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INTRODUCTION

The Highway Safety Act of 1966 was enacted by the Congress of the
United States in order to promote highway safety. Highway safety
standards were then developed to assure the orderly implementation
of the Act. {

Purpose
Highway Safety Standard 4.4.13, Traffic Engineering Services, is
one of those standards. The purpose of Standard 4.4.13 is

"to assure the full and proper application of modern
traffic engineering principles and uniform standards
for traffic control to reduce the likelihood and
severity of traffic accidents.".

This standard includes the identifving of specific locations or
sections of streets and highways which have a high acecident ex-
perience or potential as a basis for establishing priorities for

‘improvement, s=lective enforcement or other practices that will

eliminate or reduce the hazards. It provides an orderly inventory
of all traffic control devices, which include those signs, signals,
markings and devices placed on, over or adjacent to a street or
highway to regulate, warn and guide vehicular and pedestrian traf-
fic.

The State of Michigan carries out a program of this type on the
state trunkline system; however, many of the state's city and
county agencies lack the financial and technical prerequisites
necessary to pursue similar programs with similarly defined ob-
jectives. To insure that this additional highway safety standard
is met and to improve the overall evaluation of the accident pic-
ture in Michigan, the Michigan Department of State Highways and
Transportation requested and received throuph the Office of High=-
way Safety Planning in the Department of State Police, a federally
funded project entitled "Traffic Engineering Services for Cities
and Counties'. :

In cooperation with participating cities and counties, the proposed
service, under the direction of Department personnel, will make a
traffic engineering evaluation of the factors causing traffic ac-
cidents and will recommend corrections to those conditions which
may be contributing to accidents; and additionally will recommend
the upgrading of traffic control devices where necessary.

Scope

The intent of this program is to improve traffic safety on all
Michigan streets and roads by expanding the traffic engineering
evaluation of factors causing accidents, and by providing uniform




standafds for traffic corntrol to reduce the likelihood and severity
of traffic accidents.

Study Procedures

The study procedures for the subject project involve several dis-
tinct phases., They may be described as follows: basic data col-
lection, identifying and locating high accident locations, field
investigations, an accident analysis of the high accident locations,
technical evaluation of previously compiled facts and consequent
remedial recommendations.

Since a portion of the data collection phase involves accident
reports and records, and since the Michigan Department of State
Police is responsible for keeping all accident records in Michigan, -
the task of didentifying and locating high accident locations in

the Clty of Marquette (and providing an inventory of those loca-~
tions) was designated as State Police responsibility. The high
accident locations for the City of Marquette were determined by

the 1968 city accident reports. From these reports the 25 highest
accident locations were selected. Once the problem locations were
identified, additional accident information for the years 1969,
1970 and 1971 was compiled in order to expand the accident base

at each location. After compiling this information, the Department
of State Police transmitted it to the Department of State Highways
and Transportation,

The Department of State Highways and Transportation is then re-
sponsible for further data collection utilizing the following
basic steps: 1) conducting field investigations; 2) preparing
collision diagrams and, if necessary, physical condition diagrams
for each selected location; and 3) obtalning traffic counts where
necessary. '

The accident analysis phase involves the analysis of the summarized
facts and field data from the viewpoint of a highway traffic en-
gineer with speclal attention focused on the effect which the
highway envirconment may have had on the accident. Thus, at each
high accident location, individual accident reports were reviewed
in detail and the accident factors were tabulated and grouped in
various tables, The collision diagrams which were prepared for
each location are used to identify accident patterns and to locate
the accident in relation to the intersection.

A technical evaluation and engineering analysis of the compilied

data is used to recommend corrections to those conditions which
may be contributing to accidents.

Funding

The implementation of the proposed recommendations is the
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responsibility of the City of Marquette. Financial assistance can
be obtained through the Highway Safety Act of 1973 which was es-
tablished to provide funding for the implementation of safety im-
provement projects aimed at the elimination or reduction of traffic
accidents, Also, funding is available through the Urban Systems
Program which is also Federally sponsored. Further information

on these two Programs can be obtained by contacting the Local
Government Division of the Michigan Department of State Highways
and Transportation.

Study Area

The City of Marquette is located in the mid-west section of the ]
Upper Peninsula on the southern shore of Lake Superior (Figure 1).
This shoreline locality makes Marquette one of the Upper Fenin-
sula's largest ports with an annual freight traffic of over
2,000,000 tons.

The origin and development of Marquette is closely related to the
production and shipment of ILron ore from the Marguette Iron Range,
and naturally enough the growth and prosperity of the community
parallels the fluctuation of the nation's iron and steel consump-
tion. The City now has grown to a population of 21,967 people.
According to the 1970 census this figure 1s an increase of 10.8
percent over the last decade which indicates that Marquette is a
steadily growing community. The population trend of the City can
be seen on the graph provided on p. 5 of this report.

Rail service in the City of Marquette is provided by the Soo Line
and the Lake Superior and Ishpeming Railroad. The City also has
the service of two major highways, US-41 and M-28, which enable
the Marquette area to be easily accessible to tourists and people
from outlying villages. This not only aids the economy of the
city, but also enables thousands of people to view the City's
vast tourist attractions every year.

The street system of the City of Marquette is made up of 6.84 wmiles
of state trunkline, 3.66 miles of county roads, 22.46 miles of
major city streets and 49.62 miles of local city streets for a
total of 82.58 miles of roadway within the city limits. This in-
formation is found in the Twenty-First Annual Progress Report,

ccompiled by the Local Government Division of the Michigan Depart-

ment of State Highways and Transportation. A map of this street
system can be found on p, 6 of this report.
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TRAFFIC ENGINEERING ANALYSIS

The traffic engineering analysis phase involves evaluating the
summarized facts and field data and prescribing the proper re-
medial treatment, One of the basic tools used in this type of
analysis is a graphic representation of accidents, either on a
collision diagram or strip map, which i8 used to determine ac-
cident patterns., An accident pattern is the prevalence of one
or more types of accident occurrences. This accident pattern

gives an indication of the type of corrective action needed at
the specific location.

Accident causes, however, are numerous and often difficult to
determine. An accident pattern does not always exist. 1In some
cases the collisions may involve a combination of driving hazards
such as slippery pavement, snow or fog, drinking drivers, defec-
tive equipment, excessive speed and inadequate traffic control.
In many cases these hazards may be eliminated or at best alle-

viated. 1In some cases, the accident causes may lie in factors
outside the jurisdiction of the traffic engineer, such as enforce-
ment. In this instance he can offer specific infowmation to the

police or other responsible agencies and request their cooperation,.

In the €City of Marquette the traffic engineering analysis began
when the State Police transmitted to the Michigan Department of
State Highways and Transportation 25 high accident locations
{Spott Map p. 12 ). After this data was transmitted, additional
statistical information was collected on the reported traffic ac-
cidents in the City of Marquette and Marquette County. Figure 4,
which contains this information, shows that reported traffic ac-
cidents in the City of Marquette decreased between 1968 and 1970
only to increase in 1971. There was a total of 3,771 reported
accidents on Marquette city streets for an average of almost 943
accidents per vear. The 25 high accident locations accounted for
604 accidents or 16 percent, The total accidents on Marquette
County roads remained almost constant between 1968 and 1970 and
increased almost 32 percent in 1971.

City-Wide Recommendations

Wet Pavement Accidents

After the pertinent data was assembled an accident analysis
of the 25 high accident locations was conducted. This
analysis indicated that wet pavement accidents were pre-
dominant at a few of the locations. At any location where
wet pavement accidents are greater than 27 percent of the
total accidents and greater than 40 percent of the total
accidents minus the snow and ice accidents, skidometer tests
are usually warranted. This criteria is used by the Michigan
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Further analysis indicated that not all tie signalized

Department of State Highways and Transportation in theilr
safety program. All skidometer test values are expressed
as 40 nph coefficients of wet sliding friction (wsf). A
wsf value of 0.40 is generally considered the dividing
point between "satisfactory" and "unsatisfactory'" pavement
surfaces and it has been arbitrarily defined as the '"De-
partmental Safety Standard". Surfaces with coefficient
values of 0.35 to 0.40 are in a transitional or question-
able range. Surfaces below 0.35 could be dangerous under
wet conditions depending on prevailing speeds, road
alignment, and geometrics. Surfaces with wsf's below

0.20 are considered as slippery as packed snow. Pavements
that fall within the unsatisfactory range should be re-
surfaced in the very near future. If a skidometer test

is warranted at a particular location, it will be mentioned
under the recommendation portion of the discussion.

Signal Modernization

locations in the City of Marquette have two vehicular
signal faces pevr approach. The Michigan Manual of Uni-
form Traffic Control Devices (hereaftey referred to as
the Manual) has in the past made this treatment mandatory
for all signalized intersections where at least one ap-
proach is a State Trunkline, and only recommended it

for all other signalized intersections. The 1973 edition
of the Michigan Manual, however, makes 1t mandatory that
the approaches at all signalized locaticans be provided
with two vehicular signal faces for the following
reasons:

1. Two {(or more) properly located overhead
signal faces will in almost all cases
provide drivers with a signal indication
even though trucks or buses may momentarily
obscure one signal face.

