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A si  t ~ ~ a t i o n  r r c r n t  l y  a r o s e  r e q u i r i n g  t h e  nse  o l  rr cont  in t lo~is  mot i o n  drLcsct io11 

and warning sys tem t o  h e  i n s t a l l e d  on a  c r i t i c a l  b r i d g e  which had undergone 

I e x c e s s i v e  movement. 

I n  October of  1986, t h e  Ludlow Viaduc t ,  a  70-year o l d  hollow b a r r e l  c o n c r e t e  

1 a r c h  b r i d g e  owned by t h e  county of Hamilton,  Ohio,  exper ienced  s e v e r e  p i e r  

r o t a t i o n  on two of  i t s  seven p i e r s .  Th i s  movement occur red  d u r i n g  work b e i n g  

done a s  a  p a r t  of t h e  Mi l l  Creek Va l ley  f l o o d  c o n t r o l  p r o j e c t .  Cracks appeared 

I i n  90% of  t h e  c o n c r e t e  columns r i s i n g  from t h e  a r c h e s  and s u p p o r t i n g  t h e  deck 

on t h e  o l d  s e c t i o n  of t h e  s t r u c t u r e .  The v i a d u c t  was c l o s e d  immediately and 

remained c l o s e d  f o r  n i n e  weeks u n t i l  c o r r e c t i v e  a c t i o n  could  be t a k e n .  

The I.udlow Viaduct  i s  a  major a r t e r y  connec t ing  a  busy r e t a i l  d i s t r i c t  and a  

ia;r,jur r r s i c i c n t i a l  a r c s .  l 'he s t r u c t u r e  is IS00 f e e t  long,  60 fret otrl-to-onL, 

P w i t h  fotlr l a n i s  of t r a f f i c ,  c a r r y i n g  approximate1.y 2V,000 v e h i r l r s  p e r  clay. 

The founda t ion  i r r  t h e  a f f e c t e d  a r e a  of  t h e  s t r u c t w r e  i s  t imber  p i l i n g  w i t h  

sp read  f o o t i n g s .  

I 

Once t h e  p i e r  movement was i n i t i a l l y  a r r e s t e d  and t h e  deck shored  up, t h e r e  

s t i l l  remained t h e  concern  of f u t u r e  r o t a t i o n  o r  s e t t l i n g  of  t h e  p i e r s  which 

I could r e s u l t  i n  f u r t h e r  problems w i t h  t h e  deck.  I n c l i n o m e t e r s  were b e i n g  used ,  

bu t  i t  took a  f u l l  day t o  t a k e  a l l  of  t h e s e  r e a d i n g s  and t h e  d a t a  p rov ided  was 

not con t inuous .  

I 



~t t h i s  t i m e ,  Ceorgi- C .  ftarlman, C i t y  o f  C i n c i n n a t i - C h i e f  S t  r ~ l c t u r e s  E ~ ~ g i r ~ e t - I - ,  

or-clrrt,(l L t~e  u s e  o f  a T i l l  Sens ing  System t o  n l o r ~ i t o r ,  r e c o r ~ l  :rr~(l w;ir - l i  u l  [ ~ O S -  

silrlc. c(~rl t i rr t i~.d n~ovr~et.rlt of Lhe v i a d t t c l .  Four s r l ~ s o r s  wt.rc, i i ~ s l  ; + I  l t . r l ,  t.wo r.,icl~ 

~ h r  c r i t  i c a  1 p i e r s  and two on t h e i r  r ~ s p e c l i v e  arcllras. 'I ' l~i s r-o~tf i g t i r ; ~ ~  io11 

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

v e r t i c a l  s e t t l e m e n t  of t h e  p i e r s ,  which would r e s u l t  i n  r o t a t i o n  o f  t h e  a r c h e s .  

1 Tile s e n s o r s ,  a n  a d a p t a t i o n  o f  a e r o s p a c e  n a v i g a t i o n  t echno logy ,  a r e  h i g h  re so -  

l u t i o n ,  g r a v i t y - r e f e r e n c e d  i n s t r u m e n t s  which measure a n g u l a r  r o t a t i o n s  a s  

s l i g h t  a s  0 . 0 1  a r c  m i n u t e s ,  o r  1 /6000th  of a  d e g r e e .  They a r e  r e l a t i v e l y  

i n s e r r s i t i v e  t o  t empera tu re  f l u c t u a t i o n s ,  ex t remely  r e p e a t a b l e ,  and have a  

c a l c i l l a t r d  WUF (mean t ime between f a i l u r e )  o f  200,000 h o u r s ,  o r  23 y e a r s .  

