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INTRODUCTION 

The increasing dependence of the public on highway 

transportation has increased the maintenance measures required 

during the winter season for the timely removal of snow and ice 

from roadway and bridge surfaces. The weather surveillance 

methods presently used to determine when to dispatch maintenance 

crews and equipment rely for the most part on weather forecasts 

from various sources and on posted watches or road patrols. In 

the highly variable weather conditions experienced in Oklahoma, 

it is difficult to determine when and where icing conditions may 

occur. This is especially true of unexpected "black ice" 

conditions on elevated structures. 

Considerable non-productive overtime can be expended in 

watching and waiting for events to happen. Also a tendency may 

be to take a conservative approach in preventative measures and 

treat the bridges more often than necessary. The total approach 

can be expensive in labor, equipment, and materials. 

To augment the weather surveillance methods and to determine 

site specific icing conditions, the Oklahoma Department of 

Transportation (ODOT) installed a new generation of ice detection 

and early, warning equipment in the Oklahoma City area. It was 

evaluated as to its effectiveness and benefits as a maintenance 

management tool for use by "field maintenance divisions. 



OBJECTIVES 

The primary objective of the project was to evaluate an tee 

detection and early warning system. The evaluation was to 

determine: 

1. The accuracy and reliability of the sensors used to 

detect bridge deck surface and atmospheric conditions, 

2. The accuracy and reliability of the early warntn�s or 

alarm levels and, 

3. The durability of the equipment in the operating 

environment. 

An additional objective was to gain knowledge on complex 

weather conditions which can lead to icing conditions on roadways 

and bridges. 

A long range goa_l towards which this project was aimed was 

the feasibility and practicality of implementing a statewide grid 

of equipment which would aid all the field maintenance divisions 

in their snow and tee removal activities. Secondary objectives, 

or areas of interest, looked into on the project directed towards 

this goal were: 

1. To see if storms could be tracked using the three 

instrumented structures in a county sized area, 

2. To determine from this installation if one instrumented 

bridge would define the general icing conditions over 

the area, 

? 



3. To determine from the data from each structure the 

optimum number of sensor locations which would be 

required to determine general or overall deck icing 

conditions, and 

4. To check into the feasibility of using the Department's 

mainframe computer in lieu of the PC's to reduce costs 

and duplication of equipment. This computer link would 

also make the information more widely available bet.ween 

the field Maintenance Divisions. 

Elevated Structure Locations 

For the project, three elevated structures, or bridges, in 

the Oklahoma City area (Figure 1)  were selected for installation 

of the ice detection equipment. The selections were made based 

on several factors including traffic volume together with their 

strategic location in the highway system. Also an attempt was 

made to locate the sensors in quadrants to help provide storm 

tracking capabilities across the city area. 

One structure was the bridge across the North Canadian River 

on I-40 at the western edge of the county. Only one sensor 

station was located on the deck because of its short length. 

This structure is located near a steam powered electrical 

generating plant which has contributed to icing problems in the 

area due to condensation and freezing of vented stream. 

Another structure selected was the elevated section of I-40 

through the downtown city area, referred to as the "Crosstown". 
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Figure 1. Location of Instrumented Structures in Oklahoma City Area. 
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This section of I-4 0 has one of the highest ADT in the 

metropolitan area . The structure is 1. 63 miles in length and 

carries six lanes of traffic . It has many entrance and exit 

ramps to the downtown area which contribute to traffic congestion 

and problems during bad weather . Four sensor stations were 

placed at potential trouble spots due to traffic congestion . 

They were to be used also as an aid to determine the micro-climes 

experienced along its length . 

The third structure selected, referred to as the "Belle 

Isle", is on I-44 in the northern section of the city . It is a 

curved, super elevated structure and also carries a high ADT . At 

the time of its selection, a portion of the structure was over a 

small lake. The lake has since been drained but the structure is 

still partially over water from a creek which runs underneath one 

end . Three sensor locations were used on this structure. Two, 

one in each direction of travel, were placed at the high points 

of the structures and at the upper elevation . The third sensor 

was placed in an exit ramp. Because it runs underneath one of 

the overhead structures and is closest to the marshy overflow 

area of the creek, it can experience icing conditions different 

than those of the other structures. 



BOSCHUNG ICE EARLY WARNING SYSTEM 

System Description 

The baste Boschung system configuration along with optional 

equipment for ODOT's installation ts illustrated tn Figure 2. 

The deck surface conditions are determined by a multiple function 

probe which ts installed in the deck, flush with the surface. 

The atmospheric sensors are an air temperature sensor and 

precipitation sensor. The precipitation gage ts a moisture 

conductivity measuring device which detects only the presence 

(Y, N) of precipitation. 

The deck probe measures the deck surface temperature and 

determines the surface moisture conditions using three individual 

electrical conductance type sensors. One sensor ts passive in 

that it always reflects the current temperature and moisture 

status of the deck. These are used as reference values for 

comparisons with the two active sensors. One sensor ts 

cyclically heated in order to melt, and thus detect the presence 

of, dry snow or sleet at deck temperatures below freezing. The 

third sensor can be cooled and heated relative to the deck 

temperature. The undercooling function provides the basts for 

alarm level A2. Altogether, these sensors determine the icing 

conditions of the deck and with the atmospheric sensors provide 

the warnings of the formation or possible formation of an icy or 

slippery surface. These early warnings are alarm levels Al, A2, 
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Figure 2. Boschung Ice Early Warning System Configuration. 
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and A3. The functioning of the alarms is shown in Figure 3. A 
normal explanation of the alarms is provided for viewing on the 

PC monitor or printing on the portable data terminals. See 

Figure 4. The system software allows the user to change these 

explanations for each measuring station. 

The sensor signal levels are initially analyzed at the site 

with electronic instrumentation. They are then transmitted over 

dedicated telephone lines to a central processing unit (CPU) . ·  

The incoming data is further analyzed at 1 minute intervals 

to determine the deck surf ace conditions and if a defined alarm 

level exists. 

The CPU has a user programmable interface which provides two· 

functions. Two output lines or ports are provided which can be 

used to activate external devices or equipment. These outputs 

can be programmed to respond to any or all of the alarm levels. 

In ODOT's installation, these outputs activate the telephone \ 
alarm equipment. The user can also define and program another 

alarm called Merck (M) . This can be used to monitor some event 

at any of the measuring stations which meets some special 

criteria other than the three predefined alarm levels. 

8 



FUMCTIONING OF ALARMS 

Al Ground temperature or Air temperature less than 
32°F and wet 

A2 a ) Ground temperature less than 35.6°F and wet 

b) Ground temperature less than 32°F and �et and 
precipi�at �on 

c ) Ground temperature less than 32°F and no precipita
tion and w�t - changed from No to Yes 

A3 a ) Ground temperature less than 32°F and wet and 

ice on sensor Nr. 1 

b) Ground temperature less than 32°F and wet and 

precipitation - changed from Yes to No 

same as 

(A2 b) and precipitation changes from Yes to No 

M Prograrrnnable alarm 

S Snowdep th alarm 

D Disturbance 

Figure 3. Functioning of Alarms. 
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( means ice on artificially 

cooled sensor) 

(No salt) 

(Frost on artificially 

cooled sensor) 

(Ice on road) 
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ICE EAR.LY L·i!ARtHNG SYSTEM EXPLICATIONS 1 / F 1 09-09-19871 10:31a 

�: TEMPERATURE OF GROUND OR AIR ZERO DEGREES DR BELOW AND GROUND HUMID OR WET. 
EXISTENCE OF SALT DOES NOT EFFECT THIS RLARM 

IMPORTANT: THIS ALARM IS CRITICAL 
a) WHEN IT OCCURS AT BEGINN I NG OF WINTER SEASON 
b) AFTER A PERIOD OF NO SALTING 

DANGER OF BLACK ICE OR HOAR FROST - ATTENTION 

�: DANGER OF HOAR FROST OR ICE ON ROAD SURFACE. 
DANGER OF ICE DUE TO PRECIPITATION DILUTING THE SALT ON ROAD SURFACE. 

IMPORTANT: SITUATION BECOMING DANGEROUS IF TEMPERATURE IS FALLING 
PAY ATTENTION TD PRECIPITATION 

= 

ffi: DANGEROUS PERIOD,STRONG POSSIBILITY OF ICE ON ROAD SURFACE 
OR 

END OF PRECIPITATION, TEMPERATURE BELOW ZERO AND NO SALT. 

Figure 4 .  Normal Alarm Definitions. 



The CPU i.s interfaced wi.th a microcomputer (PC) whi.ch under 

software control di.splays the i.ncomi.ng data and stores i.t for 

future reference. The i.ncomi.ng data i.s di.splayed on the monitor 

i.n a selectable numeric or graphic format. These two di.splays 

show the data for all ei.ght measuring stations. The graphics 

di.splay i.s illustrated i.n Fi.gure 5. The numeric di.splay i.s 

i.denti.cal to Fi.gure 6(a) . A two hour hi.story, i.n a li.ne graph 

format, for each i.ndi.vi.dual measuring station can be vi.ewed. The 

data i.s di.splayed from the "present ti.me" and at 10 mi.nute 

intervals. The same data, but i.n numerical format, can be output 

to a portable data terminal. The data i.s stored, on 20 mi.nute 

intervals, by the day and by month. A 24 hour hi.story can be 

recalled for each measuring station. See Fi.gure 7 .  

Two addi.ti.onal alarm condi.ti.ons are provided. See Fi.gure 5. 

The S alarm i.s used wi.th a snow depth gage whi.ch i.s not used i.n 

ODOT's i.nstallati.on. The D alarm means disturbance. If the CPU 

cannot receive data from any of the measuring stations, thi.s 

alarm i.s noted. Possible causes could be loss of electrical 

power at the si.te or a bad telephone li.ne. 

The manufacturer recommends that the moni.tori.ng equipment 

should be located i.n a maintenance operations offi.ce for normal 

use of the system. In thi.s mode of operation, the weather 
" 

condi.ti.ons would be monitored and the mai.ntenance crews 

dispatched when needed. For thi.s project the CPU and Monitor 

were located i.n the ODOT central offi.ce bui.ldi.ng. A telephone 

alarm system and portable data terminals were uti.li.zed so that 

11 
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( a )  
( b ) 

(b) 

Typ ical  Data Pr int out from Por t ab le Data Terminal. 
Pre s ent Data for a ll Measur ing S t at ion s .  
Two Hour His t ory f o r  Individual Measur ing S t a t ions .  
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the Inter s t a t e  ma in t enance supervi s or s  c oul d p er form thi s  

fun c t ion within the ir own ma in tenan c e  d i s tr i c t .  

The p or t a b l e  da t a  t ermina l s  cou l d  b e  us e d  from a n y  phone. 

