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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 programs. Subsequently, various highway safety
standards were developed to assure the orderly implementa-
tion of the Act.

Highway Safety Standard 4.4.9, Identification and
Surveillance of Accident Locations, is one of theose standards.
The purpose of Standard 4.4.9 is to identify specific loca-
tipns or sections of streets and highways which have high
or potentially high accident experience as a basis for
establishing priorities for improvement, selective enforce-
ment or other operational practices that will eliminate or
reduce.accidents and potential hazards at the location so
identified.

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 objectives, To insure that this
highway safety standard is met and to improve the overall
evaluation of the accident picture in Michigan, the Mich-
igan Department of State Highways requested and received
through the O0ffice of Highway Safety Planning in the

Department of State Police a federally funded project




entitled "Traffic Accident Analysis for Cities and Counties'.
The intent of this new project is to provide a special traffic
engineering field service for cities and counties. In cooper-
ation 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 accidents and will recommend engineering corrections

to those conditions which may be contributing to accidents.

SCOPE

As highway engineers, we have very little influence on
changing or correcting the motorist's ability to drive (driver
education, experience and enforcement) or for the condition
of the vehicle (manufacturer's design and owner responsibility).
We do have, however, the responsibility to construct, operate
and maintain the roadway environment within feasibie economic
and design limits so that the driver amnd vehicle can function
safely within the environment.

The intent of the "Tfaffic Accident Analysis for Cities
and Counties™ program is to improve traffic safety on all
Michigan streets and roads by expanding the traffic engineering
evaluation of factors causing accidents. This is accomplished

by conducting a traffic accident analysis of locations which
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experience high accident frequencies and then summarizing

recommendations for corrective action.

STUDY PROCEDURES

The study procedures for the subject project involve
several distinct phases. They may be described as follows:
basic data collection, identifying and locating high acci-
dent locations, a traffic engineering analysis of accidents,
tgchnical evaluation qf previously compiled facts and conse-
quent recommendations for improvements.

Since a portion of the data collection phase involves
accident records and reports and since the Michigan Depart-
ment of State Police is responsible for keeping all accident
records in Michigan, the task of identifying and locating
high accident locations in Benzie County (and providing an
inventory of those locations) was designated as State Police
responsibility., Because a modern and automatic system of
locating accidents on the county road system has not vet
been established, the high accident locations for Benzie
County were determined by manually extracting and compiling
those locations with the highest number of accidents from the
county accident reports for the study period 1966 through
1969. From this 1ist, the ten highest accident locations were

selected., Upon completion of this portion of the data
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collection, the Department of State Police documented and
transmitted to the Traffic and Safety Division of the
Department of State Highways a list, along with the accident
reports, of the high acclident locations for Benzie County.
The second portion of the data collection phase which
is the responsibility of the Department of State Highways
involves preparation of collision diagrams and, if necessary,
physical condition diagrams and traffic counts for selected
locations.
‘The accident analysis and traffic engineering evaluation
phases involve the detailed analysis of the summarized facts
and field data and prescribing the proper corrective treat-

ment.

STUDY AREA

Benzie County 1is located in the northwestern portion
of the Lower Peninsula (see map following page). Benzie
County is divided into 12 townships with an inland lake area
of 26 square milés and a total area of 316 square miles. It
is bordered on the north by Leelanau County, on the east by
Grand Traverse County, on the south by Manistee County and
on the west by Lake Michigan.

" Population of the county in 1960 was 7,834, This figure
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is lower than the 1950 population of 8,306. During the 1950~
1960 period, there was a negative net migration of 5.7 percent,
and the net migration is expected to remain at a level very
close to the natural population increase,

Population projections indicate a very stable population
level for the next 20 years (see Chart 1, Appendix I, p. 65
for a comparison with Michigan Population Projections).

The county is primarily agriculturally oriented with
23 percent of its land area dedicated to agriculture. It is
well known for its orchards of cherries, peaches and apples
which have an annual yield of nearly ten million pounds.
Other important farm products include celery, onions and
countless vegetables,

Benzie County is very famous as a vacation area.

Tourism is one of the major businesses of the county., The
county has various ski resorts and many miles of rivers and
lake shereline (including 24.8 miles of Lake Michigan shore-
line). Fishing is one of the major attractions with coho
salmon being one.of the sought species. Rainbow trout, smelt,
perch and whitefish are among the species that make Benzie
County a fisherman's paradise.

It is worthwhile to mention the City of Frankfort which
is one of the State's major harbors handling over 1.5 million

¥

tons of freight a year. 1Tt is also the base for the Ann Arbor

i
!
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Railroad car ferries between Michigan's Lower Peninsula and
ports in the Upper Peninsula and Wisconsin,.

The employed labor force of Benzie County was 2,347 in
1960 with small manufacturing, trade, agriculture, forestry
and fisheries accounting for 48 percent of the total employ-
ment. The labor force (as well as the population) is expected
to remain at a stable level for the next decade.

According to the Nineteenth Annual Progress Repoxrt, as
compiled by the Local Government Division of the Michigan
ﬁepartment of State Highways, Benzie County has 661,03 miles
of highﬁays excluding city and incorporated village streets
and roads. This includes 61,21 miles of state trunklines,
170.17 miles of county primary roads and 429,65 miles of
local roads,

0f the 599.82 miles of county roads, 197.05 miles are
hard surfaced and the remaining mileage is either gravel,
graded and drained earth or unimproved earth (see county map

following page).

Traffic congestion is not a significant problem in
Benzie County. An implied indication of this fact is that
the population density is 25 persons per square mile in Benzie
County versus 137.2 persons per square mile in the State of
Michigan (1960 census}.

The yearly totals of traffic accidents have remained

fairly constant during the study period 1966 through 1969,
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This is also the case with fatal and injury accidents for
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the same years (see Table 2, Appendix I, p. 67).
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. GLOSSARY |

The term '"Manual" when used in this report will refer

rere
TLnlind

= to the "Michigan Manual of Uniform Traffic Control Devices';

R

publication prepared by the Michigan Department of State

Highways in conjunction with the Michigan State Police.

