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EXECUTIVE SUMMARY

On behaf of Alberta Infrastructure and Transportation, Alliant Engineering and
Consulting Ltd. has completed a detailed review of the Rear Warning Lights used on
snowplow trucks in the province of Alberta.

The following report and recommendations made within are based on the information
gathered during conversations with suppliers and contractors, a literature review, a
highway jurisdictional survey and field trials of various light configurations during actual
snowplowing operations.

This project was undertaken to help improve the safety of snowplow vehicles by ensuring
that the rear lighting was visible to approaching drivers. This project was also designed
to test some of the recent developments in lighting technology.

Since the last review of the snowplow rear warning lights (1980’s), major advancements
have been made in lighting technologies. These advancements include the continuing
emergence of LED lights as an alternative to traditional fluorescent and filament bulbs.
The materials from which the lights are constructed have produced much more reliable
and brighter warning beacons.

Based on the information gathered during this project, Alliant has made severa
recommendations regarding the existing warning lighting and the addition of new
lighting:

e The existing Stop-Tail-Turn lights, Backup lights and the Rear Identification
Lamps will be replaced with LED lighting. This recommendation was made after
viewing the existing lights beside the LED lights.

e The existing centre beacon will be upgraded to a Dual Rotating Amber Beacon. It
is recommended that both the rear and front beacons be replaced with a dual
rotating amber beacon.

e The warning lamps currently in place at the corners of the truck above the box
have aso been replaced. Amber Red LED Warning Lights will be installed at
these locations instead. These new lights were viewed during the field trials and
were brighter and more visible than the existing lights, under a variety of weather
conditions.

e Additional new elevated Stop-Tail-Turn and Backup lights have also been
recommended. These lights are modelled after the current lighting standard used
in the province of Saskatchewan. These new lights will be LED lamps, and will
be the same size and colour as the existing Stop-Tail-Turn and Backup lights

-- Pagel --
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located on the bumper of the snowplow. These lights will help aert drivers
following the snowplow of changesin the speed or movement of the snowplow.

e |n addition to the changes to the standard lighting, two strips of reflective tape are
recommended to be placed on the back of the snowplow box. This tape will be
illuminated by the headlights of approaching vehicles, thus adding another level
of warning for drivers.

e A wind deflector has a'so been recommended for the rear of the snowplow. The
wind deflector will be mounted above the box of the snowplow and will help keep
the rear warning lights free from snow build-up. Thisis now especially necessary
since the lights on the box areto be LED’s.

Drawings summarizing the new lighting standard can be found on Pages iii & iv.
Drawings of the old standard are shown on Pages v, vi & Vii.

New specifications were developed from these recommendations and should aid both the
owner and maintenance contractors in providing improved lighting for being more visible
to motorists. These specifications are specific, but general enough to alow severa
manufacturers and suppliers opportunities to provide lighting. Lighting types and
locations will provide a standard across the province that delivers distinction and safety
for clearing snow off of highways.

-- Pageli --
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52.1 Snow Removal and Ice Control (Truck)
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1. INTRODUCTION

Alberta Infrastructure and Transportation (AlI&T) retained the service of Alliant
Engineering & Consulting Ltd. (Alliant) to complete a review of the rear lighting
standards for snowplow vehicles within the province of Alberta.

This project is in reaction to two main issues associated with snowplow operations.
Firstly, requests from maintenance contractors to use new lighting technologies, which
vary from the existing standards. Secondly, ensuring that the warning lights are
sufficient to allow drivers to recognize the snowplow and react to it. The findings
contained in this report will result in new standards that will be implemented on all
snowplow vehicles within the province.

To complete this report Alliant has preformed the following tasks:

literature review

North American highway jurisdictional survey
determination of performance standards
identification of new equipment to be tested
plan and perform field trials

presentation to an evaluation panel

All of these tasks will be discussed in more detail later in the report.

The initial phase of this project was from September 2004 to January 2005. This phase
included gathering al applicable information, completing the jurisdictional survey and
preparing for the field trials. The field trials were completed in March 2005, after which,
the final phase of the project began. Evaluating the trials and finalizing the report, were
the major aspects of this phase.