The sup ervi s or c ou l d  c a l l  the s y s t em, via an autoanswer modem a t  

the micro computer, and g e t  a p r intout ( s e e  F i gur e 6) o f  sur f a c e  

cond i t ions a n d  a l a rm s t a tus from any o f  t h e  mea sur ing s ta t ion s .  

The auto dia l t e lephone a la rm e quipment u s e d  by B o s chung wa s 

a c ommer c ia l s ecur i t y  a l a rm s y s t em. I t  wa s t a p e  s o ftwar e  

op era t e d  i n  tha t the t e lephone numb er s t o  b e  c a l led were 

programme d on the tap e a l ong with the me s s a g e s  it s ent . I t  wa s 

d e s igned to ca l l  four group s o f  numb er s .  For ODOT's op era t ion, 

thr e e  of t he gr oup s c orre s p onded to the three ins trumented 

s truc tur e s .  Up on r e c e ip t  o f  an a l a rm c ondit ion from any of  the 

e ight mea sur ing s t a t ions ,  the appropr i a t e  b r i dge wa s 

and the approp r i a t e  ma int enance supervi s or c a l l ed. 

determined 

The f ir s t  

ca l l  wa s to  h i s  o f f i c e  and i f  there wa s n o  r e s p on s e ,  then h i s  

home wa s c a l l e d. Thi s  s equenc e  wa s r ep e a t e d  unt i l  s ome one 

. answer ed the c a l l. Up on rec e ip t  o f  a ca l l  a me s s a ge wa s g iven, 

such a s ,  " Ic e  E a r ly Warn ing on the Cro s s t own Br i dge " . At the end 

o f  the me s s a g e  a carrier t one wa s s ent . At the t one the c a l l e d  

t e l ephone· wa s t o  b e  hung up a n d  with in forty s ec onds the 

t e le - a l a r'Jn  wa s to be c a l led . Upon hearing a c a rr ier t one a ga in 

the t e lephone wa s hung up whi ch s erved t o  a cknowle dge the a la rm. 

Group four wa s ,  in a s en s e , a f a i lure a la rm . If no one answere d  

the a larm c a l l s  a n d  a n  A 3  o r  i c e  a la rm on any s tructure wa s 

de t e c t e d, a l l  the t e l ephone numb e r s  were c a ll e d. 

15 



The s y s tem ha d a da i. ly c l ock and a s even day c lock. The 

da i. ly c lock cou l d  be progra nnned for the hour of the day the 

Te le -Alarm wa s to be a c t iva t e d  and dea c t iva te d .  The seven day 

c l o ck cou l d  be programmed for whi.ch days the Tele -Ala rm wa s to  b e  

a c t iva ted . For ODOT 's oper a t i.on the " ON" t i.me wa s 5. p . m .  and 

"OFF" t i.me wa s 7 a . m .  the fo l l owing morning for Monday through 

Thur s day . I t  wa s s et t o  turn " ON" a t  5 p . m .  on Fr i.day and turn 

"OFF" a t  7 a . m .  Monday morning. 

The s y s t em a l s o  ha d two t i.me d e l ay r e l a y s  wh i. ch were used  t o  

contro l  the c a l l - ou t s  i. n  r e s p onse to  the a l a rm c ondi.t i.ons . On e 

relay could be  s e t  for the numb er o f  minut e s  an a la rm c ond i. t i.on 

ha d t o  exi. s t  b e fore a ca l l - out wa s ma de . Ini. t i. a l ly a 20 mi.n. 

delay wa s u s e d . The o ther re lay s et a t i.me d e l a y  period b e fore 

ano ther c a l l  cou l d  be ma de. Thi.s  wa s i.ni. t i.a l ly s e t  for two 

hour s .  When the a la rm wa s a cknowle dged, the de l a y  r e l a y  wa s 

a c t iva t ed, i.nhi.b i. t i.ng c a l l s  for two hour s . At the end o f  the 

delay t i.me, i.f the a la rm c ondi.t i.on s t i.11 ex i s te d, the c a l l - out 

s equence woul d  s ta r t  a g a i.n. The purp o s e  of thi. s  de l a y  wa s t o  

a l l ow t i.me f o r  the ma int enan ce crews t o  g e t  from the i.r home s t o  

the ma int enance f a c i. l i. t i.es . 

The equi.pment wa s hardwi.red t o  the c i.r cui.try i.n the CPU .. I t  

wa s ON 'when p ower t o  the CPU wa s ON and there wa s no swi.t ch t o  

turn i. t  OFF . The on ly way to  dea c t i.va t e  i.t wa s to  r e l e a s e  the 

tape ca s s e t te thereby p r even t i.ng c a l l s  t o  b e  ma de . 

16 



Sys t em In s t a l l a t ion 

Al l ma t er ia l s  nece s s ary for the in s t a l l a t ion o f  the equipment 

on the overhea d s truc tur e s  were provide d by the B o s chung C omp any. 

Bos chung p er s onne l ins t a l l e d  the deck s en s or s  and a l l  o ther 

requ ir e d  e l e c tron i c s . The nece s s a ry s pe c ia l equipment such a s  

c oncrete  s aws , l i f t  truck s ,  e t c  and the manpower nec e s s a r y  for 

moun t ing the equipment hous ing s and running the wire c ab l e  

b e twe en un it s wer e p rovide d b y  ODOT ma int enance p er s onne l  ·from 

Fie l d  Ma in t en an c e  D iv i s ion I V. The wire c ab l e  wa s an appr ove d 

wea therpr o o f  ou t door type wh ich c ou l d  b e  a t t a ched t o  the 

s truc ture s us ing s t anda r d  wir ing p r a c t i c e s .  Nb ma j or 

d i f f icul t ie s  or p rob lems were enc ountered dur ing the 

ins ta l l a t ion . S ince the c ab l e  from the d e ck s en s or wa s l a i d  in a 

s aw cut in the deck, two of the mea sur ing s ta t ions ha d t o  b e  

re l oc a te d  to  k e e p  from making a cut a cro s s  thr ee l ane s o f  

tra ff ic. B ecaus e of tra f f ic c ont r o l  prob l ems , one deck sen s or 

ha d t o  b e  ins t a l l e d  in a d i fferent tra f f i c  l ane than in i t i a l ly 

s e l e c te d . 

Ins t a l l a t ion o f  the e le c tr ic and t e lephone servi c e  b y  the 

r e s pe c t ive c omp a n i e s  pre s ented no ma j or difficu lt ies or a b ove 

norma l exp en s e. Al l o f  the structures were loca t e d  c lose t o  

exi s t ing �ervi c e  l ine s so tha t spe c ia l l ines did not have t o  b e  

ins t a l l e d. A c ons iderab le delay wa s exp er ienc ed from the t ime 

the r e quest s were ma de for the servic e s  unt i l  they were a c tua l ly 

p rovide d a t  a l l  three s tructure s .  
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Sys t em Co s t  

The c o s t  o f  the s y s tem i s  i t emiz e d  a s  fo l l ows : 

Ba s i c s y s t em e quipment , inc luding : 

8 me a sur ing s ta t ions & ground prob e s , 

3 Transmi t t er s ,  

1 Centra l P r o c e s s ing Uni t ,  

In s ta l l a t i on c a b le  

3 Portab le Da t a  Termina l s  wi th Mo dem 

1 Te le - a l a rm wi th s o ftwa re 

1 TI Pro fe s s iona l C omput er with 

(1) f l oppy d isk dr ive , 

(1) lOM byte Winche s t er drive 

C o l or Gr a phi c s  S o f tware 

Tot a l  Co s t  

$ 98,800 

2,795 

2,730 

5,950 

6,000 

$116,275 

The above c o s t  d o e s  not inc lude the three 120 vo l t  s e rv i c e  

l ine s r e quired and the ne c e s s a ry phone l ine s .  The d e d i c a t e d  

l ine s fr om the 3 t ransmi t t ers  to  the CPU c o s t $80 p e r  month . The 

c onne c t  charge wa s $500.00. Al s o  needed were two regul a r  d i a l  

phone l ines . 

The Bo s chung Comp any a l s o  ha s an annua l servi c e  a greement . 

For the pre s ent s tudy , Boschung extended the f irst yea r  war r an t y  

t o  c over the se c ond year a l s o . 

18 



'< 

( 

Eva lua t ion 

The b a s ic s en s or r e s p ons e s  and the e a r ly wa rning s  or a la rms 

were eva lua t e d  by c omp a r i s on to v i s ua l ob s erva t ion s of deck 

s ur f a c e  and a tmo spher i c  c ondit i on s . The purp o s e  o f  thi s  method 

of eva lua t ion wa s two - fo l d . F ir s t it wa s to help det ermine the 

a c cur a cy and r e l iab i l i ty of the s en s or s .  The s econd purp o s e  wa s 

t o  help the ma int enance p eop l e  t o  u s e  the ir own exp er ienc e and 

ob s erva t ions to  interpret the a la rms s o  tha t we l l  informed 

dec i s ions cou ld b e  ma de . 

The ob s erva t ions were r e c orded on a f o rm a s  shown in F igure 

8. The surfa c e  c on d i t ion c a t eg or ie s  u s ed were d e c ided up on with 

the a id o f  the f i e l d  ma intenance p e op le .  They were the one s  who 

ha d the exper ien c e  dea l ing with the myr i a d  o f  i c e  forma t ion s and 

wea ther c ond i t ions wh i ch a r e  enc ounter e d  in Okl ahoma . Although 

the equipmen t wa s no t des igned t o  de t e c t  a l l  o f  the l i s t e d  i c e  

f orma t ion s ,  it  wa s f e l t  tha t the informa t ion wou l d  h e lp document 

ob s erve d i c ing s i tua t ion s vs . equipment r e s p on s e. 

I t  wa s a s sumed in it i a l ly tha t the t empera ture s en s or da t a  wa s 

corr e c t  wi thin the s p e c i f ied t o l eranc e s o f  the ins trumen t a t i on . 

The a ir tempera ture s en s or s  were c omp a r e d  p eriodica l ly with 

Na t i ona l Wea ther S ervic e  wea ther fore ca s t  informa t i on rea l i z ing 

tha t they woul d  not be in exac t  a greement b ecaus e of tempera ture 

var i a t ions in urb an area s but a s  an a i d  t o  help s p o t  any gro s s 

d i s crep anc i e s  or ma l fun c t ion s  o f  the equipment. 
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The v i sua l ob s erva t ion s were n o t  ma de on a routine or 

s chedu l e d  b a s i s .  Tho s e  ma de by p e r s onne l from the Re s e ar ch 

D iv i s ion were dur ing norma l work ing hour s .  B e c aus e o f  the s en s or 

l o c a t ion s  on the decks and the s a fe ty requirement s impo s ed on 

non - emergency op era t ions it wa s not p o s s ib l e  t o  make c l o s eup 

ob s erva t ion s of the deck s en s or s .  The ob s erva t ion s ha d to b e  

made from a moving veh i c l e  u s ing s a fe driving pra c t ic e s .  

