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i INTRODUCTION 

i For more than  t h r e e  decades ,  r e s e a r c h e r s  around t h e  world have sea rched  fo r  an 

b 
e f f i c i e n t  means t o  a c c u r a t e l y  weigh and c l a s s i f y  v e h i c l e s  as  t h e y  travel down 

1 the highway. Th is  p reoccupa t ion  wi th  in-motion weighing technology h a s  been 

demonstrated i n  a t h e r  t r a n s p o r t a t i o n  modes as  well. I n  p o i n t  oF f a c t ,  s i m i l a r  

t echn iques  have been i n v e s t i g a t e d  t o  weigh r o l l i n g  ra i lway  c a r s  loaded  wi th  

c o a l  and o t h e r  b u l k  commodities, t o  monitor and r e c o r d  heavy h a u l i n g  

f o p e r a t i o n s  a t  c o n s t r u c t i o n  o r  mining sites, and t o  document a i r  and ground 
b 

f r e i g h t  movements. A major p o r t i o n  o f  t h e  r e s e a r c h  e f f o r t  expended through 

the years h a s  been devoted t o  development nF weight s e n s o r s  s u i t a b l e  for 
I 
6 hiqhway use. The weighing t r a n s d t ~ c e r s  which have been i n v e s t i g a t e d  may be  

2 c l a s s i  f i ed  i n t o  Pive b a s i c  c a t e g o r i e s :  ( 1  ) larqe m a ~ s i v e  pla t fot rnu,  ( 2 )  small 
1 

I l i g h t w e i g h t  p i a t f o r m s  or p la te s ,  (3 )  s u r f a c e  mats  or pads, (4) ernbedded 
b 

cables,  ( 5 )  e x i s t i n g  br idge spans. 

In the ea r ly  1950 's ,  t h e  Bureau a f  P u b l i c  Roads (now t h e  Federa l  Highway 

Admin is t ra t ion)  i n i t i a t e d  weigh-in-motion r e s e a r c h  us inq a massive  c o n c r e t e  

p l a t  for111 i n s t a l l e d  i n  a highway near  Washington, D.C. The p l a t f o r m  was 

i n s t a l l e d  i n  t h e  pavement and suppor ted  by s t r a i n - g a q e d  t:olumns a t  cavh 
I 

! c o r n e r .  Th i s  t e c h n i q u e  was p ~ l r s u e d  by s e v e r a l  n o r t h e r n  S t , a t e ~  u n t i l  tile' 
I 

1960's when i t  was abandoned. A t  about  t h e  same t ime  a s  the BPR work, 
I 

researcliers i n  M i s s i s s i p p i  and Texas began i n v e s t i g a t i n q  use o f  steel 
i 

p l a t  forms f o r  i n ~ m o t i o n  weighing. These i n v e s t i g a t i o n s  have con t inued  in the  ! 
E 



United S t a t e s  a s  w r ? l l  as, 3 number o f  o t h e r  c o u n t r i e s  i n c l u d i n g  England, West I 

Germany, Ganadq, qnd South A f r i c a .  The p l a t f o r m s  t y p i c a l l y  c o n s i s t  o f  r i g  id  
b 

I 
s t e e l  p l a t e s c s )  suppor ted  by 1 ,  2 ,  o r  4 load  c e l l s  mounted i n  a  l o a d  frame 1 

I 
r e cessed  i n t o  tile pavement. Research e f f o r t s  have l e d  t o  developtnent o f  t h e  I 

I 
Radian and St reeker-Richardson sys tems  i n  t h e  U. S . ,  t h e  We i g h w r i t e  systein i n  I 

Fnqland, end t h e  I i i D  system i n  Canada. Two s l i g h t l y  d i f f e r e n t  gpproaches  were 
i 

devc1.r)ped i n  West Ger~nariy. One, t h e  PAT sys tem,  u s e s  be r~d inq  o f  t h e  s t e e l  1 
I 

p l a t e  arid s t r a i n  qqqas  t h u s  r e q u i r i n g  a s h a l l o w e r  p i t  i n  t h e  pavement. The i 
t 

o t h e r  i t l  a h y d r a u l i c  method with  o i l  s e a l e d  between two s t e e l  p l a t e s .  Another I 
t.ftchnique F f ~ r  s e n s i n q  l o a d s  i n v o l v e s  the  use o f  capat:it ,ance-type pads on t h e  

s u r f a c e  o f  t h e  pavement. T h i s  r e s e a r c h  began i n  South A f r i c a  i n  t h e  l a t e  5 0 ' s  

arid h a s  r e s u l t e d  i n  t h e  Via tec  System. A s i m i l a r  t e c h n i q u e  is c u r r e n t l y  b e i n g  

resea rched  i n  t h e  U.S. by Golden River .  80 th  sys tems  emplay an e l a s t o n l e r i c  
i 

pad and t r a f f i c  l o o p s  t o  w i g b  and c l a s s i f y  v e h i c l e s .  The p o t e n t i a l  o f  l o a d  
I 
i 

or p r e s s u r e  s e n s i t i v e  c a b l e s  f o r  s e n s i n g  and weighing a x l e s  is c u r r e n t l y  I 

L 

r e c e i v i n g  m u c h , a t t e n t i o n  i r i  t h e  11.5., Enqlqnd, and Germany. These piezo-  

c a b l e s  a r e  embedded i n  pavernent s l o t s  and o f f e r  c o n s i d e r a b l e  p o t e n t i a l  

e s p e c i a l l y  as a  permanent a x l e  s e n s o r  f o r  c l a s s i f i c a t i r ~ n  purposes ,  The f i n a l  1 
t echn ique  for  in-motion weighing u t i l i z e s  e x i s t i n g  b r idges  a s  t h e  weight 1 
t r a n s d u c e r .  In  t h i s  c a s e ,  t h e  b r i d g e  is ins t rumented  wi th  p o r t a b l e  s t r a i n  I 

t r a r ~ s d u c e r s  and no o t h e r  s i t e  p r e p a r a t i o n  is r e q u i r e d .  Research on t h e  b r i d g e  I 
i 

concept  h a s  t.aken p l a c e  p r i m a r i l y  i n  t h e  U.S. over  t h e  past. 10 y e a r s .  I 
i 

Since  t h e  e a r l y  1 9 7 0 ' s ,  t h e  F e d e r a l  Highway Admin i s t ra t ion  (FUWA) h a s  p layed  a 
I 

major r o l e  i n  the d e v e l o p e n t  o f  t h e  b r i d g e  weigh-in-motion concep t .  T h i s  
1 

H I M  r e s e a r c h  program w i l l  be  reviewed i n  what fo l lows .  Completed r e s e a r c h  

p r o j e c t s  w i l l  b e  summarized, t h e  s t a t u s  o f  ongoing s t u d i e s  w i l l  be p r e s e n t e d ,  0 

and p l a n s  for t h e  f u t u r e  o u t l i n e d .  Re la ted  a c t i v i t i e s  w i l l  a l s o  b e  addressed  t 
Z 
t 

f o r  c o ~ n p l e t e n e s s .  E 
i 
1 
h 
i 
L 

I 
1 
r 

i 
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PAST RESEARCH 

For many years ,  FHWA has sponsored a s  well a s  conducted ex t ens ive  r e sea rch  

addressing t h e  des ign ,  response,  and behavior o f  highway bridge s t r ~ ~ c t u r e s .  

FHWA has  a l s o  monitored and coordinated br idge  r e sea rch  conducted by o t h e r  

researchers  and i n  o t h e r  coun t r i e s .  F i e ld  and l e b o r a t o r y  t e s t i n g  o f  b r idges  

and br idge  components has  been a major p a r t  o f  t h i s  program. Such 

i n v e s t i g a t i o n s  have provided cons iderab le  i n s i g h t  i n t o  t h e  response o f  

s t r u c t u r e s  t o  loads.  In t h e  process  o f  conducting these s t u d i e s ,  t e s t i n q  

techniques have been r e f ined  and s o p h i s t i c a t e d  ins t rumenta t ion  systems have 

been developed. 

I n  t h e  e a r l y  1970's ,  a r r i t i c a l  need For more complete infnrrnat ion nn the  

, t ruck  populat ion was becminq  appareqt .  In the  p a s t ,  b r idge  t e s t s  were 

pr imar i l y  conducted t o  eva lua t e  s t r u c t u r a l  response t o  both c n n t r o l l e d  a s  w ~ l l  

a s  random t r a f f i c  loadinqs.  Why not  t u r n  t h i s  approach around and irse a 

c a l i b r a t e d  br idge  response t o  determine loads? To answer t h i s  ques t i on ,  TIiWA 

i n i t i a t e d  t h r ee  s h o r t  term research  p r o j e c t s  i n  1974 to  i n v e s t i g a t e  the 

feasibi l  i t y  o f  u t i l i z i n g  e x i s t i n g  br idge  s t r u c t u r e s  t o  weir~k t r l ~ c k s  it) mot ion. 

FCP 35F4-052 F e a s i b i l i t y  of tJtil izinq Hiqhway Bridges tn Weiyh Vehicles  i n  

Motion ( e x o t i c  sensors  on deck) 

Contractor :  I n t eg ra t ed  Systems, Inc. S t a r t  Date: 6-12-74 

Inves t i ga to r :  3. W. F o t h e r g i l l  Duration: 5 rnonths 

The o b j e c t i v e  o f  t h i s  s tudy  was t:r i n v e s t i g a t e  the  f e a s i b i l i t y  o f  usinq newly 

developed sensor  technology on b r idges  far neighing t r u c k s  i n  an t ion .  To 

accomplish this end ,  t h e  c o n t r a c t o r  was requi red  t o  conduct e l i t e r a t u r e  

search eimed a t  i den t  i fying new arld innovat ive  s e n s o r s  r e s u l t  inq  from de fense ,  

space, o r  o the r  R&D proqrams. Two bas i c  forms of  load  senso r s  were 

i d e n t i f i e d :  d i r ec t - can t ac t  Farm which would sense  d i r e c t l y  from the wheel 

contac t  ; and i n d i r e c t  forms which woulrf measure a r e s u l t a r ~ t  b r idge  response. 



1 
I 

1 
A t o t a l  o f  n i n e  d i r e c t - c o n t a c t  s e n s o r s  were examined i n c l t ~ d i n q  megneto- ! 

r e s t r i c t - i v e ,  p a i z o e l e c t r i o ,  pneumatic, and c a p a c i t i v e  types .  Of the i 

i n d i r e c t  s e n s o r s ,  an1 y s e i s m i c  were i n v e s t  i y a t e d  i n  depth .  Suppor t ing s e n s o r s  
I 
I 

f o r  rnpa:;ur inq a s s o c i a t e d  t r a f f i c  c h a r a c t e r  istics were a l s o  c a n s i d e r e d  and I 
i 

jricluded o p t i c a l ,  acoust  ic, v i d e o ,  l a s e r ,  r a d a r ,  u l t r a s o n i c ,  i n d u c t i o n ,  and 
% 

rnaqne t ir dev ires.  Th i s  researc:!~ r e s u l t e d  i n  comprehensive rccornmendat i o n s  

which d e f i n e  ins t , rumenta t iun requ i rements ,  systern conf igura t .  i o n s ,  and d a t a  
! 

r e d u c t  ion l o g  ic. The r e s e a r c h  c o n c l u s i o n s  einphasize t h e  need f o r  c a r e f u l  test 1 
and e v a l u a t i o n  o f  proposed s e n s o r s .  d 

B 
; 
1 

FOP 35F4-062 F e a s i b i l i t - y  n f  U t i l i z i n g  Hiqhway Br idges  t o  Weiqh Vehic les  i n  1 
k t i o n  ( s t r a h  q a g e s  a t  b r  idqc  b e a r i n g s )  r 

Contrac  t a r  r AS€, Inc.  S t a r t  Dates 6-12-74 I 
I n v a s t i q a t n r :  1-1. J. S i e q e l  Durat ion:  6 months 6 

I 
II 

The o b j e c t i v e  n f  t h i s  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  u s i n g  ii 

s t r a i r t  tlaqes innova t  i v e l y  a n  b r i d g e s  f o r  weighing t r u c k s  i n  motion. In  t h i s  

case, the c o n t r a c t o r  was r e q u i r e d  t o  review l i t e r a t u r e  whi le  focus inq  on i 
k r  idqe /ve l i i c l e  i n t e r a c t  ion  t h e o r y  and previous bridqe t e s t  intj exper ience .  The T 

c o n t r a r t o r  gave s p e c i a l  r n n s i d c r a t i o n  t o  b r i d q e  and v e h i c l e  dynamics and F 
b 

i d e n t i f i e d  parameters important  t o  t h e  weighing a p p l i c a t i o n .  Bridge t e s t i n g  

t e c h n i q u e s  were e v a l u a t e d  t o  de te rmine  t h e  optimum l o c a t i o n s  f o r  s t r a i n  gaqe  
I 
F 

s e n s o r s .  I t  was determined t h a t  s t r a i n  g a g e s  l o c a t e d  a t  t h e  b r i d g e  b e a r i n g s  
t 

would p r o v i d e  t h e  g r e a t e s t  p o t e n t i a l  f o r  weiqhing a x l e s .  I n d u c t i v e  l o o p s  and I k 

B 
pneimat i c  t u b e s  were c o n s i d e r e d  f o r  measuring t h e  t r a f f i c  p r o p e r t i e s .  The F 1 
r e s e a r c h  concluded with complete  recommendations r e g a r d i n g  instrumentation 1 
l a y o u t ,  d a t a  a c q u i s i t i o n  and p r o c e s s i n g  l o q i c ,  sys tem b l o c k  diagrams,  and 

hardware c e q u i r e ~ n e n t s .  
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The o b j e c t i v e  o f  t h i s  p r o j e c t  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  us ing  

c o n v e n t i o n a l  b r i d g e  t e s t i n g  t e c h n i q u e s ,  wi th  s t r a i n  g a y e s  mounted an t h e  

b r i d g e  g i r d e r s ,  f o r  weighing v e h i c l e s  i n  motion. L i t e r a t u r e  d o c m e n t i n y  

p rev ious  weiqh-in-motion r e s e a r c h  and b r i d g e  load  h i s t o r y  s t u d i e s  was 

reviewed. Methods f o r  measuring b r i d g e  bending moments and us ing  t h e s e  

rneasurelnents t o  p r e d i c t  v e h i c l e  axle  l o a d s  were developed.  A s  was t h e  case 

with  t h e  o t h e r  F e a s i b i l i t y  s t u d i e s ,  t h i s  r e s e a r c h  concluded with 

recommendations d e f i n i n g  a proposed system c o n f i g u r a t i o n .  

Upon complet ion o f  t h e  t h r e e  f e a s i b i l i t y  s t u d i e s ,  FHWA i n i t i a t e d  a compre- 

h e n s i v e  rev iew o f  t h e  f i n d i q q s .  Each proposed concopt  and i n s t r u m e n t a t i o n  

a o n P i g u r a t i o n  was e%aminetl t o  a c c e s s  i ts  complex i ty ,  p o t e n t i a l  f o r  s u c c e s s ,  

and p r o t o t y p i n g  c o s t s .  Although each  i d e a  had i ts own m e r i t s ,  a d e c i s i o n  was 
I made t o  pursue  t h e  approach recommended by P i l e  Dynamics, Inc. While t h i s  

d e c i s i o n  was be ing  made, a r e l a t e d  r e s e a r c h  e f f o r t  was i n i t i a t e d  a t  Lehiqh 

Univers i ty .  

FCP 4554-022 Use o f  B a r t o n s v i l l e  Br idge t o  Weigh Trucks i n  Motion 

Cont rac to r :  Lehicjh {Jn ivecs i ty  S t a r t  Date: 10-7-74 

I n v e s t i q a t o r :  J. H. D a n i e l s  Durat  ion : 20 n~on ths 

This  Pennsylvania  HP&R s t u d y  had t h r e e  main o b j e c t i v e s :  ( 1 )  t o  d e s i g n  two 

i n s t r u m e n t a t i o n  s e t u p s  which make use  o f  t h e  R a r t o n s v i l l e  Rr idqe on J-80 f o r  

weighing t r u c k s ,  (2)  t o  P ie ld  test  t h e  sys tems f o r  f u n c t i o n a l i t y ,  ( 3 )  t o  u s e  

t h e  systerns f o r  c o l l e c t i n q  d a t a  u s e f u l  i n  e v a l u a t i n g  t h e  e x t e n t  o f  o v e r l o a d s  

on 1-80. Data a c q u i s i t i o n  was i n t e n d e d  t o  be accomplished i n  a manual 

f a s h i o n .  One system c a n s i s t e : l  o f  s t r a i n  gages  i n s t a l l e d  on a l l  g i rders  a t  
two c r o s s - s e c t i o n s  o f  a s i m p l e  span  whi le  t h e  second emplqyed d e f l e c t i o n  g a g e s  

a t  t h e  same l o c a t i o n s .  S i n c e  s e n s o r  s i g n a l s  were stmmed, each system had a 
s i n g l e  o u t p u t  which was recorded  on c h a r t  paper  and l a t e r  p rocessed  by hand. 

Although t h i s  system was n o t  autolnated,  it d i d  c l e a r l y  demonstrake  t h e  

p o t e n t i a l  f o r  u s i n g  b r i d g e s  t o  weigh trucks. 

Zr 





, L,L,-V,L , .LlrAU LvCIIUaC..LVI I .,, , I.UCJ,,, I.UAljll-All-r .LVII Ins t rumenta t ion  

Contractor :  FHWA S t a r t  Date: 4-1-78 

Inves t i qa to r :  H. R. Bosch Duration: Ongoing 

T h i s  s t a f f  s tudy  was i n i t i a t e d  i n  Apr i l  1978 t o  e v a l u a t e ,  develop, and 

demonstrate b r idge  weigh-in-motion i n s t r u n e n t a t i o n  on in-serv ice  highway 

b r idges ,  Since i n i t i a t i o n ,  t h i s  p r o j e c t  has been extremely a c t i v e  and 

product ive.  I t  has  served a s  a  means t o  eva lua t e  instrutnentat iun systems and 

concepts  r e s u l t i n g  from r e l a t e d  c o n t r a c t  e f f o r t s .  To d a t e ,  f i v e  b r i d g e  

weigh-in-motion systems have r e s u l t e d  from c o n t r a c t  o r  HP&R work and a l l  have 
I 

been c a r e f u l l y  reviewed under t h i s  p ro j ec t .  Weighing accu rac i e s  were cornpared 

with weigh s t a t i o n ,  v e l o c i t y  accu rac i e s  compared with r ada r  and speed 

coun te r s ,  a x l e  spac ings  campared with f ixed  measurements. Rel. i a b i l i t y ,  

p o r t a b i l i t y ,  and ea se  of  use were a l s o  evaluated.  

The p r o j e c t  ha s  served as  a means t o  improve h r idqe  ~e igh- in-mot ion  

. During the course  o f  t h i s  

s tudy ,  many chanqes have been made t o  b t h  hardware and sof tware .  

Commercially a v a i l a b l e  s i g n a l  cond it inning with au to-ba la r~ce  capab i l  it y was 

loca ted  and implemented, New 'lbutton-box" c i r c u i t r y  and s i g n a l  condi t ion ing  

c e n t e r  were designed and f ab r i ca t ed .  A por t ab l e ,  se l f -conta ined  

" input /  j unc t inn  boxn was designed and f ab r i ca t ed  t o  al low summing and 

averaging o f  s t r a i n  s i g n a l s  frorn t h e  br idge.  A l a n e  switchinq system was 

designed and f ab r i ca t ed  to al low m u l t i p l e  l ane  d a t a  a c q u i s i t i o n .  P a r t a b l e ,  

reuseable  clamp-on s t r a i n  t r ansduce r s  were developed and implemented f o r  
I 

rou t ine  usa. Computer programs and a n a l y s i s  techniques were developed f o r  

eva lua t ing  system performance and d i sp l ay ing  d a t a  fo r  review and in6pect.ion. 

Numerous r e v i s i o n s  Rave been made t o  e x i s t  inrj cnlnputec s o f t  ware t o  improve 
li 

system e f f i c i e n c y  and ex tens ive  new software has  been dcvelopetl t o  e x t r a c t  

st.ructuraZ informatiom contairled i n  the  da t a .  

m 
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I T h i s  s t ; ~ f F  s t u d y  h a s  s e r v e d  a s  t e c h n i c a l  s u p p o r t  t o  a number o f  o t h e r  related .- i 
s t u d i e s .  Durinq t h e  course o f  t h e  p r o j e c t ,  an e x t e n s i v e  data base  has  been 1 

I 

assembled on truck c i i a r a c t e r i s t i c s  and b r i d g e  response  d a t a .  Th i s  ir ifnrrnation 4 f 
B 

is not. readily a v a i l a b l e  e l sewhere .  I t  h a s  been provided t o  t h e  U n i v e r s i t y  o f  I 
Maryland f o r  u s e  on s e v e r a l  HP&R s t u d i e s .  The i n f o r m a t i o n  i s  a l s o  a v a i l a b l e  

fair u s e  on FfiWA t r u c k  weight s t u d i e s  (TWS) and cost  a l .2ocat ion s t u d i e s  a s  
I I 

i 
needed. A number nF computer programs have been developed t o  e n a b l e  t h i s  ! 

B 
t r a n s f e r  o f  d a t a .  9 

The p r o j e c t  h a s  s e r v e d  a s  a means t o  p rov ide  t e c h n i c a l  a s s i s t a n c e  t o  S t a t e  

highway a g e n c i e s  and f o r e i g n  highway o f f i c i a l s  i n t e r e s t e d  i n  WIM technology.  

P r o j e c t  s t a f f  have s e r v e d  a s  c o n s u l t a n t s  t o  a nunher o f  i n t e r e s t e d  p a r t i e s .  
I b 

S t a t e  highway a g e n c i e s  such a s  Wisconsin,  Minnesota,  IJtah, Pennsy lvan ia ,  'i 
'i 

Maryland, Texas, and Georgia have been g i v e n  adv i c e  and assistanr:e on t he  i 
B 

purui~ase n f  new WIM equipment.  Other highway a g e n c i e s  such a s  Maine and South 1 
Dakota have heerr g iven d e t  n i l e d  in fo rmat  i o n  and gu idance  i n  deve lop ing  t h e i r  1 
own WIM systt?bns. As a by-product o f  t h i s  r e s e a r c h ,  a number o f  hardware I! 
d e v i c e s  and computer p r a g r a n s  have been developed ~ h i c h  a r e  q u i t e  u s e f u l  i n  ! 

E 
o t h e r  a p p l i c a t i o r i s .  Var ious  highway a g e n c i e s  and f o r e i g n  v i s i t o r s  have 1 

E 

r e q u e s t e d  i n f o r m a t i o n  regard ing  s t r a i n  t r a n s d u c e r s ,  summing boxes,  e t c .  F 
t 
I 
4 

The p r o j e c t  h a s  a l s o  s e r v e d  a s  a means t o  demons t ra te  t h i s  r a p i d l y  evo lv ing  

t echno logy  t o  interested p a r t i e s .  Br idge WIN i n s t r u m e n t a t i o n  and p e r i o d i c  i 
erlhancements o f  t h i s  i n s t r u n e n t a t  i o n  have f r e q u e n t l y  been demonstra ted  t o  f 

S t a t e  hiqhway a g e n c i e s  and f o r e i g n  v i s i t o r s .  These d e m o n s t r a t i o n s  have been [ 
conducted a t  t h e  Turner-Fairbank Hiqhway Research Center  (TFHRC), TRB annual  i 

meet ings ,  and a t  h r i d g e  f i e l d  s i t a s  d u r i n q  a c t u a l  t e s t i n g  and e v a l u a t i o n .  d 

h 

F i n a l l y , ,  t h i s  p r o j e c t  h a s  s e r v e d  as a means to  d i s c o v e r  new a p p l i c a t i o n s  f o r  

I a 
MIM techrwlog y and i n s t r u m e n t a t i o n .  C u r r e n t l y ,  W I M  i n s t r u m e n t a t i o n  is be ing  

l 
b 
I 

s t u d i e d  as  a t o o l  for e v a l u a t i n g  s t r u c t u r a l  per  formance. Var ious  p o r t i o n s  o f  t a 
4 

WIM insl rcmnet~ta t ior ,  a r e  be ing  used i n  o t h e r  t e c h n i c a l  a r e a s .  For example,  o 

P 

E 
$ 
1 
I 
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9 

I 

I 

s e l  f-balanc ing s i g n a l  cond i t i on  inq is being used i n  aerodynamic s t u d i e s  a t  

TFHRC. The summer box is being used i n  developing turbulence  s i g n a l s  f o r  

c o n t r o l l i n g  a c t i v e  s imula t ion  o f  l a rge - sca l e  turbulence i n  t h e  FIiWA wind 

tunne l .  Clampon s t r a i n  t r ansduce r s  a r e  beinq used t o  measure response o f  

long span s t r u c t u r e s  t o  c o n t r o l  loadings.  The microcomputers have been l i nked  
i 

with o the r  p e r i p h e r a l s  t o  copy d a t a  t o  d i f f e r e n t  media, t o  a s s i s t  i n  d a t a  

a c q u i s i t i o n  on o t h e r  p r o j e c t s ,  and t o  provide d a t a  processing c a p a b i l i t i e s  f o r  

a v a r i e t y  o f  o the r  app l i ca t i ons .  

FCP 35L3-132 Weigh-in-Motion Ins t rumenta t ion  Modif icat ions and Improvements 

Contractor :  F. Moses S t a r t  Date: 9-1-78 

Inves t i ga to r  : F. Moses Duration: 20 months 

The o b j e c t i v e  o f  t h i s  purchase order  was t o  obt.ain t e c h n i c a l  a s s i s t a n c e  from 

Dr. Moses i n  eva lua t ing  var ious  i n s t r u n e n t a t i o n  d i f f i c u l t i e s  which were 

encountered during t h e  e a r l y  s t a g e s  o f  t h e  s t a f f  s tudy.  System documentation 

was improved, wiring problems were i d e n t i f i e d  and f i x e d ,  sof tware  bugs were 
I 

l oca t ed ,  and set-up techniques were r e f ined  a s  a p a r t  o f  t h i s  ~ f f o r t .  In  

a d d i t i o n ,  recommendations were made regarding upgrade o f  t h e  Varian computer 

and t h e  add i t i on  o f  mul t i - lane  c a p a b i l i t y  t o  t h e  e x i s t i n g  system. Dr. Mows 

a l s o  provided a genera l  review o f  d a t a  c o l l e c t e d  by t h e  system. 

Concurrent with our WIM sLaff s tudy ,  Ohio Depaftment o f  Transpor ta t ion  (ODOT) 

decided t o  i n i t i a t e  a S t a t e  research  e f f o r t  t o  develop a second genera t ion  

br idge  weigh-in-mot ion system. This p r o j e c t  was ta  bu i ld  upon experience and 

information hecorning a v a i l a b l e  through use o f  t he  prototype.  

FCP 45L3-062 Weighing Trucks-in-Motion Using I n s t r m e n t e d  Highway Bridges 

Contractor:  Case Western Reserve Universi ty  S t a r t  Date: 2-27-79 

Inves t i ga to r  : F. Moses Duration: 36 months 
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1 

The o1) jeot ive  o f  t h i s  Ohio s t u d y  was t o  implement a s t and-a lone  b r i d g e  

weigh-in.-motion systeln which would be c a p a b l e  o f  n o t  o n l y  a c q u i r i n q  d a t a  bu t  i 

a l s o  p r o c e s s i n g  i t  f o r  t r u c k  weights .  Although t h e  Varian computer chosen f o r  

t h e  p r o t o t y p e  b r i d g e  HIM systern had t h e  p o t e n t i a l  f o r  p r o c e s s i n g  f i e l d  d a t a  t r ~  

prov ide  we igh t s  arld v e h i c l e  c l a s s i f i c e t i o n s ,  i t  was i n t e n t i o n a l l y  n o t  c o n f i g -  

ured t o  do so .  FI4WA saw a need to  s e p a r a t e  f i e l d  a c t i v i t i e s  and p r o c e s s i n g  

a c t i v i t i e s  d u r i n g  t h e  developmental  s t a g e  t o  e n a b l e  a c l e a r e r  f o c u s  on t h e  

inany t e c h n i c a l  problems a s s o c i a t e d  with t h i s  complex a p p l i c a t i o n .  The Ohio 

r e s e a r c h  l e d  to  t h e  s e l e c t i o n  o f  a s m a l l e r ,  more p o r t a b l e  computer,  Dec Minc 

11/03, f o r  use  ;IS t h e  systern c o n t r o l l e r  and d a t a  p r o c e s s o r .  Data p r o c e s s i n g  

programs developed f o r  use on mainframes were conver ted  from F o r t r a n  t o  Ras ic  

and imp1 e~nen ted  ntl t i le new minicomputer. Various t y p e s  o f  r e u s e a b l e ,  clamp-on 
X 

s t r a i n  t r a n s d u c e r s  were i n v e s t  iga ted .  These t r a n s d u c e r s  s i m p l i f y  i n s t a l l a t i o n  

a t  t h e  b r i d g e  s i t e  and p rov ide  q r e a t e r  s e n s i t i v i t y  f o r  measuring b r i d g e  

responsp.  Data a e q u i s i t  ion  soFtware  was enhanced t o  i n c l u d e  a x l e  coun t  inq and 

v e h i c l e  d e t e c t i o n  c a p a b i l i t y .  Th i s  meant t h a t  i t  was no l o n q e r  n e c e s s a r y  f o r  

an o b s e r v e r  t o  coun t  and i n p u t  t h e  number o f  a x l e s  f o r  each  v e h i c l e  weighed. 4 
The WIM system was d e l i v e r e d  t o  OD01 and t h e  r e s e a r c h  team i n s t r u c t e d  ODOT 3 
personne l  on its use  and a p p l i c a t i o n .  1 

.l a 

In l a t e  1980, midway th rouqh  t h e  Ohio s t u d y ,  FNWA awarded a major b r i d g e  WIM 

c o n t r a c t  t o  t h e  newly formed Bridge Weighing Systems,  Inc .  o f  W a r r e n s v i l l e  

He igh t s ,  Ohio. Th i s  r e s e a r c h  e f f o r t  was one o f  many s t u d i e s  awarded then  t o  

s u p p o r t  t h e  FHWA 3-yeas hiqhway c o s t  a l l o c a t i o n  s t u d y  r e q u i r e d  by t h e  S u r f a c e  

T r a n s p o r t a t i o n  A s s i s t a n c e  Act o f  1978. S p e c i f i c a l l y ,  t h e  WIM c o n t r a c t  was t o  

p rov ide  t h e  c o s t  a l l o c a t i o n  team wi th  a c c u r a t e  i n f o r m a t i o n  r e g a r d i n g  t h e  

c u r r e n t  t r u c k  l o a d i n g  spectrum. Ak about  t h e  same time, Maine Department o f  

T r a n s p o r t a t i o n  (MEDOT) i n i t i a t e d  an HP&R s t u d y  t o  i n v e s t i g a t e  t h e  p o t e n t i a l  o f  

t h i s  r a p i d l y  evo lv ing  b r i d g e  WIM technology.  



The o b j e c t i v e  o f  t h i s  e f f o r t  was two-fold: (1)  t o  de te rmine  t h e  a c t u a l  

s p e c t r i m  n f  l o a d i n g  on U.S. highway b r i d g e s  based upon a r e p r e s e n t a t - i v e  

sampling o f  c u r r e n t  t r a f f i c  c o n d i t i o n s ,  and ( 2 )  t o  assemble  t h i s  i n f o r m a t i o n  

i n t o  a comprehensive format which would e n a b l e  a d e t a i l e d  and a c c u r a t e  

assessment  o f  t h e  e f f e c t s  o f  c u r r e n t  heavy v e h i c l e  l o a d i n g s  on t h e  l i f e  o f  t h e  
Y highway system. To accomplish t h i s ,  t h r e e  new ( t h i r d  g e n e r a t i o n )  b r idge  WIM 

A sys tems were des igned  and f a b r i c a t e d  f o r  use  d u r i n g  t h e  p r o j e c t .  Each sys tem 
- was a h i t  d i f f e r e n t  from the p r e v i o u s  one,  i r l co rpora t ing  t h e  l a t e s t  

enhance~nents  o r  r e s e a r c h i n g  new techn iques .  With t h e s e  new syste tns ,  one  saw 

t h e  appearance  o f  f a s t e r  and [nore e x t e n s i v e  s o f t w a r e  developed e n t  ire1 y i n  

F o r t r a n ,  repackaging o f  support e l e c t r o n i c s  i n c l u d i ~ ~ g  debouncing and summing 

c i r c u i t r y ,  simp1 i f i c a t i o n  i n  c a b l i n g  schemes whi le  i n c r e a s i n g  se t -up  

f l e x i b i l i t y ,  and i n t r o d u c t i o n  o f  new s t r a i n  t r a n s d u c e r s .  Much o f  t h i s  

technology was s h a r e d  wi th  t h e  Ohio s tudy .  D e t a i l e d  t r u c k  d a t a  was c o l l e c t e d  

a t  33 br idge  sites i n  seven S t a t e s .  The s i t es  were c a r e f u l l y  s e l e c t e d  t o  

p rov ide  a r e p r e s e n t a t i v e  sampl.inq o f  kraffic from a v a r i e t y  o f  highway 

f a c i l i t i e s .  A t  t h e  same t ime ,  art a t t e m p t  was made to  u s e  a v a r i e t y  o f  b r i d g e  

types t o  e n a b l e  e v a l u a t i o n  o f  WIM system capabilities and l i m i t a t i o n s .  The 

second of  t h e  t h r e e  systerns f a b r i c a t e d  f o r  t h i s  p r o j e c t  was d e l i v e r e d  t o  FtiWA 

s h o r t l y  a f t e r  assembly. I t  was t o  be used as p a r t  of FHWA's ongoing s t a f f  

r e s e a r c h .  The remaining two aystetns were d e l i v e r e d  t o  FtiWA a t  t h e  c o n c l u s i r ~ n  

of  t h e  p r a j e c t .  

FCP 45L3-152 Weigh-in-Mot ion I n s t r u m e n t a t  ion  o f  a Br idge 

Cont rac to r :  Maine DOT S t a r t  Date: 7-1-80 

I n v e s t i g a t o r :  J, Wyman Dura t ion :  Ongoing 
I 1 



I 

The object. ive of  t h i s  HP&R study is t o  use a br idge  t o  ob ta in  t ruck  weight 
t 

da ta  in  an undetet.t:ed manner and apply t he  d a t a  i n  determining s t r u c t u r e  and 

pavement maintenance requirements.  The qene ra l  approach has  been t o  
, 

i n v e s t i g a t e  var ious  a spec t s  o f  t he  br idge  weigh- in-mot ion concept a s t e p  a t  a 
I 

I 

t ime without prematurely committing t o  purchase nf an e n t i r e  system. MEDOT 
I 

has  i n s t a l l e d  permanent :.;train gages on a l l  g i r d e r s  o f  t h e  North Channel 

Bridge over t h e  Kennebec River i n  Skowhegan. This s t r u c t u r e  exper iences  a ! 

l a r g e  number of heav i ly  loaded logginq t.rr~cks. S t r a i n  s i g n a l s  from each j 
t 

br idge  g i r d e r  a r e  summed and t h e  t o t a l  is recorded on s t r i p - c h a r t .  Data I 

i 

reccrrdinq and processing is a manual ope ra t i on ,  but works q u i t e  well  in  t h i s  i 
t 

app l i ca t i on .  The S t a t e  has purchased d microcomputer and is c u r r e n t 1  y 
I 1 

i n v e s t i q a t i n q  requirements fo r  automating t h e i r  system, In a d d i t i o n ,  they I 

1 
have r ecen t ly  purchased clamp-on s t r a i n  t r ansduce r s  so  t h a t  o t h e r  br idge  1 
s i t e s  may e a s i l y  he instrumented. 1 

t 
i 

lJpon co~nple t ion  o f  t h e  f i r s t  ODOT b r idge  VIM s tudy ,  i n t e r e s t  was r e d i r e c t e d  t o  I 

I 
focus more s p e c i f i c a l l y  on the  ques t ion  o f  h r idge  loadings .  Early i n  1982, 

a S t a t e  r e sea rch  p r o j e c t  was i n i t i a t e d  t o  s tudy  methods f o r  measuring extreme 
I 
I 

br idge  loads  r e s u l t i n g  from mul t i p l e  veh ic l e  events .  One year l a t e r ,  a second 1 

concurren t  s t udy  cocnmenced t o  eva lua t e  br idge  load  d a t a  and develop load 1 
I 

models. 

i 
FCP 45L3-132 Instrumentat ion f o r  Weighing Trucks-in-Motion for  Highway Bridge E 
Loads I 

I 
F 
L 

Contractor :  Case Western Reserve Universi ty  
i 

S t a r t  Date: 1-1-82 i 
1 

i 
l n v e s t i q a t o r  : F. Moses Duration: 32 months t 

i 
The o b j e c t i v e  o f  t h i s  HP&R p r o j e c t  was t o  u t i l i z e  t h e  br idge  W I M  concept and i 

I 
weight p r ed i c t i on  methods t o  provide d a t a  on t h e  d i s t r i b u t i o n  o f  maximum I 

F 
br idge  loadings ,  To accomplish t h i s  end, t h e  WIM system was f i r s t  modified t o  

enable  weighing with rnore than one veh ic l e  on t h e  b r idge  a t  a time. This  i 
a c t i v i t y  involved s imula t ion  o f  combined s t r a i n  r eco rds  based upon examination 

i w 
E 
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oF e x i s t i n g  s t r a i n  d a t a  Followed by ex tens ive  sof tware  modificat,ion:; and 

t e s t i n g .  In t h i s  con f igu ra t i on ,  t he  system requ i r e s  a rnore cornplex an11 time 

consutning br idqe c a l i b r a t i o n  procedure s i n c e  g i r d e r  d i  s t r  i bu t  ioii f a c t o r s  neeti 

t o  be e s t a b l i s h e d  as welt a s  t h e  normal c a l i h r e t i n n  fac tor .  Addit. i o n a l l y ,  

d a t a  requirements d i c t a t e  t h a t  a c q u i s i t i o n  be more o f  a cont inuous ope ra t i nn  

r e s u l t i n y  i n  more infor~nat ior l  to be processed. A l a r g e r  po r t i on  o f  system 

time i n  the f i e l d  must be devoted t o  a c q u i s i t i o n  and processing becornes much 

more cornplex. Rridge WIM modi f ica t ions  were t e s t e d  and demonstrated on 

s e v e r a l  b r idges  and ODOT personnelwere i n s t r u c t e d  i n  use o f  t h i s  new 

conf igu ra t i on .  Load data c o l l e c t e d  during the  bridge tests was e v a l u a t ~ d  to  

determine the  frequency o f  extreme loads ,  t r u c k  headway, Zarlal d i s t r i hu t . i on ,  

s t r e s s  ranges,  etc .  

FCP 45A1-212 Comprehensive Study of  Bridge l n a d s  arid Re1 iah i l  i t  y 

Contrnc t o r  : Case Western Reserve Universi ty  S t a r t  Date: 5-3-83 

Invcs t i qa to r  : F. Moses Duration : 24 months 

The purpose o f  t h i s  HP&R study is t o  coord ina te  and assess i n  a r e l i a h i l i t y -  

based framework, b r idqe  loading data which has r e c e n t l y  become a v a i l a b l e  

through t h e  use o f  br idge  W I M  equipment. A major emphasis i n  t h i s  rcseasch 

has been t o  organize e x i s t i n g  load infor'rnation inkc] a cotnprehensive format 

tha t  is s u i t a b l e  f o r  r e sea rche r s ,  designers ,  and code w r i t e r s  a l i k e .  Load 

rnodeling h a s  involved s imula t ion ,  c losed farm p r e d i c t i o n s ,  and eva lua t ion  o f  

design approximations. Procedures fo r  applying load s p e c t r a  to f a t i g u e  

anal  y s i s  and maximum load at-isrrrsnent werc developed. 

CURRENT RESEARCH - 

The f i r s t  : J t ; ~ a d ~  of  FHWA WIN research (1974-1983) saw t h e  br idge  

weigh-in-mot.ion technology e v o l v e  Psorn a F e a s i h i l i t  y concept i n t o  a u s e f u l  

research and p l a n n i n g  t oo l  fo r  eva lua t ing  k.raFfic as  rcell a s  bricfqe lnads. 

Nearly every s tudy  r e l a t e d  t o  t h i s  develop~nerlt- ha s  been e i t h e r  d i c & c t l y  o r  

i n d i r e c t l y  sponsored by t h e  Federal  Highway Adminis t ra t ion.  This r e p r e s e n t s  
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I 

1 

an irivestlnsnt: o f  $1.2 m i l l i o n  i$700,000-FHWA r e s e a r c h ,  $500,000-State f iP&R) t o  

develor,  a new technology.  Br idge WIM r e s e a r c h  is c o n t i n u i n g  and current .  

a c t i v i t i e s  a r e  focc~s inq  on r e f i n i n g  , implelnenting , and app ly ing  t h i s  new 

t ~ c h n o l o g y  t o  s a t i s F y  a wide ranqe o f  highway enqir ieer inq needs. Dn a b roader  

s c a l e ,  t h e r e  is an i n c r e a s i n g  awareness i n  t h e  highway community regard ing  tlie 
I 

u v e r a l l  u t j  l i t y  qf  WIM technoloqy f ~ r  a d d r e s s i n g  c r i t i c a l  i s s u e s  of  t r u c k  s i z e  

; ~ n d  we iqht, , cost  a1 l o c a t  ion  and t a x a t  i o n ,  b r  idgc and pavernen t des irjn and I 
Pehabi l  i t  ak i n r ~ ,  t r u c k  and t r a n s p o r  t s a f e t y ,  weight and s a f e t y  enforcement ,  

h r i d q e  formula enforcernerlk, and g e n e r a l  r e s e a r c h  needs.  This  is r e s u l t i n y  i n  I 

I 

growing WIM P&R a c t i v i t y  w i k h i r ~  o t h e r  FHWA o f f i c e s  a s  well as o t h e r  agenc ies .  i 
i 

I FCP 35L34192 S t r u c t u r a l  E v a l ~ ~ a t i o n  o f  In-Service Bridges  IJsing WIM Technoloqy 1 

C o n t r a c t o r :  Lehjgi-1 i h i v a r s i t y  S t a r t  Date: 9-30-81 
I I 
I 

i n v e s t  igat-or : J. H. Dan ie l s  Durat ion : 30 months 1 
i 

,411 i m p ~ r t ~ ~ ~ t  p a r t  o f  t h e  i n t e g r i t y  o f  liighway s t r u c t u r e s  is determined by t h e  

I hfet.irne load ing  i t  exper iences .  Pavement s t r e s s e s  a r e  due p r i m a r i l y  t o  

i n d i v i d u a l  t r u c k  a x l e  l o a d s ,  S r i d g e  s t r u c t u r e s ,  on t h e  o t h e r  hand, respond t o  

a complex a r r a y  o f  p a r a ~ n e t e r s  such  a s  g r o s s  weight and a x l e  l o a d s ,  a x l e  

I 
1 

spac ing  and l o a d  d i s t r i b u t i o n ,  t r u c k  volume and v e l o c i t y ,  a s  we l l  a s  b r i d g e  

s t a t i c  and dynamic s t r u c t t ~ r a l  c h a r a c t e r i s t i c s .  The f a t i g u e  c rack inq  o f  1 
1 highway s t r u c t t ~ r e s  is a r e s u l t  o f  m i l l i o n s  o f  l o a d  r e p e t i t i o n s  and t h e i r  

t 
I 

I 
I 

irir:rernental darnages p r i o r  t o  f a i l u r e .  / 

I 

The o b j e c t i v e  o f  t h i s  r e s e a r c h  is t o  de te rmine  what b r i d g e  response  and t r u c k  f 

I load inq  i n f o r m a t i o n  is  necessa ry  f o r  a d e t a i l e d  e v a l u a t i o n  o f  s t r u c t u r a l  

performance.  Methods a r e  being developed t o  use WIM technology t o  o b t a i n  t h e  1 requ i red  d a t a .  An FHWA b r i d g e  WIM system is be ing  modif ied t o  e n a b l e  

I a c q u i s i t i o n  o f  more e x t e n s i v e  b r i d g e  response in format ion .  System s o f t w a r e  is 

h e i n y  ex t snded t o  provide f o r  e v a l u a t i o n  o f  s t r u c t u r a l  pe r  forrnance under known 

l a a d  coridit  ions .  Four s t r u c t u r e s  w i l l  be t e s t e d  and e v a l u a t e d  us inq t h e  new 

system o u n f i q u r a t  ion.  

1 
I 



Contractor  : Metro Systelns Engineering S t a r t  Date: 10-1-83 

Inves t i ga t a r  : W. Cunagin Duration: 24 months 

The o b j e c t i v e  o f  t h i s  p r o j e c t  is t o  develop a po r t ab l e ,  low c o s t  and e f f e c t i v e  

t r a f f i c  c l a s s i  f i c a t  ion system based upon weighing t h e  ax l e  f o r c e s  o f  v e h i c l e s  

rnoving i n  normal t r a f f i c  flow over highway pavements. This  research  involves  

review of  l i t e r a t u r e  and c u r r e n t  WIM t e c h n o l q y  t n  i d e n t i f y  t h e  b e s t  

approaches a v a i l a b l e ,  l a b  and f i e l d  t e s t i n g  o f  equipment and methods, 

development of  a low c o s t  pavement t r ansduce r ,  and f a b r i c a t i o n  o f  a pro to type  

system. 

Progress  on the  s tudy  has  advanced t o  t he  pa in t  where a concept for  t he  

prototype has  been developed and assembly o f  a system is underway. The 

t ransducer  w i l l  be c a p a c i t i v e ,  p o r t a b l e  (or expendable) and wF 1 l be connec ted 

t o  a small  b a t t e r y  pawered d a t a  a c q u i s i t i o n  system t o  record weights,  v e h i c l e  

c l a s s i f i c a t i o n ,  and tirnes on a magnetic d i g i t a l  c a s s e t t e  t ape  in t h e  

convent ional  manner (probably usinq t h e  Streeter-Richardson sy!;tern). A 

threshold s ens i r~g  device can be used to  t r i q q c r  an alarm. Prescznt development, 

r e s t ~ l t : j  a r e  very encouracjing. 

?P Synthes i s  Topic 16-02 Use o f  Weiyh-in-Motion Systecns fo r  Data 

t i o n  and Enforcement 

Contractor :  Texas Transpor ta t ion  1nst.itut.e S t a r t  Date: 3-1-94 

Invest  iqator : W. Cunagin Duration: 18 months 

s t a t e  o f  t h e  a r t  o f  weigh-in-motion equipment has  developetl rap id ly .  

t ron ics  and computer breakthroughs have made t r a d i t i o n a l  techrlj ques for  

l l e c t  i r - t c~  tr-aFFic da ta  and t ruck  weioht enforcement a b s u l e t , ~ .  l i i s t o c i c a l  l v .  ., 8 .  

r e l i a b l e  d a t a  on t ruck   weight.^, ax l e  weights,  speed,  and veh ic l e  



cnller:t ion O F  lclrrle volumes o f  d a t a  without a d d i t i o n a l  p e r s o n n e l ,  and for  

ra:;ipr unfoccernen t a r ~ d  ~nonit,rtr inq o f  weight proq rains. 

The s y n t h e s i s  w i l l  de te rmine  what k i n d s  o f  d a t a  can  be  obtained from t h e  

p r e s e n t  WIM e q u i p ~ n e n t ,  Ques t i ons  t o  b e  addressed  by t h e  s y n t h e s i s  i n c l u d e :  

How is WIM equipment c ~ ~ r r e n t l y  b e i n g  used i n  t h e  United S t a t e s  and i n  o t h e r  

c o u n t r i e s ?  How can  NIM e t ~ u j p r m r ~ t  b e  rnost e f f i c i e n t l y  elaployed? Nhat a r e  the 

advantages and t h e  p r o k l m s ?  What h i e r a r c h y  o f  W I M  a ~ d  t r a f f i c  equipment 

would g i v e  t h e  most data with  minimm c o s t ?  H o w  a c c u r a t e  is W I M  equipment and 

how can  i t  be  c o r r e l a t e d  wi th  f i x e d  s c a l e s ?  Any problems ( t a g e t h e r  ~ i t l ~  t h e  

s o l u t i o n s )  encountered in  the use  o f  W I M  s y s t e ~ n  w i l l  be  i d e n t i f i e d .  T h i s  

project .  is a p p r o x i ~ n a t o l y  50 p e r c e t ~ t  complete  and t h e  F i r s t  d r a f t  o f  t h e  

s y n t h e s i s  repo r t  has heen snhmikted for review. 

NCIiRP Project 40-15 5truc:tural  S t r e n g t h  Eva lua t ion  of E x i s t i n q  R ~ i n f o r c ~ ? . d  
i 

Concre t t ?  nr i l jges  I 
t 

Crrntrac t o r  : Engineer  illy Cornputer Corpora t i an  I - S t a r t  Date : 4-1-90 

I n v e s t  i q a t o r  : R. Irnbsen Duration:  20 months 

I [  - S t a r t  Date: 4-1-84 

Durat ion:  18 months 

The o b j e c t i v e  o f  t h i s  p r o j e c t  is t o  deve lop  improved methodology f o r  

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

s u p e r s t r t ~ c t u r e  and t o  p r e s e n t  i t  i n  a s p e c i f i c a t i o n  format s u i t a b l e  f o r  

c o n s i d e r a t i o n  by AASMTD. The f i n a l  r e p o r t  on t h e  f i r s t  phase o f  r e s e a r c h  

i n c l u d e s  f i n d i n g s  and recommendations r e l a t e d  t o  methods o f  p r e d i c t i n g  

s t r u c t u r a l  c a p a c i t y  f o r  l o a d r a t i n g  c o n c r e t e  highway b r i d g e s .  The l i m i t - s t a t e  

approach t o  b r i d g e  e v a l u a t i o n  recommended i n  t h i s  r e p o r t  a p p e a r s  t o  be  

promis ing;  however, some o f  t h e  f a c t o r s  inc luded  i n  t h e  r e p o r t  a r e  n o t  we l l  

docunented,  and t h e  recommended approach is n o t  y e t  r e a d y  f o r  widespread 

a p p l i c a t i o n .  The second phase  o f  r e s e a r c h  has as  its o b j e c t i v e  f u r t h e r  

development o f  t h e  l i m i t - s t a t e  approach t o  e v a l u a t e  t h e  s t r u c t u r a l  c a p a c i t y  o f  



r e i n f o r c e d  c o n c r e t e  b r i d g e  s u p e r s t r u c t u r e s .  The recomrnendcd p rocedures  w i l l  

b e  p resen ted  i n  a  formal s u i t a b l e  f o r  c o n s i d e r a t i o n  by AASFITO. This  r e s e a r c h  

i n c l u d e s  reviewing b r i d g e  i n v e n t o r y  s t a t i s t i c s ,  conduc t ing  a s e n s i t . i v i t y  

a n a l y s i s ,  e v a l u a t i n q  a v a i l a b l e  t e s t  r e s u l t s  ( i n c l u d i n g  WIM d a t a ) ,  c a l i h r a t  irig 

t h e  proposed method us ing t h e  i n f o r m a t i o n  c o l l e c t e d ,  and comparing t h e  r e s u l t s  

wi th  t h o s e  o b t a i n e d  us ing  c u r r e n t  p rocedures .  Phase I1 p r o g r e s s  is hehind 

schedu le  wi th  o n l y  40 p e r c e n t  o f  t h e  work complete ,  

FCP 45K2-262 Weiqh-in-Motion Applied t o  Bridge Evalcsatior~ 

Cont rac to r :  Case Western Reserve Uri ivers i ty  S t a r t  Date: 9-4-84 

I n v e s t i g a t o r ;  F.  Mases Dura t ion :  12 monkhs 

This Ohio HP&R s t u d y  h a s  many s i m i l a r i t i e s  wi th  t h e  Lehigh c o n t r a c t  d e s c r i b e d  

e a r l i e r .  Over 100,000 b r i d g e s  i n  t h e  U i i t s d  S t a t e s  are  though t  t o  b e  

s t r u c t u r a l l y  d e f i c i e n t .  Many o f  t h e s e  b r i d g e s  were des igned  and cons t r l~c l sed  

i n  a  rnanncr t h a t  achieved g r e a t e r  s t r e n g t h  l;iian reco!lnized i n  code  check ing  

p r o v i s i o n s .  Cur ren t  e v a l u a t i o n  and r a t i n g  rnethods emphasi ze h r i d g e  c o n d i t i o n  

and member dimensions.  I n s p e c t i o n  methods, however, r a r e l y  measure b r i d g e  

l o a d i n g s  o r  member rosponses .  Develop~rients i n  b r i d g e  weigh-in-motion 

technology make i t  f e a s i b l e  t o  i n v e s t i g a t e  e x i s t i n g  b r i d g e s  erlrl p r o v i d e  more 

a c c u r a t e  load data f o r  t h e  eva lua t i c~r t  p rocess .  

Th i s  st,udy i n v o l v e s  t e s t i n g  a riuinber o f  e x i s t i n g  b r i d g e s  us ing  b r i d g e  WIM 

equipment t o  o b t a i n  in fo rmat ion  u s e f u l  f o r  b r i d g e  e v a l u a t i o n  and r a t i n g .  Dat,a 

on t r u c k  a x l e  l o a d s ,  impact ,  load d i s t r i b u t i o n ,  ext reme l oads ,  and s t r e s s e s  is 

being a c q u i r e d  and i ~ j c o r p o r a t e d  i n t o  en improved r a t i n g  a n a l y s i s .  S e v e r a l  

p r e v i o u s l y  r a t e d  b r i d g e s  have been ins t rumented so far  and d a t a  p r a c e s s i n q  js 

underway. Res~11t.s w i l l  be cornpared wi th  o t h e r  r a t i n g  met.hods and OIIDT 

personnel  w i l l  be i n s t r u c t e d  i n  use o f  t h e  new techniques. 
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FCP 45K2-282 Imple rnen t~ t  ion  o f  a Cnnt in i~ous  Fixed S i t e  Hridge WItll Operat ion 

Cnntrar.tor: Rcidgt? Wcicli~inrg Systems,  Inc .  S t a r t  Oate: 11-1-84 

Inves t  i q a t o r  r R. Snyder Durat ion:  18 months 

Tfic Ohio DOT h a s  heen he log l,ilr3 b r i d g e  weigh-in-mation method f o r  a c q u i r i n g  

t r u c k  weight and t r a f f i c  d a t a .  This  approach u s e s  e x i s t i n g  b r i d g e s  t o  p r o v i d e  

eqr r iva len t  s t a t  ic weights o f  v e h i c l e s  rnoving a t  riorrnal speeds .  To d a t e ,  more 
i 

than  c i q h t  S t a t e s  and Federa l  a q e n c i e s  i n t e n d  t o  u s e  t h i s  method, In a d d i t i o n  i 
E 

ko heirxl a d i sc - re te  weiyhing o p e r a t i o n ,  t h e  system was developed t o  be mobi le ,  

a l lowinq personnel. t o  e a s i l y  s u r v e y  rnany sibs. A l i m i t i n g  f a c t o r  f o r  
i 

long-term s u r v e y s  o f  :;iil&s f o r  weekly or s e a s o n a l  v a r i a t i o n s  i n  weight d a t a  is 1 
t h a t  the sys tem r e q u i r e s  two a p e r a t i n q  pe r sonne l .  Thus, t.hece is a need f o r  1 
ex tprldincy t h e  syst-r.n o p e r a t e  unmanned f o r  c o n t i n u o u s  p e r i o d s  o f  tirne. I 

i 
i 

i i~ is  s t u d y  w i l l  p rov ide  0l3UT with  at] o p e r a t i o n a l  W I M  sys tem,  i n s t e a l l e d  a t  I 
i 

a br idgt :  s i t , r  fol- c:ontir,uous unat txnded o p e r a t i o n .  Th i s  new syste;n wi1.1 E 
complerner~t t h e  S t a t e ' s  e x i s t i n g  p o r t a b l e  WIM system which cou ld  be used t o  1 
check hy-pass r o u t e s  o r  t o  i d e n t i f y  t h e  sites f o r  long-term i n t e r v a l  weighing. i 

A1 though t h i s  s t u d y  h a s  j u s t  begun, some p r o g r e s s  h a s  been made toward 1 
* 

i d e n t i f y i n g  v a r i o u s  sys tem requ i rements ,  F 
i 
i 

FUTlJRE RESEARCH r 
i 
P 

NCHKP P r o j e c t  13-26 r l i s t r i b u t i o n  o f  Wheel Loads nn Highway Br idges  
, 
i 
t 
E 

Cont rac to r :  Engineer ing Computer Corpora t ion  S t a r t  Date: Pending i 

Dura t i an :  27 months Inves t  i q a t o r  : R. Imbserl 
I 

i 

I 
1 

Wheel load d i s t r i b u t i o n  on highway b r i d g e s  is one  o f  t he  key e lements  i n  i 
i 

deterrnininq member s i z e  arid consequen t ly ,  s t r e n g t h  and s e r v i c e a b i l i t y .  I t  i 

i s ,  t h e r e f o r e ,  o f  c r i t i c a l  importance  bo th  i n  t h e  d e s i g n  o f  new h r i d g e s  and i n  
i 

i 

t.he e v a l u a t  inn IJF the load-ca r ry ing  c a p a c i t y  o f  e x i s t i n q  b r i d g e s .  Empi r i ca l  ; 
i 

d i s t r i b u t i o n  f a c t o r s  f o r  s t r i n g e r s  and l o n g i t u d i n a l  beams have been p r e s e n t  L 

E 



i n  t h e  AASt-ITO Standard  S p e c i f i c a t  i o n s  f o r  Hiqhway Br idges  w i t 3  on1 y  mil-tor 

changes  s i n c e  4931, Recent a d d i t i o n s  t o  t h e s e  s p e c i F i c a t i n n s  have inc luded  

rnore r a t i o n a l  I.aad d i s t r i h u t i o n  f a c t o r s  f o r  p a r t i c u l a r  t y p e s  nF 

s u p e r s t r ~ ~ c t u r e s  based an tests and mathemat ica l  a n a l y s i s ,  Recent r e s e a r c h  

e f f o r t s  have produced a s u b s t a n t i a l  amount o f  i n f o r m a t i o n  on v n r  i o u s  b r i d q e  

I t y p e s  i n d i c a t i r t q  a  need f o r  f u r t h e r  r e v i s i o n s  o f  the AASHTU Hr idqe 

Spec i f i c a t  i o n s .  

This  r e s e a r c h  p r o j e c  t w i 2  1 review t h e  l a t e s t  t r u c k  load  and b r  idqe  response  

in fo rmat ion  a v a i l a b l e  from t-ruck weight s t u d i e s ,  wcigh-in-,notian s tud ies ,  

l a b o r a t o r y  and f i e l d  tests, and a n a l y s i s  t o  e s t a b l i s h  more r e a l i s t i c  l o a d  

d i s t r i b u t i o n  c r i t e r i a  a p p l i c a b l e  t o  a l l  cornrnon t y p e s  o f  b r i d g e s  and 

m a t e r i a l s .  The new load  d i s t r i b u t i o n  c r i t e r i a  developed w i l l  i n c l u d e  

s i m p l i f i e d  ~nett iods o f  a n a l y s i s  i n e l u d i n g  code Formulas a s  we l l  a s  rnore 

comprehensive a n a l y t i c a l  models s u i t a b l e  f o r  computer a p p l i c a t i o n .  

Recoinrnended code r e v i s i o n s  w i l l  a p p l y  t o  bo th  s e r v i c e  loaid arid s t r e n g t h  d e s i g n  

methods a s  we l l  a s  s t r u c t u r a l  e v a l u a t i o n  o f  e x i s t i n g  br idges .  

NGHRf' P r o j e c t  12-28(1)  Load Capacity Eva lua t ion  o f  € x i  st inq fir idqes 

St -a r t  Date: Estirnaterl l a t e  1985 I l t ~ r a t i n n :  24 rnontii~s 

The elements  fundamental t o  the p r o c e s s  of e s t i m a t i n g  the load c a p a c i t y  o f  

e x i s t i n g  s t r t ~ c t u r e s  a r e  d i s t i n c t  from d e s i g n  e l e m e n t s  that, have been 

g e n e r a l i z e d  For a p p l i c a b i l i t y  t o  n wide range  nF s t r u c t u r e  t y p e s  and s e r v i c e  

c o n d i t i o n s .  Th i s  g e r i e r a l i z n t i o n ,  when extended t o  t h e  e v a l i ~ s t i o n  o f  e x i s t i n g  

b r i d g e s ,  o f t e n  r e s u l t s  i n  o v e r l y  c o n s e r v a t i v e  e s t i m a t e s  O F  l o a d  c a p a c i t y  and 

may r e s u l t  i n  u n j u s t i f i e d  a c t i o n s  such  as the replacement o f  adequa te  

s t r u c t u r e s .  Illefinements i n  a s s t~mpt  i o n s  concern ing  loatiirlq and r e s i s t a n c e  earl 

be j u s t i f i e d  because  t h e  c o s t  o f  e v a l u a t i o n  is on1 y  a f r a c t i o n  U P  t h e  b r i d g e  

replacement c o s t .  A more deta i led  and f l e x i h l e  methoifology fo r  t h e  e v a l u a t i o n  

oF the load  c a p a c i t y  o f  e x i s t i n q  b r i d g e s  is r e q u i r e d .  
1 

I 

I 

1 



The load capac i ty  o f  e x i s t i n g  b r idges  can be  determined most r e l i a b l y  and F 

i 
econo~nica l ly  throuqh a lnu l t i l eve l  procedure. A large number uf e x i s t i n g  i 

br idges  is c l e a r l y  capable o f  accommodat.inq modern highway loads ,  and changes 
1 

I. 

in t he  p re sen t  r a t i n q  procedures a r e  not  requi red  i n  these ca se s ,  However, D L 

b r i d g e s  fnurid t o  be  d e f i c i e n t  under t he  presen t  r a t i n g  procedures should hc 1 
reevaluated using h igher  level methods. This hiqker  l e v e l  r a t i n g  systern 

s l ~ o u l d  permit s e l e c t i o n  o f  s a f e t y  l e v e l s  i n  a  r a t i c ~ n a l  manner based on t h e  1 
i 
h 
F e f f o r t  expended on inspec: t i on ,  maintenance, and eva lua t ion ,  This system 
; 

should take i n t o  account t h e  s t a t e s  O F  d e t e r i o r a t i o n  and d i s t r e s s  o f  t h e  t E 

br idge  and permi t  the  owner t o  rnake informed d e c i s i o n s  about. t he  payoff irl i 
[ terms o f  h igher  laad  r a t i r ~ g s  resl lJ t iny from such  lneasures a s  add i t i ona l  l oad  
E 

c o n t r o l ,  i n spec t ion ,  and c a l c u l a t i o n  e f f o r t .  ! 
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In recent  years, much information has been developed on ( 1 )  variable-ampli tude 

f a t i g u e  behavior ,  ( 2 )  high-cycle ( l o n g - l i f e )  f a t i g u e  behavior ,  ( 3 )  a c t u a l  

t r a f f i c  l oad ings ,  ( 4 )  load d i s t r i b u t i o n  fo r  f a t i g u e ,  ( 5 )  inspec t ion  and 

assessment o f  ma te r i a l  p r o p e r t i e s  and s t r u c t u r a l  cond i t i ons ,  and ( 6 )  o the r  

p e r t i n e n t  parameters.  This new information,  toge ther  with t h e  ex t ens ive  

information prev ious ly  accumulated on t h e  f a t i g u e  behavior o f  va r ious  d e t a i l s ,  

1 is s u f f i c i e n t  t o  permit t he  development o f  r e a l i s t i c  procedures fo r  t h e  

f a t i g u e  eva lua t ion  o f  br idges.  

The o b j e c t i v e  oP t h i s  research  is t o  develop p r a c t i c a l  procedures  t h a t  more 

accu ra t e ly  r e f l e c t  t h e  a c t u a l  f a t i g u e  cond i t i ons  i n  steel b r idges ,  and t h a t  

can be app l i ed  for  f a t i g u e  eva lua t ion  o f  e x i s t i n g  o r  new b r idges ,  

S p e c i f i c a l l y ,  t h e  procedures s h a l l  permit de te rmina t ion  o f  f a t i y  ua-load 

r a t i n g s  and es t imat ion  o f  remaining l i f e  for e x i s t i n g  br idges .  

FCP 34U2-078 Truck Weight Monitoring Using t h e  FHWA Bridge WIM System 

Contractor :  Washington DOT S t a r t  Date: Pending 

Inves t i qa to r  : M. Hallenbeck Duration: 15 months 

The FHWA S t r u c t u r e s  Division and Implementation Divisiori a r e  coord ina t ing  a 

t a sk  order  R&D e f f o r t  with the following ob jec t ives :  ( 1 )  demonstrating new 

bridge weigh-in-mution technolug y t o  S t a t e  highway agenc ies ,  ( 2 )  enahl ing 

t he se  agenc ies  tn gain hands-on experience with ins t rumenta t ion ,  (3 )  providir q 

a means fo r  eva lua t ing  and improving t h e  WIM concept.  Since t h i s  i n i t i a l  

J 
e f f o r t  w i l l  include purchasing and o u t f i t t i n g  a f i e l d  i n s t  cumentat ion van 

s u i t a b l e  f o r  housing and t r anspo r t i ng  t he  system, there w i l l  be cos t - shar ing  

between FHWA and the  s e l e c t e d  S t a t e .  Future  e f f o r t s  o f  t h i s  type w i l l  l i k e l y  

be arranged tlarough the  S t a t e  HP&R program. 

For t h i s  study, FHWA w i l l  i n s t r u c t  t h e  S t a t e  DOT on use o f  ins t rumenta t ion  and 

eva lua t ion  o f  d a t a  c o l l e c t e d  by t he  system. Following i n s t a l l a t i o n  O F  t h e  

FHWA syste:n i n  t h e  new f i e l d  van, t h e  S t a t e  w i l l  use i t  a t  s eve ra l  b r idge  



I 

s i t e s  and eva lua t e  i ts  performance. Resul t s  o f  t he se  tests w i l l  be compared I 

I 

with o the r  weighing techrliques c u r r e n t l y  being used. A r e p o r t  w i l l  be  
I 

prepared which documents research  f i nd ings ,  comments on system performance, I 

and makes recotnrnendat i ons  f o r  irnprove~nents . 
PCP 31114-132 Ca l ib ra t i on  o f  Weighing-in-Motion Systems I 

I 
I 

t 

S t a r t  Date: Estimated mid 1985 Duration: 1 2  months 1 

1 
The o b j e c t i v e  o f  t h i s  s tudy is t o  examine a range o f  approach pavernent 1 

i 
roughr>en~ p r o f i l e s  and t h e i r  e f f e c t  on measurement accuracy o f  var ious  WIM 

I 
systems. Control led l abo ra to ry  tests w i l l  be performed t o  determine e f f e c t s  1 

F 
o f  d i f f e r e n t  t r u c k  con f igu ra t i ons ,  suspensions,  speeds and loadings.  F i e ld  

B I 
2 

t e s t s  w i l l  be performed t o  v a l i d a t e  and c a l i b r a t e  t h e  f i nd ings  obtained form A 

t h e  c o n t r o l l e d  l abo ra to ry  t e s t s .  The research  inc ludes  s e l e c t i o n  o f  s i tes f o r  i 
t 

c o n t r o l l e d  t e s t s  and f i e l d  tests, development o f  test p lans ,  and a n a l y t i c a l  I 
e s t i m a t e s  o f  e f f e c t s  o f  pavement roughness on WIM equipment. This  s tudy  w i l l  

a l s o  analyze t h e  f e a s i b i l i t y  of  using s e v e r a l  s c a l e s  i n  s e r i e s  a t  s p e c i f i e d  1 
9 

s e p a r a t i o n s  t o  overcome v a r i a t i o n s  i n  ind iv idua l  WIM s c a l e s  on unimproved 4 
I 

roads.  FHWA in tends  t o  use t h e  results o f  t h i s  s tudy in  a forthcominq L 6 

r egu la t i on  on the  National WIM Progra~n dea l ing  with i nd iv idua l  s c a l e  s i t e  

loca  t ion ,  i; 
i 1 
E 
& 

FCP (not  programmed) S t r a t e g i e s  f o r  Truck Transport  
L 

2 
1 

S t a r t  Date: Estimated mid 1986 Duration: Not determined d 
i 

I 1 
i t 
I A cons iderab le  amount o f  research  has  been conducted i n  t h e  pas t  dea l ing  with 1 
I 
I t r uck  s i z e  and weight and with pavement impacts. Much o f  t h e  work, however, 1 

I 
has been fragmented and was accomplished t o  s e rve  d i f f e r e n t  purposes and I 

C 

I goa l s .  The o b j e c t i v e  o f  t h i s  program, proposed fo r  FY 1986, is t o  recommend E 
I ; 

I optimum s t r a t e y  ies fo r  t ruck  t r a n s p o r t .  This  o b j e c t i v e  r e q u i r e s  t h e  combined I 

1 1 

I e va lua t ions  o f  t h e  l e v e l  and c o s t  requi red  fo r  road s t rengthening  and improve- 
I / 
I 

I ! 
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rnent which w i l l  accomrnodate v a r i o u s  t y p e s  o f  t r l i~ck axle s u s p e n s i o n - t i r e  

c h a r a c t e r i s t i c s  and loads .  A range  o f  s o l u t i o n s  w i l l  be sought  s o  t h a t  

s t r a t e g i c  decisions may be made concerning:  (1) t h e  l e v e l  o f  road 

s t r e n g t h e n i n g  nat ionwide,  ( 2 )  a l l o w a b l e  a x l e  and g r a s s  we igh t s ,  and t i r e  
t y p e s  and p r e s s u r e s ,  and ( 3 )  g u i d e l i n e s  f o r  new t r u c k  d e s i g n  f e a t u r e s .  

I 

Such s t r a t e g i c  d e c i s i o n s  must be based on f a c t u a l  and r e l i a b l e  in format ion  

! g e n e r a t e d  through a coord ina ted  R&D program. The program proposed w i l l  be 

geared t o  i n c l u d e  p a s t  r e s e a r c h  developments and work be ing  conducted through 

o t h e r  agencies .  The program w i l l  g e n e r a t e  new s t u d i e s  a p p l i c a b l e  t o  FHWA 
3 
I c o n t r a c t s ,  s t a f f ,  HP&R, NCHRP and SHRP, The new studies w i l l  be formulated t o  

c l o s e  t h e  gap between t h e o r y  and p r a c t i c e  so that s t ra teg ic  deci:;inn-making on 

t h i s  t o p i c  a r e a  can be rnade. 
i 

NCHRP P r o j e c t  3-34 The F e a s i b i l i t y  o f  a Nat iona l  Heavy-Vehicle Monitoring 

System 

S t a r t  Date: Estimated mid 1986 Durat ion:  24 months 

Various t y p e s  OF in fo rmat ion  on heavy v e h i c l e s  a r e  c o l l e c t e d  by F e d e r a l ,  

S t a t e ,  and l o c a l  governments t o  suppo r t  highway p lann ing  arid d e s i g n  

a c t i v i t i e s ,  as wel l  as  t a  carry o u t  weight enforcement p rograns  and t a x  

a d m i n i s t r a t i o n .  C o l l e c t i n g  and p rocess ing  t h i s  in fo rmat ion  is ex t remely  

cos t ly  from t h e  viewpoint. o f  bo th  government and p r i v a t x  i n d u s t r y ,  and i n  rnany 

cases the da ta  are  n o t  as complete or  a s  a c c u r a t e  as  d e s i r e d  for  t h e  in tended 

purpose. I n  a d d i t i o n  t o  a c t u a l  d o l l a r  costs, t h e  p r e s e n t  sys tem s u f f e r s  frorn 

busdensorne paper work j a s  c u r r e n t 1  y being s t u d i e d  by t h e  Nat i o n a l  Governors' 

A s s o c i a t i o n ) ,  o p e r a t o r  inconvenience and p o t e n t i a l  hazard ,  l a c k  o f  enforcement  

I uni fo rmi ty ,  and i n c o n s i s t e n c y  among t h e  i n d i v i d u a l  S t a t e s .  Tn te rna t  i o n a l  

i n c o n s i s t e n c y  i s  a l s o  a concern.  