P ' l l ~ r ,  s e n s o r s  ;it t a c h  t o  a s p e c i a l l y  c a s t ,  anodizet i ,  ht,.it t r e a t e d  mounting p l a t e ,  

h.11 i r.kr b o l t s  t o  any s e c t i o n  o f  a  s t r u c t u r e  requi  r i n g  i ~ ~ o n i l o r i n g .  Once a1 igrted, 

t h e  s e n s o r s  a r e  hard  wired  t o  a  c o n t r o l  c o n s o l e ,  which moni to r s  up t o  e i g h t  

B s e n s o r s  c o n t i n u o u s l y  and s i ~ n ~ ~ l t a n e o u s l y .  The c o n s o l e  aLso d i s p l a y s  t h e  a n g u l a r  

pas i t i o n  o f  t h e  s e n s o r s ,  p r o v i d e s  s e n s o r  power and s i g n a l  t r a n s l a t i o n ,  d e l i v e r s  

d a t a  o u t p u t  t o  t h e  r e c o r d e r s ,  and f u n c t i o n s  a s  t h e  warning mechanism. The 

b t h r e s h o l d  warning l e v e l  of each i n d i v i d u a l  s e n s o r  i s  de te rmined  i n  t h e  c o n s o l e  

hy tile p lugg ing  i n  of a  s imple  r e s i s t o r .  I f  movement on airy s e n s o r  exceeds  

t h i s  l e v e l ,  t h e  r e l a y  i s  t r i p p e d  and t h e  warning sys tem is a c t i v a t e d ,  i r l  t h i s  

I c a s e  a h igh  power s t r o b e  l i g h t .  The warning sys tem on t h e  Lt~dlow Viaduc t  i s  

s e t  t o  a c t i v a t e  a t  +6 minutes  o f  a r c  r o t a t i o n  on a r c h  1 ,  t 4  minutes  on a r c h  2 

and 22 minutes  o f  a r c  r o t a t i o n  on each  o f  t h e  p i e r s .  

B 
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~t~~ conso le  and r e c o r d e r  a r e  s i t u a t e d  s e v e r a l  hundred f e e t  from t h e  s e n s o r s  in 

)occ+ 1 ]real t h  depar tment  b u i l d i n g  where t h e  eqt~ipnlerlt car1 he rracli  l y  acccsstxrl 

a n d  t h e  warning l i g h t  is e a s i l y  v i s i b l e .  Because of  'he low power requ i remrn t  

and s i g o a l  o u t p u t  o f  t h e  s e n s o r s ,  t h e y  may be cab led  m i l e s  from t h e  conso le  i f  

need b e ,  o r  t h e  d a t a  t r a n s m i t t e d  v i a  phone l i n e s  o r  a l t e r n a t e  means of  te leme-  

t r y .  

T ~ l t  - S e n s l r s  - System Description - 

Now, f o r  d t . t a i l s  on t h e  t e c h n i c a l  o p e r a t i o n  o f  t h e  ' T i l t  S e ~ i s i ~ r g  System. What 

does  i t  measure? The s e n s o r  measures a n g u l a r  r o t a t i o n  around a  c e n t e r  p o i n t .  

How does  i t  measure? I t  uses  what we c a l l  a  g r a v i t y  r e f e r e n c e d  s e n s o r .  'This 

i s  very  impor tan t  because  now o u r  r e f e r e n c e  p o i n t  i s  a  c o n s t a n t ;  t h e  c e n t e r  o f  

g r a v i t y .  Other  motion d e t e c t i o n  methods, such a s  s u r v e y i n g ,  r e l y  on man-made 

r e f e r e n c e s  such a s  benchmarks, which can a l s o  move. Hopefu l ly ,  t h e  c e n t e r  o i  

~ r a v i t y  w i l l  not move. L e t ' s  e x a ~ r ~ i n e  an i l l u s t r a t i o r ~  of how t h e  s e n s o r  works.  

(See l i l i ~ s t r a t i o n  1.) 