Judgement s were ma de by the dr iver and ob s erver a s  t o  ic ing 

c on d i t ion s  pre s ent by n o t ing the re spons e o f  the ir own and o ther 

veh i c l e s .  

In s p e c t ions were ma de when r a in ,  snow, dew, o r  o ther mo i s ture 

wa s evident. Fol low-up ob s erva t ion s were ma de when the moni t o r  

ind i c a te d tha t the s ens ors were dry. The de ck s  were a l s o  che cke d 

when i t  wa s ob s erved tha t a s en s or or s en s ors  were indi c a t ing 

c ond i t ions tha t were at var ianc e w i th ob s erved wea ther 

con d i t ion s .  

The vi sua l ob s erva t ion s b y  the ma int enance p er s onne l were 

ma de when r e s p onding t o  an e a r ly warn ing a la rm c a l l  or the i r  own 

r o a d p a tro l s  or o ther wea ther wa t ch a c t ivi t ie s . Al s o  

ob s erva t ions were note d  a s  they were working t o  remove s now o r  

ice. 

The ·�va lua t ion period for the proj e c t  wa s to  b e  two winter 

s e a s ons  d ivided into three pha s e s .  Dur ing Pha s e  1, the equipmen t 

wa s mon i tored by p e r s onnel from the Res ea r ch D ivi s ion. It wa s 

ne c e s s a ry t o  det ermine tha t the e quipment wa s working p r op erly 

and s en s or re s pons e s  a c cura t e  b efore b e ing u s e d  by the f i e l d  

ma int enanc e  p eop le i n  their opera t ion s . 

21 



Pha s e  2 wa s to b e  a per iod when the Inter s t a t e  ma int enance 

sup ervis or s wou l d  have use of the p or t ab l e  data termina l s .  Thi s  

wou l d  a l l ow them to  g a in fami l ia r i ty with the equipment a n d  ga in 

conf idence in i t s  u s e. Al s o , they c ou l d  s ta r t  us ing the da t a  t o  

a id i n  the ir dec i s ions.  

Pha s e  3 wa s t o  b e  the ful l eva lua t ion o f  the e qu ipmen t and  

its  use  in  the snow and i c e  remova l a c t iv i t ie s with the  t e lephone 

a la rm s y s t em b e ing us ed. 

F ir s t  Winter Oper a t i on 

Dur ing the f ir s t  winter o f  op er a t ion the wea ther c ou l d  n o t  be 

con s idere d norma l for the Okl ahoma C i ty area.  For the ent ir e  

s e a s on , from Novemb er through Ma r ch , on ly twe lve d a y s  o f  wea ther 

c ond i t i on s  wer e exp er ienc e d  wh i ch r equired snow and i c e  contro l 

a c t ivit ie s .  The s ea s on s t a r t e d  a t  the end o f  November with a 

typ i ca l i c ing s i tua t ion. The two day p er io d  s ta r t e d  wi th ra in 

and r a p i d ly f a l l ing t empera tur e s .  The r a in then b egan to b e  

mixe d with fr eez ing ra in a n d  s l e e t  which even tua l ly b egan 

fre ez ing on the decks.  The s y s t em wa s n o t  opera t iona l a t  thi s 

t ime b e caus e the e l e c tr ic a l s ervi c e s  ha d no t b e en c onne c t e d  a n d  

there fore no da ta c oul d b e  c o l l ec t e d. 

The tl€Xt event wa s near the middle  o f  Decemb er with 2 . 9  in o f  

l ight intermi t t en t  snow o ccurr ing over a f our d a y  p er iod. The 

sens or r e s p on s e s  appeared to b e  a c cura te and . c orresp on d  t o  

ob s erva t ions .  A f ew o f  the a la rms n o t e d  o n  the mon i t or when 

look ing a t  the h i s tory d a t a  were ver i f i e d  to s ome degree wi th 
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informa t ion r e c e ived from the ma int enance crews about their 

a c t iv i t i e s  and ob s erva t i on s dur ing the s e  t ime p er iods . A review 

o f  the h i s tor i c a l da ta a l s o  d i s c l o s ed re sp on s e s  from s ome o f  the 

s en s or s , whi ch were g enera l ly of shor t dur a t ion but at va r iance 

with r o a dway c ondit ion s .  A f ew shor t dura t ion a la rms wer e a l s o  

not e d  f or which n o  exp l ana t ion c ou l d  b e  determine d from the da t a  

ava i l ab l e. 

It wa s n e ce s s a ry to  ob s erve the s y s tem r e s p on s e s  for ano ther 

ic ing s i tua t ion to  mon i t or the equipment more c l o s e ly in order to . 

det ermine the r e a s on for the s e  few a pp a r ent " fa l s e  a l a rm" 

cond i t ion s . Thi s  opp ortun i ty d i d  n o t  o c cur unt i l  e ar ly Feb rua ry . 

Af t er over a month of above norma l t emp era ture s and no 

p r e c ip i t a t ion in any form, a near monthly r e c or d  10 . 0  in . of snow 

f e l l  ove r a s ix day per i o d . Throughout the remova l a c t ivi t ie s  

the b a s i c s en s or r e s p ons e s  were cons idered a c cura te . A few a l arm 

s i tua t ion s wer e ob s erve d dur ing the day. I t  wa s dur ing the s e  

snow remova l a c t ivi t i e s  tha t a d i s crepancy wa s ob s erve d b e tween 

the pre c ip i t a t ion s en s or s  on the Cro s s t own s tructure and the 

ob s erved wea ther con d i t ion s .  Thi s  n e c e s s i ta t ed a mo d i f i c a t ion t o  

the e quipment a s  ins t a l le d  o n  the deck. The pre c ip i t a t i on 

s en s o r s  were no t e d  to  b e  ind i ca t ing p r e c ip i t a t ion in a random 

p a t tern when there wa s no pre c ip it a t ion o c curring. A drive 

a c ro s s the de ck di s c l o s e d  that tra f f i c  wa s sp l a shing the he avy 

me l t ing snow runo f f, whi ch wa s a ccumul a t ing a � ong the gut ter 

l in e ,  up over the p rec ip i ta t ion s en s or s .  Thi s p rob lem wa s s o lve d 

by the manufa c turer by extending the he ight o f  the pre c ip it a t ion 

s en s o r s  a b ove the d e ck surfa c e. 
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The p or t a b l e  da ta termina l s  were p rovid e d  to  the Inter s t a t e 

ma intenanc e  s upervi s o r s  a t  thi s t ime . No further i c ing 

s itua t ions were re corded for the rema inder of the s ea s on however . 

A prob l em o f  maj or c onc ern wa s enc ountered when c a l l ing in t o  

g e t  da ta with the por tab le da t a  t e rmin a l s .  On o c c a s ions  the PC 

op era t ion s wou l d  be d i s rup t e d  dur ing a c a l l  in . Thi s  in e f f e c t  

shut the s y s tem down a n d  there fore no d a t a  was  ava i lab le unt i l  

the o� era t iona l s o ftware wa s r e ins t a l l ed. The prob l em wa s

f ina l ly a t t r ibut e d  to no i s e  on the t e l ephone l ine s .  A change in 

the PC op era t iona l s o f twa re r educe d  the numb er o f  futur e 

o ccurrence s o f  the prob lem.

The on ly apparent s ens or ma l func t i on exp e r i enced o c curre d  in 

Ma r ch dur ing a r a in s torm . One o f  the deck s en s o r s  wa s 

ind i c a t ing dry when the de ck wa s we t. A c leaning o f  the d e ck 

s en s or corr e c t e d  the prob l em .  

Early in the s ea s on numer ous d i s turbance a la rms wer e no t e d  a t  

the North Cana d ian River br idge . They app e a red, to  b e  erra t i c  in 

dur a t ion but to s ome exten t ,  have a da i ly p a t t ern . Thi s  ma de i t  

d i f f i cul t t o  f ind the prob l em but it  wa s eventua l ly f ound tha t a 

l o s s o f  e l ec tr ic a l p ower t o  the s y s t em wa s the p r ob l em. A 
s ervi c e  ca l l  by the e l ec tr i c a l u t i l i t y  c omp any a pp a r ent l y  

c orr e c t e d  the s itua t ion s in c e  no fur ther prob l ems o f  thi s  n a ture 

wer e  ob s erved. 
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A prob lem o f  a more s er ious na ture o c curre d  dur ing Ma rch 

dur ing one o f  Ok l ahoma ' s  typ i ca l s pr ing thunder s t orms . The 

who l e  s y s tem a t  the B e l l e  I s le s truc ture quit s ending da t a . A 

check o f  the equipment di s c lo s e d  tha t p ower wa s ava i l ab l e but a l l  

thr e e  mea sur ing s ta t ions were not opera t ing and the transmit t er 

or modem wa s not c ommun i ca t ing with the CPU. The equipment wa s 

che cked by the manufa c turer and i t  a pp e a re d  tha t the s y s t em ha d 

b e en damaged by l igh t ing . I t  c ou l d  n o t  b e  det ermined from the 

d ama ge d  c ircui try whe ther the c au s e  wa s from s ome type of 

l ightning phenomenon indu c e d  through the s en s o r s  and wir ing or 

had b e en induc e d  through the e l e c tr i c a l s ervi c e  l ine a s  a vo l t a g e  

s pike o r  surge . At any r a t e ,  the s y s t em wa s r ep a ired . 

Add i t iona l l ightn ing pro t e c t ion dev i c e s  wer e a l s o  in s t a l le d  a t  

the 3 b r i dge s i t e s . A t  thi s  t ime a l s o  the t e l ephone a la rm s y s t em 

wa s r e ins t a l l ed and ma de fun c t i ona l . Aga in the u s e  o f  t e l e phone 

l in e s  with d a t a  equipmen t wa s f ound to be the prob lem and not the 

e quipment . Apparen t ly the di a l  t e le phone l ine h a d  n o t  b een 

con f igur e d  proper ly by the t e l ephone company when it wa s 

ins t a l l ed . The s i tua t ion wa s corre c t e d  by the t e lephone c omp any . 

S e c ond Winter Oper a t i on 

The wea ther c ond i t ion s  exper ienced the s e cond winter o f  

ope ra t ion wer e  s omewha t more t yp ic a l o f  Okl ahoma ' s  c lima te. 