- 4 



N e w  t echnologies  i n  automatic  v e h i c l e  i d e n t i F i c a t i o n  (AVI), automatic  v e h i c l e  

c l a s s i f i c a t i o n  ( AVC) , and weigh-in-motion ( WIM) a r e  considered t o  p o t e n t i a l l y  

o f f e r  a Inore c o s t - e f f e c t i v e  approach t o  t h e  c o l l e c t i o n  o f  heavy-vehicle d a t a ,  

There is a need t o  eva lua t e  t he  f e a s i b i l i t y  o f  applyinq these  r e l a t i v e l y  new i 
t echnologies  a t  t h e  na t iona l  and/or reg iona l  l e v e l s  and t o  b u i l d  on t h e  a 

e x i s t i n g  knowledge fcom t h e  Crescent P ro j ec t  and o the r  r e l a t e d  s t u d i e s .  

I n s t  i t  u t  i ona l  i s s u e s  such a s  pr ivacy ,  access  t o  compet i t  ive  i n  Format ion ,  and 
B 

p o t e n t i a l  f o r  manipulation and evasion o f  t h e  system w j l l  be major 

determinants  o f  f e a s i b i l i t y  and a c c e p t a b i l i t y .  

The o b j e c t i v e  CJF t h i s  research  is t o  i d e n t i f y  and eva lua t e  t he  needs,  isst~es, 

requirements ,  and f e a s i h i l i t  y o f  using an automated system (AVI/AVC/WIM) a s  a 

c o s t - e f f e c t i v e ,  s t a t i s t i c a l l y  sound replacement and/or supplement t o  e x i s t i n g  

heavy-vehicle d a t a  c o l l e c t i o n  systems. T h i s  research  w i l l  encompass: (1 )  t h e  

i d e n t i  P ica t ion  o f  d i f f e r e n t  syskern-design c a n f i g u r a t i o n s  for t h e  i n t e g r a t i o n  

of A V I ,  AVC,  and WIM t o  provide app rop r i a t e  l e v e l s  of  monitoring and r e l a t e d  

confidence l e v e l s ,  ( 2 )  amount o f  equipment/automation t o  achieve d i f f e r e n t  

~ b j e c t ~ i v e s ,  ( 3 )  s i t e  l o c a t i o n  c r i t e r i a  on a S t a t e ,  r eg iona l ,  and nationwide 

s c a l e ,  ( 4 )  an economic a n a l y s i s  o f  t h e  a l t e r n a t i v e  l e v e l s  o f  monitor ing,  and 

( 5 )  the f u l l  range of  i s s u e s  a s soc i a t ed  with implementation and opera t ion .  

WCHRP P r o j e c t  12-28(&) Improving Bridge Load Capacity Estimated by Cor re l a t i on  
f 

With Test Data f 
L.b ?I 

S t a r t  Date: Estimated mid 1986 Duration: 24 months {f 
b i  
12 

A g r e a t  d e a l  a f  knowledge has  been gained by phys i ca l  t e s t i n g  o f  b r idges  and 

their  components, much a f  it i n d i c a t i n g  t h a t  b r i d g e s  resist l oads  i n  ways not  

always considered.  Sorne causes  o f  t h e s e  d i f f e r e n c e s  i n  behavior  are:  

unintended composite a c t  ion ,  load d i s t r i b u t i o n  e f f e c t s ,  p a r t i c i p a t i o n  o f  

elements such a s  parape ts  and r a i l i n g s ,  two-way s lab  a c t i o n  where an ly  one-way $1 
wa,s assumled, p a r t i c i p a t i o n  o f  t he  Fl oar  sys t e~n  with chords  of  t r u s s e s ,  t h e  6 * 

I:{ 
f t; 

$% 
s18 
i." 
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Schedule of Weigh-in-Motion and Related Research - First Decade 
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Abstract 

PAGE 2 

1 

Following completion of Federal Highway Administration I 

sponsored research in high speed weighing of vehicles using 

instrumented bridges a s  the Load sensing element, the South I 
I 

Dakota Department of Transportation became interested in the I 

4 
I 

technology a s  an a p p r o p ~ i a k e  means to gathet truck weight I 

i 
information. APter unsuccerisful efforts to obtain a proto- 

I 

type system from the FHWAI the Department decided to develop 
I 

its own bridge oeigh in motiod system in late 1982. I 

I 

Electronic equipment was purchased, weighing software was 
I 

I 

designed and written, and a motorhome was purchased t a  hourie 
I 

and transport thk cjydtem. Two briklges were pt3rmbnetrtly I 

instrumented and used for weighing in 1983. 
I 

I 

While based on research published during the FHWA span- 

sored contractsl the system has developed independently and 

differs in some respects from those systems. Strain gages 

permanently attached td structures are used instead of 

removable transducersJ photocells rathe7 than tapeswitches 

are used to sense axlesJ and site calibration procedures are 

different. 

As of summer, 1985, eighteen bridge weigh in mation 

sites in South Ddkotk are being used to conduct the state's 

Truck Weight Study on interstate, main T U T ~ ~ J  secondary and 
\ 

urban highwags. 
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1.0 History 

In 1982, research sponsored b y  the Federal Highway 

Administration in w e i g h  in motion technology--a method of 

weighing vehicles as they pas5 over  instrumented highway 

structures--was being completed. One aspect oC the research 

contracts i nvo lved  development and delivery to the FHWA of 

three prototype systems which would later be made available 

to stake agencies for p u ~ p o s e s  0 9  evaluation and demanstra- 

tion. 

i 
When t h e  South Dakota Department o f  Transportation 

1 

I became aware o f  t h e  prototype systems, an evaluaCion of the 
I 

concept was made. Bridge weigh in motion seemed appropriate 
i 

for use in South Dakota because of its portability, because 

of the large number 0 9  potential sites available throughout 

*he sta+e, and because the state's relatively low t s - a f f i c  

volumes were consistent with t h e  system's limitations at 

t h a t  time. The decision was made to pursue acquisition o f  

one o f  the prototype systems primarily for collection af 

unbiased highway design and planning data, with possible 

enforcement applications. 

The Department requested t h a t  the FHWA make one of the 

prototype systems available on either a permanent or tempo- 

rary basis. Other states had also made requests, however ,  

so when timely acquisition seemed rather unlikely, the d e c i -  
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I 

I 

sian was made to develop a system independentry. A t  t h e  

r time the decision was made, c~mmercially available systems I 

appeared to have some shortcomings4 parlt;bculerly w j t h  regard 

t o  sugp3y ing weigh& in+ofmuf ion Sn fsrniqts cansistant w i t h  

a l ~ e a d g  ectab 1 ished bepartmant pfosreduree. The development 
I 

decision was practical because technical e x p e r t i s @  already i 
! 

existed w i t h i n  &he Begar%mont. 

Equipment ocqisitisn and system developmenf occurred F 
! 

main1.y d u r i n g  the winter D$ 19s32-$9B3, and first weighing 
e 

was a c c o m p l i s h e d  i n  t h e  s p r i n g  o f  1983. W h i l e  the sy~itern 1 
w a s  n o t  campPe+sed i n  % i m a  #-or use in t h e  s t a t e ' s  1983 truck  1 
Meigh% bkrsdqr a %  was used far a c c u r a c y  sstntdias and demons- 

i 
3 

era ti on^ thr013ghBut  1983 and 8984. Following i05 present i 1 

use f o r  t h e  6385 Trvck Weight Studyp the system will be wsed j z 
I 

to e x t e n d  underrtendinp ~f truck weight i n P ~ r m s + i @ n ~  espe- 

f 
cislly w i t h  regard to a f f e c t s  OP time o f  day ,  week and y e a r .  

2 0 B r i d g e  We.i.gh in Hation Th-eory 

Bridge weigh in motion methods a r e  unique i n  t h a t  %he L 
F 

load sensing element is s highway s t r u c t u r e  t o  which strain 5 
i 

j n ~ ; a ~ ~ ~ e m ~ ? ~ ; i t  instruments+ion ha% bean at terhed.  i 

Determination of vehicSe grass and axle weights requifss I 1. 

i 

cansidetable computation, prima~ily because of t h e  bridgef$ 0 > 

grea t  length. First, because *he vehicle's axles &re not i 
1: 

individually p r e s e n t  on the structure, each a x l e ' s  contrfbw- i 

i, 

1 1 
1 
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t i o n  to s t r a i n  must be isolated from t h e  t o t a l .  Secondly, 

each axle's c ~ n t r i b u t i o n  t o  s t r a i n  depends n o t  only upon i t s  

w e i g h t ,  b u t  a l s o  upon i t s  lacation at7 t h e  st l -uctrese a t  t h e  
I 

I t i m e  t h e  measurement i s  taken.  I t  i s  there .Fars  n e c e s s a r y  t o  

1 measure or p ~ e d i c t  t h e  Iocstion a f  each a x l e  a l l  t h e  while 

I 

t h e  vehicle occupies the bridge. T h i s  5ec%ion will consider 
! 

i 
the t h e o r e t i c a l  a e p c c t s  o f  w e i g h t  and a x l e  location d e t e r m i -  

I nation, as; well as t h e  methods; o f  s t r u c t u ~ ~  calibration and 
i 

in motion v e h i c l e  classificadion. 
! 

2 . 1  V e h i c l e  Position and C e o m e t ~ q  Mealiurctrnent 

Because a load's e f f e c t  on t h e  structure d e p e n d s  on 

its l o c a t i o n l  i t  i s  necessary t o  determine t h e  p o s i t i o n  

09 each a +  t h e  w e i g h e d  vehicle's axles at t h e  t i m e s  a t  

which g i r d e r  s t r a i n  nreasurements are made. MOTE? specifi- 

cally, i t  is n e c e s s a r y  t o  determine t h e  vehicle's a x l e  

c a n f i g u r a t i o n  and spacing a s  well as an equation o f  
I 

, m o t i o n  w h i c h  r e l a t e s  vehicle psrjitian to time. 'These m a y  

b e  determined from the times r e c o r d e d  when each axle 

, passes e a c h  s$ kwo sensors w h i c h  are spaced a known d i s -  

t a n c e  apar t .  

I f  t h e  vehicle's equation o f  motion X ( T )  is assumed 

t o  b e  a polynomial in time T, t h e n  X ( T )  may b e  expressed: 
I 

! J J 
X ( T )  - X P  + SUM C J  T (3. I .  1 )  

j=1 
I 

I 



where X f  i s  %he c o o r d i n a t e  of t h e  f i r s t  a x l e  s e n s o r ,  and 

J i s  t h e  o r d e r  of t h e  approx ima t ing  polynomial .  

T h e  distante from a x l e  1 t o  e a c h  ather axle may be 
I 

I 
computed a s  t h e  d i f f e r e n c e  between t h e  v e h i c l e ' s  c a o r d i -  I 

I 

n a t e  when a x l e  1 was d e t e c t e d  b y  t h e  f i r s t  a x l e  s e n s o r  
i 

and its c o o r d i n a t e  when t h e  o t h e r  a x l e  was d e t e c t e d  

t h e r e .  The a x l e  distances may be expressed :  I 

I 

Df(a) = X(Tf(a)) - X ( T f ( 1 ) )  

J J J J 1 

= X f  + SUM C J  Tf(a) - X f  - SUM G J  T f i l )  I 

j's. J Z ~  I 

I 

whepe Tfta) i s  the time a t  which axle a i s  d e t e c t e d  b y  

t h e  first s e n s o r  and Tfti), t h e  t ime  at w h i c h  a x l e  i i s  

d e t e c t e d  a t  t h e  f i r s t  s e n s o r ,  is t a k e n  as ze ro .  

A l t e r n a t i v e l y ,  t h e  same a x l e  d i s t a n c e s  may b e  com- 

puted us ing  t i m e s  a t  which t h e  a x l e s  ware d e t e c t e d  b y  t h e  I 

s e c o n d  s e n s o r .  I f  Tsla) is t h e  t ime  a t  which a x l e  a i s  I 

I 

d e t e c t e d  a t  t h e  second s e n s o r ,  t h e  a x l e  d i s t a n c e s  m a y  b e  I 
I 

e x p r e s s e d :  

Ds(a) = X ( T s < a ) )  - XlTs(l)) I 
I 
! 

= X(Ts(a)) - X(Tf(1)) + X(Tf(1)) - XtTs(1)) I 

i 
= X(Ts(a)) - X(TfC1)) + X f  - Xs 

J J 
x f  - X 5  + SUfl C J  ~ s ( B )  ( 3 .  1. 3) 

~ = 1  

If t h e  polynomial  e x p r e s s i o n  + o r  XtT )  is o f  d e g r e e  l e s s  

Xi 
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t h a n  t h e  number o$; axles, these equations are ~ e d u n d a n t  

and t h e  caefficicnts C J  c a n n o t  i n  general b e  determined 

e x p l i c i t l y .  A s o l u t i o n  can b e  +aerndl hasweves, w h i c h  min- 

i m i z e s  t h e  d i s a g r e e m e n t  b e t w e e n  distances determined f r o m  

s e n s o r  I t r a n s i t i o n  t i m e s  and those determined  From sen-  

s o r  2 t r a n s i t i o n  t i m e s .  I f  t h e  e r r a ~  f u n c t i o n  E is 

d e f i n e d  t o  b e  

A 2 
E = SUM €Dsa - DPa3 

a=1 

A J J J 2 
= SUM ( X f  - Xs + BUM ECj(Ts(a1 - T f t a )  11 3 

a=i  J = I  
I 

A J 
SUM {Xp - X S  + sum C J  H ~ J )  

i (3. 1. 4 )  
a-1 J " = l  

where A i s  t h e  total number a$  a x l e s ,  and 

J J 
H a j  = T s ( a )  - T f ( a )  (3. 1 ,  5 )  

t h e  c o e f f i c i e n t s  C J  w h i c h  minimize E may b e  found b y  s e t -  

t i n g  par t ia l  derivatives w i t h  r e s p e c t  t~ each unknown 

equal to 8. He have 

O = d E / d C k  

A J 
= SUM -€ X f  - X S  f SUM C C j  HajI 3 (-2Hak) 

a=l j=1. 

J 
Yk - SUM (CJ Zjk) (3.  1. 6 )  

J=I 

where  

A 
Zjk = SUM CWaj Hak) (3 .  1. 7 )  

a= 1 

and 

- 



A 
Yk = SUM C(Xf - X s ) W a k 3 .  

a=i 

PACE B 

Because this equation is true for every k l  a system of 

equations is defined which may be written in ma%rix nata- 

tion 8s C Z e Y .  Because Y and Z are knohn from sensor 

geometry and axle detection times, it is pozjsible t o  

solve far the vector C which specifies the p ~ l y n o m i s f  

coefficients C J  which determine axle spacing and Che 

vehfcle8s equation o f  m ~ t i a n .  

The physical interpretation 09 this method is as 

follows. The axle transition times measured at the t w o  

sensors provide mope information than is required t o  

solve far a polynomial equation of motion of o r d e ~  lsss 

than the number of axles. The method finds the polgnomi- 

a l  coefficients w h i c h  insure the greatest consistency 
I 

between a x l e  spacing determinabions based upon all o f  the I 

L 
time measurements. Equivalently, the method determines i 

r 
i 

the equation 09 motion most consistent with the measure- F 

rnents, providing both axIe spacing and vehicle speed as L 
f 

end products. 
i 

I 
i 
F 

t 

2. 2 A x l e  Weigh* Deteraination 1 

1 
i 

When a load is present on a s t r u c t u ~ e ~  i d  induces 1 
? 

behding moment dependent on its magnitude and location on 

the structure. The total momen% induced in a steel ar I 

1 

i 
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concrete girder structure b y  a vehicle at any position p 

is distributed among t h e  individual girders, 50 the sum 

of girder moments must equal total moment. The moment in 

each girder i5 related to t h e  girder's strain b q  t h e  

rslatian 

M!~P = E9 Sg Ugp (3. 2. 1 )  

where Eg is the girder's modulus of elasticity, Sg is its 

section modulusl and Wgp is the strain measured in the 

girder at f h a t  vehicle position. I? another term Mo is 

introduced to account #or constant offsets related to 

temperature and instrumentation errors# the total 

apparent moment Mp measured b y  an inst~umentatian system 

may be expressed as 

0 
Mp = MQ + SUM Mqp (3. 2. 2) 

g = l  

In Germs of axle weights and locationsl the predict- 

ed moment may be Expressed as 

A 
M ' p  = SUM Wa I(Xap) (3. 2. 3) 

a=l 

where Wa is t h e  weight of axle a. I(Xap) is the moment 

influence value of the structure at the coordinate Xap 

occupied b y  axle a--that is, the amount of moment induced 

at the measurement location per unit load applied. The  

unknown values Wa and Mo may b e  found b y  minimizing the 

error function defined b y  the squares of differences 

between measured and predicted moment summed over all 





- - -- 
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which are known from the structure's moment influence 

line, the girder strain measurements, and a x l e  position 

ineormation. 

Decause t h e  weighed vehicle is in motion# dynamic 

load components resulting from interaction between its 

suspension and the road, approach and bridge proqile are 

s i g n i f i c a n t  (Figure 1 ) .  I t  is important to understand 

that the a x l e  weight determination method Finds weights 

which would generate m ~ m e n t s  most cansistent w i t h  t h e  

record observed over the entire bridge length rather than 

at any one paint an t h e  structure. This feature has the 

e f f e c t  of greatly diminishing t h e  dynamic loading effects 

in t h e  a x l e  weight computation. 

2.3 Structure Calibration 

The methad  a@ a x l e  weight d e t e r r n i n a k i a n  a s s u m e s  t h a t  

t h e  bridge's moment influence fine i s  known. In prac- 

tice, it is necessary to either d e f i n e  t h e  l i n e  

theoretically or  determine it empiricallg. Because the 

actual behavior of a structure may d e v i a t e  significantly 

Crem theoretical behavior, an empirical calibration 

methad has been c h o s e n .  

I f  t h e  momen* i n f l u e n c e  line i s  approximated b y  a 

piecewise l i n e a r  function, c a l i b r a t i o n  c a n  be accom- 
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$herefore required at span endpoints and at the strain 

measurement ;Location. In addition, influence points are 

spaced fifty percent more densely on the strain measure- 

ment span fkan an other spaps. A total o f  25 t o  30 

moment influence points will define the moment influence 

fine of a three span rtryctyre very completelyl as is 

illustrated b y  Figure 2. 

2.4 Vehicle Classification 

When trucks are weighed, it is desirable to also 

obtain as much vehicle classification information as pos-  

sible. While axle spacing and weights are dete~mined 

from strain and axle sensor measurements, additional raw 

infarmation and analysis is required to specify the vehi- 

cle, body and hauled commidity types. 

For purposes o f  tho Truck Weight Study, vehicle type 

is de9ined t o  b e  a six digit number specifying the vehi- 

cle's overall configuration and axle grouping. 

Automobiles ape assigned a code of IOQOOO, while trucks, 

tractor semitrailer, truck trailer and tractor semi- 

trailer trailer combinations are assigned codes of 

200000, 3000C)Qt 400QQ08 and SOOOOO respectively. In the 

case of heavy trucks, the second through sixth digits are 

used to specify the vehicle's axle conffguratian. For 

example, a five axle tractor semitrailer is assigned a 

A 
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code of 332000, specifying a three axle tractor and a two 

axle semitrailer-. A t ~ a c t o r  semitrailer trailer combina- 

tion may have a vehicle code o f  532400, specifying three 

tractor axles, twra semitrailer axles, and f o u ~  axles on 

the t r a i l e ~ .  Finallyr in the case o f  light vehicles, a 

separate towed trailer will modify the vehicle codet a s  

the code for a car towing a cargo treiler 100300 illus- 

trates. In every case '  1.f the vehicle and trailer tgpes 

(single unit, tractor semitrailier, eCc. ) are specified 

.Prom visual observation, axle distance and grouping 

in9ormation can be added to completely and unambiguously 

specify Gha vehicle code. 

Likewise, a two digit code is assigned on basis of 

body type. Herel t h e  code specifies whethe7 the v e h i c l e  

was a car or pickup body, a flatbed, tank, happer, grain, 

van or any s t h e r  o f  fifdy-three distinct body tqpcs. 

While these body types can only be specified b y  visual 

observation, correct identification is generally possible 

even at high vehicle speeds. 

Finally, a five digit commodity code consistent w i t h  

t h e  s y s t e m  developed b y  the Bureau of the B u d g e t  For 

transparation reporting purposes is assigned to t h e  load. 

Because it i s  not possible to observe enclosed cargoes as 

they p a s s  b y  a weighing loca-tinn, uncertaintg m a y  exist 

in t h e  c o d e  assignment. In the  case o f  open cargoes, 
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accurate assignment is generally possible. 

The scheme developed for use with the weigh in 

motion system utilizes as much visual information as is 

possible to gather in the brief observatiafi period to 

9pecifq v ~ h i c l e ,  bady and cummadity codes. I h  general, a 

vehicle is identified by up to three mnenomics of three 

characters each. The first identifies the genesel vehi- 

cle type--car, pickupr single unit truck, tractor 

semitrailrr, and so forth. f f  the vehicle is some kind 

of heavy truck, a body code is also enteredi in the case 

a f  cars, pickups, and other light vehicle, the vehicle 

mnemonic itself defines the b a d y  code. Finally, if a 

separate trailer is towedr a trailer rnnemomic is entered. 

A list of possible codes and their meaning is given as 

Figure 3. 

The scheme mag be illustrated b y  a limited number of 

examples. The single mnemonic "CAR" specieies that the 

weighed vehicle is an automobile, while the paired 

mnemonics "CAR/CDOn designate a car pulling a cargo 

trailer. Similarly, the mnemonic pairs "SUT/GRN"I 

"TSTJLUM" and "2TC/REFU designate a single unit grain 

truck, a tractor semitrailer hauling lumberl and a refri- 

gerated tractor semiDrai1e.r trailer combination. Most 

probable commodity codes are assigned on the basis of 

body type, sa that a commodity code of O11OO correspond- 

----- 
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ing to "field c r o p s "  is assigned to t h e  grain truck, a 

code o f  24200 cor~esponding to "lumber and dimension 

stock" is assigned to the tractor semitrailer, and a code 

af 20000 corresponding to "food and kindred products" is 

assigned Co the refrigerated tractor semitrailes trailer 

combination. 

A variation to t h e  system described above is neces- 

sary where traffic valumes preclude manual description of 

every vehicle. If motorcyclesl carsl and pickups are 

autamatically classified on the basis o f  vehicle length 

and weight, the requirement for manual identieication is 

greatlg lessened. Because of t h e  large averlaps between 

car and pickup weights and dimensions, such a classifica- 

tion is only approximate, however. 

3.0 Sgstem Oescription 

The weigh in motion system consists o f  instrumented and 

calibrated structures, strain and vehicle posikion measure- 

ment electronics, a digital computer whish e x e c u t e s  weighing 

soPtware written b y  SDDOT, and a motorhomt? which houses the 

electronics system. Figure 4 illustrates t h e  general layout 

and location of components described below. 

- 
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3. f Structures 

Because highway bridges are used to sense vehicle 

l o a d s l  they must be listed first in the system descrkp- 
i 

tion. As of July, 1985 eightebn steel girder structures 6 
F 

Rewe been instrumented and calibrated for weighing in 

Stiuth Dakota. Concrete girder structures have been con- 

sidered for use, but because of the relatively large 

number of steel s t r u c t u ~ e s ~  none have been instrumented 

t b  date. All of the Instrumented structures have been 

t h r e ~  span structu~es, varying in length Prom 117 f ~ e t  t o  

337 9 c e t ,  with six girders or fewer. While bath simple 

end continoous span s t r u c k r ~ r e s  have bscn used, all have 

had stt-ain gages installed on one o f  the endspans and 

influence lines have been computed for  the entire bridge 

IengLh. Some of the structul-es have had exterior girders 

whose crass section varied from that of the interior 

girders; es0kmat;os of the girders* design section moduli 

have been made to campenrate for these differences. 

The loads passing across an instrumented bridgd 

induce rnornenLs which generate strains in each oG the 

structure's girders. Strain magnitudes depend on the 

magnitude and location o f  tho loads as well as the 

s t ~ e n g t h  and geametpy a# the sCrurturel but typically 

strains o f  -50 to +20a micrastrein will be abseeved as a 

single vehicle moves across the bridge. 
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3.2 Strain Measurement Instrumentation 

Electrical resistance fail strain gages are attached 

to the upper side s f  t h e  Iawer flange of each girder, at 

points equidistant from t h e  g i r d e ~  ends. Two gages are 

mounted in a half-bridge con0lgu~ation at each locatirsni 1 
a longitudinally orion4ed gage measures the q i r d e ~ ~ s  I 

strain while a transversely oriented gage measures a 
1 

n e g a t i v ~  strain (equal to the longitudinal strain multi- 

I plied b y  Poisson8s ratio) and provides temperature I 

compensation. Two gage types have bean surce(;sfully 

used. The firat i an array of two perpendicularly 

oriented gages which are bonded to the girder with epoxy. 

The second consists of two gages which have been  already I 

bonded to a piece o f  thin metal stocki this t y p e  is spot 

welded to the girder b y  a portable, low power welding 

unit s p e c i f . i c a l l y  designed for the task. In eithe~ case ,  

leadwires are saldered ts &he gages aFter  their attach- 

ment to the girder, and the gage location is sealed with 

a polyurethane c o a t i n g .  Finally, layers o f  butyl and 

neoprene rubber approximately 1/8" thick are placed over 

the gage location to p r o v i d e  additional protection from 

moisture and mechanical disturbance. A useful life of I 
approximately 10 y e a r s  can b e  expected from this t y p e  a f  

i n s t a l  lation. 

The leadwires are run to the end o f  t h e  s t r u c t u r e  
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and terminated with waterproof connectors. During opera- 

tion, the girder's leadwires are connected to a junction 

box attached to one or twa hundred Feet of multipair 
I 

shielded cable which is run to the instrumentation locat- 1 
I 

E 
ed in the instrumentation vehicle. 

I 
E 

Each girder's gages are powered and its signals 
I 
I 

amplified b y  individual variable excitationl variable i 
P 
I 

gain strain gage (smplifie~s. With strain gage factors of 

I 2.0 and excitation voltages of seven to fieteen voltsl 
E 

gains of approximately 2300 to 5000 are required to 1 F 
I akplify the stf-ain signals t o  levels consistent with t h e  I 

I 

i analog-to--digital converter's input range of plus or I 

I minus five volts. The amplifiers are self 
i 
I 

I balancing--that isl they will automatically balance them- 1 
k 

I selves when a single button is pushed or a remote balance 1 
signal applied. In practice it is; necessary to rebalance 

I 
E 

I 
approximately twice per hour to accomodate drifts caused 

i 
I 1 

i b y  demperature variations. This task is easily accam- I 
I I 

1 plished b y  the opepator attending the system. While the 1 

I : 
ampliGiers were manufactured with switch selectable lor 

100, 10001 and 10,000 Hz six pole lowpass filters, a 

filtering frequency between 10 and 100 Hz is more suit- 

able for bridge weighing purposes. By changing filter 

capacitor values, ttr~ 1OOOO Hz filter was changed to a 30 

M E  eilter which is used during weighing. 
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The output signal o f  each of the six amplifiers is 

displayed on a d i g i t a l  panel meter in the instrumentation 

vehicle. While not required f o r  w e i g h t  calculation, t h e  

meters provide pesitive indication of proper amplifier 

balance and strain mee5urgment. 

3.3 Vehicle Speed and Geamet~y Instrumentation 

Photocells positioned in the structure approach 

lanes detect t h e  passage a f  a x l e s  through the bridge. 

Two in#rared retrare$J.ective photocells are placed on 

each lane's shoulder a known distance, usuallq t e n  f e e t ,  

apart;. Law profile reflective pavement markers are 

placed in mid-lane, at identical distances +ram t h e  

structure as t h e  photocells. When no vehicle is p r e s e n t ,  

the photocell's beam is projected t o  the pavement marker, 

then reflected b a c k  to the photocell's detectiun c i r c u i t .  

When a vehicle's axle is present, t h e  beam is blacked and 

no reflected beam is detected. 

To minimize the effect of ambient l i g h t  conditions, 

the infrared beam is modulated and the detected beam fil- 

tered and demodulated to eliminate constant light level 

contributions. The output circuitry a f  t h e  photocell is 

an uncommitted NPN transistor which is electrically equi- 
I 

valent to a mechanical switch contact. When the inFrared 

beam is interrupted~ the transistor conducts, as would a 
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normally open  switch. D i g i t a l  c o u n t e r s  i n s i d e  t h e  

i n s t r u m e n t a t i o n  v e h i c l e  i n d i c a t e  the c u r r e n t  status and 

the number of a x l e 5  c o u n t e d  b y  each  phbtocell i n  each  

lane ,  enabling v@rifica%isn Qr t r o u b 1 g r ; h o a t i n g  a f  photo- 

6 ~ 1 1  operation. 
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I 

While a vehicle is on the bridge, each girder's 

strain signal ia digitired by the system computer's mul- 

tichannel twelve bit analog ta digital converter o n c e  

every 32 milliseconds, a time intervel corresponding to a 

distance of 2.4 feet for a vehicle travelling 55 males 

per h o u r .  These  measurementc4 are taken and stored in t h e  

computer's memory until the vehicle's last a x l e  has left 

t h e  bridge. After the vehicle's entire strain rtzccrrd has 

been recorded, it is combined with vehicle speed and 

geometry inea~rnatian~ and individual a x l e  weights are 

estimated. 

3.5 Video Vehicle Idt;nt;i#ication System 

Although South Dakota has a limited n u m b ~ f  of sites 

which allow vehicle a c c e s s  b e n e a t h  an i n s t r u m e n t e d  strur- 

ture, this m e t h o d  o f  concealing weighing i s  used where 

possible. In order to provide visual information con- 

cerning the vehicle's body type and configuration, a 

portable television camera and video recorder are sta- 

tioned alongside t h e  highway. Traffic may be observed on 

a video monitor located in t h e  instrumeneation v e h i c l e .  

Ta speed classificationt all a f  t h e  vehicle and 

trailer t q p e  mnemonics and twcntq four o f  t h e  body type 

mnemonics may b e  entered b y  striking single function keqs 

on the aperator's console keyboard. 
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b 

3.6 Motorhome 

A standard 22 foot recrsational vehicle houses the i 

aIactronics and p~csvides workspace fop the operator. I C  r 

was purtha~ed complete with refrig~ratar, stove, water I 
I 

h e a t e r l  and b a t h  because the price of a standard coneigu- t 

ration compared Favorably to that a f  a stripped downp i t 
i 
i. custom built vehicle. The only mcdifiration required was 

I 
to remove one of the c a p t a i n ' s  chairs +a  make roam for an 

electronic ins;trumenkation cabinel. Both the standard 1 
k 

four thousand watt gasoline powered electrical generator 1 
and air conditioner have proved to be m o r e  than a d e q u a t e  

I 
! 
f 

to run the inskrumentatian system in a cantrolled cli- 

mate. To minimize the possibility of passing traffic 
i 
E 
f 

recognizing t h e  weighing operation, the motorhome is not i 
[ 

marked with transportation department ensignia. i: 1 

0 
4. O Performance E 

t 
8 

Some indicators 0 9  sys tem perQormance--cost# accuracy, e I 
k 

and limitations nf use--have been evaluated. Evaluatian of ! 

other indicators, such a9 percentages of vehicles not 
1 
8 

weighed ,  numbers o f  overweight vehicles detected, and oveT- $ 
$ 

t 
all c o s t  effectiveness will not be possible until additional { 

I 
use s f  t h e  sytem has accurrcd. 1 
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4 . 1  C o s t s  

Approximate costs of the weigh in motion system, 

exclusive a f  manpower cost o f  development and test, ape  

summarized as fallows: 

Minicomputer and interface modules . . . . . . . . . . . .  $12,000 
Strain gage amplifier 5. . . . . . . . . . . . . . . . . . . . . . . .  8,000 

Gages, cables and connectors . . . . . . . . . . . . . . . . . .  2,000 
Photocells and reflector5 . . . . . . . . . . . . . . . . . . . . .  1,000 
Motorhome equipped with generator . . . . . . . . . . . . .  22,000 

T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $43,000 

The cost 09 installing permanently attached stpain 

gages t o  o structure is between $iO0 and i0;2001 depending 

on t h e  number o f  girders and exclusive of manpower costs. 

Approximately two man days are requi~ed for installation. 

While t h e  system could be aperated b y  one p e r s o n l  

t w o  man operation has b e e n  chosen for p u r p o s e s  of safety 
I 

I and convenience. The crew consists of a permanently 

I assigned technician and one seasonal assistant. 

4.2 Accuracy 

In t e s t s  t a  d a t e ,  t h e  accuracq o f  v e h i c l e  dimension 

( a x l e  spacing) determination has been found to be plus or 

minus 0.1 f e e t  w i t h i n  a l l  normal vehicle operation 

speedst e x c e p t  when a vehicle stops or accelerates from a 
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t h e  photocell and pavement reflector ax1 

not operate in rains. H i g h  speeds vehiclesl especially 

trucks, throw a spray behind their wheels which e.Ffec- 

tively block the photocell's beam, making correct axle 

count impossible. While rains are infrequent in South 

Dakota, t h e  problem is serious enough to warrant develop- 

ment o f  an alternate a x l e  sensor. 

The permanent strain gage installations have been 

attacked b y  vandals at t w o  d i f f e r e n t  sites located in or 

clase to towns. SGeps can b e  taken to make t h e  leadwires 

less accessible, but detachable sensors m a y  be required 

if vandalism persists. 

Finally, the current version a9 weighing software 

only allows f o r  weighing of vehicles w h i c h  were alone an 

the structure for a major fraction o f  its weighing per- 

iod. W h i l e  most o f  t h e  sites have low traqfic volumes 

(less than 400 vehicles per hour) which minimize the pro- 

bability o f  multiple vehicle presence, a significant 

portion o f  traffic at t w o  Interstate 90 sites is unweigh- 

able because o f  this limitation. The  so+tware ran be 

e x t e n d e d  t o  allow weighing a 0  simultaneous vehicles if 

moment inSlluance lines are c o m p u t e d  +or indi'vidual struc- 

ture girders. 
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5. O Future Plans 

I 

1 1985 marks the beginning o f  sustained production use of 

I 
I the bridge w e i g h  in motion system. Knowledge already gained 

I 
I has prompted new questions and desires for increased system 

1 performance. Likewisel questions concerning t h e  use of r o l -  

lected information also arise. 

5.1 1983 Truck Weight Study 

The most immediate use of the bridge weigh in motion 

system, already in progress, is to complete South 

Dakota's 1985 Truck Weight Study. Trucks are being 

w e i g h e d  and classified at interstate, main rural, secan- 

dary and urban sites. The entire s t u d y  will be performed 

at in motion weighing sitesi portable scales used in 

previous studies will not be used. 

5. 2 Expanded Use in Weighing 

Expansion o f  weighing coverage, both in terms o f  

number o f  sites and timer; of weighing activity, will b e  

possible with the system. While the 1985 Truck Weight 

Study is being conducted at approxirnatelq the same number 

o f  sites as previous studies, and during approximately 

the same time periods, many more potential weigh in 
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build validity checking into t h e  weigh in motion system 

itsel9. The method o f  axle weight solukicrn, for example ,  

is very similar to the problem of multiple regressioni 

the unknown axle weights c ~ r r e s p o n d  to the unknown 

regression coefficients. Statistical methods which allow 

for the calculation 09  uncertainty in the regression 

coefficients could perhaps be applied to compute the 

uncertainty in the weight calculations. Highly suspect; 

in motion weights could be flagged and sefectively 

included or  e x c l u d e d  from data. To da+e only preliminary 

work has been conducted in this area. 

5.5 Height Data Implications 

Perhaps t h e  most signipicant f-uture e f f o r t s  will 

c o n t e r n  reevaluation of pavement designs and load predic- 

tions. While the Truck Weight Study is not yet complete, 

it is very likely %hat the loads weighed b y  in motinn 

equipment will average heavier than loads previously 

measured at portable installations because of less truck 

avoidance, Still, t h e  weights will have a certain level 

of uncertainty attached to them. Questions 0.F whether 

design procedures shauld b e  altered to accomodaCe t h e  new 

level of information will become ve.ry important. The 

results of the truck weight study should at least raise 

these questions, iF not provide their answers. 
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WIMBQI1: SDDOT B r i d g e  Weigh i n  Mobion Syqtem 18-QUO-85 1 7 : 4 6 : @ $  
Vehicle Induced Moment Record 

Highways 1638 E System: 2 
MRMt 368.34 Station: 3S2 

Structure W :  SQl-184-195 

Moment 
( k i p + f t )  

e. 
Rxle 1 Coordinate ( f t )  

Cwrd b e n t  Cwrd b m t  h d  Mment Coard b t  Cmrd b e n t  Cmd b n t  C m d  Manent Coord kmnt 
(ft) fkiprft) (ft) tkiprf t )  lft) l k i p r f t l  (ftl ( k ip r f t l  (ft) Ikfp*f t )  I f t )  I k i p t f t )  l f t l  t k i p r f t l  ( f t l  lkipfftl 
-3,Y -1.5 29.6 162.6 63.1 219.4 96.7 227.1 13 .2  -54.9 163.9 -82.2 197.5 -97.7 231.2 -12.4 
-1.8 -8.9 31.7 217.1 M.2 230.9 98.8 194.2 12.3 -52.8 166.1 -94.9 193.6 -111.5 233.3 -25.5 
1.2 0.2 3 T58.7 67.3 a . 7  f e .9  186.4 134.4 -45.7 160.1 -127.3 B1.7 -119.4 235.4 -31.5 
2.3 -5.8 33.6 324.4 69.4 286,l 182.9 197.5 136.5 -51.2 178.2 -167.6 285.8 -117.8 237.5 -27.3 
4.4 -5.3 31.9 377.7 71.5 748.4 lR.1 216.8 138.6 dPI.1 172.3 -2@3.0 m.9 -14.6 239.6 -1X8 
6.9 Q.0 40.9 426.7 73.6 393.2 107.1 233.2 149.7 -76.6 174.4 -215.4 i30.9 -*.a 241.7 4.4 
8.6 1 4  42.1 476.9 73.7 434.3 lW.2 23 .7  142.8 -97.3 176.5 -b4.2 218.1 -61.2 243.8 23.7 

19.7 19.1 44,E 498.3 77.8 472.3 111.3 283.7 144.9 -123.6 178.6 -178.1 212.2 -47.5 245.9 36.3 
t2.0 19.6 46.3 515.6 79.9 4%.9 113.4 11.2 147.e -144.1 l88.7 -142.1 214.3 -39.1 248.8 96.3 
14.9 EF.8 41.4 97.7 82.9 5P6.7 115.5 08.4 149. 1 -162.1 182.8 -117.5 216.4 -9.0 21.1  54.5 
7 .  39.3 3 . 5  472.7 84.1 S9.8 117.6 31.9 f i l .2  -176.6 104.9 -99.2 810.5 - 4  252.2 53.6 
19.1 31-2 52'6 426.3 86.2 498.1 119.7 2 153.3 -1A.3 107.8 -115.2 228.6 - 2 h 4  254.9 49.9 
21.2 6C.4 4 7  JS3.L 68.3 466.2 121.8 -514.2 f5S.4 -173.3 189.1 -01.6 E.7 -11,9 256.4 31.5 
23.3 72.3 56.8 298.9 90.4 417.1 123.9 47.E 157.6 -158.7 191.2 -79.4 224.9 1.4 25E.5 5.7 
z . 4  1~1.7  58.9 81.3  52.5 33 .4  126.8 32.2 159.7 -121,s 1w.3 -mad 227.9 r,a 250.7 -17.6 
27.5 137.4 6l.U 223.6 94.6 2 k 1  128.1 -54.3 161.0 -%.6 1S.4 -87.3 a . 1  8.7 262.8 -3 .5  

F i g u r e  1. Record o f  total moment induced at sttain 
gage locations during passage  o f  a five axle f r u c x  sem;- 
trailer combination. Note t h e  dynamic components due to 
vehicle suspension and highway p r o f ' i l e  interaction. 

- -- - - -- - 
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1 
9 
! 
4 WIMmf3lt SDDOT Bridpe Weigh in M ~ t i o n  System 1@-f4UG-BS 17:55:32 

Bridge Moment lnflucnre Lint4 DocuMant 

I 
Structure  Q :  SPil84-195 

Remarks: F IRST CRLIPRRffON, 6P DEBREES, COLM 

S t a t i c  Moment 1nQluence Line on PB-SUN-85 08:34:22?-89:19:52 
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Mnemonic Vehicle Type Mnemomic Trailer Type 

MOT Motorcycle CAM Camping 
CAR Car MOB Mobile home 
PUP Pickup CGO Cargo 
P UC Pickup with camper i3TT Boat trailer 
PNL Panel EQU Equipment 
CYL Carryall A T 0  Automobile 
LUf L i g h t  utility TRK Truck 
PNC Personnel and cargo SLB Slantbac k 
BUT Single unit truck ANY Any other 
TST Tractor-semitrailer 
TTR Tractor-trailer 
2TC Tractor-semitrailer- 

trailer 

(a) ( b )  

Mnemonic Body Type Mnemonic Body Type  

MOT Motorcycle BUT Beverage bottler 
CAR Car DEL Delivery 
PUP Pickup AUT Auto carrier 
PUC Pickup with camper A R M  Armored 
PNL Panel BTC Doat carrier 
CYL Carryall M I X  Cement mixer 
LUT L i g h t  Utility WRK Wrecker 
P NC Personnel and cargo UTL Utilities 
FLT Flatbed CAR Garbage 
LOB Lowboy C QN Container 
RAM Rack EQP Equipment 
STK Stock CHS Dave chassis 
RIG Drill or oil rig SHP Shop 
LUM Lumber DWL Dwell ing 
LOG L o g  tarrier B U S  Bus 
CNP Canopy HOP Hopper 
EXP Express ELG Empty log trailer 
BOX Box NTR No trailer 
GRN Grain DST Oil distributer 
DMP Dump OIL Oil tanker 
VAN Enclosed van TNK Other tank 
REF Refrigerated van CHM Chemical 
MOV Movincj van 

t c )  

F i g u r e 3 .  Vehicle (a), trailer ( b )  and b o d y  ( c )  type 
mnemonics and corresponding meanings. The operator may 
enter one mnemonic of each type to completely identify the 
weighed vehicle. 

- . ,  -- 
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lane 2 
photocells 

and 
stsrain gage reflectors 

mounting locations 
P P 

<-traffic - - e- 

traffic-> 

-. 7. 

P P 

l a n e  1 
photocells 

and 
reflectors 

( a )  

( b )  

F i g u r e  4. Plan (a) and profile (.b) representa t ion i i  of a 
t y p i c a l  thrke span, four steel girder  bridge^ showing the 
locations of strain gages and axle sensing photocell and 
reflector pairs. 

mimmPs 
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Vehicle c l a s s i f i c a t i o n  d a t a  a r e  extremely important a s  
planning information f o r  use by t h e  var ious S t a t e s  ' Transporta- 
t i o n  Departments i n  t h e i r  e f f o r t s  t o  a l l o c a t e  c o s t s  a s s o c i a t e d  
with highway damage and r e p a i r .  Such da ta  is  a l s o  important 
for use by t h e  Road Planning and Design Engineers. The volume 
of  such da ta  r equ i red  makes automatic c o l l e c t i o n  of it impera- 
t i v e ,  a s  manaal c o l l e c t i o n  becomes a much t o o  lengthy and c o s t l y  
opera t ion .  

The Maine F a c i l i t y  under a  s tudy e n t i t l e d ,  Evaluatiori of 
Vehicle C l a s s i f i c a t i o n  Equipment, Lyles  and Wyman, September 
1982 reviewed f i v e  poss ib le  c l a s s i f i c a t i o n  schemes. Classes  
i n  these  f i v e  schemes ranged from 7 to 32 ca tegor ies .  A scheme 
wi th  14 c a t e g o r i e s  and c a l l e d  scheme "E" was s e l e c t e d  a s  t h e  most 
l i k e l y  candidate  t o  provide t h e  b e s t  compromise f o r  c o l l e c t i o n  
o f  data  with t h e  optimum number of vehic le  c l a s s e s  of i n t e r e s t .  

The FHWA Off ice  of Highway Planning and t h e  va r ious  s t a t e s  
reviewed t h e  v e h i c l e  c l a s s e s  chosen i n  scheme "En. After  t h i s  
review c e r t a i n  changes and a d d i t i o n s  t o  t h e  scheme were suggested.  

The F'HWA Off ice  of Highway Planning then  requested an agency 
t o  review the  proposed changes and a l s o  undertake a  s tudy o f  t h e  
accuracy and q u a l i t y  of t h e  a v a i l a b l e  equipment t o  record  such 
d a t a  i n  t h e  f i e l d .  

C 

The Mate r i a l s  and Research Division of t h e  Maine Department 
of Transportat ion received a  c o n t r a c t  t o  perform t h i s  study. 

2.0 STATEMENT OF WORK 

I 

The o b j e c t  of t h i s  p r o j e c t  s tudy was t o  eva lua te  t h e  a b i l i t y  
of p resen t ly  a v a i l a b l e  automatic veh ic le  c l a s s i f i e r s  t o  a c c u r a t e l y  
i d e n t i f y  t h e  v e h i c l e  types i n  t h e  FHtJA c l a s s i f i c a t i o n  scheme. 

In a d d i t i o n  a review of t h e  scheme "E" was requ i red  wi th  
a t t e n t i o n  t o  any p o s s i b l e  c o r r e c t i o n s  and changes needed t o  bring 
t h e  scheme i n t o  conformity with the  changes suggested i n  t h e  
FHWA review. Scheme "E" i s  shown i n  d e t a i l .  i& Table 1. 

After  r e v i s i o n  of t h e  scheme as requi red ,  development of 
dec i s ion  r u l e s  s h a l l  be undertaken t o  permit t h e  w r i t i n g  of 
l o g i c  programs f o r  each system t o  permit s o r t i n g  of v e h i c l e s  
to  t h e  f i n a l  scheme. 
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TA& 1 I 
CLASSIFICATION SCHEME "En 

I 
I 

I Vehic lb  
i 
i 

I Categories  Pe&cription 
I P E O P O S ~ ~  Rule 

I E-I bissenger cars, l i g h t  trucks, Axles  = 2 - and 
vang wheelbase c 10' - 

E-2 h&avy-duty pick-~ps, delivery Axles = 2 - and 
t rucks ,  2A6T8 s wheelbase 7 10' 

E-3 Cars and l i gh t  trdeks w i t h  one- A x l e s  = 3 or 4 & 
or-two-axle trailers 1,2 ispacing < 3.0' 

s h d  5 . 5 ' ~ 2 , ' 5  - 
spacing ~ 2 2 '  

I E -4 Threie-axle SU trucks Axles  3 and 

I hot E-3 

E-5 Trucks and semi-trailers - 252 A x l e s  = 4 - and not 
1 E-3 and 3' (_ 3,4 

I 
- 

spacing 10' 

E-6 Four-axle SU t rucks  Axles = 4 aqd not 
E-3  - and 3' fr_ 2 , 3  
spacihg C _  5 '  

E-7 Other four-axle conib%nations Axles = 4 n o t  
8-3, E 4 ,  and E-6 

E -8 Trucks and s e m i - t r a i l e r s  - 3S2 Axles = 5 & 2' 
4,5 spacing c 10' 

E-9 O t H e r  f ive-axle cowbinat ions Axles = 5 9 not 
E-8 - and 3' c_ 2,3 
spacing g 5 '  

33-10 Trucks and semi- txa i l ' ers  plus Axles = 5 and not 
fuZl t k a i l e r s  - 2Sl-2 E-8 or E-9 

E-11 Trucks and semi-trai3l'ets pius A x l e s  = 6 $nd 5 , 6  
full t r a i l e r s  - 3S1-2 spacing 7 ' 

E-12 Trucks and semi-trailers - 363 . Axles = 6 and not 
E-11 fi 4 , 5  spacing 

1 .  < 6' 

E-13 Other six-axle comb~nations Axles = 6 and not 
E-ll or E-P2 

E-14 'Other beven-or-norb-axle 'Ax les  = 7 or more 
c6mb h a ' t  ions 

2 



Undertake an evaluation of the equipment supplied by five 
companies who had agreed to supply their systems with logic 

I programs either to scheme "EN or with the changes suggested by 
the FHWA. 

The ccmpanies are: 

1. Golden-River Corp, 
2. I. R. D. -C.M. I. Dearborn 
3. Sarasota Automation 

I 

4. Streeter-Amet 
I 5. G.K, Instrument Co, Ltd. ~ 
I 
I The equipment is to be evaluated by two means. One, by a 
I check to determine the classification accuracy and two, by a 
I 

longer terx test of approximately one to two weeks of operation, 
to determine the ability of &he equipment to operate over 
typical field data collection periods, without problems or 
failures, 

I Tests are to be run on a rural two lane road and on the 
I Tnterstate system. 

3.0 SYSTEMS A V A I U B L E  FOh TEST 

Table 2 shows the characteristic of the five systems 
available for test. Lane capacity, type of sensors used, approx- 
imate cost, and data available on read out are provided in chart 
form with other characteristics of interest. 

In order to provide data inputs from the road for processing 
by the microprocessor systems certain in road sensors are required. 
Technical details of the operation of inductance loops and other 
sensors are given in considerable detail in a report by Lyles- 
Wyman, E'WWA/P1/80/006 dated August 31, 1980 entitled, "Evaluation 
of Speed Monitoring Systems" conducted by the Maine Facility, 
Materials and Research Division of the Maine Department of Trans- 
portation and sponsored by the FHWA Office of Highway Planning 
under contract lXY&-FH-11-9401. 

Briefly, in order for a system to provide a classification 
ability an axle count and the speed of the vehicle must be 
available to the system. 

, 
Several different methods are used to collect such data. 

The I.R.D. system uses two inductance loops ta obtain speed 
information and a permanently installed magnetic type axle 
counter, This axle counter also provides information on dual 

I 

I 

wheels. I 

3 
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TABLE 2 
CHPrFUiCTERISTICS OF SYS!FEMS 

M & e l  6000 ,- 

Lengths Speed 

- - -- 

* One lane per pad. 
** See appendix I1 for d e t a i l s  of costs. Cost of i n s t a l l a t i o n  

of permanent axle counter not included in estimate. 



The Golden-River system uses two inductance loops and a pad 
type  a x l e  counte r .  (This  pad a l s o  germits a x l e  weight r eco rd ing ,  
b u t  an e v a l u a t i o n  of this a b i l i t y  was no t  conducted as a p a r t  
o f  t h i s  s t u d y ) .  

The Streeter-Amet and the  O.,K, Ins t rument  systems use two 
pneumatic tubes or h o s e s  s t r e t c h e d  across a s i n g l e  l a n e ,  

The Sa ra so t a  system u s e s  two inductance loops  and t h u s  
c l a s s i f i e s  by v e h i c l e  l e n g t h s  on ly .  

4 . 8  REVIEW OP CUSSBFICATIOPJ SCHEMES 

As a r e s u l t  of  t h e  s t u d y  sf t h e  comments r ece ived  on t h e  
FHWA and t h e  s t a t e s  review of t h e  o r i g i n a l  scheme "EM a new 
scheme l a b e l e d  fox  r e f e r e n c e  scheme "F" was developed s o  a s  t o  
provide the c o r r e c t i o n  of  some logic e r r o r s  i n  t h e  o r i g i n a l  
scheme "Em and a l s o  t o  pe rmi t  t h e  a d d i t i o n  o f  motarcycles  and 
buses  t o  t h e  c l a s s i f i c a t i o n  list. Scheme "P" i s  shown i n  f low 
c h a r t  form on Tables 3 t h r u  3F, 

5 . 0  EVALUATION 
P 

The t e s t i n g  and e v a l u a t i o n  c o n s i s t e d  of t h r e e  phases .  One, 
an i n i t i a l  review o f  each system t o  a s c e r t a i n  t h a t  a l l  systems 
worked a s  rece ived .  A 1 1  sys tems had some problems which were 
reso lved  dur ing  t h i s  phase. Phase two, which was c a l l e d  'Proof 
Test ing"  was a check made of each  systemsn a b i l i t y  t o  c l a s s i f y  
c o r r e c t l y ,  Tes t ing  for t h i s  phase was conducted on U . S ,  Route 2 
a t  t h e  Maine F a c i l i t y  where a t r a i l e r  f a r  r eco rd ing  equipment 
and photographic equipment was a v a i l z b l e .  This test was done 
on each system by observing the passage of approximately 508 
v e h i c l e s  of a l l  c l a s s e s  thxu  t h e  system and .photographs were a l s o  
made where required and ana lyzed  to a i d  i n  c l a r i f y i n g  d e c i s i o n s  
a s  t o  e l a s s i f  i c a t i o n  c a t e g o r i e s ,  

S ince  each system uses s l i g h t l y  d i f f e r e n t  Eogie; i .e., some 
u s e  scheme "E" and same i nco rpo ra t ed  the a d d i t i o n s  of scheme "F", 
t h e  t e s t  was performed t o  cheek each systems' a b i l i t y  t o  c l a s s i f y  
c o r r e c t l y  to i t s  own l o g i c  scheme. 

I' 
Phase three, t h e  volume test  runs ,  were conducted over 

several 24 h s u r  p e r i o d s  e i t h e r  on U , S .  Route 2 f o r  t h e  permanent 
I . R . B .  and t h e  semi-permanent Golden-River system or on I n t e r -  
s t a t e  95 northbourid a t  P i t t s f i e l d  f o r  t h e  road tube  systems.  
Induc t ive  loops fo r  the  S a r a s o t a  system were available a t  t h e  
Route 2 s i t e  so t he  volume tes ts  on t h i s  system were a l s o  c a r r i e d  
o u t  t h e r e .  The r e s u l t s  of these tests are summarized on Table 4. 



SCHEME " F" FLOW CHART . 
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A l l  systems surv ived  b o t h  the phase two and t h e  phase three 
t e s t s  without  e l e c t r o n i c  f a i 3 u r e s .  A l l  systems had problems 
with miseed. counts .  The road tube types, the Streeter-Arne* and i 

the G.K. Instrument were p a r t i c u l a r l y  susceptab le  t o  missed 1 

couqts  a t  slower speeds  (under 20 mph) and when i n  queues. T h i s  I 

problem is d e l t  w i th  a t  l e n g t h  i n  t h e  f u l l  f i n a l  report. 
I 

The X.R.D. system is  a year round permanent system as is  the 
aso ta  system (veh ic l e  l e n g t h s  only) .  Tha t h r e e  o t h e r  systems 

are c l e a r  road systems only .  
I 

Resu l t s  of t h e  t e s t i n g  i n d i c a t e  t h a t  scheme "F" is  an  I 
I 

acceptab le  c l a s s i f i c a t i o n  system and one f o r  which s u i t a b l e  
l o g i c  programs can be developed f o r  those  systems using micro- I i 
processor techniques.  

The FHWA O f f i c e  of Highway Planning r a n  a computer check of 
scheme "F" using d a t a  supp l i ed  by t h e  S t a t e  of  Washington on 
some 12,927 v e h i c l e  c l a s s i f i e d  by types .  One e r r o r  i n  l o g i c  i n  
scheme "F" was i d e n t i f i e d  and co r rec t ed .  The d a t a  was aga in  
compared by computer which i n d i c a t e d  t h a t  scheme "F" would pro- 
v i d e  an  acCepfable c l a s s i f i c a t i o n  system having a n  accuracy 
averaging we l l  over  95% and better i n  t h e  l a r g e r  t r u c k  types .  

I n  sununary then ,  w i t h i n  t h e  l i m i t a t i o n s  s p e l l e d  o u t  i n  t h e  
f u l l  report, t h e  dour systems t h a t  c l a s s i f i e d  by a x l e s  should 
provide acceptab le  systems f o r  use  i n  c o l l e c t i n g  f i e l d  c l a s s i -  
f i c a t i o n  da ta .  Where c l a s s i f i c a t i o n  by length  i s  acceptab le  
t h e  Sarasota  system would provide an accsgtabLe year  round 
system. 

6.0 RECOMMEN3DATPONS FOR EQUXPMENT TMPROVENENT 

While t h r e e  d i f f e r e n t  t y p e s  of a x l e  sensors  were t e s t e d  
during t h i s  e v a l u a t i o n  a l l  t h r e e  had s e r i o u s  l i m i t a t i o n s .  E i t h e r  

igh cost [the I . R , D ,  permanent sensor  and t h e  Golden-River 
xhe pad, or seasonal use t h e  pad and pneumatic tubes) .  The 

road tubes also have a shsrt l i f e  as repor ted  i n  t h e  prev ious  
s tudy ,  b u t  they tend  t o  f a i l  g r a d u a l l y  during e t e s t  run making 
t h e  d a t a  c o l l e c t e d  dur ing  the  r u n  suspec t .  

1 - 
I Clearly, it is  apparent  t h a t  the  development of a low c o s t ,  
I 

I pre fe rab ly  permanent o r  a t  least a l l  weather ax le  counter ,  should ~ 
be high on t h e  agenda f o r  f u t u r e  FI%WW o r  Industry support .  

I 
I 
I It is  recommended t h a t  work be  funded f o r  development i n  . 

I t h i s  area. With t h e  FHWA requirement  t h a t  t h e  va r ious  s t a t e s  1 

I 14 
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provide v e h i c l e  c l a s s i f i c a t i o n  data on a routine b a s i s  a system 
with a more r e l i a b l e  axle counter should have top p r i o r i t y .  

Such a sensor should be ab le  t o  withstand the higher A.A.D.T,'s 
1 and a l s o  be impervious t o  de l iberate  attempts by v e h i c l e  operators 

t o  damage i t .  
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The Streeter Amet Traficomp System, including Model 141 -4 Recorders was purchased in March 

1981 for use in collecting data for the annual certification of the National 55 MPH Speed Limit. Aft'er 

two highly successful years of operation it was decided to  investigate the possibility of .expanding the 

I 

, use of the equipment to other areas. These areas include the following: 
I 

I 1. Volume Counting 
1 

2. Turning Movement Program 
1 

3. Length Classification Program 

4. Vehicle ~ ~ ~ e ' ~ 1 a s s i f i c a t i o n  Program 

In the summer of 1983 Kansas evaluated the 14-Channel Vehicle Type Program developed by 

Streeter Amet using two roadtubes spaced 11 1.5 feet apart. This program was very accurate but was 

used only sparingly during the evolrmti~n of the 13 FHWA ekssesr. (SLIDE 1). This slide shows the 

wheel base for the two axle vehicles in the classification scheme of the original 14 Types. The axle 

I 

spacil~gs for all 14 Types are shown on page I of your handout. As can be noted in the slide there 
\ 

are differences between these 14 classes and the 13 vehcle classes recently adopted by the FHWA 

for standarization in reporting shown on page 2 of your handout. 

During the summer of 1984 Kansas evaluated another Streeter Amet Program to classify vehicles 

into the 13 FHWA classes (SLIDE 2). 'kluis slide shows the wheel base spacings for only the two axles 

vehicles. Again complete axle spacings for all 13 types is shown on page 2 of your handout. This 

program was accurate in classifying the three axle or mare heavy trucks but there were problems 

with cars, pickups and 2 Axle/6 Tire Trucks - Classes 2 ,3 ,  and 5, respectively. 

Kansas then n l d e  an anaiysis of the wheel bases of the pickups and 2 axle16 tire vehicles using 

data from the 1981 and 1988 truck weight studies. The wheel bases of cars were also studied for those 

listed in the 1984 NADA used car guide. The wheel bases for cars were in general 10 feet or less. 

- 1 -  



(SLIDE 3) This slide shows a frequency distribution of the wheelbases for the pickups weighed 

during the 1983 truck weight survey. As can be noted, the majority cluster around 1 1  .O feet with i I 
only 1 1 percent in the 11.5-17.3 foot range specified in the original program for the 13 FHWA k 

classes. The 2 Axle14 Tire vehicles in this exhibit have a mean of 11.0 feet and a standard deviation 

of 0.94 of a foot. (SLIDE 4) This slide shows a wheelbase frequency distribution for pickups weighed 

during the 198 1 Truck Weight Survey. This is an almost minor image of the previous slide only 

there is a little more pronounced peak in this data at 11.0 feet. These vehicles in 1981 had a wheelbase 

mean of 1 1.1 feet and a standard deviation of 1.07 feet. (SLIDE 5 )  This slide is a frequency distribution 

1 
I 
1 

of the wheel bases of the 2 axle16 tire trucks weighed during the 1983 truck weight sunrey. There is no 

single clear cut peak in tlus frequency distribution with several sf about the same magnitude between 

1 1.5 and 17.0 feet, only about 15 percent are in the 17.3 to 23.0 foot range which is specified for 

Class 5 on page 2 of the handout. These vehicles have a mean wheel base of 14.6 feet and a standard 

deviation of 2.54 feet. (SLIDE 6) A similar frequency distribution of wheel bases for the 2 Axle16 

Tire trucks is shown for those weighed in 198 1. What the previous slides show is that there is a major 

undercount of 2 Axle16 Tire Trucks in the initial program for the 13 F W A  types. The first five classi- I! 
fications of the FHWA 13 vehicle classes are all within the two axle group. It was determined that the 

axle spacing break points within the program needed to be adjusted carefully to obtain the most 

accurate breakdown between motorcycles, automobiles, pickups, 2 axle16 tire trucks, and busses. 

Particular emphasis needed to be given to  the pickups and 2 axle16 tire vehicles. Based on our analysis, 

recommendations were developed for optimum axle spacing breakpoints to allow for the most accurate 

classification of vehicles. The analysis included development of what can be called "cancellation factors" 

whereby the number of longer wheel base automobiles (Type 2) incorrectly classified as pickups (Type 3) 

would be offset by the number of shorter wheelbase pickups incorrectly classified as automobiles. 

Similarly, the number of extra long wheelbase pickups incorrectly classified as 2 Axle16 Tire Trucks 

would be offset by the number of extra short 2 Axle16 tire trucks incorrectly classified as pickups. 

A factor was developed for the 2 Axle14 Tire vehicles (Slide 7) this factor was applied to all 2 Axle/ 

4 Tire trucks weighed during the 1983 truck weight survey, A factor could have been developed for ij 
the 2 Axle/6 tire trucks just as easily by interchanging the numerator and denominator and the factor 

11 c 
d 
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would have been about 0,066. (SLIDE 8) This slide shows an insert from a table with the factor applied 

to the 2 Axle14 tire velhicles (Column 6).The table extends upward to the vehicle with the smallest 

wheel base and downward to the vehicle with the largest wheelbase. The 2 Axle/6 tire trucks are in 

Column 7. These two columns are then summed and placed in column 8. Column 9 is an accumulation 
I 

of column 8 from large to small wheelbase. What we are looking for is the break point between 2 Axle/ 

4 Tire and 2 Axle16 tire vehicles which is the number of 2 Axle16 tire trucks weighed which is 3 16 as 

we move from bottom to top. We find this breakpoint to be at 13.0 feet. 

1 

To check the results, the analysis was repeated using the 2 Axle/4 tire and 2 Axle16 tire vehicles 
I 
1 weighed during the 1981 Truck Weight Survey. Even though the computed factors are considerably 

different-8.80 for 1981 and 15.14 for 1983 the 13.0 foot break point was verified. The data that 

Kansas analyzed and the recommendations resulting from that analysis were sent to Streeter Amet. The 

, Streeter Amet Company developed a program based on the axle spacing recommended for the 13 
I I 
vehicle types. The company was extremely meticulous in developing the program and expended con- 

siderable effort analyzing the data provided. 

After the wheel bases for the two axle vehicles were established, the axle spacing for the three 

or mare axle vehicles fell into place. (SLIDE 9) this slide shows the axle spacings for the 2 axle vehicles I 
as established and programmed by Streeter Amet. Complete axle spacings for all 13 types is shown on 

page 3 of your handout. Note that the end points of all spacing are divisible by three and one-third. 

The new program tape for the traficomp recorder 13-channel vehicle type program provides 

vehicle classification for one lane of traffic using two roadtubes spaced 13 feet, 4 inches apart. This 

roadtube spacing is a change from the roadtube spadng in the previous programs of 11 feet, 6 inches. 

The recorder has the data storage capacity for 160 hours using the hourly recording interval. 

A test was conducted in the outside traffic lane on the interstate near Topeka. It was obvious, 

after a short observation period of two hours, that the machines programmed with the new tape would 

be satisfactory for machine vehicle classification. It correctly classified 60 eighteen wheelers (Type 9) 

and accuracy on other vehicle types was also observed. There was no hesitation in using the machines 

for the Winter Cycle of the 1985 Kansas Vehicle Classification Study. Later, the machines were set at 

a western Kansas Interstate location. The roadtubes for four machines were placed in each lane and a 

one flour visual. classification check was performed for each lane. (SLIDE 10) This slide shows the 



resuIts of this one hour check. Exact matches between visual classification and machine classification 

are shown by the figures in the diagonal, which includes 89.4 percent of the 2 18 vehicles. The diagonal 

is highlited in the slide projection to my right. 

The cancellation effect makes the machine recordings even more accurate. What we are looking for 

is close agreement between the row totals (visual classification) and the column totals (machine classi- 

fication) for each vehicle type. Ninety-eight passenger cars (Type 2) were visually observed while the 

machines recorded 93. Forty--seven (47) pickups (Type 3) were visually observed while the machines 

recorded 54. Four 2 Axle16 tire trucks (Type 5) were visually observed and because of the cancellatiorr 

effect, four were also machine recorded. Fifty-eight (58) eighteen wheelers (Type 9) were visually 

recorded while the rnachhes recorded 56. Similar results were obtained at four other locations. The 

highlights of the accuracy check at the five locations are as follows: 

1. 88.2% of all velaicle types are in thc diagonal. 

2. 449 Autos were visualiiy observed while the machines recorded 437. 

3. 178 Pickups were visually observed while the machines recorded 186. 

4. 14 Two Axle/Six Tire Trucks Type 5 were visually recorded while the machines 
recorded 1 1 . 

5. 83 Eighteen wheelers were visually recorded while the machines recorded 8 1. 

6. The percent heavy commercial was 16.0% by the visual method and 16.5 as 1 
recorded by machine. L 

C 
b 

7. The 18-Kip equivalent single axle loadings were computed separately for the 
vehicles classified visually and by machine and were found to  be within two 
percent. 

One of the features of the program is that if a vehicle does not meet the specifications for any 
r 

of the 13 types i t  is recorded in the hourly total only, which results in a accurate volume count. A /I t: 

! 
check of the first few weeks data from the machines reveals that less than one percent of the total a 

I 

I i 
I vehicles are being recorded outside the 13 basic vehicle types. s 

$ 

Some limitations of machine classification are that the roadtubes must traverse only one lane k k 
of traffic, although this cannot necessarily be considered a disadvantage. The program will only 1 

[ 
operate properly in free flow traffic, with separation between vehicIes. A constant vehicle speed of s 



for cars travelling a uniform rate of speed less than 20 MPH. The inability t o  count turning movements 

unattended is a disadvantage when compared with visual classification. Equipment malfunction could 

be a problem, The machines do not allow as broad of a classification as with the visual method. The 
I 

I visual method can also note special circumstances such as funerals, convoys, etc., which is not possible 

using machines. The use of roadtubes has not been a problem as is evident from continuous operation 

of six machines for almost 4 months. The only problem encountered was when a battery went bad on 

the last day. 

Preventive maintenance is an important factor in getting reliable data from the machines. The 

inside of the roadtubes should be cleared of foreign matter with air pressure on a regular basis. Road- 

tubes need to  be kept in matched pairs of the same length. Kansas is considering using hoses with a 

60 foot length which would result in less pressure on the diaphragm of the solid state air switches. 

One hour accuracy counts are suggested on a regular basis for all machines. This accuracy check would 

spot problems with a machine early and after a long period of time factors could be developed for 

those vehicle types - under or overcounted, if desired. Another important factor is to  use an expe- 

rienced person to  set the machines. One of our top field persons is assigned this task. 

The main advantage of the machine classification is its economy, Approximately 3.5 visual 

persondays are required to do the same amount of vehicle classification as one person-day using machines. 

This does not consider the loss of turning movements by using machines. This 3.5 to 1 machine over visual 

advantage was established using six machines and one person. 'IE'he ratio can probably be increased when 

the optimum number of machines is available for one person. This is estimated to be between 6 and 10 

machines. Classification consistency is also an advantage when using machines. 

Weighing the advantages and disadvantages of machines for vehicle classification, the advantages 

far outweigh the disadvantages. 

This concludes my speech. I would like to  thank the Georgia DOT and the FHWA for sponsoring 

this conference. Being invited will always be a most memorable occasion for me. Thank You. 
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FREQUENCY D ON OF WHEEL BASES 
1983 TRUCK WEIGHT SURVEY 

ACCUMULATE 
WHEEL 2 AXLE 2 AXLE LARGE TO 
BASE RED 6 TIRED TOTAL SMALL 











13-UUNlEL VEHICLE CLASS 1FICATIOU PROGRH 
llAlNE TEST 

VEH. W.OF AXLE AXLE AXLE AXLE AXLE AXLE TOTAL 
TYPE a OESCRlPTIOW AXLES 1 - 2  2 - 3  3 - 4  4 - 5  5 - 6  6 - 7  K€ELWE 

1 MITORCYCLE 2 0.0- 5.8 
2 o9am UR 2 

5.8 
5-8-11.5 

2 W O O  CAR U/l-AXLE TRlR 3 5.8-11.5 5.8-17.3 
11.5 

2 
28.8 

W)IW UR H/2-A%lE TRLR 4 5.8-11.5 8.6-17.3 0.0-5.8 
3 

40.3 
200000 PICK UP/VAFI 2 11.5-17.3 

4 190XM1 BUS 
17.3 

2 23.0-40.3 
5 

4Q.3 
2-20WO 2-AXLE 16-TIRE 2 17.3-23.0 

6 
23.0 

23i3ODO 3-AXLE S.U. 3 5.8-23.0 0.0- 5.8 
7 

40.3 
2400M1 I-AXLE S.U. 4 5.8-23.0 0.0- 8.6 0.0- 5.8 

8 321000 2Sl 3 5.8-17.3 17.3-40.3 
40.3 

8 331000 Xi1 4 
$6.0 

5.8-17.3 0.0- 5.3 5.8-40.3 
8 3220fM 252 4 5.8-17.3 17.3-40.3 0.0- 5.8 

57.5 

9 332000 3S2 5 5.8-17.3 0.0-5.8 11.5-40.3 0.0-11.5 
57.5 

9 
69.0 

432000 3-AXLE W/TRLR 5 5.8-17.3 0.0- 5.8 5.8-23.0 11.5-23.0 
10 

69.0 
333000 6-OR W E  AX-SGL TR 6 5.8-17.3 0.0-5.8 0.0-40.3 0.0-11.5 0.0-11.5 

11 
69.0 

5212W 5-AXLE WULTl -fRLR 5 5.8-17.3 11.5-23.0 5.8-17.2 11.5-23.0 
12 

69.0 
5322110 CAXLE WLT I -TRLR 6 5.8-17.3 0.0- 5.8 11.5-23.0 5.8-17.3 11.5-23.0 69-0 

13 531300 7-AXLE WLTI -TRLR 7 5.8-17.3 0.0- 5.8 0.0-23.0 0.0-23-0 0.0-23.0 69.0 

14 TOTAL ML VEHICLES I ~ ~ U O I I I G  AMY NOT MTCHIHG ONE OF THE ABOVE 

- 2 -  

- 



VEH. 
TYPE - W.OF AXLE AXLE AXLE AXLE AXLE AXLE TOTAL 

CODE DESQIPTION AXLES 1 - 2 2 - 3 3 - 4 4 - 5  5 - 6  6 - 7  SELBME 

WTORCICLE 
CAR 
CAA U/l-AXLE TRLR 
CAR Y/Z-AXLE TRLR 
PfCK UP/VAN 
BUS 
BUS 
2-AXLE/C-TIRE 
3-AXLE S.U. 
$-AXLE S.U. 
251 
351 
n z  
352 
3-AXLE Y/VRLR 
6 4 4  MIRE AX.SGL ?R 
6-a( W E  AI(.SGL TR 
5-AXLE PIULT I-TRUI 
6-AXLE MILT 1 -TRU 
7-AXLE MILTI -TRLR 

14 TOTAL ALL VEHICLES INCLUDING ANY HOT CUTCHIN6 ONE OF THE ABOVE 









LOW-COST WIM : THE WAY FORWARD 

Dr Peter Davles and Fraser Sornrnervllle 
CRC Corporation 

1800 SW Whiteside Dr 
Corval lis 

Oregon 97333 

INTRODUCTION 
4 

The US Department of Transportation's Federal Highway Administration (FHWA) 
has supported the collection of truck weight data by the individual states 
since 1936. The data have been used to provide a basis upon which to make 
decisions on design criteria, equitable tax structures, regulation of 
vehicle operation, and the determination of the relative position of 
highway transportation In the national economy ( 1  - 1 .  

