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INTRODUCTLION

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 Weré developed to assure the orderly implemen-—
tation of the Act.

Highway Safety Standard 4.4.9, Identification and
Surveillance of Accildent Locations, is one of those
standarde. The purpose of Standard 4.4.9 is to identify
specific locations or secilons of streets and highways
which have high or potentially high accident experience
as a8 basis for establishing priorities for improvement,
selective enforcement or other operational practices that
will eliminate or reduce the hazards at the location so
identified.

The State of Michigan carries out a program of this
type on the state trunklline sysftem; however, many of the
State's city and county agencles lack the financial and
technical prerequisites necessary to pursue similar
programs with similariy defined objectives. To insure
that this additional Highway Safety Standard is met and
te improve the overall evaluation of the accident picture
in Michigan, the Michigan Department of State Highways
requested and received through the 0ffice of Highway

Safety Planning in the Department of State Police




a federally funded project entiéled, “Traffic Accident
Analysis for Cities and Counties". The intent of this

new project is to provide a speclal traffic engineering

field service for cities and counties. In cooperation

with participating cities and counties, the proposed service
undey the direction of Department personnel will make a
traffic engineering evaluation of the factors causing traffic
accidents.and will recommend corrections to those conditions

which may be contributing to accidents.

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 accldents. This
gshould be accomplished by conducting traffic accident anal-
ysis of locations which experlence high accident frequencies,

and 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 1ocatiéns, an accident analysis of these high accident
locations, technical evaluation of previously compiled

facts and consequent remedial recommendations.




Since a portioﬁ of the data collection phase involves
accident records and reports, and since the Michigan
Department of State Police is responsible for keeping all
accident records in Michigan, the task of identifying and
1ocating-high accldent locations in the City of Escanaba
(and providing an inventory of those locations) was designated
as State Police responsibility. Since there is no automated
system of locating accidents on the city street system,
the high accident locations for the City of Escanaba were
determined by manually extracting and compiling those
loéations with the highest number of accidents from the
1970 city accident reports. From this list the 15 highest
accident locations were selected. Once the problem loca-
tions were identified, additional accident information for
the years 1968 and 1969 wag compiled in order to expand
the accldent base at each lecation. Upon completlon of
this portion of the data collection, the Department of
"State Police documented and transmitted to the Traffic &
Safety Division of the Department of State Highways a list,
along with the accident reports, of the high accident lo-
cations for the City of Escanaba.

The second portion of the data collection phase,
which is the responsibility of the Department of State
Highways, involves data collection utilizing the following
basic steps: 1) preparation of collision diagrams, and

if necessary, physical condition diagrams for each




selected location, 2) obtaining traffic counts where
Necessary.

The aécident analysis phase involves the analysis
of the summarized facts and field data from the view-
point of a highway traffic engineer with special attention
focused on the effect which the highway environment may
have had on the aceident. Thus, at each high accident
location, individual accident reports were reviewed in
detall and the accident factors were tabulated and grouped
in various tables. Collision diagrams were prepared for
éach location in order to identify accident patterns and
to locate the accident in relation to the intersection or
approaches to the intersection.

The traffic engineering analysis phase involves eval-
vating the summarized facts and flield data and prescribing

the proper remedial treatment.

STGDY AREA

The City of Escanaba, which is the county seat of
Delta County, covers 11.5 square miles. It is located on
the southern side of the Upper Peninsula on the shoreline
of.Lake Michigan at the mouth of Green Bay {See Figure 1).

Since 1920, Escanaba has had a steady increase in popu-
lation as can be seen from the population projection shown
in Figure 2. The City of Escanaba experienced its largest
growth between 1920 and 1930, when the population increased

10.8%. It was during this period that Escanaba was at the
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height of dits diron ore shipping activities. Between 1930
and 1960, Escanaba had a 6% increase in population. During
this pevriod Escanaba was in the process of expanding both
its economic activities which include iron ore shipments,
forest products and general manufacturing, and its port fa-
cilitdies. Due to residentia; movement toward the suburban
areas during the past decade, the city's population.has fol-
lowed the national trend by decreasing 0.1%. Due to present
and future expansions and being the only port on the southern
side qf the Upper Peninsula, Escanaba and the surrounding
ﬁicinity can look forward to a prosperous growth.

Escanaba features many attractions for their own com=-
munlty and for tourists. The Eécanaba Golf Club and High-
land Golf Club offer their facilities for those who like to
golf, Fiéhing enthusiasts can fish off the municipal dock,
Sand Point or nearby lakes and streams. With an average
snowfall of 56 inches, all the major winter sports can be
enjoyed by those who wish to partake.

The first settlement in the immediate vicinity was up-
stream on the Escanaba River where sawmills were cperating
as early as 1836. TForestry continues through the present
day tb provide for paper manufacture, pulpwood products,
lumber and precut houses.

During its first hundred years as a shipping port,
Escanaba exported 325 miliion tons of iron ore. The amount
of iron ore handled at Escanaba's shipping ports is in-

fluenced by several factors: the needs of the Chicago




market, the productiviity of the surrounding iron ranges
and the improvements in the Soo Locks.

The Federal, State, and Local governments employ the
most people in the cilty, while the single largest employer,
the Harnischfeger Corporation, employs 1,125 persons. This
firm has two plants in Escanaba with one manufacturing truck
cranes and the other welding machines. The second largest
employef is the Escanaba Papex Company, a Division of Mead
Corporation, which employs 625 persons,

According to the Nineteenth Annual Progress Report, as
compiled by the Local Government Division of the Michigan
Department of State Highways, the City of Escanaba has 75.02
miles of streets. This figure includes 6.05 miles of state
trunkline, 23.85 miles of major city streets and 45.12 miles
of local city streets. A map showing these road types can

be found on p. 9.
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TRAFFIC ENGINEERING ANALYSIS

The traffic engineering phase of any accldent analysis
study involves the evaluation of facts which are summarized
from each accident report as well as data obtained from
field investigations. From these sets of data recommenda-
tions are formulated for proper remedial treatment. One of
the primary fools used in this type of analysis is a graphic
representation of accidents on either a spot collision dia-
gram or a strip map which is used to locate the accident and
détermine definite accident patterns. Another useful tool
the traffic engineer uses in the analysis of accident data
is the summarization of aeccidents by types, wet or dry pave-
menf and dark or light conditions. These tocols are the en-
gineering techniques used in trying to eliminate the causes
of accidents.

There are, however, cases where an accident pattern
does not exist, and often these collisions are caused by
one ox more driving hazards such as inclement weather,
drinking drivers, defective equipment or excessive sgpeed.

In these cases the accident causes lie outside the juris-
diction of the traffic engineer and fall within the area of
enforcement. In this instance the traffic engineer can
offer specific information to the enforcing agency and re=-
quest thedir cooperation in increasing the safety of problem
areas.

The traffic engineering analysis began when the Mich-

igan Department of State Police, after compiling the

10




accident data for the city streets in Escanaba, transmitied
to the Michigan Department of State Highways 15 high accdi-
dent locations (See Spot Map, p. 12). A review of these lo-
cations shows that six of the locations were signalized and
the remaining nine were controlled by stop signs.

All of the signalized locations have only one signal
head. The MICHIGAN MANUAL OF TUNIFORM TRAFFIC CONTROL DE-
VICES states that a minimum of one overhead wvehicular signal
face pér approach is required at any signalized location.
However, it is strongly recommended that at least two vehic-
ﬁlar slgnal faces be pro;gagéméégwépproach for the following
reasons:

1} Two (or more) properly located overhead 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 back~-
ground such as advertising signs or the sun.

3) The occasionai lamp failure in one face will

not leave an approach without any signél in-
dication.

(See Part IV, Section B, pp. 326-327 of the MICHIGAN

MANUAL OF UNIFORM TRAFFIC CONTROL DEVICES, Appendix II,

Pp. 89-90).

The cost of extra signal heads may not be economically
feasible at this time, but it would be advantageous to em-

Ploy dual signal heads as funds become available.

11
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The high accident location Spot Map (Figure 4) shows
that 10 of the 15 high accident locations are on Ludington
Street in the Central Business District. These intersec~
tions run consecutively from 9th Street to Stephenson
Street, except for 22nd Street.

An dinitial review of the total accident experience at
the 15 high accident locations shows that parking accidents
constituted 44.57% of the total accidents (263 of 591 acci-
dents). The 10 accident locations on Ludington Street,
where angle parking is prevalent, had 233 parking accidents,
or 49.2% of a total 474 accidents at these locations. (See
Figure 5).

