h a t  a r e  q u i t e  l i k e l y  t o  be ovemeigl i t .  Some cum- 

pensa t ion  can b e  made i n  t he  WIN system thresholds f o r  s i t e - s p e c i f i c  charac- 1 
F 

t e r i s t i c s  such a s  l o c a l  su r f ace  roughness o r  grade by comparing WIM measure- 

ments wi th  a c t u a l  s t a t i c  weights ,  but t h i s  w i l l  n o t  be  p e r f e c t  as each v e h i c l e  

w i l l  behave d i f f e r e n t l y .  The o v e r a l l  e f f i c i e n c y  of enforcement weighing i s  

considerably enhanced by t h e  W I M  technique a s  s t a t i c  weighing is  necessary 

only f o r  t he  veh ic l e s  which approach o r  exceed the var ious  l e g a l  l i m i t s .  

I t  i s  recognized t h a t  axle-by-axle s t a t i c  weighing of a v e h i c l e  on an 

axle-load s c a l e  t h a t  is c e r t i f i e d  t o  smal l  to le rances  (e.g., 0.2 percent )  does 

n o t  neces sa r i l y  y i e l d  v e h i c l e  o r  a x l e  weights which a l l  f a l l  w i th in  these  

to le rances ,  The p r o b a b i l i t y  i s  h igh  t h a t  in-motion weighing of success ive  

a x l e s  a t  slow speeds can g ive  very good es t imates  o f  such weights;  perhaps as 

good a s  s t a t i c  axle-by-axle weighing. A s e r i e s  of experiments i s  now being 

conducted i n  Texas by t h e  S t a t e  Department; of Highways and Publ ic  Transpor- 

t a t i o n ,  the  Department of Publ ic  Sa fe ty ,  and the  Center f o r  Transpor ta t ion  

Research a t  The Univers i ty  of Texas a t  Aust in i n  cooperat ion with the  Federal. 

Highway Administrat ion t o  o b t a i n  a comprehensive d a t a  s e t  f o r  comparing the  1 a 
accuracy of W I M  a t  h igh ,  in te rmedia te ,  and slow speeds wi th  t h a t  of a s t a t i c  c I 
axle-load s c a l e ,  a semi-portable a x l e  s c a l e ,  and wheel-load weighers. This 

expgriment should be completed i n  about a year .  
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I. Introduction 

The Minnesota Department of Transportation has long been 
interested in the concept of weighing vehicles in 
motion. Systems with this general capability have been 
developed by a number of different groups over a series 
of years. M~/DOT looked at many of these systems but 
were always concerned whether they could function 
properly in Minnesota's climatic extremes. M~/DOT also 
wanted a system which would operate continuously and 
automatically. Because of this climatic concern and 
desire to continuously collect data, M~/DOT decided to 
purchase the scales developed by the University of 
Saskatchewan and marketed by International Road Dynamics 
( I R D ) .  IRD had scales functioning at a number of 
locations throughout Canada. This is the first 
installation of this system in the United States. 

Our principal objectives in obtaining this system were 
as follows: 

1) Develop a reliable weight data base which is 
used as input for designing pavement. 

2 )  Build up a file of a heavy truck trend data, 
both seasonal and long term, by weight and 
vehicle type. 

3 )  Relate Minnesota's manually collected weight and 
vehicle class data to the data recorded by this 
system. 

4) Minimize the manpower required for data 
collection. 

5 )  Collect data for planning and design purposes. 

This system is located in the eastbound lanes of 1-494 
in the City of Bloomington. 1-494 makes up part of the 
beltline around the Minneapolis - St. Paul Metropolitan 
Area. 1-494 consists of two lanes of traffic in each 
direction at the site. Only the eastbound lanes have 
scales which monitor a combination of rural and urban 
truck traffic. The total 2-way traffic at the site in 
1980 was 56,400' in the average day of the year, of which 
nearly 7%, or 3,800, are trucks. 



11. Installation of the ~ y s t e m / ~ o s ~  i 
i 

The contract for the system wa$ let in November 1980; 
construction at the site was hdgun in April 1981. 

The roadway is concrete pavement which is nearly 20 
years old. It has extensive mid-panel cracking. Ninety 
feet of this pavement was taken up and replaced in order 
to: 1) provide a new surface in the vicinity of the 
scales, and 2) to allow for th$ installation of 
expansion joints needed to protect the scales from the 
lateral movement of the concrete roadway. One lane at a 
time was shut down during construction. 

The hardware installed in each lane consists of frames 
into which either dummies or scales [one/wheelpath) can 
be placed. Initially, dummies were placed in the left 
lane and scales in the right lane. There are also two 
loop detectors per lane -- one upstream and one 
downstream from each of the frames, The data processihg 
equipment is housed in a 10" l0'building which is 
located at the side sf the roadway. The equipment in 
the building consists of an interface system, a Digital 
Equipment Corporation IDEC)  csrtrputer model 1l03, and a 
DEC 111 printer. The building is climate controlled as 
the temperature has to be maintained between 5 0 "  and 90" 
F. 

The scales in the right lane were installed in mid-June 
and the system became operational at that time. The 
surface of the road was planed in mid-July in order to 
make it as level as possible, The final calibration sf 
the system was made in mid-August. 

The installation of the system occurred over a 2 month 
period from April to June. Actual construction time was 
approximately 3 days per lane.' 

In September 1982, we purchased and installed scales i n  
the left lane. It took about 4 hours to remove the 
dummies and put the scales in their place. 

The original contract ~o i n s t a k l  the system was 
$230,000. This cost was high because the ninety feet 
concrete had to be replaced and brick-faced building 
constructed to conform with local building codes. If 
installation of the system was done as a part of a 
contract to rebuild a road, the costs would be less. 
The scales for the left lane and the interface system 
cost $35,000. 







111. Type of Data Collected 

The data collected by the system can be stored for a 
maximum of two weeks. This data is manually retrieved 
weekly. The data collected by the system is stored in 
the memory of the computer for one hour, Every hour on 
the hour, it is transferred to a cassette tape where it 
remains until we retrieve it weekly. 

When visiting the site the purpose is to either 1) pick 
up the data which the system has collected since last 
visit, or 2) monitor individual vehicles passing through 
the system. The following data is collected by the 
system: 

1) Vehicle speed 
2 )  Axle weights 
3 )  Axle spacing 
4) Vehicle Classification 
5) Vehicle gross weight 
6) Vehicle 18-kip ESAL data 

All of this data is printed out when viewing individual 
vehicles, A sample page of this is included on page 15 
in the Appendix. During the regular operation of the 
system, data on the vehicles is sorted into categories 
for later output in printed tables. The output consists 
of a series of nine tables which we requested of IRD. A 
copy of each table is included on pages lrf-29 in the 
Appendix . 





V. Accuracy of Data 

The WLM system became operational in mid-June 1981. In 
August the 9Q' concrete pad which had been replaced was 
planned, Calibration of the system then took place. 
Various types of the department's trucks were weighed at 
a truck station, and then driven repeatedly over the 
scales, The static and WIM weights were within + 5% 
for all trucks except the 3 axle single unit dump-truck 
which was + 30%. The problem with these axle trucks was 
that the tzndem axles would bounce and set up a pattern 
as they passed over the regularly spaced joints sf the 
concrete roadway, however, the front axles were stable. 
The results of the testing was that calibration factors 
to adjust the weights at various speeds were inserted in 
the system. 

Since visits to the site were weekly to pick up the 
data, test runs would be made with a car, In June 1982, 
these test runs showed that the calibration factors in 
the system were no longer necessary so they were taken 
out. In the summer of 1982, more testing with trucks 
was done. The results this time were somewhat different 
because trucks with different suspension systems were 
used. The pattern for the 3 axle single unit dump t r u c k  
was the same as in 1981. The effect of dynamics in 
combination with varying suspension systems on a 
concrete roadway became evident to us. 

In order to help verify the accuracy of scale weights 
for the average truck, comparisons were made with data 
from independent sources. This is mentioned on the 
following page and is discussed in greater detail in the 
Appendix. A check of these independent sources verified 

I 
I that the average vehicle weight was correct. However, 

M~/DQT still wanted a method to monitor the scales 
performance on an ongoing basis. Since the weight on 
the front axle of a 5 axle semi varies little as the 
gross weight varies, a system was developed to monitor 
these front axles. This is discussed on page 7. The 
results of this have verified the validity of the data. 

The data on the following page summarize our experience 
with the accuracy of the weight data, We are satisfied 
with the scales performance in this area. 

-5- 
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Weight C 
Test Vehicles Gross Individual 1 t. 

Z - Summer 1981 Weight Axles 

2 axle 6 tire + 5% - + 10% - 
3 axle single unit 4- 5 - + 10 - 
3 axle single unit dump + 30 f 30 
5 axle semi + 5 - + 10 - 

- Summer 1982 
Automobiles + 5 - + 10 - 
2 axle 6 tire dump 3. 10 - + 10 - 
3 axle single unit dump + 30 + 30 
6 axle semi T 15 - + 20 - i 

9 
Independent Sources i r: 

- Distribution of weight on 5 axle semis 
WIM vs. loadometer - make the same 
pattern - see page 2 7  in Appendix 

4 
- Loaded 5 axle semi grain trucks k 

WIN vs. weighbills put the averages R 
with f 5% - see page 20 in the Appendix - 8 

t 

- Correlation of front axle weight vs. I: 
gross weight for 5 axle semis 
WIM vs. loadometer for various time b 
periods has correlation from .87 to !I 
.95 I! 

Monitor front axle weight of all 5 axle semis 
at WIM 

- WIM vs. loadometer shows very close to the 
front axle weight and standard deviation 
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The weight  o f  t h e  f r o n t  a x l e  o f  a 5 a x l e  s e m i  does  n o t  
change s u b s t a n t i a l l y  a s  t h e  g r o s s  we igh t  changes .  An 
a n a l y s i s  o f  t h e  2,877 f i v e  a x l e  s e m i s  weiqhed i n  t h e  
1981 loadometer  s t u d y  showed a n  a v e r a g e  we igh t  of 9 , 3 4 1  
lbs. w i t h  a  s t a n d a r d  d e v i a t i o n  o f  1 , 3 9 0  lbs .  on t h e  
f r o n t  a x l e .  A m o d i f i c a t i n  o f  t h e  WIM program e a r l y  i n  
1983 a l l o w s  u s  t o  moni tor  t h i s  i n f o r m a t i o n  on a n  ongoing 
b a s i s .  The fo l lowing  shows t h e  d a t a  c o l l e c t e d  t o  d a t e .  

R igh t  Lane 
Time # o f  F r o n t  Axle S tandard  
P e r i o d  V e h i c l e s  Weight D e v i a t i o n  

A p r i l  4-11 1 , 2 7 5  9 ,338 
A p r i l  11-1.8 2,388 9,394 
A p r i l  18-25 3 ,014 9,360 
A p r i l  25-May 2 1 , 3 3 8  9 ,378 
May 2-9 1 ,517  9,442 
May 53-16 3,218 53,486 
May 16-23 3,179 9 ,499 
May 23-31 3,383 9 ,463  
May 31-June 6  2 ,753 9 ,555  
June  8-14 9,562 9,562 

L e f t  Lane 
# of F r o n t  Axle 

Vehicl-es Weight 
S t a n d a r d  
D e v i a t i o n  

The w e i g h t s  i n  t h e  r i g h t  l a n e  a r e  c l o s e  t o  t h e  
loadorneter a v e r a g e  o f  9 , 3 4 1  w h i l e  w e i g h t s  i n  l e f t  l a n e s  
a r e  s l i g h t l y  lower .  A n a l y s i s  o f  t h i s  and other r e l a t e d  
d a t a  i s  b e i n g  completed t o  d e t e r m i n e  i f  t h e  l e f t  l a n e  
shou ld  b e  a d j u s t e d  upward. It  may be d e s i r a b l e  t o  
moni to r  t h e s e  we iqh t s  by s e v e r a l  g r o s s  we iqh t  r a n g e s .  
The f r o n t  a x l e  w e i g h t s  wi l l .  v a r y  t o  some d e g r e e  as t h e  
mix o f  loaded v s .  unloaded v e h i c l e s  changes .  One 
i n t e r e s t i n g  o b s e r v a t i o n  is  t h a t  the s t a n d a r d  d e v i a t i o n s  
o f  t h e  WIM s i t e  a r e  t h e  same a s  t h a t  r ecorded  d u r i n g  t h e  
loadometer  s t u d y .  Dynamics does  n o t  seem t o  a f f e c t  the 
WIM r e a d i n g s  on t h e s e  f r o n t  a x l e s .  

The s t a b i l i t y  and r e p e a t a b i l i t y  o f  t h i s  d a t a  i n s t i l l s  
f u r t h e r  conf idence  i n  t h e  r e l i a b i l i t y  o f  t h e  d a t a .  T h i s  
a l s o  w i l l  s e r v e  a s  an  e x c e l l e n t  method o f  c o n t i n u o u s l y  
m o n i t o r i n g  t h e  system. 



Vehicle Classification 1 

I 

Vehicle Description # Observed % Correctly Classified i 
2 axle 6 tire 988 90.8% ! 
3 axle single unit 525 99.4 1 
3 axle semi 112 96.4 
4 axle semi 157 95.5 
5 axle semi 886 99.5 i 

J 
All other Types 131 93.9 

Total 2,799 95.8% L 

Manual observations of vehicles passing over the system i 

were conducted on 5 different days in the fall sf 1981. b 

The system determines the classification by first 
looking at the weight of the front axle. If it is less 
than 3,200 lbs., the vehicle is considered to be 

i 
non-heavy commercial, if the vehicle is over 3,200 Ibs., 

T 
I 

it is heavy commercial. The program then looks at the 
axle configuration to classify it. The 2 axle 6 tire 

i 
6; 

truck was the most difficult to properly classify, yet 
the classification was nearly 91% correct. 

I 
Classification of 2 axle, 4 tire vehicles is difficult 
because there are some relatively light 2 axle 6 tire 
trucks in addition to some relatively heavy 2 axle 4 
tire trucks. The 3,200 lbs. axle break seems to be best $ 
for our classification purposes. 

I 
'? 

The system does an excellent job of classifying all 
other vehicle types. The 5 axle semi was properly 
classified 99.5% of the time. All trucks except the 2 
axle 6 tire were correctly classified 98.6% of the time. 

r' 
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Speed 

The following speed data was recorded f o r  se lec ted  se 
on 8-6-82. 

Subject  Vehicle -- 
56 MPH 
56 
5 8  
49 
60 
48 
52 
54 
5 1  
62 
56 
49 
54 

Radar  

56-57 MPH 
57 
59 
53 
62 
49 
53 
54 
53  
64 
57 
49-50 
54 

Average 54.2 MPH 55.4 MPH 

The speeds a r e  ca lcu la ted  by rounding as i n  the following 
example. A speed between 56.0 and 56.9 i s  rounded t o  5 6 .  



S stem ~erformance/~eliability v=*  ~ Y Y Y Y Y ~  

Right Lane - June 21, 1981 to June 21, 1983 
- 17,520 possible hours of operation 

44 hours sf system failure for unknown 
reason (2 separate times) 
266  hours of system failure for bad off I 

scale detector I 
i - 310 hours total of syst.em failure, or 1.8% 

of the time 
- 225 other hours when data not collected 

due to power failure, testing, etc; 9 . 3 %  
of the time 

- Properly operating for 96,9% of the time 

Left Lane - September 21, 1982 to June 21, 1983 
- 6,552 possible hours of operation 

44 hours of system failure for unknown 
I 

reason (same as right lane) - 44 hours total of system failure, or 0 . 9 %  
of the time 

- 87 other hours when data not collected due 
to power failure, etc; 1.3% of the time 

- Properly operating for 98.0% of the time 

1 

See comments on page 2% in the Appendix. 

Record of ~aintenance/~djustments 
- scales - one offscale detector needs 

replacing, scales okay - electronics - no replacement of parts 
needed 
- 95 hours of maintenance/training/testing 
cost $1,300 for 2 years 

- computer -no replacement or parts needed 
- printer - replaced encoder motor I 

- cost $l,600/year for maintenance 
contract for printer and computer t - frequency of calibration - inserted 

factors in August 1981 and removed them in 
June 1982. No other adjustments needed. 

~ 
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VII. Applications 

As data has been collected, the following uses of the 
data has become evident: 

1) ESAL's hy day to determine when it is the best 
time to weigh trucks 

2 )  ESAL's by day to determine how to adjust short 
term weight data 

3) vehicle classification counts by hour to 
determine when it is the best time of the day to 
count 

4) vehicle classification counts by hour to 
determine how to adjust short term counts 

5) use vehicle classification and ESAL factors in 
forecasts for pavement design 

6) long term trends to aid in forecasting 
7) evaluate the effect of dynamic loadings on 

pavement 
8) influence policy decisions on truck weight 

regulation 



VIII. =act on Previous Program & The Future of WIM 

Up to this time, WIM has not replaced our manual data 
coll-ection, however, W I M  is feasible to use as an 
alternate to manual weighing. Generally M~/DOT felt 
that two types of WIM systems are needed; one system 
should be permanent and would operate continuousl.y, the 
other system should be highly mobile in order to move 
frequently to collect data at numerous locations. The 
long term data collected at a few continuously operating 
stations is needed to adjust the short term data 
collected at numerous sites. It is the same concept as 
using Automatic Traffic Recorder data to adjust 48 hour 
machine counts for total traffic volume. Page .% in the 
Appendix indicates what degree of variation in flexible 
ESAL loading existed during our first year of operation 
of the system. The factors represent the amount of 
deviation between each individual weekday and the 
average day of the year. An adjustment has to be made 
for the daily, weekly, monthly and seasonal variations 
when data is collected for short periods of time. 

From M~/BOT'S perspective, the IRD system will be used 
to collect. data at permanent locations. A M~/DOT study 
recommended installing the system at four additional 
sites on the state trunk highway system. At this time, 
it is impossible to definitely determine how many sites 
are needed. It is not known to what degree the data 
trends will repeat from one site to another. M~/DOT is 
planning on installing one additional site this fall on 
TH 2 near Bemidji, This will be used to monitor the 
movement of grain to the ports at Duluth/~uperior as 
well as the local movement of forest products. Scales 
will be installed to monitor both directions. The other 
3 sites are yet to be determined. 

This study also recommended acquiring a mobile system. 
The specific system has not yet been determined. 
Reliability and durability are important considerations 
for the Department. By 1985, M~/DOT would like to be 
able to replace the current manual loadometer program 
with WIM. 

A study is currently underway to address the 
telemetering of our 1-494 and Bemidji IRD sites, to 
survey other WIM systems including portable equipment, 
and to develp a plan of sites and WIM equipment that 
will supplement or replace our loadometer operations. 
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Vehicle Classification Categories 

'Qpe Axle mnfiguration Description 
- 

1 ~ar%>rad Pickups (under 328W front axle) 

2 Cars and Pickups with Trailers 

3 0 o 2 Axle 6 Tire 

4 0 00 3 Axle Single Unit 

5 o 000 4 Axle Single Unit 



Distribution of Weight 

on 5-Axle Semis 

Legend 

- Statewide Loadometer 1981 
X - - * - w  WIM July 6-14, 1982 

Gross Weight (000) 



Loaded Grain Trucks ----- - 
The WIM scales weigh loaded grain trucks coming to the 
river ports at ~inneapolis/~t. Paul. A visual 
identification of grain trucks was made at the WIM site 
for 3 days in September and October 1982. These WIM 
weights were compared to the weights recorded on 
weighhills from logical destination elevators for the 
same 3 days. A summary of this data follows: 

8 Deviation 
# of Average - WIM Standard 
Trucks Weight Weighbill Deviation - 

September 30, 1982 
WIM Right Lane 66 80,011 + 3.1% 7,723 1 
WIM Left Lane 40 79,290 + 2.2% 5,980 i 

C- 
WIM Total 106 79,739 + 2 . R %  7,095 
Weighbill Check 344 77,572 2,977 

October 11, 1982 
WIM Right Lane 17 78,239 + 0.6% 7,140 

5,806 p" 
WIM Left Lane 24 76, Q20 - 1.1% 

77,467 6,359 i 
WIM Total 41 - 0.4% 1 

2,657 k 
Weighbill Check 148 77,744 ! 

! 
October 25, 1982 B 

f 
WIM Right Lane 27 82,561 + 6.6% 9,814 t. p 

WIM Left Lane 23 80,170 + 3.5% 6,661 1 
WIM Total 50 81,461 + 5.2% 8,364 ! 

235 77,429 2,739 g 
Weighbill Check 5. 

i- 

For the individual days, the WLM data is +2.8, -0.4 and c 
+5.2% different from the weighbill data. These are 8 
excellent results, especially when all of the variables r, 
are considered. The particular mix of trucks passing 
over the WIM site on specific days varies with the type 

'i 
$ 

of grain being hauled and the elevator it is being I< 

shipped to. Another factor is that the WIM data has 4 
been gathered on only one route. Other routes could B 

have trucks of slightly different weights. j: 
g 
"* 
il 
ii 
14 e 
3 
3 

x 

b> 

1; -28- 
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The percent of down time of the system is directly 
related to two factors. They are 1) the frequency of 
checks on the system, and 2) the priority it has with 
maintenance personnel when there is a problem. 
Personnel checked the system once a week while 
retrieving data for the past two years. Consequently, 
if a problem developed in the interim, they were not 
identified until the next check. Using the system, the 
problem could have been present for up to one week 
before detection. The low frequency of monitoring the 
system automatically lengthens the possible down time. 

M~/DOT does not have a high maintenance priority on the 
system. The maintenance personnel have to maintain the 
radios for the State Highway Patrol as well as other 
high priority communications equipment. Maintenance is 
scheduled when time permits. 

The duration of these failures would be reduced if the 
frequency of checking were more frequent and maintenance 
were assigned a higher priority, The use of telemetry 
will improve system performance monitoring. Operation 
of the system is at the 97% to 98% range despite these 
problems. 

Inclement weather does not affect the operation of the 
scales. The following listing shows what the scales 
have been subjected to in this area, 

November 23, 1981 Freezing rain - scales okay 
January 10, 1982 -25" F - scales okay 
January 16, 1982 - 2 6 "  F - power out for 4 hours, scales 
January 20, 1982 17" of snow - scales okay 
January 22-23, 1982 19" of snow - scales okay 
December 28, 1982 16" of snow - right lane vehicles off 

wheelpath 
left lane okay 

April 14, 1983 13" of snow - scales okay 

okay 



Factors representing the amount of deviation between the a c t u a l  
ESAL's for each weekday and the ESAL's in the average day of 
the year, 1 

Average i 
Week of F 

Beginning 
J u n  22 ,  1 9 8 1  

29  
Ju l .  6 

1 3  
20 
27 

Aug 3 
1 0  
1 7  
24 
3 1  

Sept 7 
1 4  
2 1  
28 

Oct 5 
1 2  
1 9  
26 

Nov 2 
9 

1 6  
23 
30 

Dec 7 
1 4  
2 1  
2 8  

Jan 4 , 1 9 8 2  
11 
18 
25 

Feb 1 
8 

1 5  
22 

Mar 1 
8 

1 5  
22 
29  

A p r  5 
1 2  
1 9  
26  

May 3 
1 0  
1 7  
24 
3 1  

J u n  7 

Mon . 
1 .50  
1 . 6 1  
1 .24  
1 . 7 1  
2 .34 
1 . 5 4  
1 . 5 3  
1 . 9 4  
2 . 1 1  
1 . 6 3  
2 .23  

.54 
2.34 
1 . 4 0  
2.39 
1 . 6 2  
1 . 3 4  
1 .67  
1 .58  
2 .28  
1 . 8 5  
1 . 6 1  

.89 
1 . 1 2  
1.18 

.96 

.96 
1 . 0 5  
1 .12  

.64 
1 .26  

- 6 6  
.85 
- 9 5  

1 . 2 3  
1 .24  
1 .04  

.72 
1 . 0 1  
1 .15  
1 .08  
1 .09 
1 .35 
1 .33  
1 . 2 4  
1 .54  
1 .57  
1 .40  
1 .74  

.44 

.97 

Tues , 
1 .42  

Wed. 
1 . 5 8  

Thur. Fri. - Mon-Fri -- 
1 . 4 7  1 . 2 1  1.44 



Findings 

- 2 axle 6 tire + 3 axle single unit trucks 
have trends that repeat by season for both 
numbers + ESAL factors 

- 5 axle semis have trends that repeat by 
season for numbers but the ESAL factors do 
not repeat 

- The automobile trend is more stable and 
predictable than trucks 

- The lane distribution has 70% of the 
trucks and ESAL loadings in the right lane 

- The speed in the right lane averages 5 5  
MPH while in the left lane it is 60 MPH 

- Automobiles average 1 MPH faster than 
trucks 

- 2 axle 6 tire trucks have higher ESAL 
factors in the winter then in the summer 

- ESAL factors for 5 axle semis are fairly 
stable for average days from Monday 
through Saturday and then rise sharply on 
Sunday. 

- 2 axle 6 tire trucks make up 40% of the 
number of trucks and 10% of the ESAL 
loadings 

- 5 axle semis make up 35% of the number of 
trucks and 65% of the ESAL loadings 

- The percentage of numbers of trucks and 
their ESAL's is highest in the summer and 
fall and lowest in the winter 

- The right lane has approximately 7% trucks 
in the winter and 9-10% in the summer 

- For the year, the right lane has about 
10-11% trucks for Monday through Thursday 
and then it drops to about 4% on Saturday 
and Sunday. 

- A time plot series shows cars and pickups 
increasing at a steady rate, while numbers 
of trucks and their ESAL's are more 
erratic 









InA?l3 TRAN9DQRTATIOY DEPARTMENT 

The c3nce2t of weig l i ing  t r u c ~ s  at !lighway speed is extremely 

attractive for p u i - p c s ~ s  of statistical data gathering and as a means 

o f  screening for wei9:lrl: limit enforcement. 

Of the eqaiprnent ri:>iq in use for weighing trucks in motion, the 

German PAT s y s t e n  is unique in that the weighing elements, or weigh- 

plates, are q u i t e  thin and are mounted in very compact and shallow 

su?port  frames. Installation is relatively simple, requiring only a 

s h a l l o w  r e c e s s  to be cut into the pavement surface, followed by 

car2ful anchoring of  t h e  support frames. Then the weighplates are 

installed and t h e  associated electronic data gathering equipment is 

connected.  

PRQJECT I I I S T O R Y  

As a result of jnterest within Idaho Transportation Department 

in the weigh-in-motion concept, and in the particular features of the 

PAT eyuipment, acquisition of one RAT system was begun in 1978. In 

the fall of 1979, four weighplates and associated traffic detector 

loops were install-ed ir, t h e  right-hand ba?e of 1-84 eastbound near 

the permanent weigh station at Bliss, Idaho, at a cost of $12,000 f o r  

the equipment. The market price was $55,000, but intorest by the 

sup7lier in t ? ~ e  research 2atontial resulted in the reduced cost. 

Installation ineluding labor, materials, electrical and equipment 

was 





In May of 1980 F~ PAT technics1 re2resentative checked the output 

pulses from the weicj:~~?ates in prepration for delivery and installa- 

tion of the reaaifiing e q a i ~ m e n t ,  One 3f the four plates was found to 

be giving a weak s n ?  err8tic si2nnl, ~o a replacement was ordered. 

During July and Aklgust the replacement weighplate and the remaining 

data acquisition cn:.nponents were installed. Problems with the field 

computer program and sane o f  the computer circuit boards delayed 

initial calibration. 

Hy the spring of  1381, initial calibration runs had been made. 

In April, two of the v~e iqhpaz  frames had to be removed and rebedded 

in the roadway. A thin layer of quick-setting concrete patching mix 

had Seen used oriyinally as a bedding compound for these two frames, 

but this material br~ke-up under traffic and weather action causing 

the franes to loosen. This emphasizes the desirability of accurately 

cutting the pavement recess to insure that +he frame 5ears directly 

against the pavement, with only a very thin layer of mastic between 

t h e  two. After reinstallation, one 3 E  the weighplates was found to 

be giving erratic readitlqs. It v s s  replaced in May. 

During the rernaindtr of 1981, d a t a  was collected intermittently, 

Further minor but disabling electronic problems occurred. The CRT 

display unit had to be replacec, then the o?eratarfs keyboard had to 

be sent to the manufacturer for repair. Also, the Columbia data tape 

recorder was sent in f o r  repair. 

Late in the year, the electronic equipment was installed in an 

air-conditioned motor home t y 2 e  van. This allows the automatic data 

acquisition features of the fixed installation to be used in conjunc- 

tion with the portable PAT weighplates used by ITD for loadmeter-type 
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studies at various locations throughout the State. 
I 
; 

By February 1952,  nost of the initial problems appeared to have 
f 

been overcome. Enough experience and confidence had been gained to I 

I 
r 

Segin data collection on a routine basis. 
1 

FIELD CALIBRATION I 
A three-axle truck of about 30,000 p~unds gross weight was used. j 

Multiple runs were made at speeds of 20, 4 0  and 60 mph and weighplate i 

calibration potentiometers were a a j u s t e d  to minimize the average 1 
Aifferences between PAT gross weights and known static gross weights. 

Periodic calibration checks have been carried out, roughly on a 

quarterly basis, using only the three-axle truck (five runs at each 

speed). In some cases no system adjustments have been indicated by 

salibration checks and in others, minor potentiometer adjustments 

have been required. Multiple check runs are made if potentiometer 

settings are changed. Appendix B contains results of some calibra- 

tion checks. 
i 

DATA COLLECTION AND DATA ENTRY i" p 
e 

Each month, the field crew spends three eight-hour shifts at the t 
B 
$ 

weigh-in-motion site, rotated to cover a n  entire 24-hour period. A s  r$ 
b2 

4 
vehicles in the normal traffic stream pass over the weighplates, the A 

9 
t: 

identities of trucks selected essentially at random are radioed ahead 

to the Bliss weigh station. These trucks are weighed on the static J /* 
p 

scales for conparisan with PAT dynamic weights. The selection t 5 
M 

procedure isn't completely random in that trucks which can not he [ r 

properly identified at the Bliss weigh station are omitted. Also 

when trucks are backed up waiting to be weighed on the static scale, 5 

causing confusion in truck identities, the weigh station is cleared, k 



f o l l o w i n g  which,  t h e  f i r s t  t r u c k  t h a t  can  be p r o p e r l y  i d e n t i f i e d  a r e  

s e l e c t e d  f o r  we igh ing .  

T r u c k s  a r e  exc luded  a l s o  f o r  t h e  f o l l o w i n g  r e a s o n s :  

1. Obvious speed change  hy b r a k i n g  o r  a c c e l e r a t i o n .  

2. Truck a r e  obse rved  t o  miss one  o r  more weigh pads.  

3 .  S t e e r i n g  a x l e s  z r c  on e i t h e r  t h e  l e f t  o r  r i g h t  o n e - t h i r d  o f  

t h e  weigh p l a t e s ,  w h i c h  c a u s e  t h e  t r a i l i n g  a x l e s  t o  m i s s  t h e  

weigh p l a t e s .  

4 .  T a i l g a t e r s ,  whic:-l c a u s e  f a u l t y  a x l e  c l a s s i f i c a t i o n .  

The PAT sys t em 113s a nuinbur o f  a u t o m a t i c  s e l f - c h e c k i n g  f e a t a r e s  

which a r e  h e l ~ f u l  d u r i n g  d a t a  c ~ l l e c t i o n  and  a n a l y s i s .  F i r s t ,  t h e  

two p a i r s  o f  w e i g h p l a t e s  a c t u a l l y  p r o v i d e  two s e p a r a t e  w e i g h i n g s  of 

each  a x l e .  Large  d i f f e r e n c e s  between t h e  two weigh t  measurements  

i n d i c a t e  p o s s i b l e  equipment  p rob lems  and t h e  c p e r a t o r  i s  a l e r t e d  by 

an e r r o r  message.  S i m i l a r l y ,  compar i sons  b e t w e e n  l e f t  and r i g h t  s i d e  

i n d i c a t e d  w e i g h t s  a r e  made and e r r o r  messages  a r e  g e n e r a t e d  i f  t h e  

d i f f e r e n c e s  exceed  c e r t a i n  l i~n i t s .  These  f a a t u r e s  s e r v e  a s  q u a l i t y  

c o n t r o l  c h e c k s  and a l s o  h e l p  i n  l o c a t i n g  t h e  s a u r c e s  o f  p rob lems  

which o c c u r  from t i m e  t o  t i m e .  

The i n t e r f a c e  program t o  c n a S l e  au tomated  r e a d i n g  of  f i e l d  d a t a  

, t a p e s  i n t o  h e a d q u a r t e r s  computer  s t o r a g e  has n o t  Seen  comple t ed .  

T h e r e f o r e ,  d a t a  has, s o  f a r ,  k e e n  e n t e r e d  manua l ly  t h r o u g h  a d a t a  

t e r m i n a l .  The s e p a r a t e  f i l e s  f o r  PAr? and weigh s t a t i o n  d a t a  a r e  

merged by u s i n g  t h e  p r o p r i e t a r y  S A S  cor;!p:lter package  o f  d a t a  

m a n i p u l a t i o n  programs.  

A s  p a r t  a €  t h i s  Ca ta  y r e p a r a t i ~ n  phase ,  t h e  i n d i v i d u a l  a x l e  

w e i g h t s  o f  tandem p a i r s ,  measured by t h e  PAT sys t em a r e  combined t o  
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g i v e  a n  o v e r a l l  w e i g h t  f o r  e a c h  tan?en p a i r .  T h i q  i s  necrssary Cor i I 
I 

va1i.d c o a ( 3 a r i s ~ n  v e i g h  s t a t i o n  d a t a  s i n c e  ! . ~ t h  a x l z s  a f  each  1 
1 
1 
1 t a n d 9 n  se t  a r e  ;~cirji?er? t ~ q e t h e r  3.; a u n i t  a t  t?,ie r ~ e i r j h  s t  ?. . t ion.  I 
! 

I 
A t  t h i s  t i m e ,  t h e  E i r s t  six n o r l t 5 s  oE t h e  t w e l v e - m o n t h  s t u d y  3 i 

have  been completed. F a u l t y  c o n n u n i c a t i a p  n . ~ d  equipment o o n t r i b u t e : l  i 
i 

I 
I 

t o  g e n e r a l l y  unsatjsfactory r e s u l t s  r ~ l i ~ t ~ i i n g  ta i n d i v i d u a l  a x l e s .  1 

P r o t r a c t e d  d i s c u s s i o n s ,  a n d  c s h n u s t i v e  e q ~ i ~ ~ m e n t  a n a l y s s s  and  r e p a i r  1 
1 1 

c l u r i n i j  Yarzh  I983 r i ppeer  t-; o f f e r  hope s l g n i f i  c a n t  i f i \ i ~ r o v ~ u ~ e r l t  

f o r  t h e  r < ? ? r ) z i n i n r ~  s i x  months  r? fEar t .  / 
I 
I 

A l l  r . ~ ~ i g h > l a t a s  v e r e  r e p l a c e d  a l o n g  k i t h  t h c  z n a l o g  b o a r d ,  and a ! 
{ 

a e t o c t n r  was i n s t a l l e d  t.3 i ; o l ? t c  v e h i c l e $  vhic '?  f a i l  t o  c r o s s  t l io 
1 

w e i g h p l a t e s  p r o p e r l y .  1 I 

i A2di t i o n a l l y ,  e q u i p m e n t  p r o 5 l e a s  ;sea t3 be s o l v e d  i n  r e l a t i o n  

t o  a u t o r m t i o n  o f  computer  s t o r ~ g s  o f  f i  

P r i o r  t o  these i rnprovelnents  t h e r e  t3 jz n 3  s l t e r n s t i v e  1 a a 
t o  compl.etin9 t h e  r e s a a r z h  praject o n  t e i x  fi+~fit:~s ! 

B 

u n s a t i s f a c t o r y  resiilts.  E x y 7 e c t a t i o n s  :I a t  t t l r  c o n c l u d i n g  s i x  

m o n t h s  will p r o - ~ i d e  the e q u i v a l e n t  ;if ;I ~3 "after" s t u d y .  k 
I S ": 

Ex5iT-Ji t  " 3 "  s h o ~ s  t ~ q c  s e t s  oE 6 s t a  w b i i c ? ;  suggest  eyu iL>ment ,  
t 
F 

m a i n t e n a n c e  an2  co!nmunicati-on 6 i f E i c u l t i e s  h a v e  'seen i m p r o v e d .  8 

F o r  t h e  p e r i o d  F e b r u a r y  t h r o u g l l  J u l y  1 9 8 2 ,  534 g r o s s  ueicjlits 
e 

(65% o f  the total) recorded by  W T Y  sr:;lle?, i7::rc :!i:lii,l I- 5>uf the - 

g r o s s  w e i r j t l t s  p r r>~ 'ucef l  l,y s t a t i c  p l a t f o r a  ?$:a! es. F o l l o i ; i n g  
C 

replacement 9 1  L G I M  bfcigh dais w h i c h  ' lad 5ecil i n  s e r v i c e  s i i ~ c e  A u g u s t  B 
S 

1979,  3 3 6  g r o s s  w e i g h t s  werz recorded 9 n  A p r i l  27-28 ,  1 9 3 3  ( 7 5 8  ol z f 
5 

t h e  t o t a l )  w h i c h  w e r e  ~ ~ i t h i n  -I- 5 9 .  - 4 



' S i m i l a r  improved r e s u l t s  were ach ieved f o r  the \ A ~ c i g ! ~ t  d iEfcuence  

r a n g e s  - + 1 0 %  a n d  g r e a t e r  while no  c h a n g e  o c c u r r e d  i n  the r a n g e  o f  

+ - 5% t 3  + 1 0 % .  G r o s s  w e i g h t s  i n  1382 i n  5% t o  10% r ange  t a t a l e d  219 - 

f o r  18% of  t h e  t o t a l .  The A p r i l  1 9 5 3  g r a s s  w e i g h t s  f o r  t h i s  same 

range  t o t a l e d  33  f o r  1 8 %  o f  t h e  t o t a l  a l s o ,  Gross  w e i g h t s  i n  1953 i n  

t h e  r a n g e  d i f f e r e n c e  g r e a t e r  t h a n  1 0 %  t o t a l e d  1 3 5  f o r  15% of  t h e  

t o t a l .  A p r i l  1983 g r o s s  w e i g h t s  f o r  d i f f e r e n c e s  g r e a t e r  t h a n  16% 

t o t a l e d  1 3  f o r  7 % .  

I d a h o  is p r e s e n t l y  u s i n g  the PAT p o r t a b l e  F!IM s y s t e m  f o r  c o l l e c -  

t i o n  o f  truck weight d a t a  t o  s a t i s f y  t h e  a n n u a l  t r u c k  w e i g h t  s t u d y  

nil f o r  t h e  Long T e r n  Pavernent Management s y s t e m s .  We a r e  a b l e  t o  

r a t e  more s a f e l y  - i ~ i t h  h a l f  o f  t h e  manpower. T r u c k e r s  a r e  more 

o n s i v e  and  w e  wili reduce c o d i n g  and d a t a  e n t r y  e f f o r t s  S e t t e r  

Depend ing  on e f f e c t i v e  c o m m u n i c a t i o n ,  r e s p o n s i v e  m a i n t e n a n c e  and 

u p p l y ,  I d a h o  w i l l  be l o o k i n g  a t  WIM s y s t e m s  t o  c o l l e c t  d a t a  f o r  

l a n n i n g  and  d e s i g n  p u r p o s e s  a s  w e l l  a s  s c r e e n i n g  d e v i c e s  a t  p o r t s -  

- .- - - 
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4. Coating bottom of mounting frame 
with mastic. 

5. Inserting anchor straps into 
drilled hole filled with mastic, 



shims. 

Weighplate instal 
lation completed, 

Three axle cali- 
bration truck 
traveling across 
weighplates. 

In s t a3  ling weigh- 
p l a t e  suppor t  



10 Operator's 
Keyboard and 

Printer 





EXHIBIT "0" 

I D A H O  TRANSPORTATION DEPARTMENT 

PAT RESEARCH PROJECT 9 5  

D i f f e r e n c e  b e t w e e n  S t a t i c  W e i g h t s  a n d  PAT W e i g h t s  

F e b r u a r y  through J u l y  1982  Data  

sle T o t a l  P e r c e n t  +5% D i f f  + 1 0 %  D i f f  >- 1 0 %  D i f f  >+ 1 0 %  D i f f  
ng. Obser. D i f f .  Per. T o t  P e r .  To t .  P e r c e n t  T o t  P e r c e n t  T o t .  

i 1 2 1 7  -4.7 54  8 0  1 8  2 
1 1 3 3  -3.6 4 8  7 5  20  5  
9 9 4  -6.4 4 0  6 3  3 3  4 
1 1 4 4  -4.7 44 6 7  24 9 
T 
a 1 3 6  -7.0 3 5  6 3  3 3  4 
I 66 -5.5 3 9  6 4  3 2  4 
I 49 -4.7  24  4 5  39 1 6  
I 6 -4.2 -- 5 0  3 3  1 7  

rndem 

1 0 8 3  -3.8 58  8 1  1 5  3 
)&TIE* 1 0 3 3  -4 .1  53 76 1 8  6 
I 4 -4.5 50 7 5  2 5  - 
o s s  
iqht 1 2 1 8  -4.3 56 8 4  1 5  1 

A p r i l  1 9 8 3  

A f t e r  N e w  Weigh Fads and A n a l o g  B o a r d  w e r e  I n s t a l l e d  

l e  T o t a l  P e r c e n t  +5% B i f f  + 1 0 %  D i f f  >- 2 0 %  D i f f  >+ 1 0 %  D i f f  
ng. O b s e r .  D i f f .  P e r .  T o t  P e r .  T o t .  P e r c e n t  T o t  P e r c e n t  T o t .  

18 2 -5.6 47  8 2  1 8  -- 
2 4  -0.2 7 9  9 2  4  4 
29 2.0 5 5  9 3  -- 7 
27 1 . 2  5 9  81 7  11 
18 2.0 7 8  9 4  -- 5 

6 -2.0 6 7  8 3 -- 16 
6 -3.0 3 3  1 0 0  -- -- 

ndem 

1 5 7  -0.5 6 9  90 6 3  
&&DE* 1 4 7  -2.5 6 5  8 3  1 4  3 

4 3 . 3  1 0 0  -- -- -- 
2  -23.0 -- -- 50 50 

o s s  
ight 1 8 2  -2.2 7 5  9 3  7 -- 
,Combined a s  an e x p e d i e n t  

-- - - - -- 









m R ,  OOLORADO 
JULY 1983 

TOPIC: STATE EXPERIENCES WITH WIM SY5ZZWS 

SPEWEB: m PRAY, NEVADa m- OF ~ E ' O K C A T I C N  

THE2&: NEWUX'S EXPERIENCE WiTH THE RADIAN I 

&EVAIN DEPARBEXC OF TRANSPOHTATION ACQUIRED A WIM-ID SYSTEM FFlOM I 

RADIAN OORPORATION I N  1978, AND THE TOTAL CXXYH FROM ALL S m  

WAS A!30eTP $90,000. THIS PRICE I N C L W D  A 22 FUX MC11Y31RHOMEr 

-1FIED TQ CUR SPECIFICATICINS, ALL WXM REXATED EQUIP-, AND 

EI(2lTEEN SEMLPOHTABLE SITE INSTALZ;ATIOMS, ALSO P W I m  BY 

RADIAN WS NEmLW'fl SOETFSYRE, AM) TFWNING TO NDOT PERSONNEt CN 

SITE INSTALLATICN AND SYSTEM O P ~ T I O N .  

I 

NEWNX'S SYSTEM IS SEMIPO-LE IN OPERATIBN IN THAT SAMPIX IYSTA 

IS EEaPTINELY O L I X m D  IN EIGHT HOUR SHIFTS AT ALL IXXXTIm EACH 

m. SHIETS ARE S-D TO PROVIDE A SAMPLING OF ALL HOUR$, 

DAYS, WEEKS AUD MCNEE OF A YEAR. TI43 DIRECrrICrNAL NSTAu;ATICINS 

PLACED I N  1978 HAVE SINCE BEEN REDLC$D 73) A SINGLE INSTALLXCIW 

I N  THE HEAVIEST FIEI- DI~CTION OE' TRAVEL; AND FlEIQRCS ARE 

0 0 K ' E c r E D C M ; Y c e J T H E I N S I D E ~ O F ~ L A N E R Q A P G .  txmaNTLY, 

Wl3 HAVE WIM SITES l l ' J S T W  AT FOUR INTERSTATE IUJRAL LOCATIONS, 

llSfJEmB UR3AN LOCATION, AND SIX FUR& PRIMARY LOC14TIONS. 

WE ALSO PLAN 933 CUT I N  A SITE ON A ETDERAL-AID-UIIBAN SYSTEM NRD 

SOMGTIME THIS SWMEX. 



OUR WIM S Y S m  WAS PURCHASED FOR USE AS A SCFEENING l3WICE IN 

NiWXA'S V&3I(;HT ENFOFCENENT PRfXRhM, AND TT3IS IS STILL THE TOP 

PRIOFUTY. I'VE BROUGHT SOME PAMPHLJTE THAT LESQSIBE OUR PRCX;RAM 

WITH A l Y X N U G  THAT S-ZE ANNUAL OPERATIOMS. THEREFOm, I 

K N I T  GO INTO lXTAILS; HOWEWER, S W  /ASPFCSS OF OUR OPERATICWS 

TCTri4L NDCrr WI-G PERS- EOF€ I C  AND WIM P- 

CONSISTS CF TW FIELD TECHNICIPJNS, ONE FIELD SUPERVISOR, AND AN 

OFFICE ANALYST. N USE ELIEC POPRB$ PLATFORM S W  FCR STATIC 

OPEiRATIONS, AND BY LAW AN OFFICER MUST BE ON THE 

sm. 

WITH THE WIM, AN CPERATOR IS ALK%YS', A m I N G  THE SYSTEN, ZUJD 

m m  A CLRSSIFICATICN m w Zh LANES OF TRAVEL. I N  AN 

ENFOFCEBEbW MDDE, STATIC ~IGEKLS ARE ~ I O E D  BACK TO THE WIM VAN, 

AND CALIBRATICN z!JmJs- ARe MUE AS NECESSAW. IN ALYIITION. 

A m L I C X I E  STATIC l4EZQflC SLIP IS MAl& WITH THE a 3 F G U B m I N G  WIM 

SERIAL NuMi3ERI AND THIS mTA IS TEEN *- BY m. 

I N  A PLImNING MJm, A I@lxmmNCE d m  WlLL MAKE FIVE OR M)RE 

PASSES BY THE WIM SETUP, AlXl C A L I B W I ~  WILL BE EPLOE 

PS JE€ESAW. STATIC iESm Oe TRUCK AR3 
I 

CIBTAl3ED USING POKTABLE SCALES C~RRIED'~ AS PAHL7 OF OUR WIM S!BTEM. 



4 1 TRAE'E'IC CX3UNTLNG DATA FILES. WIN IXTA IS EDITED, AND 

1 IINA-LF: TRUCK WEICXI'S AN3 IIELETED. STATIC AND WTM m T A  ARE 
1 

1 BEN EKEBED IMKl OOMPVIIER FILES FOR USE IN DESIGTJ DESI-TIONS, 
I 

i 
i 

PAIUDENI' MWiGEBENT AND HI-Y CDST ALZ;OCATION ANALYSES, AND 
I 
1 
I m PLANNrn AND ~~ F'UNCTIONS. 

4 THE B m  LINE THAT I ' V E  BEEN jX3ADING UP TO IS THAT hlE H?iW 

INCL- A ClXTFINUING AND P m  QUaLITY CXlWW3L MAI-a 

I EE'EORT AS AN INI3EGRAZI PART OF 0T.R WIM PROGRAM. I PTXLED C?5E 

HUNDBD WIN TRUCK W I m  AT RANEM F'RCM UNED3?sED DATA COLLE:CIW) 

AT THRlE STATIONS W R  TKE LAST FCeTR I\IIONTHS. hlEATHER CONDITI(%NS 

RANGED F F O I  HOT TO CDID, AND W3T TO DRY; SPEEE WmD F'RCW 23 TQ 

66 MPH; AND INDIVIDUAL AXLE KUIATIBMS FROM THE OQRReSPCNDING 

STATIC WEIGHTS WERE AS HIGH AS THIRTY PERCENT. I T  APPEAFE ABOVT 

T E N w T H E S E C N E H U N D R E D T m C K S W 1 : L 1 ; ~ Y B E E D I T E 4 D W T C l F  

TEE FILES AS BEING UNACl3PTABLE. , 

FOR VEHICLES TKE WIM AXLE lWf.mS (XIMPAKED TO STATIC WIQVS 

FANGl3D FfECN -5.5% TO +7.2%, AND THE TCEAL OF ALL GRQ% WEICKPS 

S m  A DIII'FERENa OF -0.7%. OF T H I S  SWMPLE, ONE-THIRD W TBE 

TkXKXS WF3RE 3 5 2  EI- WlEEXERS. FOR THIS  TYPE, TffE WPM 

h l E I m  SlXWED -4.1% FOR THE FRCNT AXLE, -2.1% AND -2,3% 

TZWDEBB, AND -2.5% DIFFETiENCE El3R THE eRa6S. THIS 1- QF 

A m a  IS EE??INI!ELY ACXEPTABLF: FOR CeTR PLANNING AND RFSEABX 

NEEDS. 



I 

WITH OUR WIM WE HAVE IN-ED ~ x o H I N G S  FIW3-mLD, AND WE'RE 

GEX'TING A MOF4E A-TE B E F ~ E N T A T Z ~  OF THE b E E C m  PRODUGED BY 

I t 
I 
I ANNUAL TRUCK VEHICLE MILES OF TFAVEG. C'IlR WIM PRDGRAM ACCOUWTS I 

I 

1 L 
I FOR ONE-IRD OF ?THE WEIGHTS TURNED IN FOR (IEmIFICATION, AND IT I 1 

WHElRE DO FJE GO EPcM ?am? WE W13ER ETNDING REXTFAINTS; 

HOWEVER, WE ARE3 CDlMITlXD T8 TRUCTf SIX WEIGH INSPECEION 

STATIONS CN OUR lXTERSTm S Y S m  BY 1986, AND EACH WILL HAVE A 

WIM SITE INSTALLED. WE (3NNCTr P~CVIIIE CYW33RAm OF 'I'HESE NEW 
I 

INSTALLATIONS WITH EXISTING PEFG- AND EQIJIPMEWT, SO AN 

ADD1TIlff;EAL WIM UNIT I S  EXPECTED TO FB IMP-D BY 1985. 

IN W I N G  I'LL IBPHASIZE THAT A WIM PROGM WILL, NEVER BE A 

MEANS TO ALL .EMS; TIHEBE AHE: MBW mom GST TWE RCEXS; AMfr 9 

E 
YCKT ALWAYS 'NEIED TO HAVE " P M  3" rN l333Em, I CAN J?CEITmY [ 
STATE THAT 14E: ARE SATISFIED WITH THE: HI SPEED WIMPMGS AN13 

LE MSDE OF WERATICINS; 'IRPiT 'Ti33 l3Al3IAN SYSTEM I S  

SEFWING OUR NEEDS; AND THAT 'WITH L I ~ ~  STAFF, WE SIMPLY 

D Nd I'JWNFAIN AN ADEQUATE WEI4lNG PIdDQ(AM I F  WE DID MIP USE 

1 
WIM. 

I 

-4- 
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SUMMARY 

Nevada's Weigh-In-Motion (WIN) system resulted from a need to  reduce the in- 

creasing costs associated w i t h  the Annual Truck Weight Study and a t  the same 

time eliminate the safety hazard posed to  both the motoring public and the 

truck weight crews. Subsequent to  the purchase of the WIM System and w i t h  the 

revision of T i t l e  23 U.S.C. requiring annual truck weight and s ize c e r t i f i -  

cation, the increased emphasis on enforcement again created a need to reassess 

the truck weight program. 

The role of Nevada's WIM system has thus become two fold; f i r s t ,  as a research 

and planning tool,  and second, as an enforcement and truck weight monitoring 

tool.  

INTRODUCTION 

A t  the highway speed of the vehicle being sampled, the WIM system will gather 

and display on the computer console the vehicle wheel and axle weight, gross 

weight, axle spaci ng, wheel base and overall length, speed, vehicle classif icat ion 

and body s ty le .  The vehicle classif icat ion and body s ty le  are operator entered 

with the appropriate s ix  d i g i t  FHWA truck code and editing accomplished through 

i nhouse programming . Sarnpl e costs are  approximately $2.60 f o r  each truck 

weighed by WIM versus $17.40 per sample via s t a t i c  weight based on 1974 costs. 

Nevada's WIM System eliminated the need to  construct three new s t a t i c  weight 

s i t e s  w i t h  a construction and right-of-way cost estimated a t  $270,000. Total 

WIM cost  was $86,765 which included $58,575 for  computer hardware and motorhome 

plus $28,250 to replace the ten original s t a t i c  weight s i t e s  f o r  a statewide 



system. The Annual Truck Weight Study u t i l i z i n g  the W I M  System can be accom- 

p l ished by two employees a t  a cost  o f  $5,000 versus $35,000 and e i gh t  employees 

f o r  the s t a t i c  weight program. Addi t iona l ly ,  100% o f  a l l  trucks are weighed 

opposed t o  approximately 30% f o r  the s t a t i c  method. Total  gross weight obtain- 

ed o f f  the WIM system are w i t h i n  +1% o f  s t a t i c  gross weight w i t h  ind iv idua l  

axle weights varying +5%.  Axle var ia t ions are due t o  dynamic movement a t  the 

moment o f  being weighed and are considered " t rue  ac t ion  weight" upon the 

pavement versus "standing" s t a t i c  weights. 

The t ruck weight enforcement program i s  being conducted i n  cooperation w i t h  

the Motor Carr ier  D iv i s ion  o f  the Department o f  Motor Vehicles. The W I M  
I 

System i s  used as a screening device which el iminates the need t o  stop and 

s t a t i c a l l y  weigh each vehicle. Nevada t ruck weight l i m i t s  f o r  s ing le  and 

tandem ax le  plus gross weight are pre-programmed i n  the computer. These 

weights are checked together w i t h  each ind iv idua l  axle group weight by apply- 

ing  the "bridge formulau* W = 500 [(LN/N-1) + 12 N + 361. If any weight 

category exceeds the s ta te  l i m i t  the p r i n t e r  i s  ac t iva ted and a hard copy o f  

the veh ic le 's  weight data i s  pr inted.  The p r in ted  copy displays a l l  weight 

data, s ta te  weight l i m i t s  t ha t  were exceeded, and lega l  allowable weights f o r  

each v io la t ion .  A l l  t ruck data co l lec ted i s  recorded on f l e x i b l e  disk i n  IBM- 

compatible format provid ing i nter-changeabi 1 i t y  i n  having data disket tes 

rocessed a t  any I B M  3741 compatible data processing center. When the WIM 

u n i t  i s  being used f o r  enforcement, a1 1 t ruck data i s  stored and becomes 

usable data for  research and planning. 

* W = Maximum Load i n  Pounds car r ied  on any Group o f  Two o r  More 
Consecutive Ax1 es 

L = Distance i n  Feet Between the Extremes o f  any Group p f  Two 
o r  More Consecutive Ax1 es 

N = Number o f  Axles i n  Group under Consideration 

I 3 
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The computer i s  programmed t o  d i s p l a y  the  system moni to r ing  parameters t o  

ensure proper balance and gain o f  the equipment. This a l lows the operator  t o  

recognize a p o t e n t i a l  imbalance o f  the system and ad jus t  p r i o r  t o  a veh ic le  

being weighed. ( P i c t u r e  No. 6)  

The h igh speed p r i n t e r  provides a hard copy o f  the t ruck  weight data and speed 

data t h a t  i s  c o l l e c t e d .  The p r i n t e r  can be placed on l i n e  f o r  every sample 

taken, o r  upon demand only, o r  i s  programmed t o  prov ide  a p r i n t o u t  o f  over- 
, 
i 
1 weight vehic les.  (P i c tu re  No. 7) 
i 
1 

ENFORCEMENT SCREENING OPERATION -- v- 

The WIM System i s  used as a screening device i n  de tec t i ng  p o t e n t i a l  overweight 

vehic les.  Advance regu la to r  t r a f f i c  signs advises the t ruck  d r i v e r ,  i n  t r u c k e r  

terms, "Weight Watcher Ahead", "Hang the R igh t  Lane," "Hol d ' e r  Steady, " and 

"Thanks" upon approaching and l eav ing  the WIM s ta t i on .  Thus, weight data can 

be obtained on every t ruck  t r a v e l i n g  a t  highway speeds. Any t r u c k  tha t ,  f o r  

whatever reason, does n o t  r e g i s t e r  c o r r e c t l y  on the computer o r  f a i l s  t o  move 

i n t o  the  r i g h t  t r a v e l  weighing lane i s  sub jec t  t o  being stopped downstream 

from the  WIM scales by the Motor C a r r i e r  D i v i s i o n  of the Nevada Department o f  

Motor Vehicles , responsib le f o r  enforc ing the Nevada veh ic le  weight laws. 

Radio communication between the WIM van and the enforcement agency i s  used t o  

i d e n t i f y  the suspect veh ic le  ( P i c t u r e  No. 8). The suspect veh i c le  i s  p u l l e d  

o f f  the travelway and s t a t i c a l l y  weighted. (P i c tu res  No. 9 and 10).  A1 l 

c i t a t i o n s  f o r  overweight v i o l a t o r s  are issued from weights obta ined from 

c e r t i f i e d  s t a t i c  por tab le  o r  permanent scales. C i t a t i o n s  are  no t  i ssued from 

the weight data gathered from the Weigh-In-Motion scales. 



PlCTURE NO, 1 

WIM SCALE PIT, TRANSDUCER SCALE AND LOAD PLATES. 

I 
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PICTURE NO, 2 S 

SCALE PITS HITW LOAD PLATES EN E H WHEEL PATH. f! 

NEVAOA,AT PRESENT, USES RIGHT T ~ A Y E L  LANE ONLY. 
> 
lj 
r 
r, 
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PlCTURE NO* 3 
WIM MOTQR VAN, WITH hCCESSORY "TRAILER 
CONNECTED TO ROADSIDE JUNCTION BOX. 

WIM MOTQR HOME PARKED ALF)MG ?fiA[d#AY AT SCREENING 
WEIGHT SITE OM 1 - 80 EAST OF R E W G ,  NEV&DA 

- g -. 



P I C T U R E  NO. 5 

WEIGHT OPERATOR A T  WIM CONSOLE WITH F U L L  VIEW 
O F  ROADWAY AND APPROACHlMG T R U C K  T R A F F I C .  

f 
9 

PICTURE NO. 6 
WIM C R T  D A T A  VIEW SCREEN DISPLAYING SYSTEM MONITORING 

1 
PARAMETERS AND VEHICLE WEIGHT DATA f B 

!i - 8 -- 5- 



PICTURE NO. 7 

HIGH SPEED PRINTER PROVIDING A HARD COPY OF SPEED 
AND WEIGHTDATA UPONDEMAND BYOPERATOR. 

PICTURE NO. 8 
ALL TRUCK TRAFFIC WEIGHTS ARE SCREENED BY THE WIM VAN. 
RADIO COMMUNICATION IS USED BETWEEN VAN AND ENFORCEMENT 
TO IDENTIFY SUSPECT VEHICLE 

- 9 -  
- - - -- 



PICTURE NO. 9 
STATIC WEIGHTOF SUSPECT VEHICLE IS ACCOMPLISHED DOWNSTREAM 

FROM WIM VAN BY THE MOTOR CARRIER DIVISION, 
NEVADA DEPARTMENT OF M O T O R I V E H I C L E S .  

P ICTURE NO. 10 
PORTABLE SCALES ARE USED TO FACILITATE THiE PORTABILITY OF THE 
COMPLETE WEIGHT ENFORCEMNT PROGRAM. C IT~TIONS FOR OVERWEIGHTS 

ARE ISSUED FROM DATA GATHERED FROM ATlC SCALES ONLY, 
- 10 - 



In  1981 NWflL' u;irt-icjpat-x7 i r k  a :rear 'I~ri.'j; '?'ruc:I< WcigElt Case Study under 
cc~r~trac-t with 17i3fl. T"je &jw:tivt. was to gather a sxnp1~1. OF weights for 
a l l  1-ruck ty-pes, a n  on 2'11 ft11xticsrm1 classiFicetjons of roads. 
*al.i.%ii?cj that  the eiphasis wds to CWIIW~ qaality data rather tb;in large 
v ~ > l . ~ e s  of truclr weiql-~t-s, the F~T~l rn7 inq  is a summary of inFor~atjon. 