The truck weight data collected annually by the states are used at the 
national level to: 

1. Estimate the annual travel by each type of truck; 
2. Estimate the ton-miles of cargo hauled by highway; 
3. Detect year-to-year changes in axle and gross weights and 

distributions; and 
4. Compare the characteristics of actual usage with administrative 

policies ( - 1 1 .  

The results of the state surveys are used at both the state and national 
levels for: 

1 .  Consideration of transportation policy; 
2. Allocation of highway costs and revenue; 
3. Development of size and weight regulations; 
4 .  Establishment of geometric design criteria related 

to the size and weight of vehicles; 
5. Development of pavement design procedures and criteria; 

and 
6. A variety of special administrative, planning, design, 

and research studies ( - 1 . 
At the state level, truck weight data are used in calculating equivalent 
axle loads for pavement design and in bridge loading analysis in terms of 
both bendlng moment and fatigue. The criticality of accurate axle weight 
estimates is illustrated by information from the American Association of 
State Highway Officials (AASHO) road test. That is, roadway damage 
increased exponentially with axle load so that, for example, one 
42,000-pound single axle does as much damage to the pavement as thirty-two 



I 
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78,000-pound axles. 

The annual reporting by each state of consistent and reliaale truck weight, 
vehlcle classification, and volume data which are representative of truck 
usage of the various highway and street systems is essential to the 
continuation of reliable output from these studies and analyses ( 1  - 1 .  

Until recently, the manual used for designing and conducting truck welght 
studies has been the "Culde for Truck Weight Study Manual," published by 
the FHWA in April 1971 ( 1  1 .  Recognizing that the existlng truck weight 
studies had several significant deficiencies , the FHWA initiated an 
internal review in 1980. The final report of the FHWA's Truck Weight Study 
(TWS) Task Force was published in November 1981 under the title "Truck 
Weight Study Evaluation: Final Report". This document described the Truck 
Weight Study as it existed at that time, as well as recent changes, and 
identified six deficiencies: 

1. It is not designed on a sound statistical basis. 
2. It provides only limited functional system coverage. 
3. It does not provide seasonal coverage. 
4. Its temporal coverage (time of day and weekday versus 

weekend) is extremely limited. 
5. Bias may exist in much of the current data. 
6. The cost-effectiveness of the data collection process 

needs improvement. 

The first through fifth deficiencies have been partially addressed. In 
June 1984, the FHWA1s Office of Highway Planning issued a draft edition of 
its "Traffic Monitoring Guide". This publication provides a statistically 
sound sample design procedure which allows data precision to be related to 
the intensity of monitoring. The states which are participating in the 
Truck Weight Study now have a tool to use in designing a statistically 
sound truck weight data collection program, with particular emphasis on 
weigh-in-motion (WIM) equipment. 

The last deficiency of the TWS is the subject of this paper; low cost WIM. 
Current research and other efforts ongoing in the US and in Europe will be 
outlined after a brief review of WIM development. 

STATE ACTIVITY 

Prior to 1970, nearly all truck weighing in the U.S. was done using static 
scales. The data were obtained by using portable wheel load weighers or by 
"borrowingv permanent enforcement scale sites. It was not until 1974 t h a t  
dynamic weighing equipment was first used to collect data for the Truck 
Weight Study (in the State of Florida). However, field experiments with 
WIM technology were reported as early as 1952 by Normann and Hopkins of the 
US Bureau of Public Roads ( B P R )  (2). The sensor comprised a reinforced 
concrete slab 12 x 3 x 1 foot in size supported on four strain gauge load 
cells. Installation of the sensor required construction of a large pit 
beneath the road surface. Electronic instrumentation was used to monitor 



t h e  l o a d  ce l l s  a n d  t o  p r o c e s s  t h e  d a t a .  Similar d e v i c e s  were i n s t a l l e d  a n d  
o p e r a t e d  i n  t h e  1950s i n  t h e  s ta tes  o f  I o w a ,  M i n n e s o t a ,  O r e g o n ,  M i c h i g a n ,  
I n d i a n a ,  a n d  X l l i n o i s  and  u s e d  f o r  t r u c k  w e i g h t  s u r v e y s ,  s o r t i n g  s u s p e c t e d  
o v e r w e i g h t  v e h i c l e s  f o r  law e n f o r c e m e n t ,  a n d  pavement  r e s e a r c h  s t u d i e s  (31. - 

Some s u c c e s s  i n  t h e s e  e a r l y  WIM e f fo r t s  was r e p o r t e d ,  b u t  w e i g h - i n - m o t i o n  
o p e r a t i o n s  were a b a n d o n e d  by most of t h e  a b o v e  states by t h e  l a t e  1950. AS 
r e p o r t e d  by Lee ( 4 1 ,  t h e r e  were s e v e r a l  p r o b l e m s  w h i c h  b r o u g h t  a b o u t  t h i s  
r e s u l t  , i n c l u d i n g ?  

1 .  Lack o f  p o r t a b i l i t y .  
2.  R e l a t i v e l y  large mass a n d  i n e r t i a  of t h e  w e i g h i n g  p l a t f o r m ,  

p r e v e n t i n g  m e a s u r e m e n t  of d y n a m i c  effects .  
3. L e v e l i n g  a n d  lAeral  t r a n s l a t i o n  of t h e  p l a t f o r m .  
4 .  M o i s t u r e  a c t i o n  o n  t h e  l o a d  cells .  
5. E x t e n s i v e  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  r e q u i r e m e n t s  a t  

t h e  w e i g h i n g  s i t e .  
6. Axle  l o a d s  r a t h e r  t h a n  w h e e l  l o a d s  b e i n g  d e t e c t e d .  
7 .  A n a l o g  i n s t r u m e n t a t i o n  a n d  i n f o r m a t i o n  d i s p l a y .  

F u r t h e r  r e s e a r c h  u t i l i z i n g  large p l a t f o r m  scales was  c a r r i e d  o u t  i n  t h e  US 
a n d  Europe .  I n v e s t i g a t o r s  i n  o n e  p r o j e c t  a t  t h e  U n i v e r s i t y  of K e n t u c k y ,  
j o i n t l y  s p o n s o r e d  by t h e  K e n t u c k y  D e p a r t m e n t  of Highways a n d  t h e  BPR, 
a t t e m p t e d  t o  a d d r e s s  t h e  d e f i c i e n c i e s  of m a s s i v e  p l a t f o r m s  by p r e l o a d l n g  
them w i t h  c o i l  s p r i n g s  a n d  steel rods ( 3 ) .  T h e s e  a t t e m p t s  w e r e  n o t  
s u c c e s s f u l .  I n  1958, t h e  M i c h i g a n  ~ e ~ a r t r n e n t  of S t a t e  Highways a n d  
T r a n s p o r t a t i o n  b e g a n  a 1 6 - y e a r  u n d e r t a k i n g  t o  i n v e s t i g a t e  i n - m o t i o n  
w e i g h i n g  a n d  d i m e n s i o n i n g  o f  h ighway  v e h i c l e s  ( 5 ) .  F o u r  large p l a t f o r m  
e l e c t r o n i c  s c a l e s  were i n s t a l l e d  o v e r  a 7 0 - f o o t d i s t a n c e  i n  a d v a n c e  o f  a  
s t a t i c  m e c h a n i c a l  scale. T h e  i n s t r u m e n t a t i o n  a n d  d a t a  d i s p l a y  w e r e  
s i g n i f i c a n t l y  a d v a n c e d  o v e r  p r e v i o u s  e f f o r t s  a n d  i n c l u d e d  some 
c l o s e d - a i r c u i t  t e l e v i s i o n  s u r v e i l l a n c e .  

Most of t h e  W I M  s y s t e m s  i n  u s e  i n  t h e  s t a t es  t o d a y  are p o r t a b l e  or 
s e m i p o r t a b l e  d e v i c e s .  E a r l y  work o n  a p o r t a b l e  w h e e l  l o a d  t r a n s d u c e r  was 
d o n e  a t  M i s s i s s i p p i  S ta te  U n i v e r s i t y  b e g i n n i n g  i n  9952 ( 6 ) .  R e s e a r c h  
c o n t i n u e d  i n  t h e  US, as  w e l l  as Sweden,  E n g l a n d ,  West ee?many, a n d  S o u t h  
Africa o v e r  t h e  n e x t  t h r e e  d e c a d e s  (9-12). By 1974,  t h e  f o l l o w i n g  
t r a n s d u c e r  c o n c e p t s  had  e m e r g e d  as  h a v i n g  p r a c t i c a l  s i g n i f i c a n c e :  

1 .  Change i n  e l e c t r i c a l  c a p a c i t a n c e  b e t w e e n  two c o n d u c t o r s  as f o r c e  
d e f o r m s  a  s e p a r a t i n g  d i e l e c t r i c .  

2.  Change i n  p r e s s u r e  i n  a d e f o r m i n g  h y d r a u l i c  chamber  as f o r c e  
is a p p l i e d .  

3.  Change i n  e l e c t r i c a l  r e s i s t a n c e  o f  a bonded  s t r a i n  g a u g e  as force 
deforms t h e  e l a s t i c  s t r u c t u r a l  member t o  w h i c h  t h e  g a u g e  is a f f i x e d .  

I n  1974,  t h e  F l o r l d a  D e p a r t m e n t  of T r a n s p o r t a t i o n  b e g a n  c o l l e c t i n g  i ts 
T r u c k  W e i g h t  S t u d y  d a t a  u s i n g  w e i g h - i n - m o t i o n  e q u i p m e n t .  The  e q u i p m e n t  
i n s t a l l e d  was m a n u f a c t u r e d  by U n i t e c h  (now R a d i a n  C o r p o r a t i o n i  a n d  t h e  
R a i n h a r t  C o r p o r a t i o n  u s i n g  a d e s i g n  d e v e l o p e d  by D r .  C l y d e  Lee of t h e  



U n i v e r s i t y  of T e x a s .  A s  o f  J u l y  1984, 33 s t a t e s  had  p u r c h a s e d  a n d / o r  
i n s t a l l e d  W I M  systems p r o d u c e d  by R a d i a n ,  PAT, I R D  and  o t h e r s .  

CURRENT RESEARCH A N D  PROJECTS 

C u r r e n t  r e s e a r c h  a n d  o t h e r  e f f o r t s  now o n g o i n g  i n  t h e  US and  E u r o p e  are  
d i r e c t e d  t o w a r d :  i m p r o v i n g  W I M  t e c h n o l o g y ;  a s s e s s i n g  t h e  s u i t a b i l i t y  of 
commercial W I M  p r o d u c t s  f o r  b o t h  d a t a  c o l l e c t i o n  a n d  e n f o r c e m e n t ;  
c o l l e c t i o n  a n d  d i s s e m i n a t i o n  o f  W I M  i n f o r m a t i o n ;  a n d  d e v e l o p i n g  s y s t e m s  
w h i c h  i n c o r p o r a t e  W I M  e q u i p m e n t  as a  s u b s y s t e m .  

The  p r i n c i p a l  p u b l i c  e f fo r t  d i r e c t e d  a t  i m p r o v i n g  W I M  t e c h n o l o g y  is a n  
FHWA-sponsored s t u d y  e n t i t l e  "Deve lopment  of a Low-Cost T r u c k  W e i g h i n g  
Sys tem."  T h i s  r e s e t a r c h  is i n t e n d e d  t o  p r o d u c e  a p r o t o t y p e  p o r t a b l e  
s u r f a c e  mounted  WIM s y s t e m  w h i c h  w i l l  h a v e  a n  a c c u r a c y  of + 10% for  h e a v y  
a x l e s  a t  a target p r i c e  of $5,000. The  s t u d y  b e g a n  i n  s e p T e m b e r  1983; t h e  
p r o t o t y p e  s y s t e m  w i l l  be d e l i v e r e d  t o  t h e  FHWA by S e p t e m b e r  30, 1985. 

T h e  a u t h o r s  of t h i s  p a p e r  h a v e  b e e n  r e s p o n s i b l e  for  much of t h e  r e s e a r c h  
a n d  d e v e l o p m e n t  o n  t h e  a b o v e  FHWA s p o n s o r e d  s t u d y  a n d  a b r i e f  r e v i e w  of 
t h e  work u n d e r t a k e n  is p r e s e n t e d  b e l o w .  

F o l l o w i n g  a n  e x t e n s i v e  l i t e r a t u r e  a n d  p r o d u c t  s e a r c h ,  a r a n g e  o f  
t e c h n o l o g i e s  w e r e  i d e n t i f i e d  w h i c h  w e r e  c o n s i d e r e d  s u i t a b l e  f o r  t h e  
d e v e l o p m e n t  of a l o w - c o s t  w e i g h - i n - m o t i o n  s e n s o r .  C a r e f u l  e v a l u a t i o n  o f  
t h e  a l t e r n a t i v e s  o n  t h e  basis of t e c h n i c a l  merit a n d  c o s t - e f f e c t i v e n e s s  
was  c a r r i e d  o u t  a n d  t h r e e  p r e f e r r e d  a p p r o a c h e s  s e l e c t e d  fo r  f u r t h e r  
i n v e s t i g a t i o n .  S u c h  f a c t o r s  as t h e  f u n d a m e n t a l  p r o p e r t i e s  of w e i g h t  
s e n s i t i v e  e l e m e n t ,  t h e  p r a c t i c a l i t i e s  of s e n s o r  m o u n t i n g ,  d u r a b i l i t y  of 
t h e  s e n s o r  a n d  t h e  c o m p l e x i t y  of s i g n a l  p r o c e s s i n g  w e r e  a l l  c o n s i d e r e d  i n  
t h e  e v a l u a t i o n  p r o c e s s .  T h e  c o s t s  of s e n s o r  raw m a t e r i a l s ,  f a b r i c a t i o n  
a n d  s i g n a l  p r o c e s s i n g  h a r d w a r e  w e r e  a lso e x a m i n e d .  The c o n s t r a i n t  of t h e  
c o n t r a c t  p e r i o d  was r e c o g n i z e d  i n  d e c i d i n g  w h i c h  of t h e  t h r e e  a p p r o a c h e s  
t o  W I M  s y s t e m  d e s i g n  w h i c h  c o u l d  be u s e f u l l y  d e v e l o p e d  u n d e r  t h e  c o n t r a c t  
terms of r e f e r e n c e .  

The t h r e e  a p p r o a c h e s  t h a t  w e r e  s e l e c t e d  for f u r t h e r  e x a m i n a t i o n  w e r e  as 
f o l l o w s :  

1 B e n d i n g  mats; 
2 PVDF s e n s o r s ;  a n d  
3 C a p a c i t i v e  s e n s o r s .  

An e v a l u a t i o n  of t h e  p r e f e r r e d  a p p r o a c h e s  w a s  u n d e r t a k e n  by t h e  t e s t i n g  of 
v a r i o u s  p r o t o t y p e  s e n s o r s  u n d e r  l a b o r a t o r y  c o n d i t i o n s .  P i e z o  e l e c t r i c  
s h e e t  o r  PVDF ( P o l y  V i n y l i d e n e  F l u o r i d e )  was r e l a t i v e l y  new a n d  a l t h o u g h  
some p r e l i m i n a r y  work h a d  a l r e a d y  b e e n  p e r f o r m e d  o n  t h i s  p o t e n t i a l  w e i g h t  
s e n s o r  by t h e  r e s e a r c h  team, i t  w a s  n e c e s s a r y  t o  c a r r y  o u t  l a b o r a t o r y  tests 
o n  t h e  f u n d a m e n t a l  c h a r a c t e r i s t i c s  of t h e  material. S i m i l a r l y  an i n - d e p t h  
s t u d y  of t h e  b e h a v i o u r  o f  t e m p o r a r y  b e n d i n g  w e i g h m a t s  was  r e q u i r e d .  
R e s e a r c h  o n  c a p a c i t i v e  d e v i c e s  c o n c e n t r a t e d  o n  s t r i p  d e s i g n s  w i t h  t h e  a i m  



o f  p roduc ing  a s e n s o r  o f  l ower  c o s t  t h a n  t h e  p r e s e n t  c a p a c i t i v e  s e n s o r s .  

Bending Mats 

The o r i g i n a l  b e n d i n g  weighmat c o n c e p t  was a n  a d a p t a t i o n  o f  a s t r a i n - g a u g e d  
bend ing  p l a t e  s y s t e m .  I t  c o n s i s t e d  o f  a series of s t r a i n  g a u g e s  mounted t o  
t h e  u n d e r s i d e  o f  a t h i n  s teel  p l a t e ,  w i t h i n  a f l e x i b l e  mat .  The p l a t e  was 
s u p p o r t e d  by s tee l  s t r i p s  on t h e  l e a d i n g  and t r a i l i n g  e d g e s  o f  t h e  mat and 
d e f l e c t e d  u n d e r  l o a d .  A l a y e r  o f  r u b b e r  sandwiched between t h e  t o p  and 
bot tom p l a t e s  a c t e d  as a s u p p o r t  f o r  t h e  u p p e r  p l a t e  d u r i n g  wheel  p a s s a g e s .  
The d e f l e c t i o n  of t h e  t o p  p l a t e  was measured  by c o n n e c t i n g  t h e  g a u g e s  so 
t h e y  farmed o n e  arm o f  a Wheats tone  B r i d g e  c i r c u i t .  

S e v e r a l  p r o t o t y p e  bend ing  mats were d e v e l o p e d  u s i n g  d i f f e r e n t  t y p e s  o f  
s t r a i n  g a u g e s ,  a v a r i e t y  of s t r a i n  gauge  p o s i t i o n s  on t h e  u n d e r s i d e  o f  t h e  
p l a t e  and d i f f e r e n t  h a r d n e s s e s  of r u b b e r .  I n  a l l  c o m b i n a t i o n s ,  
fundamen ta l  p rob lems  were e n c o u n t e r e d  i n  t h e  b e h a v i o u r  o f  t h e  mat when 
s u b j e c t e d  t~ l o a d  a p p l i c a t i o n s ,  Non-uni formi ty  a l o n g  t h e  s e n s o r  l e n g t h ,  
c h a n g e s  i n  o u t p u t  d u e  t o  v a r y i n g  c o n t a c t  area for a c o n s t a n t  l o a d  and p o o r  
r e p e a t i b i l i t y  were t h e  most  n o t i c e a b l e  p rob lems  d u r i n g  t h e  l a b o r a t o r y  
t e s t i n g  o f  t h e  b e n d i n g  p l a t e  s y s t e m s .  Due t o  poor  r e s u l t s  t h e  development  
of t h i s  o p t i o n  was d i s c o n t i n u e d  a t  a n  e a r l y  stage o f  t h e  c o n t r a c t .  

PVDF S e n s o r s  

Poly  V i n y l i d e n e  F l u o r i d e  (PVDF) is a r e l a t i v e l y  new m a t e r i a l  c o n s i s t i n g  o f  
a t h i n  f i l m  o f  p l a s t i c  which  e x h i b i t s  p i e z o - e l e c t r i c  p r o p e r t i e s .  A c h a r g e  
is g e n e r a t e d  i n  r e s p o n s e  t o  c h a n g e s  i n  l o a d i n g .  

Dur ing  t h e  e a r l y  stages o f  t h e  c o n t r a c t  s e v e n  s e n s o r s  i n c o r p o r a t i n g  PVDF 
f i l m  were c o n s t r u c t e d  and t e s t e d .  The s e n s o r s  were v a r i o u s  c o m p o s i t e  
c o n s t r u c t i o n s  of steel s h e e t ,  r u b b e r ,  p a p e r ,  p o l y e s t e r  a d h e s i v e  and PVDF 
f i l m .  G e n e r a l l y  t h e  s e n s o r s  were made i n  t h e  form o f  na r row s t r i p s  c a p a b l e  
o f  c o v e r i n g  o n e  wheel  t r a c k .  M e t a l i z e d  PVDF f i l m  2 i n c h e s  wide  and 25 
mic rons  t h i c k  was u s e d  t h r o u g h o u t .  Each o f  t h e  s e n s o r s  was c o m p r e s s i v e l y  
loaded  i n  a h y d r a u l i c  t e s t i n g  machine.  The m a j o r i t y  o f  t h e  tests were a 
s i m u l a t i o n  o f  t h e  dynamic l o a d i n g  c o n d i t i o n  which would arise from t h e  
p a s s a g e  of a l o a d e d  wheel  o v e r  t h e  s e n s o r .  

T y p i c a l  r e s u l t s  o f  dynamic l o a d  tests a t  v a r y i n g  positions a l o n g  t h e  s e n s o r  
l e n g t h  g a v e  s t a n d a r d  d e v i a t i o n s  i n  o u t p u t  r a n g i n g  from 1 4 %  to  3.9%. I n  
F i g u r e  1 t h e  r e s u l t s  o f  o n e  of t h e  b e t t e r  s t r i p s  is shown, which p o s s e s s e d  
s t a n d a r d  d e v i a t i o n s  i n  o u t p u t  o f  6% and 7% a t  10 kN and 20 kN l o a d s  
r e s p e c t i v e l y .  G e n e r a l l y  t h e  r e s u l t s  Showed a n  a p p r o x i m a t e l y  l i n e a r  
r e l a t i o n s h i p  between a p p l i e d  l o a d  and c h a r g e  g e n e r a t e d  and a n o t i c e a b l e  
p y r o - e l e c t r i c  e f f e c t .  

A f u r t h e r  g e n e r a t i o n  o f  PVDF s e n s o r s  h a s  s i n c e  been tested c o m p r i s i n g  a 
combina t ion  o f  r u b b e r - f a c e d  steel s h e e t s  and  s teel  s h e e t s  f a c e d  w i t h  MYLAR, 
a r i g i d  p o l y e s t e r  f i l m  w i t h  a h i g h  q u a l i t y  s u r f a c e  f i n i s h .  A l l  s e n s o r s  
have  been  t e s t e d  i n  a moving wheel  f a c i l i t y  to  d e t e r m i n e  t h e i r  o u t p u t  



t character is t ics  w i t h  a real wheel l oad .  Results indicated that although 
the PVDF sensors show considerable promise for low-cost WIM monitoring, t h e  

4 
B performance of the sensors is sensit ive to the construct.ion techniques. 

Moving wheel t e s t s  have shown that more rigid mounting methods may be 
required to  reduce bending e f fec t s  i n  the sensor. Road t r i a l s  w i t h  the 
most promising of these designs also indicated that temperature-related 
d r i f t  i n  the output slgnal was a s ignif icant  problem. 

The resu l t s  on PVDF sensors are generally encouraging, w i t h  reasonably 
desirable character is t ics  emerging i n  most cases. However, before the film 
can be used as a low-cost weight transducer, further research is required 
into sensor construction and mounting techniques. W i t h i n  the timescale and 
budget of the FHWA contract,  the approach outlined below appeared to  offer  
the greatest  potential t o  meet the contract objective. 

Capacitive Sensors 

Capacitive mats have already proved to  be a viable approach to  portable, 
re lat ively low-cost W I M  systems. T h e i r  performance accuracies a re  already 
close t o  the specified level of + 70%, b u t  the i r  main disadvantage is the 
high cost of the capacitive transducer. I t  was decided to  investigate two 
plate mat and s t r i p  designs on the basis of potentially lower 
manufacturing costs that the present commercially available three plate 
mat. 

I n  the l i t e ra tu re  search a reference was discovered on a capacitive mat, 
made up of seven capacitive s t r i p s ,  fabricated by Lund Ins t i tu t e  of 
Technology, Sweden, i n  1976 ( 1 3 ) .  T h i s  prototype mat was obtained from 
Sweden together w i t h  a reportTontaining fabrication drawings. Subsequent 
laboratory t e s t s  revealed that  the sensor had deteriorated and could not be 
used fo r  load discrimination. Results from t e s t s  i n  Sweden had indicated 
that  the change i n  the mat capacitance was direct ly  proportional t o  the 
applied load and accurate t o  - + 1 . 2  KN. 

A s  such promising resu l t s  had been achieved with t h i s  design, a ser ies  of 
similar prototypes were constructed. 

The prototypes were again evaluated in a hydraulic loading frame and a 
moving wheel t e s t  f a c i l i t y .  From t e s t s  t o  determine t h e  uniformity of 
sensor output for  various loading positions along the sensors, the 
coefficient of variation ranged from 3.5% to  12.9%. 

The output from two-plate s t r i p  sensors was encouraging b u t  the resu l t s  
did indicate s ignif icant  interference problems. The t e s t s  a lso 
demonstrated that  the performance of the sensors i s  sensi t ive to  the 
materials used i n  the construction of the sensor and the fabrication 
techniques adopted. Sensors constructed w i t h  carefully selected materials 
and closely controlled fabrication techniques have shown promising resu l t s  
in terms of the i r  response t o  load and uniformity along the i r  length. I 
A three-plate capacitive s t r i p  design has since been evaluated and a 



preferred design chosen. Following consultations with t h e  manufacturers 
of the present mat, a high quality,  professional prototypes are being 
produced i n  co-opf?ration w i t h  an established manufact.urer of' rubber and 
s tee l  composites. Development and appraisal of the preferred design will 
continue i n  the final stages of the project. 

EUROPEAN DEVELOPMENTS 

The authors have also been actively involved i n  European R & D work on W I M  
technologies. The main development work on W I M  has been on low-cost 
permanent sensors u t i l iz ing  piezo-electric cable. Among the countries 
involved are  France, Holland and Britain,  through t h e  Transport and Road 
Research Laboratory ( T R R L ) .  Work performed by the authors on behalf of 
TRRL is  described below, summarizing a paper presented a t  the 
International Conference on Road Traffic Data Collection i n  London, 
England, December 1984 (74). Further de ta i l s  were presented a t  t h i s  
conference by Mr R C Moore of TRRL (15) .  

Studies 0% t h e  basic properties of piezo-electric axle sensors began i n  
1981, a f te r  t r i a l s  a t  TRRL and elsewhere showed considerable variations i n  
the signals produced by known axle loads passing over m~unted sensors. 
Earlier work i n  France and West Germany had suggested that  a low-cost axle 
load sensor based on piezo-electric cable should be practicable, so the 
i n i t i a l  emphasis was to provide an understanding of the fundamental 
behavior of the material, before and a f t e r  mounting. The aims of the work 
were t o  s t u d y  the fundamentals of piezo-electric materials, t he i r  
composition and the Cheory of operation associated w i t h  the axle load 
sensor and a lso ,  t o  investigate the causes of variations i n  sens i t iv i ty  
between sensops for  given dynamic loadings. 

Piezo e l ec t r i c i ty  is 'pressure e l e c t r i c i t y ' .  When a force or  pressure is 
applied to  certain parallel  faces of a piezo-electric crystal ine material ,  
e lec t r ica l  charges of opposite polarity appear a t  the paral le l  faces. The 
s ize  of the piezo effect  depends upon t h e  direction of the force i n  
relation to  the axes of the crystal .  Another character is t ic  is that the 
piezo ef fec t  is dynamic, in  that charge is  generated only when the forces 
are changing. should a constant force be applied, the i n i t i a l  charge w i l l  
decay. 

Vibracoax comprises a piezo-electric material i n  the form of a compressed 
powder which  acts as the die lec t r ic  of a copper-sheathed coaxial cable, 
3 mm i n  diameter. During manufacture, the powder is poled by a radial 
e l ec t r i c  f i e ld  applied between the inner and outer conductors, producing a 
piezo-electric response to  radial  s t ress .  When the piezo-electric cable 
is disturbed, for  example by flexing, compression, o r  vibration, a 
potential difference is  developed between the sheath and the central  
copper Canductor. According to  the manufacturer, i f  a length of cable L 
is subjected to  a pressure changeAP over a part of its length 1, the 
resulting potentlal V between the inner and outer conductor is given b y :  



V = KAP ( j /  L 1 C exp(-t / -r)  
C + Crn 

where  t is time,c( is t h e  time c o n s t a n t  o f  t h e  s e n s o r  p l u s  m e a s u r i n g  
e q u i p m e n t ,  K is t h e  s e n s i t i v i t y  c o n s t a n t , ,  and  C ,  Cm are t h e  c a p a c i t a n c e s  of 
t h e  s e n s o r  and m e a s u r i n g  c l r c u i t .  

D u r i n g  t h e  f i rst  p a r t  o f  t h e  s t u d y ,  tests were c a r r i e d  o u t  on  a t o t a l  of  
t e n  s e n s o r s ,  o b t a i n e d  i n  t h r e e  b a t c h e s .  The s e n s o r s  were g e n e r a l l y  3 m 
l o n g  w i t h  l e n g t h s  o f  c o n n e c t i n g  cable a l r e a d y  a t t a c h e d .  Four  were 
unmounted; two were mounted i n  e x t r u d e d  a luminium s e c t i o n s ;  two were 
mounted i n  a luminium s e c t i o n s  w i t h  a h a r d  r u b b e r  s u r r o u n d ;  and two were 
e n c a p s u l a t e d  i n  a n  epoxy r e s i n .  
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A number of s i m p l e  m e c h a n i c a l  t e s t s  were  c o n d u c t e d  t o  e s t a b l i s h  t h e  
r e s i s t a n c e  of t h e  unmounted p i e z o  c a b l e  t o  l o a d .  The c o p p e r  s h e a t h  was 
found  t o  b e  h i g h l y  work-hardened,  and  a p p e a r e d  to  p o s s e s s  t h e  d u r a b i l i t y  
n e c e s s a r y  t o  s u r v i v e  u n d e r  heavy t r a f f i c  l o a d i n g s  i n  any  r e a s o n a b l e  
moun t ing  . 
The main series o f  tests i n v o l v e d  t h e  a p p l i c a t i o n  o f  dynamic l o a d s ,  
s i m u l a t i n g  wheel  p a s s a g e s  a c r o s s  t h e  p i e z o  s e n s o r  e l e m e n t .  These  tests 
were c a r r i e d  o u t  i n  a n  e l e c t r o n i c  s e r v o - c o n t r o l l e d  h y d r a u l i c  l o a d  t e s t i n g  
mach ine  w i t h  a maximum load c a p a c i t y  o f  50 kN. P u l s e d  o r  c o n t i n u o u s  
s i n o s o i d a l  dynamic l o a d s  were  supe r imposed  on a s t a t i c  background l o a d  
which  h e l d  t h e  cable f l a t  and a s s i s t e d  w i t h  c o n t r o l  of t h e  test  r i g .  Some 
v a r i a t i o n s  i n  o u t p u t  a l o n g  unmounted s e n s o r  l e n g t h s  and  a t  d i f f e r e n t  a x e s  
o f  r o t a t i o n  were e v i d e n t  i n  e v e r y  case. An example  of t h e  v a r i a t i o n  i n  
o u t p u t  a l o n g  t h e  l e n g t h  o f  a n  unmounted s e n s o r  from t h e  first b a t c h  is 
shown i n  F i g u r e  1 ,  whose c o e f f i c i e n t  o f  v a r i a t i o n  (C/X) is a b o u t  5%. 
S u b s e q u e n t  b a t c h e s  showed greater v a r i a t i o n s  a l o n g  t h e  l e n g t h s  of s e n s o r s .  

O t h e r  tests c a r r i e d  o u t  on  unmounted s e n s o r s  a t  t h i s  time showed t h a t  t h e  
peak  o u t p u t  f rom t h e  s e n s o r  is almost i n d e p e n d e n t  of l o a d  d u r a t i o n  and 
a m b i e n t  t e m p e r a t u r e .  V a r y i n g  t h e  l o a d i n g  w i d t h ,  however,  for a p p l i c a t i o n s  
of a g i v e n  dynamic l o a d  produced a d i s t i n c t  t r e n d ,  w i t h  h i g h e r  o u t p u t s  
from n a r r o w  l o a d e d  w i d t h s .  T h i s  i m p l i e s  t h a t  t h e  s e n s o r  would r e spond  
d i f f e r e n t l y  t o  s i n g l e  o r  d o u b l e  tires c a r r y i n g  a g i v e n  l o a d .  L a t e r  tests 
i n d i c a t e d  t h a t  t h i s  u n d e s i r a b l e  w i d t h  t r e n d  migh t  be  r e d u c e d  or e l i m i n a t e d  
by t h e  a d o p t i o n  of a p p r o p r i a t e  moun t ing  t e c h n i q u e s .  

Dynamic load tests o n  mounted s e n s o r s  showed much greater v a r i a t i o n s  i n  
o u t p u t  along t h e  s e n s o r  l e n g t h s  t h a n  t h o s e  o b s e r v e d  for t h e  unmounted 
cable. F i g u r e  1 shows t h e  r e s p o n s e  o f  t h e  r u b b e r  and  a luminium composite 
s e n s o r  to  loads a p p l i e d  a t  d i f f e r e n t  p o i n t s  a l o n g  its l e n g t h .  The c a b l e  is 
located a b o v e  t h e  n e u t r a l  a x i s  of t h e  c o m p o s i t e  a s sembly  and r e s p o n d s  more 
t o  t e n s i o n  o r  compress ion  a l o n g  its l e n g t h  i n d u c e d  by bend ing ,  t h a n  t o  
direct  p r e s s u r e .  The change  of s i g n  o f  t h e  o u t p u t  a t  e a c h  end  shows t h a t  
t h e  a luminium s t r i p  acts as a c a n t i l e v e r  r a t h e r  t h a n  a s a g g i n g  beam i n  
t h e s e  areas. 



Several more sensor mountings were developed and tested of which the most 
promising appeared to be locating the cable in a flexible tube. This has 
the effect of minimising the sensor's response to bending of the pavement, 
while preserving its sensitivity to direct load. Bending causes the cable 
to slide within Lhe tube, rather than being placed into longitudinal 
tension or compression. 

The main priority of the work carried out in the second part of the study 
concerned the causes of the variations in sensitivity between sensors for 
applications of known dynamic loads. The work involved electron 
microscopy; studies of internal sensor geometry, mass and capacitance; 
further work on the effects of tire width; tests with low or zero 
background loads; and some controlled bending tests on the piezo-electric 
cable, Thls prograrmme was adopted in view of the fact that without 
understanding the causes of the remaining variations in unmounted sensor 
sensitivity, the development of mounted sensors would have only limited 
value. 

Optical microscopy of sensor cross-sections previously carried out revealed 
clear variations in wall thickness and eccentricity of the central 
conductor. Examination of the piezo-electric powder at Selected positions 
indicated an absence of any voids, and an apparent uniformity of particle 
sizes and packing density. The piezo-electric power was further examined 
by scanning electron microscopy carried out at sections of cable with high 
and low responses to load. No clear relationship was found between the 
particle size distributions and sensor sensitivity. 

An examination of the effects of sensor geometry on the piezo-electric 
cablePs response to load was carried out by load-testing a sensor and then 
cutting it at eighteen cross-sections. After careful cleaning and 
polishing, the cut sections were photographically enlarged and measured. A 
computer analysis of the resulting data using stepwise multiple linear 
regression indicated a degree of correlation between output voltage and 
factors such as eccentricity and diameter of the central conductor. These 
variations may be related to minor* wrinkles in the copper, praoduced by the 
manufacturing process. 

Some controlled bending tests were hater carried out on sections of 
piezo-electric cable, to see if bending and straightening the sensor could 
have an effect on its uniformity of response to load. Marked changes in 
output of up to 4 17% were produced by quite modest bending of the sensor, 
similar to that which occurs when coiling or straightening the cable by 
hand. The magnitude of the changes would be sufficient to explain most of 
the sensitivity variations observed in unmounted sensors. This finding is 
significant in view of the manufacturer's practice of coiling the cable 
during fabrication and prior to dispatch or mounting. 

In addition seven new mounted sensors were fabricated; these were tested 
in the servo-hydraulic dynamic load testing rig, and in a 'moving wheel' 

i pavement test facility. Six of the designs were based on prototypes 
developed earlier, whilst the seventh adopted a dual sensor element 

I 
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d e s i g n .  T h e  p r e f e r r e d  c o n c e p t  from t h e  f i rst  p a r t  o f  t h e  s t u d y ,  of 
m o u n t i n g  t h e  p i e z o - e l e c t r l c  c a b l e  i n  a f l e x i b l e  t u b e ,  st111 a p p e a r e d  to  
show p r o m i s e ,  t h o u g h  p r o b l e m s  w i t h  variation i n  o u t p u t  a l o n g  s e n s o r  
l e n g t h s  r e m a i n s  t o  b e  s o l v e d .  

T h e  t h i r d  a n d  f i n a l  p a r t  o f  t h e  s e n s o r  d e v e l o p m e n t  h a s  i n v o l v e d  t h e  d e s i g n  
of a p e r m a n e n t  p i e z o - e l e c t r l c  axle l o a d  s e n s o r  m o u n t i n g  w i t h  a n  
o p e r a t i o n a l  l i f e  e x p e c t a n c y  of g r e a t e r  t h a n  two y e a r s .  A p r e f e r r e d  d e s i g n  
h a s  been s e l e c t e d  a f t e r  a  series of l a b o r a t o r y  t e s t s ,  a n d  f u r t h e r  work is 
now r e q u i r e d  t o  v e r i f y  its p e r f o r m a n c e  by f i e l d  t e s t i n g .  

CONCLUSION 

T r u c k  w e i g h i n g  i n  t h e  US h a s  e v o l v e d  f r o m  t h e  r e l a t i v e l y  s i m p l e  u s e  of 
s t a t i c ,  p e r m a n e n t  a n d  p o r t a b l e  w e i g h i n g  d e v i c e s  t o  t h e  u t i l i z a t i o n  of 
s o p h i s t i c a t e d  d y n a m i c  w e i g h i n g  (WIM) t e c h n o l o g y  ( 1 6 ) .  P o r t a b l e  i n t e g r a t e d  
s y s t e m s  for  t r a f f i c  vo lume c o u n t i n g ,  v e h i c l e  t y p e  c a t e g o r i z a t i o n s ,  a n d  
a c c u m u l a t i o n  of axle w e i g h t  d i s t r i b u t i o n s  are now w i t h i n  r e a c h .  Similar 
s y s t e m s  w h i c h  c a n  c o m m u n i c a t e  d i r e c t l y  w i t h  a c e n t r a l  c o m p u t e r  are also 
now f e a s i b l e .  T h e s e  c i r c u m s t a n c e s  p r e s e n t  t h e  p o s s i b i l i t y  t o  create and 
m a i n t a i n  d a t a  b a s e s  for roadway d e s i g n  t o  a n  e x t e n t  w h i c h  was h i t h e r t o  
i m p o s s i b l e .  T h e r e  is n o  d o u b t  that  W I M  s y s t e m s  w i l l  c o n t i n u e  to  g r o w  i n  
i m p o r t a n c e  i n  t r u c k  w e i g h i n g  i n  t h e  US a n d  i n  E u r o p e ,  p a r t i c u l a r l y  w i t h  
t h e  d e v e l o p m e n t  of l o w - c o s t  s y s t e m s  s u c h  as t h o s e  described i n  t h i s  p a p e r .  
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CONFERENCE WORKSHOP SUMMARIES AND CLOSING 

Enforcement Workshop Summary 
by Fred Juba , Pennsyl van i  a  DOT ( Chai rman ) 

I 

I ' v e  lea rned  t h e  meaning of  southern h o s p i t a l  i t y ,  i t ' s  unbel i eveab le .  

I was honored t o  c h a i r  t he  enforcement committee and t h i n k  i t  was q u i t e  

successfu l .  Having so many s t a t e s  w i t h  so many va r i ous  exper iences and 

I d i f f e r e n t  types o f  systems has proved t o  be ve ry  wor th  wh i l e .  Many people 

have i n d i c a t e d  t hey ' ve  p icked  up on a l o t  o f  i n f o r m a t i o n  t h a t  wou ldn ' t  be 

poss ib l e  by combing o t h e r  s t a t e  agencies and hoping t o  r u n  i n t o  t h a t  p a r t i -  

cu l  a r  person w i t h  a  p a r t i c u l  a r  exper ience. 

Roch Bergeron of  Quebec i n d i c a t e d  t h e y  had a  concept us i ng  v ideo  i n  t h e  

enforcement end f o r  t h e  a i d  o f  t r a f f i c  c o n t r o l  i n  t h e i r  system. Tha t ' s  

always been a  ques t ion  o f  how do you c o n t r o l  m a i n l i n e  t r a f f i c  when y o u ' r e  

us ing  W I M  f o r  m a i n l i n e  s o r t i n g .  They seem t o  have a  handle on i t  i n  t h e i r  

r t i c u l a r  a p p l i c a t i o n .  

The FHWA has compi led a  computer ized l i s t i n g  o f  s t a t e s  and t h e  v a r i o u s  

s  t h a t  t h e y  a re  p r e s e n t l y  us ing.  Th is  i s  a v a i l a b l e  t o  us  and i nc l udes  

n  t h e  va r i ous  areas o f  W I M  use such as enforcement and p lann ing .  

o r t a b l e  systems, t h e r e ' s  a  n e c e s s i t y  f o r  f a s t  se t -up  and tear-down, 

and p r o t e c t i o n  from t r a f f i c .  Th is  should  be emphasized t o  manu- 

f a c t u r e r s .  A1 so recommend t h a t  t h e r e  i s  u n i f o r m i t y  i n  c a l  i b r a t i o n  and i t s  

format f o r  comparisons from s t a t e  t o  s t a t e .  

One suggest ion was t o  e x p l a i n  t o  t h e  t r u c k i n g  i n d u s t r y  what t h e  weigh- 

in -mot ion  system's  f u n c t i o n  i s  ( a t  weigh s t a t i o n s )  so as t o  avo id  con fus ion ,  

m i s d i r e c t i o n s  and need1 ess delays.  

The impact on enforcement ope ra t i ons  th rough  p l ann ing  e f f o r t s  was 

addressed. S t a t i s t i c a l  s t ud ies  i n  some cases do n o t  t ake  i n t o  account pe r -  

m i t t e d  loads.  The r e s u l t s  may be i n t e r p r e t e d  by a d m i n i s t r a t o r s  t h a t  t h e  



enforcement programs a r e  n o t  as e f f e c t i v e  as  t hey  shout d  be, and t h e y  should  
L 
i 

be updated w i t h  a l o t  o f  money. The p l ann ing  o r g a n i z a t i o n  should work w i t h  , 
i 

t h e  p e r m i t t i n g  o r g a n i z a t i o n  and develop some way t o  account f o r  pe rm i t t ed  [ 
l oads  i n  these s t a t i s t i c a l  s t ud ies  f o r  more accura te  r e p r e s e n t a t i o n  o f  en- 1 E 

forcement e f f o r t s .  1 
- 

I app rec ia ted  t h e  o p p o r t u n i t y  t o  exchange i n f o r m a t i o n  on present  t ech -  [ 

no logy and t o  ge t  updated on f u t u r e  technology.  I ' m  l o o k i n g  fo rward  t o  t h e  

nex t  conference.  Thank you a l l  ve r y  much. 

Design Workshop Summary 
by James Cab1 e, Iowa Department o f  T ranspo r t a t i on  (Chairman) 

I I f  any t l .~ ing  came o u t  o f  t h e  days we were here f rom t h e  des ign  s tand-  1 
1 

p o i n t ,  was t h e  f a c t  t h a t  a l o t  o f  us a re  u s i n g  des ign procedures t h a t  l eave  

a l o t  t o  be d e s i r e d  o r  a re  u s i n g  numbers t h a t  have been t h e r e  f o r  10 o r  15 

years.  The speakers i n  our  group p o i n t e d  t o  areas where WIM can p rov i de  

those numbers, g i v e  you new 18 k i p  equ i va l en t  a x l e  l o a d  da ta  and p rov i de  

t h a t  des igner  w i t h  a  b e t t e r  f e e l  f o r  waht 's  happening o u t  the re .  I t  

behooves each o f  us when we go home and whether we ' re  i n  enforcement, des ign  

o r  p l a n n i n g  t o  walk across t h e  h a l l  and t a l k  t o  t h a t  o t h e r  f e l l o w .  I f  any- 

t h i n g  came o u t  o f  t h e  d iscuss ions,  i t ' s  a  gap i n  communication between t he  

va r l ous  o f f i c e s  w i t h i n  a  department. 

You can have a  p o s i t i v e  i n f l u e n c e  v e r y  q u i c k l y  i f  you t a k e  a  l o o k  a t  

t h e  da ta  c o l l e c t i o n  des ign  gu ide  t h a t  t h e  FHWA i s  propos ing and how i t  

impacts t h e  we igh t  c o l l e c t i o n .  There 's  a l s o  t h e  des ign  guid,e f o r  pavement 

s t r u c t u r e s  t h a t ' s  be ing rev iewed a t  t h i s  t ime .  took a t  i t  and how i t  i n f l u -  

ences t h e  t r a f f i c  we igh t  program and how W I M  m igh t  be a b l e  t o  h e l p  you. 

Another t h i n g  t h a t  came o u t  o f  t h e  d i s c u s s i o n  was we r u n  o u t  w i t h  a  new 

WIM dev i ce  and c o l l e c t  a l o t  o f  da ta  q u i c k l y  and r i g h t  away we want t o  use 



those numbers t o  change the  road  des ign .  Be c a r e f u l  because t h e r e ' s  peaks 

and v a l l e y s  i n  t h a t  data and you can jump t o  t h e  wrong conc lus ions .  

W I M  w i l l  h e l p  you i n  t h e  l o n g  r u n  b u t  use i t  as an a d d i t i o n a l  t o o l  and 

d o n ' t  change you r  whole procedure u n t i l  you've go t  severa l  years  o f  da ta  o r  

you can s t a t i s t i c a l l y  say t h a t  t h e  da ta  you have i s  v a l i d .  I t  i s  a  v a l u a b l e  

t o o l  and i t ' s  something t h a t  you need t o  t a l k  t o  each o t h e r  about .  Don ' t  

ho l d  i t  i n  your  p a r t  o f  t h e  agency as i t  can h e l p  t he  who1 e  agency. Thank 

Pl  ann i  ng Works hop Summary 
by Pat Savage, FHWA, Washington, D.C. (Co-Chai r pe rson )  

Wi ley  Cunagin was t h e  Chairman o f  t h i s  sess i on  and I a s s i s t e d  him. I ' d  

l i k e  t o  p resen t  an overv iew o f  what we d i d  d iscuss  i n  t h e  sess ion.  The p l an -  

n i n g  workshop i nc l uded  d i s c u s s i o n  on a  wide range o f  issues,  i n c l u d i n g  t h e  

weigh ing- in-mot ion programs i n  Iowa, I l l i n o i s ,  New Mexico and Wisconsin as 

w e l l  a s  a  d i scuss ion  o f  t h e  d r a f t  t r a f f i c  m o n i t o r i n g  gu ide.  

B i l l  McCall d iscussed Iowa 's  RTAP program, and presented an overv iew o f  

t h e i r  c u r r e n t  and f u t u r e  t r u c k  we igh t  da ta  c o l l e c t i o n  p lan .  He descr ibed  

Iowa's exper iences i n  t he  s e l e c t i o n  o f  t h e  WIM equipment f o r  t h e i r  RTAP p ro -  

j e c t ,  They dec ided on t h e  B r i dge  Weighing System u s i n g  I R D  l o o p  a x l e  de tec to r s .  

He dec ided t h e  implementat ion o f  WIM i n  Iowa was t o  depend on t h e  t y p e  o f  

equipment and t h e  t ype  o f  people they  would have t o  opera te  i t .  

L a r r y  Shouldel presented I l l i n o i s '  p lans  t o  i n s t a l l  s i x  W I M  s i t e s  

throughout  t h e  s t a t e .  The f i r s t  two o f  these l o c a t i o n s  a re  t o  use S t r e e t e r  

Richardson equipment and they  a r e  now o p e r a t i o n a l .  

Robert  Mares o f  New Mexico descr ibed  h i s  s t a t e ' s  use o f  Radian WIM 

equipment s i nce  t hey ' ve  been u s i n g  s i n c e  1974. He brought  o u t  t h a t  t h e y  

have a  t e c h n i c i a n  who can work w i t h  t h e  equipment and i f  t h e  equipment shou ld  

go down, t hey  d o n ' t  have t o  send i t  back t o  ge t  i t  f i x e d .  Th is  was f e l t  t o  

- 3- 
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be ve ry  impor tan t .  He a l s o  covered some o f  t h e  o p e r a t i o n a l  procedures p ro -  

blems t h a t  t h e y ' v e  come across i n  t h e  e leven years  t h e y ' v e  been u s i n g  i t .  t 
E Lang Sp ice r  worked w i t h  t h e  imp lementa t ion  o f  Wiscons in 's  B r i dge  Weigh- i 
t 
1 

i n g  System under t h e  RTAP program. He showed a  v i deo  t ape  t h a t  exp la ined  i 
i 

how HIM was be ing  used i n  h i s  s t a t e  and how WIM was viewed by people  i n  t h e  

DOT. 
I 
I 

Stan Gee w i t h  t h e  FHWA D i v i s i o n  1 i n  Albany, New York presented a  summary 1 B e 
on t h e  t r a f f i c  m o n i t o r i n g  gu ide.  He r e f e r r e d  t o  t h e  p o s s i b l e  impacts w i t h i n  

i n d i v i d u a l  s t a t e s .  There i s  t o  be a  t r a f f i c  m o n i t o r i n g  gu ide course  coming t 

C l  o s i  ng Remarks 
c en' Copeland, Georgia DOT (Conference Coord ina to r )  

Lad ies  and gentlemen, we ' re  r e a l  happy t o  have you here w i t h  us i n  

Georgia and hope each o f  you have l ea rned  more and have become more in fo rmed I 
1 
I 

as t o  weigh- in-mot ion.  Everyone t h a t ' s  here  has my b l e s s i n g  and thanks. [ 
You've a l l  a t tended  t h e  meet ings w e l l .  A l l  t h e  programs have gone o f f  g rea t .  

I p 
The c l e a r  weather o r  p r a c t i c a l  l y  c l e a r  weather Wednesday was c e r t a i n l y  a ! d 

5 
r e l i e f  t o  me when we had some ve ry  f i n e  d i s p l a y s  on t h e  ou t s i de .  I t ' s  r e a l l y  E 

a p leasure  t o  have a l l  o f  you here i n  ~ e o r ~ i a .  We s u r e l y  hope y o u ' l l  come 
1 

back and we hope t o  see you a t  t h e  nex t  conference. 
1 
5 
: 
5 

Leon Larson, Regional  Adm in i s t r a to r ,  FHWA, A t l a n t a  1 
I want t o  on b e h a l f  o f  t h e  Federal  Highway A d m i n i s t r a t i o n  e s p e c i a l l y  $ 

thank t h e  S t a t e  o f  Georgia, t h e  Georgia DOT, and Ken Copeland and h i s  s t a f f  
4 
R 
I Ir: 

f o r  p u t t i n g  t oge the r  a  most e f f e c t i v e  and i n t e r e s t i n g  and i n f o r m a t i v e  con- I 
@ 

fe rence i n  t h i s  ve r y  impor tan t  weigh- in-mot ion area. Th is  i s  impor tan t  t o  

t he  people  across a broad spectrum i n  t h e  highway program, whether y o u ' r e  i n  

p lann ing ,  des ign,  o r  enforcement.  I t ' s  something a l l  o f  us have t o  work 
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OTO PERSPECTIVE ON WEIGHT ENFORCEMENT AND W I M  

by8 Jonathan D. McDade, Highway Engineer 

FHWA, Of+ice of T r a f f i c  Operations 

Washington, D.C. 

forx Second National Conference on WIM Technology 

and Applications 

Atlanta, Georgia 

May 20-24, 1985 

It i s  t r u l y  a p r i v i l ege  fo r  me t o  represent the FHWA Of f i ce  of  Tra f f i c  

Operations a t  the Second National Weigh-In-Motion Conference here i n  

Atlanta, Georgia. It i s  a double p r i v i l ege  f o r  me because I spent 
I 

one o f  my Highway Engineer Training Pragram assignments here i n  our 

regional o f f i c e  during 1980-81, and t h i s  i s  the f i r s t  opportunity I 
have had since then t o  re tu rn  t o  Atlanta. 

One of  the  benef i ts  of P conference l i k e  t h i s  i s  i t  allows us t o  look 

around. To see what i s  going on i n  WTM today, t o  see what others have 

done, are doing, or are planning t o  do. To f i n d  out what is working 
4 

and what i s  not. While many of  us would not be considered experts i n  

e i ther  WIM or i t s  applications, we are involved and want t o  know more. 

Others of us may just  be get t ing  started. SO we a l l  need t o  take f u l l  

advantage o f  She opportunity t h i s  week t o  exchange informat ion and 

jus t  look around. 

During these two workshop sessions we w i l l  be discussing an appl i -  

cat ion of WIM tha t  i s  impartant t o  the Of f i ce  o f  Tra+f ic Operations - 
I Weight Enforcement. We hope t o  look a t  how WIM can enhance your 

enforcement ef for ts .  So what I plan t o  do t h i s  afternoan is t o  g ive an 

overview from FHWA's perspective on the need f o r  a systematic p lan t o  

co l l ec t  r e l i a b l e  weight data f o r  enf orcement and how W I M  i s  involved. 

I intend t o  l i s t e n  c losely  t o  your experiences w i th  and views on WIM, 

and h o w  many of  you are alraCdy adding W I M  t o  your enforcement programs. 



THE PROBLEM 

I would l i k e  t o  begin by b r i e f l y  previewing a few points  from the  

presentation by FHWA Associate Administrator f o r  Safety and T r a f f i c  

Engineering, Marshall Jack%, whsm you w i l l  hear tomorrow morning. His  

comments are i nd i ca t i ve  of the importance tha t  FHWA is plac ing on the 

r o l e  o+ WIM i n  weight enforcement. We ar@ a l l  too aware of  the growing 

concern ever the increasing r a t e  cf deter io ra t ion  of our na t ion 's  

highwayra and bridges. And I ' m  sure moat of  yau remember the duly 1979 

repor t  by the  General fiecounting Of f i ce  en t i t led ,  "Excessive Truck 

Weights An Expensive Burden We Can No Longer Support." I n  t h i s  repor t  

the @A0 charged the FHMA and the States t o  do something about the 

'overweight t ruck problem, w i th  a p a r t i c u l a r  aim a t  improving the weight 

enforcamant program throughout the United States. 

Natura l ly  we have t o  ask ourselves i f  there t r u l y  is a problem, and 

i f  PO, h ~ w  bad i s  j t ?  in  our search f o r  answers, we f i n d  an increage 

i n  weight enforcement a c t i v i t i e s  a t  the State level .  However, the 

r e s u l t i n g  weight data ne i ther  substat i  atcs nor re fu tes  i h e  awistence 

o f  a nationwide overweight t ruck problem. This could be a t t r i b u t e d  i n  

pa r t  t o  a suspected s ign i f i can t  l eve l  of scale avoidance by segments of 

the t ruck  populat ion rendering avai lab le data unrepresentative of the 

t ruck popu4at i~p. Consequently, one might conclude tha t  only tho%@ 

trucks w i l t i n g  t o  be weighed are ac tua l l y  weighed. 

For example: 

( 1  ) Reviewing 7 State studies on scale avoidance, as much 

as 22 percent a+ t rucks bypass scales. 

(2) Less than 1 p e r c ~ n t  of t rucks weighed i n  1983 using a l l  

+ypas of equipment were ei ted  for- overweight v io la t ions,  

(3) Wiscansin, through its WSM RTAP project ,  found 29 percent 

t a f  t rucks i n  v i o l a t i o n  09  weight laws i n  1983, w h i l e  less 

than 1 percant were c i t e d  a t  f i x a d  ecales. 

Keep i n  mind we are not claiming t h a t  the overweight t ruck populat ion 

i s  around 25 percent, but  ra ther  tha t  these examples are ind ica t ions  

of the problem, and they i l l u s t r a t e  how WIM equipment can be e f f e c t i v e l y  

used t o  ehhance weight enforcement by prov id ing more r e l i a b l e  and repre- 

sentat ive data. 



THE ENFORCEMENT APPROACH 

Responding t o  both the premature and r a p i d  de ter io ra t ion  o+ our highways 

and bridges, FHWA's O f f i ce  o f  T r a f f i c  Operations ha= i n i t i a t e d  a three 

point  p lan t o  promote and encourage the use of  more e f f i c i e n t  equipment, 

techniques, and s t ra teg ies f o r  weight enforcement. The p lan  i s  to: 

(11  Continue t o  use the  RTAP p ro jec t  f ind ings  t o  i l l u s t r a t e  

I the r e f  i a b i l  i t y  and successful appl icat ions of WIM, 

( 2 )  Demonstrate the appl icat ion of  a systematic p lan f o r  

determining t h e  magnitude of overweight t rucks and f o r  

developing enfarcement strategies,  and 

(3) Continue t o  disseminate the f ind ings  nationwide and 

encourage a l l  Spatps t o  implement the successful 

1 components of enforcement p l  ans. 
I 
I 

THE USE OF WEIGH-IN-MOTIQN 

One obstacle t o  more widespread use of WIM f o r  enforcement has been the 

misconception tha t  i t  i s  n o t  r e a l l y  su i ted  f o r  enforcement. Despite the 

fac t  WIN i s  not  c e r t i f i e d  +or issuing overweight c i ta t ions ,  Wisconsin's 

I RTAP resul ts ,  9 0 r  example, i l l u s t r a t e  i t s  po ten t ia l  a; a powerful too l .  
I 
I 

I I n  addit ion, WIM, when used f o r  enforcement, has sp i l l ove r  banef i t s  f o r  

other purposes. For example, W I M  can be used to8 

( 1  Estimate r o l i a b l  y the magnitude of  overweight trucks, 

C2) Provide continuous, undetected t ruck  weight monitoring, 
I (3) Provide unbiased and representative t ruck weight data, and 

(4 )  Develop s tatcq ies t o  u t i l i z e  more e f f i c i e n t l y  the  resources 

avai l abl e f o r  enforcement. 

Clearly, these are appl icat ions which benef i t  not  only enforcement 

iunct isns,  but highway planning and design as well. 

And as many of you know, WTM equipment i s  already baing used around the 

country t o  anhence enforcement e f f o r t s  through: 

1) Weigh s t a t  i o n  ramp screening, 

( 2 )  High-speed so r t i ng  and screening, 
i 

43) Scale avoidance studies, 

( 4 )  Long-term t ruck weight monitoring, and 

( 5 )  Statewide t ruck weight sampling. 



Of course someone might say that some o? these appl icati~ns are not 

unique to enforcement programa. And that is awactly the point. Although 

vehicle stresning is primarily an enfortemant application, the others 

are not. The use of WIM equipment has the potential of providing mare 

reliable weight data which can be used simultanecusly for mare than cne 

purpose, 

RELIABLE WEIGHT DATA 

as I mentioned earlier, we are unable to substantiate whether or not 

an overweight truck problem exists today. Why? Because no data base 

currently exists that enables us to estimate reliably the magnitude and 

scope o? the ~verweight truck populatien. We are a150 unable to quantify 

the amount of scale avoidance that occurs when.enforcement and/or data 

callcction weighing is in progress. 60 despite the vast amount o+ data 

collected by enforcement agencies each year, we still do not know what 

the truck weight population is like on our highways. 

The appraach the FHWA is encouraging States to take is'the development 

of statewide sampling plans for truck weights, supplemented by d second 

plan to measure scale avoidance behavior. Once implemented, these data 

collection eCCorts would provide statistically valid samples represent- 

ing the truck weight activity within a State's borders. This information 

would enable a reliable estimate tc be made of the overweight truck 

population, provide input for enforcement strategies, and provide the 

basis for judging the ef?ectiveness of enforcement programs. Conse- 

quently, better more informed desioisns could be made, and the manage- 

ment ob the highway system in general should be improved. In addition, 

benefits would be derived not only for enforcement, but also for design, 

planning and other highway agency applications, as the data are shared 

and the uses coordinated. i 

A s  in any data intensive effort, r data collection plan is essential to 

collect reliable data successfully. It is the data collection plan that 

forces us ta focus on what we need to know; the type a? data, how much 

data, how i.t will be collected, how it wi 11 be used, and what to expect. 
a 
! 



I n  d e v e l o p i n g  a s t a t e w i d e  t r u c k  weight  sampl ing  p l a n ,  it is recommended 

t h a t ' t h e  p r o c e d u r e s  i n  t h e  FHWA T r a f f i c  Moni to r ing  Guide b e  used  which 

t i e  v e h i c l e  w e i g h t s  t o  v e h i c l e  c l a s s i f i c a t i o n  and t r a f f i c  volumes. I n  

t h i s  way t h e  p l a n  w i l l  t a k a  i n t o  a c c o u n t  t h e  v a r i o u s  highway classes, 

t h e  v a r i o u s  t r u c k  r e u t e r  and c o r r i d o r s ,  p o i n t s  of e n t r y ,  and VMT t o  

p roduce  a sample  t h a t  bes t  r e p r e s e n t s  t h e  t r u c k  a c t i v i t y  i n  a g i v e n  

State. Such r p l a n  would also emnsidor a l l  permanent weigh s t a t i o n s  and 

weighing teams, and emphasize  t A a  u s e  of W I M  t o  maximize t h e  concea lment  

of t h e  d a t a  c o l l e c t i o n .  

The second p l a n  s u p p l e m e n t s  t h e  s t a t e w i d e  d a t a  w i t h  i n f o r m a t i o n  on t h e  

a v o i d a n c e  a# acal es. Thi e b e h a v i o r  n o t  c n l  y a f f e c t s  enf orcemant  

a c t i v i t i e s ,  b u t  alse p l a n n i n g  t h r o u g h  u n r e l i a b l e  p r o j e c t i o n s ,  and d e s i g n  

t h r o u g h  u n r e l i a b l e  pavement l o a d i n g  d a t a .  There  a r e  t w o  b a s i c  t y p e s  of 

eeqale a v c i d a n ~ e .  One is g e o g r a p h i c a l  1 y-based, where t r u c k s  t a k e  al ter-  
I 

I n a t e  or by-pass  r e u t p s .  The o t h e r  is t ime-based,  where t r u c k s  w a i t  o u t  
I 

enforcement  a ~ t i v i t i e s  a n  the r o a d s i d e  or i n  t r u c k  s t o p s .  Such a p l a n  

would ca l l  f o r  d a t a  c o l l e c t i o n  of s u f f i c i e n t  d u r a t i o n  and q u a n t i t y  on 

t h e  a p p r o a c h e s  t o  tanforcement l o c a t i o n s  d u r i n g  h o u r s  of o p e r a t i o n  and 

n o n o p e r a t i a n ,  a s  well gs s i m u l t s n e c u s  d a t a  c o l l e c t i o n  on p o t e n t i a l  

by-pass  r o u t e s .  

A s  an example,  let ' 8  c o n s i d e r  t h e  recommended minimum sample  s i z e  f o r  

t r u c k  we igh t  EAL's a s  r o n t a i n e d  i n  t h e  FHWA T r a f f i c  Moni to r ing  Guide. 

I t  is i m p o r t a n t  t o  remember t h a t  t h e s e  are minimum g u i d e l i n e s .  I f  you 

wa 5h t o  have g r e a t e r  conf i d e n c e  i n  your  e ~ t i  mates, or p r o v i d e  more 

i n f o r m a t i o n  on i n d i v i d u a l  c l a s s e s  of highways,  i t  w i l l  be n e c e s s a r y  t o  

i n c r e a s e  y a u r  sample  size. 



I 

..................................................................... 
EXAMPLE Ir  SAMPLE SIZE 

1 
Minimum Sample = 90 Measurements at 48-Hours each over 3 Years ! 

or 30 Measurements per Year t 

Minimum Gtrata a Interstate and Other Roads (Excludinq Lecal Rcads) 

I 
Recommended Number of Annual Recommended Expected 

Mini mum Measurement a Number 04 Level of Level of 
Strata ( 3-Year Measurements Con+idence Precision* ----------- .------------ ------------ ---------- ---C------ 

? 
Interstate 30 10 95% 10% i: 1 

t 
1 

Other Roads 60 20 95% 20% t 
+ = Precision Based on a 3-Year Cycle For Estimate of 3S2 EAL's 

NOTE: A compressed 1-year effort would still require 90 measurements ..................................................................... 4 
/ 
I 

Remember a150 that these are general guidelines and the sample size that 

would be needed in a particular State will vary with the size oi the I 
State, and the variation of truck activity. Noting that the quide also I 
call s for 48-hour continuous monitoring during each of 'the sessions, the 

case far autamated equipment, such as WIM, becomes very strong. To be 

able to reliably weigh end classify trucks continuously for 48-hours 

requi rec automati on. And so the need for W i M. Remember hpwever , that 
the sample data will only tell you what the truck weight population and, 

consequently, the overweight population are like in your State. It does 3 
S 

not in any way enforce the weight laws. Concealed WIM monitoring i s  not 

a substitute for enforcement. The information is used to refine enfarce- 
a R 

ment strategies, and to provide the basic $or determining the effect 1 
C 

that enf orcement i s having- Z 
R 

Let's continue the example and estimate what the annualized cast per 

data collection session could be using a mobile Bridge WIM system. Thrre ,s 
r 

is some difficulty in doing this in that the life expectancy of the 3 
equipment is not yet known. hnd as usual, the major cost involved is far 

personnel. Therefore increased automation through telemetry could result 
i 
b P; 

in eignf9icant cast savings. The availability af low-tagt WIN equfpment 

could produce even greater cost savings. The estimated cnsts will then 

be cornparfad to the average session costs for speed monitoring. 
i d  1 

6 t? 
${ 
9 



Ws a word o+ c a u t l ~ n ,  t h i s  exampla only i l l u s t r a t e s  a general cast  

approach t o  statewide sampling. The cost  f i gu res  are merely est lmates 
I 

and shouPd on ly  be used i n  general terms. 

..................................................................... 
EXAMPLE 21 .ANNUALIZED CQSTS PER 6ESSION 

STATEWIDE SGMPhlNG ve. SPEED MONITORING [AVERAGE) 

ASSUMPTIONS 
( 1 1 .  48-hour mani t a r  i ng per sessi on 
( 2 )  SO sassians per yaar on e 3-year cyc le  (90 Tota l )  
(3) 10 s i t e s  per year m c n i t a r ~ d  3 t imes par yaar 
[4) 2 persons a t  4-days per session ( f  ncluding t r a v e l  
(5) Depreciate Br idQe WIH evenly sver 5 years 
16) 10 sets  of  s t r a i n  gages good f o r  S years 

EQUIPMENT CBSTS 
( 1  1 Bridge WIM: SPOO,QOO/ (5-yrs x SO sessians/yr) $ 700 
(2) Gtrsan Gageas (10 x 820UU/set)/ (5-yrs x 30 sessionsPyr1 B 150 

PERSONNEL COSTS 
( 1 )  Salary: 2 x (92 h r s  + 1.5 x 8-hrs Q . f . 1  x 922.50/hr $ 19QO 
(2) Travels 2 x 4 days x $50/day B 400 
(3) Support Vehicles $50/day $ 550 --------- 

TOTAL COST PER SEGSlClM TOTAL 9 3280 
(1  b Gtatewi de Sampling (Eot i  mated) : $3280 Per Session 
(2) Statewide Sampling (Range): $3500 - $5000 Per Session 
(39 Speed Monitoring: 8930 Per Session 

&NNUAL COST FOR PROORAM 
(1) Statewide Samplings 5305,000 t o  8150,000 Per Year (30 Sessions) 
(2) Speed Nsni to r ing :  874,400 Per Vear (80 Sessions) ..................................................................... 

The c~mpar&son rndicatas; t h a t  s t a k ~ s t i c a l P y  based t ruck  wezght samplang 

apparently is - f i nanc ia l l y  a t ta inab le .  T h t  use of a systematic WIM p l a n  

i s  no t  going to bankrupt your agency i n  the  attempt t o  get  r e l i a b l e  data. 

And as f u r t h e r  automated elements are added, particularly telemetry, a 

complete interconnected system is poss ib le  t h a t  w i l l  count, monitor 

speeds, cl ass i  f y, and weigh (and a1 1 a t  the same l oca t i on  i -f desired 1 . 
Onre t h i s  k i n d  of reliable data i s  r e a d i l y  ava i lab le  enforcement s t r a t -  

egaes can then be b a w d  on an accurate picture of the t r uck  papulatkon. 

find a t  w i l l  then be poss ib le  to monitor t he  success of t he  s t ra teg ies.  

7 



& FINN- CHALLENGE I 
i 

I n  canclaaion, &here are t h r ~ e  areas we would encourage the States t o  

pursue. The # i r s t  i s  the continued promotion af WIN technology through 

research and development efborts. This would include expevimenting M i t h  

low-to9t hltd equipment and the interconnecting o+ dIM and other autc- 

mated bquipmenk. Through t h i s  e f f o r t  w e  would hope t o  gain more ine ight  

i n t o  t h e  r e l i a b i l i t y ,  accuracy, and service l i f e  o-f WIM. Second, we 

encaurbge yau to share your exparienres and disseminate the  infotmat ian 

you are gaining through yaur work wi th  bdIM in enforcement, We a t  FHWA 

as wel l  as your colleagues i n  other Skates want t o  know what you have 

bound. Areas t o  pursue, success~s t o  fo l low, p i t C a l l s  t o  avoid. So I 
publ ish yaur resul ts ,  good or bad, and share what is happening. Third, 

we want t o  6hcourage yau to apply the new technalogy we are learning 

both here and during our work each day. Implement sound s t a t i s t i c a l  

procedures and coordinate your uses o9 WIM. &mid dupl icat idg your data f 
t o l f e c t i c n  and make the data avai lab le t o  d l1  involved par t ies,  €inforce- 

ment, design, engineering, plannihg, and R&D. fharik you. 

1 
5 
3 

j 
E 
I 
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The Commonwealth truck weight laws governing both 

axle as well as gross weights date back to 1929. While 

gross weights have been continually updated reflecting 

changing technology in + .  truck design and construction, axle 

limitations have changed little. The reason being, axle 

weights were not arbitrarily chosen, but were determined 

to be the maximum weight roadways and structures could with- 

stand without failing. 