2. BACKGROUND

Snowplows are used on the provinces highways for snow removal and ice control. This
work is typically completed under adverse weather conditions (i.e. during a snowstorm)
and as such, can be quite dangerous. Therefore, the rear warning lighting used on
snowplow trucks is very important, for the safety of both the operator and other drivers
on the highway.

Prior to the initiation of this review, the last review of the specification for snowplow
operations had been completed in November of 1995. The prior review was undertaken

-- Page 1 --
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as aresult of alarge number of rear end collisions involving snowplows. It was at that
time that the current standard of red and amber warning lights was instituted, and a large-
scale public awareness campaign was initiated. The public awareness campaign was
centred on the slogan “ Amber and Red Means Snowplow Ahead”.

Since that time no adjustments have been made to the configuration of the rear warning
lights on snowplows in Alberta.

2.1 Current Specification

The standard configuration of the rear warning lights used on the province's snowplows
is covered in Section 52.1 of the Alberta Infrastructure and Transportation Highway
Maintenance Specifications. A complete copy of the specification can be found in
Appendix F.

Drawing A4 94 08 A and Drawing A4 94 08 B, located at the back of the specification,
cover the location, type and colour of the rear warning lights. The specification calls for
red and amber lights to be mounted above the box on each side of the snowplow. Thered
lights should be mounted along the outside edges of the vehicle. The amber lights should
be installed at the same height as the red lights, towards the centre of the vehicle. A
revolving light is also to be included with the rear warning lights specified for
snowplows. This light is to be installed above the box of the snowplow in the centre of
the vehicle. No measurements are included with the specification regarding the location
or height of these lights.

Drawing A1 93 10 indicates the appropriate orientation of the rear warning lights. The
amber lights located above the box of the truck should be aligned such that, the centre of
the beam from these lights intersect the centreline of the truck at a point 150 m from the
lights. These lights should aso have a 40° vertical viewing angle, which contacts the
roadway surface 5.5 m from the snowplow.

3. SNOWPLOW REAR LIGHTING STANDARDS
REVIEW

A review of the standards used for rear lighting on snowplows around North America
was completed in the initial stage of this project. This review was used to help determine
what types, configurations and colours of lighting to test during the field trials. The
review included a review of applicable websites and research papers, a jurisdictional
survey and aresearch into new lighting technologies.

-- Page 2 --
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3.1 Waebhsite Review

A website review found information regarding snowplow warning lights or other warning
devicesfor twenty one (21) highway jurisdictions within the United States. Although this
information was not typically in great detail, it did provide a good background of what
other transportation department are using.

All states used warning lights of some type. The number, colours, size location and type
varied from state to state. The lighting colours used as warning devices for snowplows
were, amber and blue, amber and red, and amber and white. Strobes and rotating beacons
were aso very popular. Light Emitting Diode (LED) warning devices have been
experimented with in severa states. However, only Colorado and lowa currently use
them on all vehicles.

Other types of rear warning devices included:

warning lights on the wing of the snowplow

snow deflectors to reduce the snow cloud behind the plow, making the
lighting more visible

air blasters to keep snow from building up on the rear lights

reflective tape placed on the tailgate and bumpers of the plow

tailgates painted with reflective glass beaded paint

orange plastic tubes mounted on the edge of the snowplow

3.2 Literature Review

A literature review was conducted to find any literature on recent snowplow lighting
experiments and information that could be applicable to our research project. The
literature review included, a search for, and review of, research papers and publications
from research organizations around North. Two (2) relevant research papers were found
during the search. A summary of the research papers will be discussed in the following
sections. Complete copies of the research papers can be found in Appendix C.

3.2.1 Research Paper —*“ Rear Lighting Configuration for Winter
Maintenance Vehicles’

This report was prepared by the Lighting Research Center to help reduce the number of
rear end collisons with snowplows. The intent is to aert drivers approaching a
snowplow from the rear of the snowplows presence, relative speed and distance from the
driver, thus reducing the probability of arear end collision.