2, Multiple faces provide a safety factor where
the signals must compete with a brilliant
background such as advertising signs or the
sun,

3. The occasional inevitable Tamp failure in
one face will not leave an approach without
any signal indication.

It was also noted during the field inveastigation of the
high accident locations that some signals and flashers in
the City of Marquette were painted green. To pbtain the
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best possible contrast with the visual background, it is
desirable to paint signal head housings highway yellow,.
The insides of visors (hoods) and the entire surface of
louvers, fins, and the front surface of backplates shall
have a dull black finish to minimize light reflection

to the side of the signals. It is recommended that
these paint guidelines be applied to all the signals

and flashers in the City of Marquette.

Finally, the eycle lengths for the signalized high acci-
dent locations included three second clearance intervals
in most cases., It is recommended that all signalized
locations within the City of Marquette have a minimum
clearance interval of four seconds and a maximum time

of 4.5 seconds. An adequate clearance interval will
contribute to the prevention of right angle accidents

at signalized locations,

Turning Radii

The turning radii at many of the intersections in the City
of Marquette are too short. In many Instances motor ve-
hicles are forced to encroach beyond the center line of
the departure-side street while completing a right turn.
Encroachment can also occur on the approach side when
vehicles go beyond the center line or lane line (two lane
approach) in the process of beginning a right turn, This
encroachment increases the probability of sideswipe ac-
cidents and is not desirable from a capacity standpoint.
It is recommended that the City of Marquette establish a
city-wide program to increase the radii at all inter-
sections where the existing radii are inadequate. Appendix
I contains a chart which can be used as a guide to the
relationship between approach lanes, departure lanes and
corner radii. This chart was developed by Paul C. Box

and Associates, Skoklie, Illinois.

Utility Poles

The utility poles at many of the intergections in the
City of Marquette were located either in the curb line
or on a portion of the road surface., Thege poles are a
hazard because they can be easily sideswiped by turning
vehicles. Thus, it is recommended that the utility
company be required to move all utility poles in the
city that are located in the curb line or on a portion
of any roadway.
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Center Line Markings

The center line markings in the City of Marquette are white,
The 1973 edition of the Michigan Manual indicates that
center line markings should be yellow.. The center line
markings on two-lane, two-way highways shall be edither:

i. A normal broken yellow line where passing
is permitted.

2. A double line consisting of a normal broken
yellow line and a normal solid yellow line
where passing is permitted in one direction.

3. A double line consisting of two normal solid
vellow lines where passing is prohibited in
both directions,

The center line an a two-way, undivided highway where four
or more lanes are always available, is usually a double

solid yellow line.

High Accident Locations

After the analysis of the 25 high accident locations was complete,
it was apparent that no engineering recommendaticns would be fea-
sible for 10 of the locations. There were no accident patterns

at these 10 locations and no present or potential serious driving
hazards that could be eliminated or controlled by trafiic engi=
neering. Consequently, this report will discuss in detail only
the remaining 15 locations. The collision diagrams and pictures
for each of these will be found on the pages following each
analysis. A cost estimate for each recommendation is included in
the Summary of this report. These estimates are based on Michigan
Department of State Highways and Transportation costs for materials
and labor.
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LOCATION 1 , PRESQUE ISLE AVENUE AT COLLEGE AVENUE

Presque Isle Avenue and College Avenue form a right-angle inter-
section near Northern Michigan University that is under signal
control. The existing signal head, which is suspended over the
intersection, has a 60 second cycle with a five percent clearance
interval.

Presque Isle Avenue hag a three lane, 48 ft wide bituminous pave-
ment with the center lane for left turns only. The west leg of
~LollegesAvenue has a three lane, 40 ft wide bituminous pavement
de lane for right turns only and the center lane
waigph movements and left turns.  The east leg of
has a two lane, 24 £t wide bituminous pavement.

There were 56 accidents at this location during the four year
study period. Fifty-seven percent of these accidents occurred on
web; snowy or icy pavement. Almost 45 percent of the accldents
were right-angles which is unusual for a signalized location.,
Fifteen of the 25 violators disobeyed the red rraffic light while
almost 42 percent of the violators were 21 years old or younger.

Recommendations

-“wThe 51gﬁn%ﬁ -t -Presque Isle Avenue and College Avenue should be
= Twdyawith the signals at Lincoln Avenue and College

P - s L .ﬁmrraﬂ1mm17) and the signals at Seventh Street and College

Avenue (Location 11). A Time-S$pace Diagram has been prepared to
; establish progrecsion through the three intersections (Figure 10,
Vi P 19 Atem ospeed of 27 mph a cycle length of 70 seconds pro-
vides College Avenue with the greatest band of green time threough
the three intersections., Thus, it is recommended that a 70 second
cycle with a six percent clearance interval (4.2 seconds) be eg-
tablished at this intersection.

The . crltlcal prob]cm at this intersection involves the high in-
g wht angle accidents at a signalized intersection.
w2 0f a single signal head, the short clearance inter-
audﬁthﬂ amiandard lens size were all contributing factors to
wrgle pattern. It is mandatory in the 1973 edition of
Manual that at least two signal faces be provided
i petr approavh. . Therefore, it 1is recommended that a second signal
I head be employed at this intersection and furthermore, that each
signal should have 12 in. lenses. The problem involving the short -
clearance interval will be relieved through the adoption of the
70 second cycle and six percent clearance interval already rec-
ommended., If right-angle accidents continue in the future, con-
sideratlion should be given to incorporating anmn all-red clearance
interval into the signrals' cycle length.
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Many of the operators indicated that they did not see the signal.
The fact that the existing signal head was painted green contri-
buted to this problem. Tc¢ obtain the best possible contrast with
the visual background, it is desirable to paint signal head hous-
ings highway yellow. The insides of visors (hoods) and the entire
surface of louvers, fins and the front surface of backplates shall
have a dull black finish to minimize light reflection to the side
of the signals. Tt is recommended that these paint guidelines be
applied to the proposed signal heads.

Another accident pattern at thils intersection involves the utility
pole on the southeast corner. Three of the four ran-off roadway
accidents inveolved this pole. The fact that this utility pole
abuts the pavement makes it a target for errant vehicles. Also,
because of the gharp turning radius from northbound Presque Isle
Avenue to eastbound College Avenue this pole can be easily side-
swiped by a turning vehicle. It is recommended that the utility
company be contacted to relocate this pole so it is not a target
for moving trafflc.

The capacity for the west leg of College Avenue is limited because
the left turn and through movements are made from the same lane.
The lane assignments for the west leg should be changed so that
the center lane is for left turns only while the outside lane is
for right turns and through movements, The painted arrows on the
west leg should be repainted to reflect the change In lane assign-
ments. A 50 ft taper should be constructed on the south side of
the east leg of Coilege Avenue to facilitate the movement of
College Avenue traffic through the intersection,

The Michigan Manual indicates that symbol arrows indicating a
single mandatory movement shall include the word "ONLY". Thus it
is recommended .that the word "ONLY" be applied under each Left
Turn Arrow on Presque Isle Avenue and the west leg of College
Avenue.

Roadside Lane-Use Control signs should be erected on the west leg
of College Avenue and on the north and south legs of Presque Tsle
Avenue, These signs should be erected both in advance of the in-
tersection and at the iantersection. These Lane-Use Control siguns
will supplement thé existing pavement markings to better inform
the vehicle operator which direction he is allowed to travel from
any given lane. A detail drawing of the recommendations at this
intersection can be found on p. 18 .
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LOCATILON 2 LINCOLN AVENUE AT COLLEGE AVENUE

Lincoln Avenue and College Avenue form a gignalized intersection
near Marquette High School. The existing signal head, which is
suspended over the center of the intersection, has a 60-second
cycle with a five percent clearance interval,

Lincoln Avenue has a three lane, 32 ft wide bituminocus pavement
with the center lane for left turuns only. The east leg of College
Avenue has a three lane, 40 ft wide bituminous pavement with the
center lane for left turns only. The west leg of College Avenue
has a two lane, 30 ft wide bituminous pavement that provides ac-
cess to Marquette High School.

There were 36 accidents at this location during the four-year

study period. Twenty-four of these accidents or almost 67 percent.
occurred on wet, snowy or icy pavement. There were nine rear end
accidents at this location with seven of them oceurring on wet or
slippery pavement., There were seven accidents involving the drive-
ways at the southeast and southwest corners. All four of the right-
angle accidents occurred on wet or slippery pavement.

Recommendations

The signals at Lincoln Avenue and College Avenue should be inter-
connected with the signals at Seventh Street and College Avenue
(Location 11) and the signals at Presque Isle Avenue and College
Avenue (Location 1). A Time-Space Diagram has beén prepared to es-
tabllish progression through the three intersections (Figure 10,

p. 19). At s speed of 27 mph a cycle length of 70 seconds pro-
vides College Avenue with the greatest band of green time esing the
existing cycle split. Thus, it is recommended that a 70~second
cycle with a six percent clearance interval (4.2 seconds) be es-
tablished at this intersection.