Truck weight enforcement was traditionally the 

responsibility of the Pennsylvania State Police. 

In 1974, the Federal Highway Administration was 

required by Section 127, U.S. Code, to withhold highway 

construction funding from states unable to demonstrate that 

they had an effective truck weight enforcement program. 

In order to protect Pennsylvania's 44,000 miles 

o f  highways and 15,500 bridge structures (1,000 are weight 

. restricted) our Legislature updated the existing weight 

laws reflecting Pennsylvania's renewed seriousness. Fines 

for both axle and gross weights were increased. 

In order to bolster znforcement activities, the 

Department agreed to cooperatively take part in this program 

for the first time. The Pennsylvania State Police assumed 

respcnsibility for traffic control and safety, vehicle 

selection and prosecution. The Department's responsibility 
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I 
I 
I was the supplying, maintaining and certifying of all equip- 

ment required for weighing and measuring vehicles. The I 
I 
, Department agreed to furnish trained and certified agents 
i 

I 
I 

that would operate equipment , * necessary to detect violations 
1 

I and'determine what specific violation took place. 1 
This new program commenced in October 1977 with i 

, 
I 

1 a permanent scale facility in Monroe County, along Route I 

i 209. This facility was a low budget operation manned b y  
I 
I 
t 

two shifts per day of three agents and one trooper. It 1 
l 

consisted of two static axle scales which could simultaneously i 

yeigh a set of tandem axles by utilizing platform decks on 

Metrodyne wheel load weighers located in pits and were 

interconnected to a central indicator. 

By January 1978, two mobile teams joined the 
I 
I 

ranks by enlisting two agents and one trooper per team. 

Due to the monumental task of surveilling the highways and 

bridges, mobile teams were increased to eight teams in 

July of 1978. In 1979, the number of teams was expanded 

to a total of 28, two of which were assigned exclusively 

to the Interstate System. The T.R. 209 weigh station was 

abandoned in October 1980 as not being cost effective for 

the manpower involved. Manpower from this site was devoted 

to surveillance o f  the Interstate highways. 



HISTORY OF WEIGH-IN-MOTION IN PENNSYLVANIA 

In 1979 t h e  Department purchased t h r e e  PAT 100 

p o r t a b l e  weigh-in-motion systems. These one inch h igh ,  two 

w e i g h  p l a t e  systems a r e  used a s  s o r t i n g  or  s c r een ing  s c a l e s  

on two I n t e r s t a t e  mobile teams. The th i rd  s e t  i s  shared  by 

County mobile teams on primary highways. These o r i g i n a l  

u n i t s  had t h e  c a p a b i l i t y  of d e t e c t i n g  cumulative a x l e  

weights a t  speeds from t h r e e  t o  s i x  mi l e s  per hour. Ac- 

curacy was f o u n d  t o  be between 24% t o  48%. At speeds  

between t h r e e  and four  mi les  per hour g r e a t e r  accuracy 

was optimized a t  24% t o  26% and cons i s tency  improved a s  

wel l .  Longi tudinal  grades  reduced accuracy and t h e  cons i s -  

tency due t o  e i t h e r  a c c e l e r a t i o n  or  braking b y  v e h i c l e s .  

Volumes of 400-600 veh ic l e s /6  hour shift  were common. The 

weigh p l a t e s  and i n d i c a t o r s  gave e x c e l l e n t  s e r v i c e  having 
I 

I r equ i red  f i v e  r e p a i r s  i n  four  yea r s  of d a i l y  use.  Po r t ab l e  
I 
I wheel load weighers a r e  u t i l i z e d  f o r  enforcement evidence.  
I 

I Problems encountered were: (1) mois ture  a t  c ab l e  j unc tu re  

po in t  which was co r r ec t ed  w i t h  d i a l e c t r i c  compound, (2) 

g r i d  f a i l u r e s  occur r ing  i n  six months (plywood was s u b s t i -  

t u t e d ) ,  ( 3 )  d i f f i c u l t y  i n  de termining i n d i v i d u a l  a x l e  

weights (Siemens-All is  300 

PAT 100 i n d i c a t o r  y i e l d i n 9  
i n d i c a t o r  has s i n c e  replaced 

d i r e c t  a x l e  i n d i c a t i o n s ) ,  and 
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. ( 4 )  vehicle induced damage to interconnect cables. 

In 1981 the Department dedicated its first of 

16 planned permanent weigh stations. This weigh station 

is located on 1-80 eastbound in Clarion County. This 

station includes a ~tre'eter~met 5150 Rollweigh Weigh-in- 

Motion Sorter scale. The scale is capable of measuring 

axle weights - 73% of axles are measured within 25% and 

gross weights - 94% of which are within 25% (See Attachment A). 
These me3surernents are accomolished at soeeds ua to 35 miles 

per hour. The 5150 also determines axle spacinas and vehicle 

meeds. 

The WIM mini cornouter compares individual axle 

weiqhts with proqrammed sinqle threshold and measured gross 

weiqht with w o s s  weiqht threshold. Should threshold be 

exceeded, the computer siqnals the vehicle in violation 

by overhead lane control to proceed to a three section 

StreeterAmet platform scale to determine actual violation. 

Vehicles determined to be legal by WIM are returned to 

mainline. Volumes encountered at this site vary from 60 

to 200 vehicles per hour. The weigh station is operated 

one 7.5 hour shift per day - 5 o u t  o f  7 days per week. 

This operation sorts 191,000 vehicles per year, of which 

600 vehicles are cited for weight violations at an average 

i fine of $490 per vehicle. 
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Drawbacks to the system are: (1) downtime - 25 
WIM load cell and/or mini computer failures in three years 

have resulted in 87 work days lost, ( 2 )  inability of WIM 

computer to determine violations of Pennsylvania's various 
, .. 

axle gross weight laws (system was designed prior to Pennsyl- 

vania's adoption of the Federal Bridge Formula), and ( 3 )  

expense and inflexibility - the weigh station was constructed 

in 1981 at a cost of $1.9 million, excluding real estate, 

and because of the fixed location, operation becomes stagnet 

after the first several hours of operation. 

FUTURE OF WEIGH IN PENNSYLVANIA 

In 1982, after experiencing both portable weigh-in- 

motion systems used in conjunction with wheel load weighers 

in Interstate rest areas and the permanent weigh station, 

the Department questioned whether there might be a compromise 

capturing advantages of both systems. A new concept was con- 

templated by the Truck Weight Enforcement Division that would 
I utilize medium speed WIM capable of: (11 accurately determining 

axle spacing and axle weights, and produce minimal erroneously 

indicated violators; such a system would use existing rest - 
picnicdparking areas to minimize costs, utilize inground pads 

and loops to minimize setup time and rnaxt~ize accuracy at 

rnedlum speeds, have a computer programmed to'cornpare axle 

-- 
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weights, axle spacings and classification and determine if the 

vehicle violated any of Pennsylvania's axle weights (fixed 
l 

and Bridge Formula limited) or configuration of limited gross 

weights, ( 2 )  classify the configuration of vehicle by axles 1 , . 
I and'axle and/or axle group spacings, and ( 3 )  contain computer 

I in a mobile command center that could easily be transported 

I from site to site to maximize flexibility and effectiveness. 
I 

i Such a system was conceptualized and titled "Semi-permanent 

1 Weigh Stations (SPWS) . " The system utilizes the Siemens-Allis 
I 

I 400 WIM system complete with micro-computer, CRT and printer. i 

It utilizes four flush mounted in pavement weigh pads and two I 

I inductive loops per site. Loop and weigh plate signal is 1 r 
amplified by a site-located, vandal proof preamplifier to a 

2 
i 

junction point where the mobile command center is connected. 
3 
1 The mobile command center is a motor home type vehicle, equipped 

with heat/cooling air suspension and shock mounts to maintain 

the necessary environment for the mini computer. The system 
I 
I has the following capabilities: 

1. Weighs, measures and classifies vehicles from 

3 to 40 miles per hour. 

2. Weighs to the nearest 100 pounds 

A .  Axle weights 2 4 %  error with standard devia- 

tion not to exceed 7. 

0 .  Tandem axle weignts 2 4 %  with standard devia- 

tion not to exceefl 5. 
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C. All other groups of axles on combination 

vehicles grossing more than 73,280 pounds 

as per Pennsylvania's Bridge Formula. 

D. Gross weights 24% error with standard devia- 
. . 

tion not to exceed 4. 

3. Measures axle spacings 2 .2 feet measured to the 

nearest .1 foot. 

4. Measures speeds within 5 .2 mph to nearest .1 mph. 

5. Determines manipulation by truck operators such as 

acceleration of deceleration. 

6. Detects off scale tracking of vehicles. 

7. Classifies vehicles into 1 of 49 predetermined 

classes. 

8. Signals terminal operator and/or provides outside 

audio signal identifying a violation. 

9. Prints detailed weight and axle spacing information 

of violation. 

10. Indicates violations on CRT screen. 

11. Computer compatible to 30 weigh pad sites. 

12. Computer programmed by operator to increase weight 

threshold in steps of 10, 20 or 30 percent. 

Design was completed and the contract was let for ten 

sites and three mobile command centers in September 1 9 8 4 .  The 

mobile command centers and the first three sltes have neared 
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completion. Two sites should be on-line by June 1985. A 
I 

network of 35 sites are planned (See Attachment B ) .  The cost 1 

advantages of SPWS allows the construction of more sites which 

increases weighing flexibility and productivity. Locations 
. . I 

were selected by truck volumes while attempting to cluster I 

i 
i sites to minimize down-time between sites. The first ten i 

sites and three command centers will be constructed for less ! 
B 
C 

than the cost of constructing one permanent weigh station. B 
i 

I 
\ 

I Subsequent sites can be prepared and instrumented for less 
i i 

than $80,000 each. 

Sites include full lighting, weigh station signing 

with manually activated open-closed panels. Portable wheel 

load weighers will be used to determine actual overweight 

evidence after vehicles have been screened by HIM. Complete 1 
$ 

activation or deactivation time is anticipated to be less L 

t 
than ten minutes, which should contribute to increased pro- 

ductivity while at the same time reducing the "alert" to 
4 

trucks that takes place with lengthy set-ups. 
i- 

i 
It is believed that the SPWS concept will satisfy 

t '' 
Pennsylvania's initiatives of greater enforcement on Inter- 

state highways. 4 

E 

i 
[ 
fi 

i 
L 
I 

i 





WEIGH S T A T I O N  - PA 1-80 EASTBOUND 
WELGH-IN-MOTIDN WEIGHT ERROR 







ATLANTA, W R G I A  

MAY 20 - 24, 1985 

GaJFliREtxx SESSION: rn- 

!lWW: NEWDA'S USE OF WIPl IN E N ~ ~ T  AC!TIVITIES 

SPEAKER: D. KEITH Wf , ?AEXWA lWYT 

TTlE blEVM Q E P R R ' i m  OF ~SPORIIATION AQUIRE6> A WIM SYSTEM FlW3M RADIAN 

CXlWRATi~  IN 1978, 3WTAL MXST OF THE SYSTE1C.I WLlICW INCLUDED A 22 F06YT 

lWmRI11@MC, MDDIFIED n3 OUR SPZIFZCATIONS, ALL WUvl IWXm EQUIEMENT, AMD 

imm FOR E I C ; I ~ I . ~  SITE I w m r I m s  w A I F P ~ I M A ~ L Y  $90,000. ALSO 

C O W T E D  AT TWELVE S'IIYEWIDE: LBCATI@JS. SHIFTS RhiE SLIWW TO PXNIDE 

A SAMPLING OF AJX, HOURS, DAYS, KEEKS AND M3JPlIIS OF A Y'Ei4.R. WEXGHTS ARE 

mw2w ONLY FEZCavr TTXE OUTSIrn (NGHT) mVm.8 LANE ON FOUR W E  mm. 

€ T J m L Y ,  Ir3E: HAVE W;IM S I t E  IPgSTALfdED AT INTERSTRI'E RUFAL 

KCATIONS, OIE PN'iEWTA'J!E URBAN -TION, AND TIE333 RURAL PRlMARY 

UXATImS. WIS SUWEX WE PITSIN XI REINSTALL FC313R IN!lERSTATE RLIRhL, AND A 

NEW FEUERNrMD-UEU3AN SI'IE, TI= [EmON/MIfJSWTIaJ OF 'DIE IWRAL 

I N m T A ' m  SITES ARE IN WITH 1 FEX3XT AND/OR PLANNED 

C C F ; I S ~ r I ~  OF s m  TRUCK 



W Y ' S  W1M SYS1'EM WRS PURCR.WJ3JI P R I W L Y  fl3 0FFSL"1' 'ME MSING COST OF 'IIB 

I ANNUAL TRUCK W I U W  PWRAM. I N  ADDITION, THE SYS'TFN WIWLD P m T  YEAR- 

mum m I G t r r  AL~VITY I-WID WE EELT COULD BE u:.:rm AS A SCREENING DEVICE IN 
I 
I 

I NEVN)A~S WIUIT m m m r  ~mm. VIE SYSI'ENS USE IN WEIGHT EINFUXE- 

i IIAS BECOP& A PRPMFtY FUNCTION, THIS TXITS, HOWEWJX, RAISE SCME 
I 

QUlG'l'Ior\r A§ '10 T5IE S Y S W  U S l 3 F U U E S S  A S  A kWNI1rORING 1W)L. IN OTHER , 
i 

WRDS WfiS 'ITE LEI'RCfCE:K WIm UISURE IF WE ARE ULJL'Y' KJ~JIWIUNG OR ENFOWJNC; [ 

: WUIGH'l1 LAWS AVOID IT, TIi?3 ANSWER IS, Y e !  A NUMl3ER OF 1WCKERS RMWGNIZE 
I 

! 

1IlE WJM VAN, PASS 'IHE WRD CN, AND FFCM CUR EXPERIENCE THE TRLJCKER WILL 
i 

I E 
l 
1 DIVEITT Ills ROU'IE OR STOP AND WAIT U S  CrUT ESPKIALLY IF HE KNOWS IE IS IN 

1 VIOLATION OF STATE WETQFJ! AND/OR S I Z E  LAWS. 'IHIS SITUATION HAS 1 
I 
I 
I ' 1 ~ ~ U I I U U T  ND(YfS EXPEW- W I T H  TTIE ANNUU TICKK WEIQIT PRIXXA!4; EIO-, 
I 

IDWISVER, WI'JB nm STATIC PROGRAM IIIAN WITH THE USE OF WIM. am SOLUTION 

LS TTWOUGII A 1 ' E m T R Y  PRLX;RAM. GEP4-Yr FYI11 lliE I N I T I A L  SERER& HOURS 

~1Id IS VEIIY l?FlBCTI~ IN EITIER MC%JPIDRING OR E Y E ' O ~  AC'IXVITIES. 

N L W A  DOES NWT HAVE POR'B-OF-ENTRY AND I N S ' I W  USE A ROVING P A W L  

OUElW1'~UN 'IQ ENSUTZE llIAT TRUCKS CCMPLY WITII ALL ASPE'IS OF TI% LAW, 

mmmmwr 1s B ~ I D E D  BY WE MOTOR CARRIER DIVIS.ION OF TITE ~ A I ~ I M E N T  OF 

MD'IO~~ V r n I I C E .  '10 UNDawrm TIIF, PIxxaaM KNLtJJLE;LX;E OF THE NEVADA SFrnNG 

IS VERY l M l ? O R T ~ .  WEII(E BORDERED BY FIVE S1rA'I!ES TTNfI' HaVE PORTS6F- 

EN'I'RY; AND QVBR ONE-HALF OF ?HE 'TRUCKS DRIVING li4 NEVADA HAVE IWIm AN 



UNTIL 1978 W A I I A  WAS WDLJCTIS aJLY BBUJ'T A 'JIIWSAND ENEW-T 

WEIUIlN(;S IN A YEAR. IN DEFENSE OF OUR MOTOR CAIWER A m T S ,  11IDDE WEEB 

l?EW PLtOFESSIONAL AND PERSUNAL INmTIVES 'IO WEI(;II1!JG TRUCKS. FIRST, TWEY 

DID NWi' IIAVE l'fE E Q U I m  - ' i T i T E E  SEE UP PORTABLE SCALES AND ONE 

WII'I1N3IE PLATFDIM SCALE WEHE ALL 'J.W HAD 'IU COVER 11IE ENTIRE STATE. 

AND lil:G~Srka'iTO~S. 'I'IlESE LA'llrm FEES ARE RE'IUHNED 'IO !JXE HIGHWAY FUND 20 

SUPPOIIT OPERATIONS, WfWVX WEIGHT VIOLRTIOIJ FINES GO IN'IO ?FIE STATE 

G E N E I W  FUND. W F L Y ,  NEVADA I W  A VERY K3iE13IE'UL TRUCKIPX; AN14 MINING 

ALSO, NE'TVAUA'S HIGIMAYS W W  I N  GREAT SE3AJ?E, AND IT WAS DIF'FICULT ?O 

C O N V ~ N C ~  ANYONE, INCLUDING WOR CARWER AGPN~LS, m K r  m s ,  AND YIIE 

U%ISW1UI~ 'ifW MAJOR PROBLEMS WNLD OCCUIZ IF WEIQ-l'lS WERE NOT CON- 

YIUJI~W. ONE wmcr OF 1111s LS TINT i m y  DIL, Nur CCIMP~HEND VIE DESIGN 

Flxrul AN E N F O m  VIEW, TIlE W l U R  CARRlCER IIIVLSION WAS AWHW OF ?W;E 

SIIORIUUMINGS AND STARTED ASSIGNING MOKE OF EAClI FIELD AEJBTtS TIME Xl 

wm1;lfr ACTIVITIS; HUWEXER, ?BEY DID NOT EEEL 'ITWY C O U ~  GAIN ADDITIONAL 

FUNDS m BUY STATIC SCALES AND 01fm SUPPOIW w x m r  NEEDED TO BOOST 

IWI 'AL NEIQ1IWS '10 AaWIIABLE LEVEL. ANIJ 1lIUS,TlE PLANNING DIVISION 



P R E S W ~  N D ~ T  m-r WITH a35~ ESTINRW, AND A PROCIRAM  SIZING 

, ''JAT' NiXrJ? CCULD REUUCE iW%W3ER COST FMC Tf3E ANNUAL rTRUCK WEIGHT STUDY, 

IMPROVE AND INCREWE I'B DATA BASE F'OR KlESIGN DGIGMA'fIC)hTS, AND INCREn5E 

ANNUAL WEIGNINGS FOR l 3 W € l m .  (XntP MANAGIImr WlED FOR 'I4-IE WIM 

PItOGN\M, AND LllWR IS THUS FAR SAT'ISFID WI'.L% l3Wll3 UIR PLANNING AM) 

mmIuxmwr RESULTS. I'LL POINT OUT ?IWT WE m USE: WIM FUR m f r  OF DIE 

FHWA ~ J C K  WEXGIFT STUDY. IN A D D I T I ~ ,  I MUSF W I ~ S I Z E  THAT MOST I 

LMPOR!t1ANT ASPET OF CWR PRUI;RAM IS SIAT ANY WIM OPERA'PIm IS DmIGNE=D TO 

W W I L E  A PLANNING NEED. AS SUCH THE DATA LS BEING CO-D BY NDBT 
I 
I 
i 

PEI-a. Wlr) MAINTAIHS CALIBRATION, AND CmUCTS A -VEHICLE I 

CL,ASSIFICAYTI~ aUNT OF RW; TRAYEX 

I 
I IN 11E OFFICE, CWLSSWImTIa COUNTS AI(E IM'LWm INTO OVR TBAE'l?IC 

CX)WrING DRTA FILES. WIM DATA IS EL)IfIED, AND UT.JAEEPFABLE !J%.UCK WEIGIFlS 

DEL%TlED. STATIC AND W1M DATA ARE DMlI ~~~D INLO C~~ FILES FOR 

USE 1 W  DfSSIGW DESIGNATICAJS , PATIEMENT MAWR-dT, HIGETWAY COST ACLM=ATICN 

J@lN;YSS, AND Lvd.liT!X PLRMNING AND l?ES-I EWC'I'IONS, 

'rCYJBL NLXTI' \qEIGIZNG YERSUMNEL EDR STATIC AND WIM PROGRAMS CONSISTS OF TMl 

FIELD 'JIX.XNICIWS, CJW F I W  SUPEXWISOR, RND NJ UFFICE ANALYST. WE USE 

ELDM: POR'rABLE PLATFOR1 SCALES FOR STATIC OPBBil'lmS, AND BY LAW A m R  

CARRLER OFFLCER MUST BE (24 TITE SI'I'E. THE W1.OIJI IN WKlCII NDOT I!NPLOYS 1's 

WIN SYS'Im FOR ~ ~ R I ; T ~ % '  IS QUIrI'E SIME'LE. S c s  ARE lBtXTED IN 'ME 

4 



RIGHT TRAVEL LANE AE'PIWXIMATELY 2 M I w ,  PLUS 01% MTNUS, E'R13N A ROADSIDE ~ 
PULL OFF AR1ISA OF ADEQUATE S I Z E  'ID PERMIT STATIC, E;J.T%3ER PORTABLE PLA?.'E!Y,RM 

OK "SUI'iWEw SCAWE, WEIGHING AC'I'IVITIES. 1 m M Y  SIGNS (BLACK AND 

WII1'1E) ARE PLACED UPS= OF TfB WIM SIrE 'FELLING IWE TlZUCKER TO MAIN'I'AIN 

'lIU RIQPJ! TRAVEL IANE EOK TI-IE NEXT ONE MIZlE NJI, '10 MAIN'l'AIN A WSTmT 55 ~ 
M!?II VElIICLJ3 SPEED. ANY SUSPLK2 VEHICLE OR @4E TIBT AVULDS BB SCALES, 

ITS DESCKlKTIOPa IS RADIOFB NiEAD, AND !BE WIICLE 1s P U W  OFF AND 
1 

W,IGIW STATICALLY, PESE C ~ T I F I E D  STATlC WEIGI1'I'S ARE 'DBN RADIOED BACK 

IU fllle WIM O P E ~ ~ O K  WIO PIAKES ~ D I A T E  C~LLBRAT~ON AATUSDEX~S IF 

Nl3CEL;SAKY. T W  CALIBRA'l!ION AUJUS~lS REQvIIW a L Y  S m  '10 m. 

NLKYT PERSUNNEL WORKING Wi7.14 ITE AGFNlS REX.XlRD A WlPLICATE W E I W  S L I P  WITH 

'IIEE W ~ M  CON'IRVL SERIAL NUMBER, TEE WEIGHT SLIPS NIE RETAINED IN ORDER '10 

GWIPMIE A QUALITY 00NTRI)I; ANACYSIS OF' WEIQFJI' DATA COLI1M:TED AT EACH 

AS 30 ACCURACY, WE EDIT  CUR WIM DATA PRIOR 'lr) PERNANENT mTRY OUR 

COMPU'IZI;R F I T S .  (3,%W&Lf VEHICLE WEIGIPLS ACEIIbwJED FI3.M CXJR WIM SYST'EY 

MIEN CXPlE'NTED TO STATIC WEIGIFIS RANGE FEKM - 4- 4% FOH 'LlRNUm ZWES, - f 4% 

EUR NON-DRIVER SINGLE AXLES, SINGLE DRIWSiS RN4GE UP 'IU - + 8% AND STFXFUW 

W S  ARE C O N S I S I m T I X  LESS '1'13AN STATIC WELGIJT. INDIVIDAUL TRUCK G m S  

~~Q~ AFTER c2'iLIBMTION CDNSISTE;N'l5Y WITIlIN A 4- 2% RAPIGE WITH A - 
AVERAGE ~ r n  GROSS WEIQIT FOR RLL TRUCK TYPES R&GING IN Y'IE - -t 1% 

3 .  lTIlS LENEL OF ACCURACY IS DEFINITELY ACCEPTABLE FOR OUR PLANNING 



AND FW5EA!XII NEE1)S. AS WITB ANY SYS'IEM, OUR SYS'l'W IS CXlLY AS RELIABLE AS 

11B FIELD SUPERVISOR AND 1~INlCIANS RES-SIUM E"OR OPEBATIUHS. WI~I 

OUR WIM WI.3 III\VE IN-ED WEIGIIINGS PIW-EW, AND WE'RE: GE?9TING A EJY3FU3 

ACCURATE IW3RL7SWI'ALTIW OF "I'IIE WEIGII'L'S PW3UUCfW BY ANNUAL W C K  WIICLJ3 

MILES OF TRAW,L. IN AUDITION, OUR WLM PWX;W4 ACCOUN'IS FOR ONE-'I~IRD OF 

WERE DOES NEVADA (33 k ? I W  fURE? LIKE MUsT S.I'A'lES WE NIE UNDEI2. FUNDING 

FUS'II44IN'IS; I i m ,  AS STA'lED PREVIOUSLY WJ3 A W  L W 1 " I T D  TO CONS'IIRUCtI'ION 

OF SLV'EN 1 W G K  INSPECTION STATIONS ON CeTR IN1ElWI"ATE SYS'Im BY NEXT YEAR. 

JZhLFi WILL INVE A W I M  SI'I'E INSTALLED. N W I '  (3AEJNcXL' PROVIDE ADEQUATE 

~ I ? A G E  OF BESE NEW 1NSrAW;ATIONS WIl'H EXISTING PERSQJW AND EQUIFNENT, 

SO AN ADDITIONAL WIM UNIT AND IS EXf)EiZ;r) TO BE lWXJEST'EI3. T)E 

E.IO'IDIl CNiWIER DIVISIm, P R E S m Y ,  IS NOT CQ\JSIQERING ?HE: PURSlIASE OF 

'I'IEIIt ClWN WIM SYS'ID4, BUT HOPE TO CQN'.I'XNt.JlI BU PlUZSF$JT NIWP-DMV PWXRAM. 

WE CIilW3.2 'fiIAT MAY TIU PRESENT PIPOGRAE4 IS ZHE CONSOLIDATIUN (JF '1HE 

WlUR CNZRLm DIVISIUN IN'10 DiE: (3BPEXCIAL SEl'lON OF NEVADA'S £IIGIlWAY 

PATWL, THIS CElAN(X3 IS PIlEXN'I'LU l3lFORI.: NEVADA'S I&GISLA'l'UIZE AND 'JIB 

CWIUME IS UNKNOWN BUT LIKELY 'ID SULTED. 
I B 1 
I AS IU CX)S'I' EE'EECTIVENESS, !L'HE NLXYIC WIM NJD STATlC WEIGHT PROGM t 
I t 

E. 
{ ~ ~ T  AND MONIWRING) RUNS ABOUT $100,000 A YEAR, THE SI\ME LGVEL h 



rllJAT W r .  'IHIS WnMATE IS BASED UPON A YEAR lXNG STUUY, CYJbDUCW 

QURR'J~RLY AND STAT~IDE. S ~ I F J C ~ Y ,  IN 1-981 m r  PAEITICIPA~ IN A 

'I'ItUCK WEIGH'S W E  S'IWY UNDER CONTRACT WIT53 RIWA. ~~ WEGTlVE WAS TO 

GA?IEX A SZMPLF, OF WEIQITS FOR ALL TRUCK TYF;ES, AND aJ ALL FUNCTIONAL 

CIASSIFIwrIGNS OF ?X)AD5. CUNSIDmNG ALL COSTS, THE CY)ST PER 'TRUCK 

W I 3 1 ~ ~  STATICN;EY WAS $16.92 EACH AND BY OUR WIM SYSTET"I $4.70 EACH. THE 

I 

1984 NWJ.' WEIdTm ABOUT $;EVEN 'I'flOUSAND TRUCIL$ WLTR OUR W I M  AN13 STA'rlC 

SUBS'llN\l'l'IALLY INCliEllSE 1'IE NUMBER OF WEIGHINGS IF  WE SPENT ~~ TIME ON 
nm IN'IEI~~TA~~I~; IIOWECTER, AS STRED Cmm lQ%F 'flu3 rI"RUCKS ARE PEiT)mLY ALSO 

BEING WElQIl3D I N  Aa7ACENT Sl'Al'ES. CNER THl3 NSXT TWZ) 12ARS MOST OF NDCrrS 

= ' ' I  WILL EXE DIlUXlm '1U MXJ-IMWBrl!Am SITES, UN SYSTEPlS WKEFtE 

N L W A '  S IN'PRA-S'mrE TREK NOVENEN'E ZGE OCCIJRILG. 

IIlE WJW;ONS FQR TlIIS ACTION AN3 'IW(3 FOLD; FIHST, NiXYf IS WING 'ITS OONWCT 

A TWI) YW mwc~ m WOIW mmmwr STUDY. SFXUNDLY, AS am E ' O ~ N G  

DRTA I N D L G A ~ S  WE ERVE AN IN~W-STAIE =K wmxr VIOLATION pmr3w. n~ 

PEICWI1 OF ~ ~ I ~ ~ *  TRUCKS BY EZlNC'!IONAL CWS1F'ICATILCB;J fPJ 1984 WAS: 



A X .  A S .  
5AxL?3 TRUCK AMJ '-?RUCKS* * 
SEPlI ' S WEIGHT .- 11tUCK wJ3IW 

U I W  N?IFXALS 25.5% 55,762 24.2% 54,470 

5 
j 

RURAL AK'mUALS 23 5% 55,885 21.1% 56,173 ~ 
1 
i RUHhL, INTERSTATE 20.7 % - 60 724 -C 19.9% 60,720 

AGO IN F'Y 83-84 TEB bW110R CARRlER DIVISION, W ,  AS A Pl!Z@2ENT OF TOT&, 

ISSUIW CITATIONS E'OR 'IIX I;ULWNG WEIWf VIC)W1'1.0NS: 

* A WEIG'HT VIOLATION IN ANY AXTLF, OR R AXLEUP OF' 100 LBS OR MORE OVER 

'JIB LEGAL LIMIT (DOES NOT I m U D E  INTERIOR BIUU% mWLA VIOWITImS). 

** 'IlE CaMPWSUN DID NOT INCLUDE SINGIX UNIT TRUCKS, BUSES OR LE@S 

CCPIBINATICPJS WITTI A VE;[IICLE LENGTH IN I3X-S OF 70 FJiX'i', BOT DID 

INCLUDE 5 AXLE SEMI, TRUCK AND FULL TRAIWR AND MULTIPW CCPIEIINA'ITONS 

WSS ?I;JAT 70 F'E3TI.I. 

8 



aVERNLL 'XNE TRUCKS NDOT WEIGHED IN 1984 HAD AN AVERAGE WEIGHT OF 59,296 

* * 
L13S. 2 1 1 s  W A S  A 3% INCREASE WE33 THE AVERAGE WEIGHT OF TIUJCKS WEIGHED 

L3EJWlEN 1976-82. TIE 5 AXLE SEMI A- FOR 80% OF TIE, TRUCKS NDOT 

(3,159) W E I U E D  (AVERAGE WIGFIT 59,266 LBS.)TIE 5 AXLE SEMIS DISPLAYED A 

19.3% INCREASE I N  18 KIP ESAL VNJUES UVF3 IHOSE 5 ZNX SEMIS WEIGIIED 

WiWEEN 1976-82. BY FUNCTICNUA CLASSLFICATION TIB BIGGEST INCREASE I N  18 

K I P  ESAL VALUES WAS ON W A N  hRTERLACS, RURAZI IN 'mTATE:  AND RURAL 

AS ZlIE DATA INDICATJZS NEVADA HAS AN IN'JXh-STATE AS WELL AS INTER-STAm 

T I W  WEIGIIT I ~ F X j E i ~ ,  AND AL!IHNGH OUR EFEUR'IS OVER 1% NEXT 'DD YEARS 

WILL RE FOCUSED P3XMMlILY ON INrM-STATE TRUCKS USING STATIC  PLATFORM 

S W  YIIE W I M  SYS'lEN 1s I N S ' I R f m T A T ;  I N  OUR cNEZALL TIWCK WEIGHT 

MONITORING ANU ENF0-T Pmw. 









. GHT ENFORCEMENT 

TROOPER 





DELAWARE I S  KNOWN AS THE FIRST STATE BECAUSE I T  I S  THE FIRST 

STATE OF THE ORIGINAL 13 COLONIES, hS YOU ARE PRQBABLY 

AWARE9 DELAWARE I S  ONE O F  THE SMALLEST STATES, SECOND I N  

S IZE  ONLY TO RHODE ISLAND. I F  YOU ARE A TRUCK DRXVER WE ASK 

THfiT YOU DRIVE SAFELY THROUGH OUR ST&TE, OBEY ALL OUR 

TRAFFIC REGULATIONS AND BE ESPECIALLY AWARE OF OUR TRUCE 

WEIGHT ENFORCEMENT POLICY. THE DELAWARE STATE POLICE 

ENFORCE THE WEIGHT LhWS WITH A WIDE RANGE OF EQUXPMENT. 

MOBILE WEIGHT ENFORCEMENT TEAMS AWE EQUIPPED WITH STATIC 

WHEEL AND AXLE LOAD SCALES. I F  YOU HAPPEN TO BE TRAVELING 

NORTH QN ROUTE 139 YOU PROBABLY WENT THROUGH OUR WEIGH I N  

MOTION SYSTEM COMMONLY REFERRED TO AS WIM. WE ARE SORRY FOR 

THE DELAY. BUT WE D I D  WEIGH YOU I N  THE "12 MINUTES I T  TOOK 

YOU TO TRAVEL THROUGH THE STATION. WE CLOSED THE STATION 

DOWN SO THAT WE MAY OFFER YOU THESE PHOTBGRAPHS. THE SCENE 

BEING VIEWED NOW I S  FROM THE W I M  OBSERVATION DECK LOOKING 

SOUTH ON ROUTE 13. DIRECTLY I N  THE CENTER OF THE SCREEN I S  

THE WEIGH I N  MOTION EQUIPMENT. EAST O F  RT. 13, AND TO THE 

TRUCKERS RIGHT, 15 THE PARKING LOT. THE SThTIQN I S  LOCATED 

ABOUT b MILES NORTH OF SMYRNA ON THE NORTH BOUND LANE OF 

ROUTE 13. WEXL TAKE YOU BACK AGAIN TO SHOW YOU WHAT TRUCK 

TRAFFIC LOOKS L I K E  GOING THROUGH THE WEIGH STRTIQN. PRIOR 

TQ REACHING THE STATION, SIGNS REQDIRE THAT TRUCKS MOVE TU 

THE RIGHT HRND LANE, OTHER SIGNS SHOW .THE DISTANCE TO THE 

WEIGH STATION. ONE MILE BEFORE THE WEIGH S T A T I O N  A SIGN 

INDICATES THE STATION IS OPEN OH CLOSED. ANDTHER SIGN 



INDICATES &LL TRUCKS MUST ENTER THE WEIGH STATION. A 5  

VEHICLES APFRaACH THE STATION, TRUCK DRIVERS ARE REQUESTED 

TO STAY I N  THE RIGHT HAND LANE, fiS A THIRD LANE WENS UF AS 

AN ENTRANCE TO THE WEIGH STATIQN. NOTICE THE SCALE HOUSE IN 

THE CENTER, THERE RRE SIGNS INDICATING THE SPEED L I M I T  AT 15 

MILES AN HOUR, WHILE OTHER SIGNS REQUIRE 100 FOOT 

SEPARATION BETWEEN TRUCKS. AT 13 MILES AN HOUR, WITH A 

100 FQQT SPACING, THE WEIGH STATION CAN PROCESS 

AFPROXIMATELV 500 TRUCKS AN HOUR, SORTING THEM BOCK TD THE 

HIGHWAY OH TO THE STATIC SCALE FOR FURTHER WEIGHT 

ENFORCEMENT. AS WE APPROACH THE WPM SYSTEM THE FIRST THING 

THAT I S  OBVIOUS I S  THE OVERHEAD DETECTOR. THE OVERHEAD 

DETECTOR I S  SET FOR 13 FEET b INCHES AND WILL TELL THE WEIGH 

STATION OPERATOR A VEHICLE I S  OVERHEIGHT. W'PWOACHING THE 

WIM AREA YOU WILL SEE TWO SETS OF WEIGHPADS PLUS TWO BUILT 

I N  THE GROUND TRhFFIC Li2OP5. ONCE VEHICLES PASS THE 

OVERHEIGHT DETECTORS THE WEIGHPADS BECOME BORE CLEAR. 

VEHICLES MUST MAINTAIN 15 MILES AN HOUR AS THEY PASS THE 

WEIGH I N  MOTION SYSTEM. NOTICE THE WEXGHPADS ARE FLUSH TO 

THE GROUND. THIS I S  A SECOND VIEW OF THE WIM SYSTEM. THIS 

TIME THE VIEW I S  I T  FROM THE SCALE HOUSE. AS A TRUCK 

APPROACHES THE WEIGHPADS, I T  F&SSES THE OVERHEAD DETECTORS 

AND NOW I T  I S  JUST 6EOUT ON THE PADS. AS THE TRUCE GOES 

OVER THE PADS THE LEFT AND RIGHT TIRES ARE WEIGHED TWICE TD 

CONFIRM AN ACCURATE WEIGHT. THE SPEED OF EACH AXLE I S  

MEASURED. I F  4 TRUCK I S  NOT CENTERED ON THE PADS OH I F  THE 

TRUCK I S  HEAVIER ON ONE SIDE, THE COMPUTER WILL DIRECT HIM 



TO THE SCALE HOUSE VIA THE OVERHEAD TRAFFIC SIGNALS. NO 

EXTERNAL SWITCHES ARE USED TO IDENTIFY TRUCKS GOING AROUND 

THE WEIGHPARS SO SNOW PLOWING IS NOT A PROBLEM NOH IS THE 

COSTLY REPLACEMENT OF EXTERNAL SWITCHES NECESSARY, YQU ARE 

VIEWING THE FIRST SET OF THE WEIGHPARS. AT 13 MPH IT TAKES 

A TRUCK 1 1/12 SECONDS TO CLEAR THE 32 FOOT WEIGMPAD AREA, 

AND LESS THAN 20 MILLESECBNDS FOR THE COMPUTER TO SET UP THE 

TRAFFIC LIGHTS. THIS TRUCK IS NOT OVERWEIGHT 58 WE WILL SEE 

A GREEN ARROW DIRECTING IT BQCK TO THE HIGHWAY. LOCATED IN 

THE WEfGHPAD AREA I5 A WATERPROOF HOUSING THAT CONTAINS ALL 

I THE ELECTRONIC CIRCUITS NECESSARY FOR THE WEIGHPQD SIGNALS. 

ALL THE SIGNAL CONDITIQNING IS DONE AT THIS POINT AND SENT 

VIA UNDERGRDUND CABLES DIRECTLY BACK TO THE SCALE HOUSE AND 

THE CQMPUTER FUR FURTHER ANALYSIS. THE VEHICLE WE ARE 

DRIVING HAS BEEN DETERMINED BY THE WIM EBUIPMENT TO BE 

WITHIN LEGAL LIMITS AND WE ARE NOW DIRE.CTED BACK TO THE 

HIGHWAY. THIS GREEN ARROW INDICATES WE SHOULD FOLLOW THE 

TRUCE AHEAD OF US f4ND PROCEED DIRECTLY TO THE HIGHWAY. THE 

VEHICLE WE ARE IN DID NOT STOP TO HE WEIGHED, MAINTAINED 15 

MPH AND w&S DIRECTED BACK TO THE HIGHWAY WITHOUT DELAY. 

LETS FaLLw A VEHICLE NOW THAT IS OVERWEIGHT AND SEE HBW THE 

ELECTRONIC EQUIPMENT WILL SORT IT. THE VEHICLE APPROACHING 

THE LIGHTS RIGHT NOW IS UVERWEIGHT, AND HAS BEEN DIRECTED TO 

THE SThTIC SCALES BY WTM SYSTEM. FOLLOWING THE QVEKWEIEHT 

VEHICLE THE FIRST THING WE NOTICE IS THE OVERHEAD RED LIGHT 

IS ON STRAIGHT AHEAD. THIS INDICATES THE DRIVER IS NOT TO 

RETURN TO THE HIGHWAY BUT TU FOLLOW THE GREEN ARROW TO THE 



RIGHT FOR THE STATIC SCALES. ALL THE DRIVER HAS TO DO I S  

FOLLOW THE GREEN ARROWS AND THE ELECTRONIC EQUIPMENT WILL 

DIRECT HIM DIRECTLY TO THE STATIC,SCALES. THE VIEW YOU ARE 

SEEING NOW I S  THE TRUCK APPROACHING THE STATIC SCALES. TWO 

WAY COMMUNXCATIONS I S  ESTGBLISHED WITH THE DRIVER, AND THE 

WEIGH STATION OPERATOR C3N THE SECOND FLOOR OF THE WEIGH 

STATION. THE OFFICER HAS A CLEAR VIEW AND DIRECTS THE TRUCK 

ONTO THE STATIC SCALE FOR WEIGHING. THE DRIVER I S  DIRECTED 

TO PLACE THE CERTAIN WHEELS ON CERTAIN PORTIONS OF THE GXLE 
k 

SCALE, AND THE WEIGHT OF EACH AXLE I S  RECORDED. LOOKING I 

DOWN FHQM THE SECOND FLOOR, THE OFFICER HAS.& CLEAR VIEW UF j 
THE SCALES. THIS PARTICULAR STATIC SYSTEM HAS 3 INDIVIDUfiL f 

e 
SCALES. I F  THE DRIVER I S  WITHIN LEGAL WEIGHT L I M I T S  HE I S  1 r 

t 
DIRECTED HACK TO THE HIGHWAY. TRAFFIC LIGHTS AND TWO WAY k 

COMMUNICATIONS WILL TELL THE DRIVER WHEN TO PROCEED. THIS 1 
k 

PAFtTICULAH TRUCK I S  OVERWEIGHT. I N  THIS CASE THE WEIGH 4 
W 

1 
STATION OPERATOR MAS GONE OUT TO THE DRIVER AND REQUESTED [ 

\ 
P 

HIM TO FARK H I S  VEHICLE I N  THE PARKING LOT. H I S  
$ 

REGISTR&TIOW, PERMITS AND THE WEIGHTS INDICATED ON THE S 

J 

STATIC SCALE WILL DETERMINE I F  A CITATION I S  REQUIRED. THE 1 
9 

CQWTRDL CENTER FOR THE SCALES I S  LOCATED ON THE SECOND FLDOR 

I 
OF THE SCALE HOUSE. NOTICE I N  THE LEFT HAND SECTION OF THIS 1 

C 
PHOTOGRAPH &RE THE STATIC SCALE READOUTS. LOCATED DIRECTLY [ 

i 
I N  THE CENTER 15 THE STATION3S LAYOUT, SHOWING THE STATUS OF k. 

Y 

THE TRHFFIC LIGHTS THAT ARE MANUALLY CONTROLLED BY THE ! B a: 
STATION OPERATOR. I N  THE FOREGROUND I S  THE WIM SYSTEM. THE 3 

i" 
r 

WIN 400 SYSTEM THAT YOU ARE NOW SEEING HAS BEEN ENGINEERED 
t p 

B 5 
f 



BY SIEMENS TO PRODUCE THE MINIMUM OF OPERATOR FATIGUE. 

ALL LEGAL TROFFIC 16 DIRECTED AUTOMATPCfiLLY BY THE COMPUTER 

TO THE HIGHWAY WHILE ALL ILLEGAL TRAFFIC I S  DIRECTED TO THE 

STATIC SCALES. EVERYTHING FROM THE CLEAR VIDEO MONITOR TO 

THE HIGH ,SPEED INK JET SILENT PRINTER I S  DESIGNED, 

MANUFACTURED AND SUPPLIED BY SIEMENS. I N  THE CENTER QF THE 

THE KEYBOARD, I S  A MAGNETIC  ARID. THE MAGNETIC CORD I S  

PROGRAMMED SO THAT ONLY IDENTIFIED OPERATORS ChN CHANGE 

STATION FARfiMETERS. FOR EXAMPLE; I F  TRUCK TRAFFIC I S  

BEC9MINl3 A PROBLEM AND VEHICLES RkE F I L I N G  UP BN THE STATIC 

SCALE AREA ONLY THE SUPERVISOR WOULD BE ALLOWED TO CHANGE 

THE WEIGHT L IMITS  THAT BRING I N  DVERbJEIGHT TRUCKS. THE 

SUPERVISQH CAN, BY PUSHING A BUTTON,SELECT AN INCREASE OF 

THE WEfOHT TCJLERANCE BY 20, 30 BR 40%, ON THE LEFT HAND 

SIDE 62 KEY 15 USED TO QF'ERPrTE THE ETATIUN FOR SECURITY 

REASONS. 70 THE WIGHT SIDE OF THE CONSOLE YOU WILL NOTICE 

BUTTONS THAT CONTROL THE TRAFFIC LIGHTS, START AND STDP THE 

CASSETTE O P ~ R A T  ION, CHANGE THE OPERATING LEVELS, AND PERFORM 

DTHEH FUNCTIONS. ON THE UFFER RIGHT I S  A STATION LAYOUT. 

THE STATION LaYOUT SHOWS THE STATUS OF ALL THE CDMPUTEH 

CONTROLLED TRAFFIC LIGHTS I N  THE ST&TIQN AND IDENTIFIES THE 

VEHICLE THAT I 5  COMING INTO THE STATIC SCALE. A CLOSER LOOK 

AT THE STATION LAYOUT SHOWS THE TRUCE NQW CROSSING THE SCALE 

HAS A GREEN LIGHT T0 RETURN TO THE HIGHWAY AND A RED L I H T  TO 

ENTER THE STATIC SCALE. THE OVERHEAT) LIGHT IS SHOUPNG 'THE 

I VEHICLE I 5  GIVER THE HEIGHT OF 13%" BUT I N  T H I S  PARTICULAR 
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I 

CLASSIFICATION8 AND THE TOTAL NUMBER PRINTED. 999 INDICATES 1 

A VEHICLE THE CQMPUTER CANNOT IDENTIFY. THIS I S  A VEHICLE 

WHfCH HAS NOT BEEN PROGRAMMED INTO THE SYSTEM OR DOES NOT 

MATCH OUR LoQK UP TQBLES. THE DPERATOR HAS SWITCHED MODES 

AND SELECTED THE COMPUTER" MENU. WE HAVE 9 MODES OF 

OFERATIQN AND 4 TEST MODES. I N  THIS PARTICULAR MODE WE CAN 

SEE THE SYSTEM MESSAGE ON THE BOTTOM OF THE SCREEN. I T  SAYS 

THAT WE ARE I N  A TEST MODE AND THE OPERATOR HAS MANUGL 

SIGNALING CONTROL OVER THE STATION. THE OPERATOR HAS ! 

CONTRQL OVER THE PRINTER AND EACH INDIVIDUAL MODE. HE CAN 

SELECT EXACTLY WHAT HE WANTS PRINTED AND TRhNGFER THAT 

INFDMATION DIRECTLY TO THE HIGH SPEED PRTNTER. I N  THIS 1 
f 

PARTICULaR OPERATIONp OELAWARE HGS ELECTED TO RECDRD ON THE 3 

PRINTER EVERY VEHICLE GOING ACROSS THE WIM SYSTEM. I N  

SUMMARY, THE WIM SYSTEM HAS TAKEN VEHICLES kT 4 SThNDARD IS 1 
D 4 

MPH SPEED ONB SORTED THEM 6CCORDING TO WEIGHT. THE VEHICLES 

THAT ARE LEGAL, HAVE BEEN SENT BACK TO THE HIGHWAY, WHILE 

STOPPING QNLY OVERLOADED VEHICLES WHICH ARE DIRECTED TO THE 
ii: 6 
@ 

ST&TIC SCALE FOR FURTHER EVALUATION. THIS PARTICULAR SL IP€  Er 6 
SMQWS fA OVERWEIGHT VEHICLE &PPRO&CHINE THE STATIC SCALE. 

6 
$ 
id 4 

THE W I M  SYSTEM INSTALLED I N  SMYRNA, DELAWARE I S  AN g 
* 

EXCELLENT EXAMPLE OF WEIGH-IN-MOTION TECHNOLOGY. THIS 8 
1" 
d 
i'i 

PARTICULAR SYSTEM W I L L  SORT TRQFFIC A T  15 MPH OR FASTER, BUT 
&$ 
IN, 

LIMITATIONS DUE TO THE AMOUNT OF REAL ESTATE AND DRIVER F 4 
REACTION TIME, L I M I T S  THIS FARTICULAR STATION TO 15 MPH. 

k.4 R 
$$ 
"'a 

EVEN AT 15 MPH THE ST~TION HAS 6 CAPABILITY OF 500 TRUCKS P i  #$ 9 
8 %  

PER HQUR? THqT IS 70 FOOT TRUCKS WITH 1 0 0  FEET SFACING 63 I ,Q 

6 
fi 
4 
@ 



BETWEEN EACH VEHICLE, AGAIN THE PHOTOGRAPHS ILLUSTRATE THE 

CAPABILITIES OF THE SYSTEM TO FOLLOW TRUCES, DIRECT THEM TO 

VARIOUB AVENUES, MhINTAIN SPACING AND ELECTRONICALLY WEIGH 

THEM IN MOTION. IN DELAWhRE, AS IN MONY OTHER STATES, 

THERE ARE PROBLEMS WEIGHING HUGE NUMBERS OF TRUCKS JUST TO 

GET ONE OVERWEIGHT VEHICLE. THAT MEANS YOU MUST SORT OUT 98 

LEGAL TRUCES. .THE WIM SYSTEM DOES THIS EFFECTIVELY, 

THE SIEMENS 400 SYSTEM. SIEMENS HAS INSTALLED HUNDREDS OF 

WAS INSTALLED IN 1582, AND FOR THE FIRST 2 YEfiRS LOST 1 DAY 

BECAUSE OF WIM EQUIPMENT FAILURE. THE WEIGHPADS TH6T YOU 

HAVE SEEN IN PRIOR PHOTOGRAPHS ARE THE ORXGINAL WEIGHPADS 

INSTALLED WHEN THE STATION FIRST BECAME OPERATIONAL. THE 

ORIGINAL WEIGHPADS &RE STILL THERE AND OPERATIONAL. WE 

INVITE YOU TU VISIT THE SMYRNA WIM STfhTXON AND REGUEST THAT 

IF YBU ARE COMING THROUGH THE AREA PLEASE GIVE US A CALL, 

WE'LL BE MOST HAPPY TQ SEE YOU AND MAKE ARRANGEMENTS TO GIVE 

YOU A TOUR QF THE STATION. 

PLEASE CONTACT CORPORAL JOHN CMADICK AT DELAWARE STATE 

4 POLICE HEADQUARTERS, P. O. BDX 433, DOVER, DELdWkRE 19903 









2NC ANNUAL CONFERENCE - WIM 
STATE OF M A R Y L A N D  iflWWL"P, GA - MAY 28-24, 1985 

MARYLAND STATE POLICE 

C a p t a i n  Murray J. 2epp, Commander - Truck Enforcement Divis ion  
Maryland S t a t e  BOP ice' 

P r e s e n t a t i o n  - Second Annual Conference on Weigh i n  Motion 
T e c h n o l w y  and A p p l i e a t  ions 

f. C u r r e n t  O p e r a t i o n a l  Agreement 

A. Wmor andurn of Undex s t a n d i n g  be tween Departme~lt of Public S a f e t y  
and C o r r e c t i o n a l  S e r v i c e s f l a r y l a n d  State P o l i c e  and Maryland 
k p a r  trnent s f  Tzanspor tat ion,& t a t e  Highway A d m i n i s t r a t i o n  
(Five Year P l a n )  

1. C l a r  i f  ies responsibilities - SHA maintains l i g h t i n g ,  p a r k i n g ,  
ramps, semi-por tab le  p i t s ,  and a l s o  responsible f o r  all new 
capital p r o j e c t s .  MSP m a i n t a i n s  all f ixed  s c a l e  houses, scale 
equipment ,  and a l l  enforcement  o p e r a t i o n s  - FU 85 MSP budget 
3 m i l l i o n  - fines collected - 3 m i l l i o n .  

11. E x i s t i n g  Resources 

A. Three fixed scales (US Routes) - 8 semi-por table  sites - 13  
roving/por table crews. 

1. 5 semi-portable scales u t i l i z i n g  2 Ldec.7 f w t  and 3 
t o a d o m  ter 6 foot semi-por table  s c a l e s .  

2 .  114 wheel load weighers - c o n v e r t i n g  t o  Baenni 1m p r o f i l e  
scales from HD 500 GEC type. 

B. Author ized  81 p e r s o n n e l  - 41 swornp 38 cadets, and 2 c l e r i c a l  

1. V e h i c l e s  - total 48 - f u l l  s i z e d  marked and unmarked patrol 
cars, crew cab pickups with caps - converting to p a t r o l  
cars (Naenni)  and 15 passenger  vans f o r  semi-portable scale 
operations. 

III. Plans 

A. Fixed S c a l e s  

1. One l o c a t e d  on 1-70 west of Baltimore - each s i d e  of road - 
3.5 miles apart (can observe closest by-pass route). 3 
p l a t f o r m  s ta t ic  scales and weigh i n  m t f o n  dynmie  in 
deacceler a t  ion r a p  (both St~c tc te r -Richardssn)  . A l s o  c o n t a i n s  
i n s w c t i o n  bath I s c i r t ~ n  t r u c k  lams at3 25 truck parking lot 
with walk d m n  ins ;pect ion p i t .  Under 3 miLlfon dollars - 

I - r a t i o n a l  July 85.  

2. Qm sthelc ockduPe8 for 1-95 near e x i s t i n g  toll bobtho 
(Susguebanna Wives) north of B a l t i w r e  . Currently in 
design stage, caiffercme - I[-7Q Bw to Large volltme of 
vehfehra) Planned for  1889 wrertim, C a s t  $4 mifkfm. 
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111. Plans  (cont inued]  

3. Relocate  e x i s t i n g  f i x e d  (Foy B i l l )  scales t o  t o l l  booth 
US Route 40 (Susquehanna River )  p a r a l l e l  t o  1-95 above ( i n  
o u t s i d e  lane  of t o l l  f a c i l i t i e s  - (weigh while paying t o l l )  
Purpose t o  f o r c e  i n s p e c t i o n  of  a l l  commercial motor v e h i c l e s  - 
Maryland's n o r t h  e a s t  c o r r i d o r  - s e e  semi-portable p l a n s  - 
cost 4 m i l l i o n .  

B. Semi-portable - Low p r o f i l e  s c a l e  p i t  - c o n s t r u c t i o n  p l a n  

1. 1-83 North of Bal t imore  - southbound l ane  - 1987 o p e r a t i o n a l .  
Conta ins  s c a l e  p i t s  (semi-portable s c a l e s  7 or  12 f o o t )  Decel  
and excel l a n e s  w i t h  two f u l l  l a n e s  f o r  sc reen ing  and weighing. 
Appropr ia te  advance s ign ing  and overhead l i g h t i n g  . I d e a l  f o r  
p o r t a b l e  weigh i n  motion - requested i n  next  y e a r ' s  budget. 
C o s t  under 4 m i l l i o n .  

2.  Maryland Route 5 North sf US Route 301 - o p e r a t i a n a l  1987. 
By-pass r o u t e  e x i s t i n g  f i x e d  s c a l e  on US Route 301, 

3 .  1-68 B m i e  - o p e r a t i o n a l  1988 - r o u t e  between Washington D.C.  
and Annapolis. Heavy truck r o u t e  and by-pass r o u t e .  

4 .  U S  Route 1 Conouingo Dam - o p e r a t i o n a l  1989. T h i s  is  t h e  
on ly  by-pass r o u t e  for the  on ly  o t h e r  2 h e a v i l y  t r a v e l l e d  
n o r t h ,  sou th  highways i n  t h e  nor th  east  c o r r i d o r  of Maryland. 
The Susquehanna Rives p r e s e n t s  geograph ica l  b a r r  i e r  f o r  US 
Route 4 0 ,  1-95, and US Boute 1. 

1. streetet?x-Richardson e q u i p m n t  being i n s t a l l e d  by pr ime c o n t r a c t o r  
for purpose of sc reen ing  v e h i c l e s  approaching s t a t i c  , s c a l e s  a t  
1-70 s c a l e  f a c i l i t i e s  - J u l y  85 

2, Continue des ign  plans f o r  Astake of  A r t n  WfM systems for 
planned 1-95 f a c i l i t i e s .  E s s e n t i a l  due to 11-12,000 ABTT 
(average d a i l y  t r u c k  t r a f f i c )  

3 .  RTAP - Bridge Weigh System - con t inue  working c l o s e l y  wi th  
SHA - ga in ing  expet i ence  and s u f  f i e i e n t  data t o  determine 
s e l e c t i v e  en£ orcement programs. Goad d a t a '  n o t  now a v a i l a b l e ,  

a. After s a t i s f a c t o r y  d a t a  coll lected explore u s e s  of  
br idge weigh system w i t h  enforcement o p e r a t i o n s  - 
u t i l i z i n g  semi-portable and por table scales. 

b. Discuss  one comparison weight c a s e  - br idge weigh 
84,900 pounds and portable scales 83,700 pounds. 

4.  Within the next year  a c q u i r e  a p o r t a b l e  WIM system to be used 
primarily f o r  enforcement purposes,  





STATE O F  M A R Y L A N D  
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111, P l a n s  ( con t inued)  

a. Sc reen  v e h i c l e s  a t  semi-por table  sites - would i n c r e a s e  
number of trucks weighed by a t  l e a s t  200% - current d a i l y  
ave rage  semi-por table 200 

. Discuss  c u r r e n t  p l a n s  t o  use  W I M  a t  US Route l.Conowingo 
I Dam (Brrdge weigh system) when 1-95 and U S  Route 40 f a c i l i t i e s  

completed 

(1) Monitor w i t h  c l o s e d  c i r c u i t  'A7 a t  1-95 s i te  
e l i m i n a t e s  c o s t l y  r e s o u r c e s  

5. Cons ider  o t h e r  sys tems 

a. Dynamic br idge formula  compliance ana lyze r  

b. S t a t i c  p l a t f o r m s  e q u i p p e d  w i t h  dynamic weighing 
c a p a b i  l i t y  

IV. Documents A v a i l a b l e  

A. WIM s p e c i f i c a t i o n s  - c u r r e n t  1-70 p r o j e c t  

B .  Site p l a n s  - 1-70, 1-95, and 1-83 

C. Truck enforcement  l o c a t i o n s  map 

D. Copy MSP weight  r e c o r d s  













-- --- 

1. INTRODUCTION 

For Several  years  now, t h e  DOT, quebec, has  been s tudying  weight 

i n  Motion systems and t h e i r  p o s s i b i l i t i e s  o f  i nc reas ing  t h e  e f f e c t i v e n e s s  

o f  ou r  road p ro t ec t ion  programs i n  o rde r  t o  extend t h e  use fu l  l i f e  of  our  

road network. 

For t h a t  purpose,we analysed d i f f e r e n t  systems being used o r  

proposed i n  Canada and he re ,  i n  USA. 

Our choice had t o  comply with our  needs, ou r  geography and our  

laws which inc ludes  our  C i v i l  Code (Napoleon code) and our  Highway Safe ty  

Code. 

We decided t o  experiment a W I M  system, t h a t  while  o f f e r i n g  high 
I , speed s o r t i n g  of  heavy lbad veh ic l e s  i n  o rde r  t o  d i r e c t  t o  a s t a t i c  weigh- 
I 

s c a l e  only  t h e  overloaded t r u c k s ,  would a l s o  ga the r  s t a t i s t i c s  on f u l l  

highway t r a f f i c  movements. 

The system we choosed i s  an I K D  concept,  t h a t  we i n s t a l l e d  i n  a 

small  community c a l l e d  St-Romuald, s i t u a t e d  a c r o s s  t h e  St-Lawrence River  

from Quebec Ci ty .  This W I M  system i s  embedded i n  The Trans-Canada Highway 

(Autoroute 20) .  The cons t ruc t ion  s t a r t e d  dur ing  t h e  summer 1984 and was 

completely ope ra t iona l  by March 1985. 

2 .  DESCRIPTION - 

A s  mentionned previous ly ,  t h i s  i n s t a l l a t i o n  is  a two-purpose 

system, f i r s t  t o  be used a s  a s o r t e r  f o r  an ax ia l - load  s c a l e  (3040 f t )  

downstream, and as a s t a t i s t i c s  c o l l e c t o r  f o r  v e h i c l e  movement. 

. . . /2  



I 

1 Embedded i n  t h e  main highway, t h i s  system has t o  operate under 

high-veloci ty t r a f f i c  (90 t o  100Km/hr, 55 t o  60 mi les /hr ) .  

We choose t h i s  configurat ion f o r  3 regsons: 

1- High-cost f c r p l a c i n g  t h e  sys teb  on the  s t a t i c  s c a l e  approa- 

ches. 

2- T r a f f i c  volume allowed such a loca t ion .  

3- Full  p o s s i b i l i t i e s  of  gathering s t a t i s t i c s .  
I 

The physical  arrangements of t h i s  Fystem i s  as fol lows:  

a) Weight sensors p l a t e s  (IRD typk) a r e  i n  t h e  r i g h t  lane of I 

t h i s  two-lane highway leading b e s t e r l y  t o  t h e  approaches 
, 

i of t h e  s t a t i c  sca le ,  1980 f t  down-stream. 

b) On t h e  l e f t  lane,  adjacent  t o  t h e  p l a t e s ,  the re  i s  an 
3 - 
I 
I 

axle  sensor (IRD type) .  

1 c )  An e l e c t r o n i c  i n t e r f a c e  connected t o  a  s o r t e r  compbter a t  
I 

f I 

t h e  same height  a s  the  p l a t e s ,  outs ide  o f  t h e  roadbed. 

(Model WIM-4, IRD) . 
d) A s t a t i s t i c  computer s i t u a t e d  i n  t h e  s t a t i c  s c a l e  house 

(Digi ta l  model PDP 11/2) connetted t o  t h e  s o r t e r  computer 

i n  order  t o  compile t h e  s t a t i s f i c s .  I 

I 

e )  A video system composed o f :  I 

I 

a )  a  video camera aimed oh t h e  vehic les  passing over I 
1 

t h e  sensers  (Model ~ i t a c h i  FP-15). 
I 

b) A video monitor i n  t h e s c a l e  house (Model JVC 

1483). 
1 
I 

c) A video frame s t o r e  a t  the  s c a l e  house (Model t 

Dig i t a l  Video Systems, Phaser V). This allows t o  

f r eeze  i n  memory any unlawful vehic le  e i t h e r  1 
i 

because of  weight o r  inappropriate d r iv ing .  1 
f )  Road s igns  d i r e c t i n g  heavy-load vehic le  t o  use  the  r i g h t  1 

I 
l ane.  , I 

t 

i 
I 

. . . / 3  1 
I 
I 
I 

i 
1 



g) A d i r ec t ionna l  l i g h t  system t o  i n s t r u c t  unlawful1 t rucks  

t o  d r ive  t o  t h e  s c a l e  house, (Model 3M-131). These l i g h t s  

a r e  equipped with F r e ~ n e l  l ens ,  concentr ic  and d i rec -  

t ionna l  . 
h) A terminal keyboard with CRT (Model Qume QVT-102A) a t  t h e  

s c a l e  house. This terminal is d i r e c t l y  hooked t o  the  WIM-4 

allowing t o  i s sue  commands f o r  the  s o r t i n g  of veh ic les .  

The approximate cos t  of t h i s  s e t  up i s  $ 225,000100 i n  canadian 

money, t h a t  is $ 165,000.00 f o r  t h e  mater ia l  and $ 60,000.00 f o r  man-power. 

3 .  OPERATION 

3.1  Sor t ing  of vehic les  

By press ing t h e  following keys o f  t h e  terminal  keyboard i n  

t h e  s c a l e  house, t h e  opera tor  can i s s u e  any of  t h e  following 

con~mands : 

View key: To look a t  the  t r a f f i c  flow, which gives t h e  

following informations f o r  each vehic le :  

a) lane used 

b) t o t a l  Weight 

c) 18K-ESAL f a c t o r  

d )  axle  spacing 

e )  axle  weights 

f )  hour and d a t e  

I Open Key 

To s t a r t  s o r t e r  operat ion 

, Normal Key 
! 

To s o r t  vehic les  according t o  t h e  law a t  t h e  time of opera- 
I 

t i o n .  Regulations changes during thaw per iods .  



, 

/ 4  I 
I 
I 

Thaw Key I 

To s o r t  according t o  thaw regula t ions  which reduces the  , 
I 
I weight allowances during these  periods.  i 

Plus and Minus Key 

t o  a j u s t  t h e  permissable l i m i t ,  over which the  s o r t e r  w i l l  

s i g n i f y  an overload s i t u a t i o n .  I 

S ignal  l i g h t s  Key i 

To keep t h e  d i rec t ionna l  l i g h t s  open t o  force  a l l  t rucks  1 
I 
I 

t o  d r ive  t o  t h e  s c a l e  house. i 
Close Key 

To c l o s e  s o r t e r  opera t ion .  

Z 
i 

When a heavy vehic le  passes over t h e  road sensors ,  i t  could be z 

pick-up f o r  a x i a l  overload, t o t a l  weight, dr iv ing around t h e  sensor p l a t e s ,  j 
i 

i 
o r  i f  brakes were applied over these  sensors.  In any of  these  s i t u a t i o n s ,  s 

t h e  p i c t u r e  of  t h e  vehic le  i s  freezed on t h e  video monitor and t h e  d i rec -  I s 

t i o n n a l  t r a f f i c  l i g h t s  t e l l s  t h e  t rucker  t o  d r i v e  t o  t h e  s c a l e  house. 1 

When t h e  t ruck e n t e r s  t h e  s s c a l e t s  approaches, the  opera tor  i n  the  s c a l e  
Z a 

house rece ives  a message on t h e  CRT t e l l i n g  him whatts  wrong with t h e  ! 
approaching t ruck .  Should a t ruck not  e n t e r  o r  d r i v e  on t h e  l e f t  lane of  

D 
I 

t h e  highway, a b ip  is heard i n  t h e  s c a l e  house so  a policeman can go and ! 
1 

pick him up. 1 1 
i 

To da te ,  w e  a r e  happy enough with the  system, and we a r e  confident  I 
b 
1 

t h a t  long term operat ion w i l l  prove t h i s  system t o  be a remarquable a s s e t  \ 
by increas ing t h e  ef fec t iveness  of  our road contro l  program. I I 

i 
i 

3 . 2  Compiling s t a t i s t i c s  I a 

i 
The complete system i s  hooked up t o  our department's 2 

I 
o f f i c e s  i n  Quebec City,  where t h e  gathering of informa- f 

t i o n s  is  performed. Some fea tu res  of  these  informations 
i 
f 

a r e  a l s o  very useful  t o  e v a l ~ a t e  the  ef fec t iveness  of our a 
$ 
f 
0 



I 

i 
I I 

1 
I 
i 

/5  

1 I 

I con t ro l .  For example, f o r  any period of time, we can ge t  
i 
i from the  40 heavies t  t rucks  t h a t  passed the  sensors (Whe- 

I 
t 

t h e r  the  s c a l e  is  i n  operat ion o r  not )  t h e i r  weights,  t h e i r  
i 
i 

d ivensions,  time of day, e t c .  I t ' s  a good feedback t o  s tudy.  

I 
i 
i 
j 
F 4. LEGAL ASPECTS 
E 

i 
1 
! In Canada, measuring and weighing i s  a f ede ra l  government's 

! j u r i s d i c t i o n  and f a l l s  under ({The Weights an Measures Act, which d i c t a t e s  

1 t he  requirements any instrument s h a l l  meet i n  order  t o  be used as a l ega l  

1 mesuring device i f  t o  be used f o r  t r a d e  and commerce. However f ede ra l  

I 

t 
a u t h o r i t i e s  have confirmed t o  t h e  Provinces t h a t  weighing f o r  road contro l  

was not a commercial a c t ,  and as such was f a l l i n g  under t h e  j u r i s d i c t i o n  
1: 
L/ 
d of the  d i f f e r e n t  provincia l  governments. 

In the  l i g h t  of  t h i s  confirmation, t h e  Quebec Provincial  Govern- 

ment passed a law c a l l e d  {{Code de s6cur i t6  rout is re) )  o r  {{Highway Safe ty  

Code)) which s t a t e s  t h a t  any s c a l e  which has been approved by t h e  min i s t e r  

of t ranspor t  of Quebec, can be used f o r  road con t ro l .  

I t  is t h e  re sponsab i l i ty  of our o f f i c e  t o  determine which s c a l e s  

t h e  minis ter  could o r  should approve. 

Our Highway Safety Code does not spec i fy  t h e  degree of p rec i s ion  

our road contro l  sca les  should meet. This has allowed t h e  use of  a x i a l  

load sca les  f o r  road contro l  by adding to lerances  i n  t h e  app l i ca t ion  of  

the  law. 

I t  may be wishful thinking but  if i n  t h e  f u t u r e ,  WIM systems 

can become more accura te ,  probably by low speed measurements, W I M  systems 

may become l ega l  sca les  ins tead  o f  j u s t  s o r t e r s .  
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, The only weigh-in-motion (WIN) system i n  Arkansas i s  a t  the 

Lehi Weigh Station on In ters ta te  40 near West Memphis. The Depart- 

ment i s  using WIM equipment a t  tha t  location because of the high 

truck volumes and the 1 imi ted expansion area fo r  the weigh s tat ion.  

Although the WIM system has f ac i l i t a t ed  the monitoring of truck 

weights, the enforcement of other s t a t e  laws and regulations has 

become more d i f f i c u l t  because the trucks a re  no longer weighed on 

s t a t i c  scales.  Until t h i s  problem i s  solved, the Department will 

continue t o  be very reluctant t o  purchase additional WIM systems. 

Value of WIM systems in the C o l l e c t i ~ n  
of Truck Weight Data fo r  Design 

The value of u t i l iz ing  WIN equipment to  col lect  truck weight 

data and predict future design loadings i s  obvious. One strong 

argument i n  favor of the increased use of WIM equipment f o r  design 

purposes i s  the lack of su i tab le  locations t o  manually co l lec t  truck 

weight data i n  the urban environment. We lack data on trucks opera- 

t ing i n  urban areas, although a few stat ions are  located on the 

fringes of urban areas and are  reported as urban s tat ions t o  the 

I 

* "*- - 



I FHWA. If  urban truck weight data could be extracted using a WIM 
I 

- 

I 

I 
system, i t  i s  anticipated tha t  lower truck weights would be ob- 

served on many routes. Consequently, lower average eighteen-kip 

equivalent axle loads (EAL's) per axle would be developed from I 
these data and s ignif icant  savings could be realized on the major 

reconstruction and widening projects which are programmed for  urban I 
I I I 

i 
freeways and a r t e r i  a1 routes. I 

A t  the same time, the available evidence indicates tha t  many I 
i 
i 

of the rural  a r t e r i a l  routes were designed with insuff ic ient  strength 

because the actual loadings were much higher than projected. The 

principal cause was the dramatic increase in the s ize  and number of 

1 the large commercial vehicles on the major a r t e r i a l  and freeway routes t 

in Arkansas. Commercial vehi cles now account f o r  approximately one- 

half of the t r a f f i c  operating on most of our rural i n t e r s t a t e  high- ! 
i 
X ways. In addition t o  these unforeseen increases i n  volumes, s igni f i -  I 

cantly higher average vehicle wei ghts have resulted from the increase 1 
in  the legal s i ze  and weight limits i n  Arkansas and the drive fo r  i n -  

creased transportation efficiency. A1 l of these factors have combined 

t o  cause pavements to  experience a f u l l  measure- of the design loadings 

long before the end o f  the design period. The figure on the following 

page i l l u s t r a t e s  the estimated remaining l i f e  of a highway pavement 

based on the EAL's experienced by tha t  pavement. The design l ine  refers 

t o  the projected EAL values which were developed from weight studies 

conducted pr ior  to  construction, The actual l i n e  refers  t o  our best 

estimates of the E A L t s  being experienced by the new pavement. Please 

note tha t  the design loadings which were projected f o r  a twenty-year 

period occurred i n  approximately twelve years. Also, the number af 

overweight trucks which contributed to  these design loadings is  





I 
I 

insignif icant  because the L.ehi Station i s  nearby and i t  operates 1 
, 
! twenty-four hours a day. 
I 

Assuming tha t  be t te r  forecasts of corrunercial vehicle volumes 

are  available,  a more accurate means of determining average EAL's  

per vehicle must be established. In th i s  regard, many p i t f a l l s  E 
l 

associated with the manual collection of truck weight data were 1 
I 
i 

examined. A primary concern i s  t ha t  truck weight studies have I 
1 

t radi  ti onal ly  been conducted during day1 i ght hours i n the summer 

because of safety and economi c considerations . Thus, the coll ected 
i 

il 
I 

data may not accurately r e f l ec t  the actual weights being hauled 1 
e 

on the highway system during the remaining times of the year. Be- 

cause of these concerns, we have conducted special studies t o  deter- I 
I 

mine i f  s igni f icant  variations ex i s t  i n  commercial vehicle operations E 
I 

by season o r  by time of day. E 

We determined tha t  a much higher percentage of commercial vehicles 
I 

were loaded during the winter months than any other time of year. 