With these facts in mind, it isteEQ?ngﬁgémfhat all
angle parking in the City of Escanaba, especially Ludington
Street, ﬁe phased out and replaced by parallel parking.

The City of Lansing had a similar problem prior to 1958.
The angle parking was removed in favor of parallel parking
on Washington Avenue and Michigan Avenue in the Central Busi-
ness District; the results of which are found in Figure 6.
If these figures are applied to the City of Escanaba, a re-
duction of from 80-90%Z in parking acecidents could be expected.
On Ludington Street alone this would be between 185 and 210
accidents, or from $75,000 to $85,000 savings in property
damage costs alone,

Angle parking at 30° with 8ft. lanes, as is the case
here, yields 6.2 parking spaces per 100ft. Parallel parking
yields 4.6 parking spaces per 100ft. Since the city has
two large parking lots, with free parking in the Central

Business District, it 1is felt that the reduction in the
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PARKING ACCIDENTS

Fifteen High Accident Locations

In The City of Escanaba

Location "Total Parking % Parking

Number Accldents Accldents Accidents
%1 85 58 68.2%
*2 . 83 32 38.62%
#*3 66 27 ‘ 40.9%
*4 _ 46 25 55.67%
%5 46 | 35 76.17%

6 40 12 30.0%
®7 38 5 13.2%
s 37 18 48,77
*9 | 32 14 42.47%
10 31 3 9.8%

#11 23 12 52.2%
12 21 2 9.3%
%13 i8 7 38.9%
14 15 12 80.0%
15 10 1 10.02%
Total 591 263 44 .5%

*Intersections on Ludington Street

Total 474 233 49.27%



number of parking spaces would not create a critical shortage
of parking in the downtown area.

In addition to the increase i1n séfety for the motorist
with the removal of angle parking, there is also an increase
in capacity on the street system. Allowing 8 feet for par-
allel parking on either side of Ludington Street, which is 68
feet wide for the study section, there would be 52 feet of
pavement remaining to facilitate through and turning move-—
ments on Ludington Street. All cross streets, where angle
parkiqg would be removed, should ?e“markeé with twe approach
ianes as has been done on other intersections on Ludington
Street.

The new MANUAL OF UNIFORM TRAFFIC CONTROL DEVICES has re-
vised pavement markinés as shown in Appendix II, pp. 95 and
96. To comély with these changes the city should, on the
next application of pavement markings, follow the guidelines
set forth in the new MANUAL and illustrated in Appendix II.

Since parking accidents constituted the only problem at
several of the locations on Ludington Street, they will not
be discussed in further detail. The collision diagrams and
pictures for these locations will be found in Appendix I.

The locations which may require additional corrective engi-
neering will be discussed in detail, with the collision dia-
gram and picﬁures following the discussion.

Location 15 had no accident patterns or potential driving
hazards and will also be found in Appendix I.

Additional statistical information was collected on traf-

fic accidents in the City of Escanaba for the period 1968-70.
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This information, which may be a8 valuable tool in selective
enforcement, 1s contained in Tables 1 through 8 (See pp.‘18
through 23}.

Table 1 shows that there was a total of 2,765 accidents
in the cify during the three-year study period. City streets
accounted for 2,274 of the accidents; while the 15 study lo-
cations had 591 accidents during the three-year study period.

The information summarized in Table 2 shows that the peak
accident month was December at the 15 study locations. Table
2 also shows that the peak accident day was Saturday and that
épproximately 51% of the accidents coccurred during the week-
end period Friday through Sunday.

Table 3 indicates that there were only 69 personal injury
accidents and 522 property damage accidents, during the three-
year study period, at the 15 study locations. This reflects
on the high incidence of parking accidents, since the majority
of parking accidents involve slow moving vehicles. It also
shows that 39.1% (231) of the accidents occurred at night.

Table 4 shows that the peak accident hours were 3:00 to
4:00 pom. (8.1%Z) and 4:00 to 5:00 p.m., (8.1%Z). Tables 5 and
6 show the age and residence of drivers; while Tables 7 and
8 show the weather conditions and pavement conditions at the

15 study locations.



: FIGURE 6
CITY OF LANSING

TRAFFIC DEPARTMENT

ACCIDENT COMPARISON - ANGLE PARKING AND PARALLEL PARKING

WASHINGTON AVENUE -~ NINE BLOCKS - GENESEE TO LENAWEE

ALL MID-BLOGCK ACCIDENTS
ANGLE PARKING PARALLEL
PARKING
WASHINGTON AVENUE 1954 1955 1956 1957 1958
 JUNE : 22 10 21 18 2
JuLy 9 17 17 15 3
AUGUST 25 16 23 10 1
3 ﬁONTﬁ TOTALS 56 43 61 43 6
ALL MID-BLOCK ACCIDENTS
PARALLEL
ANGLE PARKING PARKING
EAST MICHIGAN AVENUH 1954 1955 1956 | 1957 1958
MAY 3 6 9 10 1
JUNE - 8 5 7 s 0
JULY ' 7 3 3 7 1
AUGUST 6 s 5 4 2
4 MONTH TOTALS | .24 19 24 26 4

COMPILED BY: ALLEN T. HAYES, CITY TRAFFIC ENGINEER
From

Official Lansing Police Department Accident Reports
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TABLE 1 ‘ 18

REPORTED TRAFFIC ACCIDENTS IN THE CITY OF ESCANABA

City [Property Persons yPersons

Year Ioial | Streel | Damace Injuryy Fatal jInjuredjKilled
1966 798 1 702 638 159 1 248 1
1967 & 693 612 554 134 5 199 5
1968 815 682 670 145 0 21% 0
1969 983 811 805 177 1 262 | 1
i970 967 781 778 185 4 276 L b

COMPARISON OF ACCIDENT FREQUENCY

Escanaba City Delta County Total Aceidents

Year Streets Roads State of Mich.,
: 1966 102 194 302,880
1967 612 126 299,004
1968 . 682 ' 237 305,495
1969 811 - 303 ' 331,223
1970 781 266 313,715

PERCENTAGE CHANGE FOR ABOVE TOTALS

1966 — 67 : ~12,8 : 1.0 ~1.3
1967 - 68 11.4 20.9 2.2
1968 ~ 69 18.9 27.8 8.4
1969 - 70 - 3.7 ~12.2 . —5,6-




ACCIDENT ANALYSIS

Table 2

MONTHLY AND DAILY ACCIDENT OCCURRENCE

FIFTEEN HIGH ACCIDENT LOCATIONS IN THE CITY OF ESCANABA

Period Studied:

1968 through 1970

19

Day of the Week

Monthly of

Month Mon. Tues. Wed. {Thurs. Fri. Sat. Sun. Total Total
Jenuary 3 4 9 7 7 15 6 51 8.6
February 4 3 8 2 7 12 3 39 6.7
March 4 5 5‘ 7 4 17 5 47 8.0
April 4 8 7 2 7 11 5 b 7.4
May 4 8 4 3 13 9 7 48 8.1
June 8 8 3 7 B 6 1 41 6.9
July 4 7 11 4 13 6 7 52 8.8
August 9 9 5 2 17 10 2 54 9.1
September 5 5 7 7 9 13 9 55 9.3
October 2 11 12 & 11 10 1 51 8.6
November 4 1 6 7 13 10 5 46 7.8
December | 13 9 8 11 9 7 6 63 10. 7
Ry, 64 78 85 63 118 }126 57 591 100.0
gqeggj} 10.8 §13.2 |14.4 | 10.7 {20.0 [21.3 | 9.6 {| 100.0 |100.0

Peak Accident Day: Saturday

Peak Accident Month:

December




ACCIDENT ANALYSIS

Table 3

ANNUAL ACCIDENT SUMMARY

FIFTEEN HIGH ACCIDENT LOCATIONS IN THE CITY OF ESCANABA
Period Studied: 1968 through 1970
Accident Type Day - Night Total
Fatal Accident

Persqnal Injury Acc. 41 28 69

Property Damage Acc, 319 203 522

Total 360 231 591

E 2 T
Fatal Injury Prop. Damage] Sub. Total
Month ' Total

Dey Night| Day (Night | Day | Night! Day |[Night
January 4 22 25 26 25 51
February 3 2 19 15 22 17 39
March 3 2 17 25 | 20 27 47
April 4 1 29 10 33 11 44
May 6 1 32 9 38 10 48
June 1 2 25 13 26 15 41
July 4 5 30 13 | 34 18 52
August 2 2 35 15 § 37 17 54
September 4 2 32 17 | 36 19 55
October 4 4 25 18 29 22 51
November 5 4 18 19 23 23 46
December 1 3 35 24 36 27 63
8. Total 41 28 1319 | 203 {360 {231 591
Total 69 5072 | 591 591