Excerpts of the Manual are included in Appendix II.
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— TRAFFIC ENGINEERING ANALYSIS

Compared to the millions of vehicle miles traveled,

S

accidents are very rare events, However, they are the only

present means available to indicate a failure in the driver-

£
f
1
i
I
L

road-vehicle environment. Any of these three may be a major

contributor to an accident.

In our analysis, we examined the contributing factors

from the viewpoint of a highway traffic engineer with special

‘attention to the effect which the highway environment may :

have had on the accident. At each high accident location,
}@ individual accident reports were reviewed in detail and the
accident facts were tabulated and grouped in various tables,

h; It was apparent that no unusually high concentration of aceci-

dents existed at any one location., In fact, the highest

total at any one location for the four~yvear study period was

seven accidents.

The first step in the traffic engineering analysis phase
P of Benzie County's high accident locations was the prepara-

tion of collision diagrams., At each location, accidents were

P

grouped in order to locate the accident in relation to the 5

intersection, approaches to the intersection or section of i

roadway. The various methods of accident analysis are intended
b to probe into the detailed aspects of the accidents to determine

the reasons for their oceccurrence,

To further document the various facts present at the
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enfhigh accident locations in Benzie County, the following

tables were prepared to analyze the specific data.

2. Annual Accident Summary
o 3. Monthly and Daily Accident Occurrence

4, Daily and Hourly Accident Occurrence

Pz 5. Age of Drivers Involved in Accidents

6. Residence of Drivers Inveolved in Accidents

7. Weather Conditions at Scene of Accidents

8. Pavement Conditions at Scene of Accidents

£

This report will discuss in detail the high aceident

LJ locations in Bénzie County. Collision diagrams and photo-

H

graphs for each location will be found on the pages following §
the discussion. A map showing the ten locations within the

county is included on the following page.

T
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- 1. Homestead Road @ Case Road, Benzonia Township

JES——

This location is a right angle intersection with Homestead

)

;ﬁ Rocad having the right of way. Homestead Road in this area has

=5 a plus gradient in both directions away from the intersection.

ll West of the intersection Homestead Road has a 20 ft wide bitum~
[3 inous surface with five foot shoulders. East of the intersection

it has a 29 ft bituminous surface. Case Road is a 21 ft bi-
tuminous surface with five to seven foot grass or gravel

shoulders and centerline markings.

Traffic controls for Homestead Road consist of a 36 in,
{; railroad advance warning sign for westbound traffic (east of

the junction), a 24 in. railroad advance crossing sign for

j eastbound traffic and a railroad crossing sign (crossbuck) for

each direction of traffic (no flashing beacons at the crossing).

Traffic control for Case Road is a 36 in. stop sign for

each direction of traffic, There are also railroad crossing

signs on Case Road south of the intersection. The intersection

has guardrail in the northeast and southeast quadrants where

b
|
i
i

deep ditches exist,

PENE.

There was a total of seven accidents at this location

during the study period., They were scattered and did not

s

reveal a concentrated pattern.

Recommendation:

We recommend that the existing 24 in. railroad advance

&
B
d



| _ 15

warning sign for eastbound Homestead Road traffic be replaced

by a new Wi0-1-36 advance warning sign (Appendix II, p. 85).
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2. Indian Hill Road, 0.5 Miles North of Ryan Road, Platte
and Homestead Townships

Indian Hill Road has a 21 ft wide bituminous surface
throughout this location with seven foot shoulders and center-
line markings. It 1s characterized by gentle changes in
horizontal alignment. There were six accidents at this loca-
tion during the study period. Fiwve of the accidents were cér—
deer accidents and the remaining accident was caused by
excegsive speed (see Figures 2 and 2A, pps. 21-22). No accident

was attributed to the existing horizontal alignment.

Recommendation:

We suggest that consideration be given to the erection of
warning signs for deer crossing area (W12-8-36, Appendix II,
p. 88) at this location for northbpund and southbound traffic.
As required by the Manual, a joint investigation must be made
by representatives of the Michigan Department of Natural
Resources and the agency having jurisdiction over the highway

before this sign is installed.
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3. Indian Hill Road, 0.5 Miles South of Hooker Road, Platte
Township

This section of Indian Hill Road is gently rolling and
on a curve. The roadway is a 21 ft bituminocus surface with
five to seven foot grass shoulders and centerline markings.

Traffic contrel for this section of Indian Hill Road 1is
a 30 in, turn sign for each direction of traffic. There were
four accidents reported at this location during the study
period. All of these accidents were of the ran-off roadway

type. '

Recommendations:

We recommend that the existing turn signs (W1-1-30,
Appendix II, p. 79)'be supplemented with a 30 mph advisory
speed panel for both northbound and southbound traffic.
The appropriate advisory speed panél legend was determined
by using a devil level indicator and the theory outlined
in Appendix II, pps. 86-87.

The following averages were obtained during field

investigation,
MPH Dewvil Level Reading

30 8°
Northbound Traffic 35 12°

40 15°




7 _ MPH Devil Level Reading

30 ' 59

oy

Southbound Traffic 35 8°

40 11°

We also recommend theerection of a target arrow sign

- (W1-6-48, Appendix II, p. 84) for each directiomn of traffic.

They shall be erected in target position.
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4. Crystal Drive @ Eden H1ll Road, BenzoniaITownshiR

These two roads form a "T" intersection. Eden Hill
intersects Crystal Drive on a curve with Eden Hill forming
the stem of the "T", Crystal Drive curves west for north-
bound traffic in the vicinity of the intersection and a
short distance ahead curves to the north and proceeds in a
northwesterly direction., Eden Hill is a 20 £t bituminous
roadway with centerline markings but no shoulders. Crystal
Drivé-is a 21 £t wide bituminous road with three to twelve
foot gravel shoulders and centerline markings.

The traffie controls present are a 24 in. stop sign
for Eden Hill Road and a 30 in. reverse turn sign for each
direction of tvaffic on Crystal Drive, There is a 35 mph
speed control zone on Crystal Drive throughout the location
and the Traffic Control Order is on-record at the Michigan
Department of State Police.