It is reguired in the 1973 eddition of the Michigan Manual that a
minimum of two vehilcular signal faces be provided per approach. It
is recommended that the requirements of the Manual be complied with
at this intersection by erecting a second signal head.

The left turn lanes on Lincoln Avenue are offset in relation to each
other which creates a sight distance problem for opposing left turn-
ing vehicles. The operators of these vehicles cannot see approach-
ing through traffic. To alleviate this situation it is recommended
that the left turmn lanes be aligned directly across from each other.
This can be accomplished by restriping Lincoln Avenue for two.ll ft
through lanes and a 10 ft center lane for left turns {(Figure 13,

p. 24 ). Realigning the left turn lanes will make it necessary to
increase the radius 1in the northeast and southwest quadrants to 40 ft
to accommodate right turns from east and westbound College Avenue.

When Lincoln Avenue is Testriped the painted arrows indicating lane
assignments will alsoc have to be repainted. The lefi turn arrows
for both Lincoln Avenue and the east leg of College Avenue refer to
a mandatory movement and should be accompanied by the word "Only™.
The east leg of College Avenue should be restriped so there will be
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a double yellow center line, The pavement markings for both Lincoln
Avenue and College Avenue should be applied according to the drawing
on p. 24 .

To accompany the pavement markings at this intersection 1t is rec-
ommended that Lane-Use Contreol signs be erected at the intersection
and in advance of the intersection for both legs of Lincoln Avenue
and for the east leg of College Avenue. Thege signs will supplement
the pavement markings by better defining the lanes available to the
vehicle operators.

The grocery store located in the southwest quadrant has neitherx
curbing nor driveways to control vehicles entering or exiting the
parking area. It is recommended that curbing and driveways be )
constructed In this quadrant along the west leg of College Avenue
and the south leg of Lincoln Avenue.

Almost 28 percent of the accidents at this leocation occurred on wet
pavement, while altogether 67 percent of the accidents occurred on
wet, snowy or ley pavement, These figures indicate that the pave-
ment at this intersection becomes slippery when wet, Thus, it is
recommended that skidometer tests be conducted.
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LOCATION 3 : SEVENTH STREET AT MAGNETIC STREET.

Seventh Street and Magnetic Street form a four legged intersection
with Seventh Street having the right-of-way. Seventh Street has

a twe lane, 30 ft wide bituminous pawvement and Magnetic Street

has a two lane, 34 ft wide bituminous pavement. Parking is not
allowed in the immediate intersection area. The only existing
traffic controls consist of center line markings for all four legs
and a 24 in. "Stop" sign for each leg of Magnetic Street.

. There were 34 accidentsxatnthis location during the four year
stady period. Of this tw

wl 26.5 percent occurred on wet pavement,
onwnowy or icy pavement and the remaining

47,1 percent occurr

"26.4 percent occurrédlon'dry pavement. There were 25 right angle

collisions which accounted for 73.5 pércent of the total accidents.
Seven of these accidents occurred on wet pavement and 11 others
cccurred on snowy or icy pavement. The remaining accidents at

thig location exhibited no specific pattern.

Recommendations

The critical problem at this intersection is the occurrence of
right-angle accidents. Of the 25 right-angle accidents 12 opera-

~..tors &topped at the “Hiwmp" signs on Magnetic Street and then
nfaidedito yield &

»Aesenth Street traffic., Six of these operators
indicated that “on. was obstructed by high snow banks while
one other operator 1ndlcated that a pine tree in the southeast
corner obstructed his vision. The remaining 13 right-angle acci-

..dents involved operators who ran through the "Stop'" signs. It

appears from the high number of "Stop" sign violations that a more
pronounced warning is needed to inform Magnetic Street traffic of
the impending stop at Seventh Street. The minimum accident war-
rant for a flashing beacon, accerding to the Michigan Manual, is

SBatisfied when six or more accidenits which are susceptible to

correction by the cautioning or stopping of traffic occur over a

~rodwp year period. The highest two-year pevriod occurred between
1968 and 1969 when there were 16 right~angle accidents., The
ssmallest two-year period occurred between 1970 and 1971 when there
were nine right-angls
cangte accidents at this location it is recommended that a flashing

»accidents, Due to the high number of right-

beacon be installed. Furthermore, the flashing beacon should be
accompanied by 36 in. "Stop" signs for Magnetic Street.

Almost 27 percent of the accidents at.this location occurred on
wet pavement. Altogether 73.5 percent of the accidents occurred
on wet, snowy or icy pavement. These fipures indicate that the
pavement at this dintersection becomes slippery when wet. For this
reason it is recommended that skidometer tests be conducted.

LT
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LOCATION 4 PRESQUE ISLE AVENUE AT FATIR AVENUE

Presque Isle Avenue and Fair Avenue form a "T" intersection.
Presque Isle Avenue has a 48 ft wide bituminous pavement and Fair
Avenue has a 35 ft wide bituminous pavement, Presque Isle Avenue
has enough available width to accommodate four lanes of traffic.
The north leg of Presque Tsle has painted left turn arrows for
the inside lane and painted through arrows for the outside lane.
Fair Avenue has a 24 in. "Stop" sign for westbound traffic,

There were 32 accidents at this location during the four year
study period. 0f this total 34.3 percent occurred on wet pave-
ment and 16.5 percent occurved on snowy or icy pavement. Thére
were eight head-on left-turn accidents and seven rear end acci-
dents. Four of the head-on left-turn accldents occurred during
adverse weather conditions and four of the rear end accidents
were reportedly caused by driver carelessness. The remaining
accidents ‘at this location did not exhibit any distinct pattern.

Recommendations

Thirty-four percent of the accidents at this location occurred on
wet pavement. Taken as a percentage of the dry and wet pavement
accidente only, 40.7 percent of the accidents occurred on wet
pavement. These figures indicate that the pavement at this in-
tersection becomes slippery when wet, For this reason 1t is
recommended that skidometer tests be conducted,

There were eight head-on left-turn accidents invelving soufhbound
Presque Isle Avenue traffic. The Michigan Manual makes it manda-
tory to include the word "Only" with symbol arrows that indicate

a single mandatory movement. Thus it is recommended that the werd
"Only" accompany the left turn and through arrows located on the
north leg of Presque Isle Avenue., Also Lane-Use Control signs
located at the intersection and in advance of the intersection
should be erected for northbound Presque Isle Avenue traffic
(Figure 18).

The Michigan Manual indicates that lane lines should be applied

on #ll multi-lane highways. Thus it 1s recommended that lane

lines be applied to Presque Isle Avenue to create four 12 ft lanes.
Also the center line for Presque Isle Avenue, which should be a
double yellow line, should be applied throughout the entire length
of the pavement. The center line for Fair Avenue should be

painted yellow and also applied throughout the entire length of

the pavement (Figure 18).

Two of the ran-off roadway accidents involved westbound Fair Ave-
nue vehicles that ranm off the roadway after crossing Presque Isle
Avenue. Even though the occurrence of this type of accident was
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minimal, it is felt that the change in alignment should be called
to the attention of westbound Fair Avenue traffic. Thus 1t is
recommended that a 24 in. x 48 in. Bi-Directional Target Arrow

be erected iIn target position at the end of Falr Avenue and that
a 36 in. "Stop" sign replace the existing 24 in. sign.
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LOCATION 5 PRESQUE ISLE AVENUE AT KAYE AVENUE

Presque Isle Avenue and Kaye Avenue form a signalized intersection
adjacent to Northern Michigan University, The existing signal
head, which is suspended over the intersection, has a 60 second
cycle with a five percent clearance interval. '

Presque Isle Avenue has a three lane, 48 ft wide bituminous pave-
ment with the center lane for left turns only. The west leg of
Kaye Avenue has a three lane, 55 ft wide bituminous pavement with
the center lane for left turns and through movements, while the
outside lane is for right turns only. The east leg of Kaye Avenue
has a two lane, 24 ft wide bituminous pavement., Both roadways
have lane lines and pafnted arrows to indicate lane assignments.

There were 30 accidents at this location during the four year

study period. TFifty-three percent of these accidents ocecurred
on snowy or icy pavement. Twenty of the 30 accidents involved
right-angle and rear end collisions. Five of the 12 right-angle

‘collisions involved operators who disregarded the red signal in-

dication and five other right-angle accidents occurred during the
signal's flasher operation. Five of the eight rear end accidents
occcurred on slippery pavement.

