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SEC
INTRODUCTION

'eputyiﬁifectéf.John P. Woodford instructed the
'_nd Saféty D1v131on to  éonduct a final evaluation of
'foﬁéfatioﬁs Research.flndings and recommend in
“ﬁd_Jusfiff.on.thé b551s of cost effectiveness and

1f-any, elements of the sur-

”Tﬁét;éésiéﬁmgnt,ﬁas-given to Mr. Bruce Conradson,

nd saféf&fnivisidnff

As a-result of that evaluation,

onradson”publlshed the report entltled "Detroit Freeway

urvelllance”and Control Evaluatlon,"l which made four major

ﬁcommenéatiqnsﬁﬁi7'
Termination of the John C. Lodge Television Surveil-
lﬁnpefanquontrol project as an operational unit,

retaining its facilities for research purposes only.

Ofﬁéfioﬁf@f-agsmall full time Freeway Operations Unit

-cnmstéduofﬁexperienced-engineers and technicians

xélu31ve respon51b111ty would be the study and

3treatment of'bottlenecks and general traffic operational

‘p?bblpmggon.the_Detxpit,Metropolitan freeway network.
Formation of ‘a. Freeway Operations Advisory Committee
Withlré?féééﬁtafiveé'of-the'Department of Streets and

Clty of Detrolt Wayne County Road Commission

:Tra£ i¢;f

and Mlchlgan Department ‘of State Highways, to review
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major proposals for operational changes developed

by the Freeway Operations Unit.

4. Programming of sufficient funds beginning in 1969

to allow for the installation and operation of a
system of electronic surveillance and entrance ramp
control on selected sections of freeway in the Detroit

Metropolitan area.

As a direct result of Mr. Conradson's recommendations, all four

of these activities have been implemented.

The writer has been given the assignment of performing necessary
preliminary planning for implementation of the full time con-
tinuing Freeway Operations function in Detroit beginning July
1969, which was approved in the proposed 1969-70 fiscal year

budget. Specific tasks include:

1. Preparing a detailed work program for activities during

the planning phase.

2. Reviewing roadway and traffic flow characteristics such
as geometric design, accident experience, volume,
capacity and unusual traffic influences, and identify
problem areas subject to correction through application
of traffic operational techniques either traditional

or emerging from research findings.

3. Preparing a detailed inventory of traffic factors for

the identified problem areas.




ffic sensing,

network in: tetms of safety,

purpeses of thls_report

operational system. . .

Bte@éf&ﬁg_pﬁéiiﬁiﬁéfy}concéptﬁal designs for applicable
_detection,

_control systems.. .

JPreparlng“a detalled outllne of a work program for the

reeway Operatlons Unlt to be established July 1969,

evident and ‘necessary .as the program progresses.

T POTt;&OqumeﬁiéfﬁhéfééébﬁRliSh@??tS in these areas and
PresehtsgretommenéﬁtiQQE:%;£ £hé:iﬁstéllation of hardware and
impl mentatlon of”pfbéédufés #hlch have already demonstrated a
. .m?r;v1ng the eff1c1ency of the Detroit freeway

comfort and convenience.

surveillance, warning and

the segments of Davison and



This purpose will be accomplished in three phases:

L.

II.

ITT.

A comprehensive inventory of the Detroit freeways

to determine problem locations, including the extent
and duration of congestion and hazard due to them;
and their effect on the traffic corridor, and to

assign a priority for treatment.

An intensive study of these problem locations to
determine causes and contributing factors, and re-
sultant recommendations for improvements to the
existing system. Hopefully, from this intensive study
would also come documentation and recommendations for
future construction that would reflect the latest

state-of=-the-art.

Operational implementation of improvements determined
in Phases I and IT, seo that the motoring public may

begin to benefit from our efforts.

These phases are outlined in greater detail in Appendix A.
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SEC.IT

SUMMARY AND RECOMMENDATIONS

SUMMARY

5.

Traffic demand on the Detroit freeway network has already
exceeded the design estimates, with the result that moderate
to severe congestion exists on nearly every mile of Detroit
freeways for periods ranging from three to eight hours

every day. Traffic predictions for 1975 and 1990 indi-

cate that the problem of congestion will continue,.

In addition, approximately 6,400 accidents occur annually

on Detroit freeways alone {(not including ramps and service
drives). At least one lane of the freeway will be blocked
for this reason alone for over 629 hours, or 7.2 percent of

the year.

A vehicle will stall or break down in the roadway approxi-
mately 6,400 times per year. At least one lane of the
freeway will be blocked for this reason alone for over

591 hours or 6.7 percent of the year.

Maintenance operations will occupy at least one lane of
the freeway for approximately 2,435 hours or 27.8 percent

of the year.

A restriction of one lane of an urban freeway without

advance warning can reduce the capacity of a three-lane

I1-1
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roadway to 57.1 percent of its normal capacity, and that
of a four-lane roadway to 67.9 percent of its normal

capacity. Whenever traffic demand exceeds these percent-
ages = a potential bottleneck exists which will be trig-

gered when an incident occurs which closes a lane.

6. Since the Detroit freeway network must be made to operate
at maximum efficiency if the motorist is to realize the
maximum return on his tax dollar, we must stand ready to
use all reasonable means to reduce the number of occur-
rences and the magnitude of their effect.

(a) Accidents may be reduced by improving geometric
features that are contributing factors and by apply-
ing traffic control measures to minimize secondary
accidents occurring in congestion triggered by another
accident.

(b)) The effects of congestion may be reduced by accurate
and rapid means of detecting, evaluating and assisting
in eliminating causes of congestion and by control
measures designed to reduce the demand upon the bottle-
neck and to increase the efficiency of the freeway
and the traffic corridor past fhe bottleneck.

RECOMMENDATIONS

1. Continuing effort must be expended to provide individual

attention to spot improvements for specific locations.

Both traditional techniques and the latest advances in

11-2




3.

highway technology should be utilized to minimize or
eliminate when possible the problems caused when today's
(and tommorrow's) traffic characteristics exceed previous

expectations and design capabilities.

A significant number of incidents will continue to impair
freeway efficiency in spite of the best efforts. Since
electronic surveillance and control techniques have demon-
strated their effectiveness in detecting, evaluating and
alleviating the effects of such occurrences, the use of
the various forms of electronic surveillance and control
techniques must be investigated and applied to problem
areas., Specific treatment for Detroit's most troublesome

areas is outlined in the following patagraphs.

A network of electronic traffic sensors should be installed

on the entire length of the Ford, Lodge, Chrysler, South-

field and Fisher Freeways within the Detroit city limits.

This network would provide

{(a) Traffic data to determine specifications and param-
eters for a control system

(b) Traffic data to be used in real-time control of
traffic recorder network

(¢) Information for the permanent statewide traffic
recorder network

(d) Real~time information onm changes in traffic patterns

indicative of incidents in the roadway requiring aid.

IT-3




4.

A digital computer will be required at a reasonably central
location to accept and evaluate Information from the traffic
sensors to activate appropriate alarms and displays, and

to regulate a traffic control system.

A communications network will be required to transmit
traffic sensor information to the computer and to transmit
control and confirmation signals between the computer and
;he control system displays in the field. The communi-
cations network initially installed must have either expan-
sion capability or initial provision for the total surveil-

lance and control system as initially conceived.

Electronic traffic sensors should be installied on the
Jeffries Freeway as concurrently as possible with its
opening. Also, detector installations on portions of the
Freeway Network not yet under contract should be included in

initial construction.

Presuming an initial budget of $5,000,000 over five years
for installation of a surveillance and control system, and
an annual operating budget of $500,000, a comparison can
be made with the present-day value of the freeway system of
$12,000,000 per mile, or $591,600,000 for 49.3 miles now

open to traffic.

If the installation cost 1s amortized over only a single
year, any increase in efficiency during that first year of

full operation of 0.84 percent would equal the percentage

II-4




increase in value of the freeway network because of the
added surveillance and control equipment, and could be
declared cost-effective. Similarly, comsidering annual
operating costs, each subsequent year must realize an

increase in efficiency of 0.084 percent to be cost effective.

By comparison, early detection of incidents through surveil-
lance can result in reducing the time these 1Incidents

occupy the roadway by 533 hours, 20 minutes. This repre-
sents an improvement of 6.4 percent in the amount of time
that the freeway is unobstructed and able to function

normally.

This figuxe alone compares favorably with the required

0.84 percent and 0.084 percent required to be cost effective.

Further, since maintenance operations camn be expected to
occupy at least cone lane of the freeway for at least
2,435 hours annually, or 27.8 percent of all hours of the
year, and since the use of a dynamic system of on freeway
controls can increase traffic volumes past such an event
by 8.4 percent on a three-lane roadway and 6.3 percent on
a four-lane roadway, these percentages in themselves also
compare very favorably with the 0.84 percent and 0.084

percent required to be considered cost effective,

These figures alone are adequate to justify expenditures

of the magnitude indicated.

TE-5
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Some additional benefits that have been determined in other
studies and observations, include: reductions in accidents
because of reductions in congestion; reductions in travel
time; increases in total vehicle miles traveled; and early
detection of roadway defects such as flooding and pavement

blowups, resulting in prompt attention.

Since the Edsel Ford Freeway is the oldest (except for
Davison) and most congested freeway in Detroit, with the
greatest number of accidents and occurrences in the roadway,
it is imperative that every reascnable maans be utilized

as soon as possible to remove the causes and to minimize the
effects of these incidents. In the area between Wyoming and
Gratiot, these means would dnclude

(a) alleviation of recurring congestion by installing

an access control system (ramp metering)

(b) Immediate detection and evaluation of incidents
obstructing the roadway and the ability to instantly
dispatch appropriate aid and minimize the duration of
the blockage by installing a minimum number of tele-
vision cameras with the ability to scan and evaluate

apparent incidents as determined by the sensors

(¢) Increasing traffic volumes past obstructioms in the
rocadway by 6.3 percent to 8.4 percent through the use

of lane control signals.

I1-6
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9. An access control system should be installed on the south-

bound John Lodge Freeway.

10. Upon completion of research on the northbound Lodge Freeway,

an operational system of ramp metering and certainm refine-
ments as required should be installed so that traffic on
this freeway will continue to receive the benefits of

surveillance and control.

11. A continuing evaluation of the network traffic picture,

utilizing all available experience and data, must be main-
tained to determine the nature and extent of further refine-
ment to, or expansion of, the surveilllance and control
system. It must be remembered that none of the refinements
are a duplication of other parts of the system. Fach compo-
nent attacks a different aspect of the problem, and augments
the other components to compound the benefits to the motorist.
A competent staff must be provided for the Freeway Opera-
tions Unit, representing experiemnce in at least the following
disciplines:
(a) Freeway traffic operations
(b) TFreeway control theory
{¢) Electrical and electronic theory

j (d) Practical knowledge of electroﬂic hardware and components
(e) Knowledge of computer applications and programming

(f) Ability to prepare plans and specifications.

I1-7
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PRELIMINARY ANALYSIS

OF THE DETROIT FREEWAY SYSTEM

The present Detroit F:aewéyfﬁefﬁbfkftbnsis;s of five freeways,

e constitute an isolated section; that is,

hopefully to be completed by 1975.

"east~west"

freeway and

' the c1ty.- Interchanges are spaced at

dlstrlctﬁf,ltfconslsts of three lanes in each



Interchanges are spaced from 1/2 to 2 1/2 miles apart. The
northwestern 3 1/2 miles dis built between retaining walls with

the service drives partly cantilevered over the shoulder area.

I-75 -~ Fisher Freeway i1s presently open from south of Detroit

to a temporary ending at Lafayette Avenue, approximately one mile
from the CBD. An additional three miles is presently under
construction and partially open to traffic across the north end
of the CBD. It consists of four lanes in each direction between
Schaefer and Lafayette, and three lanes in each direction from
Schaefer south to and bevond the city limits at Outer Drive.
Interchanges are spaced at 1/2 to 1 mile intervals, except for

a two mile interval between Schaefer and Dearborn Roads. The
section between Schaefer and Fort Street consists of a high

rise bridge over the Rough River shipping channel.

I-75 (and I-3753) - Chrysler Freeway 1is the most recently opened
section of Freeway in Detroit. It consists of four lanes in

each direction, except fo: a constriction to three lanes in the
center of the interchange with Davison. Interchanges are spaced
1/2 mile to 1 mile apart. This freeway now constitutes the major

route from the north central suburbs to the CBD.

M-39 - Southfield Freeway sgserves as a north -~ south beltline
gserving the west side of the city. It consists of three lanes
in each direction, with interchanges gquite uniformly spaced at

1 mile dintervals.

Uncompleted portions of the system consist of the following:

ITI-2




Freeway
the city
with the

November

‘An gastgrlyyexten51qp5ls also proposed, to extend

However,

t been established for this section.

pp'FreeWay;Extension) near Connors. There are at present

Ccmst ruct thlS sect :i__.on .
RECURRING FACTORS CONTRIBUTING TO CONGESTION

Jisfgfdailjibqhﬁfféﬁcétbn the Detroit freeway system.

ﬁééibﬁ'offfhé&exfent of'this.congestion is presented in

Therefore, detalls w111 be spared here. It 1is

say that_demand on the freeway system has already

-he*des;gniestimates,-and;Will continue to remain ahead

of any construction program in the foreseeable future. Three
fasfﬁartjof;ekisting freeway design that prohibit

available c pacitj?ﬁfgmfacgommodatiug demand.

S I1I-3




The first of these is unrestrained access at a given ramp such
that the ramp volume when added to the volume of traffic already
on the freeway equals a volume in excess of the capacity of

the freeway at that point. This condition is complicated by

the frictions generated by the merging maneuver with the degree
of complication being affected by the degree of finesse or

obstinacy employed by the individual drivers.

The second is a condition on the freeway commonly referred to as

a "bottleneck,"

which restricts the ability of the freeway to
handle traffic at a given point. Some examples of bottlenecks

are:

a. Reduction in lanes. This is usually the easiest to
observe because of the obvious geometric feature.
Congestion frequently is generated at such locations,
even though the lane may be ended by terminating it at
an exit ramp, for two reasons: because the threugh
volume may exceed the remaining capacity, and because
the act of weaving out of the dropped lane often inter-
feres with through traffic, thereby causing speed to
decrease below optimum with a resulting decrease in

through put.

b. Horizontal curvature. This 1s one of the more subtle
forms of bottleneck, but has been demonstrated to be
a regular occurrence on some moderately sharp curves.
Congestion is triggered when a fairly dense platoon of

traffic enters such a curve and one or more vehicles

ITI-4




"__lfflculty tfacking" in his lane. Its

'are tlcrowdlng 1nto the next lane causes a hesitatien

'B@Ethg'pa;tjqf;vghlqlgszln:adjacent lanes, often re-

;s'iﬁi g ithHéir1Siécking épeed momentarily., A decrease

'ftiGAIIAlignﬁéhﬁfoThe:feéglts_of steep grades are

in our design standards..-Below the accepted maximum,

i_;At the StEEper.

acceptable grades, the
ise is- apparént.iand trafflc tends to compensate by
apcelefétlng at fﬁe stért of the rise. However, at
'bbutﬁa two peréent grade, the effect is so subtle that
-trafflc.unknow1ng1y enters the grade and begins to
_é#gg?éré;e”pggq:g;yhg_gffept igs realized, thereby af-
‘fé?ti;s;?§i?§§ipé;??éfﬁig‘ In a dense traffic situation,

gestion sets-in. -

or by a lack

OIQan;intersectioh;atythe'head_of the ramp,

The end result 1s a queue

Vof vehlcles extendlng back onto the freeway, thereby

ntérfer;ng;w;thﬁthe_through lanes.

ories



Possible solutions to these conditions are discussed

in Section IV in this report.
RANDOM FACTORS CONTRIBUTING TO CONGESTION

Because of other applications of the word, events hearing the
label '"random" are easily dismissed as rare occurrences not

"random" refers

worthy of attention. In reality use of the word
to the inability to predict such events in terms of time or
location. Experience has shown that random incidents comprise

one of the major factors affecting freeway efficiency.

Appendix D analyzes these events based upon the most reliable data
available and presents some very conservative projections of the

effect of random incidents on the Detroit freeway network,.

These projections indicate that in a year's time we may expect

that:

1. Approximately 6,400 accidents will occur on the freeways
alone (not including ramps and service drives). At least
one lane of the freeway will be blocked for this reason
alone for over 629 hours, or 7.2 percent of the year.

2. A vehicle will stall or break down in the roadway ap-

proximately 6,400 times. At least one lane of the
freeway will be blocked for this reason alone for over

591 hours, or 6.7 percent of the year.

3. Maintenance operations will oecupy a lane of the freeway

for approximately 2,435 hours or 27.8 percent of the year.

