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I-380 
MANAGEMENT OF URBAN FREEWAYS 

INTRODUCTION 

Const r uc t i on of I - 380 t hrough the City of Cedar Rapids was 
in i tia ted i n 1969 and comp l eted in 1982. While other corridor 
loc ation alterna tives were considered in the initial I-380 
locat i on study t hrough Ceda r Rapids, the final location occurred 
on the no r t h edg e o f t h e centra l business district, located 
between Qu a ker Oats, t h e l a r gest cereal mill in the world, and 
the downtown a r e a . In order t o accomplish the design within the 
restricted rights -of-way several curves were required to connect 
the north/south facility. The design of the center segment in 
the downtown area was unique in many ways. Much of this center 
sect i on, which i s the f ocus o f this report, is an elevated 
freeway, a portion of wh i ch passes over the Cedar River which at 
this point provides eigh t l a nes on t he freeway, five lanes on a 
surface s t reet system dir e ctly b elow the freeway, and a darn 
structure. The darn is util ized for creation of a recreational 
pool north of the downt own , ma intain i ng a stat i c head for the 
City's wel l f ields, a nd gener a tion of electr ical power. 

Imm e d i ately afte r o pe n ing the centr a l section in 
approximately 1981 problems were experienced rega r ding the safety 
and operat i onal aspects of this central section. These problems 
occurred primar i ly be t ween the "H" Avenue N.E. int erchange on the 
north and t he 5th Avenue/ Diagonal Drive S. W. i nterchange on the 
south. I n April 1982, within a y e ar of opening, a significant 
multiple veh icle acc i dent occurre d within the southbound I-380 
lanes on t he curve j ust west o f t h e Cedar River . This multiple 
c a r accident invo l ved 29 v ehicle s. Since that time, continual 
mu ltiple car acc i den t s hav e o c c urred. ci t y a nd Iowa D.O.T. 
officials are very aware o f the pot entia l for increased accident 
occurrence a nd h a v e jo int l y bee n involved with numerous 
discussions, meet i ngs, and reports to identify t he problem and 
potential s o l utions. 

In Apr il 1986 t h e c i t y prepa r e d a report titled "I-380 
Traffic Flow and Safety" which prov i ded a revi ew of the traffic 
f l ow and s afety for t he pr ev ious thr e e years and r ecommendations 
for consideration of t raff i c i nc ident mana gement strategies for 
this central section of I-380. Following th is report an 
engineering psychologis t human factors exper t f rom the Federal 
Highway Admi nistration in Wa s h i ngton, D.C. reviewed the area of 
concern with FHWA, D.O . T. and City off i cials resulting in an in
depth analysis and report o f t he s e conditions . The analysis 
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provided by the engineering psychol og i st identified some specific 
concerns regard i n g this portion of the free way with summary 
comments as fol lows. 

• This section of I-38 0 is somewhat geometrically substandard 
in the vicinity of t he CBD. 

• Problems are primarily associated with two compound curves 
and restric ted sight distance. 

• Rapid i c ing occurs dur ing adverse weather seasons. 

• Icing r e s ul t s in a high number of ice related single and 
mult i ple vehicl e accidents. 

• Poor geometr ics and sight distance contribute to the site's 
multi-vehicle collision potential. 

Poor geometr ics and sight distance hamper incident detection 
a nd ma nageme nt act i vit i e s . 

• Poor geomet r i c s and sight dis tance are fel t to be hazardous 
by authorit i e s. 

• There i s a need for a traffic man ~gement team approach to 
develop 

1) an effective p lan f or a fully coordinated effort of 
warning drivers prior to an incident 

2) a full system o f i ncident detection, management, and 
cont rol. 

• The motor ist informa t i o n disp lay aspect o f the system must 
be developed and could range from fixed and portable signage 
to real time disp l ays. 

Various discussions and correspondence occurred in the 
ensuin g y ear s with a s ubsequent request provided to the Iowa 
Department o f Tra nsportation in July of 1991 for installation of 
temporary fold- out signs in adv ance of the cur ves to provide 
notification to a pproaching traffic of accident conditions which 
may exist in the area. Th ese signs were approved by the Iowa 
Department of Transportation and installed in November 1991. The 
temporary fold - out signs were intended only as an interim 
solution prior t o determining a long range solution which may 
involve incident management strategies. 

This upda te report includes an additional five year 
accident history since the e ar lier report and provides specific 
recommendations as to the manner in which incident management on 
I-380 in this area should be a ddressed. The pr imary objective of 
this report a nd resultant project is to determine the methodology 
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of incident management that may apply to this portion of I-380. 
The specific goal is to r e duce multiple car involvement accidents 
which occur from an incid e nt on t h e freeway and to improve the 
safety for i nvestigating offi cers a nd those individuals who may 
be investigating or involv e d in a ccidents or i ncidents. The 
potential f or mult iple car i nv o l vement accidents in this area is 
high due to t he design e lements which preclude adequate advance 
visibility of t h e scene a nd l oc ation of the incident. 

During the last f i v e years of accident analysis no 
significant change occurre d f r om the previous study in the types 
of accidents. Two hundred s ixty-four accidents were recorded in 
the section of I-380 unde r stud y. Seventeen percent of all 
accidents we r e mu lti-car accidents. Twenty-nine percent of all 
accidents involved motorists who we r e out-of-town or out-of-state 
and were not generally fami l iar with the design elements of this 
central section of the freeway. A summary of the 5 year accident 
information is s h own in Exhibit D. This emphasis on multi-car 
accidents further identifies the need to address this section of 
I-380, find resolutions to the problem, and implement solutions. 

BACKGROUND 

I-380 Traffic Flow and Safety Report (Attachment A). · 

The I -380 t raffic f low a nd safety report f or the City of 
Cedar Rapids, dated April 1 6, 1986, is included in its entirety 
as Attachment A. 

This report provid es the h i story of I - 380 construction 
scheduling and ope ning, volumes of traffic and deta~l of accident 
history for the t hree - year period 1983, 1984, and 1985. This 
background information related to that portion of I-380 between 
32nd Street NE a nd 33rd Avenue SW. More specif i cally, however, 
the report addressed that portion of I-380 between "G" Avenue 
N.E. on the north and 5th/8 t h Avenue S.W. interchange on the 
south. The report provides a detail of the sequence of events 
from opening of this s e ction of I-380 up until a planned meeting 
with the Federal Highway Administration Human Factors Expert. 
Details ar e provided of the numerous meetings with law 
enforcement agencies, the Iowa Depa rtment of Transportation, and 
City officials concerned about t h e traffic flow and safety on 
this segment of the interstate system. 

The report concludes with a concept of inc i dent management 
identification signing fo r the two curves where the greatest 
problems have occurred. The i ntent of the signing concept was to 
provide an idea or concept of what could be done moreso than a 
specific proposal for installation. The report's purpose was to 
indicate potential measures that could be taken to (a) reduce the 
potential for accidents and (b) reduce the potential for multiple 
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accidents a f ter a single accident had occurred , concurrent with 
i ncreasing t h e s afety of investigating officer s. Signing layouts 
were inclu d e d to ind icate t h e type o f mess a g es which could be 
p r ovided t o a dvi se a pproaching motorists i n advance so as to 
enable a chang e in operating s peed or d iversion to other lanes or 
to seek other roadwa y alternatives . Th e report references an 
upcoming meeting , to be attended by human factor s experts of the 
FHWA in Washington, State a nd City officials whi c h was intended 
to provide an a nalys i s o f the scope of the problem and the 
potential solut i ons. The ob jective of the 198 6 City report was 
to provide backgr ound informat i on wh ich wou l d b e followed by an 
in-depth study , perhaps by a con s ultant, to i d e nt ify the scope o f 
the problem, identify the soluti on s following wh ich a plan for 
correction coul d be impl eme nt ed. 

FHWA Field Trip Report April 16. 1986 (Attachment B). 

Beginni ng on April 14 and e xtending through April 16, 1986 
Harold Lunenfeld, Engineering Psy chologist Traf f ic Engineering 
App lications Br . wi th the Fe dera l Highway Adm in istration in 
Washington, DC me t with I owa FHWA officials, Iowa Department of 
Transporta tion , and Ci ty o fficial s to revi e w v arious problem 
areas on t h e I - 380 corridor i n Cedar Rapids. Th e purpose was to 
identify h u man factor s re l a ted problems a nd recommend 
improvements . · 

The f ina l r epor t s p e c i fic t o those por t ions of I-380 
between 32nd Stree t NE and 33rd Avenue SW which i s the scope of 
the current s tudy is i ncluded i n i t s entirety as Attachment B. 
The conclus i on s a nd recommendations of the report are as follows. 

"I-380 Northbound a nd Southbou nd (32nd Street, N.E. to 
33rd Avenue, S.W.: This ma i nline section of Interstate 380 
is somewhat geometrically s ubstandard in the vicinity of 
Cedar Lak e s , the Cedar River, and Cedar Rapids' CBD. The 
problems are primarily associa ted with two compound curves 
and restricted sight distance, which, when coupled with the 
rapid icing that occurs dur ing adverse weather seasons, 
results in a high number of ice -related single and multiple 
vehicle a cci dents. The poor geome trics and sight distance, 
in addition to contributin g t o the site's multi-vehicle 
collision potent i al, a lso hamper inc i dent d etection and 
management activi t i es , and a r e felt to be hazardous by 
authorities. Data ar e lacki n g to ful l y d escribe this 
location ' s problems, a nd to develop effective improvements. 
Based on a prelimina ry a na l ysis , it is conc l ud ed that there 
is a need for a traf f i c management team approach to develop 
an effect i v e· plan for a ful l y c oordinated effort of warning 
drivers pr i or to an incident , a nd a full system of incident 
detection, management and control. Elements of this system 
should include ice detection, freeway surfa ce treatment, 
surveillance, d i version, a nd lane closure. The motorist 
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information display aspect of the system must be developed 
and could range from fixed and portable signage to real
time displays." 

The specific recommendations regardi ng implementation were stated 
as f ollows. 

"Those locations wher e improvements can be readily 
implemented should be treated in accordance with the Field 
Trip Report. For the sites (the urban intersection and the 
freeway mainline section) requir ing more study, efforts 
should be initiated to collect the p rerequisite data to 
develop needed improvements." 

The following are excerpts and summaries from the report which is 
inc l uded as Attachment B. The following overview is not intended 
to t ake the place of the entire field report as the report itself 
bes t represents the total scope of the concern that has been 
identified. 

In both the north and south directi on s the I-380 
transitions from essential ly a rural design to an urban freeway 
on structure with closely spaced interchanges, compound curves, 
and moderate traffic volumes. Drivers generally do not 
e xperience problems for most of the year, however during cold 
mont hs the section of I-380 on the "Five in One " structure over 
the Cedar River, Cedar Rapids CBD, and Cedar Lakes tends to 
e xperience r apid icing. This environmental phenomenon coupled 
wi t h poor sight distance an alignment in the vicinity of the two 
compound curves widel y spaced bridge joints and lack of adequate 
s h oulders on the structure results in a trans itory hazardous 
s ituation. Two problem c lasses exist, problems associated with 
the hazard (s) prior to an incident and problems associated with 
i n cident management. In addition four g oals have also been 
i de ntified: 

1) prevention of accidents during icing conditions; 

2 ) prevent ion of secondary collisions and chain reaction 
accidents once an initial incident has occurred; 

3 ) protection of officials investigating and managing 
incidents ; and 

4) diversion of traffic when lanes, or the road itself, have to 
be closed. 

The geometric design, al ignment and routing of this 
facility through the City results in problems both for the 
motorist and police. This is particularly the case in the 
segment bounded by the two compound curves on the "Five-in-One" 
structure a nd is primari ly a problem under icing conditions. 
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Both locals a nd strangers are experiencing t r a cking and accident 
avoidance p rob l e ms whe n the s t ructu r e ices up . Of primary 
concern is preventing a ccident s and mainta ining the safety of an 
officer at t he scene o f an i nc i dent. Major dr i ver problems are 
related to e xce ssive speed for i c y r oad condi t i ons, poor sight 
distance, a nd i mproper road geometry. 

Thes e f a ctors contribut e to a lo s s o f control, single 
vehi cle or mu ltiple vehi c le collisions, chain r eact ion accidents, 
a nd conf l icts wit po l i c e. 

Regard i ng e xpectancy v i olations, s e v e r a l features of the 
mainline i n t h e problem areas vio l ate driv e r e xpectancies and 
thereby contr i b u te t o t h e freeway 's ha z ardousness under icy 
conditions. On e involve s the abrupt transition from an 
essentially r u ral freew a y t o an essentially u rban one. The 
road's cur rent information system with except i on of a flashing 
curve sign does not warn drivers of t he potent i a l problems. 

A number of f eatur e s in the problem segment contribute to 
driver tas k d i fficu lty. A ma jor contr i but ing factor to multiple 
car coll i s ions a nd p o l i c e vulnerabil i ty at thi s location in 
addition to t h e icing i s the lack of s igh t di stance in the 
vicinity of t he compound curve s . This lack of s i ght distance at 
operating s p e e d s (which h a v e been estimated to be in excess of 
the pos t ed 55 mph ) r e s u l t s i n an unsafe si tua tion both for 
vehicles i nvo lved i n an i n i t i al inc ident and f o r officers and 
safety equ ipme n t involved in i nc i dent invest igation. It is 
probable that operating s peeds pa r ticularly during icing are too 
high for road condit i ons bo t h fo r locals and strangers. An 
aspect of this site wh i c h may ind irect ly cont ribute to its 
problems and wh i c h would affect the effecti veness ~f information 
related i mprovements are distrac tions off t he traveled way. 

In any prob lem si t uat ion the re are h az a rds of nature and 
there are a ra n ge of counter measures which can be used 
singul arly o r in combinat ion . In e ssence, t h e y fall into three 
broad cate gor ies. 

1. Remove t he hazar d (s ) . 
2. Protect the motori s t from t he ha zard( s ). 
3. Inform the motoris t of t he ha zard(s)/provide information to 

enable the motor i s t t o avoid t he hazard(s). 

Given t he r a nge of va riables a s s ociated with this location 
it is not possibl e or des i rable at t he j uncture t o recommend a 
single "so l u t ion" t o t he site' s problems. I n f act, there is 
probably n o c l ear cut " solution" short of major r econstruction. 
There are , however , a r a ng e of potential cou nt ermeasures that can 
be applied i n both t h e l ong r a nge a nd short range. More study is 
needed to r e solve a ll t h e i s s ue s relat i ng t o what is most 
appropriate. 

6 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

An optimum way to ameliora t e problems on t h is segment would 
be through r econstruct i on . Th e f r eeway's geometric design is 
substandard part i cularly r e ga r d i ng sight distanc e, alignment in 
grade, and f orgiveness . Wh i l e it is probably not feasible to 
rebuild this freeway segment, f uture designs of t he state should 
be carefully eva l uate d p r i or t o c onstruction to avoid repeating 
these problems. 

Ano t h e r set of cou nt e r me a s u res provid e drivers with 
information to prevent an a ccid ent from occurring under icy 
conditio n s a nd/or to pr e vent secondary collisions once an 
incident ha s occur red. This i n f ormation can be designed to 
achieve the following: 

(a) modi f y dr iver behavior; 
(b) r egu l a t e driver behavior ; 
(c) inform drivers of conditions and alter natives. 

Once a n incident has oc curred timely inc i dent management 
techniques a r e requir e d . Gi v e n th is l ocat i on's characteristics 
protect i ng motorists and auth o r i t ies on the structure from 
subsequent i ncidents is a l so required. Protection may entail 
routing subsequent t raf f ic awa y from the crash a nd/or the police 
managing t h e incident and di v e rting traffic. This requires 
timely inc ident detection and s ui table incide nt management. 
Incident dete ction may necessitate active surv eillance either 
through regular patrols or TV monitoring. Incident management 
requires personnel on s i t e a nd would involve upstre am information 
presentation. 

There a re numerous k i nd s of driver i n f ormation display 
methods and s ystems t h at c ou l d be used on th is segment of the 
freeway. They range in soph isti cation from fixed signing through 
real-time devices to h i ghway a dvisory ra d io and public 
information campa i gns. Some re l y on or complement surveillance, 
incident detection a nd man a gement, and facility control 
methodology wh ile others stand a l one . 

While fixe d sign ing h as p roven effecti v e in numerous 
situations, its e f fectiveness on this segment with its transitory 
environmenta l and incident haz a rds is problemat i cal. A simple 
display such as the cur v e war n i ng sign and beacon now in place 
has little impact on behavior . 

Given that t he s i t e e xperie nces problems o f a transitory 
nature a more responsive i n f ormation system than a fixed signing 
one may be approp riate. Su c h a s ystem may require relatively 
simple seasonal adjustme n t s uch as establishing the already 
mentioned r e duce speed a nd e nforc ement during t he icing season 
and operating fl a shing beacon s or displaying the lower speed 
limit signs a ccord ingly . A more sophisticated s ystem may entail 
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a r e a l time surveillance and control with a series of changeable 
mes s age s i gns fo r speed and lane control and diversion. 

Real time systems often require a coordinated effort of 
sur veillance and control to achieve a multiplicity of purposes 
a nd t he level of driver c ompliance that will just ify its capital 
and operating ex_enses. While it would be desirable to detect 
ice a utomat i cally, the current state of the art of ice detection 
is not suff iciently reliable to rely solely on automatic needs. 

A sophistic ated real time information system should also 
have the capabi lity to prevent mult iple coll i sions after an 
incident has occurred. To achieve this goal at this site 
requires surveil l ance and monitoring of the roadway particularly 
in the vicinity of the curves. Once an incident has occurred it 
must be detected and drivers informed of its p resence and/or 
diverted. One way to reduce or eliminate the time delay is to 
provide continuous around the clock surveillance. This could be 
ach ieved using television ca~eras monitored at a central dispatch 
syst em . Such a system could s erve to detect the incident, 
implement the warning, and dispatch aid to the site. 

The specific recommendations are: 

In develop i ng improvements of th~ nature covered by this 
field trip report, and implementing them on a freeway segment 
such as I-380 , i.e., one with multiple jurisdictions, an approach 
that has proven s uccessful is the establishment and utilization 
of a traffic management team to participate in all levels of 
deci s ion making. The traffic management team is comprised of a 
multidiscip li n ary g roup of transportation professionals and 
en f orcement officials. For this location, the ,City of Cedar 
Rapids , the Iowa Dep a rtment of Transportation, the Federal 
Highway Administr ation , the Iowa State Highway Patrol, and the 
Linn County Sheriff Depart ment would all participate in the team. 
Once established, the team would be involved in all levels of 
analysis, development, i mplementa tion, and review. This will 
as sure c o ordi n ation among all involved agencies and 
ju r isdictions , and increase the chances for an effective 
improvement and a smooth implementation. Therefore, as a point
of-departure , i t is recommended that cogniz an t authorities 
str ucture a t raf f ic management team similar to the one described 
in Enclosure C. This team should develop an action plan for the 
site, emphas izing icing s i tuations and incident detection and 
management. The plan should outl ine surveillance, control, and 
incident man agement authority . It should spell out all 
requirements for detecting icing and incidents, changing speeds, 
closing lanes, diverting traffic. etc. Ultimately, the plan will 
spe cify all efforts relating to this site and all requirements 
for its information s ystem. 
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In addition to formulating a traffic management team and 
developing an action plan, it is recommended t hat a study be 
initiated t o determine needs and develop measures. This study 
should assess al l available historical data to establish accident 
rates, haz a rdous locations, environmental situations, involved 
motorists, etc. Before i ncl e ment weather occurs, performance 
data should be collected r e l a tive to speeds, paths, lane use, 
volume, c onfl icts, etc. Such information will prove useful in 
establishing a base-line of driver performance and an indication 
of acci dent causation mech a nisms . Based o n these data, a 
determinat ion s hould be made of operational a nd information needs 
for various problem c onditions s uch a s icing , incidents, and 
congestion . Requisite s p eeds under ice conditions, effects of 
closure, diversion rout es, response requirements, distractions, 
etc. should be determined, and information display techniques and 
messages specified. In addition, stages of implementation should 
be developed, along with an implementation and evaluation plan. 

Si nc e it will n ot be f eas ible to implement a full 
in f ormation system s uch as the one described by the Cedar Rapids 
Tra ffic Department in their April 16 , 1986 report by the start of 
the 1986-87 ice season , consideration should be given to short
term improvements and staged implementation. It would be 
feasible f or example, to fabricate and test out fold-out and/or 
transportable signs for use in icing ~nd incident management 
situations. Various mes s a ges could be developed, formats made, 
procedures described, and driver compliance determined. Thus, if 
a reduced speed zone is a candidate measure, fixed reduced speed 
zone signing with flashing lights could be fabricated and 
displayed, and speed d a t a collected. Similarly, diversion and 
lane closure complianc e c ou l d be det ermined using portable signs . 

Data collected as part of the above short-term improvement 
phase under ice cond itions and during incidents could then be 
evaluated and a seco nd leve l system developed, if deemed 
necessary. Such a sec ond level system might consist, for 
example, of 1 or 2 changeable message signs in the northbound and 
southbound direction, upstream at points of diversion, and/or in 
the vicinity of t he compound curves. This system should be 
linked t o a central location for surveillance and control, and 
should be evaluated both for information d i splay effectiveness 
and coordination and response suitability. A determination could 
then be made whether, a nd to what extent, further development and 
sophist i c ation is needed. Costs, benefits, and effectiveness 
should form the ultimate criter ia f or the final system used. 

CURRENT CONDITIONS - MARCH 1992 

Mr. Lunenfeld's rep ort dated May 30, 1986 addressed a 
myriad of problems, needs, and potential solutions to what is a 
serious problem for motorists, law enforcement officers and 
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eme rgency service s personne l. Though a number o f conclusions and 
recommendations were i ncluded in Mr. Lunenfeld' s report it was 
le f t to D. O.T. a nd local agencies to develop a plan of action 
thr ough a traffic management t e am approach. 

Wh i le a "traffic management team" per s e has not been 
of f icially established , there has been continuing communication 
between gover nm ent a l agen cies concerni ng the I-380 
accident/incident management concerns in Cedar Rapids. Local 
Cit y and State off icials have recognized the difficulty of trying 
to consistently and e ffec t i vely warn motorists of icy conditions 
that may or may not occur on the elevated sections of I-380 under 
certain weather/temp e rature conditions. It has also been 
recognized th a t the r e stri cted sight caused by the curves 
combined with the lo n g bridges that confine vehicles and 
mot orist s after an accident occurs, creates special problems for 
investigating officers, emergency services personnel and the 
involved motorists. 

Su bsequent to Mr. Lun enfe ld' s report there has been 
i mp rov e men t in the I o wa D.O.T. 's ability t o respond to 
pot entially hazardous wea ther related roadway conditions on I-380 
in the a r ea o f the curves in downtown Cedar Rapids. 
Un f ortun a tely duri ng this same time period there has been no 
signif i c a n t i mpr ovement with regards to sa f ety for those 
mo t orists involved i n an incident and those investigating 
off icers who must respond to it. On May 31, 1991 a Cedar Rapids 
Police Department internal memorandum requested that 
co n siderat ion be given t o implement i ng a plan to aid police 
of f icers and emergency personnel in coping with hazardous 
conditions on I - 380 near the Cedar River. The memo indicated 
tha t in the three year p e riod from 1988 through 1990 a total of 
271 acc i dents had been reported and responded t6 in the area 
bounded by 33rd Avenu on the south a n d Collins Road on the 
nor th. This memo served as an impetus for addit i onal discussion 
and subsequent meetings wi th t he I owa D.O.T. whi ch led to the 
installation of f old ou t "Acc i dent Ahead" signs on I-380 in 
a dvance o f the c u rves. These fold out signs, a joint project 
wi th the I owa D. O.T., we r e intended only as an interim measure 
until an Incident Management project which may include permanent 
changeable mes s age sign i ng a nd surveillance which could resolve 
these long standing prob l ems. 

The City Traffic Engineer ing Department was charged with 
this respons ibility and f u l l y i ntended to come up with a concrete 
p r oposa l f or an incident management project. As research began 
o n the subject of chan g e able message signs and the need for 
r e liable and accu rate s u rveillance capabilities, it became 
ev ident the Department did not have the background experience to 
c onclude wha t t ype of a system was required and to design, 
purchase and i nstall such a system. Similar conclusion of the 
Ci ty's 1986 r e p ort suggested that consultant services are 
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required to substa n t i ate t h e n eed and provide the necessary 
r esearch and impl ementat ion strat egy necessary for addressing the 
solution. 

Update Information and Accident History 

The following identif ies various aspects r elating to this 
a rea of I-380. Figure A-1 identifies the elevated sections of r-
380 and t h e c urve sect i ons. Referenced are potential locations 
f or overhe ad c ha ngeable me ssage s igns based on the City's prelim
i nary an d elementary i nvestigation. Figure A-2 shows the 
location o f the existing fold out "Accident Ahead" signs 
i nstal l ed in November of 1991. Volumes of traffic on I-380 have 
c ontinued to i nc rease. 

Figure B indicates the number of accidents occurring over a 
f ive and one-half year period on I-380 from "J" Avenue N.E. to 
16th Avenue S.W . The roadway was arbitrarily broken into five 
s ections (C-1 t hrough C-5) simply to make the accompanying 
collision d i agrams more manageable. Figures C-1 through C-5 are 
the collision diagrams beginning in January of 1986 through June 
o f 199 1. Figure B-2 is a summary of the 264 accidents which 
occurred on the mainline of this 3 mile section. A conclusion of 
the analysis is that 17 percent of the accidents were multi
vehicle accidents involving more than 2 vehicles. 33 percent 
occurred when snow and /or ice was present on the roadway . 28 
percent occurred within the 6:00 AM to 9:00 AM morning rush 
hours. Other information relating to the accidents is indicated 
on Figure B-2 Information provided on the actual accident 
reports was used to develop the co l lision diagrams and accident 
summary. 

Figure D provides a summary of 1991 traffic flow on I-380. 
The current volume o f has more than doubled fr om its 27,500 
vehicles per day referenced in the earlier 1986 report. 

Figure E-1 - E-3 provides backgr ound med i a information only 
for reference purposes. 

SUMMARY 

Since opening of I-380 through the Central Business 
District many government al bodies , agencies, and individuals have 
been involved in address i ng the concerns of accident frequency, 
multiplicity of a ccidents, and the possible solutions as to what 
can be done to provide improved detection of adverse conditions, 
redu ce the potential for multiple accidents and improve the 
safety of investigating officers. Since the 29 vehicle accident 
occurred in April of 1982, multiple accidents have continued to 
occur. It appears inevitable that it is only a matter of time as 
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traffic volumes continue to increase on I-380 that the conditions 
will worsen unless some significant efforts are made to correct 
the problem or to provide some type of a management approach that 
will reduce the potential for on-going accidents and improve the 
overall safety and traffic flow on this section of I-380. 

The indicated geometrically substandard design of 
Interstate 380 in the vicinity of the downtown combined with the 
contributing factor of a lack of sight distance in the vicinity 
of the compound curves on the elevated structure is a strong 
indication of need that countermeasures should be developed to 
address these safety and traffic flow concerns. Professionals 
experienced in development of incident management strategies are 
required to provide a thorough review of the problem, determine 
the solutions and to provide necessary documentation for project 
implementation. 

RECOMMENDATIONS 

While many opinions have been stated in the various reports 
which are attached, a general conclusion is reached that a degree 
of research is required to verify the extent of problems which 
have been identified in this report and to follow up with 
management strategies to address · the concerns. The 
responsibilities for improvement to this portion of the 
Interstate system must res t with the Federal Highway 
Administration a nd the Iowa Depar tment of Transportation. The 
City of Cedar Rapids is not e x empt however from acknowledging 
responsibilities as I-380 is part of our urban transportation 
system impacting many of our citizens and enforcement officials 
who are in v o 1 v e d with I - 3 8 O on a d a i 1 y b a s i ,s . The C it y 
recognizes the importance of safety and efficiency of traffic 
flow on I-380, for the benefit of the citizens of the state of 
Iowa, the nation and the future impact on this segment of the 
Avenue of the Saints. The Cit y acknowledges participation in the 
project not only as an element of encouragement to pursue 
determination of solutions, but also in the final implementation 
and operation of the solutions. 
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1-380 ACCIDENT SUMMARY 
FOR THE PERIOD 1-1-86 THRU 6-30-91 

FROM "J" AVENUE N.E. TO 16TH AVENUE S.W. 