L ' i s u ; ~ l i z c ,  i f  you w i l l ,  t h a t  i b i s  curved g l a s s  v i a l  i s  f i l l e d  w i t h  a  

p r o p r i e t a r y  c o r ~ d t ~ c t i v e  s o l u t i o n .  I t  i s  s i m i l a r  t o  t h e  g l a s s  v i a l  t h a t  you 

would f i n d  i n  a  c a r p e n t e r ' s  l e v e l ,  however, t h a t ' s  where t h e  s i m i l a r i t y  e n d s .  

Y o u ' l l  n o t i c e  t h a t  i t  does  have a  r a d i u s  o f  c u r v a t u r e  and i n s i d e  t h e  v i a l  a t  

p o i n t s  A ,  B and C t h e r e  a r e  p la t inum e l e c t r o d e s .  You w i l l  n o t i c e  t h a t  t h e r e  is 

a  bubble  i n  t h e  t o p  of t h e  v i a l .  The s e n s o r  v i a l  o p e r a t e s  on a  b a s i c  law o f  

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

t h e  g r a v i t a t i o n a l  c e n t e r  of  t h e  e a r t h .  Hence t h e  name g r a v i t y  based s e n s o r .  

Page 4 





The way it works i s  q u i t e  s imple .  We i n t r o d u c e  a  t h r e e  mi l l iamp AC c u r r e n t  

180° o u t  of  phase  a t  p o i n t s  A and H t o  p o i n t  C .  We then  measure t b e  d i f f e r -  

e n t i a l  in c u r r e n t  r e s i s t a n c e  between p o i n t s  A t o  C and B t o  C and t r a n s l a t e  

them i n t o  an  a n g l e .  Y o u ' l l  n o t i c e  t h e  i l l u s t r a t i o n  a t  t h e  bottom i s  h a l f  o f  a  

Wheatstone b r i d g e  where we a r e  measuring d i f f e r e n t i a l  between p o i n t s  A and C 

and p o i n t s  R and C .  When t h e  v i a l  i s  p e r f e c t l y  l e v e l  (and t h e r e f o r e  v e r t i c a l ) ,  

t h e  r e s i s t a n c e s  a r e  e q u a l ,  and t h e  conso le  d i s p l a y  r e a d s  "il.00". When t h e  v i a l  

i s  r o t ' r t e d ,  s a y  i n  a clockwise  d i r e c t i o n ,  t h e  a i r  bubble  s h i f t s ,  c a u s i n g  nrorc 

o t  e l e c t r o d e  A t o  be exposed t o  a i r  and more of  e l e c t r o d e  H t o  he covered w i t h  

i i q u i d ,  t h e r e b y  changing t h e  r e l a t i v e  r e s i s t a n c e s  o f  bo th  c u r r e n t s .  T h i s  

change is d e t e c t e d ,  t r a n s l a t e d ,  and d i s p l a y e d  on t h e  conso le  LCD a s  a r o t a t i o n ,  

e i t h e r  p l u s  o r  minus,  of  t h e  s t r u c t u r e .  We s i g n  t h e  p o l a r i t y ,  t h e  r o t a t i o n  i n  

a c lockwise  d i r e c t i o n  i s  s igned  a s  a  p o s i t i v e  a n g l e  and a  r o t a t i o n  i n  a  c o u n t e r  

c lockwise  d i r e c t i o n  i s  a  n e g a t i v e  a n g l e .  

How much does t h e  s e n s o r  measure'! The resoll i t iorr  of  t h e  sys tem i s  1/100ttr o f  

. , t i  a r t .  minuit. a i d  i t s  f u l l  rarlge is  p l u s  o r  nrirrus 30 a r t .  minrltc-s. An~l w i r i  It. we 

r t i i l k i r ~ g  :,iiout a r c  ini irutrs ,  i e l ' s  put  what I 1 rn inut .~~ is irrto 

p e r s p e c t i v e .  

We a r e  a l l  aware t h a t  a  c i r c l e  has  360 degrees  and a  degree  i s  a  r e l a t i v e l y  

smal l  u n i t  of a n g u l a r  measure.  (See I l l u s t r a t i o n  2.1 

However, w i t h i n  each  degree  t h e r e  a r e  60 s u b d i v i s i o n s  known a s  a r c  m i n u t e s .  

(See l l l u s t r a t i o n  3 . )  An a r c  minute i s  a v e r y  smal l  u n i t  of  a n g u l a r  r o t a t i o n ,  

bu t  remember we have a r e s o l u t i o n  of 0 .01 a r c  minu tes ,  o r  1 /6000th  of a  d e g r e e .  