Recommendations

The most critical aspect at this location is the high incidence

of right-angle accidents at a signalized intersection. Forty
percent of the 2ccidents at this intersection involved right-angle
collisions. TFive of these operators reportedly did not realize
they had a red signal dindication. To increase the probabilicy
that the signal indications will be seen, 1t is recommended that

a second signal head be erected to provide two signal faces per
approach, Furthermore, to obtain the best possible contrast with
the visual background it is desirable to paint signal head housings
highway yellow while the visors, fins, the entire surface of
louvers and the front surface of backplates should be painted a
dull black finish. It is recommended that these paint guidelines
be applied to both the existing signal and the proposed signal,

The Presgue Isle Avenue-Kaye Avenue intersection is only 300 ft
from the Presque Isle Avenue-College Avenue intersection. The
cycle length at Presque Isle Avenue and College Avenue was in-
creased to 70 seconds to establish progression along College Ave-

nue. Presque Isle Avenue at Kaye Avenue and Presque Isle Avenue
at Collepge Avenue should have the same cycle length because of
the short distance between the intersections. Thus, it is rec-

ommended that a 70 second cycle with a six percent clearance
interval (4.2 seconds) be established at Presque ILsle Avenue and
Kaye Avenue.
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There were five right-angle collisions during the signal's flasher
operation. Four of these acclidents occurred between 9:50 and.
10:50 p.m, It is recommended that the feasibility of increasing
the stop and go operation to 11:00 p.m, be investigated.

There were no accidents during the study period that were directly
related to improper lane usage. However, because of the difference
in width between the east and west legs of Xaye Avenue it is nec-
essary to change the lane assignments on the west leg of Kaye Ave-
nue to reduce conflicts and improve capacity., It is recommended
that the west leg of Kaye Avenue be divided into one westbound

lane and three eastbound lanes. The three eastbound lanes should
be divided into 2 lane for left turns only, a lane for through
movements only and a lane for right turns only. The angle park-
ing located:on the north side of the west leg of Kaye Avenue

should be removed while parallel parking can be added to the south
side. A 50 ft taper should be constructed on the south side of

the east leg of Kaye Avenue to accommodate through traffic.

Painted arrows accompanied by the word "Only" should be applied

to the approach lanes for the west leg of Kaye Avenue. Also, over-
head Lane-Use Control signs should be erected for eastbound Kaye
Avenue approximately 100 ft from the center of the intersection,

The establishment of a 12 ft departure lane for the west leg of
Kaye Avenue will make the right turn from the north leg of Presque
Isle Avenue difficult bhecause of the short turn radius. It is
recommended that the radius for the northwest corner be increased
to 40 ft. -

The lane assignments for Presque Isle should be brought to the
motorists' attention by the use of roadside signs. Lane-Use
Control signs should be erected at the intersection and in advance
of the intersection for both legs of Presque Isle Avenue., Also,
the word "Only" should be used in conjunction with the left turn
arrows for the center lane of Presque Isle Avenue.

A detail drawing of the recommendations formulated for this in-
tersection can be found on p. 38.
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LOCATION 6 LINCOLN AVENUE AT WEST FATIR AVENTUE

" Lincoln Avenue and West Fair Avenue form a four legged intersec-—

tion with Lincoln Avenue having the right-of-way. The north leg
of Lincoln Avenue has a 30 ft wide bituminous pavement and the
south leg has a 32 ft wide bituminous pavement. The west leg of
West Fair Avenue has a three lane, 40 ft wide bituminous pavement
with the center lane for left turns only. The east leg of West
Fair Avenue has a two lane, 32 ft wide bituminous pavement that
provides access to Northern Michigan University.

There were 29 accidents at this location during the four year
study period. Almost 70 percent of these accidents occurred
during adverse weather conditions with 13 of the accidents hap-
pening onr snowy or icy pavement, There were 15 right-angle col-
lisions which is almost 52 percent of the total accidents. GSeven
of these operators failed to stop at the intersection while the
remaining eight operators stopped and then failed to yield to
Lincoln Avenue traffic. There were seven rear end accidents,
four of which occurred on snowy or icy pavement. The remaining
accidents at this location did not indicate any distinct pattern.

Recommendations

The critical problem at this location involves the occurrence of
right-angle accidents. Six of the operators who did stop at the
"Stop" signs indicated that they did not see approaching traffic
on Lincoln Avenue. Thus it is recommended that clear wvisiocn cor-

"ners be established at all four quadrants using a minimum sight

distance of 270 ft measured from the intersection along Lincoln
Avenue (major highway). A motorist stopped at the "Stop' sign on
West Fair Avenue should be able to see clearly to a point on
Lincoln Avenue 270 ft from the intersection. This distance was
compufed using the information on pages 392-400 of a publication
by the American Association of State Highway Officials entitled,
"A Policy on Geometric Design of Rural Highways", 1965 edition
(Appendix 1, pp. 85 - 94 ),

There were also seven right angle accidents where the operators

failed to stop for the "Stop" signs. It is recommended that 30

in., "Stop" signs be erected to increase the operator's awareness
of the impending stop.

The east leg of West Failr Avenue is a two lane roadway while the
west leg is a three lane roadway. Lt is recommended that the
east lepg of West ¥ailr Avenue be painted for three lanes to co-
ordinate with the three lanes on the west leg, The lane lines
for the west leg of West Fair Avenue are not painted the proper
color. Both legs of West Falr Avenue should be marked in accor-
dance with the drawing on p. 43 . '




- Painted arrows to indicate lane assignments should be applied to
P the east leg of West Fair Avenue. The word "Only" should accom-
. pany the left turn arrows for both legs of West Fair Avenue,
Rocadside Lane-Use Control signs should be erected in advance of
the intersection for both legs of West Fadir Avenue.

The partial centerline for the south leg of Tincoln Avenue should
be a broken yellow line instead of a solid white line and it
should be applied throughout the entire length of the pavement.
It is also recommended that a broken yellow centerline be applied
cthronghout the entire length of the north leg of Lincoln Avenue,

SO RIghes turns can beomade from three of the four approaches without-
crawy difficulty. Wdéwever, the right turn from the northbound ap-
proach on Lincoln Avenue has to be made into an 11 ft lane on
West Fair Avenue. The existing radius is not large enough to
accommodate this turn. Thus, it is recommended that the radius
in the southeast quadrant be increased to 40 ft.

49
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LOCATION 7 WRIGHT -STREET FROM COUNTY ROAD 550
EAST "TO TRACY AVENUE

Property
Total Damage " Injury - Fatal
29 " 25 & 0
LOCATION 8 THIRD STREET AT BLUFF STREET
: Property
Total Damage Injury Fatal
28 23 5 0
LOCATION .9 - FRONT STREET AT RIDGE STREERT

Front Street and Ridge Street form a four-legpged intersection with
Front Street providing one-way travel northerly. The north leg

of Front Street has a 34 ft wide bituminous pavement and the south
leg has a 40 ft wide bituminous pavement. Ridge Street, which has
a 34 ft wide bituminous pavement, has 24 in. "Stop" signs on the
northeast and southwest corners,

There were 28 accidents at this location during the four year
study period. Parking, ran-off roadway and turning accidents
accounted for 75 percent of the total. Driver carelessness was
reportedly involved in a majority of these accidents,

Recommendations

Improper lane usage was involved in six of the accidents at this
location, Thus, it is recommended that a broken white lane line
be applied on Front Street through the intersection area. This

lane line should be carried through the intersection because of

the positive gradient that crests at Ridge Street.
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THIRD STREET AT HEWITT AVLENUE

Third Street and Hewitt

that is under signal control.

Avenue form a right angle intersection
The existing signal head, which is

suspended over the southeast portion of the intersection, has a

60 second cycle and a five second clearance interval.
which has a 40 ft wide bituminous pavement, provides one

Street,

way travel in a southerly direction.
has a 40 ft wide bituminous pavement,

vides two way travel,

Third

Hewitt Avenue, which pro-

Parking is permitted except in the immediate intersection area.

There were 27 accldents
study period.

at this intersection during the four year

Right-angle and rear end collisions accounted for
52 percent of the accidents.

One of the right-angle accldents

occurred when Third Street had the right-of-way and Hewitt Avenue

was under stop control.

occurred after the installation of the traffic signal.

The seven remaining right-angle accidents
In all

seven of these accidents the violator approached the intersection

from the north leg of Third Street.

The remaining accidents at

this location did not form any distinct pattern.

Recommendations

A1l seven of the violators involved in the right-angle accidents

that occurred after the
did not see the signal,
tion of the signal over
instead of the center.

nal will be seen, it is
so that it is suspended
section. The same type

signal installation indicated that they

The problem involves the unnatural loca-
the southeast portion of the intersection
To increase the prebability that the sig-

recommended that a second signal be erected

over the mnorthwest portion of the inter-
of suppert that is used for the existing

signal can be employed to support the proposed signal head. The
addition of an extra signal head will provide two signal faces
per approach for both roadwaye.

The existing clearance interval is

too long to be very effective,

Since the clearance interval should not be longer than 4.5 seconds,
it is recommended that a seven percent (4.2 seconds) clearance

interval be established.
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LOCATION 11 COLLEGE AVENUE AT SEVENTH STREET

ﬂf College Avenue and Seventh Street form a right-angle intersection

. in a residential alrea that is under signal control. The existing
sipgnal head, which is suspended cover the center of the intersec-
tion, has a 60 second cycle with a five percent clearance interval.