NUMBER 

Total Accidents 264 

Multiple Vehicle ( 3 or more vehicles) 46 

Police Vehicles or Personnel Involved 
in Accident While at Incident Scene 5 

Unfamiliar Drivers-From Outside the 
Metropolitan Area 77 

out of State Drivers (Included Above) 11 

Drug or Alcohol Related (Cited for 
OMVUI) 16 

Trucks-Excluding Pickups, Vans, Etc. 23 

Peak Hour Occurrence - 6 Hrs. 122 
6AM-9AM 75 
3PM-6PM 47 

Road Conditions-As Stated on Reports 
Snow/Ice 86 
Wet 35 
Dry 101 
No I,fention 42 

TRAFFIC ENGINEERING DEPARTMENT 
CITY OF CEDAR RAPIDS 

PERCENT 

100% 

17% 

1.9% 

29% 

4% 

6% 

9% 

46% 
28% 
18 

33% 
13% 
38% 
16% 

FIGURE Bz 
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The Cedar Rapids Gazette, Sunday February 24, 1991 

Cops: 'R~ther face armed _robbefy' 
than traffic control on 1-380 curves 

By Ed ·Barrett 
Gazette staff writer 

Police officer Glen Kieler was 
on patrol last month when he . 
was dispatched to control traffic 
at a minor accident on Interstate 
380 above the 5-in-1 Dam. 

He was there a short time when 
an oncoming car went out of 
control on the .icy road, skidding 
into his vehicle and sending him 
to the hospital. · 

Kieler's injuries were minor, 
but the incident is the latest in a 
series of accidents and near 
misses on the downtown curv?s 
of the interstate. 

"Most (officers) would rather 
go on an armed robbery in 
progress than go up there and 
face that traffic," one officer 
confided, echoing a comment 
made more than a year ago by 
then-Lt. Tom Erceg after a near 
miss. 

Because of the increased dan
ger, department administrators 
issued a standing order in 1988 
that provides two additional cars 
for traffic; control and protection 
for officers who are working 
accident scenes. Several of the · 
injured officers were in the pro
tective or · "cover" cars when 
their accidents occurred. 

THE DESIGN of the over
passes makes the roadway ex
ceedingly dangerous at times. 

Short, highly banked turns 
limit the visibility of oncoming 
traffic; high speeds and heavy 
volume increase necessary stop
ping distance; and long, exposed 
bridges are more likely to freeze 
than normal pavement, leaving 
drivers unaware of hazardous 
conditions. 

"There definitely are problems 
unlike any location in the United 
States," Traffic Engineer Mel · 
Meyer has said. 

Combined, the variables create 
concern: Half a dozen officers 
injured and at least twice that 
many narrowly missed in the 
past two years. 

Publicly, officers will not com
ment on the situation. Privately, 
though, several say little has . 
been done to deter the risk . they 
face. · -· 
· "Imagine you're at the Indy 

500," · one traffic veteran says. 
"Now, imagine that you're on the 
racetrack with the cars scream
ing past you. That's what it's like · 
up there." 

The police· administration is · 
ex~mining "all sorts of options," 
A · · nt Police Chief Mike Klap
pholz says, that the most 
likPlv ~nl11tinn wnn P. snmP. 

' sort of sign to warn drivers of 
upcoming hazards. 

It is.not a new concept, having 
been proposed in 1984 after a 28-
car pileup. Various options have 
been ·aired since then, yet each 
trial balloon was shot down by 
liability concerns or grounded by 
inaction. 

In 1986, for example, two over
head signs with flashing lights 
were posted on the interstate that 
said, "Roadway may be icy/when 
flashing/reduce speed." ' 

The "when flashing"· portion 
was · covered two months · later 
after the Iowa Department of 
Transportation and ·the Cedar 
Rapids City Council could not 
decide who would monitor condi
tions, run the flasher and assume 
ultimate liability. · · 

The killing stroke came when 
the council failed to act cin a 
proposal that would have split 
liability equally. 

"There was some discussion 
·about who would be responsible 
for activating the signs, but it 
was never resolved," IDOT Dis
trict Engineer Maury Burr says. 

Without the flashers, Burr 
adds, "drivers would have proba
bly driven by that sign a hundred 
times without encountering icy 
conditions. They just wouldn't 
have · respected the sign." 

So, in September 1987, less than 
a year after the signs went up, 
they came down at the instruc

of the !DOT legal staff. 

Gazette graphic by Greg Good 

"You really can't put the fault 
anywhere," Police Chief William 
"Bud" Byrne says. "Somebody 
may have the ideal solution at 
some point. Unfortunately, I 
don't." 

MEYER MET Feb. 11 with 
police officials to address the 
problem in the short and long 
term. 

The preferred long-range solu
tion, Meyer and Byrne say, may 

· be some sort of changeable mes
sage sign._ 

Erecting such signs could be 
expensive, however. Meyer re
fused to estimate the cost, but 
prior estimates fell in the $300,-
000 range. 

Another difficulty lingers. 
"This is not just a city project," 

Meyer says . . "It takes the coopp:·
ation of not only the IDOT. ·out 
the Federal Highway Adminis
tration. But the consensus is now 
that we need to take another 
look" at solving the problems. 

Several patrol officers wonder, 
though, if this may be another 
false start. Even if a solution is 
found, they ask, will it come too 
late? 

"Eventually, somebody is 
going to get seriously hurt or 
killed up there," one officer says 
acidly. "Everybody will be walk
ing around with tears in their 
eyes saying what a tragedy it is, 
but nobody is willing to do 
an·vthing to prevent it." 

FIGURE E1 



Th e Cedar Rapids Gazette : Wed., June 12. 1991 

Gazette photo by John Mc ivor 

1-380 jam 
A Cedar Rapids police officer directs rush-hour traffic away from an accident just ahead on 
Interstate 380 Tuesday. The crash, which occurre_d on the interstate behind St. Luke's Hospital, 
caused no injuries, but snarled traffic from 5:20 to just before 6:15 p.m. Capt. J im Noonan said 
the traffic tie-up was made worse by the heavy, after-work traffic and the fact that the middle 
lane of traffic had to be closed until the two vehicles could be moved: 

FIGURE E z 
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I The Cedar Rapids Gazette, Sunday October 21, 1991 

I . . 
1 New· Signs ·· to ·warn Of · 1~380 hazard~ 

' . -· . . . .. . 

Compromise I reached by ci.ty; 
state officials 

I By Ed Barrett 
Gazette staff writer 

After more than 10 years of 
multicar pileups, abortive warn-

I ing plans and liability squabbles, 
city and state officials have 
agreed on a system to help pro
tect motprists . and police on In-

I 
terstate 380's dangerous down
town curves: 

"The city knows this is a prob
lem, 'a hazardous area," Cedar 
Rapids Traffic Engineer Mel 

I Meyer acknowledges. "This is 
the best (solution) we could 
come up with in a temporary 
situation." 

I The plan will place four fold
down signs reading "Accident 
Ahead" along the interstate to 
help prevent secondary acci- · 

I 
dents. Since the bridged area 
downtown was completed in the 
early 1980s, several factors have 
combined to turn otherwise mi-
nor accidents into small-scale-de-

1 molition derbies as drivers whiz 
unaware onto accident scenes. 

Short, high-banked turns limit 
visibility; high speeds and heavy 

and twice as many had . near
misses . when traffic blundered 
onto crashes at full speed and 
drivers were unable to stop in 
time. 

which were removed in 1987 
when the City Council failed to 

• act on a proposal that would 
have split liability equally be
tween the city and state. 
· Meyer and Iowa Department of 
Transportation officials worked 
around the liability issue in a 
series of meetings this summer, 
culminating in the Aug. 26 
agreement. The four signs have 
been fabricated by the city at a 
cost of about $500 and will be 
given to DOT workers this week. 
The signs should be erected aj1d . 
operating by Nov. 1, Meyer says. 

"We hope these fold-µp _ sj!tns . 
will notify motorists," he says, 
"We hope they'll reduce ' their 
speed," which will reduce the 
chance of secondary accidents. 

Patrol watch Capt. Jim No.on~ 
an calls the .move a "definite 
step in the right direction." 

"Until this, people were com
, ing into situations unaware that 

there is trouble ahead," he says. 
· "I think the long-range goal is 
going to be a big asset .. , but it 
will be a lot safer." 

Police Chief Bud Byrne says BOTH MEYER and IDOT dis-

''The city knows this is 
a problem, a hazardous 
area . This is the best 
( solution) we could 
come up with in a 
temporary situation.'~ 

Mel Meyer 

I volume · increase the necessary 
stopping distance; and the long, 
exposed bridges are · more likely 
to freeze over in the winter than 

I 
the surrounding freeway, · leav
ing drivers unaware that hazard
ous conditions exist. 

he ant~cipates th~t p_atrol off!; trict maintenence engineer Kev
cer_s will take a wait-and-se~ in Mahoney say funding will be 
at!itu~e before t~ey put their . a major obstacle to ,installing the 
faith m· the new .sign_s. He says, changeable-message signs . . Mey
!hough, that the proJect. should er hopes to move the project 
~mprove safety for the t1me be- ahead in the next two years, but 
mg. obtaining the estimated $400,000 

"We d~n•t know wh~ther '!'_e necessary for the project could . , .. 
can predict and say, Yes, its be difficult in an· era of tight 
going t~ work,' " he said. "We spending. 
would like to eventuall_Y see a "The department.has a variety 
(ch~ngeable message) sign . _. . of programs. available for fund-

THE CITY'S long-range 'plan , Unt~l we get t~at done, we like ing, but I couldn't say whether 

I calls for: a series of signs that havmg _som~t~mg." this project would qualify," Ma
will flash changeable messages . Tra:1f1c officials have been t~y- honey says. "It would have to 
to motorists ' but planners want- mg smce 1983 to come up with show that the benefits outweigh 
ed the interim signs in place be- "something" to solve the_ prob- : the cost." 

I fore winter blows into Iowa. lem. Meyer proposed putting up Still, everbody •involved in the 
Worries about driver and, par- ' sim~ar accident signs then, and · decade-old quest to resolve the 

ticularly, officer safety drove the idea has been bounced from dangerous situation expresses 
planners in this effort, · sources city to state officials ever sin~e. optimism that a permanent solu-
say. Repeated injuries to Cedar Three years later, two over- tion is near. , 

I Rapids patrol officers -prompted head signs with flashing lights "The (fold-down signs) are a 
department administrators to es- · were posted that read, "Roadway little unusual, but that's . QK," 
tablish a 1988 standing order . may be icy/when flashing/reduce Mahoney says. "The alignment 
that provides extra cars for traf- speed." Disputes over who would · 'or the freeway there is a little 

I fie control at accident sites. De- monitor conditions, run the . unusual, too. r think we've got 
spite the precautions, .half a doz- flasher and assume liability not the solution," he adds, "but a 
en officers have been injured eventually killed the signs, solution." 

I FIGURE E3 
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I-380 

TRAFFIC FLOW AND SAFETY 

CITY OF CEDAR RAPIDS 

PREPARED BY 

TRAFFIC ENGINEERING DEPARTMENT 

M. B. MEYER, P.E., CITY TRAFFIC ENGINEER 

WITH ASSISTANCE OF GERALD R. HINZMAN, CHIEF OF POLICE 

IN COOPERATION WITH 

DENNIS H. BLOME, LINN COUNTY SHERIFF 

LT. B. D. HALL, IOWA STATE HIGHWAY PATROL 

ROBERT C. HENELY, DISTRICT ENGINEER, IOWA D.O .T. 

April 16, 1986 
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April 11, 1986 

TO WHOM IT MAY CONCERN : 

Reference : Computerized Signs on Interstate 380 

.. . , - -
Trnff,c En7i:i2cn~~i /IC :".!a rt.1;1on1 

(;jiy r;; (>:-i?, r hl :J;r/;; 

Over the past several years, the Cedar Rapids Police Department has been 
aware that segments of Interstate 380 trave lling through the downtown 
Cedar Rapids area are extremely hazardous during inclement wea ther. 

The hazards include p oor visibility , what appears to be an incorrect grade , 
improper speed zoning which in turn h as led to a number of multi - car and 
serious accid ents including fatalities . This si tuation is not only a 
safety probl em for the general public, but it is also a problem of utmost 
concern to road maintenance workers and l aw enforcement personnel . Numerous 
incidents have been reported by officers of the Cedar Rapids Police Depart 
ment whereby they h ave nearly avoided being struck by vehicles th emselves 
while t rying to assist acc i dent victims on this stretch of highway . 

More specifically , the sec t ion of road in question spans between Wilson 
Avenue S.W . through 42nd Street N . E . In the down town area where the Inter 
state makes dramatic turns near police headquarters on the west side of 
the river an d near St . Luke s Hospital on the east side of the river seem 
to be the ar ea s of utmost conc ern. This is also the area wh ich is e l evated 
as it crosses the Cedar River/Cedar Lake area . Because of the elevation 
of the Interstate , combined with poor visibility and inclement weather, it 
makes a n extremely dangerous situation . For example, officers who are 
working traffic acciden t s cannot sufficiently slow down and control traffic 
and have many times found themselves in one of the curves of thi s s tr etch 
of highway with mo t or vehicles s l iding out of control a n d coming in their 
direction and they are left without any method of escape on this elevated 
sec tion . 

Our personnel are aware of the dangers and some of the constru ction problems 
inherent with this s tretch of Interstate highway, and have on numerou s 
occasions expressed the ir concern s both verbally and in writing to our 
command officers . This has created a most un sa t isfactory situa tion both 
for safety r easons and for vicarious liability rea sons . 

Having researched t his pa rticular problem for a number of years since the 
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TO WHON IT :MAY CONCERN 
April 11, 1986 
Page two 

Interstate was opened, it is our recommendation that computerized message 
signs be installed along the Interstate route for both north - and south-bound 
traffic so that motorists can be warned well enough in advance of up - coming 
perils and can take appropriate action prior to entering a stretch of the 
highway where the danger exists . This is not to say that we feel that that 
is the only acceptible solution, however, we strongly believe that a research 
team or group of consultants need to examine this stretch of highway closely 
in an attempt to find a solution to this serious problem. 

Sincerely, 

c1~12~(M~~ 
Gerald R . Hinzman, 
Chief of Police 

GRH : mcr 
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Dennis H. Blonne 
Sheriff 

Linn 

Office of 

C 0 Q...Unr~y Sheriff 

Darrel l Gear 
Captain P.O. Box 4844, Cedar Rapids, IA Ei2407-4B44 

January 27 , 1986 

TO WHOM IT MAY CONCERN 

RE : Safety Warnings on 1 - 380 

During the past few weeks , Linn County Law Enforcement Agencies 
which include the I owa Highway Patrol, the Cedar Rapids Police , 
nn d the Linn County Sheriff ' s Department as well as the City of 
Cedar Rapids Traffic Engineering, have met with the Iowa 
Department of Transportation regarding the posting of safety 
s igns on Interstate 380 for both north and southbound lanes 
hetween 33rd Avenue SW and 32nd Street NE inside of Cedar Rapids, 
particularly warnin g a bout the area in the S- curves as it crosses 
the river jn Cedar Rapids . 

Two sets of signs have been proposed, one warning of traffic 
hazards such as sharp curves or r educed speed and the second 
se t of signs has to do with computerized notification of a 
motorist involving a situation on the highway ahead of the 
mo torist . 

The morning of January 27, 1986, exemplifies the need for some 
type of notification for motori s t safety . 

I h a d entered the southbound lane of tra ffic at H Avenue on 
1 - 380 and as I rounded the curve approaching the 7th Avenue 
exit in the southbound lane , I noticed a large amount of 
traffic but due in part to the amount of fog coming off the 
exhaust of the vehicles in the ext reme cold temperatures 
and the amount of traffic , I was unable to determine immediately 
what was transpiring and subsequently found that traffic had 
s topped on the I nterstate due to a 3- car property damage 
a ccident at the 7th Avenue exit . 

from the number of people standing along the edge of th e road 
a n~ in the right-hand lane of the Interstate traffic, it 
appeared , and I found that no injuries had occurred, and at 
that time I called in the location of the accident on my 
police radio from an unmarked car . 

Sheriff's Office 
(318] 388-3521 

Correctional Center 
(318] 388-3431 
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-2 -

Subsequent to that, two more vehicles were involved with this same 
accident and what h ad originally been a property damage acciden t 
only was now a personal injury accident situation involving a 
total of five cars . 

Had the warning signs been properly installed and in working 
order , the Police Department could have immediately flashed 
up - traffic ahead , reduce speed o r whatever message they felt 
appropriate at that time from my observation . 

I believe it is nec e ssar y that s t eps be taken to mark tha t 
stretch of Interstate highway, both northbound and southbound, 
a s had previously b e en discussed with the Department of 
Transportation and the various law enforcement agencies in 
Linn County . 

I , as Sheriff of Linn County, would strongly urge tha t steps 
be taken to enhance traffic saf e t y and reduce the numb e r of 
property damage accidents and would take steps to prevent 
persona] injury accident s and /or deaths to the motorist. 

DHB/ph 

Respectfully submitted, 

~ii--~ 
DENNIS H. -BLOME, SHERIFF 
LINN COUNTY, IOWA 



IOWA DEPARTMENT OF 

Chief Gary Hinzman 

blic ~ ~afety 
TERRYE. BRANSTAD 

GOVERNOR 

GENE W. SHEPARD 
COMMISSIONER 

DIVISION OF 

IOWA STATE PATROL 
WALLACE STATE OFFICE BUILDING 

DES MOINES, IOWA ~o:irn 
515/ 281-5824 

April 15, 1986 

Cedar Rapids Police Department 
310 2nd Avenue SW 
Cedar Rapids, IA 52404 

Dear Chief, 

I wish to recommend that something be done to alleviate the traffic 
problem and hazard that exits on I-380 from St. Lukes to the general vicinity 
of the Police Department . 

As you are very well aware, this particular area constitutes a very dangerous 
situation to any peace officer that has to work an accident due to hazardous 
road conditions. If a multiple vehicle accident occurs, 'Which is quite often 
the case, it is a life threatening situation due to the amount of slope, the 
fact that i t is a bridge surface and elevated, which leaves the officers no 
escape from an impending accident, not to mention the danger to the motoring 
public. 

As the District Corrmander for the Iowa State Patrol, I believe that a 
reduction of speed through proper warning signs at tlffies of hazardous road con
ditions , including accident situations, would alleviate the problem. 

My interest in this problem is two fold and includes peace officer and 
motoring public safety . Needless to say , it is just a matter of time until 
someone is killed in this location. It could be a State Trooper . Anything 
you can do will be appreciated . 

BOH/mn 

Yours for a safer Iowa, 

CYf.--P 4 r tJk J ildt 
Colonel Frank Metzger 
Lieutenant B. D. Hall 
District #11 Commander 
Iowa State Patrol 
5400 16th Avenue SW 
Cedar Rapids , IA 52404 



I-380 
TRAFFIC FLOW AND SAFETY 

INTRODUCTION: 

Since opening of Interstate 380 (I-380) through central Cedar 
Rapids in the area of the 5-In-1 structure, traffic utilizes six 
lanes of traffic through two curves located on either side of 
the Cedar River. Following opening of the central section in 
1979-1981 problems began to be experienced relative to specific 
safety aspects of this portion of I-380. In April of 1982, with 
I-380 opened only to 32nd Street, a significant multiple vehicle 
accident occurred within the southbound I-380 lanes on the curve 
above 1st Avenue West. This multiple vehicle accident involved 
approx imately 29 vehicles. At this time City officials became 
very much aware of the potential for further accident occurrence 
and began discussions with the Iowa Department of Transportation 
on the s ubject o f "preve ntion of acc idents" and "prevention of 
multiple accidents". 

The purpose of this report is to summarize the past history of 
I-380 specific to traffic f l ow a nd safety with an intent to 
initiate further considerations by the Iowa Department of 
Transportat ion, and t he Federal Highway Administration to 
address this specific concern. The objective of this report and 
a ny further act i on is to mi nimi ze the potential of injury and 
fatal accidents, a nd multiple accidents in the subject area. 

BACKGROUND: 

History 

The original concept of an expressway through Cedar Rapids 
to relieve traffic on 1st Avenue began as the Cedar Valley 
Expressway. Portions of this original concept were 
incorporated into the I-380 concept through Cedar Rapids. 
Following is a section by section summary of t he completion 
and costs of I-380. 

Construction on I-3 80 began in 1969 and was completed 
t hrough Cedar Rapids i n 1 982. 

*Sept. 19, 1973, the 1 4 . 6 mile stretch from I-80 to 
Airport Road in Ceda r Rap ids opened. Cost: $16.8 
million. 
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*June 25, 1976, the 5.7 mile stretch from Airport Road 
to Third Avenue S.W. opened. Cost: $42.2 million. 

*June 11, 1979, the 1.4 mile stretch from Third Avenue 
s.w. to Eighth Street N.E., including the five-in-one 
bridge.) over the Cedar River ,opened. Cost: $41.4 
million. ($10.5 mill i on just for the five-in-one bridge.) 

*Dec. 4, 1981, the 1.8 mile stretch from Eighth Street 
N.E. to 32nd Street N.E. opened. Cost: $26 million. 

*Nov. 
N.E. to 
million. 

17, 1982, the 2.8 mile stretch from 32nd Street 
Boyson Road in Hiawatha opened. Cost: $29 

*Aug. 14, 1984, the 18.1 mile stretch from Boyson Road 
to Highway 101 near Urbana opened. Cost: $36.5 million. 

*Sept. 12, 1985, the 30.2 mile section from near Urbana 
to Waterloo opened. Cost: $100.3 million (construction 
cost only). 

Figure A pictorially indicates the sequence of construction 
and cost of I-380 from Interstate 80 to Waterloo. 

Traffic Volumes 

Construction of Interstate 380 through Cedar Rapids changed 
traffic patterns on all adjacent streets. Some paralleling 
streets dropped 50 percent in traffic. First Avenue, which 
at one time carried 45,000 cars per day has dropped to 
30,000 to 35,000 cars per day in various sections. 
Interstate 380 has already fulfilled its purpose and traffic 
projections by carrying in 1984 approximately 54,000 cars a 
day on its heaviest segment north of the 7th-8th Street 
Interchange. Figure B provides an overall assessment of the 
traffic volumes on I-380 through Cedar Rapids. 

Accidents 

Controlled access facilities such as I-380 have lower 
accident rates than facilities that are not access 
controlled and which are not designed for speeds indicative 
of freeways. Information (1984) released by the Iowa 
Department of Transportation indicates that Interstates 
within municipalities have an overall accident rate of 176 
accidents per million vehicle miles. This is further 
defined as 58 injury accidents and 1.38 fatal accidents per 
100 million vehicle miles of travel . The intent of this 
report and the following discussion is not to relate to the 
overall urban interstate accident statistics in the State to 
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this segment of I-3 80 as much as it is to identify 
specifically within Cedar Rapids the areas on I-380 where 
accident problems have exi sted that have the potential for 
serious multiple car accide nts. 

While t he s pecific areas of concern are the two curves 
basically loca ted above Fi r st Ave nue and adjacent to the ash 
pit behind St. Luke's Hospital, a study section was 
identified f r om the 33rd Avenue S.W. interchange north to 
the 32nd Street N.E. interchange. It was determined that 
accident information would be compiled for the three year 
period b e ginni ng January 1 , 1 983 through December 31, 1985 
to quant ify t he accident p roblems in the subject section. 
Due to the Cedar Rapids s yste m of accident records being 
more in dept h, these records were used for the accident 
information i n this report. Figure C provides a summary of 
all of the accidents over the three year period which were 
available from the Cedar Rapids Police Department files in 
terms of number, type and location. Following 
identification of the number of accidents as shown on Figure 
c, each of the accidents were reviewed based on the reports 
on official file and a collision diagram was completed and 
is shown as Fi gure Dl and Figure D2. 

The accident review determined that vast majority of 
accidents on the curve above First Avenue West involved icy 
conditions. The De partment ha s not reviewed in depth the 
accidents in the sense of time of day or other causes, 
as the i n t ent at this time was to document the frequency 
with subseque nt recommendations for in depth review and 
followup of the specific problems by an outside source. 

Since January 1, 1986 through February 28, 1986, 11 
additional accidents have occurred on I-380 ' between 8th 
Avenue S.W. and the ash pit curve. The attached article, 
Figure F, from the Cedar Rapids Gazette, reports on two 
multiple car accidents occurring in the curve area on 
February 3 and February 4 , 1986 involving 5 and 9 vehicles 
respect i vely. 

Seguence of Events 

The following is a summary of events which occurred, 
beginning with the approximate 29 vehicle accident in 1982, 
leading to the proposed meeting on April 16, ~986. 

April 5, 1982 - Approx imate 29 vehicle accident on 
southbound I-380 above First Avenue West. 

Nov. 17, 1982 - A meeting in Chief Baker's office, C.R. 
Police Department, attended by Iowa D.O.T. and Traffic 
Engineering Departme nt staffs to discuss the curve and 
safety problems. 
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Dec. 1, 1982 - Letter from Traffic Engineering 
Department to R.C. Henely, District Engineer, Iowa 
D.O.T., calling attention to the area of concern and 
requesting appropriate actions by the Iowa D.O.T. 

Dec. 2, 1982 - Received confirmation of D.O.T. approval 
for installation of a 48 inch curve sign and flashing 
beacon for southbound traffic in advance of the curve 
above First Avenue. 

April 11 , 1983 - Traffic Engineering Department letter 
to the Iowa Department of Transportation calling 
attention to the concern for prevention of accidents 
and multiple accidents and requesting consideration for 
installat ion of changeable message sign. 

Aug. 30, 1983 - Traffic Engineering Department letter 
to the Iowa Department of Transportation requesting 
stat us of previous correspondence of April 11, 1983. 

Sept. 6, 1983 - Letter from Iowa D.O.T. indicating no 
answer has yet been formulated on correspondence of 
April 11, 1983. 

Nov. 27, 1985 - Meeting held at the C.R. Police 
Department Academy attended by Iowa D.O.T., Iowa 
Highway Patrol, Linn County Sheriff's Office, Cedar 
Rapids Police Department, Traffic Engineering 
Department. The meeting discussed the current status 
of the previous request and current concerns. 

Jan. 31, 1986 - Traffic Engineering Department letter 
to Iowa D.O.T. requesting FHWA review. 

April 16, 1986 - Proposed meeting ~cheduled for FHWA, 
Iowa D.O.T., all law enforcement agencies, and City of 
Cedar Rapids staff. 

CONDITIONS: 

The following is a summary of 
correspondence t o the Iowa D.O.T. 
19 8 3 from City Traffic Engineer 
District Local Systems Engineer. 

conditions as provided 
in a letter dated April 

M. B. Meyer to James 

in 
11, 

Loy, 

Over the past year 
regarding conditions 
accident potential 
area of the curve 
Department. The 
identified is that 
creating a potential 
the curvature of the 

numerous discussions have occurred 
surrounding the accident occurrence and 
on Interstate 380 specifically in the 
adjacent to the Cedar Rapids Police 
problem which has been previously 

the structure has a tendency to ice 
for accidents which when combined with 
roadway creates an unexpected condition 
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for the motorist. This condition resulted in a 29 car pile 
up on April 4, 198 2 . After the single car accident 
occurred, the vehicle came to rest at a location which was 
no t adequately visible to a pproaching traffic, consequently 
when additional southbound vehicles came around the curve, 
al so experiencing icy condi tions, they were unable to stop 
i n time resulting in the involvement .of numerous vehicles. 
It was extremely fortunate that the situation at that time 
did not result in significa nt inj uries or fatalities. While 
other accidents have occurred in the vicinity, the City's 
major concern at this time is to pursue the problem and seek 
resolution to reduce the potential for a repea t occurrence 
in the next winter season. 