ACCIDENT ANALYSIS

Table 4

DATLY AND HOURLY ACCIDENT OCCURRENCE

FIFTEEN HIGH ACCIDENT LOCATIONS IN THE CITY OF ESCANABA

'Period Studied:

1968 through 1970

Y 6L ThHe Week

Hour % of
~Hour Mon. | Tues. | Wed. [Thurs.l] Frl.] Sat. Sun. | Total | Total
12-1 a.m. i 2 1 8 7 19 3.2
1-2 a.m 1 2 1 1 5 0.8
2«3 a 2 2 7 7 18 3.0
3-4 a 1 2 1 1 3 11 1.9
4-5 a,m, 1 1 0.2
2 2 0.3
1 1 2 0.3
3 1 4 0.7
1 5 3 2 1 15 2.5
3 3 5 3 2 18 3.0
4 7. 2 1 10 28 4.8
2 6 7 5 3 11 4 38 6.4
5 4 6 5 5 2 32 5.4
8 4 3 7 3 1 35 5.9
5 3 8 6 8 11 1 42 7.1
4 4 10 4 13 6 48 8.1
p.m, 7 9 9 5 11 48 8.1
D« 3 4 6 5 10 8 3 39 6.7
p.m, 3 2 1 3 5 5 19 3.2
pP.m. 3 5 5 3 11 2 1 30 5.1
8=9 p.m., 5 7 4 1 14 8 4 43 7.3
9-10 p.m. 7 1 6 8 6 5 33 5.6
10-11 p.m, 1 5 2 3 7 9 1 28 4.8
11-12 p.m. 2 7 12 4 30 5.1
Not Stated 1 2 3 0.5
5§Pay Total | 64 | 78 85 | 63 (118 (126 57 1| 591 | 100.0
# % of Total|10,8 J13.2 | 14.41 10,7 j20.0 | 21.3] 9.6 |100.0 | 100.0

3 = 4 p.m,

Peak Accident Hour: 4, - 5 p.m.

Peak Accident Day: Saturday

g




ACCIDENT ANALYSTIS

Tabl

e 5

AGE OF DRIVERS INVOLVED IN ACCIDENTS

22

FIFTEEN HIGH ACCIDENT LOCATIONS IN THE CITY OFlESCANABA

Period'Studied:

1968 thyrough 1970

Number of Drivers Imvolved in
Giiip Fatal Injury nggzggy Total Fereent
Under 16 é 2 0.2
16 - i9 38 210 248 24,3
20 - 24 24 142 166 16.2
25 - 34 14 113 o127 12.4
35 = 44 13 113 126 12.3
45 = 54 16 118 134 13.1
55 - 64 il 93 104 10.2
65 - 74 9 55 64 6.3
75 & Oven 2 23 25 2.4
Not Stated 1 26 27 2.6
TOTAL 128 895 1023 100.0
Table 6

RESIDENCE OF DRIVERS INVOLVED IN ACCIDENTS

Number of Drivers Involved in
Residence : Property Percent
Fatal Injury Damage Total

City 68 465 533 52.1
County 36 296 332 32.5

t Michigan 18 67 85 8.3
| Out of State 5 42 47 4.6
Not Stated 1 25 26 2.5
TOTAL 128 895 1023 100.0




WEATHER CONDITIONS AT SCENE OF ACCIDENTS

ACCIDENT ANALYSIS

Table 7

FIFTEEN HIGH ACCIDENT LOCATIONS IN THE CITY OF ESCANABA

Period Studied:

1968 through 1970

Severity of Accident
Weather Fatal Injury P;Zizzzy rotal Percent
Clear or Cloudy 59 440 4G9 84 .4
Rain 7 43 50 B.5
Fog 1 1 2 0.3
Snow or'Sleef 2 38 40 6.8
Neot Statéd
TOTAL 69 522 591 100.0
TABLE 38
PAVEMENT CONDITIONS AT SCENE OF ACCIDENTS
Severity of Accldent
Pavement Percent
Fatal Injury #;:i;;;y Total
Dry 50 323 373 63.1
Wet 11 80 - 91 15.4
Snowy/Icy 7 108 115 19.5
Icy 1 11 12 2.0
Not Stated
TOTAL 69 522 591 160.0

23
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LOCATION 1 LUDINGTON STREET AT 11TH STREET

(For Recommendations see TRAFFIC ENGINEERING ANALYSIS

and Appendix I, p. 61)

Total P.D. Inj. Fatal
85 80 5 0
LOCATION 2 LUDINGTON STREET AT 14TH STREET

Ludington Street and l4th Street form a right-angle
intersection in the Central Business District of the city.
Lﬁdington Street has a 68ft. bituminous pavement, with
curb and gutter, and l4th Street has a 56ft. bituminous
‘pavement, with curb and gutter. Angle parking 1is permitted
on both sides of Ludington, as indicated in the TRAFFIC
ENGINEERING ANALYSIS. However, it is restricted on both
sides of Ludington Street, west of the intérsection, for
approximately 100 feet., North of the intersection, on 1l4th
Street, ﬁarallel parking is permitted on both sides except
for 100 feet from the intersection on the west side. The
south leg of the intersection has parallel parking on the
west side and angle parking on the east side.

Traffiec is controlled by a pre-timed g@ggle head sig-
nal with eight inch lenses. 1t operates on a ﬁb second
cycle with a 60%-407% split, Ludington to l4th., The amber
time is 5% of the cycle length.

The approaches on all four legs of the intersection
have two lanes into the intersection and one lane out of

the intersection (See Figure 7a and 7b).
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During the three~year study period, 1968-1970, this lo-
cation was the scene of B3 accidents. Parking accidents
constituted the most significant type of accident with 32
(38.6%Z). Rear end acecddents with 24 (28.97), sideswipe
accidents with 9 (10.8%) and angle accidents with 9 (LO.B%),

formed the remaining patterns.

Recommendations

Parking removal has been discussed in the TRAFFIC EN-
GINEERING ANALYSIS part of the report. It is also recom-
mended that the amber time be changed from 5% to 6%. This
change should help reduce the incidence of right—angle ac-
cidents and possibly some rear end accidents by increasing
the clearance interval. Rear end accidents will also be
reduced if the angle parking is changed to parallel parking.

Finally, it is recommended that vehicles be prohibited
from angle parking on the east side of 1l4th Street, south
of the intersection. The pavement is marked to show two
approach lanes (See Figure 7b) but the parked vehicles are

restricting the use of the outer lamne.
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LOCATION 3 LUDINGTON STREET AT 10TH STREET

(For Recommendations see TRAFFIC ENGINEERING ANALYSIS

and Appendix I, p.64)

Total P. D. Inj. Fatal
66 59 7 0

LOCATIONVA LUDINGFTON STREET AT 12TH STREET

{(For Recommendations see TRAFFIC ENGINEERING ANALYSIS

and Appendix I, p.66)

Total P. b, Inj. Fatal
46 43 3 0
LOCATION 5 LUDINGTON STREET AT 13TH STREET

This location had no existing or potential hazards
other than the previously discussed parking problem. Field
investigation did however reveal that the existing 24in.
stop sign (R1-1-24, Appendix II, p.76), north of the inter-
section was in poor condition. It isg, therefore, recommended

that this sign be replaced by a new 24in. stop sign.
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LOCATION 6 STEPHENSON AVENUE AT 3RD AVENUE NORTH

Located three blocks north of the Central Business Dis-
trict, Stephemnson Avenue and 3rd Avenue North form a right-
angle intersection. There is a single track railroad grade
crossing 151 feet to the north of the intersection. Bothr
Stephenson Avenue and 3rd Avenue North have 56ft. bituminous
pavements with curb and gutter.

Parallel parking is permitted on both sides of all iegs
of the infersection._ Each approach has a2 solid white center-
line, with two-10ft. inbound lanes and one-20ft. outbound
lane. There is a no‘parking zone, approximately 30 feet
long, from each curb 1line on all corners of the intersection,.

Traffic is controlled by a pre~timed single head sig-
nal, with eight inch lenses, operating on a 60 second cycle,
The cycie split is 60%-407%, Stephenson to 3rd Avenue North,
and the amber time is 5% of the cycle length. There is also
a red flashing arrow for southbound to westbound traffic.
North of the grade crossing there is also a single face sig-
nal stopping southbound traffic at the grade crossing. This
signal head prevents a backup at the intersection to the
grade crossing.