Ilata Co l l ec t j on  ------- 
Trucks Weighed 
Fie ld  Sllifts 
S h i f t  Boilrs 
Personnel Ilour-s 
Persorule1 cCc)sts 
Vehicle & Equip. r ~ s t s  

Ti7tal --- .---.- * 
Sta t i c :  -. ----- hT31 

P 

17087 8292 8795 
16  8 100 60 
12'72 792 480 
7553 5873 I680 

667116 6519 3 21513 
32723 24357 8366 

Data R z r t i x  -- .--. 

P~rsnnnel Ilours 2616 2224 392 
Persc3nnel Costs 32218 27185 4833 

-fir ram Administration A_-- - ---.-.- 

Personriel Hours 2420 1900 520 
Persom~X Costs 309(30 23400 6600 

Per'scxtnel Wotirs 12588 9997 2592 
T o t a l  Costs 1 81 647 140335 4131.2 
Weighw3 Per Sbif't Flour 1:3.4 3.0 , 5 18.3 
C o s t  Per Truck. W c i g l ~ c +  10.63 1-6.92 4.70 

4 

I 



In 1981 N E E  par-ticJpatsr3 j n a ye3-c Icmg Truck Weight Case Study under 

contract w i t h  FHWA. Yqe obiective was k~3 gather a sample of weights fo r  

a1.3 t ruck typesp and :m a l l  hxncticrnal. classifications of roads. 

RF3alizjng khat YQC a p h a s i s  was to mf lect quality data rather than large 

v ~ l i m s  of track weights, the following i_s a summary of information, 

Dsta CoIlectj-cm ------- 

Truck s We ig~1d 

Field S h i f t s  

Personnel Hours 

Personnel c a s t s  

Vehicle & Quip. Gosts 

Data Reporting 

Personnel Hours 

Personnel Costs 

Stat ic  .-- 

8292 

ma,\ 
I 

7921 
I 

5873 1 
; 

651931 
j 

24357 
I 

I 

I I 
I 

2224~ 1 
1 I 

27385~ 1 
I 
I 

P r s a m  Administration - -- 

Personnel llours 
I 

Personnel Costs 30000 23400 1 6600 

Personnel H o u r s  
I 

Total 33sts 181647 140335 1 41312 

Weighed Per Shift Hour 

Cost Per Truclc Wei.ghe.3 



la3vAm m m  OF' T~SPOIZTATION 

WEIGH-IN-m1ON (WIM) SYSTEM 

OPERATIONS SUbWUXY, JANUARY 1978 - M Y  1981 

The following is a sumnary of notes kept by N W T  technicians involved 

with Nevada's Weigh-In-Motion System. It is not a technical report that 

goes into details or presents an argument for or against any particular 

weighing system; and is only an informal presentation of NDOT experiences 

that could be of interest to other personnel involved with dynamic 

weighing . 

Nevada's WIM system was implemented in 1978; however, it was not relied 

upon for extended use where accuracy was a critical factor until late 

1980. Prior to that time the WIM was used for enforcement screening 

whereby suspect overweight trucks were also being weighed on certified 

portable scales, and for comparative weighings b establish quality 

control of the WIM data here portable scale crews were weighing and 

measuring the same trucks. 

Since August 1980 the WIM has been used to collect data for the bi-annual 

truck weight study required by the Federal Highway Administration, to 

collect planning data as part of a year long national case study that NDYT 

has contracted, and as a screening device in an accelerated program of 

weight enforcement. Under heavy duty use, and in all types of weather 

conditions, the WIN has collected reliable data with only minor problems 

that wre quickly resolved. 



During the trial period of 1978 thr 

operators of the WIM mst have at least sic knowledge of electronics 

in order to understand the system and perfbrm emergency repairs in the 

field. The alternative is to have a technician from the company that 

manufactured the system fly in and resolve the problem which will be 

expensive, and the use of the WIM may be lost for considerable periods of 

time. By the same token, the WIM system is caplex, and it is equally 

important to recognize when an outside technician is necessary to correct 

a problem. Radian, the manufacturer of the NDOT WIM equipment, has been 

very cooperative in designing a system, hwdiately transmitting parts for 

testing and replacement, and sending a technician on short notice on two 

occasions when a problem could not be resolved. 

Likewise, at least one person must be f 

initial collection of data in the fie 

that format the collection and convers use&le fom, and I-J-le 

uses of the data for planning, p a m n t  

Currently Ulere are thirteen installations the outside travel lanes of 

major highways at strategic 1ocati.ons s 

eolle@t& at normal highway speeds, Alternatives were considered of 

installing plates in all. lanes and in berth directions; however, based upon 

costs it was decided data collected in the hefiviest weighted direction for 

only one lane m.2d suffice. Additional installations are planned for 

urban locations, anll in conjunction with six mtor carrier inspection 

stations progrmed for construction on the interstate system by 1985. 



The WIM system a t  any given installation is i n  operation for periods of a 

few hours up to twenty four hours, and has never been operated 

continuously for wer forty eight hours. Since August 1980 the WIM system 
9 

has completed an equivalent of 65 eight hour shifts, and with additional 

time screening for enforcement, has logged wer 1,000 hours of duty. 

There was one problem w i t h  a nodule bard in the ccanputer console that 

required five consecutive shifts to be rescheduled. 

Once weighing is cmpleted a t  a given site, the transducers (weigh scales) 

are remwed and "dumrrry" scales are placed under the plates that remain i n  

the toadway. Originally it was planned that the transducers would remain 

i n  the roadway; however after the f i rs t  winter it was discovered that 

water was getting into the pits and rust was forming on the scales. 

Major problems have not been encountered w i t h  s i te  installations, and NDOT 

personnel are learning 'tricks of the trade' that make for a better 

aperation. For example, presence loqp detector wires were breaking where 

they pass under the scale frames - plastic tubing nuw buses a11 wires 

including those frm the scale p i t  to the junction bolt where the 

manufacturer recrrmmended copper tubing be used, A rwent check indicates 

the plastic tubing may be contracting such that water is getting to the 

wires; and copptx tubing may be necessary, despite the cost. BC (porous) 

asphalt instead of the recammended epoxy is used to f i l l  the l o c ~ p  saw cuts 

to alllcrw replacement of broken wires, and to facilitate a power trace when 

necessary. 



Two installations had to be removed. A t  one s i te  the water table would 1 
i 

rise such that the pi t  was filled with water, and the scale frame was 

sinking in to  the pavement. The second site h en in place since early 1 
1978, and was also plagued with drainage pr This insta3-lation was 

planned for removal; however, before being rqmxed one of the "dummyn 1 
scales broke, and the plates came onto the r+dway when a truck passed 

over. Fortunately there was only minor dmbe to the truck. Swen I 
I 
I 

million car axle repetitions and five million truck axle repetitions are i 
estimated to have passed over the plates. Whever the breakage cxxurred 

as a result of the pounding effect of the &eel repetitions, or as a 

result of slack that may have developed between: a plate and it's resting 
I 

p i n t  on the "durmry" scale, cannot be stated. i 1 
I b 

k 8 
Dirt and sludge collecting in scale pits dur i4  periods of non-use is a b p 

problem. To facilitate drainage away from ~11 pit, the trough from the 
I B 1 

p i t  to the junction box is nm cut deeper such lmat the apening where the 
I 
I 

wiring lays also serves as a drain. The b l d r  action of a shop vacuum k 
I I 3 

cleaner serves well to clean a pi t  prior tb operation, and NDOIT i s  I 
establishing a program of preventive maintenance whereby a l l  sites w i l l  be I! 

&! 

regularly checked by prgperly trained  personnel,^ 4 
I$ 
"; C 

The NDOT WM system i,s portable in that a14 equkpment necessary to -rate I 
Fd 

f j  
a site is carried by a motor h m  and smaller tqailer. T h i s  includes five 

I 3 kg 

transducers (two are needed for a site) , traftic control  signs, portable f4 
/!j I sd 

scales for calibration, and two generators fad power. Caimercial power I 

from a pole was tried a t  the f i rs t  installation;: however, electrical noise 
I 

It& 

15 g 



was effecting weights. External signals transni ted by radio, television 

and werhead power lines will also effect readings, and grounding of 

equipment and the mtor hane is necessary. Power from the generators will 

also become "dirty', and current outputs are regularly checked and 

generators kept in the best operating condition, Radian sells an in-line 

filter that will stabilize the power going into the quter; however, 

this was not included on NlXlI"s system. 

A single generator initially provided Wer for the WIM, and the air 

conditioner and lights inside the motor haw. Again, there was a conflict 

in the electrical supply, and a second generator was installed such that 

one unit provides W e s  only for the WIM system. The trailer with the 

generators is also disoonnected £ran the mtor hane while weighing due to 

vibration. 

Large temperature variations, such as Nevada experiences between day and 

night at m y  time of year, can effect the calibration of the system. This 

requires the attention of an experienced operator to maintain 

calibration. Operations in the southern part of Nevada required that a 

second heavy duty air conditioning unit be installed in the mtor hame 

where the ccanputer console is housed. 

Hardware problems have related to mules for the computer console, and 

the transducers. Radian officials have readily worked with NIXrP personnel 

wer the phone to trace a problem, and imnediately shipped modules for 



t r i a l  and error checking. JWUT personnel are not formally trained i n  
E 

eleectronics, and Radian technicians are q l e  to patiently explain 

procedures in a layman's terms such *at a problem can usually be 

resolved. A s  previously indicated, a Radian technician came on very short 

notice on two occasions when a solution could' not be reached, and tbe 

system was back in operation on the same day th; technician arrived. 

Occasionally a transducer w i l l  not stay cal ibr  If water has gotten 

in to  a load cell, the unit  can sanetimes be dried out  in  an wen located 

in  the NLDT Testing Lab a .  the problem is solved. If t h i s  does not 

resolve the problem, or i f  a load cell is damaged, the item is shipped to 

Radian and a correctly functioning transducer is usually back within two 

weeks. Load cell damage may be the resul t  of wheels pounding on the 

surface p la te  tha t  sets on the load cell, and NDOT has r e c m n d e d  to  

Radian that  tihe plates  be manufactured to specifically f i t  the frame i n  

which they are  installed. The p la tes  are  now made to f i t  together as a 

set; hawever, they are not made to f i t  a particular frame, and adjustable 

bol t s  a re  used t o  obtain the best  f i t .  I t  ~hou ld  be noted tha t  NiXE 

transducers were manufactured by Rainhart, and Radian has a s s 4  this 

uperation to assure better quality control for their system aq a total 

unit. 

Software problems have primarily been £ran ,camnunications, e.g., NEUT 

being able to identify needs, and Radian being able to understand and 

program for these needs. A t  this point, NNYF iS very sa t i s f ied  with their  



software package. Outputs are with ETBA codes for vehicle type and body 

type, the "bridge formula" is internally programmed to activate the 

printer and display at least one violation of each weight type (gross, 

axle and/or group), and a l l  data w i l l  be correct i f  the calibration is 

maintained. A very important alteration by Radian allows the balance mode 

to display during weighing operations which lets the aperator verify and, 

if necessary, recalibrate just prior to. a truck being weighed. One minor 

problem resulted when a d u l e  was changed i n  the computer console 

wiithout a corresponding program change, 

Data collected i n  the mtor home is stored on flexible diskettes in IBM 

a p a t i b l e  format, and read and transferred to magnetic tape a t  a central 

computer facility. has had problems transferring data which is 

primarily due to loss of quality control a t  the ccs~p?uter facility. In  

eases where the facility claims the diskette w i l l  not run, the total data I 

I 

is ran on the printer i n  the motor home, then manually entered into the 

computer via Phase Four Terminals located i n  the office. NDOT is 

investigating ather alternatives including telephone transfer or acquiring 
I 

their own reader. 

W i t h  the software prwided by Radian, NEOF programmers have been able to 

format data to meet FHlW and departmental needs. U n t i l  recently a l l  edit 

checks had to be performed i n  the mtor hame and changes made to the 

diskette prior to transferring to magnetic tape. Now NDOT programers 

have prwided changes that allaw any changes to be accomplished through 

Phase Four Terminals. Likewise NDUT is able to run FTDA Mables and 

process 18 Kip evaluations for project design. 



Obviously, NIXV believes the WIM system is an asset to operations as long 

1 as the user is prepared to work within the capabilities of the system, and 

I is willing to work with the system. 

OPERATIONS SUMMY ( a C I W T ~ T I ~ ) ,  JUME 1981 - M&Y 1982 

Since May 1981 the system has canpleted 50 field shifts (300 WIN hours) 

for enforcement screening and the FEXWi Annual Truck Weight Study. 

Beginning in January 1982 enforcement screening aperations were increase? 

such that approximately 20 field shift days (150 WIM haurs) are being 

logged each quarter, and the WIM van is on the road 50 percent of the 

time. 

Fcur problem areas indicated in the previous "Operations S m r y "  have 

becane mre apparent during the last year: 

1. Sane roadway sites are deterioratinq 

Roadway installations have now been in place 3-4 years. Of 

the original 18 installations, 11 remain. 2 installations 

were removed for oonvenience; however, in the other 5 sites 

removed, the frames were either sinking into the pavement, or 

the pavement surrounding the frames had deteriorated. 

Solutions being considered are (1) pouring a concrete subbase 

under the frames, and (2) additional preventive maintenance 



surrounding the installations, such as spot overlays. 

2. Frame and ooverinq plate problems 

In three of the installations the "dumy" scales that are 

placed in the frames under the covering plates have broken. 

Part of the problem may be related to the sinking frames that 

allows a greater pounding effect however, experience is 

indicating the metal content and weld joints of the "dunmy" 

scales do not hold up under continued stress. 

We currently are develcpirg experimental prototype "dunmy" 

scales that will have this problem solved by the end of this 

year. 

3. Transducer (load Cell) malfunctions 

Each transducer (weigh scale) has eight outside load cells 

that are individually sealed and factory calibrated to perform 

as an integrated unit. In the past, when a malfunction 

occurred, the entire transducer was sent to Radian Corporation 

in Texas for repair. Shipping costs have made this practice 

prohibitive, and our technicians are now "camibalizing" one 

of the transducers to keep the remaining four units 

operational. Maintaining correct recalibration records for 

each load cell as it related to the total integrated 

transducer unit is the critical concern in this process. 



I* 4. Data conversion frcin diskette to mrietic tape 
I 

NDOT originally had direct access $ a diskette reader when 

plans were formulated to purchase, a WIM system in 1977. 

Subsequently, canputer services /or basically all State 

agencies were absorbed into a central Data Processing center, 
l 

and likewise, direct access to the diskette reader was lost. 

We have had continuing problems ma ing quality control of 

data in the transferral process, have recently been 

informed by CDO? that the service w 
I 

NlXIC is in the process of ana all alternatives for i 

access of field collected data, now appears will be 

arranging for telephone modems direct transfer of I 
I 

data frm diskettes to magnetic tape i 

NDCYT relies upon WIM to conduct the FTW4 bienn eight stu*, and. 
I 

as a screening device for enforcement of State weight laws. Data ,t 
I 
i 

collected is also used for roadway design criteria and must be within an j 
acceptable tolerance level. I i 

L 
i 

Although we do have problems with our WIM operations, we too often neglect 1 
i 

to point out the positive side. As previously pointsed out, we are able to i 
solve problems as they are occurring m d  maintain weighing operations. By 1 

E 

comparison, problems with the WIM are no more so than we experienced with 1 
i 

portable scale qperations, only of a different nature (portable scale 



cpeeations involved increased personnel, lights and standards plus mrds 

to ewer the entire site, scales, signing and traffic control, and 

vehicles to transport the personnel and equipment). 

With the WIM we are annually running 100 shifts and approximately 1000 

hours of *rations (including calibration time), and we rmld not 

acccnplish this workload with portable scales and available manpower. Six 

planned additional sites in conjunction with mtor carrier inspection 

stations are currently inactive due to project fund cutbacks; howwer, two 

sites are still planned for urban locations in 1982. 

OPERATIC%JS SW@&Y (OOWTINUATI~) , JUNE 1982 - MAY 1983 

Nmr has nau had an -rational WIM system for five years. Although the 

system and the various ccnponents necessary for operatian are too oarplex 

to be called a routine operation; the prcgram is collecting m t  of our 

planning data, annd it's an integral part of the Nevada weight enforcement 

and Federal certification process. 

In a given year 15,000 weights are collected using WIM, and half are 

reported for certification. WPI weighings could be increased by 

concentrating mre on the Interstate System; hauwer, the overrall quality 
I of the program would be diminished as less time wld be spent weighing 
1 

I on other road systems. In addition, the Motor Carrier Division has been 
I assigned new duties related to wrecker and taxi inspections, and hazardous 

I 



I 
i 

material inspections; and Agents have less ti devote to the weighing I 

program. Total static and WIM weights r for certification are ! 
j 

about 35-40,000 trucks. Basically a l l  componen s of the Radian WIN system t. 
? 

I originally purchased are s t i l l  i n  operation, &d increasing maintenance i 
costs are not out  of line. I I 

, 
! 

I 
! 
I ! 

For example, the mtor hme has over 60,000 mides vhile pulling a trailer 1 
fi 
b 
D that carries two generators, gas tanks, signs atYd portable scales. NDCrr e I Equipment Division has indicated the trailer *ight is pulling the motor 5 

h a  away fran the frame, and recarmends b a t  a separate pickup be 1 c 
f 

used to p u l l  the trailer. The two-axle traile so had one wheel totally F 

break off during a recent field trip. E 
ij 
iL 
& 

e0ne:erning the actual wIM system, NDOT has, been trying to upgrade 

ccmponents. We have developed and are u s i 4  an improved substitute 
! $ 
X 

trmsducer, or "dunmy scalet@that rests unded the roadway plates when k 
9 
F 

weighing is not in  effect; hcywever, there 4s still the problem of 
2 

deteriorating pavements a t  sane sites. In pakticular we have had si te  S 
i 
! I L 

4 

problems where the location is i n  an renote ar& experiencing low traffic t 
I k 

- -- 1 
and truck volumes, and the site is not used /€or weighing on a regular b F 

P 
I 

basis. Ncw that we have replaced our pormlk "jump" scales with more 1 
I 

*; 

efficient portable platform scales, we are &nsidering using WIM only 
I 

where there are larger numbers of trucks (500 one direction) , OK where 

total traffic volumes pose a safety hazard ta s ic operations, 



Most recently we have placed an order with Radian for sealed transducer 

units. These are an improved scale; however, NDUI! will probably not be 

able to work on these units if a malfunction occurs the way we do with the 

older Rainhar t scales. 

In the system maintenance process, our printer had to be repaired. There 

are no local electronics services available, so the unit had to be shipped 

to California. This type of malfunction is obviously a bothersome 

inconvenience, and ambind with the vehicle problems, the WIM system was 

The most serious and continuing problem is in the area of data processing, 

and it% s area wer which planning personnel responsible for the WIM 

program have no control. As indicated in a previous surranary, diskette 

reader services offered by Nevada Central Data Processing have been 

discontinued. We have tried to establish a direct transfer from the WIM 

motor hcme ccanputer to the State's main-frame canputer via telephone 

modem; h w e r ,  CDP maintains there is too much interference on the 

telephone lines. Now we are trying to establish a transfer fram the motor 

hame onto a Four-Phase System which can then be directly input into the , 

main ccanputer. This procedure will hopefully be established by August, 

and at present Radian is processing our diskettes. 

24 
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IT WAS THE DESIRE OF THE GEORGIA D.0 .T. TO HAVE I FULLY OPERATIVE SYSTmiI:S 
I 

VEHICLES TO THE ENFORCEMENT SCALES. 

i 

ORGIA DID INSTALL HER FIRST TWO SYSTEMS AN OPERATING I N  MAY 1978 

EMENT I N  THE U.S. WE HAVE 

A TOTAL OF 11 AND TWO MORE WHICH WILL BE OPE ONAL IN SEPTEMBER. IT IS 

F 

WE HAVE INSTALLED ONE MORE SYSTEM BY STREETER 

BOUT ONE MONTH. 

C 



PAGE TWO . . 

RESULTING IN RUTTING OF THE ASPHALT PAVING AND HAVING HARMFUL EFFECTS ON 

THE SCALES' STRUCTURE AND PERFORMANCE. 

WHERE STOPPING AND STARTING OF TRUCKS TAKE PLACE WITHIN THE STATIONS, 

RUTTING AND CORRUGATION OF THE ASPHALT PAVING RESULTS. BETWEEN THE W.I.M. 

SCALES AND THE STATIC SCALES, THIS CONDITION WAS 'VERY NOTICEABLE. 

LEAKAGE OF FUEL AND OIL FURTHER AGGRAVATED THE PROBLEM BY SOFTENING THE 

PAVEMENT, AS DID THE HIGH SURFACE TEMPERATURE OF THE ASPHALT PAVING 

LtURISG THE SWER CQBITHS. 

A RIGID PAVEMENT STRUCTURE APPROXIMATELY 600 FEET PRIOR TO AND A M I N L m  OF 

50 FEET PAST THE W.I.M. SCALL IS DESIRED TO ALLOW TIME FOR VERTICAL 

OSCILLATIONS TO DAMPEN IN THE VE€IICL,ES TRAVELING AT SFEEDS'TO 50 M.P.H., THUS 

CAUSING GREATER ACCURACY OF THE W. I .M. I@, HAVE, AT THE PRESENT TIME, REPLACE 

ALL ASPHALT RAMPS WITH CONCRETE AND ARE NOW EXPERIENCING EXCELLENT 'CI7EIGHTS 

FROM THE SYSTEM. I WOULD DISCOURAGE THE USE OF ASPHALT PAVING IN THE 

W.1.M. SCALES. 

OTHER PROBLEMS OCCURRING HAVE BEEN GENERATED BY LIGHTNING. THIS PROBLEM 

HAS OCCURRED AT NEARLY ALL STATIONS AT ONE TIME OR ANOTHER REGARDLESS OF 

W E  OF EQUIPrnNT. 

THE W.I.M. SCALES AT THE NEW CARROLL COUNTY LOCATION IS USED, AS OUR OTHER 

I INSTALLATION, AS A SORTING DEVICE. ' ADDITION TO SORTING AS TO SPEED, GROSS 

WEIGHT, AXLE WEIGHT, AND TANDEM WEIGHFS, EACH VEHICLE HAVING A GROSS 

WEIGHT OF 65,000 POUNDS OR MORE IS CHECKED FOR COMPLIANCE WITH THE BRIDGE 

I FOKMULA. 
I 
I 

i R, -* 



1 

THE GROSS WEIGHT OF EACH VEHICLE IS ACCURATELY ESTABLISHED TO WITHIN 
; 

(+=5%) OF THE ACTUAL VEHICLE GROSS WEIGHT AND WITHIN A (90%) CONFIDENCE I 
i 

LEVEL. THE AXLE WEIGHT OF EACH VEHICLE IS ACCURATELY ESTABLISHED TO I 

I 
I 

IN (+-lo%) OF THE ACTUAL VEHICLE AXLE WEIGHT AND IS WITHIN A (75%) 1 
DENCE LEVEL. THESE ACCURACIES ARE ATTAINED AS A VARIETY OF MULTIPLE 

AXLE TRUCKS PASS OVER THE SCALES AT SPEEDS FROM 10 MILES PER HOUR UP TO . 

L 
C 
f 

AT SLOWER SPEEDS, OUR ACCURACY IS MUCH BETTER, GIVING US HOPE THAT ONE DAY j 
i 
B 

JJ.  I .M. SCALZS FLY BE USZD FGil IiRITING OVIPXZIGBT CASES. FOR EXAMPLE, AT i 
LOW 1-0 MILES PER HOUR, THE TRUCKS' GROSS WEIGHT IS WITHIN (+-2%) i 

SS WEIGHT AND WITHIN A (95%) CONFIDENCE LEVEL AND AXLE WEIGHT 1 
F 

WITHIN A (75%) CONFIDENCE LEVEL. THE ACTUAL VEHICLE WEIGHT 1 
*, 
i 

THAT (JEIGHT ESTABLISHED BY OUR STATIC SCALES USED FOB ENFORCEMENT. 
\. 

THE ACCUUCY ESTABLISHING THE DISTANCE IN FEET BETWEEN THE EXTREMES OF AN 

GROUP OF TWO OR MORE CONSECUTIVE AXLES OF VEHICLES HAVING A GROSS WEIGHT 
I 

OF 65,000 POUNDS IS WITHIN (5%) OF THE DISTANCE MEASURED BY OUR ENFORCEMENTI. g 
OFFI'ERS USING STANDARD MEASURING EQUIPMENT AND TECHNIQUES FOR (90%) OF f 

I' 

VEliICLES CHECKED FOR COMPLIANCE WITH THE BRIDGE FORMULA. 
ii' 
- 
i 
C: 

IF ANY OF THE OPERATOR ENTERED CRITERIA IS EXCEEDED BY THE TRUCK, THEN 
I 

i" 
e: 

THE EQULPMENT WILL AUTO?UTICALLY ACTIVATE A TRAFFIC CONTROL SYSTEM AND t 
F; 
p 

DIRECT THE DRIVER TO THE ENFORCMEENT STATIC SCALES FOR A MORE PRECISE t i  

WEIGHING FOR A POTENTIAL VIOLATOR. 
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OUR SIGNALIZATION CONTROL IS REFLECTOR LAMPS USING INTERRATIONAL TRAFFIC 

ENGINEERING COLORS IN RED FOR THE "X" AND GREEN FOR THE ARROW, AND ARE 

CLEARLY VISABLE AT 1/4 MILE AT ALL TIMES UNDER NORMAL ATMOSPHERIC 

1 CONDITIONS AND ARE USED TO PROVIDE OVERHEAD LANE CONTROL FOR THE W.I.M. 
I EQUIPMENT AND T O  REGULATE AND SORT TRUCKS ON THE EXIT RAMP. 

-- -- 

THERE I S  A LOOP DETECTOR IN THE BY-PASS LANE WHICH DETECTS A VEHICLE THAT 

HAS BEEN DIRECTED BY THE AUTOMATIC SORTING SYSTEM TO PROCEED TO THE STATIC 

AXLE SCALES BUT INCORRECTLY PROCEEDED TO THE BY-PASS LANE. THE LOOP DETECT 

i, 'TIT~.~.YLS A BUZZER AT TBE OPEPL4TOR1 S CJE!SOLE: TO ALERT THE OPERATOR. 

THERE IS A HIGH INTENSITY LIGHT ON THE BACK OF EACH OVERHEAD SIGNAL WHICH 

IS ILLLMINATED WHEN THE GREEN ARROW IS ILLUMINATED. TWO SMALL PIN LIGHTS 

AT THE W.I.M. CONSOLE ALSO IWICATE THE VEHICLE HAS BEEN DIRECTED TO THE 

STATIC SCALE OR THE BY-PASS LANE. THERE IS A MANUAL SWITCH IN THE 

OPERATION OFFICE TO OVERRIDE THE AUTOMATIC MODE OF OVERHEAD SIGNS. 

THE INSTRUMENTATION PRE-SELECTS VEHICLES WHERE SUCCESSIVE VEHICLES ARE ONE 

SECOND APART, FROM TAIL TO HEAD OR GREATER. 

THE W.I.M. SYSTEM WILL PERFORM ALL THE FUNCTIONS JUST MENTIONED AS A 

VARIETY OF VEHICLES PASS OVER THE W.I.M. SCALES AT THE MAXIMUM RATE OF 

12 PER MINUTE. 

THE IMPACT OF THE W.I.M. SYSTEM TO OUR ENFORCEMENT PROGRAM HAS BEEN GREAT. 

A v  NOW ALLOWED TO WEIGH 100% OF THE TRUCK TRAFFIC WHICH PASS THROUGH 

OUR STATIONS. LAST YEAR I;JE WEIGHED IN EXCESS OF FOUR MILLION VEHICLES 

-- - ,  







ODOT's  EXPERIENCE USING A 
BRIDGE WEIGH-IN-MOTION SYSTEM 

I. In t roduc t ion  - I am pr iv i iedged  t o  have t h e  oppor tuni ty  t o  speak t o  g - 
you today about t h e  Ohio Department of Transpor ta t ion ' s  (ODOT) ex- 
per ience  using a br idge  Weigh-In-Motion (W-I-M) system. 

I 

A. Lis ten ing  t o  our experience should g ive  you food f o r  thought 
i f  you are considering incorpora t ing  a b r idge  W-I-M system a s  
a p a r t  of your o v e r a l l  t ruck  weighing program. 

B. My remarks w i l l  have t o  be prefaced by saying t h a t  w e  now have 
a t h i r d  genera t ion  system, There have been some changes t h a t  
w e  have no t  y e t  incorporated.  

1. W e  be l i eve  t h a t  t h e  system has been proven, however, i t  is  
s t i l l  p r imar i ly  used as a r e sea rch  t o o l .  

2. We have no experience us ing  t h e  system t o  develop b r idge  
loading d a t a .  

j 
C. The p re sen ta t ion  is organized i n to  t h r e e  p a r t s :  I 

I 
! 

1. A very b r i e f  d e s c r i p t i o n  of how t h e  system works. i 
I 

2. A d e s c r i p t i o n  of some of our  experi&ces us ing  t h e  system 
over t h e  p a s t  t h r e e  years .  

3.  A b r i e f  d i scuss ion  of our  ongoing c o n t r a c t  wi th  Case Western 
Reserve Univers i ty  and cover some f u t u r e  developments. 

11. Background and Development 

A. Concept w a s  developed under t h e  auspices  of t h e  Federa l  Highway 
Administrat ion.  

1. Measure g i r d e r  s t r e s s  h i s t o r i e s  due t o  heavy t r u c k  t r a f f i c  

2. Research found t h a t  t h e  weights of tnucks could be determined. 

3.  ODOT executed a r e sea rch  c o n t r a c t  wi th  Case Western Reserve 
Univers i ty  i n  Cleveland, Ohio t o  bu i ld  a b r idge  W-I-M system 
i n  1978. 

B .  The br idge  W-I-M system u t i l i z e s  e x i s t i n g  br idges  t o  s e r v e  a s  
equiva len t  s t a t i c  s c a l e s  t o  o b t a i n  t ruck  g ros s  and a x l e  weights ,  
dimensions and speed. 

1. S l i d e s  showing t h e  system f e a t u r e s  

a ,  Schematic layout  of F i e l d  Ins t rumenta t ion  # l  
b. S l i d e  of S t r a i n  Gauge /I2 
c .  I n s t a l l a t i o n  of gauge on b r idge  !I 3 
d. I n s t a l l a t i o n  of gauge on br idge  64 
e. S ignals  a r e  s e n t  t o  t h e  van P 5 

LT- -- 



f  . I n s i d e  t h e  van 
g. Need a c a l i b r a t i o n  v e h i c l e  

2. We use  t h e  system i n  e i t h e r  of two modes of opera t ion  

a .  Data a c q u i s i t i o n  oa ly  

1. Data i s  taken back t o  t h e  o f f i c e  f o r  reduct ion  

b. Data reduct ion  i n  t h e  f i e l d  

1. Used p r imar i ly  f o r  enforcement screening 

ODOT1s Experience Using t h e  Bridge W-I-M System 

A. Case Western Reserve Univers i ty  de l ivered  t o  ODOT a b r idge  Weigh- 
In-Motion system i n  1979. We have used t h e  system f o r :  

1. Planning purposes I 

a. Before /dur ing/af te r  s t u d i e s  i n  conjunct ion wi th  t h e  
standard loadometer opera t ions  

b. Ohio's Highway Cost A l loca t ion  Study 
c .  Developing 18-kip equ iva l en t s  f o r  pavement and over- 

l a y  design 
d .  Pavement management a c t i v i t i e s  by s p e c i a l  r eques t  

2. Enforcement Purposes 

a .  I d e n t i f i e d  loca t ions ,  t ime of day, and day of week f o r  
p o t e n t i a l  v i o l a t o r s  

b.  Monitored p o t e n t i a l  bypass rou te s  t h a t  could be used by 
t rucks  t o  avoid permanent s c a l e s  

c .  I n  conjunct ion wi th  t h e  S t a t e  Highway P a t r o l  a s  a 
screening t o o l  t o  i d e n t i f y  p o t e n t i a l  v i o l a t o r s .  

3. W e  have monitored t e n  s i t e s  r ecen t ly :  

a )  1 s i t e  f o r  system v e r i f i c a t i o n  
b)  2 enforcement s i t e s  
c )  1 si te  t o  weigh c o a l  t rucks  
d) 1 Urban P r i n c i p a l  A r t e r i a l  
e )  1 s i t e  t o  monitor a t r u c k  bypass 

r o u t e  of a permanent s c a l e  
f )  4 s i t e s  f o r  FHWA Case Study Seasonal Data 

Rural  I 
Urban & Rural I 
Rural I 
Urbah P.A. 

Rural  P .A. 
4 Funct ional  Classes  

B. How accu ra t e  is  t h e  br idge  W-I-M system? 

1. Very confident  t h a t  t h e  system can accu ra t e ly  weigh gross  
v e h i c l e  weights (GVW) w i t h i n  + 10%. 

a .  One-on-one v e r i f i c a t i o n  study wi th  a permanent s c a l e  

Cal ibra ted  a b r idge  us ing  a s i n g l e  u n i t  t ruck  weighing 
26,500 pounds 

2.  I d e n t i f i e d  t rucks  t h a t  w e  weighed f o r  t h e  s c a l e  master 
t o  weigh a t  a downstream loca t ion .  

3 .  A one-on-one comparison of t h e  gross  v e h i c l e  weights 
showed under + 10% d i f f e rence .  



b. A s i n g l e  c a l i b r a t i o n  f a c t o r  is accu ra t e  f o r  a l l  weight 
ranges,  

2. The accuracy f o r  i nd iv idua l  a x l e  weights (tandem a x l e s  i f  
i n  t h e  4 f o o t  range) i s  more v a r i a b l e .  

a .  S t i l l  i n v e s t i g a t i n g  t h i s  a spec t  bu t  i t  seems t h a t  t h e  
a x l e  weight accuracy is  dependent on ind iv idua l  s i t e .  

C. Assets of t h e  b r idge  W-I-M system: 

1. Tremendous f l e x i b i l i t y  and mob i l i t y  
2. Cost of t h e  system i s  about $80,000 minus a v e h i c l e  
3 .  Crew s i z e  is  two 

a .  Set-up time f o r  t h a t  crew i s  2 hours maximum 
b. Set-up time t o  r e e s t a b l i s h  a s i t e  is 30 minutes 

Can weigh a l a r g e  number of t r u c k s  per  hour a t  highway speeds 
Minimize d e t e c t i o n  by t rucks  which l eads  t o  unbiased d a t a  
System i s  r e l i a b l e  - very l i t t l e  maintenance of major system 
components 
Easy t o  weigh a t  n i g h t  using an automatic  system i n i t i a t o r  
Theore t i ca l ly ,  once a br idge  has been c a l i b r a t e d ,  t h e  need 
f o r  a c a l i b r a t i c n  t r u c k  i s  e l imina ted .  

a )  A caut ion  here: Suggest t h a t  a schedule be e s t ab l i shed  
t o  v e r i f y  the r e l i a b i l i t y  of t h e  c a l i b r a t i o n  f a c t o r  
dependent on program goals .  (e .g . ,  once a y e a r ) .  

D. L i a b i l i t i e s  of t h e  br idge  W-I-M system 

1. We have found t h a t  some br idges  a r e  b e t t e r  than o t h e r s :  

a .  Up t o  a maximum of 40 degree skew. (Skew - t h e  angle  t h a t  
t h e  br idge  i s  b u i l t  i n  r e l a t i o n  t o  t h e  roadway). The 
smal le r  t h e  skew t h e  more r e l i a b l e  t h e  r e s u l t s .  

I 
b. Smooth approach s l a b .  Next t ime t h a t  you d r i v e  home from , 

work, t r y  t o  count t h e  number of br idges  t h a t  have smooth I 

approaches. 

c. S t e e l  o r  p re s t r e s sed  concre te  g i r d e r  br idges  a r e  t h e  only I 
I 

types  we have monitored. 

2. Our present  system monitors only one l ane  I 

a. During our  enforcement a c t i v i t i e s ,  we had t o  pu t  ou t  
dummy tapeswitches.  

b. I n  a 3-lane s e c t i o n ,  50% of t h e  t rucks  may b e  i n  t h e  center  
lane.  ( I t  t akes  s p e c i a l  e f f o r t  t o  monitor cen te r  lane . )  I 

3 .  We be l i eve  t h a t ,  t h e  tapeswitches a r e  t h e  weakest l i n k  i n  t h e  
system. 



l 
a. May need t r a f f i c  c o n t r o l  t o  put  th,em on t h e  roadway. 

I 

For s a f e t y  purposes need t o  f o l l o d  t h e  "Ohio Safe ty  i 
! 

Manual of Uniform T r a f f i c  Control devices"  
t 

is d i f f i c u l t .  

c .  During wet weather condi t ions ,  t h e  Llacement of tape- 
switches i s  cumbersome. I 

4. Spec i a l  s e t  of problems i n  urban a r e a s  j 
l 

a. High t r a f f i c  volumes I 

b. Multi-lane f a c i l i t i e s  
c. Numerous br idges  wi th  skews. 

I 

E. Maintenance Aspects of t h e  system 

i n  our f i r s t  v e h i c l e  
b. Removed t h e  computer many times wi th  no adverse a f f e c t s .  

minor connections t h i s  summer. 
4. May need t o  schedule downtime f o r  maintenance on t h e  t r u c k  

and/or  genera tor  f r equen t ly  , depending' on t h e  number of hours  
worked. 

F. Data Management can be  broken down i n t o  t w p  ca t egor i e s :  
I 
I 

C 

1. Monitoring t h e  q u a l i t y  of d a t a  i n  t h e  ! f i e ld  
I 
I 

a f t e r  set-up. 

monitored, e t c .  

2.  Data Reduction a t  Cent ra l  Of f i ce  

c .  We remove t h e  computer from van, reduce d a t a  5 
If 
9 

1)  Plug i n t o  "black box" d a t a  copversion system 

2) Put  d a t a  on 9- track t ape  f o r  a n a l y s i s  on our  IBM 
4341 computer a t  Cent ra l  Of f i ce  



3)  Hard copy of data, to punch cards as a back-up. 

G. There has been no formal impacts on previous programs. 

1. We would like to use the system to obtain the truck weight 
portion of our loadometer study. 

a. Basically on hold until we receive further guidance from 
FHWA on revision to Truck Weight Study. 

2. Routinely give the State Highway Patrol data on overweight 
vehicles for their use. 

IV. Ongoing Contracts and Future Improvements 

A. Just completed a contract, "Insturmentation for Weighing 
Trucks-In-Motion for Highway Bridge Loads" 

1. Extreme load occurrences such as trucks moving side-by- 
side or closely followed were monitored. Attempted to 
monitor a worse case situation. 

2. The data obtained are useful for evaluating bridge loads 
and performance. 

3 .  Field results are applicable to prediction of fatigue life, 
maximum bridge loads, and accurate evaluation of rated 
capacity. 

4. Our system may be modified later this summer. 

B. A third study with Case Western is underway, "A Comprehensive 
Study of Bridge Loads and Reliability" to be completed 
January, 1985. 

1. Aim of the study is a rational coordination and assessment 
of bridge loading data in a reliability-based framework. 

2. Calibrated bridge load model 

3 .  Results will be tested and utilized to aid decision making 
for design loads, legal load limits, permit evaluation, 
rating and posting for bridges. 

C. Future Improvements 

Less expensive microprocessors substituted for routine 
data collection 
Battery operated equipment and simplified electronics 
Telemetry system to transmit data 
Incorporate video-tape system for visual examination of 
over-weight vehicles 
Vehicle classification on a sample basis 
Replacement of tapeswitches with infra-red lights 

A.  In conclusion, I hope ODOT's experiences using the bridge W-I-M 
system will help you gain some insights to its capabilities and 
limitations. Thank you. 
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INTRODUCTION 

The realization of the need for faster and less expensive 

resulted in this con- 

Most of the states have experienced increased truck loading 

and the resulting increase in deterioration of much of the recently 

constructed interstate system and other highways. Maine has a 

special problem in that the chief loads contributing to vehicle 

overweight is that of forest products. The wood and. paper industry 

is a major one in the state. 

Since about 1976 to 1978 the paper companies have been forced 

to give up using the rivers to move their pulp wood and go to highway 

vehicles for transport. This has resulted in a great increase in 

truck weight, in some cases double the previous average, and thus 

illegal overloading of vehicles, and attendant increase in rate of 

pavement damage. 

Loadometer data obtained in the mid-seventies has been insuffi- 

cient and misleading. The need to stop the vehicles and use of 

portable scales make data collection expensive, slow and less 

accurate than is needed. The use of C-3 radio by the truckers has 

tended to compromise the validity of the data obtained. Since 1978 

no valid loadometer data has been obtained because of this factor. 

The Materials and Research Division of the Maine Department of 

Transportation has been cognizant of the need for accurate data 

and since the early 1970's has conducted several studies concerned 



with load versus  pavement damage. The Research Department r e a l i z e d  

t h a t  i n  order  t o  ob ta in  v a l i d  da ta  a  technique would be requi red  to - 

weigh t h e  veh ic les  i n  motion and a l s o  not be obvious t o  t ruckers .  

Several  s t u d i e s  have been undertaken by o t h e r s ;  Gobel 1974, 

Daniels 1977, Moses 1979, i n  obta in ing  the  weight of v e h i c l e s  i n  

motion by instrumenting s i n g l e  span br idges .  Much of t h i s  work has 

been sponsored by t h e  FHWA. I n  1981, Maine Mater ia ls  and Research 

Division decided t o  undertake a study of instrumenting a  simple 

s i n g l e  span br idge  with s t r a i n  gauges t o  t e s t  whether such a  system 

might supply veh ic le  weight d a t a  r a p i d l y  and a t  a  low cos t .  A t  

t h a t  time ocher types  of W . I . M .  equipment were very expensive and 
I 

had never been success fu l ly  operated a t  normal roadway speeds and 

i n  t h e  severe winter  environment e x i s t i n g  i n  Maine and o t h e r  nor thern  

METHODOLOGY 

Theory of s t r a i n  gauge app l i ca t ion  t o  beam type s c a l e s  i n d i c a t e s  

t h a t  i f  a l l  s t r e s s e d  members a r e  equipped with s t r a i n  gauges and the  

e l e c t r i c a l  outputs  summed then t h e  t o t a l  s t r a i n  output  w i l l  bear  a  

d i r e c t  l i n e a r  r e l a t i o n s h i p  t o  t h e  t o t a l  s t r e s s .  A search f o r  a  

s u i t a b l e  br idge  on which t o  t e s t  i f  t h i s  theory appl ied t o  more 

complex s t r u c t u r e s ,  was undertaken. 

A s  was mentioned, f o r e s t  products a r e  a  major cargo i n  our s t a t e ,  

and t r a n s p o r t a t i o n  of t h i s  cargo by t ruck ,  e i t h e r  a s  t r e e  l eng ths  

o r  a s  c u t  logs  f o r  pulp o r  lumber genera tes  t h e  major overloads.  



I n  search ing  f o r  an accep tab le  b r idge  t o  ins t rument  f o r  a n  ex- 

per imenta l  t es t  s i t e  t h e  c r i t e r i a  were t h a t  it be  on a  r o u t e  h e a v i l y  

t r a v e l l e d  by f o r e s t  product  t r u c k s  and be a  simple s i n g l e  span b r idge .  

Seve ra l  r o u t e s  i n t e r s e c t  i n  t h e  Skowhegan a r e a  and vehiches  

c a r r y i n g  f o r e s t  p roduc ts  f o r  s e v e r a l  paper m i l l s  must c r o s s  t h e  

r i v e r  a t  Skowhegan. A l l  t r a f f i c  must c r o s s  one b r i d g e .  This  b r idge ,  

t h e  Margaret Chase Smith Bridge over t h e  no r th  channel  of  t h e  Kennebec 

i s  a  new simple span b r i d g e  125 f e e t  long and 58 f e e t  wide and con- 

s t r u c t e d  wi th  n ine  T beams. It h a s  an 8 inch  Por t land  Cement Concrete 

deck. Th i s  b r i d g e  appeared i d e a l  a s  it was longer  than  any t r u c k ,  

new and w e l l  mainta ined and provided s u i t a b l e  s t i f f n e s s .  

F igure  1 shows t h e  major c o n s t r u c t i o n  of d e t a i l s  of t h e  b r idge .  

The I beams a r e  connected with  s u i t a b l e  diaphragms f o r  t r a n s v e r s e  

d i s t r i b u t i o n  of loads .  

Since t h e r e  was some ques t ion  a s  t o  whether t h e  b r i d g e  might 

be s o  s t i f f  a s  n o t  t o  p rov ide  ou tpu t  from s t r a i n  gauges it was de- 

c ided  t o  ins t rument  one I beam and conduct t e s t s  on t h i s  b e f o r e  

spending t h e  money t o  ins t rument  a l l  I beams. 

The B i t e c  Corp., Westford, Massachusetts  agreed t o  equip  one 

I beam and conduct ou tpu t  t e s t s .  They ins t rumented one 1 beam, #4, 

a t  t h e  c e n t e r  of the  b r i d g e  and took s u f f i c i e n t  d a t a  t o  i n d i c a t e  

t h a t  ou tpu t  l e v e l s  were h igh  enough t o  warrant  completion of t h e  plan- 

ned ins t rumenta t ion .  The d e c i s i o n  was t hen  made t o  have Mitec complete 

t h e  i n s t rumen ta t ion  of  t h e  e i g h t  g i r d e r s  which was completed s h o r t l y .  

S t r a i n  gauge ins t rumenta t ion  c o n s i s t e d  of HBW2-35-125-6-10HP 

s i n g l e  weldable gauges. A f t e r  welding t o  t h e  s t e e l  beam each gauge 

a s  p rope r ly  covered wi th  a waterproof ing compound. 
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Each I beam of  t he  e i g h t  ( t h e  n i n t h  was omi t ted  f o r  reasons  

which w i l l  be  expla ined  l a t e r )  was equipped wi th  f o u r  of t h e  s i n g l e  

gauges. The gauges were placed t r a n s v e r s e  t o  t h e  t r a f f i c  flow a t  

t h e  midpoint  of t h e  b r idge .  Two were mounted on t h e  bottom f l a n g e  

and two on t h e  t o p  f l a n g e  of each I beam. The gauges were t hen  

wired i n  a fou r  arm Whetstone b r i d g e  s o  t h a t  when t h e  vehicuLar 

b r i d g e  was s t r e s s e d  t h e  o u t p u t s  from t h e  two t o p  f l a n g e  gauges 

would be nega t ive ,  i n d i c a t i n g  compression and t h e  o u t p u t s  from t h e  

two bottom f l ange  gauges would be  p o s i t i v e ,  i n d i c a t i n g  t ens ion .  

Thus, s t r e s s e s  would a l l  r e s u l t  i n  a r e s i s t i v e  unbalance of a l l  

t h e  arms of  t h e  s t r a i n  gauge b r i d g e  such t h a t  t h e  changes would 

be  a d d i t i v e  and the  maximum e l e c t r i c a l  ou tpu t  would be obta ined .  

Also t h e  f a c t  t h a t  a l l  arms o f  t h e  b r i d g e  a r e  gauges of t h e  same 

m a t e r i a l  p rov ides  automat ic  compensation f o r  temperature  changes. 

Figure  2 shows t h e  p o s i t i o n i n g  s f  t h e  gauges on t h e  f l a n g e s  

o f  t h e  I beams and t h e  e l e c t r i c a l  connect ion of  t h e  gauges. 

The bu lk  of t h e  heavy t r a f f i c  on t h i s  b r i d g e  is southbound, 

There a r e  two l a n e s  southbound and one northbound, Because o f  a  

s h a r p  curve southbound j u s t  b e f o r e  t h e  b r i d g e  most l a r g e  v e h i c l e s  

s t r a d d l e  bo th  southbound lanes. Because our  temporary record ing  

equipment had on ly  e i g h t  channe ls  a v a i l a b l e  the n i n t h  I beam under 

t h e  northbound sidewalk was l e f t  ungauged. 

S ince  s h o r t  and long wheel b a s e  v e h i c l e s  of t h e  same weight 

cause  d i f f e r e n t  s t r a i n  on t h e  gauge system a co-ax senso r ,  set up 

t o  d e t e c t  and record  a x l e  counts ,  was i n s t a l l e d  on t h e  t r a n s v e r s e  

c e n t e r  l i n e  of t h e  b r i d g e  d i r e c t l y  over  t h e  gauges and cover ing 





t h e  two southbound l a n e s .  The ou tpu t  of t h i s  sensor  was recorded 

on t h e  l a s t  o r  e i g h t h  channel  of t h e  r eco rde r .  Thus. t h e  p re -  

l imina ry  t e s t s  have ou tpu t  d a t a  on ly  on seven I beam gauges. 

A Vishay 8 channel  s t r a i n  gauge c o n d i t i o n e r  and a m p l i f i e r  was 

connected t o  each of  t h e  seven 4  gauge b r i d g e s  through s h i e l d e d  

c a b l e s  brought  t o  a  t e rmina l  box a t  t h e  end of  t h e  b r idge .  Balancing 

of t h e  gauge b r i d g e s  was done wi th  no l i v e  load  on t h e  br idge .  t h u s  

t h e  dead load  was balanced o u t  p rov id ing  ze ro  ou tpu t  from t h e  

a m p l i f i e r s .  The ou tpu t  of the  s i g n a l  c o n d i t i o n e r s  were f ed  t o  an 

e i g h t  channel  Gould s t r i p  c h a r t  r eco rde r .  

S t r a i n  gauge readout  a c c u r s  showing t h e  s t r a i n  a s  each a x l e  

pas ses  over  t h e  gauges. Hoever, it is n o t  p o s s i b l e  t o  o b t a i n  

s e p a r a t e  a x l e  weight a s  t h e  b r i d g e  is under s t r e s s  from t h e  moment 

t h e  v e h i c l e  e n t e r s  t h e  span. Maximum s t r a i n  does occur ,  however. 

when t h e  heav ie r  load  c a r r y i n g  s e c t i o n  of  t h e  v e h i c l e  i s  spanning 

t h e  gauge l i n e .  

Since,  a s  was mentioned p rev ious ly ,  he$vies t  loaded t r u c k  

t r a v e l  is  southbound on t h i s  b r idge ,  a l l  dafa  was taken  and c a l i -  

b r a t i o n  completed f o r  t h i s  d i r e c t i o n  on ly .  !Seve ra l  runs  o f  r a w  

d a t a  were taken f o r  two loaded c o n d i t i o n s  o i  t h e  two c a l i b r a t i o n  

v e h i c l e s ,  one a  t r i a x l e  v e h i c l e  loaded t o  7#.400 pounds g r o s s  and 
I 
' I t h e  o t h e r  an 18 wheel semi-loaded t o  80,100 pounds. One p o i n t  , 
I ' 

f o r  a  road g rade r  of known weight i s  a l s o  shpwn. 
/ 
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Several  days da ta  were taken on rep resen ta t ive  types  of t r u c k  

t r a f f i c  moving southbound. Summaries of t h e  readout d a t a  on r e -  

p r e s e n t a t i v e  types of veh ic les  i s  included. Since the  raw da ta  on 

c h a r t  paper a r e  d i f f i c u l t  t o  reproduce f o r  r e p o r t  purposes,  includ- 

ing it a l l  has  no t  been attempted. However. a r ep resen ta t ive  
I 

readout of 3 veh ic les  is reproduced on Figure 3  t o  h e l p  i n  under- 
4 
i s tanding t h e  form i n  which t h e  d a t a  were recorded and a l s o  t o  pro- 
1 

vide  a  look a t  t h e  dynamic por t ions  of t h e  s t r a i n  s i g n a l .  This > 

w i l l  be discussed l a t e r .  I 

F igure 4 g ives  the s t r a i n  gauge output  f o r  each of t h e  c a l i -  

b r a t i o n  veh ic les  s tud ied ,  by channel. Values a r e  i n  d i v i s i o n s  1 
of d e f l e c t i o n  propor t ional  t o  s t r a i n  f o r  each channel of t h e  s t r i p  i 

E 
c h a r t  recorder .  I 

I 

Figure 5 shows a  p l o t  of t h e  c a l i b r a t i o n  runs  f o r  4 veh ic le  

types.  A s  was expected t h e  d i f f e r e n t  veh ic le  a x l e  spacings s t r e s s  

t h e  br idge  d i f f e r e n t l y  so  t h a t  c a l i b r a t i o n s  must be done f o r  each 

type of vehic le .  This c h a r t  r ep resen t s  t h e  da ta  from the  rough 

f i r s t  t r i a l  t o  prove f e a s i b i l i t y .  

Another observat ion of i n t e r e s t  can be seen on Figure 3, 

which shows t h e  dynamic e f f e c t  on t h e  br idge .  The output  f o r  t h e  

18 wheel ch ip  t ruck  shows a  3 Hertz,  approximately s inuso ida l  

v a r i a t i o n  i n  t h e  s t r a i n  with an amplitude i n d i c a t i n g  a  dynamic 

s t r e s s i n g  of t h e  g i r d e r s  and br idge  deck equiva lent  t o  about 

20-30.000 pounds. assuming t h e  veh ic le  weighed 80,000 pounds p l u s  

which i n  a l l  p r o b a b i l i t y  it did.  (Based on raw da ta  c a l i b r a t i o n  

- . . . .. - - - 
-- 





V e h .  # Weight I B e a m  o r  Channel N u m b e r  Tota l  Average 

1 2 3 4 5 6 7 

Trac tor  T r a i l e r  (5 A x l e )  

80,100 60 30 40 45 35 30 25 265 
80,100 93 55 52 38 30 18  15 301 

80,100 52 28 38 44 42 30 28 2 62 

Tr iax le  (2  Axles down) 



Figure 5 AVERAGE OUTPUT IN MMS CALIBRATION RUNS - FIRST ROUGH CALIBRATION 



f o r  t h i s  type of t ruck)  A rough c a l c u l a t i o n  of the  resonant  f r e -  

quency of t h e  br idge  i n d i c a t e s  t h a t  it i s  of t h e  order  of s e v e r a l  

h e r t z  s o  t h a t  any t ruck  with a  poorly balanced suspension i s  going 

t o  e x c i t e  t h e  br idge  i n  t h i s  range. Any misalignment of t h e  road- 

way a t  t h e  br idge  boundary which permits  a  drop o r  bounce of t h e  

vehic le  w i l l  a l s o  e x c i t e  such a  resonance. I n  add i t ion  t o  t h e  ob- 

se rva t ion  of t h e  dynamic v a r i a t i o n s  another  unusual f e a t u r e  was 

not iced.  For most a l l  heavy veh ic les  t h e  s t r a i n  recorded decreased 

i n  t h e  g i r d e r s  a s  t h e  d i s t ance  from the  t ruck  increased ,  which was 
I I 

I t o  be expected. However, t h e  s t r a i n  increased markedly again i n  

t h e  l a s t  g i r d e r ,  i . e . ,  #1, which a t  f i r s t  appeared unl ike ly .  D i s -  

n 

cussion with s e v e r a l  br idge  des igners  and engineers  ind ica ted  t h a t  

t h i s  phenomenon is not  unknown and has been documented by s e v e r a l  
I 

o t h e r  inves t iga to r s .  The cause is  complex and probably t h e  r e s u l t  I 

I 
I 

of s e v e r a l  i n t e r a c t i o n s .  (See Research Pro jec t  HPR-175-332 David I I 

I 
G.  Bowers, Conn. D.O.T. R & D Sec t ion) .  

P r i o r  t o  tak ing  t h e  next s t e p  towards a more accura te  c a l i b r a -  

t i o n  and automation of da ta  recording,  a  s tudy of t h e  way t h e  s t r a i n  

i s  d i s t r i b u t e d  across  t h e  br idge  t o  o t h e r  Lanes was undertaken. 

I t  was obvious t h a t  loads i n  t h e  northbound lane  would r e f l e c t  s t r a i n s  

t o  sauthbound l anes ,  a  p o t e n t i a l  source of e r r o r .  Also l ane  1 

da ta  was not r ep resen ta t ive .  Detai led s t u d i e s  showed t h a t  f o r  

automobiles northbound, r e f l e c t e d  s t r a i n  would be we l l  wi th in  t h e  

e r r o r  of t h e  system when dea l ing  with veh ic les  of t h e  order  of 
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80,000 t o  120,000 pounds. Also e l i m i n a t i n g t h e  gauge o u t p u t s  under 
I 
I 

t h e  northbound l a n e  would f u r t h e r  dec rease  opposing t r a f f i c  e r r o r .  
I 

I 

S ince  t h e  p re l imina ry  s t u d i e s  i n d i c a t e p  t h a t  an acceptable 1 
I 

' I system was p o s s i b l e ,  a  t e n  channel  e l e c t r o n @  summing a m p l i f i e r  was 
I 

I 1 
purchased which could accep t  o u t p u t s  from any of t h e  gauge ou tpu t s ,  

t 
1 t h r u  10,  it d e s i r e d  t o  sum. The ou tpu t  o$ t h e  summed channels  

I 
would be d i sp l ayed  on a  2 channel  Hewlett  s 

I 

The second channel  d i sp l ayed  t h e  a x l e  coun A block diagram 1 
I 
t 

of t h e  summer i s  shown on F igure  6. Each a 
z 
$ and ou tpu t  g a i n  a d j u s t e d  t o  provide a  s a t  I e 

HP c h a r t  r eco rde r .  

One problem occurred.  It was observed t h a t  a  d i f f e r e n t  

ou tpu t  was produced depending on where i n  t h e  two southbound l a n e s  
C 

h 
t h e  v e h i c l e  t r a v e l l e d .  A smal l  e r r o r  w i l l  b e  exper ienced because 1 

? 
of t h i s  b u t  tests i n d i c a t e d  t h a t  t h e  e r r o r  was s m a l l e s t  when out-  I 

1 
r: 
t 

p u t s  from beams 2, 3 ,  4, 5, 6, were summed This  was t h e  technique  r 

1 
used f o r  t h e  f i n a l  c a l i b r a t i o n  and t r u c k  

I. 

C a l i b r a t i o n  was accomplished us ing  a 

load.ed t o  82,700 lbs., a  t r i - a x l e  v e h i c l e  r e a r  and one steer- 
I 
i 
E 
d 

i n g  a x l e )  loaded t o  70,000 lbs. w i th  3 r e a r  a x l e s  down, and a  
! 

I I 
tandem r e a r  a x l e  v e h i c l e  loaded t o  58,340 Ibs, and a l s o  a t  41,580 

lbs. 1 1 

A s  mentioned p rev ious ly  v e h i c l e  i d e n t i f i c a t i o n  i s  accomplished 

us ing  a  co-ax c a b l e  a c r o s s  t h e  two southbound l a n e s  a t  t h e  c e n t e r  
I 

of t h e  b r i d g e  co inc iden t  w i t h  t h e  s t r a i n  gauges l i n e .  This  co-ax am3 ! 





i t ' s  s i g n a l  condi t ioner  provide an ax le  cou$t displayed on channel 1 
I I 

two of t h e  HP c h a r t  recorder ,  thus  identifybng t h e  type vehic le .  
1 

! 
I 

1 

During t h e  c a l i b r a t i o n  and random veh4cle da ta  c o l l e c t i o n ,  
I 

1 
F 

v i s u a l  observat ions were taken and no da ta  were recorded i f  t rucks  1 
o r  o the r  heavy veh ic les  were on t h e  br idge  northbound, co inc ident  

with southbound veh ic les  of i n t e r e s t .  
I 
t: 

! 
Observation of output  e f f e c t s  on t h e  southbound g i r d e r  gauges 1 a 

1 

r e f l e c t e d  s t r a i n  by passenger veh ic les  northbound ind ica ted  t h a t  1 
1 

ey were so  small  a s  t o  be i n s i g n i f i c a n t  compared t o  t h e  normal 

e r r o r  of t h e  system and were ignored. Stopped, mul t ip le  veh ic le ,  1 I 
i 1 

northbound t r a f f i c  on t h e  br idge,  i . e . ,  (noon t r a f f i c  o r  o the r  jams) 5 
1 

was cause f a r  an abor t  of da ta  readings,  however. >+ 

3 
6 

RECORDING AND INTERPRETATION O F  DATA 

A s  was mentioned s t r a i n  gauge output  is a funct ion  not  only 

of t h e  weight of t h e  veh ic le  bu t  a l s o  I beam s t r a i n  i s  less per  

pound of load s t r e s s ,  t h e  g r e a t e r  t h e  d i s t ance  between the  major 

load car ry ing  ax les .  