ILIEI-6




_ THE FREEWAY SYSTEM

{ﬁhétfthe Detroit freeway network is

 p§tfdtm_éboVe and beyond its ability to

:k?éﬁtéd*tQ;hQVé a demand in excess of 70 percent

and one-quarter will have a demand in excess of

m ghﬁybgﬂﬁqnsideied_tolerable at face value, but twe other

”ﬁgﬁjbé}tdnsidered.



on a fouxr lane freeway exceeds 68 percent of normal capacity,
we have a potential bottleneck, which will be triggered when an

incident occurs which closes a lane.
NEED FOR IMPROVEMENT

Sinece the computations in Appendix D predict that lane blockages
can be expected to cccur as a result of accidents and breakdowns
alone for over 1,220 hours per year, or 13.9 percent of the time,
we must stand ready to use all reasonable means to reduce the

number of occurrences and the magnitude of their effect.
Two basic means of accomplishing these goals are necessary:

1. Reduction of all possible accidents by removing, insofar
as is feasible, their causes. This would include the
improvement of geometric features such as severe curves
on ramps, inadequate storage that causes backups onto
the freeway, etc. It would also include adequate traf-
fic control measures to minimize secondary accidents

occurring in congestion triggered by another accident.

2. Reduction of the effects of congestion causes by both
recurring factors and random occurrences. This would
include accurate and rapid means of detecting, evaluating
and assisting such occurrences, so as to reopen the
affected lanes as soon as possible, and adequate control
measures, both to reduce the demand upon the bottleneck
and to increase the efficiency of the freeway and its

corridor past the bottleneck.

ITI-8




éaligéithaﬁﬂthgfﬁféseﬁt_day value of a mile of urban

f7¢€ﬂ3? 15 £E¢h£ $9;QdO;QOQ,O0,_We must acknowledge the fact

'eléﬁﬂééﬁéﬁifyjtheﬂ_it,_too, is operating inefficiently.

tpgimprbvéféfficieﬁty,'the_flow on the various arteries

the cbrridéffﬁuéffbé'bglanced. Causes of congestion must be

minimized and eliminated if possible. Similarly the effects of

congestion, once it occurs, must be minimized.

S 11I-9
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SEC. 1V

PLANNING AND IMPROVEMENT

DETAILED INVENTORY OF TRAFFIC FACTORS

The various traffic factors presented in this report present

a comprehensive picture of the total accident and congestion
picture on Detroit's freeways. Because of limited time and
manpower, all of the estimates and projectlons presented herein
relate to the total network rather than spot locations. Each
can be seen to be a conservative estimate, based on the most

reliable information available.

Even using such conservative figures, it can readily be seen
that the magnitude to the problem is such that the investigatien
of "spot locations" is a major effort in itself. TFor example,
there are 26 separate locations on the freeways alone {(not
counting ramps or service drives) at which over 50 accidents

per year have occurred. Certainly each of these requires

an in-depth study.

With the great number of accidents and the continuing heavy
demand on the system, we know that all accidents and incidents
cannot be eliminated. Even with the most optimistic improve-

ments, a significant number will remain.

For maximum efficiency, traffic flow must be "balanced" in the

corridor, depending on both recurrent and transient conditions,

Iv-1




including but not limited to demand, constrictions due to geo-

metrics, constrictions due to incidents, etc.

Further, incidents must be detected, evaluated and removed as

soon as possible.

ANALYSIS AND PROPOSED SOLUTIONS

Spot improvements to specffic locations will require individual
attention. Continuing effort should be expended in this direc-
tion so that advances iﬁ highway technology may be utilized

to minimize or eliminate when possible the problems caused when
today's (and tomorrow's) traffic characteristics exceed previous

expectations and design capabilities.

Traditional methods of implementing these technological advances
should still be employed when warranted. Such items as work
orders to modernize signing and markings, and work orders orx
contracts to improve design standards, such as removing tight
curves, improving acceleration and deceleration lanes, increasing
storage, etc., may in many cases be effective solutions. Three
such proposals have recently been let as individual contracts,
and several others have been initiated but have not yet been

scheduled for construction.

As previously stated, a significant number of incidents can
and will continue to occur in spite of our best efforts to improve
design, signing and marking. Since electronic surveillance and

control techniques have demonstrated their effectiveness in

Iv-2




detecting, evaluating and alleviating the effects of such occur-
rences, the use of the various forms of electronic surveillance
and control techniques must be investigated and applied as
appropriate to the problem. Examples of such techmiques in

spot locations could include access control by metering entrance
ramps, and dynamic advance warning systems at recurring problem
areas. These would of course be compatible with a network

control system.

Further, the major recurring problems either consist of or
develop into extensive congestion or high degrees of recurrence
of random events (accidents, breakdowns, emergency maintenance,
etc.). These events must be detected and their effect on traffic
minimized by prompt action. This action takes several forms,
notably prompt detection and evaluation, dispatching of appro-

priate aid, traffic control and driver information and routing.

Traditional methods of detection such as patrols, citizens'
information, via Citizens' Band radio or telephone, helicopter,
etec., continue to provide é useful service, but their benefits
with respect to early detection are limited by the probability
of an observer being on the scene as, or very soon after, the

incident occurs.

Electronic surveillance and control techniques can be adapted

to rapidly detect and minimize the effect of incidents. Surveil-
lance is possible with either a "blind" system, utilizing one or
more types of electronic sensors, or with a visual system,

using closed circuilt television.

IvV-3
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SURVEILLANCE B

Evaluation of the several parameters of traffic flow necessary
for precise and timely control techniques based on mathematics
is possible using a digital computer as a controller with data
from traffic sensors as inputs. Various types of sensors,

such as sonic, optic, radar, loop, infra-red, and magnetometers,
have different capabilities for sensing the wvarious values

of speed, volume and occupancy. In addition, their installation
and maintenance characteristics vary from type to type, some

requiring an overhead structure, some requiring special mounting

techniques. These factors must all be weighed, with the type
of sensor used in a given location to be determined by the type
of information required, the mounting facilities most feasible,

its accessibility for maintenance, and its reliability.

Detection systems comprised of the above types of detectors
provide only "point" information within a small area of influence.
With normal or sustaimed conditlion, the values measured may

be extrapolated to give an accurate representation of "area"
conditions between successive detector locations. They have a

capability of detecting the presence of unusual incidents provid-

ing the detection stations are quite close together, and when

the efffcts are severe. However, the number of incidents which
go undetected is significant, as is the number of "false alarms"
in which an unusual but harmless traffic condition displays

characteristics that appear to identify an incident in traffic.

1v-4



Such incidents must be verified or refuted by visual observation.
When such verification is provided by patrol vehicles, valu-
able time is often lost in dispatching specialized aid, such

as wreckers, ambulances, or fire equipment to the scene.

Positive and immediate detection and evaluation of incidents

is possible by the use of only one area detector, the television
camera. At present the television camera is not capable of
providing inputs to the computer, although the possgibility is
under investigation. It is, however, the only detector capable
of instantly providing the most important information required
in evaluating an unfortunate incident on the freeway. Such
factors as severity of the incident, whether anyone was injured,
or whether specialized equipment is necessary, are in most cases
immediately apparent to the evaluator. While it has already
been demonstrated that response time, and thereby the time that
the roadway is blocked, can be reduced by about 2.5 minutes

per occurrence(?)the total saving is much greater when specialized
equipment is required, since this equipment is not normally
dispatched until a patrol car verifies its need; when this
specialized equipment is ordered by the evaluator, it can
oftentimes be the first "official" aid on the scene, even ahead

of the patrol car that might otherwise be the requesting unit.

Television has proven an effective tool in improving traffic
flow on the Gulf Freeway in Houston. William J. McCasland,
head of the Freeway Surveillance and Control Department, Texas

Transportation Institute(5)reports, "Since installing the
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television system and the computer, there has been a reduction

of accidents during the peak traffic periods by as much as

40 percent. Also during the peak periocds of traffic flow, the
speed of traffic has been increased 30 percent. With the decrease
in accidents and the increase in traffic speed, the capacity of

the freeway has been improved by 10 percent.

CONTROL TECHKRIQUES

Several control techniques have been demonstrated to be effective
in minimizing the effect of capacity reducing incidents. Some

of thesé techniques and their benefits are discussed briefly

in the following paragraﬁhs. Documentation of the bemnefits of
these techniques may be found in other sections of this report

and the references.

1. Ramp metering - has a dual benefit., The first is the
ability to impose a "good driving" technique on the
driver at the time and place that it is needed, namely,
the act of introducing one vehicle at a time into the
freeway traffic stream, thus minimizing merging
interferences and improving the probability of finding
and utilizing an acceptable gap. The second is the
ability in many cases to limit deménd on the freeway
to numbers capable of being handled past downstream
bottlenecks and incidents. Ramp metering, however,
has no capability for reaching those drivers already on

the freeway to advise them of conditions ahead. Thus,
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within a reasonable distance of the constriction, only

a small percentage of the drivers are reached.

Lane control - also has a dual benefit. The first is

the ability to warn approaching traffic of an obstruction
in the roadway. The second is the ability to permit
traffic to become better organized in advance of the
incident, thereby smoothing cut the process of merxging
into open lanes and increasing the output past the

constriction by 6.3 to 8.4 percent.

Lane assignment - Refinements to the lane control
system could also improve the organization of traffic
and its quality of flow through the use of blank-out
signals for specific lane assignments. For instance,
back-ups from overloaded exit ramps extend onto the
freeway, and the blockage is compounded by other
drivers becoming trapped in the backup. Assignment of
such lanes for exiting traffic only by displaying an
appropriate message at critical times will better
organize the approaching traffic and improve the flow in
adjacent lanes. This concept is not new; assignment of
lanes through conventional signing is an accepted
procedure, the refinement being in‘the capability of
activating a dynamic sign system only when the need

is there.
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4. Diversion of freeway traffic. 1In the event of an on-
freeway incident, the majority of the traffic approach-
ing the vicinity of the incident is already on the
freeway and beyond the capability of a metering system
to limit demand. The need also exists in this instance
to divert some of the excess traffic demand off the

freeway to a "bypass" route, then back to the freeway.

5. Guidance of surface corridor traffic. The concepts of
ramp metering and diversion of freeway traffic both
imply that at least a portion of the traffic flow will
be diverted from an overburdened, and thus inefficient,
freeway to anm alternate route with the capability of
handling the diverted traffic. Sometimes this added
capability must be developed on the surface facilities.
Possibilities include the improvement of signal timing
and contyol techniques, improvement of traffic organiza-
tion by lane markings, parking restrictions, and guidance
of traffic to preferential routes. These possgibilities,
and others, will be exploreé in cooperation with the

city and county.

It is important to note at this point that the various traffic
control techniques discussed have been accepted, at least in
modified form, in present day applications of conventional

signing and traffic signals.
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The big plus factor of electronic surveillance and control is
the fact that while conventional signs and signals must be
predetermined and fixed to handle the average situation or the
most severe situation, thereby losing effectiveness by

"erying wolf" much of the time, the dynmamic electronic system
has the capability of being adapted azlmost instantaneously to
the situation at hand, with the flexibility of being able to

i present information in the most effective manner and location

befitting the situation.

The benefit of these variocus devices as protection for maintenance
crews 1is highly significant. One of the most hazardous moments
in their operations is stopping in traffic to place the first

warning sign; equally hazardous is the meed to stop in traffic

to remove these signs. A dynamic "in place, ready to activate"
system removes much of this hazard. TFrequently crews are called
upon to perform emergency maintenance work. In light traffic,

the hazard to the crew and to moving traffic is the presence

of an obstruction in the face of high approach speeds. 1In
heavier traffic the hazard is the attendant congestion and con-
stricted maneuvering. The timing on these emergency conditions
is unpredictable. For example, flooding may occur (and has)
during a heavy storm. Likewise, pavement blow-ups occur during
hot weather, usually during the hottest part of the day, which
coincidentally is the beginning of the afternocon peak traffic

period.
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In addition to the protection afforded the work crews, the
utilization of the electronic detection system makes possible

the closing of lanes when volumes permit, rather than at prede-
termined hours. During the summer of 1966 night time bridge
painting coperations occupied at least one lane of the Lodge
Freeway for a period of 95 work days. By using electronic
surveillance and control, and using real time measurements of

the traffiec stream, lane closures were affected based on

traffic warrants at least an hour sooner than clock time warrants
would permit. It was also found that night ball game traffic
volumes exceeded allowable limits beyond the clock time on several
occasions. In the latter case, the instrumentation fore-

stalled inevitable congestion. Over the period of 95 days, an
additional 30 hours time was permited in the roadwav. Allowing
an hour a day for set-up and an additional hour for clean-up
time, it can be seen that the equivalent of about 13 extra

days' work was accomplished. Considering that the work force

and equipment would be on hand and paid for a full eight hour
shift whether they worked or not, the 13 days' worth of work

was accomplished for the cost of materials alone.

In view of the age of some of the older freeways (sectiomns of the
Edsel Ford were opened to traffic seventeen. years ago; sections
of the Lodge were open fifteen years ago), it is already apparent
that major maintenance projects involving extended periods of
lane closure and even freeway closure (at least on a night after

night basis) will become more frequent, Such complex operations
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will require the most effective traffic contrels and evalua-
tion techniques avalilable, to keep hazard to a minimum and

both traffic and work efficiency at a maximum.

COST EFFECTIVENRESS: BASIS OF COMPARISON

While each of the various proven elements of electronic sur-
veillance and traffiec control can improve the safety and effi-
ciency of the freeway network and related traffic corridors,
the degree of benefit must be in proporticon to the cost of

the system. While many of the benefits of surveillance and
coﬁtrol are intangidble or difficult to measure, other factors
can be assigned an expression of effectiveness. Thus, if
these tangible factors approach the value of the surveillance
and control network, the installation can be deemed cost-

effective.

Conradson (1) proposed an installation budget of $2,642,500
over five years, to cover the cost of design, installation
and partial operation, and a continuing annual budget of
$327,000 per year for continuing operation. Allowing for
inflation and contingencies, and to provide a conservative
comparison, let us presume an installation budget of $500,000
per year for continuing operationm, and compére these figures
with the present-day value of ocur freeway system. With 49.3
miles of freeway now open to traffic, at todéy's cost of
$12,000,000 per mile, including structures and right-of-way,

the Detroit Freeway Network is worth $591,600,000.
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The cost of installation of the freeway surveillance and con-
trol network, using the above figures, would then increase

the total value of the freeway network by § 5,000,000 or
$591,000,000

0.84 percent.

Again being conservative, if we amortize this cost over only
one year, any increase in freeway efficiency during the first

year of full operation of only 0.84 percent could be declared

cost-effecitive.

Let us now examine some of the measurable aspects of sur-

veillance and control.

MEASURES OF EFFECTIVENESS:

It has been determined and reported in Appendix D that 6,400
accidents and 6,400 disabled vehicles in the roadway will
block a lane of traffic for an estimated 1,220 hours, 35
minutes or 13.9 percent of all hours in a year. If early
detection improves response time by 2.5 minutes per incident,
as documented by Xeryeski and Surti (3), these vehicles will
obstruct the roadway for 533 hours, 20 minutes less than
before. This represents an improvement of 6.4 percent in the
amount of time that the freeway is unobstructed and able to
function normally., This figure alone compares very favorably
with the 0.84 percent required to be cost effective in subse-

quent years.
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In Appendix D, it was further determined and reported that
maintenance operations can be expected to occupy one or more
lanes of the freeway for a total of at least 2,435 hours a
year, or 27.8 percent of all hours in the year. For these
operations, the use of a dynamic system of on-freeway con-
trols can increase traffic volumes past the obstruvction by
8.4 percent on a three-lane roadway and by 6.3 percent on a
four-lane roadway, as demonstrated in Appendix E. Again these
percentages alone, considering the frequency of occurrence
of this type of condition, compare very favorably with the
(.84 percent required tec be cost-effective in subsequent

years.

In addition to the above factors, the Texas Transportation
Institute has calculated that the use of the surveillance and
control system in Houston has produced benefits which, although
not directly applicable to the Detroit Freeway Network, are
indicative of additional benefits. They report (7) motorist
savings in travel time valued at $224,000 annually on the

Gulf Freeway alone. TFurther, they calculate that the saving

in accidents on the Gulf Freeway is valued at $38,000

annually. It is the author's opinion that the above measures
of the effectiveness are in themselves adequate to justify

expenditures of the magnitude indicated.

Additional benefits which can be cited, and which have been
determined in other studies and observations, include:

reduction in accidents because o0f reductions in congestion;
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reductions in travel time (important to the individual driver);

increases in total vehicle miles traveled (more wvehicles at

higher average speed); and early detection of roadway defects

(flooding, pavement blowups, etc.) resulting in prompt atten=-

tion.

IV=-14



 SEC. ¥ - PRELTMTNARY CONCEPTUAL DESTGNS




PRELIMINARY CONCEPTUAL DESIGN

sbpff;héfpét;bit-freéway network, based on present
LﬂiEsgéntially, these components will

-4 network of sensors:on the entire Detroit freeway

'“fjimﬁléméﬁféﬁioﬂfbf rémpfmetering in selected areas to

7te recurrlng congestlon, and_the addition of certain

eflnements]to'augment the b351c system based on the nature

the proposed Survelllance and control system

'hls 1n'mind

~various refinements will be added where warranted.
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BASTC SURVEILLANCE AND CONTROL SYSTEM

3a§1gyf?affid détaLtp be analyzed by the Freeway

?érétidﬁsfﬂnit_Staff to aid in the determination
:ff3§ééifiéations and control parameters for the

operating system.

InfpﬁﬁatibnftﬁéﬁgCan'be used as part of the permanent

$tatéwide traffic recorder network.

féific:daﬁagtqtbe.ﬁsed'in real-time control of

' 1nftrafficfpatterns indicative of incidents

n-théjfﬁédﬁ§§ réﬁﬁifiﬁg.aid.