Th i s  i s  an ext remely smal l  uni t .  of  measure and may pose  a <liiestior!: Why a r e  w~ 
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w o r k i i ~ g  i n  srrclr s s ;~ i  I 11i1i I s ;  t h i s  i s  i n l i t l l  t o n  s t > n s i  t  i v c  l o r  Illy ;3p{,l ic;lt  I O I I  

I.rLts i I I t ~ s t r a L ~ .  t+41y we work in  a r c  mirrritps anti wiry yo11 need t l l i s  l t ~ v r ~ i  o f  

s c n s i  t  i v i t y .  ( S e e  1 1  l u s t r a t i o n  4 . )  

T h i s  s i m p l e  m a t r i x  l i s t s  t h e  s i z e  of  a  s t r u c t u r e  a c r o s s  t h e  t o p .  Down t h e  l e f t  

s i d e  we a r e  showing  i n c h e s  o r  f r a c t i o n s  of i n c h e s  o f  l i n e a r  movement. I f  we 

were t o  h e  conce rned  with a  two i n c h  l i n e a r  movement a t  t h e  t o p  o f  a  200 f o o t  

b r i d g e  p i e r ,  we would go down t o  two i n c h e s ,  go i n t o  t h e  c o l ~ m ~ n  headed 200 f e e t  

and you w i l l  notice, t h a t  amoont o f  movement i s  described by an  a n g l e  of  

2 . 8 6  a r - r  mir lu t e s ,  v e r y  snlnll i i t  t e rms o f  ; l ng l r ,  a lmo t  1/20111 ol ;I t i r g r r t ~ ,  t)uf a 

s i g n i i i c a n t  1 i n e a r  movefnent.. Now c o r l v r r s e l y  i f  we wertA t o  h;lvc one  ~ ieg r r ix  o f  

movc~~nent a c r o s s  t h a t  sanre s p a n ,  i t  would r e s u l t  i n  a p p r o x i m a t e l y  42 i n c h e s  o f  

movement. I do  n o t  t h i n k  t h a t  we have  t o  measure  42 i n c h e s  o f  movement; a1 1 we 

have t o  do i s  g e t  o u t  of  t h e  way o f  t h e  p i e r .  

J f  you l a k e  o ther .  v a l u e s  y o u ' l l  s e e  t h a t  t h e y  r e s n l t .  i t ,  even s~rral l e r  u n i t s .  A 

one i i l c l ~  movement, f o r  rxa inpie ,  a c r o s s  a  500 f o o t  span  would r e s u l t ,  o r  be  de-  

s i r - i t i ( . i t  b y ,  a n  a n g l e  o f  .57 a r c  m i n u t e s .  One t legrce  a c r o s s  t h e  same sp;in worild 

r ~ < . s i i l i  i r ,  o v e r  100 i ~ ~ r h r s  o f  inove~ncirt. 

Hopefu l ly  t h i s  i l l u s t r a t e s  why we have e l e c t e d  t o  work i n  a r c  m i n u t e s  r a t h e r  

t h a n  i n  d e g r e e s ,  and  i t ' s  q u i t e  s i m p l e  t o  personalize t h i s  t o  y o u r  own p a r t i c -  

u l a r  s i t u a t i o n .  If you w i l l  d e f i n e  how much movement you deem t o  b e  c r i t i c a l  

i n  i n c h e s ,  d i v i d e  i t  by t h e  s ize o f  'he s t r u c t u r e  i n  f e e t  and  m u l t i p l y  t h e  

r e s u l t  by 236,  i t  w i l l  t h e n  g i v e  you t h e  a n g l e  i n  a r c  m i n u t e s  t h a t  d e f i n e s  t h a t  

amount o f  l i n e a r  movement a c r o s s  t h a t  s i z e  s t r u c t u r e .  
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ARC Minute DeflecQioer 

DISTANCE 

VALUE WE ARE FAMILIAR WITH. 

EQUATION: 

X 286 = ANGLE IN ARC MINUTES 



T h i s  l e v e l  of s e n s i t i v i t y  a l s o  e n a b l e s  us t o  d e t e c t  and p l o t  movement of a  v e r y  

smal l  n a t u r e .  You may n o t  c a r e  t h a t  a  s t r u c t u r e  moves 0.01 a r c  m i n t u e s ,  

ijowever i f  it c o n t i n u e s  t h i s  movement i n  t h e  same d i recLion  over  a  p e r i o d   of^ 

s e v e r a l  weeks, you can draw t h e  conc lus ion  t h a t  t h e  s t r u c t u r e  i s  moving i n  :r 

permanent,  d e t r i m e n t a l  f a s h i o n .  Now you have l.ime t o  c o r r e c t  tire problem. 