Thus, t h e  semi, loaded t o  82 ,700 l b s ,  spread over approximately 

2 5  fee t  produced less gauge output than t h e  t r i - a x l e  loaded t o  

70,060 lbs. spread over about 16 f e e t .  Ca l ib ra t ion  l i n e s  f o r  the  

s e v e r a l  major types of veh ic le  w i l l  be required.  Since t h e  number 

of a x l e s  i s  being recorded, i d e n t i f i c a t i o n  of t h e  c o r r e c t  vehic le  

I c a l i b r a t i o n  l i n e  t o  use i s  easy. 
I 

f l a g  t h e  computer l o g i c  t o  choose from mem t h e  proper l i n e a r  



c a l i b r a t i o n  formula t o  use. Axle spacing w i l l  a l s o  be measured. 

Figure 7, shows t h e  c a l i b r a t i o n  l i n e s  f o r  a 5 ax le  semi, 

Figure 8 f o r  a t r i a x l e  and 9 f o r  a tandem, 

Raw d a t a  was taken with a two channel HP paper c h a r t  recorder .  

The r i g h t  channel recorded t h e  output  from t h e  summing ampl i f i e r  

showing t h e  output  from channels 2 ,  3, 4 ,  5, 6 added, while a x l e  

counts appeared i n  t h e  l e f t  channel. Speed of the  c h a r t  was 

5 mm/second. Reference t o  some sample c h a r t  da ta ,  Figure 10 

t h r u  14, w i l l  show t h a t  f o r  p r a c t i c a l l y  a l l  veh ic les  t h e  output  

showed an o s c i l l a t o r y  output  superimposed on t h e  gauge output  a s  

t h e  vehic le  crossed the  br idge.  

On t h e  c a l i b r a t i o n  runs,  a reading was a l s o  taken f o r  each 

s e t  with t h e  veh ic le  stopped a t  t h e  cen te r  over t h e  gauge cen te r -  

l i n e .  This reading is  l e s s  i n  a l l  cases  than t h e  peak of t h e  dynamic 

output  with t h e  veh ic le  moving. 

I n  order  t o  compensate f o r  t h i s  v a r i a t i o n ,  t h e  tops  of t h e  

dynamic output curves were rounded o f f  t o  average t h e  t h r e e  0s- 

c i l l a t o r y  peaks f o r  each veh ic le  output .  The f i g u r e  s o  obtained 
J 

1 compareis favorably with t h e  output  with t h e  c a l i b r a t i o n  veh ic le  
1 

I s t a t i o n a r y .  This averaging w i l l  be  done automat ica l ly  when corn- 

puter ized  recording of t h e  da ta  is implemented. 
,' 

Figure 15, shows ax le  spacing and length  f o r  t h e  t h r e e  c a l i -  

b r a t i o n  vehic les .  Because of t h e  na tu re  of t h e  roadway a s  it ap- 
.1 

proaches t h e  br idge ,  a sharp curve immediately following an i n t e r -  







Figure 9 ------ 



FIG. lo H-P Rirndout tot Rondom Vehicles 
* 





FIG. k. H-P Readout for Rondorn Vehicles 



FIG. 13 H-P Rsodout for Random Vehicles 



I 
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sec t ion  i n  downtown Skowhegan, t h e  speed of a l l  heavy veh ic les  

is  within t h e  range of 20-25 mph, reducing somewhat any a d d i t i o n a l  

e r r o r s  t h a t  might be introduced by higher  dynamic o s c i l l a t i o n s .  

RANDOM VEHICLE WEIGHT DATA 

During t h e  month of November of 1982 ,  d a t a  was taken on 7 

randomly chosen days f o r  approximately 4 hours each day. A t o t a l  
1 
4 
1 

of 623 veh ic les  o the r  than  automobiles were observed and weight 

1 d a t a  taken. Figure 16 i s  a b a r  c h a r t  showing t h e  number of v e h i c l e s  
1 
I 

i n  incremental ca tegor ies  of 10,000 pounds. A l l  t rucks  under 

; 20,000, mostly pickups, were lumped together .  Truck t r a f f i c  over 

h i s  br idge averages about 25 per  hour during day l igh t  hours. 

, 
Figures  17 ,  18, 19,  20, 21, 22 and 2 3  show weight d i s t r i b u -  

t i o n  f o r  seve ra l  r ep resen ta t ive  veh ic les  and load types.  

COMMENTS ON OVERLOADS 

Although t h e  products c a r r i e d  by t h e  veh ic les ,  shown on Charts 

hru  23, a r e  probably not  r ep resen ta t ive  of o t h e r  s t a t e s ,  t h e  

overloads probably a r e  r ep resen ta t ive  and t h e s e  c h a r t s  have been 

included because of p o t e n t i a l  i n t e r e s t ,  

It  can be seen from these  c h a r t s  t h a t  between 30-60 percent  

veh ic les  loaded with f o r e s t  products  a r e  aver t h e  l e g a l  maximum 

t. 

' I: 
t i o n s  is  shown. It is obvious t h a t  t h e  peak t o  peak value of some 

Refering back t o  Figure 3 ,  a veh ic le  with t y p i c a l  heavy o s c i l l a -  I 
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RANDOM TRUCK TRAFFIC BY TYPE AND LOAD 

83,000 Lbs. 
80,000 
80,000 

77,000 
77,000 

96,000 
7 1,000 
83,000 

83,000 

94,000 Lbs. 
I 

9 1,500 
80,000 
79,000 
9 1,000 
84,000 
80,500 
91,000 
90,500 I 

Mean ($1 76,68/ Lbs. 
Sfondord ~ev~otion (§fl 9 ,  / 22 
Number of Veh/ic/es 22 
Range 58,000 -96,000 

4 

5% over Leg01 Limit 4.5 

77,060 
84,000 

Meon LFl 82,700 Lba 
Sfondofd Deviofion lSZB B ,253 
N u M f  of V6kic?es 24 
17anqe 
% over Legd Limit 29 29 

I 

I 

I 

FIG . 17 Lotge 5 Axle Semi-Trailer with Tree Length Logs 
-- 



RANDOM TRUCK TRAFFIC BY TYPE: AN0 LOAD 
I 

8 '  1 20,000 Lbs 
8 '  1 08,008 
8  ' 103,DOO 
4 '  86,000 
8 '  1 05,000 
4 '  89,000 
8 '  103,000 
4 ' 104,000 

4 ' 9 1,000 

# e m  (21 /o/, 800 
Stond~t-d Devi~tion (St) 10,066 
&mber o f  Vehicles 9 
Ronge 86, 0sQw?20* 
% over Lepd Limit 8228 



RANDOM TRUCK TRAFFIC BY TYPE AND LOAD 

Gravel 73,000 Lbs. 
Log 67,000 
Dump 59,000 
Hot Top 36,000 

Hot Top 60,000 
Grove l 67,000 
Logs 62,000 
L0gs 47,500 
Grovel 69,000 
Logs 65,000 
Grovel 73,000 

~ c r m  fm 6/#00 
Sfmdord Osviutim ( S g  / 0,700 
N u m k  of Vehic/es / / 

Runge 36,000 - 73,OUU 
% over L e p /  Limit 8/.0 
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RANDOM TRUCK TRAFFIC~BY TYPE AND WAD 

i 
I 

I 

66,oop 
66,000 
82,080 
82,OOP 

I 

66,OOD 

84,00/0 F 

Stondurd Dcviotion fSx'/ 
Number of Vehic/es 

% over Leg@/ L i d  
P 

3 
* 
# 



RANDOM TRUCK TRAFFIC BY TYPE AND LOAD 

100,000 Lbs. 
74,000 
77,000 
74,000 
97,000 
73,500 
67,000 
105,000 
70,000 I 

8 1,000 
82,500 

 eon (XI  8 / ,8 /8  
Sfondord Deviofion {Sf) / 2,364 
Nuder of Vehicles / / 
Runge 70,000- /03,W 
% over t e g d  Limit 2 Z 3  r 

i 

I 

i 
I 
i 

i 

i 
I 
1 

I 

FIG. 21 5 Axle Semi-Trailer Box with Wood Chips 
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I 
I 

I 
I 

I 
I 
I 

, 

I 
f 

I 
i 
1 
I 

I 

I 

Stondord Deviation f S n  a 
Number of Vehicles 

i 
% over Legd Limit i 

i 
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RANDOM TRUCK TRAFFIC BY TYPE AND LOAD 

Propane 80,000 Lbs. 
Tonk 88,000 
Tank 80,000 
Tank 88,000 

Box 44,000 
Empty Flat 8ed 32,000 
Flat Bed-Steel 42,000 
F l ~ t  Bed-Wood 62,000 
Tank 82,000 
80% 44,000 
Box 64,000 
Box 26,000 
Box 64,000 

~ e d n 1 . 3  61,200 
Standard Dwiotion ( S f )  20,836 

M g e  26,000-8&000 
Number of Vehicles /3 

23.0 % Q V W  L @go/ L h d f  

FIG 2 3  5 Arle Semi-Trailer with Misc. Laads 





J '/ 

of these  o s c i l l a t i o n s  r ep resen t s  t h e  s t r a i n  induced by a  s t r e s s  

of t h e  order  of 25,000 t o  30,000 l b s .  Repeated 3 t i m e s  per  second 

t h i s  r ep resen t s  a  f a t i g u e  Loading of t h e  br idge  hundreds of t imes I 
I 

more severe than t h e  usual  passenger sedan. 

A study of a  v a r i e t y  of veh ic les  and loads,  i n d i c a t e  a  l a r g e  

v a r i a t i o n  i n  t h e  degree of e x c i t a t i o n  of br idge  o s c i l l a t i o n .  In  

a l l  p r o b a b i l i t y  o f f  cen te r  o r  unbalanced d r i v e  wheels o r  bogies  

with de fec t ive  suspensions a r e  t h e  cause. With t h i s  i n  mind it 

i s  obvious t h a t  a  g r e a t  d e a l  of road pavement damage s t a r t s  with 

t h i s  type of o f f  cen te r  pounding and when r u t s  o r  h o l e s  of a s  l i t t l e  

a s  an inch o r  two have developed t h e  dynamic loads can e a s i l y  

equal  double o r  more than t h e  s t a t i c  weight of t h e  vehic le .  Thus 

t h e  ex ten t  of t h e  cracks  and r u t s  increase  exponent ia l ly  and rap id  

f a i l u r e  follows. 
I 

Although previously undermannedthe Maine S t a t e  Pol ice  Vehicle 
j 

weight enforcement group has  r e c e n t l y  been re inforced  with increased 
i 

s t a f f  from t h e  P . U . C .  Copies of t h e  d a t a  c o l l e c t e d  on t h e  veh ic les  

t r ave r s ing  t h e  Skowhegan br idge  have been made a v a i l a b l e  t o  them. 

AUTOMATIC DATA RECORDING 

A t  t h i s  time prepara t ions  a r e  underway t o  program an Apple II 

computer with a Cyborg ( ~ s a a c )  i n t e r f a c e  t o  automatical ly  record 

southbound vehic le  da ta  on t h e  br idge.  The I saac  provides s t r a i n  

gauge s i g n a l  condi t ioning and conversion of t h e  analog output  t o  

d i g i t a l  da ta  which along with o ther  needed d a t a ,  w i l l  be  multiplexed 

i n t o  t h e  system and recorded on a  floppy d i s c .  I t  i s  planned t o  



dump t h e  da ta  v i a  a  modem, each day, t o , a  main frame computer 

I f o r  f i n a l  c a l c u l a t i o n  and recording on 9 t r a c k  tape.  Ultimately 

I i 
da ta  w i l l  be p r in ted  out  t o  provide planners  and des igners  t h e  I 

i 
information. I 

i 
I 

Vehicle speed w i l l  be obtained by dsing two induct ive  loops i 
I 

t e n  f e e t  a p a r t  j u s t  ahead of t h e  br idge;  

The co-ax a x l e  counter  w i l l  provide t h e  a x l e  count and thus  I I 

vehic le  i d e n t i f i c a t i o n .  1 
I 

A co-ax i n  t h e  northbound lane w i l ?  provide a  s i g n a l  t o  void 

any da ta  i f  a coincident  northbound t ruok i s  present .  Thus, da ta  

w i l l  be recorded southbound a s  f o l 1 0 w s : ~  veh ic le  count,  t i m e  of 
I 

a r r i v a l  t o  one mil l isecond,  headway, vehicle type,  speed, ax le  i 
3 

1 

spacing and summed s t r a i n  gauge output  $hich w i l l  be converted 
I 

t o  weight by the  h o s t  computer. 1 

This system is  not  intended t o  be 4 l e g a l  enforcement weighing 

system, b u t  one of reasonable accuracy 40 provide genera l  vehic le  
I 

weights f o r  road and br idge  design data4 
I 

The probable accuracy i s  neverkheldss s f  i n t e r e s t ,  

can be est imated,  and a r e  shown below. 

Gauge Ca l ib ra t ion  

Summer Amplifier D r i f t  

Coincident Northbound 
Light Vehicles 

Tota l  Possible  Error  
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Since t h e  e r r o r s  can be + o r  - a t  random t h e  p r o b a b i l i t y  

of a l l  being of t h e  same p o l a r i t y  simultaneously i s  small .  So 

t h e  es t imate  used of 2 5% o r  a  t o t a l  of 10% max. e r r o r  i s  reason- 

able .  For t h i s  kind of system recording veh ic le  weight and type ,  
I 

f o r  design d a t a  c o l l e c t i o n  + 5% i s  very acceptable .  

GENERAL COMMENTS ON SYSTEM 

The s t r a i n  gauges and i n s t a l l a t i o n  c o s t  approximately $12,000. 

The computer and i n s t a l l a t i o n  w i l l  c o s t  about $15,000. Engineering 

i 
c o s t s  a r e  not  included. The computer can be moved t o  o t h e r  br idges .  I 

Other br idges  can e i t h e r  have permanently welded gauges o r  clamp 

on types can be i n s t a l l e d .  

Maine i s  undertaking t h e  i n s t a l l a t i o n  of s e v e r a l  s i t e s  which 

w i l l  use t h e  I .R.D. W . I . M .  system. One s i t e  w i l l  be  near t h e  

Skowhegan br idge  W.I .M.  system discussed here.  Cross checks of 

v e h i c l e  weights can then be made. 

Even though t h i s  br idge  system does not  g ive  a x l e  weights 

it represen t s  t h e  l e a s t  expensive v e h i c l e  W.I.M. system f o r  genera l  

veh ic le  ~ E a s s i f i c a t i o n  and weights a v a i l a b l e .  A s  we a r e  using t h e  

system, d a t a  a r e  being accumulated by t h e  Research Divis ion f o r  

planning and design purposes a s  we l l  a s  providing a means of measur- 

ing t h e  e f f e c t  iveness  t h e  S t a t e ' s  overweight enforcement program. 
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DESIGN AND OPERATION W WE IGH-IN-MOTION SITES 

FOR ENFORCEMENT MEIGHING - 
Use o f  WIM equipment f o r  veh ic le  weight enforcement requires t ha t  

t r a f f i c  cont ro l  features be considered during the  i n i t i a l  stages of a p ro j ec t  

t o  ensure e f f  i c i  ency and encourage operat i  gnal safety; Thi s repor t  provi  des 

t yp i ca l  t r a f f i c  control  appl icat ions f o r  t he  three basic categories of  

WIN: High Speed WIM (p reva i l i ng  highway speeds); moderate speed WTM 

( located on a ramp); and Low Speed Wim (selected roadside areas). The 

information presented i s  a r e s u l t  o f  on-site reviews o f  WIN operations, 
B 
I 
4 

experience gained from States t h a t  u t f  li ze WIM equipment f o r  weight enforcement 

and r e f  l ects ex i s t  i ng pract ice as we1 1 as recommended r e f  i nement s , 

High Speed HIM 

For WIM at  preva i l  i ng highway speeds, the scal es may be located i n  
t 

t he  r i g h t  Sane o r  i n  mu l t i p l e  lanes w i t h  transducers and loops connected 

t o  a curbsi de junct ion Box, The operator1 s console and other necessary 

equipnent i s  located i n  a van, motor hme, t r a i l e r ,  o r  other vehic le and 

posi t ioned adjacent t o  the curb-si de junct ion box but parkeq f a r  enough 

from the  edge o f  t h e  t r ave l  lane t o  provide a c lear roadside. 

4 b 
Right Lane Only Scale (Figure 1)--Weighing t rucks a t  high speeds should 4 1 

be done on r u r a l  highways w i t h  ADT's below 10,000 vehicles per day. Thus, J 

problems associ ated w i th  lane changes and enforcement act ions as a r e s u l t  

o f  the WIM operation can be minimized. 

f 4  
A 



FIGURE I 

TYPICAL TRAFFIC CONTROL APPLICATION 
HIGH SPEED WIM OPERATION 



Since lane assignment i s  necessary when scales are located i n  one 

lane, an ad!ance warning s ign i s  recommended t o  a l e r t  d r l ve rs  t o  the  

type of a c t i v i t y  ahead fo l lowed by a regu la tory  s ign d i r e c t i n g  a11 t rucks 

i n t o  the r i g h t  lane. Another warning s ign informing a l l  d r i ve r s  t o  

maintain t h e i r  speed supplemented w i t h  a 55-mI l e  per hour. advisory speed 

p l a t e  should minimize reductions i n  speed. Since the  HIM equipment 

i s  used on ly  a t  locat ions where preconstructed frames and junc t ion  boxes 

have been ins ta l led ,  i n s t a l l a t i o n  o f  permanent posts and s igns (w i th  

prov is ions f o r  covering, fo ld ing,  o r  tu rn jng  away from t r a f f i c )  w i  11 

expedite set-up time. I f  por tab le  signs are used, set-up t h e  w i l l  

be reduced i f  proper s ign locat ions are marked on the pavement. It 

should be emphasized t h a t  any signs used during t he  HIM operation must 

be removed, covered, o r  turned away from t r a f f i c  when the WIM operat ion 

i s  terminated. 

Enforcement a c t i v i t i e s  are usual ly  cond 

o f  the weighing operation t o  enable enforc personnel t o  receive 

the rad io  message and sa fe ly  d i r e c t  the po ten t i  a1 l y  overweight veh ic le  

t o  a su i tab le  roadsfde area f o r  enforcement weighing. West eveas, 
I 

turnouts, o r  areas constructed speci f  i e a l  1 y f o r  enforcement act  ions 

and/or safety inspections are mare su i tab le  than shoulder areas or  

one o f  t he  through lanes. 



Potential problems associated with a right lane only high speed .. 
HIM operation include: 

. Weaving that takes place after encountering the T"ucks 

Right Lane Only" sign 

. Drivers who deliberately avoid or intorrectly traverse 

the scale 

. Drivers who slow or stop on the scale 

. Problems associated with directing potent i a1 ly overweight 

vehicles out of the traffic stream for enforcement weighing. 

Multiple Lane Scales -- The use of WIM scales i n  all through lanes 

is advantageous because: (1) little or no advance signing is required, 

(2) it a1 lows drivers to stay in their lanes, and (3) provides for the 

weighing of more trucks and results in fewer erroneous weighings due 

to drivers incorrectly traversing the scales. It does, however, increase 

the cost of the operation and complicates the sorting of potentially 

overweight vehicles out of the traffic stream because trucks can use 

all through lanes and volumes are usually higher. 

Under these circumstances, the need for off-the-~oad enforcement 

areas is even more critical. It may also be necessary ta increase the 

distance from the WIM operation to the enforcement area to permit a 

safer sorting operation of potentially overweight vehicles. 



Moderate Speed WIM 

Figure02 shows a t y p i c a l  t r a f f i c  cont r  p lan for  a permanent weigh 

s ta t i on  t h a t  has been redesigned t o  provide a moderate speed WIM 

operation. Convent i anal scale operat i on  co 1 devices such as edvance 

guide signs and gore s ign ing i s  assumed t o  n i n  place. General 

design values f o r  the ramp w i l l  vary depend n the geametrics of 

each p a r t i c u l a r  weigh stat ion.  Fol lowing a e of the design conr iderat  ions 

necessary f o r  the i n s t a l l a t i o n  o f  WIM scales a t  permanent weigh s ta t ions:  

1. Ramp grades should be such t h a t  d r i ve rs  t raverse the WIM scale 

on r e l a t i v e l y  f l a t  grades and have $ c lear  view o f  t r a f f i c  

con t ro l  devices beyond the scale and roadway geometrtcs i n  

the v i c i n i t y  o f  the scale house. 

2.  I t  i s  suggested t ha t  a design speed o f  about 30 m i  les 

per hour be used t o  weigh t rucks i n  mot-ion on ramps and t o  
* 

determine the loca t ion  o f  lane designation signals. 

3,  The length  o f  a ramp leading t o  a pemanent weigh s ta t i on  i s  

one o f  the c r i t i c a l  elements neees Y for  adapting an ex i s t i ng  

s i t e  t o  a W I M  operation. The dece a t ion  lzlne and ram$ should 

be o f  s u f f i c i e n t  length t o  permit adequate t ime t o  e m u n i e a t e  

w i t h  d r i ve rs  and t o  provide s u f f i c i e n t  deeeleratton distance 

t o  avoid backup on the mafn t ine.  

o f  the e x i t  ramp t o  the WIM equi located i n  t he  ramp should 

be adequate f o r  vehicles t o  dece 



FIGURE 2 

1 YPJCAL TRAFFIC CONTROL APPLICATION 

MODERATE SPEED WIM OPERATION 



w i t h  minimal b rak ing  and/or t o  accomnodate a minimum o f  f i v e  

t rucks  w i t h  100-foot headways. The recommended dis tance o f  

abeut 700 f e e t  i s  based on a dece lera t ion  r a t e  o f  4 f e e t  per  

second-per second (660 f e e t )  o r  t h e  length o f  f i v e  t rucks  (300 

f e e t )  p l u s  four 100-foot headways (400 f e e t ) ,  

4. I t  i s  des i rab le  t h a t  t h e  pavement be two lanes wide between 

t h e  WIM f n s t a l l a t i o n  and t h e  s t a t f c  scale. One lane i s  used 

as a bypass o f  the  s t a t i c  scale so t h a t  l e g a l l y  loaded veh ic les  

can r e t u r n  t o  t h e  through lanes. Dr ivers  w i t h  l e g a l  loads 

should have a c l e a r  view o f  t he  bypass lane. The o the r  lane 

accomnodates t rucks  t h a t  are d i rec ted  t o  t h e  s t a t i c  scales 

for enforcement weighing. 

5. Once a veh ic le  passes over the  HIM scale located i n  t h e  ramp, 

lane assignments must be made t o  e i t h e r  d i r e c t  a veh ic le  t o  

bypass the  s t a t i c  scales o r  d i r e c t  them t o  the  scales f o r  w j g h i n g .  

Assuming a design speed o f  30 m i les  per hour and a percept ion 

r e a c t i o n  t h e  o f  3.5 seconds a f t e r  t he  rear wheels o f  a 60- 

f o o t  t r u c k  and t r a i l e r  pass over t h e  WIM scale, a minjmum distance 

of 225 fee t  i s  recornended from the  HIM scale t o  t h e  lane designat ion 

s igna ls .  A 225-foot d is tance minimizes the  possi  b j l  i t y  t h a t  

a second t ruck  w i l l  en ter  t h e  area beyond t h e  WIM scale before 

t h e  f i r s t  t ruck  passes under t h e  lane designat ion s igna l  (assuming 

t h e  100-foot  headways are maintained). 



The limited experience to date suggests that drivers recct 

bener to the signal if it is presented to each driver from 

a "no signal" display to a positive indication, even though 

the signal controller holds the first signal display until 

the first truck passes. 

It is preferable that lane assignments be made by lane-use 

control signals located approximately over the center of the 

lanes to be controlled. These lane use control indications' 

should not be less than 15 feet nor more than 19 feet above 

the pavement grade. 

6. The distance from the lane-use control signals to the static 

weigh station should be adequate for a truck passing under the 

signal to comfortably decelerate from the assumed speed of 

30 mi les per hour to a stop condition before going across the 

scale. Using a deceleration rate of 3 to 6 f e e t  per ,second 

requires a minimum distance of 160 feet--with a more desirable 

distance being about 350 feet. 



I 
I 
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i 

I 

I . I 

Twu States t h a t  use WIM u t i l i z e  a second set  o f  lane use con t ro l  
! 
j 

s igna ls  immediately beyond the scale house, which i s  common t 1 
p rac t i ce  a t  many conventional weigh stat ions.  These s igna ls  B 

I 

can benef i t  a WIM operation by: 
, 

a. Reinforcing the f i r s t  lane-use cont ro l  s igna l  

fo r  l ega l  vehicles, i nd i ca t i ng  t h a t  i t i s  permissib le 

t o  r e tu rn  t o  the freeway i n  the bypass lane. e 

b. Stopping, through manual actuation, p o t e n t i a l l y  kk g 

overweight t rucks t h a t  are using the bypass lane. Stopped 4 
B 

t rucks can be d i rec ted t o  r e tu rn  t o  the scale by using 6 1 
the t u r n  around. 6 

7. A t  permanent weigh s ta t ions t h a t  have i n c o r p ~ r a t e d  1 
F 

moderate speed WIM equipment, t r a f f i c  con t ro l  must guide k- jt 

the dr ivers  con f iden t l y  through the s ta t i on  a t  appropriate 1 
F 
P 

speeds w i t h  safe headways. A s ign opposfte the e x i t  gore 
$9 

"; 
and 700 f e e t  i n  advance o f  the WIM scale, d i r ec t s  the d r i ve rs  1; 
t o  keep 100 f e e t  apart.  About 200 f e e t  c loser t o  the  WIM [! 

ri 
s; 

scale a s ign advises the d r i ve r  t o  maintain the speed t h a t  q: 9: 

i s  appropriate f o r  t h a t  pa r t i cu l a r  WIM i n s t a l  f a t  ion. approximately 

50 f e e t  from the WIM scale, pavement edgelines should begin 

t o  taper inward t o  the edge o f  t he  scales t o  help center t h e  
ki k- 

t r uck  laterilly i n  the lane as i t  passes over the  UIM scale. 
+.$ 9 
g: 
@ 
& e 
i i -  
si 



Low Speed W I M  

Low speed WIM operations are general ly  conducted u t i l i z i n g  equipment 

t h a t  i s  brought t o  a s i t e  i n  e i t h e r  a van o r  a t r a i l e r  t h a t  contains 

a1 1 W I M  equipment and appropriate t r a f f i c  con t ro l  devices. Idea l  ly ,  

the weighing operation should be performed i n  convenient turnouts o r  

other off-the-road areas. If these s i t e s  i r e  not  avai lable, a shoulder 

area s u f f i c i e n t  t o  accomnodate low speed t ruck t r a f f i c  can be used. 

I t  i s  suggested t ha t  shoulder weighing be conducted only on r u r a l  sections 

o f  highway w i t h  volumes below 7,000 ADT. I n  addi t ion,  shoulder weighing 

operations should be t reated as a short-term maintenance zone and signed 

and marked i n  accordance with Par t  V I  o f  t he  Manual on Uniform Y ra f f  i c  

Control Devices (MUTCD) . 
One o f  the fundamental considerat ions o f  shoulder weighing 

operations i s  the  se lec t ion  o f  s i t e s  w i t h  g ~ o d  advance s i gh t  distance. 

While f l a t  grades are-sui table,  long sag v e r t i c a l  curves are even more 

desirable. 

The se lect ion o f  s i t e s  and the development sf t r a f f i c  con t ro l  plans 

f o r  i nd i v i dua l  s i t e s  should be done j o i n t l y  by t r a f f i c  engineering and 

enforcement personnel. Once su i tab le  s i t e s  have been located; premarking 

the  pavement for  s igning and other devices can reduce se t  up t ime and 

ensure consistency o f  appl icat ion. 

Figures 3 and 4 i l l u s t r a t e  two t y p i c a l  appl icat ions f o r  a weighing 

operation an the  r'ight shoulder o f  an I n te r s ta te  highway. 
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t 
In the typical application in Figure 3, which is being used by 1 

ii 
I 

at least one State, a standard lane closure treatment with appropriate 
i 1 

advance warning and speed reduction signs and channel Iring devices, i 
h 

is used to merge all traffic into the left lane. Once i n  the left lane, 1 
I 

trucks are instructed, through the use of redulatory sfgnr, to exit I 

I 
onto the shoulder where the weighing operation is conducted on either X 

i I 

portable WIM scales or portable static qcales. The exit path across 
i the right lane is delineated with channelitidg devices and from this a 
t 

I 
point past the portable scales, the right lane remains closed. i- 

I I 

A potenti a1 problem with this appl icatipn involves the screening 
a 
1 
R 
B 

of trucks from the traffic stream, resulting in the slowing of all traffic i 
!i 

at the truck exit area. Also, because o f  vi$ibility problems, some 

automobiles will inadvertently follow trucks into the weigh area. i 
! 

Figure 4 presents another typical t r a f f i c  control application for E: 
f 

weighing trucks on the shoulder. In contrast to the prevlous application 1 
where all traffic is channelized into one lane before trucks are sorted, E 

I 
thjs alternative requires trucks to be sortep while maintaining two 1 
lanes o f  traffic. Regulatory signs direct trucks to the right  lane i 

[ 
while other traffic i s  directed to merge l e f k  where f t  can bypars the E 

1 
5 

weighing operation with only a minimal reduction , in speed. The sorted 1 

trucks in the right lane are channelized to the rlght shoulder for weighing. i 
B 
i 

I < 











RTAP - Demonstration of Coordinated Weight 
Monitoring and Enforcement Program Using WIM 

Equipment i n  Texas 

0 t t o  Wehring 
Texas S t a t e  Department of Highways 

and Public Transportat ion 

History of W I M  System Development i n  Texas 

Texas S t a t e  Department of Highways and Public Transportation (SDHRT) has 

been involved i n  the  development of the  weigh-in-motion (W'IM) concept s ince  

1963 through reaearch and p r a c t i c a l  applicat ions.  The development of our 

system has been i n  cooperation with The Universi ty of Texas a t  Aus t in ' s  

Center f o r  Transportation Research (CTR) and the  Federal Highway Admini- 

s t r a t i o n  (F'HWA). The bas ic  goal has been t o  f ind  an e f f e c t i v e ,  e f f i c i e n t  

and s a f e  means of obtaining representative? s t a t i s t i c a l  t ruck weight da ta .  

Data t h a t  w i l l  provide the  bas i s  f o r  geometric and s t r u c t u r a l  design of 

highway pavements and bridges. The da ta  a r e  a l s o  invaluable i n  the  plan- 

I ning, operat ion,  maintenance and budgetary processes f o r  the e n t i r e  high- 

way system. 

The RTAP pro jec t  i s  viewed as an excellent: opportunity t o  extend the  W I M  

concept i n t o  an improved operat ional  t ruck wai&fng program i n  Texas and 

t o  provide base l ine  evaluat ion inkormation i n  the  na t iona l  i n t e r e s t .  This 

p ro jec t  allows appl ica t ion  and evaluat ion of s ta te-of- the-ar t  equipment i n  

an opera t ional  environment. 

I 
S t a t e  A P ~ B C V  O r ~ a n i z a t i o n  and Responsib i l i t ies  

The SDHPT and Department of Public Safety (DPS) a r e  organized a s  sepa ra te  



agencies  of the  S t a t e .  The SDHPT has  the  r e s p o n s i b i l i t y  f o r  planning, 

cons t ruc t ion ,  maintenance and opera t ion  of the  highway system. The DPS ! 
has  t h e  r e s p o n s i b i l i t y  of law enforcement and o t h e r  a c t i v i t y  concerning i 

I 

t he  s a f e t y  of  t h e  motor i s t  us ing  the highway system. The BPS, a s  t h e  

ch i e f  law enforcement agency, a l s o  has  o t h e r  customary respons ib le  d u t i e s  j 
i n  t h e  p ro t ec t ion  of our  c i t i z e n s .  1 

A very important func t ion  of DPS i s  the s i z e  and weight enforcement. An I 

I I 
ex tens ive  and cont inuing  program i s  conducted t o  d e t e r  ove r s i ze  o r  over- 

weight v e h i c l e s  from us ing  Texas highways. Vigorous enforcement enhances 

s a f e t y  and p r o t e c t s  t he  tremendous investment i n  t h e  highway system. A l l  

weight enforcement p re sen t ly  i s  based an l e g a l l y  recognized s t a t i c  weights 

obtained wi th  permaneat, semi-portable o r  po r t ab l e  s ca l e s .  Considerable 1 
i 
1 

r e s su rces  a r e  needed es  cover a p p r o x i m t c l g  3000 miles  of i n t e r s t a t e  high-  B 
I 

I 
ways and 70,080 miles  s f  t he  va r ious  o the r  types of highways i n  our  system. i 
S i z e  and Weight Enforcement Operation 

The DPS License and Weight Serv ice  u t i l s z e s  f96 collpmiesioned o f f i c e r s  t o  I E 
o p e r a t e  8 permanent eca l e s ,  15 semi-portable ( t r a i l e r  t ranspor ted)  s c a l e s ,  1 

l 
and over 700 por t ab le  h e e l - l o a d  weighers (4 per car) in weight cnforce-  1 # 

ment a c g i v i t i e s  over t he  S t a t e .  S i x  a d d i t i o n a l  semi-portable ( t r a i l e r  

I i 
i t r anspor t ed )  units will be placed i n t o  opera t ion  after September l, 1983, g 

S 8 
Texas does not taae t h e  port of entry truck weight system bu t  r e l i e s  upon b v 
the  pa t ro l fng  method o f  stopping a truck any tfme it i s  aaspectcd of being 4 

8 
i n  v i o l a t i o n .  This procedure does no t  preclude the opcratfon a £  road g 

Li 

blocks f o r  an  i n d e f i n i t e  per iod t o  d e t e c t  v i o l a t e r s .  A t o t a l  of 675,356 

t rucks  were stopped i n  1982, of which approximately one-third were 



weighed. Some trucks had oversize and overload permits and o the r s  had a 

weight r ece ip t  issued fo r  the  p a r t i c u l a r  load by a l e g a l  public  weigher. 

A number of those stopped were obviously not  i n  any weight v i o l a t i o n  and, 

consequently, were not  weighed. The o f f i c e r  must determine whether h i s  

weighing operat ion would produce s u b s t a n t i a l  evidence t o  i s s u e  a c i t a t i o n .  

I n  the  1982 calendar year,  c i t a t i o n s  were issued f o r  t h e  following 

v io la t ions :  

Over 20,000 lb .  ax le  load 

Over 34,000 l b .  tandem a x l e  load 12,782 

Over gross weight 19,483 

Over Size  

Over weight by bridge formula 14,546 

MSscellaneoua weight v i o l a t i o a s  5 3 

Tota l  c i t a t i o n s  issued 59,104 

The DPS i s  i n t e r e s t e d  i n  any p r a c t i c a l  means of fmproving the  e f f e c t i v e -  

ness of s i z e  and weight enforcement. The WIM demonstratfan p ro jec t  w i l l  

allow cur ren t  weight enforcement procedures t o  be appraised and provides 

an opportunity f o r  evaluat ing aew techniques and technology which may be 

adopted i n t o  p rac t i ce  when proven adequate. 

Equipment Selected f o r  the  Demon&trat$on 

The FdIH damnat ra t ion  w i l l  be a cooperative e f f o r t  of the FWA, SDHPT, 

DPS AND CTR, UT a t  Austin. The demonstration w i l l  be a coordinated pro- 

gram using the in-pavement W I M  equipment manufactured by Radfan Coxpora- 

t ion .  Data w i l l  be co l l ec ted  f o r  s t a t i s t i c a l  purposes f o r  use i n  highway 

design and a s  a t o o l  i n  the s i z e  and weight enforcement program, 



i 
i 

Demonstration Objectives I 
I 

The demonstration project will be directed at accomplishing the following 

objectives: 

1. Obtain improved truck weight and classification 

data samples at a designated SDHPT weigh site(s) 

that have been operated fn previous years. This 

will include weighing in two-directions and in 

nnrltiple lanes, 

2. Contract with Radian Corporation for expanding 

current SDHPT WIM system to handle in-pavement 

weighing in four lanes simultaneously. 

i i 
P 

I 3. Install WIM transducers (1) in the through-traf- I 
fic lanes, (2) on the exit ramp, and (3) near 1 

I i 
the static axle-laad scale at a sthected perma- I 

r 

(i . e . leas than about PO mph) 

I 

4 
"bridge formula" for enforcement 6 

C L 
4 



5. Define the attainable accuracy of Low-speed 

weigh-in-motion (LSWIM) and evaluate the 

feasibility of "bridge formula" application 

with this technique. Productivity rates will 

also be defined. 

6. Collect sufficient data to determine whether 

LSWIM weighing can be utilized for legal 

evidence of weight law violation, 

7. Demonstrate the feasibility of using high- 

speed weigh-in-motion (BSWIM) techniques for 

simultaneously collecting statistical data 

and sorting suspected overweight vehicles from 

the traffic stream for legally-acceptable 

weighing. 

8, Study the effects of weigh station operations 

oa "by-passing" or "wai ting-it-out" truck 

traffic and evaluate practical means of 

solving these problems, 

9 ,  Evaluate the practicability of combining 

enforcement m d  aaatistieal data cslleetion 

weighing operations using WIM equipment fn 

Texas. 

The project will be conducted in three phases. As the project progresaes, 

5 



Phase I Work Plan and Equipment Procurement 

Organizing ava i l ab le  resources, providing personnel and appropriate t r a i n -  

ing  and procurement of new equipment a r e  i n i t i a l  functions f o r  t h i s  

projec t .  We a r e  cu r ren t ly  i n  t h i s  phase of the  projec t .  A coordinated 

e f f o r t  by a l l  pa r t i c ipan t s  w i l l  be provided throughout the  p ro jec t  and 

is p a r t i c u l a r i l y  e s s e n t i a l  i n  t h i s  phase. An interagency agreement has 

been executed between SDHPT and CTR t o  provide resources f o r  projec t  

management, experimental design, s t a t i s t i c a l  sampling, da ta  ana lys i s  arid 

presenta t ion  of r e s u l t s .  Inventory of ava i l ab le  resources, determining 

equipment needs and acquis i t ions  a r e  cu r ren t ly  i n  various s tages .  Work 

plans and t e n t a t i v e  schedules of a c t i v i t y  a r e  i n  the  e a r l y  s tages .  

The SDHPT present ly  owns a Radian WIH-1E eystem with da ta  telemetering 

c a p a b i l i t i e s .  This system can handle two lanes of in-pavement weighing 

simultaneously and records da ta  on f l e x i b l e  d isks .  The current  t ruck 

weighing program cons i s t s  of da ta  co l l ec t ion  i n  the outs ide  lane only fn 

one d i r e c t i o n  a t  six locat ions.  Each locat ion  is operated twice annually 

during daylight  hours f o r  approximately th ree  consecutive days on a 

r o t a t i o n a l  basis .  Approximately 508 t o  1000 trucks are weighed during 

the th ree  day sess ion  at each s t a t i e a .  Nuaibers a r e  v a r i a b l e  fn propor- 

tiow t o  ADT a t  the  W I M  s i t e .  

For the  demonstration and the fu ture ,  fr was determfned t h a t  the e x i s t i n g  

W I M  system be modified t o  have the  c a p a b i l i t y  of c o l l e c t i n g  da ta  i n  four 

lanes simultaneously. A con t rac t  i s  being made with Radian Corporation 

t o  furnish  the  necessary system improvements. Equipment procurement 



should be completed wi th in  t h e  f i r s t  nine months of the  p r o j e c t  which i s  

about January,  1984. 

Phase II Data Co l l ec t ion  

Data w i l l  be c o l l e c t e d  f o r  an  approximate one year  per iod r e l a t i v e  to t h e  

s t a t i s t i c a l  d a t a  sampling, enforcement and coordinated weighing o b j e c t i v e s  

of the  progec t . 

S t a t i s t i c a l  Data Sampling 

To eva lua t e  the  adequacy of our  cu r r en t  t ruck weight d a t a  sampling proee- 

dure,  s s e r i e s  of d a t a  samples w i l l  be taken a t  one o r  more of t h e  weigh- 

i ng  s i t e s .  Mul t ip le  lane  weighing i n  Botjtli d i r e c t i o n s  o f  t r a v e l  s imultan-  

eaus ly  f o r  seven consecut ive days, 24 hours  per day, a t  l e a s t  t h r e e  times 

i n  t h e  yea r  w i l l  be scheduled. Analysis  of t h e m  d a t a  w i l l  a i d  i n  t he  

app ropr i a t e  scheduling of f u t u r e  opera t ions  and poss ib ly  i n d i c a t e  the  need 

f a r  s i t e  r e loca t ion ,  

The e x i s t i n g  aix SDHPT W I M  s t a t i o n s  are a l l  l oca t ed  on r u r a l ,  p r i n c i p a l  

arterial i n t e r s t a t e  and r u r a l ,  p r i n c i p a l  a r t e r i a l  o the r  highways. I t  is 

d e s i r a b l e  t o  i d e n t i f y  o t h e r  app ropr i a t e  weigh site l oca t ions  f o r  o t h e r  

func t iona l  highways. 

I n  the  enforcement opera t ions ,  Texas laws s t a t e  t h a t  a vehic le ,  axle or 

axle group may exceed the maxilwm allowed weight by 5 percent  before un- 

loading i s  requi red ,  Permanent s c a l e s  and semi-partable  sealea a r e  

c e r t i f i e d  a t  1 percent  t o l e r ances  and the  po r t ab l e  wheel-load weighera 

c a r r y  3 percent  maintenance to l e rances  when t e s t e d  under a known app l i ed  

7 



s t a t i c  load. Even though i t  is  recognized by edyerienced users  of these  
I 

i 
I devices t h a t  load t r a n s f e r  occurs a s  a veh ic le  maneuvers over the  sca les ,  

I 

l i t t l e  quan t i t a t ive  da ta  a r e  ava i l ab le  t o  indicake the  magnitude of e r r o r  
I 
I 

which might be involved i n  wheel and axle nelghibg procedures. One 
I 

I I 
objec t ive  of t h i s  projec t  i s  t o  obta in  such dat6,  Some observations in -  

d i c a t e  t h a t  inaccuracy up t o  20 percent o r  more /can occur i n  using 
I 

sca les  c e r t i f i e d  t o  1 percent o r  b e t t e r  toleran4es. 

I 
Under t h i s  p ro jec t ,  the permanent DPS vehic le  i sspect ion  s t a t i o n  on I H  10 

approximately 5 miles East  of Seguin which i s  equipped with the permanent 

axle-load sca le ,  has been se lec ted  a s  a W I M  demonstration s i t e .  DPS w i l l  

p a r t i c i p a t e  with i t s  por table  and semf-portabl 

determine accuracy of t h e i r  equipment i n  r o u t i  

the  normal t r a f f i c  stream w i l l  be sys temat ica l ly  weighed by the  various 

portable DPS sca les  and the  permanent Eldec sca le  (Model Se r i e s  31, 

Elec t ronic  Scale)  which is  pe r iod ica l ly  c e r t i f i e d ,  

These same t rucks  w i l l  be weighed with (1) High Speed W I M  on the  mailn t r a f -  

f i c  lanes i n  advance of the  s t a t i o n ,  ( 2 )  W I M  a t  intermediate speed i n  the  

v i c i n i t y  of the  e x i t  ramp and (3) Low Speed W I M  (LSWIM) near the  permanent 

sca les .  Comparative s t a t i s t i c s  w i l l  be developed f o r  the  weight da ta  

obtained by the  var ious  weighing techniques. The time required f o r  pro- 

cess ing  each t ruck v i a  LSWIM and s t a t i c  weighing w i l l  be noted, An 

adequate sample of LSWIM weights w i l l  be obtained t o  determine the 

f e a s i b i l i t y  of u t i l i z i n g  these weights i n  l i e u  of s t a t i c  weight f o r  l ega l  

evidence of weight v io la t ions .  

It i a  an t i c ipa ted  t h a t  s u f f i c i e n t  da ta  fo r  the  above s t a t e d  purposes can 



be co l l ec ted  i n  less than 10 days of operat ion a t  t h i s  s i t e .  Additional 

time f o r  demonstrating the so r t ing  and s t a t i s t i c a l  da ta  c o l l e c t i o n  

fea tu re  of VIM w i l l  be avai lable .  

I n  order  t o  s tudy the  e f f e c t  of weigh s t a t i o n  operat ions on truck t r a f f i c  

which d i v e r t  t o  a l t e r n a t e  routes  (by-pass) o r  park t h e i r  vehic le  during 

weighing operat ions t o  avoid being weighed, DPS w i l l  devise a t r a f f i c  mon- 

i t o r i n g  scheme which could possibly include he l i cop te r  su rve i l l ance  of 

adjacent  roads and trucks s tops ,  Automatic c l a s s i f i c a t i o n  counts of 

severa l  days durat ion t o  obta in  quan t i t a t ive  da ta  a r e  a l s o  planned. 

Dual Purpose Operation 

The permanent W I M  s t a t i o n  i n  our current  rout ine  operat ion located on IH10. 

West of Seguin which is approximately 40 miles East  of San Antonio, has 

t e n t a t i v e l y  been se lec ted  t o  be instrumented f o r  100 percent t ruck sampling 
I 

operation. The s t a t i o n  w i l l  be operated i n  a s o r t e r  mode t o  demonstrate I 

I 

the  f e a s i b i l i t y  of u t i l i z i n g  t h i s  technique f o r  enforcement a s  well  aa i 

s t a t i s t i c a l  da ta  c o l l e c t i o n  i f  the  e x i s t i n g  s t a t i o n  geometric8 can be 

adapted t o  s a f e  operat ions.  

I 

Phase 111 Data Analysis and Evaluation 

Analysis of da ta  w i l l  begin immediately upon c o l l e c t i o n  and continue i n t o  I 

I 

I 

the evaluat ion phase of the  projec t .  A f i n a l  repor t  w i l l  be prepared with- 
I 

i n  s i x  months a f t e r  da ta  c o l l e c t i o n  i s  completed t o  document the  experience6 

of using W I M  techniques f o r  da ta  c o l l e c t i o n  and fo r  enforcement. 



i 
I 

I 

DPS, CTR and Radian. Each will contribute in vartous ways to the 

coordinated effort. FHWA funds will support the procurement of equipment 

from Radian and technical services from CTR for p ojeet management, data 

analysis, and presentation of results. SDHPT nil provide the equipment 

and the personnel needed to install and operat WIM system in support 

of the project. They will retain the equipmen n project completion. 

DPS will allocate equipment and personnel as a to obtain data re- 

quired for accomplishing the stated objectives R will make available 

its personnel and facilities as needed to ntta e study goals, qnd 

Radian Corporation will furnish the supplement s~urces needed 

expend &he existing WPM System. 

Cost of project is estimated to be $342,300,00 

RTAP VIM project Funds 

BPR Fund (Planning and Research Funds 
our operational budget) 

SrJWPT Fund (our operational budget) 

UPS (personnel and operational cost) 

Rdldian Corporaeion (contribution o f  
engineering and development esst sf 
equipment fox the Project) 

UT-CTR (contribution sf technical 
services, project mrtnagemnt, data 
analysis and report preparaedon) 

Taka1 o f  Fux%dfng Source 

Most of the data which will be collected adfader 

both normal operational requirements and deaon n project nee 

Project Summation 

The DPS is interested in developing techniques 

I 

10 
I 

I 

I 
I 



enhance t h e i r  programs fo r  planning t h e i r  enforcement operat ions.  Future 

VIM technology w i l l  continue and an inves t iga t ion  of appl ica t ion  t o  the 

enforcement operat ion appears log ica l .  The coordinat ion of size and 

weight enforcement and truck weight s tud ies  w i l l  explore the  usefulness 

of new technology. Technology advancement of WJM when eventual ly  proven 

acceptable f o r  l e g a l  evidence, would improve the e f fec t iveness  of the  

enforcement program. 

The opportunity of our two independent agencies working together  i s  a 

unique occurrence. It w i l l  give us on-the-job experience t o  a c t u a l l y  

explore opera t ional  problems, determine how severe da ta  i s  biased when 

enforcement o f f i c e r s  a r e  present  and a coat  ana lys i s  of our  combined 

operat ions.  

Any techniques developed i n  t h i s  p ro jec t  and continued a s  a 

team o r  operat ing independently would c e r t a i n l y  improve the  

e f f i c i ency  and consequently help our budgets. 

coordinated 

program 
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WISCONSIN DEMONSTRATION OF COORDINATED 
WEIGHT MONITORING AND ENFORCEMENT 

U S I N G  WEIGH-IN-MOTION (WIM) EQUIPMENT 

In t roduct ion  

The Wisconsin Department o f  Transpor ta t ion  (WISDOT] i s  p a r t i c i p a t i n g  i n  

FHWAvs Rural Technical Assis tance Program demonstration of WIM technology. I 

WISDOT's Divis ion of  Planning and Budget w i l l  d i r e c t  t h e  p r o j e c t .  The Divis ion 

of  S t a t e  P a t r o l ,  respons ib le  f o r  s t a t e  motor c a r r i e r  enforcement, w i l l  

p l ay  a  major r o l e .  The demonstration p r o j e c t  w i l l  al low KISDOT t o  t e s t  t h c  
i 
I 

ope ra t iona l  performance o f  a WIM system, t o  e s t a b l i s h  a comprehensive and I 
r e p r e s e n t a t i v e  base of  t ruck  weight d a t a ,  t o  t e s t  new approaches t o  motor 1 

1 
c a r r i e r  enforcement, and t o  promote coordinat ion between t h e  various i 

1 
I 

weighing programs. 

Proj  e c t  Descript ion 

WISDOT's ob jec t ives  i n  conducting t h e  p r o j e c t  can be summarized as 

fol lows : 

I. Acquire, i n s t a l l ,  and opera te  a  br idge  WIM system. 

2 .  llse WIM t o  implement a  new Truck Weight Study t h a t  i s  c o s t -  

e f f e c t i v e  and s t a t i s t i c a l l y  r e l i a b l e .  
I 
I 
! 

3 .  Use WPM ~0 develop s p e c i a l  da ta  fo r  t h e  planning and e-valuation i 
i 
1 

of  t h e  Motor C a r r i e r  Enforcemen"irogram. 
1 i 
i 

4. Use W I M  t o  t e s t  ncw enforcement techniques and t o  promote coordinat ion 
j 

between weighing programs. 1 i 

5. Assess t h e  opera t iona l  performance of W I M  a s  compared t o  previous i 
i 
i 

methods of weighing veh ic l e s .  i 
i 

I 
i I 

I 
L ppp 

I 



The p r o j e c t  w i l l  c o n s i s t  o f  t h r e e  major a c t i v i t i e s .  The f i r s t  a c t i v i t y  

w i l l  be t o  conduct a  newly c rea t ed  Truck Weight Study (TWS). A r e c e n t l y  

completed WISDOT research  pro jec t1  recommends major changes i n  t h e  program 

inc luding  t h e  use  of  weigh-in-motion f o r  d a t a  c o l l e c t i o n .  The br idge  

WIM,  i n  p a r t i c u l a r ,  i s  needed t o  expand geographic,  func t iona l  road type ,  

seasonal ,  and temporal coverage of survey opera t ions .  This  type  of 

program i s  e s s e n t i a l  f o r  developing u s e f u l  d a t a  f o r  a p p l i c a t i o n  i n  motor 

c a r r i e r  enforcement, pavement design and pavement management, and highway 

cos t  a l l o c a t i o n  s t u d i e s .  

The second major a c t i v i t y  c o n s i s t s  of  eva lua t ing  t h e  ope ra t iona l  

performance of t h e  br idge  W I M .  Spec ia l  t e s t s  and ana lyses  w i l l  be con- 

ducted t o  determine t h e  accuracy of d a t a  outputs  and equipment performance 

under var ious  condi t ions .  The c o s t s  of opera t ion  w i l l  be  examined. WIM 

d a t a  w i l l  be compared t o  t h a t  obtained through o t h e r  methods o f  weighing 

vehic les .  The ease  of  opera t ion ,  p o r t a b i l i t y ,  and r e l i a b i l i t y  of  t h e  

equipment w i l l  be addressed. The W I M  w i l l  a l s o  be t e s t e d  as an enforcement 

screening  device.  A l l  o f  t h e s e  eva lua t ion  e f f o r t s  w i l l  h e lp  determine 

t h e  l i m i t s  and u t i l i t y  of  t h e  br idge  WIM system. 

The t h i r d  major a c t i v i t y  a r ea  involves more c l o s e l y  coord ina t ing  t h e  

Truck Weight Study and t h e  Motor C a r r i e r  Enforcement (MCE) Program through 

I 
seve ra l  phases of work. In  t h e  f i r s t  phase, weight d a t a  generated by t h e  1 
TWS and o the r  a v a i l a b l e  d a t a  w i l l  be used by MCE t o  e s t a b l i s h  a  long- 

I 

range (4-5 year)  highway preservat ion/motor  c a r r i e r  enforcement p l a n .  The 

l ~ i s c o n s i n  Truck Weight Study - Fina l  Report, Wisconsin Department of  
Transpor ta t ion ,  J u l y ,  1982. 



W I M  da ta  w i l l  serve t o  define the  extent  of overlbads on a statewide bas i s  
l1 

and evaluate t h e  impact of  enforcement a c t i v i t y .  Impact  can be defined a s  

i l l e g a l  18-kip equivalent  s i n g l e  axle  loads (ESALrs) t h a t  a r e  prevented 

o r  not prevented through enforcement. The r e s u l t 1  of t h i s  planning 

process can be in tegra ted  i n t o  t h e  annual s i z e  an weight enforcement plan 

submitted t o  FHWA. 

The second phase of t h i s  coordination a c t i v i f y  w i l l  cons is t  of shor t -  
I 

range s e l e c t i v e  enforcement planning. Because o f L  t h e  present  l ack of 

timely and adequate t ruck t r a f f i c  da ta ,  schedul I 

I 
I 
I 

personnel i s  cur ren t ly  done i n s t i n c t i v e l y  on t h  

an t i c ipa ted  p a t t e r n s  of overweight t rucks .  A s  
1 
I 
1 
L 

t h e  bridge W I M  w i l l  be used t o  c o l l e c t  comprehens5ve t ruck weight 

da ta  a t  a number of s i t e s  within a spec ia l  t a rge  

be located on both major t rucking corr idors  and Suspected bypass *outes- 

The r e s u l t i n g  da ta  w i l l  be compared t o  t h a t  col lec ted  during t h e  TWS as  i 
I 

a  poss ib le  supplement t o  t h e  TWS da ta  base. The $ rea tes t  p o t e n t i a l  f o r  t h j s  

da ta  would be f o r  t h e  planning of MCE a c t i v i t y .  Jn  t h i s  phase, t h e  bridge 
e 

W I M  would determine t h e  ac tual  p a t t e r n s  of overwe:ight t rucks .  An enforcement * 

plan w i l l  be crea ted  t o  guide t h e  t a rge t ing  of enforcement by day of week, a 
/. ! 

time of day, by locat ion ,  and by s c a l e  type. Nearly 800 person-hours w i l l  
i 

U 

be dedicated t o  t h i s  t o t a l  planning phase. 1 1 
1 i 

I 
The f i n a l  phase of  the  coordination a c t i v i t d  w i l l  be a p i l o t  t e s t  of 1 

k 

s e l e c t i v e  enforcement operat ions.  Actual operat  t 

on the  b a s i s  of t h e  enforcement plan.  Several d I 
I 

s t r a t e g i e s  w i l l  be t e s t e d  a s  appropriate includidg operat ing s t a t i c  sca les  
I 

r I I 
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f o r  long periods of time and maximizing t h e  use of  wing p a t r o l s .  A s  t h i s  

enforcement a c t i v i t y  occurs i n  t h e  t a r g e t  a rea ,  the  bridge W I M  w i l l  be used 

simultaneously t o  monitor t ruck t r a f f i c .  The bridge W I M  w i l l  be ab le  t o  

document bypassing of s t a t i c  sca les  and de tec t  changes i n  t ruck weight 

pa t t e rns  r e s u l t i n g  from enforcement a c t i v i t y .  Over 5,000 person-hours of 

d i r e c t  enforcement a c t i v i t y  w i l l  be dedicated t o  t h i s  phase of t h e  p ro jec t .  

In support of i t s  overa l l  commitment t o  t h i s  demonstration p r o j e c t ,  

WISDOT plans t o  reconst ruct  i t s  Rusk S t a t i c  s c a l e  on I n t e r s t a t e  94 west of 

Eau Cla i re .  Subject t o  s t a t e  and federa l  author iza t ion ,  a s i n g l e  new 

permanent pavement s c a l e  w i l l  be i n s t a l l e d  t h a t  w i l l  be capable of weighing 

vehicles e i t h e r  s t a t i c l y  o r  in-motion a t  low speeds. This new concept i n  

weighing w i l l  function a s  a screening device f o r  t h e  regular  enforcement 

program (vehicles weighed in-motion t h a t  a r e  suspected of being overweight 

w i l l  be returned t o  the  same s c a l e  f o r  c e r t i f i e d  s t a t i c  weighing). 
I 

1 
I Assuming t h i s  s c a l e  w i l l  be c o n s t ~ u c t e d  p r i o r  t o  t h e  c lose  of t h e  demon- 

I , s t r a t i o n  p r o j e c t ,  WISDOT w i l l  compare the  accuracy and c a p a b i l i t i e s  of the  

i bridge WIM t o  those of t h i s  new r e t r o f i t t e d  WIM/static sca le .  Creat ive 

I enforcement s t r a t e g i e s  using a combination of t h i s  equipment can be devised 
1 

and t e s t e d .  
I 

Proj e c t  Tasks 

WISDOT received del ivery  of a bridge WIM i n  May, 1983, and has 

recent ly  completed t r a i n i n g  of f i e l d  personnel.  S t a r t i n g  i n  l a t e  J u l y ,  1983, 

the  bridge WIM w i l l  be operated a t  n ine  Truck Weight Study s t a t i o n s  

d i s t r i b u t e d  across r u r a l  i n t e r s t a t e  and r u r a l  s t a t e  t runk-principal  a r t e r i a l  

I highways . 
1 

1 
1 
i 
1 



These 9 s t a t i o n s  r ep re sen t  p a r t  o f  2 1  t o t a l  s t a t i o n s  ( including 7 

func t iona l  road c l a s s e s )  necessary f o r  developing a comprehensive t ruck  

weight d a t a  base through t h e  Truck Weight Study. I (The o the r  1 2  TWS 

s t a t i o n s  w i l l  b e  surveyed i n  t h e  year  fol lowing t b e  demonstration p r o j e c t . )  
I 
'i 
1 The 9 s t a t i o n s  were assigned t o  count ies  us ing  a I random numbers technique;  
: 

s p e c i f i c  s i t e s  were s e l e c t e d  us ing  both operatiorial  and survey c r i t e r i a .  

A l l  9 s t a t i o n s  w i l l  be surveyed f o r  approximately one week each during t h e  
I 

summer/fall months. 'Two of t h e  9 s t a t i o n s  w i l l  be  surveyed a t  n i g h t ,  on 

weekends, and during o t h e r  seasons t o  r evea l  p o s s i b l e  v a r i a t i o n s  i n  t ruck  

weights.  

I t  is  expected t h a t  t h e  br idge  W I M  w i l l  b 

t a r g e t  a r ea  f o r  t h e  s e l e c t i v e  enforcement p l a n  to determine overweight 

t ruck  p a t t e r n s .  S e l e c t i v e  enforcement o p e r a t i  Eusing portable and static 

s c a l e s  f o r  enforcement and t h e  br idge  W I M  t o  mo 

enforcement a c t i v i t y )  w i l l  t hen  be c a r r i e d  out the target area. 

A l l  f i e l d  work w i l l  be completed between J 19g33 and September, 

1984. The br idge  W I M  w i l l  be  operated a t  an e s  

s i t e s  dur ing  t h e  course of  t h i s  p r o j e c t .  The 

t h e  s t a t e  and cover s eve ra l  road types .  Large 

d a t a  w i l l  be  c o l l e c t e d  while t h e  equipment i s  

purposes. The equipment w i l l  be used during easons and thoroughly 

t e s t e d  a s  descr ibed  below. 
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Evaluation of t h e  WIM System 

A. Capab i l i t i e s  of t h e  System 

A s e r i e s  of spec ia l  t e s t s  and s tud ies  w i l l  assess  t h e  c a p a b i l i t i e s  

of t h e  bridge W I M  system and compare i t  t o  previous methods of 

weighing. These e f f o r t s  w i l l  include t h e  following: 
1 

(1) C lass i f i ca t ion .  The W I M  system's a b i l i t y  t o  c o r r e c t l y  
1 
I 
1 c l a s s i f y  vehic les  a t  various ranges o f  t r a f f i c  speed w i l l  be 

t e s t e d  by an observer .  Ab i l i ty  t o  d i s t ingu i sh  between ca r s  

and t rucks  and c l a s s i f i c a t i o n  i n t o  the  co r rec t  axle  con- 

f igura t ion  category w i l l  be t e s t e d .  Performance can be 

measured by the  percent of vehic les  co r rec t ly  c l a s s i f i e d .  