This was t rue for  each highway system. Similarly, variations i n  com- 

mercial vehicle operations by hour of day appear t o  be s ignif icant .  
S 

A1 though commercial vehicle volumes decline s l ight ly  a t  night, these I 
vehicles a r e  s ignif icant ly more l ike ly  t o  be loaded a t  night than I C 
during the day as shown by the figure on the following page. Normally, 

f i e l d  crews work from 8:00 a.m. t o  6:00 p.m. ; t h u s ,  they a re  collecting 

weight data f o r  the lowest hours of the day i n  terms of the percent 

of loaded 34-2 trucks. This s ignif icant  hourly variation i n  com- 1 
mercial vehicle operations and the subsequent e f f ec t  on EAL's i s  one 

of the reasons tha t  Arkansas f i e l d  crews will  begin t o  co1 l e c t  24 1 
I 

hours of weight data a t  enforcement s t a t ion  1 ocations . Twenty-four 

hour truck weight data will s t i l l  be unavailable fo r  most of the 1 
1 



PERCENTAGE OF LOADED 3 5 2 TRUCKS BY HOUR OF DAY 

HOUR O f  DAY 

SOURCE: HPMS Case Studies 



primary highway system and a11 of the secondary highway system. -- 

A portable WIM system could supplement the truck weight study to 

account for  these daily and seasonal variations and a s s i s t  in 

determini hg the most economical design of the more than 5,000 

miles sf roads which will  be rehabili tated during the next ten 

years. 

Problems Encountered i n  Making Greater 
Use of the WIM Data 

The need fo r  additional WIM data for  design has been demon- 

s t ra ted .  This section of the paper will  address some of the rea- 

sons why WIM system use has not been expanded in Arkansas, F i rs t ,  

the expense and e f f o r t  associated w i t h  operating portable WIM sys- 

tems does not appear t o  be jus t i f ied  by the accuracy of these types 

of systems. Also, most of these systems require an on-si t e  tech- 

nician t o  monitor the data and several passes of a loaded vehicle 

fo r  cal ibrat ion purposes. Finally, the durabi 1 i ty of some of these 

systems i s  questionable. A t  t h i s  time, we remain unconvinced that 

the current s t a t e  of portable WIM technologies has developed t o  the 

point where sat-isfactory resul t s  can be obtained. 

The current usefulness of WIM systems a t  permanent locations 

appears t o  be more promisjng. A comparison was made o f  the truck 

weight data provided by the MIM system to  the data provided by the 

s t a t i c  scales a t  the Lehi Weigh Station. The NIM system was accurate 

i n  determining tandem axle weibhts of less  than 30,000 pounds and 1 
a1 1 single  axle weights. For tandem axles weighing more than 30,000 I 

I 
pounds, the WIM system was usually within ten percent o f  the weight ! 
observed on the s t a t i c  scales ,  However, in this high weight range, 



relat ively minor variances can produce s ignif icant  d ispar i t ies  i n  

the calculation of EAL's. For a one-hundred-truck sample, the EWt's 

calculated from the weights recorded from the WIM scales were deter- 

mined to  be twenty-three (23) percent less  than the EAL's calculated 

from the comparable s t a t i c  scales data. 

The most common problem encountered i n  the collection of these 

WIM data resulted from drivers not maintaining the proper spacing 
I 

between vehicles. Normally, this practi cc produced errors  i n  the 

determination of ax1 e configurations o r  axle weights. T h u s ,  an 

observer must be a t  the weigh s ta t ion  t o  screen the WIM data and 

e l  imi nate any obvious errors.  

I As previously discussed, the WIM system in  operation has demon- 
I 

1 s t ra ted its usefulness in the enforcement monitoring of truck weights. 
I 

However, two obstacles to  the increased use of WIM systems i n  Arkansas 

~ remain. From the enforcement perspective, some means must be found 

of determining i f  the vehicles passing the WIM s ta t ion  are  being 
I 
I 

I operated i n  accordance w i t h  the appropriate laws and regulations. A 
I 

study i s  being conducted to  evaluate the effectiveness of identifying 

commercial vehicles by means of a bar c ~ d e  system. This system would 

also provide data on the vehicle 's  regis t rat ion and fuel tax payments. 

Until t h i s  type of ident i f icat ion system i s  developed, there is not 

much reason f o r  the Department to  invest i n  WIM systems a t  enforcement 

s i t e s .  

The development of an acceptable portable WIM system i s  the 

second obstacle to  the increased use of WIM systems i n  Arkansas. I f  













EQUIVALENT AXLE LOADS 
FOR PAVEMENT DESIGN 

TENNESSEE 

I. PRESENT METHODS: 

A. Data C o l l e c t i o n  - Truck we igh t  da ta  i s  p r e s e n t l y  c o l l e c t e d  a t  

f i f t e e n  l o c a t i o n s :  seven I n t e r s t a t e  Rura l ,  s i x  FAP Rural  and 

two FAP Urban systems every two years,  Trucks a re  weighed w i t h  

p o r t a b l e  sca les f o r  an e i g h t  hour  per iod ,  sampl i n g  t r u c k s  f r om 

the  t r a f f i c  stream by v e h i c l e  t ype  based on percentages and 

numbers o f  v e h i c l e  t ypes  f rom prev ious  c l a s s i f i c a t i o n  counts.  

Data i s  c o l l e c t e d  f o r  v e h i c l e  type, body type, commodity, ax1 e  

we igh t  and a x l e  spacing. 

B. Data Tabu la t i on  - The f i e l d  da ta  i s  keypunched, ed i ted ,  and 

processed us ing  computer programs f r om FHWA t o  p r i n t  t h e  

W-Tables f o r  t h e  b iannual  t r u c k  we igh t  r e p o r t .  The e q u i v a l e n t  

a x l e  l o a d  (EAL ks) r a t e s  p e r  1000 t r u c k s  weighed a r e  taken  

f rom the  W-4 Tables and used t o  es t ima te  E A L k  f o r  each 

v e h i c l e  type.  

C. EAL Fac to rs  For Design - EAL Fac to rs  f o r  each v e h i c l e  t y p e  

a re  p l o t t e d  a g a i n s t  p rev ious  y e a r s '  r a t e s  and a  t r e n d  o r  

average va lue  i s  est imated. Tab le  I and F igure  1 show a  

t y p i c a l  p l o t  of EAL's f o r  a  f i v e  a x l e  o r  more t r a c t o r - t r a i l e r .  

The p l o t  o f  t he  EAL's as o f  t h i s  da te  seems t o  i n d i c a t e  a 

cons tan t  o r  s l i g h t  inc rease  i n  va lue  f o r  EAL pe r  1000 t r u c k s  

weighs. (See Tab le  1, F igure  1, and Tab le  3 )  The EAL's 

f a c t o r s  f o r  each v e h i c l e  t ype  a re  used a long w i t h  t h e  

p r o j e c t e d  number of v e h i c l e  types t o  c a l c u l a t e  t h e  Average 



D a i l y  Loads ( ADL's) f o r  a  l o c a t i o n .  Table 2 shows a  

t y p i c a l  c a l c u l a t i o n  fu rn i shed  t o  Design f o r  ADL's. 

11. PROBLEMS WITH PRESENT METHODS: 

A.  Inadequate Data - The most pressing problem i s  the  l a c k  o f  

s u f f i c i e n t  and accurate t r u c k  weight data. Th is  i s  due t o  the  

small number o f  s t a t i o n  l oca t i ons .  The t ime frame ( u s u a l l y  

s i x - e i g h t  hour operat ion) ,  and the small sample o f  t rucks  

which can be weighed w i t h  a  manual operat ion.  Data from one 

l o c a t i o n  must then be used t o  est imate manual f l o w  on several 

hundred m i les  of highway systems. 

B. Cost of Data - The present method o f  data c o l l e c t i o n  i s  h i g h l y  

i n t e n s i v e  manpower o r i en ted  r e q u i r i n g  8-12 persons per  s i t e  t o  

c o l l e c t  and record data. O f f i c e  cos ts  o f  coding, keypunching, 

and data  adds t o  t h i s  cos t .  

C. S t a t i s t i c a l  Accuracy - The small amount o f  data co l  l e c t e d  

(due t o  l i m i t e d  s i t e s  and t ime) leads t o  problems of accuracy 

and expansion o f  data t o  represent  t r a v e l  loads across the  

var ious  highway systems. One o f  the  major problems we have 

encountered i n  Tennessee are  the  d i f f e rences  i n  weights and 

Equ iva len t  Ax1 e  Loads a t  enforcement 1  ocat ions ( p i t  scales) 

versus l o c a t i o n s  where enforcement i s  n o t  continuous. Tables 

4 and 5 shows t h i s  comparison o f  enforcement vs non-enforcement 

l oca t i ons .  I be l ieve  the  HPMS Truck Study a l s o  show d i f f e rences  

between enforcement t ime frames (day and weekday) versus 

non-enforcement t ime frames ( n i g h t  and weekend) f o r  t r u c k  

weights. 



111. PROPOSED METHODS: 

A. New Equipment (WIMS)  - Tennessee has r e c e n t l y  purchased a  

po r tab le  t ruck  weigh-in-motion system. Th is  system cons is ts  

o f  two weigh pads, po r tab le  computer w i t h  software, loops, 

data i n te r face ,  generator  and o the r  a u x i l i a r y  hardware. A 

d e s c r i p t i o n  of the  system and cos ts  i s  at tached t o  t h i s  

repo r t .  I r e g r e t  t h a t  we have no t  had the  equipment l ong 

enough a t  t h i s  stage t o  adequately analyze t h e  system. I n  

f a c t  the  equipment i s  no t  y e t  100 percent  opera t iona l .  

B. New Equipment, Problems and Needs - Most o f  the  problems 

experienced so f a r  w i t h  the  new equipment has been i n  the  

qua1 i t y  c o n t r o l  o r  assembly o f  t he  hardware components, i .e., 

connector p ins  n o t  f a s t e n  t o  proper wires, l oop  amp1 i f  i e r s  

no t  working and c i r c u i t  boards. Other  areas o f  concern 

which would make t h e  equipment more e f f i c i e n t  are: 

( I )  Use o f  b a t t e r i e s  ins tead o f  A.C. Generator f o r  

24 hour opera t ion  

( 2 )  Larger  data storage a t  s i t e  

(3) Temporary 1 oops need t o  be eas ie r  t o  remove 

( 4 )  Smal ler  equipment u n i t  

( 5 )  More sof tware f l e x i b i l i t y ,  i.e., l oad  o n l y  

programs requ i red. 

C. Procedure Changes - With the  a v a i l a b i l  i t i  of t he  new (when 

i t  becomes opera t iona l )  t he  system o f  data c o l l e c t i o n  can be 

expanded both i n  t ime frame and system mileage. We should be 

ab le  t o  meet the  recommended guide1 ines  f rom the  FHWA i n  the  

I T r a f f i c  Mon i to r ing  Guide f o r  HPMS data sampling and c o l l e c t i o n .  
I 
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MAPPING A N D  S'MTISTICS OFFICE 
TRAFFIC AND SAFETY PLANNING SECTION 

1 1  

PKlXlECT NO. ROUTE NO. 1-24  
COUN'PY Mon tsonlerv CITY 
PROJECT DESCR~PTXON From SR-76 t o  Robertson County L i n e  

I n t e r s t a t e  Rura l  

Pavement S t r u c t u r a l  Design 

C a l c u l a t i o n  of  Equ iva l en t  Da i ly  18 Kip S i n g l e  Axle Loads 

Suggested  Pe rcen tages  of Trucks i n  Design Lane 

5,000 o r  l e s s  ADT 95% 
5 ,000-10 ,000ADT 90% 

10,000 - 15,000 ADT 85% 
15,000 - 20,000 ADT 80:< No, o f  Lanes 4 
20,000 - 30,000 ADT 75% % Trucks i n  Design Lane 75 
30,000 - 10,000 ADT 70% ADL i n  Design Lane FLEX 0.5 X -75 X 3698.9 = 1387 
40,000 P ~ U S   OX RIGID 0.5 x .75 x 5712 = 2142 

ADL Ca lcu la t ions  By: Date  : 4-12-84 
Reviewed By: Date : 

TABLE 2.. 
- 





TABLE NUMBER 4 - 
COMPARISON OF ENFORCEMENT 

SCALE TO PORTABLE SCALES 





June 8, 1984 

Mr.  Doug Warpoole 
State o f  Tennessee 
Dept. o f  Transportat ion 
3rd Floor, D.O.T. Bu i ld ing  
Nashvi l le, TN 37203 

Subject: HIM System - B id  # 3576-000 

Dear Clr. Warpoole, 

I t  was a pleasure t a l k i n g  t o  you recent ly  cocerning the subject Weigh-In- 
Motion System bid. 

As we discussed, the approximate breakdown o f  the p r i c i n g  i s  as fo l lows: 

One lane WIM system $37,000 
- Model 5150XT Portable Computer Con t ro l le r  Memory Un i t  - F i e l d  Scale In te r face  
- One Mat w i th  loops 
- One week i n s t a l l a t i o n  and Start-Up Service 
- Generator 

2nd lane - $10,000 
- Addional Mat & Loops 

IBM-PCXT Host - $11,500 
- Includes software t o  t ransfer ,  s tore  and 

mai n t a i  n vehic le informat ion 
- Includes 1200 baud modem ------- 

$58,500 

Should you need fu r ther  

Sincerely, 

- k W  
Susan 0. Smith . 
Product Manager 
T r a f f i c  Data System 

information, p l  ease do not  hesi t a t e  t o  c a l  

cc: J. H. Minor, StreeterAmet, P i t tsburgh 
W. L. Poe, StreeterAmet, At lanta  



StreeterAmet Rol I WE IGHB 
MODEL 5150 X i  

PORTABLE 

STATE OF TENNESSEE 

INTROOUCTION 

The Rol l  WEIGH@ por table high speed truck weighing system provides inbhot i  an 
truck weighing on i n te rs ta te  h i  ghwdys and freeways. Planning data i s  gathered 
and truck t r a f f i c  can be screened fo r  possible overloads. 

The RollWEiGH@ system measures a l l  the ind iv idual  axle weights and axle 
spacings as wel l  as the speed o f  each truck. This data i n  tu rn  i s  used t o  
ca lcu late tandem welghts, gross weight and overa l l  truck length ( f r o n t  t o  rear 
axle). I n  addl t ion, t h i s  data can be used f o r  overweight determiflation by 
axle, tandem axle, gross wef ght, bridge formula and vehicle c l  ass i  f l ca t ion .  

Major benefl t s  of  the Rol l  WEIGH@ system include: L 

1. Hi gh volume wei ghl ng capabi 1 i ty  . 
2. Provides speed, weight, and axle spacing data t o  f u l f i l l  FHWA 

requ d rement s . 
3.  Automatic operation - minlmurn operator requirements. 

4. Recording of a11 axle and length data on disk fo r  l a t e r  ajlalysis. 

. 
SYSTEM CONCEPT: 

StreeterAmet ' s  new portable 5150XT Rol IWEiGHg Highspeed In-Motion Vehicle 
Weighing System has been designed t o  accurately weigh and c lass i f y  highway 
trucks a t  highway speeds. The system I s  d v e d  from s i t e  t o  s i t e  with sujtable 
mobi 1 e equf pmeht. 

The 5150XT consists o f  a proven microprocessor instrument, a CRT terminal 
and a high reSp6n§@ WIM weigh mat system. The axle and gross weights 
calculated by the system are also independent of  vehicle type, axle spacing o r  
vehicle speed. 

& I 
Th is  ease o f  i n s t a l l a t i o n  o f  the sensor makes it sui tab le f o r  use by l a w  4 1 enforcement agencies t o  screen out potent i  a1 overloads. i n s t a l  1 a t i  on requi res I-: 
only abdut 20 minutes per lane o f  t r a f f i c .  Removal takes only about 10 5 1 
minutes. The s i t e  i s  l e f t  v i r t u a l l y  unmarked and no repal r s  t o  the pave~en t  I! I 
are required. IS g4 I A 







StreeterAmet R o l l  WEIGH@ 
MODEL 5150 XT 

PORTABLE 

EQUIPMENT LIST 

Control  Memory U n i t  

- Portable u n i t  
approx. 20'W x $@H x 16"D 

- 9" green CRT 
(25 l i n e s  x 80 char)  - One 360K d i  sc d r i  ve f o r  back-up and load ing 

- Detachable keyboard - Pa ra l l e l  p r i n t e r  p o r t  - Se r i a l  p o r t  t o  scale i n t e r f a c e  - 512K non v o l a t i l e  memory (400K f o r  data) 
Note: when non vo l  a t i  1 e memory i s  f u l l  , data i s , 
automat ical ly  w r i t t e n  t o  d isc t o  prevent data loss  
by overwr i t i ng  

F i e l d  Scale I n te r f ace  

- High speed scale i n t e r f a c e  c i r c u i t s  
- Power suppl i e s  - Loop detectors - L igh tn ing  protectors  on a l l  inputs  and outputs 

Dynamic Weighing Mat( s) 

- 25 tons maximum axle load ing (Based on 1h ax le)  
- Size: Approximately 20" x 71" x .031" - Temperature Range: 32" F - 176" F (0° C - 80' C) - System can monitor 2 mats simultaneously 

SUMMARY : 

Dynamic System, t o  include: 

- Weighing Mat (s ) 
1 - 5150 XT Microprocessor Weigher w i t h  CRT 8 P r i n t e r  

- Cable and Connectors (as required) 
- Dual Loop Detector(  s )  & Loops 

2 - Operator and I n s t r u c t i o n  Manuals 
- Appl i cab1 e Ger t i  f i ed Drawings 
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INTRODUCTION 

E f f e c t i v e  pavement management requ i res  the a b i l  i ty t o  p r e d i c t  t r a f f i c  
loadings and t o  est imate the r e s u l t i n g  pavement damage. One major 

I problem experienced by a1 1 highway agencies i s ob ta in ing  accurate 
veh ic le  and ax le  weights upon which t o  base load ing  pred ic t ions .  An 
e f f e c t i v e  method o f  ob ta in ing  these weights i s  w i t h  weigh-in-motion 
equipment. Advancement i n  t h i s  equipment has been impressive, The 
technology i s  ava i lab le .  Now there  i s  a reason t o  implement these 
programs: the nationwide pavement performance moni to r ing  p r o j e c t  t o  be 
undertaken as a p a r t  of the  S t ra teg i c  Highway Research Program. 

I n  general, veh ic le  weight data have been c o l l e c t e d  by planners f o r  use 
i n  es t imat ing  f u t u r e  pavement loadings. S t a t i c  weights have been deemed 
acceptable f o r  t h i s  purpose. However, i t  i s  w ide l y  bel ieved t h a t  such 
weights are quest ionable because d r i v e r s  tend t o  bypass scales (even 
temporary scales)  when t h e i r  vehic les are  overweight. This  r e s u l t s  i n  a 
biased sample. This i s  a major problem f o r  engineers studying pavement 
performance and at tempt ing t o  a t t r i b u t e  s e r v i c e a b i l i t y  degradat ion t o  
the  var ious causal factors,  Some highway agencies' planners have used 
veh ic le  weight data gathered from a l i m i t e d  number o f  l oca t i ons  t o  draw 
inferences regarding veh ic le  pavement loadings statewide. Pavement 
researchers requ i re  s i  te -spec i f  i c  data t o  est imate pavement loadings. 

This paper describes how the New Mexico Sta te  Highway Department (NMSHD) 
, Planning Bureau's weigh-in-motion program was adapted t o  the  needs o f  a 
I 
I pavement performance moni to r ing  program. I t  a lso  describes how the  

NMSHD program i s  being mod i f ied  t o  make i t  more responsive t o  the  
s p e c i f i c  needs o f  planners, pavement designers and researchers. 

I 
1 PAVEMENT LOAD MONITOR1 NG 
I 

I n  an i dea l  system t o  moni tor  pavement loadings, veh i c le  weights would 
be c o l l e c t e d  and analyzed, These h i s t o r i c a l  data would be used t o  

I document pavement loadings. Engineers would moni tor  pavement serv ice-  
, 
I ab i  1 i ty degradat ion and perform analyses t o  a t t r i b u t e  degradat ion t o  

loadings and environment. Planners would analyze the  weight data t o  
determine trends i n  loadings by classes o f  vehic les;  these t rends would 
be pro jec ted  t o  est imate f u t u r e  pavement loadings. These p ro jec ted  data 
would be used by engineers i n  pavement designs. Through a continuous 
cyc l  i n g  of t h i s  process, planners would improve fo recas t i ng  methods, 
engineers would improve pavement design methods. 

The process i s  no t  idea l .  Some highway agencies may be doing an accep- 
t a b l e  job  of i n t e g r a t i n g  the  var ious elements o f  t h i s  process, b u t  t he  
ex is tence of one research p ro jec t :  the  Federal Highway Admin is t ra t ion 's  
(FHWA) Long-Term Pavement Moni tor ing (LTM) Program suggests t h a t  t he re  
are  de f ic ienc ies .  



The NMSHD obtained from FHWA a "clean b i l l  o f  hea l th "  i n  regards t o  i t s  
t r u c k  weight data c o l l e c t i o n  process. Weigh-in-motion data have been 
c o l l e c t e d  s ince 1975, have been processed and used i n  the  annual t ruck  
weight  r e p o r t  (d iscont inued a f t e r  1978), and have been f i l e d ;  these data 
were n o t  used u n t i l  1985 t o  r e f i n e  the f a c t o r s  f o r  es t imat ing  equ iva len t  
18,000-pound single-ax1 e  loads (EAL's) . The es t imat ion  o f  f u t u r e  EAL 's  
f o r  a  roadway was based on f a c t o r s  t h a t  were mod i f ied  prev ious ly  i n  
1983. Present-day numbers o f  two-, three-, four -  and f ive-ax le  veh ic les  
are  pro jec ted  us ing  a  s t r a i g h t - l i n e  re la t i onsh ip .  Constant 
EAL-per-vehicle f a c t o r s  are used t o  est imate veh ic le  impacts. This 
method has been demonstrated inaccurate. Work i s  underway t o  rev i se  it. 

PAVEMENT PERFORMANCE MONITOR1 NG 

During 1982, NMSHD jo ined  the LTM Program. Before 1982 the  NMSHD had 
s i x  weigh-in-motion s i t e s .  The s i t e s  are sca t te red  geographical ly ,  
S i t e s  2 ,  4 and 6 are on the  I n t e r s t a t e  system; S i t e s  1 (s ince  discon- 
t inued) ,  3 and 5 are  on the pr imary system. Fol lowing establ ishment o f  
t he  LTM program, seven s i t e s  were added: S i t e s  9, 10, 11 ( y e t  t o  be 
ac t i va ted ) ,  and 12 on the I n t e r s t a t e  system; S i t e s  7, 8 and 13 ( ye t  t o  
be ac t i va ted )  on the  pr imary system. The weigh-in-motion s i t e s  are 
shown on the f i g u r e .  

NMSHD se lec ted  14 pavement sect ions t o  evaluate under the  LTM Program. 
Primary cons idera t ion  was given t o  th ree  fac to rs :  ex is tence o f  a  
load ing  h i s t o r y  (as evidenced by p rox im i t y  t o  a  weigh-i n-motion s t a t i o n )  
and a v a i l a b i l i t y  o f  both cons t ruc t ion  and maintenance h i s t o r i e s .  It was 
assumed t h a t  the envi yonmental h i s t o r y  could be reconstructed from 
Nat ional  Weather Service pub l ica t ions .  I n  a d d i t i o n  there were numerous 
r e c e n t l y  constructed pavements ava i lab le .  It was necessary o n l y  t o  
s e l e c t  which ones t o  study, i n s t a l l  a  weigh-in-motion s t a t i o n  and begin 
c o l l e c t i n g  data. 

SAMPLING LOCATION AND FREQUENCY 

The loca t i ons  of the  added weigh-in-motion s i t e s  demonstrates a  
p o t e n t i a l  c o n f l  i c t  between researchers and planners: data co1 l e c t i o n  
s i t e  se lec t i on .  The o r i g i n a l  s i t e s  were selected t o  prov ide a  s p e c i f i c  
m i x  of data. The sample may now be biased because the new s i t e s  were 
n o t  se lected t o  main ta in  the  balance es tab l  i shed prev iously .  

A constant  problem t h a t  highway planners and engineers face i s  how o f ten  
i n  t ime and space should samples be taken. For veh i c le  weights there  
are  l i k e l y  a  few who would l i k e  t o  know the t i r e  pressures, t i r e  sizes, 
wheel weights and rou t i ngs  o f  every veh ic le  every day so t h a t  t o t a l  
pavement loadings o f  every sec t ion  of roadway cou ld  be determined. This 
i s  n o t  des i rab le  f o r  numerous reasons i n c l u d i n g  expense, invas ion  o f  
p r i v a c y  and overwhelming q u a n t i t y  of data. This i s  a sampling problem 
j u s t  as i s  the process used t o  sample ma te r ia l s  from the  p o t e n t i a l  
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m a t e r i a l s  p i t s  and t o  mon i to r  q u a l i t y  du r i ng  cons t ruc t i on .  I t  i s  
necessary t o  adopt  a  sampling p l a n  which w i l l  achieve an acceptable 
degree of accuracy. 

As descr ibed  above, t h e  s p a t i a l  (geographical  ) v e h i c l e  weight  sampling 
used by t h e  NMSHD i s  d i c t a t e d  t o  a  l a r g e  e x t e n t  by the  needs o f  t h e  LTM 
Program. Th is  may a f f e c t  t he  use of conso l ida ted  weight data because 
these data may be biased. To the  e x t e n t  these data a re  incrementa l ,  a  
b e t t e r  sampl e  shoul d  r esu l  t . 
An a n a l y s i s  of h i s t o r i c  NMSHD da ta  showed t h a t  s i t e - s p e c i f i c  i n f o r m a t i o n  
were be ing  ignored.  Data from the  o r i g i n a l  weigh-in-motion s t a t i o n s  a re  
s u f f i c i e n t l y  d i f f e r e n t  from each o t h e r  t h a t  t h e r e  should have been an 
a t tempt  t o  d i f f e r e n t i a t e  between t h e  var ious  sec t i ons  o f  roadway, Th is  
would have a l lowed a  de te rmina t ion  of which weigh s t a t i o n  o r  combinat ion 
of weigh s t a t i o n s  bes t  represented a  s p e c i f i c  sec t ion ,  As s t a t e d  
p rev ious l y ,  i t  had been assumed t h a t  t h e  EAL r a t e s  per  v e h i c l e  t ype  were 
i d e n t i c a l  d e s p i t e  evidence t o  t he  con t ra ry .  Fur ther ,  t he re  i s  n o t  good 
year- to-year  comparisons f o r  most o f  t h e  s t a t i o n s .  Th is  l a t t e r  p o i n t  i s  
i l l u s t r a t e d  i n  t he  f o l l o w i n g  t a b l e  which shows da ta  f o r  s e m i - t r a i l e r  
t r u c k s  f o r  each o f  t h e  a c t i v e  weigh- in-mot ion s t a t i o n s .  

Semi -Tra i le r  Truck Data by Weigh-In-Motion S t a t i o n  

1982 weights  1983 weights  
S t a t i o n  Loca t ion  - Mean Std Dev Mean Std Dev t value - 

7 NE.1371 70.0 17.5 68.9 12.4 0.41 
8 NM44 60.9 20.0 54.4 17.4 2.36 
9 1-25 57.9 16.4 56.1 16.7 0.73 

10 1-40 64.7 16.2 67.6 16.3 3.09 
12 1-40 55.6 16.0 55.1 13.7 0.74 

Average A1 1  58.9 18.2 58.9 17.7 0.42 

The t a b l e  shows t h a t  f o r  o n l y  f o u r  o f  t he  t e n  s t a t i o n s  (3, 7, 9, and 12) 
t h e  1982 and 1983 da ta  a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  ( t  
va l ue  g r e a t e r  than  1.96). It i s  n o t  known whether these d i f ferences can 
be a t t r i b u t e d  t o  t h e  d i f f e r e n c e s  between t h e  months sampled du r i ng  the  
two per iods ;  t o  the  d i f f e r i n g  numbers o f  t r u c k s  weighed du r i ng  t h e  two 
per iods ;  t o  a  change i n  t r u c k  weights a t t r i b u t a b l e  t o  economic o r  o t h e r  
f ac to r s ;  t o  changes i n  t r u c k  f l e e t s ;  t o  changes i n  method o f  conduct o f  
t h e  weigh ing process; t o  d i f f e r i n g  methods used t o  e d i t  t h e  data;  o r ,  t o  
some o t h e r  f a c t a r ( s ) .  



g o  aJ 
+-'=A= 
C i r n - W E  T w  
0, 0 ULZn 

a 0 != E m 2 a  I a + - r  
c n  Z V T O  
O-JMWD U-IC-, rn L- L 
a w a  r d ' r  a+ 01 0 Q) 

C,'-Q]T V E L  
a ccr 
+ w E a  4 o e  
- r C , . r > C I -  L W V  in 
3.1- X r6 0 0 01 

f n o  Xy. aJ * U  
w L i n C v , O U W E  
C-, W Q"r O mi-- Q] 
- r a J e  . r V f n E e L  
f n ~ a + c ; , ~ E  E W  

S x r r ) = 5 L ( U ' r +  
UC, a n  o w n  cn s 
-r 11 - 3 - w  .r 

v ca w 0 
: 2 f n  '3-9 fa E i T  m z  
U C Y W U 7 6 , . F  J 
a o u 7 c a  O W 3  
a ~ ~ + ~ = r v a f n  
W L L W  0 

O W E :  r n g l . r  v, 0%- 
. r C L + J Q ] + - ' . r  

L v-.6-'(CTV 
+ + J ~ + E  + r t w  
~ m l - o o m r n ( ~ m ~  

- E . r S t - I =  LOE-r 
a  omw we^ 
Q L W O - r E r C P L  V, 
-t- u +-I- %- +.F s a w m 
C I C  I f U W v r  C, W 
t a a . r f n c , Q f n  + a  U 
+-' O E . r  fd i n - r  - O W  0 
s c ~ w w r  x w r  cr: 
a, f n 3 c l 3 a 3  0 e 
m u ?  - w L m +  
w a ~ c a u ~ ~ s t ' c l ~  w 
L 3 0 C . a  rb 0 -  I 
P + m a w  a w b  t- 
W CI 6 S O t  f'S 
L - r  m Q l t + I + _ r w  inW 0 

L C  3.i- to I- 
? 5 0 I - - C + L  -6=a 
L + + - w  ( C J a M b - V  fl 
O m 0  a, 7%- ai 
+-OF3 n EI 
u C C *  S E * v ; w  

bZ 
W 

F 3 Z S  M U  W - r  ZZ 
Q&-gg wf& g m = &  p-- W > 
. r 4 W r = -  . r Y ,  0 + C ,  3 -0- P1 
m E W > W C T  * a s 7  n 
in o r  w r = w o +  

L + V  0-I-- V) z 
07% Q l n r . r  v 
C -a* . O M - I -  UV)Q] W 

st- m C ) . r  a C d r  =IF -I 
a n f n 3  r n f n + +  c, ar o m  - L W O O E W O U 7 > O L . r  

a 3 V L J E  +J 0 V, V, 
0,- m a - I  3 r f n r m f n  v, 
aJ a - m w  r w w . r m r -  O  C, 

> C ~ ~ L . F C C L C L  CL P 

e l  -4.2 b 
+-'a I r 
a .r m w m  
033 V T 3 E E ' r +  

u - - . r 7  a s  v 
0 w m c ,  3 st- a 

C-r E S O m  Q 
a o a 3 n  fn 

Cn S -r a 
..-U-C) fn m a  E 

a rZIC3CIO Of- 
r c , s  L S D - r F -  
0 3  L n U I N F r n  
. r I I O ) E ' r  P 

G X O O - - r  r: 
3 m + . r -  3-  Ell- ?-+ .w 5 
0 a'+ 0 w + 
V 1 Z M  w l -  L O  s 

0 f n u o o a  
W - r + - N L  
r-- t? * =  2 w w .  
n c w g : w - w  -s* 
-P--+ C J ) >  w o  r L 

O ' r  .r- U W - r  5 
v , - U i n v , ~ W W  fn 
Q WP- IU W 2 , V )  a w  L W  !z c x +  aJ 
LQ]= 8 a . r v  

w m a  w - w  
c O tn-r O &r EL 
O l n Q Q e  F O  

r u 0 r n S F + J  3 5 b 
--PC2 C S O ' r - r -  

wccr - a - r g l Z L W  
w + o r m ~  c a u  
L m u + +  a~ 3 - r  
.r 3 C ~ ~ m 0 3 O a )  4 n m r i n  - 
0-3 w t r O 1 = + 4  
W I C I W V I L Q ,  + 8  
L 6 0 3 0  a E3 

+ - m ~ r ~  
W f n c l J E  * r + O f n  
L a- rn .r 
f d m  L - 4  - 3  

I - -wmfn  U ( U C 3  
fd 0 0% W - r - r  
C-, + 
fad: I Q 
a 

L u - 2 >  - + + r m  
c 0 s  a w r - . P - +  

aJ . r n E W E S  e 
L 31.r.f- E 0 O-CI W 
o 7 r L r . L - r -  E S E  
E fn 0 . r -  fU W 

3 W C , = J T C U  v + 0 L . r  V . r R  ill rJ 
m x c t l C Q , E  
T E  0 0 L 
r s r  M E u o c ,  a m 

+CI  CLn -E: 
m C f n W C 1 6 4 M  .r 
C O O C  E U 7 C  
. r O  V CU "T3 0 - r O  

E n  (21%- + 
5 a C I w w w i - , c , . r  
cnCI c > Q  U U f n  c 
~ a a m m X Q 1 0 0  
e u  E n n w  fn v E 

C1 fn 
'4- w 3  

~ o w ~ o  - S O L  

' 5 3 " + s  .r 7J a *r 

f n l -  t L 
c . r  5 fn -w 
o m  m a w  
. r 5 Q I S  C, 
+?r-.r 0 5 
f d . r n u +  E 
a st- 

w > + ' o - D +  
fd I - W V I  

s w W a J  
0 f n r  tU u 

. - C , + z a J c l  
+J O r  4J -IT fn  

.a ar 
O.rE i5 w =la F - L N M  
Z; cC.r aJ 

L U L  
I . ?  L W13 K5 
t x  er:w 
C n b  W U +  aJ 
.r - a m + . '  
Q) O L Z 3 . r  

5 E f n  
3 v ; m c  
fn T a r  Uu) fU 
3 0 '7 

0- @ O X  + 
=I+++-wl- a 
c m  
.r+ fJ fn 
+ V ,  *F .cn 
c m 3 L c  
0'4- CI u B ) . r  
U B T . t - - L U  

07% +-' fU 
r n L . r V -  0 0 
c ru w-I- rr- 

e r a  3u a 
fn E 3: 
= J a a m + J o  

E 7 . r  r n C  
* U 

w - - r + J t  w 
in as - I -  r 
s + w  2-r 
w o > + ' a  
a+ ac,E 
X w w - r t '  U T  m w  aJ 

S %  W O )  
W4J. r -  C t U  
h: U O C n  
-w C, a.I-.r 0 

.r Q M  a J Q  
Q E W c n 3  
I - aJ U E o  
w + - ' c n O ~  
3 0'r-r L c l  
cl+VIw%- ul 



CONCLUSIONS 

The process used t o  c o l l e c t  v e h i c l e  weight  da ta  can be improved by us in2  
weigh- in-mot ion technology. However, t h i s  i s  o n l y  the  f ?  r s t  step toward 1 

i 
g e t t i n g  r e l i a b l e  v e h i c l e  weight  data. I t  i s  a l s o  necessary t o  
i n c o r p o r a t e  r i g o r o u s  c o n t r o l s  t o  assure t h a t  t h e  data a re  n o t  b iased 
through sampling e r r o r  o r  some systemat ic  e r r o r  such as f a u l t y  equipment 
i n s t a l l a t i o n  o r  c a l i  b ra t i o f i .  

r 
E I 

It i s  n o t  enough t o  j u s t  c o l l e c t  data; i t  must be used. Re ly ing  on some 
standard f a c t o r s  f o r  v e h i c l e  EAL impacts when b e t t e r  data a re  a v a i l a b l e  
i s  n b t  sound, and i t  i s  a waste. These da ta  must be evaluated t o  
determine t rends  t h a t  can be adopted t o  f u r t h e r  improve the  des ign 
process. The NMSHD Planning Eureau i s  do ing t h i s  now. 

It does n o t  seem necessary t o  es tab l  i s h  cont inuous weigh- in-mot ion 
s i t e s .  The expense does n o t  j u s t i f y  t he  g r e a t e r  data re1 i a b i  1 i ty  which 
cou ld  r e s u l t  from the  a d d i t i o n a l  quan t i t y .  Statewide, i t  should be 
p o s s i b l e  t o  achieve g rea te r  da ta  r e l i a b i l i t y  by us ing  our  l i m i t e d  
a v a i l a b l e  resources t o  sample more l o c a t i o n s  r a t h e r  than fewer. 

The ex i s tence  o f  and p a r t i c i p a t i o n  i n  t h e  LTM program i s  evidence o f  t h e  
d e s i r e  t o  improve the  pavement des ign process; v e h i c l e  weight  data a r e  a 
p a r t  o f  t h i s  process. These da ta  can be c o l l e c t e d  economica l ly  and once 
obta ined,  they  should be used. Perhaps, t he  most e f f e c t i v e  method o f  
improv ing t h e  pavement des ign process i s  t o  improve communication 
between p lanners and engineers,  
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TRUCK WEIGHTS AS RELATED TO 
PAVEMENT DESIGN I N  ALABAMA 

This paper i s  based on HPR No. 96 e n t i t l e d  "Truck Weights as Related 
t o  Pavement Design i n  Alabarua", prepared by the  Research D iv i s ion ,  Bureau 
o f  the  Ma te r ia l s  and Tests, Alabama Highway Department i n  cooperat ion w i t h  
the Un i ted  States Department o f  Transportat ion,  Federal Highway Administra- 
t i o n .  

Most pavements are designed by the  Sta te  o f  Alabama Highway Department 
i n  accordance w i t h  the  AASHTO I n t e r i m  Guide f o r  Design o f  Pavement S t ruc tures .  
Truck d i s t r i b u t i o n  f a c t o r s  computed from 1964 loadometer s tud ies  were used 
from 1964 t o  e a r l y  1983. 

The t r u c k  d i s t r i b u t i o n  f a c t o r  i s  de f ined as t h e  average number o f  equiv-  
a l e n t  18k s i n g l e  ax le  loads per  t r u c k  fo r  a g iven te rmina l  s e r v i c e a b i l i t y  and 
s t r u c t u r a l  number f o r  f l e x i b l e  pavements o r  concrete th ickness  f o r  r i g i d  
pavements. Vans, pickups, etc .  a re  no t  considered as t r u c k s  i n  coinputing 
the  t r u c k  d i s t r i b u t i o n  fac to rs .  

There was an i n t u i t i v e  b e l i e f  w i t h i n  the  Department f o r  some years, t h a t  
the t r u c k  d i s t r i b u t i o n  f a c t o r s  being used were low.  As in fo rmal  study o f  
f a c t o r s  der ived from a v a i l a b l e  pas t  loadolneter s tud ies  i n  A l  abamd, e s p e c i a l l y  
s ince 1974, tended t o  conf i rm t h i s  b e l i e f  and added i n c e n t i v e  towards updat- 
i ng  the  t r u c k  d i s t r i b u t i o n  f a c t o r s  f o r  pavement design purposes. 

The s l  i d e  shows the  t r u c k  d i s t r i b u t i o n  f a c t o r s  co~nputed from loadonie t e r  
s tud ies  beginning i n  1961. 

The a c q u i s i t i o n  o f  Uni tech weigh-in-motion equipment by the  Highway 
Department offered the  oppor tun i ty  t o  more f u l l y  exp lore  t r u c k  weights and 
d i s t r i b u t i o n s  i n  Alabama as r e l a t e d  t o  pavement design. A research study 
was i n i t i a t e d  i n  1982 t o  y i e l d  the  f o l l o w i n g  ob jec t i ves :  

1. To deterinine t ruck  weight d i s t r i b u t i o n  f a c t o r s  fro119 t r u c k  
weights measured a t  a l l  opera t ing  weigh-in-motion s i t e s  
i n  Alabama and compare them w i t h  those p resen t l y  used i n  
pavement design. 

2. To determine the  t o t a l  t r a f f i c  count, percent  t rucks  and 
lane usage (on mu1 t i - l a n e  f a c i l i t i e s )  a t  each weigh- in-  
motion s i t e .  
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A t  the  t ime the  study was done, t he re  were ten  opera t iona l  weigh-in 
mot ion i n s t a l l a t i o n s  i n  Alabama. The geographical d i s t r i b u t i o n  o f  the  s i t e s  
i s  i n d i c a t e d  i n  the  s l i d e .  

I n  t h i s  repo r t ,  s i t e s  a re  i d e n t i f i e d  by the  name o f  t he  nearest popula- 
t i o n  center.  

A l l  the  s i t e s  were on highways w i t h  four  main roadway lanes except f o r  
Gosport, Selma, and Dothan, which were two lane f a c i l i t i e s .  

The f i e l d  work was a cooperat ive e f f o r t  between the  Bureau o f  Mainte- 
nance, Bureau o f  S ta te  Planning, and the,Research D i v i s i o n  o f  the  Bureau o f  
M a t e r i a l s  and Tests of t h e  S ta te  o f  Alabama Highway Department. There were 
no t r u c k  weight law enforcement a c t i v i t i e s  c a r r i e d  on i n  connect ion w i t h  an 
immediately before o r  a f t e r  t he  study. 

The weigh-in-motion system was c a l i b r a t e d  before each use w i th  a t r u c k  
of known a x l e  weights. 

Using weigh-in-motion equipment, t r u c k  ax le  weights were measured over  
approximately a twenty- four  hour pe r iod  i n  two lanes o f  the  highway f a c i l  i- 
t y  a t  each s i t e .  On f o u r  l ane  highways, t he  measurements were made i n  the  
outside lane of each roadway. A manual reco rd  was kept of the number of 
t rucks  us ing  the  i n s i d e  o r  non-instrumented lanes o f  f o u r  lane highways. 
The s l i d e  shows the  date and t ime of operat ion.  With the  except ion o f  
Florence, opera t ion  was begun a t  about 6:00 AM and shut  down a t  6:OO AM 
t h e  fo l l ow ing  morning. Operat ion a t  Florence was begun a t  10:00 AM and 
cont inued t o  10:OO AM the f o l l o w i n g  morning. 

It should be noted t h a t  data was obta ined i n  t he  Northbound roadway 
o n l y  f o r  t he  Pine Level s i t e .  The Southbound roadway weighing sensors were 

It i s  a l so  o f  i n t e r e s t  t o  no te  t h a t  t he re  were sho r t  per iods of shut- 
downs a t  t h ree  s i t e s  (Gosport, Selma, and ~ o t h a n )  due t o  l o c a l  power f a i l u r e s .  
These occurred du r ing  l a t e  a f te rnoon thunderstorms. 

Pneumatic tube counters were used t o  determine the  t o t a l  number o f  ax les 
passing each s i t e  du r ing  t h e  per iods o f  operat ion.  The counts were l o s t  a t  
Alexander City and Dothan because o f  pneumatic tube fa i l u res .  

The ax le  loads were manually taken f rom the  weigh-in-motion equipment 
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printouts, c lassif ied as single or tandem axles based on  axle spacing, and 
grouped in 1000 pounds increments to  establish an axle load frequency dis- 

I t r ibut ion for  each s i t e .  The total  number of trucks weighed was also deter- 
mined. The s l ide  shows a sample distribution. 

A program was written fo r  an Apple 111 microcomputer to  compute the 
truck dis t r ibut ion factors.  The total  number of equivalent 18k single axle 
loads fo r  each axle load frequency dis t r ibut ion was computed as described 
in the  AASHTO Interim Guide for  Design of Pavement Structures. The truck 
dis t r ibut ion factors were determined by dividing the total  number of equiva- 
lent  18k s ingle  axle loads by the total  number of trucks weighed. 

I t  should be noted that  only those trucks fo r  which axle loads were 
weighed are included in the computation of the truck dis t r ibut ion factors.  

Resu'i t s  

This s l ide  shows the total  t r a f f i c  counted and percent trucks a t  each 
s i t e .  The t r a f f i c  ranged from 2955 t o  15583 vehicles and the percent trucks 
ranged from about 12% to  31%. The data f o r  Alexander City and Dothan are  
not shown because of f a i lu re  of the pneumatic tube counters. 

This s l ide  shows the percent of trucks in the outside lane of four lane 
fac i l  i t i e s .  This percentage corresponds to  the lane dis t r ibut ion factor  used 
for  design purposes, The percentage rar~ged from about 79% to 922 and was 
84% i f  data from a l l  four lane s i t e s  were used. This data suggests the use 
of a minimum lane dis t r ibut ion factor  of about 85% for  four lane f a c i l i t i e s .  

The computed truck distribution factors f o r  each s i t e  assuming a struc- 
tural number of 4 for  f lexible  pavement, a concrete thickness of 10 inches 
for  rigid pavement and a terminal serviceabi l i ty  of 2.5 fo r  both are  shown 
il: t h i s  s l ide.  The factors ranged from 0.458 a t  Alexander City to  1.065 
a t  Sumiton i f  f lexible  pavement i s  assumed. If a l l  data were combined, the 
statewide truck dis t r ibut ion factor  was 0.834. If r igid pavement i s  assumed, 
the truck di3tribution factor  fo r  10 inch pavement ranged from 0.679 a t  
Alexander City to  1.885 a t  Sumiton. Using a l l  the data, the truck dis t r ibu-  
t ion factor statewide was about 1.379. 

There were s ix s i t e s  c lassif ied as Other Rural, two s i t e s  c lassif ied 
as Other Urban and olle each classif ied as In ters ta te  Rural and In ters ta te  
Urban. Because of the small number of s i t e s  in three of the c lass i f ica t ions ,  
the truck dis t r ibut ion factors were not grouped by highway classif icat ion.  

With the exceptions as previously described, the weigh-in-motion equip- 
ment was kept i n  c~nt inuous operation weighing trucks for  approximately 
twenty-four hours a t  each s i t e .  Within the twenty-four hour time frame b u t  



dur ing mare normal working hours o f  about 10 AM t o  6 PM (e igh t  hours), the 
Bureau of State Planning used the data co l lec ted  a t  each s i t e  except Rothan 
and Florence as pa r t  of t h e i r  1982 loadometer study. This d8ta was processed 
by the Federal Highway Administrat ion. Included i n  the computed p r i n tqu t  
was the  average number of equivalent 18k s i ng le  ax le  loads per 1000 t rucks 
a t  each s i t e  fo r  a s t r uc tu rq l  number of 5 f o r  f l e x i b l e  pavement and a t h i ck -  
ness of 9 inches for  r i g i d  pavement and assuming a termSnal se rv i ceab i l i t y  
o f  2.5. I f  div ided by 1000, these numbers should be a measure of the same 
quan t i t y  as the t ruck  d i s t r i b u t i o n  factor  as used i n  t h i s  report .  

However, the Federal Highway Administrat ion computes the fac tors  i n  a 
manner which includes the e f fec ts  of panels and pickups, e tc .  I f  the e f fec ts  
of panels and pickups are removed, then the fac to rs  can be compared d i r e c t l y  
t o  the t r uck  d i s t r i b u t i o n  fac to rs  determined i n  t h i s  study. 

This was done t o  estimate the e f f ec t  o f  a shorter  weighing per iod on 
the t ruck  d i s t r i b u t i o n  factors. The resu l t s  are summarized i n  the s l i d e  
f o r  f l e x i b l e  and r i g i d  pavements, respect ively.  

The e igh t  hgur (10 AM t o  6 PM) weighing per iod t ruck  d i s t r i b u t i o n  fac to rs  
approximated those Prom the twenty-four hour weighing periods a t  most of the 
s i tes .  There was a large di f ference i n  the fac tors ,  however, f o r  the Sumitgn 
s i t e .  This difference i s  probably due t o  the exclusion o f  some of t h e  g rea t l y  
overloaded axles i n  the 8 hour weight per iod analysis. 

Concl usipns- 

This study has confirmed t ha t  the t ruck d i s t r i b u t i o n  fac tors  used f o r  
f l e x i b l e  and r i p i d  pavement design from 1964 t o  ea r l y  1983 were too low. 
This i s  demonstrated i n  the s l ide .  The t ruck  d i s t r i b u t i o n  fac tors  from t h i s  
study are considerably higher than those determined i n  1964. The 1964 fac-  
t o r s  shown were f o r  the c l a s s i f i c a t i o n  o f  Other Federal Urban which were 
higher than those o f  the other c l ass i f i ca t i ons .  

The l i m i t a t i o n  of having only ten weigh-in-motion s i t e s  i n  operation 
i n  Alabama a t  t h i s  t ime o f  the study r e s t r i c t e d  the opt ion o f  es tab l ish ing 
d i f f e r e n t  t ruck d i s t r i b u t i o n  fac to rs  f o r  various highway c l ass i f i ca t i ons  
such as I n te r s ta te  Urban, I n te r s ta te  Rural, Other Urban, Other Rural, etc. 
For t h i s  reason the t ruck  d i s t r i b u t i o n  fac to rs  computed from the c o l l e c t i v e  
data from a l l  the s i t e s  i n  the study were adopted f o r  pavement design pur- 
poses i n  Alabama e f f e c t i v e  i n  Apr i l ,  1983. These fac to rs  are summarized 
i n  t h i s  Table f o r  both f l e x i b l e  and r i g i d  pavements. 

I t  was recomcndcd t ha t  the weighing per iod i n  fu tu re  studies using the 
I 
I* 

weigh-in-motion equipment be reduced t o  e i  h t  hours dur ing normal working 9 
) 

hours. This would tend t o  reduce personne requirements and problems w i t h  k 5 
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SLIDE 6 

Dates and Times o f  Operation and Exceptions 
I 

I 
I 

Time and Date Time and Date Exceptions and 
S i t e  .- Begin End . Comments - 

Bucksvi 1 le  6:00 PM, 6/23/82 6:00 PU, 6/24/82 None 

Gos por t 6:OO MI, 6/1/82 6:00 AM, 6/2/82 ( l )system down - power 
f a i l u r e ,  6:06 PM t o  
6 ~ 1 9  PM* 

Pine l e v e l  6:40 PM, 8/4/82 6:00 PM, 8/5/82 Data obtained i n  
Northbound roadway 
only. Southbound 
roadway wei ghi ng 
sensors f noperat i  ve . 

Jackson 6:OO AM, 6/3/82 6:OO AM, 6/4/82 None 

Sumi ton 6 :OO AM, 6/22/82 6:OO AM, 6/23/82 None 

Idobi le 6:OO AM, 6/9/82 6:OO Al4, 6/10/82 None 

Selma 6:OO AM, 6/29/82 

Alexander C i  t y  6: 00 AM, 7/29/82 

Dothan 6:OO AM, 9/8/82 

F l  orence 

6:00 AM, 6130182 ( l ) ~ ~ s t e m  down - power 
f a i l u r e ,  4:54 PM t o  
5:OO Ptl. 

.6:00 AM, 7/30/82 No record taken o f  
t rucks us ing non- 
instrument 1 anes . 
Pneumatic tube ax le  
counter was inopera- 
t i v e .  

6:00 AM, 9/9/82 ( l )system down - power 
f a i l u r e ,  5:28 PM t o  
7:48 PM. Pneumatic 
tube a x l e  counter 
was inoperat ive.  

l0:OO &I, 9/22/82 None 

Note: (1)The number o f  trucks passing the s i t e  dur ing times o f  power 
f a i l u r e  were recorded. 
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SLIDE 14 

Truck D i s t r i b u t i o n  Factors For 
F l e x i b l e  and R i g i d  Pavement Design 
I n  Alabama 

F l e x i b l e  Pavement - 
Truck D i s t r i b u t i o n  Fac tor  a t  

S t r u c t u r a l  Terminal Servi  ceabi 1 i t y  
Number 2.0 2.5 

2 .84219 .86904 
3 .34245 .37687 
4 .82381 .83 380 
5 .a1259 .80447 
6 .81218 .79977 
7 .81551 -80490 

R i j ~ i  d Pavement - 
Truck D i s t r i b u t i o n  F a c t o r  a t  

S t r u c t u r a l  - Termi na l  Serv i  ceabi 1 i t y  
Number 2.0 2.5 

7 1.38195 1.31627 
8 1.38652 1.32578 
9 1.39958 1.35282 

10 1,41230 1.37914 
11 1.42240 1.40015 
12 1.42962 1.41539 











Pavement design in lowa requires a knowledge of the state's geographfc 
and environmental characteristics. The variance in elevation from 4 8 0  
to 167U feet above sea level, average annual rainfall of 32 inches and 
average snowfall of 30 inches each play a part in the performance of 
the pavements. Iowa's rich topsoil is essential to farm production, 
but i t  creates additional problems for the designer. 

Uf Iowa's 112,00U miles of roads and streets nearly one third of the 
system is paved, and the surfacing i s  evenly distributed between 
asphal t  and portland cement concrete. Asphaltic concrete makes up 
4,376 miles of the lO,UUO mile primary system while some 5,654 miles 
are surtaced w i t h  portland cement concrete and 90 miles are surface 
treated. The vast majority o f  the municipal system is paved and over 
I3,UUU miles of tr~e county system is paved. ?he primary system will 
be the focal point of  the remainder of this report. 

Travel patterns play an important role in creating pavement design 
problems on all parts of the highway system. In 1982 the rural 
primary and secondary road trave) accounted for 60 percent of the 
total travel in the state and accounted for 88 percent of the total 
highway mileage. 1he state road system accounted for Just 9.3 percent 
OF the total milea~e, but carried 56.5 percent of the 1982 travel 
miles. In  addition, primary roads accounted for 93.2 percent of the 
combination or heavy truck travel in 1982. This truck traffic 
includes the vehicles with tt~ree axles or mQre and has a very dramatic 
effect on the life of the pavement due to the large number o f  18 k i p  
equivalent axle loadings they produce. The accurate prediction of 
truck volumes, weights and sizes i s  critical to the design OF the 
rehabi l i tat ion of  these highways. 

Much of the primary road system in lowa was paved i n  the 1930's and 
was designed for a service life of 20 years. The county system paving 
began in the 1950's. In 1984 two percent of the primary roads were 
more than 59 years old. An additional 75 percent were between 20 and 
59 years o l d .  Only 23 percent o the mileage is less than 20 years f old. If one carries this analys s to the year 2002, the mileage ot 
roads over 59 years o f  age will account for 31 percent of the tots) 
mileage. An additional 60 percent will be between 20 and 59 years of 
age. Nine percent of the system w i l l  fall within its 20 year design 
1 ife. 

This means that we now have a mature primary system and a county I 
system that i s  beginning to reach a design life. The administration 
of those systems calls for rnaintainance and rehabilitation emphasis 
rather than new construction in this time of declining revenues and 

t i 
E 

buying power. Some 9,000 miles of the ariginal primary pavement are 
still in place, providing service In an as buiit condition or serving 
as part o f  a composite pavement. Some 3,700 miles of the primary 

I 
1 

system have been overlaid with asphaltic concrete in an effort to 3 
extend their useful life. The last 40 miles o f  our 780 mile interstate E 
t~igllway in lowa i s  under construction while early segments already 

a 
have surpassed the expectations of their design life in years and 
traffic loadings. Replacement and major rehabilitation are now 1 



our major concern for all parts of the primary road system. Current 
statistics indicate that we should be replacing at least 160 miles per 
year to maintain a 60 year cycle recapitalization cycle. We are only 
able  to replace 51 mi\es per year under the current funding between 
t h e  years of 1985-1990. 

I 1 

As the focus of the primary road system changed from that of 
construction to rehabilitation and maintenance, the need for 
additional tools to be used in programming increased. The importance 
an this can be seer1 in the allocation of state highway funds during 

I ttje period 1985-1990. Construction and modernization account for only 
27.5 percent of  the budget, while preservation, maintenance and 
reconstruction account for 64.1 percent. The remaining 8.4 percent is 
allocated to miscellaneous, operations/edministration expenses. 

lhe Uepar-tment has entered into the development of a Pavement 
Management Program as a way to cope with the declining revenues and 
tlie ageing pavement system. Some of the activities involved w i t h  that 
program include the development of survivor curves, administrative 
service levels and a rehabilitation matrix. The current survivor 
curves provided a general knowledge of the behavior of our concrete 
and asphalt highways i n  terms of roughness and age. They provided a 
starting point for more detsi)ed reviews of the pavements prior to 
making decisions between resurfacing and reconstruction. The curves 
indicated that lowa was able to expect 60 year 1 ives from marry of our 
early concrete pavements. The effect and life OF resurfacings as 
viewed by the vehicle operator could also be traced in the curves. 
1he curves are undergoing a modification at this time to account for 
the effects of t h e  aggregate durability associated w i t h  each of t h e  
construction projects. 

The I U , U U U  mile primary system has been subdivided into four 
adrr~inistrative servlce levels in an effort to target the funds where 
they can get the most return For the least investment. Interstate 

I routes form level '" ' ' (734 miles) whi,le level " 0 " ( 2 , 9 8 2  miles) 
I represent the remai ning major trevelkd noninterstate router. tevei s 

" C W ( 3 , 1 4 6  miles) and "Un[2,935 miles) describe the remaining state; 
routes in decreasing leve-is of importance. The study dealt only with 
the rural portion of the system. The results have been used ( 1 )  by 
t r le  Uffice of Maintenance to establish snow removal policies, and ( 2 )  
b y  the.Office of Program Management to set target funding levels in 
relation to the road use taxes generated on the various levels. A 
triira use is being identified in the design of rehabilitation and 

, reconstruction highway projects. Different geometric features are 
, Deing used in the development of RRRR standards for each of the 

service levels. Since one o f  the criteria used in the service level 
route selection was truck traffic, the pavement design is also being 
reviewed for possible savings in the various levels. 

7tre physical condition of t h e  primary highway system has traditionally 
been measured with the aid o f  a sufficiency analysis annually. The 
I U O  point system identified the relative needs of all highway 
s e c t i o n s .  It is geared primarily to view the needs of the entire 

3 .  



right-of-way with €?mphaSifi of the need for a paved surface. The 
gnalysis also concentrated on satisfying the traffic capacity needs at 
a high level of service. It's weakness i s  the  lack of adequate detail 
and emphasis on the pavement condition. 

Itle pavement condition evaluation problem has been addressed in the 
form of a Rehabilitation Matrix to aid the annual programming process. 
Pl~ysical condition of the pavement is measured by ride, rut depth, 
cracking occurrence, structural adequecy in terms of deflectiop. 
wVloUnt of patching and the chang@ in ride over a s i x  year period. A 
seven point scale has been developed with critical values of each 9tem 
establishecl from fielo experfence. Each paverpent is rated in 
accordance with the factors that apply and an index value is 
establ  i sheu to rank al \ pavement sections regardless o f  the surface 
type. 7raffic volume and pavement width factors currently i n  tlle 
matrix are being replaced with measures of accumulated 18 kip axle 
loadings, and maintenance costs, as the informatiqn is developed from 
other records. Currently the matrix values are available only on the 
rural sections. Yunicipal extensions must be considered separately 
using the sufficiency rating only. 

1 he Department current l y obtains its truck weight data for the FHWA 
and internal uses tt~rough studies conducted in the odd numbered years. 
surveys are cor~cluctea at some 20  sites across the state and across t t te  
various classifications of roads. All data i s  collected on summar 
weekdays and factored through classification qtudies to represent the 
various individual road traffic conditions and time of year for 
variations. Bottl portable and pit scales are used to gather the data. 
Weight, size, classification and commodity orgin-destination data are 
gathered over a 24 hour period on the major classified roads and for 
16 hours on the minor classifications. Speciql case studies were 
conaucted in conjunction with the FYWA cost allocation study to gqin 
data on the effect of weighing vehicles at diPferent times of the 
day, week, and se3gor-i. The studies verified t h e  methods being 
employed by the Department, but also indicated that variations i n  $he 
truck movements did exist between weekddys and weekends on parts of  
ttte system. This type of information can be yery helpful in the 
design of the rural roeds; 

Design policy guidelines have been established to insure the 
satisfactory performance of pavements in Iowa. They include: 

I .  Providp for reasonably uniform pavement support to counteract the 
effects ofa 

a. Frost heaving qnd frost boils 
b. Inadequate compaction and varigble soil types 
c .  Inadequate roadway drainage 
d. D i f f erent i a 1 vo l urne change charqcter i st cs of subgrade so i 1 s 

2. Provide j o i n t  designs for rigid pavements that will control warping 
stresses, affard adequate load transfer and control stresses due to 
infiltration to counteract the effects oft 

4 .  



a. Variable volume change ct~aracteristics 
b .  hubyraae pumping under conditions of heavy tr-uck traffic 

3. Provide mix designs for flexible pavements which will prevent 
ravelling and ott3er forms of surf-ace deterioration to deal with: 

a. Aggregate quality variations 
b. Mix design for stabilizing additives 
c. Prevention of surface revelling, etc. 

I 

Our design thickness procedures are derived from the following sources 
and are corrlmon to many highway agencies: 

1 .  Theoretical studies of pavement structure behavior. 
a. Westergaard and Pickett analysis of rigid slab behavior. 
b. eoussinesq equations for deflections due to loads and the 

Burmister two layer extension of  these equations for f\exible 
pavements. 

2. Model and full scale tests on which construction and traffic 
loadings are carefully controlled, such as the Arlington Test Track, 
ttbe Bates Test Road and the AASH70 Test Road. 

I 
3. 7he performance of normally constructed and maintained pavements 
subjected to naturally mixed traffic. 

Pavement design in Iowa can best be described by considering each of 
the m a j o r  surface types separately. The design procedures have been 
aaapted from design those recarnmended by the Portland Cement 
Association and/or the AASHTO Committee on Design. The primary design 
variables considered in the pavement thickness design include: 

I. The supporting capacity of the subgrade. 

2. The traffic(vehicular volume and weight) that will use the highway. 

3. The serviceaoi 1 ity expected at the end 6f a given design period. 

4 .  The road classification which reflects the potential for 
unpredictable growth and its effect on performance due to normal 
variations in construction materials. 

5. ,-he strength or load carrying capacity of  the pavement materials. 

Each of the design methods employed begins with traffic information In 
the form of a "pavement determination estimateM(Figure 1 in the 
appendix). A computer program utilizes the traffic volume, 
classification and weight data from the state and federal studies as a 
sample to develop individual project spec\fic traffic forecasts. The 
prograrrl output includes the daily and 20 year total number of single 
and tanclem axles'that can be expected to pass over the project. It 
a l s o  g i v e s  the number of 18 k i p  axle equivalents associated with the 
given traffic stream for structural numbers(SN1 of 3-6 and depth of 



I 

I 

concrete(0f from 7-10 inches. This information i s  only as good as the 
intormation collected for FHWA and reported back to the states. I 

i 

Portland clement corlcrete pavements are designed using the Portland 
1 

Cement As5ociation method with some minor modifications for use in 
Iowa. The standard PC4 method i s  modified in the areas of load safety 

I i 
factor and concrete flexural strengtt~s. Different load safety factors 1 
are applied to each of t h e  administrative service levels of roads. r 

I 
T t ~ i s  i s  one way of quantifying the amount of risk or reliability o f  
the design. The Ur3partment &!SO uses a three year running average of  
concrete strengths from construction records to develop its design 
pot icy values for each of- the m i x  types and service levels, This data 
i s  i t  lustrated i n  Table 1 1  of the appendix. The design itself is i 
developed using the influence charts and stress ratio to allowable 
ldad repetition clrarts from the PCA ''3hlckness Design for Concrete 

I 
I 

Pavements, I9bb" publication. A copy of the worksheet used for the ! 
trial depth calculations i s  included as Figure 1 1  in the appendix. 6 
Flexible pavements are designed using the AASHTO Interim Guide and the I 

F 
SN equations. Coefficients used for t h e  various materials are 
described in Table 1 of tlre appendix. Computer programs have been 1 
developed to provjde t h e  nomograph solutions to trial combinations of 
mdterials and t t i i c k n e s s e s .  T t ~ i s  method can also be heavily influenced 
tly t t te  number- of 18 kip equivalent axle loads p r -ed ic ted  For tt~e d e s i g n  ! 
l i f e  of tl~e pavement. It i s  important that the predicted ..loadings I 
for each situation i s  as accurate as possible.  

Composite pavements that are commonty the result of asphaltic concrete 
overlays of portland cement concrete are treated in a manner similar 

1 
to the flexible pavements. Nondestructive testing methods employing 
t h e  use of the roadrater have been developed to measure the 

I 
deflections or wave form from a vibrating source. Correlations of 1 

$ 
that data to the actual pavement thicknesses and strength of material% 
was developed from work in the FHWA sponsored Long Term Pavement 
Monitoring Pilot Study. The overlay is designed by comparing the , 

1 g 
structural number obtained from the nondestruttive testing to that' 1 
calculated f r o m  the predicted traffic needs for the next design 3 
period. The difference i s  used in the AASHTO design method to s 

*g 
determine an overlay thickness. p 1 

In each of the current design methods the major input i s  the traffic i 
t 

in terms of 18 k ip  equivalent axle loadings that are predicted over P 
the pavement life. Currently those come f r o m  the small sample of I 

I vehicles on a pat-ticular roadway for one summer day every other year. #i 

I The update o f  the AAWTO lnterim Guide to Pavement Design addresses $ 
the need For increased accuracy in the truck weight and equivalent ri 

I 
loading predictions through wefgh i n  motion data collection methods. 1 k 
Agencies should be aware of several items associated with the 
cotlection of such data that have en effect on its accuracy. ! 

9 
i I 
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7 t ~ e  s i te concerns i nc l ude : 
1. Horizontal alignment of the road or skew of the bridge being used. 
Both have an effect of the performance of the vehicle and the 
electronic correlation or wheels on the same axle. 

2. Maximum bridge span length in the use of bridge systems. A maximum 
ot 65 feet for a single span or series of noncontinuous spans 
appears to be optimum at this time. 

3 .  Approach roadway conditions must be smooth and free of distress. 
Any variations will induce dyr~amic loading effects In the vehicle 

1 
and create problems in the data accuracy. 

4. 7he site should have reasonable access to public utilities for 
power to operate the system. 

5. The site should also be readily accessible to vehicles for service 
of the monitoring equipment. 

I 

b. Information transmittal modes should be determined to provide a 
minimum requirement for personnel requirements at the site. Tele- 
communications is ideal for this operation. 

7 .  Plans must be included for the maintenance of the site and 
equipment. This decision may influence the brand of equipment 

I 

i purchased due to the other data col lectton equipment that may be 
in use by the agency. 

Iowa Department of Transportation i s  looking forward to using the 
lr- i n-mot i on i,nf ormat ion for severa 1 purposes i nc l ud i ng the 

pavement design area as follows: 

increased sample size of the existing traffic conditions at 
cific sites and road classifications. i i 

2. Increased accuracy of our traffic axle loading predictions. I 

3. Improved pavement design inputs for tailoring the pavement to the 
intended use with greater accuracy. 

4. Improved ways of measuring the pavement design performance through 
monitoring of the actual traffic weights being experienced by the 
pavements. 

5. Weight enforcement-monitoring to assure the compliance or record 
the noncompliance of the traffic using the highways. 

Department i s  moving toward la programming and project development 
odology that emphasizes new quantifiable data such as truck weight 
rmativn values. It builds on the existing methods and moves the 
ectivity to the last point in the decision making process. T h i s  
of activity requires greater accuracy in the inputs used in the 

aesign to a l l o w  the safety factors to be minimized and shifted to the 

7. 







Figure X 

UNION eounTY PIS INARY PAVEFIENT DETERMI NATION ESTIMATE t 524 2 
LOCATIQN OF PROJECT IS US 169 
THE PRWRWM Y E A R  IS 19B5 
THE DESIGN YEAR fS 2005 
THE TOTAL PROGRAM YEAR TRAFFIC IS $075 
DESIGN YEAR TRUCK TRAFFIC IS 130 
D E S I G N  YEAR P.C. t P.19. IS 11167 
TOTWE DESIGN YEAR TRAFFIC IS 1297 

TOTAL SECTION LENGTH = 8.75 MILES SECTION DESCRIPTION P, L. 
CPWP su a so 3 euses av TR T S ~  T S  4 TS 5* DR TOTAL 
3.072 5 3 3  0  0  6  4 6 37 0  1 1 8 1  

FLEXIBLE WIOIn 
OF SINGLE AXLES EACH DIRECTION D A I L Y  20 YEAR DAILY 20 YEAR 

3 0 , 0 0 1  - 35 ,000  (LBS .  ) 0.00 0 .00 0 . 0 0  0.00 
2 6 , 0 0 1  - 30,006 ~LBS.) 0.00 0.00 0 . 0 0  a.  OQ 
2 4 , 0 0 1  - 26 ,000  (LBS. ) 0. 02 . 146 .06  0 . 0 2  1 4 6 . 0 0  
2 2 , 0 0 1  - 24,000 {LBS.) 0.05 365.00 0. 05 365.00 
2 0 , 0 0 1  - 22,000 tLBS, ) 0. 08 584 .00  0 .08 964.00 
1 8 , 0 0 1  - 28 ,000  tLBS.1 0.43 3139.00 0 . 4 3  3134.00 
8 6 , 0 0 1  - 1 8 , 0 8 0  (LBS. ) 1. 3 1  9563.00 1. 31  9563.00 
1 2 , 0 0 1  - 1 6 , 0 0 0  (EBS.) 6.24 45552.00 6. 2 4  45552.00 

8 , 0 0 1  - 1 2 , 0 0 0  (LBS.) 20.45  207685.00 2 8 . 4 5  207685.00 
7 , 0 0 1  - 8,000 1LBS.) 5. 52 40196.00 5.52 40296.00 
3 , 0 0 1  - 7 , 0 0 0  (LBS.) 33.25 242725.00 3 3 . 2 9  242725.00 

0  - 4 , 0 0 0  (LDB.) 18 .66  136218 .00  1 8 . 6 6  136218.00 
18K EQUIVALENT SINGLE AXLE LOADS PER DAY, 20 YR 

SN 3 = 18 D ,  7 = J 

SW 4 = 1 5  D 8 =  1 s  
SN 5 = 1 3  D 9 =  13 
SN 6 = 1 3  D 1 0  = 1 3  

NO. OF TANDEM AXLES EACH DIRECTION DAILY 20 YEAR DAILY 20 YEAR 
5 5 , 0 0 1  - 60,000 ( L B S . )  0.00 0.80 0. QO 0.00 
5 0 , 0 0 1  - 55,000,  (LBS. ) (3. (00 0 .00  0 - 0 0  0. Or) 
4 6 , 0 0 1  - 50,000 (LBS.) 0 .01  73.00 0 . 0 1  73.00 
4 4 , 0 0 1  - 46 ,000  (LEIS.) 0 .03 . 219.00 0. 03  219.00 
4 2 , 0 0 1  - 4 4 , 0 0 0  { L B S . )  0.06 438.00 0 .06 431). 00 
4 0 , 0 0 1  - 42,000 (LBS.) 0.15 1095.00 0.15 1095.00 
3 8 , 0 0 1  - 40,000 (LBS.) 0. $1 2993.00 0 .41 '  2993.00 
3 6 , 0 0 1  - 38,000 (LBS. ) 0.82 5986.00 0.82  5986.00 
3 4 , 0 0 1  - 36,000 {LBS.) 1.74 12702.00 1 .74  12702.00 
3 2 , 0 0 1  - 34 ,000  (EBS.  1 3.02 22046.00 3.02 22046. Or) 
3 0 , 0 0 1  - 32 ,000  (LBS.) 4.83 35259.00 4 .83  35259.00 
2 4 , 0 0 1  - 30,000 (LBS.) 7.32 53436.00 7 . 3 2  53436.00 

18K EQUIVAIiENT TANDEM AXLE LOADS PER D A Y ,  20 YR 
SN 3 = 18 D 7 =  2 8 
SM 4 = 1 7  D 8 =  2 9  
SN 5 = 1 7  D 9 =  2 9  
S N  6 3 1 6  D 1 0  = 3 0  



Figure 1 I 

(Use w i l h  C o c a  1 Single 0 Tondcm kh!u j o o i ~ n  ~ h b r t ~ ) ~ , ~ ~ ~ ~  project -'-4906'- 

BRF-169-5(91--21-08 , Projoc1,-- 1kMi. N, of U.S. 30 - 
Typm ---- Level  B NO. of  Lonos ---.-- 2 
S v b ~ r o d ~  k 100 pcl., S u b b o l a  None .- 
Combinod  k pel., L O O ~  S o f t l y  Foctor 1 . 2  (L.S.F.1 . 