The signal goes to a green phase on 3rd Avenue North
and a red phase on Stephenson Avenue when a train is crossing
Stephenson Avenue.

The protection at the railroad grade crossing consists
of a Railroad Crossing sign (W10-2, Appendix II, p.79 )} and

cantilevered flashing lights.
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This location was the scene of 40 accidents during the
fhree—year study period, 1968-1970. The most significant
accident patterns were formed by 12 parking accidents (30%),
9 rear end accidents (22.5%), and 7 right-angle accidents
(17.5%Z). The 12 remaining accidents formed no significant

patterns.

Recommendations

Eight of the parking accidents were attributable to the
angle-parking which exlsted at this location during the first
year of the study. .Siﬁce the parking has been changed to
parallel, this type of accident will be reduced.

The only recommendaition at this location involves chang-
ing the amber time to 6% of the total cycle length. This
change should reduce the incidence of right-~angle accidents

at the intersection.
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LOCATION 7 LUDINGTON STREET AT STEPHENSON AVENUE

Ludington Street and Stephenson Avenue form a "T" in-
tersection at the west end of the Central Business District.
Ludington Street has & 68ft. bituminous pavement, with curb
and gutger, east of the intersection and a 58ft. bituminous
pavement, with curb and gutter, west of the intersection.
Parallel parking is permitted on both sides of Stephenson
Avenue‘and opposite Stephenson Avenue on the south side of
Ludington Street. There is a no parking zone on the north
side of Luéington Street, west of the intersection; while
angle parking is pefmifted cn the north side of Ludington
Street, east of the intersection. Each approach to the in-
tersection has two inbound lanes and one outbound lane.

Traffic is controlled at the Iintersection by a pre-timed
single head signal with eight inch lenses. It operates on
a 60 second cycle with a 607%-40% split, Ludington Street to
Stephenson Avenue. The amber time is 5% of the cycle length.
There 1s also a steady green arrow for westbound to north-
bound vehicles.

During the three-year study period there were 38 acci-
dents at this location. Rear end accidents were the most
significant type accounting for 20, or 52.67%7 of the total
accidents., The remaining 18 accidents formed no significant

patterns.
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Recommendations

Eight of the 20 rear end accidents occurred on sSnowy or
iecy pavement: therefore, the incildence of rear—end accidents
cannot be considered critical. It is recommended, however,
that the amber time be increased to 6% of the cycle time.
This change will coincide with the changes made at Locations

2 and 6.
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LOCATION 8 LUDINGTON STREET AT 22ND STREET

Ludington Street and 22nd Street form a right-angle
intersection on the western end of the Central Business
District. Ludington Street has a 68ft. bituminous pave-
ment, with curb and gutter, and 22nd Street has a 37ft.
bituminous pavement, with curb and gutter. Ludington
Street has angle parking on all legs of the intersection
except for the south =ide east of the intersection. South
of the intersection, 22nd Street has parallel parking,
and north of the intersection there is parallel parking
on the east side and angle parking on the west side, Lud-
ington Street has a solid white centerline.

Traffic is controlled by two 24in. stop signs (R1-1-24,
Appendix II, p.76) on 22nd Street. These stop signs are in
poor condition.,

This location was the scene of 37 accidents during the
three~year study period and parking accidents formed the
most significant pattern. There were 18 parking accidents
or 48.7% of the total., The remaining accidents formed no

significant patterns.

Recommendations

Review of the collision diagram shows that 12 of the 18
parking accidents involved vehicles backing from the angle

parking slots adjacent to a restaurant in the northeast
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quadrant of the intersectlon. It is, therefore, recommended
that the angle parking adjacent to the restaurant be changed
to parallél.

Finally, 1t is recommended that the stop signs on 22nd

Street be replaced, as they are in poor condition.
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LOCATION 9 LUDINGTON STREET AT 16TH STREET

(For Recommendations see TRAFFIC ENGINEERING ANALYSIS

and Appendix I, p.,68)

Total P. D. Inj. Fatal
33 25 8 0
LOCATION 10 SOUTH 14TH STREET AT 1ST AVENUE SOUTH

Located in the central part of the city, one block

south of the Central Business District, South 14th Street

and lét Avenue South form a right—angle intersection. South
l4th Street has a 35ft° bituminous pavement, with curb and
gutter, and lst Avenue South has a 40ft. bituminous pavement,
with curb and gutter. Parallel parking is permitted on both
sides of all legs of the intersection, except for the east
side of South 14th Street, north of the intersection.

South l4th Street has a solid white centerline, north

of the intersection, and south of the intersection it has a
broken white centerline. Traffic is controlled by two 24in.

stop signs (R1=-1-24, Appendix II, p.76) on lst Avenue South.

This intersection was the scene of 31 accidents during

the three~year study period. Right-angle accidents were the
predominant type, with 24, or 77.4% of the total. The re-

maining accidents formed no significant accident patterns.

Recommendations

The MICHIGAN MANUAL OF UNIFORM TRAFFIC CONTROL DEVICES lists

six possible warrants for the installation of pre-timed
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. signals (See Appendix II, pp. 81-88). A signal can be in-
stalled and operated only when one or more of the warrants
are met.

Warrant 5, Accident Experience, is satisfied when there
are five or more accldents of the type (right-angle) suscep-
tible of correction .by a traffic signal, occurring during a
12-month period, and there is a volume of vehicular traffic
not less than 80% of the requirements stated in Warrant 1.
Since there were 24 angle accidents, or an average of eight
per year, Warrant 5, Accident Experience, is satisfied.

Figures obtained from the 1968 Highway Needs Study show
that South l4th Street had an estimated daily bi~directiomnal
volume of 8,200 vehicles. West of the intersection, 1lst
Avenue South had an estimated daily bi~directional volume
of 2,990 vehicles, and east of the intersection the volume
was estimated to be 5,430 vehicles per day. (See Appendix
IT, p. 92, for volume warrants.) Since the figures obtained
from the Highway Needs Study are greater than the figures
indicated in Appendix II, Warrant 1 is satisfied.

It is,thereforeafﬁqemmgQQquthat a pre-timed dual head
signal be installed at the intersection. It should coperate
on a 60 second cycle split 607%-40%, lst Avenue South to South
14th Street, with a 6% amber. Since there is a signal one
block (400 feet) to the north (See Location 2, p. 24), these
signals should be interconnected to provide progression be-

tween the two locations.
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Parking should also be removed for 150 feet on both
?; ‘ sides of all legs of the intersection. This is necessary

to provide separation at the approaches for left turning

vehicles from through and right turning vehicles.
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LOCATION il LUDINGTON STREET AT 9TH STREET

This location had no existing or potential hazards
other than the previously discussed parking problem. Fileld
investigation did, however, reveal that the existing 24in.
stop sign (R1-1-24, Appendlx II, p.76), south of the inter-

section was in poor condition., It is, therefore, recommended

that this sign be replaced by a new 24in. stop sign.
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LOCATION 12 SOUTH 10TH STREET AT 15T AVENUE S0OUTH

South 10th Street and lst Avenue South form a right-

angle intersection one block south of the Central Business
District. South 10th Street has a 52ft. bituminous pave-
ment, with curb and guttér, and 1lst Avenue}South has a 40ft.
bituminous pavement with curb and gutter, =Parallel parking

is permitted on both sides of 10th Street, south of the in-

tersection, and lst Avenue South, east of the intersection,
Tenth Street, north of the intersection, has no parking on
both sides for 100 feet from the intersection. West of the
intersection, lst Avénﬁe South has parallel parking on the
south side and no parking on the north side.

Traffic is controlled by two 24 inch stop signs (R1-1-24,
Appendix II, p. 76) on lst Avenue South.

From 1968-1970 there were 21 accidents at this location.
Right-angle accidents, with 10, accounted for 47.6% of the
total accidents. The remaining 11 accidents formed no sig-

nificant correctable patterns.

Recommendations

As a remedial measure to help reduce the incidence of
right-angle accidents at this location, it is recommended
that a flashing beacon be installed at the intersection.

A flashing beacon 1s warranted when one of two warrants
is met (See Appendix II, pp. 93 and 94). Warrant 1 requires
a concentration of four or moré angle accidents over a two

year period; and, since the average incidence of angle acci-

dents is six per two year period, this warrant is satisfied.
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LOCATION 13 LUDINGTON STREET AT 15TH STREET

{For Recommendations see TRAFFIC ENGINEERING ANALYSIS

and Appendix I, p. 70)

Total P.D. Inj. Fatal
18 15 3 0
LOCATION 14 SHERIDAN AVENUE AT 16TH AVENUE NORTH

Sheridan Avenue and 16th Avenue North form a right—-angle
intersection located near the northeast city limits. 8ix-
teenth Avenue east of the intersection becomes an unpaved
alley 200 feet from Sheridan Avenue. Sheridan Avenue has
a 40ft. bituminous pavement, with curb and gutter, and léth
‘Avenue North has a 30ft. bituminous pavement with curb and
gutter. The southeast and southwest quadrants are occupied
by taverns. Parallel parking is permitted on all legs of
the intersection, except for the south side of 16th Avenue
North, west of the intersection, where there is angle park-
ing.