Dur ing De c ember there were s ever a l days wi th . typ ic a l fro s t  

condi t ion s . The f ir s t  a l a rms e ar ly in Dec emb er r e s p onde d t o  b y  

the ma intenance p eop l e  wer e  c on s idered by them t o  b e  fa l s e  



a l a rms . They wou l d  report wha t  a p p e a r e d  t o  b e  a dry de ck and not 

s l i ck when the A2 (fros t)  a l a rm wa s indi c a t e d  by the equipment . 

I t  wa s eventua l ly confirme d on one o c c a s i on tha t a thin l ayer o f  

"b l a ck" i c e  wa s p r e s ent but tha t i. t  d i. d  n o t  pre s ent a tra f f i. c  

prob l em .  Thi. s  wa s i.n e f fe c t  a va l i. d  ear ly warning c on d i. t i.on but 

wa s c ons i dere d t o  b e  t oo s ens i. t i.ve for the ma int enance peop l e ' s

nee ds . 

The manufa cturer came and che cked the c omp le te s y s t em to 

de termine i.f the mea s ur ing s ta t ion s were opera t ing proper ly . The 

mo i s ture s ens or s  were che cke d for p roper r e s pon s e  and a l s o  the 

c a l ibr a t ion of the tempera ture s en s or s  che cke d . 

The highly s en s i t ive re spon s e  o f  the i. ce d e t e c tors wa s by 

de s ign . The s en s i t ivity cou l d  b e  r e duced t o  s ome degree but wa s 

not re commended by the manufa c turer. Ins t e a d, they c onfigure d  

the s e c ond fr ee output a t  the CPU t o  a l s o  c ontro l the t e l ephone 

a la rm equipment in re spon s e  to the Mer ck ( M) a la rm. Thi. s  woul d 

provide a mean s t o  define an a l a rm s ta tu s  t o  b e  us e d  together 

wi.th the pre de f ined leve l s  wh i. ch were f e l t  wou l d  b e s t  su i. t  the 

needs . A few ma l func t i on s  i.n op era t ion wer e  exp e r i enc e d  

i.ni. t i. a l ly . One prob l em wa s t r a c e d  t o  a l oo s e  wi.re a t  a c a b l e  

j un c t ion t ermina l b l o ck whi. ch i. n  e ff e c t d i. d  not  a l low the 

p rogramme<l a la rm  func t ion to a c t iva t e  the t e l e - a l a rm. Eventua l ly 

the "bug s " were worked out ,  and the s ystem wa s c onsidered 

op era t iona l. 

A c i.r cui. t mo d i f ica t i on wa s a l s o  ins t a l le d  a t  the mea sur ing 

s t a t ion s . The purp o s e  wa s to exp and the t emp era ture s ca l e  which 



wou l d  a l low d e ck and a ir t emp era tur e s  to  b e  mon i t or e d  dur ing wa rm 

we a ther months . Th i s  f e a ture b egan t o  c aus e prob l ems l a ter on in 

the win t er s e a s on wh i ch wi l l  b e  d i s cus s e d  l a ter . 

Dur ing the rema inder o f  Decemb er and up to  January 16th a few 

more fro s t  o c curren c e s  were exp er ienced. One hard fro s t  wa s 

exp er ienc ed with t emp era tur e s  down in the low 2 0 ' s . The fro s t 

wa s ob s erved t o  b e  e s s ent ia l ly c ity wide, and s o  a l l  three 

ins trumen t e d  s truc ture s were a ffe c t e d. The s en s or r e s p ons e s  with 

the exc ep t ion o f  one on the Cro s s t own s t ruc ture were ob s erve d t o  

b e  a c cura t e  a s  wa s the A 2  ( fro s t )  a l a rm .  The one Cro s s t own 

s t a t ion did no t g ive the A2 ( fro s t ) a l arm. 

The other exp e r i enc e s  wi th fro s t  c ondi t ions  genera l ly 

o c curre d  with a ir and/ or deck t emp er a ture s hovering a r ound

fre e z ing. Under the s e  cond it ions  s p o t ty random fro s t  o c curr e d  

a round the c ity a r e a ,  a s i tua t i on with whi ch any ma int enance 

p er s on is we l l  fami l iar . The ma int enance peop le ha d men t i oned 

p a s t  experien c e s  in wa t ching temp era tur e s  drop t o  nea r free z ing 

and then s eem to hang there. It wa s intere s t ing t o  note, with 

ins trumen t a t ion ava i lab l e- t o  ver i fy it, how o ft en thi s b order l ine 

freez e / thaw phenomenon o c curs in the c l ima t ic z one tha t inc lude s 

Oklahoma , p a r t i cu l a r ly with regard t o  the pre s en c e  o f  fro s t . 

The effe c t  on the ma int enanc e op era t ions under the s e  

c on d i t i on s  i s  tha t a r e s p ons e c ou l d  b e  ma de t o  a suppo s e d  va l id 

a l a rm condit ion only to  have i t  l i f t  by the t ime a crew arr ived 

a t  the b r i dge. 

') ..,



Thi s s ame difficulty in determining how to r e a c t  to  the A2 

a l arm cond i t ions a t  c ons t ant t emp er a ture s  wa s experien c e d  on 

o ther o c ca s ions l a ter in the s e a s on when ice or  snow ·exi s te d  and 

at t emp er a ture s  we l l  b e l ow fre e z ing. As ha s b e en no t e d, the 

under c o o l e d  s ensor provide s the b a s i s  for the 

s en s or c oo l s  3 . 6 °F b e low the deck t empera ture. 

a c t iva t e d  a t  a deck t emp era ture of 3 S . 6 °F t o  

A 2  a la rm. Thi s  

I t  i s  ini t i a l ly 

give the e a rly 

warning o f  the p o s s ib i l i ty o f  ice forma t ion when wa ter is  pre s ent 

on the deck, such a s  ra in and no d e i c ing chemi c a l s  p r e s ent. Th i s  

a l a rm c ondit ion g ive s the ma int enance p eop l e  t ime to  rea c t  b e fore 

the forma t i on of ice o c cur s .  The a l a rm i s  a l s o  us eful in other 

s itua t ions such a s  a ft er a deck ha s b een s a l t e d  and the 

p o s s ib i l ity of r e freez ing exi s t s .  

On one o c c a s ion, a f ter the decks ha d b e en s a l te d, the me l t ing 

of the i c e  wa s d i lut ing the s a l t  in s o lut ion and the A2 a l a rm wa s 

i s sued. However the deck temp era ture r ema ine d  within thi s 3 . 6 °F 

range which kep t the A2 a l a rm a c t iva t e d  for an extended p er io d  o f  

t ime. 

I t  wa s dur ing this t ime p er io d  tha t the above ment ioned 

prob l ems with the " summer op er a t ion" c ir cuitry b egan t o  app ear. 

The ma l func t ion s  s ta r t e d  with one o f  the mea sur ing s t a t io-ns on 

the Be l �e I s l e  s truc ture. S in c e  thi s  wa s the mea sur ing s ta t ion 

which s eeme d to have ha d the mos t exten s ive dama g e  from the 

previou s  e l e c tr i ca l s to rm, the f ir s t thought was tha t  the d e ck 

s ens or may have a l s o  b een dama g e d  and the e ffec t s  were j us t  now 

showing. It wa s 0 not e d  tha t when t emp era ture s  were a r ound 50 , 
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o ther s en s or r e s p ons e s  o c curr ed wh ich were a t  va r iance w i th 

ob s erved wea ther an d d e ck surfa ce  cond i t ions , such a s  a we t d e ck 

r e sp on s e  when it wa s ob s erved t o  b e  dry. Over a p eriod of t ime 

it wa s ver i f i e d  tha t  the err a t i c  r e s p ons e s  or ma l funct ions o f  the 

s en s o r s  o c curr e d  only when the d e ck t emp era tur e s rea che d 4 8° t o  

50°. Th i s  e f fe c t  a l s o  b eg an t o  o c cur l a t er a t  s ome o f  the o ther 

mea sur ing s t a t ion s but not a s  cons i s t en t ly a s  at the s t a t ion a t  

the B el l e  I s le s truc ture. 

o c c a s ion wou l d  s end a l a rm 

The B e l l e  I s le s ta t ion a l s o  on 

c ond i t ion s  a t  the s e  e l eva t e d  

t empera ture s .  For tuna t e ly they did no t o ccur a t  t ime s whi ch the 

te le - a l a rm wou l d  ca l l  the ma intenanc e s up ervi s or. The p r ob l em 

coul d not b e  r e s o lved on s i t e  and wa s t o  b e  checked int o  a t  the 

Bo s chung fa c i l it ie s  in Swi t z er l and. 

Throughout the r ema inder of the winter s ea s on it wa s 

confirme d tha t the me a sur ing s t a t ion s c ont inue d to fun c t ion 

prop erly a s  l ong as t empera ture s rema ined b e l ow 50°. There were 

t ime s when the da t a  s e eme d err a t i c. S in c e  the s e  were g ener a l ly 

o f  shor t dura t ion, it  wa s d i f f icu l t  to de t ermine a c aus e a s  ha d 

b e en no t e d  the f ir s t  winter. The l ikely caus e wa s thought t o  b e  

no i s e  on the t e l ephone l in e s .  

During the mi ddl e  o f  J anuary the only maj or p e r i o d  o f  s now 

and o ther i c ing wea ther c ond i t ions o f  the entire wint er s ea s on 

o c curr e d. Throughout the s itua t ion , the b a s ic s ensor r e s pons e s  

wer e  c on s i dered a ccur a t e  and re l iab l e  with the e�cep t ion o f  the 

p re c ip i t a t ion s en s o r s .  The typ e  o f  p r e c ip it a t ion s ensors  u s e d  do 

no t d e t e c t  f ine b l owing snow very we l l. S ince thi s  wa s the typ e  



o f  snow exper ienc e d, the pr e c ip i t a t ion s en s or s  d e t e c t e d  i t  on

very few o c c a s ion s .  

A prob l em c ame up with the func t i on o f  the t e l ephone a l arm 

equipment dur ing the snow remova l a c t iv i t ies .  The p r ob l em wa s 

n o t  a ma l fun c t i on o f  the e quipment , which op er a t e d  proper ly , but 

ra ther tha t  dur ing ex t ended s now remova l op er a t ions a la rms a r e  

n o t  n e e ded. The b o t t om l ine t o  the p rob l em wa s tha t there wa s no 

wa y to c ontro l the t e l ephone a l a rm opera t ion exc ep t to turn i t  

o ff a t  the CPU. The fo l l owing a c c ount i l lus tra t e s  th i s  typ e o f

s i tua t ion. 

The wea ther c ondit ions s t a r t e d out in a typ i ca l fa shion with 

ra in , o c c a s iona l l ight snow , and s l e e t  mixed wi th free z ing r a in. 