-- Page 3 --
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Background

Approximately 70% of all accidents involving snowplow trucks are rear end collisions.
Although increasing the visibility of the snowplow would be useful in reducing the
frequency of these collisions, providing drivers with cues regarding the speed and
distance of the snowplow is equally important.

Therefore, lighting should serve two (2) purposes:

e signal other vehicles on the road of the snowplows presence
e provided cues about the snowplows speed and distance

The factors that affect the visibility of the rear snowplow lighting are:

location of the lights

background lighting characteristics
spacing from the lights

light intensity

Subjective Evaluation

In the winter of 1997 - 1998 field tests of rear lighting configurations were tested. Four
(4) lighting configurations were tested:

conventional flashing amber lighting

e indirect edge delineation, to illuminate the left and right hand edges of the
truck only

e aternating high mounted red and amber lights
e horizontal LED light bar in a steady burn configuration

These lighting configurations were tested at night under both clear and heavy snow
conditions. Each system was rated on the visibility of the snowplow and the confidence
the driver would have in passing the snowplow vehicle.

All of the setups were rated as more visible under clear conditions, as was expected. The
LED light bar configuration received the highest ratings for both visibility and confidence
to pass, under both clear and heavy snowfall conditions. A modification of this
configuration was selected for further testing the following winter.

-- Page 4 --
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Closure Detention Test

In the Closure Detention Test, Vertical LED light bars were placed on the left and right
edges of the snowplow vehicle and were compared to the conventional flashing amber
lighting system. The test involved the snowplow vehicle and observation vehicle
travelling at the same speed. The snowplow would then begin to decelerate and the test
subject would be asked when the snowplows relative distance began to change. Thetime
between the snowplow beginning to decelerate and the observation by the subject was
measured for each setup.

A total of 48 trials were conducted to test the lighting, 24 tests for each configuration.
During the tests the deceleration of the snowplow with the vertical light bars was, on
average, detected in 9.8 seconds, versus 12.4 seconds for the conventional flashing amber
configuration. The 2.6 second reduction in detection time for the vertical light bar
configuration tranglates to atravelling distance of 35 m at 30 mph (48 km/h).

Also found during the trial was a reduction in power requirements for the LED light bars.
The LED units required approximately 6 W each, compared to 35 W each for the
traditional flashing amber lights.

3.2.2 Research Paper — Improved Visibility for Snowplow Operations’

Background

The visihility for the snowplow during operation is reduced by a number of factors
including, reflected headlight glare, obscured windows and blowing snow. The
compromised visibility reduces the operational safety of the snowplow, creating a
hazardous situation for both operators and the public. Therefore, there is a need for
feature that will improve visibility during snowplow operations.

Field Demonstrations

Laboratory tests and field demonstrations were used to evaluate a variety of wind vanes
and other snow deflection devices. Image analysis technigues were used to determine the
impacts the different deflection devices would have on drivers following the snowplow.

Conclusions

Side vanes with a 20° angle on the rear of the plow will reduce snow accumulation on the
rear lighting on the vehicle by reducing the size of the snow cloud behind the vehicle.
Steady burning LED light bars mounted aong the rear edges of the snowplow will
improve the ability of drivers following the snowplow to detect changes in the speed of
the snowplow more easily than traditional lighting configurations.

-- Page 5 --
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3.3 Highway Jurisdictional Survey

As part of this project Alliant contacted thirteen (13) North American highway
jurisdictions with a questionnaire, regarding the operations of snowplows within their
respective highway jurisdictions. Responses were received from five (5) provinces and
one (1) state. The responding jurisdictions were:

British Columbia
New Brunswick
Nova Scotia
Ontario
Saskatchewan

Wyoming

The questionnaire contained eleven (11) questions and the responses have been
summarized in the following table, however, the complete survey responses can be found

in Appendix D.

Have rear-end collisions
with snowplows been a
problem?

If yes, what action has
been taken to prevent
these collisions?

Of the responding jurisdictions, only Saskatchewan
reported that this has been a problem.

Saskatchewan reported that problems were more
frequent when plowing on the Trans Canada Highway.