( 2 )  Accuracy. The WIM system's a b i l i t y  t o  accura te ly  record 

gross weight, s i n g l e  and tandem axle  weights, and axle  

spacings w i l l  be t e s t e d  i n  severa l  ways. One t e s t  w i l l  

involve crossing one o r  more t e s t  t rucks  of known weight and - 

dimension across the  WIM s c a l e .  Performance can be measured 

i~ by ca lcu la t ing  a standard deviat ion and c o e f f i c i e n t  of 
i 
I 
I 
! v a r i a t i o n  around known values,  In  order  t o  t e s t  the  WIM 

! 
I system with a  range of vehic le  types,  the  system w i l l  be s e t -  
I 

I up upstream of a  s t a t i c  s c a l e .  Truck t r a f f i c  wi l l  be moni.torcd 
1 
I by both sca les .  Performance of t h e  HIM s c a l e  can be 
1 
1 

1 measured by conducting an analys is  of the  variance i n  t h e  
1 
i 
! da ta  between t h e  two s c a l e  types.  



1 

I 
I j 

(3) Vio la t ions .  The WIM system w i l l  

weight v i o l a t i o n s .  WISDO'I' has w 
t 

program Wisconsin's weight laws, lud ing  t h e  br idge  formula, 
1 

i n t o  t h e  system software.  Becau e r t a i n  weight laws vary I 
j 

by commodity type,  t h e  use  of  a I 

modity type  and s i g n a l  t h e  computdr t o  match t h e  est imated 
I 

weights aga ins t  t h e  co r r ec t  s e t  o f  weight laws w i l l  be t e s t e d ,  i 
I 

! 
(4) High Speed and (5) High Volume. The br idge  W I M  w i l l  be 

! 
operated p r imar i ly  on major thoroqghfares  with l a r g e  volumes p 

of veh ic l e s .  Many of t h e s e  routes: c a r r y  high speed t r a f f i c .  

The a b i l i t y  of t h e  ?VIM t o  c o l l e c t  /da ta  from high speed 
! 

veh ic l e s  and i n  h igh  volume t r a f f i i c  w i l l  he  eva lua ted .  

Performance can be measured by cadcula t ing  t h e  number of t rucks  
F e 

! 
accu ra t e ly  weighed compared t o  t hd  number of  veh ic l e s  [ t rucks 

I 
i 

E" 
i 
C 

! 
I 

B.  Accuracy vs .  Speed I 

I 

I 

t e s t e d  by running one o r  more t e s t  vehilcles of known weight ac ros s  
I 
I 

t h e  s c a l e  a t  d i f f e r e n t  speeds. Perforqance w i l l  b e  measured through e 
f 

speed measurements can bc checked with /a radar gun. E 
b 

I C 

C .  Ease of  Operation 
i 
1 i 

WISDOT p lans  t o  ope ra t e  t h e  br idge  W I M  k i t h  two t echn ic i ans .  The 1 
P- 

I 



i n s t a l l i n g  a camera system t o  t ake  t h e  p l ace  of a manual observer  

on t h e  roadway w i l l  be  examined. 

D. P o r t a b i l i t y  

WISDOT has i n s t a l l e d  t h e  br idge  W I M  i n  a van which can be d r iven  

from s i t e  t o  s i t e  on any road type.  P o r t a b i l i t y  w i l l  be assessed  

by descr ib ing  t h e  t a s k s  and t ime requi red  f o r  proper  se t -up  of 

t h e  system. Records w i l l  be kept  on se t -up  t ime,  c a l i b r a t i o n  

time, and tear-down time. 

E.  Telemetry 

WISDOT w i l l  examine t h e  f e a s i b i l i t y  o f  t e l e m e t r i c  d a t a  t r a n s -  

mission by working with t h e  vendor t o  a s s i s t  i n  t h e  t e s t i n g  of  

any system pro to types  they  produce. WISDOT i s  c u r r e n t l y  complet- 

ing  t h e  i n s t a l l a t i o n  of te lemet ry  a t  72 automated t r a f f i c  r eco rde r  

s i t e s .  The d e s i r a b i l i t y  and f e a s i b i l i t y  of connecting WIM system 

i n t o  such s i t e s  w i l l  be  explored. 

F . Cost-Effect iveness  

, WISDOT w i l l  document a l l  i n i t i a l  equipment purchase, maintenance, 

and opera t iona l  c o s t s  of  t h e  W I M  system. Ind ica to r s  such as cos t  

p e r  hour of opera t ion  and cos t  pe r  v e h i c l e  weighed w i l l  be  developed. 
4 

I G .  W I M  vs .  Non-WIM 

WISDOT w i l l  examine how t h e  b r idge  W f M  compares to cu r ren t  methods 

o f  weighing with r e spec t  t o  t h e  d a t a  produced. Total  number of  

t rucks  weighed p e r  s i t e  and t h e  number of t rucks  weighed pe r  hour I 
I 

w i l l  i n d i c a t e  t h e  q u a n t i t y  o f  da t a .  Qual i ty  of  d a t a  w i l l  be  

determined through t h e  performance eva lua t ion  t e s t s ,  an a n a l y s i s  I 



of  t h e  scope of d a t a  c o l l e c t e d  ( seasonal ,  geographic coverage, I 

e t c . ) ,  and documentation on t h e  problem of s c a l e  bypassing and i 
I 

p o s s i b l e  b i a s ing  of  t h e  d a t a  with W I M  versus non-WIM systems. 1 
i 

H. Coordination - TWS and Weight Enforcement 1 
; 

The ease  o r  d i f f i c u l t y  i n  coordinat ing veh ic l e  weighing programs I 
I 

w i l l  be assessed .  The ex ten t  t o  which TWS d a t a  assists enforce-  

ment a c t i v i t y  w i l l  be  evaluated.  The p o s s i b i l i t y  of us ing  d a t a  
1 

c o l l e c t e d  from enforcement a c t i v i t y  i n  t h e  TWS d a t a  base w i 1 3  be ! 
1 

a ssessed .  C o n f l i c t s  o r  b e n e f i t s  i n  shar ing  equipment and man- [ 
1 

power w i l l  a l s o  be descr ibed .  5 
i 
I 

I .  Addit ional :  W I M  f o r  Enforcement Screening i 2 

i 
The c a p a b i l i t y  of  WIM as an overweight sc reening  device  w i l l  be  1 

i 

t e s t e d  a t  s e v e r a l  sites. Truck t r a f f i c  will be screened f o r  sus-  3 
ir 

$ 

petted overweights which w i l l  then  be d i r e c t e d  t o  c e r t i f i e d  s c a l e s  

f o r  weighing. Ef fec t iveness  of  t h e  opera t ions ,  s c a l e  bypassing, 

:*rid s a f e t y  w i l l  he evaluated.  i 
4 e 
h 

Fina l  Report i. 
k 

A f i n a l  r e p o r t  documenting t h e  above a c t i v i t i e s  w i l l  be wr i t f  en wit11- i 
i n  s i x  lnonths o f  p r o j e c t  cor~tpletion. Data collec.ted w i t 1 1  the ?VIM w i l l  be I 

presented  where appropr ia te .  WISUOT w i l l  i d e n t i f y  advantages and d i s -  1 h 
E 

advantages of us ing  W I M ,  suggest  where should bc made and 3 P 
! 
I 

W I M  t h a t  were t e s t e d  which appear t o  be most promising. 

E 



Conclusions 

The app l i ca t ion  o f  weigh-in-motion technology t o  motor c a r r i e r  

enforcement and t o  t ruck  weight s t u d i e s  i s  expected t o  reap  numerous 

b e n e f i t s .  For enforcement, W I M  can func t ion  a s  an e f f e c t i v e  screening  

device t o  improve p roduc t iv i ty  while  minimizing t h e  d i s r u p t i o n  t o  t ruck  

t r a f f i c .  Equally important ,  W I M  can he lp  c r e a t e  more e f f e c t i v e  enforcement 

by documenting t h e  scope and loca t ion  of overweight t ruck  t r a f f i c .  A 

b e t t e r  understanding of  t h e  t ruck  weight problem, inc luding  t h e  r e l a t i o n -  

s h i p  between l e v e l s  of  enforcement and pavement condi t ions ,  can genera te  

g r e a t e r  support  f o r  enforcement programs. 

The br idge  W I M  w i l l  provide immediate b e n e f i t s  t o  the  'Truck Weight 

Study inc luding  expanded road coverage, reduced c o s t s  p e r  sample, and 

minimization of  t r u c k e r  avoidance of  t h e  s c a l e s .  As a bol~us ,  va luab le  

s t r a i n  d a t a  w i l l  be c o l l e c t e d  f o r  p o s s i b l e  u se  i n  br idge  r a t i n g  and eva lua t ion .  

Coordination of t h e s e  programs can be achieved by sha r ing  information and 

equipment. Bet te r  coordinat ion w i l l  h e l p  d i r e c t  both programs towards t h e  

common gaa l  of  highway p re se rva t ion .  









FUTURE ADVANCES I N  WIM TECHNOLOGY 

A. T. Bergan 
Ass is tan t  Dean 

Col lege o f  Engineering 
U n i v e r s i t y  of Saskatchewan 

Saskatoon, Saskatchewan 
S7N OW0 

This i s  the  c l o s i n g  session o f  the  1983 Nat ional  Workshop on Weigh-In- 
I 

i Motion, (WIM) , Techno1 ogy. The workshop was success fu l l y  organized by the  

Federal Highway Admin is t ra t ion ,  (FHWA) , and was hosted by the Col orado 

Department o f  Transport. The c o n t r i b u t i o n  o f  bo th  these agencies i s  g r e a t l y  

acknowledged. I t  i s  a l s o  recognized t h a t  the Uni ted Kingdom experience w i t h  

WIM technology has broadened the  scope o f  the  conference. Canadian delegates 

would l i k e  t o  thank the FHWA f o r  the oppor tun i ty  have been o f f e r e d  t o  
I 

i p a r t i c i p a t e  i n  the  conference. 
I 

The high1 i g h t s  o f  the  conference w i l l  be reviewed and the  f u t u r e  devel- 

I 
I opments and the app l i ca t i ons  o f  HIM technology w i l l  be pu t  i n t o  perspect ive.  
I 
i The conference was an exce l l en t  oppor tun i t y  t o  observe the  opera t ion  and i 
1 d iscuss w i t h  the users of the  var ious types of WIN equipment. During t h e  

I l a s t  ten years, a number o f  d i f f e ren t  types o f  W I M  systems have been 

developed. The r a p i d  development o f  W I M  systems should main ly  be a t t r i b u t e d  

i t o  the  improved e l e c t r o n i c s  avai1ab:e. Regardless o f  manufacturer type, 
i 
1 WIN systems can be c l a s s i f i e d  w i t h  respect t o  veh i c le  speed. Slow speed 
i I 
! 

systems record a t  veh ic le  speeds o f  2 mph o r  iess.  Medium speed systems 
i 

I record a t  veh ic le  speeds o f  10 t o  40 mph. High speed systems record a t  
i 
i usual highway 

I WIM equipment 1 
I 
I 

opera t iona l  speeds. I n  terms o f  p o r t a b i l i t y ,  the  demonstrated 

can be c l a s s i f i e d  as por tab le ,  semiportable and permanent. 
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i 
1 

The potential areas of application ~f WIN equipment are different  for  
1 
I 

the various scale types. Slow speed systems are widely used elsewhere, 1 
i 
! 

(e,g., England) for  enforcement of 1 oad 1 imi t regulations. Slow speed I 

i 
scales can be us2d to  replace or complement s t a t i c  mechanical scales fo r  1 

I 
load enforcement i n  the United States. Medium speed systems are  mainly I 1 

used f o r  sorting, tha t  i s  automated selection of heavy vehicles to  be 

accurately weighed by a s t a t i c  or slow speed scale. High speed systems 
j are used for  continuous recording of t r a f f i c  and axle load da ta  a t  normal 

highway speeds. Such information i s  essential i n  pavement management, f I 
B 

planning, budgeting and t r a f f i c  engineer-! ng. A major step in choosi ng I 
the appropriate type of H I M  equipment i s  t o  carefully identify the user 's  

# 
F 

needs and the level of accuracy desired i n  a specific application, The B 1 
popularity of HIM systems i s  increasing rapidly w i t h  highway agencies 1 
across North America. WIN systems have been reported operating in various 

s ta tes ,  (e. g. , Minnesota) an a continuous bas7 s. WIN techno1 ogy has improved B 
rapidly %he past 5 years. Further improvements should be expected in the 

near future mainly i n  the areas of data recording and data processing. C 

Au tamated recarding and data transmission by telemetry La main frame computers f 
$3 

will eliminate labor needs i n  data collection and processing. 1 
1 

Load values recorded by HIM scales are,in genera7,different than the  g E 

s t a t i c  values. There are various factors affecting dynamic laad readings E 
C 

a 
such as pavement roughness, vehicle speed, vehicle dynamics and t h e  t ype  4, 

of the scale used. Dr. Lee i n  his presentation did an excellent job  il 
F 
D 
C 

putting a l l  these factors into perspective. The various types of WIM $j 
B 
t 

equipment would be expected to  provide different degrees of accuracy. b, 
i 4  

High speed scales should provide accurate gross weight data for  a large E F 
L 

population of vehicles of various classif icat ions.  I n  continuous load data 6 C 
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t 

recording, there i s  l i t t l e  interest in the accuracy of load readings of 

individual truck axles. Instead, the average and the standard deviations 

of the gross weight of a given vehicle class should be representative of 

the values obtained by s ta t i c  scales. Tolerance limits should be estab- 

lished for the differences between s ta t i c  and dynamic load data. Medium 

speed scales should be accurate in determining the weight of individual 

vehicle axles. Appropriate tolerance 1 imi t s  in weight determi nation 

should be established for sorting overloaded truck axles, Low speed 

scales should be more accurate i n  determining the weight of individual 

axles and the gross weight of vehicles. Narrower tolerance limits would 

provide the accuracy required for load enforcement purposes. 

One of the most important factors in adopting WIM technology is  the 
1 
I development of uniform calibration procedures for the various types of 
! 

I scale systems. The type of scale and the accuracy desired i n  an application I 
I should determine the appropriate calibration procedure. S l o w  speed scales 
I 

should provide readings within 20.2% of the s ta t i c  weight of individual 
I 
I axles and the gross s ta t ic  weight of a vehicle. A slow rollover t e s t  of a 
r 
t 
I standardized vehicle can be used for  calibration. Medium speed scales 
I 

i should provide readings within k5% of the s ta t i c  weight of individual axles, 
i 

i To el imi nate the dynamic suspensio~ effects caused by pavement roughness, 
I 
l a large number of-vehicles should be used for calibration. A method 
! involving 50 5-axle semi - t ra i ler  trucks i s  proposed for calibrating medium 

I 
i speed WIM systems. The system should be calibrated by minimizing the total 
t difference between s ta t ic  and dynamic gross vehicle weight for the 50 trucks 

I 
tested. The proposed method i s  il lustrated in the following table. 

/I 

I 



CALIBRATION TABLE FOR MEDIUM SPEED W I M  SYSTEMS 

STATIC WFIGHT ( I b )  DYNAMIC WEIGHT ( I b )  % DIFFERENCE 

TRUCK # AXLE # AXLE GROSS AXLE GROSS AXLE GROSS 1 
1 9,200 9,500 + 3.26 

8 

I 

2 
; 

15,600 14,900 - 4.49 I 
1 3 12,370 57,070 13,100 56,700 + 5.90 - 0.55 I 

t 
i 

4 10,100 9,200 - 8.91 1 
5 9,800 10,000 + 2.04 

i 
B 

B 

TOTAL % DIFFERENCE I N  GROSS WEIGHT 
3 8 
4 

FOR ALL 50 TRUCKS SHOULD BE 0.0% R C 1 
The standard dev ia t i on  of the  t e s t  d i f f e rences  between s t a t i c  and dynamic 1 

i: 

loads o f  i n d i v i d u a l  ax les prov ides a measure o f  the  accuracy of the  system. /j 
High speedGJIM systems should be c a l i b r a t e d  us ing  a l a r g e r  popu la t ion  o f  

B 

vehic les.  The c a l i b r a t i o n  method proposed f o r  h igh  speed scales can be based 

1 on t h e  known mean and standard d e v i a t i o n  values f o r  the f r o n t  ax le  o f  5-axle & Q 
ft 

s e m i - t r a i l e r  t rucks .  I n  most s ta tes ,  t he  load  on the  f r o n t  a x l e  o f  5-ax le I 



trucks i s  9,300 lb.  w i t h  a standard deviation of 1,300 1b. These values 

a re  f a i r l y  constant fo r  both loaded and empty trucks since the load from 

the cargo ra re ly  contributes t o  the load on the  f ron t  axle. Since high 

speed WIM systems are  used f o r  continuous load recording, f ron t  axle loads 

from a population of 10,000 trucks would not be unrea l i s t i c  f o r  cal ibra t ing 

the scale. The standard deviation of the measured axle  loads can be used 

for  long-term monitoring of the performance of the system. 

Most North Ameri can highway agencies use pavement management systems 

based on axle load information. In the  past ,  such data was not readily 

available. WIM technology of fe rs  the only means of col lect ing continuous 
I 

axle load data. A typical WIM system detects  axle weight, axle  spacing, 

vehicle speed and time of the day. This information allows the c l a s s i f i c a -  

tion of vehicles in to  categories. Most agencies have adopted c l a s s i f i c a t i on  

systems based on the  axle  configuration and the t o t a l  length of the vehicles. 

WIM data can be used t o  observe the  variat ion of Equivalent Axle Loads (EAL), 
1 factors  i n  time Tor various vehicle c lass i f i ca t ions .  An example of such a 

relat ionship i s  i l l u s t r a t ed  on the  following page. I t  can be seen t ha t  the 

average EAL fac to r  of a well defined truck c l a s s  i s  f a i r l y  constant in time. 

Representative average EAL factors  throughout a s t a t e  or  province can be 

used in conjunction w i t h  simple count and c lass i f i ca t ion  data t o  predict  
, 

to ta l  pavement damage in the  whole highway network. Progressing t o  more ; 
I 

advanced WIM systems, i t  would be necessary t o  in tegrate  automatic t r a f f i c  

recorder information, c l a s s i f i e r  systems, portable !dIM systems and permanent 

WIM systems into  one complete data col lect ion package. The available 

nformation should be brought together in to  a large data bank w i t h i n  a main 

frame computer. Software should be developed t o  analyze the data and make 

i t  readily available t o  decision-makers. 





are conducted t o  determine the  r e l a t i v e  pavement damage caused by d i f f e r e n t  

. t r uck  suspension types. WIM scaTes are used t o  determine the e f f e c t  o f  

pavement roughness and veh ic le  speed t o  pavement damage. WIM technology 

al lows i n - s i  t u  measurements o f  t he  load ca r ry ing  c h a r a c t e r i s t i c s  of mu1 t i p l e  

ax le  systems such as tandems and t r i a x l e s .  Such s tud ies  would a1 low the 

determinat ion of ax le  and suspension systems minimiz ing pavement damage. 

One o f  t h e  areas of a p p l i c a t i o n  o f  medium speed WIM systems i s  t h e i r  

use as "sor ters"  on main highway lanes. Mr .  Phang o f  the  M i n i s t r y  o f  
I 

Transportat ion and Communications o f  Ontar io presented a new system being 

i n s t a l l e d  i n  Ontar io t h i s  year. This s o r t e r  system incorporates t r a f f i c  I 

1 

management of t he  overloaded veh ic le  t r a f f i c  through the weigh scale s i t e .  

Th is  would be the f i r s t  h i g h  volume (i .e,, 600-800 t rucks /h)  system i n  

operat ion i n  North America. The i n s t a l l a t i o n ,  when completed t h i s  f a l l ,  

w i l l  be the  f i r s t  s tep i n  developing a system i n t e g r a t i n g  t r a f f i c  management 

and a s o r t e r  system. The next  generat ion o f  s o r t e r  systems should incorpor-  

a te  WIM systems i n  the  main t r a f f i c  lanes. Such a system should provide 

a means of communicating w i t h  the  d r i v e r s  o f  overloaded trucks. The commun- 

i c a t i o n  system should be ab le  t o  d i r e c t  t h e  t ruck  o f f  the  highway t o  a 

s t a t i c  scale s i t e  w i thout  causing sa fe ty  hazards t o  the  t r a v e l l i n g  pub l ic .  

A system o f  TV cameras, poss ib ly  capable o f  reading l i cence  p l a t e  numbers, 

could be used f o r  enforcement. 

A t ten t i on  i s  recen t l y  g iven t o  a weight-distance t a x a t i o n  system f o r  

heavy trucks. The assigned tax  should be a func t i on  o f  weight and m i les  

t r a v e l l e d  through a j u r i s d i c t i o n .  A system o f  transponders would i d e n t i f y  

each t r u c k  and i t s  weight w i l l  be recorded by a W I M  system as i t  enters and 

e x i t s  the  j u r i s d i c t i o n .  Such a taxa t ion  system would d i r e c t l y  r e f l e c t  the 

actual  pavement damage caused by the  given t ruck .  To m a t e r i a l i z e  such a 



system, the  
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transponders technology should be coordinated w i t h  WIM technology 

t o  evolve a workable system. This system would r e v o l u t i o n i z e  t h e  method o f  

t axa t i on  o f  t he  t r u c k i n g  industry .  

The conference o f f e r e d  an i n s i g h t  t o  the  s ta te -o f - t he -a r t  o f  HIM tech- 

nology. Various WIM equipment was demonstrated and the  var ious  app l i ca t i ons  

were described and discussed. The development o f  W I M  technology i s  expected 

t o  be r a p i d  i n  the  f u t u r e  having a s i g n i f i c a n t  impact i n  many areas o f  highway 

management. A t t e n t i o n  should be g iven i n  developing un iversa l  standards f o r  

WIM technology. C a l i b r a t i o n  procedures should be es tab l ished t o  ensure the  

user o f  ob ta in ing  r e l i a b l e  data a t  a l l  times. Appropriate f a c t o r s  must 

be es tab l  i shed t o  ob j e c t i  ve l  y descr i  be the  pavement smoothness requ i  rements 

i n  t he  immediate v i c i n i t y  o f  the  sca le  s i t e ,  It i s  important  t o  w ide ly  

communicate w i t h  o ther  users o f  WIN systems. The i n fo rma t ion  from the  

demonstration p r o j e c t s  i n  progress should be repor ted i n  another meeting 

i n  t he  year t o  come. Since most p r o j e c t s  w i l l  n o t  probably be completed by 

nex t  summer, another meeting should be scheduled i n  a year  from now. This 

meeting should discuss and se lec t  c a l i b r a t i o n  procedures f o r  var ious  types 

o f  WIM equipment. C a l i b r a t i o n  systems should be developed f o r  low speed, 

medium speed and h igh  speed equipment. The adopt ion o f  a standardized 

system by a l l  p a r t i c i p a n t s  i n  t he  demonstration p r o j e c t  w i l l  assure a f a i r  

and reasonable compari son between a1 1 systems. 







Summary Note on Workshop A 

Patrick R. Cain 
I 

Recommendations For Improving I I 

The FHWA Truck Weight Study i 
I 
I 

We had around f i f t y  persons attend Workshop A .  Most of the attendants 
were involved with the survey side or both survey and enforcement. 

Workshop A had papers presented from Iowa, Alaska, and Arkansas 
describing the i r  s t a t e ' s  truck weighing and enumerating recommendations 
for improving the FHWA Truck Weight Study. I 

i will attempt to  summarize some of the main recommendations. However, 
l e t  me preface my comments by the disclaimer that  these recommendations 
do not necessarily re f lec t  consensus of opinion. 

One of the clearest  revealments of the Workshop was the diversity in 
need and uses various s t a t e s  ~ i k c  of truck weight data. 

This diversity quickly surfaced through the s l  ides and statements 
made by Ms. Karen Morehouse describing Alaska's vantage point. 

I Alaska i s  much more concerned with whether equipment can function a t  
50 below zero than i t  i s  with truckers taking al ternate  routes to avoid 
an open scalehouse. 

Most of the concerns aired during the workshop were discussed in 
presentations ea r l i e r  in the week or  were brought u p  as questions 

: directed to the speaker. 

Since the three s ta tes  papers will be included in the conference 
proceeding I will jus t  c i t e  some of the recommendations made: 

Recommendations made by Iowa: 

Include weekends in the weighing program to r e f l ec t  
identified daily variation. in average weight. 

' Seasonal classification counts can reduce the need 
t for  seasonal weighing. 

' Hours of weighing should be reduced through s t a t i s t i ca l  
sampling techniques. 

High volume urban and rural highways and low volume 
secondary road s i t e s  should be included in t h e  program. 

i 
I 

WIM equipment might allow this .  
I 

Safety to both motorists and surveyors must be considered I 
as i t  re lates  to  collecting data. I I 
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The weight program should be scheduled t o  i d e n t i f y  impact 
of t r u c k  weight and s i z e  law changes. 

Add i t i ona l  data c r i t i c a l  t o  mon i to r ing  t r u c k  a c t i v i t y  such I 

as length  and width, spec ia l  permits,  e tc .  should be I 
co l lec ted .  I 

The FHWA should take a lead ing  r o l e  i n  the  t r u c k  weight 
program by p rov id ing  techn ica l  and f i n a n c i a l  support t o  
s ta tes  f o r  eva lua t ing  and i n s t a l l i n g  s ta te -o f - t he -a r t  

I 
equipment. This  should lessen d u p l i c a t i o n  o f  e f f o r t  I 

i 
among s ta tes .  This  conference and the  WIM demonstration 
program a r e  a good s t a r t .  I 

I 
Recommendations made by A1 aska : 

' W-2 Tables a r e  no t  very usefu l .  

Accept data t h a t  can be gathered through W I M  as s u f f i c i e n t  
f o r  the  Truck Weight Study. 

' Good sample data and consistency o f  data gather ing i s  
important.  

F l e x i b i l i t y  i n  FHWA requirements i s  needed t o  a l l ow  
experiments i n  data c o l l e c t i o n  procedures and equipment. 

The Truck Weight Study should be l i n k e d  t o  Highway 
Performance Moni to r ing  sample sect ions so t h a t  data 
f i 1 es can be meshed. 

S i m p l i c i t y  o f  r e p o r t i n g  i s  important.  

Recommendations made by Arkansas: 

FHWA gu ide l ines  have been acceptable. 

States should be encouraged t o  share weight data. 
(e.g. bo rde r l i ne  s t a t i o n s ) .  

Should develop nat iona l  sc reen l ine  t o  ge t  b e t t e r  
f e e l  f o r  cross-country t r a v e l .  

' F inanc ia l  a i d  should be a v a i l a b l e  f o r  cons t ruc t ion  
weighing turnouts.  

Inc lude WIM t o  g e t  seasonal v a r i a t i o n s  and access 
t o  urban areas. 

Need less  conspicuous ways o f  gather ing data. 

Recommendations made by o ther  Workshop attendants: 

J e r r y  Legg - West V i rg in ia ;  Reduce the  number o f  i tems k 
requ i red  f o r  repo r t i ng .  1 



George Novinski - Wisconsin; C o l l e c t  gross weight, ax le  
weight, and ax le  spacing f o r  f o u r  years -- on the f i f t h  
year  do a thorough veh ic le  c l a s s i f i c a t i o n .  

La r ry  Brown - Michigan; Need quicker  r e s u l t s  from key 
s i t e s  t o  know what i s  happening. 

Bob Hayden - Colorado; Need t o  exclude weighing pickups 
o r  a t  l e a s t  no t  consider them w i t h  s i n g l e  u n i t  t rucks.  

Many o f  t he  recommended changes center  around i nco rpo ra t i ng  
weigh-in-motion equipment i n t o  t h e i r  operat ions. The FHWA Truck Weight 
Program needs t o  accommodate t h i s  change. W I M  as a t o o l  f o r  data 
c o l l e c t i o n  i s  c lose  a t  hand. 

Concerns f o r  tr imming costs and the  need fo r  inconspicuous data 
c o l l e c t i o n  have generated a s t rong i n t e r e s t  i n  making a t r a n s i t i o n  t o  
weigh-in-motion wherever possib le.  This was ev ident  by t h e  number o f  
p a r t i c i p a n t s  a t  our Workshop. 

There i s ,  however, a l o t  o f  work t h a t  needs t o  be done w i t h  W l M  
equipment. The demonstration programs a re  i dea l  f o r  shaking ou t  some 
of these bugs. 

The t ruck  weight program must be designed around in fo rmat ion  t h e  
s ta tes  need too. I n  l i g h t  o f  t he  d i v e r s i t y  o f  needs and programs, I 
f e e l  FHWA i s  doing a p r e t t y  good j o b  i n  t a y l o r i n g  the  program t o  these 
needs. 

Many o f  t he  recommendations t h a t  were made a re  being addressed c u r r e n t l y  
by the  FHWA. An example i s  the  request f o r  s ta tes  t o  comment on v e h i c l e  
c l a s s i f i c a t i o n s  used. 

I 

I 
I 
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! 
i 
I Recommendations For Improving 
1 The FHWA Truck Weight Study 
I 

i Presented By 
I Patrick R.  Cain 
I 
I Iowa Department of Transportation 
i 

I 
1 Truck weight surveys have been conducted in Iowa since 1939 and have 
i 

! been a part of Iowa's Highway Planning and Research Program since 1956. 
i 

I Truck weight surveys were conducted annually until 1976 when i t  was 
1 changed to a biennial program with weighing and classif icat ion conducted 

on odd numbered years and classification counts only on even numbered years. 

I Currently truck survey data i s  collected a t  19 locations. Both 
1 

i 
portable and permanent scales are used for  gathering truck weight data. 

I 

System coverage i s  as follows: 

Highway Scales 
Sys tem Permanent - Portable Total 

Inters tate  (Rural ) 7 - 7 
Primary (Rural ) 2 4 - 6 
Primary (Urban) 2 2 
Secondary Rural - 2 2 

- Local Urban - 2 - 2 - 
Total 9 10 19 

All weighing and classification data i s  collected during the summer 
months using temporary employees in survey crews. 

The program i s  conducted separate from enforcement ac t iv i t i e s .  

Approximately 20,000 trucks are  weighed during the program and 60,000 
vehicles are  classified.  

Iowa was one of nine s ta tes  participating in the 1980-1981 FHWA 
sponsored truck weight and vehicle classif icat ion case studies. Motor 
vehicle weight and classif icat ion data Nas collected for  one fu l l  year 
including weekends a t  12 weighing s i t e s  and 31 classif icat ion s i t e s .  
We weighed 52,000 trucks during 192 8-hour shifts and classif ied vehicles 
for 744 8-hour sh i f t s .  

Iowa is one of  eight s ta tes  selected for  RTAP demonstration program 
on weigh-in-motion. 

Weight and other related data on trucks are ut i l ized by the Iowa DOT I 

a variety of areas including: 

- Highway Needs - Pavement and Bridge Design 
- Cost Allocation - System Preservation 

! - Financial Resources - Enforcement Planning i 

- Pavement Management - Research 



Users range from the Office of Policy for legis lat ive issues to  the 
Office of Motor Vehicle Enforcement f o r  operational planning and include 
the offices of: Advance Planning, Planning and Programming, Road Design, 
Bridge Design, and Transportation Research. 

Accurate, re l iable ,  and current truck weight data i s  a c r i t i ca l  
j 

component in a l l  of these areas. I 

FHWA reporting requirements are  only one use of many of our data. I 
! 
I 

Strained financial resources have 1 imi ted Iowa's regular weighing 
program t o  summer months only. No seasonal or weekend data i s  collected. i 

Safety to both motorist and surveyor has limited the truck weight I 

data gathered on high volume urban and/or rural highways where portable 1 

scal es are requi red. i 

b 
The mixture of permanent and portable operations resul ts  in different  

data coll ection procedures. 
i 
F 
t 

Truckers have uti l ized the C . B .  radio to bypass the weigh s tat ion to ! avoid time delay during surveys and/or being identified as overweight. i 
t 

Trucks that  have a special permit for an overweight load are not I 
i always identified in survey. i; 

Distribution of truck weighing stations by highway system and sample 
obtained may not be representative of truck travel in s ta te .  t 

f 

P 

The Iowa DOT recommends several changes to  the truck weight program 
be considered. ? f 

The weighing program should include weekdays and weekends to  get I 
a more representative sample of truck weight. f 
Results of Iowa's Truck Weight Case Study shows l i t t l e  variation B 
in weights seasonal ly,  Therefore, seasonal coverage i s  1 ess ! 

essential than classification. 8 
F 

Vehicle classification in conjunction with truck weight survey 
should be expanded to obtain seasonal variation. 1 
Hours o f  weighing should be  reduced through s t a t i s t i c a l  sampling 

i 
k 

techniques. This would effect  b o t h  number of locations and number [ of vehicles weighed a t  each s i t e .  1 
The weighing program should also include high vo'lurne urban/rural t 

I 
highways and low volume secondary roads. Y 

C 

Efforts need to be made to improve safety related to collecting 
data. I 

p 
Need to streamline and simplify W-Series tables in truck weight 
report. Produce a summary weight survey report and make detailed 

t P 

data accessible to users via computer tape with appropriate sof t-  
ware. This would also allow for  interfacing weight data with other 

I 
F: 

data bases, 
r 
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There should be uni form weighing and r e p o r t i n g  t o  f a c i l i t a t e  comparing 
weight data among states.  

* There should be a coordinated r e l a t i o n s h i p  between survey and enforce- 
ment t o  maximize data use i n  both areas. 

' The enforcement program can prov ide  data on over load 
permits , commodities hauled, 1 eve1 o f  enforcement, etc .  

Truck weight survey data can a i d  i n  p lanning enforcement 
a c t i v i t i e s ,  

Di f ferences i n  weight data due t o  t ruckers  bypassing 
enforcement scales o r  w a i t i n g  u n t i l  they c lose  must 
be considered. 

' The t r u c k  weight program should be evaluated i n  l i g h t  o f  inc reas ing  
costs and cu r ren t  user needs. 

Schedule weight program around weight and s i z e  law 
changes. 

Costs need t o  be j u s t i f i e d  i n  terms o f  b e n e f i t s  
received. 

Program concept must be c o n t i n u a l l y  adjusted as 
necessary t o  meet changing user needs. 

' Add i t iona l  data c r i t i c a l  t o  mani t o r i n g  t r u c k  a c t i v i t y  
such as maximum veh ic le  l eng th  and width, spec ia l  
permits, e tc .  , should be co l  1 ected. 

A1 t e r n a t i v e  data sources and data c o l l e c t i o n  methods 
must be explored t o  keep program cos ts  t o  a minimum. 

, 
The FHWA should take a lead ing  r o l e  i n  t h e  t ruck  weight program by 
p rov id ing  both techn ica l  and f i n a n c i a l  support t o  the  s ta tes  fo r :  

' Developing un i fo rm veh ic le  weighing and c l a s s i f i c a t i o n  
/ standards, sampling techniques and recommending sample 
i sizes f o r  the  number o f  t rucks  weighed and c l a s s i f i e d  
i by highway system. 
I 
4 I d e n t i f y i n g  a se lec ted  number o f  weighing s i t e s  t o  be 

maintained f o r  c o n t i n u i t y  o f  h i s t o r i c a l  data. 

I d e n t i f y i n g  a l t e r n a t i v e  resources and programs t o  ob ta in  
t r u c k  weight and c l a s s i f i c a t i o n  data. 

' Support research and demonstration programs t o  1 essen 
d u p l i c a t i o n  o f  t h i s  e f f o r t  among states.  













l i v e ,  which i s  i n  the  temperate zone. R a i n f a l l  pa t te rns  are v e r y  

d iverse  w i t h  over 100 inches o f  p r e c i p i t a t i o n  per year i n  much o f  

Southeast and l ess  than 10 inches on t h e  no r th  coast.  

There i s  much permafrost, permanently f rozen ground, and g lac ie rs .  

Alaska has a  l o t  o f  f o r e s t ;  i nc lud ing  the  Chugach and Tongass Forests 

which, are the  l a r g e s t  managed by  the  U.S. Forest  Service. The mean 

y e a r l y  temperature ranges from +lO°F on the nor th  coast t o  45°F i n  

Ketchikan w i t h  extremes o f  -80°F t o  100°F across t h e  s t a t e .  A l l  t he  

west coast no r th  of t he  A leu t ian  Chain i s  icebound i n  winter ,  and, as 
I 

you can imagine, S ta te  commerce i n  bu l k  goods i s  shipped through i c e  I 

I 
I 

f r e e  por ts .  O f  t h e  20 h ighes t  mountains i n  t h e  U.S., 17 are i n  Alaska, I 

which has 19 peaks over 14,000 fee t .  

The sea i s  a  major f a c t o r  i n  c l ima te  and resoures. Cold water 

holds more axygen than hot, so the  coast, washed by the  c o l d  Japanese I 

I current ,  teams w i t h  l i f e  o f  every k ind.  The adjacent deep P a c i f i c  and 

i t s  f e r t i l e  she1 f prov ides an unpara l le led  f i she ry ,  a  path f o r  commerce, 

and awesome win ter  storms. 

B.  HIGHWAY SYSTEM 

There are 9800 m i l e s  o f  highway i n  Alaska o f  which about 2600 are 

paved. Alaska has 93 m i les  o f  mu l t i - l ane  highways i n  excess o f  2 

lanes. I n  1981 the  system handled an est imated t o t a l  o f  2.3 bt\\;ort 

veh ic le  mi les  statewide o f  which 40 percent was on t h e  6 percent o f  

t he  system i n  "urban" areas. 

Alaska i s  l i n k e d  t o  the North American highway system by  the  
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Alaska Highway. I t  was b u i l t  in World War I 1  t o  prevent sea in te r -  

d ic t ion of supply t o  Alaska. 1,400 mile long, i t  i s  s t i l l  gravel f o r  

most of 1.005 miles from Dawson Creek B . C .  t o  Haines Junction, Y.T. 
I 
T 
1 The gravel s t re tch  i s  l e s s  than 1/2  of the 2,400 mile route from Great 

Fal ls ,  Montana t o  Fairbanks or the 2,300 miles from Sea t t l e ,  Washington. 

1,050 miles of our Primary System are  I n t e r s t a t e  of which 1/2 i s  desig- 

nated as par t  of the National Truck route network. Much of our rura l  

road systern runs through mountainous areas,  of \?rhich l e s s  than 20 miles 

has a c l  irnbing lane fo r  trucks.  

The cnmrnunities of Southeast A1 aska are connected by a f e r ry  

system, the Alaska Marine Highway System some of  which counts as Fede- 

ra l  -Aid System mileage. There are a lso  f e r ry  routes t o  Prince Rupert, 

Canada and Sea t t l e .  The motor vessel f l e e t  of eight  ships i s  operated 

by the Sta te  and t ravel  on i t  i s  heavily subsidized. The route i s  

over-capaci t y  on a seasonal basis  despi te  winter discounts and stream- 

fined operations. 

The North Slope haul road (Dalton Highway) t o  Prudhoe Bay was 

b u i l t  by the Alyeska Corporation f o r  surface access t o  the o i l  f i e l d s  

and t o  support the  construction of the trans Alaska p ipel ine .  The 

truck travel sn t h i s  route has always been high and i s  increasing. 

Other than commercial vehicle t ravel  on t h i s  road i s  r e s t r i c t ed  by 

permit. Of the eight  permanent scalehouses on the Alaska highways, 

one i s  located a t  the south end of the Haul Road. The other scale-  

house locations are Ester, Fairbanks, Soldotna, Anchorage, Pot ter ,  

Tok, Valdez and Haines. 



C. PRESENT OPERATION 

The B i e n n i a l  Truck Weight Study i s  r e l a t i v e l y  new t o  Alaska. 
1s 

ThisAthe second t ime i t  has been done w i t h  any cons is tency .  We a re  

s t  i 11 working ou t  procedures. 

A t  t h e  p resen t  t ime, we a re  conduc t ing  t h e  s tudy  i n  c o n j u n c t i o n  
I 

w i t h  t h e  weight enforcement program a t  t h e  scalehouses which a re  operated 
I 
I 
I 

b y  t h e  Department o f  Commerce and Economic Development . Th is  o p e r a t i o n  

does have drawbacks because: 
! 

, 
1. Our l o c a t i o n  of  s t a t i o n s  f o r  sarnpling i s  l i m i t e d  t o  e x i s t i n g  perma- t 

nent  weigh s t a t i o n s .  Th is  does n o t  p r o v i d e  da ta  on urban r o u t e s  o r  

on lower  f u n c t i o n a l  c l a s s  rou tes .  The Department o f  P u b l i c  S a f e t y  

has some p o r t a b l e  loadmeters which can be used f o r  c o l l e c t i o n  o f  

da ta  on these rou tes .  However, as ide  f rom about 60 m i l e s  o f  d i v i d e d  

highway, a l l  our r ou tes  are two way rou tes .  Wi thout  ass i s tance  

f rom Pub1 i c  S a f e t y  t o  d i r e c t  t r a f f i c ,  i t  i s  d i f f i c u l t  t o  weigh on 

these rou tes .  It i s  j u s t  n o t  sa fe  o r  p r a c t i c a l  t o  opera te  w i t h  

t h e  loadometers. A p o r t a b l e  Weigh-in-Motion ( WlM) system would i 

be more f eas ib l e .  

2. The Department o f  Commerce, who r e g u l a t e s  t h e  Weight Enforcement 
I 

Program, 1 i m i t s  weighing t o  ax1 e groupings.  A t  sma l l e r  scalehouses I 
I 
I 

t h e  p la t fo rms weigh one o r  two a x l e  groupings.  These scalehouses, 

a t  Po t te r ,  S t e r l i n g ,  Valdez and Haines, w i l l  be rep laced  w i t h  

160- foot  scales,  each w i t h  f o u r  e l e c t r o n i c  sca les .  For almost a l l  
i 

t r u c k s  these sca les  weigh t h e  e n t i r e  t r u c k  and g i v e  read ings  on 



f o u r  d i f f e r e n t  ax l e  groupings. I 

I 
I 
i 

1 

3. Sampling t h e  stream of t r u c k  t r a f f i c  i s  d i f f i c u l t .  We have been 
I 

i 

ab le  t o  gather  da ta  on every  t ype  o f  loaded t r u c k  t h a t  passes t h e  1 
1 

s c a l e  b u t  no t  d a t a  f o r  empties. The scalehouse opera to rs  wave i 
these t r u c k s  through, e s p e c i a l l y  when t r a f f i c  i s  heavy - -such as 

t he  Anchorage and Fox sca l  ehouses. Col 1 e c t  i ng da ta  r e q u i r e s  t h e  

i 
I i 
I 

coopera t ion  o f  scalehouse operators .  Th is  i s  t r u e  a l so  f o r  
i 1 

weighing pickups. Some scalehouse opera to rs  are more f l e x i b l e  i 
i 

and p rov ide  more ass is tance  than o thers .  Genera l ly ,  I have found i 
them h e l p f u l  as l o n g  as we d o n ' t  i n t e r f e r e  w i t h  t h e i r  r o u t i n e  o r  I 

i 

t r a f f i c  does n o t  g e t  backed up. 
t 
I 
1 
3 

0. Data Types I 
! d 

a 
The Truck Weight Study i n  Alaska, i s  n o t  a f u l l y  opera t iona l  I 

program of da ta  ga the r i ng  because o f  i t s  newness. The a t t i t u d e  has 
I 
I 
I 

been t o  ge t  j u s t  what i s  needed t o  f u l f i l  1 FHWA requi rements.  We have 1 

n o t  found t h e  FWWA isMfl Tables t o  be use fu l  f o r  our purposes. The types  
h 
I 

o f  da ta  f o r  which we have t h e  most requests  are: i 
i 
I 
f 

1. Truck types, weights and leng ths  f o r  any p a r t i c u l a r  l o c a t i o n .  The 

p lanners want t o  know what k i n d  o f  t r u c k s  are on t h e  road  and how 
I 
I 
k 

b i g  and how heavy a re  they. f 

2. Average Truck Weights are requested f rom design, as w e l l  as a x l e  1 

percent  ages. (See Appendix A)  
i 
I 
B 
I 



3. Percentage of empty t rucks  on the  roads i s  requested by Planners. 

Occasional ly a request i s  made f o r  commodity f low.  

4. Fuel type i s  requested occasional l y  b y  environmental i s t s  o r  energy 

consul tants.  This  i s  p a r t i c u l a r l y  a request froin i n t e r i o r  areas 

because o f  the  i c e  fog  phenomenon. 

. Seasonal da ta  are requested. Most planners do not  f e e l  conf ident  

w i t h  an 8-hour sample, taken u s u a l l y  dur ing  t h e  summer, every o the r  

year. Nor do they  f e e l  conf ident  w i th  one t ime c lass  counts. 

E. A l t e r n a t i v e  Programs 

The B ienn ia l  Truck Weight Study does not  prov ide a l l  t he  requested 

data, so we are implementing our own program t o  c o l l e c t  on a seasonal 

bas is  s t a t i s t i c a l  l y  sampled 24-hour t r u c k  data and c l a s s i f i c a t i o n  

counts a t  each of t h e  scalehouses. (See Appendix B)  These data  w i l l  be 

c o l l e c t e d  r e g u l a r l y  f o r  us by  the  Department of Commerce and we w i l l  

c o l l e c t  the  c lass  counts. The data  w i l l  be computerized and l i n k e d  t o  

o ther  data f i l e s .  This  should prov ide  up-to-date complete da ta  i n  a 

format we can use. 

F. Weigh-in-Motion ( W I M )  I 

Alaska i s  j u s t  beginning t o  consider WIM.  We are i n s t a l l i n g  a scale 

near the Anchorage scalehouse i n  one lane. A t e s t  o f  t h i s  scale i s  

i needed t o  determine if a HIM system can operate a t  temperatures t o  

- ----- 
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-50" Fahrenhei t  . This  should he1 p  Department o f  T ranspor ta t ion  and 

Department o f  Comnerce o f f i c i a l s  dec ide whether o r  n o t  t o  i n s t a l l  t h i s  

equipment a t  o the r  l o c a t i o n s .  Those o f  us i n  Alaska DOT&PF who have 

i n v e s t i g a t e d  W I M  f e e l  t h a t  i t  should so lve  t h e  problems encountered 

i n  c o l l e c t i o n  o f  t r u c k  data, a t  l e a s t  on t h e  I n t e r s t a t e  rou tes .  

G .  Recommendations 

The recommendations t h a t  I o f f e r  a re  t a i l o r e d  t o  A1 aska's needs. 

1. I urge FHWA t o  accept t h e  da ta  gathered f rom W I M  as t h e  s tudy  data.  

I n  Alaska, t r u c k  t r a f f i c  i s  i nc reas ing  a t  a  r a p i d  pace. For  t h e  5 
i 

i n f o r m a t i o n  t o  be usefu l  i t  needs t o  be c u r r e n t  and i n c l u d e  o r i g i n -  [ 
d e s t i n a t i o n .  Another da ta  i t em t h a t  we have been c o l l e c t i n g  i s  

t o t a l  t r a i l e r  leng th .  We were requested by p lanners t o  c o l l e c t  

t h i s  on long  t r u c k s  because of f e d e r a l  l e n g t h  l i m i t a t i o n s  on I n t e r -  

s t a t e .  Height  and w id th  da ta  may a l so  be use fu l .  Ac tua l l y ,  t h e  

S t a t e  c u r r e n t l y  operates b y  t h e  b r i d g e  formulas and a l l ows  doubles. 

Our r e g u l  a t  ions  a re  much broader than  proposed f ede ra l  r e g u l  a t ions ,  

2. Good sample da ta  and cons is tency  o f  da ta  ga the r i ng  i s  impor tant .  

However, t o  f u l f i l l  t h e  FHWA requirements t he re  needs t o  be a  
! 

i c e r t a i n  amount o f  f l e x i b i l i t y .  FHWA i s  coopera t i ve  i n  t h i s  respect .  

For example, we a re  exper iment ing b y  c o n t i n u a l  l y  changing our  

ope ra t i ng  procedures. Operat ing t h e  Truck Weight Study w i t h  a  

crew from one o f f i c e  i s  n o t  f e a s i b l e .  Presen t l y ,  we t ake  t h e  

interviewer/supervisor/recorder, (myse l f )  and two axle-space measur- 

i n g  people f rom Statewide Planning. The Regional P lanning people 

p rov ide  t h e  c l a s s i f i c a t i o n  counters  and t h e  Department of  Commerce 



ass i s t s  w i t h  weights. To get  t he  a t t e n t i o n  o f  t ruckers ,  I t r i e d  us ing 

s igns  t h a t  read "A1  1 Trucks and Pickups Stop 500 f e e t  ." This brought 

a l l  the  pickups i n  f o r  a  per iod  o f  t ime and created a  wa i t i ng  l i n e .  I 

have a lso used a  s ign  "Truck Weight Survey Ahead." This  was okay bu t  

unnecessary and a  burden t o  c a r r y  around. Right now we are weighing 

o n l y  those pickups which i nadve r ted l y  come through t h e  scalehouse and 

we prov ide verbal explanat ion t o  t ruckers  instead o f  a sign. Alaska 

Truckers have been recep t i ve  t o  the  study and my crew. I p r e f e r  t o  

keep the  procedures f l e x i b l e  f o r  each s t a t i o n .  

3. L ink ing  o f  t r u c k  weight da ta  t o  Highway Performance Moni tor ing 

System (HPMS) would key d a t a  t o  sample HPMS sect ions.  Present ly  t he re  
I 
! 
I 

i s  no way t o  l i n k  the  two data f i l e s  unless each s t a t e  has t a i l o r  made 
I 

t h e i r  own l inkages. , For Alaska, t he  scalehouse data are p r i m a r i l y  on 

the  I n t e r s t a t e  rou tes  which are 100% sample fo r  HPMS. By add i t i on  o f  

Commodity and Or ig in -des t ina t ion ,  Commodity f l o w  models can be deve- 
I 

loped and updated annually. Truck Weight da ta  i s  a lso usefu l  i n  models I 

t o  determine e f f e c t s  on pavements. 

H. Summary 

I n  summary, I would l i k e  t o  see improvements i n  da ta  sanpl ing and 

new formats t o  p rov ide  ease i n  update and s i m p l i c i t y  i n  repo r t i ng ,  and 

data which f a c i l i t a t e  a  wider range o f  modeling app l ica t ions .  More 

Our I n t e r s t a t e  i s  d i f f e r e n t  from o ther  s tates,  our road system i s  

d i f f e r e n t ,  our t ruck  t r a f f i c  i s  d i f f e r e n t .  Because o f  extreme c l ima te  

- -- ~- 
A_.-- 
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SECTION ONE 

TRAFFIC LOADS 
i 

t 1 
Traffic Data 1 
Structural sections are designed for the traffic imposed loadings during the design period. i 
An Equivalent Axle Loading (EAL) i s  defermined from project traffic volume and loading 1 
data. Separate EALs should be selected for mainline, crossroads, ramps, frontage roads, or 

any other appropriate portion of the project. 
! 
1 

Planning wi l l  provide the EAL ar the following data from which the EAL may be deter- 

mined: 
I 
i 

1. ADTI, the one way average daily traffic expeded during the first year of operation. 1 
2, PU, the percent of ADT which is  heavy truck traffic. E 
3. W, the average gross heavy truck weight (Heavy Truck)* (Ibs.) 

4. r, the compounding traffic growth rate, expressed as a decimal. 

5. N, the proiect design life in years. 

Wherever the values of these parameters are not equal in both directions or not equal be- 

tween sections, the parameters for each direction- or section should be reported. 

EXAMPLE: (This example will be used throughout this manual.) 

Assume ADT1 - 3667 
PTT = 6% 
W = 35,000 Ibs. 
r = 0.06 
64 = 20 

* Heavy trucks care heavy commercial vehicles, normalily two-axle six-tire vehicles or 
larger. Pickup and light panel trucks are excluded. 

Procedure 

1) Determine the Number of Heavy Trucks (NHT) per day in the design lane. The 

design lane is the lane upon which the greatest number of equivalent 
18,000-pound single-axle loads is expected. 



The percent of Trucks in fhe Design Lane (TDL) may be estimated from Table 1.  
Normally, trucks operate in the outermost traffic lanes, and - may b considered 

equally divided in both directions. Exceptions include special ci cumstances 

where heavy truck haul traffic will be in one direction, such as mining areas or 

between pump stations with empty trucks using the return lanes. n multilane 

highways, i t  has been found that more than 80 percent of the he vily loaded 

trucks are in the outside lanes. i 
TABLE I - PERCENTAGE OF TOTAL TRUCK TRAFFIC ~ 

(ONE DIRECTION) IN DESIGN LANE, TDL 

Number of Traffic 

Lanes (Two Directions) 

(d) Locate the proper single-axle load limit point (20,000 pound 

(e) Connect the single-axle load limit point on the line E and pi 
line B with a straight line and extend it to line A. 

4 

4 or more ' 

J "Probable range. 

The NHT may be calculated by the following: 

NHT == (ADTI) (PTT/l@O) (TDV100) 
1 
I EXAMPLE: NHT = 3667(6/100)(100/700) = 220 
.I 

90t70-96)* 

80t50-96)* 

2) Establish the Initial Traffic Number (ITN), using the Traffic Analysi Chart, Fig. 

1, page 3 as follows: 

(a) Enter the chart with the average gross weight, W, at the pro er point of 
line D. 

(EXAMPLE: 35,000 I bs. ) 

(b) locate the NHI, at the  proper point on tine (3. 

('f XAMPLE: 220) 

I 
( c )  Connect the points on lines D and C with a straight tine and extend it to 

find the pivot point on line 8. 
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(f) Read the ITN on line A where the extended line E-B intersects it. 

NOTE: If ITN is less than 10 go on to (g) otherwise go to (3). 
* 

(EXAMPLE: 186 > 10 so go to (3) on page 5.) 

(g) When the ITN is  less than 10 and when a relatively large number of 
automobiles and light trucks are expected to use the roadway a correction 

of ITN is required. The correction is made by the use of Fig. 2, page 4 as 

follows: 

0 a o 0 0 0  8 0 0 0  0 0 
0 0 0 0 0  0 0 0 0  0 0 
w N 

F 
9 99 

ru- 
p. 

X 
CY *+ 

DAILY VOLUME OF AUTOMOBILES AND LIGHT TRUCKS IN DESIGN LANE 

Figure 2 

Chart for adjusting Initial Traffic Number (ITN) 
for daily volume of automobiles and light trucks 



(i) Enter Figure 2 on the horizontal scale at a point representing the Daily 

Volume of Automobile and Light Truck Traffic i~ the Design Lane which 

equals: 

NHT (z - 3 (e.g. Point A). i 
1 
2 
3 

(ii) Move vertically to the curve representing the Initial Traffic Number (ITN) ;3 
I$ 
$ 

based on heavy trucks. (e.g. Point B) 

(iii) Read the corrected ITN on the vertical Initial Traffic Number scale. (e.g. . 

Point C) 

Establish the pavement Design Period, n, 

The pavement design period, n, is  the number of years from the initial applica- 

tion of traffic until the first major resurfacing or overlay is anticipated. This 
term should not be confused with pavement life. By adding asphalt overlays as 

required, pavement life may be extended indefinitely, or until geometric or 

other factors make the pavement obsolete. 

While Planning has determined the appropriate project design life, N this 

design life may not be the desirable pavement design period, n. If it is deter- 

mined that the pavement design period, n, will be less than the proiect design 

life, N, coordination with Planning will be required to program additional 

overlays. Pavement design period &nsidera!i'ons include: 

(a) Costs and funding of overlay projects in the future, and differenfial 

maintenance costs, corrected for time. 

(b) The geometric design standards to which the roadway is to be built. Some 

geometric designs may not warrant a pavement design period as long as 

20 years. 

(c) The presence of structures with functions that are impaired by overlays; 

curb, median islands, etc. 

(d) Wear to the surface course induced by freeze-thaw,. aggregate degrada- 

tion, studded tires, etc. 

(e) Differential settlements due to ground i ce  or other soil conditions. 
@j 1: 

(f) Future construction schedules for nearby projects. I7 
@ 

EXAMPLE: Assume above considerations indicate a 14 year life for pave- i,z s 

2- 
ment before overlay. 5.; 

5 .  
J " i, 

1 
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4 )  Determine the Equivalent Axle Load (EAL). 

Multiply the ITN by a pavement design period adjustment - factor. 

EAL = ITN [((I + r)" - l ) / r ]  (365) 

The Adjustment Factor [((I f r)" - 1)/20 r] (365) may also be taken from 

Table 2, page 6, 

EXAMPLE: n = 14, r = .06 

Adjustment Factor = 7671 
. . EAL = (7671 )(186) = 1,426,806: say 1,430,000 

TABLE 2 - INITIAL TRAFFIC NUMBER 

ADJUSTMENT FACTORS 

Annual Growth Rafe, (r) 

0.06 0.08 0.10 

365 365 365 

752 759 767 

1,597 1,645 1,694 

2,546 2,678 2,88 6 
3/61 3 3,882 4,174 
4/81 1 5,288 5,817 

6,158 6,927 7,805 

7,67 1 8,838 10,211 

9,370 1 1,068 13,122 

11,281 1 3,669 1 6,644 
1 3,427 1 6,703 20,905 

20,026 26,684 35,897 

28,856 41,348 60,040 
40,674 62,896 98,924 

nforrnation on the procedure for determining the EAL, see pages 18 

of Asphalt Overlays and Pavement Rehabifitation MS-17, 1977 or 
of Thickness Design-Asphalt Pavements for Highways and Streets 

both published by the Asphalt Institufe. 





SEASON I SEASON 2 SEASON 3 
July May January April ?g 

August June February November 
September October . March December 

TOTAL TRUCKS TOTAL CLASS. SEASQN 1 - 2 - 3 s - 
HAINES' .. 33 797 MADT . 790 ' 758 . 458 . 
E-3-95 DAYS @ mo, 4 .  5 

I ._ I . - . * *  

2 

VALDEZ . 165: 1,280 537 340 
F-3-71 

142' 
10 14 

. 
6 '  

260 
- .  

FOX .-  1,312 7 95 . 735 553 ' 
F-3-65 - - 1 .  - 1 .: + -  . 1 . , . - .. 
ESTER - 408 2,495 1,533 1,080 - 676 . 
F-5-35 . 2 - .  6 .  - 1.. 

. . 

. STERL f NG . 370 2,677 3,673 3,284 2,045 
1 . F-1-21 ' 2  2 3 . , I i TOK . 196 2,839 867 691 

. . I .  
405' 

F- 1 -46 
i 

13 13 ., - 8 .  

312 POTTER 3,657 

j 
4,852 4,160 2,645 

F-4-31 ' 6 5 . 3 .  

FAIRBANKS 1,051 74,416 - 12,435 11,730 - 9,248 
i F-4-62 2 - 2 1 

/ ANCHORAGE 1,563 21,783 20,556 20,628 16,749 
4 f-1-42 
I .  

2 2 1 

i 

i 
1 



6.3 DATA CLASS1 FICATIONS 
. . 

The l e v e l  of d e t a i l  by which truck weight  d a t a  can be recorded v a r i e s  according 
- 

t o  t h e  equipment a t  each scalehouse l oca t ion .  The d e s i r e d  c l a s s i f i c a t i o n  of 

t r u c k s  and the manner of recording o f  t ruck  weights,  are as follows. 

J 

6.3.4 VEHICLE CCLASSIFXCATION - g 
[ 

Trucks shbuld b e  i d e n t i f i e d  by t h e  same axle-body c l a s s i f i c a t i o n  codes used 

for  t h e  Vehic le  C l a s s i f i c a t i o n  Count Program, per  Chapter  4.0. Data entry 

t e r m i n a l s  a t  t h e  sca lehouses  should be equipped t o  f a c i l i t a t e  t h e  s imple  and 

e r r o r - f r e e  e n t r y  of truck d e s c r i p t i o n s  according t o  those  c l a s s i f i c a t i o n s .  