College Avenue has a 40 ft wide bituminous pavement. The north
leg of Seventh Street has a 36 ft wide bituminous pavement while
the south leg has a 30 ft wide bituminous pavement. DBoth road-
ways havel'erosswalk markings and parking is not allowed on either
L R RN i B I immediate intersection area.

5 accidents at this intersection during the four year

stuay perloa Almost 57 percent of these accidents occurred on

wet, gnowy or icy pavement. Right-angle and rear end collisions

accounted for 76.9% percent of the accidents. Eleven of the 12

right-angle accidents involved operators who did not stop for

elther the red signal indication or the red flasher. These

operators indicated that they did not see the traffic signal.

o Five of the eight rear end accidents occurred on snowy or icy

Sy . pavement. The remaining accidents at this location did not form
: any distinct pattern.

ﬁﬂﬁﬁommendatimms

gy at Seventh Street and College Avenue should be inter~
connected Wlth the signals at Lincoln Avenue and College Avenue
(Location 2) and . he signals at Presque Tsle Avenue and College

“Awenue (Location 1). A Time-Space Diagram has been prepared to
establish progression through the three intersections (Figure 10,
pP. 19 ). At a speed of 27 mph a cycle length of 70 seconds pro-
-wides College Avenue with the greatest band of green time using
the existing cycle split. Thus, it is recommended that a 70
second vycle with a six percent clearance interval (4.2 seconds)
Jbe. established at this intersection,

vitical problem at this location Involves the high number of

~angle saccidents., Eleven of the 12 violators involved in the

<ang] ~accidents indicated that they did not see the traffic

: “Phuy's, it is recommended that a second signal head be in-

: :stalled 507 Lhat each approach will be provided with two vehicular
signal faces,.

It is also recommended that College Avenue be divided into three
“lanes with the center lane for left turns only to provide two
lanes for each approach. The center lane should be 12 ft wide and
the two outside lanes sheculd each be 14 §ft wide. Left turn arrows
accompanied by the word "Only" should be applied to the center
lane and right turn-through arrows should be applied to the cutside
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approach lanes. Lane-Use Control signs should be erected at the
intersection and in advance of the intersection for both legs of
College Avenue, These signs will supplement the pavement markings
by better defining the lanes available to the vehicle operators.
A detail drawing of these recommendations can be found on p. 54. v
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LOCATION 12 MAIN STREET AT THIRD STREET

Main Street and Third Street form a "T" intersection in the Central
Business District., Third Street traffic has the right-of-way
while Main Street traffic is controlled by a 24 in. "Stop" sign.

Third Street, which is a one-way street in the southerly direc-
tion, has a 44 ft wide bituminous pavement. Main Street has a

90 ft wide bituminous pavement with a narrow median separating
east and westbound traffic. On westhbound Main Street the north
side has parallel parking and the median side has 45 degree angle
parking. On eastbound Main Street the south side has 90 degree
angle parking and the median side has parallel parking.

There were 26 accidents at this location during the four year
study perlod., UFifty percent of these accidents occurred on wet,
snowy or icy pavement. The largest accident type involved parking
accidents. Seven of the 15 parking accidents occurred on the
north half of Main Street aud eight occurred on the south half.

Recommendations : v

The south side of eastbound Main Street has 90 degree angle park-
ing, Vehicles leaving these parking stalls are striking the
parallel parked vehicles located along the north side of eastbound
Main Street., To alleviate this problem it is recommended that the
90 degree angle parking ba changed to 45 degree angle parking.
Reduction of the parking angle will provide gredter maneuverability
for vehicles leaving the parking area. If the parallel parked
vehicleg continue to BbBe hit in the future it 1is recommended that
the parallel parking be removed,. :
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LOCATION 13 NORTH FRONT STREET AT BLUFF STREET

i Property
4 Total _Damage Injury Fatal
24 20 . 4 0
LOCATION 14 COUNTY ROAD 553 (F.A.S. 323) AT PIONEER

ROAD AND DIVISION STREET

County Road 553 forms a "Y" intersection with Pioneer Road and
Division Street. Copunty Road 553 joins the other two roadways at
wrokew., Nornthbound County Road 553 has a 36 in. "Stop" sign and
gebbound Pieneer Road has a 24 in., "Stop' sign. County Road 553.
and Division¥Street have two lanme, 22 ft wide bituminous pave-
ments while Pioneer Road has a two lane, 20 ft wide bituminous
pavement.,

There were 22 accidents at this location during the four year

study periocd. Fifty percent of these accidents occurred on icy
pavement., There were 10 ran-off roadway and five right-angle
accidents at this intersection. Five of the 10 ran-off roadway

accidents and four of the five right-angle accidents occurred on
iey pavement.

~. Recpumendatdons

“Nine of ~the ‘10 ran-of f roadway accidents involved vehicles that
ran through the "Stop" sign on County Road 553, striking the
i guardrail dogated on the north. side of the intersection. All
: five right—angle accidents involved wvehicles that skidded by the
"Stop" sign on County Road 553, striking a westbound Division
Street vehicle. In }1 of these 15 accidents excessive speed was
reportedly a major factor. It is apparent that the transition
from a speed of 65 mph to & stop condition has been difficult for
“these vperators to negotiate. Since the major movement of traf-
Fie 35 from Lounty Road 553 to Division Street and vice versa it
sorecommended that the "Stop” sign on County Road 553 be removed.
et ds also recommended that 36 in, Turn signs with accompanying
2,20 smph o advisery speed panels be erected for both sides of north-
bound “County*Rosd 553 and the north side of westbound Division
Street. Thei2 mph advisory speed was selected on the basis of
Devil Level readings taken at this intersection. The Turn signs
and speed panels for County Road 553 should be erected on the ex-
isting lattice background in place of the "Stop Ahead" signs. The
by existing 24 in. x 48 in, target arrow located at the end of County
b Road 553 should be replaced Dy a 48 in. x 96 in., target arrow,.

-
’.

The removal of the "Stop" sign and the addition of Turn signs and
advisory speed panels should reduce the ran-off roadway accidents,
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However, if these accidents continue in the future, the radius for
the curve would have to be increased to enable motor vehicles to
travel at a higher speed. The radiug could be increased by moving
County Road 5533 so that it dintersects Division Streetl east of the
present intersection. A larger radius would enable the advisory
speed to be increased so that there is less of a transition from
the posted speed limit to the safe speed for the curve.
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LOCATION 15 THIRD STREET AT BARAGA AVENUEL

Third Street and Baraga Avenue form a four legged intersection
with Third Street having the right-of-way. Baraga Avenue has 24
in. "Stop" signs controlling east and westbound traffic.

Third Street, which provides one way travel in a southerly direc-
tion, has a 45 ft wide bituminous pavement. The east leg of
Baraga Avenue has a 76 ft wide bituminous pavement while the west
leg has a 60 ft wide bituminous pavement,

There were 21 accildents at this location during the four year

: study period. Almost 67 percent of these accidents occurred on
L wet or i1cy pavement. Right—-angle collisions accounted for 71.4
= percent ¢of the accidents. The remaining accidents at this loca-
tion did not form any distinct pattern.

Recommendations

The critical problem at this location involves the occurrence of
right—angle collisions. There were 15 vright—angle accidents during
the four year study period from 1968-1971 and 31 right-angle ac-
- cidents during the eix year period from 1966-1971. Eleven of the
ij 15 right-angle accidents during the study pericd invoelved opera-

: tors who reportedly did not see the stop signs. Thus, 1t is rec-
‘ ommended that the existing 24 in. "Stop'" signs be replaced by 36
= in. signs. Furthermcore, 1t is recommended that a flasher with a
£ 12 in. lens be erected over the center of the intersection to
give greater emphasis to the required stop at Third Street, An
11luminated case sign reading "Stop" for Baraga Avenue should be
! suspended from the flasher.

The Manual indicates that only one additional sign shall be dis-

played with a "Stop" sign and it shall be either a Street Nane I
sign, a Cne-Way sign or a sign that restricts a turning movement.

Thus, it is recommended that the existing "No Right Turn" sign be
excluded from the proposed 36 in. "Stop" sign on the northeast

corner. Only the existing "One-Way'" arrows can be retained on

the proposed 36 in. "Stop" signs.

Third Street has a partial solid white lane line on the north leg.
The Michigan Manual indicates that lane lines should be a broken
white line, Thus, it is recommended that a broken white lane line
be applied througheout the entire length of Third Street. Also,
vellow center line markings should be applied on Baraga Avenue to
give each operator an indication of the available pavement width
for his direction of travel.