For example, traffic volume information will be required as
input and output data for each of the subsections inte which

the network must be divided. Thus, detectors with an accurate

counting capability will be required on the freeway and ramps.
These might be mounted over traffic (from overpasses or sign
trusses), beneath bridge decks (sensing through the pavement),
or possibly placed beneath the pavement in a nondestructive
manner. By careful selection of the types of detectors, it
appears possible to install mosf, if not all, of the detector
locations without disturbing the pavement surface and with a

minimum disturbance to traffic.

Since speed is the most sensitive measure of changes in the
traffic stream, sensors capable of determining speed accurately
will be placed at more frequent intervals at critical locations,
to operate either independently or in conjunction with volume

detectors.

The information from these detectors will serve as inputs to a
digital computer, which will process the information so obtained,
performing an evaluation process in some instances, and displaying
the information in a usable way. This could take the form of

a display to a human evaluator who will take appropriate action

in the form of dispatching of an investigator, activating of a
control device or feeding information back to the computer. It
could also take the form of direct instructions to a control or
information system which will provide direct information to the

driver.



':cal year 1969 1970 -The configuration of the

;p0331b111ty w111 be explored which would utilize

which would then activate

héigéﬁtfai control umit,

“iate a1afms;,repf§gram the local computer to handle the

"u.uélJSifﬁatiéﬁgfand.monitqr_the overall system, making ap-

_i.fiﬁbﬁgiﬁénﬁhése”logal computers, if utilized, in

. . . They would provide

.1.hag?iﬁg;;ﬁi£ﬁ ééééﬁéF§.gpacg, power on site, and a high
._,,Ty;#;ﬁééiiiy é¢cessib1e. This would appear

he 1§§;ﬁﬁ?%Péﬁéiﬁéi@ﬁa§ §f housing these computers.

"'5i#g;iﬁitéiﬁéiéf #_Eésic_surveillance and control system,

'CfJéffé%iﬁgéii#ﬁéF ﬁ0u1d.be implemented, using as its

théﬂaétéétbi.information, would be a system of ramp



metering. Such a system should be implemented on those
portions of the freeway that experience recurring congestion.
Preliminary investigation has shown that recurring congestion
occurs on the Edsel Ford Freeway in both the eastbound and
westbound directions from Wyoming Avenue to Gratiot Avenue
during both peak periods and frequently continues into the

off-peak periods.

A similar condition continues to exist in the afternoon on the
northbound John Lodge Freeway between the Edsel Ford Freeway
and Wyoming Avenue, although this has been alleviated by the
experimental metering system presently being implemented by the
University of Michigan. It also exists in the southbound
direction in the morning, with traffic backing up from Davison
to a point beyond Wyoming Avenue, and on occasion as far as
6-Mile and 7-Mile Roads. These conditions continue to exist

even after the opening of the Chrysler Freeway.

First consideration for the installation of an access control
system should be on the Edsel Tord Freeway in the area between

Wyoming and Gratiot.

This freeway is the oldest in the c¢ity, and has experienced this

recurring congestion for the longest time.

No immediate relief is forthcoming in the east-west corridor
served by this Ffreeway, except for the two~-mile section of the
Fisher Freeway between the Jeffries Freeway and Gratiot, together

with one mile of the Jeffries between the Fisher and the Ford




AE:ﬁhe-b'sicﬁéysﬁhmﬁisﬂimplemented in these areas, traffic

improvements could conceivably increase output such that bot-

htiii?eﬁ;tbfdet&rmine'when the metering system should be ex-

tenﬁéd5ﬁﬁf§£hef ppftions_of the freeways.




corrider providing all roadways are operating normally. It
has been documented in Appendix D that for a significant
amount of the time, the freeways do not operate normally.
‘Accidents, vehicle breakdowns, and maintenance operations
take place in the roadway which severely curtaill the traffic
handling capabilities of the freeways. When such incidents
occur, even minimum metering rates can be excessive, In
addition, it must be recognized that when minimum metering
rates onto the freeway are imposed, an additional burden will

be placed on the altermate routes.

It thus appears logical that in those areas experiencing a high
concentration of incidents in the roadway, additional means
must be employed to help the freeway recover its capability,
thus enabling the metering system to operate at optimum rates,
not necessarily at minimum rates. Observatlons on the John
Lodge Freeway have shown repeatedly that even minimum metering

rates cannot forestall congestion when one lane is blocked,

The Edsel Ford Freeway between Livernois and Gratiot is the
most serious case in point. Appendix C has documented the
fact that recurring congestion prevalent in that area now, and
that it will remain with us, as evidenced by 1975 and 1990

traffic projections.

Appendix D has documented the fact that the accident rate in
that area is significantly higher than on the rest of the Freeway

network, It has also been documented that the number of vehicular



bréak&dﬁng gﬁ& §tﬁii¢dvyghi¢lés-is-significantly higher in

that area. iﬁllsﬂimpéﬁafivé_that;every reasonable means be

u ilizedgpg_rémﬁvefthéftauSQEnand_to minimize the effect of

these occurrences,

.féhbvé1;6£;£h;;ﬁgﬁ§éé,;that'is the vehicles or objects
bstructi“g the;roadwai;.requlres the immediate detection and

.luafl n ofithé nature of the Occurrence by trained personnel,
'”pﬁtchlng of the proper type of help without delay.

n ggntpastqu:thg_presgnt_procedure of verifying citizen's

fhégv?ééﬁi;ﬁéﬁgS?) tﬂAt}b&.ﬁsing visual surveillance, assistance
ah=be;§ﬁ;?ﬁé?égéﬁé an é#erage of two and one-half minutes sooner
“ﬁﬁnfé;é;ﬁéiabgéfﬁitﬁout'this means of visual surveillance and

o . and that the time that the disabled vehicles occupy

the roadway be cut nearly in half. Since Appendix D has

it may not be

‘Because of economic constraints,

poés;biéffﬁ“inétaii,Buéhfé'system in its entirety. As an

a solute mlnlmum, a 1ess exten51ve application, consisting of




television cameras strategically located to provide the
capability for intermittent viewing of the entire freeway

between Livernois and Gratiot, is required.

Additional examples of the benefit of such an application are
the fact that a high percentage of breakdowns in the roadway
invelve trucks on the relatively steep grades of the Dequindre

overpass.

Mechanical breakdowns, such as stalled engines, burned out
clutches, transmission failures and brake failures are common
occurrences in that area. Since these incidents are of a type
that the freeway patrol cars are not capable of handling, a
prompt determination that heavy-duty equipment is needed will
decrease the time it takes to clear the roadway even more than

the previously stated two and one-half minutes.

Another important aspect of the visual surveillance system is
the fact that this area has been proposed as the first extensive
installation of operational ramp metering. Because of some of
the critical values involved in the metering of traffic, the
television system will provide the additional capability of
evaluating the metering operation. The Texas Transportation
Institute in their research on the John Lodge Freeway (NCHRP
Project 20-3) found the visual surveillance of the four metered
ramps south of the Davison interchange extremely helpful.
Operational problems were detected and corrective action taken

as they developed, as contrasted with the four metered ramps from




Clpsed_pixéuit'television.for traffic surveillance. Most

fof*thé cﬁstfésfimatééjhave_been based upon the installation on

_ohn Lodge Freeway However, it must be recognized that the

”nlflal equlpment 1nstalled there was intended to be the finest

Egﬁﬁ mbr@;s;fra;her.than_on hardware reliability. Cameras

and

_gxpgnse;.S%qgeJcommuniCation facilities between these points
are already required as part of the basic surveillance system;

the:cost;qf?ﬁhéfédditi@nalﬂmaterials would represent almost the
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entire additional cost, -for most of the labor costs of the

installation would have been already realized.

Minimizing the effect of occurrences on the roadway takes the
form of decreasing the traffic input into the critical aréa,
increasing the traffic output past the critical area, and
diverting traffic around the critical area. None of the wvarious
proposed systems can do all three of these. The ramp metering
system has the capability of decreasing input into the area and
some capability for diverting traffic around the critical area
by limiting the number of vehicles entering the freeway and

diverting those whose waiting time would become unreasonable.

Appendix E has demonstrated the fact that advance information
to the motorist can improve his performance in the critical area
and thereby increase the volume past the incident by ag much as

8.4 percent.

Additional capabilities of the advance informatiom system are the
ability to divert traffic from the freeway via exit ramps to an
alternate path through the corridor. This method was used regu=-
larly and successfully on the southbound John Lodge to divert
exiting traffic from the freeway at Pallister when the next down-

stream exit ramp at West Grand Boulevard became congested.

An additional capability of an on-freeway information system would
be the ability to assign a lane for specific movements by the
use 0of blank-out signs. For instance, if an exit ramp without

an alternate provision backs up onte the freeway, the extent of




ckﬁpﬁeeeiéeﬁe?miﬁimi?ed:by“advance warning signs limiting

ane to exiting traffic only.

"eln:tallatlon of an on freeway system of lane contrel devices

should be relatively 1nexpen51ve, for the following reasons:

'THEQASmQﬁniEaéiﬁﬁé'ﬁetwork will have already been
1nefeiled.1n.the 1eetallat10n of the basic system.
Feree;ghtedness would deeree that additional com-
unléaéiéa:l;nes:be.established as a part of the
pég;;?éy%ﬁeﬁ ﬁ§ ?eride for future installations and
3 IQEKeéfeeﬁﬁeeiceeiens, since reliability is es-

‘sential.

Qifeﬂagebééaﬁéetﬁé practice of the Department of State
;ﬁléhways Malntenance Division and the Wayne County
'“]efRoad Comm1551on to install lanme control signals in
;edeeqeeepf;any extended maintenance operations performed
.feéibeﬁfeitffreeways, such as bridge painting, freeway
c;eeegesefeftﬁeaey maintenance, etc., and to leave

theeegdevieesxin_place for future work.

By'coordlnating the ractivities of the Maintenance

D1v181on and the Freeway Operations Unit, the only item
thetqupldfbe_needed_to implement the lane control
Sjéﬁemfiﬁﬁfhésé ereeS would. be the provision of

switching ‘equipment..

’ 1“W_ef_tH¢jedventages of such a system, and in view of

-ﬁoreggiﬁg,feeiqré;'yet considering the fact that immediate




evaluation of the nature of an incident is necessary for proper
actuation of these devices, it becomes imperative that a system
of freeway information signs be installed concurrently with

the television system through the entire area of visual coverage.

The second area that should be given consideration for high-
priority attention would be the southbound John Lodge Freeway
over 1ts entire length. As indicated in Appendix C, congestion
still occurs on the southbound John Lodge Freeway between Wyoming
and Davison, and in the event that an Incident occurs anywhere

on that freeway, congestion will occur from the point of the

incident back to and beyond 8-Mile Road.

In view of the fact that the University of Michigan is presently
conducting research on the northbound Lodge Freeway, the Freeway

Operations Unit should concentrate on the southbound traffic.

The first control application will be the implementation of a
ramp metering system on the southbound entrance ramps between
8-Mile Road and the Edsel Ford Interchange to better utilize

the traffic corridor.

Second, the area should be studied more closely to determine
whether that aspect alone is adequate to minimize the congestion
or whether additional means such as visual surveillance and an
on-freeway control system should be implemented. A serious
factor to consider is the fact that once a vehicle has passed
the exit ramp at 7-Mile Road, it is trapped in an area two and

one-half miles long before the next exit ramp. The extent of







None of the proposed refinements are a duplication of other parts
of the system. FEach component augments the others to compound
the benefits. Consequently, as the plans and specifications

are written, even for the basic surveillance system, reasonable
provisions should be made for expansion and refinement. Imple-
mentation of these additions will be based upon the evaluation

of expanded knowledge of conditions on the freeway, which will

be made available through the initial instrumentation and through

continued observation.

SUMMARY

In reviewing the preliminary concept of surveillance and control
on the Detroit Freeway network, the following measures should

be taken in the order listed:

1. The installation of a network of traffic sensors covering
the entire Detroit Freeway mnetwork, consisting of the
entire length within the Detroit City Limits of the:

- John Lodge Freeway

- Edsel Ford Freeway

-~ Walter P. Chrysler Freeway (including portions of
the freeway and interchange approaches in Hamtramck
and Highland Park)

- Fisher Freeway

- Southfield Freeway
(NOTE: Imstallation of sensors on the Jeffries

Freeway should be coordinated with its




““opening. . Also, detectors on Davison

fﬂéhbﬁldﬂbé coordinated with its antici-

. 'pated reconstruction and extension.)
j?ﬁésé $éﬁs§fsiWi11'provide the capability of
mgasufjﬁg iﬁé£fié'vdlumes at the input and

_oﬁtpﬁpjdfﬁﬁhéfSevexal subsections, on both

thg ffééﬁé?;5ﬁ§ thé_ramps, and with the capa-
-hiligy;§¥}méééﬁriné.épegd, which is the most
.séﬁéifiéé?méééﬁfe_gf.Ehanges in the traffic
_;i%égﬁ;2;;;ﬁ§fé frequent.intervals.

Concurrent with the sensor installation would be the

’1Q?F%ila£igﬁ:é£ ;idiéital éomputer capable of ac-

:ceé;iﬁéfigfbfma£idﬁ frém these sensors as inputs and
icapéﬁié $f:;ﬁeraﬁing as a real-time process control
:Fgﬁé#£éffwi;h tﬁe ramp metering system and selected

:othérjdriver-info:mation displays as its outputs,

The .installation of an access control system to meter

_en;réﬁ¢élraﬁp:£raffic on both directions of the Ford

;EﬁééﬁéjfbetWeén:Livernois and Gratiot.

'mpleméﬁtétioﬁ?di refinements to the basic system to

'11§yiéte;¢Qn¢itiqns on the Edsel Ford Freeway between

fLivéfndisfggd;Qfatiot._'This is the oldest (except for
TDaﬁiSdn)gahd m@stfcongested freeway in Detroit, with
:;héfhighgstaréte 0f.accidents and occurrences in the

=?dadWayﬁébﬁcentrated within the above limits. These



refinements would include visual surveillance for
immediate evaluation of incidents, thus aiding their
prompt remeval and the implementation of an on-freeway
information system to maximize the volume of traffic
passing the incident and divert traffic to alternate

routes around the incident.

Implementation of an access control system on the south-

bound John Lodge Freeway.

Continued liaison between the Fyreeway Operations Unit
and the University of Michigan so that when the research
work on the northbound Lodge Freeway is completed, an
operational system of ramp metering and certain re-

finements, as required, can be implemented on that

portion to replace the experimental and temporayy systemn,

A continued evaluation of the mnetwork traffic picture,
utilizing all of the experience and data obtained thus
far, to determine the nature and extent of further re-
finements necessary to the system. It must be remembered
that none of the refinements are a duplication of other
parts of the system. Each component attacks a different
aspect of the problem and augments the other components

to compound benefits to the motovrist.



-----

[
Ll
|
H

LIBRARY
michigan department of
state highways

LANSING

SINAWIYINDAY HNILIVIS - IA 'aﬂ_s




SEC. VI

STAFFING REQUIREMENTS

FREEWAY OPERATIONS UNIT

The staff of the Freeway Operations Unit must represent a
balance of many disciplines. These disciplines must include
but must not be limited to the following:

1. Experience in freeway traffic operations

2, Freeway control theory

3. Electrical and electronic theory

4., Practical knowledge of electronié hardware and components
5. Knowledge of computer applications and programming

6. Abdility to prepare plans and specifications

It would, of course, be impossible to expect that every member
of the team would be a specialist in all of these areas. It
is intended then that each member of the Freeway Operations
Unit wouldlspecialize in one or two of these areas, yet

have a broad knowledge of the others, so that a close rapport
would be maintained. It is, of course, preferable that indi-
viduals meeting the foregoing requirement be assigned to the
Freeway Operatiomns Unit, and in several of these disciplines,
such personnel are available within the Department of State
Highways. The rest of the positions would, of course, have
to be filled by those who have one or more of the required
specialties, yet do not have a broad background in the other

disciplines. 1In this case, a certain amount of time would
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need to be devoted to the training of such personnel.

The technical staff recommended by Conradson(l), augmented by
a steno clerk, appears adequate to implement the Freeway Opera-
tions Unit during the fiscal year 1969-1970 and well into the

next fiscal year.

1. A Highway Traffic Engineer 13
2. An Electrical Engineer 11

(An Electrical Engineer 09 with some experience in elec~

tronic systems and traffic operations could be obtained
initially to advance as he gains experience)

3. A Computer Systems Amnalyst 11

4, An Electronic Systems Specialist 11

5. A Highway Traffic Technician 06
(with aptitude for programming and electronics)

6. A Stemno Clerk 04

It appears probable that as the system is made operational,
particularly since the coperating hours must coincide with
traffic conditions rather than an eight-to-five day, five-day
week, additional operators will be required to monitor the
routine operation of the system. These operators might take

the form of traffic aides or possibly police officers.
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O SECI VII

LIATSON AND AGREEMENTS WITH LOCAL AGENCIES

PERATIONS ENGINEERING SUBCOMMITTEE

V-ofqphisf:epﬁft disgu$sed_the fact that some of the

n j;fﬁi;jf?ééwéy$FCQﬁ;d be solved by the application

arking to and including reconstruction inter-

 ai£éﬁthéf§bf.j BrocedureS whereby these means might

‘meani gfﬁi*fébpmmendations for spot improvements on the free-

-f;if;leioWs that the staff of this unit will want

':6ﬁs;$ﬁihéﬁbfiﬁﬁitfﬁeads_from the Traffic and Safety

.ﬁéhahfﬁéwﬁisﬁrict1Traffic_Engineer.

proposed or recommended improvements, and in general, serve
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of the Freeway Operations Engineering Subcommittee. In this
manner, both the City and the County would be represented

in the early stages of any proposed activity and would have,
and legitimately so, a hand in shaping the development of the
proposed improvement. This recommendation has been forwarded
to the Engineer of Traffic and Safety, who in turn has sub-
mitted an invitation to both the City of Detroit Department
of Streets & Traffic and the Wayne County Road Commission to

designate representativesto sit on this Subcommittee.