Based on a review of the matter before the City Council, we 
have be e n directed to officially request the D.O.T. 's 
readdressing this concern with specific suggestions as 
follows. While the Department of Transportation installed 
two advance curve signs with flashing lights in the subject 
area for both north and southbound traffic, this type of 
signing is qu ite passive and would not appear to be of any 
assistance to the motorist in warning them of icy conditions 
or of pending ha zards due to an accident which may have 
occurred in t he curve area. There are two conditions of 
concern. First, what can be done to prevent accidents from 
happening in the area, and secondly, if an accident happens, 
what can be done to limit the involvement with additional 
vehicle s approaching the accide nt site? There is an area 
approxi mately 1200 feet in length for southbound traffic and 
300 feet in length for northbound traffic which provides 
a marg inal stopping sight d istance when icy conditions 
exist, therefore, not providing adequate visibility to 
approaching motorists to stop or otherwise adjust their 
movement. The following suggestions are made: 

1. Prevention of Accidents - In addressing the 
prevention of accidents in the specific area, it appears 
the only method of advising the motorist of the 
condition when it a ctually occurs is to install a 
changeable message sign that would indicate "Icy 
Conditions on Bridges" or a similar message when the 
actual conditions existed or perhaps during the entire 
season when the icy condi tions could occur. Enclosed is 
a copy of current literature on one brand of ice 
detection equipment. 

2. Prevention of Multiple Accidents - After an accident 
has occurred in t he subject area, it is appropriate to 
advise approaching mot orists of the condi tion ahead. It 
is suggested that a changeable message sign indicate to 
the motorist "Accident Ahead" or a similar appropriate 

mess a ge for the approaching traffic to advis e them to be 
alert, reduce speed or expect to stop. 
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The proposed location of the changeable message signs is at 
approximate station 354+66 for southbound traffic and 
approximate station 290+30 for northbound traffic. You will 
note that each of these locations is on existing sign 
structures approximately one-half mile in advance of the 
location in question. It appears that adequate room exists 
on each of the existing overhead structures to install a 
sign as previously referenced. 

While the efforts which the Department of Transportation 
have taken in the past providing early morning inspection of 
bridges and spreading of sand when necessary are 
commendable, they do not address the specific problem 
referenced. 

Similar conditions have occurred in other cities and States 
which have been addressed with changeable message signs. 
The proposed method of signing has been previously used, 
proven successful, and is appropriate to the Cedar Rapids 
situation. It is in the interest of safety that this 
request is made for your consideration in furtherance of the 
project. 

During the meeting on November 27, 1985 each of the law 
enforcement agencies, including the Iowa State Highway Patrol, 
the Linn County Sheriff's Office, and the Cedar Rapids Police 
Department expressed strong concern about the conditions which 
existed on both the curve previously referenced in file 
information, above First Avenue, and an additional curve 
adjacent to the Ash Pit behind St. Luke's Hospital. As a result 
of these discussions the Traffic Engineering Department 
initiated this report. 

Following the meeting on November 27 the Traffic, Engineering 
Department reviewed literature, reference material, the location 
in question, and identified a concept of incident notification 
signing for the two curves in question. The intent of this 
concept was to provide an idea or concept of what could be done. 
It was not intended to indicate a specific proposal for 
installation. Its purpose was to clearly indicate potential 
measures that could be taken to (a) reduce the potential for 
accidents, and, (b) to reduce the potential for multiple 
accidents after a single accident may have occurred. Figure E 
provides the concept plan for Incident Notification Signing. 
The specific legends should not be taken literally as they are 
only a concept of a multitude of various messagei that could be 
provided to clearly indicate to the motoring public the 
conditions which exist in the areas of concern. 
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SUMMARY: 

The concern for safety on Interstate 380 specific to the two 
curves in question has been reviewed previously by the Cedar 
Rapids City Council. This concern was more recently identified 
by a meeting of the Iowa Highway Patrol, Linn County Sheriff, 
Cedar Rapids Police Department, and the Cedar Rapids Traffic 
Engineering Department in conjunction with the Iowa Department 
of Transportation. All indications are that there is unanimity 
as to an expressed concern for safety to be maintained on the 
Interstate in ·future years. Each governmental agency and 
Department has a vested interest in maintaining the safety of 
the motoring public in addition to a responsibility to further 
implement those measures that can improve upon the future 
safety. The Iowa State Highway Patrol, Linn County Sheriff and 
Cedar Rapids Police Department have provided letters of concern 
on the safety aspects of this portion of I-380. This 
correspondence provides an insight into the problems associated 
with the curves, the investigation of accidents, and the safety 
of the motoring public. The importance of these views cannot be 
overestimated. These letters are provided in the forefront of 
this report immediately following the title page. 

The meeting scheduled for April 16, 1986 to be attended by human 
factors experts of the FHWA in Washington, other FHWA 
representatives, Iowa Department of Transportation, Iowa State 
Highway Patrol, Linn County Sheriff's Office, Cedar Rapids 
Police Department, Traffic Engineering Department and other 
officials of the City and State, will bring together a clear 
consensus of the scope of the problem and the potential 
solutions to be determined. While this report did not attempt 
to provide specific recommendations, earlier discussions focused 
on the need to specifically confirm the problem followed by the 
initiation of an in depth study by a consultant to identify the 
scope of the problem and to identify the solutions, following 
which a plan for correction could be implemented. 
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2nd 1-380. pileup;,:.electric 
By Mark Gleon 

Gazette City Hall reporter ' 

Cedar Rapids ci ty officials belteve 
electronic warning signs on Inter
state 380 in the city could reduce 
the number of chain-reaction acci
dents like those Monday and Tues
d~ . . 

Shortly before 8 Tuesday morn
ing, icy conditions caused a pileup 
involving nine vehicles on the 
interstate over the 5-in-l Dam 
complex. Monday morning, five cars 
were involved in a chain-reaction 
accident caused when' one driver 
stopped on the traveled part of I-
380. No one was seriously injµred in 
either accident, but in the · one 
Tuesday, traffic was slowed for 
about an hour. .:<: , 

Cit~• officials .are working with 
area public safety offi_ciiils and the 
Iowa Department of _Transportation 
on a 'proposal' to install-- abouf.a 
dozen message boards that. would 
warn . motorists ·· of dangerous ·road 
·conditions or . accidents on . two 
curves · near the city's .. ·d6writown 
area. ·> 
. · 'cedar Rapids·, Poli~i Chl~f Gary 
Hinzman said _Tuesday that such a 
system could cut the number of 
multiple-vehicle pileuf!s .and reduce 
danger for motori sts··appr.paching an 
accident on that part of the inter
state. · . '· . · 

In addition, Hinzrilan said, the 
· sign system would make the acci-

dent area safer for drivers who leave 

their wrecked vehicl~s. law'.•~mcers 
investigating the accident and those • 
trying to clear the roadway. . . · 

Linn ' County Sheriff Dennis 
Blome said such a system could 
improve "offfcer safety and·. public 
safety.'' Blome said he drove by• 
Monday's accident and called in the 
three-car crash on his car . radio. / 
Soon after, it turned into a five-car 
accident, because two other motor
ists didn't know there was a wreck 
ahead, he said. · · 

SOURC.E.: 
CE.DAR R/\P\DS 
Gf\Z.E.TTE.. 

FEBRUAR'< 3, 19Bb 

signs . proposed 

.. ·Floyd Bergen, Cedar Rapids city 
;: c&u13cilman. ·agreed that the sign 
\ system would improve safety on· the •· 
.: . interstate, especially if visibility is-., 
· hampered by. weather conditions. 
"It really is putting a lot of people'~ . . 

. lives in · jeopardy," he said. · ; .·,. · 
• · To ' solve those problems, Hinz
man . said they ar~ looking at :;, a . 
system .of ptogrll:mmable electronic 
signs alohg · the no_rthbound ' Janes 
between 33rd Avenue SW· and the 

_ bridge, and th1:;· southbound · lanes 
: between, .32nd . Street NE and- the · 
downtown, area. 

, ,, , 1 . • • •.,. l, •/ : • • • : 't ,, 

The . si'f5!1·s; :which , qould be . con- . 
. trolle'd 'from one of the public safety 
: · ' cqmmtinicaffon' centers in the ._cjty,, 
. · would warn· moto'rist s of icy condi~ : 

tioris, Hinzman said. As commtinica-
. tions persoµriel receive information 

from officers/ a t /,tlie , s~ene,,, they 
could use th"e .. signs to tell drivers t o 

. slow down, move to a different lane 
or tell which exit to take if the 
interstate is blocked by an accident, · . 
he said, 

A rough estimate places the cost . 
of the system at less than $300,Q°00, · 
Hinzman said. , 

PLACING WARMNG signs along 
the interstate is not a new idea. 
Several years · ago, after a 28-car 
pileup on one of the curves in Cedar 
Rapids,a similar plan was proposed ·• 
to IDOT, but that's as far as it went; 
officials said. 

The idea was resurrected . -by 
Hinzman before winter began. Hinz
man said sevei;al meetings among 
area public safety and highway 
officials · concluded that the sign 

.· system would be the best solution to 
,JJ.:10 problem. 
· ·• Mel Meyer, head of the city's 
· traffic engineering department, said 
. a report on the accident problem 
: should be completed within 30 days. 
; )f approved by the Cfty Council, the 

report will. be submitted to !DOT, 
then forwarded to : the · Federal 

·. Hikhway Administration, Meyer 
_: said. . 
r ' :·• • -. . . . , .. ~ -·· 
:, :·. The proposal asks federal officials 
t6 fund an in-depth study: of the 
. problem by a : consultant, ·· Meyer 
· said.That study.could conclude that 
the best way to solve the problem is 
the; .electronic signs, he said, or it 
couid ' cortte up with another, better 
recQmmendation. : ; I · 

CEDAR RAP IDS 

GAl[TTE 
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ATTACHMENT 
B 

FIELD TRIP REPORT 

Federal Highway Administration 
U. S. Department of Transportation 

Prepared by 
Harold Lunenf eld 

Engineering Psychologist 
Traffic Engineering Applications Branch 

April 14-16, 1986 

(While the above report included analysis of other portions of 
I-380, only that section pertaining to the area between 32nd 
Street NE and 33rd Avenue SW is included in its entirety as 
Attachment B.) 
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~ashington, D.C. to Cedar Rapids, Iowa, and return. 

,ue-os: 

To revie~ four problem locations in the Cedar Rapids, I-3 80 corridor in Iowa, 
identi:y hu::-:s.n factors rels.ted problems, and recormnend i mp rovements. 

nlt-:CIPAL CONiACTS 
Jack Latterell, James Hogan, and Bruce Baldwin, FHWA Iowa Division; 

1)-,:ight Stevens, Harold Shiel, and James Loy, Iowa OOT; :Melvin :Meyers, city of Cedar 
Rapids, Iowa. 

ACCOMPllSHM:NTS O~ R:£:.:~ TS 

The problem sites, two interchanges, an urban intersection, and a mainline section 
of I-380 were reviewed, problems identified, and suggested improvements identified. 
A field trip report was generated covering all aspects of the field review and 
in-house analysis. 

SU2S!:OUENT ACTIONS TAK: N 
The field trip report was reviewed in-house and by FH\.JA Iowa 

Division personnel. 

Copies of the field trip report will be sent to the Region and 
Division for implementation. 

f:COMMfNOA i IONS 
Those lace tions where improvements can be readily implemented should 

be treated in accordance with the findings of the field trip report. For the 
sites (the urban intersection and the freeway rr~inline section) requiring more 
study, efforts should be initiated to collect the requisite data to develop needed 
improvements. 

OTI-Ht Pfi;TINfr-.:; m,-,.s 
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FIELD TRIP REPORT 

A HUMAN FACTORS EVALUATION OF FOUR LOCATIONS 
ON INTERSTATE 380 IN CEDAR RAPIDS, IOWA 

o I-380 SOUTH/US-30, US -218 
o 1ST STREET/ E & F AVENUES 
o I-380/IOWA-100, COLLINS ROAD 
o I-380 NORTHBOUND & SOUTHBOUND-

(32ND STREET, N.E. TO 33RD AVENUE, S.W.) 

HAROLD LUNENFELD 
ENGINEERING PSYCHOLOGIST 
FEDERAL HIGHWAY ADMINISTRATION 
OFFICE OF TRAFFIC OPERATIONS 
WASHINGTON, D.C. 20590 

MAY 30, 1986 
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A HUM .AN FACTORS EVALUATION OF FO UR LOCATIONS ON IlffERST.A.TE 380 IN 

CEDAR RAPIDS, IOWh .· 

Introduction 

On April 14, 1986, an informal drive-through of Interstate 380 in the 

Cedar Rapids area was conducted by Haro1 d Lunenfel d of the Federal 

Highway Administration (FHWA). This activity assessed the driving task 

and potential pro~lems on I-380 north and southbound between 32nd 

Street, N. E. and 33rd Avenue, S. W., the interchange of I-380 southbound 

and US-30, US-218, and the interchange of I-380 and Iowa -100, Coll ins 

Road. 

On April 15, 1986, a field review was cond ucted by Harold Lunenfel d of 

FHWA Headquarters; Messrs. Jack Latterell, James Hogan, Bruce Baldwin 

and Dominic Hoang of the FHWA Iowa Division; Messrs. Dwight Stevens and 

Harold Schiel of the Iowa Department of Transportation; 

Mr. James Loy of District 6 of the Iowa DOT; and Mr. Melvin Meyer, the 

City Traffic Engineer for the city of Cedar Rapids, Iowa . This field 

review assessed the aforementioned locations, and a fourth one, the 

intersection of 1st Street and E & F Avenues at the foot of the exit 

ramp of 1st Street from I-380 northbound. In the course of this field 

review, and a subsequent meeting at the Iowa DOT District Office, 

reasons for driver problems were discussed, and potential measures to 

improve the safety and operations of the four locations were identified. 

On April 16, 1986, a second meeting took place, at which time the group 

that participated in the field reviews and meeting of April 15 was 

joined by Chief Hinzman and Lt. Benners of the Cedar Rapids Police 

Department, Sheriff Bloom of Linn County, Iowa, and Lt. :Hall of the Iowa 

State Highway Patrol. At this meeting, concerns were expressed by the 

various 1 aw enforcement officers relative to incident management 

problems on the five-in-one structure of I-380 over the Cedar River, 

Cedar Lakes, and the Cedar Rapids Central Business District {CBD). 

1 
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Background 
Accident. plots, site plans, memoranda and a report OLJtlining a 

preliminary system of changeable message signs were submitted several 

weeks prior to the field review by the FHWA Iowa Division and the IOWA 

DOT for the I-380 mainline problem location. This material, augmented 

by verbal discussions and reports submitted by the Cedar Rapids Traffic 

Engineering Department, all indicated a high potential for roadway icing 

at two compound curves on I-380. -This segment has a substandard 

geometric design, inadequate sight distance, and a high accident 

frequency, and has experienced several chain reaction collisions since 

it was opened. Incident detection and management was also identified as 

a major area of concern by enforcement authorities. 

Information was also provided for the three other sites covered by this 

report. The I-380 South/US-30, US-218 interchange was identified as 

causing lane posi ti oni ng di ffi cul ty due to unusual geometrics and poor 

visibility; the intersection of 1st Str~et and E & F Avenues was 

identified as having visual clutter, poor sight distance, and a high 

accident frequency; and, it was indicated that the Interchange of I-380 

and IA-100 had unusual geometrics, partially obscurred sight distance, 

and signal operations questions. 

Human Factors Field Review 

All sites were assessed in the field. In the course of these reviews, 

drive-throughs were conducted using corrrnentary driving, and traffic 

operations were observed. It was determined that each site had varying 

degrees of driver perception and task performance problems. 

This report sets forth the results of the field reviews, meetings, and a 

human factors analysis of each of the four sites, .· and presents 
. . 

suggestions and recomnendations. The location of prime concern to the 

State of Iowa, th~ city of Cedar Rapids, and the · law enforcement 

agencies, is the mainline segment of I-380, north and southbound from 

32nd ·Street, N.E. to 33rd Avenue, S.W. 

2 



The analyses, conclusions and recommendations in this report are 

preliminary in nature, as it was not feasible to conduct a comprehensive 

site survey and operations review or collect performance data relative 

to speeds or paths. In addition, since problems on the I-380 mainline 

section are keyed to adverse environmental conditions and incidents, 

data could not be collected under icing or accident situations. Such 

data, along with data collected during optimum environmental conditions 

to serve as a baseline for comparison, will be needed to design 

improvements and evaluate their effectiveness. 

Conclusions and RecoITTIJendations 

The sites for which the human factors analysis, field reviews, and 

technical discussions were conducted al 1 are determined to have design 

and/or operational defi ci enci es that have contributed to driver 

problems. The following is a surrrnary of conclusions and recommendations 

for each site. Individual detailed discussions are presented in 

separate sections of this report. 

0 

0 

j~3a·o/US?,)'o~;:)Js;218-Trrtercha"n;;: _ _l_.-~-J.h i s··~.:-~::Jnt;;:-~hange .. : .. _is? 
iuncb onafiy ··:·-an ···-opti ona 1-·--· lane split with .;~restricted .sight : 
'a'ifiance;-- Howev·er-;·-0t · -i s··-s·; gne,r:aIC"'"a_n __ ;hie? ~h-~r1gt J.an'e ·~dr:op ~; 
causing ·problems with~-·1ane · assignment -at its gore, and on its 
!wo-1 ane exit ra~p . .. _8-_as_~c!_._ on an_ a.!1

0
a],~_s_t~ _ _i)f .-:t~.i..?_J _p.c-=aJj_~ll., .... .Jt ~ 

1_s . _concl ud~d that_I a :standar~::Jw9.;:,[an~.~J:~,tt ;;,1.•o ,th ;;0pt1onal.;,J.are 11 
• _; 

'ai agra·1m1ata1 c'-·--treatmeiit f:\:i n1,::·a~ccordanfit::m th~~itne~MUTCD.:-rt:inoul d / 
?J.!~~~1~~:2~1:~'"~~2,!~··: s·· · ,_ a_~-( :a~~~ ef~~enf-:~i,rob1 ems··~-·1 - - --· ·· 

ls'f''st~;fJE,T'Ave;~-e-; ~in-ter~s-ecllon:; This intersection is 
ocated at ··· =the end of ··-the -·· I-380 northbound "1st . __ 

Street-Downtown" off-ramp. r:ff~':fs'"'::"'~situate'cr'::l'na'7vi stfal ly ./ 
cTii'tterea -·--envrronmenf,"; with ... pcior·""···s; ght ~·"di stance ·"-caused .... by . 
1:."380 1 s ····structure ·· overhead. It experiences a high frequency of 
collisions, primarily right-angle and (illegal) left-turns. 
More data are needed to pin-point exact problems and develop 
specific improvements. )1owever.,. a_p.r:e l im'inary---ana lysi,?~. P.~i n_t _s 
to .... the _conclu_si_ons that jl)_The_Site_'_s __ safety ... .c:ould_ be enhanced", 

-~v . reducing'.;: l utter; .:. { 2} The· "ta·rget ~-'val _ue : of- JmP.P..r.tiift~ faJf'.ic r. 
:c1>ntror'·devlce·s""~ffeeds · to ~ be ,·.'.'increa~sed;1 {3} Yerbal:''eciu'cational ~-
°pl ~t'e:S- o~~:}ymb_q~Ic .:J~r..r ;ri?.1ILSJl~,n~~11.~~~,, _ _c:o~_1 d .. J_ri·~~e~s·e·: ... th:i. ~ ~. 
comprehens, on; ( ~) Add1 ng c-:'saf~ty ·.-~·sh~pes ··-~al:.,, ,, ihe 1 ntersect1 on"" . 
c·ouJ d ·further ·-prohibit the . j_l 1 egal _' 'J ~ft~.-·turn';:• and :, { 5J=_: Chiinges r 
r1ri the··-iriters·ection's traffic: ·operations ·may · reduce some '·of the L~~-~~-'~~-.?~~-b2.~~~-~--· = --.~ - r · -.. .. --•-.. - ~---- :a .c.~-~ - ·· . . .. -·---,- . . .. -
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0 

· 1-330:'~ch·a-iOOs Cc!i~ns Ro2d Interchcn;e: Jh·i s sit~ is c 

:.nree -I:: VE I G1amono rn-cercnanae \·n.:n rull si9,-;a11za.:ion i,; t he 
ii:iC: -ie ·.-Ei pl2tfor:r,. It hes som-:= sicht dist2n ce restrictions in 
t1->·o cf the pla.tfom's quadrants. An analysis 2.nd observation 
of this interchange yields the conclusions that ~hiie its 
design is unusu=.1, the lov, trc.ffic volume and current trc.ffic 
ope rations are such that the interchange does not now appear to 
be a proble-,n_. ___ .,. This is bo~r) ___ out __ by the site's accident 
exp_er:-_ience. ·: it is coricltided ·'--that the site's markings ·.nee_d. to -

·be im~roveci, and that full si~nal actuation is required. · 

.I-380 Northbound and . Sotithbound--(32nd Street, N. E. to 33rd ?.ven,E , 
S.\:i.: ·i n1s 1::21n11ne secc1cn or Int.ers-ca-ce .:, c~ 1s ·· somewnat. 
geometr-~ ca1l_y substandard in the vicinity of Cedar ·La~es, the 
Cedar River, and Cedar Rapid's CBD. The problems are primarily 
2ssoci2ted with two compound curves and restricted sight 
distance, whi ch, when coupled with the rapid icing t h2t occurs 
during adverse weather seasons, result in a high number of 
ice-related single 2nd multiple vehicie accidents. The poor 
geometrics and sight distance, in addition to contributing to 
the site's ii1Uiti-vehicle collision potential, also hamper 
incident detection and manaaement acti vi ti es, and are felt to 

,. be h2zardo~s __ by ___ authorities. ·:-patf .~:-·at?:tJacking- ·to-· "fu71 y 
·desc ri !5e--fhi s i oca t"i Ori~ s-~proo7 em!fj '" ,·and ·' to ·aevel cp e-Ff ecti ve 

·~- improvements. Based on 2. · preliminary . e.nalysis, it is conc1ud&d 
'/ that · the_re : 1 s· ·a-·ne·fa ·~.:lor ~a''~frafrl~ '-_niaffag'efo_e'nt team approach to 
1.dey~l-oJ.it: an :~ ef._fect1 __ ~e·_-J5}a_~.:~f.§x:~:,~=~Jy)1i'~.;,~,c.>Pr<U na t _ed ,-.,~ff.ort ._. O! 
,-":~G&1-,l~$:--:.'.to ,~ dr.1_ v,.er~ __ , pr:1 or __ 1..0 .. ,-~u,,;J,.nc! den_1..~ ~['~. a .Jul\ -~YS~em ~ ?'j ; 

1 np aem; :-. dete~tl. on_, , ... rnanaaemen_~ ,,, ~nd ,.,:,con-cro1 ~-· Elements or . t11 1 s 
~ys"t'sm ~'sli'o·u1 ·a ·~tnc1 ude -·; ce ,. de'te-cti on~:-·"freei:-vay surf ace treatment, 
, survei il a nee, di version, and .. 1 ane . ci osu,e. · The mo tori st 
'information di sol ay 2spect of the sjstei"ri . mus·f -be ·aevei oped and 
bful°d '' .ranQe from · fixed :and :' ·portable '•·siana6e ·;-to -real-time / ra2iEI_~r~ -: ~ J<----·-- ----- · ----~-------~-------~----------~- --:' ___ ,_ -- ---·-- · ~ 

In conclusion, two of the four sites require ~ore study to define 

probiems and develop cost-effective improvements. The Office of Tr2ffic 

Operations, FHWA, wouid be pleased to participate in those efforts. TTF --: 
-,-· ,_...,..----- -- -- . -.. -- --- -- --- . - -- --- - - - . ------ --..... --- -- ... _: ..... -:-· .. .,, . 

"':'" '1 s reco;j]tieIJ.c:J..ed th-at- arif imprcve:ilents deVei opec1--s11o·u1 d ·oe enl u2.ted for . 
. / ;i::~.;:.:-v·--~--=--:·~- -:~ ~~~::.;-~-. ~ -~- s;.. ~.' ~----- =~ :~:""'-~ -----6-~ -,..1"\.;.- ~-- ·r.,~.., -i;_ r.->- .- ; ·.-~ - c::..:i - rt: - ~-- : 

:;:; 1 :;:_._1.::.iE-S, pcr1.1culcrly 1, ' "' :--' ' OVc....:.<:!:: .. ~ G:::: 1 ,:,;-1! ~ :;1€.i .. :::d ,n -1.~St:-. 
, .. -- ---- -·- ·-:., __ __:, , _ __ ···- ·· ..,:. .::_ ._ ,_~ ... -. ·-- - ... - ·· ·----- - .. . _-:_ .. .. - -•- - ·-·- ····---- ·· ···· 
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I-380 NORTHBOUND AND SOUTHBOUND FROM 32ND STREET, N.E., 
TO 33RD AVEHUE, S.W. 

Problem Description 
Problems for both northbound and southbound I-380 in the segment from 

32nd Street, N.E., to 33rd Avenue, S.W., are similar in nature. In both 

directions, the road transitions from an essentially rural design to an 

urban freeway on structure, with cl ose_1y spaced interchanges, compound 

curves, and moderate traffic volume. The facility is relatively new and 

constructed to current Interstate design standards. Ori vers genera 11y 

do not experience problems for most of the year. However, during cold 

months, the section of I-380 on the 11 five-in-one 11 structure over the 

Cedar Rjver, 

rapid icing. 

di stance and 

spaced bridge 

Cedar Rapid I s CBD, and Cedar Lakes, tends to experience 

This environmental phenomenon, coupled with poor sight 

alignment in the vicinity of two compound curves, widly 

joints, and a lack of adequate shoulders on the structure, 

results in a transitory hazardous situation. When ice occurs, there are 

a number of loss-of-control crashes that create the potential for 
11 chain-reaction 11 multi-vehicle accidents. in addition, police engaged 

in incident servicing feel that they are in jeopardy because of the poor 

sight distance and lack of refuge. Two problem classes exist, problems 

associated with the hazard(s) prior to an incident, and problems 

associated with incident management. In addition, four goals have also 

been identified: (1) Prevention of accidents during icing conditions; 

(2) Prevention of secondary collisions and chain-reaction accidents once 

an initial incident has occurred; (3) Protection of officials 

investigating and managing incidents; and (4) Diversion of traffic when 

lanes, or the road itself, have to be closed. 

Site Description 

The section of freeway between 33rd Avenue, S. W., on the south end of 

I-380 to 32nd Street, H.E., on the north end of I-380 has three lanes in 

each di rec ti on, a 1 though auxi 11 ary 1 anes are added and dropped in the 

portion of the facility that goes 0ver Cedar Rapi~s. Traffic is 

generally free.:.flow. There is an Afl peak in the southbound 

4-1 



dire:tion, and a PM pea k in the north bound direction (field observa tions 

con ducted during the review did not reveal such peaks). Truck traffic 

is 1 i ght, and is estimated at 3 percent. Land-use and road design from 

I-80 to the U.S. 30 interchange at the southern ··end of I-380; and beyond 

the Iowa-100 interchange on the northern end to the city of Waterloo is 

essentia11y rural, with rolling terrain and good sight distance. I-380 

transitions from a rural to an urban facility between 33rd Avenue, S.W., 

and 32nd Street, N. E. In this section I-380 is on structure th rough 

central Cedar Rapids. In a distance of approximately 5 miles, there are 

7 interchanges: 33rd Avenue; Wilson Avenue, Seventh Avenue, 

First Street-Downtown; H-J Avenue; Co 1 dstream Avenue; and 

32nd Street-Glass Road, as shown in Figure 4-1. 