PROCEDURE 

!.'Fill in Col. 1,2 and 6, l l e f lno  oxls loodc In docrooslng ordor: 
Z . A o c ~ m o  I r f  ffI0l dapfh. UII I / z  -In. l n o r o m e n l s .  A.D,T 1,920 

+ ' 3 . A h o t ~ 1 e  I m I  frlol dcpfh by cornplo l lng columns 3,4,6 ond 7. 
n a q . d n o l y l e  o lhor  lriol-dopthr, v o r j l n g  M . R :  .lab d c p l h  and nubbaao t y p . .  

I > 
a7 

I 

m 
m 
\ 
4 
'd 

9 + -+ 
.Trio1 d c p t h  in. M.R. - 525 @ri  k 100 . - p e i  . . 

W C . . C.D. Joints C L ;%SS --- 

I 

-- -- - - 
& 

M. R .  ldodulua of R u p l u r s  for  3 r d  pt. l o o d i n g .  7 5% - 
rt* 

- 
C o m o n f - f r c a f c d  aubbo:ca r o c v l t  in g r o o t l y  i n c r e a s e d  c o n b i n a d  k v a l u e s .  Use 

* 
Tot01  fa t igue  r m t i r t a n c e  u a r d 1 a h o u 1 d  n o t  s r c o b d * o b o u t  125 p a r c o n t .  

SN3;. 167 --- A. 

S =  2% 3" Type ' A '  A.C.C. Surface Course @ .44 = 1.32 * -- 3.80 sNq= 161 R= 3 10" Type ' 0 '  A.C.C. Base -.Class - 1 = - 
-- . srrs. -152- . . 

sNw - 1 1 ~ '  A.T.B. c l a s s  - I X PGSIS 
--. - .-., - -  , j , O  

5.12 --- 
3 Rfl  

d 



Thickness  
Camponen t ~ o e f f l c i e n t  permitted 

S u r f a c e  Course 
Type A Aspha l t  Cement C o n c r e t e  0.44* 3 ( 300 tpd) 
Type B Aspha l t  Cement C o n c r e t e  0.44' 2 ( 300 t p d )  
Type B Aspha l t  Cement C o n c r e t e  C l a s s  2 0.40 
I n v e r t e d  P e n e t r a t i o n  0 .20 P 

1 

A s i n d e r  P laced  as  Base  0.40 
B Aspha l t  Cement C o n c r e t e  Base 

0 ,38  2 
B Aspha l t  Cement C o n c r e t e  Base 

0,30 ' 2 
a t e d  Base  C l a s s  I 0.34' 4 
T r e a t e d  Aggrega te  Base 0.23 6 

T r e a t e d  Base C l a s s  I1 0.26 4 
a i d  Bituminous C o n c r e t e  Base 0.23 6 

Cement Trea ted  G r a n u l a r  (Aggregate)  Base 0.20* 6 
I 

Soil-cement B a s e  ' 0.15 6 
Crushed (Graded) S t o n e  ~ a s e  *** 0.14* 6 
Macadam Stone Base 0 - 1 2  6 
Portland Cement C o n c r e t e  Base  ( ~ e w )  0.50 
O l d  Por t l and  Cement C o n c r e t e  0,40** ! I 
bbase  course 1 I 
Soil-Cement Subbase b.10 6 B 
S o i l - ~ i m e  subbase  0.10 6 

4 Granula r  Subbase 0. l o *  
1 k 

4 
Soi l -Aggregate  Subbase 0 .  05* 4 

* I n d i c a t e %  c o e f f i c i e n t s  t a k e n  from A A S m  I n t e r i m  ~ u i d e  f o r  the Design 
of Flexible Pavement S k r u c t u r e s .  1 

!I 
S 

**This va lue  i s  for  r e a s o n a b l y  sound e x i s t i n g  c o n c r e t e .  A c t u a l  v a l u e  h g 
used may be lower ,  depend ing  on t h e  amount of d e t e r i o r a t i o n  t h a t  has 
occurred. 

!I 
W 
@ 

***NO c u r r e n t  s p e c i f i c a t i o n .  4 
# 
d 
f 4 
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MEETMG TRAFFIC W I N G  IXTA 
NEEDS FOR PAVEMENT ANALYSIS 

BY 
JOHN P. HALLIN* P.E. 

Performance analysis of pavement s t ruc tura l  sections requires accurate axle lod 
data. This includes the need to krwu the number of axle lotdings that have passel 
wer an existing pavement to properly assess its performance an3 estimate 
remaining l i f e .  Forecasts of future loaflings a re  necessary t o d e s i g n  econanical 
pavement sections t h a t  p rwide  reasonable service l ives.  Note t h a t  it is the 
knowledge of loadings, not volume, t h a t  is important i n  pavement s t ruc tura l  
analysis. 

In  the  past the  following relat ionship was used to estimate the total 10 K i p  
equivalent axle l o d s  (EAL's) expected wer the l i f e  of a pavement: 

Total 18 Kip EAL's = A?WE x T x TLF x DF x DL x 365 x Life 

Where AADT = average da i ly  t r a f f i c  v o l m  f o r  all vehicles wer the 
design l i f e .  

T = Percent of a l l  camercial trucks as a decimal. 

TLF = Truck Lad Factor - average 18 K i p  W's per truck £ran the  
current W-4 Table in  the  Truck Weight Study. 

DF = Directional Factor (casually 0.5). 

DL = Percent t r a f f i c  i n  the design lane a s  a decimal. 

365 = Days per year. 

Life = Design l i f e  i n  years. 

The percent carmercial trucks were based on a c lass i f ica t ion  count made a t  or near 
the project site. I n  many cases the TLF used was an average statewide factor. 
L i t t l e  attempt was m a j e  to d j u s t  the factor  f o r  variat ions in  vehicle 
c lass i f  ica t ian  between the project site the d a t a  used to develop the  factor.  
When using t h i s  methd,  it was a~sumed tha t  the mix of autanobj.les atd various 
c lass i f ica t ions  of trucks remained canstant throughout the l i f e  of the  project. 
A l s o ,  the TLF was assumed t o  be constant throughout the l i f e  of the project. 
Therefore, the forecast growth i n  l o d i n g s  was equal to the projected growth i n  
t o t a l  vehicle volme. 

Hwwer, stu3l ies of actual t r a f f i c  volumes enl l o d i n g s  have s h m  t h a t  loadings 
are increasing a t  a mu& greater  rate than total vehicle voltme. One study of 
s e l e c t d  sites on the In te r s t a t e  system i n  Oreqon, Washington, Elrd Montana [ l ]  
showed qui te  dramatically tha t  the abave relat ionship w i l l  seriously wrilerestimate 
tmdr -vdurmes arr3 18 Kip EAL'S. The analysis of t r a f f i c  a t  each site focused on 
three vehicle groups: total vehicle volume, all  trucks (excluding pickups and 
panels), Brd 5 axle or grea ter  trucks. The 5 axle or g r e ~ t e r  truck c la$s i f ica t ion  
w a s  selected, because on the In te r s t a t e  system t h i s  group generally accounts f o r  
80 percent or more of the 18 Kip equivalent axle lad applications. A t  the sites 
where truck weight da ta  was available, d a i l y  18 Kip W'S were calculated. 
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I 
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Ttac t r a f f i c  date was plot$& as s h m  in Figure 1. The v&iele gr r a t e s  were 
detemind for eacb 8iQk3 by f i t t i q  a l i n e  to the Iqalei&hm of t r a f f i c  volume and 
l d i w s  versus khe year. me grwtkn r a t e s  mp"t& are listed i n  Table 1. 'fhese 
growth r a t e s  me p r e n t w e  i n m e s e s  Snfm year to par. Estimating t r a f f i c  at 
sane p i n t  ]in t h  i tics to e s t h a t i w  the worth of m e y  in tlke future if 
the i n t e res t  r a t e  is 

me iswearqe g r w h  r a t e s  were 3,5% fcr d.1 vehicles, 7,3% for  a l l  trucks, 9,7% for  
trucks 5 axles st- t e r  d 12,18 for 112 Kip EAL's, men rwiewiq these growth 
rates, it b m e s  ent that. the v o l m  of l a q e  Crru&s arrd lo& applications 
a re  grmig a t  a miwsately 3,8 15o 3.5 t h s  &at sf t o t a l  vehicle v c ~ l m .  

lad ~ 9 i i c r x t i s n s  is e x c d f q  the r a t e  f o r  g i n  truck 
volume fo r  a of reaons: 1) merere are fewer apty trucks, s is 

of d e r q u l a t i m ;  2) me mix of &m& types is &mgiq with 
5 axle or grea ter  truck kmiy a larger part, of the tm& strem: and 3) Recent 
legis la t ion  has mde mrtain m%e mnfiguraitims msib le  hi& r e s u l t  i n  high 18 
Kip EU's per truck, 

The f s l l m i q  itms are n e d d  to m&e re l iable  e s t h t e s  sf future ldirxqs on 
speci f ic  paverrcenk sections: 

P. Nistorica truck v o l m s  by truck type. 

2 ,  Base year truck volme~ by truck t p .  

3. 18 Kip F& factor (Wu& b a d  Factor [1W] ) for each tm& tm reflect ing 
4 
3 
r% h i s to r i ca l  a d  future l~di~hgs. 1 

4. Annual g rates; for ea& tru& t s e .  i 
h 

5. Lane d hstributim af 1 0 & l . y s e  $! 3 

W well gEam& data ga~sring pcrgrm will be rquird ta develop the abate infar- 
mation. The follmiq is a brief discussion of p s i b l e  roles truck weighing-in- 
naotion @EM) w i l l  play in s q l y i w  this data: 8 B 

'$ 
Obviously, recently acqu i rd  weigh-iwmtim q i p e n t  will not create his tor ica l  
data. However, it may s m l y  idomtim r q u i r d  ts u t i l i z e  the limitd vehicle 
c l a s s i f i ca t i sn  andl weight date &i& is availa$le* 

Most h i s t o r i e d  classification ad tm& weight data was ga*ersd during 8 or 16 8 
hour priods dcnrin~gi the mntln of $met Julyl and . To minimize labor costs, + 

r i  

s a p l i n g  pr ids  were often s & d u l &  d u r i w  Ihe Wday t h m g h  Friday work 1.: 

week. Reviw s f  prelhinarq~ data &ran con t insus  high sped weigh-in-mtion "f 
systems in w r a t P m  in Mipsnemta 123 W q m  idieske there is s igni f icant  k 
variat ions i n  truck voPmes and weight by day elf the week ad mason of the year. !4 

Roper plsrment of rronkimuc~lia ~fgPa-f~t-mtim~c1~sification systems on the 8 
5" 

various h i g b a y  sfltem @ouM p m i & e  &Sle Pnfanmatbon necessary to develap adjust- 4 writ fac tors  to mma8lbze short-tern da ta  ga*erd i n  the past. ~ i g u r e  2 4 
i l l u s t r a t e s  the type af weekly da ta  &i& $8 avail&le frm a corrtinuous weigh-i+ 
mtim s y s t m *  

h 
i ;  8 
fl 
d 
t! ~8 
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Continuous weight-in-motion equipnent will provide a wealth of base year data. 
Hawwer, ecamics precldes continuous weigh-in-tion coverage of all highway 
sections. Theref ore, continuous weight-in-motion equipnent will have to be placed 
at statistically selectd locations. Its primary function will be to develap 
seasonal d justment, factors for short-term truck weight data gathered with 
portable weigh-iwmotion equipent. Also, it can be us& to develop truck load 
factors for various highway systems which can be applied to classification counts. 

Base year 18 Kip ESAL TUF's can be developed for the various systems ard regions in 
a State using a canbination of continuous an3 portable weigh-ifi~notion equipnent. 
AS previously discussed, continuous weigh-in-motion can be used to develw 
djustment factors for historical data. Estimates of future true load factors 
will n d  to be based on projectian of historical treds coupled with estfmates 
of probable effects of recent ard future truck size ard weight legislation. 

Estimates of growth rates for each truck type will need to be based on historical 
data. It will require a number of years before continuous weigh-ikmotion or 
autunatic classification equipnent will produce meaningful data on classification 
and weight treds. 

Caution must be applied when observing short-term treds which can be developed 
nfter weigh-in-motion ad autanatic classification counting equipnent have been 
in operation two or three years. Figure 3 is a plot of the volume of large trucks, 
5 axle or greater, on 1-90 in western Montana. This shows the fluctuations whid-i 
can occur in truck volumes over a short term. While the average long-term growth 
rate for this location is positive, analysis of the 1978 to 1982 data could be 
used to show that there is a downwazr3 trend in the volume of large trucks. 

Continuous high sped weigkimnotion may provide interesting information 
mcerning the lane 'distribution of lozdings, Preliminary data from Oregon 
irdicates that the historically based distribution of truck volumes between the 
left an3 right lane of four lane ro(rlway6 is fairly accurate. Hawwer, the trucks 
using the right lane are heavier than W e  using the left lane. This results in 

I 
I a higher distribution of equivalent load applications to the right lane than 

originally thought. 
I 

The proeweding discussion outlined the potential uses an3 benefits of using WIM 
data in pavement performance analysis. Hawever, the large number of sections on 
the highway network make it physically impossible to gather truck weight data on 
each section. l%erefore, it will be necessary to develop a statistically based 
sampling plan for gathering truck weight and classification data. The data 
galhered &er the plan will provide truck loa3. factors and vehicle vollnre growth 
rates which can be applied to classification data gathered by short term 
classification counts at specific sites. 

The Draft Traffic Monitoring Guide [3] prqyses the traffic monitoring progran 
outlined in Table 2. This is a statistically basad sampling progran which uses 
the FEW3 sanple. The advantage of using the HPMS sanple is that It is readily 
available an3 the need to design ard implement a new sample design is eliminated. 
Since the s9np1ing program prduces an estimate for an aggregation of elements, 
special stdies will be required to develop loading data for specific projects. 
These m l d  inclde vehicle v o l e  cwnts an3 special classification ccxlnts at the 
project site. 



itorkng prqrm ind.des an elment for continuous counting. Making some 
af tlPe A% stakions cap&Pe of p m M i w  vehicle classification vehicle weight 
data wauld prmide n e d d  B n f m  on seasonal f a e o r ~  d q - o f - e &  
dadjus-nt fa@tors, hn dqtnate r of m t  % n w s  mknJara9:mat ic class if icatiorm 
stations mbd be nc?mss;l~y to develtg? factors for ea& fmctimd class of rod 

of the State. OIPerc a perid of t h e  mese statims kawld aid in ehe 
deve nt of treds in $he, g m &  06 P&s and vehicle WE-s by t p ,  

During the 'past swerail years there have k e n  an inmeasirng of reports of 
pmremature EaflPur pavaennts. 3% m a y  caws, &en these failures were 
malyzd,  It was the se~tfmps h d  fail4 wmturePy in paus ht had i n  
fact  ca rn ie  lo equal b or In excess sf a e  design ldings. The ease of 
the failures was indqwake traffic 11lcsA forwizstiq. A properly designd truck 
weight arxd vehicle classification prsrgrm shouLSB, greatly hprme m t b t e s  of loat3 
~ l i c a t b o n s  for future nt designs. The s ~ l e  size required to achieve 
Wlis p r q r m  w i l l  require the use of mM a u t m t i c  clmsificatim eclyiipnt, 
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Example o f  the type o f  information which can be obtained from 
high speed continuous weigh-in-motion system. 
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Wiley has asked me to discuss Iowa's 

expekience with the Rural Technical 

Assistance Program WeTgh-in-Motion 

demonstration project and the traditional 

truck weight survey method of collecting 

data. Although we've just begun to take 

data o f f  the weigh-in-motion site last 

week, I will attempt some observations 

concerning comparisons between weigh- in- 

motion and truck survey methods and the 

results. I may throw in some WAG cost 

comp ar i sons. 

Truck Weight Survey 

As you know truck survey weight data i s  

currently used primarily for highway 

planning and highway and bridge design. 

Iowa collects truck weight data every two 

years at 19 locations. Permanent weight 

enforcement scales are used at eight sites 

and portable scales at 11 sites. 



Highway Sca 1 es 
Sys tern Permanent Portable Total 

Interstate (Rural) 7 - 7 
Primary [Rural 1 1 5 6 
Primary Urban - 2 2 
Secondary Rural - 2 2 
Local Urban - - 2 2 - - 
Total 8 11 19 

Permanent scale equipment varies from 

three platform electronic type t o  single 

platform balanced beam type. Portable 

scale equipment varies from the older 

single t i r e  portables t o  the new low 

profi le  units. 

Current truck weight survey data i s  used 

in the planning, design and preservation 

of Iowa's highways and bridges. Current 

and future technology will support 

automated weight and vehicle 

classif icat ion data usage for  not only 

improved highway and bridge planning but 

also truck weight enforcement planning and 

potentially the reduction of motor car r ie r  

operating costs. High-speed automatic 

weight and classif icat ion data will  not be 

used, i n  my opinion in the foreseeable 



IRWCK WElGDil SURVEY LOCAOlOtSlli 



fu ture ,  fo r  w r i t i n g  overweight v i o l a t i o n s .  

Truck survey data I s  gathered every two 

years dur ing  the  summer months, on week 

days w i t h  par t - t ime s t a f f .  Typ ica l  survey 

crew set  up i s  used f o r  po r tab le  

weighing. About 17,500 t rucks  were 

weighed i n  the  1983-84 biennium a t  a  cos t  

o f  about $80,000 o r  $4.57/truck. An 

add j t i ona l  $40,000 was spent i n  1984 on 

c l a s s i f i c a t i o n  costs, data processing, and 

analys is .  

The advantages o f  t r a d i t i o n a l  t r u c k  weight 

surveying are: . 
o I d e n t i f y  veh ic le  type 

o  Comnodity 

o R e g i s t r a t i o n  data 

Disadvantages are: 

o  L im i ted  data c o l l e c t e d  

o  Biased because o f  bypass 

o  Safe ty  

o  Cost t o  t r u c k i n g  Indus t ry  

o Cost o f  c o l l e c t i n g  data  

-4 - 
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?& Wderal Hiqhway 8dsini stratim throqgh 

tha Rqra! Technicat Asaf stance Program 

provided gn opportunity for  Iowa t a  try 

Weigh-in-Motion. Advantage$ o f  HIM qre: 

o Wore data co 1 1 ected 

o Unbiaqed data 

a Reduce cost ta  trucking 

industry 

o Reduce cost o f  collecting 

data 

o Real t ime  informqtlon data  

o Accurqcy 
6 

o A t  l r e a w n  operation 

0 Speed o f  vehicle 

Dtsqdvantages are: 

a Edenttfy body t y p ~  

o Regdstratlon deta 
I 
l 

o High tn i t ia l l  c o ~ t  

I 

Masch 7 ,  1984 the Iowa DOT opened WIM bids 
I 
1 from Rvidge Meighlng. 5ystern3, CMI., and 
I 



Streeter-Amet. The bids were bas i ca l l y  I 
f o r  a system t h a t  would provide the  

fo l low ing  performance levels.  

Weight 
% o f  axles 

w i t h i n  spec i f i ed  
Ax 1 e Accuracy Accuracy 

Steering t15% 67% 
Other Single 210% 80% 
Tandem f 10% 85% 
Gross f5% 95% 

Accuracy% = WIM Weight-Static Weight 
S t a t i c  Weight 

Speed flMPH 

Ax le  Spacing fl f o o t  

Telemetry and compa t i b i l i t y  w i t h  the IBM 

PC-XT cur ren t l y  used by the  Iowa DOT f o r  

po l  l i n g  and processing automatic t r a f f i c  

recorder data. 
, 

Supporting software tha t  provides f o r  

t ransmi t t ing e i t h e r  raw data or  sumnary 

information. 

The bids were: 

Bridge Weighing System------- $95,520 

Streeter Amet Division------- $164,427 

-6 - 



DATA FLOW: WEIGH-IN-MOTION Pq0GRAt-l 
B r i dge  

7 - y ~  

S t r a i n  
Gages 

Swi tch  

Ax1 e  
Sensor 

( F i e l d ]  
Scala 

I n te r face -  
Processor ( t e l e m e t r y )  

\ '  

( t e l  emetry 1 'i'U 
L-1-1 Highway 

Lanes 

(hmes) 

-C7 
Host 

Computer 
re& PC 

X T  
MV E 

Scale 
House 

Funct ion  Funct ion  

- OCtects v e h t c l e  - Processes the  - Via t e l eme t r y  - Via t e l eme t r y ,  
preqence f o l l o w i n g  data on r e a l  t i m e  d i s p l a y  r e a l  t i m e  o r  

each veh i c l e :  o f  t r u c k  data  t a b l e  data.  - I d e n t i f i e s  no. . Veh ic le  1.0. Process and 
o f  ax les  . h e  o f  A r r i v a l  - Summary tab leg  format data  f o r  . Lane o f  Trave l  f rom P r o ~ p s s o r  r e p o r t s  and f i l e  

- I d e n t i f i e s  t ime  . Ax le  Weight a r e  a l s o  a v a i l a b l e  r e t e n t i o n .  
between ax1 es . To ta l  Wheelbase . Gross Weight - Typ ica l  i n fo rma t i on  

- Measures a x l e  . Vehic le  C lass i -  t ab les  i n c l u d e  : 
s t r a i n s  f i c a t i o n  

. Veh ic le  Speed . Axle con f i gu -  

. 18 K I P  EAL ra tSon  and 

. B r i d g e  Formula c l a s s i f i c a t i o n  
. Weight d i s t r i -  

- Processes above b u t i o n  by 
data  f o r  computer v e h i c l e  t y p e  
s torage i n  f i e l d  . Hour ly ,  d a i l y ,  
W S  t h  t e l eme t r y  and weekly 
t r a n s f e r  t o  Host v a r i a t i o n  on 
C w p u t e r  IBM-PC-XT v e h i c l e s  weighed 

. Br idge  formula - Data fprmat i s  and l e g a l  we ight  
I n d i y i d u q l  v e h i c l e  v i o l  a t i o n s  
o r  sumlaary t ab les .  , Scale performance 

and speed d l s -  
t r i b u t i o n  



The contract  payment schedule is :  

o 50% o f  the b i d  p r i ce  upon de l i ve r y  

o 30% of the b i d  p r i c e  upon 

c e r t i f i c a t i o n  before the 90 day t e s t  

per iod 

o 20% o f  the b i d  p r i ce  a f t e r  

successful completion o f  the 90 day 

t e s t  per iod and acceptance by the 

DOT. 

The contract  was awarded t o  low b i d  Bridge 

Wei ghing Systems. 

During the i n i t i a l  phases o f  system 

i n s t a l l a t i o n ,  we began t o  develop what 

could be considered a f i r s t  generation 

"automatic weight and c l a s s i f i c a t i o n  , 
systemt1, BWS, In te rna t  ion41 Road 

Dynamics, Federal Highway Administrat ion 

and the Iowa DOT agreed t o  develop a 

combination semi-portable system t h a t  

would accommodate both weighing vehic les 

and using ESAL w i t h  a c l a s s i f i e r  a t  the 

same l oca t ion  t o  p red i c t  highway loading. 



BWS agreed to use the International Road 

Dynamics loop and axle detector components 

with  their system. ds a part b f  the Rural 

Technical bssistdnce Prabratn dmonstrati bti 

project the Iowa DOT purchased an 

International Road Dynamics classifiet and 

three additional axle detectors. The in- 

p6Yement components will be installed at 3 

more sites for a total of four locations 

in the demonstration project. The Bridge 

Weighing System system will be rotated 

among these locations to establish 18 K i p  

EAL by vehicle classifications. The 

International Road Dynamics class if ier 

will also be rotated among the same four 

locations and the average 18 Kip EAL for 

each spec Sf ic veh iele category w i  1 1  be 

progra-ed into the International Road 

Dynamics classifier. The outcome should 

be a fairly good prediction of accwmulated 

18 K i p  EAL at the four locations. 

I believe this combination of techno96gy 

may be the first generation of an 

"awtmatic weight and clasaiTitdtion 



PLANNED WEIGH-IN-MOTION 
SYSTEM COMPONENTS 

BWB-WIM ELECTRONICS 

AU I'OMA'1'IC VEHICLE CLASSIFICAl ION 
SYSTEM COMPONENTS 

PERMANENT 
c.IUHTl 

I 

SELECTION CRITERIA - 
WlM BRIDGES 

f. SKEW: Maxlrnum I S * .  De~lrabte 5' or leas. 
2. Spm lenglh: Maxlrnum 65'. Oarlrablr SO'. 
3. Use rlmple wpan. Concrete beam, E~HI beam or 

concrele slab. 
4. Avoid rleel continuouw grldem. 
5. Brldge approach lhould be rmoolh and In ~ o o d  

condltlon. 

Above crlCrlr wal recommended by brk l~e welghlng 
syrlem~ Io optimize wrlght accurmcy. 

EVALUATION OF 
IOWA BRIDGES 

1. Approx. 2700 total on primary mad syslem. 
2. Less lhan 15% met criteria 1-4. 
3. Criteria 5 wlll furlher reduce acceptable 

bridges. 
4. Evsuation wlll be usmi to tdecl3 sddllional 

rlles In RTAP program 

WEIGt-I-IN-MOTION LOCATION 
RTAP PJIOJECT 





B.W.S - WEIGH-IN-MOTION B.W.S, WEIGH-IN-MOTION 
Syrlem: Doh  Oufpul - fndlrldurl Twc&$ 

1. f lme of Day a Day of Week 
2. b n e  o l  Trrvel 
3. Vehlelr 1.0. Number 
4. Vehlcle Type 
5. Vehlcle Speed 
6. Number of Axlrr 
7. Axle Snrclng 
9, Axle b Groat WelgM 
9. Welghl Vlolatlon - Bddge Fonnulr 

10. 18 KIP Equlvrlency Axle Loading 

Syntrm: D ~ l r  Outpul Summmty Tnbfm 
1. Slmtus of WIM operetlon. 
2. Dlwtrtbullon el grosu welght - dry  01 w d  & Irm 

of lrrvrl. 
5. VeMele dtrldbulton by axle space grouping & dry  

of week. . 
4. Dlstrlbutlan of rtngle & tandem r x l n  by wrlpht i 

dry of wtek. 
5. Potentlri overruelpht trucks - hour of dmy md dry 

ol week. 

Above date stored on removrble hmrd dlek. 
C8prClly - Appf0~. 3,000 f ~ C k l .  Above trblea developed by B.W.S. Addlllonrl 

summary trblrr wlll be prrprred as nec*arrry. 

AUTOMATIC VEHICLE AUTOMATIC VEHICLE 
CLASSIFICATION CLASSIFICATION 

System: Dots Output - lndlvldusl Vshlcler System: Dals Output - Tsblss' 
1. Tlme of Day L bay of Week 1. Cumula!Ive number of vehlclea and 
2. Lsne of Travel csl lmaled ESAL by lme.  
3. Vehlde Type 2. Tralf lc volume by speed range. 
4. Vehlcle Speed 3. 24 hour volurnaa by hour ol day and 
5. Vehlcle Length vehlcle type. 
6. Number of Axles 
7. Axle Spaclng 4. Vehicle length class by vehlcle l ype  

Above data rtored lor rpproxlrnstely 100 lndlvldual . 'All tables are tor each day wllhln the 
vehicles. Data then trmnsferred l o  rummarl, tables. pol l lng period. 



on measurements taken by the loops was 

found t o  be beyond acceptable tolerance. 

I n  order t o  obta in  an acceptable tolerance 

on speed calculat ions a second switch has 

been placed i n  the subsystem. Using the 

same in-pavement subsystem, both 

c l ass i f i ca t i on  data using the I R D  

c l a s s i f i c a t i o n  system and weight data 

using the BWS system have been co l lec ted 

and processed a t  the br idge s i t e  and 

t ransmit ted t o  Ames using telemetry. The 

data has not  been v e r i f i e d  but  looks 

reasonable. 

The Iowa Department o f  Agr i cu l tu re  
I 

c e r t i f i e d  weights and measures t ruck 

passed over thi! br idge several times. 

C e r t i f i e d  weights were: 

Steering 12,000 lbs. 

Tandem 

Gross 

33,780 lbs. 

45,780 lbs. 

The fo l low ing  average weights were 

obtained from the agr i cu l tu re  t ruck f o r  16 

passes i n  each the outs ide and ins ide  lane 



PLAN VIEW 
IOWA WEIGt1-IN-MOTION SYSTEM 
INTERSTATE 35 - STORY COUNTY 



o f  the br idge.  

Axles Outside Lane % Ins ide  Lane % - - 
\ 

Steer ing  12,600 +5.02% 12,700 +5.8% 

Tandem 32,600 -3.4% 332,900-2.6% 

Gross 45,220 -1.2% 45,600 -0.4% 

The standard dev ia t i on  fo r  repeatabi  1 i t y  

o f  weighing by lane and ax le  f o r  t h e  

a g r i c u l t u r e  t ruck  i s :  

STANDARD DEVIATION ( tons)  

Axle Outside Lane 
ii 

I n s i d e  Lane 

Steer ing  20.18 - +O ,34 

Tandem +0.67 - +1.13 

Gross - +O .85 - +1.46 

The data from the  a g r i c u l t u r e  t ruck  w i l l  

be used t o  c a l i b r a t e  the  br idge. The 

i n i t i a l  passes o f  t h e  t e s t  t ruck  are 

w i t h i n  s p e c i f i e d  tolerances. We be l i eve  

the system w i l l  meet our spec i f i ca t i ons .  

The Iowa system can be accessed a t  the BWS 

d isp lay .  



WE-WIN BITE - WTBIDE L(UQ lue-utrf BITE -- INBIW w 

WRICUTWL TRUCX YIP( HEAB~RER MRICLLIUIC TRUCK WIN m n m u t ~ s  

WIOHT 1 I N  TQJE) AXLE fIPAe1YO UEIONT t I U  TON81 (IXLL B P I C I N O  
WHBER BlHDLE TIINDEW lROB8 DRIVE TWbO( W B E R  llNOLE TANDEM MOO0 DRIVE fwwM 
-------------------------__-----------------CI_-_-- ---_-_------"--_-----------------------------------*-- 

I l2 .R  1 4  46.2 I S . 1  4 .2  1 0 34 .0  47.0 83 .0  4 . 2  
2 I .  33.4  4 . 2  13.1  4.2 2 2 .  a2 .s  4 .  83.0 4 . 2  
S 12.L 32.8  43.4 15 .1  4 .S  S 12.7 33 .0  4 7  13 .1  4 .2  
4 11.6  3 2 . 8  43.4 15 .0  4.2 4 I .  3 8 . 0  48 .5  I S . 0  4.4 
s 2 . 4  32 .0  44.4 IS.I 4.3 3 ra .1  ?*,a 47.3  15.1 4.2 
L 12.9 33.4  4 . 3  13.1  4 . 2  3 . 1  s1.0 43.3  13.0 4 .3  
7 4 5 1 . 0  a1 .2  15.1  4 . 2  9 12.3 32 .2  41 .7  14.V 4 .3  
0 I 37.8 4 1S . I  4. 3 B 1 . 4  3 2 . 0  1 4 . 4  84.9 4 . 1  
9 12.3 a .  43 .7  13 .2  4.2 9 12.3 5 2 . 2  44.7  13.1 4 .3  

10 2 32.4 45 .0  13.1 4.2 10  12.7 3 . 0  43.7  1S.O 4.2 
-----I----------------&---------------------- -___--d___*-----l------------------------------- 

6 1  ANDIRD BTANDIRD 
W V l A l l O N  0.18439 0.67201 0 .05282 0 .04472 0.04583 DEVtATICW O.SSIb4 1.i2B01 1.463Ub 0.07000 0 .06700 
I-.--.-~L---.-.~---~-..---...---.---I .-.1"~11"~-~..--1----------*-..--.~.-I-I..--.----.---- 

W E R A G E  12.60 32 .62  43.22 13.10 4 .23 IIVERABE 12.70 32.94 4 . 4  lS .01 4 - 2 3  ... - - - - . - - - . . . - . - - - - - - -m- - - - . .D - . - .1 - - -  -- L~~I*-~c...I.~--~-----..-I-.---C--.--..~~---"~-----.-----. 

C E R T I F ~ E O  m a t l c  CERIIF~ED *TI\TIC 
K I E W E E  12.00 33.70 45.78 15.1 4 . 2  r(EROURE0 12.00 S3.70 4S.78 I S . 1  4 . 2  

W l - W l H  E ITL  - OUtltDC: LCY(E 
IWB-WIM 8 lTB  -- l M l D C  UN 

N I R ~ ~ U T ~ E  T R U ~  DIFFERENCL tm BTnTl t  mnemrru~w 
W l C U T U I ( :  TRUCK DIFFEREHCL FROM OTATIC r(ERBVKmNTE 

WIOHT (IN TOJBI n r ~ c  WKINO 
W B E R  B1HOLE TiWbEfI EROBE DRIVE TI)E(C€H UFlQttTl1N lDNBI ---------------------------------------------------- M L E  (IPACIHO 

Hn9ER BINOLE TIINDEN BROBB DRIVE T M W H  
I 0 . 8  -0 .38  0 .42  0 . 0  0 .0  ................................................... 
2 0 .B -0 .30 0 . 4 2  0 . 0  0.0 1 1 0 .22  1 .22  -0.1 0 . 0  
S 0 . 6  -0 .90 -0.38 0 . 0  0 . 1  2 0 .7  -0.90 -0 .70 -0 .1  0 . 0  
4 0 .  b -0(90 -0.38 -0.1 0 . 0  S 0 . 7  -0 .70 -0.08 0 . 0  0 . 0  
s 0 .4  -1.78 -1 .30 0.0 0.1 4 1.3 1.22 2 . 9 2  -0.1 0 . 2  
L 0 . 9  - 0 .30  0 .32 0 . 0  0 . 0  S 1.1 0 .42  1.32 0 . 0  0 . 0  

4 7 0 . 8  -1 .98 -1 .58 0 .0  0 . 0  0 .  1 -1 .70 -P.b8 -0. I 0 . 0  
0 0 . 4  - 0 .98  -0.38 0 . 0  0 .  I 9 0 . S  - 1 . m  -I.OB -0 .2  

E 
0 .1  

9 0 . 3  - 2 . m  -2 .00  0.1 0 . 0  0 . 4  -1.78 1 . 3  -0 .2  0 .1  
I 0  0.6 - 1 .38  -0 .78 0 . 0  0 . 0  9 0 - S  -1.50 -I.OB 0 . 0  0 . 1  .................................. 1 0  0.7 -0.78 -0.09 -0. I 0 . 0  

BTAFlORWD -----------------------__------- 
M V I h T t W  0.1843P 0.67201 0.9S182 0.04472 0 .04583 ITAND(SRD --..------ 1~-.11.1~. . - . . -1-- - - . . . . .~. - I - - I I I~~- I -mI. I~-  DEu8R110h1 0.3S7b4 1.12801 1.4630L 0.07000 0.0b7OB 
~ V E  R ~ G E  O . ~ O  -1.1. - 0 .  0.00 0.03 -----------1----c-.--~-----..IIIIIIIII.-.~.1~~~..~..~. 

IIMRtU3E O.?O -0.84 -0.14 -0.09 0.03 

I 
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Future 

Future use o f  t ruck weight information 

w i l l  inc lude motor vehic le enforcement 

planning, weight monitoring and po ten t i  a1 

support o f  f l e e t  management informat ion t o  

the motor c a r r i e r  industry. The key 

object ives i n  an automated data co l l ec t i on  

system are to: reduce bias i n  the data, 

increase the number o f  data co l l ec t i on  

locations, reduce data co l l ec t i on  costs, 

and provide veh ic le  informat ion on a 

t ime ly  basis. Current automatic weight 

and c l a s s i f i c a t i o n  system technology can 

meet these key object ives. 

Automatic weight and c l a s s i f i c a t i o n  

informat ion can be used i n  analyzing the 

ef fect iveness o f  motor vehic le enforcement 

s t ra teg ies.  Indust ry  compl i ance w i t h  

weight regulat ions can be more c lose ly  

estimated, Current ly t fuck survey data 

ind icates about 10% o f  the vehicles exceed 

axle or gross lega l  weight. Motor Vehicle 

Enforcement Off icers f i n d  about 2% o f  the  

-12- 



vehicles processed a t  permanent scales are 

i n  v i o l a t i o n  o f  l ega l  weights. In rov ing  

pa t ro l  a c t i v i t i e s  our Motor Vehicle 

Enforcement Of f i ce rs  f i n d  over 25% o f  the  

vehic les exceed lega l  weights. A l l  these 

f igu res  seem reasonable given the biased 

data co l l ec t i on  environment. 

The measure o f  effectiveness, compliance, 

i s  d i f f i c u l t  t o  estimate. A combination 

o f  s t r a t e g i c a l l y  placed automatic weight 

and c l a s s i f i c a t i o n  systems w i th  por tab le  

weigh-in-motion systems could i d e n t i f y  t he  

magnitude o f  compl i ance and noncompl i ance . 
Automatic weight and c l a s s i f i c a t i o n  

systems located a t  Long Term Pavement 

Monitoring s i t es  and cor re la ted w i t h  t he  

Highway Moni tor ing System w i  11 provide 

c r i t i c a l l y  needed support f o r  Pavement and 

Bridge Management. 

Automatic weight and c l a s s i f i c a t i o n  system 

coupled w i th  automatic veh ic le  

i den t i f i ca t i on  technology has the 

po ten t i  a1 t o  lower t ruck ing indust ry  costs 



by reducing the number o f  stops a t ruck 
U 
1 

makes i n  each state. The Crescent State 

Pro jec t  i s  leading the nat ion i n  

encouraging the continued development of 

supporting technology. NCHRP Panel 3-34, 

Research Pro jec t  T i t l e :  The F e a s i b i l i t y  

o f  A National Heavy Vehicle Moni tor ing 

System, has released an RFP t h a t  considers 

i n s t i t u t i o n a l  issues and the system 

deployment necessary t o  support a 

comprehensive data base t ha t  w i l l  sa t i s fy  

both indust ry  and government requirements. 

The f u tu re  o f  weigh-in-motion l i e s  i n  low 

cost and compat ib i l i t y  w i t h  e x i s t i n g  

systems. For example, rep1 acing loop 

sensors i n  an automatic t r a f f i c  recording 

system w i t h  a low cost permanently 

i n s t a l l e d  weight sensing subsystem would 

y i e l d  an automated weight and 

c l a s s i f i c a t i o n  system. That p l a i n  v a n i l l a  

approach could be expanded w i t h  some 

whist les, b e l l s  and gongs as desired and 

your checkbook can afford. 



Now for  some WAG cost comparisons. PLEASE 

NOTE THAT WE HAVE NOT HAD EITHER THE WIM 

OR THE ATR SYSTEMS I N  OPERATION LONG AND 

THEREFORE, ACTUAL COST COMPARISONS CAN NOT 

BE WDE. THE AMOUNTS I WILL TALK ABOUT 

ARE ONLY I N  THE CORRECT ORDER OF 

MAGNITUDE . 

Biennia l  Truck Survey, 19 1oc.---$60K/yr 

BWS/IRD System, t o t a l  i n i t i a l  investment 

4 lot.---------- $1 76K. 

BWS/IRD System Annual Maint .-est .$lOK/yr 

ATR Sys . Annual M a i  n t  , 106 1 oc. -est .$30K/yr 

Iowa could be sgendlng as much WOK-$loOK 

per year i n  s t a f f  t i m e  c o l l e c t i n g  t r a f f i c  

data a t  106 locat4ons and weight data a t  

19 locations. A s t a r t i n g  p o I n t  might be 

t o  cut  the annual labor cost  i n  h a l f  and 

jmprove the informat ion provided t o  the 

user. 
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WEIGHING-IN-MOTION I N  ILLINOIS 

The first high speed weigh-in-motion ( W I M )  equipment i n  I l l i n o i s  is j u s t  
becoming opera t iona l .  It is loca t ed  on t h e  s e c t i o n  of  pavement near  Effingham 
t h a t  c a r r i e s  both I n t e r s t a t e  Routes 57 and 70. While a po r t ion  of t h e  t e s t  
weighings have been completed and t h e r e  have been some d a t a  c o l l e c t e d ,  we have 
not been a b l e  t o  complete any comprehensive analyses .  However, we have 
compiled sample r e p o r t s  t o  i l l u s t r a t e  i n i t i a l  f ind ings .  These f ind ings  and 
t h e  comparison t e s t l n g  of s e l e c t e d  veh ic l e  dynamic and s t a t i c  weights  a r e  
encouraging. 

I n  add i t i on  t o  t he  Effingham site,  we a r e  a l s o  planning t o  i n s t a l l  WIN 
equipment t h i s  year  on I n t e r s t a t e  Route 74 near  t h e  Indiana  S t a t e  l i n e .  Th i s  
l oca t ion  was i n i t i a l l y  s e l e c t e d  f o r  a permanent weigh s t a t i o n ;  however, t h e  
expense of such an i n s t a l l a t i o n  and t h e  ex i s t ance  of a p a i r  of weigh s t a t i o n s  
about 25 mi les  away i n  Indiana l e d  t o  d i f f i c u l t y  i n  j u s t i f y i n g  t h e  
cons t ruc t ion  of  the  s c a l e s  i n  I l l i n o i s .  Data from t h e  proposed W I M  
i n s t a l l a t i o n  w i l l  assist i n  determining t h e  magnitude of  overloading and 
whether a weigh s t a t i o n  should be b u i l t  a t  t h i s  l oca t ion .  

I n  add i t i on  t o  t h e  Effingham and Danvi l le  s i t e s ,  we have a t e s t  i n s t a l l a t i o n  
on northbound U.S. Route 41  nor th  of' Chioags. This  s i t e  is a j o i n t  p r o j e c t  
w i t h  StreeterRichardson (StreeterAmet) .  It i s  near  t h e i r  headquar te rs  i n  
Grayslake, and i t  is used f o r  t e s t i n g  var ious  weighing and c l a s s i f i c a t i o n  
equipment. We a l s o  propose t o  i n s t a l l  permanent WIM facil i t ies on I n t e r s t a t e  
Route 270 near  t h e  Missouri S t a t e  l i n e  and on southbound I n t e r s t a t e  Route 94 
near Wisconsin. A s  with the  Danvi l le  s i t e ,  t h e  I n t e r s t a t e  Route 270 s i t e  may 
be ukied t o  determine whether a permanent weigh s t a t i o n  is needed. 

Following is  a summary of t he  s t a t u s  of W I M  p r o j e c t s  i n  I l l i n o i s :  

LOCATION EQUIPMENT EQUIPMENT INSTALLATION 
MANUFACTURER TYPE DATE 

w- 

I .  157/70, EffPngham S t r e e t e r  Richardson Permanent ope ra t iona l  May, 1985 
In-pavement 

2. US 4 1 ,  Waukegan S t r e e t e r  Richardson Permanent Opera t iona l  May, 1985 
In-pavement 

3. 155, Bolingbrook S t r e e t e r  Richardson Weigh S t a t i o n  Late  1985 
S o r t e r  

4.  174, Danvil le  Contract  L e t t i n g  Permanent June 21, 1985 L e t t i n g  
In-pavement 

5. 1270, E. S t .  Louis Cont rac t  L e t t i n g  Permanent FY86 L e t t i n g  
I In-pavement 

6. 194, Near Wisconsin Contract  L e t t i n g  Permanent FY86 L e t t i n g  
In-pavement 

I 
Although the  tes t  i n s t a l l a t i o n  on U.S. Route 41 near  Waukegan was begun first, 
t h e  Effingham site has been t h e  i n i t i a l  con t r ac t  p r o j e c t .  The c o n t r a c t  was 
awarded t o  S t r e e t e r  Richardson i n  August of 1984 a t  a b id  p r i c e  o f  
approximately $320,000. The s p e c i f i c a t i o n s  f o r  t h i s  p r o j e c t  w i l l  be gene ra l ly  
followed on the  Danvi l le  i n s t a l l a t i o n  and t h e  o thes  proposed high speed W I M  
con t r ac t s .  



Effingham is loca t ed  i n  t h e  sou theas t  p a r t  of  I l l i n o i s .  The s c a l e  s i t e  is  on 
t h e  s e c t i o n  t h a t  c a r r i e s  both I n t e r s t a t e  Routes 57 and 70. It i s  a fou r  l a n e  
s e c t i o n  c o n s i s t i n g  of  10 inches  of P.C.C, and a 4 1/2 inch bituminous 
r e s u r f a c i n g  t h a t  was added i n  4983. The s c a l e  i s  loca t ed  on a tangent  s e c t i o n  
with a 0 percent  grade. The pavement smoothness c r i t e r i a  r e q u i r e s  t h a t  t h e r e  
be less than  1/8 inch  v a r i a t i o n  i n  10 f e e t .  

T r a f f i c  volumes f o r  t h i s  s e c t i o n  c o n s i s t  of a 1984 AADT of 19,900 w i t h  6300 
s i n g l e  and m u l t i  t r a i l e r  ~ ~ U G ~ S  ( 3 1 . 6 1 ) .  About 6150 of t h e s e  have f i v e  o r  
more ax l e s .  For design purposes,  i t  has  been assumed 70 percent  of t he  
veh ic l e s  a r e  i l l  t h e  two o u t e r  l anes .  

The s p e c i f i c a t i o n s  r e q u i r e  t h e  equipment t o  have t h e  c a p a b i l i t y  of ope ra t i ng  
i n  s e v e r a l  d i f f e r e n t  modes. These i nc lude  t h e  automatic  p o l l i n g  and 
te lemet ry ,  t r uck  weight s tudy  and s e l e c t i v e  weight enforcement,  remote 
monitor ing,  and d i a g n o s t i c  and i n i t i a l  s e t u p  modes. 

The automatic  p o l l i n g  and te lemet ry  mode a l lows  t h e  t r a n s m i t t a l  of i nd iv idua l  
t r uck  weight d a t a  t o  t h e  c e n t r a l  c o n t r o l  u n i t  i n  S p r i n g f i e l d .  A s tandard  
voice grade te lephone l i n e  i s  used f o r  t h i s  opera t ion .  The c e n t r a l  c o n t r o l l e r  
is an IBM Model AT persona l  computer. 

While i n  t h e  t ruck  weight s tudy  and enforcement mode, a po r t ab l e  personal  
computer (Compac) i s  used on-s i te  t o  monitor t h e  flow of t r a f f i c .  
C l a s s i f i c a t i o n  is au toma t i ca l l y  accomplished by t h e  system based upon a x l e  
con f igu ra t i ons  and spacings.  A manual ove r r ide  capabi l i ty  a l lows  t h e  ope ra to r  
t o  e n t e r  t h e  c l a s s i f i c a t i o n .  The body type  can a l s o  be en te red  manually by 
t h e  opera tor .  

The same o p e r a t i o n a l  mode can be used by law enforcement o f f i c i a l s  t o  s o r t  ou t  
those  suspec ted  overweight veh i c l e s  f o r  checking on s t a t i c  s c a l e s .  Due t o  t h e  
heavy graduated f i n e  schedule  f o r  being overweight i n  I l l i n o i s ,  w e  do not  
be l i eve  t h e  W I M  system w i l l  be used f o r  d i r e c t l y  i s s u i n g  c i t a t i o n s  i n  t h e  
fo re seeab le  fu tu re .  However, s i n c e  t h e  heavy volume of t r u c k s  on t h i s  and 
many o t h e r  I n t e r s t a t e  r o u t e s  i n  I l l i n o i s  p rec lude  weighing a l l  veh i c l e s  on 

1 semipor tab le  scales, t h e  succes s fu l  use of  high speed W I M  equipment a s  a 
s o r t e r  could be very b e n e f i c i a l .  

I 

The remote monitor ing mode al lows t h e  W I M  s t a t i o n  t o  be d i a l e d  from t h e  
c e n t r a l  o f f i c e  i n  Sp r ing f i e ld .  The weight of t r u c k s  a t  t h e  s c a l e s  can then be 
observed i n  a realtirne mode. 

When ope ra t i ng  i n  t h e  d i a g n o s t i c  and i n i t i a l  s e t u p  mode t h e  system w i l l  be 
capable  of  s imu la t i ng  v e h i c l e  i n p u t s  f o r  self d i agnos t i c  t e s t i n g  and 
c a l i b r a t i o n .  Th i s  w i l l  a l s o  al low t h e  s e t t i n g  of t h r e sho ld  l e v e l s ,  a d j u s t i n g  
t h e  c lock  and performing va r ious  d i agnos t i c  func t ions .  The d i s p l a y  of 
app rop r i a t e  e r r o r  messages and i d e n t i f y i n g  components t h a t  have f a i l e d  w i l l  
a l s o  be p a r t  of t h i s  mode. 

System components were s p e c i f i e d  i n  t h e  c o n t r a c t  proposal ,  but  adequate 
l a t i t u d e  was incorpora ted  t o  a l low t h e  var ious  vendors an oppor tun i ty  t o  
submit a bid.  A t  t h e  Effingham l o c a t i o n ,  inductance loop d e t e c t o r s  have been 
i n s t a l l e d  i n  advance of  and beyond t h e  s c a l e  platforms.  Weigh pads have been 
placed i n  t h e  wheel pa th s  and o f f - s ca l e  d e t e c t o r s  a r e  l oca t ed  between t h e  



platforms and on t h e  o u t s i d e  shoulders ,  Other on-s i te  equipment c o n s i s t s  o f  
t h e  s c a l e  i n t e r f ace /p roces so r ,  te lephone i n t e r f a c e  equipment, p o r t a b l e  
computer and p r i n t e r .  The modem is  capable  of a t r a n s f e r  r a t e  of 1200 baud. 

The s p e c i f i c a t i o n s  r e q u i r e  t h a t  t h e  scales respond t o  v e h i c l e s  t r a v e l i n g  a t  
speeds up t o  85 mi les  per  hour;  however, t h e  accuracy requirements  a r e  on ly  
app l i cab l e  t o  veh ic l e s  t r a v e l i n g  between 45 and 65 mgh. I n i t i a l  i n d i c a t i o n s  
a r e  t h a t  t h e  high end of t h i s  range may be t o o  low s i n c e  many t r u c k s  a r e  
exceeding 65 mph, 

A t  t h e  c e n t r a l  headquar te rs ,  t h e  c e n t r a l  u n i t  c o n s i s t s  of an IBM model AT 
personal  computer. There is  a l s o  a p r i n t e r  and a modem f o r  t r a n s f e r  of  d a t a  
t o  t h e  S t a t e  mainf~ame.  The t r a n s f e r  of  d a t a  has  t h u s  f a r  been an  e l u s i v e  
goal .  When achieved,  t h i s  f e a t u r e  w i l l  a l low s t o r a g e  and r e t r i e v a l  of  t h e  
d a t a  f o r  f u t u r e  s t u d i e s .  

S t a t i c  t e s t i n g  and c a l i b r a t i o n  test  runs wi th  v e h i c l e s  of  known weight were 
completed t o  a d j u s t  t h e  equipment. During t h e  c a l i b r a t i o n  tes t ,  a th r ee -ax l e  
dump t ruck  and a f i ve -ax l e  t r a c t o r  s e m i t r a i l e r  made s e v e r a l  r e p e a t  runs  over  
t h e  s c a l e s .  

I n i t i a l  t e s t i n g  of  p a r t  of t h e  Effingham system has a l s o  been accomplished. 
S p e c i f i c a t i o n s  r e q u i r e  t h a t  no less than 180 t r u c k s  be weighed dynamically and 
s t a t i c a l l y .  The con t r ac t  r e q u i r e s  t h e  two weights  be wi th in  t h e  fo l lowing  
limits: 

% of Axles Within 
AXLE - ACCURACY Spec i f i ed  Accuracy 
S t e e r i n g  - + 15% 67% 
Other S i n g l e  - + 10% 80% 
Tandem - + 10% 85% 
Gross - + 7% 98% 

The t e s t i n g  procedure f o r  eastbound t r a f f i c  cons i s t ed  of  s e l e c t i n g  v e h i c l e s  
f o r  weighing a s  they approached t h e  W I M  s i te.  Vehicle  u n i t  numbers, company 
name and o the r  i d e n t i f y i n g  information were recorded and r e l ayed  v i a  r a d i o  t o  
S t a t e  P o l i c e  o f f i c e r s  who d i r e c t e d  t h e  s e l e c t e d  t r u c k s  t o  t h e  semipor tab le  
s c a l e s  f o r  s t a t i c  weighing. The scales were loca t ed  beyond t h e  I57/7Q s p l i t  
i n  order  t o  avoid t h e  heavy t r a f f i c  p r eva l en t  on t h e  combined s e c t i o n .  On 
I n t e r s t a t e  57 t h e  s c a l e s  were loca t ed  i n  a rest a r e a  and on I n t e r s t a t e  70 they  
were on t h e  shoulder .  The semipor tab le  s c a l e  equipment has proven t o  be very 
accu ra t e  and r e l i a b l e  i n  provid ing  s t a t i c  weights ,  Hawever, s i n c e  they  are 
on ly  t e c h n i c a l l y  requi red  t o  be wi th in  2 pe rcen t ,  i t  was agreed before  t e s t i n g  
began t h a t  this t o l e r ance  could be added t o  t h e  a l lowable  v a r i a t i o n  
percentages.  I n i t i a l  r e s u l t s  have been q u i t e  s a t i s f a c t o r y  f o r  t h e  two l a n e s  
t h a t  have been t e s t e d  a s  i l l u s t r a t e d  i n  Attachment 1. Also a t t ached  a r e  
graphs comparing t h e  i n d i v i d u a l  s t a t i c  and dynamic weights  f o r  t h e  v e h i c l e s  

I t e s t e d .  

The system software is  designed t o  provide va r ious  r e p o r t s  and summaries. 
These inc lude  t h e  fol lowing:  

o Batch r e p o r t  - i nc ludes  t h e  d a t a  shown on t h e  r e a l t i m e  d i s p l a y  a long  with 
t h e  18 Kip ESAL and o t h e r  d a t a  f o r  i n d i v i d u a l  t rucks .  



o Summary r e p o r t  - lists by day of  week t h e  number of  veh i c l e s  de t ec t ed ,  
t r u c k s ,  t r u c k s  weighed, and trbucks overweight;  i n d i c a t e s  t h e  percent  of 
t r u c k s  t h a t  were overweight;  i d e n t i f i e s  t h e  type  of v i o l a t i o n ;  and  t h e  
number of t r u c k s  nof; weighed and t h e  reason. 

o Bis t r ibu t ior r  o f  g r a s s  weights by a x l e  con f igu ra t i on  - lists the  number of 
veh i c l e s  i n  each of  tht? I3 veh ic l e  c l a s s i f i c a t i o n s  i n  5,000 pound 
increments.  

o D i s t r i b u t i o n  of overweight veh i c l e s  by hour of day - i n d i c a t e s  by d i r e c t i o n  
of  travel,  and by hour ,  t h e  nurnbena of t r u c k s  weighed, t h e  numberx overweight 
and t h e  percentage overweight. 

o D i s t r i b u t i o n  of  v e h i c l e  types  by day of week - summarize Lhe volumes of 
t r a f f i c  per? day i n  each of %he 13 e l a s s i f i ca t i o rns .  

o D i s t r i b i s t i sn  of s ing le  and tandem a x l e  weights  by day of week f a r  b u s e s  and I I 

g r e a t e r  - lists t h e  s i n g l e ,  tandem, and t o t a l  a x l e  load ings  by day of week t 
i n  2000-pound inc ren~en t s .  It a l s o  shows t h e  average a x l e  weights and an 18 
Kip ESAL, 

l 

o D i s t r i b u t i o n  of  t r u c k s  by hour of day - i n d i c a t e s  by d i r e c t i o n  the  number 
of s i n g l e  u n i t ,  m a a l t i  u n i t  and t o t a l  ta.e.,@ks per  hour. 

1 

o D i s t r i b u t i o n  of  speeds by vehi-cle type - smmar i ze s  t h e  number of veh i c l e s  
i n  each classification group by speed in five-mile-per-hour increments.  

Our Of f i ce  of Planning atnd Programning c u r r e n t l y  conducts t h e  FHWA Truck 
Weight Study weighing every o t h e r  year .  These s t u d i e s  t ake  p lace  a t  12 
permanent S t a t e  weigh s t a t i o n s  f o r  an eight-hour per iod on a s e l e c t e d  summer 
weekday. These d a t a  are then  used f o r  t h e  r e p o r t  t o  FHWA and a r e  a l s o  used t o  
formula te  pavement des igns  and perform other  t ruck - r e l a t ed  s t u d i e s ,  This  
b i e n n i a l  s tudy  r e q u i r e s  approximately 458 man days p lus  t r a v e l  t ime,  equipment 
c o s t s  and travel costs. 

We r e l y  on the r e s u l t s  of t h e  Truck Weight Study t o  provide d a t a  f o r  a v a r i e t y  
of purposes,  but we a r e  concerned with t he  r e l i a b i l i t y  of t h e  information.  
During Federa l  FY84, t h e r e  were 5,527,000 v e h i c l e s  weighed a t  our  20 
I n t e r s t a t e  and 1'1 primary weigh s t a t i o n s .  I n  t h a t  same per iod ,  t h e r e  were 
60,000 t r u c k s  w@i&ed on our  12 sets of semipor tab le  s c a l e s .  The v i o l a t i o n  
rate a t  t h e  weigh s t a t i o n s  was s l i g h t l y  i n  excess  of one percent .  The r a t e  a t  
t h e  semipor tab le  scales was about 10 times higher .  S ince  t h e  element of 
s u r p r i s e  quickly disappears  a t  t h e  ~ e m ~ p o r t a b l e  s c a l e  sites, t h e  a c t u a l  
percentage of  overloading may be even g r e a t e r  than ind i ca t ed .  Whether o r  not 
t h e  h igher  r a t e  is a c c u r a t e ,  it does sugges t  t h e  heavier  t r u c k s  may be 
bypassing the f ixed  s e a l @ % ,  which i n  t u r n  i n d i c a t e s  our Truck Weight Study 
d a t a  is biased,  This  apparent  problem x i t h  our c u r r e n t  t r uck  weight d a t a  
c o l l e c t i o n  procedures is  a p r i n c i p a l  f a c t o r  in our wanting t o  develop s e v e r a l  
WIM s i t e s  around t h e  State, 

I n  a d d i t i o n  t o  our need f o r  accu ra t e  da t a  f o r  determining pavement des igns ,  
t h e r e  a r e  other. s t u d i e s  t h a t  demand an  improved d a t a  c o l l e c t i o n  system. When 
our l e g i s l a t u r e  adopted t h e  80,800 pound weight law i n  1983, one of t h e  
p rov i s ions  included was t h a t  we provide t h e  l e g i s l a t u r e  a r e p o r t  on J u l y  1, 

- 4- 
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1985, and every t h r e e  yea r s  t h e r e a f t e r ,  which assesses t h e  damage done t o  
publ ic  highways by v i r t u e  of  t h e  increased  l e n g t h s ,  widths  and weights  being 
au thor ized .  Without a good d a t a  base of' t h e  type  t h a t  we hope can be provided 
by W I M ,  i t  is very d i f f i c u l t  t~ i d e n t i f y  t r e n d s  i n  v e h i c l e  s ize and weight and 

i even more d i f f i c u l t  t o  assess t h e  damage a t t r i b u t a b l e  t o  proposed o r  enacted 
J l e g i s l a t e d  changes. By improving our d a t a  base,  we w i l l  a l s o  be b e t t e r  a b l e  

t o  determine t h e  number of  l a r g e r ,  heavier  v e h i c l e s  on t h e  highways and what 
e f f e c t  they a r e  having on acc iden t  r a t e s .  These s t u d i e s  can a l s o  be used t o  
ana lyze  t h e  s a f e t y  record  on t h e  S t a t e ' s  designated r o u t e  system f o r  t h e  STAA 
vehicles .  

The ex t en t  of and time per iods  when overloading is being experienced can also 
i be used t o  e s t a b l i s h  enforcement schedules  and perhaps j u s t i f y  manpower 
a l e v e l s .  The use of  W I M  equipment as an enforcement t o o l  is a l s o  a 
I p o s s i b i l i t y .  

Information c o l l e c t e d  a t  W I M  l o c a t i o n s  can a l s o  be u ~ e f u l  i n  ana lyz ing  br idge  
loadings.  I n  some l o c a t i o n s  where exces s ive  s t r u c t u r a l  d e t e r i o r a t i o n  is being 
experienced,  i t  would be h e l p f u l  t o  be aware of  t h e  actual  l oad ings  t a k i n g  
place.  While permanent in-pavement s c a l e s  can provide g e n e r a l  in format ion  I 

t h a t  could be of use,  t h e  p o r t a b l e  systems may be p r e f e r a b l e  i n  ana lyz ing  t h e  
s t r e s s e s  on a p a r t i c u l a r  s t r u c t u r e .  

A s  p rev ious ly  i n d i c a t e d ,  we plan t o  use t h e s e  d a t a  f o r  t r u c k  weight s t u d i e s ,  
enforcement planning,  l e g i s l a t i v e  r e p o r t s  and o t h e r  s t u d i e s  r e l a t i n g  t o  t h e  
impact of t rucks .  We a l s o  hope t o  g a i n  in format ion  about t h e  dynamic 
d i s t r i b u t i o n  of weights  between a x l e s  and t h e  e f f e c t i v e n e s s  of  a u x i l i a r y  
a x l e s ,  e s p e c i a l l y  t he  l i f t  a x l e s  and boos te r  axles t h a t  a r e  be ing  u t i l i z e d  
more f r equen t ly .  We a l s o  p lan  t o  check o u t  t h e  a x l e  d i s t r i b u t i o n  on some of 
the  super  heavy loads  f o r  which permi ts  are being i ssued .  When dec id ing  
whether t o  approve such movements, it is considered e s s e n t i a l  t h a t  t h e  
d i s t r i b u t i o n  be c l o s e  t o  t h e  proposed weights  used t o  ana lyze  t h e  s t r u c t u r e s  
being crossed.  Having t h e  a b i l i t y  t o  check dynamic weights  w i l l  a l low us  t o  
better c o n t r o l  t h e  exces s ive ly  heavy moves. 

There have been a few problems i n  completing t h e  i n s t a l l a t i o n  due t o  
a v a i . l a b i l i t y  of equipment and cons t ruc t ion  de l ays  caused by t h e  weather.  We 
have a l s o  been exper ienc ing  d i f f i c u l t y  i n  e s t a b l i s h i n g  a l i n k  between t h e  IBM- 
AT and t h e  S t a t e ' s  mainframe computer. Another concern is  whether t h e r e  w i l l  
be e f f o r t s  t o  miss t h e  s c a l e  platforms.  We have avoided any enforcement 
a c t i v i t y  during t h e  t e s t  weighings and p lan  t o  cont inue  t h i s  p r a c t i c e  u n t i l  a 
good da t a  base is e s t ab l i shed .  Even though t h e r e  has  been l i t t l e  p u b l i c i t y  
about t he  W I M  i n s t a l l a t i o n ,  we understand t r u c k  d r i v e r s  a r e  a l r eady  aware of  
i t s  loca t ion .  The magnitude of o f f - s ca l e  d e t e c t i o n s  w i l l  h e lp  ana lyze  the  
e x t e n t  of evas ive  a c t i o n  by t h e  d r i v e r s .  

On t h e  p o s i t i v e  s i d e ,  we a r e  pleased wi th  i n i t i a l  test compa~ i sons  between t h e  
dynamic and s t a t i c  weights .  The i n s t a l l a t i o n  is i n  a smooth s e c t i o n  of  
pavement. The p la t forms  a r e  l e v e l  wi th  t h e  s u r f a c e  and t h e r e  is no d e t e c t a b l e  
bounce o r  d e f l e c t i o n  a s  veh ic l e s  c r o s s  t h e  scales. Ensuring cont inued 
smoothness a t  t h i s  l o c a t i o n  w i l l  be a h igh  p r i o r i t y .  

By t h e  end of 7986, we hope t o  have f i v e  high speed permanent W I M  f a c i l i t i e s  
and one weigh s t a t i o n  s o r t i n g  W I M  i n  opera t ion .  E f f o r t s  are a l s o  being made 



t o  o b t a i n  a  p o r t a b l e  system dur ing  FY86. Pre l iminary  p l ans  a r e  f o r  t h i s  t o  be 1 
e i t h e r  t h e  mat type  o r  a br idge  weighing system. Data from t h e  permanent 

i f a c i l i t i e s  and s e l e c t e d  p o r t a b l e  sites w i l l  be used t o  meet a n t i c i p a t e d  FHWA i 
requirements  t h a t  w e  o b t a i n  d a t a  a t  approximately 90 d i f f e r e n t  l o c a t i o n s  over  
a three-year  per iod.  

i 
I 

Our O f f i c e  of  Planning and Programming has  proposed t o  upgrade 25 o f  t h e i r  
permanent count s t a t i o n s  t o  c l a s s i f y  veh ic l e s  and t r ansmi t  t h e  d a t a  by 
te lemet ry .  The use of  p o r t a b l e  W I M  equipment i n  conjunct ion with t he se  
s t a t i o n s  w i l l  h e lp  provide an improved d a t a  base. The c o l l e c t i o n  of  such d a t a  
w i l l  a l s o  improve t h e  accuracy of  12-hour manual c l a s s i f i c a t i o n  counts  when 
they a r e  expanded t o  AADT by veh ic l e  type.  t 

h 

I n  summaPy, w e  are beginning t o  c o l l e c t  d a t a  and we be l i eve  t h e  equipment is 
B 
X 

going t o  provide in format ion  t h a t  w i l l  be extremely u se fu l  i n  pavement and 
br idge  des ign ,  enforcement,  and planning a c t i v i t i e s .  It should a l s o  al low us  
to b e t t e r  p r e d i c t  t h e  impact of proposed l e g i s l a t i v e  changes i n  v e h i c l e  s i z e s  
and weights  and e v a l u a t e  t hose  r e v i s i o n s  t h a t  become law. We look forward t o  
l e a r n i n g  from t h e  exper iences  o t h e r  states are having wi th  W I M  and what your 

f 
I 

p l ans  a r e  f o r  f u t u r e  use  of  t h i s  equipment. i 
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Tho New Mexico SLate Highway Department 's  f i r s t  W I M  System w a s  purchased  i n  

A p r i l  of  1974. The Radian WIM - 1A c o n s i s t e d  of a Van (GMC) and Mobil (por-  

t a b l e )  equipment f o r  f i e l d  o p e r a t i o n s ,  t h i s  i nc luded  complete r o a d s i d e  equip-  !, 

mcnt f o r  3 permanent s i t e s .  A f t e r  i n i t i a l  t e s t i n g  a t  t h e s e  3 sites an  a d d i t i o n -  

a l  3 sites were s e l e c t e d  a t  s t r a t e g i c  arcas i n  t h e  state.  T h i s  was accompl ished  

i n  1975. In  1981, we r ep laced  t h e  Radian WPM - 1 A  w i t h  t h e ' s e c o n d  g e n e r a t i o n  

Radian W I M  - 1E. The second WIM System w a s  p l a c e d - i n  a 23' Winnebago Mobil Van 

t o  t r a n s p o r t  t h e  equipment t o  t h e  permanent sites. The d a t a  c o l l e c t e d  i n  o u r  ~ 
Weigh-In-Motion h a s  t h e  fo l lowing format:  

1. S t a t e  number to  conform to FHWA requi rements .  

2. Highway System, I n t e r s t a t e ,  Primary etc. 

3.  S t a t i o n  number. 

4 .  D i rec t ion  o f  Travel .  

5 ,  Year. 

6 .  Date, y e a r ,  month, day and t h e  hour.  

7. Vehic le  type, t h i s  code r e p r e s e n t s  t h e  t y p e  v e h i c l e  b e i n g  weighed, 
such as Pick-Ups, 2 a x l e  - 6 t i r e d ,  3-2, 3-3 etc . ,  t h e  codes  used 
a r e  t h e  FIIWA 6 d i g i t  code f o r  t r u c k s .  

8. Body type :  t h i s  i s  t h e  o l d  2 - d i g i t  code t h a t  t h e  WIM - Opera to r  on 
duty  w i l l  use t o  i d e n t i f y  t h e  type  t r u c k  going  t h r u  t h e  s t a t i o n .  
I might add t h a t  du r ing  a weigh s e s s i o n  an  o p e r a t o r  is always on 
du ty  and e n t e r s  t h e  t r u c k  d a t a  manually i n t o  t h e  computer. 

9. Gross Weight: T h i s  i s  t h e  g r o s s  weight  fox  a l l  a x l e s ,  w e  have 5 
spaces  f o r  a x l e s .  

10.  Axle  Spacing: This  f i e l d  is spaced as fo l lows :  A-B, B-C, C-D 
and D-E. 

11. Wheel Base: The l e n g t h  o f  t r u c k  from f i r s t  a x l e  t o  l a s t  a x l e .  

12. Sequences o r  s e k i a l  number. 

13. cc - c o n t i n u a t i o n  code f o r  l o n g e r  d imensional  t r u c k s .  

1 4 .  Speed: Speed o f  Vehic le .  

15. w n q t l l :  T o t a l  length of Truck f r o n t  bumper t o  back bumper. 