There were four accidents at this location during the
study period., Three of the accidents were reportedly caused
by excessive speed., These three aceidents were ran-off road-

way type accidents,

Recommendations:
We recommend that target arrows (W1-6-48, Appendix II,
p. 84) be erected for each direction of traffic on Crystal

Drive. The recommended target arrows should be erected in
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target position at each curve (two for northwestbound traffic
and two for southwestbound traffic).

We also recommend that the existing reverse turn signs
(W1-3~30, Appendix II, p. 81) be supplemented with 25 mph
advisory speed panels. The appropriate speed panel legend
was determined by using a devil level indicator and the theory
outlined in Appendix II, pps. 86 - 87,

The following averages were obtained during field investi-

gation,

Pevil Level Readings

MPH lst Curve 2nd Curve
30 18° 13°
Northwestbound o
Traffic 25 go 7
30 13° 20°
Southeastbound
Traffic 25 5° 10°

The first curve encountered by northwestbound traffic
is the same curve as the second encountered by southeastbound
traffic but in both cases the appropriate panel legend

should be 25 mph.
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SOUTHBOUND CRYSTAL ROAD

APPROACHING THE INTERSECTION

SOUTHBOUND CRYSTAL ROAD

gy

APPROACHING THE INTERSECTIONi}

SOUTHBOUND CRYSTAL ROAD

AT THE INTERSECTION

FIGURE 4B
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5. River Road @ Adams Road, Crystal Lake Township

At this location River Road runs in an east to wWest
direction and is crossed at grade by the Ann Arbor Railroad
immediately east of the subject intersection. River Road in
this area is characterized by a sharp reverse turn. This
reverse turn is typical of many locations throughout the -
State where the geometrics of a highway has been designed to
cross a railroad at a 90° angle in order to improve sight
distance.

The approach to the turns from the west is named River
Road and from this approach Adams Road seems as a continua-
tion of River Road. However, the majority of the traffic
from the west continues on River Road and has to negotiate
the sharp tufns.

Adamé Road is a 22 ft gravel roadway. The approach
to the turns from the west is a 24 ft bituminous roadway
with seven to nine foot shoulders and centerline markings.
The approach to the turns from the east 18 a 20 ft wide
bituminous roadway with three to five foot grass and gravel
shoulders and centerline markings.

Traffic control for Adams Road is a 24 in. astop sign.
For River Road there are 30 in; reverse turn signs with
20 mph advisory speed panels, 36 in, railroad advance
warning signs and railroad crossing signs for each direction

of traffic.

34
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There were four accidents at this location during the
years 1966 through 1969. Two of the accidents involved
drivers who were unable to negotiate one of the sharp turns
(first one encountered by eastbound traffic) and the vehicles
rolled over. There is no safe landing area provided at the
end of this turn and the two guard posts at this location

have been hit several times.

Recommendations:

We recommend that a target arrow (W1l-6-48) be erected
in target position in the northeast quadrant (if the con-
figuration of the intersection allows) of the subject inter-
section for northeastbound River Road traffic,

We further recommend that target arrows be placed in
target position for both directions of traffic at the first
curve east of the intersection.

We also recommend that an additional target arrow be
erected in target position at the end of River Road immedi-
étely west of the intersection for southwestbound River Road
traffic. Additionally, we recommend, if the topography of
the area permits and when funds are available, that the

reverse turn be straightened.
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6. Narrow Gauge Road @ Moss Road, Homestead Township

Narrow Gauge Road was recently paved. It has a 20 ft
wide bituminous surface with eight foot gravel shoulders and
clear centerline markings. Moss Road is a 20 ft wide gravel
road, It forms a "Y" type intersection with Narrow Gauge
Road, Narrow Gauge Road is characterized by a series of
curves in the wvicinity of its intersection with Meoss Road,.
There is a 30 in. winding road sign just west of the inter-
section of Narrow Gauge Road and Marshall Road. No other
traffic control exists Iin the vicinity of the study location.

There were four accidents reported for this location
for the four-year period studied (1966-1969). Two accidents
were car-deer accidents and the remaining accidents were ran-

of £ roadway.type accidents.

Recommendations:

We recommend that a yvield sign (R1-2-36, Appendix II,
p. 75) be erected on Moss Road at the approach to its inter-
section with Narrow Gauge Road and that a stop ahead sign
(W3-1-30, Appendix II, p. 89) be erected on Narrow Gauge
Road (for eastbound traffic) in advance of its intersection
with Marshall Road.

We further recommend that the existing winding road
sign (W1-5-30) be replaced with a curve sign (W1-2-30, Appendix
II, p. 80) and another curve sign be erected in advance of

the second curve encountered by westbound Narrow Gauge Road




traffic, This curve sign should be supplemented with a
}
lj 35 mph advisory speed panel. Curve signs should also be

erected in advance of the second and third curves encountered

[ReRE

by eastbound Narrow Gauge Road traffic. The curve sign for

the second curve should be supplemented with a 40 mph advisory

speed panel. The appropriate panel legend was determined by
kﬁ using a devil level indicator and the criteria outlined in
Appendix II, pps. 86-8. The following averages were obtained

during field investigatdion,.

MPH Devil Level Reading
[ 35 8°
{ﬁ Eastbound Traffic
- 40 11°
fi‘:'-‘
35 10°
Westbound Traffie
40 140

We suggest that target arrows be erected in target

position at the following curves:

(1) First curve west of Marshall Road (both directions

of traffice)

- (2) Second curve west of Marshall Road (both directions

of traffic)

ﬁ? (3) Third curve west of Marshall Road (eastbound traffic

only)

40
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AT THE INTERSECTION
FIGURE 6B
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7. Lake Michigan Road, 1.5 Miles West of M-22, Lake Township

This section bf Lake Michigan Road is a 21 ft wide bi-
tuminous roadway with seven foot gravel shoulders and center-
line markings. This road is traveled by local traffic and
countless tourists since it leads to the Platte River Point
in Lake Michigan, 1t is characterized by gentle curves through-
out its length (2.5 miles). The road is very well signed with
curve signs for the majority of the curves,

The accident location is a straight section of Lake Mich-
igan Road for which three accidents were reported during the
study pefiod. One of the accidents was due to excessive
speed and resulted in a fatality. The other two were minor
accidents,

-After field investigation, the study team concluded that
no serious condition ewxists at this location and no recommenda-

tions are being made,
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8. BRiver Road, 0.1 Miles Southeast of M-22, Crystal Lake
Township

This section of River Road is a 20 ft wide bituminous
roadway with seven foot shoulders an& centerline markings.
The accident location is 0.1 miles southeast of M-22. At this
location River Road runs in an east to west direction and is
erossed at grade by the Ann Arbor Railroad. River Road in
this area 1s characterized by a reverse turn. This reverse
turn is typical eof many locations throughout the State where
the geometrics of a highway has been designed to cross a
railroad at a 90O angle or near 90° in order to improve sight
distance.