While the entire section of I-380 bounded by the 33rd Avenue, S.W., and 

32nd Street, N.E. interchanges is included in the discussion, the 

primary problem site is the 11 five-in-one 11 structure over the 

Cedar Ri ver, Cedar Rapid's CBD, and Cedar Lakes. In this segment, there 

are two separate compound curves with rest r icted sight distance. One is 

1 ocated above First Avenue on the southern end; the other curve is 

adjacent to the "ash pit" in the vicinity of St. Lukes Hospital on the 

northern end. Traveling on I-380 from south to north, the road curves 

to the right over Fjrst Avenue. A police station and roadside furniture 

blocks sight distance downstream of this curve. Further north, there is 

the potential for distraction caused by a view of downtown Cedar Rapids. 

I n the vicinity of St. Lukes Hospital, the second compound curve is 

located. Billboards and a large changeable · message sign serve as 

distractions here. Throughout the segment, there are conventional 

overhead freeway advance and exit direction guide signs for each 

interchange. There is also one curve warning sign with a s ingle beacon 

that fl ashes durin g 1,i nte r mo nths. 

Traveling from north to south on I-380, the road curves right in the 

vicinity of the "ash pit." In this direction, Cedar Lake is visible. 

The road downst_ream of this curve is somewhat obscured by the off-ramp 
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structure of H-J Street. While the off road environment in the 

southbound direction in not as distracting as it is in the northbound 

direction, Quaker Oats silos are visible ciownstream, close to the 

roadway. They may serve as a distraction and also block the road 1 s 

view. Beyond the silos and the H-J Street on-ramp, there is a curve 

warning sign and beacon of the same design as that used on the 

northbound 1 anes. Downstream, the road curves down and to the 1 eft (the 

First Avenue curve). Yisiblity is restricted by the road 1 s alignment 

and grade, and by the northbound lanes of I-380 which are at a higher 

level 

Throughout the section, guide signing, markings, and delineation are 

standard and in compliance with the MUTCD. Interchange design and 

geometry is "tight", and there are a series of auxi11iary lanes between 

on and off ramps. All interchanges are on the right, and some drivers 

appear to use this segment as a local feeder to downtown destinations. 

Through drivers would probably be in the left lanes, and locals would 

probably use the right lanes. Some drivers were traveling at high 

speeds, and considerable speed differentials were noted during the field 

review. 

Problem Analysis 

The geometric design, alignment, and routing of this facility over the 

city of Cedar Rapids results in problems, both for motorists and police. 

This is particularly the case in the segment boun_ded by the two compound 

curves on the 11 five-i n-one 11 structure, and is primarily a problem under 

icing conditions. Both locals and strangers are experiencing tracking 

and accident avoidance prob 1 ems when the structure ices up. Of primary 

concern is preventing accidents and m~intaining the safety of an officer 

at the scene of an incident. There is no evidence fo indicate that 

drivers are experiencing direction finding problems, or that there are 

major difficulties with the various interchanges. 

Major driver problems are related to excessive speed for icy road 

con di ti ons, poor sight di stance, and improper road geometry. These 
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factors contribute to a 1oss of control, single vehicle or multiple 

vehicle col1isions, chain-reaction accidents, and conflicts with police. 

Human factors considerations contributing to th ese problems are 

discussed below. 

o Expectancy Violations - Several features of the mainline in the 

probl~~ areas violate driver expectancies and thereby contribute 

to the freeway's hazardousness under icy conditions. One 

involves the ,abru_pt'~transitfon lrP~r~ij''~~ssentiallY"rurai ,,- freeway l 
- - - -- - - ... ,-- . ·- • . - --•··--•-. , __ ·c . - - ··• , .. _ .i:...;.,_ -,~--- -~'...:._ • .•.. ··- ...... , - .· -

{f"o an essentially urban one: Although the view of the change in 
t.· _ : _ - • • . - , - •-- ~ l .• - •• •-- J _ _ - • • • • __ . W 

land use, particularly in the northbound direction (i.e., where 

Cedar Rapid's skyline · is visible) may prepare some drivers for 

the rural-to-urban change, many drivers would not expect, nor be 

prepared for the increased demands in task performance caused by 

the changes in design, geometrics, and traffic operations. That ___ , .. _. ·- . . ' ---··-- . . . . 

is, ; traffic . _ vqJ~riie-·~ 'fn-creases _ sulistanffa1Ty ;: Jn-fEfrcnarige's- ~ 
.... _ --- · --- ... ··- - - ----- ... -c, .. · .~·- - ;,..,,;_· :::;.:,-.. ~:..;: .. ;: •.. -- - • · : -· -~ •.,,·, . ~: ~:·•:-.·-·~ •··-. . • __ ;. 

(including auxi11iary lanes) @t'e more · comp1ex, ?r.oa.d . .:.~li_gnirient , 
q-- ---- -... -------·-~~':""-:;':=- -.,.-~- ....... -~-__ :-·":: ·•:"'"_'· ... · ,. .._·_· __ :·-::.~: -· . - ... -~::~;-:r ---.:··· .... / 
i changes -occur~ and " ' s1 ght71 st~fnce=_b~fomes · reslr1ctea:"f.:L ·.~uch ./ 

~'::::...- . . ~ ..... -~--- ·--- ..... ~ ...... - --· -. ~ ____ _ ,__ - --- ----.... , ... ~ ..... , ... - -- -- ·-·. -:-----

~hanges, occurring as abruptly as they do in this segment of 
r·;d-~y ·--- nav_e ___ ttiet· ·µotentl a1 ~or~vlof at in9 ~~ tfie ··,· expectanc1es~--o1.? 

S - , • . •. ,..,---~,a-_ . ..:..~---_ ... __ . ~=- - .... •~--'-'-•~-- ,~...c.. ______ • .....:,.._,_, __ . __ ------··· · ·· -- ··-· - · 

~}rang~~s ,} particularly those who are not used to urban driving. 

A more critical expectancy violation involves the nature of the 
~ ~~r;:,;:-r,::~-~- -, .-

icing~ th~! o<:5~s on the "five-in-one" structure. L:_Lc.irrn.~:9.<;~~r..si 
._......-:- . . _--. - "~ · - ~ 

K_rapi.dl-¥;~'~JJhout _~~~-rning;,:ancFarfec~s-~1~1s~s-Trucforeoe-fore,~an"'cf J 
~ - - • --.---.--- -.--_____;::;;:: . •. ~ '"' -:."·;·::::.,;.,.i. ... ;,.7 ~---;.~.s?~~~:S_-. __ .-: ...... ,._~~-~:: ... ~ • .. 1;: : :~-- . _ - ~- . -- --- ---·- --

G~~~~~!!~~w~:! .... :.C?&r~-~til1J'"'L~~:~the r.1b.ci..fi.g ~~1b:~~:-'-:·~ ~~a:_! Thus. 
many drivers using I-380 would not expect the "five-in-one" 

structure to be icy. In addition, theS::rb~cl.1~if:~cLirre_n.t; ~-~ -~----·-~-~..:....::...~.:.·- ,,. ~-.- ,-,.-- ·~---.,,...------ \ !~.£r~~~.1~~;. .. , ~:r._ste~, ,with the exception- of the flashing curve 
sign, ooes-·~·;rot ·· ·warn . 'dri v"ers'·'"'.of ·:'potentiai~-pFoblems··.; Thus, 

f;,_ .:.~;._•-.:.: . .-~-,:.- .r. • •. : ·--~· - - ~ •.• -:.:_-• .:-;.; -..::..:.-~:...:....::~•~ - -:/.;:' .... -=--..:~~---.u .... ·-'.~ .!•..:. •-·~.:......:: ; , .• . _. .. .. • · ---·· -- ... 

drivers probably are unprepared for ice, a d'ifficul t driving 

task, and the need for increased vigilance. 
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· Few drivers would expect a rel~tively n~w Interstate facility ta 

-have sight distance restrictions~;--a--difficulf:;.alfgnment, ' and 
. . . -. ·.• . _;_-:..,:.• .. :.": .-: .· .. :,- ; . '~~ . - - -

fbridge joints that •- affect their _task · performance_ . ../ It is 
' doubt f-~, .tha t any driver woul .. i -~Yen' u~d-~~~-t-~0

nd ~--th;~-~~mifi cations 

of these elements. Taken together, al 1 of the many expectancy 

violations of this segment contribute to the apparent lack of 

caution and vigilance of some drivers during icing conditions. 

In fact some drivers may expect ~hat the Interstate's high level 

design enables them to drive at a high rate of speed under 

adverse weather conditions. 

o iTas'k'."'1)ifficiilty/Over1 oad - A number of features in the pro bl em 
I.::: . - . . 
segment- contribute to driver task difficulty. These include 

~al1g·nme11--c·-~-··cnari'g1S:.____,dttf[~~,i~ ~-"f-nter'change~:--··aesT~-~~Tose7 
: ,. :. _ __ ,..-.::..._ . . ---• --•- - _ _,_ __ - ·-- ......:;.;.,.,-_._ _ _. ___ ,___~ ~--- ~-~!.-. .:...,..,S.:.J;•;;.~ -=~::::· .-·r;·- -:. - - - · . . 

{~E!~rc~~~ ---sp~·ci_ ng -~~.':~~-=~~!.!~?i~arr::2!.~~--~-~ · _ . f_ll?:c!~r·a_te .· tra ff; C._ .

,,.- vo rume s ;- ·spee·d .:.-ai ff e·refr1tia·1 s~~j,o~_:_.sj_gbt : __ dj __ s_t_an-~i~~ancr·--bridge ,. 
' . p'5i~-t~_ihi~h:. ~~~;-i -~g--som·e--~~-h·i·c,·~s to 11 fi shtail II at h·;;,- ~;e;d~-. -

-:;: . • • •. ....-_ - :,·-•• ·•- . . ~ • - • •••- --- -•• •r - •• - • • .... ,... • • 

·:_Adverse envi rcflirnen'tal ""tonc1ititirfs ·~uch __ ?-~S--'A'ino ;--snow~nd_J ce . add t 
f.to .the .driv~;~~·-;-: t~sk .diffku,.ti~ : Ther~--i -;·· ~,;·o --~ .. pot~ntia1 for 
" - .. , ,._ ---· -~--~-~-~-"=--·-, . . . ·--~~-·-·~ - ·---·-- ' 
overload. While the processing of the site's route guidance 

infonnation wou1d not, in and of itself, overload the driver, 

motorists a~e also affected by the site's short interchange 

spacing and exiting and entering vehicles. In addition, the 

driving task difficulty takes up most of the driver's processing 

capacity. This leaves little space capacity to respond to 

additional infonnation such as incidents or emergency disp1ays. 

,,. ,,-,~-----.. .,~ . ~~~ -::'.'~.l-:- '· :>~-- ' -~ ~ -~----~--~-~-~.:.,...., -.--:,,-,- -

( _, Sfgnt~ "Dlstaffi:e/Vi si bi l i ty :o;:.:..::~: .A,~_jnaj or~ ~E~~r..1 ~~_t_o_r..y ~ -~as_~9_ry __ ._tQ_ ..... 
,:- -•...,, . ·• · - . . . . . . ·· = . :---· ...,•- -- •'!'r·--.. - . ~ .--.,. :-.- - •.--~-•.--.. • · - --· · . • . - --- - ·- ·------- ··-. - - - .. ·- -

c m~ulTip7 e ·collisions and · police vulnurability at t1iis location, ' 
'~_; i~--~ddftib'rr~~~he'. i ~infi:·. is- th~~:,-~tk~b~~iglit : tli stahce· ·.in . the :. 

t1·c:~n~1t/~;of __ th:~ ~io~~ou~cic~~~g_; J~1ifs~Y-ac·k ,--~-i---~-ight--d·;·;t·~c~ 'at 
:.--:=A~-..4·.J:....,.~~~~r::,...,_:.· • .-.:. :..~·;:... ,..u-- .-~ ·- - •-

operating speeds (which have been estimated to be in excess of 

the posted ·ss mph) results in an unsafe situation, both for 

vehicles involved in an initial incident, and for officers and 

safety e·qui pment involved in incident management. 
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o Traffic Operations - Speed and path data are lacking for the 
problem segment of I-380. Howe ver, based on observatioans and 
police reports, 'ft _. is probable· -th~-r -· th~ ~: ~per_~iing"';-:'~speeds-J 

-:f"'.,·~~~~~~-~~~ ..... - .. _ •;; -- . . ------=---- ... ·---~----- .. ·;·'!'#, 

)!Af!l£iQJ$._::.:~~~-r_i_~g ___ i ci ~-~-' _ are ---~o_o high · -for_. r_~~ ·:c~~pi_ti_~, j 
(Q~oiti·:.jo_~::J o·ca1 s _ and st_ra-~ge.rs ·I Wh-i i" e-·--t-~a-ffi·c-·v-;·1 urn;;" a;~rt~~ck 
traffic is not excessive, an increase in either or both would 
greatly exacerbate the site 1 s accident problems. Another 

important aspect of the location's traffic operations for which 
data are lacking is whether drivers would divert, and whether 

there are routes for them to use. There is evidence that most 
drivers "wait out" a delay rathe r than diverting on to an 

unknown secondary route. This is a major consideration in any 

diversion strategy that may be employed in the event of ice, 

accidents, or back-ups. 

0 .$1ffsfract:Tons_}- r~n-a 'specf-'"oT""thi s~'si~e-: :=~~] ~h __ -~a)<~_i_n_~J:~-~~t l Y / 
/j.~~-. .,... .. ----, ... _;_,. -· , _ _______________ ___ --- - - -- . - -· • 

}c·on·tribute---=to·,.-.its- -prob1 erris ~ and whi ch-·-woal a ···-,..affet"t-~ the / 
!';_-1-· _ · .. • •... __ -- · . , . ·--:::·~• ._ · . . . . ..... , • NC "';.: •. ,-., •.. ,~·•- - ' 

ifffecti veriess of --- information-related i mprovements; :-J:; .are . 
~ ;.- .,.~.;_ ... •:..:,;..f. ;..,_.:r,, ., •~ •";'"-~T"_.r,ci~,'~'i--•.._: ,-.:.""'~~.C,°plW~ ,.;;.~:';~~$;,!~ ,~~7!",::-.-~•••; ••-· -.. • . • _ __ .. .:. :.._, _• • •--•---- - • • -•• •· • --~~-<;j,j-'rii ",<•~;.;.~...._ _. , •. • • 

t,;- d_i_strac;tion·s 9ff~_tn_e7.Jr~"v,eled-:-way. In _addition to Cedar Rapid's 
-.:. . r.:_,__..~.:...- . ....!~ --~ _-;. :..,_::!'.-:.: "':}· __.l.:.: ....,·-:.~ a-=-.:-:·..:_~-.=:.:....:.._·_,~~ --:-._~f."'---~ .. :.;_, > v .. -. , • . •-~"'-· .c ....... e . ~-=·•-···- ·--: 

sky1 i ne, there a re Jru~erou-s ··bi 11 b_oa!.~f ~,~-n-~~-1~-~::._a_l .~~~~~~-gea~ l e ; 
~ ~""~- -: ..... -:;?·r----. --::::- ~ - ._- .. ·.-.::. ~-~--:.·: .. - . ··-- . · ·- - - -· - ,.~ -~ .:-_"-_ _ , •. .,.._ .. ·. --- - . - . ~. · .. ·- --·.- ._ . . - . 

( message advertising'" :signs in the area./{ The -p_0Jice~s_t.a.tj.Q!'L_Jr_1_. 
f fi,~ -:;~~~th"tound ·-,-,H;;;ii~~~-- a-~d~~-~~=·:o-~ai-;? ·o~fi-: buifdi n"as in .. the / 
~ -" -_ . .. ·.---- ·- -·- -'.----·---'-·--··• - ·"-·- ·- . . ·-· .... __ _ __ - - . - - · --- -- . . .. ··-· - --:--..=~--;..:; .. :..":"' ...... -.: , ----- -

rs"outho6untlairecH on, may-oe- 's·c,Lifces··-_--of --,-drfver .. di stra_c~.iQ~. J 
(~~_-:._: .... ____ _ _ ,: ----- ---~ "- - -- - ·- _ •• ~-- -·- ._ __ :-..:-:._.:.._ _ . _ _ _ __ .,. ,,,f -;""':: ~: __ .:-•~-"=;;·:-r~~~-;~~.-:-:-- -• · : _. ___ - :-•':'-,:•·· . --"T4"'~ ;,-.. r ... : . .r .,._ : 

-.:These-~·'<ii-stracti·orfs': •,,tak-e~·driver' s ... attention away .from _more 
~~ ... >-~-~~ - • .'-; ·-·~ ..... • __ ._.:,. ; - :.., - ;- ~ ---.:.~;;_·~ :..._..:.:.:;:::_.~-- ~- -- -•.. ·_ ·•·-:).-~-=---=· ·- --- -- ------ -· -. -• ,• __ :----·--·-.. 
'<lID.QOrtant•-·ci nfonna·ti on ...,..pro-c-essing __ 't_~sks, ~-an-a--toul a~T~ssen · _the _? 

\ "- . ~--- •·· -:.---~~ .. --...___,~ - .·· . -- - ----- ~------·--
~ffetti vene-s·s-o'of-:--real ~time ··; iifonriat_i on~d1s·prays .] 

--....___..., ...__ ;,._·.~ • . • ~• ...._:...:..,~ ;.::.....!.:..•~-~--:.. -, ~ ~.__ .-_f_,..c •.., ·'"'"'.,._.•~:.•,,...,.- ...,.., , , • • • ~ 

Discussion of Countenneasures 

In any problem situation, where there are hazards ·· of the nature 

described herein, there are a range of countermeasures that can be used 

singularly or in combination. In essence, they fall into three broad 

categories: 
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· 1 )··:--Remove the -- Hazard( s). 

·:2°)-f;::otecI 'tt1etMotorfst.,f rem;:. the . Ha~c rd ( s l. 
~ · 3 )~'.~jn-f-0-~ :~h~·:·_·M;t~-~-:i~t- -0f -the Hazard.( s )/Provjde 

, ,·tnab1e-'Tt1e-.Motorfst' -·t; A~-~i i th-~-- H~;~-~dT~ l. -~ . .. -:- . . - . . 
·--- - -.:-:.- .. ... -. 

Information · lo-
.. . , ... _...;..,. . 

Given the range of variables associated with this 1 ocation, it is not 

possible nor desirable, at this juncture, to recorrmend a single 
"solution" to this site's problems . . In fact, th.ere is probablf ' i,o 

' cf~ar.~c~t~~~9..l~_ff~~·;,.:-· ;hort~.:~ -f .rnij_or. XE~o.iiiir~_s:_ti . .Qn -~./ rtere ·~-a~;> :hii~~ver J 
:_ - ·::..':.···· . •-:-_~ __ -- ·- ---·--· __ -.-:--- '"'-r;_:!".;~-.:~~:;'.'~'.':7~:':. , Ar::-- ... ~ .... ._,,-4-., . ~.-,...,,.....:.·-~ -'~-· •-"':.'-11~?'.."~;,,._,;.:_;~ .. •_: . . - · 

_· a __ r_ang·e-of pot~n_ti al __ ,countermeasures that ·can be -appl i ea "in .. both the ; 
-~h~t and 1on; ·: term .}- -M~~e .s.tu-dy is· needed . to resoiv·e .. all th~--i··;;~es 

-r~f~-ti ng-to···· what-- i's. most appropriate. In the course of such studies, 

consideration should be given to specific problem identification in 

terms of scope and magnitude, and deta i1 ed improvement <level opment in 

terms of anticipated effectiveness. 

be made of costs and potential 

This will enable a determination to 

benefits for various levels of 

improvements. Only then can meaningful decisions be made as to what is 

appropriate for this site. It should be understood, however, that 

measures ultimately selected which rely on motorist response to 

infonnation may not be fully successful, given the fact that many 

locals, . who should know about the structure's icing problems, are not 
~,;;:•·.",;:;:,;=-=c:.,...,-

I 

now changing their• driving behavior in adverse weather. ,6~..Y~:tem~ZJ 
~-r~'q1i'ir·ing1notorjst::'fisponse~--are ori1yasgood- as·· tne7 evel~;iiao~:;--j 

1:~t~~1i1~~~~~~,:j~~~~~ri~~~~~-~; · = - -"~~---·>-----=~-~~~.~--~-~~~~-----· - ·· 

o Reconstruction: An optimum way to ameliorate problems on this 

segment would be through reconstruc_tion. The freeway's 

geometric design is substandard, ·particularly regarding sight 

distance, alignment and grade, and forgiveness.·· While it is 

probably not feasible to rebuild this freeway segment, future 

designs in the State should be carefully evaluated prior to 

construction to avoid repeating these problems. Computer 
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grapn1c s and model construction are useful t ools to a i d i n 

design eva 1 ua ti on. ···:r t '"''may~1>e · possible~-'°':-however ;· ··to . apply some 
~-·.,..:,.,.. .. :-,: ,.. .. ---: :.,:- .: ~-: ......;. .. ~~---.~-._ .......... _.,.. . . .. . . .. -· · 

-short-term --reconstruction to . ame110-rate ·-pa"rt of the site's 
·.- · .--· • ,_._ .. __ ~~ - -·. -;..._ · _, , X , : •.•• ·~- · ~; ... -:--~- ; ....-..;,·••-~~1JiJ. l:;·q r $-;-;r,:,:;.- .- -. ._ ..... ... · -~•· ··.._,. ,.., -:.·-:" ·• · .. .,, . . : - - · 

probJems. It_ma_,Y_,be feasible., ·..Jor example, · to remove some of _the 
- -- -~ :· ··· ·_ ··- --....... _.._ . . __ -__ _ . -----~ : -~· ..:.r-,. •:..·~--.. :--•: _: _____ ... :-~· .. : '"'."".!.,_!c""".' .,. •··~--......... . - .. _ __ . . . .. -· -

sigh~-- di s~anc_e_~~b?tri.icti eris, ~ .. su~_h ~.as _f~nCJ?S., ~: raiJ s • . or. eve_n _ _!:_0e 
~:-=r.- . - ·• : ·-: ._ -: ~:::--: ~- ~....:;;; ---~.:.---·-~--.:.. - .. - .... - . 

; p·olice station. 
· .. ----------- ·· 

o . Ice ·'" Prevention -:·.·an·a ~: Remova 1 : ·~- _:-'i:it'ounFenne·asur~un -c-b·e~·-used---to 
-· : :'·:-,:_~~;.;:--:,_._::.-.:== ·z:!-;-::.:-~~•: · .. ~ - . _. ·- . • -- . . . -

. prevent, .eliminate, and/or r8nove·~·:: 1n·: .sii_ far as pra-cticable, ice : 
.:. .. ·;;.. ·,:.. __ . ~:·:-:·~:~::~•n ... ~-~:~~:::---.- ----=-·•-:':: l ~--- -- -., ~~-~~~;"'\~~::- ~:- . -. _ __. . ....... •--: ~:•--· r-.. ~ :· - - - -; 

~rom _ .. the _Sj;f ll_~t.ure. J ,_lt should _ be , possible to predict _: when -· 
.. ---~ .: . . :, ....... _-::-:-~·-·: -·"7,"----r'•~,.:·.::~~~..:::::::~~:.~~-=.::~::;·.~~,:;.;:. - ·•, :· ,._ ·---: -··~ - ... .. .... ---- -..•··· - -. 

~-conditions .A.te ,.right _for _ ice to ''.·fonri arid ·position salt trucks on 
\ _the·~'.~f~eewaY--:th;t·~--~-;-~,-d;.c:;.i ~~-di~tel'y' ·. t~e-at --t h~;~~oadway . .. _ .. Thi s· 

.. _.: . ·- ·-:...-.::::::.:..:::::~ ;;~-:--:~ -·· . - - -;- · :·•---~•:-.,.-----. ·· . . :. - _::._·_ ':- :..·-:::.:_-_--:-:._~-- :-.:.: ... · ___ ..:;_.·:. .-.-.;.. ... . _____ ;.._ - . ...... . 

~ouJ d ::.be 0J ri/ :addi t j_po _.to....::th~_- sanding opefations~ empl oy ed afte r,' 
~ ..... :'!!'.'S~~.:S~L~.:'.:· .. _ .. ,.:-d.:L~..-..i.:..,. ............... _,_ _______ . 'C..--·--.:..._......,,,: . . •·• . . . .• -r, ce _.7iaS~CCll r r edj A range of technol ogf es-"Tncl ud fng··- computer 

1,. __ ::7- ·;s;;:..: ...:.· ·-·~_:--· .. :....::.-::: - .... - -- - · 

prediction, surveillance, and ice detectors (see below) could 

aid in this activity. 

o f'Drfver? l
0nfonnat10n: Another set of coun t enneasures provide 

':-d~i-~ers with T nfoi-mati on to prevent an accident from occurring 

under icy conditions, and/or to prevent secondary collisions 

once an incident has occu r red . This in f onnat i on can be desi gned 

to achieve the following: 

{a) /waTry"briver""Seh-av,o;r - To slow down drivers before the icy 
ondi ti ons -a r e ---reached, and to wann them of the icing. In 

addition, th is inf onnati on shoul d take the driver through 
the hazardous 1 ocat i on , and i nfonn him/her when 11 nonnal 11 

driving is sa f e. 

(b) ;ftegulat~ Drlver...,... Beha"v·ior .; - To require drivers to slow, 
change 7 anes; ·and/or divert once an incident has occurred, 
thereby avoiding chai n-r·eacti on collisions and protecting 
officers. ( See incident management below.) _ -

( c) ffofo~D,~i'vers-:~yof . Condi t i ons --c·and -Al te'rna ti ves-r To te 11 
'·drivers wnat · is · happening .. and why, --thereby -· increasing 
compliance and increasing diversion and vigilance. 
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0 Jncid~nt Manaoement: Once an incident has occurred, timel y 

incident management techniques are required. Given this 

location 1 s characteristics, protecting motorists and authorities 

on the structure from subsequent incidents is also required. 
Protec ti on may entail routing subsequent traffic away from the 

crash and/or the police managing the incident, and diverting 
traffic. Tni_$ __ r~qu1_re_s --f, mely -· (; n some cases instantaneous) 

.. . 

J nci dent ·de tee ti on, and s uitab 1-e-- l ncfd-ent- ·maria-gement ~ - · ·: Incident 
"--:,._ ---.. . . - ~ --..-- -- - .. - .. .. -. -- . - . -- . -- . - . 

detection may necessitate active surveillance, either through 
regular patrols or TV monitoring. JI1icfden(;managemenf ·r equfres~ 
per sonnel-_ - :--on~d fe·· -·and wciu1 a ···-;nv:61~ ~:··:_;~}stream ::.-:.t n·f ormat ion 

.. .._ ...... ' : - ·- - - :.,,-,,.-______ --•'>----~- --

t ~pr esentation. 
·:. _::,;.....:-_,__·~ - .. ____ _ 

o ]"tlpera7:, crr1a1--,-cnange s·: }l.::~p~ra_t5 oc~ ~ ,_~ cn~nge s , ~~~---a·~-~l_o_~-~-!:.~~~ 9-_· _ i~~e l 
't fi ve~·fn--6ne 11 

•. struc~·u-Fe 1:s -· :·sp.eed ·:- , frii;F•"·J ta.{ ~~}ouna;·· --or -· 'iri __ l h_e 
\ .;...: .; - ,,_,. __ -- ..• - ..•. ,. . ., · --- -· -- - -· -- ~ . - . •, -:.<·:.-.>.. - -- ---· . 

fevent··· of - pote-r1tiaJ_ · icing, _or_ -.~losil}g __ ttl_e~ -crocia ·wrien°--c'ondftion_~ 
·~ ·-~ ~-.-~ .. :· :-.. -. ·-:~-_,._;. __ ;, ::_,;;-;..~ ~ --- .. --::.~-~·- ··~----• ---.l- ~~--_,,__,_,·...,~-·- ___ ._, ___ .,.-.... .;.: .. ,.- -· --•· ... 
iwarrant, J ;·Ql:lld ameiiorate· ·_the ··s;te·~-s~j:fr·oolems. It would require 
-...,_..,__.__ ,____• - •• --------•-~.,..:.'p..,__~••-•• -:;__..__,....,.._ ___ .._.....,_....._.. ½ • • • • • •-r ~ - • --•--••'-- • 

additional information display and increased enforcement to 

achieve changes in behavior. 