~ f :  the least, each t r u c k  must be described i n  t e r n s  a£ the number of axles. 

Future i n s t a l l a t i o n  of  Weigh-in-Motion equipment may r e s u l t  i n  modi f i ca t ions  

t o  the c l a s s i f i c a t i o n  c a t e g o r j e s  based on equipneat c a p a b i l i t i e s .  

6.3,2 WEIGHT REPORTING 

The weight  o f  loaded t rucks-  ?$?.uld. -h9: r epor ted  for each axle i ~ d i v i d u a l l y .  
- - -. 

Second-best i s  t o  r e p o r t  t h e  weight on each tandem-axle pa i r ,  with proper 

i d e n t i f i c a t i o n  of t he  method of compensating adjustmesnts i n  d a t a  process ing.  

S t i l l  l e s s  d e s i r a b l e  is t o  r e p o r t  the  weight  for each tractor or t r a i l e r  u n i t  

with t h e  number of a x l e s  on khat  u n i t ,  s i n c e  accurate a n a l y t i c a l  compensation 

i s  .not easy* Least d e s i r a b l e  is t o  report only total weight and a x l e s .  

Empty t r u c k s  must be repor ted  f o r  the  sake  of sample requirements,  b u t  need 

n o t  be weighed i f  a  s t andard  t a b l e  of empty w e i g h t s  by c l a s s i f i c a t i o n  has  

been assembled and provided t o  t h e  Data Management O f f i c e ,  f o r  i n s e r t i o n  i n t o  

t h e  d a t a  base  a s  d e f a u l t  values. $ & 
$ B 

6.3-1 8 
$* 
?$ 

d 



The majority of t h i s  nanual 's  ins t ruc t ions  assume marmally operated roadside 

scalehouses as the  method of data co l lec t ion .  Automated data ent ry  terminals 

should be added to those i n s t a l l a t i o n s ,  a s  budgets allow, f o r  more e f f i c i e n t  

da t a  en t ry  and t ransmi t ta l .  

In t he  future, automated weigh-in-motion sca les  may a l s o  be i n s t a l l e d  and 

operated i n  various ways: 

( A )  on approach ramps to  roadside scalehouses, i n  conjunction with 

weighing f o r  enforcement purposes; 

on mainline highway lanes near scalehouses, i n  conjunction with 

enforcement weighing; 

on mainline highway lanes near scalehouses, but independently of 

enforcement a c t i v i t i e s ;  and 

on mainline highway lanes a t  other  loca t ions ,  independently of 

enforcement a c t i v i t i e s .  

When such procedures a r e  undertaken, t h e  da ta  co lJec t ion  plan should be 

correspondingly revised to  account for the  differences i n  driver-avoidance 

behavior, and d i f f e r e n t  techniques of sampling which became possible ,  such 

a s  ro t a t i ng  a da ta  co l l ec t ion  device among severa l  weigh-in-motion loca t ians ,  

a t  i n t e r v a l s  determined by the sampling rate. Alterna t ive ly ,  w i t f i  a l i n k  ta 

the enforcement scalehouse, the measurements by t he  weigh-in-motion device 

may c o n s t i t u t e  a 1 Q O %  sample, and be used as a s o r t i n g  mechanism to select 

suspected overweight t r u c k s  f o r  s t a t i c  weighing. 

- 



6.5 DATA COLLECTION 
I 
I 
I 

Truck weight  d a t a  s h a l l  i d e a l l y  c o n s i s t  of i n d i v i d u a l  a x l e  weights  for each 
4 
1 

t r u c k  weighed, p l u s  v e h i c l e  c l a s s i f i c a t i o n ,  time and da te ,  t h e  d i r e c t i o n  of . - 

t r a v e l ,  and o t h e r  i d e n t i f y i n g  informat ion  as determined by t h e  Sta tewide  1 E 
i; 

B 
~ i g h w a y  System Planning Off ice .  I n  the  absence of weights  by i n d i v i d u a l  E 

a x l e , . w e i g h t s  by a x l e - a r z u p _ a a  be  c o l l e c t e d .  weight  p e r  complete v e h i c l e  is 

l e a s t  d e s i r a b l e .  The numbers of loaded and unloaded t r u c k s  n o t  weighed . B 
s h a l l  each be recorded. C l a s s i f i c a t i o n  coun t s  of v e h i c l e s  t r a v e l i n g  on the 

a d j a c e n t  roadway s h a l l  be c o l l e c t e d  by t h e  Regional  T r a f f i c  Data Off ice ,  f o r  

comparison and expansion. 

The Sta tewide  Data Management O f f i c e  coord ina tes  wi th  sca lehouse  o p e r a t o r s  

t o  a s s u r e  fiat ef f i c i e n t ,  cos t -ef f  ectsive and s t a t i s  t i c a l l y  v a l i d  methods o f  

weighing, r e c o r d i n g  and t r a n s m i t t i n g  d a t a  a r e  employed a t  a l l  sca lehouses ,  

c o n s i d e r i n g  t h e  fo l lowing  f a c t o r s :  

( A )  Truck weight d a t a  must be c o l l e c t e d  s e p a r a t e l y  by each d i r e c t i o n  
9 k< 

of t r a v e l .  It 

( B )  Scalehouses  must opera te  24 hours  per day,  i n  clrder to prevent: the 

common p r a c t i c e  of  truck d r i v e r s  avo id ing  weighing by w a i t i n g  till 

t h e  f a c i l i t y  c loses ,  then p a s s i n g  on. 

(C ) Scalehauses  must opera te  enough consecut8ve days to fur ther  dFs- 1 g 
% 

courage t h e  above behavior  by t ruck  d r i v e r s .  k 
25 
s* q! 

(D) If  the sample r a t e  i s  low, i near  10%, t h e n  cho ices  m i s t  be @ 

made between count ing  s e v e r a l  consecut ive  days once pe r  season,  k 1 
versus  count ing  days a t  random dur ing t h e  season. This cho ice  /g 

tt 
$ 

w i l l  depend on judgement a s  t o  the  amount of v a r i a t i o n  w i t h i n  t h e  - p 
ei 

season of d a i l y  t ruck  volumes and t h e  mix of t r u c k  c l a s s i f i c a t i o n s .  



I f  i t  i s  n e g l i ~ l .  .--, then one c ~ u n t i n g  s e s s i o n  w i l l  s u f f i c e ,  If 

i t  i s  s u b s t a n t i a l ,  t h e n  s e v e r a l  s e s s i o n s  would b e  p r e f e r a b l e .  I n  

t h e  l a t t e r  case,  'however, if the  v a r i a t i o n  - within the def ined 

season i s  s i g n i f i c a n t ,  then  t h e  season length  should be  reduced 

and t h e  sampling r a t e  r eca lcu la ted .  

(E) There i s  u s u a l l y  some c o n f l i c t  of i n t e r e s t  between t h e  d a t a  ga ther-  

i n g  and law enforcement func t ions  of sea lehouses .  To r e s o l v e  

this, i f  t h e  sampling r a t e  is smal l  (meaning that a smal l  f r a c t i o n  

of  a l l  t rucks  i s  t o  be weighed dur ing  t h e  season) ,  t h e n  an opera t -  

i ng  procedure could be e s t a b l i s h e d  whereby a t  -%in - .  w i d e l y  

p u b l i c i z e d  - dates, enforcement would ha susp2nded and pn ly  d a t a  
4 -- . - -  - - 

c o l l e c t i o n  would be performed. P u b l i c i t y  i s  h e l p f u l  i n  t h i s  case 

because it: encourages a l l  d r i v e r s ,  inc lud ing  t h o s e  whose t r u c k s  

a r e  overweight, to  cooperate wi thou t  fear of p e n a l t i e s .  For b e s t  

r e s u l t s ,  the scalehouse opera t ion  should.  be canduc t e d  by DOT/PF 

personnel  i n s t e a d  of enforcement agency s t a f f ,  t o  dramat ize  t h e  

absence of p e n a l t i e s .  

1 

f i v e  days of every month would c o n s t i t u t e  a 16.7% sample r a t e ,  and 

could  be expected t o  r e f l e c t  average o r  s l i g h t l y  above-average 

i b i a sed  t ruck weight cond i t ions  for each month. In this case t h e  

b i a s  i s  acceptable  i n s o f a r  a s  it leads  t o  a s a f e t y  margin f o r  

des ign  purposes. 

F) Sampling procedures i n  h igh volume l o c a t i o n s  may need t o  account: 

for queueing up of  t rucks  wa i t ing  t o  be  weighed. To minimize 

t h i s ,  t h e  sample p lan  could c o n s i s t  of a random s e l e c t i o n  of t r u c k s ,  
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.';<t:.ip tf?~+ ~S-I+;J~C:L-~:: IY: I :  r3 f  elllr i.~i,igh.c: ? G W E  2nd t h z  cr? l l ec t . ion  o f  

!.ruck wej.g!-it-. t j ~ t . 9 .  i-i.!!-~ti.i-l:.tes t c ,~   it^ 3 t u p  F ; r i ~ r i + , y  0:: t h e  

lDupar.tn~en*t.  We 13.1:;;~. c!tiecl .tI-iece t r u c f . :  b . ~ % i . r , i i t  d a t a  as a b a s i s  fa r  

f.-E:.,-!l.:"jl?e +c~~.EL. ; I ,~F . [  :+ s:-:d c:cigi: a1 ] . s c a - k i ~ r ~  ~- t ;pd ies  . L r i  a d d i t i a n  t~ ' k h ~  

~?t:~.\,.+j,ofi L ! ~ E S  a+ .tl:k:~-.e ;?r_/c:.<; / ~ r  dpsi  tin. Theref nrc,  A r  t : a n ~ i a s  has 
I 

en+~rce i ? r l .~~ - i t  5ta-l:j.r.x1&. 

Al-.E;an~.,a~; i;l; ~t!r;-e;-~t.l..j r:::.yuirec-S t n  ~!-tbrr:itr w e i g h t  d a t a  f r - i ) l n  

. eigl.it !8) p a r t a b l e  .;tale ~ p e r c i t i u r l s  as w e l l  a5 t h e  eleven (11) 
I 

pei.mai-im-t.t i n s s t a 1  :. at i. !:,!-i5 at a u r  w e i  gh stat; sr~s, ~e i l ;~ :~ i5~~  [I+ the i 
.;j z e  0.f a1.w s t a f f  , t-re ! - i i l i i l  p ~ r - f  a r m  these weighing activities 

d u r i n t j  the s u m n i e k -  -.rnor~.i-hz w h f r i  S L l r n m e r  ~ m p l  ayeer, a r e  ava i  l abl e ta 

ai?..,sL~;.t i n  thei:se ac-ti v i  t i  es, The g u i  c le l  i ries 017 the n~i.fnber" of 

s t a ? - . f . a n s  ant:! tl-re ,tuc!rk; ~ ~ s i ~ ~ h i n g s  a r e  a rcep tab le  t n  ~1.5. O u r  or?ly 

cumrnel.-t.t: i s  ?;I.-iat mai-e cca,.r:plete data appear:; t.2 be fasi ly 

csbt; t in~;bla  w i - t r h  ? i  t t l e  DT ria incr-esse ir: c u s t s .  T h i s  csn bft 

accoi.r;+?Lis{-ikd t k t  ~ - g ~ . * r ~ . j  1 : ~  i!-,e i~c : : i~ j~? l i ;~:?r  i r - ~ r  t[--sc$. w.?ig!7:ng 

i2c t i i , , ; . t j . ~ 5  51?,c:!: tjjat. ~ , t ~ : k , ? f r  ~ r - e  & r , ~ ~ ~ ~ r a ? e c !  t0 share da-t..a and 



5..f~tecial ~::r . t -?~?.ki  (31-IS ;.lsit-e plro \ i i .ded t o  h!-,@ Ff-til!;ff ~ i - l i d z l i n e s  t h e  

n ~ t t r ~ b e r ~ s  o.f r x t a  t.i. o r ~ s  on each sys tem.  F o r  exa,xpl e, ~c><~,.erai  of: t h e  

st.atiai?!s i n  Ai-F::ansal=,, 1 i k . ~  m<?ny status, are  near its 6 a ! F d ~ ~ ~ . .  f f i  

tl-~es~:. c;:tr;es, t h e  weigh ci.tatiuns a+ d i f  +er-ent s t a t e r  m a y  tje an t h e  

same highway a n d  o n l y  a .few rnil.er;- a p a r t .  rJbviocisly, t h e  s ta tes  

ccx!ld wnl*-I.: togethelm. and :share t h e s e  data. Huw~tver ,  t h e r e  

ci. tr .r~t2tl .y ie na j.ncent.ive +or the stakes i n v ~ l v e d  to share these 

data  t-indar ?:.Flu c~.tt-reltS: FHWt? q u i d ~ i i n ~ : ~ .  T h i s  woc;Pd f r e e  the I 
ctleighinq crews m.f; one stake tn weigh i .n  a n a t h e r  area ar to apply 1 

E 
I 

tl-ie sav i  rigs toward the pur-chase of w e i  gh-i n-mot i  on eqtti prnent - I 

f n  d i . s r u s s P n g  t h e  need f o r  ur-ban s t a t i ~ i 7 5 ,  Arkansas may be 1 
i 

a t  a disirdvaritage t o  t h e  more PUFLI~U!.IS  state^ in t e r m s  af l a c k i n g  f 
I 

sttitai3f e l.csc,3.kii~ric;. I ,  a l . o n r ~  with rrgar)): o.f my colleagues at t h e  f 
i 
i 

C ) I ~  Our in23er-61:ate a n d  p r i m a r y  systems a l t l i o t t g t ~  a s t a t i o n s  a re  ! 
I I 

witl-3j.n ti-le tttr.ban area and are repu~~tecl as sctch to t h e  FHWA. The 1 
s a f e t y  of t h e  ur-ews and t h e  expense assaciat~d w i t h  urban 

lacati a r t s  makes it: imperative, w i t h  c;ur er: i s t i n g  technology, t h a t  1 
I 

w c  catiCinue ta aperate a t  t h e s e  s t a t i a n s  which arc 1 
i. 

QI-I 'rl-ie . f r ? n g e  n+ t h e   ban &reas. In atir case, t w n  alternatives I ! 
as-e ~tpparer;.t. The FllWFS requirements st-ioulcl be re laxed  such that 

t 
i 
I 
t 

t f i e ~ s e  5tnt.i ons Eire aec.urat~l\; repar-ked a5 rt_tral s t a t i  nns or, i f  1 
I 

r ~lpi'-r;:,~i-:i r f r t j ' j ~ r "  ~-\:-l:~;in (:la\-a air-= i * i i ~ 7 t > i l ~ ~ < i ~  ~ F ; c ?  W-f:il!L sSf-int!-T*d i*.~,~~ist t h e  i r 

st:.at c:?,-j i l l  the i n r ; t a l  l ; i t i c ~ 7  r t f  bdr lgh-- in r r i c x t i o r t  e q ~ t i p r n e n t  and t 
b 
R 

Sr=.tsort;:~l, var - i  a t i  o r i 5  i rr tr-LIE!:: a r t i  v i  ty w 5 r e  deter-nrined ta he 

sigl-ii ficant t:lctr.i.ng t h e  rnttiP.:.,e of: the WF'MS C a s e  S t u d i e s .  Far 



~: : i l~! l?? i . : , ,  wc -' :*j:-lrll_! C i  I:,'; a in?.[r,h h i  gf ier  per certtage c?.f t r u c k s  w e r e  

+ o u r  Raurs oC data w e r e  cal  lucted far the Case S t u d i e s ,  w e  were 

also ak~1.e -tc! d2t f i r tn ;  r :e that .  .t!-~s p ~ r c e r i t a g e  oS loadecl  +ive axle 

tr-v.c!::% v a r i e s  -F r c~ in  3 I'tiqh O$ G.L,T/n at 3 a.m. ta a.  lo^ of 6h% at 1 

p - m ,  E a t h  G +  t!-jrse vr-iatior~r; appear t u  con . f i rm t h e  need far 

con2rj. n~azx.5 data which  w ~ u : ! .  d be u s e d  ta ad j ~ t s t  t h e  w e i  g h t s  

reccr -ded  a t  t h e  ai.t:cr.r 1 ocati a r ~ s  d u r i n g  the s u m m e r .  

besid~s the  install a.tS.an uf weigh.-in-mation e q u i p m e n t  and  

move $ 1  ~ : x i b l e  g u j  d e l  ines to encnurage rnaperation between states, 

ario-khei- r-ecr?mmenda'c.j. c . 2 ~  waul d b r  t he  clevel o p m ~ n t  a+ n a t i  a n a l  

srrv.~:enl ir ies. t l r ie  O ~ V ~ C S L I ! ;  screen1 k n c  ~'weulcl be t h e  M i s s i s s i p p i  

R i v e r .  F r e m  w e i g h  i n  rno%iort s t a t i o n s  l ~ c a t e b  on or near  t h e  

m a j  or- b v i  d g e s  over t h i  s R i  veic, truci:: kwei.  y h t s  caul cf b e  mani tckrcd 

a n d  r - e p c r t e d  ta FkIWA un a t n r ~ t i r i c t o t t s  b a s i s  tai p r o v i d e  ;?, m e a n s  ctb. 

esti mati rrcj cr-a5;s--cauii.try t r u c k  -f l otus, 

Irr ref eren te  to the collectiun 0-f other data,  w e  t tautd he 
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: ; : I ( L I I I ~  IT-y Workshop B - Use of WIM 
Equipi?~c$nt.  in an Effective Size and Weight 

Bnfoccemcnt Program 

Rich Phillips 

Washington State Patrol  

Our workshop had three speakers, Mr. Pqul Bowlin f r  

Department. Paul stated t.hat Alabama bas Radian sites and one computer with a 

$500,000 investment. It is working very well In Alabama. They are having 

some of the same problems with roadway smoothness, drainage problems, but he 

didn't want to overemphasize the problems, because it is working well Eor them. 

Mr. Larry Shoudel from the Illinois 

currently do not have a weigh-in-motion equipment. They are planning for I 
I 
I 

some. They do have 21 f i x e d  weigh-stations and six sets of semi-portable 

scales. One of their concerns is that 2% violation rate on the fixed scales 

and they are having a 162 violation on the portable scales. So t~uck 

avoidance they feel is a major problem for them. 

Mr. Fred Juba from Pennsylvania said that Pennsylvania has one permanent weigh 

station. The costs for weigh station construction are prohibitive, so they' 

will probably continue with portable weigh stations. They are really 

concerned with avoidance and they have tried using unmarked vans, all kinds sf 

things to catch truckers by surprise. They are planning on having 11 

semi-permanent stations and three mobile controlled centers. They do have 

congestion problems because they are using existing weigh stations to do their 

truck weighing. 

Some ideas and recommendations that came out of the workshop. The first thing 

to increase public reception of the truck weight problem. We need to 

italize on such things at the Connecticut bridge collapse. That is a real 

key issue and it a typical example of the deteriorating infra-structure 

throughout the states. Our state has passed a series of laws putting more 

teeth into the TWL enforcement. I think that if we could organize against 



I 

deteriorating roads we might do a little b e t t e r  than we are now. One of t h e  

things we need to do is emphasis the costs of the damage that is causcd by t h c  
I 

trucks on the roadways. 
I 1 

The avoidance of weigh stations was another major concern voiced by the 

workshop. This emphasises the need For portable weigh-in-motion equipment as 

emphasized by the 1 1/2 to 29. violation rate of fixed scales and we have heard 

estimates from 16 to 25 and possibly even more percent aQortable sites. So 

we don't really know what those violations are out when we are not out there 
I 

working. In North Dakota, one gentlemen suggested that they use aircraft to 

monitor the bypass routes. If you have the resources and the manpower to do 

that it sounds like a good idea. To emphasize the need for low cost 

weigh-in-motion equipment, as we are all fixed with the same budget crunches. 
i 

Compatability of equipment was the third recommendation that the workshop felt 

was worth mentioning. A lot of times you buy some equipment and on the figure 

you are forced to accept the low bidder. The low bid may not be compatible 

with what you just bought. In Washington State we are having good luck 

interchanging scale heads and load cells on our static scales. We would like 

to see this happen in weigh-in-motion. We realize that some of the systems 

probably could never be compatible, but possibly by making such a statement 

the vendors would be a little more sensitive to this. I think the bottom Pine 

is that if their equipment was interchageable to a certain extent, we would 

have better bidding process, and would eventually sell more equipment. That 

is the bottom line for them. Personal computers have gone down drastically in 

cost but it doesn't seem that any other of the electronic equipment that 

weigh-in-motion requires has decreased in cost. We have wondered about that 

and have asked some of the vendors about it but they don't really know, but it 

is something that we think that with the trend in micro-computers that those 

costs should be going down and we would like to see some interchangeability. 

The other thing was the national clearinghouse. As represented by this 

conference, a lot of the states have experienced some kind of technical 

problems or problems with getting weigh-in-motion or implementing it. With 

budgets the way they are, we can't afford to reinvent the wheel. We also felt 



by a n a t i o n a l ,  t . x l  

vendors that cunt i t 1  

money into thci r I r 6 ~ l )  

~l-or.ri.ration such as this conference, that maybe some 

,di?g t h e  same problems would put a little more 

s , f  t.o get those problems alleviated. 

One of the other t hi n,::. I 'i9.L we recommended was a standardization of fines. 

We have got the econnn~ir ibc~nefits out of running overweight trucks, stiffer 

fines, penalties, liccnsc suspensions and ways to increase risk of 

apprehension by truck drivers were things that were mentioned. We need to get 

the attention of t h e  t r l ~ r k i n g  industry to better regulate itself. A l s o  

possibly by that maybe sorne tax incentives to get them to inst,all some I 

I 
i 

I 
loadcells on their trucks. For example, Washington logging industries are 

installing loadcells on their trucks. We sell the program by telling them 

that by having those on your trucks you can load right to the maximum limit 

and you are not going to have to worry about getting pinched. So those are 

some things that we think might help. 

It was felt thak the confctence was generally very productive and the national 

information must continue. 
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Use of Weigh In Motion Equipment 
In An Effective Size and Weight 

Enforcement Program 

I have divided this presentation into several topics, 

the first of which is: 

I. A little background and the beginning 

In the summer of 1978 the State of Alabama Highway Depart- Z 

ment began working toward implementation of a weigh in motion 

vehicle weighing system. This followed a determination by 

this department that high volume weighing capability was a 

desirable, perhaps a necessary, addition to the State's 

existing vehicle weight enforcement program. Up until this 

time our vehicle weight enforcement program was limited to a 
i4 

mobile portable scale operation. f 
We began research on what was available in weigh in 

motion equipment. This research included contacting States 

that were using such equipment. We eventually decided upon 

the Radian Corporations's system. One of the primary reasons 

for selecting t h i s  system was the experience of other 

States using the system with the wheel load transducers 

installed in the traffic lanes of active highways, This 

appealed to us since we were not interested in constructing 

elaborate weigh stations adjacent to our highways. 

Initially, we purchased a computer (model number WIM-1E), 

a motor home for housing and transporting the computer and 



enough miscellaneous equipment and hardware for installation 

of three weighing sites. The total cost of this initial 

purchase was approximately $103,000.00. 

Just before delivery of our new equipment, some of our 

traffic signal technicians attended a two week course on the 

equipment at Radian's Austin, Texas, headquarters. We had 
.. 

made a decision early on to use our traffic signal technicians 

to operate and maintain the system. We did not know at the 

time what a wise decision this was to prove to be. These 

individuals had strong backgrounds in electronics with 

considerable experience in programming, installation and repair 

of complex traffic signal controllers. 

Upon delivery of the equipment, Radian sent two of their 
I 

i 
I 

technical people to Alabama to help us install the first 
I 

site and to give our technicians some on the job training. 
1 

! 
i 

i 11. The system and how it operates 
, 
i We have wheel load transducers installed in all traffic 
i 

lanes of the highway at each weighing site. The installa- 
I 

tion in the roadway is better described as a wheel load assembly 

since the transducer is only one part of Lhe installation. 

See the following illustration. 
I 
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It eakes one of the above illustrated assemblies for each 

wheel path (twc for each traffic lane). 

Conduit and wiring connect the transducers to junction 

boxes mounted on guardrail adjacent to and approximately 

thirty f e e t  from the roadway. These junction boxes are where 

t h e  WLM-1E cc3lnputze.r i s  plugged fm t o  opera te  the system. 

An area w a s  graded and paved adjacent L o  t he  junction boxes 

large enough to park the motor home t h a t  houses t he  computer. 



The transducer portion of the wheel load assembly is only 

in the highway when weighing is being done at the site. When 

a site is not in operation wheel load "dummies" occupy the 

space for the transducer. When we go to a particular site 

to weigh we have to replace the "dummies" with the transducers 

and connect the computer to the junction boxes mentioned 

earlier. 

Our system has the capability of weighing in any two 

traffic lanes at one time. This means we can weigh in both 

lanes at a two lane highway site or in any two of the four 
I 
I 

lanes at a four lane highway site. I 

Since we only have one computer to operate the entire 

network of sites that we have, the computer is moved about 

to the various sites. This means that only one of our sites 

is in operation at any one time. 

111. Alabama's weigh in motion vehicle weight enforce- 
ment program 

As previously stated, the weighing devices are installed 

in the traffic lanes of active highways rather than in specially 

constructed weigh stations. We do not slow down or otherwise 

control traffic at the weighing sites, therefore we are weighing 

at all normal highway speeds. 

Since weigh in motion weighing has not been recognized 

for the purpose of making overweight violation arrests, we use 
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the system as a screening device, We stop those trucks 

indicated to be overweight by the weigh in motion equipment 

and reweigh them on portable scales. By doing this, essen- 

tially, the only trucks detained and delayed are those that 

are operating illegally. 

We have a two way radio in the motor home that operates 

on our State Trooper frequency. When the WIM operator detects 

an overweight truck, he radios the portable scale team waiting 

a short distance down the highway. He gives a description of 

the truck to the portable scale team who then stop and re- 

weigh it on the portable scales. We have a very high ratio 

of arrests made compared to the number of trucks reweighed. 

IV. Looking a little deeper 

In this section 1 will attempt to go more in depth on 

various aspects of the equipment, nlodifications we have made 

and our program in general. I will rrst go very deep into the 

technical aspects of the equipment as the manufacturer bas 

representatives at this conference who can do a much better 

job of that. 

We did our very best to follow the manufacturer's recomen- 

dations regarding neighing site installation. We chose sites 

with smooth pavement and even resurfaced some sites. We choose 

sites where the grade was zero percent or very nearly so. 



We choose sites that were not in a curved section of highway. 

And, we chose sites that were on open highways where vehicle 

braking or accelerating were unlikely. Since the divice was 

going to be used primarily as a vehicle weight enforcement 

tool, we also choose sites that did not present easy bypass 

capability, 

We installed the first site or two exactly as the manu- 

facturer recommended. We soon, however, realized this pre- 

sented some major problems for us. Water and moisture are 

enemies of the system. At that time most experience with 

Radian's system was in Western States which have a much dryer 

climate than does Alabama. We found that the manufacturer's 

design for providing drainage was not adequate for conditions 

in our State. To improve this situation we enlarged the size 

of the conduit that runs from the wheel load assemblies to the 

shoulder of the highway, from 1 1/2 inches in diameter to 

2 inches in diameter. We also constructed french drains 

where the conduit ended at the shoulder. 

We were also concerned that the manufacturer's design 

not provide access to the wiring that runs from the wheel 

d assemblies to the junction boxes where the computer plugs 

When repairs became necessary this presented quite a 

blem. To alleviate this situation we did two things. 



One, we increased the size of the copper tubing that carries 

the wire from 1/4 inch in diameter to 5/8 inch in diameter. 

This made the wire easier to pull through the copper tube. Two, 

we installed junction boxes at the shoulder of the highway and 

at the junction boxes where the computer plugs in. This 

provided access to the wire at two places and made trouble 

shooting and repairs much easier. 

We realized early on that in order to minimize down time 

it was going to be necessary that we acquire a spare parts 

inventory. We purchased some, or at least one, of almost 

every component that could malfunction. This has proved to 

be a very wise course of action. Now, when we cannot repair 

a component, we simply change it out and send the malfunctioned 

part back to the manufacturer for repair. 

In the very beginning we were not tremendously successful 

with our new "toy". We were not very proficient in operation 

of the equipment and even less so in repair of same. But as 

I related earlier, we made a wise decision when we selected 

our traffic signal technicians to operate and maintain the 

equipment. The manufacturer also, was most helpful and coopera- 

tive during this period. Our technicians, with their background 

in electronics, were able to communicate with Radian's 

technical people by telephone to solve problems and to gen- 

erally learn about the equipment. Also, I believe that our 
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determination and persistence toward making this program 

work was a significant factor in our success. 

Now our technicians are comfortable and confident with 

the equipment. They are usually able to determine the problem 

when malfunctions arise and if not, they understand the 

equipment well enough to be able to get the help they need 

from the manufacturer by telephone. 

I 

V. Accuracy I I 

This will be a short section and could have been included 

last section, but I felt the subject warranted the 

ion that having its own title could give it. 

I believe that we even surprise the manufacturer with 

the accuracy that we achieve. When weighing for vehicle 

weight enforcement we are not satisfied with more than two 

percent deviation from true vehicle weight. 

Once construction and installation is completed on a 

weighing site, it must be calibrated before it is used. This 

is done by making adjustments to the WIM computer while passing 

a vehicle of known axle and gross weight over the wheel load 

ssemblies in the highway. In addition, when we go to a site 

to weigh, after we put in the data from the calibration, we 

make further adjustments after we check a few trucks with the 

ortable scales. Now, at the risk of further exposing my 



ignorance, I am going to get a little technical. The computer 

is calibrated by adjusting the output of the signal conditioner 

board. This basically means that the amount of voltage 

transmitted from the transducers in the highway to the antilog 

to digital converter in the computer is adjusted up or down to 

compensate for the difference in the actual weight of a vehicle 

and the weight displayed by the computer. By making these 

additional adjustments we routinally are able to calibrate 

the WIM to an accuracy of plus or minus two percent. 

This does not mean that the weight of every vehicle that 

passes over the scales is determined this accurately. Occasionally, 

for various reasons, some of them unknown to us, we get 

completely erratic, unreasonable and obviously incorrect data. 

Some of the factors that cause this are; the vehicle bouncing 

as it crosses the transducers, the vehicle misses or almost 

misses the wheel load assembly or some other unknown reason. 

This is the exception, however, and rarely occurs when weighing 

a heavily loaded truck. 

VI. Conclusion 

We very definitely feel that our weigh in motion vehicle 

weighing program is a success. It has fulfilled our expressed 

goal of providing a device for high volume weighing. We often 

weigh more than 1,500 trucks at a site during an eight hour 

shift. This is more trucks than one of our portable scale teams 

will weigh in a month. 



We now have twelve weighing sites and hope to soon add 

another WIM computer to our program. Our total investment 

to date, not including cost of operating, repair and replace- 

ment parts, is less than $500,000.00. This is less than the 

cost of just one Interstate Highway permanent scale weigh station. 

I do not mean to indicate that everything has been perfect. 

We have had some problems. We have experienced a number of 

electronic malfunctions along with other various and sundry 

roblems. With the experience that our technicians now have, 

however, these problems are annoyances rather than catastrophes. 

Although the subject of this paper is vehicle weight 

enforcement, I would like to relate that we also use the equip- 

ment for planning purposes such as loadometer studies and for 

gathering data for pavement design. 









USE OF WIM EQUIPMENT FOR SIZE AND WEIGHT ENFORCEMENT 

We do n o t  y e t  have any Weigh-in-Motion (WIM) equipment i n  I l l i n o i s  
nor i s  our Department o f  Transportat ion responsib le f o r  en forc ing  s i z e  
and weight l i m i t s .  However, we do cons t ruc t  and main ta in  weigh s ta t i ons ,  
purchase and main ta in  semiportable scale equipment, and work q u i t e  
c lose l y  w i t h  the  State Pol ice,  who a re  responsib le f o r  s i z e  and weight  
enforcement. 

The h igh  cos t  o f  cons t ruc t ing  new weigh s t a t i o n s  and the  need f o r  
more extensive coverage o f  the  Sta te  highway system have spurred our 
i n t e r e s t  i n  WIN, e s p e c i a l l y  the  high-speed type t h a t  can be used i n  the 
through t r a f f i c  lanes. During t h i s  f i s c a l  year, we i n tend  t o  award 
cont rac ts  f o r  one 1  ow-speed and th ree  high-speed W I M  i n s t a l  1  a t i  ons. 

Before d iscussing our plans f o r  the  W I M  equipment, a b r i e f  d e s c r i p t i o n  
o f  the  cu r ren t  enforcement program would probably be usefu l .  A t  the  
present time, we have 21 permanent weigh s t a t i o n s  on I n t e r s t a t e  highways 
and 12 on the  r e s t  o f  the  Sta te  system. Po l i ce  o f f i c e r s  can a l so  r e q u i r e  
the d r i v e r  o f  a  suspected overweight t ruck  t o  t r a v e l  t o  t h e  nearest  of 
approximately 200 p r i va te1  y-owned c e r t i f i e d  scales f o r  weighing. 

I n  a d d i t i o n  t o  t h e  weigh s ta t i ons ,  t he re  are  s i x  sets o f  LODEC 
semiportable scales i n  use. Six  add i t i ona l  se ts  w i l l  be placed i n  
operat ion l a t e r  t h i s  summer. The S ta te  Po l i ce  prov ide enforcement 
personnel f o r  a l l  of the  semiportable scales. The Department o f  Trans- 
p o r t a t i o n  provides two-man crews w i t h  f o u r  o f  the semiportable scales t o  
t ranspor t  and s e t  up the  equipment and t o  a s s i s t  w i t h  t r a f f i c  c o n t r o l .  
The Sta te  Po l i ce  operate the  o ther  two se ts  on t h e i r  own. 

During 1982, t he re  were 5,600,000 t rucks  weighed on f i xed  scales 
and 45,000 on semiportable scales. As might  be expected, the  v i o l a t i o n  
r a t e  a t  t he  semiportable scales was much h igher  than a t  the f i x e d  scales, 
w i t h  the  r a t e s  being 16 percent and 2 percent respec t i ve l y .  Since the  
element o f  su rp r i se  usual l y  disappears w i t h i n  an hour a f t e r  the  semi - 
por tab le  scales are  s e t  up, we suspect t h e  ac tua l  v i o l a t i o n  r a t e  i s  much 
h igher  than our  s t a t i s t j c s  i nd i ca te .  Even i f '  the WGM equipn~ent i s  n o t  
used f o r  enforcement purposes, i t  would be e n l i g h t n i n g  t o  f i n d  ou t  the  
magnitude o f  over loading on highways where the  d r i v e r s  are  no t  concerned 
about being weighed. I 

Each o f  the  s ta tes  probably be l ieves  i t s  weight enforcement program I 

I 

i s  reasonably e f f e c t i v e  consider ing the  manpower and equipment l i m i t a t i o n s  
we a11 face .  But, t he  suspected h igh  v i o l a t i o n  ra tes ,  along w i t h  the  
repa r t s  we hear about t y p i c a l  overloadings o f  100,000 pounds o r  more, 
p o i n t  ou t  the need f o r  new s t ra teg ies  and equipment. I n  case the re  i s  
any doubt about the  ex ten t  o f  i l l e g a l  overloadings, I would l i k e  t o  
b r i e f l y  discuss the  sub jec t  o f  boot legging. We rece i ve  app l i ca t i ons  f o r  
permi ts  t o  move loads o f  175,000 t o  250,000 pounds or more qross weight 
two o r  th ree  times a  month. We do n o t  au tomat i ca l l y  r e j e c t  such requests, 
bu t  many must be denied a f t e r  the b r i dge  analyses are  completed. One 
might  expect those shipments t h a t  a re  no t  issued permi ts  would n o t  be 



moved or would a t  leas t  be transported by r a i l  or barge. While very few 
of these movements are ever subjected to  enforcement action, there i s  
l i t t l e  doubt that  most are  moved by truck regardless of whether permits 
are issued or denied. 

Some of our s ta f f  recently had the opportunity t o  discuss such 
movements with one of the bootleggers who now claims t o  be reformed. He 
confirmed tha t  many of these loads can be and are  being moved over the 
highways. Obviously, they do not use the Inters tate  highways or other 
main routes where we have weigh s tat ions,  and they generally move a t  
night a f t e r  the portables are shut down. If  high-speed W I M  scales can 
be s t rategical ly  placed, we may begin to  detect the magnitude of such 
shipments and, hopefully, i n i t i a t e  enforcement action t o  reduce the 
frequency of these movements. 

Another problem confronting law enforcement of f ic ia l s  is that  the 
volume of t r a f f i c  a t  some weigh stations i s  so heavy trucks may be 
forced to  stop on the mafn'line pavernent unless the scales are temporarily 
closed. While we have had no experience with the Federal Bridqe Formula, 
the number of measurements required t o  check various a x l e  groups will 
probably compound the queuing problem. Many o f  the s ta tes  already 
u t i l i ze  low-speed WIM equipment as a sorting device to minimize such 
backups. This i s  the type of f a c i l i t y  that  we p l a n  to  ins ta l l  a t  our 
new weigh s tat ion on Inters tate  55 just  outside of Chicaqo. If the 
Bridge Formula enforcement becomes a major time factor ,  i t  may be 
necessary to  instal l  low-speed WIM equipment a t  existing weigh stations.  

A similar problem exis ts  a t  many locations where the semiportable 
scales are used. Since a ? ?  05 the trucks cannst be neighed, some method 
a f  sorting has to  be used. While th i s  can be done manually, the use of 
high-speed HIM as a sor ter  appears t o  he a n  a t t rac t ive  al ternat ive,  and 
this  i s  one of the principal uses we p l a n  t o  make a f  t h i s  type of 
equipment. 

The i n i t i a l  three instal la t ions of high-speed WIM i n  I l l i n o i s  will 
be included i n  resurfacing contracts that  are scheduled f o r  le t t ings 
during th i s  f iscal  year. The f i r s t  lacation will be on Inters tate  270 
between the Mississippi River bridge and t h e  f i r s t  interchange i n  
Illinol's. The second i s  on Inters tate  94 as a't enters from W-isconsin, 
The third loca t ion  i s  sn In t e r s t j t e  290, also known as  t h e  Eisenhower 
Expressway, i n  Chicago. Each of these routes carries heavy voltlrnes of 
truck t r a f f i c ,  and there are no weigh s tat ions a l o n g  tbaer~, illlie t o  the 
'large ntambcre sf Trucks on these highways and the Tirr~Stcd space a v a i l a b l e  
for weigh-irag operat?ons, the serniportable scales have r r en  onl;, ' l imi ted 
use on Inters tate  270 and none a t  a19 on the other routes, Although i t  
would s t i l l  be d i f f i cu l t  t o  have a meaningful enforcement proqram a t  
these locations, especially on the Eisenhower Expressway, the use of 
high-speed WIM as a sorter or overweight detector could allow lk l i ted  
use of the semiportables, We also believe having WIM on these highways 
will be an important planning tool for both future construction and 
enforcement ac t iv i t ies .  



The equipment will be recessed in the pavement w i t h  a platform that  
i s  flush with the surface. There will be a f i e ld  cabinet near the 
right-of-way l ine  that  will contain the on-site control equipment. The 
central control computer, which will be located i n  our main office in 
Springfield, will col lect  the data from the WIM equipment using te le -  
metric data transmission. The central computer will automatically poll 
the WIM s i t e  dhring the early hours each morning to capture the previous 
day's information. A standard voice-grade tel  ephone 1 ine wi 11 be used 
t o  transmit the data. The equipment will allow real-time monitoring of 

I the truck-weighing operation a t  e i ther  the f i e ld  s i t e  or a t  the central 
control center. Each of the i n i t i a l  instal la t ions will be complete and 
will allow continuous monitoring. 

When the hSgh-speed WIM i s  used for enforcement purposes, i t  will 
rated as a sorting device. An off icer  will be positioned in a van 

the WIM s i t e .  He will be able t o  plug in a CRT terminal and printer 
special out lets  a t  the f i e ld  cabinet and wilt be able to  monitor 
f f i c  on a real-time basis. As an apparent overweight vehicle crosses 

e WIM platforms, he will radio ahead t o  the semiportable scale crew 
the description of the vehicle so i t  can be stopped for  st .atic 

hing. I n  addition, he will be able to  provide the weigh crew with 
spacings and specific axle combinations that  appear t o  be in 

ion of the Federal Bridge Formula. The on-site operation will 
e available for  vehicle classif icat ion by planning personnel using 

imilar real-time operation. 

Another use of the equipment from an enforcement viewpoint would be 
to determine whether there are  certain times of the day or days of the 
week when overloads are  most prevalent. I f  we find there are  a large 
number of overweight loads using the highways a t  night or on weekends, 
the s t a t i s t i c a l  data furnished by the system could be used as  jus t i -  
f ication for  providing enforcement ac t iv i ty  a t  those times. 

The possible use of high-speed WIM as an enforcement tool may also 
have an impact on the future of our weigh s tat ion program. We are 
currently delaying the plmning for any additional permanent weigh 
s tat ions until  the r e l i a b i l i t y  and usefulness of WIN can be evaluated, 
Due to  the expense of instal l ing and maintaining weigh s tat ions and the 
eductions in the authorized nrlmber of truck weight inspectors to  
perate the scales,  HE hope to  be able  to  use the  data from WIM ins ta l la -  
ions to  determine the best location f a r  the  fixed scales or whether 
uch a f a c i l i t y  i s  even needed. If WIM can successfully be used as a 
orting device for the semiportable scales, i t  could be a much more 

ef f ic ien t  way of enforcing t he  weight 1 imits. St could also be more 
ive, since for  the C Q S ~  of one weigh s ta t ion ,  several WIM ins ta l -  
s could be provided. This would allow us t o  have bet ter  coverage 
system and increase enforcement ac t iv i ty  on those routes now used 

o bypass fixed scales. 

As previously indicated, the f i r s t  three instal la t ions will each be 
complete f a c i l i t i e s  with data reporting being accomplished through a 
central computer using telemetric transmission. These i n i t i a l  ins ta l -  
lations are  estimated to cost $225,000 each. While the cost could be 



reduced substantially by ut i l iz ing one se t  of equipment on a rotating 
basis between several locations and collecting the data in the f ie ld  
rather than by telemetric transmission, we want to  operate each of the 
f i r s t  group of scales on a full-time basis and be able to monitor their  
ac t iv i ty  from the central office.  From an enforcement viewpoint, we see 
a d is t inc t  advantage to  be gained by having the system ready for  im- 
mediate operations, with the officer only needing to  connect his terminal 
and printer to  the f ie ld  cabinet out let  t o  be ready for  weighing. If a 
portable system i s  used, i t  would be necessary to  close the 1 anes to  
ins ta l l  the scale components. By the time the scales were ready for 
operation, the truckers with overweight loads would be traveling on 
other roads or would have parked until the weighing was completed. 

After the evaluation of the effectiveness of the i n i t i a l  WIM 
instal la t ions i s  complete, we will be in a better position to  determine 
future needs for  b o t h  enforcement and planning purposes. Whi 1e we would 
prefer t o  have any future WIM equipment operating on a full-time basis 
w i t h  telemetric data transmission, the cost and effectiveness as an 
enforcement tool would have to  be given consideration. There are 
obvious savings to  be realized by using the scales on a portable basis 
between several s i t e s ,  b u t  we are reluctant to  ins ta l l  a system that  
requires considerable f ie ld  work t o  move the equipment and collect data. 

?$ 

We also have the following concerns and questions about W I M  equipment b 
t h a t  w i  11 hopefully be addressed during L h i  s conference. if 

k 
1. The e f f e c t  lightning has on the scales and f ie ld  computer equipment. $ 

We have frequent severe storms in I l l ino is  that often damage 
automated speed monitoring equipment. We are  interested in learning 
mether other s ta tes  a re  having s i m i l a r  problems w i t h  WIM equipment. 

We are concerned that  i f  WIM scales are used as an enforcement 
tool,  truck drivers wi 7 1 become aware af these 7 scations and w i  14 
intentionally miss the p4 atf  oms when the trucks are over1 aaded, 
I f  t h i s  i s  done when the portable scales are being used downstream 
from the WIM s i t e ,  those who miss the p la t f sm~s  can be stopped for  
s t a t i c  weighing. However, i f  drivers do t h i s  when no enforcement 
iact'ion can be taken ,  the resulting data will be biased. I f  ?;he WIM 
s i t e  i s  never used for  enforcement purposes, o f f - s c a l e  vehicles 
wuld probably n o t  be a problem. 

3, &de arc  curZous whether truck drivers become aware o f  t;hp location 
8 
kj 

of WIM scales and, -if so, do they begin  using bypass rolrzes as i s  g the case w i t h  we igh stations. Perhaps this  could be remedied by It 
placing additional WZM u n i t s  on the bypass routes, i f  they are p* 
easily i d e n t i f i a b l e .  ti 

4. Another concern i s  that once WIN equipment i s  used for enforcement 
purposes, i t  may be the target o f  vandalism. We now experience 
t h i s  problem w i t h  weigh s tat ion f a c i l i t i e s  when there i s  no one 
there. 
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5. Apparently, one of the  c r i t i c a l  elements i n  the  WIM opera t ion  i s  
the  smoothness of t he  approach pavement. We a re  cur ious whether 
any s ta tes  have experienced r u t t i n g  problems w i t h  bituminous 
pavements and how f requent ly  c o r r e c t i v e  ac t i on  i s  needed. 

6. F i n a l l y ,  s ince  many o f  the s ta tes  have had considerable experience 
w i t h  WIM equipment manufactured by d i f f e r e n t  vendors, we are  i n t e r e s t e d  
i n  any in fo rmat ion  regarding scale accuracy, especia l  1y a t  highway 

i speeds, and the  type o f  mechanical and e l e c t r i c a l  f a i l u r e s  t h a t  
have been experienced. 

I n  conclusion, we be l i eve  t h a t  both low-speed and high-speed W I M  
can be very  use fu l  as a s o r t i n g  device ~ n d  f o r  determining compliance 
w i t h  the  Federal Br idge Formula. We hope t o  be ab le  t o  use W I M  i n  areas 
where we c u r r e n t l y  do n o t  have o r  cannot economical ly i n s t a l l  weigh 
s ta t ions .  We look  forward t o  l ea rn ing  what other  s ta tes  have been doing 
w i t h  WIM and what plans a re  being made f o r  f u t u r e  useage. 

By: La r ry  Shoudel 
I 1  1 i n o i  s  Department o f  

Transportat ion 









Summary Workshop C - Coordinated Weight 
Monitoring and Enforcement Program 

Using WIM Equipment 

Don Pray 
Nevada Department of Transportation 

Our topic was coordinate weight monitoring and enforcement program using WIM 

equipment. Basic questions were: Can they be? Should they be? Obviously 

you have to have a close working relationship between those who collect the 

data and those who are involved in enforcement actions. The WIM training 

program will benefit enforcement operations, particularly where total traffic 

and truck volumes are very high and enforcement weigher is restricted to 

accommodating only a few trucks at any given time. Although not a calibration 

standard, some specified measure of consistency needs to be developed that 
I 

will allow nationwide use o f  common data collected by all states. Data 

collection should be able t o  collect on multiple lane facilities or on any 

single lane. As Dr. Burden stated, the WIM capabilities are not being totally 

utilized, referred to the coordination the WIM system with you total value 

needs not just enforcement needs. Some measure of cost effectiveness of WIM 

perations in support of enforcement programs need to be developed within the 

states for their own benefit. We hear the statement made that, in fact it is 

conclusion that combined operations produces a bias in the planning data, 

but no one can say how much of a bias. They don't actually qualify what 

device has incidences of error and how it affects their actual planning data. 

One option is to establish additional WIN sites away from enforcement 

activities with patrol operations being informed where the hot spots are 

occurring. 

have basically seen the state-of-the art in equipment this week. They can 

meet both enforcement and providing data needs, depends upon the individual 

whether they want to do them at the same time. We are going to see an 

ed product. The W I M  applications are unlimited. The bottom line is 

need to take our contacts and our experiences from this week and go 

our states, sit down with our important people, data managers, 

ment managers. We need to determine what our needs are, looking not 

t tomorrow but next year and the years thereafter, justify our needs and 



i 
I 

t 
those needs have to be conveyed to our budget authorities and the product 

manaufacturers. Conferences like this are very great. After being five years 

in the WIM operation, Dr. Lee brought me back to the basic philosophy an idea 

that got us into WLM in the first place. 

i 
i 

! 
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NATIONAL W I G H - I N m I m  a3EEIiENCIE 

m R I  COLORADO 

JULY 1983 

WoRKSrnP PrnSENTATION 

TOPIC: COORDINATED W E I W  ~ I T O m G  AND ENFO- Pl-UXMM USING KEM 

SPEACKER: m PRAY, - rn- rn TRANSPOKrATION 

FKM THIS CONFERENCE IT  WILL BE SEEN THAT ALL STATES ARE 

CT,LLl3CrTING TFUJCK BTAI AND PAKI'I-Y WEIGITSS, FOR 

ENFORCEBENT AND PLANNING PU'FWXES. IN AN O ~ I Z A T I O N A L  FORMAT 

M3 OWLD SET A QmOP OF CKXWCN GQALS, AND THE IXEXATED 

OBJEmm WOULD BE SIMILAR. I . I m R I  BY THE TIME KIRK TASKS 

AM2 METHODOLOGIES TO ACHIEVE THE GOALS FI7ERE PRESEXIED EOR EACH 

STATE, WE WOULD BE VKNXRIZVG IF WE WERE3 AU( ADDRESSING TIE SAME 

AT THIS W O ~ ~ P  THFSX WFWERN SATES WIhJL PRESm THEIR 

P w  ANDI AZ;THOUC;H WE'RE CONNECED STATES, CYUR PHILOGWHES 

AND PRDGRAMS ARE VERY L1IFFEm. !THIS IS AN INFO= WORKSHOP 

I X E N X D  TO BE A IXARNING EXPERfENC3E FOR EVERYONE, AND AIJDIma 

l3EERAerIm IS E N m G E D ,  I WILL ASK TWAT INITIAL QUESTIONS 

BE NELD UNTIL THE CUEE OF EACH PWSEMTATTm, AND THAT YOU 

I D W I F S S  YOURSELF AND THE AGENCY I F P I R F S m D .  
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THE FIRST P.WSENTAT1CX-J I N  THIS TYPE FOBMAT O m  GETS SET UP AS 

TEE WQRST W E  THAT NO CkJE ELSE SHOULD BE LIKE, SO I'LL BREAK I 
TL-1E ICE AND PWENT EJE'VAlXa'S P FIRST. 

TEE fJVEM1I)ING (JJESTIm IS S H O W  A F J E P W  MCNITORICNG AND 

P BE 000T(19INAW? !TdVMXqS AP9SwEK ZS "YES". 
I 

A SIMPKB ANSWl3R, BVlC FOR COMPLEX REASQNS; AND AS YOU'LL, SEE, A 

WIM SYSTEM IS TAILOR-M?XE TO PIT INTQ OUR P I 

THE NEVAICIA SmING IS VERY IMeOWAZQ, W'RE BORDERED BY FIVE 

s m  SITES; AND 

OF THE TNCm DW1?VG IN PJEVAIB X A E m  dlka 



EOUIPNEWT - THREX SET'S OF POKl3%BU S- AND CRJE POIITAt3ZlE 

PLATFORM S W  WEI7E ALL TWEY HAD TO R TNE ENI'IHE STATE. 

ALSO, UNTIL 1982 THE M A X I m  FlN3 WAS $500, AND AGENTS COULD 

PREVIOUSLY GENERATE MUCH H I W R  REVEWES BY ONENTRATfNG CkJ 

1 

PERMITS AND REGISTRATIONS. THESE LA?TER ARE ALSO HETURlVED 

TO THE HIfXlWY FUND TO SUPPORT O P E R A T I W ,  WHEIiEAS FINES CO INM 

THE STATE L2l3mRAf, FUND. 

FINALLY, NEVAI3A'S H1-S W E E  EN GREAT SHAPE, AND IT FlAS 

DIFFICULT TO (XXVXNCE C.ARRIER AG.ENPS, COUlir JiJDQ33, AND THE 

LEGISIATURE 'THAT W O R  g?=m 

NOT C O N T ~ ~ D .  I N  PAIiTX 

m 1 G N  PFa-EsS WHEm IN;FERIOR AxL8 GF(MTPS WAD m BE IPJEGULArnD. 

WITH THIS SmmG I'LL TE-VAT, IN FACT, %ME TRUCK WEIGHT 

STUSIY THAT WE C13NWCTED FQR FT3423 FWS ALSO A W B R  PWEF OF OUli 

WEIGHT QERTIFICATICN PREPAM. I@% SAW NOJCHING WITH THIS 

PROCESS ; H m R ,  I HEED TO JUSTIFY OUR AmIWS, 

~ I C ; H ~ G  O E I E ~ T I ~ S  IN . UNTIL 1982, OUR mmIW 

m S  m- 

CZTICm TO AVOID A NEIGH SITE IT' W TO PAY A FINE, 28rm 

H m a L Y  SPEAMING, FSE NEiEDED '1W WII::m FCTR altgl"lF1aTIQN 

WE ~ U Z D  P ~ S I B L Y  a. 



i 
AN ADDITIONAL KEY JUSTIFICATION TO CLAIMING SClME MEASW OF i 

i 
i 

TEBSE PZEIm AS ENFO- WEICHE I S  THAT, BY NEVALIA U W ,  AN 

~R~ OFFICER MUST BE @I THE SITE IF VEHI- ARE BEING 
I 
1 
i 

PULLED OFF OF THE RCXUM&Y, THIS PREENTED A DIIZMMA WHEN 
I e 
J 

NlXF 'CJAS STATICALLY IKEIaING EOR THE FHbA TIZUCF WEIGHT STUDY IN 
i 
i 

THAT AN OFE'ICER CX)ULD NOT KKMINGLY ALLOW A LAW TO BE VIClLAmD. i 
I 

I I 
WE: SOLVED THE PROBLEN WITH AN INFORMAL POLICY WI4EREBY SAFETY, 

~ I W  AND OVERSIZE VIOLATIONS THaT POSED AN IMMEDIATE 

DANGER WBE SIXIELmD W I L  CDRREmm ACTION FiWS TAKEN. FOR 

8KXERATE OVElUOAE OR OPEIiATORS THAT ODNS1STANTI;Y 
I 

"-G a A LIT= EXTRA", WE IKULD RADIO A ~ ~ E A D  AM) MAVE 
a 
i! 
i)! 
E 

!lXCX;E VEHICLES PULLED PUBLIC S m  FOR CITATION. MIR THE & ji 
LESSER C ) V E m  "SLAPPED THEIR HANIXj" F I ~ T I ~ Y  C 

F 
SPEAE(ING, AND SENT THEM Cb;I THEIR WAY WITH A WARNING. d 

$ 

AZ;L OF THE HISTORY I'VE GIVEN LEUX UP TO 1978 WH3l FHT41 HAULED 

OUR PROGRAM ONTO TEE CARPET, AND RT-Y SO. NDOT PEF@NFENT 

S97AE'F A m I W m  FOR WEImmG HiWT) BEEN IIEC-ED TO MEET ClWBALL 
b 

IWlKIA- c;I&JECTTm, ZWD THE SAME MXX SECTICN RESl?€WIBU E 9 k 
FOR V J 3 I m  CE~'1E"ICATION W ALSO A C E I I N I S m G  E i E  55 JYPH I! 

$ 
F 

COMPLmm C E C E I F I a T I W  Pl%X%AM. IN ADDITIOPa, STATIC WEIGH if 
SITES HAD RIORATED, ANLl AT WMT THREl3 ADDI'FIaJAI; SITES 

ti 
Q 

WERE: MECESSARY TO PRCWIDE M I N I M  STATEWIm COVERG?3. R 
b 



FIiOM AN EKFOF@XbENT VIEW, THE MOTOR CARRIER DIVISION WAS AFWRE 

OF THEIR SHOIUXBMINGS AND INDICATED MOHE OF 'EACH FIELD AQENT'S 

TIME WrXTLD BE DEVOTED TO Wl2IaINGS; H O m R ,  THEY DID NOT IFEEL 

THEY COULD GAIN A D D I T I W  FUNDS TO BUY STATIC SCALES AND 

SUPPORT E()UIPMENP NEEDED TO B005T 'IWI'AL WIGHINGS TO AN 

ACEFTABLE LEVEL. 

FIPJNALY, FROM A PLANNING PERSPECNE AT NDOT, WE WERE: W C E : R l E D  

WHETWER MTA CO-D FOR THE FEDA TRUCK WEIW STUDY WAS 

ADEQUATE FOR PAVEMENT DESIGN AND M k I w C E  ~~ 
ECIS IONS THE L'2EIGE.ITS TAKEN W Y  CN A WEBK AAY DURING 

SUBPER fXFPHE3, AND P R I W L Y  CN THE JNIERSTATE SYSTEM. 

AND SO, WITH EXTImm I N  HAND, AND PRIOR TO THE FHWa 

fEMUNG, WE PRES-D NDCrr MANAGEPENT THE ALTERNATIVES WITH 

THE ENE'HASIS EEING THAT NDOT tJOULD HaVE TO IN- ANNUAL 

'WE1C;HINGS FOR ENE'OlEE3ENT OR SURELY FUSK FEDER4.L SANCTIONS. 

OUR MANAQ3EKT WISELY OPTED FOR A WIM PF?OGRAM, AND FED24 IS THUS 

FAR SATISFIED WIH MXH OUR PLANNING AND ENFOFKXMENT RESULTS. 

I 'LL POINT CUT THAT F;IE DO USE WIM FOR MET OF THE ETDA TRUCK 

WEXGHT STUDY, B W  THAT ENFORCEMENT PERS- ARE NO LONGER 

NECESSARY BECAUSE TRUCKS ARE NOT SKIPPED. 
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WE STILL lWIWAIN THAT PLANNING AND INFO- NEEDS C9N BE 

COORDmTED; HOMXER, THEHE ARE S W  PROVISOS. I ' V E  BEOUGHT 

sm H$iNmlTS OF m EXPERIENQES mm THE RADIAN WfM SYSTEM, SO 

I ' M NOT CDING TO FEGALE YOU WITH DPfAILS . I MUST ENPWIZE THE 

MCEC I M P O m  RSFBCT OF OUR SYSTEM; H B E W R ,  WHICH IS THAT OUR 

WIM OPEMTIa IS DESIGNED TO FULFILL A PLANNING NEED. AS SUCH 

THE DATA IS REING OQLLEClfED BY NlXrr PERSCRe;lNEZ, AND THE: WIM 

S S m  IS ALWYS ATTIZNDEC BY AN OPERATOR WHO IS MMNTADJING 

CALIBRATIm. 

A SIDE BENEFIT IS THAT WE AI;ERT CARRIER AGENTS XWNSTREAM TO 

VIOLATIONS, AND THESE TRUCKS AIiE PULLED ONTO RNXIDE: PLLLWTS 

AND WIGHED CN POKl?ABLF: PLATE'ORM SCAI;ES. THESE CERTIFIED 

STATIC WEIGHTS AIiE THEN l?ADICIED BACK TO THE WIM OPERATOR WE30 

JWES IMEDIATE ADJUS-S IF FECESSARY. THE AGEWE3 W 0  

RECORD A DUPLICATE W E I W  SLIP WITH A WIM CXXTROL S E m  
, 

NUi'BER, AND TJ%SE WEIGHTS TUNED INTO NDMl .FOR AN OilERALL 

(XJALITY cKBl'I'ROL AISALYSIS OE' W E I W  DATA ~~ AT A 

LOCATION. 

AS TO AOZJRACY, h;lE EDIT OUR WIM IATA PRIOR TO PERNANE3NT ENTRY 

ON OUR COMPVllER F I E .  PRIOR TO EDIT; H-R, I C'AN 

PoSrrIVEty STATE THAT AN AVERAGE I N D I V I D ~  TRUCK TYPE WILI; 



SHQW AXLES AND AXLF: GROUPS TO BE WITHIN TEN PE- OF THE 

OOMPARABLE AVERAGE STATIC ~ I m S ,  AND THF, GROSS T/SEICBI' WILL BE 

WITHIN FIVE PE-. 

HOW IM;IABLE: IS THE RADIAN WIM SESTEM THAT W USE? AS WITH 

ACCUR?iCY, OUR S Y S m  I S  ONLY AS IIELIAt3LE AS THE FIELD 

SUPEWISOR AND TECHI'?ICLANS RESPONSIBW FOR OPERATIONS. W O  

INVOLVED ARE NDUI' MAX-a PEW- THE OUTLYING 

D I S T R I m  WHO FOUTINELY CHECK OUR RXl'JWAY INSTAWLATICNS DURING 

PERIODS OF NCN-USE. 