Traffic controls for each direction of traffic are a
36 in., railroad advénde warning sign, a 30 in.‘curve sign
and a railroad crossing sign. Northwestbound River Road has
to stop for M-22 traffic a short distance from the railroaa
crossing (0.1 miles),

There were three accidents at this location during the

years- 1966 through 1969.

Recommendations:

We recommend that target arrows (W1l-6-48, Appendix II,
p. 84) be erected in target position for the curve west of
the railroad crossing. There should be one such sign for

each direection of traffic.
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We also recommend that the existing curve signs be re-
placed by W1-1-30 turn signs (Appendix II, p. 79) and that
they be supplemented with a 25 mph advisory speed paﬁel for
northwestbound traffic and a 30 mph advisory speed panel for
southeastbound traffie. "~The appropriate panel legend was
deterﬁined by using a devil level indicator and the theoxry
outlined in Appendix II, pps. 86-87.

The following averages were obtained during £ield

investigation.

Devil Level Readings

MPH l1st Curve
20 4°
Southeastbound Traffic 25 10°
o
30 14
20 6°
Northwestbound Traffic 25 12°
0

30 | 16
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9. County Road #669 (Thompsonville Highway), 0.5 Miles
North of King Road, Colfax and Weldon Townships

This section of County Road #669 is characterized by
changes in vertical and horizontal aiignment. The roadway
has a 21 ft wide bituminous surface with six to eight foot
sod shoulders. At this location County Road #669 crosses the
Betsie River (via culvert). There are guard posts present
at the crossing and at the curves on both sides of the road-
way.

0f the three accidents occurring at this location one
was a car-deer accident and the remaining two involved

vehicles that were unable to negotiate the curves.

Recommendation:

We recommend that a reverse curve sign (W1-4-30, Appendix
II, p. 82) be erected in advance of the first curve encountered
by northbound traffic and an additional reverse curve sign be
erected in advance of the second curve encountered by south-

bound traffic,
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10. Almira Road @ Reynolds Road, Almira Township

These two roads intersect on a skew angle. Almira Road
is a 21 ft bituminous roadway with five to seven foot shoulders
and centerline markings. It has guardrail present on the south
side of the road throughout the location. Reynolds Road is a
21 £t wide bituminous roadway with seven foot shoulders and
centerline markings. Reynolds Road has a minus gradient as
it approaches the intersection. Both roads have a 25 mph
speed pontrol zone, The intersection is inside the village
limits of Lake Ann,.

Traffic control for eastbound Almira Road is a 30 in.
reverse curve sign (W1l-4-30, Appendix II, p. 82). Traffic
controls for southbound Reynolds Road are a 24 in. x 24 in.

"EY symbol éign (see Figure 10A,p. 59), a 30 in. stop ahead sign
and a 24 in. stop sign.

There were two accidents at this location during the
study period, Both accidents occurred under snowy or icy
conditions. One of the accidents occurred at the end 6f
Reynolds Road and resulted in two injuries. Subsequent to
this accident, there were major changes in signing made at

this location.

Recommendation:
We recommend that a W1-6-48 target arrow sign be erected

in target position in the northwest quadrant of the subject
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intersection for southbound Reynolds Road traffic. We

i further recommend that the existing 24 in. x 24 in, "T"

symbol sign be removed. This sign should not generally

be used on an approach where traffic is required to stop

{a before entering the intersection.
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FIGURE 10C

EASTBOUND ALMIRA ROAD
APPROACHING THE INTERSECTION
EASTBOUND ALMIRA ROAD
AT THE INTERSECTION
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SUMMARY AND CONCLUSIONS

g,

There was a total of 533 accidents on Benzie County

P ——
el

roads during the study period 1966 through 1969 for an

average of 133 accidents per year. The number of accidents

. 5N

g remained fairly constant during the study period.

The information summarized in Table 2 shows that during
the vears 1966 through 1969 a total of 40 accidents occurred
‘23 at the ten highest acéident locations, This figure represents

7.5%4 of the total number of accidents for all county roads

[EERENNS

during the same period.
- Fifteen of the 40 acecidents occurring at the ten high
accident lpcations resulted in personal injury and 24 were

lf property damage. There was one fatal accident durxing this

period at the locations studied,

Table 3 shows that the peak accident month was Septem-—

ber accounting for 15% of the aceidents., It also shows

that Friday was the peak accident day with Friday and
_j Saturday accounting for over 47% of the total accidents
at the study locations,
= The figures in Table 4 indicate that the peak accident ?

hour occurs between 8 and 9 p.m, This hour together with

P

the hour between 7 and 8 p.m. accounted for 27.5% of the
accidents occurring at the ten high accident locations.
The information contained in Table 6 shows that 627 of

the drivers involved in accidents at the study locations were
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local resdidents. Table 7 shows that 77%Z of the accidents
occurred when the weather was generally clear. As shown in
Table 8, 65% of the accidents occurred when the pavement was
dry, 12.5% when the pavement was wet and the rest when it
was either snowy or icy.

There is no high concentration of accidents at any one
location in the county. In fact the highest total for any
location is seven accidents for the four years studied.

Our analysis of the accident problem on county roads in
3enzie County in relationship to spot or high accident loca-
tions reveals that there are Pgiggigigg;"problems which
cannot be eliminated by the m?éest epgingeping means related
to a spot improvement program.