It was further recommended that since the Detroit Police
Freeway Patrol plays such an active part in the operation

of the freeways, that they also be represented on this committee.

It is understood that action is pending on this recommendation.

COORDINATING COMMITTEE FOR. OPERATING DETROIT FREEWAYS

Implementation of many of the possible improvements to the
Detroit Freeway Network will, of course, have effect on the
surface streets in the adjacent traffic corridors. Since
these surface streets are for the most part under the juris-
diction of the City of Detroit and Wayne County, these agen-
cies must of necessity have a direct interest in any opera-
tional measures that will affect traffic within their areas
of jurisdiction. ©Further, it is anticipated that any expense
involved in the implementation of traffic improvements would

be share in the usual statutory percentages.




‘a cdneul;ihg fuhéfioh#?ﬁlnhenother sense, this committee will
d'isory group whlch the Freeway Operations Unit

111*be able to[draw upon for the .benefit of their experience

d spec alized knowledge.::;'

e 1n-oneheehsenthe-Subcommittee would serve to advise the

ree.ay;Operatlons Unit w1th regard ‘to specific recommendations,

T would further serve to approve .0r disapprove reccocmmendations

mprovements'submltted by the Freeway Operations Unit.
Iéndedgthetjin;ereas_other than the implementation

urveillance and control system that the Freeway

hpera-ionefﬁé%rﬁgooiaisebﬁitereeommendations to the Engineering
ﬁbEbmmitféelf&ﬁéfgéﬁi&-£héﬁ evaluate the merit of the recom-
mendarlon.ﬂhThoee.recommendatlons approved by the Subcommittee
_would:then be forwarded to the Engineer of Traffic and Safety,
whohln turn would .1f he concurred in the recommendation,

dlrect the approPrlate Unlt Head or the District Traffic

'Englneer to_;seue the_requlred work order, or he would

initiate?eoteohfro-heve'the work performed under contract.

of the initial meetings of the Freeway Operations

hnglneerlng Subcommlttee, those present agreed unanimously

or access to the

_orrldor,'and 51nce that traffic corridor is comprised
:f c1ty Streets and county roads, that a representative

of the Clty and of the County should be designated as members

VII-3



While it is intended that the City and the County be repre-
sented on the Freeway Operations Technical Subcommittee,
the members selected for that Subcommittee will be chosen
on the basis of their technical abilities. They will not

necessarily have the authority to make major decisions.

It is therefore intended that a governing body for the Free-
way Operations Unit be formed which would be composed of
representatives of the City, County and State who have the
authority to speak for their respective agencies in approving
the implementation of the recommendations of the Freeway

Operations Unit and the allocating of funds for that purpose.

This body would be known as the Coordinating Committee for

Operating Detroit Freeways.
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SEC. VIII

DETAILED OUTLINE WORK PLAN FOR FISCAL YEAR 1969-1970

Although it is intended that some of the more serious spot
problems be investigated during fiscal 1969-1970, these can

be handled individually on a rxeasonably flexible schedule.

In contrast, the development of the electronic surveillance
and contrcl network is a more.complex grocedure, and a reason-

ably rigid schedule must be adhered to.

The primary output of the first six months' activity will be
to develop the requirements for the total surveillance and
control network and to prepare plans and specifications for
that portion of the installatien to be placed under contract

during fiscal 1970-1971.

The second six months will be devoted to

1. Securing approval and funding, and completing the necessary
contractual arrangements for the first year's installations,

2. Begiﬁning the preparation of computer programs, and

3. Beginning the preparation of plans and specifications for
that portion of the imstallation to be placed under contract

during fiscal 1971-1972.

Exhibits VIII-la, 1b, lc, and 1d are PERT charts showing the
major steps in the development and implementation of the sur-
veillance and control network. All events iﬂ the first six

months have been assigned reasonable completion times for the
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EXHIBIT MIII -1a

PERT CHART

DEVELOPMENT OF THE SURVEILLANCE 8 CONTROL
NETWORK FOR DETROIT FREEWAYS

Work Plan for 4 JULY (1969 - 31 DEC. 1969.
(See Exhibit MIIT-1C for Description & Scheduling of Activities.)
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EXHIBIT ¥III -ib

PERT CHART

IMPLEMENTATION OF THE SURVEILLANCE &
CONTROL NETWORK FOR DETROIT FREEWAYS

Work Plan Subsequent to 1 JAN. 1970.
(See Exhibit MOI-1D for Description of Activities. Scheduling
is Indefinite. See Text.)
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various activities. The major target date which should be
held to as rigidly as possible is for items

(11-12) Determination of Control Center requirements

(11-13) HWriting of the computer specifications, and

(11-14) Writing of the field equipment specifications for the

fiscal 1970-1971 installation.

These items are scheduled for accomplishment by January 1,
1970, to allow time to apply for Federal Project funds and lead
time for programming work and letting the contract. It is
intended that work on the installation begin in July 1 or as
close thereto as possible to take maximum advantage of good

weather.

It is also intended that the control center be acquired and
occupied as near to July 1, 1970 as possible, An exact date
cannot be determined until the decision to build a new control
center or to occupy available quarters has been made. If

the decision is made to build a new control center, plans

and specifications must be drawn up and construction must

be accomplished; whereas if the decision is made to acquire

an existing building, we might occupy the facility much sooner,
possibly by July 1, and delivery and installation of the
computer could be accomplished much sconer. Completion times
for the remainder of the PERT chart cannot be feasonably assigned

until this decision is made.

The time advantage of early occupancy of an existing facility

must not overshadow the fact that the initial control center.
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location must be adequate to contain the ultimate equipment,
either by expansion capability within the facility, by
serving as a master facility to satellite facilities, or be

serving eventually as a satellite to a relocated master

facility.
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 'APPENDIX A

. SCOPE OF AUTHORTIZED ACTIVITY

" DETROIT FREEWAY OPERATIONS UNIT

*f;iéég;fﬁinéfthe_1ocation, nature and extent of
;?;ﬁfﬁ;féﬁé¥étign.p;oblems on Detroit Freeways
a#g;;g;%% ;$ftidor§_§nd take action to minimize
;gégéiéfégigﬁéiby_applying advanced technology and

positive research findings in an operational system.

.l;céﬁéﬁépZa_comprehensive inventory of the several
'“?béffoiﬁ.freeway corridors

. I§ detérmine the location of problem sections and
 £qt§1¢neckS

:f¢6 détermine the extent and duration of congestion
nhzgaé haégrd due to them, and

To ‘assign a priority ranking for treatment.

Authority: -

 with public and quasi-public agencies having direct
 ﬁE;§#;#§t:Qith:freeway problems, with regard to those
._rﬁ? é£6biéms;i The5e would include, but not necessarily
:ff éj;:bié#;igt_Traffic’ Maintenance and Construction

0 Divisions
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2)

3)

4)

Phase 1I1:

Scope:

i)

2)

3)

b) Various Sections of the Traffic and Safety
Division

¢) Wayne County Road Commission

d) City of Detroit, Department of Streets and
Traffic

e) City of Detroit, Police Department

f) Traffic Safety Association of Detroit

g) Automobile Assication of America (AAA)

To have access to plans, accident records, traffic

data and other correspondence of the agencies listed

above that would be meaningful in determining the

locaticon, nature and severity of problem areas.

To develop performance budgeting criteria to serve

initially as a guide to assignment of priorities

for preoposed improvements and ultimately as a

measure of thelr effectiveness.

To file a report summarizing the results of the

inventory and recommending priorities for action.
PLANNING IMPROVEMENT

To subject problem sections to intensive study in
order to
Determine causes and contributing factors
Develop recommendations for improvement on the exist-
ing freeways and their corridors
Develop recommendations for design changes and/or

modifications to be incorporated into future freeways
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and their corridors-

-Authbﬁitx WTéxqfiliﬁéJéll information obtained in Phase I

to dQVleﬁfé p1éﬁﬁ§dfptbgram of improvements to the free-

ys. .a dﬂthéirfqbrridqrs,'including, but not necessarily

:Dgté?mihationTDf congestion, high-acecident and

:iééﬁifiigéiﬁéident areas

4éiéﬁ;iﬁé; §ééigqing aqd writing specifications
: f#;iﬁ§¥iQ§;éd.§§.a_work order or a contract) for:
..f éﬁéﬁéﬁ$£t; detect and evaluate incidents
.ififigéi;&iﬁg.sensors, computers and related
'ﬂPxogrémming)

 $§étems to minimize the effect of "incidents",
.  éﬁ¢ﬁ_as;

 a)a ﬂihor geometrics improvements

ff_ﬁ)f Signing and marking improvements
: ¢>  A¢géss_contr01 systems (electronic and/or
'ﬂggéﬁgtric)

'id)_iﬁriyer inf§rmation systems
.Tfté)f A§sis£aﬁ§é systems

i %)f ;¢gulatory systems
' h:f§%;fﬁ#ﬁfé;£féeﬁays_aﬁd their corridors
 §5 ;ﬁ9é§ﬁéﬁ% deéigg features and combinations
;éﬁézéﬁf:fﬁgt.have demonstrated inherent tendencies

;toward confusion, congestion and hazard.
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b) Recommend for evaluation and/or adoption geo-
metric features, construction techmiques and
information/control systems to be incorporated
into future freeways to improve the performance
of the driver and/or vehicle. These items
would dinclude, but not necessarily be limited
to, implementation of features that would
improve the performance of the driver and/or
vehicle,. These items would include, but not
necessarily be limited to, implementation of
features that would improve the performance of
the driver by appealing to his conditioned
responses, and elimination of those features
that use these same responses to cause any un-
favorable reaction. They would also include
implementation of built-in features that use the
handling characteristics of the vehicle to
advantage, and the elimination of those features
that cause the vehicle to veact in an unfavor-

able or unpredictable manner.

Phase III: OCPERATIONAL IMPLEMENTATION OF IMPROVEMENTS

Scope: To make practical application of past operational
and research experience, and of the preparations
made in Phases I and II, so that the motoring public

may begin to realize the benefits accruing to him.
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Aﬁfhéﬁiﬁy  fi§ qéﬁ$e”ﬁﬁe.implementation of the improve-

'By issuing work orders and/or contracts for geo-
métfit}aﬁdeighing-changes
”iBydiﬁSuingwark.orders and/or contracts for geo-

puterized sensor/control/information system

programs ‘to

2 ?ﬁ§£§§£fa£& evg1uate traffic conditions in
real-t 1me RN

fiﬁﬁéf;#é?é feal~time control as developed in

- Phase _'_11 ;

.:ﬁigplay an immediate output for evaluation and/
L: dr_0§¢rride

:?fbcess data off-line for evaluation of various
  pa:aﬁetegs as a check on past performance and
1_fés a.guide to improvement and optimization.
,,€f£& §§é?a;ing the control/information system in such
'ﬁigiééjf#s.#Q-ﬁaximize_the efficiency of the freewa&
_and its corridor.

fﬂ g§;¢§££in;ing update and review of the iltems used
 ;€1?£4§$ ¢;'é1ong with the improved information
iéﬁ?iéﬁai§éié'ﬁééﬁniques born of Stage III, to main-
*Lgéi# 5f§Yﬁéﬁi9 traffic control system capable of

g %;fééégﬁi;ing.new "weak links" as others are strength-

 $§néd;.éd_that appropriate action may be taken.
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APPENDIX B

SOURCES OF DATA

ACKNOWLEDGMENTS

In order to arrive at a meaningful objective appraisal of the
Detroit freeway system and its problems, it was necessary to
investigate as many reliable sources of readily available infor-
mation as possible, within the limitations imposed by time and

available manpower,

The data sources discussed in the following paragraphs comprise
the most concrete sources of data that were available in such

a form that they could be used as exhibits in this report.

This information is presented as a documentation of the nature
and extent of the various impediments to freeway efficiency, and
moere importantly serves as a major element in determining

the most effective applications of technology to improve the

efficiency of the freeway network.

Many persons were contacted within the organizations directly
associated with operating Detroit freeways, namely the Michi-
gan Department of State Highways, Wayne County Road Commission,
Detroit Department of Streets and Traffic, Detroit Police
Department, and Traffic Central, which is coordinated by the
Detroit Traffic Safety Association. These people were
extremely helpful in providing their personal pr¢fessional
knowledge of the freeway system and in referrals to key sources

of information.
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Omission of the names of all who provided assistance should
net be considered a sliight. Rather, it is a tribute to the
fact that so many people at all levels responded fo my requests
for assistance with such cooperation and enthusiasm. We are

deeply indebted to each of them.

DATA SOURCES

Much of the information reguired for this report was in the
traditional forms, such as traffic predictions and accident

experience.

TRAFFIC VOLUMES

Information on ramp and freeway traffic wvolumes for the Fall
" of 1967 and Spring of 1968 was obtained from the Detroit
Department of Streets and Traffic. A report on the Woodward
Avenue corridor traffic volume and travel time changes before
and after opening of the Chrysler Freeway was also obtained

from this source.

TRAFFIC PREDICTIONS

Traffic predictions for the Interstate freeways in Detroit for
the year 1975 were obtained from the Michigan Department of
State Highways, Transportation Survey and Analysis Section.
These freeways consist of the Fisher (I-75) from the southwest

city limit to the Chrysler, the Chrysler (I-75) from the Fisher
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to the north limit of Detroit, and the Edsel Ford (I-%4)

through the City of Detroit. Traffic predictions for 1990

are taken from the Detroit Area Traffic Study and were fur-
nished by the City of Detroit, Department of Streets and Traffic

and the Detroit Planning Commission.

ACCIDENT RECORDS

Traffic accident data for all Detroit freeways for the years

1967 and 1968 were taken from the Detroit Police Department acci-
dent records, a computer tape record of which was furnished

to the Department of State Highways. A printout of this
information was provided by the Computer Section, with

the cooperation of the Traffic and Safety Division Accident

Accident Analysis Unit.

OBSERVATIONS OF FREEWAY PATROL

Personal knowledge of the freeway and its problems was augmented
by riding with an officer of the Detroit Freeway Patrol during
morning peak period, from 6:30 a.m. to 9:30 a.m. and again during
the evening peak period from 2:30 p.m, until 7:00 p.m.

These officers pointed out several specific problem locations

and verified the extent of recurring congestion.

TRAFFIC CENTRAL ADVISORIES

Another readily available source of data that provided information

on recurring congestion was the teletype records of traffic
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advisories sent out by Traffic Central. This proved to be

the only recorded source of information on traffic congestion,
although they were not originally intended to serve that pur-
pose. Traffic Central is a composite organization cocordinated
by the Detroit Traffic Safety Association, for the purpose

of disseminating information on traffic conditions. Reports
of traffic conditions are channeled to the Freeway Patrol
dispatcher at Police Communications Center, who prepares and
dispatches messages on traffic conditions via a teletype
network to the local radio station, who, in turm broadcast

the pertinent information as a public service. These messages
consist of traffic advisories which provide information
regarding congestion, pavement conditioms, etc., and traffic
bulletins which provide information concerning unusual or
extremely severe conditions affecting traffic, such as

serious accidents, lengthy maintenance operations, unusual
traffic caused by sporting events and the like, and other

unusual events such as flooding.

Figures B-la and B-1b are congestion diagrams prepared fronm
information obtained from the teletype records of traffic
advisories, which are normally broadcast every one-half hour.
Although data from specific days were used to prepare this
diagram, the afternoon pattern of congestion shown is typical
of a normal day with clear weather, dry pavement, and no
reported severe incidents affecting traffic. Stop-and-go
conditions are shown as a solid line; moderate speed, high-

density traffic is shown as a dashed line; and free-flowing

App. B-4
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traffic for the indicated time period is left unmarked to

accent the comgested areas.

It should be noted, however, that the stop-and-go condition
observed on the s;uthbound Lodge freeway on the morning of
February 5 is an intermittent occurrence since the opening of
the Chrysler freeway, appearing on some days, but with moderate
to high speed traffic through the area on other. This partic~-
ular backup was triggered by a car broken down and obstructing
traffic on the eastbound Ford at Dubois, reported at 7.28 a.m.
which caused traffic to back up on the eastbound Ford through
the ramp onto the southbound Lodge, and as far back as Seven
Mile Road. The congestion caused by this incident lasted for

about an hour.

This degree of congestion, caused by such a simple occurrence,

is fairly commonplace.