Thirty-eight percent of the accidents at this location cccurred on
wet pavement., Taken as a percentage of the wet and dry accidents
only the percentage of wet accidents increases to almost 53. These
figures indicate that the pavement at this intersection becomes

L slippery when wet. For this reason it is recommended that skido-
meter tests be conducted.
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LOCATTION 16 PINE STREET AT HEWITT AVENUR

Pine Street and Hewitt Avenue form a four-legged intersection in
a residential area. Pine Street, which has the right-of-way, is
a two lane, 26 ft wide bituminous roadway south of Hewitt Avenue
and a 28 ft wide bituminous roadway north of BHewitt Avenue.
Twenty-four in. "Stop" signs control traffic on Hewitt Avenue,
which has a 40 £t wide bituminous pavement,

There were 19 accidents at this location during the four year
study perioed. Almost 74 percent of these accidents involved
right-angle collisions. The remaining accidents at this location
did not form any distinct pattern.

Recommendations

Nine of the operators involved in the right-angle accidents indi-
cated that they did not see the "Stop" signs. For this reason it
is recommended that the existing 24 in., "Stop" signs be replaced

by 36 in. signs.

To ensure that the larger "Stop'" signs will be seen, it is recom-
mended that parking on Hewitt Avenue be prohibited a distance of
75 ft from both the northeast and southwest corners. Also, the
trees that hang over the rocadway should be kept trimmed and the
large bush located in front of the "Stop” sign on the northeast
corner should be removed,
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Third Street and Col1ege'Avenue form.a.fourwlegged intersection
having the right-of-way. Third Street, which
in the southerly direction, has a two-lane, 38

trol traffic-on'College Avenue which-has-a two lane, 24 f+ wide
bituminous pavement.

There were 18§ accidents at this location during the four year
study period. Right-angle accidents accounted for the largest

‘total with eight., The remaining accidents diu not form any dis-

tinct patterns,

Recommendations

wlators involved in the right-angle accidents
#id not see any vehicles on Third Street.
‘rom ©ollepe Avenue is poor due to parked cars
on Third Street., For Lthis reason it 1is recommended that the
parking en Thirg.Street be removed a distance of 75 ft from the

qnortiteast and morthwest corners.
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LOCATION 19 FOURTH STREET AT‘HEWITT'AVENUE
Property : .
Total _Damage " Injury " Fatal
18 12 ) 6 0
LOCATION 20 THIRD STREET AT SPRING STREET
Property
Total _Damage Injury- Fatal
_ 17 12 5 0
deCATION 21 THIRD STREET AT CRESCENT STREET
Property
Total Damage Injury Fatal
15 14 1 0
LOCATiON 22 THIRD STREET AT MAGNETIC STREET
Property ‘
Total Damage Injury  Fatal
15 11 . 4 0
LOCATION 23 ) PRESQUE TISLE AVENUE AT WRIGHT STREET

Presque Isle Avenue and Wright Street form a four-legged inter-

- section that is under flasher contrel. The north leg of Presqgue

Isle Avenue has a 30 ft wide bituminous pavement while the south
leg has a 47 ft wide bituminous pavement. The west leg of Wright

wBireet has a 25 ft wide bltuminous pavement while the east leg
o whas a 30 ft wide bitumincus pavement., Parking is prohibited on
wcAmecth sides of the west

leg of Wright Street.

Hivere were 14 accidents during the four year study period.
“rBewventy-one percent of

these accidents occurred on wet, snowy ar

iecy pavement, The most prevalent accident type involwved right-
angle collisions.  However, six of the seven right-angle accidents
occurred during inclement weather,

Recommendations

Almost 43 percent of the accidents at this location occurred on

wet pavement. For this reason it is recommended that skidometer
tests be conducted. Due to the apparent deterioration in the pave-
ment, resurfacing may prove to be necessary.
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There is no stop sign for the east leg of Wright Street. It is
recommended that a 24 in. "Stop" sign be erected on the northeast
corner to accompany the flasher signal.

The flasher head at this intersection is painted green. To obtain
the best possible contrast with the visual background, it is de-
sirable to paint signal head housings highway vellow. The inside
of visors (hoods) and the entire surface of louvers, fins and the
front surface of backplates shall have a dull black f£inish to
minimize light reflection to the side of the flasher. It is rec-
ommended that these paint guidelines be followed at this inter-
section. : ‘

" no pavement markings at this intersection. It is
~recommended - both legs of Presque Isle Avenue and both legs
of “Wright Strewt have the center line applied.
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SUMMARY OF RECOMMENDATIONS

High Accident Locations

The Department of State Police submitted 25 high accident locations
for the City of Marquette to the Michigan Department of State High-
ways and Transportation. After an in depth study of these locations
recommendations were formulated for 15 of them, The locations,
their recommendations and a cost estimate for these recommendations
are as follows:

Location ) Cost
Numhber Description Recommendations - Estimate
1 Presque Isle Avenue A 70 second cycle with
at College Avenue a & percent clearance

interval should bhe

established.

Install two signal heads $§ 1,200.00
with 12 in. lenses,

The existing signal head 60.00
should be painted ac-

cording to the Michigan

Manual. .

The uvutility cowmpany should

be contacted for relocation

of the utility pole on the

Southeast corner.

Construct a 50 ft taper 750.60
in the socutheast quadrant.
The painted arrows on the 210.00

west leg of Collepe Avenue

should be changed to reflect

the new lane assignments.

The word "ONLY" should be 210.00
applied under each left

turn arrow.

) Six Lane-Use Control signs 165,00
i . ) . should be erected.

TOTAL $ 2,595.00
iﬁ 2 Lincoln Avenue at A 70 second cycle with
" College Avenue a 6 percent clearance
- interval should be estab-
gﬂ : : lished.
= Iastall an extra signal § 450.00
head.
Linceln Avenue should be 290,00

restriped for two 11 ft
through lanes and a 10 ft
center lane, .
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Location Cost
Number Description Recommendations Estimate

The radii in the north-

east and southwest

quadrants should be in-

creased to 40 ft.

The east leg of College 10.00
Avenue should be restriped
according toe the Michigan

Manual. '

The symbol arrows for 280.00
.Lincoln Avenue will have

to be repainted.

The word "ONLY" should 210.00
accompany the left turn

arrows for Lincoln Ave-

nue and the east leg of

College Avenue,.

L : ' Erect six Lane-Use Control 165,00

= : : ' signs.
Skidometer tests should 250,00
be conducted.
Construct curbing and 410.00

driveways for the grocery
store located . in the
southwest quadrant.

TOTAL $1,795.00
3 Seventh Street at Skidometer tests should & 250.00
Magnetic Street be conducted, . '
i , Install a flashing 1,000.00
%j beacon.
- Exrect two 36 in. "Stop" 66,00
signs.
TOTAL $1,316.00
i 4 Presque Tsle Ave- Skidometer tests should $ 250.00
i nue at Fair Avenue be conducted.
Erect a Bi-Directional 28.00
Target arvrow.
Erect a 36 in. "Stop" 33.00
sign.,
- Erect two Lane-Use 55.00
L Control signs.
b Apply lane lines and a 40.00

center line to Presque
Isle Avenue.
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Location
Number

Description

Presque Isle Ave-
nue at Kaye Avenue

79

Cost
Recommendations ~ Estimate

Change' the center line 10.00
for Fair Avenue from '

white to yellow.

Apply the word "ONLY" 140,00
just before each left

turn arrow and each

through arrow,

$ -556.00

Erect an extra signal , $ 450.00
head. ,
Paint existing signal 60.00
head yellow and black.

FEstablish a 70 second

cycle with a 6 percent

clearance interval.

Investigate the feasi-

bility of dincreasing

the stop and go opera-

tion to 11 p.m.

Remove the angle parking

from the north side of

the west leg of Kaye

Avenue, Parallel park-

ing can be added to the

south side of the west

leg of Kaye Avenue.

Construct a 50 £t taper 750.00
in the southeast quadrant.

Apply a center line and 40.00
lane lines to the west :
leg of Kaye Avenue,

Apply painted arrows ac- 420.00
companied by the word

"ONLY" to indicate lane

assignments for the west

leg of Kaye Avenue.

Increase the radius for

the northwest corner to

40 ft.

Apply the word "ONLY" to 140.00
the center lane of Presque

Isle Avenue.

Erect four Lane-Use Control 150.00
signs for Presque Isle

Avenue,
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Location

Number Description
6 Lincoln Avenue at
West Fair Awvesnue
G Frontii&itreet at
. Ridge s
10 Third Street at

Hewitt Avenue

Cost

Recommendations ) Estimate

Erect three Overhead 2,500,

Lane-Use Control signs
for the west leg of
Kaye Avenue.

80

00

TOTAL § 4,510,

Erect 36 in, "Stop" 5 66,

signs.

Convert the east leg 15.

of West Fair Avenue
to three lanes.

Repaint the west leg 15.

of West Fair Avenue.

Apply painted arrows to 140,

the east Jleg of West
Fair Avenue.

Paint the werd "ONLY" 140,

under each left turn
arrow.,

Exrect two roadside Lane- 55,

Use Control signs,

Apply broken yellow center - 25,

lines te the entire length
of both legs of Lincoln
Avenue,

Create clear vision cor-
ners in all four quadrants,
Increase the vadius in the
southeast quadrant to 40 ft.

00

0o .

00

00

00

00

00

60

TOTAL S 456,

Apply lane line marking § 25.

to Front Street.