'['tlel-r a r e  si.vrra1 unicjura f e a t u r e s  a s s o c i a t e d  wi th  t h e  T i l t  Ser~si i rg  Syste~t l ,  t ) t ~ t  

l e t ' s  j u s t  ment ion a  few. F i r s t  of a l l ,  i t s  extreme s e n s i L i v i t y  a l lows  you t o  

d e t e c t  movement t h a t  yoa cannot s e e  w i t h  t h e  naked eye .  The con t inuous  moni- 

t o r i n g  and r e c o r d i n g  does two t h i n g s :  it a l lows  you t o  develop a  base  l i n e  o r  

f o o t p r j ~ l t .  o f  t h e  s t r u c t u r e  and i t  a l s o  con t inuous ly  moni tors  t o  g i v e  you a  

warning t h e  i n s t a n t  t h e  c r i t i c a l  movement o c c u r s .  The v a r i a b l e  t l l reshold  of 

warning can be p r e s e t  ve ry  e a s i l y  i n  t h e  f i e l d  by merely p lugg ing  i n  a  r e s i s t o r  

t h a t  s e t s  t h e  amount of movement t h a t  you deem t o  be c r i . t i r a 1 .  And we can 

i ' ~ ~ t ' r  itit.. sys tem e i t h e r  Urrough AC l i n e  power o r  t l i rough ;i i1ir1Lc.r-y. Kacli 

s y s t t ~  i.;lrr i ~ t ,  t3csignt.d l o  e x a c t l y  f i t  3 par t  i c t r l : ~ r  sr Lt~aLioil ;ir1<1 a f ~ : ~ r t  i c . i ~ i ; r t ~  

I 
1 i o .  Yorr r a n  a l t t ~ r  the  rlt~mher of  s c ~ n s o r s ,  yo11 rali a l t c r  tlrtr asc,nnt ( i t  

t t~ res t ro i t l  s e t t i n g s ,  and you can change the. s c ; ~ l e  on t h e  ret.ortic-r. 

b E t u i ~ m e n t  Design .- . .- .- 

L e t ' s  t a l k  b r i e f l y  now about  t h e  v a r i o u s  components of t h e  sys tem,  and no te  

t what each component c o n t r i b u t e s  t o  t h e  t o t a l  system. The T i l t  Sensor  i t s e l f ,  

of course ,  is t h e  h e a r t  of t h e  system. I t  c o n t a i n s  t h e  s e n s o r  mechanism, t h e  

t r a n s l a t i o n  e l e c t r o n i c s  and Lhe packaging m a t e r i a l .  I t  i s  weatherproof and t o  

I some degree  wa te rproof .  I t  comes w i t h  e i t h e r  a  t w i s t - l o c k  connec tor  o r  w i t h  a  

p i g t a i l  c a b l e  if you a r e  u s i n g  i t  under  more than 20 f e e l  o f  w a t e r .  
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'The mount ing  p l a t e s  a r e  a n o d i z e d ,  machined aluminum j i g  p l a t e  t h a t  a l e  s t r e s s  

r e l i e v e d .  'Cl~ey a t t a c h  r i i r e c t l y  t o  t h e  s u r f a c e  o f  t h e  s t r u r t u r e  b e i n g  nionitorert  

t h e  T i l t  S e r ~ s o r  i n  t u r n  i s  mounted t o  t h e  motlntinp, p l ; t t r .  'l'he c o ~ r s o l f %  i s  

tile human i n L e r f a c e  beLwf:err you and t h e  s e n s o r  i t s e l  i v i a  t h e  1  iqui t l  c r y s t o  l 

d i s p l a y  which a l l o w s  you t o  r e a d  t h e  a r ~ g i l l a r  movement of e a c h  i n d i v i d ~ ~ a l  

s c n s o r .  A t o t a l  o f  e i g h t  s e n s o r s  can  hr conrrrrLe(l. I t  has ;I wztrninp, s t r o t ) < .  

light and i t  a l s o  con ta i r l s  e ighL  red  L i g h t  e m i t t i n g  d i o d e s  th ; t t  w i l l  i t f r n t i  l y  

which s e n s o r  o r  s e n s o r s  have r eached  o r  exceeded t h p  p r e s e t  t h r e s h o l d  s e t t i n g .  