Traffic is controlled by a 24 inch stop sign (R1-1-24,
Appendix II, p. 76) on 16th Avenue North for eastbound ve-
hicles. Sheridan Avenue has broken white centerlines.

During the three~year study period there were 15 re-
ported accidents at this location. Parking accidents were
the predominant type with 12, or 80%Z of the total. Four-
teen of the 15 accidents occurred between 8:00 p.m. and 2:30
a.m., and eight of the accidents occurred on a Friday or

Saturday.
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Recommendations

To ease part of the problem, it is recommended that the
angle parking on the south side of 16th Avenue North, west
of the intersection, be replaced by parallel parking. This
will eliminate the conflict between vehicles backing from
the angle parking spots on the south side of the street and
those vehicles parallel parked on the north side of the street.

There are no other recommended engineering improvements;
however, a review of the accident reports showed that only
"two of the reports stated definitely that neither driver had
been drinking. The remailining reports stated that the in-
fluence was not known, not known if drinking, not under the
influence, and one driver was under the influence.

With these facts in mind and since practically all the
accidents occurred during the days and hours when the con-
sumption of alcoholic beverages is the greatest, it is felt
part of tﬁe problem is the drinking driver. Since this lies
outside the jurisdiction of the traffic engineer, as discussed
in the TRAFFIC ENGINEERING ANALYSIS, it is felt that police

surveillance of the area may be necessary.
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LOCATION 15 SOUTH 14TH STREET AT 5TH AVENUE SOUTH

{For Recommendations see TRAFFIC ENGINEERING ANALYSIS

and Appendix X, p.72)

Totral P, D. Inj., Fatal

10 8 2 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 appleability of
legal requirements that would not otherwise be apparent. Great
care must be exercised tc see that they are erected wherever
needed to fulfill this purpose, but unnecessarv 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 mot in themselves imposing any obligations
or prohibitions,

Regulatory signs shall be ereected at those locations where
the regulations apply and shall be mounted so as to be easily
vigible 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 unless the regulations thereon
set forth are adequately enforced.

Repulatory signs are clagsified in the following groups:

{1} Right-of-Way {(R1 Seriea)
a. “STOP” Sign
b, “YIELD” Sign

(2) BSpeed {R2 Series)
(3) Movement (R3 Series)

a. Turning

b. Alignment

¢. One Way

d. Exclusion
(4) Parking (R4 Series)
(b} Pedestrian (Rb Series)
(6) Miseellaneous (RS 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 principai exceptions referred to 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 { 8 letters)
R1-1-30 807 x 307 (12” letters)
R1-1-36 86~ x 367 (12" letters)

All “STOP” signs shall be reflectorized or internally illuminated
so 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 sfop,
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 intersections controlled by a traffic contrel signal.

4. At intersections where a flashing red beacon exists.

There shall be no “STOP" signs on approaches to an inter-
section where such approaches are controlled by a traffic control
signal,

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

Secondary messages shall not be used on the face of a “STOP”
gign. At a four-way stop intersection, each “STOP” gign may

76




Section C. Warning Signs

Intreduction

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 apeed or other
maneuver in the interest of his own safety and that of other
motorists and pedestrians. Adequate warnings are of great
asgistance 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 freguent use of them or their un-
necessary use to warn of conditions which are apparent tends fo
bring disrespect for all signs.

The conditions warranting warning pigns are clasgified 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)
3. Advance Warning of Control Devices (W3 Series)
4. Converging Traffic Lanes {W4 Seriea)
5, Narrow Roadways {W5 Series)
6. Changes in Highway Design (W6 Series)
7. Grades (W17 Series)
8. Roadway Surface Conditions {W8 Series)
9. Schools and Pedestrians (W9 Series)
10. Railroad Crossings (W10 Series)
i11. Entrances and Crossings (W11 Séries)
12. Miscellaneous (W12 Series)
13. Construction and Maintenance (W13 Series)”

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

*Special warning signs for highway construetion and maintenance projects
are to be found in Part II of this Mznual
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the Railroad Crosaing signs, the Target Arrow signs, the Curve
Speed panel, the Exit Speed sign, the Obstruction panel, 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
gigns set forth in this section. However, after the Engineer has
exhausted all possibilities, it may be found that no standard
sign fita the situstion and warning signs, other than those
gpecified, may be required. Such signs shall conform with the
general specifications for size (80”7 minimuim), shape, and color
of warning signs. All warning signs having significance during
hours of darkness shall be refiectorized or illuminated.

78




RAILROAD CROSSING SIGN

Reflectorized

W10-2 (514" and 4” letters)

The Railroad Crossing sign shall be used in advance of a rail-
road-highway grade crossing. A supplementary legend denot-
ing the number of tracks may be used only for those crossings
consisting of two or more tracks. If crossings are separated by
100 feet or more each shall be treated as a separate crossing.

This sign shall be located in advance of the nearest rail at a
distance specified by railroad authorities. Distance from the
roadway shall be as specified by figure 1-11. In no case shall this
sign be mounted or placed in the roadway.

Details concerning responsibility for furnishing, renewing, or
maintaining the Railroad Crossing sign are outlined in Section 5,
Act 270 P.A. 1921, as amended.

LIBRARY
michigan department of
staie highways

LANSING
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Section D. Pretimed Signals

Definition

A pretimed signal ig a traffic control signal which alternately
directs traffic to stop or to proceed in accordance with a single
predetermined time schedule or a series of such schedules.

Operational features of pretimed signals, such as cycle length,
split, sequence, offset, etc., can be changed according to a pre-
determined program.

Advance Engineering Dats Hequired

A comprehensive investigation of traffic conditions and physical
characteristics of the intersection is required to determine the
necessity for a signal installation and to furnish necessary data
for the proper design and operation of a signal that is found to
be warranted. Such data may include:

1. The number of vehicles entering the intersection in each
hour from each approach during all 24 hours of a repre-
sentative day.

2. Vehicular volumes for each traffic movement from each
approach (may be classified by vehicle type) during each
15-minute period of the high eight hours of a represent-
ative day.

3. Pedestrian volume counts on each crosswalk during the
same periods as the vehicuiar counts in paragraph two
“above and also during hours of highest pedestrian volume,
if not already covered. Pedestrian surveys must usually
be tailored to fit the expected problem. For inglance, at
locations where complaints have been received concerning
sehool children crossing the highway, the survey should
differenliate between school children and adults.

4. The 8bth-percentile speed of vehicles on the approaches
to the intersgection.

5. A condition diagram showing details of the physical lay-
out, including such features as intersectional geometrics,
channelization, grades, sight-distance restrictions, bus
stops and routings, parking conditions, pavement mark-
ings, street lighting, driveways, location of nearby rail-
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road crossings, distance to nearest signals, utility poles
and fixtures, and adjacent land use.

8. A collision diagram showing accident experience by type,
direction of movement, severity, weather, pavement con-
dition, time of day, date and day of week for at least
one year.

7. Vehicle-seconds delay determined separately for each
approach.

8. The number, length of gap (in seconds) and distribution
of gaps in the vehicular traffic on the major street.

Warranis for Preiimed Signals

Pretimed signals may be installed and operated only when one
or more of the following warrants are satisfied:

Warrant 1.—Minimum vehicular volume.
Warrant 2.—Interruption of eontinuous traffie.
Warrant 3.—Minimum pedestrian volume.
Warrant 4.—Progressive movement.

Warrant §.—Accident experience,

Warrant §.—Combinations of warrants.

The investigation of the need for signal control should include
an analysis of the degree to which each of the above warrants
is met.

When for a period of four or more consecutive hours any
traffic volume drops to 50 percent or less of the stated volume
warrants, it is desirable that flashing operalion be substituted
for conventional operation for the duration of such periods.
However, such flashing operation should be restricted to no more
than three geparate periods during each day.

Warrant 1, Minimum Vehicular Volume

The minimum vehicular volume warrant is intended for ap-
plication where the volume of intersecting traffic is the principal
reason for consideration of signal installation. The warrant is
gatisfied when for each of any eight hours of an average day
the traffic volumes given below exist on the major street and
on the higher-volume minor-street approach fo the intersection.