00

00

TOTAL $ 25,

Erect an extyra signal $ 450.

head to provide two
signal faces per ap-~
proach.

Establish a 7 percent
clearance interval,

00

00

TOTAL 5 450,

0o
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Location
Number Description

11 College Avenue at
Seventh Street

12' Main Street at
Third Street

14 County Road 553
at Pioneer Road
and Division
Street

15 Third Street at
Barapa Avenue

Recommendations

A 70 second cycle with
a 6 percent clearance
interval should be es-
tablished.

A second signal head
should be installed,
College Avenue should
be painted for 3 lanes,
Painted symbol arrows

-should be applied on

College Avenue,

- The word "ONLY" should

accompany the left turn
arrows,

Frect 4 Lane-Use Control
signs. ‘

TOTAL

Change the 90° angle
parking on eastbound
Main Street to 45°
angle parking.

TOTAL

Erect three 36 in. Turn
signs with accompanying
20 mph advisory speed
panels.

Erect 4 48 in. x 96 in.
Target Arrow.

Remove the "Stop" sign
for County Road 553.
Remove the "Stop Ahead"
signs on County Road 553.

TOTAL

Skidometer tests should
be conducted.

Erect a flasher with a
12 in., lens and a sus-
pended case sign which
reads "Stop" for Baraga
Avenue, .
Erect two 36 in. "Stop"
slgns.

$
$

$
$

8

$

81

Cost

Estimate

450,00
20.00

280.00

140.00

110.00

1,000.00

25.00

25.00

170.00

120.00

290.00
250,00

1,000.00

66.00
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Location Cost
Number Description Recommendations Estimate

Exclude the existing
"No Right Turn" sign
from the proposed
"Stop" sign for the
northeast corner.

Apply a yellow center 25.00
line marking to Baraga

Avenue.

Apply a broken white ~100.00

lane line the entire
L length of Third Street.

TOTAL § 1,441.00
16 Pine Street at Erect two 36 in, 8 66.00
Hewitt Avenue "Stop" signs.

Remove parking on

Hewitt Avenue a dis-
tance of 75 £t from

the northeast and
southwest corners.
Remove the large bush

on the northeast corner.
Keep the trees that line
Hewitt Avenue trimmed.

TOTAL $ 66.00
18 Third Street at Remove parking on Third
College Avenue Street a distance of 75 )

ft from the northeast
and northwest corners.

23 Presque Isle Ave- Skidometer tests should 3§ 250.00
nue at Wright be conducted.
Street Erect a 24 in. "Stop" 25.00
sign on the northeast
COrner. _
The existing flasher 50.00

should be painted ac-
cording to the Michigan
Manual. |
Apply a yellow center line 40.00 ]
on all four legs of the
intersection,

TOTAL $ 365.00

The total cost of the recommendations formulated at the 15 high
accident locations is $14,8%0.00.



83

City-Wide Recommendations

1. Apply wet pavement accident criteria to lecations throughout
the city to determine where slippery pavement conditions
exist, ‘ '

2, At any signalized location a minimum of two vehicular signal
faces should be provided per approach.

3. All signal installations should have a minimum clearance in-~
terval of four seconds and a maximum time of 4.5 seconds.

e 4, All signal and flasher head housings should be painted high=
bz way yellow while the insides of visors and the entire surface
of louvers, fins and the front surface of backplates shall
have a dull black finish.

5. The 1973 edition of the Michigan Manual indicates that all
center line markings should be yellow.

6._ The City of Marquette should establish a city-wide program
to increase the radii at all intersections where the ex-
isting radii are inadequate.
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SIGHT DISTAWCE AT INTERSECTIONS

The operator of a vehicle approaching an intersection at grade
should have an unobstructed view of the whole intersection and a
length of the intersecting highway sufficient to permit control of

the vehicle to avoid collisions. When traffic at the intersection
is controlled by signals or signs, the unobstructed view may be
limited to the area of control. The minimum sight distance con-

sidered safe under wvarious assumptions of physical conditions and
driver behavior is related directly to vehicle speeds and to the
resultant distances traversed during perception and reaction time
and during braking.

Minimum Sight Triangie_

"There must be unobstructed sight along both roads at an intersec-

tion and across their included corner for distances sufficient to
allow the operators of vehicles approaching simultaneously to see
each other in time to prevent collision at the intersection. See
Figure VIII-3. Three general cases at intersections are considered.

'In each case assumptions are made of a physical layout and of the

actions of vehicle operators on both intersecting roads. For each,
the space-time-velocity relations ‘indicate the minimum sight tri-
angle required to be free of obstructions or, if a sight triangle
below the desirable minimum must be used, they fix the necessary
modifications in approach speeds.

Anv object within the sight triangle high enough above the eleva-
tion of the adjrcent roadways to constltute a sight obstruction
should be removed or lowered. Such objects include cut slopes,
hedges, bushes, or tall crops. This requires the elimination of
parking within the sight triangle. This applies whether the in-
tersecting roads are level or on grades.

No Stop or Signal Control at Intersection

Case T ~ Enabling Vehicles to Adjust Speed

Where a crossing 1s not controlled by YIELD signs, STCP signs or
traffie signals, the operator of a vehicle approaching an inter-
section must be able to perceive a hazard in sufficient time to
alter the speed of his vehicle as necessary before reaching the
intersection. The minimum time in which deceleration can be
started is the driver perception and reaction time which, for ia-
tersection design, can be assumed to be 2 seconds. In addition,
the driver should begin actual braking some distance frem the in-
tersection to gcecomplish deceleration to aveid collisien. An
arbitrary minimum for the distance from an intersection, where a
driver can first see a vehicle approaching the intersection on the
intersecting road, is that traversed during ? seconds for percep-
tion and reaction plus 1 additional second to actuate braking or




- |
OBSTRUCTION

/ /T
7 J
- |

A

S — "“-VG B TN

¥

e Ggm b

-

NC STOP:OR. &G

e Vg L MAYOR HIGHWAY o

STCP

1GHT

192}

CASE TID

DISTANTE AT INTE
MIOLUL DG TR

FIGURE RIHL—3

o
i t
| -

R

TCNTREL CH MINOR ROAD

-
-

SECTIONS

[N
hoRt]

86




P
T

i
R
[
£
I
i

PRI

87

accelerating to regulate speed. The distances traveled by a ve-
hicle in 3 seconds are:

speed, mph 20 30 40 50 60 70
Distance, feet 90 130 180 220 260 310

Under Case I for given speeds the minimum sight triangle is deter-
mined by these minimum distances along the road. Referring to the
upper part of Figure VIII-3, highway A with 50 mph speed and high-
way B with 30 mph speed would require an unobstructed sight triangle
between points on highways A and B with legs extending at least

220 feet and 130 feet, respectively, from the intersection. These

or greater distances would permit a vehicle on either road to change
speed, before reaching the intersection.

Intersections with sight triangles having road distances no greater
than those indicated above are not necessarily safe since there is
possibler confusion between vehicle operators and the possibility

of a driver on one highway being confronted with a succession of

vehicles on the intersecting highway even when the time and dis-

tance are sufficient only to avold one vehicle. Even where only
one vehicle on each of adjacent legs approaches an intersection,
both vehicles mav begin to slow down dnd reach the intersection
at the same time. The use of the above distances, which are only
one-half to two-thirds of the safe stopping distances, to deter-
mine the unobstructed sight triangle is minimum and not a desirable
practice. They should be used only din the design of rural inter-
sections on lightly traveled highways and where the removal of
corner sight obstructlons would be costly., Where the triangle
described is not open to view, signs should be evected to effect
a slowing down or stopplng of vehlcles on one road even if both
roads are lightly traveled.

Case II - Enabling Vehicles to Stop

In this set of conditions for crossings not controlled by YIELD
signs, STOP signs or traffic signals, it is assumed that the opera-
tor of a vehicle on either highway must be ablé to see the inter-
section and the intersecting highway in sufficient time to stop

his vehicle, 1if necessary, before reaching the intersection. The
safe stopping distances for intersection design are the same as
those used for design at any other gsection of highwav, the mini-

mum stopping distance developed in chapter TIT., These are:
Design speed, mph 30 40 50 60 70 '
Safe stopping distance feet 200 275 350 475 600

For two highways of known design speeds, the minimam sight triangle
determined by these case IT minimum distances is a much safer de-
sign than that with the limited case I distances. An operator
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sighting a vehicle on the intersecting road may stop, if necessary,
or otherwise change speed to avoid hazard. There is some danger

of confusion between drivers because both may slow down and reach
the intersection at the same time, but this danger is slight due

to the great number of speed-change possibilities, the time avail-
able, and the normal decrease in speed as an intersection is ap-
proached under such conditions.

Obstructions to Sight. Where an obstruction, which cannot be re-
moved except at prohibitive cost, fixes the vertices of the sight
triangle at points that are less than the safe stopping distances
from the intersection, vehicles may be brought to a stop (after
gsighting other vehicles on the intersecting road) only if they are
traveling at a speed appropriate to the available sight distance.
If vehicles on one of the roads are permitted to travel at the de-
sign speed, the critical corresponding speed on the other road can
be evaluated in terms of this design speed and the dimensions to
the known obstruction.