IN THE I3ANDQUT THAT I 'VE BROUGfFF, YOU'LL LZI WH3FMElRE OUR FIELD 

!lECHI'?ICIANS HAVE BEEN O O N F m D  WJTI-2 SITUATIONS WHEHE THEY 

OOMTLD HAVE ABOWD A SmIWI;E BECAUSE TEE SYSTEN WOULLIN'T W 

UP, OR THE SYSW WIS ERRATIC IN QPEPIATICN. 'ITESE SITUATIQNS 

WXW; AND W T  RE-Y, A SPIDER WEB I N  AN OI3TSIDE JUNCTION 

BOX !PHAT LNTERF!!3RED WITH THE VOLTAGE. QUR TECHNICZANS AJ% NOT 

F O W Y  TRAIMED IN ELECTRONICS; HQWEVER, THEY HAVE BEEN 11l3Ll3 

TO RESOLVE THESE MINOR PRaBXBS, 

AS ISJ3SCRIBED, OUR WIM WERATION IS SMALL BY M?QE STANDARDS, A;ND 

PERSCNSET., HAVE IvRINTAINED A CLOSE IELA'TIWHIP WSTH RADIAN 

ORPORATION, AND THE WIM UNIT AND THE IIATA ODZLECTED ARE UNDER 

OUR DIRECT CCNTROL. BY 1986 NDOT WlU HAVE CONSTRUCTED SIX 
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WEIGH AND INSPECTIr3N STATIONS CN THE lXC!ERSTATE SYSTEM. BY 1 
THEN P E  PLAN TO HAVE AN ADDITIONAL WIM UNIT; HOWEXER, OUR 

I 
i 

OPERATIONBL METHOTXS WILG NOT CHANQE. I 

THE RADIAN SYS'PIEN HAS MULTI-LANE WEZGHING CrWABILITY; HOCilEVER, 

IN NEVALYI'S RURAL S M T I N G  WE ARE ABLE TQ DIRECT TRUCKS INTO THE 

RIW LWE WITH MINIMUM SIGNING. VE ARE ALSO SATISFIED WITH 

HIGHWAY SPJBD WEIGHmG AND THE SEMIPOWAE3L;E OPERATICN W H E E  THE 

VAN ROTATES AMONG SITES mu(;Hm THE: YEAR. 

$ 
I 

WE HAVE HAD PmLE24S WITH RQAD INSTALLATIONS 3CN REMOTE AREAS e 
# 

WIBFE TlWCK VOLUMES AIZE LOW, AND WE MAY USE THE: S I T E  ONLY ONGE I 
J 

OR TWICE A YEAR. NDCYT HAS lXVELWED AN IMPROVED SUBSTITUFF, d 
# 

TRANSDUCER THAT IS UNDER THE JXXWiY PLATES DURING PERIOB OF 1 a 
R 

NON-USE; !3CWEVER, MOST OF THE P W L E M  IS WITH I1ETERIORATING 1 $ 
;*: 
if: 

PA-. 41 
a'.. 

NOW THAT ME HAVE POWABLE PiXTFORN SCALES FOR STATIC 

OPERATIONS, WE AlB TAKING A SECXllND LOOK AT VOLUME NCM 

Sl?ES. I N  A STATIC OPERATIOI\Y WE3 §TILL, HAVE SaFETY PlX33W, AN 

OWICER MUST BE ON SI!FE, LIGHTS AN3 NECESSARY FOR NIGI.Rc 

WIGHING, AND hlEATHER IS A FACTOR. H-R, CNLY FOUR NDOT 

PERSONNEI; AIiE NECXSSARY, AND THEY CAN WEIGH OVER FIFIY TRUCKS 

I N  AN HOUR. A WIM OPERATION WXJLD STILL BE MORE a3ST 

li3FEmfVE; HOWJWER, WE IXEL THE HASSLE OF MAINTAINING THE LOW 

V O L W  SITES OFFSEX'S THE ADDITIONAL OOSTS OF STATIC OPERATIONS. g x : 
id 



ANOFHER PRQBJ;EM NlXrr STILL HAS IS THE P m S S  OE' GES11ING W 

I 

1 WIM DATA INT(3 A MAIN-FRAME= CCMF'UIIER. Lll'JTIL RE:-Y l!EVAW'S , 

IiAL B T A  P-SING FACILITY W E R E D  A lEADI3R SERVICE 

W H E ~ Y  m~ ~BA'TA m~ TAKEPJ FW OUR nIsmivrms AND PV~' mm m 

(7DMPCR'ER; I4OMWER, THIS SENICE IS NO LCB8[1:R AVAIMP3E. hlE 

TRIED A DIRECT TRANSFER USING TELEPHONE p.x3mE, BUT THERE MA§ 

TCO MUCH INZIEmRENa IN THE LINES. Y WE'RE LOOKING AT 

RUNE; BBOUT 

$100,000 A BAR, AND THE SAME: P D 

3E AT LE2ST ZZEREE T L W  THAT l % M O W .  FLa6 Y l4E3GH aBOU3" 

FI 'FN TRZJGECj A KITH OUR M M  SSm4W KALF AFCE: 

P W m .  WE CD%3W9 S m T M W Y  IN-E TJiE 

Y AILSO BEING mI-D 

Y ,  AJ36eTr W F  CUR TIME IS S m  AT 

THE SITES ON f3IT-ER SYZ; ' 5  INTRA-STATF: TRUCK 
I 

SARI3 NG. i I 
I 
I 
1 

1 1 1 '  'THIS PmNATXCrN E3Y SAYING THE WTM CXFJalml IS 

G m T ;  !TEE m D D M  S S %  HAS PERFOMD FBIS AND IS NOW 

A WrIm P A 

COORDINATED IdEIm KNITORING AND ENFO- PROGR?M SING WIM 

IS VERY DEFINITE AlXQEAGE I N  MEETING STAm AND FEDEIKG GUALS. 













A q u o t a t i o n  f rom an e a r l y  b i e n n i a l  r e p o r t  o f  t h e  S t a t e  Highway 

Commissioner t o  t h e  people o f  Oregon w i l l  i l l u s t r a t e  t h e  p o i n t .  

"The protection of road surfaces and bridges against 
overZoading i s  a matter whieh requires constant vigilance.  

One permanent tuenty-ton platform scale hus been i n -  
stalZed on the  Paci f ic  Highmy a t  Canemah t o  weigh up 
overloaded t m c k s ,  and several s e t s  o.f portable scaZes 
are avaiZabZe for the  use of t r a f f i c  o f f i c e r s .  Over- 
loads, coupled with i n s u f f i c i e n t  rubber or f Zat wkeZs ,  
are very damaging t o  pavements and m a c a b  surfaces, 
uhi le  overZoading combined wi th  excessive speeds s e t  up 
impact s tresses  which are exceedingly damaging, partic- 
u lar ly  t o  the l igh ter  types of paving. '' 

Th is  r e p o r t  was w r i t t e n  i n  h!ovember, 1926. Since t h a t  t ime ,  I 

am happy t o  r e p o r t  t h a t  we have expanded our  e f f o r t s  i n  m o n i t o r i n g  

t r u c k  weights .  L e t  me b r i e f l y  desc r i be  t o  you what a  d i f f e rence  56 

years  has made. 

The budget f o r  t r u c k  s i z e  and we igh t  enforcement conducted by 

Highway D i v i s i o n  Weighmasters d u r i n g  t h e  9981 - 83 biennium i s  about 

f i v e  m i l l i o n  d o l l a r s .  The D i v i s i o n  now ma in ta i ns  67 f i xed  p l a t f o r m  

sca les,  78 p o r t a b l e  sca l  es,  and 2 semi -por tab le  sca les.  c!e have t h r e e  

p o r t s  o f  e n t r y  which opera te  on a  24 hour,  7 day a  week bas is .  I n  

981 ou r  weighmasters conducted 1 .8 m i l l  i o n  weighings r e s u l t i n g  i n  

61,000 c i t a t i o n s  and over  one m i l l i o n  d o l l a r s  i n  f i n e s  c o l l e c t e d .  

I n  a d d i t i o n  t o  ou r  s t a t e  program, e leven coun t i es  conduct weigh ing 

programs o f  t h e i r  own w i t h  57 sca les.  

Given t h e  c u r r e n t  s t a t e  o f  t h e  a r t  i n  v e h i c l e  weigh ing and mon i t o r -  

i n g  equipment, we would be n e g l i g e n t  n o t  t o  a v a i l  ou r se l ves  o f  weigh- 

n-motion (MIL$) equipment t o  improve ou r  enforcement and p l ann ing  

e f f o r t s .  C l e a r l y ,  t h i s  equipment p rov ides  a  win-win s i t u a t i o n .  The 

a d m i n i s t r a t o r  has a  t o o l  t o  a s s i s t  him i n  meet ing  h i s  r e s p o n s i b i l i t y  

t o  en fo rce  t h e  law; t h e  p u h l i c  p r o t e c t s  i t s  road investment ;  and t h e  

t r u c k i n g  i n d u s t r y  saves t h e  t ime  now l o s t  i n  s t a t i c  weigh ing.  There 

-2- 



I 

i s  a l s o  one o t h e r  s u b t l e ,  b u t  i m p o r t a n t ,  sense i n  which o p e r a t o r s  I 

h a u l i n g  a t  l e g a l  we ights  w i l l  w i n .  Legal o p e r a t o r s  a r e  now o p e r a t i n g  

a t  a c o m p e t i t i v e  d i sadvan tage  t o  t h e  h a b i t u a l l y  ove r loaded  o p e r a t o r .  
i 
I 

Severa l  r e c e n t  s t u d i e s  have p o i n t e d  o u t  t h a t  i n  most s t a t e s  /'.it pa2s 
I 
I 
! 

to overZoad." The problem w i t h  t o d a y ' s  we igh ing  systems i s  t h a t  t h e  

l e g a l  o p e r a t o r  must pay t h e  same p r i c e  i n  t i m e  d e l a y  as t h e  i l l e g a l - -  

I 
and t h a t  s i m p l y  i s  n o t  f a i r .  F o r g i v e  t h e  pun, b u t  \IIIhl w i l l  h e l p  t o  I 

I 
ba lance t h e  sca les - -  t h e  i l l e g a l  w i l l  have t h e  d e l a y  w h i l e  l e g a l  oper-  g 

1 
a t o r s  may go on w i t h  t h e i r  bus iness.  I 
WIX - A MULTI-FACETED TOOL I 

1 
I 

The r e a l l y  e x c i t i n g  aspec t  o f  WIn8 i s  t h e  d i v e r s i t y  o f  i t s  use. T h i s  6 
8 

"joint productfr a t t r i b u t e  o f  !AIM p r o v i d e s  o p p o r t u n i t i e s  i n  t h e  areas 4 1 
o f  enforcement,  highway management, and f i n a n c e .  I f  t h e  equipment has 

an a c c e p t a b l e  l e v e l  o f  r e l i a b 4 l i t y - - n o t  more t h a n  5% down-time f o r  r e -  
@ 
b 

p a i r  and maintenance--and a  h i g h  l e v e l  o f  a c c u r a c y - - i n  t h e  area o f  1% 

v a r i a n c e - - i t  shou ld  be u s e f u l  f o r  any o f  t h e  j o i n t  p r o d u c t  areas I 

have ment ioned. L i m i t i n g  W I M  t o  one p a r t i c u l a r  aspec t  would be a  

w a s t e f u l  u n d e r - u t i l  i z a t i o n  o f  t h e  equipment and t h e  d a t a  produced. 

I n  Oregon, we have f o r  y e a r s  used o u r  s t a t i c  we igh ing  d a t a  f o r  s i z e  

and w e i g h t  enforcement - and have p r o v i d e d  t h e  d a t a  t o  t h e  ?lJC f o r  t a x  

c o l l e c t i o n  and a u d i t  purposes.  Given adequate r e l i a b i l i t y  and accuracy  

s tandards,  we would i n s t i t u t e  t h e  same dua l  procedure f o r  'JIF' d a t a .  I n  

f a c t ,  t h e r e  i s  no reason why t h i s  same d a t a  c o u l d  n o t  be used i n  h i g h -  

way d e s i g n  and pavement management s t u d i e s ,  f o r  speed m o n i t o r i n g ,  - and 

f o r  i m p r o v i n g  and r e f i n i n g  t h e  i n p u t  d a t a  f o r  c o s t  r e s p o n s i b i l i t y  s t u d i e s .  



The topic question fo r  t h i s  ses~ion--~~ShouZd weights observed for 

enforcement be p a r t  of the  FHWA Duck Size and Weight Study?"--is a  

1 i  t t l  e  1 i  ke asking, lfShozlZd I use my desk-top calculator for both 

muZtiplication and d i v i ~ i o n ? ~ '  The answer i s  f a i r l y  obvious. I f  we 

have a piece of equipment t h a t  i s  capable of mult iple uses,  and i f  

we have need fo r  several of those uses, simple logic  and cos t  e f fec t -  

iveness considerations d i c t a t e  maximum use of both the  equipment and 

the data i t  provides. 

There i s  an axiom of good management which s t a t e s ,  "Never Zet the  

problem-solving phase in te r fe re  zsitt'z the decisioq-making phase.ff We 

should decide what r e su l t s  we want and when we want  them. I f  we s e t  

the goals t o  be achieved and the  time l im i t  w5thin which we want them 

achieved, the  technological s k i l l s  of the  industry will handle the  

problem-solving phase. A excellent  exampl e of t h i s  methodology was 

President Kennedy's statement of American purpose in the 6 0 ' s .  He 

e t  the  goal--putting an American on the moon by the end of the decade. 

e  d i d n ' t  ask i f  cu t t en t  technology could do t he  job, o r  take a survey 

of the  obstacles--he simply s e t  the  goal and allowed the  problem-solvers 

t o  overcome the  obstacles . 
Perhaps our goal should be a nat ional ly  integrated W I F l  system which 

can be used for any o r  a l l  the  j o in t  products ava i l ab le .  Having de- 

cided upon such a goal, the  problems of equipment performance, c a l i b r a t -  

ion,  computer compatibi l i ty,  e t c .  will be addressed and solved by the 

technical experts .  

OREGON ' S MIv STUDY 

In nregon we see brT" as a planning and audit ing tool as well a s  a 

weight screening/enforcment too l .  This i s  the approach on which we 

based our W I V  study grant proposal t o  FY!dA. I am very pleased t o  report  

t h a t  our proposal has recently been accepted. 
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I would l i k e  t o  focus on one e x c i t i n g  p o t e n t i a l  use o f  MIn!--how i t  

can he1 p us e f f e c t i v e l y  adm in i s t e r  improved t a x i n g  mechani sns . Spec- 

i f i c a l l y ,  t a x i n g  mechanisms which a r e  p r a c t i c a l  and c o n s i s t e n t  w i t h  

t h e  r e s u l t s  o f  a  c o s t  r e s p o n s i b i l i t y  s tudy .  

It i s  no sec re t  t h a t  Oregon has had, s i nce  1947, a  we igh t -d is tance  

t a x  which does accompl ish t h e  goal mentioned above. nregon has found 

t h a t  t h e  we igh t -d is tance  t a x  i s  p r a c t i c a l ,  proven, and can be e f f i c i e n t l y  

admin is te red  ( o u r  c o l l e c t i o n  and a d m i n i s t r a t i o n  cos t s  a re  l e s s  than  5 %  

o f  revenue).  HIM technology can be a s i g n i f i c a n t  a i d ,  f u r t h e r  improv- 

i n g  t h e  e f f i c i e n c y  o f  a d m i n i s t r a t i o n .  

We expect a1 so t h a t  da ta  from our  MIk# s tudy  w i l l  be u s e f u l  i n  upda t i ng  

and improv ing our  c o s t  r e s p o n s i b i l i t y  s tudy.  Our purpose i s  n o t  mere ly  

t o  produce a "be t t e r r f  study,  bu t  t o  use t h e  r e s u l t s  o f  t h a t  s tudy  t o  

suppor t  ou r  l e g i s l a t i v e  recommendations f o r  t a x  changes t h a t  w i l l  prop- 

e r l y  and adequate ly  cap tu re  those  cos t s  t h a t  we have i d e n t i f i e d .  

SOME FUTURE PROSPECTS 

The technology e x i s t s  today, a t  l e a s t  i n  embryo form, t o  f i t  every  

v e h i c l e  w i t h  a  t ransponder  which would u n i q u e l y  i d e n t i f y  t h a t  v e h i c l e  

w i t h  an i d e n t i f i c a t i o n  number. These transponders can be ac tua ted  

and read by  an "interrogator" u n i t  i n s t a l l e d  a t  o r  near a WItl s i t e .  

The i d e n t i f i c a t i o n  da ta ,  a l ong  w i t h  t h e  W I b !  data ,  can be f ed  i n t o  a  

computer and i n t e g r a t e d  f o r  automat ic  we igh t ,  s i z e  and speed en fo rce-  

ment and f o r  a u d i t  purposes. 

The c o s t  o f  such a t ransponder  system would be minimal and would 

q u i c k l y  pay f o r  i t s e l f  th rough  r e d u c t i o n  o f  overweight  loads  on t h e  



A s t rategical ly  planned network of WIM s i t e s ,  coupled with trans- 

ponder identification of vehicles, would provide the basis for a nat- 

ional heavy vehicle tracking system. The national scope of such a 

system would encourage and simplify the adoption of uniform standards 

among states .  I t  would a s s i s t  both s t a t e s  and the federal government 

in conducting a variety of s tudies-- t raff ic  flow, cost responsibil i ty,  

pavement management and design, weight and s ize ,  and a host of others.  

Furthermore, such a transponder system could be made part of the 

administrative scheme for  assis t ing in enforcing a national weight- 
! 

distance tax. The relatively small additional cost per truck would be 

f a r  outweighed by the gains in administrative efficiency and tax 

The information gathered by such a high-tech system wauld greatly 

improve the quality and thoroughness of tax auditing and adminjstra- 

Since each heavy truck operator would receive an identifying F I T  

number and be assigned a gross vehicle weight for  federal t a x  purposes, 

s ta tes  could easily piggyback the i r  identification system i n t o  the 

federal one. This avoids the  problem of differing s t a t e  systems for  

determining gross vehicle weights--a problem particularly acute i n  

s ta tes  now taxing on unladen weights. States would also be allowed 

to plug into a national heavy truck data bank and be encouraged t o  

adopt federal uniform standards for forms, recordkeeping and other 

administrative procedures. 









CALIFORNIA'S COORDINATED WEIGHT M O N I T O R I N G  

A N D  E N F O R C E M E N T  P L A N  USING WIM EQUIPMENT 

Wallace H .  Ames, P . E .  
O f f i c e  of P lanning  and Design I I 

C a l i f o r n i a  Department of T r a n s p o r t a t i o n  I 

Presen ted  a t  t h e  "Na t iona l  Conference on Weigh-i n-Motion Techno1 sgy I 

and A p p l i c a t i o n s "  - Denver, Colorado,  J u l y  11-15 ,  1983 

Co-sponsored by t h e  Colorado Department of Highways and t h e  Federa l  
Highway A d m i n i s t r a t i o n  

A b s t r a c t / I n t r o d u c t i o n :  

The C a l i f o r n i a  Department of  T r a n s p o r t a t i o n  ( C a l t r a n s )  f i r s t  became 
a c t i v e l y  invo lved  i n  Weigh-in-Motion (WIM) r e s e a r c h  n e a r l y  15 y e a r s  
ago,  We had s t u d i e d  t h e  concep t  i n  t h e  e a r l y  1 9 5 0 ' s  b u t  d i d n ' t  g e t  
i n t o  t h e  hardware s t a g e .  Our i n i t i a l  r e s e a r c h  s t u d y  was t o  i n v e s t i -  
g a t e  t h e  f e a s i b i l i t y  o f  s c r e e n i n g  heavy v e h i c l e s  f o r  p o t e n t i a l  t r u c k  
weight  law v i o l a t i o n s  and t h e r e b y  t o  improve e f f i c i e n c y  of  high 
t r a f f i c  volume weigh s t a t i o n s  on f r eeways .  S ince  t h a t  t i m e ,  t h e  
ag ing  of o u r  f reeway f a c i l i t i e s  and accompanying d e t e r i o r a t i o n  of  
pavement and b r i d g e  s t r u c t u r e s  has  f o s t e r e d  a growing need t o  more 
o b j e c t i v e l y  a s s e s s  t h e  impact  of heavy v e h i c l e s  on pavement and 
b r i d g e  deck d e t e r i o r a t i o n .  More s p e c i f i c a l l y ,  we need t o  b e t t e r  
r e l a t e  accumula t ive  1 8 - k i p  e q u i v a l e n t  s i n g l e  a x l e  l o a d s  ( E S A L )  t o  
t h e  r a t e  sf pavement d e t e r i o r a t i o n .  Cont inuing  C a l t r a n s  WIM r e s e a r c h  
e v a l u a t e d  two s t a t e - o f - t h e - a r t  sys tems f o r  t h e i r  p o t e n t i a l  use  i n  
enforcement  s c r e e n i n g  and f o r  t r u c k  weight  m o n i t o r i n g .  

The b i e n n i a l  t r u c k  weight  s t u d y  and o t h e r  c l a s s i f i c a t i o n  and census  
i n f o r m a t i o n  g a t h e r i n g  e f f o r t s  p r o v i d e  a r e a s o n a b l y  good system-wide 
p i c t u r e .  These e f f o r t s  do n o t ,  however, p r o v i d e  s t a t i s t i c a l l y  v a l i d  
samples  of  heavy v e h i c l e  i n f o r m a t i o n  needed t o  b e t t e r  a s s e s s  t h e  
performance of  g iven  pavement d e s i g n s  o r  r e h a b i l i t a t i o n  s t r a t e g i e s .  
The t r u c k  weight  s t u d y  and o t h e r  census  and c l a s s i f i c a t i o n  d a t a  
p rovide  o n l y  l i m i t e d  i n f o r m a t i o n  on movement of commodit ies  f o r  use 
i n  sys tems p l a n n i n g .  

C a l t r a n s  has developed a Master  Plan f o r  implemen ta t ion  of Weigh- 
in-Motion,  which emphas izes  t h e  c o o r d i n a t i o n  of we igh t  mon i to r ing  
and en fo rcemen t .  T h e  t e n t a t i v e  p lan  i s  t o  implement t h e  i n s t a l l a -  
t i o n  of WIM equipment a t  28 s e l e c t e d  s i t e s  s t a t e w i d e .  The g e n e r a l  
o b j e c t i v e s  o f  t h i s  p l an  i n c l u d e  improving t h e  e f f e c t i v e n e s s  of 
weight  en fo rcemen t ,  improving t h e  q u a n t i t y  and s t a t i s t i c a l  q u a l i t y  
s f  t r u c k  s i z e  and weight  i n f o r m a t i o n  f o r  pavement and b r i d g e  d e s i g n  
and performance e v a l u a t i o n ,  and p r o v i d i n g  a b e t t e r  d a t a  base f o r  
e s t i m a t e d   volume p r o j e c t i o n s  of heavy v e h i c l e s  and c o r r e s p o n d i n g  
goods movement t r e n d s  and s e a s o n a l  p a t t e r n s  f o r  sys tems p lann ing  
purposes .  



The f u t u r e  d i r e c t i o n  of t h i s  p l an  i s  c o n t i n g e n t  on t h e  performance 
of  Phase I i n s t a l l a t i o n s ,  which i n c l u d e  an on-going c o n t r a c t  t o  
i n s t a l l  WIM equipment i n  t r u c k  l a n e s  of a  f reeway f o r  pavement 
performance moni to r ing  and an e a r l y  c o n t r a c t  t o  i n s t a l l  WIM i n  an 
e x i s t i n g  weigh s t a t i o n  f o r  t r u c k  weight  enforcement  s c r e e n i n g  
purposes .  Subsequent  c o n t r a c t s  a r e  planned t o  implement t h e  
Master  P lan  system over  t h e  nex t  s e v e r a l  y e a r s .  

With growing p u b l i c  agency and i n d u s t r y  i n t e r e s t  i n  HIM and r a p i d l y  
changing  s t a t e - o f - t h e - a r t ,  i t  i s  l i k e l y  t h a t  we w i l l  s e e  a  widening 
usage of WIM and s i g n i f i c a n t  changes i n  C a l i f o r n i a ' s  HIM Master P l a n .  

I .  C a l t r a n s  WIM Research S t u d i e s  

To o u r  knowledge W I M  goes  back t o  t h e  f i r s t  i n s t a l l a t i o n  of  hardware 
by t h e  V i r g i n i a  S t a t e  Highway Department i n  c o o p e r a t i o n  wi th  t h e  
U , S ,  Bureau s f  P u b l i c  Roads i n  1 9 5 5 .  C a l t r a n s  f i r s t  WIM r e s e a r c h  
p r o j e c t  s t a r t e d  i n  1969,  j u s t  b e f o r e  t h e  e a r l y  7 0 ' s  d e c l i n e  i n  h igh-  
way f u n d i n g  and was de layed  through t h e  l e a n  o i l  embargo and s u b s e -  
quen t  y e a r s  wi th  t h e  l o s s  of r e s e a r c h  s t a f f .  Th i s  p r o j e c t ,  e n t i t l e d  
""Dynamic Measurements of Commercial Highway V e h i c l e s  (Weighing- in-  
Mot ion)" ,  i s  d i s c u s s e d  i n  a r e p o r t  pub l i shed  by C a l t r a n s  i n  June 
1978. She s t u d y  was des igned  t o  de te rmine  t h e  f e a s i b i l i t y  of  
w e i g h i n g  t r u c k s  i n  motion i n  a weigh s t a t i o n  of f - ramp t o  s c r e e n  o u t  
s u s p e c t e d  weight  v i o l a t o r s  f o r  s t a t i c  weighing whi l e  perm! t t i n g  
l e g a l l y  loaded v e h i c l e s  t o  bypass  t h e  s t a t i c  s c a l e s  w i t h o u t  s t o p p i n g .  
P o t e n t i a l  b e n e f i t s  i n c l u d e d  minimizing t r a f f i c  s a f e t y  haza rds  c r e a t e d  
by t r u c k s  queuing u p  o n t o  t h e  f reeway,  r e d u c i n g  d e l a y  t o  commercial 
v e h i c l e s ,  and u l t i m a t e l y  r educ ing  t h e  consumer ' s  c o s t s  o f  t r u c k -  
t r a n s p o r t e d  commodit ies .  

The WIN s c a l e s  f o r  t h i s  s t u d y  were i n s t a l l e d  i n  a s p e c i a l l y  c o n s t r u c t e d  
r e i n f o r c e d  c o n c r e t e  a u x i l i a r y  of f - ramp l a n e  i n t o  t he  westbound 1-88 
weighing and i n s p e c t i o n  s t a t i o n  a t  C o r d e l i a ,  about  4 5  m i l e s  west of  
Sacramento.  F i g u r e  1  shows a l a y o u t  o f  t h e  conver t ed  s t a t i o n .  S i x  
s e t s  o f  e l e c t r o n i c  W I M  s c a l e s  manufac tured  by t h e  R a i n h a r t  Company 
of A u s t i n ,  T e x a s  were i n s t a l l e d ,  i n  a  randomly spaced  g r c u p  ( a s  
shown i n  Figure  2 )  approx ima te ly  860 f e e t  upstream from t h e  s t a t i c  
p l a t f o r m  s c a l e  and were coupled  wi th  a Cal t r a n s  assembled d a t a  
a c q u i s i t i o n  sys t em.  

Actual  f i e l d  o p e r a t i o n a l  t e s t s  on t h i s  f i r s t  W F M  r e s e a r c h  p r o j e c t  
were made i n t e r m i t t e n t l y  i n  t h e  m i d d l e  7 B ' s s .  A s e r i e s  of  t e s t s  
run i n  1 9 7 6  p r o v e d  f e a s i b i l i t y  s f  t h e  W 1 M  concep t  f a r  p o t e n t i a l  
s c r e e n i n g  o u t  of overweight  t r u c k s ,  by p r e d i c t i n g  s t a t i c  w e i g h t ,  
w i t h i n  an a c c e p t a b l e  m a r g i n  o f  a c c u r a c y ,  f r o m  t h e  dynamic  r e a c t i o n s  
of t r u c k  a x l e s  p a s s i n g  ove r  t h e  W 3 M  s c a l e s .  

The b a s i c  c o n c l u s i o n s  of t h i s  p r o j e c t  were: 1 ,  The Weigh-in-Motion 
concep t  i s  f e a s i b l e  f o r  weight  law enforcement  s c r e e n i n g ;  2 .  Visual  
o b s e r v a t i o n  t o  i d e n t i f y  s u s p e c t e d  weight  law v i o l a t o r s  through a  
high t r a f f i c  volume weigh s t a t i o n  o p e r a t i o n  i s  g r o s s l y  i n a d e q u a t e ;  
and, 3 .  The p r o t o t y p e  WIM system r e v e a l e d  t h e  need f o r  deve lop ing  a  
much more r e l i a b l e  sys t em.  



C a l t r a n s  most r e c e n t  WIM r e s e a r c h  p r o j e c t  was i n i t i a t e d  i n  7 9 7 9  
t o  de te rmine  i f  t hen  c o m m e ~ c i a l l y  a v a i l a b l e  W I M  sys tems a r e  r e -  
l i a b l e  and d u r a b l e  t o  perform c o n t i n u o u s  weigh-in-motion measure-  
ments of  g r o s s  v e h i c l e  w e i g h t s ,  a x l e  w e i g h t ,  a x l e  s p a c i n g ,  v e h i c l e  
speed ,  and v e h i c l e  c l a s s i f i c a t i o n  from a  moving t r u c k  t r a f f i c  
s t r eam l e a d i n g  t o  a  s t a t i c  weigh s t a t i o n .  In a d d i t i o n ,  t h e  s t u d y  
was des igned  t o  a s s e s s  s u i t a b i l i t y  of WIM sys tems f o r  m o n i t o r i n g  
t h e  same v a r i a b l e s  i n  a moving t r u c k  t r a f f i c  s t r e a m  on t h e  open 
highway. 

Three known-to-us o f f - t h e - s h e l f  " t u r n - k e y "  sys tems were a v a i l a b l e  
i n  1979 i n c l u d i n g  t h e  f o l l o w i n g :  1 .  The Radian W I M  System (which 
i n c o r p o r a t e s  t h e  p r e v i o u s l y  t e s t e d  R a i n h a r t  Wheel Load T r a n s d u c e r s  
wi th  some m o d i f i c a t i o n s ) ;  2 .  The PAT Model DAM-209 W I M  System; 
and 3.  The S t r e e t e r  Amet Rollweigh Model 5150 System. Another 
sys tem,  t h e  I n t e r n a t i o n a l  Road Dynamics System was n o t ,  t o  ou r  
knowledge, marketed in  t h e  United S t a t e s  u n t i l  a f t e r  we were we71 
i n t o  t h e  s t u d y .  

S i n c e  we a l r e a d y  had a  f a m i l i a r i t y  wi th  t h e  b a s i c  d e s i g n  of  t h e  
Radian W I N  s c a l e ,  and a  number of  o t h e r  s t a t e s  had purchased  l a t e r  
model Radian s y s t e m s ,  we chose  t o  t e s t  t h e  o t h e r  two r e l a t i v e l y  
unknown sys tems .  

The PAT system w a s  t e s t e d  f o r  p o t e n t i a l  enforcement  s c r e e n i n g  a t  
a  weigh s t a t i o n  s i t e  and weight  m o n i t o r i n g  i n  t h e  t r u c k  t r a f f i c  
s t r eam o n  an  open highway. F i g u r e s  3 and 4 show t h e s e  two l a y o u t s .  
The WIM i n s t a l l a t i o n  a t  a  weigh s t a t i o n  s i t e  was r e t r o f i t t e d  i n t o  
an e x i s t i n g  p l a i n  c o n c r e t e  o f f - r amp approach t o  an e x i s t i n g  weigh 
s t a t i o n .  The open highway S n s t a l l a t i o n  was r e t r o f i t t e d  i n t o  a  
newly p laced  A C  o v e r l a y .  

The S t r e e t e r  Amet System was s i m i l a r l y  t e s t e d  f o r  p o t e n t i a l  we igh t  
enforcement  s c r e e n i n g  o n l y  i n  a high-volume s t a t i o n  a t  C a s t a i c  on 
1 - 5  n o r t h  of Los Angeles ,  a s  shown i n  F i g u r e  5 .  To our knowledge, 
t h e  manufac tu re r  of  t h e  S t r e e t e r  Amet does n o t  recommend i t s  usage 
where t r a f f i c  speeds  a r e  above 30 m p h .  T h i s ,  i n  e f f e c t ,  would 
g e n e r a l l y  c o n f i n e  usage  of t h e  sys tem t o  a we igh t  en fo rcemen t  
s c r e e n i n g  o p e r a t i o n .  

T e s t i n g  of  t h e  PAT System a t  a  weigh s t a t i o n  invo lved  t h e  comparison 
of WIM and s t a t i c  s c a l e  we igh t s  of  975 t r u c k s  s e l e c t e d  a t  random 
from t h e  t r a f f i c  s t r eam e x c l u d i n g  o n l y  t h o s e  c a r r y i n g  l i q u i d  and 
l i v e s t o c k  pay loads .  Each t r u c k  was i d e n t i f i e d  by an o b s e r v e r  a t  
t h e  WIM s c a l e s  and d e s c r i p t i v e  f e a t u r e s  were  t r a n s m i t t e d  by r a d i o  
t o  an o b s e r v e r - r e c o r d e r  l o c a t e d  i n  t h e  s t a t i c  s c a l e  house t o  a s s u r e  
p rope r  d a t a  c o r r e l a t i o n .  The s c a l e  house o b s e r v e r  r e c o r d e d  a l l  
s t a t i c  we igh t s  and s e l e c t i v e l y  measured and r ecorded  a x l e  s p a c i n g s  
t o  c o r r e l a t e  wi th  t h e  P A T  WIM System measurements .  

A s i m i l a r  comparison o f  WIM and s t a t i c  s c a l e  w e i g h t s  was made on 
1,196 t r u c k s  a t  t h e  1 - 5  C a s t a i c  Weigh S t a t i o n  where t h e  S t r e e t e r  
Amet System was i n s t a l l e d  f o r  t e s t i n g  purposes .  Axle s p a c i n g s  
were a l s o  s e l e c t i v e l y  measured and compared w i t h  sys tem d a t a  o u t p u t .  



Open-highway t r u c k  l a n e  exposure  of t h e  PAT System was i n c l u d e d  i n  
t h e  s t u d y  p r i m a r i l y  t o  i n v e s t i g a t e  d u r a b i l i t y  and p o t e n t i a l  l o n -  
g e v i t y  of t h e  WIM s c a l e s  s u b j e c t e d  t o  t r u c k  t r a f f i c  a t  highway 
s p e e d s .  The van mounted d a t a  a c q u i s i t i o n  system was connected  
i n t e r m i t t e n t l y  ove r  a  two-year  p e r i o d  t o  v e r i f y  con t inued  i n t e g r i t y  
of t h e  WIM s c a l e s .  

F ind ings  of  t h i s  most r e c e n t  s t u d y  i n d i c a t e  t h a t  t h e  PAT System, 
a t  l e a s t  i n s o f a r  a s  t h e  WIM s c a l e  i s  conce rned ,  b e s t  meets  C a l t r a n s  
needs f o r  a  s i m p l e ,  a c c u r a t e ,  and r e l i a b l e  system f o r  weight  en-  
forcement  s c r e e n i n g  i n  weigh s t a t i o n s  and f o r  mon i to r ing  of  t r u c k  
we igh t s  on t h e  open highway f o r  p l ann ing  and d e s i g n  purposes .  T h i s  
s t u d y  a l s o  r e v e a l e d  t h a t  most of t h e  WIM d a t a  a c q u i s i t i o n  system 
problems encoun te red  i n  t h e  f i r s t  C a l t r a n s '  s t u d y  have been r e s o l v e d  
by much improved t echno logy  and systems development i n  t h e  d a t a  
a c q u i s i t i o n  a r e a .  

The s i g n i f i c a n t  problem t h a t ,  t o  ou r  knowledge, has no t  been s o l v e d ,  
i s  t h a t  of  p r o v i d i n g  an automated t r a f f i c  management f e a t u r e  t h a t  
w i l l :  1 .  Convey t h e  a p p r o p r i a t e  t r a f f i c  d i r e c t i o n s  t o  each t r u c k e r  
i n  s p i t e  of s h o r t  headways ( s a y  no l e s s  than  25 f e e t )  a t  a high 
volume weigh s t a t i o n - -  ( I n  e s s e n c e  t o  s c r e e n  o u t  t h e  ove r loaded  
t r u c k s  and d i r e c t  on ly  them t o  t h e  s t a t i c  s c a l e s  w h i l e  c l e a r l y  
d i r e c t i n g  l e g a l  v e h i c l e s  t a  t h e  bypass l a n e ) ,  2 .  P o s i t i v e l y  t r a c k  
each t r u c k  through t h e  weigh s t a t i o n  t o  e n s u r e  t h a t  each had obeyed 
i t s  t r a f f i c  d i r e c t i o n s ,  3 .  P o s i t i v e  "mat ing"  of W E M  d a t a  t o  t h e  
c o r r e c t  t r u c k s o  t h a t  t h e  weigh-master  c a n ,  through t h e  v i s u a l  d i s -  
p l a y ,  a s s i g n  t h e  p r o p e r  d a t a  t o  a  s p e c i f i c  t r u c k .  These f e a t u r e s  
a r e  e s p e c i a l  f y  v i t a l  i n  h igh-vol  ume weigh s t a t i o n s ,  e s p e c i a l  7y 
where v i s u a l  i d e n t i f i c a t i o n  and f o l l o w - t h r o u g h  i s  i m p r a c t i c a b l e .  

Although pavement type  comparison f o r  W I M  s c a l e s  i n s t a l l a t i o n  was 
n o t  s p e c i f i c a l l y  s t u d i e d  by C a l t r a n s ,  we f e e l  t h a t  i t  would be 
a d v i s a b l e  t o  p l a c e  a l l  permanent type  WIM i n s t a l l a t i o n s  i n  a c o n -  
c r e t e  s l a b  t o  minimize changes i n  roughness  i n  t h e  WIM s c a l e s  
approach and l e a v e  a r e a s .  A s u g g e s t e d  d i s t a n c e  i s  200 f e e t  i n  
advance of and 75 f e e t  p a s t  t h e  HIM s c a l e s  i n s t a l l a t i o n .  S u r f a c e  
p r o f i l e  t o l e r a n c e s  shou ld  be ve ry  s t r i n g e n t ,  even i f  diamond 
g r i n d i n g  i s  r e q u i r e d  t o  s a t i s f y .  

11. Cal t r a n s '  Master  Plan t o  Xmpl ement Weigh-In-Motion: 

C a l t r a n s '  f o u r - p h a s e  Master  Plan i n c l u d e s  implementa t ion  of  WIM 
a t  28 s i t e s  s t a t e w i d e  o v e r  t h e  n e x t  f i v e  y e a r s .  Most of t h e s e  28 
s i t e s  w i l l  p r o v i d e  i n f o r m a t i o n  t h a t  s e r v e s  more than  one purpose .  
Phase I  i n c l u d e s  one LTPM s i t e  and one enforcement  s c r e e n i n g  s i t e .  
Subsequent  Phases 11, 111, and 1 V  i n c l u d e  WIM i n s t a l l a t i o n s  a t  6, 
1 0 ,  and 10 s i t e s  r e s p e c t i v e l y .  Phases I 1  and I11 i n c l u d e  LTPM, 
enforcement  s c r e e n i n g ,  and p lann ing  s i t e s  wi th  a1 1 s i t e s  cons ide red  
t o  c o n t r i b u t e  d i r e c t l y  o r  i n d i r e c t l y  t o  a t  l e a s t  t w o  of  t h e  t h r e e  
f u n c t i o n s .  Phase IV i n c l u d e s  10 s i t e s  t h a t  a r e  p r i m a r i l y  f o r  
en fo rcemen t  s c r e e n i n g ,  b u t  which w i l l  a l s o  c o n t r i b u t e  d a t a  t h a t  
w i l l  be u s e f u l  i n  sys tems p l a n n i n g .  



This  p l a n  has been i n i t i a t e d  wi th  t h e  f i r s t  o p e r a t i o n a l  mon i to r ing  
i n s t a l l a t i o n  t o  be made on I n t e r s t a t e  80 n e a r  Sacramento i n  l a t e  
summer of 1983. T h i s  i n s t a l l a t i o n ,  des igned  f o r  LTPM p u r p o s e s ,  i s  
i n  an 8 - l a n e  u rban ,  high t r a f f i c  volume f reeway,  abou t  one mi le  
ups t ream from an e x i s t i n g  weigh s t a t i o n ,  a s  shown i n  F i g u r e  6 .  

The c o n t r a c t  c a l l s  f o r  t h e  i n s t a l l a t i o n  of d o u b l e - t h r e s h o l d  (two 
s u c c e s s i v e )  WIM s c a l e s  i n  t h e  ~ e s t b o u n d  t r u c k  l a n e s  (No. 3 and 4 )  
and i n d u c t i v e  loop  d e t e c t o r s  i n  a11 f o u r  l a n e s ,  a s  shown i n  
F igure  7 .  Most of  t h e  f u t u r e  planned i n s t a l l a t i o n s  w i l l  a l s o  
r e q u i r e  mu1 t i l a n e  i  n s t a f l a t i o n s .  

Th i s  f i r s t  o f  12 WIM i n s t a l l a t i o n s  f o r  LTPM purposes  w i l l  be used 
t o :  Compare accuracy  of d a t a  wi th  a  s i n g l e  and d o u b l e - t h r e s h o l d  
HIM s c a l e s  sys tem,  r e f i n e  t h e  d a t a  c o l l e c t i o n  fo rma t  wi th  t h e  
computer d a t a  p r o c e s s i n g  c e n t e r ,  r e f i n e  hardware i n s t a l l a t i o n  
d e t a i l s ,  a s s u r e  adequacy of  una t t ended  o p e r a t i o n  f o r  d a t a  c o l l e c -  
t i o n ,  compare d a t a  communication modes, develop  s p e c i f i c a t i o n s  f o r  
Phase 11, and deve lop  a  W I M  o p e r a t i o n s  and main tenance  manual.  

Me hope t o  have t h i s  i n s t a l l a t i o n  i n  o p e r a t i o n  by October  1 ,  1983 
and complete  t h e  abnve shakedown, e v a l u a t i o n ,  and developmental  
t a s k s  by t h e  summer r: f 1984. 

The second i n s t a l l a t i o n  i n c l u d e d  i n  Phase I i s  a  we igh t  en fo rcemen t  
s c r e e n i n g  i n s t a l l a t i o n  a t  an e x i s t i n g  h i g h  volume weigh s t a t i o n  
t h a t  i s  be ing  upgraded on 1-580 i n  Livermore,  C a l i f o r n i a .  T h i s  
i s  o n  t h e  main I n t e r s t a t e  r o u t e  between t h e  §an F r a n c i s c o  Bay Area 
and i o s  Angeles ,  The g e n e r a l  l a y o u t  o f  t h i s  i n s t a l l a t i o n  i s  a s  
s h o w n  i n  F i g u r e  8 .  

The o b j e c t i v e s  of t h i s  i n s t a l l a t i o n  a r e  t o  deve lop :  an en fo rcemen t  
s c r e e n i n g  d e s i g n  t h a t  can be used f o r  f u t u r e  i n s t a l l a t i o n s ;  an 
e f f e c t i v e  t r a f f i c  management s y s t e m ;  a system t h a t  w i l l  c o n t i n u o u s l y  
r eco rd  a l l  t r u c k  d a t a ;  s p e c i f i c a t i o n s  f o r  Phase I 1  s c r e e n i n g  
i n s t a l l a t i o n s ;  and a  manual f o r  o p e r a t i o n  and main tenance  of t h e  
WIM s c r e e n i n g  sys t em.  

I t  i s  hoped t h a t  shakedown and e v a l u a t i o n  of t h i s  sys tem w i l l  
r e s u l t  i n  an end r e s u l t  type  des ign  i n c l u d i n g  s p e c i f i c a t i o n s  
t h a t  can be used f o r  f u t u r e  i n s t a l l a t i o n s .  The development  of 
a  t r a f f i c  management system i s  e s s e n t i a l  t o  e f f e c t i v e l y  communi- 
c a t e  wi th  t h e  v e h i c l e  o p e r a t o r  and t o  c l e a r l y  i n d i c a t e  t o  t h e  weigh- 
m a s t e r  t h e  i d e n t i f i c a t i o n  of s u s p e c t e d  v i o l a t o r s ,  w i t h o u t  t h e  need 
f o r  any v i s u a l  t r a c k i n g .  We have developed a  f u n c t i o n a l  c o n c e p t  
f o r  a  p r o t o t y p e  t r a f f i c  management sys tem on t h e  1-580  Livermore 
p r o j e c t .  Th i s  concep t  w i l l  be i n c l u d e d  i n  a Request  f o r  Proposa l  
(RFP) which w i l l  be a d v e r t i s e d  soon by C a l t r a n s .  We hope t h a t  t h e  
WIM vendors  w i l l  be r e s p o n s i v e  t o  t h i s  p roposa l  and t h a t  we w i l l  
be a b l e  t o  buy and i n s t a l l  such a  system under an e a r l y  c o n t r a c t  
t o  implement t h i s  HIM s c r e e n i n g  o p e r a t i o n  by e a r l y  1 9 8 4 .  



The w e i g h  s t a t i o n s  i n  C a l i f o r n i a  c u r r e n t l y  r e c o r d  t h e  numbers  o f  
a l l  v e h i c l e s  and t h e  s i z e  and  w e i g h t  s t a t i s t i c s  o n  f i n e d  v i o l a t o r s  
o n l y  p a s s i n g  t h r o u g h  t h e  s t a t i o n .  They do n o t ,  however ,  r e c o r d  
w e i g h t  d a t a  o n  l e g a l  v e h i c l e s .  An i n t e r i m  C a l t r a n s  g o a l  i s  t o  
i n c o r p o r a t e  t h e  r e c o r d i n g  o f  g r o s s  and a x l e  w e i g h t s ,  a x l e  s p a c i n g ,  
b r i d g e  l a w  c o n f o r m a n c e ,  v e h i c l e  c l a s s i f i c a t i o n ,  a n d  speed  a t  a1 1  
w e i g h  s t a t i o n s  where  W I M  w e i g h t  s c r e e n i n g  i s  p l a n n e d .  U1 t i m a t e l y ,  
i t  i s  p l a n n e d  t o  p r o v i d e  s u c h  a  r e c o r d i n g  c a p a b i l i t y  a t  a l l  p e r -  
manen t  w e i g h  s t a t i o n s  t o  i n c l u d e  a11 o f  t h e  above  d a t a  e l e m e n t s .  

The d a t a  d e r i v e d  f r o m  a l l  p e r m a n e n t  w e i g h  s t a t i o n s  and f rom a l l  
p l a n n i n g  and d e s i g n  m o n i t o r i n g  s i t e s  s h o u l d  become an i n t e g r a l  
p a r t  o f  t h e  FHWA T r u c k  S i z e  a n d  W e i g h t  S t u d y .  I n  e f f e c t ,  i t  w o u l d  
e v e n t u a l l y  e l i m i n a t e  t h e  need  f o r  m o s t  o r  a l l  o f  t h e  s t a t i c  w e i g h -  
i n g  and  c l a s s i f i c a t i o n  c o u n t s  now done b i e n n i a l l y  a t  1 8  s i t e s  
s t a t e w i d e .  

The t i m i n g  and  i m p l e m e n t a t i o n  o f  Phase I 1  i s  d e p e n d e n t  o n  t h e  
e v a l u a t i o n  o f  t h e  Phase I i n s t a l l a t i o n s  and i n  t u r n  Phase I 1 1  
w i l l  be  d e p e n d e n t  o n  Phase I 1  p r o g r e s s .  I t  i s  t e n t a t i v e l y  p l a n n e d  
t o  c o n s t r u c t  Phase I 1  i n  1 9 8 4  a n d  1985,  Phase I I I  i n  1985  and 1986,  
and  Phase I V  f r o m  1985 t o  1988.  

F i g u r e  9 shows c u r r e n t  a n d  p l a n n e d  p e r m a n e n t  w e i g h  s t a t i o n s  and 
i n s p e c t i o n  f a c i l i t i e s  on  t h e  C a l i f o r n i a  S t a t e  H i g h w a y  Sys tem.  
H o u r s  o f  o p e r a t i o n  o f  t h e s e  s t a t i o n s  and  f a c i l i t i e s  v a r i e s  
d e p e n d i n g  on  t r u c k  t r a f f i c  v o l u m e s .  A number o f  t h e  s t a t i o n s  on 
b u s y  C a l i f o r n i a  " p o r t - o f - e n t r y "  r o u t e s  a s  w e l l  a s  h i g h  v o l u m e  
i n t r a - S t a t e  r o u t e s  o p e r a t e  o n  a  2 4 - h o u r  d a y ,  s e v e n - d a y  week. 
The s y s t e m  shown i s  augmen ted  b y  54  s i t e s  where  p i t s  a r e  p r o v i d e d  
f o r  p o r t a b l e  s c a l e s  f o r  u s e  o f  t h e  C a l i f o r n i a  H ighway  P a t r o l  
M o b i l e  Road E n f o r c e m e n t  ( M R E )  u n i t s  i n  c o v e r i n g  w e i g h t  e n f o r c e -  
m e n t  o f  s e a s o n a l  h a u l i n g .  

F i g u r e  10  shows p l a n n e d  W I M  w e i g h t  s c r e e n i n g  s i t e s ,  a l l  o f  w h i c h  
a r e  t o  b e  i n s t a l l e d  i n  e x i s t i n g  o r  p l a n n e d  p e r m a n e n t  w e i g h  s t a t i o n s .  
S e v e r a l  o f  t h e s e  a r e  l o c a t e d  i n  2 4 - h o u r  s t a t i o n s  t h a t  a r e  n e a r  Long  
Term Pavement  M o n i t o r i n g  (LTPM) s i t e s  and w i l l  s e r v e  f o r  b o t h  
p u r p o s e s .  

F i g u r e  1 1  shows WIN s i t e s  t h a t  a r e  p r i m a r i l y  f o r  t h e  p u r p o s e  o f  
t r u c k  w e i g h t  m o n i t o r i n g  r e l a t i v e  t o  p l a n n i n g  and d e s i g n .  These 
a r e  a  v i t a l  p a r t  o f  LTPM a n d  w i l l  p r o v i d e  needed  i n f o r m a t i o n  f o r  
s y s t e m s  p l a n n i n g  p u r p o s e s .  I t  i s  a l s o  a n t i c i p a t e d  t h a t  t h e y  
w i l l  p r o v i d e  i n f o r m a t i o n  t h a t  i s  h e l p f u l  t o  t h e  CHP i n  p l a n n i n g  
w e i g h t  e n f o r c e m e n t  s t r a t e g i e s .  

F i g u r e  1 2  shows a l l  t h e  p e r m a n e n t  p l a n n e d  W I M  s i t e s  f o r  a l l  p u r -  
p o s e s .  These  i n c l u d e  w e i g h t  e n f o r c e m e n t  s c r e e n i n g ,  g r o s s  and 
a x l e  w e i g h t  m o n i t o r i n g ,  a x l e  s p a c i n g ,  b r i d g e  l a w  c o n f o r m a n c e ,  
speed  m o n i t o r i n g ,  v e h i c l e  c l a s s i f i c a t i o n ,  and p o t e n t i a l  t y  t h e  
a d d i t i o n  o f  s y s t e m s  a t  some s i t e s  f o r  w i d t h  and  h e i g h t  m o n i t o r i n g .  



Figure  1 3  shows a  combinat ion  of a l l  of t h e  e x i s t i n g  and planned 
permanent weighing s i t e s .  E x i s t i n g  t r u c k  weight  s t u d y  s i t e s  a r e  
i n d i c a t e d  by t h e  a s t e r i s k s i ' * " .  All  WIN s i t e s  a r e  shown by t h e  
hexagons. 

The C a l t r a n s  WIM plan  does no t  s p e c i f i c a l l y  a d d r e s s  t h e  use o f  i ! 
p o r t a b l e  WIM sys tems .  The p o r t a b l e  sys tems w i l l ,  however, be 
c o n s i d e r e d  and most l i k e l y  w i l l  become an e s s e n t i a l  e lement  o f  
a s t a t e w i d e  sys tem.  

111. WIM System Performance:  

I .  a p a b i t y :  A W I M  System should  be c a p a b l e  of a c q u i r i n g  I 

t r u c k  a x l e  and g r o s s  w e i g h t s ,  a x l e  s p a c i n g ,  and speed from I 

6 t r u c k  l a n e s  of 10 t o t a l  o n  a  f reeway.  I t  should  a l s o  be 
c a p a b l e  of a c q u i r i n g  speed and c l a s s i f i c a t i o n  i n f o r m a t i o n  
from loop d e t e c t o r s  i n  t h e  remain ing  f o u r  l a n e s .  This  could  
be done wi th  a  s e p a r a t e  sys tem on each  s i d e  o f  t h e  f r eeway .  

The WIM s c a l e ( s )  should  e s s e n t i a l l y  cove r  t h e  t r a f f i c  l a n e  
t o  minimize t h e  p e r c e n t a g e  o f  t r u c k s  t h a t  a r e  n o t  s c a l e  
borne .  

An automated t r a f f i c  management system shou ld  be p rov ided  I 

t o  s c r e e n  f o r  ove r loaded  t r u c k s  and t o  a s s u r e  p o s i t i v e  
i d e n t i f i c a t i o n  of  s u s p e c t e d  v i o l a t o r s  a s  t h e y  pass  through 
t h e  s c r e e n i n g  p r o c e s s  t o  the  s t a t i c  s c a l e s .  I 

I 
C a p a b i l i t y  shou ld  be p rov ided  f o r  computer ized  s e l f - c a l i b r a t i o n  
and r e c a l i b r a t i o n  of  weight  s c r e e n i n g  o p e r a t i o n s  by an i n t e r -  
f a c e  wi th  t h e  s t a t i c  s c a l e s .  i 

i 
Data communications i n t e r f a c e  c a p a b i l i t i e s  should  i n c l u d e  
modem f o r  t e l e p h o n e  l i n e  t i e  t o  c e n t r a l  o r  remote o f f i c e .  
P r o v i s i o n  shou ld  be made t o  r e c o r d  d a t a  on magnet ic  t a p e  
media and i n t e r f a c e  through compa t ib l e  r e a d e r  t o  a c e n t r a l  
computer .  Microwave t r a n s m i s s i o n  o f  d a t a  shou ld  be  c o n s i d e r e d  
a  p o t e n t i a l  d a t a  t r a n s f e r  method. The sys tem should  be c a p a b l e  
of  g e n e r a t i n g  summaries a n d  dumping them i n t o  a  p o r t a b l e  
computer o r  p r i n t e r .  

2 .  Accuracy: Some s u g g e s t e d  a c c u r a c y  s t a n d a r d s  o r  g u i d e l i n e s  
should  be developed f o r  v a r i o u s  t y p e s  of W I M  i n s t a l l a t i o n s .  
Accuracy s t a n d a r d s  shou ld  c o n s i d e r  needs f o r  weight  s c r e e n i n g ,  
pavement m o n i t o r i n g ,  and moni to r ing  f o r  p ?  anni  ng p u r p o s e s .  

Required a c c u r a c y  may va ry  between t h e  above needs o r  between 
weigh s i t e s ,  o r  r e g i o n s ,  o r  s t a t e s .  For example,  i f  a  WIN 
weight  s c r e e n i n g  f a c i l i t y  i s  l o c a t e d  i n  an a r e a  where g r o s s  
o v e r l o a d s  a r e  common t h e  a c c u r a c y  r e q u i r e d  i s  much l e s s  than  
f o r  a  f a c i l i t y  where t h e  a v e r a g e  magnitude of  o v e r l o a d i n g  i s  
minimal .  In o t h e r  words,  t e n  p e r c e n t  a c c u r a c y  may b e  a l l  
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r i g h t  i n  t h e  f i r s t  c a s e ,  whereas 5% o  s s  may be r e q u i r e d  
i n  t h e  l a t t e r .  As an example,  i f  one 70% accuracy  and 
90% of t h e  t r u c k s  were w i t h i n  5% of t ega l  l i m i t ,  t h e  
purpose of  t h e  s c r e e n i n g  o p e r a t i o n  wo e s s e n t i a l l y  be 
d e f e a t e d .  

To o p e r a t e  an e f f e c t i v e  weight  enforcement  s c r e e n i n g  o p e r a -  
t i o n ,  t h e  C a l i f o r n i a  Highway P a t r o l  now f e e l s  t h a t  RIM 
weigh t s  must g e n e r a l l y  be w i t h i n  5 %  o f  t h e  t r u e  s t a t i c  l o a d .  
C a l t r a n s '  1982 r e s e a r c h  r e p o r t  " E v a l u a t i o n  of t h e  PAT and 
S t r e e t e r  Amet Weigh-in-Motion Systems" (Appendix M) s u g g e s t s  
some s t a t i s t i c a l l y  based accuracy  r equ i  rernents f o r  s i n g l e  
a x l e ,  tandem a x l e ,  and g r o s s  v e h i c l e  we igh t s  a s  wel l  a s  f o r  
a x l e  s p a c i n g  and speed .  These a r e  n o t  sugges ted  a s  n a t i o n a l  
s t a n d a r d s  and w i l l  most l i k e l y  change a s  we g e t  f u r t h e r  
i n t o  implementa t ion  of W I M  i n  C a l i f o r n i a .  

3 .  C a l i b r a t i o n :  W I M  equipment c a l i b r a t i o n  i s  a n  a r e a  of  p a r -  
t i c u l a r  concern  t o  C a l t r a n s .  We do no t  f e e l  t h i s  f a c t o r  
has  been g iven  enough a t t e n t i o n .  I n  o u r  view i t  i s  n o t  
g e n e r a l l y  a d e q u a t e  t o  use a  s i n g l e  o r  even two or t h r e e  
c a l i b r a t e d  loaded v e h i c l e s  f o r  t h i s  purpose .  There a r e  
j u s t  t o o  many v a r i a b l e s  i n  v e h i c l e  c o n f i g u r a t i o n s  and s u s -  
pensdons.  I n  a d d i t i o n ,  t h e  WIM c a l  i b r a t i o n  should  be made 
a t  v a r i o u s  speeds  w i t h i n  t h e  speed range  t h a t  t h e  system 
w i l l  be used.  Some W I M  s c a l e s  canno t  be c a l i b r a t e d  wi th  
a s t a t i c  load  w h i l e  o t h e r s  can .  In t h e  C a l t r a n s ' s t u d y ,  
we found t h a t  t h e  s t a t i o n a r y  P A T  W I M  System t e s t e d  c a n n o t  
be c a l i b r a t e d  wi th  a  s t a t i c  load  w h i l e  t h e  S t r e e t  Amet can .  

I t  i s  o u r  recommendation t h a t  N I M  equipment be c a l i b r a t e d  
us ing  a r e l a t i v e l y  l a r g e  number ( 1 0 0  or more) of randomly 
s e l e c t e d  v e h i c l e s  t h a t  t r u l y  r e p r e s e n t  t h e  p o p u l a t i o n  t h a t  
wi 11 be moni tored  o r  s c r e e n e d  by t h e  s p e c i f i c  i n s t a l l a t i a n .  
For a  weight  s c r e e n i n g  i n s t a l l a t i o n  i n  t h e  of f - ramp t o  a  
s t a t i c  weigh s t a t i o n ,  t h e  c a l i b r a t i o n  can be done q u i t e  
r e a d i l y  by random sampling of v e h i c l e s  p a s s i n g  through t h a t  
s t a l ' l ' on .  

The problem of  c a l i b r a t i n g  U I M  s c a l e s  used i n  t h e  open h igh-  
way a r e  t h e  m o s t  d i f f i c u l t ,  e s p e c i a l l y  i f  t h e y  a r e  i n  a  high 
t r a f f i c  volume a r e a ,  In t h e  c a s e  where i t  i s  simply a w e i g h t  
moni to r ing  s i t e ,  t h e  accuracy  r e q u i r e d  i s  psobably  l e s s  than  
f o r  s c r e e n i n g  so  t h e  use o f  two o r  % h r e e  c a l i b r a t e d  loaded 
v e h i c l e s  may be s a t i s f a c t o r y .  I f  t r a f f i c  volumes a r e  r e l a -  
t i v e l y  low, i t  may be p o s s i b l e  t o  r a n d o m l y  s e l e c t  t r u c k s  a n d  
s t a t i c a l l y  weigh them a t  t h e  r o a d s i d e  f o r  c a l i b r a t i o n  purposes .  