Driver Inf onnation Sys t ems 

There are numerous _ kinds of driver info rmation display methods and 

systems that cou1 d be used on this segment of freeway. They range in 

so phi sticat ion from fixed signing through real -time devices to Highway 

Advisory Radio and public infonnation campaigns. Some rely on or 

complement surveillance, incident detection and management , and f~ ci lity 

control methodology, while others stand alone. 

9~~1xecf's{g;f;g: One method -would, entail the development and 

display of one or more fixed signs to war~ motorists of 

poten t ial icing on the structure. Similar fixed si gns could be 

used to slow drivers down, to regulate reduced speed 1 imits on 

the segment · and/or to encourage diversion. Even wi th fi xed 

signing, there is a range of display techniques and fonnats that 

could be used. These include size, shape, color, message, 
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mounting location, etc. In addition, attention gaming 

techniques such as flashing beacons could be used for added 

emphasis. ,While ffied" -;igning has proven ·e-ffective -tin ~-.numerous . .,, 
...,.... - - . - -- ·- -- . . . -.:~--~_-::,"·- .•..;•-:--..;.Lo . ._-~ -- ~·1..:.:..:,:,. . -:.· :!,:.~ .. -;_ ... ?.t l:•".-:: !i,.."}I"..._\":-~!"",. 

situ·ations, its effectiveness on th1s ·0.--c-segrnent, .,0••:w1th .. 1ts 
:; _ • • _: . . •. - •• - - • • tJ . • 1!---~ ... : .. ;,' ·j.-,,: ••• • ~ ~~~--.-.~ ~::.. • • -

t~-~~i.~?ry envi ronmen_t.A.l ~.~n._~-~_!:C i_d_~D.t ~E~~-~r;E.~/~l~j;P.i'PJ?),£[!1.~!5 ~ -: : 
Such fixed signing displays would -- require drivers to modify 

their behavior without appreciating the reasons for the changes, 

and/or would re qui re drivers to make complex decisions under 

time pressures. The problem analysis has shown this location to 

be one that violates expectancies, and one that has the 

potential for overlo_~-~- -<A·-,:-:simple-~dEp~ay, _ sud,·_ ·as ·th·e - c·u-rve / 
wa-rnina-;··s10rfCaru!~b~acon'?'fiow~inr~~~,-a'ce~ki faW;:;,TftT1:/l:-:f~J;~tr - on '/ 

.. --~ ..:~ ,:,-.::,. --:.•~---: - r:-, ,.-:._.__. :::.-•-,#--• •• •• • ----"'-~ --s..:..o...,.:•.-:::,, .... .=.....:-~ . ...,:..!_ .. J.....": -- .-.._,.,._._•-•~!.,. ....... . . ~ -~,. .;;..:.-..+.., . .._ __ _ ! 

( beha\1ior. ' However, installing a complex array of fixed messages 
~ ... ~~~!' ~:.. · ..! 

could 1 ead to confusion or distraction, and probably not result 

in much diversion or prevent many accidents. ;iher-e' ' is ·:.a -systerrr 
, ... __ ~ ···~- ~ -....,.:- ~::.--. ~· -- ·- ·' - - ·')• 

\ using ·-- fixed--signih-f,~nbwe'ler-;· that-coula~·-help- - alleviate · the / 
•_;:;-; •,,:_ • • ,.: : , .... I ~ •• , • ·.-. • • • • •.- • • .,.-..- .,. • •-•, •· • • • •- : ••• •··• • : •, • • ·:•. • •••, • • • • ¼ 

t-__ _si_te 1 s problems. i\ Such a system would be directed toward / 
. . .,_ .. ., ,,,.,_ __ ..._ .... ..... .. ______ ____ ~··•···- -- . . ·- ·- -.. ~ ~ - . ·-=•--~·'•· .. ·· ··- - - - - ·---....._;,..,.~ ..,,-- ... - --. -- - .. ~ ... ·-- - ·-- - . 

fchangi ng' .the site~ s· -·oµerati ons-·a'"n·d- , nform1 ng . ·moto-ris'ts· . of the' 
r ~~ange·. ·: T·haf ~ 1 s ~-' -ex-cessi ve . speed·'· -for -th~----~-;~·;rl -; .. g~;~~·tri cs-: 