The a ir t emper a tur e s  s ta r t e d  to de c l ine rap id ly. The ma int enance 

crews were r e s p on d ing with the pre s cr ib e d  proc edure s  for 

c omb a t ing the s e  i c ing c ond i t ions . After two days of thi s 

a c t iv i ty , it  s t a r t e d  t o  snow l a t e  one n ight . The snow wa s a f ine 

dry s now and wa s dr i f t ing due to the variab l e  wind s pe e ds 

a s s oc ia te d  with the wea ther sys t em. At one ob s erved s ta t ion the 

snow fe l l  s te a d i ly , a t  va rying inten s i t ie s  for approxima t e ly 12 

hour s . The o f f i c i a l amount rec orded a t  the Na t iona l Wea ther 

S ervi c e  s t a t i on wa s 10 in. wi th r ep o r t e d  amount s of 7 to  12 in. 

around the c i ty a r e a .  S ome ob s erved dr i ft s  on the roadway s  and 

b r i dge s wer e  e s t ima t e d  t o  b e  a round 5 to 7 f t  deep . The

ma int enance crews ha d t o  swit ch from s and / s a l t  op era t ions t o  

u s ing snow remova l equipment .  In the proce s s  o f  c le a r ing and 

op ening l ane s o f  tra f f i c  on the r o a dway s  and s truc tur e s , a l ayer 



o f  i c e ,  up t o  2 in thick in s ome l o c a t ion s ,  wa s found under the 

snow. Unt i l  the l ane s where the s en s o r s  were l o c a t e d  were 

c l eared, the s en s ors  wer e  de t e c t ing i c e  and g iving the 

appropr i a t e  A3 a l arm, whi ch in turn wa s a c t iva t ing the t e l ephone 

a l a rm every two hour s and c a l l ing the ma int enance supervi s or. 

The p rob l em wa s tha t the crews were working around the c l o ck and 

no one wa s a t  the o f f i c e ,  or home, to a cknowle dge the a la rms .. In 

e s s enc e ,  the t e l ephone a l a rm func t i on wa s no t needed under the s e  

c ond i t i on s ,  but there wa s no way t o  dea c t iva te i t  tempora r i ly . 

The a f ter e f fe c t s  o f  the s to rm exi s t e d  for over a week . The 

b la de d  snow wa s s t i l l  p i l e d  a long the b r i dge p a rap e t  wa l l s  and 

s lowly me l t ing in the sun and co l d  temp er a tur e s . The t e l ephone 

a l a rm wa s l e f t  a c t iva t e d  a s  l ong a s  r e - fr e e z ing c ond i t i on s  c oul d 

s t i l l  o c cur. Af ter thi s thr e a t wa s c l e a red, the de c i s ion wa s 

ma de by a l l  invo lve d t o  s hut down the t e l ephone a l a rm and op er a t e  

for the r e s t o f  the s ea s on with the portab l e  da t a  termina l s  on ly . 

With the excep t ion o f  a one in . snow in February, no i c ing 

s i tua t ions  o ther than l ight fro s t  o c curred for the rema ind er o f  

the wint er s ea s on. S in c e  they a l s o  o c curre d  a t  t emp era tur e s  

hover ing a round fre ez ing the s ame p rob l ems wer e  exp er ienc e d  a s  a t  

the s ta r t  o f  the s ea s on in how t o  r e s p ond t o  the f ew a l a rm 

cond i t i ons not ed. 

Dur ing the s tudy various s ens or r e s p ons e s  were no t e d  whi ch 

were found no t t o  b e  c au s e d  by wea ther c ondi t ions .. Two are not e d  

a s  r epre s en t a t ive o f  p r ob l ems enc ountered a t  t ime s in 

int erp re t ing the s en s or resp ons e s  t o  d e termine wha t  i s  o c curr ing 

on the decks . 



On one o cc a s ion ,  a deck s en s or s t a r t e d  showing we t ,  with no 

pre c ip i t a t ion and the o ther s en s o r s  on the d e ck indi c a t ing dry 

c ondit ion s .  An ins p e c t ion of the d e ck showed a s tr e am of wa t er 

down the deck whi ch ha d ha ppened t o  p a s s  over the deck s ens or. 

It wa s a l s o  ob s erve d tha t o ther veh ic l e s ,  p a r t i cu l a r ly truck s on 

the b r idg e  at the t ime ha d snow on t op of the tra i l er s  which wa s 

eviden t ly me l t ing and running o ff onto the deck surfa c e  with 

o c c a s iona l l a rge chunks o f  snow f a l l ing o ff and s p l a t t er ing in 

s p o t  p a t t ern s .  

The other o c c a s i on invo lved a p r e c ip i t a t ion s ens or. It wa s 

no t e d  tha t the mea sur ing s t a t ion on the B e l l e  I s l e  r amp b egan 

indi c a t ing pre c ip i t a t ion, with no p r e c ip i t a t i on o c curr ing, 

p a r t i cu l a r ly dur ing e a r ly morning hour s .  I t  wa s thought 

ini t i a l ly tha t the s ens or wa s s ens ing dew or fog. At a rout ine 

ma int enance in sp e c t i on o f  the e quipment ,  b ir d  dropp ing s wer e  

d i s cover e d  o n  the pre c ip i t a t ion s ens or. When the s ame c ondit ions 

wer e  no t e d  a g a in it wa s noted, from surrounding evi dence tha t 

evident ly s ome type o f  b ird ha d cho s en tha t pre c ip it a t i on s en s or 

hous ing a s  a roo s t .  



Egui.pment Durab i. l i. ty 

As ha s been n o t e d, var i.ous  e quipmen t p r ob l ems and 

ma l func t ions o f  the equipment lo c a t e d  at the br i. dge s i. t e s  p la gue d 

the op era t ion and us e o f  the s y s t em dur i.ng the s tudy p e r i.o d . Al l 

o f  the ori.gi.na l c i.r cu i. t  b oa r d s  i.n the AMS uni.t s on the decks ha d 

been rep l a ce d  a t  the end o f  the fi.r s t  wi.nter s ea s on b e caus e of 

the a dd i. t i.on of the " summer op er a t ion" f e a ture . Var i.ous c i.r cui.t 

b o a r d s  were rep l a ce d  dur i.ng the s e c ond winter ' s  op era t ion to 

corr e c t  the va r i.ous prob l ems and ma l fun c t ions exp e r i ence d .  

Cons equent ly, the long t erm dur ab i. l i. ty o f  thi. s  p or t i.on o f  the 

sys t em could no t be de t errni.ned . 

One c i.r cui.t b o a r d  i.n the transmit t er uni.t a t  the Cr o s s town 

s truc tur e wa s rep l a ce d  due t o  a burnt c omp onent . The c aus e wa s 

not det ermined .  No prob lems were no t e d  wi.th the r ep l a cement . 

Al l thr ee o f  the transmi t ter s or  modems a t  the three b r i.dg e s  

wer e  rep l a c e d  onc e . The r e a s on a t  the Be l l e  I s le s truc ture ha s 

been n o t e d  previous ly . Ag a i.n the c aus e o f  the fa i. lure a t  the 

o ther two s truc ture s wa s n o t  det ermined . The o c curren c e  o f  

li.ght eni.ng a t  the Be l l e  I s l e  i.ns t a l l a t i.on i.nd i. c a t e s  i. t  t o  b e  the 

prob ab l e  c au s e  f or the e quipment fa i. lure . 

I t  i. s  sus p e c t e d  tha t  two o f  the deck s ens or s  may have 

p ar t ia l ly fa i. led . Dur i.ng the wi.nter one of the s en s or s  o n  the 

Cro s s town s truc ture b eg an t o  randomly mi.s s  s ome va l i. d  a larm 

c ondi. t i.on s . Eventua l ly i. t  f a i. l e d  t o  gi.ve any a larms a lt o ge ther 

when i.t shou l d  have . However the t emp era ture and mo i s ture s ens or 

p or t i.on c ont i.nued to g i.ve a c cura t e  r e s p on s e s  i.n keep i.ng wi.th the 



o ther s  on

susp e c t e d  

s truc ture. 

the d e ck. It  ha s previou s ly b een no t e d  of the 

prob l ems wi th the one deck s en s or on the Be l l e  I s l e  

Be caus e o f  the p rob lems exp er ienc e d  wi th the s ummer 

op er a t ion c ir cui try, the p o s s ib il ity exi s t s  tha t  thi s  c ou l d  b e  a 

c ontr ibut ing caus e to  the a pp a rent s en s or f a i lure. 

Me chan i c a l ly, the d e ck s en s or s  l o oked g o o d  at the end of the 

s tudy p er i o d. The grout ing c ompound with which they wer e  

ins ta l le d  showe d no s ign s o f  d i s b anding or o ther d i s tre s s .  No 

s ur fa c e  d i s tre s s  wa s no t e d  due t o  tra ff ic. It wa s surp r i s ing a t  

the l a s t  ins p e c t ion how c l e an the s en s or sur f a c e s  were. 

The B o s chung CPU un i t  and the TI Profe s s iona l C omput er 

op er a t e d  throughout the s tudy period without any c omp onent 

prob l ems or f a i lure s .  De s p it e the prob l ems a s s o c i a t e d  with the 

t e l ephone a larm the equipment i t s e l f  did no t ma l func t i on or  fa i l. 

The t r an smi t t er / re c e iver uni t  a t  the CPU, whi ch i s  i dent i ca l  t o  

the uni t s  a t  the br i dge s i t e s  did no t g ive any p rob lems . 



t < 

D i s cus s ion o f  Re sul t s  and C on c lus ions 

Dur ing the s tudy p er i o d  the a c cur a cy and re l ia b i l ity of the 

e quipment h a d  to be d e t e rmin e d  us ing r e la t ive ly few i c ing event s 

from whi ch t o  co l l e c t  d a t a . Wi th thi s l imi t e d  exp er ienc e  however 

the i ce e a r ly warning s y s t em demons tra t e d  it s u s e fu lne s s  a s  a 

dec i s ion support t o o l  in the winter ma int enanc e oper a t ions . I t  

wa s f ound however tha t human ob s erver o r  opera t or int ervent i on i s  

requir.e d in s ome s itua t ion s t o  int erpret the s ys t em da ta  t o  make 

the f ina l de c i s ion on when to d i sp a t ch pers onne l .  

I t  wa s conc lude d by p a rt i c ip ant s in the s tudy tha t : 

1 .  The e quipment provide d a c cura t e  and re l iab l e  informa t ion 

on deck surfa ce cond i t i on s . 

2 .  The s ounding o f  the a la rms were in genera l a gr e ement 

wi th vi sua l ob s erva t ions . 