FREEWAY PATROL RADIO LOGS

A previously untapped source of information on freeway inci-
dents is the radio log kept by the Freeway Patrol dispatchers.
It is recognized that these legs do not contain detailed
information, and that they contain information only for those
incidents on which radio conversations were held. They do,
however, represent the only record of incidents other than
reported accidents that interfered with traffic and required
aid. Examples of such dincidents are stalled cars, disabled

trucks, debris in the roadway, and wminor accidents.

App. B-7




A six month or one year sampling of incidents from the Freeway
Patrol logs would have been extremely valuable. In order to
properly and accurately glean the desired information from

these logs, however, one must be reasonably well acquainted

with the operations of the Freeway Patrol, their area of opera-
tion, their codes and jargon, and be able to relate various
messages to each other. An attempt to instruct one very capable
individual borrowed from the Construction Division and have

him do this task proved unsuccessful because of his inexperience
in this area. As a result, and with the feeling that much

could be gained by at least some sampling of these logs, the
author spent two afternoons personally reviewing these logs,

and was able to gather two samples of six and seven days

respectively.

Analysis of logs for the six day period from December 1, 1968
through December 6, 1968 shows radio records of 82 accidents,
55 stalls or breakdowns 1In the roadway, six cases of debris
in the roadway affecting traffic, and 23 "other" incidents.
Table B-1 lists the incidents and their locations, and Figure

B-2 shows them platted on a map of the freeway system.

CROSS CHECK OF ACCIDENT RECORDS

It is known that all accidents that occur are mnot reported
for various reasons. These accidents do, however, have an
affect on traffic, in that they do occur in traffic and no

matter how minor, the drivers stop in the roadway at least

App. B-8
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TABLE B-1
EXCERPTS FROM FREEWAY PATROL LOGS

December 1, 1968 Thru December 6, 1968

Sheet 1 of 10

Date Time Dir. & Location Breakdown Remarks
Freeway Acc. Stall Debris Other
12-1-68 0526 W.B. Ford Warren/Junction X
0623 S.B. 8'fld. Schooleraft/Plymouth X
D625 W.B. Ford l4th X
0755 W.B. Ford Warren X
0002 S.B. Lodge Cobo Hali X
0255 W.B. Ford W. of Van Dyke X
0258 N.B. Lodge Pingree X
0303 W.B. Ford W. of Van Dyke/ Mt, X
Elliott
0425 §.B. Lodge Glendale/Elmhuzrst X Cverturned
0428 N.B. 8'f1d. E. of Grand River X
0828 W.B. Ford Gratiot X Xmag tree in
road
1322 E.B. Ford E. of John R X
1512 S.B. Lodge Cobo Hall X
1602 W.B. Ford Beaubien X 3 car
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Table B-1 Sheet 2 of 10
Date Time Dir. Location Breakdown
Freeway Acc., Stall Debris Other Remarks

12-1-68 1605 S. B. Lodge Lafayette X

1629 5. B. Lodge Howard X Injury

1645 E. B. Forxd E. of Van Dyke ?

1647 W. B. Ford Second X

1705 W. B. Ford E. of John R X

1726 E. B. Ford Junction/Warren

1801 W. B. Ford Trumbull X

1838 N. B. s"fld. N. of Outer Drive X 3 car

2120 N. B. Lodge 6 Mile Réad X

2231 Ramp 5. B. Lodge - E. B.

Ford X PLC working
12-2-68 0803 S. B, Lodge ©¥N. of Livermncis X Chuckhole in
road

1008 E. B. Ford Livernois Exit Ramp Small truck

1023 S. B. Lodge S. of Davison X Heavy traffic

1324 N. B. §"fld. N. of Grand River Truck lost load

1536 E. B. Ford W. of Gramnd Blvd.

1545 8. B. Lodge Seward X Pedestrian on

Median
1658 N. B. Lodge Webb Exit Ramp X
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Table B-1

Sheet 3 of 10

Lost transmission

Date Time Dir. & Location Breakdown
Freeway Acc. Stall Debris Other Remarks

12-2-69 0407 N. B. Lodge Clairmount X

0531 E. B. Ford Springwells X

0756 S. B. Lodge TForest X

0813 S. B. Lodge ©N. of Livernois X Were patching

(See 0803)
0937 5. B. Lodge Forest X
1305 N. B. §'fld. 8. of 6 Mile/N. of X
Puritan

1440 E. B. Ford Mount Elliott X

1604 W. B. Ford Warren | X

1610 N. B. s'fld. N. of Schoolcraft X

1629 N. B. Lodge Pallister X

1750 N. B. Lodge Temple_Entrance Ramp X

1807 E. B. Ford Dubois/St. Aubin X

1816 E. B. Foxrd Van Dyke X

2106 W. B. Ford W. of Livernois X

2143 W. B. Ford Woodward X

2208 S. B. Lodge S. of Davison X Abandoned car

in roadway

12-3-68 0612 N. B. Ledge 5. of Linwood X

0627 §. B. 8'f1ld. 7 Mile Rd./Curtis X
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Table B-1

Sheet 4 of 10

Date Time Dir. & Location Breakdown
Freeway Ace. Stall Debris Other Remarks
12-3-69 0700 N. B. Lodge Pallister X 3 car, 1

injury

1111 S. B. Lodge Chicage X

1152 N. B. Lodge Vernor X Broken tie
Rod

0117 E. B. Ford W. of Mt. Elliott X 3 car

0605 Ramp §. B, Lodge - E. B. X

Ford

0607 5. B. Lodge Chicago Exit Ramp X

0615 5. B. Lodge Chicago X 2 lanes closed

0814 N. B. Lodge ©N. of Wyoming X Blew a tire

0853 E. B. Ford Second X

11067 §. B. Lodge Chicago X

1151 N. B. Lodge Seward X Car/trailer
15 mph in left
lane

1231 5. B. Lodge ©§5. of Milwaukee X

1232 W. B. Ford At Lodge X

1413 5. B. Lodge Milwaukee X

1511 E. B. Ford Mt. Elliott X

1603 E. B. Ford Mt. Elliott Off Ramp X Clutch gone

1626 5. B. Lodge & Mile Road X Injury

4 o i A A B e o AT T B3 e e . b, ok e
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Table B-1 Sheet 5 of 10
Date Time Dir. Locatiocn Breakdown
Freeway Stall Debris Other Remarks

12-3-68 1627 S. B. Lodge N. of Puritan Injury

1734 S. B. Lodge S. of Monterey Car on median

1746 N. B. Lodge N. of Gladstone Fast lane

1801 N. B. Lodge Milwaukee Exit Ramp

1846 S. B. 8'fld. Outer Drive

1905 N. B. Lodge Péllister Injury

2025 E. B. Ford Concord Boys stoning

cars

2242 E. B. Ford Russell Car on fire

2329 §'fld. Joy/Chicago
12~-4-69 0825 §. B. §'fld. N. of Grand River

0826 5. B. Lodge ©N. of Davison

1537 E. B. Ford Trumbull Truck

1608 S. B. Lodge Glendale

1627 E. B. Ford Livernois

1801 S. B. Lodge 5. of Davison 3 car

2030 W. B. Ford Chrysler/ Russell Car lost hood

2111 E. B. Ford Conners Tanker in right

lane
0342 S. B. Lodge Pallister
0536 W. B. Ford E. of Livernois

2 injuries
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Table B-1 Sheet 6 of
Pate Time Dir. & Location Breakdown
Freeway Acc. Stall Debris Other Remarks

12-4-68 0542 W. B. Ford Wesson X

0546 W. B. Ford Wesson (another) X

0735 N. B. 8'fld. Schoolcraft X

0914 W. B. Ford Chrysler X

1047 S. B. Lodge Howard X Car losing

gasoline

1132 S. B. Lodge Cobdhall X

1307 W. B. Ford W. of Trumbull X

1517 N. B. Lodge ©N. of Boulewvard X

1537 E. B. Ford Trumbull X

1629 N. B. Chrys. Canfield X

1658 N. B. 87fld. Joy X

1723 W. B. Ford Brooklyn X 2 car

1739 W. B. Ford Lonyo Ramp X

1748 N. B. 8'fld. 8. of Curtis X

1755 E. B. Ford Chryslex X Truck

1759 S. B. §'fld. Paul/Ford Road X

1801 S. B. Lodge 5. of Davison X

1813 S. B. 8'fld. At Paul X 3 car

1922 E. B. Ford Chrysler X

10
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Table B-1

Sheet 7 of 10

Truck overturned

Date Time Dir. & Location Breakdown
Freeway Acc. Stall Debris Other Remarks
12-4-68 1926 E. B. Ford E. of Beaubien - X On guard rail
2019 N. B. Lodge Hamilton
2058 Fisher Clark Boys stoning
cars
2109 E. B. Ford Gratiot
2320 N. B. Chrys. Jefferson X On median
12-5-68 1515 S. B. Lodge Holden
1854 S. B. Lodge Davison
2020 E. B. Ford Woodward
2340 N. B, 8'f1d. Ford to Joy Freeway Patreol
advises salt
is needed
0302 N. B. Lodge Livernois.Entrance X
Ramp
0550 Ramp W. B. Ford to N. B.
Lodge
0555 W. B. Ford Dubois/Chrysler X
0556 N. B. §'fld. Joy X
0607 N. B. Lodge Davison
0645 Ramp N. B. Lodge to W. B. X
Ford
0745 Fisher Rouge Bridge

Freeway Patrol
advises salt

is needed
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Table B-1

Sheet 8 of 10

Date Time Dir. & Location Breakdown
Freeway Acc. Stall Debris Other Remarks
12-5-68 0900 N. B. Lodge Muirland X

0911 N. B. Fisher Schaefer X

1000 W. B. Ford Grand River X Semi

1010 Fisher Fort/Schaefer X Truck

1037 N. B. 8'f1d. E. of Joy X Bumper in
roadway

1142 W. B. Ford W. of Van Dyke X Tie-up

1153 E. B. Ford Concord X

13031 W. B. Ford Russell X Tail-gate in
road

1334 E.B. & W.B. Russell Freeway Patrol

Ford requests salt

overpass

1432 Ramp W. Davison to S. Lodge X

1502 S. B, Fisher Schaefer X Semi jack-knifed

1526 S. B. Lodge Holden X

1627 W. B. Ford Lonyo X Truck

2007 N. B. Lodge Livernois Exit Ramp X Truck overturned

2057 S. B. Lodge Vernor X

2122 E. B. Ford W. of Chalmers X
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Table B-1 Sheet 9 of 10

LT-9

Date Time Dir. & Location Breakdown
Freeway Acec. Stall Debris Other Remarks
12-6-68 1130 W. B. Ford W. Grand Blwvd. X WCRC
: right lane
closed
1546 N. B. Lodge Pembroke X Flat-tire
stopped in
left lane
1657 W. B. Ford Bivd./Livernois X Right lane
1715 W. B. Ford Mt. Elliott -~ Van Dyke X
0023 S. B. Lodge Vernor X
0025 N. B. 8'fld. Grand River Exit X
Ramp
0208 Ford Russell Overpass Clutch gone
0229 Ford Chrysler Injury
0251 Ford Gratiot Car going
wrong-way
0257 Ford Conners Priver slumped
over wheel
0851 Lodge Ford Pedestrian
0927 Lodge Pingree WCRC in roadway
1008 Lodge N. of Pingree
1215 S'fld. S. of Plymouth Mattress
1309 Ford W. of Mt. Elliott
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Table B-1 Sheet 10 of 10
Date Time Dir. & Location Breakdown
Freeway Stall Debris Other Remarks
12-6-68 1456 E. B. Ford Frontenac X
1527 S. B. Lodge PFYord Freeway X Truck
1644 N. B. Fisher Rouge Bridge X Brakes locked
Air hose broke
1704 W. B. Ford Scotten X Truck
1842 S. B. Fisher N. of Schaefer 4 ecar
1842 W. B. Ford Russell/Chrysler
1904 W. B. Ford Woodward X Truck
1905 S. B. Lodge Clairmount X
1909 W. B. Ford Woodward
1920 W. B. Ford Woodward In fast lane
1935 W. B. Ford W. of 8t. Audbin Seml & 4 cars
1943 W. B. Ford Mt. Elliott X Semi in right
lane
2127 S. B. Lodge Vernor Missing CB
cover
2322 E. B. Ford Cadieux
2328 W. B. Ford Westbound of Whittier
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momentarily, sometimes even getting out of their cars
while block traffic to assess the damage. Even when they
have moved to the shoulder, the damaged vehicles encourage

"gawking' and a resultant congestion.

It is also known that not all accidents are recorded in the
Freeway Patrol radio logs. To gain some insight into the mag-
nitude of these omissions, a comparison was made between re-
ported accidents and accidents noted on the Freeway Patrol
radio logs, using the six day period from December 1, 1968
through December 6, 1968 (Friday through Wednesday). ©No
attempt was made to analyze accidents by type. All accidents
on the freeways were grouped in three catagories:
1. Accidents recorded in Freeway Patrol radioc logs
at which police were in attendance but no written
report was made.
2. Accidents for which written reports were made
but which were not recorded in the radio logs, and
3. Accidents recorded in the radio logs and for

which written reports were made.

Table B-2 gives a comparison of these three categorfes of aceidents
for all freeways for this six day period. Realizing that this

is a small sample, the percentages cannot be applied precisely,

but it can be reasonably stated that the number of accidents

that occur on the freeway system is about 50 percent greater

than the number shown in either the radio logs or the acci-

dent reports.



TABIE B-2
COMPARISON OF REPORTED ACCIDENTS
and
ACCIDENTS RECORDED IN FREEWAY PATROL RADIC LOGS

Period: 6 Days; Dec. 1, 1968 thru Dec. 6, 1968

Freeway Accident Report Only Both ¥reeway Patrol Logs Only
Ford 15 18 17
30% 36% 34%
Lodge 15 11 19
33.4% 2k k% ha,2%
Southfield 7 7 6
_ 35% _ 35 _ 30%
TOTALS FOR FORD 37 36 hp
LODGE & SQUTHFIELD 32.2% 31.2% 36,6%
Chrysler 1l 0 0
100% 0% 0%
Fisher L 1 2
. 57.2% 3% . 28.5%
TOTAL: ko 37 Ll
ALL FREEWAYS 34,1% 30.1% 35.8%

Total Accidents: 2123

Total Reported Accidents: 79
Total Reported Accidents Per Day This Period: Z% = 13.16
Total Reported Accidents Per Day This Year: 431

= llrﬂ
55 = T

App. B-22
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APPENDIX c

DISCUSSION OF RECURRING CONGESTION

_Hly;appeieﬁt tp”€V¢n_the casual observer that conges-

ﬁgﬁbeEQﬂa:deily occurrence on Detroit's freeways.

ffeﬁ}egeeﬁsive deta gathering system, several
'-wg§§fwéééfﬁsed t§ deeermine the degree of regu-
occ ?izﬁg;ee#gestienﬂ_ The only source of recorded
“ppngﬁf:eeeifiﬁg:cenges;ion is the traffic advisory

eeyﬁee-eiSQUQSeaeingppeﬁdix‘Ah Although data for only a

“Wee;Eieftéa.iﬁ.figure B-1, these daye'are truly repre-
asenteteve.of the dally pattern of congestion. These advisories
document the.ieformatlon obtained from personal observation,

commente from Freeway Patrol officers, Wayne County maintenance

ere's_that Work the freeways, and many unofficial sources.

'An”1e51s'of these observatlons shows that stop-and-go (level

Serv1 e:F) condltlons-stlll occur daily in the following areas:

_Edsel Ford Freeway, both eastbound and westbound,
:between leern01s and Conner (with heavy, slow
5moving_traffic of level of service D existing from

'leernois through Wyomlng and from Conner through

Seven Mlle Road) This condition exists for at
_east three hours durlng the morning peak and for at

fileeSt_four.hours during the afternoon peak.




Southbound John Lodge Freeway between the Edsel Ford
interchange and Linwood nearly every morning. On two
or three days of the week, this congestion still
exists as far back as Six or Seven Mile Road, éver
since the opening of the Chrysler Freeway. Level of
service D exists every morning from the end of that
congestion back through Eight Mile Road and from

the Edsel Ford Interchange to the end of the freeway
at Cobo Hall. Level of service C exists on the entire
length of this freeway from the end of the morning

peak through the end of the afternoon peak.

Northbound John Lodge Freeway from the Edsel Ford
Freeway through Davison from about 2:30 p.m. until

65:00 p.m. and from the Davison through Wyoming from
about 4:00 p.m., until 6:00 p.m. Level of sexvice D
exists on the rest of the freeway from about 10:00 a.m.

until about 7:00 p.m., except as described above.

Scuthfield Freeway is reularly at level of service D
over its entire length for about three hours during
the morning peak and again for about three hours

during the afterncon peak,

The Chrysler Freeway operateg at level of service D
for about two hours in the morning and again about
two to three hours in the afternocon, except for two

location. The congestion on the Edsel Ford Freeway

App. C-2




both_eastbound and westbound regularly backs up through
ramps outo both the northbound and southbound
roadways during both peak periods, thereby inter-

In addition, the road-

fering with through trafflc.