Referring to the uppe- diagram in figure VIII-3, in the typical
case speed Vy is known and a and b are the known distances to the
sight obstruction from the respective paths of vehicles A and B.
The critical speed (V) of vehicle B can then be evaluated in
terms of these known factors. Distance d, is the minimum stopping
distance for vehicle A. When vehicle A is at a distance d, from
the intersection and the drivers of vehicles A and B first sight
each other, vehicle B is at a distance dy from the intersection.
By similar triangle propoertion

and the critical speed Vy 1is that for which the stopping distance
is dy. The signs on road B, showing the safe speed with which to
approach the intersection, should be so located that a driver can
reduce his speed to Vi by the time he reaches the peint that is
the distance dy from the intersection. Similar calculations may
be used to determine how far back an obstruction need be moved to
provide sufficient sight for safe driving at desired vehicle
speeds on the respective roads.

Stop Control on Minor Road
Case LII - Enabling Stopped Vehicles to Cross a Major Highway
At an dintersection where traffic is controlled by STOP signs on

the minor road, it is necessary for safety reasons that the driver
of a stopped vehicle see enough of the major highway to cross before
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a vehicle on it reaches the intersection, even though this vehicle
comes 1nto view just as the stopped vehicle starts to cross. The

length of the majJor highway open to view must be greater than the

product of its design speed and the time necessary for the stopped
vehicle to start and cross the road., The.required sight distance

along the major highway can be expressed as:

d = 1.47 V (J + ty)

where d = minimum sight distance along the major highway
from the 1ntersection, feet
V = design speed on the major highway, mph
J = sum of the perception time and the time required

to shift to first gear or actuate an automatic
shift, seconds

ty = time required to accelerate and traverse the
distance § to clear the major highway pavement,
seconds.

The term J represents the time necessary for the vehicle operator
to look in both directions on the roadway, to perceive that there
is sufficient time to safely cross the road, and to shift gears,

if necessary, preparatory to starting. It is the time from his
first look for possible oncoming traffic until the instant his

car begins to move. Some of these operations are done simultaneously
by many drivers, and some operations, such as shifting of gears,
may be done before looking up or down the road, -.Even though most
drivers may require only a fraction of a second, an amply large
value of J should be used in design to represent the time taken by
a small percentage of slower drivers. A value of 2 seconds is
assumed. In urban or suburban areas, where drivers generally use
many intersections with STOP sign control, a somewhat lower value
might apply, but reducing J to % or 1 second reduces the calculated
minimum sight distances only about 15 percent.

The time t,; required to cover a given distance during acceleration
depends upon the vehicle acceleration, which in the case of pas-
senger cars seldom equals the rate of which the wvehicle is capable.
Rather it is considerably less as governed by the temperament and
other characteristics of the individual driver and the instant
conditions. The time~distance vrelations of typical passenger cars
accelerating from a stopped position, as normally driven are shown
by the light solid line curve (normal acceleration) in the Ilower
part of figure VIII-4. TFor the case ITT intersection condition,

the "normal" acceleration operation should not be used directly

for sight distance evaluation. While it is true that few drivers
operate at the maximum acceleration of thelr vehicles, most drivers
do accelerate somewhat more rapidly than "normal"” in cressing a
major highway but less than the full vehicle acceleration rate.

The lower heavy solid line curve is the relation assumed for
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passenger vehicles in computing t,, the time required to cross
the major highway.

The acceleration of buses and trucks is substantlally lower than
that of passenger vehicles, particularly for heavily loaded trucks
and truck combinations. The high gear ratios (low gear) necessary
in moving the larger units result in very low acceleration. From
truck operation studles (data not published), the time-distance
relations for acceleration of SU and WB-50 design vehicles have
been determined, resulting in the assumed relations shown in fig-
ure VIII-4, On flat, grades, the accelerating time for the SU and
WB-50 vehicles is about 135 and 160 percent, respectively, of that
for passenger vehicles, '

The value of ty can be read directly from figure VIII-4 for nearly
level conditions for a given distance 8, in feet. Referring to
the case TIII sketch in figure VIII-3, the distance S that the
crossing vehicle must travel to clear the preference highway is
the sum of three distances, in feet, or:

S = D+W+L
where D = distance frbm near edge of pavement to front
of stopped wvehicle
W = width of pavement along path of crossing vehicle
L = overall length of vehicle.

Most drivers stop their vehicles as close to the edge of the inter-
secting pavement as convenient, but many leave several feet. For
general design purposes a value of D = 10 feet is assumed foir the
case II1I conditions,

The value of W is measured along the path of the accelerating ve-
hicle. The principal variation in W is the number of lanes on
the major highway; lane widths of 12 feet are used.

The value of L, overall length of design vehicles, has been shown
in chapter ITI to be 19, 30, 50, and 553 feet for the P, SU, WB-40
and WB-50 wvehicles, respectively.

Figure VIII-5 shows the minimum sight distance d necessary for

safe crossing from a stopped position of pavements with 12-foot
lanés at mnearly right-angle intersections. The sets of sloping
lines give the wvalues for the three types of crossing vehicles,
each with reference to 2-, 4-, and 6-lane widths. Values for other
pavement widths can be calculated readily by the use of proper ty
as determined from figure VIII-4. These values are for level con-
ditions; for grade adjustments, see Effecrt of CGrades.

In testing whether sight distance along a major highway is adequate
at an intersection as given in figure VIII-5, the distance should
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be measured from height of eye of 3.75 feet to top of object 4.5
feet above the pavement. Comparing the d values from figure
VIITI-5 with the design sight distances shown in table III-1, in
nearly all cases it is necessary to have sight distance along the
major highway in excess of the usual design minimum in order to
provide for safe crossing from a stopped position.

In the case of divided highways, widths of median equal to or greater
than the length of a vehicle enable the crossing to be made in two
steps. The vehicle crosses the first pavement, stops within the
protected area of the median opening, and there awalts an oppor-
tunlity to complete the second crossing step. For divided highways
with medians less than L, the median width should be included as

part of the W value. :

Where the sight distance along a major highway dis less than the
case III distance at an intersection, it is unsafe for vehicles on
~the major highway te proceed at the assumed design speed of the
highway, and signs iandicating the safe approach speed should be
provided. The safe speed may he obtained directly from figure
VIII-5, or computed, for a known sight distance and the width of
pavement on the path of .the crossing vehicle.

The case III distances required for high design speed highways,
especially the multilane type, are large and there is some question
as to the average driver's keenness of perception or ability to

L judge for proper utilization of such distances., Drivers may be

h able to cross in openings in the through traffic stream that are
less than the case IIIL distances. To do this, either the crossing
driver must accelerate at a high rate, or through drivers must
either be traveling at a lower speed or slow down to permlt the
crossing. Since these types of operation may be hazardous, it is
desirable to use the indicated case III sight- -distances for the
control type vehicle.

S In many cases, the effects of skew and pgrades, as discussed below,
P require that sight distance along the major highway be wmuch greatey
than the distances of figure VIII-5. Where it is not feasible to
J provide the requlred sight distance, it may be necessary to Intro-
Ll duce effective means of reducing speed on the major highway or
g utilize sigmal control at the intersection.

Effect of Skew

When two highways intersect at an angle considerably less than a
£ right angle, say less than 60 degrees, and realinement to increase
I the angle of intersection is not justified, some of the factors

for corner sight distance determination may need adjustment.

Figure VIII-6 shows the sight trianmgles at an oblique-angle inter-
section. The length of the sdght line AB and BC is smaller or
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larger than it would be for a right-angle intersection, but since
the derivations are based on the relations of speed and distances
along the roads, the actual distance AB 1is immaterial so long as
the area within the triangle, having legs d, and dy measured
along the road, is free of sight obstructions.

Where obstructions at oblique intersections limit sight distances,
the distance a and b to be used in the calculations (formula under
heading of Obstructions to Sight) should be measured parallel to
the roads as shown in figure VIII-6.

In the case of an obtuse-angle quadrant, the angle between the
sight line AB and the path of either vehicle is small and the ve-
hicle operators can look across the full sight triangle area with
but little side ‘glance from the vehicle path. In the case of an
acute~angle quadrant, sight line BC, each operator is required to
turn his head considerably to see across the whole of the sight
triangle area. The difficulty of looking for approaching traffic
makes it undesirable to treat the intersection for the assumptions
of case I even where traffic on both roads is light, Treatment by
case TI or case III, whichever 1is the larger for the case, should
be used at obliqgue-angle dintersections.

In case III the § distance is larger for oblique- than for right-
angle intersections, The width of pavement on the path of the
crossing vehicle, W, is the pavement width divided by the sine of
the intersection angle. The d distance along the highway in such
case cannot. be read directly from VIII-5 but can be computed by
the formula d = 1.47 V (2 + tj) reading t, directly from figure
VIiI-4.
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