3 .  The equipmen t app e a r s  t o  b e  a workab l e  s y s t em but mor e 

op era t iona l exper ien c e  and tra ining wou l d  b e  b ene f i c ia l 

in or der t o  det ermine a r e l iab i l ity ra te  or c on f i denc e  

l eve l o f  the a l a rm c ond i t ions with whi ch t o  effe c t ive ly 

in it i a t e  snow and i c e  r emova l a c t ions . 

I t  wa s diff i cul t throughout the s tudy p er iod t o  de t ermine 

from the a la rm c ondi t ions a lone , in c er t a in i c ing s itua t i on s ,  

when t o  d,i sp a t ch p er s onne l . Thi s  in turn ma de i t  difficu l t  t o  

det ermine the e ffec t ivene s s  o f  the sys t em in the ma int enanc e  

op er a t ions . Spec ia l area s o f  int ere s t  were, . r e du c ing non 

product ive over t ime and a more e ffec t ive u s e  o f  e qu ipment and 

ma teria l s .  



The s y s t em c anno t  for e c a s t  or pred ic t wea ther or deck 

c on d i t ion s .  Ther efore the a l a rm c ond it ion s  c anno t b e  u s e d  in a l l  

wea ther c ondit ions t o  make cut and dr ied d e c i s ion s . Thi s wa s 

very much in evidence dur ing exp er ienced b order l ine freez ing 

c on d i t ions and a l s o  when the deck t emp er a tur e s  hovere d  in the 

mo i s ture fr ee z ing r ange of the under c o o l ed s en s or . Under the s e 

c ondit ions , human int erven t i on wa s a nec e s s ity in order t o  

int erp r e t  the da t a  a n d  det ermine the overa l l  c ond it ion s  i n  the 

ma intenanc e a r e a .  In the s e  s itua t i ons the ma int enan c e  p eop le 

found the deck temp era ture informa t i on t o  b e  of va lue.  Th is  

provided informa t ion they needed but c ou l d  no t get  from o ther 

s our c e s . 

On s ome o c c a s ions the ma intenance uni t s  were r e s p onding to 

c a l l s  from S t a t e  Tr o op ers o f  ic ing c ondit ion s on s truc tures . It  

wa s no ted tha t in g enera l the s truc ture s in que s t ion were tho s e  

in the a r e a  whi ch b y  s t a t i s t ic a l na ture a r e  the t roub l e  s p o t s  

when c er ta in environment a l c on d i t i on s  exi s t ,  such a s  fro s t . It  

i s  fe l t  tha t  a more e f fe c t ive us e o f  the i c e  warning s y s t em in 

the ma intenance p r o c e dure s  coul d have b een rea l i z e d  i f  the s e  

s truc tur e s  ha d b een ins trument ed. 

S ome o f  the s i tua t i on s  encountered wi th the use o f  the 

t e lephone 

ini t i a l ly 

r e s p on s e  

a l a rm a s  

cons i dere d 

a la rm s y s t em have b een not e d  p revi ou s ly. I t  wa s 

programmed t o  c a l l  the ma int enance supervi s or in 

t o  an A2 a l arm. · Thi s  in e f f e c t  wa s u s ing the t e l ephone 

the d i s p a t ching a gent .  For the proj e c t  thi s  wa s 

p a r t  o f  the l e a rning exp er i ence. The maj or i ty o f  the 



c a l l s  ma de supp o r t e d  the u s e fu lne s s  o f  thi s  metho d o f  d i sp a t ching 

pers onne l . However , the f inding tha t the human opera t or ts  

n e ce s s ary at  t ime s to  make dec i s ions a ffec t e d  the u s e fu lne s s of  

the t e lephone a l a rm s y s t em .  I t  wa s con c lude d tha t i t  cou l d  s t i l l  

b e  a u s e ful fea ture o f  the i c e  warning s y s t em i f  i t s  op e r a t ion 

coul d be  contro l l e d  by the ma intenance sup e rvi s or . 

Wi th the l imi t e d  typ e s  o f  wea ther p a t t erns exper i ence d  dur ing 

the s tudy , it wa s not 

c apab i l i t i e s  of the 

p o s s ib l e  to d e t e c t  any s t orm tra cking 

t e e  wa rning s y s t em over the Oklahoma C i ty 

a r e a .  From the two ma j or snow s torms exp er i enc e d , informa t ion 

from one of the thr e e  s truc ture s ,  in p a r t i cular the B e l l e  I s le , 

wou l d  have de fined the g ener a l snow condi t ions over the c i ty 

a rea . 

From the re sul t s  o f  the s tudy i t  wou ld appea r  tha t the numb er 

o f  s en s or s  on the ind ivi dua l s truc tures wa s the min imum r equire d 

t o  d e t e rmine over a l l  deck i c ing c ondit ions . I t  wa s no t e d  when 

the snow wa s me l t ing tha t , b e caus e  o f  the orient a t i on and sup e r  

e l eva t ion of the B e l l e  I s l e s truc ture s ,  the surfa c e  c ondit ions o f  

e a ch s tructure cou l d  b e  en t ir e ly different . One s en s or woul d  no t 

d e f ine a dequa t e ly the overa l l  surfa c e  c ondit ions . 

Ba s e d  on the r e su l t s  o f  thi s s tudy i t  woul d  b e  prema ture t o  

r e c ommend a n  expans i on o f  the i c e  warning s y s t em .  A f ew 

ob s erva t ions wer e not e d  whi ch would app ly t owards eva lua t ion o f  

a ny expans ion . 

The i ce wa rn ing s y s t em u s e d  in this s tudy app e a r s  t o  b e  b e s t  

su i t e d  for in s t a l l a t i on i n  sma l l  a re a s such a s  in and around 



c i t ie s . The l imit ing f a c tor a pp e a r s  t o  b e  the numb er o f  

tran smit t er s i t e s  the CPU wi l l  support. Al s o  the numb er o f  

mea sur ing s t a t ion s i s  l imi t e d  t o  twe lve. It wou l d  be r e c ommended 

tha t known troub l e  s p o t s  such a s  fro s t  p rone s truc tur e s  t ake 

f irs t prior ity in the s e l e c t ion of s tructure s  or r o a dway s  t o  

ins trument . Ins trument e d  s truc tur e s  in s e l e c t e d  c i t ie s  in e a ch 

Ma int enance D iv i s i on c ou l d  p rovi de s ome mea sure o f  tra cking s torm 

sys t ems a cro s s  the s ta t e . 

Dur ing the s tudy, no te wa s ma de o f  p o s s ib l e o ther u s e s  o f  the 

informa t ion supp l i ed by the d e ck s en s o r s  and a l a rm c ondit ion s .  

One wa s the p o s s ib i l ity o f  us ing the sup e r c o o l e d  s ens or funct ion 

t o  a s s e s s  the effe c t ivene s s  o f  pre s ent s a l t  app l i c a t ion r a t e s  for 

d i f fe r ent typ e s  o f  i c ing s i tua t i on s .  I n  a s en s e  thi s  i s  wha t  the 

A2 a l a rm is indi ca t ing to the ma in t enanc e p eop le a f t er s a l t ha s 

b een app l ie d. I t  g ive s them an e a r ly warning tha t i f  the curr ent 

trend of s a l t d i lut ion and t empera ture change s  p er s i s t ,  

r e fre e z ing wi l l  o c cur . A l s o  thi s  informa t i on may a i d in the 

eva lua t ion of o ther typ e s  of deic ing a g ent s .  I t  wa s not in the 

s cope of thi s  s tudy however to do a deta i le d  ana lys i s  of thi s 

fea ture. 



Re commenda t ions 

It is felt tha t no t enough o p er a t iona l exp er i en c e  and 

tra ining wa s g a ined dur ing the proj e c t  t o  ful ly eva lua t e  a l l  

a sp e c t s  o f  the e ffe c t ive u s e  and b ene f i t s  o f  the i c e  warning 

s y s t em in ODOT ' s  snow and i c e  r emova l p r o ce dure s and a c t iv i t ie s . 

I t  i s  r e c ommended tha t Ma int enance Divi s ion IV u s e  the s y s t em for 

ano ther winter s ea s on t o  ob t a in mor e  op era t iona l exp er i en c� and 

knowle dg e  of i c ing s i tua t i ons . Mor e  exp o sur e  woul d  a l s o  a i d  in 

de f in ing the typ e o f  da t a  r equire d to  s upp ort the de c i s ions to  b e  

m a de within the ir ma int enance oper a t ion s  organi z a t ion . Another 

s ea s ons opera t ion wou l d  a l s o  a id in determining the l ong - t erm 

a c cura cy and r e l i ab i l i ty o f  the da t a  and the durab i l i ty of the 

e quipment . 
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APPENDI X 



SURFACE SYSTEMS S CAN ROADWAY SYSTEM 

Surfa ce Sys t ems , Inc . provide d a ver s ion o f  the ir S CAN Sys tem 

for eva lua t ion on the proj e c t . The deck s en s or s  for thi $  s y s t em 

wer e  p la ce d  a t  two l o c a t i on s  on the Cro s s t own s truc ture. S ee 

F igure 1 .  The s y s t em wa s mon it o r e d  and eva lua t e d  by the Re s e a rch 

D ivi s ion in the ODOT c entra l o f f i c e . 

Sys t em De s cr ipt ion 

The s y s t em c onf igur a t ion f or ODOT ' s  ins t a l la t i on i s  

i l lus tra t e d  i n  F igure Al . The d e ck surfa c e  c ondi t i on s  a t  ea ch 

l o ca t ion a r e  det ermine d by two prob e s  ins ta l le d  in the deck, 

f lush with the sur f a c e . Atmo sph er i c  c ond i t ions  were mon itored 

with s en s o r s  l o c a t e d  near one o f  the deck s en s or s i t e s . The 

a tmo spheric c ond i t ions monitored were wind s p e e d  and d irec t ion, 

p r e c ip i t a t ion, a ir t emp era tur e and humidi ty. 

The de ck, or surf a c e  moun t e d  prob e ,  is a c ap a c i t ance type and 

d et e c t s  mo i s ture or i c e  on its  s ur fa c e  by a change in cap a c itance 

c omp a red to the c a p a c i t ance of  a ir .  I t  di s cr imina te s b e tween i c e  

a nd mo i s ture with t h e  a id o f  a n  e le c tr ica l conduc t ivi ty prob e. A 

t emp era ture s ens or i s  inc lude d in the prob e  t o  mea sure the 

s ur fa c e  t_emp era ture . The s en s or output s a r e  r out e d  by c ab l e  t o  a 

r emo t e  p r o ce s s or un i t  ( RPU ) . For ODOT ' s  ins ta l l a t ion, d a t a  

t ransmi s s ion b etween RP U  and CPU wa s a c c omp l ished by r a dio 

t e l eme try . 
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Figure Al . Sur face Sys tems S CAN s y s t em c onfigurat ion 
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The CPU fur ther proce s s e s  and s t ore s the s ens or da t a  r e c e ive d 

from the RPU .  A mi cro c omput er (P C) i s  int erfa c e d  with the CPU 

for viewing the s ens or da t a .  The da t a  c ou l d  a l s o  be a c c e s s e d  by 

u s e  of a p or t a b l e  da t a  t ermina l from any t e lephone . 