The Flsher_Freeway presently is operating smoothly

‘except: for.a brlef half hour period in the afternoon
dpgipgswhihhhsputhbound traffic achieves level of
'.“fﬁigé;ﬁ;;;Thé;émis.some congestion northbound
Lhéihéféyéfte;bécausg of the temporary ending but
*éééﬁféhfijihq»ﬁqre_than should be expected at such a

location. ' -

hhhé@ééifi;hdi;@hssihh of today's traffic volumes is
.3?h§éhﬁééhhéfehbgcauge_of the fact that as of this
Wfit.nghndf;hiuﬁétdahé:ié.available on the freeway
fsyshem.hfter the oPenlng of the Chrysler Freeway
efwegn the Ford Freeway and Eight Mile Road. Many
-have é#pressed the feellng that the opening of the

ol f._rnwould.affect trafflc patterns on the Lodge
.Ehr&.Freeways,.whlch presently are the two most

'ngested freeways._'Whlle this statement is true,



a continued observation of congestion patterns on the
freeway network shows that the anticipated relief has
not been accomplished. The extent of the daily
backups has not changed si;nificantly even though the
Chrysler is carrying enough traffic to have problems
of its own, notable daily periods of congestion at

the bottleneck caused by the lane drops in the Davison

Interchange.

NEAR FUTURE - 1975

It is universally predicted that traffic volumes are bound to

increase and the Detroit freeway network is no exception.

Traffic assignments for the Interstate freeways in Detroit,
namely the Fisher and Chrysler Freeways (I-75) and the Ford
Freeway (1-94) for the year 1975 demonstrate this fact as shown

in Table C-1la and C-1b.

Using a capacity of 1800 vehicles per hour per lane, it can be
seen that 29 of the 60 locations listed on I-75 will have a

demand of better than 70 percent of capacity.

Using the same capacity, we also see that I-94 will have a demand
of over 70 percent of capacity at 533 of the 56 locations listed

a demand of 100 percent at 20 or the 56 locations listed,

a demand of over 120 percent at 23 of the 56 locations listed,

and a demand of over 140 percent at 12 of the 56 locations.




Sheet 1 of 2

.~ TABLE C-1la
1975 DESIGN HOUR VOLUMES
_ff 1%945ihrﬁ3City.b£ Detroit

1-Way . East- . . % of West- % of
céhéﬁity}”j"bound ___Capacity bound Capacity

.77i;599p;{:f1, 111 5990 111
"f;]ffiéqu ' 133 6290 117
*“ f}iiéQ_j*:' 133 7410 148
_f aQ1o_ : 148 8010 148
-  831§_- 154 8310 154
C7s20 139 7520 139
"3j580 ' 140 7580 140

7710 143 7710 143

7070 131 7590 131
8070 149 7590 131

6970 129 6970 129
3480 65 3480 65

7610 141 7610 141
6680 . 124 6680 124
3960 74 4170 77
5360 99 5360 99
5010 93 5010 93
4530 84 4530 84
4100 76 4100 76

3930 73 3730 73



Table C-1la Sheet 2 of 2

Location 1-Way Fast- % of . West- % of
Capacity bound Capacity bound Capacity
E. of Conner 4150 3080 G4 5080 94
E. of Outer Dr. 4150 4740 88 4740 88
E. of Harper 4150 4200 78 4740 | 88
E. Of Whittier 4150 4200 78 4200 78
E. of Cadieux 4150 4170 77 4170 77
E. of Moross 4150 4020 75 4020 75

App. C-6.




Sheet 1 of 2

. TABLE C-1b "
1975 DESIGN HOUR VOLUMES
firjﬁ?ihfgftitf_of_Detroit

North- % of South- % of
‘bound "~ Capacity bound Capacity

w0 4700 87
“*a5¢ if4b5§.;7' s 4880 91
-f  46pb;5f” 64 4600 64
”Tf;-48§b ' -f _' 68 4880 68

L oaeso e 4850 67
'1:5466'  :F s 5400 75
'f}ggjo_ 75 4900 75
4900 68 4900 68

3430 48 2820 39

5800 - 81 5800 81

 44§6_:  _ .6l 4400 61
vafigisalfl{. g 4710 65
saﬁh;i ; §%$6 f;_:_ :'71 P40 "
L . 3 700 o | 51 3700 57

200 (3550) 49 (3550) “



Table C-1b Sheet 2 of 2

Location 1-Way North- 7 of South- % of
Capacity bound Capacity bound Capacity

E. of Chryslerxr 7200 (4400) 61 (4400) 61

(Connector to Gratiot)

N. of Mack 7200 4450 62 4450 : 62

N. of Warren 7200 3750 52 3750 52

(Approaching

I-94 Ford)

In I-94 Inter- 7200 2950 41 2950 41

change

N. of I-94 7200 5150 71 5150 51

N. of Clay 7200 5090 70 5090 70

N. of Holbrook 7200 3930 55 3930 55

N. of Caniff 7200 5130 71 5130 71

(S. of Davison)

In Davison 7200 3020 - 3020 -
Interchange
{3 Las. Only)

N. of Davison 7200 5370 74 5370 74
N. of McNichols 7200 5390 75 5390 75
N. of 7 Mile 7200 5380 74 5380 74
S. of 8 Mile 7200 4570 63 4570 63
N. of 8 Mile 7200 4600 64 4600 64

App. C-8




{ﬂcapacity will result in
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hour per lane, it can be
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ional construction.
of these effects is avallable in the data of a

Trafflc Study for the year 1990 conducted jointly

f Detrolt Department of Streets and Traffic, Depart-

and cooperatioen

fsPublicho:ke and Clty Plannlng Comm1551on,




A 1990 restrained traffic assignment map was the basis of

data shown in Tables C-2a, b, ¢, d. The daily two-way values used
on the map were reduced to hourly one-way values by dividing

by two feor one-way daily wvalues, then assuming that design

hour values are equal to 10 percent of the 24-hour values.

This is a simplified manner of obtaining the hourly values,
but results in figures that are on the conservative side.
As a result, the figures used may reflect a trend, but will

not necessarily equate to the full magnitude of the problem.

These figures are again based on an anticipated network of

freeways open to traffic by 1990.

Included in the DATS study is an assignment of traffic te an
extension of the Fisher Freeway to extend east of Gratiot to

an Interchange with I-94 at Connors. There are at present no
plansg to build this section of freeway. As a result, the demand
on the rest of the traffic corridor, notably I-94, would be

increased significantly over the wvalues given.

One other treatment that has been presented is that of double-
decking the Ford Freeway to provide additional capacity without
the need for acquiring addition right-of-way. Although this
may be a desirable ultimate solution, it is bound to be ex-
tremely costly, and the counstructicon of such a facility will by

its very nature requitre many years for implementation.




ing thé'199dﬁﬂéfW6r£;:W¢”find”a3fotal of 45 out of

ceeding 70 percent of a capacity of 1800 vehicles
:;Zlﬁqﬁtgéfialflqéépiops.éxceeding 100 per-

and 2. out of 81 exceeding it by 120



TABLE C-2a
1990 ESTIMATED TRAFFIC DEMAND
T-gk Edsel Ford

DETROIT AREA TRAFFIC STUDY FIGURES

Location 2-Way 1-Way 1-Way % of
Demand Demand Capacity Capacity
per hr. per hr, per hr.
W. of Michigan 8900 4h50 5400 83
E. of Wyoming 8900 4450 5400 83
E. of Weir 8900 4450 5400 83
E. of Lonyo 10600 5300 5400 98
E. of Cecil 9900 4950 5400 92
E. of Livernois 10000 5000 5400 93
E. of Warren 8800 400 5400 81
E. of W. Gd. Blvd, 12500 6250 5400 106
E. of Linwood 10700 5350 5400 99
E. of 12th 10900 5450 5400 101
E, of Trumbull 10900 5450 5400 101

In Lodge Interchange - - - -

E. of Lodge 8700 4350 5400 81
E, of Woodward 8700 4350 5400 81
In Chrysler Interchange 6600 3300 5400 61
E. of Chene 7500 3750 5400 69
E, of Mt. Elliott 8400 h200 5400 78
E. of Van Dyke 7900 3950 5400 73
E. of Gratiot 6200 3100 5400 57
E. of French Rd. 7000 3500 5400. 65
E, of Conner 10000 5000 5400 92
E, of Outer Drive 9500 4750 5400 88
Harper 9500 b750 5400 88




2 of 2

'1 "f2éwéyT T1;} ukl_way : 1-Way % of

S Demand Demand Capacity Capacity

Wrﬁ_?fth - §ér_hr,. f - per hr. vper hr.
L9500 4750 5400 88

.;i?ib;6§ iﬁ _f 55_5200 5400 96
9600 80O 5400 89




TABLE €-2b
1990 ESTIMATED TRAFFIC DEMAND

John Lodge (I-696 BS) Freeway

Location 2.Way 1-Way 1-Way % of
Demand Demand Capacity Capaeity
per hr. per hr, per hr.
N. of 8 Mile R4, 10700 5350 5400 99
S, of 8 Mile R4, 10800 5400 5400 100
S. of 7 Mile Rd. 10200 5100 5400 ol
S. of 6 Mile Rd. 10000 5000 5400 93
E. of Wyoming 8600 %300 5400 80
E. of Livernois 9600 4800 5400 89
E. of Linwood 9900 4950 5400 (inbound) 92
S. of Davison 9500 L750 5400 88
S, of Glendalé 9000 4500 5400 83
5. of Webb 9300 4650 5400 86
VS@ of Chicago 8700 4350 - 81
S. of W, Grd., Blvd. 8300 ' 4150 - 7
S. of Ford Fwy.(I-94) 8800 4400 5400 82
S. of Warren 7800 3900 5400 72
S. of Grd, River 4600 2300 5400 43
S. of Fisher Fwy. 6300 3150 5400 58
S. of Michigan 2100 1050 5400 20
S. of Lafayette 2300 1150 5400 22




TABL]*_. C- 2d

1990 ESTIMATED TRAFFIC DEMAND

': £ Southfleld (M-39) Freeway

.”._? H 24Wéy'  f  '-'1»Way 1-Way 4 of
:“Ja;VDemand C Demand Capacity Capacity

S per hr. . per hr. per hr.
11800 © 5900 5400 105

- 12000 Z;g;f:'- 61oo 5400 113
200 6oso 51400 12

;zvfgiliOOi_1_f 5550 5400 103

L;Wf;;;ﬁdo_ffffll 5800 5400 107
o s T s 5400 129
13100 6550 0 -

_ _;.112700 6350 5400 117

112100 6050 5400 112

of Ford Ra, 11600 5800 5400 107

7  'Hb?APV
michigan department of
- state highways

FANSING




TABLE C-2c¢

1990 ESTIMATED TRAFFIC DEMAND

I.75 Thru City of Detroit

Location 2-Way 1l-Way 1-Way % of
Demand Demand Capaeity Capacity
per hr. per hr. per hr.

N. of Outer Drive 11900 53950 5400 110
N. of Schaefer 12300 6150 5400 1312
N. of Dearborn 11300 5650 7200 78
Fort 11300 5650 7200 78
Springwells 11700 5850 7200 82
Livernois 11400 - 5700 7200 79
Clark 10400 5200 7200 72
Lafayette 10k00 5200 7200 72
Porter Complex - - -
Vernor Complex - w -
12th 12500 6250 7200 87
Lodge 8600 4300 7200 60
Second 8600 L300 | 7200 60
W. of Chrysler (W. Leg) 8600 4300 7200 60
N. of Fisher (N. Leg) 8100 4050 7200 56
S. of Fisher 7300 3650 7200 51
(Chrysler - I-375)

E. of Chrysler 8000 4000 7200 56
(Connector to Gratiot)

N. of Mock 9600 4800 7200 67
Warren 105060 5250 1200 73

In I-G4 Interchange - - - -

N, of I-94 (Ford) 11300 5650 7200 79

App. C-16
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.:712€Wéj':'3 - L=Way 1-Way % of

' gDemand __Demand Capacity __Capacity

SR L per hr.. per hr. per hr.
12500 6250 7200 87

 :-Ta:i17oo_ S 5850 7200 82
a:1256b.;  6250 7200 87
t7e.]-1_ . 5400 -
.;tiﬁéoo'; -”' 7300 7200 102
| ':f;ljéoo 6500 7200 91

' 1_;i§9oo | 7450 7200 104
:'7  14790 7350 7200 102

"-:15960 - 7500 7200 105
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APPENDIX D

RANDOM INCIDENTS

ACCIDENTS AND TRAFFIC STOPPAGES

Use of the term "random" with relation to accidents and other
incidents on the freeways has the tendency to mislead one to
the comnclusion that such occurrences are infrequent, The term
is used here to describe specific events that cannoct be pre-
dicted with respect to time or locatign. The purpose of this
appendix 1s to examine data from the several available sources
and provide a composite picture of the effects of these inci-
dents on the traffic stream. The magnitude of the problen
created by these random occurrences will then be presented in
a more realistic perspective, so that an appropriate degree

of effort may be devoted to minimizing the effect of these

occurrences, as well as the occurrences themselves.

ACCIDENTS

Accident data from Detroit Police Department records for both
1967 and 1968 was reviewed. Since a cursory comparison showed
that the pattern and quantities remained essentially the same,
the only analysis of 1967 data that was made was a comparison
of acecidents on four metered entrance ramps before and after

ramp metering was established. The preliminary analysis con-
sisted only of sorting total accidents at wvarious locations,

and to some extent sorting by time of day. This was done to

App. D-1



determine the severity of the accident problem and to spotlight
high accident locations and areas. A more detailed analysis of
the various locations is reserved for after July 1, as a

part of the "spot improvement" task of the Freeway Operations

Unit.

RAMP METERING BEFORE AND AFTER STUDY

Although not conducted "in-depth", the information presented

here represents the first analysis ever done on the aceident
experience related to the ramp metering experiments conducted

on the Lodge Freeway.

Table D-la illustrates the accident experience on the ramps,
including the service drive north of the nearest intersection,
during the first six months of 1967 as a "before" period
(metering began on July 5, 1967). Table D-1b illustrates the
accident experience for the last six month of 1967, the immed-
iate "after" period. Table D~lc is included as a before and
after comparison with comparable calendar periods, while Table
D-1d is included to give a comparison with the comparable
"after" period to determine any "getting acquainted" effect.
The tables are divided into three time periods: 6:00 a.m.

to 2:00 p.m., representing normal daytime traffic without meter-
ing, 2:00 p.m. to 7:00 p.m. approximating the hours of ramp
metering on four ramps: West Grand Boulevard, Seward, Chicago
and Webb. The four other metered ramps were not investigated
at this time because of time limitations and because they only

operated for about 2 1/2 hours a day.) The remaining period

App. D=2



cddy

1967

NORTHBOUND '"ON" RAMP ACCIDENTS

TABLE D-1la
Jan. Thru June
Before Ramp Metering

0600-1400 1400-1900% 1900-0600

TABLE D-1b
July Thru Dec.
Includes Metering (1415-~1830)

0600-1400 1400-1900%* 1500-0600

West Grand Boulevard
Seward Street
Chicago Street

Webb Street

0 1 0
1 0 0
3 0 )

o
[+
jo

#Note: None of these occured on Saturday or Sunday

2 10 0

0 3 0

3 2 4

2 -9 Y

7 15 5
Up 75% Up 75% Same



+ddy

7-0a

1968

NORTHBOUND "ON" RAMP ACCIDENTS

TABLE D-1lc
Jan. Thru June
(With Ramp Metering)

TABLE D-1d

June Thru Dec.

(With Ramp Metering)

0600-1400 1400-1900= 1900-0600 0600-1400 1400-1900%* 1900-0600
West Grand Boulevard 0 g% 2 0 bx* 0
(Includes Pallister)

Seward Street 0 1 0 0 1 0
Chicago Street 1 2 1 2 3 3
Webb Street 1 1 o 0 2 1
2 13 3 2 12 4

*Note: None of these happened on Saturday or Sunday except **

**Note: Only one occurred on a Saturday or Sunday




represents evening and night-time operation without ramp
metering. Total accidents on the four ramps during the "no~
metering” periods (7:00 p.m. to 2:00 p.m.) remained relatively
low and stable. Likewise, accidents on the Seward, Chicago
and Webh ramps remained relatively low and stable during the
metering period, with the maximum on any omne ramp being three

accidents in a six month period. These ramps were operated on

a "one-at-a-time" basis.

The West Grand Boulevard ramp, however, was operated on a

"bulk-metering"

basis, permitting several vehicles through on
each cycle. This was done because of the high demand on this
ramp and because the ramp formed the beginning of a fourth

lane that extended approximately one mile, terminating at the

Hamilton exit rvamp.

Whereas the West Grand Boulevard ramp experienced only one
accident between 2:00 p.m. and 7:00 p.m. during the six meonth
"before" period, the number rose to ten during the six months
immediately after metering was imposed (none of which occured
on Saturday or Sunday), with nine more occurring during the
first six months of 1968 and six more occurring during the

last six months of 1968. {One each of these last two figures
occurred on a Saturday or Sunday.) These factors will he

given serious consideration for any and all new locations which

ramp metering is proposed.

App. D=5



Table D-~2 is a tabulation of accidents on thg freeway in the
area influenced by these ramps, which includes the sgection

of the Lodge Freeway between the Edsel Ford and Davison Inter-
changes. Accildents in the vicinity of these two interchanges
were not included. Only the before and after six month pericods

were investigated.

Accidents on the freeway during the day except for the metering
period remained essentially the same. Accidents on the freeway
during the evening and night hours increased from 89 to 100,

or 12.4 percent. Accidents on the freeway during the metering

period decreased from 53 to 46, or 13.2 percent.