16. Calc  v e h i c l e  type.  

The W I M  - 1E System s t o r e s  t h e  d a t a  on a d i s k e t t e  u n i t  d u r i n g  t h e  weighing 

s e s s i o n .  The d a t a  w i l l  b e  t r a n s f e r r e d  from t h e  f loppy  d i s k  o n t o  a r e g u l a r  

magnetic t a p e  f o r  f u r t h e r  p rocess ing .  The d a t a  i s  t h e n  p u t  through 3 e d i t  

proccdures  t o  ensure  t h a t  t h e  d a t a  i s  a c c u r a t e .  The f i r s t  e d i t  i s  t h e  0rj.g- 

i n a l  e d i t  t h a t  was provided  t o  u s  by t h e  S t a t e  o f  Texas when w e  f i r s t  i n i t i a t e d  

W I M  i n  New Mexico.   he second e d i t  w i l l  tes t  d a t a  t o  conform t o  FHWA r c q u i r e -  

ments. The t h i r d  e d i t  was developed by u s  t o  f u r t h e r  e d i t  t h e  f i n a l  d a t a .  

The f i n a l  p r o c e s s  is  t o  l o a d  t h e  d a t a  on tape, which is t h e n  s e n t  to  Washington 

D.C. f o r  process ing .  FHWA i n  t u r n  w i l l  run  t h e  d a t a  and supp ly  u s  w i t h  t h e  

'W' Forms f o r  ou r  use .  The d a t a  g a t h e r e d  from W I M  - 1E w e  f i n d  very  r e l i a b l e .  

W e  have had o u r  s h a r e  o f  downtime w i t h  t h e  equipment. The one a r e a  t h a t  h a s  

caused some concern h a s  been t h e  t i m e  needed t o  g e t  equipment r e p a i r e d .  It  h a s  

p r e s e n t e d  such problems t h a t  a f a c t o r y  r e p r e s e n t a t i v e  was s e n t  t o  New Mexico t o  

s o l v e  some o f  t h e  problems. The W I M  equipment i s  d e l i c a t e  and t r a n s p o r t i n g  it 

from one s i t e  to  a n o t h e r  can become q u i t e  u n p r e d i c t a l b e .  Tremendous c a r e  h a s  

to  be taken ,  bu t  l i k e  o t h e r  states we must t r a n s p o r t  t h e  equipment f o r  l o n g  

d i s t a n c e s ,  when r each ing  some o f  t h e  sites t h e  system would n o t  work. I n  o r d e r  

to a l l e v i a t e  t h i s  problem w e  have h i r e d  an E l e c t r o n i c  Technic ian  ( e x p e r t )  who 

h a s  been a b l e  t o  t r o u b l e s h o o t  and r e p a i r  t h e  W I M  System. W e  f i n d  t h a t  it i s  

e s s e n t i a l  to have such an  employee on hand, it s a v e s  downtime and r educes  t h e  

r e p a i r  c o s t  d r a m a t i c a l l y .  I n  New Mexico w e  a l s o  have a pho to logg ing  system which 

is as s igned  t o  my S e c t i o n .  The Photolog System i s  from Techwest i n  Vancouver, , 

B r i t i s h  Columbia. The E l c c t r o n i c  Technic ian  is  now also r e p a i r i n g  t h i s  sys tem 

f o r  us .  Looking a t  t h e  f u t u r e ,  w e  a r e  now i n  t h e  p r o c e s s  o f  c o n v e r t i n g  o u r  p r e s e n t  

system and reprogramming t h e  format i n t o  o u r  new I B M  Personal. Computer. I would 

like t o  expres s  o u r  g r a t i t u d e  t o  t h e  S t a t e  o f  Oklahoma f o r  t h e  cons idcxnb le  h e l p  



they have given us i n  the  new conversion. Oklahoma grac ious ly  provided u s  wi th  

t h e i r  programs which have made t h e  conversion poss ib le .  W e  p r e s e n t l y  a r e  s tudying 

t h e  f e a s i b i l i t y  of r ep lac ing  the  computer i n  t h e  WIM - 1E with an IBM P.C. 
b 

This would make t h e  system compatible wi th  our new system. Real iz ing t h a t  t r u c k  

da ta  has become an important p a r t  o f  not only t h e  cons t ruc t ion  des ign  o f  roads ,  

b u t  it a l s o  has  an important inpu t  i n  t h e  planning func t ions .  WIM and Vehicle 

C l a s s i f i c a t i o n  a r e  wi th  us  today and a s  more emphases i s  placed i n  those  areas 

t h e  techrlology must keep up with t h e  demand. We t h e  u s e r s  must work wi th  t h e  

producers s o  t h a t  a l l  input  w i l l  be u t i l i z e d  to  i m p r ~ v e  and produce b e t t e r  and 
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Wi31nnhaqo 33 ' Motor ITone $18,5?0 1 
WII.1-1E Comp1e.t;~ c% i n s t a l l e d  i n  van $29,850 1 i 

1 

h s t t ~ l l a t i o n  o f  sca les  i n  one l ane  o f  roadway I E 

Kzterial  - frames, dun!ny p la t e s ,  junction box, conduit ,  wire, $8,003 
i 

t e p o q ,  concrete ,and miscellameoua materials.  
F 

1 
Labor - Two Traffic Inventory Personnel and t h r ee  from loca.1 

maintenance pa t ro l  with necessary equipncnt. 
E 

2900 L 

Transducers - !Lko at $3,000 each. 86,000 - h 
i. 
f 

One operat ing s i t e  863,270 1 
~ a 

B c h  addi t iona l  o i t e  $0,900 f 
I t 
I 
I 

1-lainte~imde - Appxox-iaate anrmal cost  p e i  weigh s i t e  . 
I recolnsnend four transducers for each s ix  weigh s i t e s  due t o  
tho length of t i n o  rcqubrcc? t o  have transducers repaired. I 
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W-1 Table W-1 g ives  the  type of  hightray, l o c a t i o n ,  tinie, date  o f  operation 
and v e h i c l e  types counted and weighed a t  each s t a t i o n  f o r  c u r r e n t  and 
p r i o r  year .  Type o f  sur face,  shoulders and medians, average dally lands 
a r e  a l s o  shown i n  t h i s  t a b l e ,  

W-2 Tablc W-2 l i s t s  i n f o r m a t i o n  by amount arrd p e r c e n l a p  showfng !=ease 
o r  decrease o f  v e h i c l e s  counted -. and weighe-ed t o  p r e v i ~ u s  y e a r ' s  
opera t i ons: 

+ W-3 Tab le  W-3 determines the averaqe weight o f  all loaded .and gg&y 
veh ic les .  Average loads 6 ~ ~ T E i l t e d  f o r  I n d i v i d u a l  truck 
t y ~  by t h i s  t a b l e .  - 

W-4 Tal l le W-4 shows the d i s u d r n  and-erobabite 1 p y j ~ h . o f  s i n g l e  axles,  
tandem ax les ,  and a l l  ax les  i n t o  c e r t a i n  wciqht groups, with the 
18 k 4 ~  a x l e ~ q u i v a l e n t s  f o r  t rucks  weighed, and ax les  pek 1,000 vehicles, 
E l j l i 6 T  , 

-- I 

W-5 f a b l e  \1-5 shows t h e  d i s t r i b u t i ~ ~ a n d  p robab le  number f o r  each y e h t c l e  type 
i n  va r ious  wei come_ared t o  t h ~  p r e v i o ~ s ~ y e a r .  

W-6 Table W-6 shows t o t a l  j!eiaht.sa a x l e  loads, --- and a x l e  sg3cIn9s,of t r u c k s  
and t r u c k  couib inat ions kreighing i n  e x c e j s  o f  AnSHO recommendations and L -- 

. New V e x i c ~  S t a t e  Law. 
-4- 
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introduction 

Over the last decade the resources, particularly manpower, devoted to traffic data 

collection and analysis activities have declined in Region One. Coupled with the 

increasing number of 4R-type improvements and project data requirements generally 
A 

taking precedence over ongoing monitoring programs, something had to give. As 

a result, vehicle classification and truck weighing activities were drastically cut 

back, and in some States virtually eliminated. Further, traffic counting programs, 

as historically operated with continuous, control and coverage stations have also 

been scaled back. What affect does the counting program cutbacks have on the 

reliability of adjustment factors (major products of the counting program) that are 

applied to the project counts? What is the impact of not having current classification 

and truck weight data? And how useful and reliable are the limited amounts of 

these data that are collected manually for short time periods? 

Still, many of our States devote considerable financial resources to volume counting 

and the other traffic monitoring activities. These programs refleet continuation 

of past practices which may not fully address current data needs and can be made 

more efficient by using statistical sampling techniques and by coordinating data 

collection and analysis. 

L 

In an e f f ~ r t  to address these issues, the FHWA in 1982 launched a contract research 

study to develop a statistically based prototype traffic counting program that draws 

e sample framework of the Highway Performance Monitoring System (WPMS). 

objective of this prototype program was to meet most of the traffic counting 



nee* of the States while providing the data to meet national needs in a cost-effective 

qnd consistent manner. At the same time the program would be flexibde enough I 
to meet additional specific needs of each Gtate. Once developed the program was 

then tested with iaformation provided by five case study States -- Georgi8, Kensas, 
I ! 

9 

~ b i n e ,  Ohio end Oregon. The costs and statistical reliability of the e~isting traffic 
i 
i 
I 
1 mionitoring programs in the f i ~ e  States were compared with the prototype program. i 
I 
I 

Documentation of the research study is contained in the final report, Dqyelogqpgqt 

of a Statewide Tr~f f i c  Counting Program Btlsed. on the Higbqqy Performance 
1 ~ prepared by the contractor, Peat, Marwick, Mitchell a a 
1 

& Co. The report advocates an iqtegrated three part approach to traffic monitoring 

consisting of: continu~us counting (ATR) stations that are grouped by highwiy 
i 1 

g 
functional classification; the HPMS sample base for the Statewide collection and ! ~ estimation of volume, vehicle classification avd truck weight information; and a 1 

E 
special element capturing the needs not met by tpe pretri~us two elements (e.g., 

site specific or hroject traffic data). We believe this three element program provides 

1 .  
l a cost-effgctive method to .produce highly reliable traffic data. At the very least, 

I 
I a procedure to determine the precision levels of monitoring the data being collected 

has been introduced. And the opp~rtunity to relate traffic morritaring program costs 

to data reliability has been estqblished. 
I 

Since publication of the Beat, Marwiek, Mitchell QPMM) report, we refined and to 

a degree simplified the prototype program. Last summer the FHWA released for 

co'mrnent the draft Traffic Monitoring Guide which presented major sections of 

-more- B 

t 
I 



3. 

the refined program including the statistical sampling approach, vehicle classification 

and truck weighing. In February of this year the draft section on volume counting 

was distributed for comment. The final document is being written. As such, the 

following paragraphs will outline the monitoring program recommended in the almost 
4 

final Guide with changes incorporated from the comments received. 

PHW A Traffic Monitoring Guide Objectives 

The objectives of the Guide and monitoring program recommended in it are to: 

Coordinate related monitoring programs that are quite often separately 

administered; 

Streamline data collection activities and eliminate duplication in meeting 

both State and Federal meeds; 

Apply statistical sampling procedures to allow assessment of data reliability 

versus costs; 

Increase use of automatic monitoring equipment and computer technology 

to efficiently collect and analyze the volume of data; 

Allow flexibility to handle State needs beyond those specifically addressed 

in the recommended monitoring program. 

I 
I 
I 

I 

The proposed traffic monitoring program is divided into three parts: 



4. 

1. Continuous Counting (ATR) Element. The classical use of continuous count or 

ATR data from permanent stations operating 365 days a year to derjve seasonal 

and day of the week adjustment factors for the expansion of short term counts 

to an annual average daily traffic (AADT) volume remains unchanged. A new 
5 

simplified approach that involves grouping the continuous counting stations Po 

dek-ive the set of factors is suggested. Subsequent appiication of this approach / I 
to the AADT expansion process would also reduce subjecttvity and simplify the i I 
procedure for assigning short counts to the proper seasonal factor groups. 1 a 

I 
I 
i 

2. HPMS (Core) Element. This part is what we consider to be the heart of the 1 

recommended monitoring program. This element consists of a sample based ; I 
I 

procedure for the collection and analysis of Statewide or network level volume, 
i 

classification and weight data. It relies on the HPMS sample base which offers 

a standard of consistency and is clearly defined and implemented in every State. t 
t 

6 
3. Special Needs Element. This element is intended to provide the project or site f 

1 
specific and' functionally classified local travel characteristics not directly k 

t 
addressed in the first two elements. Flexibility is afforded for States to maintafn 

{ 
important travel monitoring activities to meet other needs. While it appears 1. != 

C 
to be a catch-all category, depending upon individual State needs this could be i X 

the most intensive program element for many States. i 
E 

Major Slpecific Reconm;endat%sns k 
1 

O For computing seasonal factors the continuous counting stations should be aligned I 
by highway functional classification categories, Further review of ATR data !! Ii 

T: 
Should allow aggregation of categories based on similar seasonal variation. We 4 
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have found that States can generally aggregate up to the following seasonal factor 

groups: Interstate Rural, Other Rural, lrlterstate Urban, and Other Urban, Many 

States will still need to create one or more Recreational factor groups to account 

for significant seasonal variation. The Recreational factor group wi l l  probably 
+ 

be defined by geographical boundaries. 

With the grouping of ATR stations by functional classification the need for control 

counts is essentially eliminated. Control counting is an intermediate level traffic 

volume data collection activity employed primarily to provide the information 

for deciding which seasonal factor group to assign various short counts taken 

on any point on the highway system. Seasonal factor groups based on functional 

classification, or based on geographical boundaries for receation groups, can 

be related directly to highway sections where short counts are taken. 

uniform monitoring period of 48 hours for volume counting, vehicle classification 

and truck weighing is recommended. Increasing the typical 24-hour counting 

period to a' uniform 48 hour period for all monitoring represents a compromise 

between the need to assure data reliability and the recognition of cost and 

equipment limitations. Based on national ATR data evaluated during the P M M  

study significant daily variation in just the number of vehicles were observed. 

Increasing the monitoring period beyond one day we believe will remove much 

of the variation attributed to these random occurrences. 

O Use a three-year cycle to monitor the total number of volume cltassification 

and weighing sample sections that are drawn from the HPMS sample. The 



6 .  

mqnitoriflg should be spati~lly and temporarily distributed to the extent possible. 

The number of sample sections for each type of monitoring is: : 

Volume - 1 /3 number of HPMS sample sections annually (nationally the total j 

sam,ple size varips from a 30*0+ sections in Delawwe, excluding 1 
b 

the District of Col~~mbia, to 3;800+ sections in Texas). 4 

k 

Clgssification - 100 HPMS sections monitored annually or 300 sections on 
i 

a 3-year cycle. 

i 
Truck Weight - 30 sessions (10 Interstate, 20 Other Roads) annually or 90 i 

total sessians in 3 years, The actual number of monitoring 

locations will depend on highway system mileage and amount 

of travel. e r 
#i 
S 
!) 

I 
O Rely less on manual metbods of data c~llection and move to modern technology, 

li 1 
such as automated vehicle classification systems and weigh-in-motion (WIMI i 
technology, in order to achieve thp langer monitoring periods advocated and 1 

1 
efficiently handle the resulting higher wlume of data being collected. k 

j 

The Integrated Sample Design 
i 

As described earlier, the use of statistical sampling procedures provides the means t 
1 

of developing travel estimates with known levels of accuracy. The integration of i 
I 

data ccollection and estimation activities serves to produce directly linked estimates I I 

while minimizing datq collection and avoiding duplication. 

a 

I. 
By using the existing HFMS sample, the need to introduce and implement a new F / 



sample design is removed. The HPMS is the principal reporting system used by FHWA 

to monitoring highway condition and performance. All States have now implemented 

the H P M S  sample and are reporting data using it. 

'+ 
I The HPhlS sample base consists of all public roads within 81 State, except those 

functionally classified as local. The sample is stratified into three levels: by type 

I of area (rural, small urban and individual or collective urbanized areas); by function 

classification; and by volume. The sample to be reported is tied to established 

precision levels (see Appendix F, H P M S  Field Manual) using AADT as the 

characteristic to compute the actual sample size. Although the AADT is one of 

75  data items reported, AADT is perhaps the most variable item and, therefore, 

the reliability of the other characteristics should exceed that of the AADT. The 

H P M S  data base allows the use of simple ratio (universe mileage to total sample 

mileage in any strata) estimation procedures to derive systemwide estimates 

aggregable to the State level. 

The developmknt of an integrated sample base to estimate specific traffic 

characteristics tied to the H P M S  sample design results in successive subsampling 

beginning with the H P M S  sample, i.e., volume samples are taken from the existing 

WPMS sample, vehicle classification samples are taken from the volume samples 

and the truck weights samples are taken from the classification sample. This 

relationship is illustrated in Exhibit 1. 

table showing the integrated sample design of the Core Element in 

the recommended traffic monitoring program. The sample size, products or 

characteristics directly estimable, and the precision of specified products for the 



8. I 
i 

individual subelements (volume, vehicle classification and truck weight) are also I 
I 

displayed, 

Vehicle Clqification Suklepenp 
'1 

The number of vehicle classification samples is a function of the specified precision 

level a t  which the classification data is desired. Because the sample size required 

for a stated precision level will differ for each vehicle type, the key vehicle type I 
T 

must first be selected. Exhibit 3 is a graph depicting the relationship of sample f 
E 
i 

size versus precision on the rural Interstate for several vehicle types drawing from 

the results of the P M M  study. The 3S2 frgctor semi-trailer (18-wheeler) was chosen 

as .the classification type sf importa~ce in determining sample size. We believe 

a reasonably high precision level fpr the 352 estimate can be achieved without an 

inordinate number of samples. From 300 measurements taken over a 3-year cycle, 

the estimated Statewide percentage of 352 vehicles in the traffic stream is expected 
F 

to have a precision of 95-10 (i.e., reliability of *10 percent with 95 percent 
C 

confidence). Using the example shown in Exhibit 3, estimates for other vehicle 
5 
d 

types (autos anti 3-9xle single unit trucks) will be expected to be more reliable with [ 
the same number of samples. 

b 
1 

S The 100 annual classification measurements will permit computations of the percent 
% 

f 
distribution of vehicles and the axle correction factors to adjust vehicle counts from I 

I 

I pneumatic detection equipment. Linking the vehicle distribution with the annual 

I 
I 
i 

VMT produced from the volume subelement, estimates sf VMT by functional class t 
r 

il 

by vehicle type are attained. 



Truck Weight Subelement 

An approach similar to the classification subelement was used to determine the 

truck weight sample, The controlling product from truck weighing that w e  focused 

attention on in the determination sample size was equivalent standard axle loadings 
( I 

(ESAL). Because truck weighing is affected by factors not encountered with volume 

counting and classification, judgement has been applied to ensure a realistic sample 

size. Some of these factors which a l s ~  pose problems in quantifying precise reliability 

levels include costs and locational limitations of equipment, bypassing and the 

loaded/unloaded weight dichotomy in trucks. Taking these limitations into 

consideration, two sample sizes based on the ESAL variability of 3S2 vehicles were 

established. For the Interstate System 30 measurements over a 3-year cycle will 

give estimates of ESAL for 3S2 trucks with a reliability of *I0 percent a t  t h e  95 

percent confidence. Exhibit 4 is a graph of the Interstate sample size versus precision 

relationship based on ESAL variance. Sixty measurements over a 3-year cycle on 

all other roads will produce estimates in the range of *20 percent reliability with 

95 percent confidence. 

By fixing a uniform sample size on ESAL variability for the Interstate stratum, we 

have obviously ignored the size (mileage and travel) of the In ters t~ te  System among 

States. To compensate, the sampling plan allows collapsing t h e  temporal and spatial 

considerations of random selection when chossing actual sample sites. For example, 

a small State like Rhode Island with limited Interstate mileage could potentially 

design a sampling plan with only two sites that are each monitored five limes in 

a year or a total of 15 times each in the 3-year cycle. 



10. 

The axle weights that are collected from the truck weight subelement when linked 

with data from the volume and classification subelements will produce a variety 

of systemwide weight estimates that may not be currently available or not availabIe 

with known reliability. Any number of weight characteristics -- total axle load, 
I 

average axle load, equivalent axle load, average weight, number of overloaded trucks 

and axles, ete. -- can be directly computed for each classification category. System 

weight in terms of ton-miles is a simple exercise using the VMT estimates derived 

from the volume sublement. 

P~ogpam Zmplementatiw 

To conduct the monitoring program just described with the sample sizes and 

monitoring period recommended, automated data collection equipment is obviously 

necessary. This fact has been explicitly recognized in the Traffic Monitoring Guide. 

There is no question about the current availability of volume counting equipment. 

i Recently completed evaluations of automatic vehicle classification by the Maine 

and Kansas DOTS have demonstrated that reasonably accurate classification equipment 

is on the market. States on this panel and others participating in the Conference 

have also evaluated and demonstrated the reliability of portable and fixed 

I weigh-in-motion systems. So, the major issue dealing with automatic traffic 

i 
I 

monitoring equipmgnt left is price. With publication of the final Guide expected 

this summer and Conferences such as this one, w e  believe m~nufacturers will be 

convinced the market for automatic monitoring equipment is growing. A bigger 

market should bring about greater price competition and hake automated equipment 

affordable to all States. 
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CHARACTERISTICS OF WISCONSIN ' S 

TRUCK WEIGHT STUDY AND 

BRIDGE WEIGH-IN-KQTION SYSTEM 

For the past two years The Wisconsin Department of Transportation 

(WisDOT) has participated in FHWA's "Demonstration o f  Coordinated 

Weight Monitoring and Enforcement Program Using Weigh-In-Motion ( W I M )  

Equipment" as part of the Rural Technical Assistance Program. The 

Departments Division o f  Planning and Budget has directed the praject 

from i t s  inception while the Division of State Patrol ,  responsible for 

Motor Carrier enforcement, has played a key role in several 

operational aspects associated w i t h  the WIM system, The demonstration 

project has a1 lawed WisDOT to test the overall performance of the 

Bridge WIM equipment as well as develop an entirely new comprehensive 

and representative truck weight data base. 

TRUCK WEIGHT STUDY BACKGROUND - 
In the past, truck weight data was collected as a means of determining 

pavement loadings which in turn could be used in highway design 

requirements and estimates of pavement 1 ife. The Division's Traffic 

Data U n i t  collected planning information at 14 pemanent and 3 

portable weighing stations located on the rural interstate and state 

trunk highway systems. Certain situations required portable scales to 

be used in conjunction with permanent roadside locations to determine 

vehicle weights and related data in the opposite lane o f  traffic. In 

a1 1, data was collected for a time period ~f 16 to 24 hours on a 

summer weekday at each station. Because o f  the importance and 

1 



constantly changing nature of this d a t a  and information, a survey of 

truck weights, vehicle classifications and originldestination details 

among other items was required for submittal to FHWA every two years. 

Fram this survey the FHWA was able to  develop a basis from which i t  
I I 
fi 

could deternine truck weight trends and revise estimates of equi val ~ n t  I 
i 

I 
axle 1 oadings for various truck classifications, Much of this factual I 

material was then used i n  design and maintenance computations, 

During the previous two years the Division's Traffic Data Unit ! + 

collected truck weight d a t a  using the BWIM system a t  19 bi-directional 1 

E 

sampling stations. These stations were located on several distinct 

highway jurisdictions and functional road classes such as rural and 1 
t 
f 

urban interstates and state trunks, as well as principal and minor F 

1 1 arterials. Survey operations a t  seven of the stations were expanded 

t o  include nights, weekends and the four separate seasons of the year, ! 
j 

Y 

Knowledge of temporal and seasonal variations in truck travel allows t 

f o r  the development of more accurate estimates of average annual loads j 
ri 

which is valuable for users such as motor carrier enforcement. The f 
p 

overall consensus i s  that the increase in stations has vastly improved C 
I 

statewide coverage of the Truck Weight Study and as  a result a more L 
i 

representative 

which provides 

and ual id sample 

significant da ta  

truc ki ng 

a number 

2 

S 
information i s  avai 1 ab le  i t \ 
of highway corridors. 

2 



TRUCK WEIGHT STUDY SAMPLING PLAN 

The sampling plan developed in Wisconsin provides procedures used by 

WisDOT for determining the number and locations of sampling stations 

for its Truck Weight Study. The programs purpose is to collect 

representative trucking characteristic data for use in pavement 

design, highway cost al location, motor carrier enforcement and other 

p1 anni ng and research aclivi ties. Previous weight studies produced 

data of limited value due to inadequate road type and geographic 

coverage. In add4 tion, stations were selected without any statistical 

guidelines for sampling. Utilizing new weighing-in-motion 

technologies and emphasizing the col lect%on of basic weight data 

permits a more random selection o f  weigh stations and a mare 

comprehensive sample of truck traffic. The sampl lng  plan developed 

re1 ies heavily upon user needs and statistical criteria to help ensure 

a valid and meaningful sample. 

Using data from a recent Highway Performance Ponitoring System 

Wisconsin Truck Weight Case Study, the number o f  required stations was 

calculated on the basis of the average variability of truck weights i n  

the State. These s ta,tioras were distributed acrass recornended road 

types in proportion to the size of the total population of truck 

vehicle miles o f  travel on each road type, Stations by road type were 

then assigned to counties using a weighted random numbers procedure 

whi le  criteria was presented for selecting corridors and sites where 

stations should be established. This kind of sampling approach 

generates more representative and cmprehensive data that better 

describes general as well as specific characteristics of the overall 

truck population throughout the State. 



I 
I 
I 

PREVIOUS CONSIDERATIONS 

Obtain ing accurate i n f o m a t i o n  on t r u c k  weight presents a problem no 

ma t te r  what type of system i s  chosen t o  conduct the survey. One o f  

the  main problems of p r i o r  years i s  t he  f a c t  t h a t  cos ts  of c o l l e c t i n g  

t r u c k  weight  data were h igh  which l i m i t e d  the  amount of data t h a t  

cou ld  be co l l ec ted .  U n t i l  t he  advent of the  BWIM system several o ther  

f a c t o r s  which f o l l o w  have con t r i bu ted  t o  o r  caused inaccuracies i n  the  

data t h a t  was co l l ec ted .  

Overweight veh ic les  avoided weigh scales which skewed the  

i n f a m a t i o n  by c r e a t i n g  a  l ack  of rep resen ta t i ve  data on heavy 

t rucks  and i n  t u r n  diminished the  q u a l i t y  of t he  data co l l ec ted ;  

Costs a f  the  manpower necessary t o  operate a  s t a t i o n  as we l l  as 

the  o v e r a l l  cos ts  o f  purchasing and main ta in ing  scales made i t  

p r o h i b i t i v e  t o  expand veh ic le  weighing programs; 

Small numbers o f  l oca t i ons  where weigh s t a t i o n s  e x i s t  s tatewide 

d i d  n o t  represent  e i t h e r  a random o r  a rep resen ta t i ve  sample of 

t r a f f i c  on the  s t a t e  highway system; 

Considerat ions necessary fo r  weigh s t a t i o n  crew safety as we1 1 as 

safety of the  t r a v e l l i n g  pub l ic ,  turnaround space and scale 

accuracy l i m i t e d  t h e  number o f  s i t e s  s u i t a b l e  f o r  the  e x i s t i n g  

po r tab l  e seal es . 

4 



The enforcement of weight laws causes overweight t rucks  t o  take 

evasive a c t i o n  such as us ing  bypass routes t o  avoid any opera t ing  

weigh s t a t i o n  o r  w a i t i n g  a t  a t r u c k  stop u n t i l  the  sca le  f a c i l i t y  

closes. The r e s u l t  o f  t h i s  avoidance i s  weight data which under 
I 

4 - 
I 
I 

I r epo r t s  the  heav ies t  t rucks  and consequently causes average survey 

weight t o  f a l l  below the  ac tua l  average weight. 

I With the  use o f  the  Bridge WIM system, many o f  these drawbacks cou ld  

p o t e n t i a l l y  be e l iminated.  The basic concept of the  BWLM scale i s  

t h a t  i t  has the  c a p a b i l i t y  t o  unob t rus i ve l y  weigh veh ic les  w i thou t  

fo rc ing  them t o  stop. Weigh-In-Motion i s  n o t  on l y  an e n t i r e l y  new and 

innovat ive  means of c o l l e c t i n g  rep resen ta t i ve  and q u a l i f i e d  TWS data 

but  i t  can a l so  increase the  e f f i c i ency  of e x i s t i n g  scale houses w h i l e  

ob ta in ing  "miss ing '  data no t  p rev ious l y  a v a i l a b l e  through t h e  use of 

s t a t i c  scales. 

BRIDGE WIM SYSTEM FUNCTIONAL CHARACTERISTICS 
P V  

For planning purposes, the BWIM system can be s e t  up on concrete and 

s tee l  g i rdered br idges t h a t  a re  accessib le from underneath. The skew 

angle (where roadway and br idge meet) should be less  than 40" and the  

length of the  br idge span should be between 30"-90q, The system 

i t s e l f  c o n s i s t s  of sets o f  s t r a i n  gauges which are placed on the  

support beams of br idges. The e l e c t r o n i c  gauges are at tached by wires 

t o  an e labora te  computer system housed i n  a van which i s  parked and 

hidden underneath the br idge if possib le.  The computer uses s t r a i n  

measurements from the  br idge and i n p u t  from tapeswi tch a x l e  sensors on 

the  roadway t o  c l a s s i f y  and weigh each passing t ruck .  

5 
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o f  the  system are  a l so  requ i red  fo r  on -s i te  operat ions. The complete 

br idge WIM system inc lud ing  a1 1 necessary computer and e l e c t r o n i c  
I 

equipment along w i t h  a van t o  house t h e  apparatus cos ts  i n  the  

neighborhood o f  $120,000. 

ACCURACY TESTS OF THE BWIM SYSTEM 

I n  addS t i o n  t o  c o l l e c t i n g  Truck Weight Study data a t  several l o c a t i o n s  

in Wisconsin, e f f o r t s  of t he  Br idge WIM System" crew concentrated an 

conducting accuracy t e s t s  of t he  WIM System's v e h i c l e  weight 

categories. Br idge WPM operat ions were s e t  up and accuracy t e s t  

comparisons were pe r fomed  a t  f o u r  separate l o c a t i o n s  throughout t h e  

s ta te  i n  an at tempt t o  determine the p r e c i s i o n  of t he  system's weSght 

measurement c a p a b i l i t i e s .  Vehicles were randomly se lec ted fo r  

weighing on the br idge WXM and then weighed a t  permanent sca le  s i t e s  

fo r  comparison purposes. The e n t i r e  opera t ion  requ i red  pat ience and 

coord inat ion  between the  WIM crew operators and t h e  enforcement 

o f f i c e r s  a t  each scale s i t e .  S i tes  were se lec ted based upon t h e i r  

c lose p rox jm i t y  t o  permanent weighing f a c i l i t i e s  and a l s o  t o  p rov ide  a 

representa t ive  sample of var ious  types o f  b r idge conf  i g u r a t i  ons . Each 

of the  bridge s i t e s  selected represent  e i t h e r  prestressed concrete o r  

s tee l  deck g i r d e r  c ~ n f i g u r a t i o n s  along w i t h  vary ing  skew angles and 

span lengths. 

From a s t a t i s t i c a l  standpoint,  accuracy measurements were presented i n  

a manner which confirmed t h a t  the  standard d e v i a t i o n  range o r  var iance 

i n  weights was l e a s t  accurate f o r  s t e e r i n g  axles w h i l e  gross weights 

proved t o  be t h e  most accurate. Resul ts  were a l so  presented t o  

7 





Current range o f  error ,  however, p inpo in t ing  ind iv idua l  overweight . 
trucks becomes very d i f f i c u l t .  Again d e t a i l s  o f  these t e s t i n g  

procedures are contained i n  the evaluat ion repor t .  

SUMMARY 

To summarize, I ' v e  included several o f  the spec i f ic  advantages and 

1 im i ta t ions  o f  the BWIM system. 

Main advantages of the BWIM System are: 

- The weighing device inc lud ing  the se t  o f  s t r a i n  gauges i s  

i n v i s i b l e  t o  the moto r i s t  and the e n t i r e  system i s  unobtrusive 

fo r  the most part ;  

- The system can be moved from girdered br idge t o  g i rdered br idge 

wi thout  d i f f i c u l t y  making i t  one o f  the most por tab le  operations 

on the market; 

- Depending upon the l oca t i on  selected for  data co l lec t ion ,  

essen t ia l l y  no s i t e  construct ion i s  required t o  i n s t a l l  the 

sys tern; 

- The system requires only two people t o  operate and c l ass i f y ,  and 

only one person i s  necessary for  moni tor ing the apparatus i n  i t s  

automatic mode capac i ty ;  





I 

- Unless speeds of vehicles can be slowed and approach pavements 

smoothed, problems of individual axle as well as gross weight 

inaccuracies wi 1 1 continue; 

- Individual axle errors are randomly distributed on heavier loads, 

I resulting in data which is acceptable for many planning purposes 

such as computing average loads of a specific station location or 

highway system category but is not accurate enough for the 

enforcement of truck weight laws. 

In the past, Truck Weight Study data and information was compiled at 

specified locations throughout the state, leaving serious questions 

and concerns as to its validity in representing all vehicular travel 

patterns and occurrences. Futhermore, a considerable amount of time 

and manpower was required to organize and conduct various activities 

relative to the study" operational procedures. The outcome or final 

tabulation was nevertheless as accurate as could be expected. Because 

of its portability, the BWIM now allows for the collection of truck 

samples which are entirely representative of any given area of the 

state for a portion of the original overall cost. The accuracy level 

associated with those same truck weight samples at any given location 

however, can only be a collective estimate based upon all random test 













INTEGRATIMY OF TRUCK NEIGHING P R O G M S  

T r u c k  w e i g h i n g  has  been  c o n d u c t e d  i n  t h e  U.S. f o r  many y e a r s  f o r  a  

v a r i e t y  o f  purposes, i n c l u d i n g :  pavement and b r i d g e  design, m o n i t o r i n g ,  and 

r e s e a r c h ;  s i z e  and w e i g h t  e n f o r c e m e n t ;  p l a n n i n g ;  and t h e  f o r m u l a t i o n  and 

a d m i n i s t r a t i o n  o f  p o l i c y ,  l e g i s l a t i o n ,  and regu la t i ons .  To date, most  t r u c k  

we igh t  da ta  used f o r  these  f u n c t i o n s  were ob ta i ned  and analyzed th rough  t h e  

c o o p e r a t i v e  e f f o r t s  o f  t h e  S t a t e s  and t h e  FHWA i n  t h e  T r u c k  W e i g h t  S t u d y  

w i t h i n  t h e  f ramework o f  t h e  Highway P lann ing  and Research Program. However, 

r ecen t  developments i n  t h r e e  ma jo r  areas - T r a f f i c  Mon i t o r i ng ,  t h e  S t r a t e g i c  

Highway Research Program (SHRP), and S i ze  and Weight Enforcement - c o n t a i n  

needs f o r  s i g n i f i c a n t l y  i n c r e a s e d  l e v e l s  o f  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  

a c t i v i t y .  I t  i s  i m p o r t a n t  t h a t  t h e  needs i n  each  o f  t h e s e  p r o g r a m s  b e  

addressed i n  a  coord ina ted  manner th rough  some l e v e l  o f  i n t e g r a t i o n .  

T r a f f i c  M o n i t o r i n g  

The Federa l  Highway A d m i n i s t r a t i o n  (FHWA) r e c e n t l y  i s sued  a  d r a f t  v e r s i o n  

o f  i t s  new T r a f f i c  M o n i t o r i n g  Guide. M e n  completed, t h i s  p u b l i c a t i o n  may be 

one of t he  most i m p o r t a n t  t r a n s p o r t a t i o n  documents o f  t h i s  decade. By c l e a r l y  

d e f i n i n g  t h e  re1  a t i o n s h i p s  among t r a f f i c  coun t ing ,  v e h i c l e  c l a s s i f i c a t i o n ,  and 

t r u c k  weigh ing i n  sys tema t i c  terms, t h e  FHWA has p rov i ded  t he  S ta tes  w i t h  a 

t o o l  which w i l l  enable them t o  improve b o t h  t h e  assessment o f  c u r r e n t  t r a f f i c  

c o n d i t i o n s  and t he  p r o j e c t i o n  o f  f u t u r e  t r a f f i c  c o n d i t i o n s  on t h e i r  highways. 

The S t a t e s  w i l l  a l s o  be a b l e  t o  d e s i g n  t h e i r  t r a f f i c  m o n i t o r i n g  w i t h  a 

reasonable  unders tanding o f  t h e  qua1 i t y  o f  da ta  which w i l l  be ob ta i ned  f r o m  a  

g i ven  l e v e l  of e f f o r t .  

The ques t ions  o f  how many samples o f  these q u a n t i t i e s  should be made, how 

o f t e n  they  should be taken, and how t o  o b t a i n  the  sdmples a re  addressed i n  t h e  



T r a f f i c  M o n i t o r i n g  Gu ide  b y  p r e s e n t i n g  p r o c e d u r e s  w h i c h  a r e  based  on t h e  

f o l l o w i n g  concepts: 

1. S t a t i s t i c a l  r e l i a b i l i t y  i s  d i r e c t l y  r e l a t e d  t o  t he  v a r i a b i l i t y  o f  

t h e  q u a n t i t y  b e i n g  measured. 

I 2. V a r i a b i l i t y  may be reduced by c a r e f u l  s t r a t i f i c a t i o n .  

3. The sample s i z e  r e q u i r e d  t o  ach ieve a  g i v e n  l e v e l  o f  con f idence  i r ,  
I 

I 
r e d u c e d  by  d e c r e a s i n g  t h e  v a r i a b i  1  i t y  o f  t h e  q u a n t i t y  b e i n g  I 

measured. 
1 
I 

Based on a s t a t i s t i c a l  a n a l y s i s  o f  d a t a  f i l e s  a c q u i r e d  by  t h e  T r u c k  

Weight Study, t h e  FHWA concluded t h a t  a  minimum ( d e f a u l t  va lue)  o f  30 t r u c k  

we igh ing  sess ions o f  48 hours d u r a t i o n  a r e  needed each year  i n  edch State.  

These we igh ing  ope ra t i ons  would be conducted a t  30 d i f f e r e n t  s i t e s  a second 

and t h i r d  y e a r ,  r e s u l t i n g  i n  90 t r u c k  w e i g h i n g  s e s s i o n s  o v e r  a t h r e e  y e a r  

per iod.  Th i s  procedure would a l l o w  an e s t i m a t e  o f  t he  average e q u i v a l e n t  

s i n g l e  a x l e  l oad  va lue  f o r  t he  most f r e q u e n t l y  o c c u r r i n g  l a r g e  t r u c k ,  t h e  352 

(18 w h e e l e r ) ,  on t h e  I n t e r s t a t e  s y s t e m  w i t h i n  - + l o %  w i t h  9 5 Z  c o n f i d e n c e .  

S ta tes  wh ich  do no t  w i sh  t o  use t he  FHWA d e f a u l t  va lues f o r  t he  number o f  

s t a t i o n s  a re  p rov i ded  w i t h  s t a t i s t i c a l  procedures f o r  des ign ing  t h e i r  own 

programs based upon t h e i r  own da ta  f i l e s .  

The 50 States,  by f o l  l o w i n g  t he  F H W A  minimum recommendations, would have 

a t o t a l  of 1500 48-hour t r u c k  we igh ing  sess ions annua l l y .  T h i s  number i s  i n  

c o n t r a s t  t o  t he  c u r r e n t  l e v e l  o f  600 Truck Weight Study sess ions annua l l y ,  

most  o f  which a re  f o r  l e s s  than 24  hours  of weighing. The FHWA has recogn ized  

t h a t  a  change i n  t h e  m a g n i t u d e  of  t r u c k  w e i g h i n g  sugges ted  by  t h e  

1 
L recommendations i n  t h e  T r a f f i c  M o n i t o r i n g  Guide w i l l  r e q u i r e  t he  use o f  weigh- 

i n - m o t i o n  ( W I M )  equipment t o  automat? the process. 



each unique LTPPN highway s e c t i o n  ( r a t h e r  than  f o r  a  system o f  roadways), i t  - 
i s  a p p a r e n t  t h a t  t h e  d a t a  c o l l e c t i o n  a t  t h e s e  s i t e s  m u s t  b e  much m o r e  

i n t e n s i v e  than i s  needed f o r  t h e  t r i e n n i a l  Truck Weight Study. A minimum of 

one 48-hour t r u c k  we igh ing  sess ion a t  each LTPPM s i t e  each yea r  i s  des i r eab le .  

Th i s  need w i l l  undoubted ly  r e q u i r e  t h e  use o f  W I M  equipment f o r  s a t i s f a c t i o n .  

Enforcement 

Increased i n t e r e s t  by t h e  General Account ing O f f i c e  and t h e  Congress, 

1 as w e l l  as t h e  FHWA and t h e  S t a t e s ,  has l e d  t o  i n c r e a s e d  e m p h a s i s  on 

p r o v i d i n g  t o o l s  for :  imp rov ing  t he  e f f i c i e n c y  and e f f e c t i v e n e s s  o f  t r u c k  

we igh t  enforcement;  assess ing t h e  magnitude o f  t h e  prob lem o f  ove rwe igh t  

t rucks ;  and d e t e r m i n i n g  whether enforcement e f f o r t s  a re  hav ing  t he  d e s i r e d  

e f f e c t s .  W I M  equipment c l e a r l y  has a  p l ace  i n  t h i s  e f f o r t ,  s i nce  i t  i s  t h e  

o n l y  techno1 ogy a v a i l a b l e  f o r  q u i c k l y  p rocess ing  l a r g e  numbers o f  t r u c k s  and 

f o r  u n o b t r u s i v e l y  s a m p l i n g  t h e  w e i g h t  c h a r a c t e r i s t i c s  o f  t r u c k  i n  t h e  



I 
I n t e g r a t i o n  of Truck Weighing Programs , - 

Each o f  these programs ( T r a f f i c  M o n i t o r i n g  Truck Weight Study, LSPPM, and I 
I 

Enforcement) r e q u i r e  a  l e v e l  o f  e f f o r t  f o r  t r u c k  we igh ing  which i s  an o r d e r  o f  

magni tude g r e a t e r  than c u r r e n t  a c t i v i t y .  Under c u r r e n t  manpower and f und ing  2 1 
c o n s t r a i n t s ,  such an occurrence seems u n l i k e l y  f o r  any s i n g l e  program taken 

i n d i v i d u a l l y ,  I n  t h i s  con tex t ,  t h e  FHWA and t he  S ta tes  have i n i t i a t e d  severa l  

p rog rams ,  i n c l u d i n g  t h e  R u r a l  T r a n s p o r t a t i o n  A s s i s t a n c e  P r o g r a m ' s  (RTAPf 

Demons t ra t ion  o f  Coord inated Weight M o n i t o r i n g  and Enforcement Usirtg k ' ,  

Equipment, t h e  Crescent  Demons t ra t ion  P ro j ec t ,  and o t h e r  State,  FHWA, cfiltl 

N a t i o n a l  Coopera t i ve  Highway Research Program (NCHRP) research. A t t e n t i o n  t o  

t h i s  i s sue  i s  a l s o  be ing  g i v e n  w i t h i n  t h e  d a t a  c o l l e c t i o n  des ign  a c t i v i t i e s  

f o r  t h e  LTPPM t a s k s  i n c l u d e d  i n  SHRP. However ,  even t h e  e s t i m a t e d  $150 

m i l l i o n  p r o j e c t e d  f o r  SHRP over  t h e  nex t  f i v e  yea rs  may be inadequate f a r  

i n t e n s i v e  t r u c k  we igh ing  on each o f  up t o  4,000 sec t ions .  I t  i s  t h e r e f o r e  

i m p o r t a n t  t o  cons ider  ways f o r  i n t e g r a t i n g  e x i s t i n g  and planned t r u c k  we igh ing  

a c t i v i t i e s ,  bo th  s t a t i c  and dynamic, t o  ensure t h a t  da ta  a re  c o l l e c t e d  i n  a  

manner wh ich  i s  usab le  f o r  t h e  f u l l  range o f  t r a f f i c  mon i t o r i ng ,  pavement 

m o n i t o r i n g ,  and enforcement f unc t i ons .  

O p p o r t u n i t i e s  f o r  I n t e g r a t i o n  

One way t o  a c o m p l i s h  t h i s  o b j e c t i v e  i s  t o  d e s i g n  t r u c k  w e i g h i n g  

ope ra t i ons  f o r  c o m p a t i b i l i t y  w i t h  a l l  t h r e e  f unc t i ons .  For example, if W I M  

equipment i s  used i n  a  "b i nn ing "  mode, i n  which a x l e  and gross we igh t s  a re  

t o t a l l e d  by c a t e g o r i e s  and by t i m e  per iod ,  i t  would be b e n e f i c i a l  t o  i n c l u d e  a 

v i o l a t o r  d e f a u l t  f e a t u r e ,  by w h i c h  i n d  i v i d u a l  o v e r w e i g h t  v e h i c l e s  a r e  

i d e n t i f i e d  and t h e i r  a x l e  we igh t s  and spacings s to red  i n  memory. I n  t h i s  :ray, 

e v e r y  W I M  t r u c k  w e i g h t  s t u d y  c o u l d  a l s o  s e r v e  an e n f o r c e m e n t  a s s e s s m e n t  

f unc t i on .  S i m i l a r l y ,  W I M  equipment used f o r  enforcement  assessment should  

4 



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

e i t h e r  t r a f f i c  o r  pavement m o n i t o r i n g  app l  i ca t i ons .  T h i s  i s  n o t  meant t o  

i m p l y  t h a t  - a1 1 d a t a  w i l l  be u s e f u l  among p rog rams ,  b u t  t h e  c a p a b i l i t y  t o  

in te rchange  i n f o r m a t i o n  should  be present .  

S t a t i c  t r u c k  we igh ing  enforcement  ope ra t i ons  a r e  another  p o t e n t i a l  source 

o f  da ta  which has no t  been e x p l o i t e d  t o  a s i g n i f i c a n t  degree. However, t h e s e  

ope ra t i ons  a re  - n o t  g e n e r a l l y  e f f e c t i v e  f o r  e i t h e r  enforcement  o r  t r u c k  we igh t  

da ta  c o l l e c t i o n  f o r  more than  one hour, due t o  t h e  p rob lem o f  s c a l e  avoidance. 

Data taken f rom such ope ra t i ons  may be b iased  i n  t h a t  t he  heav ies t  v e h i c l e s  

would n o t  be adequately represented. However, t h e r e  a re  many c o n t i n u o u s l y  

o p e r a t e d  s t a t i c  s c a l e  l o c a t i o n s  w h i c h  a r e  i m p o s s i b l e  t o  a v o i d .  These 

f a c i l i t i e s  can be, b u t  r a r e l y  are, used t o  p r o v i d e  d e t a i l e d  da ta  on t h e  t r u c k  

t r a f f i c  stream. These s i t e s  should  be g i v e n  c a r e f u l  c o n s i d e r a t i o n  f o r  t h e  

i n s t a l l a t i o n  o f  W I M  s o r t e r  sca les which weigh a l l  t r u c k  t r a f f i c  and r e c o r d  t h e  

d a t a .  A l t e r n a t i v e l y ,  d a t a  c o l l e c t i o n  c i r c u i t r y  can  be  added t o  s t o r e  t h e  

we igh t  da ta  acqu i red  by t he  s t a t i c  s c a l e  a u t o m a t i c a l l y  f o r  l a t e r  ana l ys i s .  

The des ign  of t he  systems o f  Truck Weight Study, LTPPM, and Enforcement  

assessment l o c a t i o n s  i s  a  t h i r d  p o s s i b l e  area o f  i n t e g r a t i o n .  The p rob lem 

w i t h  t h i s  idea  i s  t h a t  each o f  these e f f o r t s  i s  based on d i f f e r e n t  o b j e c t i v e s .  

The Truck Weight Study l o c a t i o n s  were o r i g i n a l l y  se l ec ted  based on a l l o c a t i n g  

a  rninirnum number o f  s - i tes  t o  each o f  s e v e r a l  f u n c t i o n a l  c l a s s i f i c a t i o n  

systems. I n  a d d i t i o n ,  these we igh ing  l o c a t i o n s  were p laced t o  p r o v i d e  some 

gf30grdphical r e p r e s e n t a t i o n  w i t h i n  rnost States.  The recen t  i rnp lernentat ion o f  

t h ?  H i g h k ~ d y  Performance M o n i t o r i n g  Sys tem ( H P M S )  tool, i n t o  a c c o u n t  t h e  

l o c a t i o n s  o f  these h i s t o r i c a l  t r u c k  we igh ing  l o c a t i o n s  i n  the  sense t h a t  t he  

S t d t c s  a t tempted t o  l o c a t e  HPMS panel s e c t i o n s  i n  t h e  v i c i n i t y  o f  Truck Weight  

I S tudy l o c a t i o n s  whenever poss ib le .  The d r a f t  T r a f f i c  M o n i t o r i n g  Guide f u r t h e r  

encourages t h e  r e l o c a t i o n  o f  Truck Weight Study s i t e s  t o  p r c v i d e  a b e t t e r  d a t a  



base f o r  t h e  HPMS program. The highway sec t i ons  t o  be se lec ted  f o r  LTPPM w i l l  

p r obab l y  - n o t  be i d e n t i c a l  t o  those w i t h i n  t h e  HPMS un less  a  conscious e f f o r t  

i s  made t o  ensure co rnpa t i b i l  i t y .  

Assuming t h a t  500 t r u c k  we igh ing  l o c a t i o n s  can be used f o r  bo th  T r a f f i c  

M o n i t o r i n g  and LTPPM, a t o t a l  o f  5,000 s i t e s  may be needed annua l l y  t o  s l lgpor t  

these two  programs. Enforcement assessment t r u c k  we igh ing  can be done a t  a 

subset  o f  these  5,000 s i t e s .  I n n o v a t i v e  appl  i c a t i o n s  o f  a v a i l a b l e  techno1 og;  

a re  r e q u i r e d  i f  these da ta  needs a r e  t o  be s a t i s f i e d  t o  any reasonable  ext.r: 

A p p l i c a t i o n  o f  Technology 

Au tomat i c  v e h i c l e  c l a s s i f i c a t i o n  (AVC)  i n  comb ina t i on  w i t h  p o r t a b l e  VIM 

d e v i c e s  i s  one o b v i o u s  s o l u t i o n .  The A V C  u n i t s  can  b e  e i t h e r  i n s t a l l e d  

permanent l y  i n  the  roadway and i n  a  c a b i n e t  i n  a  manner s i m i l a r  t o  au tomat i c  

t r a f f i c  r eco rde rs  (ATR's) o r  deployed us i ng  temporary  surface-moun ted  sensors 

as a re  temporary  counters.  U n i t s  a r e  a v a i l a b l e  wh ich  use a v a r i e t y  o f  sensor I 

techno log ies ,  i n c l u d i n g  i n d u c t i v e  loops, pneumatic tubes, and t r i b o e l e c t r i c  o r  ! 
I 

p i e z o e l e c t r i c  cables.  

P o r t a b l e  WIM equipment i s  now a v a i l a b l e  f rom a t  l e d s t  two  vendors which 

use a s u r f a c e - m o u n t e d  c a p a c i t i v e  we ighmat .  T h i s  w e i g h t  s e n s o r  can  be  

i n s t a l l e d  i n  l e s s  than  30 minutes and has accep tab le  l e v e l s  o f  accuracy. The 

c o s t  o f  a p o r t a b l e  c a p a c i t i v e  weighmat-based system i s  app rox ima te l y  $50,000. 

The c o s t  o f  each c a p a c i t i v e  weighmat a lone i s  about $10,000. Recent work i n  

t h e  development o f  a l ow -cos t  t r u c k  we igh ing  system f o r  t he  FHWA by Cunagin, 

?t a l ,  now o f f e r s  t he  p o s s i b i l i t y  o f  a inuch more i n t e n s i v e  t r u c k  we igh t  dd ta  

c o l l e c t i o n  e f f o r t .  When t h e  p ro tocype  system i s  de1 i v e r e d  t o  t he  FH!IA i n  t h ?  

f a l l  o f  1985, i t  w i l l  have t he  f o l l o w i n g  f ea tu res :  



1, The w e i g h t  s e n s o r  w i l l  be a  s t r i p  v e r s i o n  o f  t h e  c a p a c i t i v e  

weighmat. The d imensions o f  t h e  s t r i p  a r e  6" l ong  by 6 'w ide  by  

3/8" t h i ck .  

2, The t o t a l  s y s t e m  c o s t  w i l l  be $5,000, i n c l u d i n g  b o t h  t h e  d a t a  

a c q u i s i t i o n  e l e c t r o n i c s  and one s t r i p  sensor .  The c o s t  o f  t h e  

c a p a c i t i v e  s t r i p  sensor should  be l e s s  than  $1,080. 

3. The dev i ce  can be i n s t a l l e d  and removed by  one man, e x c l u s i v e  of 

t h e  need f o r  work zone t r a f f i c  c o n t r o l .  

4. I t  w i l l  have an accuracy o f  - + 10% a t  t h e  90% con f idence  l e v e l  f o r  

heavy ax les .  

Several  vendors o f  o t h e r  W I M  equipment have i n d i c a t e d  t h a t  t h e y  i n t e n d  t o  

marke t  a  v e r s i o n  o f  t h e  FMWA low-cos t  we igh t  sensor d u r i n g  1986. 

A n o t h e r  p o s s i b l e  app roach  t o  o b t a i n i n g  t h e  d a t a  needed f o r  t r a f f i c  

mon i t o r i ng ,  LTPPM, and enforcement  use i s  t h e  i n s t a l l a t i o n  o f  pe rmanent l y  

i n s t a l l e d  t r a f f i c  da ta  c o l l e c t i o n  s i t e s  which use b o t h  AVC and VIM devices.  I n  

t h i s  c o n f i g u r a t i o n ,  surface-mounted we igh t  sensors a r e  n o t  s u i t a b l e  s i n c e  t hey  

do n o t  have t he  r e q u i r e d  d u r a b i l i t y .  For t h i s  a p p l i c a t i o n ,  a  w ide  v a r i e t y  o f  

w e i g h t  s e n s o r s  a r e  a v a i l a b l e  and have  been  m a r k e t e d  f o r  a l o n g  t i m e .  

U n f o r t u n a t e l y ,  t h i  s e q u i  prnent t y p i c a l l y  c o s t s  i n  excess  o f  $75,000 p e r  

i n s t a l l a t i o n  so t h a t  t h e  c o s t  o f  widespread a p p l i c a t i o n  o f  t h i s  equipment  

rd0uld be p r o h i b i  t i  ve. Low-cost permanent ly  i n s t a l  l e d  we igh t  sensors a r e  now 
I 

bclsng i n v e s t i g a t e d  f o r  use i n  t he  U.S. One techno logy  under c o n s i d e r a t i o n  i s  

2 i e r o e l e c t r i c  cab le .  Th is  dev i ce  has been used e x t e n s i v e l y  i n  France and West 

G2r1nany and i n  a research  env i ronment  i n  England. The c o s t  o f  pe rmanent l y  

f n s t a l  l i n g  the  sensors f o r  b o t h  A V C  and W I M  w i  1 l be about $500 per  l ane  us i ng  

t 9 1 s  t e c h n o l o g y .  A n o t h e r  p o s s i b i l i t y  f o r  l o w - c o s t  p e r m a n e n t l y  i n s t a l l e d  

w i g h t  sensors i s  embedding t he  FHNA l ow -cos t  \u'II.l sensor w i t h i n  the  pavement 



r a t h e r  than  mount ing i t  t e m p o r a r i l y  on t he  surface. A l though  t h i s  approach 

has n o t  y e t  been t r i e d ,  i t  i s  a reasonable  o p t i o n  f o r  f u r t h e r  i n v e s t i g a t i o n .  

I 
B r i d g e  we igh ing  o f f e r s  another  reasonable  a l t e r n a t i v e  f o r  a c q u i r i n g  t r u c k  I 

! 

we igh t  i n f o r m a t i o n  on t h e  s c a l e  needed for expanded t r a f f i c  mon i t o r i ng ,  LTPPM, i 
l 

and enforcement  programs. T h i s  techno logy  uses s t r a i n  gauge t ransducers  f i x e d  1 
I 

t o  t h e  l o n g i t u d i n a l  suppor t  beams o f  b r i d g e s  t o  p rov i de  i n p u t  t o  an a l g o r i t h m  ! 
which so lves  a  se t  o f  s imu l taneous  equa t ions  t o  compute a x l e  weights .  Th i s  

equipment can be used i n  c o n j u n c t i o n  w i t h  a x l e  sensors on t h e  highway s u r f a r i  

t o  p r o v i d e  t he  t r a f f i c  da ta  needed For each da ta  requi rement ,  However, h r ~ d g e  E 
l 

we igh ing  systems can be used o n l y  on c e r t a i n  t ypes  o f  b r i dges  and may have I ' i 
! 

i d i f f i c u l t y  d e t e r m i n i n g  t h e  i n d i v i d u a l  a x l e  we igh t s  on tandem ax les  as w e l l  as 
1 

t h e  we igh t  o f  t he  s t e e r i n g  axle. Never the less,  b r i d g e  we igh ing  technology 1 i 
I 
I p o t e n t i a l l y  o f f e r s  one a d d i t i o n a l  to07 wh ich  can be used i n  a c q u i r i n g  the vas t  I 

1 
r 

amount o f  t r a f f i c  da ta  which a re  needed f o r  t h e  r e v i s e d  and new t r u c k  we igh ing  

f u n c t i o n s .  

CONeLUSIOH 

The emerging needs f o r  expanded t r u c k  we igh t  da ta  c o l l e c t i o n  a c t i v i t y  i n  

t h e  areas of T r a f f i c  Mon i t o r i ng ,  LTPPM, and S ize  and Weight Enforcement can 

and should be addressed. W I M  technology i s  a  power fu l  t o o l  which can be used 

e f f e c t i v e l y  t o  meet these needs. However, i t  i s  i m p o r t a n t  t h a t  t h e  t r u c k  1 ti 
w e i g h t  d a t a  c o l l e c t i o n  a c t i v i t i e s  f o r  t h e s e  pu rposes  be  c o o r d i n a t e d  and 1 

E 
i n t e g r a t e d  t o  ensure t h a t  a v a i l a b l e  resources  a re  e f f e c t i v e l y  u t  i 1 i zed. ; 
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Features of the Bridge Fast Weigh is just one of the options 

W@I@WIIIWB now available for application of the Weigh-in-Motion System bridge weighing technology. 1111 options 

sy@T@lSp INC. 
use the Bridge Weigh-in-Motion 

* Uses existing highway bridges as concept which do not require any spe- 
scales cia1 construction and provide unbiased 

Concept * Multi-lane capability weight data since drivers are unaware 
No special construction, ramps or of the weighing operation. The applica- 

platforms required tions of the portable FAST WEIGH 
* Mon~toring of trucks is carried out at system include the following: 

The portable Fast Welgh system was htghway speeds 
the flrst system ~ntroduced by Br~dge * Quick set-up with minimum or no 1) Situations where many major and 
Weighing Systems,lnc It is now just traffic disruptions (depending on bypass routes must be surveyed. This 
orie of the optrons available for utiltzing system options) requires portability which is the unique 
the BWS Wetgh-~n-Motton technology. * Can operale without detection by feature of FAST WEIGH. 
The concept ut~lizes extsting highway drivers of welghing operation 
br~dges as equrvalent stat~c scales The * No data bias due to "lost" trucks 2) Sites in which relatively short 

htgh speed wetghrng combines strain * Wide variety of bridge types used weighing period of one to five days will 

transducers eas~ly attached to bridge Including steel and concrete girders adequately describe truck patterns. 

gtrders and tapeswitches, roadtubes, or In use at more than 200 siteg (The BWS FIXED WEIGH, an unmanned 

permanently installed axle detectors worldw~de system, a available for users requiring 

Data IS transmttted to a microprocessor * Simple training programs available longer recording periods.) 

housed in a van in a dlscrete position, from BWS 
usually under the br~dge Traffic is Testing, installation and data pro- 

3) Sites needing repeated visits to 

cessing services available from BWS 
obtain daily, weekly, or seasonal varia- 

neither slowed nor diverted and drivers 
are unaware of the weight measurement * Axle weights are determined and 

tion. FAST WElGH may be used at 

summed to obtain gross weight night or in all types of weather. operations in progress No special 
platforms, scales, off-road ramps or Portable operation 4) Enforcement screening - FAST 
booths are necessary Two lane standard capability WElGH weight data will appear on the 

* Summary tables available from sys- CRT display within one second of a 

Choices Now Available tern without main-frame computer truck crossing the instrumented span. 
* Can run on portable generator This information may be radioed to 

Quick and easy installation at enforcement officers who can stop the 
* Portable FAST WEIGH System -- new site vehicle and issue a citation using por- 
Offers mobrlity lo eastly weigh trucks * Optional observer to record visual table scales. (Users needing only the 
on many different routes vehicle classification data enforcement capability may wish to 
* Semi-PortableFlXED WEIGH System * Automatic vehicle classification and consider the BWS ENFORCE WEIGH 
- Offers an unmanned system for weight calculation system. This system is intended for 
cont~riuo~js wetght data collection @an permanent installation of transducers 
eastly be moved to new sltes Installation and exceptionally quick set-up and 
Q Mob~le ENFORCE WEIGH System disconnect times.) 
-- For acc~rratescrepnlng of overweight * One straln transducer on each longi- 
voh~cles to asslst enforcement tudinal load 5)  Br~dge loading and evaluation - girder attached 

FAST WEIGH OutPLlt can also provide oporattons C-clamps or lead anchors 
* Semt-Portable SORT WEIGH System information for determining load and 
- Provides sorting capabilit~es at static 

a Or tapeswitches attached stress levels for bridge evaluation. In to road surince 
wetgh-slat~ons Can be moved from * Optional piezoelectric cables can be addition, available from a data BWS gathering to assist service is 
statton to station permanently installed at often used sites 

agencies and consultants to gather and Q BWS Data Gathering Sewlces -- To Instrument van houses equipment 
assist transportatton agencies and interpret such data. 
consultants, and provtde truck weight 
data and/or htghway bridge testing Equipment System Oulput: 

Micro-computer with hard disk drive 

Operation * Generator 
Accurate truck weight data 

* Straln transducers Q Individual truck and summary tables 
* Software 18-k~p equivalents for pavement life 
* Signal Conditioning Center * Truck planning information 

The BWS Fast Wetgh system is quickly Real-time weight processing for 
set-up and ~ntended as a manned enforcement screening 
operatton lo  suwey truck weights on a * Speed and Classification information 
htghway route - the system is intended AccUriPCY * Bridge Loading Violations 
to be portable. On an rn~tial visit to a Brrdge loading and behavior - 
test s~te a callbration vehicle is needed optional for ass~sting in bridge strength 
to ftx a conversion factor On 0 Speed 2 1% evaluation 
subsequent vrs~ts, this callbration is not * Classification 98% correctly classified 
needed and set-up tlme IS typically less * Gross weight ? 5% for 95% of 
than one hour The Fast Weigh system vehicles at highway speed 
can he drsconnected and prepared for * Tandem weights 2 10°/o for 90% of For f u r t h e r  informat ion contact:  

removal to a new scte ~n less than one- vehicles at highway speed Bridge Weighing Systems, Inc .  half hour A31 equipment is designed to 4535 Emery I n d u s t r i a l  Parkway 
frt tn even a small van and will run on a Wdrrensvi l le  Weights, Ohio 44128 
small portable generator Transducers Phone: (216) 831-6131 
arp easily attached wlthout needtng Telex: 985662 
speclal equipment 



BRlD@E WPIGHIMO SYSTEMS, INC. 

FIXED WEIGH FEATURES ENFORCE WEIGH FEATURES 

System D e s c r i p t i o n  System D e s c r i p t i o n  

FIXED WEIGH i s  a seml -por tab le  The ENFORCE WEIGH System i s  a p o r t -  
sys tem d e s i g n e d  t o  o p e r a t e  i n  an able. compact system designed t o  
unmanned, unattended mode c o l l e c t r n g  opera te  f rom a p a t r o l  sedan on the  
a x l e  and gross weight data  roadside. Approach~ng veh i c l es  see 
twenty- four  hours a day. As w i t h  on l y  an o f f i c e r  w i t h  radar  and are  
t h e  Fast Weigh System, br idges a re  unaware o f  t h e  weighing opera t ion .  
used as equ i va len t  s t a t i c  scales.  The output  g i ves  t h e  o f f l c e r  

"probable cause" t o  p u l l  over and 
The FIXED WEIGH System 1 s  e a s i l y  s t a t i c a l l y  w e ~ g h  t h e  veh i c l e .  
moved from s i t e  t o  prepared s i t e .  
Less than s i x  hours i s  requ i red  t o  
take t h e  system down and t o  s e t  i t  Br idges Pe rmanen tk  Instrumented 
hack up a t  a new s i t e  ( t r a v e l  t lme - - - - ---- 

excluded).  Several b r idges can be instrumented 
a t  s t r a t e g i c  l o c a t ~ o n s  around t h e  

U n l i k e  most stand-alone W I M  systems, s ta te .  Upon a r r i v a l  a t  t h e  s i t e ,  
da ta  i s  r e t a i n e d  on each i n d i v i d u a l  t h e  o f f i c e r  w i l l  connect t h e  system 
v e h i c l e  weighed i n  a 24-hour per iod .  t o  t he  b r i dge  ins tyumenta t ion  and 
Only then i s  t h e  data  sumnarized i n  i n i t i a l i z e  t h e  computer program. 
t a b u l a r  form. 

Only t h e  best  in-pavement WIH system Nothing App l ied  To Pavement Surface 
o f f e r s  accuracies comparable t o  
b r i d g e  W I M  system accuracies.  V e h ~ c l e  v e l o c ~ t i e s  a re  obta lned v i a  
However, i n i t i a l  costs,  i n s t a l l a t ~ o n  radar  w h i l e  t h e  computer ca l cu la tes  
cos ts ,  as w e l l  as maintenance costs  t he  a x l e  spacings from t h e  measured 
a re  f a r  lower w i t h  FIXED WEIGH than s t r a i n  record .  7apeswitches o r  
w i t h  in-pavement systems. roadtubes a re  not needed. 

S i t e  Prepara t ion  T r a i n i n g  

The FlXEO WEIGH sys tem i s  e a s i l y  Only two t o  t h r e e  hours  o f  t r a i n i n g  
moved f rom s i t e  t o  s i t e .  Each s i t e  a r e  needed t o  opera te  t h e  system. 
i s  prepared by i n s t a l l i n g  l oop  A d d i t i o n a l  t r a i n i n g  i s  ava i l ab le .  
de tec to rs  and a x l e  sensors embedded enab l i ng  s t a t e  personnel  t o  i n s t r u -  
i n  t h e  pavement.  a NEMA t y p e  12 ment and c a l i b r a t e  new s i t e s .  
water and dust  t i g h t  enclosure,  and 
115 v o l t  AC e l e c t r i c  power. A 
te lephone l i n e  i s  necessary i f  modem 
c0mnunications a r e  des i red.  No Avoidance Poss ib le  

Any v e h i c l e  proceeding along t h e  
' O f f  Scale Veh i c l es '  r o u t e  can not  avo id  t h e  scale. 

S h i f t i n g  l a t e r a l  p o s i t i o n  w i t h i n  a 
I n  some s t a t e s  t r u c k  d r i v e r s  have l a n e  w ~ l l  no t  cause t h e  v e h i c l e  t o  
begun t o  recognize weighing devices be missed as w i t h  pads p laced on t h e  
i n s t a l l e d  i n  o r  on t o p  o f  t h e  pavement. 
highway pavement and have learned t o  
avo id  weighing by s imply changing 
t h e i r  l a t e r a l  p o s r t i o n  w i t h i n  t h e  Output 
lane. S ince t h e  FIXED WElGH System 
uses t h e  response o f  t h e  e n t i r e  Veh ic le  weights are  output  w l t h i n  

b r i d g e  t o  weigh t h e  veh ic le ,  such seconds o f  t he  v e h i c l e  c ross ing  t h e  

avoidance at tempts a re  f r u i t l e s s .  b r i dge .  C e r t a l n  v i o l a t i o n  c a l c u l a -  
t i o n s  are  done and t h e  r e l a t i v e  
degree o f  l i k e l i h o o d  o f  t h e  v e h i c l e  

System Rota tes  Between S i t e s  be ing  overweight i s  d isp layed.  

I d e a l l y .  t h e  FIXED WEIGH System i s  
r o t a t e d  around severa l  ( 3  o r  4 )  Qu ick  Set-Up, Quick D isconnect  

s l t e s  on a p e r i o d i c  bas is .  Whi le 
t h e  F IXED WEIGH System i s  c o l l e c t i n g  Set-up i nvo l ves  un lock ing  t h e  system 

c l a s s i f i c a t i o n  and weight data  a t  c o n t r o l  box and a t t a c h i n g  one cable.  

one s i t e ,  veh i c l e  c l a s s i f i e r s  can be The system ins t rumen ta t i on  i s  then 

i n s t a l l e d  a t  each remaining s i t e  t o  read ied f o r  weighing and the  com- 

c o l l e c t  c l a s s i f i c a t i o n  data. Thus, p u t e r  program ~ n i t i a l i z e d .  System 

t h e  weight d a t a  can be extended t o  s e t - u p  w i l l  t a k e  5 t o  10  m i n u t e s  

pe r i ods  when on l y  c l a s s i f i c a t i o n  f rom a r r i v a l  u n t i l  we igh ing i s  

data  was co l l ec ted .  begun. The system a l l ows  f o r  qu lck  
disconnect,  approx imate ly  30 

IXEQ WEIGH becomes extremely seconds. 

o s t - e f f e c t i v e  w i t h  such a sampl ing 



UCK ID: 34 LRNE 1 SPEED: 59.9 MPH TYPE 

I NO 12.1 4.3  26.6 
MEIGHTS 9.8 17.9 17.9 18. 

I TOTRL WEXGHT 66.2 
I 

18 KIP EQUIVQLENTI RIOID 2.63 FLEXIBLE 1.65 



WEIGHING Typical Installation SYSTEMS,INC. 
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CMI-DY NAMICS, INC. WEIGHT MONITORING SYSTEMS 

1. - H i e e e e d  Data  C o l l e c t i o n .  Here t h e  s c a l e  i s  mounted 
f l u s h  1; t h e  highway s u r f a c e  and  w e  g e n e r a t e  a w e i g h t ,  
d imension and speed  r e c o r d  f o r  each  v e h i c l e  p a s s i n g  t h rough  
t h e  system.  The i n f o r m a t i o n  g e n e r a t e d  i s  used  by highway 
d e s i g n e r s ,  p l a n n e r s  and r e s e a r c h  d e p a r t m e n t s ,  

2 .  High --- Speed - S o r t i n g .  I n  t h i s  a p p l i c a t i o n ,  t h e  s c a l e  i s  
p l a c e d  i n  t h e  e n t r y  ramp o f  a  weigh s t a t i o n .  I t s  pur -  
pose  i s  t o  s c r e e n  t h o s e  v e h i c l e s  t h a t  a r e  o b v i o u s l y  l e g a l  
and a l l o w  them to proceed back o n t o  t h e  highway w i t h o u t  
s t o p p i n g ,  Marg ina l  o r  ove rwe igh t  v e h i c l e s  a r e  a u t a m a t i -  
c a l l y  d i r e c t e d  to a s t a t i c  s c a l e  f o r  enforcement  weighing .  