81




Minimum Vehicular Volumes for Warrant .

Number of lanes for moving
traffic on each approach

Vehicles per
hour on major

Vehicles per
hour on higher-
volume minor-

atreet (total of |atreet approach

Major Street | Minor Street | both approaches)| (one direction
only)
R, ¥ ..., 500 150
2 or more * . 600 150
2 or more 2 or more 600 200
) 2 or more 500 200

*Flaring required to‘separate feft turning traffie ff‘om through and right
turning traffic.

The major-sireet and the minor-gtreet volumes are for the

same eight hours. During those eight hours, the direction of
higher volume on the minor street may be on one approach
during some hours and on the opposite approach during other
hours.

When the 85th-percentile speed of major-gtreet traffic exceeda
40 miles per hour, or when the intersection lies within the built-up
area of an isolated community having a population less than
10,000, the minimum vehicular volume warrant is 70 percent of
the requirements above, in recognition of differences in the nature
and operational characteristics of traffic in urban and rural en-
vironments and smaller municipalities.

Warlrant 2, Interruption of Continuous Traffic

The interruption of continuous traffic warrant is intended for
application where operating conditions on a major street are
such that the minor-street traffic suffers undue delay or hazard
in entering or crossing the major street. The warrant ig satisfied
when for each of any eight hours of an average day the traffic
volumes given below exist on the major street and on the higher-
volume minor-street approach to the intersection, and the signal
inatallation will not seriously disrupt progressive traffic flow.
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Minimum Vehicular Volumes for Warrant 2.

Number of lan

es for moving

traffic on each approach

Vehicles per
hour on major

Vehicles per
hour on higher-
volume minor-

street (total of |street approach

Major Street | Minor Street [both approaches)! (one direction
' only)
) I 750 75
2 or more A 9500 75
2 or more 2 or more 900 100
* ... . | 2 or more 750 100

*Flaring vequired to separate left turning traffic from through and right
turning traffic.

The major-street and minor-street volumes are for the same
eight hours. During those eight hours, the direction of higher
volume on the minor street may be on one approach during some
hours and on the opposite approach during other hours.

When the 85th-percentile speed of major-street traffic exceeds
40 miles per hour, or when the intersection lies within the built-up
area of an isolated eommunity having a population less than
10,000, the interruption of continuous traffic warrant is 70
percent of the requirements above, in recognition of differences
in the nature and operational characteristics of traffic in urban
and rural environments and smaller municipalities.

Warrani 3, Minimum Pedestrian Volume

The minimum pedestrian volume warrant is satisfied when for
each of any eight hours of an average day the following traffic
volumes exist:

1. On the major street 600 or more vehicles per hour enter
the intersection (total of both approaches); or 1,000 or
more vehicles per hour (total of both approaches) enter
the intersection on the major street where there igs a
raised median island four feet or more in width ; and

2. During the same eight hourg as in paragraph one there
are 150 or more pedestrians per hour on the highest
volume crosswalk crossing the major street.

When the 85th-percentile speed of major-street traffic exceeds
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40 miles per hour, or when the intersection lieg within the built-up
area of an isolated community having a population of less than
10,000, the minimum pedestrian volume warrant is 70 percent of
the requirements above, in recognition of differences in the nature
and operational characteristics of traffic in urban and rural en-
vironments and smaller municipalities.

A gignal installed under this warrant at an isolated intersection
should be of the semi-traffic-actuated type with push buttons for
pedestrians crossing the main street. If such a signal is installed
at an intersection within a coordinated system, it should be
equipped and operated with control devices which provide proper
cocrdination.

Signals installed under this warrant shall be equipped with
pedestrian indications.

In connection with signals installed for school crossings, it
should be understood that a signal is not the only remedy nor
is it necessarily the correct solution to the perplexing problem
of traffic conflicts between vehicles and school children. Brief
periods during which the hazards are unusually high are often
better handled by officer control or adult crossing guards,

In some circumstances the pupils’ response to signal indications
is 80 inadeguate that the signal can become s contributory factor
in increasing rather than decreasing accidents. The response to
officer control or adult crossing guards is usually less uncertain,

It is, therefore, believed that signals should not ordinarily be
installed at school ecrossings where schoolboy patrols or adult
crossing guards can be used effectively, where students can be
directed to cross at locations which are already controlled by
signals or police officers, or where pedestrian refuge islands
provide adequate protection.

Complete facts should be obtained and studied by competent
traffic engineering authorities before deeisions are made on the
installation of signals in the vicinity of schools. As a3 result of
these studies and consideration of the control methods listed
above, traffic signals may be warranted if:

1. Pedestrian crosging volumes at a designated school cross-
ing on the major atreet exceed 250 pedestrians in each of
two hours; and

2. During each of the same two hours vehicular traffic
through the designated school crossing exeseds 800 ve-
hicles; and
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3. 'There is no signal within 1,000 feet of the crossing.,

When the 85th-percentile speed of major-street traffic exceeds
40 miles per hour or when the intersection lies within the built-up
area of an isolated community having a population less than
10,000, the warrant is 70 percent of the requirementa above, in
recognition of differences in the nature and operational charac-
teristics of traffic in urban and rural environments and smaller
municipalities.

School erossing asignals installed under this warrant should
be of the pedestrian-actuated type. They shall be equipped with
pedestrian indications.

Warrani 4, Progressive Movement

Progressive movement control sometimes necessitates traffic
gignal installations at intersections where they would not other-
wise be warranted in order to mailntain proper grouping of
vehicles and effectively regulate group speed. The progressive
movement warrant iz satisfied when:

1. On an isolated one-way street or on a street which
preponderantly has unidirectional traffic significance, ad-
jacent signals are so far apart that the desired degree
of platooning and speed control of vehicles would other-
wise be lost.

2. On a two-way street, adjacent signals do not provide

~ the desired degree of platooning and speed control; and

the proposed and adjacent signals can congtitute a pro-
gresgive signal system.

In a gingle-alternate signal system the minimum spacings be-
tween the proposed signal and existing adjacent signals should
closely approximate the distance D in feet, or full unit multiples
thereof, given by the formula D — CS = 1.364 where C = cycle
length in seconds, and 8 — design speed of signal system in miles
per hour. The above table, illustrating the relationship between
eycle length, signal spacing, and system speed, shows that signal
spacings under 1,000 feet are not capable (with practical cyele
lengths) of rendering progressive, two-way movement with ac-
ceptable speeds, It further indicates that desirable minimum sig-
nal spacing with 60-, 66-, or 70-second cycle lengths is approxi-
mately 1,320 feet or 14 mile.
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Syetem Design Speeds in Relation te Cyele Length and Signal

Spacing for Single-aliernate Systems?

Design Speed for Signal Spacing of —

e {approx. ¥ .
1 i
(% mile) mile) (V4 mile)
NSO - e e S
Seconds M.p.h. M.p.h. M.p.h.
40 L 45 34.1 22.6
45 ... . 40 30.3* 20
160 o 36 27.3% 18
B ... e, 327 24.8% 16.4
80 ..., 30* 22.7 15
66 ..., 27.0* 21 13.8
0 258.7% 19.5 12.9
5 e, 24 18.2 12
LSO ................. 22.5 7.1 11.8

'With identical speeds in both directiona.

*Btarred numbers represent practical speeds.

Warrant 5, Accident Experience

The common opinion of the general public that signals mate-
rially reduce the number of accidents is rarely substantiated by
experience. Not infrequently there are more accidents with sig-
nalg in operation than before gignal installation. Henece, if none
of the warrants except the accident experience warrani described
below ig fulfilled, the initial presumption should be against sig-
nalization. Signals should not be installed on the basis of a
single spectacular accident or on the basis of unreasonable de-
mands and dire predictions of accidents which allegedly might
oceur. The accident-experience warrant is satisfied when:

1. Adequate trial of less restrictive remedies with satis-
factory obgervance and enforcement has failed to reduce

the aceident frequeney ; and

2. Five or more reported accidents of types susceptible of
correction by a traffic control signal have oceurred with-
in a 12-month period, each accident involving personal
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injury or property damage to an apparent extent of $100
or more; and

There exiats a volume of vehicular and pedestrian traffic
net less than B0 percent of the requirements specified in
the minimum vehicular-volume warrant, the interruption
of continuous traffic warrant, or the minimum pedes-
trian-volume warrant; and

The signal installation will not seriously disrupt pro-
gregsive traffic flow.