Summing the on-freeway accidents and the ramp accidents, no
change was noted during the 6:00 a.m. to 2:00 p.m. period;

and an increase from 55 to 61, or 10.9 percent was noted during
the 2:00 p.m. to 7:00 p.m. period, and an increase from 94 to
105, or 11.7 percent was noted during the 7:00 p.m. to 6:00 z.m.
period. The grand total of all accidents increased from 316

to 333, or 5.4 percent. While this amounts to a total increase
of 17 accidents for a six month period, it is noted that nine

of these, or 53 percent occurred on the West Grand Boulevard

ramp during bulk metering.

This information suggests that one-at-a-time ramp metering
apparently has little effect on the total accident experience.
In ceontrast, the one bulk-metered ramp has experienced a signi-
ficant increase in accidents. The increase may be attribu-

table to the mode of metering, the advance information,

App. D-6




TABLE D-2
1967 ON-FREEWAY ACCIDENTS
Northbound I-696, Holden to Glendale

Ramp Metering Began on July 5, 1967

Before: 6 Months After: & Months
January thru June July thru December

Location 0600-1400  1400-1900  1900-0600 0600-1400  1400-1900  1900-0600
Holden 17 7 7 16 7 13
Milwaukee/W, Gd. 42 L 5 32 9 14

Bivd.
Pallister 23 6 2 29 1 7
Seward 18 5 3 13 2 7
Euclid 0 1 G 3 0 2
Pingree 7 1 2 6 2 3
Gladstone 2 0 2 8 2 2
Clairmount 17 13 7 1k 8 9
Hamilton L 3 9 2 1 3
Chicago 13 6 13 12 3 14
Calvert Y 3 7 2 2 5
Webb 8 0 12 10 6 6
Monterey b 0 1 1 1 0
Highlsand 1 2 1 2 2 2
Glendale 3 2 8 _10 0 13

305« 163 53 89 306 160 46 100
Remps + (+0.3%) (-1.8%) (-13.2%) +(12.4%)
Serv. Rds, 11= i 2 5 27= 7 15 P,

(From Table)
(v246%) (+75%) (+750%) (+00%)

TOTALS 316 167 55 9h 333 167 61 105
(+5.4%) 00% +10.9% (+12.7%)

App. D-7



visibility of the meterimg signals, cr other factors. This
information was verbally relayed to the University of Michigan
research staff, who are still metering these ramps as part

of their studies, on the same day that its significance

became apparent.

ACCIDENTS ON THE FREEWAY

Accident reports were filed on 4,317 accidents on all freeways
open to traffic during 1968. Of these, 2,093 or 48 percent
occurred on the Edsel Ford Freeway, and 1,489 or 34 percent
occurreag on the John Lodge Freeway. These freeways consti-
tute apprcximately 28 percent and 23 percent of the freeway

mileage copen to traffic during that period.

Table D-3 presents the total accident experience on the five
major freeways, while Tables D=-4a through 4e and Figures D-1la
through le illustrate in numeric and graphic form the frequency
distribution on each freeway, with locations identified to

the nearest reference point, usvally an overpass or underpass.

These figures are significant in themselves, but because of
existing reporting procedures, it is known that while all
accidents that occur do impede traffic, they are not all re-
ported. To obtain a measure of the order of magnitude of
these unreported accidents, a composite tabulation was made,
for each of the five freeways, and is presented in Table B-2.
The Freeway Patrol radio logs (See Appendix B) for the six

day period from December 1 through December 6, 1968 were used

App. D-8




TABLE D-3

TOTAL REPORTED ACCIDENTS

1968

On Service Entrance Exit
Location Fuy., Drives Ramps Ramps
Ford Freeway Wyoming to Moross 2093 481 100 84
Lodge Freeway Jefferson to 8 Mile 1489 380 85 90
Southfield Freeway 8 Mile to Ford 435 294 28 23
Totals for Ford, Lodge & Southfield 4017 1155 213 197
Chrysler Freeway Jefferson to Ford 100 83 5 28
Freeway
Fisher Freeway Outer Drive to 200 145 4 13
Lafayette
TOTAL: ALL FREEWAYS 4317 1383 222 238



e o .

TABLE D-4a

ST o NG R T W NN O M EW D

TABULATION OF REPORTED ACCIDENTS ON I-94 (EDSEL FORD FREEWAY)

Period: 1 Year; Jan. 1, 1968 thru Dec. 31, 1968
Location On On Serv. E. B. E. B, W. B. W. B.
(Nearest Fwy. Drives & Entr. Exit Entr. Exit
Crossroad ) Crosgroad Ramps Ramps Ramps Ramps
Wyoming 20 1 2 - - -
Weir L 0 G - - -
Addison i7 5 - - - 2
Lonyo 32 1l 1 - - k
Central iz 0] - - - -
Cecil 23 13 1 - - 1
Martin 10 2 - - - -
Livernois 65 15 3 3 2 2
Wesson 16 3 - - - -
Junction 26 3 - - - -
30th 23 6 1 2 p) -
Warren 23 15 - - - -
Scotten Yy 3 - - - -
W. Gd. Blvd. 63 26 - 2 - 3
2hth 19 2 - - - -
Maybury Grand 31 3 0 0 - -
Grand River 53 3 - - - -
Linwood 39 21 2 - 3 1
1lith 33 8 i - - -
12th 15 6 - - - -
Trumbull 105 9 - 0 2 -
App. D-10



Table T -4a 2 of 3

Location On On Serv, E. B. E. B. W. B. W. B,
(Nearest Fuy. Drives & Entr. Exit Entr.
Crossroad ) Crossroad Ramps Ramps Ramps Ramps
Lodge 158 2 b 3 1k 7
3rd 14 0 - - - -
2nd 63 0 - - - -
Cass 63 0 - - - -
Woodward 95 2 - - - -
John R 52 59 - 2 T -
Brush 33 22 - - - -
Beaubien- 38 10 1 . - 0
Chrysler ol 0 0 3 1 3
Russell gh 0 - - - 0
St, Aubin 39 9 - - - -
Dubois 24 9 - 7 1 -
Chene - - 0 - - 1
Jos Campau 2 0 - « - -
E., Gd. Blvd. 17 9 0 0 0 0
Mt., Elliott 157 5h 3 2 6 1
Concord 25 1 - - - -
Helen i 0 - - - -
Frontenal 25 6 - - - -
Towvnsend b 1 - - - -
Van Dyke 106 19 1 9 L 3
Seminole o 1 - - - -
Burns 12 T - - - -
MecClellan 22 1 - - - -
Gratiot 32 3 2 9 1 1

App. D-11



Table D-4a Sheet 3 of 3

Location On On Serv, E. B, E. B, W. B. W. B,
(Nearest Fwy . Drives & Entr. Exit Entr. Exit
Crossroad ) Crossroad Ramps Remps Ramps Ramps
Cadillac 3 2 - - - -
French hi 5 2 2 1 -
Conner 5% 2h 1 1 7 3
Barrett 15 1 - - - -
Dickerson 13 0 - - - -
Coplin 2 o - - - -
Newport 1l 0 - - - -
Chalmers 29 10 - 3 by -
Philip 0 i - - - -
Outer Drive 2k 18 by - - 1
Lakepointe 1 i - - - -
Rottingham 11 5 @ - - -
Chadsworth 1 0 - - - -
Harper (Bedford)33 2 - 0 - -
Courville 1 0 - - - -
Whittier 6 1 - - - -
Cadieux 17 ik L 0 2 1
Morang 8 3 - - - -
Harper (Casino) O 3 - - - -
Moross o2 18 0 1 ! A
1668 TOTALS 2093 481 33 kg 67 35

1968 Grand Total: 2758
(1967 Totals)(2032) (430) (55) (5h) (63) (31)

1967 Grand Total: 2671



TABLE D-4b

TABULATION OF REPORTED ACCIDENTS ON I-696 BS (JOHN LODGE FREEWAY)

Periocd: 1 Year; Jan. 1, 1968 thru Dec. 31, 1968

Location On On Serv. N. B. N, B. 5. B. S. B,
(Nearest Fwy. Drives & Exit Entr. Exit Entr.
Crossroad Crossroad Remps Ramps Ramps Ramps
First S5t. 1 0 w - i -
(Wayne)

W. Jefferson 3 0 - - - -
Fort 8 0 0 0 - 0
lafayette 0 5 - - - -
Howard 2 10 o 3 2 -
Porter 1 o - - - -
Michigan 11 ] - - 1l -
Elizabeth 1 0 - - - -
Vernor (Bagley) 27 3 - - 0 0
Spruce 6 o - - - -
Gr. River 37 L - 4 1 -
Stimpson 0 2 - - - -
Selden 18 7 - - - -
Forest ho 62 3 0 7 1
Warren 37 25 - - - -
Merrick i3 1 - - - -
Ford Freeway 121 b L L 17 6
Holden 27 2 - - : - -
W. Gd. Blvd. a7 79 0 10 3 0
Pallister T3 9 - a 3 -

App. D-13



Table D-4b 2 of 3 !

Loeation On On Serv. N. B. N. B. S. B. 5. B,

(Nearest Fwy. Drives & Exit Entr. Exit Entr. -
Crossroad) Crossroad Ramps _ Ramps Remps Ramps ‘
Seward L6 11 - I - - e
Pingree 26 2 - - - - |
Gladstone 15 2 - - - -

Clairmount 56 33 0 - - 0

Hamilton 12 0 2 - - -

Chicago 1303 21 - 12 3 0

Calvert 20 2 - - - -

Webb 55 12 2 6 0 1

Monterey 8 0 - - - -

Highland 7 0 - - - -

Glendale 45 L 1 - - 2

Davison 119 0 5 1 8 5

Ford Avenue 2 0 - - - -

Oglaman 21 e - - - -

12th 11 0 - = - -

Log Cabin 8 1 - - - -

Baylis 5 1l - - - -

Linwood 63 24 5 2 1 0

Alden 2 1 - - - -

Mujiriand 6 0 - - - -

Dexter 10 10 - - - -

Livernois 58 22 6 2 : 0 b

Monica 2 0 - - - -

Tuller 3 0 - - - -

Greenlawn g T = - - -



Table D~4b 3 0of 3

Location On On Serv. N. B. N. B. 5. B. S. B.
{Nearest Fwy. Drives & Exit Entr. Exit Entr.
Crossroad ) Crossroad Ramps Ramps Ramps Ramps
%i Northlawn 6 1 - - - -
Wisconsin 3 0 - - - -
Wyoming 61 10 b 1 1 2
Puritan 25 0 - - - -
Meyers 20 1 3 = - 6
MeNichols 1k 1 - - - -
Outer Drive 12 1 - - - -
Schaefer 17 0 - - - .
Seven Mile 43 2 2 1 1 3
Pembroke 15 0 - - - -
Greenfield 18 1 3 - - 5
8 Mile _ 1l 1 = = = =
TOTALS 1489 381 Lo 50 e 35

Grand Total: 2044



lof 2

TABLE D-4c

TABULATION OF REPORTED ACCIDENTS ON M-39 (SOUTHFIELD FREEWAY)

Pericd: 1 Year; Jan. 1, 1968 thru Dec. 31, 1968

Location On On Berv. K. B. N. B, S. B. S. B.
(Nearest Fuy . Drives & Exit Entr. Exit Entr,
Crossroad ) Crossroad Ramps Ramps Ramps Remps
Ford Rd. b 3 - 1 L -
Paul 14 5 - - - -
Warren 34 31 1 0 2 1
Sawyer 0 1 - - - -
Tireman 12 6 - - - -
Joy 2 17 0 3 1 1
Cathedral 0 b - - - -
Fitzpatrick 1 6 - - - -
W. Chicago 1k 9 0 0 0 0
Plymouth Lo 20 2 3 1 5
Fullerton 24 b 1 -0 - 1
Glendale 1 e - - - -
Schooleraft L6 32 0 3 0 5
Lyndon 5 5 - - - -
Grand River 22 15 2 - - 0
Fenkell 12 39 - 0 0 -
Puritan 20 10 - - - -
6 Mile k2 27 0 2 1 1
Outer Drive 9 18 - - | - -
Curtis 2 4 - - - -
T Mile 37 25 1 O 0 0
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Table D-4c

Location On On Serv, N. B. N. B, S. B, 5. B,
(Nearest Fwy. Drives & Exit Entr, Exit Entr.
Crossroad ) Crosaroad Ramps Ramps Ramps Ramps
Penbroke 30 2 = = - -
8 Mile 33 8 6 - - 3
TOTALS 435 20k 13 12 g 15
Grand Total: 779
App. D-17
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TABLE D-44d

TABULATION OF REPORTED ACCIDENTS ON I.375 & I-~75
(Walter P Chrysler Freeway)

Period: 1 Year; Jan. 1, 1968 thru Dec. 31, 1968

Location On On Serv. N. B, N. B. S. B. S. B.
(Nearest Fwy. Drives & Exit Entr. Exit Entr.
Crossroad. ) Crossroad Rawmps Remps Ramps Ramps
Jefferson T 1 - - - -
Congress 1 0 - 1 3 -
Lafayette 3 13 - 0 1 -
Monroe 0 6 - - - -
Clinton 1 1 - - - -
Gratiot 6 0 - - - -
Madison 3 0 - 1 1l -
Vernor 1 Q - - - -
(Fisher Fwy.)

Wilkins 3 9 = w - -
Mack io 27 1 .0 0 1
Canfield 6 7 - - - -
Warren 2l 17 0 2 0 0
Ferry 12 2 - - - -
Ford Fwy. 23 0 22 - - 0
Temp. Ending L . — - - -
TOTALS 100 83 23 b 5 1

App. D-18



TABLE D-4de

TABULATTON OF REPORTED ACCIDENTS ON I-75
(Fisher Freewny)

Period: 1 Year; Jan. 1, 1968 thru Dec. 31, 1968

. Location On On Serv. E. B, E. B. W B. W. B.
: (Nearest Fuy, Drives & Exit Entr. Exit Entr.

Crosgsroad ) Crossroad Ramps Ramps Ramps Ramps
Outer Drive 9 0 0 1 0 0

0 ¥Schaefer 75 12 0 0 2 2

‘ *Dearborn 62 2 2 - - 0
Fort St. 8 0 - - - -
Springwells 21 27 2 - - 0
Green 7 8 - - - -
Beard 0 2 - - - -
Waterman 2 6 - - - -
Livernois 11 16 2 0 0 0
Dragoon 0 16 - - - -
Cavalry 0 1 - - - -
Junction 1 b - - - -
Clark 4] 0 0 0 0 0
Hubbard 0 2 - - - -
W, Gd. Blvd. 2 22 - - - -
Lafayette 2 19 6 - - 0
Temp. Ending
Porter Service O 8 - - 7 - -
Drive Only
TOTALS 200 145 12 1 2 2

Grand Total: 362

#Includes High-Level Bridge



ACCIDENTS ON I1-94(Ford Freeway} DURING 1268
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to compile a list of all accidents that were attended by the
Freeway Patrol as evidenced by the log of radio tramsmissions.
this list was cross checked against the computer printout of
all reported accidents for the same period. As a result, three
categories of accident were established:

1. Those handled by Freeway Patrol for which a re-
port was filed.

2. Those for which a report was filed but were
not handled by Freeway Patrol. These were
either handled directly by a precinct patrol
or the report was filed at the police sgtation.

3. Those attendea by Freeway Patrol but for which
no report was filed. These usually involve
minor damage to the vehicles, but years of
television surveillance on the Lodge Freeway
have shown that traffic is still affected,
since the vehicles usually stop on the freeway.
Some of these stops are momentary, while others
are for an extended period, either while the
drivers are exchanging information or through a
reluctance to move the vehicles until the
police arrive. The problem is compounded by
gawkers, who slow down to look and usually
affect traffic in both directions.

The first and second of these categeories constitute all of the
reported accidents. By adding the third categeory to the first
two, a more realistic appraisal of the effect of accidents on

the freeway network is obtained.

Referring again to Table B-2, we find that during the six day

study period, unreported accidents (the third category)

constitute 28.5 percent to 52.2 percent of all documented
accidents, on the various freeways, except the Chrysler which
experienced only one documented accident on its three-mile
length during the study period. An average of 35.8 percent of

all documented accidents on all freeways were unreported.

App. D-24



To determine whether the six day sample was representative

of the year, the "accidents per day" figure was compared.
During the six day period, a total of 79 accidents, or 13.16
accidents per day, were reported; during the 366 day period
(leap yeaxr), a total of 4,317 accidents, or 11.79 accidents
per day were reported. This represents a difference in acci-
dent rates of 1.37 accidents per day, or 11.6 percent (based

on the yearly rate).

Within the degree of accuracy thus established, Table B-2

may be interpreted as evidence that about one third of all
documented accidents go unreported. It 1s qguite reasonable
then to presume that the total number of accidents on the
Detroit Freeway network would more realistically exceed
6,400, while accidents on the Ford Freeway would be more like

3,100, and those on the Lodge about 2,200.

A study of incidents on the Lodge Freeway using 1965 data(2)
showed that the average accident occupied a lane of freeway

for 3.46 minutes, exclusive of the interference to traffic
caused by the activities on the shoulder aftef.the roadway

is cleared. This 3.46 minutes can be considered a conservative
figure, since it represents accidents that have been observed
on closed circuit television, evaluated and reported to the
Freeway Patrol within seconds of their occurrence.