3 ,  -- I a w  Speed WIM. C u r r e n t  a p p l i c a t i o n  f o r  t h i s  sys tem i s  
t r u c k  t e r m i n a l  check weighing.  Accuracy i s  0.5% and w e  
a r e  hoping  t h a t  f u t u r e  a p p l i c a t i o n s  w i l l  i n c l u d e  t r u c k  
weight  enforcement ,  The S t a t e  o f  North  C a r o l i n a  i s  c u r -  
r e n t l y  t e s t i n g  a sys t em and w i l l  b e  compi l i ng  d a t a  f o r  
1 J . B . S . .  ,,,-,,,. Da f a Collection System 

The CMI  Dearborn W I M  S stem is the out- 
come of m a n y  ears o f  deveLgment to create 
a practical, rella&le and economical weight monb- 
tortng system that can withstand exaemel hash  
envlronrnental conditions and m rnonctor Keavy 
traffic at highway speeds. 

The C M I  WIM System has been a p l i e d  to 
both high and low speed sortlng anxalao as a 
tool for accurate data collection. 

I n  the data coHecrien mode o f  operation, the 
CMI WIM System monliors theenttre population 
traverstng a preselected roads~te. 

A record i s  produced for each vehicle listing 
the tlme, date, vehicb t pa, lakip equivalency, 
speed. pros$ weight, a& spacing and individual 
axle wulght. The information is stored for later 
retr~eval tn a serles of tables w h ~ c h  can be de- 
signed t o  s u ~ t  local requirements. 

Cornblnat~on systems providing "re sortbnpi 
and data collactson funct~onr  are also dvahlablle. 

SCALE 
Vehicle we~ght  1s determined b y  

two scales, one for each s~de  o f  the 
vehicle The weight w ~ l l  becons~der- 
ed correct only when both scalesare 
activated The scales are completely 
sealed t o  prevent t h e  Intrusion o f  
salt, wa te r  and dirt, etc The seal 
protects all mechanical components 
~ncludtng the l o a d  cell/transducer 
assembly Each unit is Instailed In a 
prefabr~ated frarrie mounted flush 
w ~ t h  the roadway surface 

Edch s~de of the scale IS mom- 
lored b y  trouble free off scalcdetec- 
tors whtch deltver an e r r o r  s ~ g n a l  
i t  rhe vehicle crosses the system Im 
properly These dev~ces are also seal- 
ed agarnst water Intrusion and, l ~ k e  
the scale, dre able to wrthstand scra- 
ping durr~rg Ice and snow rernovdl 

WIM SYSTEM ADVANTAGES 

SYS 1 EMS ACCURACY The CMI Dedrborrl WIM System 
WIM Systems rnvolve wetghlng prov~des accurate axle load inlorlnd 

axlesat n o r m a l  h~ghwdy speeds t lon for monl tor~r ig  perforrndr~ce o f  
Three  major f a ~ t o r s  that affect ex tsting pavements 
systern performance are I t  prov~des ~ n f o r m a t ~ o n a n d  

indicates trends l o r  pred~cting future 
1 Approach toughness truck vulomes and axle lodds 
2 Veh~cle bdlance I t  prov~desaccuratedata for asses 

U~nJmcc response of lhe Ing bridge s t ru~ tu rd l  periocrnance 
rrrg systern 

TheCMI WIM Systern ~ s r o m  
I f  the loadway approdch rough- pletely a u t o m a t  IL, requlr l r~q  no  

nes5 IS less thdn une erghth inch operdtlng persorrnel I t  will report 
dndar d 10 foot stra~yhtedge, a c w -  on  predeterntined sctcedt~le v ia 
rd~ ies  of PIUS or mlnus5 percent cdn telephone modem or o n  derndnd 
be expeclecl dt n o r m a l  h~ghway 1 he systerrr has a self dwqirost~c 
speed Axle 5pdc:ng IS plus or nirnus frdture w h l ~ h  1s ~apdb le  of acLess 
2 ~ n c l ~ e s  b y  lelephone 

SYSTEM ELECTRONICS 
The e lect ronccs o f  the D a t a  

C o l l e c t ~ o n  System conslst o f  an 
Interfaceand a microprocessor plus 
a statlsrlcs computer T h e  system 
1s connected b y  telephone t o  a host 
computer or termlnal The statlstlcs 
computer utilizes a cassette tape  
cartr~dye for data storage The elec- 
tronics package can f t t  Into d stan- 
dard ~ r a f f i c c o n t r o l  b o x  which 
shouM be supplied w l th  a srmple 
heater for wlntertlme operation. 

VEHICLE CLASSIFICAl  ION 
Movlng vehlcles are cldssifled 

Into as many as 20  categories ran[) 
Ing from cars to trucks wi th nine or 
mole axles Loop detectors are used 
t o  determme presence and speed. 
and the tlme delay between axle 
we~gh~ngs determines dxle spaLlriys 

OPEHATING ENVIRONMENT 
50 deyrees F t o  + 140 deg~ees F 

POWER REQlJlREMENTS 
The WIM System operates on  110 

Volts ACl tOHr  Power surge and 
Ilyhtning protectton IS provided for 
the electronic components The sys 
ten1 w r l l  a u t o r n a t ~ c ~ l l y  restart 
followtng a power outdye wrlhuut 
!0ss of ~ ~ e v l ~ l l s l y  collected d ~ i d  

820 Lafayetto Rd. 
Hampton, NH 03842 

(603) 926-1 200 Telex. 750684 



CMI-DEARBORN, INC. 
Mldigh~bNlofion Sorting System 

TheCMI Dearborn WIM S y s t e m  
is the outcome o f  many years o f  de- 
velopment tocreate a practical, relia- 
ble and economical wei  h t  monllor- 
ing system that can w i  t?,stand ex- 
tremely harsh environrnentak condi- 
tions and to  monitor heavy traffic 
at highwa s eeds 

The W I ~  &stem ha:, been applied 
to  bo th  h ~ g t i  and low speed sortlng 
and also as a too l  for accurate ddta 
collection 

I n  the sorting mode o f  operation, 
the WIM System is generally located 
i n  the conventional we' h s t  a t i o  n 
entry rarnp. Each vehicye IS checked 
for compltance w ~ l h  bridge formula, 
axle, and gross veliicle we~ght  l i m ~ l s  
Suspect vehicles are autornaticdlly 
dirocted t o  the re-weigh scale f o r  
further welqhirig 

~ o n i b i n d t t o n  systems providing 
the sorting and data collection func- 
tions are also available. 

WIM S RT lNG SYSTEM 
ADVARTAGES 

1. 100 percent screening of all trucks 
entering the weigh slation 

2. Improves weigh stdtlon offlciency. 
3 Vastly reduces manual welghing 
4 Cost effective reduces rnanpower 

requirements. 
5 Glves a complete vehicle record 
6 I d  ntifiesspwlfic brlrlye forrnula 

viulations 
7. Provides apr in tout  of speciflc 

violations 
8 Ener y savin majorlty of trucks 

mere& hava gSo'slow down 

POWER REQUIREMENTS 
The s stem operateson 1 10Vo l t  

z. Power surge and lightning ACIGOJ 
protection is provided for the elec- 
tronic components. The s stem wi l l  
automatically r e s t a r t  folyowing a 
power outage without loss o f  pre- 
viously collected data. 
OPERATING ENVIRONMENT 
60 degrees F t o  +I40 degrees F. 

SCALE 
Vehicle werght 1s dele1 mined b y  

t w o  scales, one for each wheel path. 
The we~ght  wi l l  be considered oar 
rect only when both scales are acti- 
vated The sales are environmentally 
seated to prevent the Intruston o f  
salt, wa te r  andd l r t ,  e?c Theseal 
protects all mechan$cal components 
lnc lvd~ng the load cell/transducer 
assembly. Each unit  is installed in a 
prefabr~rated frame mounted flu st^ 
wtth the roadway strrface 

Each sideof the scale ~smonotored 
b y  trouble free off-scdle detectors 
whtch deliver ari error signal 11 the 
veh~cle crosses the system improper- 
I These devtces are sealed and, l ~ k e  
t i e  scale, are able to w i k i is tand 
scrapln during snow and Ice re 
moval Improper ly  wurgtleif vehlcles 
are automatically drrected to the re 
we~gh  station. 

VEt j ICLE CLASSIFICATION 
The system w ~ l l  class~fy vehicles 

wi th  up t o  nine or  more axles Loop  
detectorsare used t o  d e t e r m ~ n e  
presence and speed, and the time 
delay between axle weigh~ngs deter- 
mines axle spacings. 

OPCRATING SPEED RANGE 
5 to 60 MPH 

DYNAMIC WEIGHING SYSTEM ACCURACY 
Plus as rntnus frve percent ar proscribed speed. 

INFOIIMATION PRESENIED 
1. lndivrdual dxle welqlias 
2. Group weights (tandems, etc.] 
3 Gross vehicle wuvlht 
4 Brtdgo forrnula vlnlalion 
5 Axle count or vehicle ident~flcatlon 
8. Axlo spacing 
7 Vehi~le count 
8, Dole and time 

DlSPl AY 
CRT screen of srrfficient capacity to dlsplay 
and store data on lour or five vehicles Drsplay 
also identifies overwerght axles, axle combinb 
lions, GVW and bridge violations. 

PRiNTED RECORD 
Wil l  operate autornati~ally when system da- 
tects s violation. All data on the suspect vehic- 
lo will ba recorded including specific violation. 

RRll)GC FORMlll A. 
The syslern is  prourammed to detect and signal 
brlrlga formula vlolallons on vehlclos w l t l ~  five 
or Inore axles It will also idonlifv tho ~ar l icu 

SYSTEM EI.ECTRONICS 
The WIM Sorlrny Systern electron 

bcs consrst o f  an ~nterfnce and a pre 
prograrrlrned mirropro~essor 01rt 
pi i t  1s trdiisrnilred to Ilie scale hotise 
where  it ~ s d ~ s p l n y e d  o n a  CAT 
scteen, pr~rrter. or both. 

I n  con(?rn~t ion wt th slclnals from 
loops, i t  gives d con1l1le i e  vet~~c.le 
weight re( ord iric,lt~tlirir tlnle, &re, 
specd, axle spdcirig, intllvl0icJ1 axle 
we(( hts, gross velliclc welgflt aotf 
britJfje f o r t n t i l ~  ~o r r1 , l l i d r r~~  O~l tp t r t  
colirrol srclri~~ls are used to d i rec t  
t r a l f ~ c  either b,~ck onto Iticlrrqliway 
or to the te  w e ~ g l ~  srale. A L ~  C~JLIII( e 
t hrestiold nldy be atjjristed r~rariodlly 
at the cotisc~le, or Ihc syslrrn I 411 be 
programrrred to  a t l t omdt  f ~ a t l y  In 
credse violation Itirrits dur~rlg pedk 
trdflrc 11er10il~ 

1 he W I M  Sysrern tscqt~rp(~edwl th 
self didqnoslic r wtircli rdrl be acc c.ss 
ed through the coniiltrter keyboard 
or remotely vla telphone data link 
I t  isdlso equipped w ~ t h  a u n l q u e  
c a l l b r a t i o n  m o n k t o r  whic.h r o n  
tlnnously checks overa l l  syslern 
accuracy. 

I f  requrred, the CMI Dearborn 
WIM Sorllng System can be st~ppliecf 
wl t l l  a stdtislirscomputer whlch wi l l  
prnv~de overail truck trafllc datd un 
a ddily or weekly bas15 A l l  systerns 
are ec)u~(lped w i th  telerrietr y. 

ldr axle group (11 v~t)Ir)tri>n. t l u ~ s  IedurlniJ \OP 
mdiipowcv re~lrkcred for welghi~y 

WFIGtiT I IMI TS 
The svsr?rri IS pr0!4rdrnrned to d~.re( I and slgndl 
the tollow~~ry w l r l ~d l l r r l r 5  

a Slt.cr+n axle l l t r r ~ t  
b ~tnllle Yr,dd Itrar~ng dxlt! l~nul  
C 1 t l l l dV l I l  ~ X ! P  !1111tt 

d 7 rrple axle l l r r t l l  
e GVW Iiinit 

AlJTOMAI IC CONTflOl 
I. Actual welyht. GVW or bridqe formula vio 

latlons w~ l l  slqnal overhcad stgn 
2 Ilnprnper traverse of srale platform wrll slg 

ndl overhead slgn 
3 S~yn,d for overhed sun cancellation once 

whlrle has passed 
4 Siyrrdi to watri o l  violator evaston. 
5 Systern has tneans to deleLt barkup condl 

tcon between dynamrc ard statlc scales 
b System will aulornat~cally reset to normal 

violailon Ilrnil when backup condition IS 
removed 

PROGRAMMING 
The eloctronlc cornputwr squlpnrent Is easily 
modifled I& suit l o ~ a l  requlrernonts 



CMI 0 WEIGHWRITE 

* Management Modes w i t h  coded security access. 
-k Wide range of options. 

0°C TO + 50°C ( t32"F  
-10 C TO t 70'C ( t23"F  
- 3 0 C T C ) t  5 0 C ( - 4 2  F 

WEIGHBEAM PLATFORM WEIGHING AREA 3 0 4 M  X O7BM (1011 X 211 81n) 

POWER REQUIREMENTS 240V 50160 Hz 120VA 
1 l 5 V  50160 H1120VA 

CRRRYtiOPE TPUHSPClPT LTb. 
ADDRESS WEADER MILES RlvIRV RORF 

DATE 8 TIME -- QHVTWM. 
2/FERR?IR!%"X'.I~85 11: 36 

SEQUENTIAL NO. 

ZERO CONDITION ZEP . . . 00013 

CALIBRATION NUMBER CRL ... !I150 

AXLE WEIGHTS 4.28 TDII!IES 

GROSS WEIGt IT 7-86 TO!IHES 
R::'LE 3 6 .  13 TQL";E: 

6 .  ! 3  TI:fi9f S 

TOTQL UEIGHT 2 4 . 3 0  TP~I!:ES 



CMI-DEARBORN, INC. 

Data CoElection System I 

B 

sorting system WEIGHWRITE 
CMI-Dynamics, Inc.  Users 

Minnesota DOT ( 4 )  Multi  l a n e  d a t a  c o l l e c t i o n  systems. 

Maine DOT ( 2 )  Multi  l a n e  d a t a  c o l l e c t i o n  systems. 

Oregon DOT ( I )  Multi  l ane  d a t a  c o l l e c t i o n  system with AVI. 

Oregon D(Yr ( 2 )  Weigh s t a t i o n  s o r t i n g  systems with AVI. 

Flor ida  DOT ( 4 )  Weigh s t a t i o n  s o r t i n g  systems. 

Ca l t rans  (1) Weigh s t a t i o n  s o r t i n g  system. 

Wisconsin (11 Weigh s t a t i o n  s o r t i n g  system. ( 2  WIMs) 

North Carol ina (1 )  Low speed enforcement system. 

Michigan 

h t a r i o  MTC 

Quebec HTC 

(1) Low speed conunercial system. 

( 4 )  Weigh s t a t i o n  s o r t i n g  systems. 

(1)  High speed (main l i n e )  s o r t i n g  system. 

New Brunswick MW (3) Low speed commercial systems. 8 
!*l 

Saskatchewan MTC 

Alberta  MTC 

Alberta  MTC 

Alberta  MTC 

( 2 )  Data c o l l e c t i o n  systems. 

(1)  H u l t i  l a n e  d a t a  c o l l e c t i o n  system. 

(1 )  Weigh s t a t i o n  s o r t i n g  system. 

(1)  Low speed commercial system. 







m a GOLDRN nC JEW 
Weighman Portable Weight Classification System 

Oolden Wivor Ccrpor~Plon, 7672 Slandrsh Place Rockvtlle Maryland 20855 V S A Telept>one (301 ) 340 68M) 

Odcnlgnsd far the envimnmant Manned sites 
EVO~W from sb/stm?s developed to operate For tmrnedralle assessment of data hard copy ts 
relrably in extremes of clrmate throughout the avarlableon-srte ustng a printer lrnked drrec! to the 
world Werghrnan I$ a rugged, battery powered Wetghman An alarmsrgnal rs provrded lo draw 
microprocessor-based system bull1 to wrthstand attentron toveh~clesexceed~ng the FHWA fl~ldys 
prolonged wse In the freld Formula rntroducrngthe poss~brl~ty of coritrol arid 
&tot&! part@bl% system enlorcement 
At8kg (3gbs)and 3Okg (661bn) rerpccttvely built In Compatibillty 
Warghman ahd thepressuresensilrve wetght mat Werghmancan beused In a stand alone srluatlon 
are eaaly maved from site to site Thrs and raprd but IS also compathble wtth other detect~on 
rnkt2rllation (t ptcally t hour) combrne to bring relrreval and output devtces produced by Golden 
f~exrbrlity @n$rscope rn ,nforrnation gatherrng Rtver and can therefore be incorporated rnlo most 
capab~l~tras complex trafftc paftern evalual!on systems and IS 

Cf@~@lficaticrn wersaPillty abletotransmtl pre formatted datadtrect to 
Foreachvehtclepass~ng the site the Werghman computertsed systems 
determtnes axle wergh! gross we~ght. FHWA easlc in~ ta l l~ t ibn  
SchemeF class FWWA Bt~dge Formula A basrc wetghldetcct~on stte comprrses a 
cbmpllance, sp~ed.  length and arnval hme We~ghman. 2 road loops and a pressure senslt~ve 
Thrs data can be slored by the Welghman on an werghl mat f he werghl mat IS surface mourlled 
mdtvbdual veh~cle basrs Other storage opt~ons are between the loops and all are lrnked by cables to 
avatlable which allow theuser to classrly veh~cles conneclors on the front panel of the Werghman 
inlo groups before storcng Ihe data Th~s Werghman can be housed tn a roadsrde cabrnel or 
classrfrcal~on can be based on vehtcle class. simply chained to a suttable anchorage porn1 I 

gross wetght or axle wetght lahe unrl IS ~nconsp~~uous and extremely robust 
UnnranngQ operation and telemetry Essentla! additional equipment 
We~ghman can be lell on-srte maltended Wetghman re~urres the addtt~on 01 a Relr~rvcr lo 
Automatrcally storeddata can be collected a1 any provtde data collecl~on and OSPT progran;rc~ir~cl n 
lrme wtth the Golden Rrver Retrtever fhrsunrt 1s battery chargerlrnterface and a pr~nler or s~rn~lnr 
also used 10 alter deleclron parameters and to data arlalysls provtston lor the productrot1 of tlarrj 

monttor correct luncttonrngof the ~nstallatron- COPY 
a slngle Retr~ever typrcally servrcrng 3 lo 5 
Wetghman systems For fully automatrc or remote 

I dala retrteval. Werghman can be lrnked dtrect to 
the telephone network' and tnformatton passed 1 dtrectty loacentral offtce lor luture evaluatron 

I 
I 

I 
I 
I The Waighman Is programmed from the Golden River Retrlevarl 8 

1 portablss battery powered programmer/reader unit, connected to 

I the Welghaan recorder elther dlrectly on slte or remotely uslng 
I 
I modems and the telephone network. 
I 

I 
The system requlres two locps for fu 1 1 vehicle I 

I 
I sensing and c lass'l f lcatlon. These loops can be either temporary 

i or c v t  Into the pavement at permanent sltes. 
I 

1 
1 

The Weighman her a fult sang* of sapablllty. Maxlaum gross 
I 

relght Is 100 )on$. morc than doubie the o l  lorabls 1 lmIts In the 

i U.S. The system wI I I record axle rslghtr and spaclngs for 13 

1 ax1 es per veh lcl e. 
, 

I 
I 

I Tests o f  the Welghaan Indlcote that when the system 1s proper1 y 

lnstollrd and cellbratedr the usor can expect gross wolghtr 
I 

I ro@sured By the Wel$haan to be typlcal ly wlthln 10% ot static 
I 

gross relghtr. 

I 

-~ ". 



Basic installation 
Not drawn to s ~ d l e  

7 

Specification r 
- ---- 
Count !nterval 5 m~nutes to 24 hours (31 programmable ~ntervals) d 
Maximum Count 4000 per b ~ n  per recordmy i 1 

Memory Size 44K bytes slarjdard I 
Merriory capauty expandable lo 25GK Expansion 

Preset Start Starts recordir,gs at programrnable time and dale 
Accuracy Weight rt 10% + 0 25 tons 

Speed <60rnph i 2 Smph 
Lerigth Typical + 19" (480mm) + 3 3% 1 

Battery Sealed lead acid 6V 10Ah ! 
Battery Life Typ~cally 10 days belween 24 hour recharge cycle 1 
Status Self test output I 

Battery Status Direct Weighman vollage read~ng on Retriever i 
Clock 24 hour Real T~me Clock, rt 2 mrnslmonth i 
Calendar FULL YYMMDD calendar, with leap years I 

identification 8 dig~t number, user ass~gned 
1 ) Gross weights, axle weights FHWA Scheme F Class, FHWA Br~dge Formula 

j 
Classification 
Parameters compliance, speed, length arrival tlme "9 

2 13 classes, 12 we~ght bins lor each of 4 axle types I A 
3 13 classes and 12 gross we~ght ranges ! 
4 13 classes only k 
5 12 gross weight ranges 
6) 12 axie weight ranges 

t 
i 
E; 

Telecommunications Fac~llty for direct lelephone modem connection between Weighman and Retriever 
Loop Detectors 2 multiplexed self-tunrng detectors 

40pH to 200pH 
! 

Loop inductance I 
Dritt Automat~c cornyensatron 

s 

Sensors One we~ght mat, two road loops k 
Sensor Connection 12 metre cable between mat and logger 
Temperature We~ghman - 40°C to +80"C -40°F to 175°F) 

Weight mat P C  lo +80°C 132'F lo 175°F) 
1 

(We~y ht mat not designed for use In snowllce condil~ons) k 
I 

- -- [ 
A basic Weighman system typically c~rnprises F 

- 
One GR0349 We~ghman Logger 44K standard or One GR0306Connector with talk ? 

I 

One GR0381 We~ghman Logger 128K One GR0323 Loop conneclor b 
One GR0352 We~ght mat Six GR0238 Surface loop k ~ t s  (12 lays) $ 

One GR0351 Oscillator and cable Three GR0350 Mat lrxing kits (12 lays) 
- - --.-- - i 

Supplementary equipmentlconsumables 
-- -- - 
CR0521 Extra 32K memory module for GR0452 Pr~nter 

3 
i 

We~ghrnan (faclory fltted) 
X 

GR0350 Spare mat f~xlngs klt(12 lays) $ 
GR0357 Retriever l28K memory GR0351 Spare oscillator module for mat I 

GR03Q4 Charger for We~ghman or Retr~ever GR0352 Spare mat 
GR0308 Charger/~nlerface t o r  We~ghmanor GR0238 Spare surface loop kit (2 lays) 

E 
Retr~ever 

--- . - - -- 











WIM-1E". ..Weighing Vehic les I n  Motion 

WIM SYSTEM ... Accuracy. Speed, Safety and Savings I n  Highway Weighing 
Operations 

Radian's WIM System i s  an advanced microcomputer  Weigh- In-Mot ion  System 
wh ich  a u t o m a t i c a l  l y  weighs v e h i c l e s  mov ing a t  h ighway speeds. T r a f f i c  
sa fe t y  as w e l l  as agency operator sa fe t y  i s  r e a l i z e d  because v e h i c l e s  are  
no t  stopped t o  be weighed and dimensioned. I n  addition, slmul taneous mu1 t i- 
pie l a n e  we igh ing  f u r t h e r  reduces  s a f e t y  hazards  as v e h i c l e s  a r e  n o t  
requ i red t o  change lanes t o  be weighed. 

WIM SYSTEM Appl ica t ions  

Ease of  i n s t a l l a t i o n  and opera t iona l  adaptability are  important fea tures  o f  
the WIM System. Where permanent i n s t a l l a t i o n s  are  no t  p r a c t i c a l ,  t he  WIM 
System can be moved from one l o c a t i o n  t o  another w i t h  a minimum set-up t ime 
(30 m inu tes  f o r  a two-man crew). The WIM System's m i c r o p r o c e s s o r  d e s i g n  
permits i t  t o  be adapted t o  vartous opera t iona l  requirements. 

WIM- 1E@ ENFORCEMENT SYSTEM 

The e n c l o s e d  d iagram shows a WIM-lEeSystem i n  a we igh t  l a w  enforcement  
conf igurat ion.  I n  t h l s  conf igurat ion,  the  WIM-1@ can a u t o m a t i c a l l y  perform 
a x l e  and gross weight 1 aw enforcement, conduct t r a f f l c  c o n t r o l  operattons, 
compute f i n e s  and prov ide p r i n t o u t s  from data s tored on f l e x i b l e  d isket te .  

A1 1 v e h i c l e s  except passenger cars are  d i rec ted  i n t o ' t h e  weigh s t a t i o n  o r  
can be sor ted w i t h  in-highway sca les  and message slgns. Veh i c l e  detec tors  
p laced i n  the main highway lanes i d e n t i f y  v e h i c l e s  at tempt ing t o  a v o i d  t he  
weigh s t a t i o n .  The s o r t i n g  s c a l e ,  b u r j e d  i n  t h e  ramp l ane ,  we lghs each 
v e h i c l e  p a s s i n g  o v e r  I t  a t  speeds up t o  45 mph (72  km/h). The v e h i c l e  i s  
c l a s s i f i e d  by the  WIM processor according t o  s i n g l e  o r  tandem a x l e  conf ig -  
urat ion.  Veh i c l e  wetght i s  computed t o  w i t h i n  +5 percent s t a t i s t i c a l  accu- 
r a c y  a t  t h i s  p o i n t .  The w e i g h t  i n f o r m a t i o n  i s  compared t o  l e g a l  a x l e  and 
gross l i m i t s ,  i n c l u d i n g  Br idge Formula weights. Prevent ing  f u r t h e r  delay,  
an overhead t r a f f i c  s i g n a l  d i r e c t s  l e g a l  v e h q c l e s  t o  r e t u r n  t o  t h e  ma in  
hfghway. P o t e n t i a l l y  overweight veh i c l es  are d i rec ted  t o  a prec is fon,  low- 
speed scale.  Alarms a l e r t  t he  system operator I f  a v e h l c l e  takes the wrong 
d i rec t f on .  

HIM SYSTEM ENFORCEABLE ACCURACY 

V e h i c l e s  pass o v e r  t h e  low-speed, precision s c a l e s  a t  a maximum speed o f  
10 mph (16 km/h), and weights are computed t o  w i t h i n  i l  percent s t a t i s t l c a l  
accuracy. A second t r a f f i c  s l gna l  d i r e c t s  overweight veh i c l es  t o  a park tng 
f a c f l i t y .  w h i l e  v e h i c l e s  w i t h i n  l e g a l  l i m i t s  a re  d i r e c t e d  back t o  the  mafn 
highway. The HIM-1@ can au toma t i ca l l y  compute f i n e s  and accept operator-  
entered veh l c l e  data. 

-- -- - --- --- 

Vehkje Inlormatron acquired by WIM SYSTEM 
.- - - - - - -- - - - 

TYPE R-fE -- 

SYSTEM Mf ASURCD 
1 Wtkei Wetylrl 01YW2 Ibs 

(0 LJII 

2 Axle Wtlghl 0 39 WM bs 
((I tnl) 

3 U L ~ S  wtt~yhl a n  ol 
 AX^ we~g l~ ib  

4 vemrh-Li~ed 5 t10 MPt4 
(8 125 KrnRI) 

5 k l e  Cam1 2 15 
6 h k  ?+cmng 240Fl  

(o6 12 2Melrrs) 

7 Valliclt Lehylll 10 12061 
(3 121 3 Malc#rl 

fJ I,lru~oll>dv 0 ?4 HIS 
9 bh?lbl! 1 lrrle D a y  Mmtt, Year 

W t H A l O H  5UPPLlLU 
113 VIVldl VI?IItL!B c& l o k k  

CldssIi~~dllOll ~ r n l l g ~ l ~ b c w l ~  
11 Vlsudl Vehlcle 10Dlgll'. 

kr2nllllLdilOn &dldnt#I\l,?lC 
12 011111 IdenltI~_rll#m 7 Uqllb $11~ 

D.lt.3 ~ r x d l ~ u n  Q x . ,  i l r *  tli 

- -. - -. - 



HIM SYSTEH Operation features 

Standard 

Weight o f  vehicles i n  n o t i o n  a t  speeds up t o  80 mph (129 km/h) 

Weight o f  up t o  fou r  t r a f f i c  lanes s~wul taneously  

Height o f  wheels (s ing le  o r  dual )  t o  detect  lmbalanced loads 

I Automatic compensation when wheel we igh ts  d j f f e r  by  More t h a n  50 1 
percent k 

Automatic cmnpensatlbn when one wheel load transducer f a i l s  

Programmable weight threshold 

Interchangeable wheel load scales I n  a l l  appl lcat jons 

Scale component no heavler than 140 pounds (64 ki lograms) , 
Wheel l o a d  chassis removeable from roadbed without specfal equipment 
f o r  mobile app l i cs t ions  

Automatic vehic le  c l a s s l f l c a t t o n  (based on ax le spacing) 

Automatic scale balance and se-zero 

Automatlc se l f - tun lng  loop d e t e c t ~ r s  

Automatic s e l f - t e s t  d iagnost ics and repor t fng  

To ta l  t r a f f i c  count i n  up t o  fou r  lanes--fndependent o f  weighing 

Speed c l  a s s l f  t ca t lon  i n  up t o  four  l anes--f ndependent o f  welgh'lng 

Data storage on IBH coapatlble f l e x i b l e  d i s k e t t e  

Operator fnput  v i a  keyboard 

Battery-powered date and time-of-day c lock 

L lgh tn lng  p ro tec t ion  

WIM SYSTEH Component Character ls t fcs 

Transducer (Standard1 

Ralnhart Model 882, t r i a n g u f a r - a r t i c u l a t e d  p l a t e  design (patented by Dr. 
C lyde  E. Lee j 
two transducers per lane (welghing app l i ca t ion )  

Four lanes maximum simultaneous w l g h i n g  

Transducer Weight No component heavier than 140 lbs .  (64 kllograms) 

Weighing Capacfty 19,842 I bs. (9000 k l  l og rams) / t ransducer  (s tandard) ;  
hdgher capaci ty  ava i lab le  as an op t ion  

Vehicle Speed Wfgh-speed t r s n s d u c e r - - 6 0  mph ( 9 6  km/h) * l o %  
statistical accuracy 
Hid-speed transducer--40 mph (64 km/h) *5% s t a t t  s t i  ca l  
accuracy 
Low-speed transducer--10 mph (16 km/h) *I% s t a t i s t i c a l  
accuracy 

W I M  SYSTEM Users 

Alabama, F lor ida,  Georgia. Louisiana, M iss iss ipp i  
EEevada. New Mexico, Texas, V i rg in ia ,  Wyoming 











Siemens weig hing-in-motion.. . 
Portable, Mobile and Stationary Systems. 

S~emens an rnternational leader in Siemens WIM systems provide reliable 
advanced ~roducts and systems for a PrfOrmance across the appl~ca - 
wde varlety of industrral and tlons spectrum to include high-speed, 
commerc~al applications offers a series moderate -speed and low -speed 
of We~ghing - In. Motion (WIM) systems measurement situations, as your 
specifically designed for dynamic requirements dictate. Modular in design 
measurement of truck traffic. Available in for maximum flexib~lity , . .and system 
portable, mobile and stationary expandability, every member of our WIM 
conflguratlons for use as statistical System family offers you these important 
systems for highway planning; benefits; 
screening systems for enforcement lncreased vehicle throughput. 
welghlng, and as measuring systems for 
toll collectton and bridge protectron, Increased speed of operation, through 

Siemens WIM systems: dynamic, in -motion capabtlities, 
reducing air pollution, fuel m Analyze emerging trends In traffic . consumption and truck driver time. 

affordrng highway matntenance and 
plann~ng departments the vital informa- Increased safety.. .dynamic measure- 
t~on and statistrcs they need for today- ment keeps traffic moving. No more 
and tomorrow hazardous highway backups. 

D Provrde law enforcement agencles Increased deterrent.. .accurate, high- 

wlth accurage long. and short-term volume screening and spot -checking 

data for rdent~flcatlon of load vtolators discourages repeat offenders. 
and proper assessment of penalties Increased enforcernenr . elimrnates 

a Ensure rnaxrmum useful 11fe of road- weigh - station "by-passing" and 
ways and br~dges through controlled facilitates proper assessment of ' 

desrgn life malntalnlng maxrmurn penalties. 
hrghway safety whsle protectrng the 
taxpayers' highway Investment 

States presently using SIEMENS-ALLIS ~eigh-In-Motion e q u i ~ e n t  

California Planning and weighstation screening 

Delaware Weighstation screening 

Massachusetts Portable enforcement screening 

Pennsylvania Weighstation screening, portable screening 

Washington Planning 

For further information please contact: 

Mr. Vincent Cipriano 
Project Manager 
Weigh-In-Motion Systems 
Siemens-Allis, Inc. 
1 Computer Drive 
Cherry Hill, NJ 08034 
(609) 424-9210 



Designed for use In statist~cs gathering 
(highway ptannng), toll collect~on and 
traffic data countrng applicat~ons, the 
WIM 1DO System offers the convenience 
Qf 2 -  wwk unattended Qperation 
Powered by Wo 12 valt batteries, the 
system records, on magnetic tape, the 
following data: 
8 Axle count 
la Axle load clas$ification 
1' Vehicle count 
3 Hourly data recording 

Qes~gn@d for stattstrcs gatherrng in 
highway plannlng appllcatrons, and as a 
measurement system In toll collectron 
and brrdge protection applications. 

The WIM 200 System provides CRT 
di~play magnetic data fixording and 
hardcopy prrntout of data including: 
d Axle load classification 
6 Gross weight classification 
p Veh~cie count 
ss Vehicle classification 
8 Vehicle length 
b Vehicle classification 

M 400 System 

WlM 300 System For applications requiring the ultimate n 
screening capabilities for enforcement 
we~ghing, or statrstrcs gather~ng for 

The WIM 300 System is a portable 
highway planning agencies, the WIM 

screening system for enforcement 
400 System for use In mob~le (van. 
basqd) or statlonary (scale house) 

we~gh~ng appllcat~ons, affording configurat~ons. 
accurate dynam~c measure- 
ment of up to 175 trucks per hour. Ma j~r  elements of the WIM 400 System 
LDW- profile, env~ronmentally - rugged central control unlt includes. 
weigh pads are used for em Siemens microcomputer 
measurement of wheel load, axle 6 Slemens WIM 400 System software 
load and gross werght, whrch are 
indicated on an LCD v~sual display 

Siemens Alphanumerrc keyboard 

featuring hand - held remote 8 Siemens Magnetic Card Reader 

controlled ovation. Oveyeights m Siemens CRT v~deo monitor 
automatically trigger a distinct, o Siemens FT 88 dot matrix pr~nter 
audible alarm and prov~de a hard 
Copy print -out. 

The VIM 400 System provides CUT 
display magnetic data recording and 

The WIM 300 System records and hardcopy prlntout of the follow~ng data 
displays the following data' 6 Wheel load 
@b Wheel load 8 S~nglelmultiple axle load 
I Axle load Axle spacing 
8 Oierload detection 1  toss weight 
8 Gross weight H Axle and Gross Weight 
IB Veh~cle count 3 klanipulabon detectron 

ss Vehicle classrflcat~on 
a Vehicle length 
8 Vehicle load Imbalance 
8 Vehicle speed 
3 Penalty form prlntout 
n Dateltimelveh~cle rdentiflcatlon 





WIM - 400 Computer system, 
installed at the Delaware 
Weighstation. 

Portable WIM 300 system 
weighpads installed in 
roadway cut-out. When not 
in use dummy grids are 
installed. 

Permanently installed WIM system weighpad. Low cost - low profile 
installation, only 2 inch deep cut out required. 







Tbp hlSB XT %~8temq ~Qnqls,t ~ t :  
I 

F3,Qk?W@lQu9 BQSiQ {qs4r~rqj$nC#n: 

Wi$Ot 8enr~lni~ @p~qItfi6;atitlgnq: 

I Weielnip~ Ptqtm 

i axst: 64'' (182.6 cm) h 
I x 46.9" (MI.$ ct$Q W 

x .Q4" (8.4 cq) 0 Mhi;ole c!assifkations are user programmabl?, arliowiflg adqitional 
L;? requibLSd p@r J&Q@) @-or!e$ to tpe standard FyW4 13 channel vehicra classitica- 
CQBPF~ sfid axle fb&n%t~ 4r9 p6@4 @ #on&, or at1 n:w categories shduld the standards change. jn addition, 
deted veMd@ prqs$?oe $nQ the, wr can setecf which vehjcle cqfegorjes are' to'be qisplayed, 
tpsdsurp $xl@ 8f~olnQs. @imU<dr, and doreal. All other traflc is counleq by classillcation ~n 

b u r l y  interas. W r  Rqftablq AgptEcqfi@na~: 
: - 

W!!l~&tfq Matlet: @P@mW 
qi~e:  20. (610 mm) W tha system weighs trucks in motion as 

, 
I 

x 3" (l%M mm) L #@y r n ~  ~K;FOS$ a weigh in motion 
x I' t! Vrll) fl @& w!th R$Iw?W/E!G!j $15~ instrupen$q- 
qonnectbnq cg~ieq. ti&+. Indwidud pxle wpights, sp~cacjngs, 

I Lobps ere"upd do detw~ ftm f&3wp wikhfs, and gross weights 
*@jcls prssencca. 0tf.a Wmput@d and corneared iiJainsk 

prt&& v@uea. If the vahicls' is bver tho~s 
b The Madeel 5150 XT @an bQ w d  OT&UW, it is mted on the vehicle record, 

attended or unatttsnded at a flW &8 N&ed in reverse video on the 
far data collaotjan. m m ~ n .  

.$ fh@ trbadel 5160 X@ em be qwd fsr qbmtlm: %atfie flms at mmal hi@~ay spseds. All dala is 
da89 m11e~kim &kg a ports-Me M@ *[wed and collected cytornalicaliy -attgnded pr unattqnded. 
or for laqformmmi ~,a~)e@pq. 

&ansfers data daily. 
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Use any static scale as a weigh in motion 
system with a StreeterAmet 5150 SS sys- 
tem. Move trucks through your weigh 
stations faster: 

E Weigh all trucks in motion as they drive 
over the static scale. 

E Excess gross or axle weights are 
identified. 

I Reweigh identified violators statically for 
citations ... wlthout traffic back-ups! 

Available with a portable platform. 

I f his system provldes: 

Low cost weigh in motion 
Ml Reduced delays at weigh stations 
E State of the art microprocessor design 
I Modular construction for ease of 

maintenance 

The 5150 SS Welgh kt Motion System 
consists of: 

RollWEIGH@ 5158 Instrumentation: 
E a micrecomputer Control Unit 
5 a Scale Interface Processor Unit 

a page Printer 
a stal~clmotion selector switch 
(sw~tches load cell input) 

Weighbridge Specifications: 
Use this system with a new or existing 
weighbridge. Multi-platforms arrange- 
ments use one of the platforms. Calibra- 
tion handles differences in weighbridge 
sizes. Loops and axle sensors are used 
to detect vehicle presence and measure 
axle spacings. 
Operation 

The system weighs trucks in motion as 
they move across a static scale with 
RollWElGH 5150 instrumentation. Individ- 
ual axle weights, spacings, axle group 
welghts, and gross weights are computed 
and compared against preset values. If 
the veh~cle IS over those values, rt is di- 
rected to the "run around" road to return 
to the scale to be reweighed statically, 
using certlfrable static welghing equip- 
ment meeting NBS H-44 requirements. 

Weighing In Motion on any Static Scale 
Application: Weigh In Motion on your new or existing static scale. 
Just add the Model 5150 SS instrumentation package. 

Operation: All traffic moves across the static scale. Only trucks with 
excess axle or gross weights are reweighed statically. 

Features & Benefits: 
Using the Model 5150 SS with existing scales reduces or eliminates 
weigh station delays. 
Only violators are stopped lor weighing. 
You can get the advantages of weighing in motion at a very low cost. 

The 5150 automatlcally weighs and records for each vehicle: 

sequential vehicle number E vehicle classificat~on 
I timeldate (user programmable) 

lane vehicle speed 
axle weights' gross weight 
axle spacings potential violations 
total wheelbase 

'Using methods protected by the following patents: 
US Patent lY4.258.809, Canadran Patent 11093106 Other patents pend~ng. 

System Features 

Individual vehicle data is saved tor further processing by a host com- 
puter. Data can be transferred via modem communication, or via 
5 h "  floppy disk which is fully compatible with IBM PC microcom- 
puters. A software package is avaiiable for statistical analysis of the 
truck data. 

Vehicle classifications are user programmable, allowing additional 
subcategories to the standard FHWA 13 channel vehicle ctassifica- 
tions, or all new categories should the standards change. In addition. 
the user can select which vehicle categories are 110 be displayed, 
printed, and stored. All other traffic is counted b i  classification in 
hourly intervals. I 

I 





Streeter \ The 5150 SE Weigh in Motion System 
Rjchardsofl 

Mangood Corporatron 

Streeter Richardson Division 
155 Wlcks Street Grayslake, IL 60030 
Tel' 312/223-4801 Telex: 6871111 

For add~ttonal lnforrnat~on 
call toll-free 
800-323-9441 

RollWElGH Instrumentation Package 

Above-At a permanent site, the data can 
be transferred via a modem or by disk. 

Top Left-The mat and temporary loops 
are easy to install. 

Left- Permanent sites allow gathering 
of data unattended. 

DATA DlSPLAY 
[A typical CRT Screen Readout1 

Vehicle Identification @ 

Speed Across In Motlon Scale @ 
Total Vehicle Weight @ 

Total Vehicle Length @ 
Number of Axles on Vehicle @ 
"*" Indicates Overweight Cond~tion @ 
(Automat~cally Directed to  Static Scale) 

Individual Axle Weights @ 
lndicates Excessive Speed for Accuracy @ 
(Automatically Directed to Statlc Scale) 

Tandem Weights (Accumulated Weight of Any @ 
2 Axles Less Than 6' Apart) 

Spacing Between Axles 

"0" lndicates All Traffic to Bypass. @I 
"S" lndicates All Traffic to Static Scale 

"S" lndicates Overspeed or Underspeed @ 
"0 "  lndicates Off Scale and "*" lnd~cates Overwe~ght 

The 5150 XT System 







T'ND NATIOt!AL W e  I .Me CONFEREb!CE 
AT I'EHDAfli:E REPORT 
ATLhNTAr  GEORGIA 

NAME ADDRESS 

AIlAMS TOM 1 1 0 0  C1RC.LE 75 PKWY. S I J I l E  945 
LtlCkHFED-GE'fEX 

ALI tRIUGE WRIGHT 8 0 1  BROADWAY 
FHWA 

A L T O B E L L I  DANAT0 1720 F'EACHTREF. R l t r  HUr S I I I T E  300 
FHWA 

N A S H V I L L E  l'Et.!HF-5SEE 
37203 

ATTARAN IIR, KnZEH 1120 N ST SACRANENTO C A L I  FtJKN1C: 
C A L I F O R N I A  D.0.T. 95807 

BALL ROBERT 2540 EXEC C l R r W  SLI ITE 208 TfiLL.AHASS6 F L O R l  ItA 
FLDRUXA D*D,T I  32301 

HARNUM LEO 1221 E* RRCtfiD S T *  FiIC:HkitlH11 V I R G I N I A  
l lEPT S)F HWYS E TRANS 23219 

HARRETT DEAN P.O+ LIJX 5 0 5 1  Al l t i ' l  I N  TEXf iS 
T X  S7A'I-E JlEPT/HWYS 8 P U B L I C  TRANS 78763 

HLRROWS W I L L I A M  2 3 0 0  SCttl'lH DIRKSEN PKWY SPRIN\'(;I.'XEL D I L L J W O I S  
I L L I H O X S  D.0.T. 627 64 

I IATSON LION e501 no-PAC BLVD A I I ~ ' ~  J N T E X C S  
R A I l I f i N  CDKP 78766 

BEDARD RICHARD 155 WICKS STREET GRfiY51. CKE I L L I I . ! O I S  
STREETEk nHET 60030 

BEEZLEY GENE 155 WICKS STREET GRAYSI-fiKE I L L I H O X S  
STKEETEN RICHARDSON 60030 

h C L L  L H K I R  1 8 0 0  S W WHITE'S'O'tE JIR CONfiLL I 8  ORFGTJN 
CRC 97333 

HELZ ALBERT STATE OF'F1Ct. HI1 [I.CIIHli ~ ~ U F I I S  l fi KC: Jb!E 
H A I N E  D . O . f .  04333 

HERGAN AKTH\IR 735 EHEEALII #I:Y SASKOIOON ShSRATCHEWfiN 
U. OF SASKATCtlEWAN CANADA S7J 4E3 

BEKGERON ROCH 2 0 0  EAST JtORf;HESTER QUEBEC C:11Y nUEHEC 
D.0.T. I I F  OlJEIlEC G1K 521 

BJGGS ELHER 1 6 1 4  FEU. H l . i ~ G r 3 1  HOPEI I IS  F'LZ B A L ~ I M ~ J R E  MAF:YLAND 
FHWArREGIlJH 3 21 201 I 

I: I RD ROBERT ROOM 2 0 7 r  STATE I lk  F I C E  BI-Dti FRf iMKFORl hEI.!TlIE:KY 
IIEPT ?IOTI)R VEHXCI-E ENF.  40622 

PI SHOP HENRY STATE OF'FXCE b l - l ~ t ;  PROVJ DENCE RHnDE I S L A N D  
RHOIIE I S L A N D  D * O +  TI 02903 

BLAChWOOD A. 1900 CtnSHXIlltiTON STREEl'r EAST CHARLESTON WEST V I R G I b ! I A  
WEST V I R G I N I A  DEPT OF HWYS 25305 

BOSCH HAROLD 6300 liEOR(;E'I OWN P I K E  MCLE:fiK V I R G X N l h  
FHWO-HNR-10 22101 

BOTELHO FRkNK 400 7 1 H  SS*S.W+ WASHINGTON DIG* 
FHWA 20590 

BOWLIN r AUL - 1 4 0 9  CCIL .~  SEUM HI-VII HONTGOMERY ALAblcHA 
hLRBAtIA D 0, T . 36130 

BOWMAN GROVER 1720 PEACHTREF R D ~ N W I S U I T E  300 ATLANTA GEORLilA 
FHWA 30367 

HREITWIESER JOHN 575 N PENNSYLVANJA STrFiH 254 INIIIANC:POL.JS Ib!D J/tNA 
FHWA 46204 

--.. --- - - " - I-- --- &. .- 



BREWER IlAV 1 Ii 4423  EMERY IE!DUE;TRlfiL. F'LldY WARHENSVI E H(jHT OH10 
NKIOl iE  WEI l jH ING S'fS'TENS* IHC. 44128 

i 

BROWN 

CABLE 

JACK 

4 4 4  N CAPITOL ST., NW, SUITE 343 WfiSH'tNGlDt! 
A(;SHTO 

8 0 0  1. Jt!COLNWkY AHES 
L O W 0  Tl.O.Te 

P ,  0. BOX 10147 LANGSI NG 
FHWA 

2330 S D1RKSF.H F'KWYrRM 9 SF'Rl~!t;FIE 1-11 
I L L r H o r s  D,Q.T 

P.O. R ~ J X  7192 14I?tl1SIlEC 
WISCONSWN S l A l ' E  PATROL 

F 1OF:IDh 
32301 

t1.C. 
20001 

I O W r ,  
50010 

H ICHIGhH 
48901 

I L L I M O I S  
62764 

I L L I H O I S  
60030 

W ISCOtlSIN 
53702 

CHAI l I  CK JDHN PO BDX 4 3 0  tlOVER IfEl  R W A K E  
UELfiWRRE S T A  r E  POL ICE  19903 

1 5 0 1  SO 2 7 0 0  WEST 
I lT f iH  D . O * T .  

3 0 0  K. CL IPPER1  
NT(:HIOCIEI S f h T E  P I ) L I C E I I I , C ~ D +  

1 6 2 0 9  D I X I E  HUY Hl)k i€bl i lOl~ I L L I M O I S  
FHWA, PEGIUN 5 

1 4 4  CREEK RD c f i w  HILL 
PE.NHSS(l-VAHXA 11. O * T t 

C I P R I A N D  VIVCENT 1 CfJHPUTEK DRIVE  CHERRY H X l L  
S IEHEHS-ALL IS  

COFFINSAROAR W I L L I A H  31 LANSING EiR. SPRINliF1EL.D 
I L L I N O I S  U.O,T. 

P.O. HOX 1 9 1  COL 1JtIB I I? 
SOIfTH CRMOL.TEJCL HIGHWAY PATROL 

RUE I IELLR PA5SERFI-1 6 SURESWES 
THERHOCOAX ET C I E  

11 1 0  HEUkELEY S'TR€..ET 
w x n s  TKRNSP, INS.TI TUTE 

BAHHINGER G A R Y  1 COKFLITEK IIEXVE CHERRY HIL.1 
S IEMENS-RLLIS 

DAUIES JEFFENY 820 LfsF hYFl'TI. RlJfib 
CHI-DEARBOHEII I N C  

IIR. PETER 1800 SW WHI TESIDE DR CORVALL I S  
I;HC CibRPflRAT l RN 

BOO0 ChLANBRR KD ARLIHGTOH 
OEHERBI. E C E C T R ~ I I Y N A ~ I I C S  

1 1 9 9  H l l l i O k I )  #I1 V h S H V l L L E  
TN D .O*T*  



DEGRAFTENREID 3 0 1  SI PARKpDRAWER 1OO:jB HELEIjf? 
FHWA 

KENNETH 7 0 7  N CfiLVERT STrRM 206 BALTIMORE 
HARYLAHD D 0 .  T.  

1 2 2 7  WhLNllT STREET OLLENTOWN 
STKEETER AMET 

0ESl'L.XI;HC: KHEI  NPKlJEI;KEEISTR + 5 0  KfiRL.SRLIHE 25 
S[EEIEHS AG 

CARL 

IIUHMERMUTH 

E ASTEP 

GERHANY 

0-7500 

LES 2 3 0 0  S IIXRKSEN PKWY SPRIhl l iFI t7 l .B 
11 -L INOIS  D*O .T+  

I L L I N O I S  
62764 

ECIUARDS FRED 1 7 2 0  PEACHTREE R I l r  NU r S U I T E  3 0 0  t:'il.Al.1T(: GEORGIA 
FHWA 30367 

ETTLINGER TONY 7 6 7 2  S l A N n I S H  P l h C E  ROCKVILLE MARYL.Al.(D 
GULDEN R IVER CORP. 20855 

EVANS DAVID  K I N G ' S  UORTHY WINCHESTER UNITFL l  K X  NCDOM 
SARASOTA AUTOHAT SO23 7QA 

EVANS LOREN 1 7 2 0  PEfiCHTKEF. RClAll ATLfiNTA 
USf ih  FOREST SERVICE 

EVERT KENNETH BrJX14030 2900 $1 A l E  t R M l 0 2  ShLEN OREGnN 
OREGON D , O * T *  93710 

28 W I  I3ANTHORPE PIETEREIORX'r%L'6 SOUTH h F R I C h  
El.ECTROMATIC 3201 

FARROW C Y R I L  

FULLER ROBERT D I V .  H U r 7 0 6 8  W, 1 REHTClt! NEW JEKSFY 
NEW .JERSEY STATE POL ICE  

6 6 0  E ‘  M ~ I N  STREET COLLll*iBlIS OH I 0  
OH10 STATE HWY PATROL 43205 

GALLEGOS EDW I N AV REF'UBLICA t 4 7 6  rOF'IC:JI.!fi 3 0 2  n I J I ' I 0  

GASSNER 

GFE STANLEY LEO O'HRIEN F * l S * R '  7TH FI-RI ALBANY NEW YORk 
FEDERfil. HI l iHWdY :IDI*IINISTh'ATION 12207 

RUA Shn J n S E v 9 9  GK 1904 R I O  II& .JhHE3h'O R I O  DE JhE!EIRO 
C IN-SfiHEAMEN TO E I N S  I'RUMEHTAL LTUA 20010 

1 1 0 0  CIRCLE 75 PKbJY SIJXTF: 945 h'i1.hMTA GEORGIA 
LOCh'HEED-GETEX 30339 

4 0 0 0  GREENMlSUMThXN OUST114 TEXhS 
TX STATE DEPT/HU'(S S PUBL IC  TRANS 78759 

GOMES GERCI 

GOOIlHAN P H I L L I P  

GOSS CURTIS 

G R I F F I N  LARRY O t i LnH i~ t iA  

GWENT U-K 
NP4 OYS 

3 0 6  E *  KAY WIIIWEST C I T Y  
OKLAHOMA D.0.T. 

POLO GROUND9 1ND. EST PONTYPOOL 
HAMGOOD L f H I T E D  

GRI  F F I  THS PETER 

RONNIE GRIMES AL HWY DEPT-STfiTE PI.A).tHXNO HONTGOtlERY 
n L n e n n n  HWY OEPT 

GROVES CLYDE 155 WICKS STREET GRAYSI- AKE 
STNEETER RXCHnRDSON 

7 0 8  S *  W e  :4RD AVE PORJLAHD 
FHWA 

I L L I N O I S  
60030 

OREGON 
97204 

JOHN 



1 H.AUKJCK 
I 

I YAF'RIS 

I 
HART 

t j A U k J N s  

H E N I O N  

HERHSTER 

H I C K H A N  

HOLHnN 

HOPPFF; 

U U P Z I N 4  

HUFT 

YYRLEY 

JEICKS 

JOHN 

L (DUCK) 

LAWRENCE 

N € $ L  

LOYD 

K E I T H  

R D R K T  

FRANK 

HEN 

EIlWAHD 

p c ) v i r r  

R I C H A R D  

F'+Oa &OX 7 1 2 9  B O I S E  
I D A H O  D . I I + T *  

P + D .  & O X  4!iS3 f iUS1' IN 
H n I M H n R T  COMPANY 

2 0 1  MIlRk' HAl .L r  F X - 1 9  SEA1 T1.E 
IJCI [ V E R S I T Y  OF WASHINGTON 

555 ZANG ST.rROOH 400 
FHWFI 

1 '109  C O L I S E l l t l  PI.VrI HONTGCIIiE h'l' OCABfit I f i  
ALAhRI\IA HWY DEFT 36130 

P .  0. BOX 25201 R A L E I G H  N O R T H  r:r.f:nl I F !&  
N . C .  U I V .  OF HOTOH V E H I C L E S  276;  1 

415 UNION SI T A Y L O R  F'FI!NSYI vnwr n 
PENNSYI.UhNIn 11.0.T. 18517 

7 0 0  E1:ST BRADLEY f IEh 'Kk  SOUTH DnhOTA 
SOUTH untiprn D.D. T. 

FATPBANKS WEIGHING D I V  
Fhf  kEcFINF.5 $CAI-ES 

ST. .IOHNSBIJRY 

1 0 0  7 T H  S T *  S*W.FROOH 3101 WASHIKG1 DN D + C +  
FHWA 2  05 90  

JACK$ON J A H E S  817 h X R V I E W  DR JFFFFKSOH C l l Y  H ISSOl lF iL  
H I S S O l l R I  U,O.T. 65101 

JCIGFSQN f ' M f L L I P  P . 0 ,  BOX 2 7 0  JEFFERSr IN  C I T Y  H I  SSOUFiI 
H I S S O I I R I  D + O * T *  65102 

JACPHSEY F L D Y I t  126 E h S T  RSH S P R l N G F I E L D  I L L I M C I I S  
1 I . L I N O I S  I I + O * T ,  62764 

JACpHgDN I jENNTS 6 0 0  E l  BLVD 6VE.  BIStl1:RCK NORTH I l f iKDT 
blL)RTH DAKOTA HWY DEP T 58505-0178 

JOHNSPY I ~ O U G L ~ ~ S  1920 k. STHE:El r N a W WhSHINGTOt! D,C. 
fiSSBC, O F  AHERICf iN K * H *  20036 

JOPNSOt? BERnRRf i  155 UlCK STREET GRQYSI AF.E I L L J N O I S  
STREETEN A l l E T  60030 

JONES DENNIS 826 FEDERAL I c t l I l - I l l  H ( i  i?UST IEt TEXAS 
FHWA-TX D I V I S I O N  78701 

JuFA F R F D E K I C K  TROPS E EI:F)-.'TY HI-VCr KH 101 31: HhKF:IFBIJE(i F'ENNSYLVfit!11: 
~ ~ ~ r r s u ! . u n p ~ n  e. o. T.  17120 

KENT PEPHY 4 0 0  7 t h  STREET1 S e w *  ( H H Y - 4 4 )  N f i S H I H F T O N  1t .C.  
FEDEFi>>L HIGHWAY .? I IMIN1STRATION 20590 

KENT ,GEFFOHEY S I H P S O H  f i l l  M I L T O K  KEYNES U t t I T E D  hlt:l;lc 
G K IWSTRWMENTS L T U .  MK1 1LN 

Y.0, BOX It49 S1:NTE: F E  
NEW H E X I C O  D + O . T *  



KRRLE R DDUGLAS w s r n ~ r  
BOISE I PnHD 

IDhHO B*O.J, 83131 
KR WSC fV3 HILAW 325 13TH HEIEKECMTIVF Hnu,S-E $fiLE:fl 

O R E G D R  
LJREE13H STA lE  HWY D I U  97610 

L A 1  H IKE 14TH Fi.00Rr 213 GfikfiY ST. sjrunr~rrj H A H I  TDBA 
H;\NITOBA WUYS 8 TRAHSP C ~ M ~ D A  R3C.321 

L$)1BERT 1S)WIS WtlX 30030 
LRMSINB W I L H  (CAN 

MICHTdfiH D.0.T. 489.G19 

LEfiTHEfiB REX 4 Q D  f J H  ST+ 6.W. KH 3212 WASHINOTDN 

FHWA 
R . C ,  
20590 

LEE CLYDE BEST C I V I L  ENGWlECJ 4.2 AW$TIN TFKJZS 

.HNIVEHSITY OF TEXAS A T  AUSTIN 787t2 

k I L L  RICHARD 2200 E l I L i  RD ALEXAh'BRIrZ 
VIRTrlHTA 

f inERICAN TNUCKIHG ASSDCIATION 22314 

LPFf3OOS U3LL fAM C / Q  FLURDIf i  b ,D 'T .  TAlLf iHf iSSF 
FLORD It7 

FLORBIn  D.0.T. 3Z301 

LONO JIMHY 819 ThYLDR STKEtT FT LPORTH T Y P 5  
FHUA 7 11 bi! 

L W E  4OHN 4999-98  RVEr TWTN ATF:Ih PLUG EIlMDMTDN 
r?L FRTr?  

ALRERTII TRANSPORtATIDN CAPIADA T 6 t  2x3 

M A K I  K E I T H  1263 600TH STEWRRT ST ChRSOK L f T Y  HEVnDfi 

Hc'unnn D.O.T. 89712 

MAKES ROBERT F.0, POX 1 1 4 9  ShMTh FF NEW IIEXJCO 
NEW MEXICO HWY DEPT 87504-1149 

H & R ~  INEZ RICHARD 2 4  WOLCDfT H I L L  KOnD WETHERSF J F  LD 
CD*!t!EGTJCUT 

c ~ s ~ s r ~ c r s e t t f  $1.0. T, 06lori 

flCCClLL B I L L  800 LINCOLN WfiY 
~ W E S  I O W ~  

rown D.O.T. 50010 

MciDhDE J O ~ T H ~ N  H T O - 3 i t 4 0 0  7TH STJSW WfiSHJE18TDH 
FHEJA 

11 
2 i t h  

flCELHAHEY 1tAUE 400 7TW S7rB.W. W&SHIMCTD# 
D*Ce 

FH1Jfi-HHP 10 205921 

MCGI~DHEY CHhRLES 1 4 3  HDHEJNOWOOb p~ LEX J M f j I  ttH 
FHbA 

SOUTH L.AROL I M n  
29072 

HCLEKOY CHARLES 814 TAYI.II# S T  
FT WOk'IH 

~ H W A  
TEXkS 
76102 

PIEIRS STEVE SIMPSON RItrFERRY STPBTFDRD nrt  r o ~  hs 1.r~ 
U W i T E D  KJNGDOM a K ~ H S T ~ U H E N T G  LTP. MK8 9DJ 

MELT ON cr APENCE Y . O .  BOX isso JRCK$DN n r s s i s s I w I  
N I S S I B S I P P I  B.U,T. 39215 

HJLWER D QN P * a *  BdX fb86 
Jncr;so# M I B S I S S I P Y I  

WISSESSIPPI  P.0.T' 39215 
MI NOR HOUAWR 155 WICKS SIRE@ 

ORAYBL.~~ICE I L L I N R I S  
STREETSR RECHQRD3aN 60030 

MOOWE KQPIN DLtr EBItYflNnfin f i r )  &RDUTWOWHE: 
UNITE11 k JNGtlQH 
R63 6AU 

H J B R E W U ~ E  -lehnEn P O ~ ~ G H  a t  ~s 2son JUNEAU 
i?ChSKA . .  - a.n. t ,  9m11 

.. 
..i 



HOR I 

HORRIS 

NEELY 

KENNETH 1 1 2 0  H e  STREET SACRAHENTO 
C h l I F O R N I h  D.0.T. 

A *  P t O *  BOX 1 9 1  COLUflBIA 
SOIJTH CAROLINA HIGHWAY P A l R O L  

GERALD P.O. BOX 15125 nus'r I N 
EIEELY EMTERPRISESPINC 

TEXAS 
78761 

DAVID 6 3 0 1  R n C K H I L L  k O h n  KANSAS C I T Y  IZISSIIUF:~ 
FHWA 64141 

NEUK AH JOHN 7 0 7  Kd ChLVERT S T *  br?I, 1 J l tOI iE  Hi?KYL.AHD 
HARYLAND STATE HWY not4 21203 

OCONNELL WALTER 7 6 7 ?  SThNDISH F'LACE RnCKV1LLE llAf:Yi.fit!D 
(iOl.LIEE1 R ICIER COkPORfiTION 20855 

OF'F'ERHANN n~ RY P.O.  BOX 35201  KALE: I LH NORTH CT:ttOL.II.lA 
NORTH Cf'lROI.INh D.O. T 27611 

Y O ~ V  12 LXh'COLN S T .  H h J f h  I SRAEL 
c n R c o n  34 36 9 

DONALD 8 5 0 1  l.ir~-PhC AIJSTXN TEXlaS 
R A n I A N  CORP* 78766 

OVERBAY DEBRA 7 0 0  E h S l  BRADLEY F'J  EFiFrE SOUTH UAKOTA 
SD DtO+T+rRESEARCH PROG* 57501 

F'ENIILETON JOHN 4 5 0 1  S *  2 7 0 0  W *  SALT 1 AKE C I T Y  UTAH 
UTAH HIBHUAY PATROL 84119 

PR ICE  GLEN SUITE  2 0 0 , 1 7 2 0  YTREE R l l r  NU ATL h R T h  GEORG J h  
FHWA 30367 

RAHBO RAY 2 3 0 0  S .  DIRKSEN PKUY SPRINGFIELD I L L I N O I S  
I L L I N O I S  D . O * T *  62764 

1 0 2 1 4  I ,H, 35 Nl lK7H AUST IN  
BCtEHT RAIJHIJT EEIGINEERING 

2 0 6  S 1 7 T H  hVF 300B PHOENIX 
ARIZONA D1O.T. 

RICHARD 6 0 5  SllWkNNEF Sl 
FLOWDTA D*O .T1  

5 5 0  EI;fiN ST tS I J1  TF 300  CHhFiLESTDN WEST V I R G I N I A  
FHWA 

Pd 04 BOX 6 0 0  ROCHESTFR 
BEHEKnL R h I L  WAY SIGNAL 

1 5 5  bl ICKS STREET GRAYSLAKE I L L l f f [ ) l [ S  
STREETEH RICHhNltSON 

2 0 0  IIIIRCHESTEF:~ SOUTH I 3 F  QUEBEC 
OIJEBEC - B.0. T *  CANADA 

ROBCRTS WAYnON FiOOH 7 0 6  A . I  El.I l i i  NASHV [ I  I. E TEKt!ESSFE 
TEHI\IESSfr'E DEPT OF PIJBLTC SAFTEY 

RDI l f i IGUEZ RDEtERT I ~ T H  & B R ~ Z ~ J S  
TX IJEPT OF HWYS S F'IJBLIC TRANS 

SCIUNDERS ROGER 2 0 0  N E 21ST  0b;LfiHOtllc C I T Y  OKLhHDHA 
OKLhHOHA D.0.T. 

SAVAGE PAT 100 7TH S'TrS+W. HASHXW(;l'ilh' 
FHWA-HHP-14 



SAYNE RICHARD KIMt iSTDN PkC t i  S T .  KNOXVILLE TEE!E!ESSEE 
DEPT OF SAFETY 37920 

SCHMITT L O U I S  206 SOUTH 1 7 ~ ~  AVE 3 0 0 ~  F'HOEN I C 
RRIZOHA b.0.T.  

SCHOENHARD LA ft RY 7 0 0  BRO~?IIUF;Y EkST P IERRE SOtITH I lnKOTA 
S ~ U T H  ~ n t i n ~ n  o , o . ~ ,  57501 

SHOUIIEL LARRY 2300 Sa DIRKGENP RH 117 SPRJNIIF I E L ~  I L L I N Q I S  
I L L I N O I S  D * O * T e  62764 

SHRYOCK DUDLEY 419 ANN ST FKhHKFIIRT KENTllCKY 
KEHTUCKY DIO+T,  406 22 

SHULLER E t NCUOT - D I V  OF HVYS RALE IGH NORTH CfiROL.INA 
D.O,TI 27611 

SILVERSMITH PRUL DRAUER A WETHEKSFIELD CONNECTICUT 
CUNN R + O . T *  06109 

SIMMS P ~ U L  PIO. BOX 22-51 LITTLE f t ac t i  ARKANSAS 
fiKK HHY L TRANSP DEFT 72203 

SMITH SUSfiN 155 UXCKS STREET GKfiYSl.fiKE I L L I N O I S  
SVREETER RICHAKOSON 60030 

SMITH EDWhRD 140Y Clll.JSE'Ut4 BI.VIt MONTGIIHERY ALABfiMA 
ALnBArlR HWY IJEPRRTt4EMT 36445 

SNYDER RICHARD 4423 FHE'RY JHDUSTRJAL PhRKWAY WARREI<SV'LE HGT OHIO 
BRIUNE WEIGHING SYSTEMS I N C  44128 

SOi lMERVILLE FRASER 1800 SW WHlTESIDE DR CORVALLIS OREGON 
CKC CORPORATION 97333 

SOUTHGATE HERBERT UNIC'ERSXTY OF l ik  NTLICKY LEXIE!TrTON KENTUCKY 
I I H I V E R S I T Y  OF KENTUCKY 40506-004 3 

SPICER LANG P .O+B f )X7913 r  dHO? SHERlIYGfiN CV NkD ISDN WI:SCObfGIN 
WISCOHSIN D + O + T ,  53707-7915 

START2 C L ~ ~ E N C E  51h1E  OFFICE Bl  Dr i+&TH FL DOK TOF'EI<I: h ANShS 
kANS:\S D.O,T, 66612 

STEEN IlDNAL[l A 230 DIJFFY hVE H I  ChSIIJL.LE NEW YORK 
AHPEREX ELFCFRONIC CORP 11802 

STEHR KICHhHD TRhNSPORTATIOH Rt-Ul;rROOM R?O ST, PAUL MINNESOTA 
53155 HIHHESOTA DIO+TI 

STEMITZ JAMES 1500 H1 UhSHINGTnN RLVJJ SkRCSOTh FLORI I IA  
s n R n s n r n  AUTOMATION 33577 

STUTZENBERGER UILLI~H 419 ANN ST.  FRANKFORT KENTUCKY 
KENTUCKY I3,O.T. 40622 

SULL IVAN W I L L I A H  HO): J HFiO ~ h c ~ s 0 t - t  H I S S I S S I P P I  
H I S S *  STATE HWY* DEFT. 39205-1850 

SUEITZER GORDON 5268 Nbl 2N11 IIES MOINES IOWA 
MOTOR VEHICLE  D I V  50313 

TIDWELL JOHN PO ROC 26FIOb RALEIGH NORTH CRKOI .  I N A  
FHWA 27611 

TODD ROBERT 4501  SOUTH 2700 WEST SALT LAKE C l T Y  l l ThH  
UTAH D.O*T, 84119-5998 

TROHP CORY 5353 WTLCOX MONTAGUF: HICH1C;AN 
CHI-DEt)KBORH I N C  49437 



TUE:FDIE RONALD 1 2 2 0  UkSHINhTON AVE ALPANY MEW yl)hh 
NFU YORK D * Q + T +  1 2 2 3 2  

Y A N  HERKEL JOHN 1 1 2 0  H STREET SACKCHENTI1 CPLIF0F.KIC: 
CISLTHANS 95814 

WARP'DOLE RJCHARU S U I T E  1 0 0 1  JkMES K POLK $I.D(i NASHVILL E 
TFMtIESSEE 13 + 0. T, 

WEEKS M 15QO N * W *  SHINGTON BLVD SARASOTh FLORIDh 
SflRASOl A AUTol lAT 3'3577 

NICK 

WILBER CURT 155 WICKS STRFET GROY Sl.t?l\E I L L I l l O I S  
STREETEN RICHARDSON 6 0 0 3 0  

WILBER HOBEHT 500 YIEDHO)!T k V E r  H . E .  ATLOHTA G E O R G I h  
G h ,  NOTOR TRUCR ING ASSOCIRTLON 3 0 3 0 8  

WODIl EDUIN  

JOHN 

1 1 0 0  CJHCLE 75 PhHY SIJTE 945  HCRRETTIA GEORG 1 A 
LO1:hHEED-GETEX 

F ' ITTSF IELD  WAIHE 
0 4 9 6 7  

YOUNG NICHfiR13 1 COIIF'UTER DRIVE  CHERRY H I 1  L NEW JFRSEY 
SIEWENS-ALLIS I H C .  Dl3034 

ZEPP MURRAY 1201 REISTERTOWN RD. PIhESVIL LC ?lhRYLBND 
M * D +  STATE POL ICE  HQ 2 1 2 0 8  

JOEL 7 0 1 8  DYFNBHOLITH nUEr $204  CCLNORA PARK CALIFORNIA 
SPfiHTf\r I N C .  91303 

CONFERENCE HOSTS, GEORGIA DEPARTMENT OF TRANSPORTATlON. 

BRYAYT. 1. 2 CAPITOL SQ, ATLANTA. GA 3 0 3 3 4  

CHILDERS, ALLAN 2 CAPITOL Sq. ATLANTA, GA 3 0 3 3 4  

COPELANO. KEN 9 4 0  V I R G I N I A  AYE, HAPEVELLE. GA 3 0 3 5 4  

DFAVER. R I C K  15 KENNEDY OR, FOREST PARK, GA 3 0 0 5 0  

HLNEY, ERNEST 2 5  KENNEDY DR, FOREST PARK, GA 3 0 0 5 0  

MOREL AND, THOMAS 2 CAPITOL SQ, ATLANTA. GA 3 0 3 3 4  

MOTES, JESSE 5 0 2 5  NEW PEACMTREE PD. CHAMBCEE, GA 3 0 3 4 1  

PEARCE , LAMAR 9 4 0  V I R G I N I A  AVE, HAPEVILLE,  GA 3 0 3 5 4  

SELF, HAROLD 940 V I R G I N I A  AYE, HAPEVILLE.  GA 3 0 3 5 4  

WILL IAMS,  JACK 5 0 2 5  NEW PEACHTREE RQ, CKAMBLEE, GA 3 0 3 5 4  

W I L L I A M S ,  V I R G I N I A  9 4 0  V I R G I N I A  AYE, HAPEVILLE,  GA 3 0 3 5 4  