sight distance restrictions, and icing problems is clearly a 

causal factor in accidents. Recluclng ;:speeds'7over·~0tne•-:'.Strucfure l 

~~~?ii~ a ··::~~-m.~-~ ~o_t._~_t: __ ~~~-~~-~:1Jf ~1~~J~~j~£~;[i=i~~~i~:~:~?P1-_a· _:_~ 
r-e.~ta,1 ·-·es·tablishinf ···a~.?educed"-

0
,spee~ ·z6ne-;-~-foviding. signing, , 

<"~i·-~ttbi :r•:'.-~~ t'h"' '.·::i;·;;h~~~~-~b~:;~,~~~t·=~;~d-~~·;1Vittf~7;;J'o";~-i-n<- :: . the . ~ • wT-:-~: ·::~· ·. :~ ·.:-:,--', , __ , .. ---- --·· .:: :.-..: : .• :~j] __ ..,... ___ ,,._ .. , .... .. ---"-~~~--·~--~ ---~ .. -e'::; , ::::i:.::~ ... ,;,._ .. . ~ ,- - - ·-· -·· .s~.... ... .. 
~duced_:_$p.eed.,}j mi t: --- _ __, __ - . 

~ ~ ~--:---~-------- .• 
0 7Real :;Time:.::systems ~ . Given that the site experiences prob 1 ems of 

~a transitory nature, ~ajiio~e~:r~spoqs~e·::i.nforma-fi on·system·· than a 
~,'.(.,-;:, .... . ~ ~~ .... ~-·~ -- !- - .-..~ ---~,,.:...,,~ ·---- .. .:-:~------ - . 

JTI.Itf.slgiiihg ~une--:may--1,e~·appropf1 ate-.-,.r ~~21f:'f)ysl:~m~may1"equi re 
,,;;;;;_~,_,,:-. . . .. - -. .:., _,_ - :: . . -~ .., -·--.:.r_,;t~~?:;;"?-".r~~.:".=K"~.q,~ .~.::= . .;,:· .;._~•-~="'·1.~ • 1-.P --~-•--.!,a.::-.·-:._._4,:_ _ _.,. ~=- ,_-, _. ·. ;," . . . .... 

'"(:.£.~e1r·s1~fl_J~J:~as_onaL~adJu_s_t1rr~iits'7'"sfftli as · .establ i shi!19 "the 
----- - •-• --• ._...._..,~.___..__, _:_...,,,.·.-.-"'.,•.t . : .i-.1,.. . .:.. .=..-.•h ••~-. :..,_. _ __ _ .. _ • · ' 

'f;af orement1 oned --reducecf'-speea -·ana --enf orcemeiit--aur1 n~f--the· icing ·· ·. 
t...a.. - ~:-~--~~- {.:...~•, •.:. , . . •- - ": • - -: -~.!'. .• ~••-·: :.:?-:{- "'".-. T . '• '.~-- --- •,:-•,- _.., ....... : ..:.. .- :~- ~~~.._ .,,~ ,;. ~• •_,..:-4-,_ _ _.,.. __ .-_;_-;,-.. ••.::. ~ -::-~_-:• ; .-~~ -r-1;••:: •• • I 

Tseason; ':· and operating _the fla5-hing · beacons or ·d1splay1ng_ the . 
" ~> .½,- !·, .. _; ;·._ . ., . . ·: · . . ··.··: .• .. ;-: --·-;--·,-.• - ~;.. .:. · .. ,.7-. :1- ;.--;:~ ---•·:·::· ·-.- ::..:1.,-,.~-:""!"'l.:i. E:~-~::-:-.-:---t'";": ;"·~-; ... -- ,' .·•-~·!"~~; -_ ~ -· ~ 

11.:~~~!.. ,,.._speed __ 15.mi t . __ sj~-~s ,-,=.:~E-~-~!:.4Jngly~--1 !{A ·)n_2.r._e_~~~-QJ)bistt~~_tgd i 

"'<. sysfem ' may··-ent3i1 .. a ·'rea1-time·su·rvei 1 ,-ance-- and _ control, with a-. 
-;-:s~~i es · ·of -~Zhangeab1 e---fuessage_"-·s·i gns .:·f~r _ ~~~e-d ~an_d'.-iaii·e-~'con"Eroi 

........ .. .._ . . · .... .. ·- ·-·-- ·· ·· - - - - ·- - ·,-. -- - -- · ·-· · · - ·-·· • ·· ·--· . 
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.. . a ii d __ <if v g_r SJ_p n_. As 

range of methods, 

rEal-time systems. 

in the case of f ixed signin g, there are a 
techniques an d complexities possible for 

--.~~1:"tj_ineffsysteiiis-:-:of' te'n':::~re.qui re ___ a __ coordinated -c:, . ef for.t _ _.. of :~-
.. - ~ ~ ~ ~4·.~-:-r~~.--~.,..--~ --- - .. - -- - --- -- - ---··· · - . ,:--.---.--! -::"·.:;- · :-:·· ---· --- . :!<,,. 

":~·su·rveil 1 an~~~~nd _:contro1.. __ t6 __ a chi eve a rnu1 tip l kity · of -purposes 
·-,~-~d..:a_·J_e~e1~· of-cirive"r ·-compliance that . wi1\ -j ~~ti.fy--; ts · ~api ta l 

--- - ~"""-'---- - ·· ..;...-~{~- -:►--·------ -

andDpe·ratinf -expenses. Assuming that a primary purpose of such 
a, , s,istem -f~-r- .th-is-~ite is the display of information concerning 

icing, there is a need to detect the presence of ice in 

real-time. There are several ways that ice can b~ detected: 

Automati cal1y using ice detectors; or, by having an observer on 

the spot detect its presence. '1'1-~hi le-· it wou1 d be -~desi rab1 e to 
'R:1etect7cea-utoni'"~Ti-a~ a 1 ly, ·- 'fiie- ~urrent ___ state-of- t he=·art ·o·f ~- i~-~ 
t -· .. --~..:;, -"-'"·- - "':,_,_ :,._ ·->- -. · .. -·· ;:. __ _ :,.~ _.:~: . ··: ·: . . . 

;detect, cftf' '_~Ts - -not ·,c:;·?uffi ci ently refi a.bl e·-- ·to· . rely .. sol e1y- --·o-n 
t~~~~-~ic __ ... _!~ea_l'l~-~ .3 Attachment _A_. __ _ sets forth-· FH,\l!A ;·s. 'pol i.cy 

regarding ice detectors, which is to have a human observer 
~ --: . :-:•.~~ . .,,. .•.. _ - -·- .. -· .. __ ..,-:-,:~:--·~-~,:::-.:--· - ··----

verify that ice is present. 1 he inherent ·unrel iab-i11 ty of ice -
-:.·. . ·• :--. ·- . •~::::::c~---= ·:~•-·--- . . . • -·_----- - ·--. ae_tec·tor-s·~7,.,.1eaa ·~~to-.::-c-two~~re1ated real~time systems problems. } 

!~~Y J:~~-:~q~~sl~i~:~i~~.f.~j -i _~~---~.t=~ft~-~~~ :.: ~~~~~~~-~-~ ::T~-~~~~~~~~~d~-t~~~~ ~ _ } 
tail ., · the me tori st wi 11 not-·o-ewarffecrof-, ce·- an·d -,-wi 11·· become ? 

__ _ --- ---- · - - - - -'· . • ,. _,,. _ _____ . · ... - --- · .;. ,_,. .. , . -- . ,. ·.- . - .. ·._c - .·.·::-c . ·,·::-c--•.·.· _ .. _. ;,-

jnV01 V'ed -;r,· a;,-·-actTdent; c2r·using human detectors can introduce' 
.;. . .. . •- .. .. .. . .. -·-·--· .. :-~ . . - .. . - . . . . . ---. - ---,-··• .. , .. : --.-.-.- -~- ._, - . .. - - . 

~-- time delay in -getfing~ne individual tc{ the scene ..,.(P'atrol) ;· } 
~~t~it1~r th~---; ~Isen·c·e -of""ice:·- conv~;in-g . thi .. s _ ·i-nf_ormation --to a7 ~--:.:..:::-:.:::.:::-: . : . .- . : ".:· : . '. . .. __ :,·___ _ __ ...... -- ---·-------·· ... -.. . .. ~ . -·-· . .. > 
~ ntral au t hority., and warning the ___ traffi c stream ._: ___ ""ln. __ -_thi s· 
I,. • • - • __ .,. __ • · -- - • • • 

re~lari,· there_,_is--~ ---~~ed-·tospecfi_y' ·what -~w~;fnir,-gs. ·and°~:-rneasures -
-=!:.:.::.;;;_✓.-=- -:-:.-:~- :---.:...::...:_::. __ :; ··~ -.-·------ -·----....,·-- -··--~-- ·-: ···-:;::_~ .. -~-?·.• •~··:....-~·· ... ~'.-::>.· ~-. ·: ·-: _ ......... . · . ··J:. · · •. : .. .-;,;·-· .. ii:··~; ,: ;:_"'S-;.~:;::..~ ... ~-~ .... 

-rare -,~~rranted. :_. For-· examp1 e; · should .speeds :be ·· reduced ·'and ·,by··~-6~L .. ' ~~~-- ·-- .:": ::_ .·. ---~ --__.,-,--,-~,-.- . · .. .. · .... - ·-· ... - :· _· : ~~ -- -·- ·- . 

[ mu,~~t· __ ) ~-:-:!h.~. _ congi_t_i9._rys _ _ ~ey_e:e en~u,glT. '. t _o ___ c 1 ose .. _the __ .1'.':~~d _. anq / 
'- ~ ' ------- -· · ------- ----- --·- --· --·--· .-. · ---- ·•- ,-~- -- -·---:---- -·-, .. -- --- -~--~ ,. 
ffi vert . ~r~ffi c?, etc.· . Hence, an··· effectual real -time system _ .. 

ihould-,~i~~lude a plan 6-l ·:;~ct-ion; _:·a ·. _,cont~6i~--~; th~~i.ti -- t6" , 

:·'1.mpi~-m.~~t~}h·~----:pi ~n:/ -~-~d-~~p~;'f_~~~l 1 s ,.·: ~o;~Hng ~:_:~;,· ·,·aiSJit~ ~:· a~-d .-
/ confingen·de:S. - ·- - .. _______ · __ : : ______ -· . - -- -- . . ------ ··--
"-· -~· __::....-:.:.. ~-·-- -~-.. ---- _ .. 

A sophisticated real-time infonnation system should al so have 

the capability to prevent multiple co11isions after an incident 
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has occurred. In this site, to achieve this goal requires 

surveillance and monitoring of the roadway, particularly in the 

vicinity of the curves. Once an inci _dent has occurred, it must 

be detected, and drivers infonned of its presence, and/or 

diverted. There will generally be a time lag between the 

occurrance of an incident and its detection, if the detection is 

by routine police patrol. Given the icing, , geometry, and sight 

distance restrictions of this site, any time delay may be 

critical. One way to reduce or eliminate the time delay is to 

provide continuous around-the-clock surveillance. 

This could be achieved using television cameras monitored at a 

central dispatch location. Such a system could serve to detect 

the incident, implement the warning, and dispatch aid to the 

site. Here again, there is a need for a plan, a control 

authority, and protocall s for action. There is al so a need for 

coordination and personnel to operate the system. 

Another real-time system performance requirement is the 

protection of police and maintenance personnel at the scene of 

an incident. In this case, on-site personnel should detennine 

what they need in the way of protection and incident management 

equipment and personnel . These needs should be collTilun i cated to 

the central authority for implementation and i nfonnati on 

display. 

Whatever system of motorist real -time i nfonnati on is used, it 

must be born in mind that its effectiveness is directly related 

to its credi bi 1 ity. That is·, drivers must be i nfonned of what 
' 

to do, e . g. "slow," "stop," "divert", etc., an'd understand why 

the behavior ·is needed, e.g. :iacci9ent, 11 icing.:i In addition, 

the system n:iust be turned off and returned to 11 nonnal" after the 

need for the information is removed. Thus, there must al so be 

procedures for follow-up to shut the system off. Otherwise, 

repeat drivers will ignore its messages in future situations. 
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Depending on the measures, surveillance, control and messages 

needed, there are a range of techniques .available to achieve the 

system's goals. These vary from fold.:.out signs (fold-out signs 

are currently used at the site for maintenance), to fixed signs 

transported on vehicles which are used when dispatched by the 

control authority, to changeag1e message signs. There are also 

a range of changeable message signs that can be used, including 

scroll signs, rotating drums, neon signs, fiber-optic signs, 

bu1 b-matri x signs, and electro-mechanical signs. In the case of 

1 ane control for free1'i'ay s, 1 ane-use control signals can al so be· 

used. Attachment B, abstracted from the Traffic Control Systems 

Handbook, provides information on each of these techniques. It 

should al so be understood that any system that uses electrical 

or electronic displays requires power, a teiecorrmunications iink 

from a central dispatcher to-and-from the surveillance 

personnel, and in-field displays. 

Other Means of Corrmunicatina with the Motorist: It is also 

possible to provide additional i nfonnati on through other media. 

For examp1e, Highway Advisory Radio could be used to warn of ice 

on the bridge, radio and TY stations could broadcast traffic and 

road conditions, and public infonnation campaigns could educate 

the public on operations and problems at the structure. 

Recolli11endations 
~~ ---;"'•Y..::;:::f __ __..,_--ry;:;----- -; ·· ·:-- - - -.- .' =-- ·· r;,•,.-·--- --. -·-- - --~ - .-. .. -... '7""~~-~-- -· ~-- .. 

~:J:n"':"developi_ng : :improvements -.of_.the nati.Jre·covii:e_ct ·: by :_ this,; Jjeld trip : 
t. _-;. __ ; ... -. :-.;_.:-;: .... :~~~~, .. ~ __ _;:_:..,·.,;=-.;~--~ ._ ... ~=~~ MO_;-,.....~·;.~ .... .,,. __ - · ·: - ·- ~ -;>·._r.v•;f, ~:-.i:-: ~:_.:~~-z-:,·.::;~ .. -:=--:~~~-· : --~ ...-- l 

~report; ·ancr-implement-rng"them on a _(r"!?e_way segment such · as ' I-380, ,.e.; 
;"'one wi ft ·--mul t 'ipl.ej~~j s'"d/~ij_pns ·~·- :~.n -approa-~;:~th~-t .. has . p~oven-successful . 

n~the ··ett~6i-isnmen£~--an-a--tJti11~~·t1 o~·-" ~f a .traffi~~=rii~g~~erit ··team to · 
!:pa rt i Ci pal;'.: -i ,/::~ii ""1 ~vei's"'"·o_(;_d_~~~\~5 ~-~:;iiz; ~g:~::·-~:~Th:~-,: t'rifr1t\ia~~-g;~·ent. 
'--- - ·- · . • - ·-.. . ., . .. . . .. -- - - -··· - · •• r· •••·· • - .- - . . ~ • . . .,..,.,r--:·c·-::, ,.. . 

,-- teari - is comprised of . . a ·mulfidiscipl inary group _. C?f.. __ tran·sport~i"tion 
i~)profe·s-sion·~, s~-.~\il~~~-f orcanent offi·cfa, s _.. .F.or \hi s .. foc·aHo~~-·.;·the-dty" of ·, 

I..: . .. . . . - · ·-· ... • ...... . ,. ~-• "' ··· . ·· ·•·-···. . ... ·- . . . ·· .-. .. . . .· ... . 

Cedar Rapids; · the-· Iowa···oe·parfmei,f- cif-transpo·rtati on, th~ .federal Highway 
/__ . . - . . - -- ... -·-·· . . . . - . .. . . . . - . . . . . ·· -· 
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AGinistration the lc,l'a State H~ch wav .l:.c±ninistration, and the ' ~ . 
Li;;n Ccu.nty Sheriff De;::2.rtTient r1ould 271 participate in the team. · Once 

est2.biished, the team °l'lOUld be invoived in all ievels of analysis, 

development, impiementation, and review. This wili assure coordination 
' ' 

among all involved 2.gencies and jurisdictions, and increase the chances 

for an effective improvement and a smooth implementation. 1fherefore~ as 
-.:._ ..... --------·-·---· - ,.,. ..... -

a point=·o·f~departure, it is re:orrrr.e11ded that cognizant · authi:fr·ities 

structure ~ traffic manaaement team similar to the one desc'ribed in ' 
·_Encl os·ur~ ·c. >: rh ;s-·team _-:.should d;vei ~P an action p 1 an · for -· t11e . site, -
........ ,. - .. ,·· ·--=;·,.:. : .. -- :· .·- -;. '• _;, - --- - · - - · ·- -- -- -.--• ·· ·- · - . ---. -- --·· . ......... ,.,;.· 

-.-emphas'i zing icing situations . and incident detection and management. The 
pl 2.n shoLi1 d Outline su-rvei 11 a nee, -- control , and in-cf dent- .. management-' 

::._aut-hori t./~ -i It sr16Ulcr · spe.11 . out a 11 requirements for dete·cting i ~ing -and 1 

·j~~idents~·· -~hanging . speed~, : .. ~los-ing. ,~~~~;:~-~~i-i~rting-- 'traffic, etc. 

Ultiiiate1y,· the plan will ·-sfiei::ify ' all efforts" .rela.ti~g·i;--thi-~-- si.te ·and 

all requir~~ents for its infonnation system . 

J_,:i __ addi tTo;-·-to "i ormui a·t-i ng _a_ ·t;~f fi c management tearri -and deve 1 op'i ng -·arr·-·, 
:~·ct~~ri _:.i;1an-:-- it" is recommended that a stu'dy be· "in-itiate·cr:~6:--:determine . 

·=~ ~~ed~ .. :.?ID9 . .o,_t:!e_v_eJ_QP ... measur~s. : .. -.Thi ~--'~tudy_-~_$h~uld __ _as:~'.~~~:i-·'a}f. ·avai 1 ab 1 € ·- . ·- . -- ·-- .- . -·· . .,, ____ - ~ .. 
7'ffistorlc'al ·--data---to -··~est-abTisn accident reates-; .. hazarooiis·~7 ocafioris, :'. 
,C:• • •••·• • :~-• :i. .~·,:· .:_i:••~• ;•:~: :'_:;_; • •,••-'•• • •: • • • • •• • • • • •P •• ~--- " • --•• ~• - •• • • • £ - • •· - •• -"-••• -• -~ - r • •~ - •.;,~- - - , •,. •• • • • ••• • • • o ,' _.• • 

f' environmentai . situations, invo1vea ··-rnotorists;-- etc . .. Before inclement 
.. .... -.. , --~--... ~~·- ·-- ~ . '••··- -· ··- ·--~- =-:... ·. ~_:; __ -·· .. ,, - ._ .:., ,. . ---- -- -~·--·- .... ·-~ ..... --. ---· .. -- -__ _ 

weather occurs, performance data should be collected relat'ive ~·to speeds, 
:~;~ths~--,-=~~~-use, vc1 ume, car.fl i cts·~ __ ::~t'c :~:.: __ Such ___ jnf onnati on' will -- prove 

/ useful ··i·~-:-:·;;t~biishing ·a.::.·base::iine . of : ~:driv.er- .. p~:rf~:~~~~~ -~- and an 
- ... - __ : :: :,-; __ . . . •,_"'..:-;....--: -:.. :·' ~~-r;::~ ..... ;.-.. ~ . 

:indication of accident causation - mechanisms. ;·, ,:Based ;:on .-- these ·-- data;---a 1 

'~a~~iri~fi-~n--_-.::,~hou1 a~··be·,-m~1le~· :of.,.:.~perati onai :-=~~i -~~2;iorm~ti.on . needs' for 
--various -·-p;bbl ~;.::-:c.ondi ti ons sucti :-ai :."i~f~i?~~:i~ii;cients~'~:' ind .. _t~~gest ion. 

Re qui ~i-te·----~p~eds ~:.:u~der 1 ce con di ti ans,:·. eff;ct~ -' ~f : ~1·0·~-~-~e ,' diversion 

. routes~ response . ~e~ui ~em~-nts~~:..:dfstric:t'i ons·,· :;~t~-~- . should b~ ~-d~term,ned, 

and -infoiiilati on display techni qu-es -- ~~d messages speci fi -~d. · ... -In _addition, 
stages of implementation -- should . .. be ·- ·ae·veloped, •.· •a1ong -·- with·- an 
irnpl snentati en and ev_a1 uation .P_!_a~.: - -----·--- --- --

Since it will not be feasible to implement a full information system 

such as the one described by the Cedar Rapids Traffic Department in 
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their Ap ril 16, 1986 , report by the start of the 1986-1987 ice seas:in , 

:consi de-ration should -be ~"given . ·-to short-term improvements -and staged 
- •• - - _: .• - ·- ·- .. .. .. "'-~- •• v;,..--...• ~ ,<.ti,,·$:•.;:~~:.: ;· • '· ·-· •. ,,. .• ~;, . - -- . 

imp1e-rnentation\ T. I,_!_~_;_~o~J~,~~-b.~,~- fi:i!Sj_b1e • . for example, to fabr_icate and 
te.st-out fold.:out · ·and/or:··'. transportable..,.~ s1grtf· :for use in -- icing and 

----~.:__;:::?, ·: ".~ --•t::-,--.. .;.,, ,._'._!..,,._ ~.;:~~--~ ................ :·• -r.-• -,,- .: ·--- -- - :-· - . . • . - -

; nc:i dent mana_g~"l)ent _sj tuati on_s_. Various messages could be developed. 
-··fonna>t•t '.° ;;;-d~;_;-,.procedures---de-scr1b~d ,--~ ~h-a"'7jfi ,;-efr · ·co·mpl; arice.-7d;t~~i ned. 

___ .;_ .. ,. -. . _-:--. :·;:; :~~:<:, _··=- ~-1-_: _-...:. _·.::_.;_:.~_:.::'..:?:.~- _:;-:.:.·:. ,,,: ------ ..... -- - ::.:-.:... . :-· -' - - -- ,... . -
Thus, if . a .~-.reduced ... :.speed _,ZQD~-- is a candidate measure.J fixed reduced 
_speed --zon~·;j{g;fng-. with -.· fl ashin;-::.: l ·f~nts· .· could be ·· ·fabricated = ··and 

d1~p~_a_y~d, - a·n_d_ -sp·~~d data= coi1ected . . ·sirni1arly, diversion and iane 

cl ostire·· compl}ance'·_~c9:u1 _d.~be _.-.'oeJ~rmj_negji~tAg'_.por_tab fe ·;;·i gns. 

- ·- ---.. ... ---,:-.v·-.-- -:·--· .. : · . .,.-:-,-.,;?';..~_...,,....--" -~- - - . , .- -:-- - ---:- - •~ --;•:-~---· - ·· ,_·.•- --••. - - -- - -···-- - .•.• 

;Data :.co1_1 ected _ a·s _.part.,A)f-'-_th.e-=-_abov.e __ ,;Sh_orJ:-t.enn . improvement phase .un.der 
·. _ i'ct~~'ndi ti~ns .. ~~J~9_u_r._ing _._incidents ··could · then be eva1 uated·· and -a ·seco·nd : ~--;- - •. .. . . . . . . . . . . . . ·. ·. :: . 

·-_J_evel~ystem-::aeveloj:i"ed,' -if.. deemed necessary. _ .. Such __ a second l eve1 system · 
·m.f gh°f: ~onsi .st, ii~-_exarrip1 e: of i . ()r_ _2_~_barrn~aQ} e_~_~essage _ si_gns in the 

· -northbounct -· ana- southbou-nd - di rectfon; -·_ up __ sl_~eam at poi nts -··of·-,!i~ers ion, 

· and/or in the - vicinity .. -0f .. the -!:om__pound curves. · This system shb'tJ1d be 
---- . .__ __ . - ··- -- . 

. . linked to~a:: t-ehtraTTocation -for··~-ffrveillance and control., and should be 
-.... ___ . . -~:-=-~·-'',': _: ... ·.-'~,.--:. -:: . .- ·.:,..: __ : '· .. ,•_· :·-:· .. ,:,;.:.,., . ... . -.. ~-----"'~--~-= .. -::. ---~- .. ~- -----~---... :.::: __ _ ~_ ·· -· -- ~--- ·-. ·:·· . • 

_ evaluated both · for · information_:_Q~~play effect!v~ness . _~D~ __ coordinat,on 
~ ~----..._--..... -- .. -. - ·----- -----_-: __ .:_, ___ . . ---- · ::·_:::~:-:-::--·· 
·and response su1tability;·---A·-detennination "could then be made whether, -- - -... __ _ . . 

-an(:to -_ what extent, further deve1 opment ·- and so.ph!,$ti catiJ>n._l_~-·- riee·aed. _, 
\ costs> · b~n~fi·t;:: ~~/~ffecti~~~~~s ~ shoiil d ·fo~ :.thi u1 tim-ate._ crite;i;-·fo ~ 

(" ' ·:t· .. - . ..:.-• __ .,, . . _ _.~ ::~-~-=- ··- ·-,-~ , . . - -- -- ........... _..,._. __ .,,_;_ ___ • .... .. · .. - -·- ·--·- - ·-- ------~- -- . 
the', final ·· system -used. -
' •· - . . ·------ ... ------- ~- -- -. __ .... 
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..... =-· r~--1 Ice Detection Systems 
Date OEC26SSA 

I Fr o:-,-, 
Director, Office of Bigh~ay Operations 
Washington, D. C. 20590 

Reply to 
Attn o! EH0-41 

To Regional Federal Highway Administrators 
Regions 1-10 
Direct Federal Program Administrator 

ATTN: Technology Transfer Coordinators 

The FHWA has been monitoring the performance of ice detection 
systems on highways for over 15 years. In the last 6-8 years 
only one manufacturer, Surface Systems Incorporated (SSI) has 
actively pursued the ice detection market in the United States. 
Late last year we asked for reports on the performance of SSI 's 
ice detection system from all State highway agency's (SEA) using 
the equipment. We receivea reports from 9 SHA's and one cityo 
Attached is a brief summary of the information we received. 

Early work by the FHWA and the manufacturers of ice detectors 
~as targeted at developing a system with the reliability 
necessary to operate an ice warning sign system. The r isks 
associated with this type system are so great that these efforts 
have largely been abandoned. The FBWA position on this issu e 
is that ice detection systems have not, to date, demonstrated 
the near 100 percent reliability required .to provide adequate 
credibility for use with active ice ~arning signs. Ice detec
tion . systems should, therefore, not be used as a basis to 
activate and deactiva t e ice warning signs, i.e., ICY BRIDGE 
AHEAD. Current efforts should be directed toward developing 
syste~~ which will enable maintenance personnel to deploy snow 
plow and chemical deicing operations more efficiently. 

During 1984 the Boschung Company Inc., introduced its ice 
detection system into the u._-s. market. The company has head
quarters in Schmitten, Switzerland with its U~ S. office in 
South Bolland, Illinois. 

Although it may now be possible to obtain ice detection systems 
on a competitive basis, we request that projects incorporating 
either Surface Systems Inc., or Boschung Company Inc., systems 
be programmed experimental. Designating ice detection system 
projects experimental will enable us to receive needed perform
ance evaluations of Boschung's equipment as well as reports on 
SSI's new equipment. 
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Thank you for your support in the technology transfer effo~t . 
we will continue to apprise you of our findings as we receive 
additional information on either the Boschung or SSI Systems. 

I I ' · 7J_J_{{ 1 

David S. Gendell 

Attachment 
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Backoround 

SUJ:Ui.ARY 

SORPACE SYSTEMS INCORPOR.~TED (SSI) 
ICE DETECTION AND WARNING -· SYSTEM 

The Federal Eighway Administration (FBWA) has been following 
the performance of ice detection systems on highways for over 
15 years. In the early 1970's, 22 ice detectors ~ere evaluated 
in a feasibility study by the FBWA for detector operational 
reliability. Six of the detectors ~ere selected for field 
testina. All but one of the six failed before completion of 
the te~ting. In a followup study, nine available detectors 
~ere reviewed. Six of the nine ~ere eliminated from further 
testing primarily for technical reasons prior to testing. The 
Surface Condition Analyzer (SCAN) by SSI was one of the three 
selected for further testing. The SSI detector ~as judged the 
better of the three, although far from being operationally 
reliable. 

By 1977, ssr became the lone markete~ of ice detection equipment 
in the United States. Experimental installations ~ere encouraged 
by FEWA for ice detector systems that involved a ne~ approach 
or ~ere significantly improved over previously studied systems. 
SSI's SCAN 7000 system met the criteria and qualified for Federal
aid funding on an experimental basis. 

Since 1977, SSI has progressed from the SC~.N 7000 system to th ~ 
SCAN 16 and the SCAN 16 EF (Extended Format) systems. The 16 
series systems are microcomputer based systems with software 
analysis packages. 

Early work by FHWA and the manufacturers of ice detectors was 
targeted at developing a system with the reliability necessary to 
operate an ice warning sign system. The risks associated with 
this type system are so great that these efforts have largely 
been abandoned. Recent efforts have been directed to~ard develop
ing systems ~hich would enable maintenance personnel to deploy 
snow plo~ and chemical deicing operations more efficiently. In 
1983, FoWA asked the State highway agencies (SH~) that had used 
SSI equipment on Federal-aid experimental projects to provide 
their latest findings on the operational reliability of the 
equipment. The follo~ing is a brief summary of the information 
received. 
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Sum.mar_y 

Nine SHA's and one city that have installed SSI systems 
e:perimentally on Federal-aid projects submitted information. 

The SCAN 7000 system was tested in seven of the nine states 
during the period of 1976 to 1981. 

A. Arkansas reported 80 percent reliability and Maine 
reported 90 percent. Problems with the system were 
defined as minor in both States. 

B. Illinois, Minnesota, Montana, and Nevada reported 
that the SCAN 7000 system failed to operate properly. 
Illinois, Montana, and Nevada arranged for replace
ment of the SCAN 7000 system with the SCAN 16 system. 
Minnesota elected to abandon any further use of SSI 
equipment. 

C. Ohio, after an initial installation of a SCAN 7000 
system in late 1981, replaced it with a SCAN 16 
system in 1982. 

The SCAN 16 system was tested in one city and five of the nine 
States reporting. 

A. In late 1983 and early 1984 SSI refurbished and improved 
the original Illinois installation and re-installed the 
system on McClugage Bridge, Route 150, nt Peoria, 
Illinois. Illinois reports that from January 1984 
until the end of the winter season the system performed 
as de~igned. Illinois plans to continue accumulating 
winter performance data in an effort to dete~mine the 
long term benefits of the system~ 

B. Montana reported that SSI upgraded the original 
installation in February 1984 to include newer computer 
hardware and software and that the performance of the 
new system has been satisfactory. The Department has 
also informed our local FBWA office that they do not 
intend on entering into a yearly maintenance contract 
with SSI for $4,000 ~o $7,000. Since the annual 
maintenance cost of the equipment exceeds the amount 
Mo ntana anticipated, they have requested that they 
be allowed to terminate the experimental project in 1985. 

C. The Nevada system ~as installed in a tunnel and SSI 
has conceded that more study of tunnel conditions is 
needed before their system can be made to work in 
that atmosphere. 
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D. Michigan reports that its 1983 installation is working 
well. They report that the system requires a minimum 
of operator intervention and that SSI's personnel ~ere 
very helpful. They caution th~t maintenance personnel 
cannot rely solely on the system, since data presented 
by the system are not infallible and need interpretation. 
The FHWA Michigan Division office agrees that the system 
appears to be a very helpful tool provided it continues 
to operate satisfactorily. 

E. A city official of Columbus, Ohio, reported the 
SCAN 16 system installed in the fall of 1982 to be 
highly accurate, although the telephone line communi
cations are costly. Wide area snow and ice control 
~as sucoested in the Ohio reoort as suitable use. 
The FHWA Ohio Division office was not satisfied 
with the system's reliability or accuracy and 
recommended it remain experimental. 

F. · The SCAN 16 system in Utah had not been installed as 
of November 1984. 

Conclusions 

A. SSI has continued to improve their product for a number 
of years in an effort to provide a marketable service 
to the high~ay community in the area of snow and ice 
control. 

B. The newer SCAN 16 and 16 EF systems are performing 
much bet~er than the SCAN 7000 system performed. 

C. Adequate data are not available to determine the long
term reliability or cost effectiveness of the •16 seriesQ 
systems. 

Recommendations 

A. Since SSI has announced replacement of the SCAN 7000 
system and is now concentrating on the SCAN 16 EF 
system, further evaluation of the SCAN 7000 system 
should be terminated. 

B. The five State highway agencies having SCAN 16 or 
16 EF equipment should be encouraged to evaluate the 
performance of each system and provide FHWA with ~ell 
documented reliability studies. 

C. Future installations of SSI equipment should be classi
fied experimental. 
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9. DRIVER !NFORi\1ATION SYSTErvts 

9.1 INTRODUCTION 

The highway transportation system inYo!ves three major 
elements: (I) the vehicle. (2) the roadway. and (3) the 
driver. The most comp!e:>- of the three elements in the 
system is the driver. who is also the one element which is 
most prone to failure . A majority of these failures are 
due to errors in JX'rception . or information processing. 
often the result of inappropriate information. lack of in
formation. or simply overlooking aYailable information. 

To proYide more adequate information and communica
tion to the driver. concerning the roadway, the traffic 
engineer utilizes driver information systems such as traf
fic and lane control signals. traffic signs, pavement mark
ings . delineators. telephone systems, and commercial 
radio. 

Driver information is essential for the roadway system to 
operate efficiently and safely. Driver information sys
tems have already been discussed earlier in Chapters 3 
and 4 on control concepts for urban streets and freeways. 
In the present chap1er. only a brief summary discussion 
will be needed to consolidate and identify types of hard
ware associated with driver information systems. 

The major visual techniques· for conveying driver infor
mation include the following: 

o E~ternal 

o Signals 

c Static signs 

c Changeabll:' message signs 

c Transportable signs 

o Pavement markings 

o In terna l 

c l n-\·ehici e d1s pl2~ s 

Major audio techniques include the following: 

o External 

:: Warning signals 

= Public-address systems 

c Telephones 
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• Internal 

c Commercial radio 

o Low-power radio 

Driver information systems are used in mainline control 
to advi~ motorists of freeway conditions in order that 
appropriate action can be taken by the driver to enhance 
the efficiency and safety of traffic operations. The traffic 
engineer's philosophy is to inform the driver of impend
ing conditions ..,.1th up-to-date information. With this 
information, the driver is capable of deciding what ac
tions should be taken - i.e., whether to continue on the 
planned route with the knowledge of the problem ahead 
or to divert to an alternate route to avoid the problem. 

The objective of this chapter will be to identify typical 
hardware associated with the various visual and audio 
techniques. 

9.2 STATIC SIGNS 

The three ha.sic types of static signs include the 
following: 

" Regulatory signs 

o Warning signs 

" Guide signs 

Table 9.1 illustrates the intended use of each type and 
provides some examples. The Manual on Uniform Traffic 
Control Devices (MUTCD) (2) contains standards for the 
three types of static s·igns. This section will only describe 
the use of static signs to warn .drivers of special freeway 
problems, such as a closed lane, congestion, or a panicu
larly hazardous condition because of inclement weather. 

Static signs are sing.le-message signs, i.e., capable of con
veying only one message. Single-message displays are 
most u~ful when a situation is rec:.irrent and tl1e same 
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DRIVER INFORMATION SYSTEMS 

Table 9.1. Sign types and uses 

S1i,:n Type Intended L;se Typical Uses 

Regulator: To inform motorists of traffic laws and regu
lations which apply at definite locations and 
at specific- times 

• Intersection control 
• Definition of rig.ht-of-way 
• Speed limits 
• Turning movement control 
• Pedestrian control 
• Exclusions and prohibitions 
• Parking control and limits 
• Regulations for maintenance and con

struction 

Warning To warn motorists of unusual or potentially 
hazardous condition(s) on or adjacent to 2 

street or h ighway 
• Horizontal and venical alignment 
• School areas 
° Crossings and entrances to streets, high

ways. and fre-eways 
• Intersection areas 
o Road construction and maintenance 

Guide To pro,·ide simple and specific information 
to aid motorists in reaching their destination 

o Route markings 
• Destination 

Source: Reference(/) 

driver response is desired each time the sign is used. 
Therefore, static signs can be used at locations where a 
hazard is well-defined and occurs periodically. However, 
these signs are limited in the type ofinfonnation that can 
be displayed. For example, static signs cannot display 
distances susceptible to change (a·ccident location, dis
tance to end of queue, etc.), or times susceptible to 
change (delay information, travel times). 

A common example of a static sign used to warn the 
driver of slow or stopped traffic is shown in Figure 9.1. 
Flashing beacons are generally mounted on each side of 
the sign panel and are actuated when the hazard exists. 
The major advantage of this type of display compared to 
changeable message signs is lower initial cost and the 
capability of agenci::s to fabricate this type of sign. 

Transportation engineers have found it desirable to pro
vide directional guidance to a particular road facility 
from other highways in the vicinity. This is accom
plished by means of trailblazers erected at strategic loca
tions, usually along major urban anerials, to indicate the 
direction to the nearest or most convenient point of ac
cess. The use of the word TO i:idicates that the road or 
street where the marker is posted is not a part of the 
i:-:dir:c:ted route, and that a driver is merely being di
rected progressively to the route. 

o Information 
• General services 
• Parks and recreational information 

9.3 DIAGRAMMATIC SIGNS 

Diagrammatic signs are guide signs that depict a graphic 
view of the exit arrangement in relationship to the main 
highway. The use of such guide signs has been found to 
be superior to conventional guide signs for some inter
changeable types. 

Diagrammatic signs should be used at advance guide 
sign locations, for example, for splits having off-route 
movements to th·e left. optional lane splits, and exits 
with route discontinuity and left-exit-lane drops (s-.--e Fig
ure 9.2). Diagrammatic signs, which may also be useful 
at 2-lane exits with an optional lane, should be designed 
in accordance with the MUTCD (2). 

9.4 CHANGEABLE MESSAGE SIGNS (CMS) 

Changeable message signs have been used in experimen
tal and operational systems in several parts of the world 
during the last two decades (3-1 I). Changeable (variable) 
mess.age signs (CMS) are real-time driver communica
tion devices whereby the visual ..,,,ord, num~r. or sym
bolic display can be electronically or mechanically varied 
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Figure 9.1. Static sign 
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~ -

as trafiic conditions warrant. The MUTCD defines CMS 
as signs designed to have one or more messages that may 
be d isplayed or deleted as required (.?). This type of sign 
has emerged as a va luable and important display tool for 
use by the trafiic engineer to effectively communicate to 
the driver. While the conventional static sign conveys a 
message to the driver about. a static situation. increasing 
hazard/incident occurrences require specific messages in 
the form of dynamic displays. 

CMS displays can address a considerably wider range of 
trafiic management functions . CMS signs are requi red 
when it is necessary to inform dri\·ers of varying trafiic. 
roadway. or environmenta l conditions. In addition to 
being effective when different types of driver actions are 
required. multip le -message displays can also be used to 
provide more specific information relat ive to locations. 
delay. etc. (3) . 

CMS systems can perform a critical role on high-sp1:ed 
highways b~ providing drivers with real-time informa
tion on a current roadway condition. However. to retain 
driver credibility a CMS system must supply timely. ac
curate. and reliable information . Once driver confidence 
is lost. even the most elaborate and costly system can 
quickly lose its effectiveness. Dudek has researched and 
conducted interviews with operations personnel to com
pile the following list of ways in which a driver's confi
dence can be lost (i.e .. pitfalls to be avoided) (/0): 
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DRIVER INFOR MATION SYSTEMS 

• Displaying inaccurate or unreliable information 

0 D isp laying information too late for drivers to mah 
appropriate responses (untimely information) 

• Displaying messages that drivers don't understand 

• Displaying messages that are too long for drivers to 
read under prevailing highway speeds 

• No1 informing drivers of major incidents (adver-£e 
conditions) a large majority of the time 

• Telling drivers something they already know 

o Displaying information not related to enYironment.c.l. 
roadway. or trafiic conditions. or not related to 
routing 

o Displaying garbled messages 

CMS systems are becoming increasingly importznt in 
improving the safety and operation of existing highway 
and urban facilities. For example, CMS's will be repre
senting the primary source of real-time motorist infor
mation in the Integrated Motorist Information System 
(!MIS) in the Northern Long Island Corridor (12). These 
signs. placed at key locations along the major roadways 
in the corridor. will indicate prevailing traffic and road
way conditions. and provide alternate routing informa