The da t a  i s  d isp l ayed on the P C  in var ious forma t s .  A 

typ i c a l s t a tu s  p a ge and h i s tory p a g e  are shown in Figure A2. 

Al s o  ava i l ab l e wa s a graph o f  the a ir or surfa c e  t emp era ture 

over a s e l e c t e d  t ime p er i o d. The s ta tu s  p a g e  d i s p layed · the 

current a tmo spher ic and deck c ond i t i on s .  The dew p o int 

temp era ture is a c a l cula t e d  va lue · a s  is the chemi ca l f a c t or. The 

deck sur f a c e  c ondit ions are  indica t e d  by a s ta tus  t i t le. An 

exp lana t ion o f  the s t a tus  t it le s  and chemi c a l  fa c tor i s  shown · in 

F igure A3. 

The CPU s tore s the da t a  for e a ch de ck s ensor by s ign i f icant 

event s or  change s .  An examp l e  o f  a s igni fi c an t  change wou l d  b e  

i f  the de ck surfa ce  · change d from " dry" t o  "we t " o r  "we t " t o  

" I c e  Alert ". The CPU t a p e  dr ive ha d the cap a c ity to s tor e 

f if t e en ( 15) event s  for e a ch o f  the f our de ck s en s or s .  A p r int er 

wa s provided to  ob t a in a hardcopy of the h i s t ory data. To ob t a in 

a c ont inuous h i s tory pro f i le , the P C  cou l d  b e  programmed t o  p r int 

suc ce e d ing pages of f i f te en new event s for e a ch of the f our 

s en s or s .  ' 

During the s econd winter o f  opera t ion , a p er s onal computer 

wa s p r ovided with a 20MB d i s k  drive. The h i s t ory da t a  wa s then 

s tored automa t i ca l ly in a disk f i l e . I t  cou l d  then be p o s t  

viewed o n  the moni t or o r  p r in t e d  over a s e l ec te d  t ime p er i o d. 
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OKLAHOMA DEPA R TMENT OF T RANS . 

Cro5st own br i d g e  

St at u !S Pa g e  

RPU 4t 1 

T i me 1 7 : 24 December 1 1 , 1 985 
Powe r on a t : 1 7 : 2 1  on 1 2 / 1 1 / 85 
L a s t  r e po r t s 1 7 : 2 1 on 1 2 / 1 1 / 85 

At mo5 pher i c  cond i t i on s  

A i r 

Tem per at u re 

27 

Se nsor 

Dew po i nt 

Tem per a t u r e  

* 27. 0 

No .  Sensor l oc a t i on 

1 w .  B .  Dr i v i ng 

2 w .  B .  P•ss i ng @ B- 1 .., ,.... B .  ?)r i v i ng-ramp .... c. • 

4 E .  b .  D r i v i n g (I B-2 

W i nd D i r . Re l at i ve 

H um i d i t y M i n . Av g .  Ma >< .  
W i nd S peed 
Av g .  G u s t  

1 00 360 360 360 1 3  1 3  

S u r face cond i t i ons 

St at us 

Snow / i ce a l ert 
Snow / i ce & l ert 

Chem i ca l  wet 
Snow / i c� a l •rt 

( a )  

S u r face Chem . 
Pr@c i p  Tem pera t u re Fact or 

N 28 
N 27 
N 2C 85 
N 32 

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

OKLAHOMA D E P A R TMENT OF T R A N S .  H i st ory P a g e  T i me 1 7 : 26 Decem be r 1 1 , 1 985 
Powe r o n  & t : 1 7 : 2 1 on 1 2 / 1 1 / 85 

Sensor .. w .  B .  Dr i v i ng 

Re l .  Tem pera t u res W i n d 

T i rne Day St at u s  Prec i p  H u m .  C F  S u r f .  A i r Dew D i r / Ve l .  

1 7 : 2 1  1 1  * Snow/ i ce a l ert N 1 00 * 28 * 2 7  * 27. 0 360 / 1 1  

1 7 : 0 1 1 1 Snow / i ce a l e r t · N 1 00 * 28 27 27 . 0 36 0 /  1 0  
1 6 1 37 1 1  * Snow / i ce a l er t  N 1 00 * 29 * 27 * 27 . 0 360/ 1 3  

1 6 : 28 1 1  Snow/ i ce a l e r t  N 1 00 05 * 29 27 * 27 . 0 360 / 1 1 

1 6 : 20 1 1  * Snow / i ce a l er t  N 99 05 3 0  27 26. 8 360 / 1 4  

1 6 :  1 8  1 1 * Comm u n i ca t i on f a i l  
1 5 : 50 1 1  A bsor p t i on N 1 00 OS 30 27 * 27. 0 360 /  1 3  

1 5 1 45 1 1  Ab5o r p t i on N 99 05 * 30 2 7  26 . 8 360 / 1 4 

1 5 :  1 2  1 1  Abso r p t i on N 99 05 * 3 1 27 26. 8 360 /  1 4  

1 4 : 50 1 1  * A b!Sorpt i o n N 1 00 05 32 2 8  28. 0 360 /  1 0  
1 4 : 4:5 1 1 Dry N 1 00 * 32 28 2 8 . 0 360 /  1 3  

1 4 :  1 2  1 1 Dry N 99 * 33 27 26. 8 360 /  1 5 
1 4 1 07 1 1  Dry N 1 00 * 32 27 27. 0 360 / 1 8 

1 4 1 02 1 1 Dry N 1 00 * 3 3  2 7  27. 0 36 0 /  1 3  
1 3 1 45 1 1  Dry N 1 00 * 32 27 27. 0 360 /  1 4  

; ( b )  

F i gure A2 . Typ i c a l  d a t a  pag e s  ( a) S ta tus p a g e  for RPU 
(b ) Hi s t ory page for one deck s en s or 

A- 4 



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

OKLAHOMA DEPA R TMENT OF T RANS. H i s t ory P a g e  T i me . 1 7 :  26 Decem be r 1 1 , 1 98 5  
Power on • t : 1 7 : 2 1  o n  1 2 / 1 1 / 85 

Sensor .. 1 . w. B .  Dr i v i n g 

Re l .  Temper a t u res W i nd · 

T i me Da y St a t u s Prec i p H u m . CF S u r f .  A i r  Dew D i r / Ve l .  

1 7 : 2 1  1 1  * S no w / i ce a l e rt N 1 00 * 28 * 27 * 2 7 . 0 360 / 1 1  
1 7 : 0 1 1 1  Snow / i ce a l e r t  N 1 00 * 28 2 7  27 . 0 360 / 1 0 
1 6 1 37 1 1  * Snow / i ce a l ert N 1 00 * 29 * 27 * 27 . 0  360 / 1 3  
1 6 : 28 1 1  Snow / i c e a l e r t  N 1 00 05 * 29 27 * 2 7 . 0 360 / 1 1  
1 6 : 20 1 1  * Snow / i ce a. l er t  N 99 OS 30 27 26. 8 360 / 1 4  
1 6 :  1 8  1 1  * Comm un i ca t i on f a i l  

1 5 r 50 1 1  A b s o r- p t  i o n N 1 00 05 30 2 7  • 2 7 . 0 3E-O / 1 3  
1 5 1 4 5 1 1  A bsor p t i on N 99 05 * 30 2 7  26 . 8 360 / 1 4  
1 :5 1 1 2  1 1  A bsor pt i on N 99 05 * 3 1  27 26. 8 360 / 1 4  
1 4 1 50 1 1  * A b�or p t i on N 1 00 05 32 28 2 8 . 0 360 / 1 0  
1 4 : 45 1 1  Dry N 1 00 * 32 28 28 . 0 360 / 1 3  
1 4 1 1 2  1 1  Dry N 99 * 3 3  2 7  26. 8 360 / 1 5  
1 4 1 07 1 1  Dry N 1 00 * 32 27 2 7 . 0 360 / 1 8  
1 4 1 02 1 1  Dry N 1 00 * 33 2 7  2 7 . 0 360 / 1 3 
1 3 1 4 5 1 1  Dry N 1 00 * 32 27 27 . 0 360 / 1 4  

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

OKLAHOMA DEPA RTMENT OF TR ANS . H i st or y  P a g e T i me 1 7 : 27 December 1 1 , 1 98 5  
Powe r on at : 1 7 1 2 1  on 1 2 / 1 1 / 85 

Sen5or .. 2 w. B • Pass i ng (p B- 1 

Re l .  Temper&t ures W i nd 

T i me D e& y  St • t us Prec i p Hum. CF S ur f .  A i r  Dew D i r /  Ve l .  

1 7 1 2 1 1 1  * Snow / i ce a l ert N 1 00 * 27 * 27 * 27. 0 360 / 1 1  
1 7 : 06 1 1  Snow / i ce • l ert N 1 00 * 27 27 27. 0 360 / 1 2  
1 6 : 37 1 1  * ' Snow / i e@ a l er t  N 1 00 * 28 * 2 7  * 27. 0 360 / 1 3  
1 6 1 28 1 1  " Snow / i ce .a l ert N 1 00 05 29 2 7  * 27 . 0 360 / 1 1  
1 6 1 20 1 1  * Snow / i ce a l ert N 99 05 29 27 26 . 8 360 / 1 4  
1 6 1 1 8  1 1  * Commun i cat i on f• i l  
1 5 1 50 1 1  A bsorpt i on N 1 00 05 * 29 2 7  * 27. 0 360/ 1 3  
1 5 : 40 1 1  * Absorpt i on N 1 00 05 30 27 27. 0 36 0 /  1 4  
1 5 1 25 1 1  Dry N 1 00 * 30 2 7  27 . 0 360 / 1 3  
1 4 1 47 1 1  Dry N 1 00 * 3 1  28 28. 0 360 / 1 4  
1 3 : 27 1 1  Dry N 1 00 * 32 2 7  27. 0 360 / 1 1  
1 3 1 22 1 1  * Dry N 1 00  3 1  26 26. 0 360/ 15 
1 3 :  1 7  1 1  * Snow / i ce e& l ert N 1 00 05 3 1  26 26. 0 360 / 1 3  



ST A TUS TITLES 
The Status Tit l es l i sted b e l o w  descr i be t h e  s u rface con d i t i o n  at a s u rface sensor locat i o n .  The T i t l es 
a n d  t h e i r  d es c r i pt i o n s are:  

System lnlt lal lzlng:  T h i s  stat u s  i s  d i s p l a yed after  power- u p  a n d  befo re t he CPU h as made a n  
att e m pt t o  c a l l  t h e  R P U .  I t  i s  o n l y  d i s p l ayed u p o n  system powe r- u p .  