The accident Information summarized in Tables 2 through
8 may yield some basic information needed by those agencies

interested in highway safety from the standpoint of driver

education, law enforcement and street patrol activities.
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£ rable 1 66

REPORTED TRAFFIC ACCIDENTS iN BENZIE COUNTY

. Property County| State Inter- PersonslPersons
Pﬁ Year Damage | Injury | Fatal Total Road | Route state [InjuredKilled
i 1966 188 100 o2 290 128 162 0 168 3
o 1967 202 75 4 281 121 160 0 134 4
&
1 1968 221 90 2 313 144 169 0 149 2
R. N
& | .
1969 217 85 1 303 140 163 0 144 2

COMPARISON OF ACCIDENT FREQUEKNCY
‘ Benzie County Total Accidents

Year Roads State of Mich.
. 1966 128 302, 880
I8
‘ 1967 121 299,004 5 9
[ 1968 144 305,495 $ 02
LA : : e ..,' <
1969 140 331,223 g -z -
[
: T s
PERCENT CHANGE FOR ABOVE TOTALS e O
0 @ @
I
1966-67 -5.5 ~1.3 s
3
1967-68 19.0 2.2 |
Il 1968-69 -2.8 8.4
Lt
VEHICLE REGISTRATION IN BENZIE COUNTY
£ Farm Trailer | Motor= | Muni-
gl Year Pass., Comm. |Vehicle|Trailer} Coach | cycles | cipal Total Plates
7l 1966 3,431 - - - - - - 5,286
§ :
1967 3,510 779 99 743 51 150 1 5,333
1968 3,598 841 94 839 63 133 3 5,565
41 1969 | 3,712 | 1,023 | 1,150 - - 136 3 6,024




i ACCIDENT ANALYSIS

. Table 2

ANNUATL ACCIDENT SUMMARY

[+ - TEN HIGH ACCIDENT LOCATIONS IN BENZIE COUNTY

Period Studied: 1966 through 1969

Accident Type . ﬁay Night Total
jﬁ Fatal Accident 1 1
E
N Personal Injury Acc, 8 7 15
Property Damage Acc| 8 16 24
f7 TOTAL 16 24 40
= :
?5
= Fatal Injury szgzgzy Sub Total
) Month Total
L Day |Night}{ Day [Night} Day |[Night{ pay [Night
January 1 1 2 2
February | | | 1 ' 1 1
March a | 1 1 1
April 1 1 1
Ej‘ May 2 2 R 1 5
- June - 1 1} 1 | 2 1 3
5 July 1 2 1 ) 3
;@ August 1 3 1 3 4
- September 1 2 | 1 2 | 3 30 6
1; October | 1 1 2 1 - 3 |7 4
;. November 1 17 R 1§ 1 ‘ & 5
L} December 1 12 _ 2. 2 3 5
Sub Total Y 8 7 8 16 -15 24 40
TOTAL 1 15 24 40 . 40



[y ‘ ACCIDENT ANALYSIS

Table 3

MONTHLY AND DAILY ACCIDENT OCCURRENCE

TEN HIGH ACCIDENT LOCATIONS IN BENZIE COUNTY

Period Studied: 1966 through 1969

3j | Day of the Week MonthlyiPercent
Month Total of
Mon. JTues. | Wed. | Thurs.] Fri. | Sat., {Sun. Total
January 1 1 2 5.0
February | . 1 1 2.5
iMarch _ o 1 1 2.5
i{ April 1 : 1 2.5
- May 1 2 1 1 5 12.5
&i June 1 2 3 7.5
?E July 1 -1 7 1 3 7.5
- August 3 1 4 10.0
k September - 1 _ 1 i 2 1 6 15.0
October . 1 : 2 1 4 10.0
Novenmber 3 i 1 5 12.5
. December 1 1 2 1 5 12.5
. Day Total 2 7 4 4 10 9 b 40 100.0
@E % of Total] 5.0 | 17.5)10.0 f10.0 | 25.0]22.5 |10.0 |100.0

Peak Accident Day: Friday

Peak Accident Month:September




ACCIDENT ANALYSIS
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Table 4
H DAILY AND HOURLY ACCIDENT OCCURRENCE
v TEN HIGH ACCIDENT LOCATIONS iN BENZIE COUNTY

Period Studied: 1966 through 1969

Day of the Week

- Hour : Hour %4 of
?3 Mon. Tues. Wed., Thurs.| Fri. Sat. Sun. Total Total
L 12 - lau 1 . 1 2 5.0
i 1 - 2AM 1 1 1 3 7.5
e 2 - 3AM |
= 3 - 4AM 1 1 2.5
£ 4 - 5AM
5 - 6AM
6 - 7AM ' 1 1 2 5.0
u ‘7 - 8AM . o 1 1 2.5
}' 8 - 9AM
h 3 - 10AM
L 10 - 11AM
: 11 - 12AM ' 1 1 2 5.0
12 - 1PM |
1 - 2PM 1 ' 1 2 5.0
. 2 - 3PM
5 3 - 4PM 1 | 1 1 3 7.5
“ 4 - 5PM 3 3 7.5
ié 5 - 6PM 1 ' - 1 2 5.0
6 - 7PM 1 1 2.5
EE 7 - 8PM 1 1 S N N S ! 5 12.5
- 8 = 9PM 3 1 1 1 6 15.0
r 19 - 10PM 1 1 2.5
£ 10 - 11PM 1 1 1 4 1.0
o 11 - 12PM 1 2.5
o Mot .
Stated 1 1 2.5
Day :
Total 2 7 4 4 10 9 4 40 100.0
% of ' ‘
Total 5.0 17.5 | 10.0§ 16.0f 25.0 | 22.5{ 10.0} 100.0

Peak Accident Hour: g - g 5.m.