tion for the motorist where applicable. Applications of 
various types of driver information displays for corridor 
management are listed in Table 9.2. 

CMS's can either be permanently installed or be trans
pon.able to serve a specific need. CMS systems range 
from fixed-time. onsite control to rt'mote automatic con
trol. Several computer-based freeway surveillance sys
tems also utilize CMS's . Currently, however, these types 
of signs are most widely used to manage trafiic through 
construction areas and maintenance zones and special 
events. Table 9.3 summarizes the techniques and possi
ble trafiic operations applications for CMS control. 

A variety of CMS's are available to a highway agency. 
with each type having its own unique characteristics. 
while st2ndards for CMS's have not been established and 
only minimum guid~lines are provided in the MUTCD, 
a major research project. FHWA-RD-77-98 (8). summa
rizes CMS technology currently being utilized for traffic 
control applications and lists manufacturers for each dis
play type . . 

The remaining portion of this section provides the trafiic 
engineer with a working knowledge of the different types, 
features. u ses. and effectivene ss of CMS systems 
(8.10.11). 
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D:" !Vi::R lNrO RF·r'! ATION SYSTE i-~1s 

CMS Di!Splny Types 

O f the thre-c current types of CMS displays. the first 
,equires a m~h2nic2.l movement with appropriate elec
tromechanical control to the sign's mess.age. The second 
us.es light wurces arranged to form characters for varying 
the mess.age . The third relies on an electrical impulse and 
mechanical movement to alter the display. (See Table 

@ 

IFr. ',s 

~ ·--.,, 
. 

11 

11 

11 

(ffi' 
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t, 
Figure 9.2 . Diagrammatic sign for exit only on 

left-hand interchange land drop 

Source: Reference (2) 

9.4 for a summary of these three d ifferent types of 
displays .) 

Mechanical . 

Foldout Slgna. The foldout sign is a relatively sim
ple and effective 2-mess.age sign. using a small motor to 
swing 2 hinged panels across the face of a standard sheet 
metal sig.n. This type of sign can display 2 separate 
mess.ages or may display I mess.age ..,.ith the panels open 
(biank with the panels folded) . The motor rotates these 
panels 180 deg to change the display. 

Sin~ foldout signs are relatively inexpensive, they have 
tx:-en widely used for a variety of information situations 
throughout the United States (i.e., school zone control, 
lane control, turn movements, high-water warning, and 
weigh stations). The major problems with these signs are 

Table 9.2. Applicat ions of changeable 
message and other types of 
real-time displays 

Traffic management and diversion 

o Freeway traffic advisory and incident management 
o Frccway-to-frccv.-ay diversion 
o Special events 
e Adverse road and weather conditions 
., Speed control 

Warning of adverse conditions 

,. Adverse weather and environmental conditions (fog. 
smog. snow. rain . dust. wind. etc.) 

o Adverse road conditions (ice. snow. slippery pave-
ment. high water. etc.) 

o High truck loads 

Control at crossings 

o Bridge control 
o Tunnel control 
o Mountain pass control 
o Weigh station control 
o Toll station control 

Control during cons1ruc1ion and maintenance 

o Warnings 
o Spcrd con trol 
o Path control 

Spc-cial-us.c lane and roadway control 

• Reversible lane-s 
• Exclusive lanc-5 
• Contraflow lane-s 
• Re-stricted roadways 

Source: Reference (/0) 
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8 result of the highwa> enYironment and m~hani cal 
failures. such as the panel s Jamming due to severe ice or 
snow conditions. (See Figure 9.3 for an illustration of a 
foldout sig.n.) 

Scroll S>gns. The predominant face of the scroll 
sig.n containing several stored messages, is formed as a 
continuous belt of flexible material (plastic film), which 
is mounted on rollers at the sign's ends. The tape or film 
is then rotated until the desired message is properiy posi
tioned in the display "'indow. The signs are designed 
v.ith belts rot2ting either vertically or horizont2lly. 

A desirable feature of this sign is that the enclosure is 
environmentally sealed and protected, plus some models 
have a standby power source and are manufactured for 
transportable operation. Two unfaYorable characteristics 
are the limited number of maximum mess.ages (typically 
8 to I 2) and the amount of time required to change 
messages which, if excessive, could cause driver 
confusion. 

Rotating Drum Signs. Rotating drum signs gener
ally contain I to 4 multifaced rotating drums, "'ith each 
drum containing 2 to 6 message faces. Each face of a 
drum has one line of a fixed message formed to the 
panel. The drums are pivoted on the ends and rotated 
with a mechanical assembly to change the display. (For 
examples of this type of CMS installed in Dutch-John, 
Utah, and Duluth, Minnesota, see Figure 9.4.) 

The drum sign's favorable characteristics include simple 
operation, good visibility, and the ability to operate from 
a 12-v power source or hand crank. Some unfavorable 
characteristics include the fack of environmental sealing. 
limit size on large characters, and on the number of faces 
on a drum, plus the necessity of replacing the entire fixed 
message panel to change a line of copy. In addition, 
mechanical failures can cause the drums to misreg.ister 
when the limit switches are defective. which sometimes 
results in misleading information. Recently manufac
tured drum signs, however, have resolved the environ
mental problem by enclosing the face with a 
polycarbonate sheet. 

Light Source 

Neon Signs. The neon or inert gas sign uses neon 
tubing to form the legend characters. For variable-mes
sage applications, its us.e is limited to displaying 2 or 
more mess.ages within the s.ame sign space. Designs can 
be varied by stacking the neon tubing for each message 
or by s.epara ting each mess.age on the sign face. For a 
large number of messages. however, the display has nu
merous layers of tubing which causes the light to reflect 
through the outermost tubes, thus making messages illeg
ible or significantly enlarging the surface display area. 
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Also. while experience v.ith neon signs has sho-.,.-,. :ha : 
green neon is not accept.able for the highway e;w;ro ,, 
ment. th e New Jersey Turnpike Authority has had wn
siderable success with red neon during all type s of 
weather conditions. Currently, since neon signs have 
limited mess.age variability, most highway applications 
of this sign type are customized. 

Flb.N-Optic Signs. A fiber-optic display d is~:-ses 
light energy from a point light source throug.h fiber bun
dles that form messages on the sign's face . Si£11s capable 
of displaying up to 14 messages have been developed in 
Europe. Although this type of display has be-en used 
predominantly for lane and pedestrian control. some fi
ber-optic displays have been developed for varia ble 
speed limits. weigh stations. inclement weather, and al
ternate routing applications. 

Another example of fiber optics in trafiic control is dual
color signal indications for left-tum lane control. Dallas, 
Texas, has over I 00 intersections using fiber optics for 
this application. This allows a vertical stack of fou r 12-
in . signal heads for overhead installations, with the bot
tom s-..--ction providing both a green arrow and a yellow 
arrow during the change interval. 

L!3mp Matrl::r Signs. The display face of the lamp 
matrix display is formed by an array of incandescent 
lamps for each message line. Selectively illuminating the 
lamps in a character module permits the display of vari
ous characters. By utilizing a number of adjacent charac
ter modules, it is possible to construct various messages. 
Since each character module can display all letters of the 
alphabet and digits from Oto 9, almost any mess.age can 
be displayed if enough character modules are available. 
The number of mess.ages available varies with system 
design . Early highway displays had only a limited num
ber of hardwired messages. Newer display systems, how
ever, which are used with computer equipment, provide 
considerable message flexibility. 

Messages on lamp matrix displays can be shown stati
cally or flashed on and off. Some systems can sequence 
message phrases and display messages in a run-on man
ner. The desired contrast of the sign display v.ith ambi
ent lighting is achieved by continuous variable photocell 
control of the power- supply to the lamps. Messages v.-ill 
change almost instantaneously when a new message is 
selected. 

This type. of CMS has the advant2ges of a relative!) 
simple operating principle. high target value, and mes
sage flexibility. It has also been environmentally tested 
with many operational systems. The lamp matrix sign 
does have several dis.advant2ges in that the display re
quires continuous power to the sign, has high operating 
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Table 9.3. Sign control and o.x:r21ion techniques 

CMS Sign 
lnsullat,on 

Permanent 

Transponablc 

Trll" or 
CMS Operztior. 

RemoLC automatic 
control 

Onsite iutomatic 
control 

Remote manWII 
control 

Ons11c manUJ1I 
control 

Fixed-time nuto
matic control 

Fixed-time remote 
manual control 

Fixed~time onsit:: 
manual control 

Changeable m~ 
s.agc onsite control 
for unpreoicubie 
event 

Changeable mes
s.age onsi:e control 
for predic1.2blc 
event 

Fi,ed me<..s.age for 
unpreo ,nablc 
e vent 

Fixeo message for 
pred,nablc event 

[►-sen pt ion 

S,p, m~--s are d,spLtyed a11d ch&n~ed automauo.l!y 
b) a remote control system when varyin: advc= cnvi
ronmcnt.21 roadwa) or tra.fi,c conditions are r.cns.ed by 
dete::-ton: nu11□J--o, · er.-ide cpability is norr.u.Jly pro
videc. 

Siµ, mc<-5.'!gcs are d:sp!ared and ch&n~ automatically 
by a.n onsne control system when voryirlj advene cnvi
ronmcnul ~dWll)' or tnnic condniom are r.cns.ed by 
detectors. 

Sitn m=,;es.. b:,s.__~ on var;ing cnvironmenul r=dwa)· 
or trafi,c concitions. •re dis;:,l.ayed and dung.ea by ,ign 
OP=r.llOi> fror., remot.c central office locztion. 

Sign mcs>..ages.. bas.ed on v•rying cn,;ronmenul ro.>dway 
or trafiic conditions.. a.re displayed and changed by an 
operator usini; a control panel located at the sig.n s11e; in 
the c;is,, of a rrumually operated foldout sign, the sign is 
opened to display a m~e: and in both =. pe=n
r.e! must tr.ave! to the sign site after the ne::d for a m~ 
~e has ~n determined . 

Sig.n m~es are displayed and changed autorru,uc.:,,Jly 
at presclecteo times of tlie day. 

Sign m=ges are displayed and chanll!:Ci nt i,=!ected 
times by operator; from a remote loc.1tion. 

Sign mess.ages are displayed and ch.anged at preselected 
times by operator; at L'ie s.ign site. 

Sip, is moved into place when an unpredictable event 
occur; (e.~. major nccident); sign me<_sages are displayed 
and chanied onsite t,.,,._--d on var;intt traffic conditions.. 

Si~n is moved into place for a predicuble event (e.r,., 
special event. par:ade. holiday trnffic congestion at a tun
nel. bridge. etc.): sign m~es arc displayed and 
changed onsitc. bas.ed on varying tr:iffic concliuons.. 

Signs is moved into plllce when an unpredicuble event 
=ur.; only one mcssagr is clisplayed. 

Sign is moved into place for• predictable event; only 
one me<~ is displayed. 

Possible 
Appl>cations 

(1) 

(b) 

(c) 

(d) 

(e) 

(f) 

(f) 

(g) 

(h) 

(i) 

(i) 

1 Tr:afiic man1grmcnt and diver.ion (tnfiic ndvisory nnd inci
dent management. freeway-to-freeway diversion, special 
events. adverse road and weather conditions. speed control); 
warning ofodvcr;.c cond itions (weather. environmenul. road); 
control at crossing, (bridge. tunnel. mounuin pass); special 
rcad •.-,:?y c:mtroJ ~~tnctd ro~d\:.ti:! )'S) 

• Speci:,l-us,, l.lnd and roadWlly control (reversible. exclusive, 
and contraflow Lsnes and re-s1rie1eo roadWllys) 

< S...mc as for fixed-time autom•tic control 

bTr:affic advisory {warning of slow tr:afiic. speed control): warn
ing of adverse cond11ions (weather. environmental. road. high 
truck loads): control at crossing, (bridge. tunnel. mountain 
pass): control dun ng cons true1,on :nd nuintcn..ntt; special 
roadway control (re-strineo r0.1dways) 

c Same as for remote automatic control: also. control at .,..igh 
nations ~nd toll sutions: control during construction zrnd 
m;iintcna ncc 

d Same as for remote manual control : bc-caus,, of the deuiys in 
travelin& to the CMS sitc{s). m=ges ,encr.slly are not as 
timely in comparison wnh remote control operation 

Source: Reference (10) 

1 Tr:afTic maragcment and diversion (u-aflic odvisory and inci
dent management. ~)-to-fr=way diversion. odvcr-" rc.od 
-and wc.ithcr conditions) 

bTr:iff,c management an<! diver.ion (sp:c'.'11 evenu): control I!! 
crossing, (brid&c, tunnel. mounuin pa~): control during con

. nruction and m.ain1cn.2ncr 
' 5.:me as for chan:cablc rr.es""gr ons.ite control for unpn:-tlie1-

able event; displays and mcss.age1 are not changed to re-spend 
. to varyir,i traffic conditions · 
J 5.:me ns for c~n&e11blc me<~ ons.ite contro l for r,rr-tlicuble 

t •'/ t..11!: d1spla)'1 :ind rr:~~ are net cl'--:rngcd to ~pond 10 
Vllr;ins trafi,c conditions 
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Tabir 9 ~ Types of ch angca bk-mcss.agr sign d1spl 2ys 

Ca tcgor: 

Mechanical 

Light source 

Electromechan i~al 

Source: Reference (5) 

Foldout 
Scroll 

Type 

Rot2ting drum 

Neon 
Fiber optics 
Lamp matri1 

Elcctrom2gncticd1sc matri1 
Electromechanical fL:ip matn1 
Elenrost.2t1c vane matn1 

and maintenance costs, has many auxiliary control sys
tems that require trained personnel, and experiences 
lamp failures which can make characters or mess.ages 
confusing. 

There are a relatively large number of lamp displays 
installed throughout the United States. Many of these are 
used for weigh station. variable speed limit , and lane 
control applications. The larger, more complex traffic 
management and information lamp projects include the 
following locat ions: Jones Falls Expressway - Balti
more, Maryland: Eisenhower Memorial Tunnel (I-70) 
- Colorado: I- 7 5 - Cincinnati, Ohio; and Santa 
Monica Freeway (1-10) - Los Angeles, California. (See 
Figure 9.5 for an illustration .) 

The Los Angeles Area Freeway Surveillance and Control 
System, in the early 1970s, installed 35 lamp CMS's on a 
12-mi stretch of the Santa Monica Freeway between Los 
Angeles and Santa Monica. Currently, over half of these 
original signs have been relocated to other freeways at 
points of major decision. usually in advance of freeway
to-freeway ramps. The initial half-mile spacing of these 
signs was determined to be too close for effective motor
ist information. There are approximately 50 permanent 
CMS's in the greater Los Angeles area including both 
lamp and disc matrix signs. 

Electromechanical 

fi::x;tromsgnetk: Disc f.fatrix Signs. Disc matrix 
signs are similar to t;,e lamp matrix with the c~ception 
that reflectiYe discs rather than incandescent lamps are 
used to form the kgend characters . This type of CMS has 
recently received widespread use in many highway CMS 
projects tx:cause of its projected lower operating and 
maintena:ice costs . 
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Most disc matri1 sigm utilize a 2-posit ion. fl1p-d1s.c tech
niqu e. L' sually the mess.2ge lines cons ist of 20 variabl e
matri:i._ modules. each with 35 individual flip discs that 
haYe ·a reflective yellow coating on one side and a fla t 
black coating on the other side. Illumination of the sign 
face is provided by exterior lighting. A close-up of this 
module and the discs is shown in Figure 9.6. 

Some new signs of this type utilize a 3-position. fhp-<lisc 
technology to display mess.ages with or without available 
sunlight. The reflective discs which are made of mylar 
plastic. have a small permanent magnet affixed to one 
side. Images and characters are formed on the display by 
rotating designated discs to the appropriate position . 
One side of the disc has a flat-black finish to blend with 
the background of the dispiav face. If this side is re
vealed. the d isc is not visibl; at normal viewing dis
tances. The opposite side of the disc, however, is a bright 
fluorescent yellow. When this side of the disc is exposed 
to sunlight. it is highly visible and becomes an element of 
the character being formed. During nighttime and other 
low-light periods. the discs are rotated to a third, hori
zontal position. When in this horizontal position. the 
light from a common source located behind the disc 
modules passes through the display face to form the lig.ht 
points. 

The disc matrix sign has the advantages of total mess.age 
or display flexibility, low power consumption, and low 

Figure 9.3. Foldout sign 

Source : Reference (.73) 
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maintenance. while 2 sealed enclosure pro\ 1d:-, er;\ ;ro,,
men:.21 prot ecii on. Fa\·o rable user comments c11e the ad
vantages of good message ciarily under m os! li ght 
conditions. includ ing no wash ou l problem during in
ten s.e sunlig.h1. D isc signs . however. mus! be illu:-nin21ed 
for nighuime use . This type of CMS also has reduced 
legibility distance. and loses visual impacl on cloud:, or 
overcasl days . This m ethod of message writing also 
could be considered a d isad\·ant2ge co mpared ..,,it h the 
12.mp ma1ri ;1.' s instantaneo us mess.2ge change c:2pabiiit:,. 
Since portions of1he new and old mesS2ges are displayed 
conc urrent!:;. while the new message is written . some 
confusion can occur. Even th o ugh messages cannol be 
fl2. shed. some piciorial animation or simulated flashing 
is possible. 

Several documented h ighway 2.pplica1ions using d isc 
signs include the foll owing: Grand Rapids. Michigan: 
T a mp2.. Florida: \\'ashington: Denver, Colorado: and 
Ba lt imore . Maryland. The Integrated Motorist Informa
tion System (Hv11S) covering three major expressways in 
Long Island. New York . pla ns to install 74 signs of this 
type for advisory and d ive rsi onary information to mo
torists in order to minimize congestion and offer al!ema
t ive rou tes. (For an example of a d isc matrix sign . s.ee 
Fig ure 9.7.) 

Electromechanical Flap Matrix Signs. The message 
portion of the flap matri x sign is formed by an array of 

~-;I.,. . ..,. -v. , 
·' ,..._ ·a.....i;.:.:..~- -

~~!· _·, ~ -~--- -

~ --I,,.- ·; :_-~--~;, ~- ' - ~-:~ ' -~;-_-' 
r-Tl .~.11:'1~ ,-'~~ ,• _ _t.~~-- ~ ~1!~~-- . . . . .· ~~~~ . -= -~ .. -~-~ . ;-,,,._,. . _: :.::~;4 
·-':':~~0-.:i:~ . _ _ /'_: :- -~_ ... --- : :-_:.~~ --=-

Figure 9.5. Lamp rnatri:-. sign 

Source : Reference (.?5) 
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eitctro ;.1 ech anical ly actuated flaps. arranged on 5-in. by 
,-in. matrix m od ules spaced a fixed distance apan. Typi
~!ly. 9ne side of each flap is black to match th e sign 
bz:::kg.round. v.ith the other side usually white to displa y 
a white-on-black color combination. A reversible motor 
rota tes the flaps 180 deg to form the legend characters. 
Exact shape presentation or display of lower case letter
ing types is not possible . 

Mess.ages are changed by inscribing the new message 
from left to rig.ht on each line in sequence. During a 
mess.age cha nge, parts of the new and old messages are 
visible since at least 2 sec are required to change one line 
of average length on a sign . Up to IO sec are required to 
change the entire message . 

S ince surveys (8) have been reported on only one known 
highway installation on King Avenue Overpass in Balt i
more, Maryland, it appears that only limited experience 
has been gain ed in using the electromechanical flap ma
trix sign. 

Trl.{;olor Signs. The viev.ing face is formed by a 
matrix of 2'h-in. square rotating 3-sided elements. The 
el ements reveal one of 3 colors (e .g .. white. black. and 
fluorescent yellow); thus. several color combinations of 
Ieners and backgrounds can be displayed . The element 
itself is electromayietic. Surrounding the armature con
tained in the element is a cylindrical 3-pole permanent 
magnet which rotates to orient to an armature coi l. 
When energized, it is magnetically detented after the 
power is removed. A typical freeway overhead sign may 
contain 2,430 elements. See Figure 9.8 for an example of 
a Tri-Color sign element. 

Currently, this type of sign is the only CMS manufac
tured that can display both regulatory · and warning 
messages with the proper color combination. Messages 
on this sign are normally statically displayed. Font size 
can be changed to range from 4-in. to 6-in. v..ide and 5-i n. 
to 9-in. high. Externa l lighting is required for night 
visibility. 

9.5 TRANSPORT ABLE SIGNS 

In some situation's. when permanent CMS's a re n ot 
available on the highway to be controlled. it may be 
desirable to use transportable signs to display real-t ime 
information. Transponable capabilities allow the high
way agency to move the CMS into place prior to predict
able events (e.g .. special events). or to manage tra ffic 
when unpredictable major incidents occur. It should be 
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r::-cogni1ed 1ha1. in the lat1e, case. 1h e deia:, in displaying 
a meS!>.2f'.t" foliowini; an acc1drn1 rr.2,· at tim es be consid
e.able because of th e t raYel time 10 the si1e needed by 
service personnel. 

Transpor...able signs include the following three types: 

• Truck- or trailer-moun1ed signs 

• Pickup signs (leg-supponed signs that can be placed 
in 2 tru ci. or trailer. hauled to a s;te. and set out on 
tht> roadside) 

o G round -m o unted . with rem o \·able. transportable 
message' panels 

Exampks of the tru ck -m oun ted signs used in response 10 
major incidei.!S are the Calirans r..a_ior incidrnt respons t> 
units shown in Figure 9.9. The message insens are signs 
mount t>d on a rigid-frame suppon. A library of message 
inserts is stored on each truck . and mes!>ages are dis
played in various combina1ions as directed by the situa
tion . Lamp-matri,- CMS's mounted on the back of 
pickup trucks are also used by the response team to 
manage traffi c during incident or special events condi
tions. This sign has the same capabilities as a permanent 
lamp sign and can be mo\·ed to any location. This type 

' 
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' 
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F1~urr 9.6 . Tri-Color sign clcmrnt 
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of truck or trailer-moun1ed sign ma:, have limitations 
with respect to response time. size . and power require
ments: it is best suited to predic:.able events. The Cal
trans ~esponse team is on call a1 all time s. thus reducing 
respo·rise time to a minimum. Transpo:ubie CMS's ha\·e 
proven superior to fixed CMS locations fo, end of queue 
management because of mobility (18). 

9.6 HIGHWAY ADVISORY RADIO (HAR) 

The Highway Ad\·isory Radio (HAR) is a mean s of pro
viding highway and traffic-related messages to the driver 
using his existing AM radio receiver. Typically. th e se r
, ·ice is pro\·ided at either end (i.e .. 530 and 1610 kHz) of 
the AM band. HAR locations are restricted because ei
ther commercial stations broadcasting on frequencies too 
close to HAR 's. or the Travelers Information Stati on 
broadcasters (National Park Service. Forest Service, Air
ports. Coast Guard. etc.) who use the same HAR fre
quencies are nearby. Use of these frequencies can be 
authorized by the Federal Communication Commission 
(FCC) on a de\'e]opmental license or under FCC Rules 
and Regula1ions. Pan 15. without a license which per
mits low power communication devices. At best, how
ever. Pan 15 systems pro\·ide marginal coverage and are 
not likely to pro\'e satisfactory for most traffic control 
and adYisory applications (19) . 

A HAR broadcast system consists of a low-powered AM 
transminer which is ma1ched to either an induction 
cable antenna or vertical monopole antenna (see Figure 
9.10) and is modulated with a solid state voice storage 
unit. Typically. the AM transmitter is connected to the 
voice storag·e unit \·ia leased telephone lines. Generally, 
the monopole antenna has been used in most existing 
installations. The cable antenna has been rarely used 
because of the high cost of installation . 

Vertical Antenna HAR Systems 

A single whip antenna may be used or several antennas 
can be spaced along the highway and elec1ronically inter
connected. Each antenna radia1es a signal in all direc
tions. thus forming-a circular transmission zone. Some of 
the primai: ad\'antages and disad\'antages of the whip 
antenna are as follows ( 7): 

0 11 is physically small and can be installed in a rela
ti\'ely small space. 

• It is relative!:, easy to install. It can be installed in a 
shon time in \ arious en\ iron men ts over eanh or 
paYement. on a building tower. e1c. 
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It can be easily relocated. 

It will usually be visible, but can bt part;ally 
c.amou:"iaged. 

It can be placed several hundred feet from the 
highway. 

It is subject to damage by weather, accident. or 
vandal ism. 

It requires a match ing network (or series inductance) 
that is efficient. stable. reliable. and easily tunable. 

lt provides a circular zone of coverage that may inter
fere with other coverage zones on adjacent highways. 

It will usually be less costly to purchase and install 
than a cable antenna. 

Induction Cable Antenna HAR Systems 

The second method of broadcast utilizes a roadside cable 
instead of conventional vertical antennas. The radio sig
nals are "narrow cast" by directional induction radio 
transmission and can thus be confined to the width of a 
multilaned highway. 

One of the characteristics of the cable antenna is that a 
strong. but highly localized induction-type radio signal 
can be produced within a short lateral distance of 100 to 
150 ft from the cable . This is sufficient to produce a good 
signal for the width of a multilane highway while restrict
ing the field. At a distance of several hundred ft from the 
cable. the field is below the effective response value of 
typical automobile receivers. This results in a relatively 
high degree of efficiency in the use of the radio spectrum 
for roadway communications. as the same carrier fre
quency may be utilized without interference on several 
highways in one area. Another feature is that the system 
cari be designed such that different messages can be 
broadcast over two separate frequencies on the same 
cable. Thus , messages could be individualized by direc
tion of travel. 

Several advantages and disad\·antages relative to the use 
of cable antennas are as follows: 

o lt must physically extend the full Ieng.th of the cover
age zone. 

• It can provide continuous coverage through tunnels, 
in buildings, under overpasses, etc. 

o It may be placed above or below ground. 

• If installed below ground, it is not subject to damage 
by weather or vandalism. 

o If buried, it is more costly to purchase, install, and 
relocate; however, it can be made virtually invisibl:. 

o It is not e2sily installed in some areas already built ·up 
-..ith concn:·ie pavement and highway structures, such 
as through a highway interchange or intersection. 

" The cable antenna is easily connected electrically and 
requin:s no matching network or tuning adjustment. 

o The radiation zone is confined to within I 00 ft or less 
from the cable, and thus minimizes interference with 
nearby coverage zones. 

" It must be placed close to the highway. 

o The radiation is stable v..ith temperature and weather 
and is relatively unaffected by the type of soil if 
buried. 

HAR E:i::perience 

Certain shortcomings exist with the present HAR sys
tem. In developing a system which utilizes AM receivers, 
various compromises have had to be accepted. For ex
ample, the motorist is required to tune to the HAR 
broadcast manually, and the reception zone of the broad
cast is directly related to the out-of-band tuning of the 
receiver. In addition, the broadcast is not received by all 
AM receivers. However, the benefits outweigh some of 
these problems since HAR can be used effectively to 
provide real-time traffic information relative to traffic 
congestion, construction, and maintenance operations, 
as well as information 0!1 specific highway environmen
tal conditions. 

Outlined below an: some of the experiences obtained 
from HAR users as presented by Mammano in a report 
by the California Institute of Transportation Studies 
(]]~ . 

'" Over 75 percent of the commercially available AM 
automotive: radios will tune to 530 kHz; only 50 per
cent will tune to 16 IO kHz. 

o Many local authorities do not provide adequate docu
mentation in applying to the FCC for Travelers Infor
mation System (TIS) authorizations. Hence, some 
licenses are granted in 2 months while others take 
over 6 months. 

• One of the accepted types of transmitters requires an 
in-line amplifier to fully modulate the AM carrier 
from the leased telephone line. 

• Most vertical monopole antennas require an RF im
pedance bridge for optimal tuning. 

• One of the advance visual signs for an HAR system 
should indicate if the system is in ope:ation 
(ON/OFF). 
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• H -".R s>·stems should USz' ei:her 1wo pairs of leased 
J;ne s (one to mociu!a1e- the transm11ter and the other 
to m on!lor the broadcast). or a sensitive- rece iver to 
mon!lor the roadwa> 's broadcast. 

• Sufficient roadway surveillance is required 10 assure 
that timely and credible information is being 
broadcast. 

EJ:Bmples of Existing Systems. Operational or e;,.. 

perimental audio s~·stems ha\·e been installed at the fol
lo wing loc2ti ons: 

o Los Angeles Interna tional Airpon 

o Houston Int ercontine ntal Airpon 

o Colorado (Colorado Division of Highways, District 
l) 

• Philadelphia (Delaware Valley Regional Planning 
Commission) 

o Minneapolis (Minnesota Depanment of Highways) 

o Beaumont (Texas Depanment of Highways and Pub
lic Transportation) 

o Wyoming (Wyoming State Highway Depanment) 

o Washington (\\'ashington Department of 
Transponation) 

o C"hicago (Illinois Depanment ofTransponation - 5 
~ystems) 

• Yellowstone National Park 

o Disneyworld 

The remainder of this section .describes some of the 
above systems to illustrate the practice in some states. A 
list of HAR users as of 1980 can be found in Reference 
(20). 

A good example of a low-power radio broadcasting sys
tem utilized to proYide driYer information is that owned 
by the Los Angeles Airpon Authority. This system con
sists of a buried-cable AM radio system with broadca~ts 
tran smit ted Yia 530 kHz. Signs on 1-405 in adYance of 
airpon exits adYise motorists to tune to the station for 
airpon information . The objective of the system is to 
minimize the number of circuitous trips around the ter
minal loop. a situation which creates severe traffic con
gestion. Basic messages guide motorists to terminal 
parking and to specific terminals. Over a mile is buried 
under Century Avenue. another mile is buried along 
Sepulveda Bou}e\·ard. ar.d over 2 mi are buried along J. 
405 on the approaches to the terminal loop road. Prer
ecorded tapes are selected and played depending upon 
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roadway and parking conditions. Infom.ation 10 the ce r. 
tral control room is supplied by a closed circuit televi
sion camera and parking lot at1end.ants. Th·e mesS2ges 
range i'ri length from 20 to 120 sec. 

Another functional system is employed at the Houston 
Intercontinental Airpon to provide information con
cerning parking conditions. The system output is low
power and uses tape canridge broadcasts . Depending 
upon various parking conditions, designated tapes are 
initiated. Transmission is made using sing.le-dipole, cir
cular radiation antennas. Two antennas are used in th e 
system to provide a broadcast zone of approximately 6.0 
mi with the present configuration. The transmit1er and 
antennas are connected in circuit using existing phone 
line. With the low-power output, broadcasts may be con 
ducted on any frequency between 530 and 16 l 0 kHz. 
However, broadcasts are made on I l 00 kHz without 
interference from local commercial broadcasts. 

In Colorado. motorists approaching th e Eisenhower 
Tunnel on 1-70 may tune their radios to I 6 IO kHz and 
receive advisory information concerning tunnel condi
tions. road surface conditions {approaching the tunn el 
and at Loveland and Berthoud Pass). traffic conditions 
and alternate routing if necessary. The information is 
gathered at the tunnel control center and appropriate 
messages are taped and played back over telephone lines 
to transmitters located at Dumont on the east and Dillon 
on the west side. These HAR systems operate with an 
FCC experimental radio license. Both transmitters 
broadcast on 1610 kHz with up to IO watts of RF power 
into above ground monopole antennas. 

In 1975, the Delaware Valley Regipnal Planning Com
mission (DVRPC) staned operating a HAR system on 
the Wal! Whitman Bridge in Philadelphia. The system 
informs inbound motorists from 6:30 a.m. to 9:00 a.m. 
of free parking to encourage the use of mass transit. 
reduced toll rates for carpools. and traffic conditions on 
the Schuykill Expressway (1-676), the main anerial to the 
CBD. This HAR system contains 6,000 ft of cable an
tenna that was suspended on the bridge. a I 0-w AM 
transmitter. and a telephone-line interconnected tape 
deck. It operates on 530 kHz with an FCC experimental 
radio station license. Five additional HAR systems were 
installed in July. 1976.:Each operates at 530 kHz within 
FCC Rules and Regulations. Pan 15. Each system con
tains a low-power AM Transmitter and 9,0CXl ft of buried 
cable antenna. 

The Minnesota Depanment of Highways installed a 
HAR system on l-35W in Minneapolis as pan of an 
extensi ve surveillance · and control system. The system 
contains I mi of cable antenna. a I 0-watt AM transmit
ter. and a tape deck with a telephone interconnect. The 
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t ra nsm in er o pe ra tes al 530 kH z with a n FCC exp-::rimen 
tz l radio s:.a tion licen se . 

From the ex pe rience ga in ed from exist ing HAR ins t.al! a
tions th e FHWA has developed guidelines for th e use o f 
this system (i.e. , User's G uide, Design Gu idel ines , and 
Executive Summary). Also a Highway Ad1•isory Radio 
Message Del'e/opment Guide has been recently d eveloped 
to hel p station operators prepa re HAR messages. 

Automatic Highway Advisory Radio (AHAR) 

A protot ype of an Automatic Highway Adviso ry Radio 
(AHAR) has been developed for testing and evaluation. 
Th e AHAR system uses roadside transmitters and in
vehicle receivers to proYide m o torists auto m atica ll y with 
non comm ercia l in form atio n penai n ing to t ra ffic. road 
and weather condi ti o ns , t rave l advisories, a nd gene. al 
tourist inform ation . The mo to rist can preselect the class 
of in fo rmation to be received (i .e .. traffic advisory or trip 
information). The AHAR system also has an overriding 
emergency information fea ture. This new technique 
should improve the motorists' attention to the driving 
process and. thus. improve safety by reli eving them from 
having to search for the m essage they need . In addition , 
not hav ing to listen to a num ber of irrelevant messages 
should ass ist in m essage retenti on. 

The concept of AHAR is illustrated in Figure 9.11 (21). 
Figure 9.11 (a) shows the basic components that make up 
the system. Figure 9.11 (b) shows the a rrangement of the 
system along a high way. A veh icle moving from right to 
left first enters the enable receive zone. This transmitter 
continuously transmits an enable code consisting of a 
single dual-tone multiple-frequency (CTMF) digit. The 