D ry :  A n  a bs e n c e  o f  prec i p i tat i o n  o r  m o i st u re o n  the s u rface se n sor .  

Wet:  Prec i p i tat i o n / m o i st u re present in  l i q u i d form o n  the s u rface a n d  s u rface tem perat u re 
a bove 32 deg rees Fa h re n he i t  (0 d eg rees Cels i u s ) .  

* D e w :  M oist u re present  o n  su rfa c e ,  t h e  d e wpoi n t  h a s  been reached a nd s u rface tem pera t u re 
a b o ve 32 d e g rees . 

*Frost: Frost p rese n t  on s u rfac e ,  t h e  d e w  p o i nt has been reached a n d  s u rface t e m pe rat u re 
below 32 d e g rees.  

*Frost Above Dew Point:  Frost c o n d i t i o n s h ave bee n reached and the s u rfa c e  t e m pera t u re is  
n o  l o n g e r  at or b e l o w  d e w  p o i n t .  

*Absorption: M o i st u re prese n t  on s u rface i n  a n  i n s u ff i c i e n t  a m o u n t  t o  p rese n t  a h aza r d .  

•Absorption @ D e w  Poi nt: M o i st u re p rese n t  on s u rface i n  a n  i n suff i c ie n t  a m o u n t  to  prese n t  a 
h azard a n d  dew p o i n t  has bee n reac h ed .  

Chemica l Wet: P rec i p i tat i o n /mo i s t u re p rese n t  i n  l i q u i d  form o n  t h e  s u rface a n d  s u rface 
te m pera t u re at  or  below 32 deg rees Fa h re n he i t  (0 d e g rees Ce l s i u s ) .  

Sn ow/Ice Alert: 

A .  P re c i p i tat i o n/moist u re in l i q u i d  form o n  t he s u rface sta rt i n g  t o  freeze . 
B .  Prec i p i tat ion/moist u re o n  t h e  s u rface wh i c h  h as froze n .  

Se n sor Down: A n  i n o pe rative s u rface se n s o r. 

Com m u n ication Fai l u re :  D i s r u pted c o m m u n i ca t i o n  between the R P U  a n d  C P U .  

· A  p rec i pitat i o n  se n s o r  is  req u i red f o r  t h e  d i splay of these stat u se s .  

C hemical  Factor 

The " C h e m ical  Factor" is  a feat u re of the system t h a t  may assist yo u in fol l o w i n g  t h e  tre n d  of s u rface 
c o n d i t i o n s .  C h e m i c a l  Factor i s  a re lat i ve i n d icat i o n  of chemical presence i n  the moist u re o n  the 

s u rface. C he m i cal  factor i s  d e pe n d e n t  o n  the a mount of chem i cal present a n d  t h e  amount o f  
m o i st u re p rese nt .  Che m i ca l  Factor i s  shown i n  a scale from 5 t o  9 5  i n  i ncre ments of 5. When s pe c i f i c  
s t a t uses a re prese n t ,  t h e  Chem ical  Factor  wi l l  b e  displayed a s  a n u merical  val ue at  tem pe ratures 
b e l o w  50 deg rees F a h ren h e i t  ( 1 0  deg rees Cel s i us)  a nd wi l l  be b l a n k  above 50 deg rees Fa h re n h e i t  
( 1 0  d e g rees Ce1·s i u s ) .  A decreasing c h e m i c a l  factor corresponds to a decrease of chem ica l s  o r  
c o n ta m i n a nts, o r  a n  i ncrease i n  the a m o u nt o f  m o istu re, o n  the s u rface sensor.  

St ud ies h ave shown that the Chemical  Factor wil l  respond negl i g i b ly to moistu re that conta i n s  U rea . 

F i gure A3 . Sur fa c e  c ond i t i on s t atus t i t l e s  
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The new ver s ion o f  s o ftwa r e  a l s o  ha d improved graph i c s  forma t s  

f o r  viewing the da t a .  

Over the two winters  op era t ion, Surfa c e  Sys t ems provide d u s e  

o f  two o f  their wea ther for e c a s t  s ervi c e s .  The f ir s t  winter , 

a c c e s s wa s provi de d  t o  the Na t i ona l Wea ther S e rv i c e  ra dar in 

Okl ahoma C i ty. Dur ing the l a t t er p a r t  o f  the s e c ond winter ' s  

opera t ion, a t r i a l u s e  wa s o ffered o f  a new wea ther foreca s t  

s ervi c e  whi ch inc lude d d e ck surfa c e  t empera ture proj e c t ions .  · 

Sys t em Co s t  

N o  c o s t  f igur e s  are  ava i l a b l e  for the e quipmen t provided by 

S S I  for ODOT ' s  tria l in s t a l l a t ion. Equipmen t provi ded i s  

i t emiz e d  a s  fo l l ows : 

1 Remo t e  Pro c e s s or Uni t  ( RPU ) inc luding : 

Wea therp r o o f  C a b in e t  
Re l a t ive Humidity S en s or 

Air T emp er a ture S en s or 
Pre c ip it a t ion S en s or 

1 Wind Sp e e d  S ens or /Wind Direc t ion S en s or 

4 Roa dway Sur f a c e  S ensor ( 2  e a .  a t  d e ck 
l o c a t ion )  

1 C entra l P r o c e s s or Un it ( CPU ) inc luding : 

mea sur ing 

- Cab ine t 
- Ra dio Trans c e iver and Antenna 

Dua l Tape Dr ive 
Two Modems 

1 IBM Per s ona l c omput er ( PC ) 

- Two Mod ems 

1 P or tab l e  da t a  Termina l 

1 P r inter 

Co s t s for the ins t a l l a t i on wer e : 

1 120 vo l t  e le c tr ic a l s ervi c e  l ine a t  the RPU 

2 D i a l t e l ephone l ine ( 1  e a .  a t  CPU and PC ) 
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Equipment Re l iab i l i ty 

Dur ing the eva lua t ion p er iod, the e quipmen t worked we l l  

overa l l  with a l imi t e d  amount o f  down t ime . Two maj or prob l ems 

exp er i en c e d  were : 

1 .  The d a t a  s tora ge t a p e  c a s s e t t e s  were found t o  b e  twi s t ed 

on two o c c a s ion s ,  c aus ing the CPU t o  b ec ome inop erab l e . 

2. A CPU p ower s upp ly f a i lure. 

The mo s t  s er ious  prob l em exp er ienced, whi ch cau s e d  the s y s tem 

t o  b e  inop erab l e  a t  cr i t i c a l t ime s ,  wa s with the ra dio t e lemet ry. 

An exc ep t iona l ly high numb er of " Commun i c a t ion Fa i lure s " were 

experien c e d . A s p e c i f i c  caus e wa s not de t ermine d. 

The origina l humidity s ens or wa s found to b e  fau l t y  and 

r ep l a c e d. Dur ing the s e cond winter of oper a t ion s ,  the 

rep la cemen t wa s no t e d  to  b e  s omewh a t  erra t i c  in op era t ion. 

Towa rds the end of the s e cond winter of op era t ions ,  one o f  

the deck prob e s  wa s no t e d  no t de t ec t ing i c ing c ondi t i ons  

a ccur a t e ly. In s ome ins t a n c e s  i t s r e s p ons e l a gged the r e s p on s e  

o f  the s e cond prob e . I t  wa s found tha t the deck t emp era ture 

s en s or wa s 5 ° to  1 0 °  high, depending on surf a c e  mo i s ture 

c ond i t i ons  and amount o f  sun l ight. 

Sys t em Eva lua t ion 

The b a s ic s en s or r e s p on s e s  and deck sur f a c e  s ta tus  

informa t ion were eva lua t e d  by c omp ar i s on t o  visua l ob s erva t ions .  

The a ir t emp er a ture and humid ity wer e  c ompared t o  Na t i ona l 

Wea ther Servi ce da t a  a s  an a id in s p o t t ing any gro s s  error s in 

the s en s or r e s p ons e .  
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The s y s t em wa s mon i t o r e d  dur ing norma l o ff i ce work ing hour s . 

In the event o f  i c ing c ondi t ions dur ing the n i ght and on 

week - en d s ,  the printer wa s u s ed to  r e c or d  the h i s t ory da t a  for 

la ter ana lys i s . 

With we l l  de fine d i c ing c ondi t ions ,  the equipment provided 

a c cura t e and re l ia b l e  da t a  tha t wa s in g enera l  a greemen t with 

vi sua l ob s erva t ions .  Typ i c a l  s itua t ions were : 

1 .  We t snow in me a sura b l e  amount s s t i ck ing and / or freez ing 

to the deck sur f a c e . 

2 .  Mea sur ab l e  r a in or  fre e z ing ra in o n  a sup er co o le d  de ck 

or wi th rap i dly d e c l ining t emp er a tur e s . 

3. A hard he avy a r e a  wide fro s t  with t emp er a ture s we l l  

b e l ow freez ing . 

The s en s or s  were no t r e l ia b l e  in de t e c t ing l ight fro s t . Thi s  

wa s a l s o  the c a s e  i n  o ther typ e s  o f  thin " s lu sh l ike " s itua t ions  

exp er ienc ed . The s e  mi s s e d  event s were more evi dent when deck 

t emp er a tur e s  were hover ing a r ound freez ing . 

I t  i s  appa rent tha t opera tor int erven t i on i s  a nec e s s i ty . t o  

e f fe c t ively u s e  the d a t a  p r ovided by t h e  s ys t em .  Thi s conc lus ion 

wa s mor e  evi dent when l ooking a t  early wa rning capab i l it ie s .  As 

an examp l e ; the prec ip it a t ion s ens ors c ou l d  not d e t e c t  re l iab ly 

dry b lo�ing snow. Dur ing one s uch snow s torm , the f ir s t 

ind i c a t ion o f  wha t  wa s o c curr ing a t  the deck wa s a sudden I CE 

ALERT s ta tu s .  The u s er o f  the s y s t em woul d  n e e d  c on s iderab l e  

exp er ience t o  int erp r e t  the d a t a  p r ovi ded b y  the s y s t em in order 

to e ffec t ive ly rea c t. 
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n c lusCo ion 

The S CAN e quipmen t appear s to  b e  a workab l e  sys t em . Overa l l , 

i t  demon s tra t e d  a us efulne s s  a s  a de c i s i on mak ing support t oo l in 

snow and i ce c ontro l op era t ion s . 
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