Any signal installed solaly on the acecident experience warrant
should be seni: traffic-actuated with control devices which provide
proper coordination if installed at an intersection within a co-
ordinated system, and normally should be full traffic-actuated if
ingtalled at an isolated intersection.

A traffic control signal, when obeyed by drivers and pedes-
trians, can be expected to eliminate or reduce materially the num-
ber and seriousness of the following types of accidents:

1.

Those involving substantially right-angle coilisions or
conflicts, such as occur between vehiclea on intersecting
streets,

Those involving conflicts between siraight-moving ve-
hicles and crossing pedestrians.

Those between straight-moving and lefi{-furning vehicies
approaching from opposite directions, if an independent
time inferval is allowed during the signal cycle for the
left-turn movement.

On the other hand, traffic control signals cannot be expected
to reduce the following types of accidents:

1.

3.

Rear-end collisions, which often increase after signal-
ization,

Collisions between vehicles proceeding in the same or
opposite directions, one of which makes a turn across
the path of the other.

Accidents involving pedestriana and turning vehicles
when both move during the same interval,

Other types of accidents, if pedestrians or drivers de not
obey the gignals.
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Warrant ¢ Combination of Warranis

Signals may occasionally be justified where no one warrant is
satisfied but two or more are satisfied to the extent of 80 per-
cent or more of the stated values. These exceptional cases should
be decided on the basis of a thorough analysis of facts.

Adequate trial of other remedial measures which cause less
delay and inconvenience to traffic should precede installation of
signals under this warrant.

Sefection of Type of Pretimed, Controf Mechaniam

Where any of the previously described warrants is satisfied
and the decision has been made to install a pretimed signal, it is
necessary to select the type of pretimed mechanism to be installed.
The possible choices include the following, for which advantages
are set forth in the next few paragraphs:

1. Nonsynchronous pretimed controller for isolated inter-
sections.

2. Synchronons type of pretimmed controller for isclated
intersections.

3. Controllers providing for coordination.

Nopsynchronous Pretimed Controllers for Isclated Intersections

This type of controller, which is timed by an electronic device,
is not desirable and should be used only at isclated intersections
warranting signalization where it is unlikely that there will be
any need for coordination with other intersections during the
expected life of the controller.

By use of auxiliary devices, cycle lengths and proportions allot-
ted to the various go intervals can be changed a limited number
of times during the day. However, traffic-actuated or synchron-
ous pretimed equipment is preferable where such changes are
desirable,

Synchronous Pretimed Coniroller for Isolsted Intersections

This type of controller uses a synchronous timing motor and
should be used at isolated intersections wheve:
1. In the future, the installation is likely to be coordinated
with other signal installations or to be supervised by a
master controller.
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" Figure 4-2. Traffic control signal installation with iluminated case sign.

Types of Mountings for Signal Heads

Signal heads shall be mounted over the traveled portion of the
roadway using either eable or mast arm suspension. Supplemen-
tary signal heads may be placed along the side of the roadway
on poles or pedestals.

Signals shall be so located that the meaning of the indications
iz always clear and unmistakeable. It is essential that signal
indications be readily visible to drivers in all lanes approaching
the signal location.

Number of Signal Faces

At signalized intersections, where one or more approach is a
State trunkline highway, there shall be a minimum of two
overhead vehicular signal faces, located over the traveled portion
of the roadway, visible to traffic on each approach. Where a
separate turning signal(s) is provided, only one indication is
required for each signalized turning movement. See figure 4-13.

At all other signalized intersections, a minimum of one overhead
vehicular signal face per approach is required, It is strongly
recommended, however, that at least two vehicular signal faces
be provided per approach for the following reasons:

39
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1. Two (or more) properly located overhead 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
e must compete with a brilliant background such as ad-
vertising signs or the sun.

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

Where only one vehicular signal face is provided per approach,
it shall be positioned as near to the intersection of the centerlines
of the intersecting roadways as posgsible.

The number of signal faees in excess of two per approach will
be dictated by loeal conditions such as the number of vehicular
lanes, the need for special turn indications, and the configuration
of the intersection and channelizing islands.

Vehicular sipnals may be supplemented by pedestrian signals,
where warranted, located at each end of each controlled crosswalk.




Signal faces shall be located at the intersection so as fo give
drivers and pedestriang a clear, unmistakeable indication of the
right-of-way assignment from their normal positions on the
approaches and as they pass through the intersection area. At
intersections where signals are installed on the basis of the
pedestrian volume warrant, or at other signalized locations where
the pedestrian volume equals or exceeda the warrant, pedestrian
gignals shall be installed.

Pedestals in the roadway to carry signals are driving hazards,
and are prohibited despite any advantages as a conspiuous
signal loeation. This is not intended however, to preclude the
use of gignals on pedestals or posts within the area of properly
designed channelized islands or in the median strip of divided
roadways.

Where physical conditions prevent the driver from having a
continuous view of at least one signal indication for approximately
ten seconds before reaching the stop line, econsideration may be
given to the use of a supplementary signal to improve this
vigibility.

Advance warning of a signal may be provided by the use of
a W3-3 (Signal Ahead) sipgn. For greater emphasis flashing
vellow beacons may be used in conjunction with this sign as
provided in Part V, Miscellaneous Electrical Devices.

Height of Vehicular Sighal Faces

The vertical clearance of overhead signals shall not be less
than 15 feet or normally more than 17 feet. Where used, supple-
mentary pedestal or pole mounted signals shall have a bottom
height of not less than 8 feet nor more than 15 feet.

Maximum visibility and adequate eclearance should be the
guiding consideration in deciding signal height. Grades on ap-
proaching streets may be important factors, however, in de-
termining the most appropriate height.

Transverse Location of Signal Faces

Where dual overhead signal faces are provided over the ap-
proach to a signal they should normally be centered on the
approach with a minimum of 14 foot separation from each
other. Transverse spacing, however, should be carefully checked
by the Engineer to provide prominent and conspicuocus location.
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VOLUME WARRANTS FOR SIGNAL INSTALLATION

A comprehensive analysis of traffic patterns in the
City of Detroit, at monthly count locations, shows that
the volume occurring during the highest eight hours is
54.27% of the Average Dailly Traffic. Analysis also shows
that a ratio of two to one exists between the high volume
direction and the low volume direction for the edight hour
period. Using the 50% A.D.T. as the high eight houx
volume and a two to one ratio as representing the high
Volume-approach versus the low volume approach relation-
ship, the degree to thch Warrant 1 is met can be deter—

mined as follows:
Minimum Vehicle Volume

1) Major Street

Sincey
50Z A.D.T. = Min. Veh. Vol. Warr. x 8hr.

Min. A.D.T. 500 Veh./hr. x 8hr,

«5

Min. A.D.T.

8,000 Veh.

2) Minor Street

Since;
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50 A.D.T. = Min. Veh. Vol. Warr. (high vol. + low vol.) x 8hr.

150

Min. A.D.T. (150 Veh./hr. + 2 Veh./hr.) x 8hr.
.5

L]

Min. A.D.T.

il

3,600 Veh.



PART V. MISCELLANEQOUS
ELECTRICAL DEVICES

Section A. Introduction

The number of applications of electricity in the field of traffic
control devices is numerous, limited only to the ingenuity of the
traffic engineer. A few of these applications will be discussed in
this Part of the Manual. .

In addition to traffic control signals {which were discussed in
Part IV.) electrical traffic control devices may be broken into
the following categories:

1. Flaghing Beacons.

2. uminated Signs.

8. Highway Lighting.

4, Lane Control Signals.

Section B. Flashing Beacons

Definition and Application

A flaghing beacon is a section of a standard traffic signal head
or a gimilar type of device, having a yellow or red lens in each face,
which is illuminated by intermittent flashes.

Flashing beacons perform a useful function at locations where
traffic or physical conditions do not justify conventional traffic
signals. At other special points of hazard, experience has indi-
cated that the flashing beacon is effective in calling the attention
of drivers to these locations.

Warrants for Flashing Beacons at Intersections

A flaghing beacon which flashes yellow for the major highway
and red for the minor highway, may be installed over the point
of intergection of the center lines of two highways under any one
of the following warrants:

1. Where a serious concentration of accidents {(four or
‘more over a two year period) which are suseceptible
of correction by the cautioning or stopping of traffic
exiats.
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Figure 5.1. Overhead flashing beacon.

2. Where gight distance ig extremely limited or where other
conditions make it especially desirable to emphasize the
need for stopping one street and for cautioning the other.