An earlier report(B) documented a saving of 2.5 minutes per

accident in the time it took for police to arrive at the scene
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as a result of this form of surveillance. This saving was
translated into an equivalent decrease in the period of time

that the roadway was blocked in many of these accidents. Since

this form of surveillance is not frequently used on the major-

ity of Detroit freeways, we will assume that the sum of these

two times represents the average time a vehicle can be expected
to block the freeway. Thus, using 5.9 minutes as a reasonable

average time, and 6,400 accidents as a realistic number, it is

estimated that during 1968, accidents alone blocked at least
one lane of the freeways for a total of 37,760 minutes, (629
hours, 20 minutes). In other words, at least one lane of the
freeway network was blocked by accidents alone for 7.2 per-

cent of the time during 1968.

OTHER INCIDENTS IN THE ROADWAY

The Freeway Patrol radio logs were reviewed to determine the
number of other occurrences in traffic that resulted in lane
blockages. During the six day period from December 1 through
December 6, 1968, a total of 32 stalled cars, three instance
of debris in the roadway, and 13 "othar'" incidents occurred

in the roadway.

Table B-1 is a listing of the excerpts from these logs, ex-

cluding irrelevant entries.

The breakdowns in the roadway include only those for which it
could be determined that traffic lanes were blocked. Inci-

dents on the shoulder or for which it could not be determined



that lanes were blocked are omitted. In this context, 32

lane blockages occurred because of breakdowns or stalls, as
compared with 61 accidents during the same period. Another
study using 1965 data(?) showed 861 stalls or breakdowns

during the year on a 3.2 mile section of John Lodge Freeway,
compared with 493 accidents on the same area and time period.
The average time that these 861 stalls blocked a lane of traf-
fic was 3.03 minutes each. Since this time represents the 2.5
minute savings brought about by the use of television sur-
veillance and present police response policies, the average
duration of each stall on the entire freeway system, not

using television surveillance, can be reasonably assumed as 5.5
minutes. Realizing that not all stalls were included in the
number obtained from Freeway Patrol logs, and further accepting
the fact that some of the stalls recorded in the 1965 data

were able to proceed under their own power (although they.did
in fact block a lane), let us assume conservatively that stalls
and breakdowns on the freeway are equal in number to the doc-
umented accidents. Using 5.5 minutes each, we find that 6,400
stalled cars resulted in a lane of the freeway being blocked

for 35,475 minutes (591 hours, 15 minutes).

In other words, a lane of the freeway was obstructed by a

stalled car for 6.7 percent of the time during 1968.

COMBINED EFFECT OF ACCIDENTS AND BREAKDOWNS

The combined effect of accidents and breakdowns in the roadway

as determined above represents a total time of 1,220 hours,




35 minutes, or 13.9 percent of all of the hours in a vear,

that at least one lane of the freeway is obstructed for these
two reasons alome. While the average time of these occurrences
was slightly over three minutes, they have frequently inter-
fered with traffic for a more extensive perlod, and the degree
of interference with freeway efficiency increases exponen-

tially with the duration of the incident.

An excellent example of this quite common occurrence occurred
on February 5, 1969. At 7:28 a.m., Freeway Patrol dispatched

a car to the Edsel Ford Freeway at Dubois because of a dis-
abled car obstructing traffic. It is not known how long the
car had been there prior to this time. By 7:40 a.m. the backup
caused by this obstruction extened through the Ford-Lodge
Interchange and was noted by television observers watching the
Lodge Freeway. Although the disabled vehicle causing the ini-
tital obstruction remained in the roadway for only 20 minutes
from the time aid was dispatched, Figure B-1 shows that as a
result of this incident Traffic Central reported stop-and-go
conditions on the eastbound Ford Freceway across the city to
Wyoming Avenue and bevond, and in addition the backup ex-

tended through the interchange ramps, causing stop-and-go con-

ditions on the south bound Lodge as far back as 8 Mile Road. This

stop-and-go condition persisted until at least %9:00 a.m. at which

time the last traffic advisory was broadcast, and affected over

fifteen miles of freeway.

This degree of impairment to the efficiency of the freeway

system must be considered a prime target if any significant

App. D-28



gains in performance are to be achieved.

MAINTENANCE OPERATIONS

Another major reason for closing a lane of the freeway is the
performance of both routine and emergency maintenance work. As
part of an earlier study(z), an analysis was made of the effect
of maintenance work omn the 3.2 mile section of the John Lodge
Freeway between the Ford and Davison Freeways. This study
invelved only the hours between 6:00 a.m. and 8:00 p.m.,

Monday through Friday, and is representative of most normal
necessary maintenance activities, Emergency work on weekends
and extraordinary night-time maintenance activities such as
lane closures for extended periods for bridge painting or
complete freeway closures for heavy maintenance are not in-
cluded. As a result, the effects of these occurrences on
traffic as presented here are quite hegvily biased on the conser-

vative side.

It was determined that during the area and time described
above, maintenance crews of necessity blocked one lane of the
freeway for a total of 187 hours and 47 minutes., This repre-
sents 5.3 percent of all sgurveillance hours (14 hour day) or

9.2 percent of all work days (8 hour day).

Maintenance work is usually done as the result of two factors;
repairing "wear and tear" damage, such as patching pavement

defecta, cleaning catch basins, sweeping gutters and shoulder,

App. D-29



etc; and repairing accident damage, such as repairing guard
¥raill, replacing street lights, etc. In the first instance
the amount of work to be done is reasonably consistent with
the length of reoadway, usually increasing with the age of
the particular section. In the second instance, the work is
reasonably proportional to the accident rate. To determine
which was the more reasonable approach, the results of the
study on 3.2 miles of the Lodge Freeway were compared to the

40.3 mile freeway network in three ways.

In the first, the total time maintenance crews occupied the
roadway as determined in reference(2) was reduced to hours
per mile, then expanded by the length of the freeway network.
Thus 11,267 minutes equates to 63 hours, 53 minutes per mile,
or 2,574 hours, 30 minutes. This represents one measure of
time that some lane of the freeway network could be expected
to be blocked by maintenance operations between 6:00 a.m.

and 8:00 p.m., Mondays through Fridays.

In the second comparisomn, the total time the maintenance

crews occupied the roadway as determined in reference (2)

was compared with the time that the 3.2 miles of freeway was
blocked by accidents, then expanded by the total predicted

time that accidents were expected to block the freeway.

Thus, 11,267 minutes divided by 1,706.8 minutes (from ref-
erence(z))indicates that maintenance time equals 6.60 times

the accident time. Multiplying 369 hours 4 minutes anticipated

accident time by 6.60, we get 2,435 hours, 50 minutes. This



represents the second measure of time that the freeway net-
work could be expected to be blocked by maintenance operations

between 6:00 a,m. and 8:00 p.m., Mondays through Fridays.

In the third comparison, maintenance time was presumed to be
proportional to the number of accidents in the system. Thus
11,267 minutes was divided by 4%3 accidents in the comparable
area and multiplied by the anticipated 6,400 accidents in the
network to arrive at 2,437 hours 47 minutes. This represents

the third measure of time that the freeway network can be

expected to be blocked by maintenance operation between 6:00 a.

and 8:00 p.m., Mondays through ¥ridays.

Again, the most conservative of these figures will be used,

as has been done throughout this report

It may thus be reasonably anticipated that a lane of freeway
will be blocked at some point for a period of at least 2,435
hours during the years. In other words, a lane of the free-
way can be anticipated to be blocked by maintenance operations

alone for 27.8 percent of the time during a year.

TOTAL COMBINED EFFECT

Adding the effect of maintenance to that of accidents and
breakdowns, we may conservatively estimate that at least one
lane of the freeway will be blocked for a total of 3,655

hours, or 41.7 percent of the time,
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APPENDIX E

© " EFFECT OF LANE BLOCKAGES ON CAPACITY
ﬁﬁhas3ﬁe§ﬁ}ShQWn.iq Appendix D that we can reasonably expect
fattl§5$ﬁf§né 1éﬁé of'ﬁhe freeway to be blocked in some location

'Tbéééﬁﬁég@f égéidgnt Qr_breakdown for over 1,220 hours, or 13.9

éftéﬁff§f ail ﬁ6ufs in a year. The effect of this degree of

nterference is.of great significance. Recurring observations

of tréff;p;qﬁfthé John_Lodge Freeway have shown that the

pe'¢éﬁﬁagé7ﬁégféase in capacity without advance warning to

'b fﬁaﬁhiﬁg;praffic'is considerably greater thanm the percentage

éc'éaééliﬁ:afailable lanes. Although this effect had been

observed on many occasions, its extent in recent years had not

veen: documented for various combinations of the following reasons:

.~ The observations were not part of the scope of current

research and were not included in published reports

“since the information was considered irrelevant to the
specific report.

~The circumstances of the individual occurrence were
. such that the researchers considered the situation
2"uncontrolled" as far as parameters for comparison
were concerned.

A Yeontrolled" experiment consisting of a deliberate

~.lane blockage without advance warning was not permitted
- for.reasons of hazard and liability.

}LA&ETCLQSURE;WITHOUT ADVANCE WARNING

Qﬁe;inpidehp ¢c¢u:red on May 24, 1968 for which the author was
jabié;fdfﬁﬁﬁﬁffiéiailyﬁ record and save the data, which verifies
-Fhéﬂpafte?ﬁldffprevious observations.

_ﬁ;éégiagnt;pccurred on the Eastbound Edsel Ford Freeway which

App. E-1



backed traffic up on the left-hand exit ramp from the south-
bound lodge to the eastbound Ford, then continued to back up
in the left lane of the southbound Lodge. The situation was
aggravated by a truck breaking down on the ramp, effectively
closing the ramp. This produced the effect of a lane blockage
in the left lane as far back as Milwaukee Avenue. Traffic was
truly stopped in this lane, except for an infrequent movement

occasioned by vehicles ahead moving out of the lane.

The overhead red "X" was not employved because the lane itself

wags not blocked. Figure E-1 shows the situation. Traffiec
volumes were obtained at a location in the three-lane section
upstream of the Milwaukee entrance ramp. The few vehicles moving
past the ceunt station in the left {(blocked) lane were included
in the ceolumn totals. A total of 65 minutes of data was re-
corded, although the incidént had developed and stabilized

before the count began, and the count was ended while the

bPlockage was still present.

Table E-1 gives the summary and minute traffic volumes for the
situation. Table E-=2 gives the minute volume distribution and

frequency of occurrence of each.

A maximum volume of 61 vpm occurred once. A minimum volume of
45 vpm occurred twice. Average volume for all 65 minutes =

51.4 veh/min. Average volume (discarding the best 7 minufes) =
50.6 veh/min. Average volume (discarding the worst 7 minutes) =
52.0 veh/min. Average volume (discarding best 7 minutes and

worst 7 minutes) = 51.2 veh/min.

Apn. E-2
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TABLE E-1
DATA FROM RESTRICTED FLOW STUDY
Friday, May 24, 1968
Minute Ending Cumulative Total Minute Total

1442 50 50
99 49

1444 160 61
211 51

1446 265 34
315 50

1448 366 51
415 49

1450 466 51
515 49

1452 561 46
614 53

1454 668 54
720 52

1456 772 52
821 49

1458 870 49
919 49

1500 967 48
1021 ' 54

1502 1070 _ 49
1118 ' 48
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2 of 3

"Cumuiatiye Tdtal . Minute Total

l?h; i};ifo f  'j 52
122 3’ - | ) -
f:ﬁ1;1éji   . 49
s 49
“}iji?._;._z 56
'7f1530;5' 53
.V i?§5 " 50
1525 45
S 157 5: - S 50
: 1672 - 52
1726 54
1777 51
1827 50
1884 57

|  1933 54
1985 47
2034 49
”“[ﬁfﬁﬁéb_.' 56
 : fféi43_ 53
me 54
'_22258 " 52
12354 56
ﬂé@bi_ 53

2456 49



Table E-1 3 of 3

Minute Ending Cumulative Total Minute Total
1530 2514 58
2565 51
1532 2616 51
2666 50
1534 2717 51
2767 50
1536 3818 51
2865 47
1538 2916 51
2969 53
1540 3022 53
3076 54
1542 3128 52
3178 50
1544 3229 51
3288 59
1546 3341 53
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Table E_z -

.:ONE-MINUTE VOLUME DISTRIEUTION
| RESTRICTED FLOW STUDY
?}Friday, May 2h 1968

' l-La.ne Vo_iume _ No. of Times
S ST TR : Oceurred

Best
7 Minutes

:.'_:-.285-';...'_ : N

'3r28 0'

L)

L 27.5
27,0

:

"25»5

[0 XN & + B

726.0_
 "-é5g5 | 10
2500 . | ‘ 8
2ks

.. ;f2h OgF  o o
":-- ';23 5' oo | 2
SO : .

T Z

__ Worse

22 5.. o

olume;Tota1~(65 min ) ='3341 :,”_

Avg. Volume Lane 1 = O veh/m1n. (Blocked)
Avg, ‘Volume Lane 2 +- Lane 3 =51.4 veh/min.

: Volume per hane ‘= 25,7 ‘veh/min.

. ‘olume per- Lane = 30, 5 (occurred 1 time)
_Dls.card:.ng 7 best nu.nutes" - Avg, Volume per Lane = 25,3 veh/min.
D:iscardlng 7 worst m:mutes' Avg. Volume per Lane = 26,0 veh/m:ma
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Let us compare the average volume of 51.4 veh/min., or 25.7

veh/min. per lane, with normal capacity.

Although lane volumes of 2,000 to 2,3000 veh/hr. per lane have
been frequently recorded, a volume of 1,800 vehicles per hour
per lane can be accommodated more regularly, and has been used
as a capacity figure in Appendix €. This relates to a volume
of 30 vehicles per minute per lane. {This value was reached

only once and approached only four times in 65 minutes).

Whereas normal capacity of the three-lane roadway with three
lanes open is considered as 90 vehicles per minute, we see that
the average capacity with one lane blocked is 51.4 vehicles

per minute.

Amplifying the statement made in the lead paragraph of this
Appendix, it may now be stated that by reducing the available
roadway to 66,7 percent of its width without providing advance
driver information, its capacity has been reduced to 537.1 percent

of what it previously was.

LANE CLOSURE USING ADVANCE WARNING

It has long been an accepted fact that traffic safety and ef-
ficiency can be improved by warning the motorist of impediments
to his travel path. Elaborate standards have been established
and enforced in construction and malntenance areag. This type

of warning can be provided when the event can be predicted, i. e.

programmed.

App. E-8




of “advance-warning is not available, however, when

s a’‘random ‘occurrence, such as an accident or a
.in the.roadway, mot is it available as the con-

“or maintenance crew on an urban freeway stops in

developed

'hefJohn L§dge'Fréeway, which consisted of over-
ead Tane éOnftglisigﬁ;iwhich were remotely controlled in a

50010

ealistic interpretation would be that the overhead

éﬁépfiﬁ ;h§ifﬁrestrained application, produced results

@dﬁbg&ﬁﬁlgitbfﬁénﬁeﬁtiongl signing providing a full mile of

advance warning. = Several statements from the report follow:

. App. E-9



1. "Traffic flow using overhead lane controls were
smoother and somewhat faster than with conventional
signing" (p. 83).

2., V"The overhead lane control signals as used produced
little operational improvement OVER CONVENTIONAL
LANE CLOSURE METHODS" (p. 88).

3. "The study was not as satisfactory as desired,
both because of the study area chosen, with
interference from the Davison Interchange left-
and-right-hand entrance ramps, as well as the
results obtained" (p. 264 and following).

4, "The results of this study were not conclusive
because of small sample sizes" (p. 267).

5. "Average 5-minute volumes were not conclusive
because (p. 82): 300 (or b0 veh/min.) with
conventional warning
295 (or 59 veh/min.) with
lane signals."”
In spite of the study shortcomings, this last item does provide
a measure of documentation of the often-observed (but again not
recently documented) ability of both forms of advance warning
to produce sustained ocutputs in excess of 30 vehicles per
minute per lane., The writer has ,on many occasions during the

past two years seen maximum volumes of 35 to 40 vehicles per

minute in the lane adjacent t6 the obstruction.
COMPARISON OF LANE CLOSURE WITH AND WITHOUT ADVANCE WARNING

Through the use of advance warning, a consistent average of at
least 59 wvehicles per minute can be obtained with one lane of
a three-lane freeway blocked. Comparing this figure with the
previously used wvalue of 30 vehicles per minﬁte per lane, or

90 vehicles per minute for a three-lane section, we now see

that by reducing the roadway to 66.7 percent of its width,

App. E-10




: Wﬁilé:1;ﬁis'fegognized that a blockage of

‘will have less effect on a four-or-more-lane section,

nciples ‘stated will still apply. An optimistic estimate

sgmg deg?ée as_the_two open lanes in the three-lane

'éhd that;thé;third-1ane is unaffected and maintains

‘per ﬁi#ﬁﬁe;iﬁlﬁs_ﬁﬁ_in-the outside lane for a total

of 89 vehlglgé??erfﬁingté,;ﬁf_74.2 percent of capacity. From

‘advance warning can improve the capacity of a four-lane

:h pp¢71éﬁé151§cked by 7.6 vehicles per minute, or

© . App. E-11