With s e a s o n a l  changes of t r u c k  mix, t h e r e  may be a need f o r  
r e c a l i b r a t i o n  wi th  t h o s e  changes .  I f  t h e  s t a t i c  s c a l e s  were 
i n t e r f a c e d  wi th  t h e  WIM computer i n  a  s c r e e n i n g  o p e r a t i o n ,  
i t  should  be a  r e l a t i v e l y  s imple  m a t t e r  t o  program c o n t i n u a l  
upgrading  of t h e  c a l i b r a t i o n .  



Because o f  t h e  many v a r i a b l e s  i n v o l v e d ,  i t  i s  d o u b t f u l  t h a t  
t h e r e  w i l l  be a d i r e c t  c o r r e l a t i o n  of c a l i b r a t i o n  from one 
WIM i n s t a l l a t i o n  t o  t h e  n e x t .  Same of t h e  v a r i a b l e s  t h a t  
must be c o n s i d e r e d  a r e  s u r f a c e  roughness  of pavement i n  t h e  
immediate v i c i n i t y  of  t h e  WIM, georne t r ics  of t h e  WIM approach ,  
t r u c k  c l a s s i f i c a t i o n  mix, t r u c k  s u s p e n s i o n s ,  and t h e  dynamic 
r e sponse  of t h e  WIM s c a l e s .  

The c o o r d i n a t i o n  of WIM c a l i b r a t i o n  among u s e r s  o r  w i t h  o t h e r  
s t a t e s  i s  a  q u e s t i o n  t h a t  needs t o  be answered.  As long  as 
WIM i s  n o t  being used d i r e c t l y  f o r  en fo rcemen t ,  t h e  need f o r  
c o o r d i n a t i o n  i s  n o t  r e a l l y  c r i t i c a l ,  There s h o u l d ,  however ,  
be some minimum s t a n d a r d  p rocedures  o r  g u i d e l i n e s  t o  promote 
u n i f o r m i t y  i n  methods of  c a l i b r a t i o n  a n d  t o  d e t e r m i n e  how 
a c c u r a t e  WIM sys tems r e a l l y  a r e .  

4 .  R e l i a b i l i t y :  WIM system r e l i a b i l i t y ,  i n  C a l t r a n s  view, h inges  
on t h e  d u r a b i l i t y  of t h e  WIM s c a l e  i t s e l f .  The computer ized  
d a t a  a c q u i s i t i o n  sys tems o f  a l l  m a n u f a c t u r e r s ,  which a r e  
g e n e r a l l y  made u p  of  o f f - t h e - s h e l f  e l e c t r o n i c s  and cus tomized  
s o f t w a r e ,  do n o t  a p p e a r  t o  be a  problem. 

Based on C a l t r a n s '  s t u d i e s  of  t h r e e  d i f f e r e n t  WIM s c a l e s ,  i t  
i s  ou r  c o n s i d e r e d  judgment t h a t  t h e  more s imple  t h e  d e s i g n  
t h e  h i g h e r  t h e  r e l i a b i l i t y .  T h e  WIM s c a l e  shou ld  be made o f  I 

an a b s o l u t e  minimum number o f  p a r t s ,  i t  shou ld  r e q u i r e  an 
a b s o l u t e  minimum of p h y s i c a l  a d j u s t m e n t s  a f t e r  i n s t a l l a t i o n  
i n  t h e  pavement, and i t  should  no t  be s u s c e p t i b l e  t o  nor~nal  
envi ronmenta l  changes .  

I 

No a c t i v e  e l e c t r o n i c  components shou ld  be mounted below 
ground l e v e l  . 
The l o n g e v i t y  of  a  WIM s c a l e  i s  l e s s  c r i t i c a l  i n  weigh s t a t i o n  
off-ramp s c r e e n i n g  t h a n  i n  an open road  m o n i t o r i n g  i n s t a l l a -  
t i o n *  In t h e  weigh s t a t i o n  removal ,  r e p a i r ,  and r ep lacemen t  
can be done q u i t e  r e a d i l y  w i t h o u t  t r a f f i c  c o n t r o l ,  whereas 
i t  would be r e q u i r e d  on t h e  open highway wi th  a t t e n d a n t  t r a f f i c  
c o n t r o l  c a s t s  and s a f e t y  h a z a r d s .  

C a l t r a n s  1982 s t u d y  s u g g e s t s  a s  a  g o a l  t h a t  t h e  WIM s c a l e  be 
des igned  t o  cal-ry a  minimum of 1 0  m i l l i o n  t r u c k  a x l e  l o a d s  
ar  f o u r  y e a r s  of c o n t i n u o u s  o p e r a t i o n ,  whichever  comes f i r s t .  
The WIM s c a l e s  used i n  t h a t  s t u d y  d i d  nod meet t h a t  g o a l ,  
b u t  showed some s i g n s  of s i g n a l  d e g r a d a t i o n  a t  I .5 t o  2 . 5  
m i l l i o n  c y c l e s  i n  a p e r i o d  o f  u p  t o  2  y e a r s  i n  s e r v i c e .  The 
cause  o f  d e g r a t i o n  of  s i g n a l s  has  n o t  y e t  been d e t e r m i n e d .  
Conceivably ,  problems could  have been from env i ronmenta l  
changes a f f e c t i n g  e l e c t r i c a l  c a b l e  l e a d - i n s .  On t h e  o t h e r  
hand, t h e  problem could  be a  m a n i f e s t a t i o n  of e l emen ta l  
f a t i g u e  i n  t h e  WIM s c a l e .  



I 
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5 .  Maintenance:  I t  i s  i n e v i t a b l e  t h a t  t h e r e  w i l l  be a  need f o r  
maintenance r e p a i r ,  and r ep lacemen t .  As C a t t r a n s  proceeds  
wi th  WIM implemen ta t ion ,  t h e  i n t e n t  i s  t o  have s p a r e  W I M  s c a l e s  
on hand t o  i n s t a l l  wh i l e  f a i l e d  u n i t s  a r e  r e t u r n e d  t o  t h e  
manufac tu re r  f o r  r e f u r b i s h i n g  a t  an agreed  p r i c e .  I n i t i a l  1  y ,  
i t  i s  hoped t h a t  WIM s c a l e s  p laced  i n  open t r u c k  l a n e s  w i l l  
l a s t  a t  l e a s t  2 y e a r s  b e f o r e  removal f o r  r e f u r b i s h i n g .  The 
manufac tu re r  o r  s u p p l i e r  must ,  of c o u r s e ,  a s s u r e  t h e  owner 
of  a  ready supp ly  of p a r t s  and have s e r v i c e  a v a i l a b l e  on 
r e l a t i v e l y  s h o r t  n o t i c e .  

The maintenance of d a t a  a c q u i s i t i o n  systems and s o f t w a r e  changes 
w i l l  g e n e r a l l y  be handled by C a l t r a n s  s t a f f  i n  t h e  E l e c t r o n i c s  
Labora to ry  and Computers S e r v i c e s  a r e a s ,  r e s p e c t i v e l y .  T r a f f i c  
s i g n a l  t e c h n i c i a n s  i n  t h e  D i s t r i c t  maintenance s t a f f s  who 
r e g u l a r l y  m a i n t a i n  micro-computer systems w i  l l  be t r a i n e d  t o  
m a i n t a i n ,  r e p a i r ,  o r  r e p l a c e  equipment i n  t h e  f i e l d .  Computer 
Systems s t a f f  w i l l  be invo lved  i n  a l l  W I M  implementa t ion  t o  
a s s u r e  cornpati b i  1  i  t y  and t o  devef op r e q u i r e d  i n t e r f a c i n g  wi th  
c e n t r a l  computer f a c i l i t i e s  and o p e r a t i o n s .  

I V .  Coordina ted  WIM Advantages and Disadvantages  

Advantages: 

1 .  Less i n s t a l l a t i o n s  and c o s t  t o  cove r  both moni t o r i  ng and 
enforcement  s c r e e n i n g .  

a .  U t i l i z a t i o n  o f  s e v e r a l  s c r e e n i n g  i n s t a l l a t i o n s  for -  
pavement and b r i d g e  m o n i t o r i n g .  

b .  Record a l l  volume and weight  i n f o r m a t i o n  i n  weigh s t a t i o n s .  

2 .  More comple te  s t a t e w i d e  t r u c k  weight  i n f o r m a t i o n .  

3 .  I n h i b i  t i o n - o f  o v e r l o a d i n g  w i t h  more complete  c o o r d i n a t e d  
s u r v e i l l a n c e .  

4 .  More e f f e c t i v e  weight  law enforcement .  

5 .  Reduced d e l a y  t o  t r u c k e r s  and lower c o s t s  La consumers.  

5 .  C a l i f o r n i a  Highway P a t r o l  can use t r e n d s  f rom moni to r ing  s i t e s  
t o  p lan  Mobile Road Enforcement and t i m e  o f  o p e r a t i o n  d t  
permanent s t a t i o n s .  

7 .  B e t t e r  c o o r d i n a t i o n  o f  equipment  c a l i b r a t i o n .  

D i sadvan tages :  

1 .  Could b i a s  mon i to r ing  d a t a  by t i e i n g  i t  t o  en fo rcemen t .  

2 .  Could encourage  d e l i b e r a t e  damage t o  and avo idance  of 
m o n i t o r i n g  equipment .  

3 .  More s o p h i s t i c a t e d  sys tem i n  'weigh s t a t i o n s  r e q u i r e s  more 
h i g h l y  t r a i n e d  s t a f f .  



V .  P o t e n t i a l  B e n e f i t s  v s .  Cos t s :  

The b e n e f i t s  of a  c o o r d i n a t e d  WIM System appea r  t o  s i g n i f i c a n t l y  
outweigh t h e  c o s t s .  C a l t r a n s  Master  P l a n ,  Appendix F, e s t i m a t e s  
a  p o t e n t i a l  b e n e f i t  t o  c o s t  r a t i o  range  from 5 : l  t o  7 :1 .  Th i s  
p l an  s t r e s s e s  t h e  complimentary n a t u r e  o f  t h e  t r u c k  weight  i n -  
fo rma t ion  sough t  and t h e  l o g i c  o f  a  c o o r d i n a t e d  p l a n .  

- 
VI. Conc lus ions :  -- 

I .  Implementat ion of  a  c o o r d i n a t e d  weight  mon i to r ing  and e n f o r c e -  
ment p l an  u t i l i z i n g  WIM equipment  w i l l  p rov ide  a  much more 
complete  and a c c u r a t e  p i c t u r e  of  t r u c k  l o a d s  and volumes t o  1 
which S t a t e  highway pavements and b r i d g e s  a r e  exposed .  

2 .  W i t h  t h i s  i n f o r m a t i o n ,  we w i l l  be a b l e  t o :  

a .  Do a  more e f f e c t i v e  j o b  of  weight  en fo rcemen t ,  

b .  More o b j e c t i v e l y  p lan  f o r  system improvements t o  hand le  
t h e  t r a f f i c ,  and Z 

c .  More e f f e c t i v e l y  a s s e s s  damage t o  pavements and b r i d g e s  
t o  e v a l u a t e  and improve t h e  d e s i g n  and performance o f  
new, r e h a b i l i t a t e d ,  and r e c o n s t r u c t e d  f a c i l i t i e s .  

3 .  Implementat ion of  a s t a t e w i d e  c o o r d i n a t e d  t r u c k  weight  
mon i to r ing  and enforcement  sys tem u t i l i z i n g  WIM i n  C a l i f o r n i a  
w i l l  prove t o  be c o s t  e f f e c t i v e .  
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OPERATIONAL CONCERNS/WEIGHT ENFORCEMENT 

SCREENING WITH WEIGH-IN-MOTION EQUIPMENT 

CHARLES E. KING, CAPTAIN 
Commercial and Technical Services Section 
DEPARTMENT OF CALIFORRIA HIGHWAY PATROL 

Presented at the "National Conference on Weigh-In-Motion Technology 
and Applications" - Denver, Colorado, July 11-15, 1983. 
Co-sponsored by the Colorado Department of Highways and the Federal 
Highway Administration. 

Objectives 

o Increase effectiveness of weighing operations. 

o Reduce congestion and delay at high volumne weigh stations. 

o Increase compliance with weight laws. 

Operational Requirements .-. 

The Weigh-In-Motion (WIM) system must automatically weigh all trucks 
crossing the WIM scale, calculate their speed, determine axle spacings, 
verify compliance with weight laws, detect invalid measurements, and 
select trucks at random for safety inspections. 

Accuracy Levels 

The WIM system must have an accuracy capability to weigh+individual I 

axles, axle groups, and gross vehicle weights to within - 5 percent 
of actual weight. Axle spacing and vehicle wheelbase must be measured 
accurately to within 6 inches. These accuracy levels must be achieved 
at vehicle speeds of 35 - 50 mph. 
Durability of Weigh Pads 

Weigh pads and frames used in high speed WIM systems must be 
sufficiently strong to withstand a minimum of 2 years use in high 
volumne site locations without damage or repairs. A single 11' wide 
WIM pad is preferable however two pads, one for the right side and 
one for the left side may be used if properly spaced in vehicle 
wheel path area and accompanied with off pad wheel detectors. 
Transducers within the pads must be sealed against moisture without 
the use of pressurized gas. 

Reliability of System 

The WIM system must be operational 80 percent of the time during 
the first year of operation and 85 percent of the time during 
the remaining desiqn life expectancy of the system. 



Warranty and Service - 
WIM systems must be fully warranted to include all parts 
and labor repair costs during the first year of the operational 
use. Service contracts must also be provided by the manvfact- 
urers along with maintaining replacement parts availabi 
Replacement parts must be available on 24 hour notice i 
emergency situations and within three days on regular 
requisition. 

Traffic Management Sys tem 

the WIM system must include traffic management features that 
will direct all trucks into a static weigh station, maintain 
adequate spacing between vehicles, regulate vehicle speed, direct 
overloaded trucks to a static scale, direct legal trucks into a 
static scale bypass, identify vehicles which fail to follow the 
signal system, and include appropriate features to accomodate 
overload adjustment and reweighing. Legal weight trucks that 
inadvertently enter the static scale must be identified and 
trucks that fail to cross the WIM scale properly (driving to 
the side of the WIM pads or speeding up or slowing down) must 
be identified and directed to the static scale. Separate CRT 
display modes are required for trucks in the bypass lane, the 
static scale lane, and scale calibration. A reset feature must 
be included to allow the scale operator to restart the system 
with the next truck crossing the WIM scale should the sy,stem 
fall out of sequence for any reason. The scale operator must 
be able to manually override the automatic traffic signal system. 

Software Program 

The WIM software program must identify and calculate all weight 
violations on an individual vehicle or combination of vehicles 
regardless of where the violation(s) may be. The system must 
also include a CRT for continuous visual reference and a 
printer for permanent record. The CRT must show the trucks in 
the order they are directed to the static scale from the WLM 
scale. The largest overload must be highlighted on the CRT 
in a manner readily recognizable to the scale operator. Steering 
axles limits must be set at 12,500 pounds while other single axle 
limits must be set at 20,000 pounds. Axle spacing measurements 
must be calculated to the nearest even foot and when the measure- 
ment is determined at exactly + the next larger foot m 
used to determine the allowed weight. 
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DESIGN REQUIRE 
FOR 

HIGH SPEED WIM FOR WEIGHT EN 

Function 

Automatic Operation 
Manual Mode 
Traffic Management System 
Visual Display Unit 
Printer Unit 
Violation Detection 
Error Indication 

i 

Axle Scales 
Presence Transducers 
Speed Detection Components 
WIM Data Processing Unit 
Video Display/Printer/Keyboard (Enclosures) 

I 
I 

Traffic Management Components 
Cartridge Type Recorder 1 i 
Telephone Modem 

Software Program 

Single Axle Weight Determination 
Tandem Axle Weight Determination 
Bridge Law Weight Determination I 
Gross Vehicle Weight Determination 
Axle Spacing In Feet 
Overall Vehicle Wheelbase 
Vehicle Speed 
Vehicle Classification 
Program Documentation 

Program Listing/Descriptions 
Detailed Flow Chart 

i 
5 

Functional Description of Modes E 

Revision Numbers/Dates 
Description of Outputs Including Port Numbers 1 I 
and Memory Addresses F 

L 

Traffic Management [ 
P 
i 

Select Out Potentially Overloaded Trucks E 
Direct Overloaded Trucks to Static Scale i 

Direct Legal Trucks to Bypass 
Select Trucks at Random for Safety Inspection 

F 

B 
Direct Trucks that Miss Pads or Change Speed to Static Scale Z e 
Track all Trucks Through System 
Identify Failure to Obey Signal System 1 i 
Signal Weighmaster of Violations 5 

L 

I 
ii 



A P P E N D I X  M 

I 

1 O U T L I N E  R E Q U I R E M E N T S  FOR A H I M  S Y S T E M  

A w e i g h - i n - m o t i o n  ( w I M )  s y s t e m  s h a l l  a u t o m a t i c a l  l y  i d e n t i f y  

t h o s e  t r u c k s  i n  a  m o v i n g  t r a f f i c  s t r e a m  w h i c h  a r e  i n  w e i g h t  

v i o l a t i o n  o f  a  S t a t e ' s  V e h i c l e  Code as t h e y  e n t e r  t h e  l a n e  

l e a d i n g  t o  an e n f o r c e m e n t  w e i g h  s t a t i o n ' s  s t a t i c  s c a l e .  

Those t r u c k s  t h a t  a r e  n o t  i n  w e i g h t  v i o l a t i o n  may be 

d i r e c t e d  t h r o u g h  a p p r o p r i a t e  t r a f f i c  s S g n a l s  t o  r e t u r n  t o  
I 

t h e  h i g h w a y ,  b e f o r e  t h e y  r e a c h  t h e  s t a t i o n ,  and t h o s e  t h a t  I ! 

a r e  i d e n t i f i e d  as o v e r w e i g h t  s h a l l  be d i r e c t e d  t h r o u g h  

p r o p r i a t e  t r a f f i c  s i g n a l s  t o  t h e  w e i g h  s t a t i o n  f o r  

f o r c e m e n t  w e i g h i n g  on t h e  s t a t i c  s c a l e  ( s e e  F i g u r e  M-8).  

T n e  WTM s y s t e m  s h a l l  c o n s i s t  o f  a x l e  s c a l e ( s )  embedded 

f l u s h  w i t h  t h e  pavement  s u r f a c e  i n  t h e  t r u c k  s c a l e  l a n e  

a b o u t  800 f e e t  u p s t r e a m  f r o m  t h e  w e i g h  s t a t i o n  and w i t h  

I a p p r o p r i a t e  t r u c k  p r e s e n c e  and l o o p  d e t e c t o r s .  
i 

T t l e  s i g n a l s  f r o m  t h e  above components  s h a l l  be r o u t e d  t o  

t h e  w e i g h  s t a t i o n  and c o n n e c t e d  t o  t h e  W I M  i n s t r u m e n t a t f o n  
i q y s t r r n  i n s t a l l e d  t h e r e i n .  The s y s t e m  s h a l l  p r o c e s s  t h e  
i 

s i g n a l s  and commun ica te  t o  t h e  w e i g h m a s t e r  t h o s e  t r u c k s  
I 
i t @ a t  a r e  i n  w e i g h t  v i o l a t i o n  as each one c r o s s e s  t h e  W I M  

I s c . j l e ( s ) ,  I n  a d d i t i o n ,  t h e  s i g n a l s  s h a l l  be p r o c e s s e d  b y  
t h e  W I M  i n t r u m e n t a t i o n  s y s t e m  t o  g e n e r a t e  p r o p e r  o u t p u t s  

t o r  u s e  i n  a  t ruck  t r a f f i c  management s y s t e m  t o  1) d i r e c t  

o v e r w e i q h t  t r u c k s  t o  t h e  s t a t i c  w e i g h  s c a l e  f o r  e n f o r c e m e n t  

w e i y h i ~ g ,  2 )  d i r e c t  n o n - v i o l a t o r s  t o  t a k e  t h e  b y p a s s  l a n e  
1 

b d c k  t o  t h e  h i q h w a y ,  and 3 )  d e t e c t  v i o l a t o r s  t h a t  have  

e n t e r e d  t h e  b y p a s s  l a n e .  



i 
I 
I 

The m i n i m u m  c o m p o n e n t s  a r e  shown i n  F i g u r e  M-1. 
! 

F i g u r e  M - 2  1 i s t s  a p a r t  o f  t h e  p e r f o r m a n c e  r e q u i r e m e n t s  f o r  

t h e  HIM s y s t e m .  

HIM A x l e  S c a l e  

1 
1 

O n  t h e  s t a t i c  s c a l e  a p p r o a c h  l a n e ,  H I M  a x l e  s c a l e ( s )  s h a l l  I I 

be embedded f l u s h  i n  t h e  p a v e m e n t  l a n e  t o  m e a s u r e  t h e  

d y n a m i c  a x l e  f o r c e s  on i t  and,  w i t h  t h e  a s s o c i a t e d  i n s t r u -  

m e n t a t i o n ,  t o  d e r i v e  t h e  ( s t a t i c )  w e i g h t  o f  t h e  m o v i n g  

a x l e .  
i 

The  a x l e  s c a l e  may c o n s i s t  o f  one  i n t e g r a l  a x l e  s c a l e ,  o r  a 1 
i 
€ 

l e f t - t r a c k  and a r i g h t - t r a c k  w h e e l  s c a l e .  E i t h e r  one, b u t  I 
n o t  m o r e  t h a n  t w o  a x l e  s c a l e s  ( i n  t a n d e m )  s h a l l  c o m p r i s e  a i 

HIM s y s t e m .  I f  t w o  a x l e  s c a l e s  are  p r o v i d e d ,  they  s h a l l  be : 

s e p a r a t e d  b y  a b o u t  1 6 . 4  f e e t  ( 5  m e t e r s ) .  i 

E 
i 

The a x l e  s c a l e l s )  s h a l l  c o n s i s t  o f  t h e  s c a l e  p r o p e r  and j t s  
1 

f o u n d a t  i o n  f r a m e .  The  t r a n ~ d u c e r s  w i t h i n  t h e  s c a l e  p r o p e r  
I 
i 

s h a l l  be  s e a l e d  a g a i n s t  m o i s t u r e  w i t h o u t  t h e  u s e  o f  p r e s -  I 
s u r i z e d  g a s .  1 

! 

1 
I f  t h e  a x l e  s c a l e  c o n s i s t s  o f  one  i n t e g r a l  p l a t f o r m ,  i t  

s n a l t  be fit l e a s t  1 3 2  i n c h e f  w i d e ;  i f  i t  c o n s i s t s  o f  a  
I 
B 

i ~ f t - t r a c k  and a r i g h t - t r a  w h e e l  s c a l e ,  each  s c a l e  s h a l l  E: 1 
he a t  l e a s t  6 6  i n c h e s  w i d e .  I 1 

I 
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Violation S i s n a l  --- -- 

T h e  W I W  ~ ~ s t e r n  s h a l l  p r o v i d e  o u t p u t  s i q n a I ( s )  t h a t  a  w e i g h t  

i ; i 8 ~ l a : i n n  h i i s  a c c u r . r e d .  The r ; i q n d i  w i l l  hc o \ e d  i n  t h e  

t r u c k  t r a f f i c  management  s y s t e m  t o  a c t i v a t - e  t r a f f i c  s i g n d l s  

1 2  d i r e c t  v i o l a t o r s  Lo t h e  a p p r o p r i a t e  l a n e  f o r  f u r t h e r  

p r o c e s s i n g .  

C a l i f o r n i a  V e h i c l e  Code ( C V C )  ----- 

T h e  W!M s y s t e m  s h a l l  i n c o r p o r a t e  t h e  s e c t i o n s  on "Compu ta -  

t i o n  o f  A l l o w a b l e  G r o s s  W e i g h t t '  o f  t h e  s t a t e ' s  C V C  i n t o  t h e  

c a m p u t  a t i o n a l  s o f t w a r e  p r o g r a m .  The  C V C  on a1 l o w a b l e  g r o s s  

w e i g h t s  a r c  showri i n  Figirre  M - 3 .  The d i s p l a y  s h a l l  be i n  

t h e  g e n e r a l  f o r m a t  shown i n  F i g u r e  M-4 t o  v i s u a l l y  csmmun i -  

c a t e  t o  t h e  o p e r a t o r  a n y  and a 7 1  a x l e  a n d / o r  g r o s s  w e i g h t  

l i m i t  v i o l a t i o n s  as l i s t e d  i n  F i g u r e  M-3. 

L i s t e d  b e l o w  a r e  t h e  g e n e r a l  r e q u i r e m e n t s  f o r  t h e  c o m p u t e r  

p r o q r a m  i n  a c c o r d a n c e  w i t 1 1  t h e  p r e s e n t  C V C  s ~ c t i o n s :  

i .  S t e e r i n g  ( 0 .  1 )  a x l e  l i m i t e d  t o  12 ,500 l b s .  i n  a71 

c a s e s .  

b .  S n t r y  i n t o  l o o k u p  t a b l e  ( F i g u r e  M-3) isased on a x l e  

s p a c i n q  ( f t . )  as d e t e r m i n e d  by S u b s e c t i o n  ( c )  o f  t h a t ,  

s e c t i o n ;  i . e . ,  t e n t h  v a l u e r  ( 0 . 5  f t .  w i l l  t r u n c a t e  t o  

t h e  f o o t ,  and  t e n t h  v a l u e s  - > 0 . 5  f t .  w i l l  i n c r e a s e  

l ( 2 o k u p  d i m e n s i o n  t o  t h e  n e x t  g r e a t e r  f o o t .  

r .  Gross v e b i c l e  w e i g h t  c a n n o t  e v e r  e x c e e d  80 ,000  I b s .  

A x l e  g r o u p  w e i g h t  can  n e v e r  e x c e e d  40 ,000  I b s ,  f o r  t h e  

t w o  a x l e s ,  50 ,000 l b s .  f o r  t h r e e  a x l e s ,  o r  80,000 l b s .  

f o r  f o u r  o r  more  a x l e s .  

M- 4 



. Tandem ; r x l r s  w i l l  he d e f i n e d  a s  a l i m i t  of 6 f e e t  and 

5 c r h s ~ c t i o n  ( b )  m a y  ~ v e r r i d e  t h e  l o o k u p  v a l u e  o f  

a!  l o w e d  w < ! i q h t .  

. Whzel  w e i q h t  l i i n i t  of 10 ,500  p o u n d s  s i ~ p p o r t i n g  one  end 

of an d x l e  s h d l l  be  e x c l u d e d  i n  t h e  s o f t w a r e  p r o g r a m .  

Any v i o l a t i o n s  s h a l l  be c o m m u n i c a t e d  t o  t h e  o p e r a t o r  v i a  

t h e  q r n e r d l  f o r j n a t  o f  F i g u r e  M - 4 ,  w i t h  c o n t i n u o u s  C R T  

r i p d a t e  d i s p l a y  w i t . h  a k e y b o a r d  e n t r y  f o r  c h o i c e  o f  

c o n t i n u o u s  h a r d  c o p y  p r i n t o u t  when d e s i r e d .  O n l y  a x l e  I 

g r o u p s  ~i t h  w e i g h t  v i o l a t i o n s  a n d / o r  w i t h  a x l e  c o m b i n a t i o n s  I 

w i t h i n  a  c e r t a i n  p e r c e n t a g e  o f  C V C  l i s t e d  w e i g h t  need  b e  

d i s p l a y e d .  The HIM s y s t e m  s h a l l  b e  p r o g r a m m a b l e  f o r  

t h r e s h o l d  o f  8 0 %  t o  1 0 0 %  o f  a x l e  w e i g h t  l i m i t s  so t h a t  i t  

w i l l  d i s p l a y  o n l y  W I M  a x l e  g r o u p s  t h a t  w e i g h  a b o v e  80%, 

8 5 % ,  90%,  95%,  or  230% o f  C V C  l i s t e d  a x l e  w e i g h t s .  

The a t t a c h e d  F i g u r e  M-4 i l l u s t r a t e s  t h e  g e n e r a l  f o r m a t  re-  

q u i r e d .  F o r  e x a m p l e ,  a  h y p o t h t ? t i c a l  t r u c k ,  No. 456 ,  i s  

shown i n  F i g u r e  M - 5  l i s t i n g  i t s  a x l e  s p a c i n g s  and a x l e  

w e i g h t s .  I n  a c c o r d a n c e  w i t h  t h e  C V C  s e c t i o n s ,  t h i s  t r u c k  

i s  o v e r w e i g h t  f o r  a x l e  g r o u p s  2 3 4 5 ,  4 5 ,  and 1 2 3 4 5  ( g r o s s  

w e i g h t ) .  The o v e r w e i g h t  v i o l a t i o n s  s h a l l  be d i s p l a y e d  i n  

t h e  g e n e r a l  F o r m a t  a s  shawn i n  F i g u r e  M-4.  F o r  t h i s  p a r -  

t i c u l a r  d y n a m i c  w e i g h i n g ,  t h e  t h r e s h o l d  was h y p o t h e t i c a l l y  

s e t  f o r  d i s p l a y i n g  o n l y  t r u c k s  w e i g h t s  > 100% o f  C V C  l i s t e d  

~ i e i g h t .  

P r o l r a m  D o c u m e n t a t i o n  - 

T o e  c o m p u t e r  p r o g r a m  s h a l  1  b e  w r i t t e n  and t h e  d o c u m e n t a t i o n  

% h a 1 1  b e  s u f f i c i e n t  s o  t h a t  a  k n o w l e d g e a b l e  p r o g r a m m e r  c a n  





p r e 5 e n c e  d e t e c t o r s .  The f a c t o r y  t e s t  s h a l l  c o n s i s t  s f  18  

t r u c k s  o r  j i r n u i a t e d  t r u c k s  c r o s s i n g  t h e  W I M  s c a l e ( s )  w i t h  

i n d i v i d u a l  t r u c k  d a t a  a s  l i s t e d  i n  F i g u r e  M - 7 .  A h a r d  c o p y  

p r i n t o u t  o f  t h e  a b o v e  f a c t o r y  p e r f o r m a n c e  t e s t ,  i n  t h e  

i 
q e r l e r a l  f o r m a t  o f  i i g u r e  M-4, s h a l l  be s u p p l i e d  to t h e  

( t d t c i  a5 e v i d c n c e  o f  a s u c c e s s f u l  f u n c t i o n a l  o p e r a t i o n  o f  

t h k  syste ln  p r i o r  t o  s h i p m e r i t .  

: r u c k  T r a f f i c  M a n a s r n e n t  - -------- -- -I_ 

f l y i r r e s  M-R  and  M-9 a r e  o u t l i n e s  o f  d s c r e e n i n g  and t r u c k  
I 

t r a f  i i c  management  and i d e n t i f i c a t i o n  s y s t e m .  R e q u i r e m e n t s  i 

I 

f a r  s t i c h  a systern a r e  d i s c u s s e d  i n  p a g e s  M-20 t h r o u g h  

M-22. 

A c c e p t a n c e  T e s t i n g  -- 

The a c c e p t a n c e  t e s t i n g  p e r i o d  s h a f  1 be 6 0  c o n s e c u t i v e  I 

c a l e n d a r  d a y s .  A s u c c e s s f u l  a c c e p t a n c e  t e s t  s h a l l  m e e t  t h e  

f c t l  l o ~ i n g :  

1 .  Mee t  a l l  r e q u i r e m e n t s  and t h a t  l i s t e d  i n  F i g u r e  M-2. 

D a t a  w i l l  be  c o l l e c t e d  t o  d e t e r m i n e  t h a t  t h e  l i s t e d  X and s 

f 3 r  a 1  l m e a s u r e m e n t s  m e e t  1 i s t e d  e r r o r s .  
I 

2. The HIM s y s t e m  s h a l  1 be  o p e r a t i o n a l  f o r  i t s  i n t e n d e d  

d r p o s e  a t  l e a s t  80% o f  t h e  t i m e  t h e  s t a t i o n  i s ,  o p e n  f o r  

\ r a t i c  e n f o r c e m e n t  w e i g h i n g .  

3 .  n e m o n r t r - a t e  t h e  s y s t e m  f o r  o n - l i n e  p r o d u c t i o n  s c r e e n -  

: r l , i  and  w e i g h i n g  a s  c o n c e i v e d .  
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F - t A X I P I t I / ?  N E I G H ?  O N  S I N G L E  A X L E  O R  W H E E L S  

(a) The gross weight imposed upon the ' 

highivni by the wheels on any one axle of a vehicle shdl  
nat exceed O9,W pounds and the gross weight uponany 

, 
one wheel, or wheels, supporting one end of an axle; and . 

r e s h z  upon t ie  roadway, shall not exceed iO,5M) pounds, 
exccgt that the gross weight imposed upon the hgbway 
by the wheels on any front steering axle-of a motor 
vchic!e s h d  not excced 12,500 pounds. 

(b)  The gross weight limit provided for weight 
bcnrkig upon any o n e  wheel, or wheels, supporting one 
end  of an axle shdi not apply to vehicles the loads of 
~ s ~ h i c i l  consist of livestock. 

(u)  The fciliiiving vehicles arc exempt from the front 
s~lc wtaight limits specified in t h j s  section: 

( 1 )  Tr~:c!;s trxrsporting vvehiclcs. 
( 2 )  T~II::!<s trxrlsi:or-ting iivestock, 
( 3 )  D l ~ i n p  ts11cl;s. 

(-1) Cruncs. 
(5) l 3 1 1 ; 1 ~ ~ .  

(6) Tr:;nzit :nix c o n c ~ ~ t c  or crmcrli h ~ c k s ,  and trl~cks 
~h:ir,rriir cr>t;c:i>tc or curnrtrit at, or :~djncont to, n jobsite. 

37) hIotor vt_.Il;clt:s that are not co~r~rncrciai vellicles. 
(5) L'chiclds opcr:itcd by ally pigblic uti l i ty furnisIli~lg 

eicc tr-ici ty, g:u, w:rtcr, or tclrphoril: scrvicc. 
(9) 'f:-~!c!i:; a r  tr~ic!; tr:ictors with n front axle at: least- 

f ( : [ ~ r  C t ! ! : !  t o  t ! ) ~  I (%.IS o f  t l ~ t ;  i ' ~ j ~ - t x ~ < o : ; ~  p:!:-t of the tnick or 
t : l j ( > : ~  t t : i i : t( jr ,  r l r ~ t  i ~ ~ c I l ~ < l i i l ; !  the fro111 I I L I I I I ~ I L : ~ .  

( 10) ' l-rl~(' l i*; ! ~ ~ : ~ i l * ~ ! > O r t ~ l i ~ ~  {<21-i>:i~;t:, r t l / ~ ~ ; i k ; ~ ~ ~  O r  ~ c ~ L I s ~ : .  
( 1  1) TI.II~-!<*~ ( ~ j ~ ~ i p ~ ! ~ ~ i l  \ i  i t  i l  ,I Sj i t  11 L V ~ I ~ : C % I  ivht:11 to tv i113 

3 c t *? : : . l  r,1:!,.r. 
.?,, - ( 1--.  1 . 1  I :  \ 1 ;  li.1; c 3 cniGo cap.icity of n t  

! < b . l - , :  !,:!,!) :;:i!!t,l;y~ 

( 1~; TI 17  : - r c r t i~ : - :  l ~ ~ i ! ! <  :yr:ii:l[; l>t: lk l i \ *+%~to rk  ,.- ------I--. - .----.----__pa-- 
(( ... < 1 . 



I 

I 

CQYI> : ;TP  T T O M  O F  A ~ L O L ~ A U L  L c ~ o s s  wr 14ilr t 

section or Sectlan 
pollilds imposed on the highway by any group of two or 
more consecutive axles shall not exceed that given for the 

I 

1 
respective distmce in the  following table: ' 

D:s:lince in 

between the 
extremes 

of any group 

comec~iive 
2 ades 3 axles 4 d e s  ' 5 i d e s  6 axles 

................ 4 34,000 34,000 34,000 34,000 34,000 

10 ................ 40,000 43,300 43,500 43,500 . 43,500 
II  ................ 40,QC-Q 44,000 44,000 . 44,800 44,080 
157, ................ 40,000 45,000 50,000 50,000 50,000 
13 ................ 40,000 .43,500 50,300 30,500 50,500 
IS4 .....,.......... 40,000 46,500 51,500* 51,500 51,,506 
15 ................ 40,000 4T,OOC, 52,OCW 52,000 52,000 

16 ................ 40,000 48,000 52,500 32,588 52,500 
................ li" 40,000 48,500 53,500 53,500 53,500 
................ 16 40,000 49,500 54,000 54,009 54,000 
................ 1'3 40,000 50,COO 54,500 54,300 5~1,500 
................ 20 40,000 51,000 55,500 55,500 55,300 
................ 2 1 40,U?O 5 1,500 56,000 56,000 .56,000 
............. ,, :.. 40,C!OO 52,500 56,SW 56,500 36,300 

2.7 ................ 40,000 53,OtN.I 57,3130 57,500 57,500 
'1.8 ................ 40,OG) 54,Ot?O 55,000 53,000 . 58,000 
2-5 ............... 40,C)OO 54,,700 58,500 59,300 58,380 8 
Il!i .............. 1 55,4037 5!!,31;0 59,300 59,3011 ! 
2, ~IU,i?l!O SG,Ct!ij t514,Oc)O 60,0i30 60,000 e 

r ............... 
n ( 7  
,,I ............... 4 57,00\3 1 ,  60,300 60,300 
i s  I - 8  ? 7 ,  ii1,3Qt) 6 1,300 61 t5ClD 

I 
.............. Q 

2 0 ............... . c~ , i j{ ; i ;  , j 62,OC!t! 63,000 g B 
3 1 ................ 0 59,000 6'7,500 63,30tI 62,200 i. 
0 0 ,,- ............... 0 ,  60,CCO 3 &7,2CO G,;sQO 
30 ................ AIO,C[10 6O,(;C[l 64,000 5-4,0!>0 64,OCO 
3-1 ............... 0 0 0 ,  6-I,JC\O 64 ,.500 6-4,300 
.,.I ................ 4 ,  6 63,501) G , S O O  G3,500 
SG ............... 40,CCO GO,COO Gij,COO 66,000 GG,OI)O 



F i g u r e  M - 3  ( 3  o f  3 )  

37 ................ 110,000 60,000 66,300 66,300 66,500 
35 ................ 40,COO 60,000 67,500 67,500 67,300 
33 ................ ' 40,COO 60,000 68,000 68,000 68,000 
40 ................ 40,OCO 60,000 68,500 70,000 70,000 
41 ................ 40,000 60,000 69,500 72,000 72,000 
42 ................ 40,000 60,000 70,000 73,280 73,280 
W ................ 40,OM 60,000 70,500 73,280 73,280 
44 ................ 40,UOO 60,000 . 71,500 73,280 73,ao 
45 ................ 40,000 60,000 72,000 76,000 80,000 
46 ................ , 40,000 60,000 72,500 76,SOQ 80,000 
~ $ 7  ................ 40,000 60,000 73,500 77,500 80,000 
45 ................ 40,000 60,000 74,000 . 78,000 80,000 
49 ................ 40,000 60,000 74,500 78,500 80,000 
50 ................ 40,000 60,000 75,500 79,000 80,cOO 
51 ................ 40,000 60,000 76,000 80,000 80,000 
5 . . . . . . . .  40,000 60,000 76,500 80,000 80,000 
53 ................ 40,000 60,000 77,500 80,000 80,000 
54 ................ 40,000 60,000 78,000 80,000 80,000 - - 
LIJ ...........,.... 40,000 60,000 78,500 80,000 80,000 
36 ................ .io,ooo 60,000 79,500 80,000 ao,ooq 
m- 

a i ................ 40,000 60,000 80,000 80,000 80,000 
53. ;  .............. 40,000 60,000 80,000 80,000 -.80,000 
59 ................ 40,000 60,000 80,000 80,000 80,000 
€0 ................ . 40,COO 60,000 80,000 80,000 80,000 

(b)  In addition ta the weights specified in subdivision 
(z) ,  t ~ t ' o  cor~sccutive sets of tandem zdcs may carry a 
grosc; weight of 34,000 pounds each if the overall distance 
bt.tl.crccn tXie first 2nd illst axles of such consecutive sets 
of t-nrlticrn rtsh:s is 36 Tct:t or marc, Tlic gross weight of 
e:lc!i set of tandem : ~ S ~ C S  shall 110t exceed 34,0@0 pounds 
ar?tf thc vcss  i v c i ~ h t  of tjix const.cutive sets of 
tar ld~:~n nxit"~ si:nll riot exceed 68,000 poullds. * 

(c) The distrulce betlvcen zdes shall be r ne~su red  to 
the nczrcst whole foot. IVheu a frnetiora is exmctlp. six 
irrc!les, the nex t  Ia;.gcr wholc foot strnll b ~ .  used. 

(d)  Nothil.13 cc[-~r.ltninf.-d in this sectiorl sI.1~11 affect the 
rr::ia t ta ~~rolaibi t  ihc U:X of ail? h i g h ~ v n ~  3n)p bridge or 
~)!ji(:r s t r u c t u r ~  t l l p r ~ - ~ r l  ~ I I  the  ln:ulnt:r 311~; e,yt.cnt 
i d  1 K (cg~urnc~zcing lvi t l r  S tc t io :~  - > 
n i l t i  XI t:cle I C  \ \ . i t h  S c c t i o ~ ~  ) OF this 

( c )  -I71lt: g s o ~ s  \v{>i;;!~t li11:its ~ X ~ ~ C C ; S C C I  11y this section 
31;:; s e ~ l i ~ ! ~ ~  1 . 1  i l l c i~ l r !~ :  311 ~ ! ~ f o r c ~ ~ ~ ~ r : ~ ~ t  

M - 1 3  
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FIGURE M - 5  

A HYPOTHETICAL - ..- TRUCK AXLE WEIGHTS AND SPACING 

i 

I 

, 

34  40000 3 4000 2 8' 
I a x l e  l i m ~ f e d  to  12,500 pounds o t  all  times i n  the  s o f t w a r e  program, 

T h e r e  are 13 e x c e p t i o n s  which t h e  weighmaster  w i l l  qua l i fy  in  

d e t e r m t n i n g  f i n a l  compliance. 



F i g u r e  M - 6  



F i g u r e  M - 7  

T R L I C Y S  J ! T H  V A F I O C S  WI?Z4T V10LATiOl4S P E R  C V C  3 5 5 5 0  A N D  35551 

* 7 -  
- 1  r ,  r x l .  v r r d r  2nd ~ r c s s  n ' e ~ g i t  v i o l 2  t i cn  i n  pot:nds 
1 _ -  

..~LII. .  ; , I  f e e t .  

+ I . ,~:r' brncr-a,. 

I 

I 

, 
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P R O P O S E D  L O O P  F U N C T I O N S  F O R  A 
l R A F f I C  K A N A G E M E N T  S C H E M E  

L o op F u n c t i o n  

1 D e t e c t s  t r u c k  p r e s e n c e  f o r  W I N  S c a l e  N o .  1 .  

2 D e t e c t s  t r u c k  p r e s e n c e  f o r  o p t i o n a l  WTM S c a l e  No.  2 .  

u C o n t r o l  d i r e c t i o n a l  s i g n a l  t o  d i r e c t  t r u c k  t o  s t a t i c  
s c a l e  or t o  b y p a s s  l a n e .  S y n c h r o n i z e  w i t h  L 4  or  L 5  t o  
u p d a t e  d i r e c t i o n a l  s i g n a l .  R e t u r n s  S l  s i g n a l  c o n t r o l  t o  
W I M  n i i c r o p r o c c s s o r  f o r  n e x t  f o l l o w i n g  t r u c k .  I 

4 D e t e c t s  t r u c k  i n  s t a t i c  l a n e  a n d  b e y o n d  s i g h t  o f  
d i r e c t i o n a l  s i g n a l .  S y n c h r o n i z e  w i t h  L 3  a n d  u p d a t e  
d i r e c t i o n a l  s i g n a l  f o r  n e x t  f o l l o w i n g  t r u c k .  

5 D e t e c t s  t r u c k  in b y p a s s  l a n e  a n d  b e y o n d  s i g h t  o f  d i r e c -  
t i o n a l  s i g n a l .  S y n c h r o n i z e  w i t h  L 3  and u p d a t e  d i r e c t i o n a l  
s i g n a l  f o r  n e x t  f o l l o w i n g  t r u c k .  I d e n t i f y  v i o l a t o r  i n  I 

b y p a s s  l a n e .  

6 D e t e c t s  t r u c k  p a s s e d  s t a t i c  s c a l e .  U p d a t e  o p e r a t o r ' s  
W I M  d i s p l a y  f o r  t h e  n e x t  f o l l o w i n g  t r u c k  i n  t h e  s c a l e  
l a n e .  

7 
I D e t e c t s  t r u c k  b e y o n d  s c a l e  h o u s e  i n  t h e  b y p a s s  lane. 

U p d a t e  o p e r a t o r ' s  W I M  d i s p l a y  f o r  t h e  n e x t  f o l l o w i n g  
t r u c k  i n  t h e  s c a l e  l a n e .  

3 D e t e c t s  t r u c k  r e t u r n i n g  t o  s t a t i c  s c a l e  f o r  r e w e i g h i n g .  

9 S w i t c h  f o r  d e l a y e d  o p e r a t o r  d i s p l a y  o f  t r u c k  a p p r o a c h i n g  
s t a t i c  s c a l e .  

M-19 



T r u c k  T r a f f i c  M a n a q c r n e n t  -.-.- *---.---- 

5 t a t e  o f  t h e  A r t  S i g n a l  S y s t e m s  
-" -..--------.-- - -- 

A i t d t e  o f  t h e  a r t  m e t h o d  f o r  m a n a g i n g  t r u c k  t r d f f i c  a t  a 

h ~ l q 1 - i  ~ t a t i ~ n ,  w h e r e  HIM s c d l e s  a r e  used for s c r e e n i n g  i n  

d 1 1 v d n c g ~  o f  t h e  s t a t i c  s c a l e ,  c a l l s  f o r  t w o  o v e r h e a d  

s i g n a l s ,  h a v i n g  d r e d  X or a g r e e n  a r r o w  u n d e r  c o n t r o l  o f  

t h e  W I M  s c a l e .  When t r u c k s  bunch up ,  t h i s  t y p e  of s i g n a l  

s y s t e m  c a n  e a s i l y  b e  m i s r e a d .  L e e  and M a c h e m e h l  ( r e f  1 6 )  

h a v e  s u q g e s t e d  an i m p r o v e d  s i g n a l  s y s t e m  c o n s i s t i n g  o f  a 

t h r e e -  s e c t i o n  s i g n d l  f a c e  ( S l ,  F i g  M - 8 1 ,  m a s t - a r m  m o u n t e d ,  

a n d  7 5 0  f e e t  u p s t r e a m  f r o m  t h e  HIM s c r e e n i n g  s c a l e  followed 

by  a t w o - s e c t i o n  s i g n a l  ( S Z ) ,  g r o u n d  moun ted ,  i n  t h e  g o r e  

between t h e  b y p a s s  and s t a t i c  s c a l e  l a n e s .  The green b a l l  

a t  S l  i s  c o n t i n u o u s l y  i i l u m i n a t e d  t o  k e e p  t r a f f i c  m o v i n g  

w h i l e  d i r e c t i o n a l  g r e e n  a r r o w s  t e l l  t h e  d r i v e r s  w h i c h  l a n e  

t o  t a k e .  

D e f i c j c n c i e s  
___--__1 

O u e u  i n 2  -- -- 

d t  h i g h - v o l u m e  w e i g h  s t a t i o n s ,  h e a d w a y s  t e n d  t o  

s h o r t e n  and i n t e r v a l s  b e t w e e n  t r u c k s  e c n d  t o  c l o s e  a s  

p e c n k i n q  o c c u r s s .  Q u e u i r l y  i n  t h e  s t a t i c  s c a l e  l a n e  w i l l  

o c c u r  a t  p e a k  p e r i o d s  when demand  i s  q r e a t c r  t h a n  
I:~FG:- i t y ,  Two q t u d ~ e s  i n  C a l i f o r n i a  h a v e  p e g g e d  the  
a l a x i q ~ u q  flow r a t e  F o r  a s i n q l e  s t a t i c  s c a l e  a t  1 4 0  t o  

1 5 0  v c h t c l e s  pe r  h o u r  t h u s  d v e r a p i r l q  24 t o  2 6  s e c o n d s  

f t 7 r  e 3 c h  t r u c k .  

dhe!?  q ~ e u  i n g  o c c u r s  b e c a u s e  t h e  o p e r a t  i o n  c a n n o t  
i 



i d e n t i f y  t h e  d a t 3  d i s p l a y e d  o n  t h e  v i d e o  s c r e e i l  i n  t h e  

s c a l e   hour^ w i t h  i t s  a s s o c i a t e d  t r u c k  b a c k e d  up t o  t h e  

q i r eue .  ' d e i r j h l -  d a t a  s h o u l d  n o t  be d i s p l a y e d  i n  t h e  

s c a l e  h?! lsr !  t h ?  i n s t a n t  a t r u c k  c r o s s e s  t h e  WZM s c a l e .  
T o  a v o i d  c o n f u s i o n ,  d a t a  s h o u l d  be h e l d  i n  c o m p u t e r  

rr lc lnory anti i t t o w n  o n  t h e  v i d e o  s c r e e n  j u s t  moments  

b e f o r e  a trl.lcbr r o l l s  crp on t h e  s t a t i c  s c a l e  s o  t h e  

o p e r a t o r  c,:n r : ; , l~ch t h e  t r u c k  w i t h  i t s  oHn w e i g h t  d a t a .  

W I M  s c l t i e  v ~ c - l i n t  i a n  s h o i ~ l d  he h i g h 1  i g h t e d  ( b l i n k i n g  

c h a r a c t e r s )  f o r  q u i c k  c o r n p i i r i s o n  w i t h  t h e  s t a t i c  s c a l e  

r e a d o u t .  

V i o l a t o r  B y p a s s  ---------- 

S t a t e  ~f t h e  a r t  ~ y s t e m s  r e q u i r e s  f u r t h e r  d e v e l o p m e n t  

and  r e f i n e m e n t  t o  a l e r t  t h e  o p e r a t o r  when a  v i o l a t o r  

f i n t e n t i o n a l l y  or u n i n t e n t i o n a l l y )  g e t s  i n t o  t h e  

b y p a s s  l a n e .  I 

S a f e t y  I n s p e c t i o n s  ---".-- ---.- 

Ttie o p r r a t o r  sheiilrl  h a v e  some means o f  r a n d o m l y  

s e l e c t i n g  1ec ;a l  v e h i c l e s  f r o m  t h e  t r a f f i c  s t r e a m  f o r  
s a f e t y  i n s p e c t i o n s .  Yome w e i g h  s t a t i o n s  i n  C a l i f o r n i a  

a r e  f u l l y  e q u i p p e d  w i t h  c a v e r e d  i n s p e c t i o n  sheds fpr 

c o n d u c t i n g  c o m p r e h e n s i v e  s o f e t y  c h e c k s .  At o t h e r s ,  a  
c r i t i c a l  i tern s a f e t y  c h e c k  i s  c o n d u c t e d  on a r o u t i n e  

b a s i s .  

P r o p o s a l  - -- ---- - 

1 - r g u r e s  N - 8  and  M - 3  o i l t l i n e  a p r o p o s a l  f o r  a t r u c k  t r a f f i c  

raanagernent and i d e n t i f i c a t i o n  s y s t e i n  t h a t  a d d r e s s e s  t h e  

jet  i i i e n c i e c  I n e n t i o n e d  i i b a v e .  

M - 2 1  









Summary Workshop D - Uses of WXM Equipment 
for Bridge Load Histories, Pavement Loading Data Etc. 

Rris Gupta 

Washington Department of Transportation 

We had the workshop on users of WIM equipment bridge load histories and 

pavement loading. I have come up with a slightly different format and based 

on premise of first finding out that everybody seems to be doing their thing, 

planners, designers, enforcement people, there is a big lack of coordination, 

very, very apparent. Based on that finding, my recommendation is let's 

improve communications. Let's determine the needs, What do we need to get 

the job done. There is an urgent need for users and collectors of data to get 

together and determine the type and format of data that needs to be 

collected. For example, future conferences of this type must include users 

and providers of this data. In most of the questions and answers planners say 

this is what we do and this is required but designers are saying we are not 

getting what we need, We need more sites. So that has to be defined. 

Second, extensive data is presently being collected, however, there are some 

glaring gaps in the types of data needed by the users. So the second 

recormnendation is develop some giant data bases. Every effort should be made 

to develop giant bases which can be accessed by all users. User needs based 

on the first recommendation will determine the type of data to be collected, 

e may have to modify some collection procedures if necessary. Also we mag 

need additional site specific data, and on and on. 

The third finding was that the new technology will provide us tools to get 

massive data at reasonable costs. From all indications it may be too detailed 

and too much. Again it depends on what you &re doing, do you want each axle 

load, overweight, overlengths or whatever. So based on that finding, our 

third recommendation is that techniques or tools need to be developed to make 

use of this data that will come available in the very near future. 

inally, the fourth finding was should multi-million dollar decisions be made 

ithout any assurance that monies can be expended in cost-effective manner. 



And we ate talking of specifically pavement design. In the past we collected I 

whatever PHWA wanted us to collect. But now we are changing the whole process I 
with this state, our management states unless we use it don't collect it. i 

i 
That is the basic philosophy and is really being pushed hard. ! 

Y 
I 

So based on that finding of that recommendation, is that additional studies of 
r 

research is needed in several areas to assure cost--effective use of this data 

for design purposes. Some of the problem areas identified were the traffic i 
b 

projections and design standards, like how far can we be in the percentages of 

trucks and still not impact the design. 

Second, how could we use average data for specific sites since there is such 

variation between site to site. Our studies have been all been during the 

summer time so it is definately biased and something needs to be done about 

it. Also are AASWTO procedures, developed in the sixties, still valid under j 
present conditions? Are pavement management needs are still being met with 

the type of data we are collecting. etc., etc. 

e 
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USE OF W E I G q - I Y - Y O T I O Y  ( W I M )  EQUIPflENT I N  
WASH I NGTON STATE ' S 

PAVEYENT YANAGEYENT PROGRAY 

BY 

FI. K .  GUPTA,  

?!ANAGER, TRANSPORTATION D A T A  OFF I C E  

BACKGROUND 

WASHINGTON STATE SIGNED A $200,000, T W O  Y E A R ,  R E S E A R C H  C O N T R A C T  

W I T H  FHWA I N  1981 TO MONITOR 10 S I T E S  AROUND THE S T A T E  AS PART OF 

THE LONG-TERM PAVEMENT YON I TOR I NG STUDY (LTPMS) . THE CONTRACT 

ALSO COMMITS THE S T A T E  TO CONTINUE: M O N I T O R I N G  THE S I T E S  FOR AN 

ADDITIONAL EIGHT Y E A R S .  THE C O N T R A C T  REQUIRES THE S T A T E  T O  WEIGH 

TRUCKS AT THESE 10 S I T E S  FOR A M l N I M U M  OF E I G H T  HOURS, C L A S S I F Y  

V E H I C L E S  AROUND THE CLOCK AT L E A S T  TWICE  A YEAR, AND MAKE T R A F F I C  

COUNTS F O R  A MINIMUM OF SEVEN DAYS E A C H  QUARTER,  (NOTE:  DUE T O  

I IN-HOUSE PAVEMENT MANAGEMENT NEEDS AND TO MEET  FHWA's REGULAR 

: TRUCK WEIGHT STUDY REQUIREMENTS, I T  WAS D E C I D E D  TO WEIGH AROUND 
I 

THE CLOCK WHENEVER P O S S I B L E ,  ) 

i 

j 
i FHWA FURTHER RECOMMENDED THE USE OF WEIGH- IN-?IOTION (WIM) 
i 
! EQUIPMENT FOR THE STUDY AND ENCOURAGED EQUIPMENT E V A L U A T I O N  AS 

PART OF THE CONTRACT. TO F U L F l L L  THE REQUIREMENTS,  A SIEMENS W!!'l i 
3 SYSTEM (FORMERLY PAT)  WAS PURCHASED I N  1982 AND USED FOR F I E L D  

D A T A  COLLECTION IN THE SPRING OF 1983. THIS PRESENTAT ION IS 
i 
1: 

BASED ON THE E X P E R I E N C E  OF T H I S  S P E C I F I C  EQUIPMENT I N  C O L L E C T I N G  1 
TRUCK WEIGHTS.  I'LL BE P R E S E N T I N G  SOME S L I D E S  SHOWING THE 



I 

I 
EQUIPMENT,  I T S  USE AT A  V A R I E T Y  OF L O C A T I O N S ,  COSTS OF DATA I I 

COLLECTION AND A C C U R A C Y  LEVELS OF D A T A  COLLECTED, THE EQUIPMENT I i 
I S  D E S I G N E D  FOR ENFORCEMENT PURPOSES AS WELL; HOWEVER, WE HAVE 

B 
NOT USED I T  FOR THAT F U N C T I O N  YET,  f WILL ALSO BE D I S C U S S I N G  

SOME OF THE I N N O V A T I V E  APPROACHES WE ARE C O N S I D E R I N G  I N  

C O L L E C T I N G  A D D I T I O N A L  TRUCK WEIGHT DATA FOR USE I N  OUR S T A T E ' S  

PAVEMENT MANAGEMENT 4PY)  PROGRAM,  

, SLIDE SHOWS THE L O C A T I O N  OF THE S I T E S ,  

! 
pl 

, (ADD COMMENTS REGARDING HOW WE COMBINE THE FHWA's 1 5 
i 

TRUCK WE I GHT STUDY REQU I REMEN WITH THIS STUDY, )  k 

9 

i; 

i; 
e; i 
x" 
k 

I 
b 

F p. 
1 
5 
F 
g< 

i 
4. 

FUTURE PROGRAMS 
1 r p 
3. 
W 1: 
(i g 

I S  I N V E S T I G A T I N G  THE P O S S I B I L I T Y  OF C A P T U R I N G  TRUCK WEIGHT r g. 
$ 

- 2- $ k-: 
g 
r, r?' 
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S T A T E  LEGISLATION, THE STATE PATROL IS RESPONSIBLE F O R  

WEIGHT ENFORCEMENT, OF COURSE, T H E I R  M A I N  I N T E R E S T  I S  I N  
1 

; 
i OVERLOADS FOR ENFORCEMENT PURPOSES; CONSEQUENTLY,  THEY DO 
1 

I NOT M A I N T A I N  ANY S T A T I S T I C S  AS TO THE TOTAL  NUMBER OF 

TRUCKS, THEIR WEIGHTS 0 3  THEIR CLASSIFICATION, T N  THIS 

PROGRAM, WE ARE PROPOSING TO CAPTURE THE S I G N A L  AT 

STORE I T  I N  M I N I C O M P U T E R S  AT THE S I T E  AND TELEMETER THE DATA  

TO DOT O F F I C E  AT FREQUENT I N T E R V A L S ,  

I DI scuss SL I DES SHOW I NG THE W A S H  I NGTON STATE P A T R O L ' S  

TRUCK WEIGHT L O C A T I O N S  AND P O I N T  OUT THE E X T E N S I V E  

COVERAGE I T  WILL G I V E  OVER THE S T A T E  SYSTEM, 

HIGH-SPEED (35-55 MPH) W I M  INSTALLATION -- DEMONSTRATI  ON 

PROJECT 

THE DEPARTMENT IS ALSO CONSIDERING T W O  HIGH-SPEED 

INSTALLATIONS OVER THE N E X T  TWO Y E A R S ,  THE WEIGH PADS WILL 

BE I N S T A L L ' E D  I N  CONJUNCTION W I T H  PORT OF ENTRY L O C A T I O N S  

WHICH ARE PRESENTLY MANNED AROUND THE CLOCK BY THE STATE 

D A I L Y  AND SEASONAL PATTERNS ALQNG THE TWO I N T E R S T A T E  ROUTES, 

SINCE WIM's COMPUTER,  PRINTER AND OTHER R E L A T E D  EQUIPMENT 

ARE C O M P A T I B L E  W I T H  H IGH-SPEED I N S T A L L A T I O N ,  THE ONLY 

A D D I T I O N A L  COST I N V O L V E D  WILL BE THE F I E L D  I N S T A L L A T I O N  AND 

SOFTWARE NEEDED F O R  ANALYSIS OF D A T A ,  T T  M A Y  BE NOTED T H A T  



I 

1 
T H I S  DEMONSTRATION WILL B E  SUBJECT  TO BUDGET APPROVAL AND I S  j 

I 
1 

ONLY A PROPOSAL AT T H I S  P O I N T ,  1 
I 
d 
I 

i: 
ir 

THE S T A T E  RECENTLY PURCHASED GOLDEN RIVER TRAFF IC COUNTING I 
EQUIPMENT FOR UPGRADING THE AGING P f R  COUNTERS, P A R T  OF THE 

1 
4 

EQUIPMENT PURCHASED HAS THE C A P A B I L I T Y  OF MEASURING V E H I C L E  F 

P L A N N I N G  TO COLLECT V E H I C L E  LENGTH DATA  I N  THE F I E L D  U S I N G  1 i 
THESE UNITS, AN ANALYSIS WILL BE MADE TO DETERMINE IF THERE 

$ 
I S  A CORRELAT ION BETWEEN T H E  V E H I C L E  LENGTHS AND AXLE B 

5 

C O N F I G U R A T I O N S ,  T F  CORRELAT IONS DO E X I S T ,  T H I S  WILL P R O V I D E  
S 
? 
hl 
f: 

AUTOMATED TOOLS TO GET TRUCK C L A S S I F I C A T I O N  DATA  AT 

S U B S T A N T I A L L Y  MORE L O C A T I O N S  AT M I N I M U M  EXPENSE,  

SUMMARY 

I F E E L  THAT THE C O M B I N A T I O N  OF PROGRAMS NOTED ABOVE WILL P R O V I D E  

US THE N E C E S S A R Y  D A T A  F O R  EFFICIENTLY MANAGING THE LONG-TERM 
PAVEMENT YANAGEMENT PROGRAM,  

HKG:F4/103 

ATTACHMENTS 





















V E H I C L E  C L A S S I F I C A T r Q N  

F i r s t  digit = No. of axles 
Secand d i g i t  = axle cunbinatian 
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PA- DESIGN 

THE NEED FOR IMPROVED TRUCK WEIGHT DATA 

The purpose of this prese~tation is to briefly describe the pavement 

desicjn process and to foster discussions on how weigh-in-motion (WIM) can 

be utilized to provide the best possible information for the designer. 