Since public respect of the flaghing beacon depends, to gome ex-
tent, on the limited, judicial use of the device, it is best to con-
sider the installation of the flaghing beacon only after lesser con-
trol devices have been tried, such as a 36 inch “STOP” sign (R1-1),
a “STOP AHEAD” sign (W32-1), and a Lattice Background
{(W12-10).

Design

Flashing beacon units and their mountings shall follow the
general design specifications for standard traffic signals, which
include the following essentials:

1. Each signal unit lens shall have a visible diameler of not
legs than 8 inches.

2. The illuminating element, lens, reflector, and visor shall
each be of such design as to render the lens, when illum-
inated, clearly visible to traffic facing the signal at all
distances up to 1000 feet under all atmospherie condi-
tiong except dense fog.
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a — Typical two-way marking with a reversible center fand. O

e
Reverse Lane Sign'or Signal System Reguired

b — Typical two-way marking where motoristsin a single lane are permitted to pass.

H

Figure 3=i, Typical fwo-way marking applications.

a — Typical two-lane, two-way marking with passing permitted,

& — Typical two-lane, two-way marking yvith passing prohibited zones.

<t passing prohibited zone

passing prohibited zone —

v Figure 3--2, Typical 2-lane, two-woy marking applicalions.




a — Typical multi-lane, two-way marking.

17 b — Typical multi-lane, two way marking with single lane left turn channelization.
b

Figure 3=3. Typical mullilane, twe-way merking applicaiions.

a - Typical multi-lane, two-way marking with single ane, two-way left turn channelization. :

Lare niot to be used for passing maneuver P kq

0SS STREET

b — Typical multi-lane, two-way marking with dual fane left turn channelization.

£ Yeltow crasshaiching
. In islands permissible

Figuora 3—=4. Typital mullilane, twe-way muarking applications.




OFFICE MEMORANDUM

MICHIGAN

To:  All Holders on Record This Date of the 1963 Edition of the
*Michigan Manual of Uniform Traffic Control Devices’’

E Henrik I, Stalseth, Director John R. Plants, Director
rom: Michigan Department of State Michigan Department of
Highways State Police
~ Subject. Change Memorandum No. 5

In order to more nearly conform to the design and application of
traffic control devices prescribed by the 1971 edition of the National
“Manual on Uniform Traffic Control Devices” (MUTCD) and to comply
with recent revisions to the ‘“Michigan Vehicle Code™ (MVC), it is
necessary that the following changes in the ““Michigan Manual of
Uniform Tralfic Control Devices’ (MMUTCD) be made. 'These and
other changes to the 1963 edition of the MMUTCD will ultimately
be encompassed in a revised edition of the MMUTCD. llowever, this
Change Memorandum will serve to authorize interim changes of more
urgent concern Lo state, county and municipal agencies.

In instances where ‘‘may’” is used in this memorandum, the 1971
edition of the MUTCD and forthcoming revised edition of the MMUTCD
possibly will read ‘‘shall”’. The purpose of using ‘‘may’’ in this
memerandum is to temporarily permit the extended use of existing
sign inventories.

"The interim changes, numerically designated, follow (code numbers
shown beneath sign illustrations are from the MUTCD sign coding
system}:

L. Ouall two-lane, two-way, hard-surface
roadways, beginning with the 1972

Broken Yellow Line

}m\'vnu‘nt—zﬂm‘king season, any center-
line marking placed shall he a broken
vellow dine.  Line width, scgment
length, and the marking of ““no-pas-

s
sing’” zones shall be the same as cur-

rently specilied by the MMUTCD.

DEPARTMENT OF STATE HIGHWAYS - NOV 101971
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Broken yellow
lene lines

Solid yellow
lines

Broken white
{one lines

2. Beginning with the 1972 pavement-
marking season, on each Lwo-way
roadway consisting of three lanes or
more, where a two-way, leflt-turn lanc
is to be designated, the two-way,
teft-turn lane §ha_i! be marked by a
single-direction, no-passing markings
(tinch solid yellow line on the out-
stde and 4-inch broken yellow line on
the inside) on each edge of the cen-
ter lane,

Solid white
edge lines
(optional)}

3. By December 31, 1972, the limits of
no-passing zones at vertical curves,
identified by pavement markings and/
or DO NOT PASS” and “‘PASS
WITH CARE’’ signs, shall be es-
tablished where the minimum sight
distance measured between points
3.75 feet {maximum) above the road-
way surface becomes less than that
specified by the table on page 281
(MMUTCD).

4. In accordance with section 257.640
(MV(), a pennant-shaped sign, having
a black legend ‘*NO PASSING ZONE™
and border on a yellow reflectorized
background, shall be located on the
left side of the roadway opposite the

PASSING
|ZONE,

beginning of each no-passing zonc
identified by a ‘DO NOT PASS”

sign and/or no-passing zone pave-

ment  markings. Consideration of V143
item #3 should be taken into account 36" x 48" x 48"
when locating these signs.




. Where an R1-2-36 *‘YIELD"’ sign is
to be replaced or added, a sign with
a red legend and 5-inch red border
on a white background may be used.

. Where an R3-27-24 “‘DO NOT EN-
TER”” sign is to be replaced or ad-
ded, a 30-inch white square panel
may be used, on which is inscribed a
29-inch diameter red circle with a
white band 5 inches in width placed
horizontally across the center of the

~ecircle.  The legend “DO NOT EN-
TER” shall appear in white letters,
with the words “DO NOT’’' above
the band and “ENTER" below the
band. If an R3—27-36 sign is to be

Ri=2
36" % 36" x 36"

R5-1
30" x 30"

replaced or added, a similar design, correspondingly larger, maybe
used. The use of an §3—36~24 “BULLSEYE” sign, as provided
for by general revision number 2to the MMUTCD, is hereby rescind-
ed except for use as an illuminated sign suspended over the road-
way at an intersection facing Lthe “wrong-way’ direction of travel,

. Where a W4-1 ““MERGING TRAFFIC”
sign is to be replaced or added, =
30-inch or 48-inch diamond-shaped
symbol sign,together with appropriate
size “‘MERGE’’ panel, may be used.

Black Legend
on a yeilow
background

. Where a WO-1 “‘SCHOOI.”’ or a W92
FSCHOOL. CROSSING'™ sign is to be

TMERGE

W4}
30" x 30"
24" ¢ 18"
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Bleck Legend
on a yellow
backgraund

replaced or added, a 30-inch—by 30—
inch pentagon-shaped sign, with
figures to represent school children,
may be used. When such sign in-
cludes crosswalk markings, it shall
only be used at or adjacent to an
cstablished erosswalk and shall be

preceded by a pentagonal sign which
excludes erosswalk markings (School
Advance Sign).

Black Legend

on a yeliow e
background 521

30" x 30"

Where a “‘PEDESTRIAN CROSSING™
or 2 Wo0—6 “WATCH IFOR DPEDES-
TRIANS™ sign is to be replaced or
added, a 30-inch diamond-shaped
sign, bearing a black stylized human
shape on yellow reflectorized back-
ground, together with a 24—inch—by—
18—inch *PED XING™ panel, may

be used,

XING

IFor  construction, maintenance, ar

utility .npt‘.rullr?ns, WALNZ SIgNs may W1l-2
be designed with a black legend on a 30" x 30"
refleciorized orange backgrotnd; bar- 24" % 18"

ricades may be designed with alier-

nate reflectorized orange and white

stripes; barrels may be equipped with alternate reflectorized
orange and whil;—circumfn:'cntizli stripes; and cones, hiving
orange as a predominant color, may be used. The use of stan.iard
orange flugs in conjunction with orange signs is permitted so
long as they do not interfere with a clear view of the sign fuce.
The use of the orange color devices, however, shall be Himited 10

those operations where ol warning signs, burricades, barrels, and
vones perfaining to the same consiraction, maintenance, or utility
speration are designed with the orange color,
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11. On construction, maintenance, or utility operstions, where orange
in used for traffic control dovices and flagmen are required, each
flagman shall wear an orange vest and/or un orange cap, conform-

ing to the designs specified by the 1971 edition of the MUTCD.

Standard plans for all signs described in this memorandum may be
obtained from the Traffic and Safety Division, Michigan Department
of State Highways.

We hereby certify that the provisions of this memorandum constitute
an official change in the provisions of the ‘‘Michigan Manual of
Uniform Traffic Control Devices'’, as adopted September 3, 1963 in
accordance with Section 608, Act 300, P.A. 1949, as amended {(MVC).

Michigan Departmdhi of State Highwaﬁ[»ﬁﬁchigan Department of State Police

Note for Change Memorandums Only

This change will be reflected in the next Manual lidition. Therefore,
this memorandum should be discarded when you receive that Edition.