scan zone represents a time allowance for a scanning 
receiver to locate the frequency. The width of the enable 
receiver zone need only be sufficient for the receiver, 
after locking on . to receive the enabling code. Once ena
bled, the vehicular receive . stops scanning and waits for 
the message. The message is received after the vehicle 
enters the m essage receive zone. Width of the message 
receive zone should be about 3 mi for the real-time ana
log approach . This will permit a vehicle moving at 60 
mph to recei ve an unintern.ipted 60-sec message at least 
twice from IY.'.g in ning to end. 

A pilot demonstration ofa AHAR system has been com
pleted in Tampa/ St. Petersburg, Florida . The AHAR 
transmitter provided messages of traffic conditions on 
t he H oward Fra nkland Bridge. givi ng the pani ci pating 
mo to ris t 1:i e a lt ern ative of us ing a dive rs io n rou te when 
tra ffic conditions warranted . Conclusions from the dem
onstration project include th e following (21): 

0 The AHAR concept has merit. Timely ,raflic infor
mation provided at locations where motorists are 

able to make a choice of a ltern ate routes ca n in fl u
ence their decision-making process . Panicipants ind i
cated tha t abou t 42 pe rcen t o f the mess.ages recei Yed 
inf1uen c~d their ch oices of rout es. 

0 Unl ess the cost of a mass prod uced in-veh icle re
ceiver can be reduced to S l OD or less ( l 983 prices), or 
incorporated into a standard automobile broadcas t 
receiver at a reasonable cost. widesjJread accepta nce 
by motori sts is not likely. 

9.7 MOTORIST AID SYSTEMS 

Motorist aid systems can be cla ssifi ed as foll ows: 

o Ca ll box and emergency teleph ones 

c Coded pu shbutton call-box 

□ Two-way voi ce 

□ Commercial telephone 

" In-vehicle communicatio ns 

o CB radio 

□ Commercial automobile telephone 

o Patrol s 

□ Pol ice/ h igh way 

□ Courtesy (private or public) 

Call So:.t and Emergency Telephone Systems 

One of the earliest incident-detecti on systems used mo
torist call boxes or emergency telephones. The approxi 
mately 50 emergency telephone systems which have been 
installed in the .United States to provide the motorist 
with a means of summoning aid have been shown to be 
valuable. Motorists experiencing, or witnessing, an inci
dent ha ve used the nea rest call box or telephone to in
form the operating agency of the nature of the incident. 
Telephones are generall y preferred because voice com
munication gives the motorist an opponunity to expla in 
exactly what services are required. However, the call box 
with coded message buttons is less costly (20 to 25 per
cent) than a telephone requiring voice transmission . 

T he m a_ior 2.dv2nt2:_?.e of .2. m otorist call system is that it 
is an efiicien t system for signaling a motorist's need for 
service . A major disadvantage is the delay associated 
with the motorist determining that an incident has oc
curred, recogni zing that the proper action in vol ves using 
the call bo:i., locating the nearest call box, and th en pro
ceed ing safely to the call box to inform the operating 
agency. Two disadvantages are that delay can be qu ite 
significant, and , also, that these systems are suscep tible 
to vandalism and false alarms. 
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Mammano ( J 71 conduneci a SUP r~ of c::i !l b0xes anc 
emergenc~ teleph o ne, in l 9S2. and 1denti11 e:::l 3..; OJX' ,cl
ing systems of this typ{'. The 34 op{'raung systrms were 
found in 20 s ta tes and represen ted a reducti on of 15 

syst:.-m~ since 1976. T he principal reasons for reduct ion 
ar e , ·a ndai1sm and hi gh operating and maintc::nance 
com. F1,·e states - Florida. Rhode Isl and. Michigan. 
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DRIVER INrORMATION SYSTEMS 

Conne.:-ticut. and Louisiana - have installed systems 
in the las, 6 years . 

However. some freeway operating agencies indicate that 
this type of motorist aid system is the best public rela
tions device in the system. An example is in Detroit, 
Michigan. where the Surveillance Control and Driver 
Information (SCANDI) has been installed. (For some 
illustration s of emergency call boxes and telephones. see 
Figures 4.25 and 4.26.) 

9.8 CITIZEN BAND (CB) RADIO 

The need for a posit ive response that is less expensive 
and safer than the telephone system has led the FHWA 
to research in-vehicular, 2-way motorist-aid systems. 
These systems would allow motorists to remain in their 
vehicles and use their citizen band (CB) radios to render 
aid . 

Requests for assistance are broadcast over Channel 9, 
which was designated as an official emergency channel 
by the FCC in 1970. Since then, several national volun
teer citizen groups (i.e., REACT and ALERT) have been 
organized to provide motorist assistance by monitoring 
at mobile and fixed stations that interface with public 
safety agencies dispatching the service required. Depend
ing on the geographic characteristics of the area, calls 
transmitted on this band may be effective for distances 
up to 20 mi (11). 

The National Highway Traffic Sa;ety Administration 
sponsors the National Emergency Aid Radio (NEAR) to 
develop CB system improvements and promote the use 
of CB radio in emergency situations. This national or
ganization has over 30 states actively panicipating in the 
NEAR program. The evaluation of this program clearly 
indicates the value ofa 2-way. in-vehicular radio and the 
need for a fully organized, well -structured communica
tion system for this method of motorist aid to be success
ful. State and private organizations are attempting to 
provide the systems, while the NEAR program provides 
the structure required. 

Some state agencies and private groups are actively pur
suing CB motorist-aid programs by the following 
methods: 

• Organizing volunteer groups to monitor more s~
tions to provide an intense local area coverage 

• Using the CB as an input for a wide-area motorist 
information system 

• Involving state law enforcement agencies 

• Extending the effrctive transmissi on range of CB 
through equipment enhancement (i.e., BEAR and 
CB/Aids systems) 

(See Table 9.5 for a summary of the characteristics of CB 
motorist-aid applications.) 

Broad Emergency Assistance Radio {BEAR) 
System 

The Michigan Broad Emergency Assistance Radio 
(BEAR) system, developed by the state, uses the CB ra
dio to assist motorists. The system consists of 10 remote 
(relay) stations aloni; a 139-mi section of I-96 between 
Detroit and Grand Rapids, Michigan. (See Figure 4.27) 
The unattended remote stations are linked by dedicated 
leased telephone lines to the Michigan State Poiice in 
East Lansing. 

Following a shutdov.n of the system in 1982 because ofa 
lack of operating funds, the state police initiated a pro
gram to have volunteers operate the system from the 
state police barracks in East Lansing. Volunteers are 
made up of senior citizens, criminology students from 
the University of Michigan, welfare personnel. and other 
voiunteers. 

The BEAR system requires that the dispatcher (volun
teer) monitor a display board to which all IO remote 
stations are connected. The remote stations have a tone
squelching technique, allowing the motorist with the 
strongest signal to access the system. Once the motorist 
has made contact with the police monitor, the monitor 
advises the motorist to stand by while the monitor turns 
to Channel 19 to listen and then call to verify that a 
motorist needs assistance. Upon confirming the distress 
call, the monitor returns to Channel 9 and talks with the 
distressed motorist or acknowledges the contribution of 
the good s.amaritan caller - the motorist who reponed 
a vehicle needing assistance. Once verified, assistance 
instructions are then sent from the dispatcher to l in 5 

- individual state police posts by means of police radio, 
telephone, or teletyp-::. 

The system operates 24 hr/day, 7 days/week. All calls 
received over the system have to be monitored, which 
places a burden on the operating staff for this coverage. 
At present, volunteer groups handle approximately 30 
percent of the c.ills on the system. This cooperation with 
the State Police has worketl quite well. Based on an ex
pected 10-yr system life, the cost per call is currently 
$27.37 (15). 
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Citizen Band Automatic Interconnect Digital 
System (CB/ Aids) 

The FHW . ..\ h2s 1n1tia,ed 2 study 10 determine the tech
nical fe 2sibi lit: of an automatic telephon e interconn ect 
device which couid be used wi1h 2 CB radio link for 
motorist emergencies and assis:..an ce. A pilot program 
has been established in DeKalb Coun1y. Georgia. ap
proximate]:· 10 mi nonheast of Atlanta . 
Thc> bas ic concept of this sys1em (see Figure 9.12) is thal 
m o tons ts can es tablish communica1ions from their vehi
cl es IO a m onitoring system thro ugh an automatic radio-
10-tel::-phone connection . To make a connection. the mo
wrist v.ould u se a dig ital adapter anached to the CB 
r2d10 (sec Figure 9. 13) Two pushbutton s on the digital 
ad apter ma1' c it pos sibl e 10 sel en either an .. emergency .. 
(E l or "2 ss is1ance .. ( . ..\ ) m oni to r. B:, pressing the appro
priate butlOn and then keying 1he microphone. the mo
torist 1ransmits a shon burs! of data. including the 
motorist·s identification number and the E or A call 
identification. The decoding circuitry on a CB-base-sta
ti o n tra nsce i\·er. at an unanend ed remote station. re
ceives 2nd stores the data . After verifying the data. the 
circuitr:, then automatically dials either the emergency 
monitoring te lephone number or the assistance-monitor
ing telephone number. The audible telephone touch tone 
codes are then transmiued to let the motorist know that 

DRIVER INFORMATION SYSTEMS 
----------- - ---- ·-· 

the call is being placed . The remote station m o nit or co ;,-,. 
municates d1rectl: with the m otori st using s:.a nca rd r2-
d10 procedure . After determining th e response req ui red 
and . ensuring that the request is processed. the monito'r 
terminates the call. The system automatically resets to 
receive the next call. One feature to reduce emergency
response time allows volunteer groups to answer assis
tance calls. thus freeing the police to respond only to 
emergenc:, calls . 

An e,.ample of an automatic CB system is the Chicago 
Area Sur,eillance Proj ect (CASPJ . In the CASP sys1 em. 
CB radios are used as an adjunct to their auto matic 
incident detection capability. When an incident alarm is 
generated b:, the automatic system. the nearest road sid e 
CB unit is -selected and moniwred by the system opera
tion to determine the extent of the incident. The,e a rc> 5 
CB units on the Eisenhower Expressway. The System 
covers approximately 15 mi. The CB units are spaced 
approximately 3 mi apan. Although there are no forma l 
evaluation data available. system personnel indicate a 
vc>ry positi\"c' attitude on the> usefu!nt>s~- of CB rr.oni!or
ing.Pians to expand the coverage for approximately 100 
mi of the freeway system are under way. 

New York is planning to install a CB system similar to 
the one in Chicago. This CB system will be a pan of the 

Table 9.5. Charaneristic-s of \·arious citizenband (CB) radio motorist aid applications 

Covcracr Commum-

C"B Mo1ons1 .\1d Commun1c;t10n!. T1mr- Rc-spons,- False AL1nn ca11on Mo1orisi 
.t...pplica i ion~ l-\l..a~ 2-"'-a~ (Hr! .\rca T,mc Rai, C-oord1na11on Confidence ' Spcoal Fca1urc, 

\"oluntc-cr X :4 L1m11cd Fair ""crag:- Limi1c-d Fair Good s.amanun. mob,k . 
monttorinj! and; or hase opc-ra11on 

Con1rol c:-ntrr X :x 2~ Br0,1d Good Lo" E,c:t"llcnt Good Radio station broadt2: s:-
Op('T3ll00 !1 )", in~. ("("T\". spc-cd-ol l 

tckphonc . l ' HF-F~1 

Police :x 1.: Broad E,c-cllcn1 Lo" bccllcn1 hccllcn1 S<-cunt). z.ssur.rncc . eood 
m on11onn~ s.amant.an 

BEAR X X' 2.: Br0,1d Good Lo" bcellcn1 Good Extended gcog.ap h1ca ! 
covcrag.:- . good s.ama rllan 

CB .\1d ~~\terr. X X ~4 Broad hccllcnl \ ·c-~ Lo"' hcellcn1 E~cclkn1 Automa11 c 1drn11fica t1o n. 

ntendcd gcograph,cal 
co,crag:-. d1~1~a~ !l- 1t= 7:J1. 
ing.. pnont ~ mns.aj!ing.. 
good s.amant.an 

•R.aunp irr rrlat,\e In ea c h 01hc-r. -· 

t>-rhc-~ could include listr;nm~ p(lSt s~stC'm~ 
'The d1strM~d motor1s1 ma ~ no 1 haq· ~~"'a~ rc,mmun1ca11on 1f a iocxj s.am.;,ntan p!.,rn thr cal! 

Source: Reference ( / 4) 
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!M IS for t he Long Island Expressway and Grand Crn
tral / l',;orthem State Parkway. totaling 75 mi v.ith about 
25 roadside CB station units, spaced at 3-mi intervals. 
Comm un ica ti ons re qu irement s are 2 wire pairs for each 
un it. One pair for addressin g t he roadside units an d the 
other for returning the voice transmissi on. A remote 
power tum-on capability can be incorporated without 
any additional pairs. On-duty IMIS operators .,,..ill also be 
assig.nc:d to monitor the CB system. 

9.9 COMMERCIAL RADIOS 

Commercial radio has significan t potential for becoming 
an imponant element of a driYer informati on system . It 
has v..ide-area coverage and the opportunity of reaching a 
large segment of the motoring public. Major disadvan
tages of commercial radi o include delayed and inaccu
rate messages to the motorists. Dudek and Carvell (16) 
have indicated the follo\l.ing 6 typical sources of infor
mation on traffic conditions that are utilized by commer
cial radio stations: 

o Police hot-line - News information service is made 
available to radio stations by police departments. 

o Police radio - Many stations monitor police radio 
frequencies to obtain news information. 

e Mobile news vehicle - Radio stations may have 
mobile news vehicles with two-way radios. 

o Traffic spotters - Broadcasters are located on top 
of a tall building from which several major routes can 
be observed. 

o Aerial observer - Airborne observer also has 
broadcast ability. 

• Police officer in studio - Off-duty police officer in 
the station utilizes his experience and police informa
tion service. 

All of th e pre viously mentioned techn iques for obtaining 
traffic information could be improved. It is obvious that 
if commercial radio is to be an effective driver informa
tion tool, then consid erable coopera tion between com
mercial stations and operating agencies is necessary. 

Two successful generations utilizing several of the above 
information sources are the Michigan Emergency Patrol 
(MEP) in Detroit , Michigan, and the SHADOW Net
work, Inc., in Chicago, New York, and Philadelphia. The 
SHADOW Network, Inc., a private organization, uses 
airplanes, helicopters, radio-<:quipped m obile units, high
powered tele scopes, and .. SHADOW boxes" (CB recei v
ers at listening posts) to report traffic conditions. The 
information goes directly to a SHADOW studio. Direct 
voice reports from the drivers and pilots are available to 

subscri ber radio stations. Thi s in format ion can be pro
vided on a teleprinter , and then be broadcast at regula r 
intervals on vari ous radio stations. or be broadcast li\'e 
in an emergency:· The reports are transmitted at ti mes 
specified by the subscriber stations and. according to the 
contract, information must be a ired Mthin 4 min. 

The MEP is a volunteer organization that operates a base 
station from a building in central Detroit and communi
cates with CB mobiles throughout most of the Detroit 
metropolitan area. Support is pro....-ided by several local 
broadcast stations. In return, the MEP pro\ides traffic 
bulletins to the commercial radio stations. 

Another method for providing information to motorists 
is rebroadcasting to override the AM band in tunnels 
when tra ffic ad visory information is required. Systems of 

·this type operate in various tunnels in Fon Lauderdzle, 
Florid.2, and Maryland (Harbor Tunnel). A proto type 
system which has been operating in New York (Holland 
Tunnel) is being enhanced .,,,,ith this override capability. 

9.10 CELLULAR MOBILE PHONE SYSTEM 

This is another system Mth potential use for driver in
formation. If a transportation m a nagement center is 
available, then the public can be given a phone number 
to call if they desire information or to report on traffic 
conditions. With this approach, the mobile phone serves 
as a pretrip or alternate route planning device. 

Many companies and organizations have developed and 
are now implementing this high-capacity mobile phone 
system. The system utilizes a dialed connection between 
mobile units and the national telephone network to pro
vide a full-service telephone Mthin the vehicle. The ser
vice areas are divided into an array of small cells with a 
radius from one to several miles. Each cell serves a lim
ited number of users on the assigned frequency. By using 
low-power equipment, the small cell design allows the 

.radio frequency used Mthin one cell to be reused in 
other cells Mthin the same city, provided the calls are far 
enough apart to avoid inte rfering with each other. As the 
number of users and calls increase, the cells are split into 
smaller cells to increase system capacity. The system 
operates in the 800 MHz spectrum, and typical mobile 
transmitter power is I 2 watts: 

A key feature is the switching and control function which 
is performed via a mobile SMtching office. Through the 
national telephone network electronic SMtching systems, 
the mobile s"'itching offices process and coordinate calls 
almost instantly, automatically SMtching individual calls 
from one cell to the next as the calkr drives acros~ ser
vice areas. 
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Figure 9.12. CB/Aids basic concrpt 

The U.S. Depanment of Transponation. FHWA. has 
conducted a major research project_ Human Faonrs Re
quiremems for Real-Time Mo10ris1 lnforma1ion Displa_rs 

(3). to provide the traffic engineer with practical guide
lines for the development. design and operation of driver 
information needs, both visual and auditory, for freeway 
traffic management. 

Figure 9. 13. CB d1g11al adapter 

Source: Reference (/ /) 
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This project emphasizes several points. including (I) the 
recommended message composition which is to be dis
played in various traffic situations. (2) the manner in 
which such messages are to be displayed (such as format
ting.. coding. style. length, load. redundancy. and number 
of repetitions). and (3) where CM S's should be piaced to 
be most effective with respect to different situations. 

This design guide has recently been condensed to a .J..fan
ual on Real-Time Mo10ris1 Informa1ion Displays (22) . 

9.12 TRANSPORTATION MANAGEMENT 
CENTER·. 

A centrall~ organized operation can provide excellent 
coordination and communication with the law enforce• 
mcnt agencies. emergency ser.·ices . and broadcast media . 
Thus. a transronation management center is a key re
quirement for a successful dri,·er information system. In 
order to be able 10 transmit timel). accurate. and us~:ul 
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informati o n to dnvers . it is necessary 10 have a system 
for co!lening. analyzing. and disp laying information on 
traffic flow conditions. 

Freeway traffic advisory and incident management CMS 
systems v.ith permanently mounted sig.ns and transpon
able truck- or trailer-mounted signs are computer-based 
systems integrated with electronic surveillance. Central 
computers serve several functions , including processing 
ci.at.a from field sensors, displaying traffic characteristic 
information to operators , storing CMS mess.ages, scan
ning the st.at us of the CM S's and other system hardware, 
and in some installations, automatically changing 
mess.ages on the CM S's. (For the typical components of a 
driver information system, see Figure 9. 14 .) 

Agencies designing new second-generation CMS systems 
are now considering the feasibility of placing microcom
puters at each sign site in order to have more intelligence 
in the field . This approach may s.ave considerable trans
mi <si o ;, cns!s. p:inicularl:, wh en :h~- s;stem extc!·,c~ for 
several miles. 

9.13 LANE-USE CONTROL SIGNALS 

According to the MUTCD (2) ... Lane-use control signals 
are special overhead signals having indications used to 
permit or prohibit the use of specific lanes of a street or 
highway or to indicate the impending prohibitions of 
use." Installations are distinguished by the placement of 
these special signals over a certain lane or lanes of the 
roadway and by their distinctive shapes and symbols. 
Supplementary signs are -often used to explain their 
meaning and intent. 

Lane-use control signals are most commonly used for 
reversible-lane control. They may also be used to accom
plish the following: 

• Clear a freeway lane(s) at any time this is deemed 
necessary 

• Indicate the termination of a freeway lane 

• Indicate blockage of a lane ahead by an accident or a 
hazard 

o Permanently operate a 2-way street with an unequal 
la ne d istri bu tion 

• Operate a 2-wa y street in a I-wa y mode during ~k 
periods 

Such signals consist of a red X on an opaque background 
or a green arrow on an opaque background, with the 
arrowhead pointing downward. In addition to these two 
symbols, a yellow X may be used . Only a single indica-
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tion is display~ at a time for each iane in either 
direction . 

An eumple of lane-use control signals for reversible-l.ane 
control is shown in Figure 9. 15. Lane-use control signa1s 
are not mandatory for reversible lanes or for their other 
pul1)0ses. Signing has often been used for these pul1)0ses. 
However, properly designed and operated lane-use con
trol signals are generally more effective than signing and 
for this reason their use is steadily increasing. 
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The first Traffic Management Team in Texas was officially formed 
in 1975. By 1980, there were five teams and there are currently 12 
operating in the state . These teams cover the seven largest 
metropolitan areas and the nine largest cities as well as other 
smaller areas. The rapid spread of the team concept and the wide 
acceptance among the large cities in Te,;as lead us to believe that 
it is a very beneficial organization . 

The team brings together professionals from the various traffic
related agencies in the area and helps them to work together to 
solve the area's traffic problems. Essential to the team's successful 
operation is the communication, coordination and cooperation 
which can be realized through working side by side on the team. 

We hope this booklet will help to introduce you to how the Traffic 
Management Teams operate in Texas but if you would like further 
information or have any questions, please write to: 

State Department of Highways & 
Public Transportation 

Safety & Maintenance Operations 
Division 

11th & Brazos 
Austin, TX 78701 
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What does a Traffic Management Team do? 
A Traffic Management Team improves the overall traffic operation 
and safety in an urban area's corridors by coordinating the 
activities of the principa l operational agencies in the area. 

What is a corridor? 
A corridor is a system of roadways which interact and serve as 
alternate routes to each other. Corridors can consist of two or 
more parallel streets or a freeway with parallel streets. All cities 
have several different corridors serving different origins and 
destinations which intertvvine and change in size depending on 
the time of day and day of week. Any change made to the capacity 
of one element of the corridor affects the others by shifting the 
demand from one roadway to a □ other; therefore, alterations must 
be coordinated between the various elements for the fraffic to 
move in an efficient manner. The different elements of the 
corridor, though, are quite often controlled by different agencies 
and communication and coordination between them is sometimes 
wea k. 
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How can the operation of the corridor be improved? 
There are basically three ways to improve the operation of a 
corridor. The first is to make the corridor safer. Much of the work 
done by the teams in Texas is directly related to safety and it is 
alwa ys a consideration in any other action . Some common safety 
improvements are adjusting the clearance intervals at signals, 
rest riping faded lane lines, in-creasing enforcement of spe€d limits 
and improving confusing signing. 
The corridor's operation can also be improved by increasing its 
passenger capacity. This includes adding lanes, providing good 
signal progression , eliminating geometric bottlenecks and 
providi ng mass transit facilities. Without good coordination, each 
agency w ill build those improvements specific to their needs, but 
may find that the new facility doesn't work as well as it could . For 
example, the state highway department and the local transit 
authority must work together closely in designing a separate 
priority entry ramp onto a freeway for high-0ecupancy vehicles. 
Other agencies can also, however, contribute to the design. The 
police department can suggest ways to ma ke the ramp restrictions 
easier to enforce and less likely to be violated . The city traffic 
department can alter the geometry or sigr.al operat ion o f nearby 
intersections to make the ramp easier to access. 
Recently, a very busy urban arterial highway in Houston, Texas 
w ith an average daily traffic of 80,000 vehicles, w as converted 
from three 12-foot lanes to four 9-foot lanes in each d irection . Thi s 
w as a temporary modification until the righ t-of-way could be 
obtained for additional lanes. In this case, the capacity of the 
corridor w as increased at the risk of decreasing safety. The team 
was, of course, very concerned about the safety and discussed the 
project thoroughly while it was still in the early design stage. 
Because o f th is, all of the agencies involved knew exactly what 
was planned and a positive, cohesive front was presented to the 
media and the public. To date, there has not been a significant 
increase in accidents and the public has accepted the narrow 
lanes very well. 
The third basic way to improve the operation of a corridor is to 
decrease the vehicular demand . This is more difficult to do since it 
requires convincing the driver to change his/her normal route. 
Some suggestions are to encourage use of mass transi t , less 
traveled alternate routes and variable work hours. A temporary 
decrease ca n be obtained bv the use of med iJ re! c2~ e~ exploini;;g 
the need i..:>r ci1vers1on. Installing entrance ramp meter control may 
cause a more permanent shift in driver behavio r. 
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TABLE 1 
AGENCIES REPRESENTED ON TEAMS IN TEXAS 

Corpu~ Fort S..:n 
AJ;t>nC)' Be.lumont Christi Worth Antonio Hovscton 

City 
Trafi,c X X X X X 
Police X X X X X 
Fire X X 
Transit X X 

St,,te 
Traffic X X X X X 
~ign X X 
Maintenance X X 
Highwa)' Patrol X X V ,., 

County 
Engineer X X X 
Sheriff X X 

Other 
Naval Air S:ation X 
Traffic Safety Assoc. X 
Railroad As!">OC. X 

What different agencies should be represented? 
Different cities have different situations, so it is difficult to say 
which agencies should be repre:.ented, but so.me agencies are 
almost always included on the team. These include the city and 
state traffic engineering offices, city and state law enforcement 
agencies, and the local transit authority. Other agencies and 
divisions should be included if they are significantly involved in 
the operation of the corridor. Possibilities include maintenance, 
design and public works sections; the fire department;-cailroads 
and the port authority. It is important, however, to ke€p the team 
as small as possible to minimize red tape. Table 1 shows the 
agencies represented on teams in five various-sized cities in Texas. 

C-5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

\".'hen discussing a topic which afiects an agency not represented 
on the team, that agency should be invited to attend that meeting. 
For instance, several teams have met with local ambulance 
services to discuss ways of clearing accidents off of a freeway with 
as little disturbance to traffic 2s possible. While most teams invite a 
representative from a satell ite city to attend a meeting at which a 
subject affecting his/her city will be discussed, one team includes 
representatives from two satellite cities as permanent members of 
the team . 
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What actions need to be coordinated? 
Virtually all work done in the corridor can be coordinated 
between the agencies of the team to the benefit of traffic 
operations and safety. Listed below are a few common examples. 

1. Work Zone Traffic 
Operations Severe congestion often accompanies 
maintenance operations and new construction causing traffic 
to divert to alternate routes. If maintenance is also being 
performed on that alternate route, the entire corridor can 
break down. Therefore, traffic control which affects the 
capacity of a route should be brought to the attention of.the 
team to prevent any conflicts. In severe cases, such as where 
an entire freeway is closed, the entire team should be 
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involved in planning and implementing the closure . The 
police depart~nt can direct trafiic and enforce specia l 
signing while the city traffic office adjusts the coordination of 
the signals on the alternate route to provide an efficient 
operation. The highway department and city can provide 
signs warning of the closure and identifying the alternate 
route while the transit authority modities its routes, if 
possible. The team· as a whole can prepare media releases to 
warn drivers of the closure and recommend an alternate 
route. By coordinating the plan within the team, most 
problems can be worked out beforehand and the traffic 
control can be jointly carried out to provide a safe and 
efficient operation. 

i&;;..,; ,: 
/ 

~ ' .· ~i 

J 
~ I .. .,._ ife -, . ..,~;j• . 

~ - ~ , • ., • - . ' l '~ . ·-· . ·-" ~-; f-.,- ' - -" ~ l;DCI·-- . . ~ - - .. · ~_;,::z;:·..;·;:,, - ~ g ( ,, ·· . . . 

i,,: - ~~~ ~- __ · ~ :~~ '-
. .:· ·:-r ... · 

. · ·: ~· ~-4 
~~ 

· 2. Route Improvements 

· \ ·. 

Permanent modifications to any roadway in the corridor will 
affect the other elements, and for maximum efficiency, the 
corridor should be analyzed to prevent a bottleneck. 
Controlling entrance ramp volumes through a ramp meter, 
for example, can imprO\,e freeway operation in terms of total 
volume, but it can also cause congestion on city streets which 
must be ta ken into account. The team is well equipped to 
analyze the effects of new construction and to prepare for the 
changes in traffic flow. 
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3. Normal Operations 
In their day-to-day work, police officers often not ice locations 
where there is a violation or accident problem. The team 
provides a ready line of communications to the traffic 
engineering agencies who can act to correct the problem. 

A change in operation can also be important to the team 
because of the interaction between the elements of the 
corridor. f_or example , banning left turns at an intersection 
during peak hours will force traffic to use another cross ·street. 
This information is vital to the transit authority which might 
need to alter its routes. The tra ffic might also start using a 
difierent on-ramp to the freeway causing a weaving pro_biem 
or a need to change ramp meter timings. 

ill!~. 

·,. -~· ·o~. - -~-~~~~~-~ 
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4. Emergency Planning 

.. . , -,_...'"\ .-· ... ·-~-~~:... -

In case of severe weather such as flooding or freezing, it is 
very helpful to have a plan delineating each agency's 
responsibilities to prevent delay and possible omission of 
those jobs which must be done to insure the safety of the 
driving public. The same type planning can also be used for 
major incidents, such as truck accidents whic·h close an 
entire freeway. Once again, the advance planning fosters 
quick response and action . 
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5. Special Event Traffic Handling 
The team can often quickly and ·ehiciently design, analyze 
and operate a traffic routing plan for a special event such as a 
parade or fair. The transit authority can provide express bus 
service to the event while the highway department and city 
provide signs telling the driver how to get to the bus service 
and the event. The police department can direct the traffic 
around the event. 

·• J) 
--'~~-. ·..: . :,-. ' i: ~·· 

What is a Team Meeting like? 

-~-~--
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The team should be a group of transportation professionals with 
mutual respect and confidence . Below are a few guidelines which 

. might help in setting up and running team meetings. Each team is 
different though, and this is reflected in the way the team 
operates . 

l. Most teams in Texas hold monthly meetings but some only 
hold them every o th er montr. It is important to schedule 
the meeting well beforehand so that all the members will 
have ample time to arrange their calendars : -This can be 
easily done by setting a stand ing meeting date, such as the 
second Tue>Clay of each month at 2:30 in the afternoon. 

C-9 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2. The s.ame people must attend the met?ting each time rather 
th an send an alternate . Th is helps to create a spirit of 
cooperation and respect among the team members, and 
also he !ps to create a more comfortable situation as time 
goes by since everyone will know each other, having 
worked with them before. 

3. The m::ct ings snou ld be in formal. A chair~rson helps in 
coordinating the discussion but with such a sm2II body, 
formal rules are not needed and tend to sti fle the 
inte,action o f t;-ie team . ,V,ost teams u5'€ a short prepared 
agenda o f t;-ire-e or four items submitted by the team 
members and ieave time for impromptu items. One type of 
problem shouid not be allowed to dominate the meeting; 
rather, a mixture of subjects keeps everyone interested and 
involved . 

4. After discussion, the team reaches a verbal consensus on 
the solution to a problem. The responsible agency or 
agencies will then take steps to jmplement the plan. The 
team membe rs must be able to make decisions about 
committing their agency's resources to a team project and 
also be close enough to the operation to be able to 
effectively discuss the issues. 

How is the team and its projects funded? 
Generally, in Texas, the teams have not had dedicated funding 
sources. Rather, each agency funds its own improvements with its 
normal budget. 

Is this approach suitable for my city? 
There are currently twelve Traffic Management Teams operating in 
Texas in areas ranging in population from 15,0CX) to 3,000,000 
with seven of the cities over 300,0CX) population. We feel that this 
concept is very advantageous for cities over 300,CXX) population. 
Cities smaller than this quite oflen do not have a trahic engineering 
staff and this cuts off a valuable contact in the team. Our 
experience has shovm that_ the team helps considerably in 
improving relationships between the various agencies and helps to 
unite the agencies in their common goal of improving traffic 
conditions. 

How much time does this take? 
Attending team meet ings does take time away from a busy 
schedule, but most team members feel that this time is more than 
compensated for by the reduction in time wasted because of 
misunderstandings, redesigns and letter writing. The team gets 
problems out in the open early and everyone b€nefits from the 
improved communication, coordination and cooperation . 
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