Pavement design generally deals with three relatively distinct sets of 

data. 

1. The loadings on the pavement, 

2. The pavement structure itself. 

3. The mderlying soils. 

The soils u p  which a pavernent is to be constructed and the material I 

I 
to be utilized for the roadway are relatively well defined. Performance, 

histories, laboratory tests x d  experience provide a theoretical 2nd logi- 

cal basis fox utilization of these materials in the design of the pavement 

structure. The most difficult information to obtain is the loading to be 

placed on the p a v m t  over the design period. As a result of the AASHO 

road test, basic equations were developed wh.ich utilize equivalent *affic 

for design purposes, expressed in 18 Kip single axle loads. Procedures 

for converting mixed traffic to equivalent loadings have been developed. 

The prediction of design traffic for new const.ruction is mst diffi- 

cult and requires skilled engineering jjudcpent. As the emphasis shifts 

from new construction to rehabilitation, it may be passihle to increase 

the accuracy of the data provided to the designer. The i m p G ~ ~ c e  of hav- 

ing the best possible data for design purposes cannot be over emphasized. 

An evaluation of the Florida 5 Year Work Program showed that a 3 / 8 "  error 

in the resurfacing work program over the 5 year period would produce a 60 



to 70 million dollar variance. Either the roadways would bs overdesigned 

and fewer roads rehbilitated, or the roadway could be underdesigned and 

require further rehabilitation at an earlier date than anticipated. Both 

conditions are undesirable. 

The present procedure for calculating an 18 Kip single axle load 

involves the sol~ltion of the equation: 

n - 
\AADT x T  x 3 6 5 x D x L F x E 1 8  '.t18= x=l;-  x 2 4 

VJ = N&r of 18 kip axle loads to be designed for 

AAM: = Average Annual daily traffic, both ways 
I 

" - Percent heavy trucks, 24 hours '24 - 
D = Directional distribution factor, normally 1.0 or 0.5 

LE' = Lane factor, a reduction factor for multi-lane facilities 
I 

E ,8 = 18 kip @valency factor , 

x = Axlnual average value 

Each el-t of the equation is equally sensitive in the sense tihat a 

doubling of any factor would double the results. The lane factor and 

directional. distribution factor cfenerally axe not subject to my sut3lstan- 

tial variation. Hmrever, thc , % trucks snd E 18 equivalency fadtor 

must be calcrufated to represent future conditions. This is a diffidLllt 

task, 

In general terms, the basis for these Uaree variables are: 

AAD"r - Traffic C c ~ m G s  

'24 - Classification ~ a t a  



The accuracy of all three of these factors is of equal concern, h m v -  

er, developing the 5 8  equivalency factor which mst accurately represents 

the present and future conditions +t a specific site is particularly diffi- 

cult. - 
E 

One procedure utilized to develop the 18 factor involves selecting an 

appropriate value from aset of tabulated data. These values represent 

data collected at the Weigh-in-mtion (WIM) sites, published in the W-4 I 

tables, and recalculated to reflect the impact of heavy trucks only. The 

engineer performing the pavent design calculations must attempt to 

relate his project to a similar weigh-in-motion site by inspection. The 



Assdng  that the project s i t e  can be related t o  one of the WIN sta- 

tions; or that the engineer determines that the average equivalency value 

by vehicle type, average value plus one or two standard deviations, o r  

s m  other reasonable relationship as yet t o  be determined can be d w n -  

strated, a procedure for synthesizing the coefficient is available. 

Essentially the classification data by standard vehicle type is 

'obtained. Based on this information, the number of heavy vehicles within 

each classification per 1,000 vehicles is calculated. This data could be 

entered on a computation sheet. The appropria-tc corresponding equivalen~y 

factor by vehicle type is developed and coded on the sheet. The values by 

vehicle ltype are extended and totaled. The equivalency is th i s  

total. value divided by 1,000. 

llie anticipated benefit of the la t t e r  procedure would be the develop- 

ment of m r e  precise coefficierrts for p a v w n t  design, thus better 

desigils. This procedure should m e  accurateiy reflect the characteris- 

t i c s  of the specific project s i t e  i f  good classification data can be 

' obtained. The anticipated problems include obtaining adequate classif ica- 

tion data i n  a t ine ly  manner and s ta t is t ica l ly  valid coefficients. The 

proced?xe also does not address the problem V h t  percent trucks ancl the 

design e f f i c i e n t  my  change over time i n  a manner similar t o  W .  

A thorough review of these procedures ard the abi1i.t.y to obtain data 

required t o  support them is needed. Severiil questions ccne t o  mind. Can 

it be damnstrated that one a£ -the pwmed~fsces is mre precise? Are alter-  
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native mthods available? Do we have statistically valid data to use as 

input to the ccmputations? 

In the past, mch of the weigh-inaotion information has been utilized 

to develop trends. However, designers use this same data everyday as a 

basis for their designs - frequently multimillion dollar decisions. 
The effective utilization of enhaiced weigh-in-mtion techniques can 

make a substantial contribution to improve designs. They also m y  make a 

substantial coritribution to the continuing developrent of improved pave- 

ment management procedures. 

An effective Pavement Manaqmt System must incorporate a n&r of 

modules that utilize truck loading data; mnitoring paverrent perfomce, 

pavement performance irodeling, h-pming design procedures, developing 

rehabilitation p r q r m  based on nodels of aggregate or individual dis- 

tress mechanisms, pavement performance deling, evaluating the procedures 

for calculating the 18 Kip lmdsscheduling maintenance, and developing 

procedures to optimize the utilization of resources. 

P a v m t  perfomme, a key element, , is a function of both time 
(enviromtal factors) and the loads imposed on the pavement structure. 

Efforts to &el and anticipate future pavement perfomce are highly 

dependent on our ability to develop accurate historical loadings as well 

as future loadings on the pavement structure. At least three sets of 

loading data appear to be reeded, 1. Historical data to measure p a v m t  
, 
I 

performance and calculate design data, 2. Design data, 3. Future data 



(post construction) as it actually occurs in o to compare it with 

design data. 

A sketch of Annual 18 Kip Axle mads versus is attached to 

illustrate the type of data that could be effec 

to develop the design input data. Historical data up to "today" would be 

utilized to evaluate the anticipated perfomce of the roadway. In the 

attached sketch, Design Condition A would indicate a project that 

potentially would provide longer than anticipated service where Design 

Condition B would indicate an underdesigned roadway. 

Under ideal conditions all of these data elexrents would be available 

for all rmchay sections under co~sideration. This may becaw an over- 

whelming task frm the standpoint of data managerrent and alternative proce- 

dures may have to be developed. At the same the, the need for this type 

information is evident if Departments of Transportation are to mst effec- 

tively utilize those resources that they have at hand. 

W. N. Lofrms 

State Pavent Design En-qineer 

Florida Department of Transportation 

July 7, 1983 
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1979 
EQUIVALENCY FACTORS FOR HEAVY TRUCKS 1 
TO 13-KIP EQUIVALANT SINGLE AXLZ L O m S  I 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I DESC7IPTION I PAVEMENT 

1 
/---------------------------------------------------------------------- I 
1 STA. I COUNTY j LOCATION I FLEXIBLE 

1 
I RIGID I 

I I I 1 PT = 3.5 j fT = 3.5 j PT = 2.5 1 
I I I I S N = 5  ] S N = s  - I D = 9 "  1 
]---------------------------------------------------------------------- 
INTERSTATE R U U L  1 

MADISON 1-10 WEST 0.850 1.085 
I 

1 1  1.257 1 
1 4  ALACWA 1-75 NORTH 0.460 0.654 0.641 I 
I s  D W A L  1-95 SOUTH 0.665 0.918 0.904 I 
I 6  VOLUS IA 1-4 EAST 0.439 0.615 0.577 1 
I 19 BREVARD 1-95 NORTH 0.380 0.563 0.514 1 
I 20 SUMTER 1-75 SOUTH 0.490 0.714 0.655 1 
1 AVERAGE 0.542 0.755 0.744 j 
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  1 
I INTERSTATS URBAN 
1 14 D W A L  1-295 NORTH 0.947 1.l4l 

I 
1.486 1 1 

! - - --------------------------------------------------------------------  
I NON INTERSTATE RURAL 

I '  
I 

1 3  POLK US-2 I NORTK 0.774 0.960 
1 

1.078 1 1 

1 7  BAY US-231 NORTH 0.515 0.667 0.736 1 
1 9  LZm US-19 NORTH 0.426 0 . 5 6 5  

1 

0.578 1 
1 10 * MARION US-301 SOUTH 0.516 0.708 0.704 1 

ST. LUCIE TUWTP f KE SOUTH 0.878 1. ' 6 2  I :: 1.244 1 I 
CHARLOTTE US-a1 SOUTH b .  acs 0.577  0.619 1 

1 18 hihTDRY US-27 NORTX 0.537 0.727 8.736 1 
/ AVZRAGE 0.643 0.829 0.901. 1 
i - ---------------------------------------------------------------------  I 

1 

1 

I NOH INTEZSTATE URBAN 
LEON US-319 EAST 0.336 0,439 

I 
1 8  0.479 1 
I 11 BILLSBOROUGH SR-60 EAST 0.634 0 . 7 8 8  0.904 I 
I 12 ORWGE SR-436 SOYTH 0.231 0.332 0.302 1 
1 16 ESCAMBIA US-29 SOUTH 0.515 0.653 0.728 1 
I AVEWGE 0.511 0.647 0.726 1 1 
I - - - - - - - - - - - - - - - - - - - - - - - . * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I ALL R U M L  STATIONS 0.589 0.790 

I 
0.816 1 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  1 
1 
1 

I ALL URBEN STATIONS 0,738 0.9C3 1.121 1 
] - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  I 
] ALL RURAL AND U3BAN STATIONS 0.637 0.927 0.914 1 
i - ---------------------------------------------------------------------  I * 1978 DATA 















I 

IT IS IMPERATIVE TO STATE FROM THE OUTSET THAT THE DATA 
5 

CONTAINED IN TdIS PAPER WAS CONVEYEd TO THE WRITER FOR THE MOST I 
I 
I 

PART BY JAMES H, HAVENS, ASSOCIATE DIRECTOR OF THE UNIV? rRSITY OF 
i 

KENTUCKY TRANSPORTAT I ON RESEARCH PROGRAM, AND HERBERT F. SOUTHGATE, I 1 

I RESEARCH ENGINEER CHIEF, ALSO WITH THE UNIVERSITY OF KENTUCKY i 
I 

TRANSPORTATI ON RESEARCH PROSRAM. THE PIONEER WORK DONE BY THESE i 

TWO MEN IN STUDYING THE WEIGH-IN-NOTION CONCEPT R ~ P R E S E N T ~  MOST I i 
t 

OF KENTUCKY'S HISTORY. I'M HERE AS A REPRESENTATIVE OF THE KEN- E 

TUCKY DEPARTMENT OF HIGIIWAYS TO COMMUE~ICATE THAT HISTORY BUT MORE I 
i: 
: 

IMPORTANTLY TO LEARN OF THE ADVANCEMENTS IN TECHNOLOGY OF WEIGH- F 
IN-MOTION OVER THE PAST TWO DECADES, 

I h 
d 

!-(E~~TUCKY' s EXPERIENCE IN THE EARLY ' 6 0 ' s  CAN BE RECOUNTED TO i; 
L 

THREE SIMILAR APPLICATIONS IN THE COMMONWEALTH WHERE WEIGH-IN-MOTION 
$ 

INSTALLATIONS WERE ATTEMPTED, I Al4 GOING TO TALK ABOUT AT LEAST f 

TWO OF THOSE APPLICATIONS AND THE PROBLEMS T ~ A T  OCCU~RED DATING 
BACK TO THE TIME THE DEPARTMENT STARTED LOOKING AT THE DYNAMIC WEIGH 
SCALES at. 1961, 5 li 

THE FIRST INSTALLATION I WANT TO DESCRIBE BEGAN IN 1966 WHEN i I 
THE UEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF KENTUCKY, WAS [ 

CHOSEN TQ DESIGN, CONSTRUCT AND INSTALL A bROKEN-BACK BRIDGE PLAT- 
I 
i 
il p 

FORM AT A PRE-SELECTED SITE ON THE COMBINED ROUTE OF 1-641'1-75 r 1 
NEAR LEXINGTOI~. AN ELECTRONIC DATA COLLECTION SYSTEM PIAS DESIGNED t: i 

k 
E 

AhD ASSf!lBbED TO DETECT INDIVIDUAL AXLES OF 1"IOVThS VEHICLES AND ? 
P 

TO RECORD DATA IN DIGITAL FORMAT ON MAGNETIC TAPE, THE SYSTEM WAS p 

DESIGNED TO CONVERT BOTH THE ANALOG SIGNAL REPRESENTING AXLE WEIGHT 

AND THE SIGNAL REPRESENTING REAL TIME TO A DIGITAL FORM THAT WOULD 

BE COMPATIBLE WITH AVAILABLE DIGITAL EQUIPMENT AT THE UNIVERSITY OF 
ie 

k, 
6 
E 



- 2 -  

KENTUCKY, A RECTANGULAR PIT FOR THE SCALE WAS CONSTRUCTED ON THE 

OUTSIDE, EASTBOUND LANE, OF I-64/1-75 JUST EAST OF THE BRYAN 
STATI oh ROAD OVERPASS NEAR LEXI NGTON, KENTUCKY, IN SELECTING THE 

S I T E )  EMPHASIS WAS PLACED ON FACTORS SUCH AS GOOD SIGHT DISTANCE, 

A LONGj  NEARLY LEVEL TANGENT; AND THE INSTRUMENT HOUSE COULD BE 

COhSTRUCTED SO THAT OPERATIkG PERSONNEL WOULD B E  SHIELDED FROM 

THE VIEW OF APPROACHING T R A F F I C  I N  A LOCATION BEHIND THE ABUTMENT 

FILL FOR THE OVERPASS BRIDGE OF BRYAN STATION ROAD, THE SCALE WAS 

INSTALLED AND COMPLETED IN JULY OF 1966 AND LATER WAS REMOVED FROM 

SERVICE IN 1569, 
THE BROKEN BRIDSE SCALE PLATFORM WAS DESIGNED WITH THE OUTER 

EDGES OF THE TWO SECTIONS SUPPORTED ON HINGES AND CONTIGUOUS EDGES 
, 
i 
i 
3 

SUPPORTED BY TWO 20, Q ~ O - L B ,  CAPACITY, LOAD CELLS,  THE ASSEMBLED 
I 

I 
SCALE MEASURED 4 '6" x 10'14", WITH A TOTAL WEIGHT OF ABOUT 2000 ~ n s ,  

i COMPUTER PROCESSING OF THE F I E L D  DATA PRODUCED TABULAR INFORMATIOR 
I 
i ON VEHICLE SPEED/ AXLE SPACING2 NUMBER OF AXLES, V E H I C L E  C L A S S I F I C A -  
i 
f 
I TION, TIME O F  DAY, AND WEIGHT !=OR EACE AXLE AS WELL AS VOLUMINOUS 
1 

I 

i 
S T A T I S T I C A L  DATA SUCH AS AVERAGE D A I L Y  T R A F F I C  AbD EQUIVALENT AXEE- 

I LOADS, 
I 

i A "BROKEN-BACK" PLATFORII PRODUCES A TRIAIGULAR O U T P ~ T  SIGNAL 
6 

FROM THE LOAD CELLS AS A LOAD TRAVERSES THE PLATFORM, THE APEX OR 

I PEAK OF THE TRIANGULAR S I G N A L  F R O M  THE LOAD C E L L  IS CALIBRATED I M  

WEIGHT UNITS, THUS, THE BASE LEG OF THE TRIANGLE REPRESEETS THE 

AN LENGTH; THE A D D I T I O N  OF AN I N T E 8 N A L  T I M I N G  S I G N A L  PERMITS 

D OF TRAVELERS TO BE CALCULATED, THEN, BY PRE-SETTING A PRACTICAL 

E GAP BETWEEN VEHICLES) I T  I S  POSSIBLE THEN TO DETERMINE THE 

MBER OF AXLES PER VEHICLE (CLASSIFICATION) AND THE SUM OF THE 
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AXLELOADS YIELDING A GROSS LOAD FOR EACH VEHICLE , INDEED, A i , 
SIMPLE, SHORT PLATFORM CAN O k i Y  SAMPLE THE LOADS (FORCES) ON 

THE PAVEMENT. TRUCKS (AND CARS) BOUNCE A S  THEY GO ALONG; A 1 1 

PLATFORM MAY CATCH THEM ON THE UP- OR DOWN-SWING, THESE UNITS I 
I 

DO NOT MEASURE STATIC WEIGHT, AN APPARENT OVERLOAD EVENT MAY 1 
t 

BR IGGER AN ENFORCEMENT SYSTEr.1, d 

!{HEREAS, THE SCALE SYSTEM IS CAPABLE GF MEASURING THE FORCE 
I 
1 
1 

EXERTED BY A SET OF WHEELS MOVIfQG AT H I G H  SPEEDS2 THE FORCE I M -  B 1 
PRESSED ON THE PLATFORM I S  SIMPLY NOT TI-IE STATIC WEIGHT FORCE 

Ei 

OF THE AXLE, THE RATIO OF THE PEAK DOWNWARD FORCES TO THE STATIC I 
P 
3 

WEIGHT FORCE DEFINES "IMPACT FACTOR THIS EXPLANATION MERELY 

EMPHASIZES THE FACT THAT THE WEIGHING PLATFORM SENSES ONLY THE 

INSTAkTANEOUSj  DYNAMIC FORCE OF EACH TRANSIENT AXLES 

TWO MAJOR PROBLEMS WERE EXPERIENCED BUR ENG THE PROJECT PERIOD I 
1 
t 

FIRST, THERE WAS A PROBLEM WITH MAINTAINING THE BOLTS ACROSS THE 

TOP EDGES OF THE SURFACE PLATES, OUR RESEARCH PERSONNEL WERE COM- 

ST'ANTLY PLAGUED WITH TRYING TO REPLACE THE BROKEN AND LOOSENED 

BOLTS OR PROVIDE REMEDIAL MAINTENANCE METHODS FOR D I M I N I S H I N G  THAT 

OCCURRENCEJ BUT WITH THESE EXCEPTIONS I T  CAB STILL BE STATED THAT 

THE PLATFORM SCALE OPERATED I N  A SATISFACTORY MANNER FOR SEVERAL 

YEARS, THE OTHER MAJOR PROBLEM WAS CONSIDERED 7.0 BE A DESIGN DEFECT 

WITHII~ THE WEIGHING PLATFORM IN THE PAVEMENT, TIE ROBS ARCHORING 

THE PLATFORM I N  THE P I T  INDUCED A PURPOSEFUL PRELOAD ON THE LOAD- 

SENSING ELEMENTS, THESE TIE RODS WOULD CHANGE THE PRELOAD AS THE 

TEMPERATURE FLUCTUATED, THUS, THE BALANCE PO INT DR I FTED, THI s 

KOTICEABLE EFFECT CAUSED A TRIGGERING OF ThE COUNTING AND WEIGHING 

CIRCUITS WHEN THERE WAS RO LIVE LOAD ON THE PLATFORM, SINCE THIS 



WAS A SUSTAINED LOAD, THE CIRCUITRY "LOCKED IN" ON THE EXCESS PRE- 

i 
LOAD, THE PRELOAD AND T I E  RODS WERE INTENDED TO KEEP THE PLATFORM 

I N  F I R M  BEARING ON THE LOAD SENSING U N I T S  AED TO E L I M I N A T E  RESONANCE 

AND FRICTIO~ THEREFORE, CHANGI~VG TEMPERATURE INDUCED A PROBLEM 

W I T H I N  THE SYSTEM WHICH COULD NOT B E  OVERCOME, 

ABOUT THE TIME WE THOUGHT WE HAD THE BROKEN-BACK PLATFORM PER- 

FECTED, WE WANTED TO IMPLANT U N I T S  I N  MAJOR, BORDER BRIDGES SUCH 

AS THE 1-75 BRIDGE C R O S S I ~ G  THE OHIO RIVER AT COVINGTON, HE DEBATED 

THE PROS AND CONS OF ON-BRIDGE AND OFF-BRIDGE LOCATIONS, FOR 

SECURITY PURPOSES, AN OFF-BRIDGE, D R I V E - I N  VAULT B U I L T  INTO THE 

APPROACH EMBANKMENT WAS FAVORED, PRELIMINARY PLANS WERE DRAWN, 

THESE WERE ABANDONED WHEN THE SHALLOW., TEXAS, IN-PAVEMENT PLATFORM 

WAS ANNOUNCED, AS CQNCEIVED "ITHNNs FORMS COULD BE SET I N  PAVEMENTS 

AND DUMMY SCALES INSTALLED, THE REAL SCALE(S) WOULD BE CARRIED 

I N  A VAN ALONG WITH RECORDERS AND DATA COLLECTORS, -A SIEVIPLE, ROVING 

VAN AND TEAM COULD S A T I S F Y  NEEDS FOR AN I N T E R I M  PERIOD OF T I M E ,  \!E 

WERE ANXIOUS TO B U I L D  DATA BANKSj  PROTECT BRIDGES AND PAVEMENT FROM 

R I T I C A L  OVERLOADS AND TO ANALYZE T R A F F I C  AND ESTIMATE THE FATIGUE 

L I F E  OF A L L  MAJOR ROADWAY SYSTEMS AND BRIDGES,  

THE SECOND ACTUAL WEIGH-IN-MOTION SCALE WAS LOCATED ON US 60 

IN BOYD COUNTY i~ THE NORTHEASTERN PART OF OUR STATE. IT WAS STARTED 

AS PART Of  A RESEARCH STUDY FOR VARIOUS THICKNESSES OF FULL-DEPTH 

ASPHALTIC CONCRETE VARYING FROM QO-ISN, TRAFFIC CLASSIFICATIONS 

AND VOLUME COUNTS WERE ALSO MADE WHICH, WHEN COUPLED WITH THE AXLE- 

LOADSj  ASSISTED TO MORE ACCURATELY ESTIMATE THE FATIGUE HISTORY OF 

THE PAVEMENTS, 



WERE DESIGNED TO TAKE UP TO A MAXIElUM OF A 5 i ) , 0 0 0 - ~ ~ .  AXLE.  ~ ~ F O R -  

TUNATELY, SOME OF THE TRUCKS TRAVELING I N  THAT AREA ARE KNOMN TO 

CARRY AXLELOADS IN EXCESS OF 113,003 LBS, AS EVIDENCED BY SOME OF 

SHE COAL-HAULING VEHICLES THAT WERE WEIGHED, STRAIN GAUGES BROKE, 

RECTANGULAR PLATES COULD NOT BE KEPT LEVEL, AND THE "BOUNCING" 

CREATED ERRATIC IMPACT LOADS ON THE CELLS, THESE HEAVY LOADS ALSO 

CAUSED SOME QF THE BEARING PADS TO SHATTER THE CONCRETE GROUT, AND 

THE PADS WOULD WORK LOOSE, C R E A T I ~ G  A CHATTER OR VIBRATION OF THE 

ELECTRICAL S IGNAL,  

IN SOME CASES THE DRIVERS WOULD INTENTIONALLY STEER THE TRUCKS 

SO T H A I  PART OR A L L  THE T I R E  WOULD BE O F F  OF ONE END OF THE SCALES 

THEREBY RELAY I ~ J G  AN I~ACCCORATE READING, TROUBLE WAS ALSO ENCOUNTERED 

I N  CALIBRATING THE SCALES, IN SOME INSTANCES THE KNOWN STATIC LOAD 

ON THE PLATFORM MIGHT VARY AS MUCH AS 500 LBS, 

DESPITE THESE PROBLEMS OUR RESEARCH PERSONNEL LEARNED A GREAT 

DEAL FROM THAT EXPERIENCE, 

1) THE STEERING AXLE ITSELF MAY CARRY AS MUCH AS 20,000 ~ 3 s .  

ON SOME VEHICLES,  

2 )  TANDEM AXLES AS A RULE DO MOT DISTRIBUTE THE LOAD EQUALLY 

ON THE TWO AXLES EXCEPT WHEN THEY ARE LOCATED ALMOST 

D I R E C T L Y  UNDER THE CENTER OF THE TRUCKBED, AXLES WHICH 

CAN RE R A I S E D  SUCH AS ON AUTO TRANSPORT TRUCKS NEVER SEEM 

TO CARRY T H E I R  PROPORTIONATE SHARE OF THE LOAD EVEN WHEN 

THEY ARE DOWN, SOME T 4 s 0 ~ 3 - ~ ~ ,  TANDEMS HAVE ACTUALLY R 
SHOWN a DISTRIBUTION OF 20,090 LBS.  ON THE FIXED AXLE AND k 
14,003 LBS I ON THE DROP AXLE I 

1 
r! 

3) THE STUDY L E F T  NO DOUBTj AT LEAST I N  KENTUCKY, THAT I N  
ij 
C 
5. 
& 
I 

ORDER TO FUNCTION PROPERLY THE DYNAMIC SYSTEM WOULD HAVE 3 



i TO HAVE GREATER WEIGHING CAPACITY AND UTILIZE MORE 

FLEXIBLE OR PORTABLE DYNAMIC WEIGHING SYSTEM DESIGNS, 
1 
3  OW LET ME DIVERT YOUR ATTENTION AWAY FROM THE RESEARCH WORK 
t 

THAT WAS DONE IN' THE '60's AND FOCUS ON KENTUCKY'S TRUCK-WEIGHING 
I 

F 

i 
1 

PHILOSOPHY OF THE '70's. EARLY I N  1970 OUR ENFORCEMENT PERSONNEL, 
F 

WITH THE LIMITED AND OVERCAPACITATED LOADOMETER STATIONS LOCATED 

ON KENTUCKY "S INTERSTATE ROUTES, THROUGH THEI R URG ING THE DEPART- 
MENT OF I~IGHWAYS STARTED TO DESIGN ELABORATE AND SPACIOUS TWIN 

WESTERN PART OF THE STATE NEAR PADUCAH, KENTUCKY. IT WAS PROPOSED 
THAT TRUCKS BE WEIGHED ON A DYNAMIC SCALE SYSTEM, BE SORTED AND 

DIRECTED EITHER TO THE MAINLINE TRAFFIC STREAM OR A STATIC SCALE 

INSTALLATION LOCATED NEAR THE CENTROID OF THE FACILITY, AFTER 
INTEREST WAS STIRRED IN THE EARLY 1970's FOR SUCH A "FACILITY~ THE 

PROJECT WAS POSTPO~VED ONCE; AND EVENTUALLY, IN 1979, AUTHOR IZATION 
FOR DESIGN WAS GIVEN TO AN ARCHITECTURAL FIRM AND THEY PROCEEDED 

TO WORK PLANS TO A 75-PERCENT STATE BEFORE BEING ORDERED TO STOP 

WHOLE COUNTRY WAS FEELING THE PINCH OF EXPENSIVE HIGHWAY CONSTRUCTION 

ROJECTS AND AUSTERITY WAS NO DOUBT THE REASON WHY THIS PROJECT HAS 

BEEN CANCELLED WITtlOUT SERIOUS THOUGHT GIVEN TO IT SINCE THAT DATE, 

THE ESTIMATED PRICE TAG WAS APPROXIMATELY $4 MILLION WHICH INCLUDED 
RIGHT-OF-WAY ACCUISITION, UTILITY RELOCATIOh AND ULTIMATE CONSTRUC- 

TION FOR THE BUILDING AND SITE FACILITIES FOR BOTH LOADOMETERS, 

SO UNFORTUNATELY KENTUCKY HAS NEVER GOTTEN TO THE POINT WHERE 
THE DATA GATHERED FROM THESE RESEARCH EXPERIENCES OR THE IMPLEMENTATION 
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OF A DYNANIC LOADOMETER STATION PROVIDED INPUT FOR BRIDGE AND PAVE- 

MENT DESIGN NOR HAVE WE VSED H I $  ENOUGH TO S I G N I F I C A h T L Y  A S S I S T  I N  

C L A S S I F Y I N G  VEHICLES,  

I WOULD L I K E  TO CONCLUDE MY PRESENTATION BY FOCUSING ON THE 

SERIOUS QUESTION THAT T H I S  CONFERENCE I S  A L L  ABOUT ,IND THAT I S  "1-/OW 
DO WE GET A HANDLE ON DAMAGE INCURRED TO OUR HIGHWAY SYSTEM BY 

OVERLOADED TRUCKS AND THE RESULTING AFFECT ON THE HIGHWAY SYSTEM?" F 
E 

N E  IN KENTUCKY DO NOT HAVE ALL THE ANSWERS, HOWEVERJ WE WOULD LIKE 1 c. 
TO DISCUSS AN A I D  WHICH CAME OUT AS A RECENT RESEARCH PROJECT A T  1 

E 

TRANSPORTATION COSTS TO USERS' BY JAMES E. BLACK AND JERRY G .  PIGMAN, 
r F 

SON OF THE CQST R E S P O N S I B I L I T Y  AND REVENUE GENERATED BY TRUCKS AS 1 
p 
r 

OPPOSED TO AUTOMOBILES AND PICKUPS,  (1  HAVE COPIES OF T H I S  REPORT ; i 
AVAILABLE TO THOSE OF YOU WHO ARE INTERESTED, SOME OF THE FINDINGS i 

ii 
I 

AND FACTS ARE: 1) AXLELOADS OF 20,099 LBS, INDUCE 1 5  TIMES THE 

DAMAGE OF AN 18,000-LB, AXLE, AND A 2 2 , 0 0 9 - ~ ~  AXLE (2,309 L B ,  OVER- 
L 

LOAD) WOULD BE 2,2 TIMES AS DAMAGING AS AN 1 8 , 0 0 Q - ~ ~ ,  AXLELOAD; iT 3. 

% 
3. 

2 )  K E N T ~ C K Y ' S  LEGAL WEIGHT L I M I T S  WHICH ARE EXCEEDED REGULARLY ARE 1 t 
2a,000 L B S ,  FOR SINGLE AXLES, 34,008 L B S ,  FOR TWO AXLES AND TANDEM, 

k 
50,003 LBS, FOR THREE-AXLE VEWICLES~ AND 32,303 iss,  IS THE MAXIMUM i e 

S 
GROSS WEIGHT; 5 )  AhD THE MOST IMPORTAhT CONCLUSION REVEALS THAT $ 

d 

AUTOMOBILES AND PICKUPS PAID 157 PERCENT OF THEIR SHARE OF COST 5 
C 

R E S P O N S I B I L I T Y  WHILE TRUCKS ONLY PAY 54 PERCENT OF T h E I R  SHARE 

THROUGH THE GENERATION OF REVENUE USING KENTUCKY'S PRE-1980 TAX 

STRUCTURE, 

AS I STATED AT THE BEGINNING, WE AT THE KENTUCKY DEPARTMENT OF 2 
P- 

~ ~ I G H W A Y S  ARE LEARNERS, NOT EXPERTS AT I N S T A L L I N G  AND USING 
p 
L 



- 3 -  

TECHNOLOGY, I TRUST THAT I WILL B E  ABLE TO TAKE BACK SOME OF THE 

KNOWLEDGE IMPARTED BY THE P A R T I C I P A N T S  OF THE CONFERENCE SO THAT 

WE 114 KENTUCKY CAN MAKE MORE INTELLIGENT DECISIONS AS TO THE DIREC- 

T I O N  WE WANT TO TAKE I N  U T I L I Z I N G  NEW AND' S O P H I S T I C A T E D  SYSTEMS FOR 

THE WEIGHING AND C L A S S I F I C A T I O N  OF VEHICLES,  
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t 
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Uses of  W Z M  Equipnaent Bridge Load Histories, 
Pavewnt Loading Data, etc,  

Steve G. Bokun 
Special Studies Research ~ e d l  ogi s t  

I .  Louisiana's First Generation UIM Equipment i 
I 

A. HIM - iA Purchased f r om Unitech, Inc. (now Radian Csrp. ) o f  Austin, Texas 1 
1 

i n  August, 1974. ) 
$ 

B,  W I N  - 9.4 f i r s t  i n s t a l  led on U,S. Wwy, 190 near Baton Rouge, La. in 1975 
B 4 

1. Short term project t o  perfect  i ns ta?  l ation operation, and nai ntenance 
i: 6 p rae t i  ces necessary f a r  conti nued accurate a n d  re1 iabl e operati on o f  4 

a computerized wei  gh-i n-metion system f 
B 

2. WIM - 1A was only capable a-f gathering data  Prom one t r a f f i c  lane a t  t; 
6 
d a time. 
81 

3, Comparative weight and speed data was gathered f a r  a t o t a l  sf 173 
vehi cS e observations. 

a. TWO men i n  W3M t r a i l e r  and t h i r d  mn a t  nearby LA DOTD weight 
enforcement scale .  

b, Two-way radio contact to t e l l  man a t  enforcement scales which 
t ruck was t o  be checked against the RIM readings. 

c.  Speeds were checked a t  WIM s i t e  by hand held t r z f f i c  radar u n i t  
a t  s t a r t  of cor re la t ions  and a t  the conclusion. 

4. Median weight e r r o r  f o r  the  173 vehicles was 4.45 percent w i t h  a stan- 
dard of deviation of 3.84 percent. 

a. Only to t a l  weight of each truck was masured due t o  impossibil i ty 
of weighing the tandem axles a t  the s t a t i c  scale. 

b. S t a t i c  p i t  sca le  weights used as the s tandard.  

5 ,  Average speed error f o r  the  vehicles measured was f2.24 mph using 
t h e  t r a f f i c  l-adar u n i t  as a s t andard ,  

6. I t  was determined t h a t  "che performance o f  the  WIM - BA was adequate .. 
for use i n  gather ing we igh t  da ta  t n  t h e  Louisiana Experimental Base 
Study. 

C. WIM - 1 A  i n s t a l l ed  an the Louisiana EwperimenBal Base Study on U.S, b u t e  71 
south o f  Alexandria, La. i n  l a t e  7976, 

1. La. Experimental Base Study (74-1G) i s  a research study designed t o  
evaluate the design and pe r fo r~ance  cha rac te r i s t i c s  of three types 
o f  base courses constructed on a fu l l - sca le  t e s t  road, U.S. 71 
south of the c i t y  of  A l  exandri a. 



2 .  Fourteen different  t e s t  sections were constructed to evaluate the 
study variables, which incl uded base course type (soil-cement, 
s tabi l ized sand clay gravel, and a s p h a l t  bitse), design l i f e  
(5, 10, and 15 years) ,  and surface thickness (3%" and  5%" 
asphalt 1. 

3.  During the mid 1960's the LA DOTD adop ted  the design procedure 
established for  f lexible  pavements a t  tne A&HORoad Test tt 
Ottawa, I l l  i noi s. The Department's des 4 gn engi neers needed t o  
know more precisely the accuracy of t he i r  desi gn predictions as 
reflected by actual performance of  f l  ex' bl e pavements. 

? 

4. I t  was the purpose o f  this research project t o  (1) ascertain the 
accuracy of predictions concerning the performance of f1 ex? bl e I 

i 

pavements designed by Louisiana's current M4SHTO design glii  de for 
various materials and design l i f e  periods and  ( 2 )  determine re la t isn-  
ships between fundamental materials properties a n d  f i e l  d p a r f m n c e  
of such f l  exi b l  e pavements. 

I 
Y 

. . 

5. In order t a  assimilate information on the response of t h e  various 1 
pavement t e s t  sections to  t r a f f i c  loading t h r o u g h  time, a scheme 
was developed using our semi-automated HIM - I A  system a t  a s i t e  

i 

1 

just north s f  the northern most test section, b 

1 
a, System was operated f o r  rnonito~ing s f  both t r a f f i c  weight 

and t r a f f i c  volume for seven 24-hour days each quarter, 

! b. Operation was planned so 24-hour weight and volume data would 
be available fo r  a seven-day "typi ca1 week" each calendar 
quarter. This dzta can be sumarized and/or separated t o  

i yield yearly, quarterly,  monthly, weekly, daily, and hourly 
tr i i ff ic  inforinati~n as needad. The WIl4 ssarrpling plan was 
much less  frequent (once a mon th  and even once a quarter)  
i n  the succeeding years. 

c. IYlsnual c lass i f ica t ion counts were conducted duri ng day-Ii g h t  
hours. 

d. I n i t i a l  t r a f f i c  projections for t h i s  p ~ o j e c t  indicated an 
average daily t r a f f i c  load ( A D L )  of 612 equi walent 18-Kip 
Axle loads f o r  1980, the median yeas  for  the design period, 
For 9978, t h e  AD1 calculated frqm manual counts turned out 
to be ADL 535. Howevar, our W E M  - 18 d a t a  gave us mush 
lower ADLis o f  122 for t h i s  same year 1978, 

6. Because of the many problems we seemed t o  be experiencing w i t h  our 
WIM - 1A system i t  was decided t o  make a check of  t h e  actual truck 
weights w i t h  portable scales a t  t he  WIM s i t e  versus WIM data. 

a. A random check o f  45 trucks a t  the s i t e  gave the data con- 
j tained in the s l i de ,  The data indicated t h a t  the actual 
i weights were much closer t o  the maximum legal z x l e  loads 
I 
I than was shown by our L!IM d a t a .  The WIN - IF: was n o t  

recording heavier weight vehicles. 
/ 

I 



b. The WIM - 1 A  had been giving many problems over the i 

years.  E l  e c t r i  cal repa i rs ,  transducer ma1 functions, 1 
bent frames, and broken roadway p la tes  were some of 1 
the problems. Total reconstruction of the transducer 1 
p i t s  was a l s o  necessary.. i 

I 7. The HIM - 1A was discontinued i n  Jan. 1981, Since this equip- 
ment was about seven years  01 d and had given many problems 
over the  years i t  was t o  be replaced w i t h  the newer WIM - 1E. I 

B 
B 
I 

11, Louisiana's Second Generation WIM Equipment, ! 
! 

A. WIM - 1 E  purchased from Radian Corp. i n  l a t e  1981. 1 
J 

5. T h i s  system ins t a l l ed  a t  Alexandria s i t e  i n  l a t e  7981. 1 
I 

1. Operational. problems w i t h  t h e  wheel load transducer chassis 
neizessitated return t o  manufacturer f o r  reconditioning. $ 

1 ' i  
2. E n t i  re f i e l d  in s t a l l a t ion  was completely removed and r e t r o f i t t e d  fj w i t h  new components (frames, p la tes ,  transducers, and loops), B 

E 
1 

3. Company representat ive had t o  be ca l led  t o  the  f i e l d  s i t e  t o  help 1 solve the  problem. - *, , 4 

1 
C. System was i n  operation around June 1982 o r  about 18 months a f t e r  the 

WIM - 1A was discontinued. 1" 
D. We have had very l i t t l e  problems with the  new system once the ins t a l l a t ion  B 

"bugs'hwere worked out.  System is  kept under a i r  conditioning t o  help b k 
re l ieve  moisture problems with the  computer. 4 g 

1x1. RIM - 1 E  Data used t o  f igure  damage fac to r  ( F  f ac to r )  us ing  1982 and 7983 8 
f i.gures fo r  trucks.  B 

,%I 
E 

A. Average F f ac to r s  calculated from a l l  WIM data f o r  a11 years the system 
was i n  operation, Sum of laads divided by the number of trucks gave the 
average f f a c t o r  f o r  various years.  

B. We took data from WIM - IE (1982 & '83) and came up wi th  F fac tors  we 
waul d use p r io r  t o  1982 to  re f igure  loads. T h i s  was done f o r  a1 9 axle 
c l  asses.  

I 
I 
I C. As an exahpf 9, 1978 ABL was refigured using the new F factors and c a m  
1 out t o  be 612 Equivalent IS-Kip Axle Soads. 
I 

1 D. T h i s  compares favorably w i t h  the 535 Equivalent  18-Kip Axle loads calcu- 
I 
I l a ted  from the  loadometer (W4) design tab les  i n  conjunction w i t h  manual 
i counts. 

E .  The l a s t  s l i d e  shows the re la t ionship  between the average daily number of . 
heavy trucks (3-5-2) per year and the ADL yearly f o r  a1 1 vehicles. I t  
can be seen tha t  the trend follows one another. The summation of loads 
over the years i s  shown a t  the bottom. To date the  LA Experimental Base 
t e s t  sect ions have undergone approximately 1.56 mil 1 ion Equivalent 18-Kip 
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I n 3 ~ 1 r a n c e  Ins t i tu te  for Highway S,ifcty 
Rese~lrch N o t e  No. 105 MLirch 1983 

Influence of Truck Size and Weight on Higliway Crashes 

Ian  Jones 

Howard Ste in  

Paul Z a d o r  

way SaFt:ty ia 'in independznr ,  nonprof i t ,  scieiltific a n d  educ t iona l  o r g a r ~ i z a t i o n  I t  ih 



Influence of Truck Size and Weight on Highway Crashes 

Maxin~um sizes and weights of trucks allowed on publlc roads were for many years regulated by tach state. 1 
nder state regulations, permtiled truck maximums varied considerably. Maximum gross vehicle we~ght.: ranged 1 

t om 73,280 pounds in Arkansas, Illinois, and Missoi~ri to 129,000 pounds in Nevada. All but eight states restr~cted 
le width of trucks to 96 inches. Twin trailers (i.e., a tractor pulling two trailers) were perniitted in most western 

i 
! 

.ttes but not in most of the East. 1 

C 
k 

Since passage of the "SurFdce Transportation Assistance Act of 1982" ( P  L .  97-424), which increased the fe'eder- 
t'tu on fuel ;ind earmarked the proceeds for highway purposes, the maximum allowable limits on truck sizes and 

eights arc required to be or Ienw: 

0 80,000 pounds gross werght, with axle loacls up to 20,000 pounds for 
s~ngle  axies anci 34,000 pounds for double axles 

102 inches in width for all trucks 

m 48 feet in length for semitrailers and trailer3 

28 feet in length for e'tch twin trailer 

No state is allowed to establish limits on overall truck length. In addition, legal gross vehicle we~phts  must satis- 
[he limiting conciitions in the bridge gross weight formula, which establishes mauirnuni ~l lowable weights for all 

oupings rind spacings of'axles. These provisions apply to 311 trucks operating on interstate and other "clualifying" 
feral-aid highways. States not cornply~ng with the new regulations by October 1983 w~ll  have their federal highwdy 
E npporiionrnents ~ i t h h e i d .  

The basic safety question raised by the new federal provis~ons for truck size and weight 1s whether they are 
:ly to lncrcase the Aready large numbers of deaths and Injuries resuit~ng from crashes rnvoiving large trucks. In- 

,,ires coi~ld resillt from higher truck cr'lsh frequencies and/or greater C ~ ~ I E I I  severity 

f 
@? 

ugnitude of the Truck Crash Problem 

In 1978, I,~rge t r~~ch . ;  ( 10,000 pound\ dnd greater) were invoiveci In 432,000 crnshCs, abo~tt  six percent of the 
,tional cr~sis  tolLtl ( I )  In the same yciir, large truchr contr~butzci to I 2  perceflt of thc ncttron;il tot,~i of fa!~l cr,~>hcs 

T r ~ ~ e k s  have ~i lout'; cr,ish r'tte per r?iile th,~n c~rr.,, bur their Lila1 cr,ish tdte 15 \rg,nrticantl>< hipl i?~ The cs~er,lll 
\ h  rate I'or I'lrge L ; L ~ c ~ >  117 1978 W , I ~  114 ~I)L": hundred m~ll~otr  ichi i ie  rnrit7s cornp,rr;.,i lo 825 ?'or c~lr \  t 1 )  The Ltt,~l 

1\12 r,tte fur I'lrge track\. howcvcr, \!,I\ 5 3 per huntlred I I ~ I I I I ~ > I >  v rh~c le  111~125 L'O~II:> ~recl 13 ! 8 t;tr c-lrs 

Comb~nat~oi i  truchs ( I  L' , tractor st'nirlr,!iit"rs or tr,!ctor s e n ~ t t r ~ ~ i u r \  pliis trullers! h d b :  Li ln>~?; [  !wicc the crdsh 
ic ol ' \ tra~ght truchs - 604 per hundrecl m ~ l l ~ i ) ! ~  vehicle rnrles ~r~iveiecl cornp:tretl to 35 1 Co~l,bln:ir~on trucks a!so 
j.2 a ver} high t"Ital cr.lsh 1-,1tt, 8 6 per huliclrecl nlrll~on vzhiole rniie> ir,l\,clccl Thus, c ~ i t h c ) ~ ~ g t ~  011 &i pel. nille b a ~ i s  
:c truck-; arc le\s i r ~ v o l ~ e d  I r i  cr,t>hes th,tn p;l\>engcr c m ,  IL1r9e truck cr~. ;hes  u\u,tll!: ,ire much nlorz s e t t r c  

i\ principal re,i:,on li.r the o v e r ~ ~ i ~ o l v e r n e ~ i t  o f i ~ r g e  truch5 In l;!i,iI cr,islics IS  the drfl'erence ill ~ c c ~ g h t  bctkbeen 
k.; ,ind other involc.:d Lshic1t.s. 111 1077 .  'ibout 74 perccn: or ~ , I L , I I  crCt~lit.s ~nvolving Idrge truck> ~ I z o  involved 

:r veh~clc>. , ~ n d  65 1wrct.n: of 111c.s~ other vel~rcle> were p;ts>enscr cars ( 1 )  hlore t hm 3.000 c~ir occup,~nt rii.,ttIis 
~11tt.d I'loni sue11 cr,tzhes 



The proportion of ail fatal crashes involving trucks has remained a t  11  or 12 percent since 1977. During this 
, period, however, the relative risk of death to occupants of passenger cars has been increasing. Table 1 shows the 
ratio of occupant fatalities in passenger cars to fatalities in trucks for fatal crashes involving cars and trucks. AS the 
table iridicates, the relative risk of death to passenger car occupants increased steadily between 1977 and 1980; this 
is most likely attributable to the increased risk of death in small cars, and these cars increased greatly in number 
during 1977-1980. 

t 
TABLE 1 

Increased Risk of Death* for Car Occupants Relative to 
Truck Occupants in Fatal Crashes of Large Trucks and Cars 

1977 1978 f 979 1980 
TRUCK TYPE 

Single-Unit 16.7 17.8 22.9 25.6 
combination 26.0 ' 28.9 30.8 32.9 

ALL LARGE TRUCKS 22.9 25.2 28.6 30.6 I 
Source: Eicher, J.P., Robertson, H.D., and Toth, G.R.. "Large Truck Accident Causation," National Highway Traffic 
Safety Administration Technical Report No. DOT HS-806-300, July 1982. 

'E.g.. in 1977 a car occupant was 22.9 times more likely than a truck occupant to be killed in a fatal large truck-car 
crash; in 1980,30,6 times more likely. 

The crash involvement rate of trucks is higher in urban areas than rural areas (21, but the severity of the 
crashes is greater in rural areas because of higher travel speeds (3). Truck crash involvement rates on contrslled 
access roads (freeways, etc.) are significantly lower than on other roads (41, although even on controlled roads 
truck involvement in fatal crashes is disproportionately high. Trucks account for 20 percent of vehicle mileage on 
freeways, but they are involved in 35 percent of the htal crashes on such roads. 

luence of Truck Configuration on Crash Involvement Rates 

Most truck safety studies have focused on the influence of truck configurations on crash invotvement. The 
twin trailer configurations permitted by the fuel tax bill are the so-called "Western Doubles" (already permitted in 
western states), which consist of two 28-foot semitrailers hauled by a tractor unit. These are not to be confused with I 

! 
"Eastern" or "Turnpike Doubles," which are tractors pulling two 40- to 45-foot semitrailers. I 

I The most recent Federal Highway Administration study has shown that "Western Doubles" have significantty ' higher crash involvement rates than single tractor trailors, regardless of the type of road on which they are traveling. 
I Their crash rates (show11 in Table 2) are based on accident and mileage data collected from selected road sections in 
I California artd Nevada where singles and doubles are operated under about the same conditions. 
I - 
I 

TABLE 2 
i 

Truck Crash Rates Per I00 Million Miles 
i Singles and Doubies by Roadway Type 
I 

RURAL URBAN 

I TRUCK f YPE 

Source: Valiette, G.R., McGee, H W., Sanders. J.H., and Enger, D J., "The Effect of Truck Size and Weight on Accident 
Experience and Traffic Operations, Volume 3: Accident Experience of Large Trucks." Federal Hrghway Adrnin~stratlon 

I 

I 



Cambell ~ n d  C ~ r i i e n  reached c~rnllar conc~ur ibns  (51. Their  riites - based on data from the Rurc;iu of Motor 
_',~rrier S,il'ety and rhe Nat~onal  t l~ghway  Traftic Safely Administration's Fatal Accident Reporting S y s t e n ~ ,  and 1 .xposure d,iia ovcr .t two-year period from a random survey of t ruck tleets - show that doubles are overinvolved In 
rasheh on  ,I pcr mile basis (Table 3 ) .  They also show th,lt crash involvement rates for bobtdil tractors (chose not 1 
lullrng a semitrailer) are substantially higher than for tractors pulling either sing!e or  double trailers. 

I 

i 
!! 
1 1 
a 

T h e  Important f ea t i~ re  of the studies by Vallette et al. and Cambell and  Carsten,  from which T i b l z s  2 and 3 are 
a w n ,  is that they compute crash rates on the  basis of niilcage and crash data from comparable trips. O the r  stiidies i 
w e  compared the crash rates of different truck configurations, but their resulis have been misleading because r! 
i r  exposure data were not coniparable for the various types of  trucks they studied (6 ,7 ,§ .9) .  8 

I 
~fluence of Vehicle Load on Truck Crash Irlvoivernent Rate5 I! 

1 
T h e  study by Vallettc et al. (2 )  i~ o n e  of the few avaiiable that hasconsidered the effects of load. I t  reported that 6 

i .pty and near-empty combinai io~i  trucks have substiintially higher crash involvement rates - higher by nt least ;l 
ctor of two - than loaded trucks. Empty rloublcs reportedly show a relationship between weight and crash experi- 1 

9 .ce that is similar to that of singles, bur for all weight classes doubles have a higher crash ~nvo lvement  r,i.te !h,ln 7 
gles. i I 

ii 
I t  shoulil be noted that Vallctte's findings   bout ihe effect5 of truck weight on crash ~ n v o i v e ~ ~ t l n t  dcpenci o n  

correct ~Jenti t icatlon of both empty truck exposure 'tnd the  invo lven~cn t  of empty trucks in crashes. A data 1 
view indicates that : h e x  were incorrectly e s t ~ r n a ~ e d  to different extents.  Using Vnllette's datd and making LIP- 1 e 
opriate adjustments to reflect mart. ,iccurateiy the  exposure and crash ~n \o lven?cn t  of cmpty trucks, the Insur,~nce 6 
Gtltute for tiighw'iy S,ifct'ly ha\ roncl i~ded t h ~ t  Vallcite's lindings were not justified from thehe d'it.i d 

I C 
t iowever.  s t i~ i l lc .  olhct- 1h.1~ \..~llelic'r !lave reported !ow crash involvement riites where i t  w.ir  know^ ih'it 

J ~ c k s  were tr;ivefrng siibst,!nti:~l Dorttons of theirjourneys f ~ ~ l l y  lo,tded. IIigh crash invoivemeni rntrs were reported 1 ere purti,ll or  empty l0'1d5 were more  chc:rclc~er~stic (9,101 In ddditton. engineering considrr , i t~ans indicate lh,it 1 
pty trucks ,ire d y r i a r n i ~ ~ ~ l l y  lebs s[,tble and cannot generdte braking forces ;is iarge as loaded trucks. This ~ l s o  sug- t n 

s t s  h ~ g h e r  cr .~sh rates for such trucks I 
d 

,rct of Ir~creascd Gro\\ Vehicle Vieigl~trr on Truck Brah i~ lg  Yerforrliance B 
f 

Thc new f~c le r~ i l  a s  law cillows gross vch~c le  weights of80.000 pounds, a higher we~gh t  limit than h,ts been d 
?\rreci In some  bt,lte>. For ~ L I I I P  loacled trucks, incre'ising the weight generally Increases 5topj>ing dr\iances, ~ C C L I L I S P  4 

p 
ulmurn br'lhing c,~p,lbililc is euczecled I 

Unlo:~rletl trucks L I \ L I ~ ~ ~ )  :\:!be longer br'ikrng di.;t,l~~ces than loadcil trucks. X number  of studics (2,9,10) have 
gpc5ted t h ~ t  ernl)ty con~b in~ t t ron  or hingle unit trucks 'iriil "bobtct~ls" hhabt.  h ~ g h e r  crash rater, bc'cat~se truck brake 



characteristics are biased toward loaded conditions. When trucks are  unloaded, premature wheel lockup and conse- 
I quent  stability problems may occur. 

Federal motor carrier safety regulations require large trucks (air brake-equipped) traveling at 20  mph  to stop in 
35-40 feet, and cars to stop in 20-25 feet. In  1974, the  Federal Highway Administration tested this stopping capabili- 
ty for 1,200 trucks and 366 cars selected randomly from highway traffic ( I  1 ) .  Eighty-seven percent of the  cars tested 
rnet the  25-fool requirement, but high percentages of  the  trucks did not meet  their stopping requirements;  only 29 
percent of t h e  single unit trucks, 65 percent of the  tractor Lrnilers, and  44 percent of the  tractors with twin trailers 
could stop within their required distances. 

A large number  of trucks in service thus  are  not meeting existing stopping distance requirements,  even  though 
: such requirements are well within truck design capabilities. If future brake sys tems are  designed to accommodate  

higher gross vehicle weights, without improved brake technology such as load proportioning o r  anti-lock systems, 
the already large difference in braking distance between cars and trucks is likely to increase. Additionally, the dis- 
parity between loaded and unloaded truck braking distances will increase, a s  will t he  inherent stability problems 
caused by this disparity. 

Cargo Type and Truck Crash Involvenlent 

'The consensus  of studies of trailer configuration and cargo type is that tanker trucks and flatbed trailers operat- 
ed  a s  doubles have much higher crash rates than those operated as singles - higher by a factor of four  in the  case of 
tankers, and by a factor of more  than two for flatbeds (2 ,9) .  T h e  crash rates for d u m p  trucks also have been found to 
be consistently high, regardless of  t h e  trailer corifiguration (10). Again, these results indicate that  trucks which 
operate exclusively either heavily loaded o r  empty have high crash involvement rates. 

There  is s o m e  discrepancy concerning rates for van trailer doubles.  Their  crash involvement rates have been 
found to be higher than singles in o n e  study ( 2 ) ,  but  about t h e  s a m e  in another  study (9) .  However,  van doubles 
included in the  latter study had a high proportion of their crashes a t  night and on divided highways. This  suggests a 
use pattern which would tend to reduce exposure to multiple vehicle crashes. 

lnfluerlce of Track Length and Widrlt on Crash Involvement 

For  single trailer configurations, there  is s o m e  evidence of decreasing crash rates with increasing trailer lengths 
(2).  However,  there are  insufficient data to analyze crash involvement rates by individual cargo sren configurations, 
and lhis may confound the results. In a comparison of 40- and 4j - foot  semitrailers in six states, n o  signii'icant tfif- 

ferences in crash rates were found (2) .  

Because trucks and trailers have a i n ~ o s t  universally been restr~cred to a mariinlum width of96 inches, there are 
insufticlent data to determine whether increasing overall truck wldths by  six ~ n c h e s  - as provided for in the  new I 

federal gas tax bill - would affect cr;ish rates. 

fnfltlcrice of Truck Dirriensions on Crash Severity 

Because the Inass ratio between a large truck ancl a car weighing 3,000 pounds ail-eariy is :11 excess of 20 to 1 ,  
there is iittle cviderlce that i n c r e w n g  the maximum weight oi"t t ruck LO &O,UDB pounds would significantly affect 
the already ul~acccptably high risk of serious o r  fatal injury rn crashes between cars and trucks. Primary f~tctors i n -  
fluencing ~n.iury in a crush include the velocity change that the  car experiences, together with the protection :ifforded 
t o  vehicle occupants; these would not be affected appreciably by truck weight increases. 

r l l t ho~ igh  Herzog (12)  has reported that the  risk of fatality for non-truck occupants increases stcadily w i t h  
truck weight, the  effects of  road type and  location were not considered. I t  s eems  probable that the apparent weight 
effect may have been a surrogate for increased impact speed.  This  view is endorsed by Wecllund 13). who has 

~cied that aniong 1:irge trucks weight i ?  not an issue in dererniining fi~t~ll i ty risk, in part b e c a ~ ~ s e  risk c ~ l n  be pre- 
from crash location (rural or  u r b ~ ~ n )  and road type (number  o f l ~ n c s ) ,  both of which aresurrog;ltes for vehicle 

speed.  
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rrnrnary and Conclusions 

Large trucks account lbr six percent of the natlon's h~ghway crasheb dnd 1 2  percent of211 fdtdl cr:~shes. On a per 
111e bdsis, trucks 'ire less frequenlly involved in  crashes th'in cars, but trucks 'ire involved in twice as many fatat. 
'ishes. The proportion of fatal crashes involving trucks has remained constant since 1977, while the relative risk of 
.nth for Ciir occupants in crashes with large trucks has steadily ~ncreased frortl 23:  1 to 3 1 . 1 .  

Combinalion trucks - tractor seni~trailers or tractor semitrailers plus tra~lers - htive almost twice the crash 
te of straight trucks, 2nd a fatal crash involvemerit rate three times that ofcars. Twin trailer configurations - trac- 
*r semitrailers pliis trililers - have higher crash involvement rates than tractor semitr'~ilers. Iiowever, the expo- 
ire of d~fferent  truck types varies in terms of miles traveled, kinds of highways used, and times of day operated, 
cl the influence of these variations on crash rates has not been adequately quantified. Until detailed exposure d a t ~  
3 collected, con~porisons oftruck crash experience by configuration will be Irmited. 

In the near future, trucks o f  increa~ed size and weight, as well as double configuration trucks, will be permitted 
lederal I ; I ~  on the interstate system and other "qualifying" federal-aid highways In all slates W h ~ l e  researchers 

ve had difticulty in precisely quantifying the lntluence of truck s i ~ e  and weight on crash involvement, there is evi- 
:ncc that the new legislation will almost certainly increase the magnitude of the truck crash problem. 
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