Peak Accident Day: ‘Friday
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(i Table.5
,;- AGE OF DRIVERS INVOLVED IN ACCIDENTS
E TEN HIGH ACCIDENT A LOCATI ONlS IN BENZIE COUNTY
5’1 Period Studied: 1966 through 1969 |
& | Number of Drivers Involved in
= Age - Percent
11’ Group Fatal Injury Prop. Damage Total
P Under 16
£ 16-19 1 4 11 16 33.4
20~2k | “oo 1 5 10. 4
25-3&_' 3 3 6 12.5
- 35-44 o 3 2 5 10.4
L5.54 | 1 4 5 10.4
i 5564 | 1 2 3 6.3
R 65-7h 1 3 4 8.3
8 75 & Over |
Not Stated 1§ 3 4 8.3
Total 1 18 29 48 100.0
Table 6
%;i | * RESIDENCE OF DRIVERS INVOLVED IN ACCIDENTS
- Number of Drivers Involved in
Residence _ . e Percent
Fatal Injury  Prop. Damage Total
o Local 1 7 9 20 30 | 62 .5
Michigan s A 12 B 25.0
Qut of Stafe _ | 4 - 1 5 10.4
ot Stated | - 1 1 2.1
Total 1 RTINS 100.0




ACCIDENT ANALYSIS
Table 7
WEATHER CONDITIONS AT SCENE OF ACCIDENTS
‘TEN HIGH ACCIDENf LOCATIONS IN BENZIE COUNTY

Period Studied: 1966 through 1969

Agseneﬁity of Aceident

Weather .Fata.l Injury Pfop. Demage .Total Percent
Clear cr Cloudy 1 11 19 31 77.5
Rain 1 1 2 . 5.0
Fog 2 1 3 7.5
Snow or Sleet 1 3 4 10.0
Not Sfe,ted '

Totel 1 15 - 24 | - 40 | 100.0

Table 8
PAVEMENT ‘CONDITIONS AT SCENE OF ACCIDENTS
i
| Severity of Accident .
Favement Fatal - Injury g:c'op. Da;naoe Total Fercent
- (=]

| Dry 1 10 .15 26 65.0
Wet 2 3. 5 _12.5
Snowy/Icy 3 | 6 9 22,5
Toy
Not Stated _

Total 1 15 24 40 | 100.0
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Section B. Regulatory Signs

Regulatory Signs shall be used to inform highway users of
traffic laws or regulations that apply at given places or on given
highways. They are essential to indicate the applicability of

" legal requirements that would not otherwise be apparent. Great

care must be exercised to see that they are erected wherever
needed to fulfill this purpose, but unnecessary mandates should
be avoided.

Included among regulatory signs are some, like those marking
the end of a restricted zone, that are related to operational
controls though not in themselves imposing any obligations
or prohibitions.

Regulatory signs shall be erected at those locations where
the regulations apply and shall be mounted so as to be easily
vigsible and legible to the motorist whose actions they are
to govern. Signs that have been erected but are no longer
applicable shall be removed. Regulatory signs cannot be expected
to command respect and obedience unlegs the regulations thereon
get forth are adequately enforced.

Regulatory signs are classified in the following groups:

(1) Right-of-Way (R1 Series)
a. “STOP” Sign
b. “YIELD” Sign

(2) Speed (R2 Series)
(3) Movement (R3 Series)

a. Turning

b. Alignment

¢. One Way

d. Exclusion
(4) Parking (R4 Series)
(6) DPedestrian {(Rb5 Series)
(6) Miscellaneous {R6 Series)

With few exceptions, hereinafter detailed in the specifications
for individual signs, regulatory signs are rectangular in shape
with the larger dimension vertical and have black legends
on white backgrounds. The principal exceptions referred fo are
the “STOP” sign, the Yield sign, the One Way arrow, and the
Parking signs.
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STOP SIGN

Reflectorized

R1-1-24 247 x 247 ( 87 letters)
R1-1-30 307 x 307 (127 letters)
R1-1-36 367 x 36~ (12~ letters)

All “STOP"” gigns shall be reflectorized or internally illuminated
80 that the shape, color, and legend will be comparable to that
in day time conditions and will not produce detrimental glare
to traffic,

The “STOP” sign may be supplemented by two alternating
red flashing beacons in the face or by one red flashing beacon
directly above the sign. Such beacon(s) shall be operated
continuously.

Place at the point where it is desired to have traffic stop,
or as near thereto as possible at the following locations:

1. On streets or highways intersecting a through street or
highway.

2. Railroad crossing where a stop is required by order of
the appropriate public authority.

3. Opposite all Stop lines applied on the pavement, except
at il_ltersec’cions controlled by a traffic control signal.

4. At intersections where a flashing red beacon exists.

There shall be no “STOP” signs on approaches to an inter-
gection where such approaches are controlled by a traffic control
signal.

An overhead internally illuminated “STOP” sign may be used
in lien of roadside “STOP” signs. _

Secondary messages shall not be used on the face of a “STOP”
sign. At a four-way stop intersection, each “STOP” sign may
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be supplemented by a separate panel reading “4-WAY”. Where
this panel is used in conjunction with an R1-1-24, it shall be
24 x 9” with b-inch legend. Where unsed with an R1-1-30 or
R1-1-36, it shall be 30~ x 12”7 with a 7-inch legend. Each panel
shall have a black legend and border with a white reflectorized
background. No additional sign shall be displayed with a “STOP”
gign except one of the following: R3-1, R3-2, R3-3, R3-5, R3-6,
or R3-23,

A hand held “STOP” sign may be used by Traffic Regulators
as provided in Part II, Section E. Drivers facing the hand
held “STOP” sign shall come to a complete stop and remain
standing until an indication is given to proceed.

For placement see figures 1-3 and 1-4 and for special interim

~ application see page 409.

YIELD SIGN

Refleetorized
R1-2-836 86~ Equilateral Triangle (87, 8”7 and 214" letters)

All Yield signs shall be reflectorized or internally illuminated
so that the shape, color, and legend will be comparable to
that in day time condition and will not produce detrimental
glare to traffic.

Place at the point where it is desired to have traffic yield or
as near thereto as possible at the following locations:

1. At the approach to an intersection where it is necessary
to assign right-of-way to the major road, but where a
stop is not necegsary at all times.

2. At any location where a special problem exists and where
an engineering study indicates the problem to be sus-
ceptible to correction by use of the Yield sign.
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An overhead internally illuminated Yield sign may be used
in lieu of roadside Yield signs.

For placement see figures 1-3 and 1-4.