I t  a l s o  s u p p l i e s  power t o  t h e  sys t em,  e i L h e r  t h rough  AC i i n e  p o x e r  o r  througl!  

b a t t e r i e s .  

,yhe f i t . 1 ~ 1  r e c o r d r r s  art: v e r y  b a s i c ,  d u r a b l e  t y p e s .  They r e c o r d  on pressurc t  

s t > i l s ~ t i v r  pape r  w i t h  a s t y l u s .  The c h a r t  s p c r d  is one  i n c h  per lrotlr s o  we c a n  

rcc.or<l t o r  ;I l i t t l e  o v e r  3 1  d a y s .  By go ing  w i t h  a  more s v [ r h i s t i c ; l t e d  t1;ita 

;icqui s i  Liolr sys t t>m,  Lhc d a t a  co l  16,ctetl r a n  be m;~ssagiirl ni id  p ~ r t  in v o r i o l i s  

torrns. (See  1 l l t ~ s t r a t i o n s  5 and 6 . )  

1 

' l ' l~ese grap11s show t.he movement o f  4 s e n s o r s  motlnted ori a t ~ i r b i i r r  f o o n d a t i o o  ;it 

Iiirion E l e c L r i c ' s  Krlslr ! s l a r ~ d ,  M i s s o u r i  p l a n t  on Junt: 10, 1957. N o t i c e  t t ln 

1 s t ~ d d e n  jump i n  t h e  p l o t s .  They tlappened t o  corresporrd w i t 1 1  t h e  L a w r e n c e v i l l e ,  

l ~ l d i a i l a  e a r t h q u a k e ,  whose e p i c e n t e r  was o v e r  200 m i l e s  away. Ttie quake 

measured 5 . 1  on t h e  R i c h t e r  s c a l e .  These  d a t a  p o i n t s  were  t a k e n  e v e r y  5 

b m i n u t e s .  

The e n g i n e e r s  immedia te ly  o r d e r e d  t h e i r  computer  t o  draw a riew p l o t  b a s e d  o n  

6 one  rninute samples .  T h i s  i s  t h e  r e s u l t .  N o t i c e  t h e  improved r f , s o l u t i o r ~ .  From 

t h i s  g raph  we can  s e e  t h a t  t h i s  f o u n d a t i o n ,  a m a s s i v e  s t r u c L u r e  some 200 f e e t  
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long ,  40 f e e t  wide and 12 f e e t  t h i c k ,  r o t a t e d  about  i t s  a x i s  abou t  5 tirnes o v e r  

a n  8 mintur  p e r i o d  before  r e t u r n i n g  t o  i t s  o r i g i n a l  p o s i t i o n .  

' T i l t  s e n s o r s  may be used t o  monitor a l l  types  of s t r u c t u r a l  movement, and a r e  

e s p e c i a l l y  u s e f u l  when cont inuous  moni to r ing / record ing  and warning o f  motion i s  

d e s i r e d .  I n  s e i s m i c  a r e a s ,  t h e y  can show r e l a t i v e  p o s i t i o n  o f  a  s t r u c t r l r e  

b e f o r e  and a f t e r  an e v e n t .  i n  o t h e r  words, d i d  t h e  s t r u c t u r e  move i n  a  

permanent f a s h i o n ?  On moveable h r i d g e s ,  they  can h e l p  p i n p o i n t  movement which 

may be c a u s i n g  t h e  components t o  bind.  I n  new c o n s t r u c t i o n  a p p l i c a t i o n s ,  s u c h  

a s  t h e  new Quincy b r idge  o v e r  t h e  M i s s i s s i p p i  R i v e r  a t  Quincy, I l l i n o i s ,  t h e y  

may be used t o  measure tower r o t a t i o n  d u r i n g  t e n s i o n i n g  o f  t h e  c a b l e s .  

The a p p l i c a t i o n s  a r e  v i r t u a l l y  e n d l e s s ,  and i n  t h i s  day when b r i d g e  s a f e t y  i s  

o f  such a n a t i o n a l  concern,  t h e  b e n e f i t s  a r e  ve ry  t i i ~ t e l y .  
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