SPEED LIMIT SIGN

‘Reflectorized

R2-1-24 24" x 307 (47 letters and 107 numerals)
R2-1-48 48” x 60~ (8" letters and 18” numerals)

The “SPEED LIMIT” sign shall be located at the point of
change from one speed limit to another and at additional
locations, as just beyond major intersections, where it is necessary
to remind motorists of the applicable limit. Where the sign
cannot be placed at the exact point of change in limit (such
as at the center of an intersection), it shall be placed as near
as practicable, but in advance of the point of change for a
decrease; and beyond such point for an increase. Signs shall
be installed at maximum intervals of ¥4 mile within any Speed
Control Zone to confirm the speed of that zone. On freeways,
the R2-1-48 sign shall be used.

For placement see figures 1-6 and 1-35.
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Section C. Warning Signs

Introduction

Warning signs shall be used for the purpose of warning traffic
of existing or potentially hazardous conditions either on or ad-
jacent to the roadway. Warning signs require caution on the
part of the motorist and may call for reduction of speed or other
maneuver in the interest of his own safety and that of other
motorists and pedestrians. Adequate warnings are of great
assistance to the vehicle operator and are valuable in safeguarding
and expediting traffic. However, the use of warning signs should
be kept to a minimum. Too frequent use of them or their un-
necessary use to warn of conditions which are apparent tends to
bring disrespect for all signs.

The conditions warranting warning signs are classified in the
following groups according to the type of conditions to which
they are applied:

1. Changes in Horizontal Alignments (W1 Series)
2. Intersections (W2 Series)
8. Advance Warning of Control Devices (W3 Series)
4. Converging Traffic Lanes (W4 Series)
5. Narrow Roadways (Wb Series)
6. Changes in Highway Design (W6 Series)
7. Grades {W7 Series)
8. Roadway Surface Conditions (W8 Series)
9. Schools and Pedestrians (W9 Series)
10. Railroad Crossings (W10 Series)
11. Entrances and Crossings {W11 Series)
12. Miscellaneous (W12 Series)
13. Construction and Maintenance {W13 Series)*

Warning signs with certain exeeptions shall be diamond-shaped
(square with one diagonal vertical) and shall have a “Highway
Yellow’ background with black legend. These exceptions are

*Special warning signs for highway construction and maintenance projects
are to be found in Part Il of this Manual.
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the Railroad Crossing signs, the Target Arrow signs, the Curve
Speed panel, the Exit Speed sign, the Obstruction panei, and
the Lattice Background. Other exceptions to the diamond shape
are provided for in the case of temporary signs for highway
construction and maintenance.

The use of warning signs should be limited to those standard
signs set forth in this section. However, after the Engineer haa
exhausted all possibilities, it may be found that no standard
sign fits the situation and warning signs, other than those
apecified, may be required. Such signs shall conform with the
general specifications for size (307 minimum), shape, and color
of warning signs. All warning signs having significance during
hours of darkness shall be reflectorized or illuminated.

(Rev. 1)
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TURN SIGN

Reflectorized

W1-1-30 307 x 30~
W1-1-36 367 x 36"
W1-1-48 48" x 48~

The Turn sign shall be used to denote changes in the horizontal
alignment of all roads (except minor roads and streets where
in the judgment of the engineer the use of this sign is
unnecessary) where a ball bank indicator or Devil Level registers
ten degrees or more at a speed of 30 miles per hour or less.
Where this sign is warranted, consideration should be given to
the use of a Target Arrow (W1-6). Additional proteetion may
be provided by use of the Curve Speed panel (W12-1).

This sign shall be located in advance of the point of curvature
at the approximate distance indicated below:

85th Percentile Speed

35 & Below 36-45 46-55 66 & Over
2507 4007 5607 7507

Turns or a turn and a curve that are less than 400 feet apart
shall be designated by the W1-3 sign.

For placement see figure 1-11.

{Rev. 1)

79




\g 80

CURVE SIGN

Reflectorized

. '  WI1230 30~ x 807
W1-2.36 36~ x 367
W1-2-48 48" x 48”

The Curve sign shall be used to denote changes in alignment
where a ball bank indicator or Devil Level registers 10° or more
at speeds between 30 and 60 miles per hour, and at such other
,{ locations where the change in alipnment of the roadway is not
£ apparent to the driver. Additional protection may be provided

by use of the Curve Speed panel (W12-1).
7 The Curve sign shall be located in advance of the point of
1 curvature at the approximate distance indicated below:

856th Percentile Speed

35 & Below 36-45 45-55 56 & Over

2500 400/ 65560’ 750/

the W1-4 sign.
For placement see figures 1-11 and 1-35.

. |
Curves that are less than 400 feet apart shall be designated by ‘
‘ |

|
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il REVERSE TURN SIGN

Gintatads

5
E,
&

Reflectorized
W1-3-30 307 x 307

W1-3-36 36”7 x 36”7
W1-3-48 48”7 x 48"

-
o
|

F
S

Where two turns or a curve and a turn in opposite direetions
are separated by a tangent of less than 400 feet a Reverse Turn
sign shall be used. Where this sign is warranted, consgideration
should be given to the use of a Target Arrow (W1-8) in target
position at each turn or curve. Additional protection may be
provided by use of the Curve Speed panel (W12-1). The speed
indication digplayed shall be that of the slower turn or curve.

This sign shall be located in advance of the point of curvature
of the first curve or turn at the approximate distance indicated

below:

L2 _ 85th Percentile Speed

35 & Below | 86-45 | 46-55 | 56 & Over
2507 400 550/ 7507

For placement see figure 1-11.
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REVERSE CURVE SIGN

Reflectorized
W1-4-30 307 x 30”7

W1-4-36 36~ x 36~
WI1-4-48 48”7 x 48~

On all roads (except minor roads and streets, where in the
judgment of the engineer the use of this sign is unnecessary)
where two curves in opposite directions are separated by a tan-
gent of less than 400 feet a Reverse Curve sign shall be used.
e Additional protection may be provided by use of the Curve Speed :

panel (W12-1). The speed indication displayed shall be that of :
the slower curve.

This sign shall be located in advance of the point of curvature
of the first curve at the approximate distance indicated below:

NS
L.

8bth Percentile Speed

35 & Below | 36-45 | 46-55 | 56 & Over |
= 250" 400 | 550 750° Zf
f; For placement see figure 1-11. '\
|

[ (Rev. 1)
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] WINDING ROAD SIGN

Reflectorized

Wi1-5-30 30”7 x 30~
W1-5-38 36" x 36~
W1-5-48 48" x 48"

L.
I

iy The Winding Road sign shall be used (except on minor roads
I and streets where in the judgment of the engineer the use of
' this gign is unnecessary} where there ig a series of three or more |
turns or curves, separated by tangent distances of less than 400
feet. Where this sign is warranted, consideration should be given
to the use of ‘a target arrow (W1-8) in target position at each
turn or curve. Additional protection may be provided by use of
the Curve Speed panel (W12-1). The speed indication displayed
shall be that of the slower turn or curve.

This sign shall be located in advance of the point of curvature
J of the first curve or turn at the approximate distance indicated

! below:

e 85th Percentile Speed

L 35 & Below 36-45 48-b5 56 & Qver
250" 4007 550’ 750"

For placement see figure 1-11.

(Rev. 1)
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o TARGET ARROW SIGN

Reflectorized

W1-6-48 48~ x 24”7
W1-6-96 96" x 48~

This sign may be used as a supplement to a Turn or Curve sign
for potentially hazardous turns or curves. To increase its target
_ value and to obscure misleading topography, the sign may be b
B mounted on a Lattice Background (W12-10). '
L Where further emphasis of the required movement is desired,

the W1-6-96 may be used in lieu of the unit consisting of the
¢ W1-6-48 and the W12-10.
. This sign shall not be used to mark the ends of medians,
) centerpiers, etc., where there is no change in the direction of
- travel for all traffic. Further, it shall not be used as a route
P directional confirmatory marker or in any location where an
ik intersecting street or highway of equal or nearly equal importance
presents a choice of movement.
: When used, the Target Arrow sign shall be erected in target
l position and, if possible, mounted high enough to be visible for at
' least 500 feet. It shall be placed at five feet minimum bottom
- height and two feet from the edge of the shoulder or curb face.




RAILROAD ADVANCE WARNING SIGN

- Reflectorized

W10-1-36 36" diameter (8" letters)

The circular Railroad Advance Warning sign shall be erected
gt in advance of all railread crossings. The distance from the inter-
b section of the center line of the highway with the nearest rail
o to the sign location shall be not less than 250 feet nor more

than 350 feet. All such signs must be maintained free from ob-
struction to vision for not less than 300 feet in advance of the
sign..

For placement see figure 1-11.
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CURVE SPEED PANEL

W12-1-2 21”7 x 217 (10” and 3 letters)
W12-1-24 24~ x 247 (127 and 3” letters)

The Curve Speed panel may beé used as a supplement to the
W1-1 through W1-5 signs only and shall display a speed legend
in increments of five miles per hour. Since this legend is advisory,
no Traffic Control Order is required. The W12-1-21 shall only be
used with the appropriate 36 inch Wi sign and the W12-1-24
with the appropriate 48 inch W1 sign.

To determine the accurate negotiable speed on a turn or curve
by the use of a ball bank indicator or Devil Level, several runs
should be made in the same direction to obtain the most accurate
reading possible. Readings obtained from several tria! runs in
the same direction shall determine the curve speed for that re-
spective direction. Since the comfortable turn or eurve speed on a
gpecific turn or curve may vary, depending on direction of travel,
the same procedure shall be used to obtain the curve speed for
the opposite direction.

The following table indicates the speed to be used on the Curve
Speed panel.

Appropriate
Indicator Reading  Speedometer Reading Panel Legend
10° 60, b9, or b8 60
10° b7, b6, b5, 54, or b3 55
10° 52, b1, b0, 49, or 48 50
10° 47, 46, 45, 44, or 43 45
10° 42, 41, 40, 39, or 38 40
10° 37, 36, 35, 34, or 33 35
12° 32, 81, 30, 29, or 28 80

12° 27, 26, 25, 24, or 23 25




£ Appropriate
{ Indicator Reading Speedometer Reading Panel Legend
e 14° 22, 21, 20, 19, or 18 20
£ 14° 17,16, 15, 14, or 12 15
B 14° 12, 11, or 10 10

The speed legend displayed may equal but never exceed that of
P the posted speed limit in a Speed Control Zone.
Lo For placement see figure 1-11.

-

e EXIT MILES PER HOUR SIGN

— ==

L

& =/

Reflectorized

I W12-2-48 487 x 607 {87, 16”, and 6" letters)

. This advisory sign shall be used only at ramps exiting from
;’* ; freeways where the safe apeed of the first curve on the off-ramp, ,
£ as determined by conditions at each individual location, is found |
to be less than 70 percent of the design speed for the freeway. I
If a safe speed indication is required for a second curve on 5}
an off-ramp well beyond the gore, a curve sign with a curve speed ;
panel should be used.

0 For placement see figure 1-35.




L DEER AREA SIGN
2

- Reflectorized
W12-8-36 367 x 36” (8” lettera)
£
This sign may be used in advance of, and at intervals through-
7 out, sections of highway where deer cross in somewhat well de-
- fined patterns and evidence exists that such crossings constitute
A a hazard.

A joint investigation must be made by representatives of the
: Michigan Department of Conservation and the agency having
o jurisdiction over the highway before this sign may be installed.
For placement see figure 1-11.
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STOP AHEAD SIGN

Reflectorized

W3-1-30 30~ x 307 (6” letters)
W3-1-36  36” x 36~ (8~ letters)

The “STOP AHEAD” sign shall be erected in advance of an
intersection where traffic is required to stop and the “STOP”
sign is not visible to motorists for a sufficient distance or
where emphasis is needed because of poor observance of the
stop. The “STOP AHEAD” sign may also he used in advance
of a red flashing beacon.

Where required, the W3-1-30 shall be used in advance of a
24-inch “STOP” sign and the W3-1-36 in advance of a 30 or
36-inch “STOP” sign.

Ixcept where used on State trunkline highways at junctions
with other State trunkline highways, it shall be located in
advance of the required stop at the approximate distance
indicated below:

[ —
|
!
1

85th Percentile Speed

35 & Below | 36-45 | 4655 | 56 & Over

RS UV g

2560 400’ 55’ 7507

For location on State trunkline highways see figures 1-17
and 1-26.

For placement see figure 1-11,
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