To remedy the situation Saskaichewan has
i mpI emented the following measures:
installation of random flashing “Wig-Wag”
lights
application of horizontal strips of reflective
tape to the tailgate
instalation of additional stop lamps at the
midway point of the box

What type(s) of snowplow
are normally used?

All jurisdictions reported using :
Spreaders
snowplows
or acombination of the two styles

What type(s) of rear
lighting do you use?

Strobe lights, beacon lights, flashing amber lights,
flashing red lights, tails lights, brake lights and signal
lights were are reported as being used by the highway
jurisdictions.

-- Page 6 --
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How many lights are used
and how ae they
arranged?

e The lighting configurations vary, but the typical

confi guratl on includes:
strobe or beacon lights on the top of the box
of the plow
flashing amber and/or red lights above the
box
an array of lights on the back of the box

Have steady state lights
(LED) been used?

If yes, what were the
results?

New Brunswick, Nova Scotia, Saskatchewan, and
Wyoming have al used LED lights.

All indicated that the lights provided good visibility,
however, there have been problem keeping the lights
clear of snow build-up.

Have you used reflective
tape?

If yes, what were the
results?

Nova Scotia uses reflective tape along the edges of the
snowplow truck box. The tape has been found to be
quite visible.

Ontario uses reflective tape on the snowplow, and has
additional light to help highlight the tape.

Saskatchewan has placed reflective tape aong the top
and bottom of the truck box, with very good results.

Have you used orange
flags?
If yes, what were the
results?

New Brunswick, Nova Scotia and Ontario all use
orange flags or tubes on the corner of the plow.

Saskatchewan used flags on the back of the plow in the
1980’ s but those are no longer in use.

New Brunswick has indicated that the flags have
provided mixed results.

Ontario has a light directed at he flag to help improve
the visibility of the plow tip.

Have you used any other
rear warning devices?

If yes, what kind of device
and what were the results?

Saskatchewan uses a painted black and white checker
board pattern on the rear of the plow. This has not
been as effective as the reflective tape due to snow
build-up.

New Brunswick has used a diagonal striped pattern but
has discontinued it use due to poor results.

B.C. uses either a diagonal or stripped black and
yellow pattern on the rear of its snowplow vehicles.

Have you used any
devices to eliminate snow

New Brunswick and Saskatchewan have both used
wind deflectors to help minimize the amount of snow

-- Page 7 --
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build-up on the rear build-up.

lighting? - New Brunswick has had good results with
If yes, what kind of device dry, light snow.

and what were the results? - Saskatchewan has found that the deflector

often becomes plugged with snow.

Have you wused any| e Nova Scotia, Saskatchewan and Wyoming all use a

devices to minimize the device on the plow blade to help prevent snow from
snow cloud behind the coming off the blade and blowing over the snowplow
snowplow? truck.

If yes, what kind of device

and what were the results? e No information was provided about the effectiveness

of this measure.

Are any changes to your | e None of the jurisdiction indicated any planned
snowplow rear warning changes.

systems planned? e Ontario has begun to examine the possibility of using

LED lighting, but that isin the preliminary phase.

3.4 New Technologies

Since the last review of snowplow operations and lighting, in November 1995, several
advances have been made in lighting technologies. These advances include the materials
used to construct the lights and the types of lights themselves.

One of the biggest developments in lighting technologies has been the development of
Light Emitting Diodes (LED). These lights are one of the driving forces behind this
project, as maintenance contractors have requested permission to use these LED lights on
snowplows. The technology behind LED lighting will be discussed in greater depth in
the upcoming section.

3.4.1 Light Emitting Diodes (LED)

Histor

The basis of the Light Emitting Diodes (LED) seen today, dates back to 1907, when
Henry Joseph Round observed electroluminescence for the first time. The light however
was too dim to be practical, and the materials required were difficult to use, and thus, his
research was abandoned.

In the 1950's research using Gallium Arsenide helped to create the first modern LED
being produced in the 1960’'s. Because the light created by LEDs is a product of the
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materials used, red light was initially the only colour that could be created. By the end of
the 1970's additional research had developed yellow and green LEDs in addition to the
traditional red.

Further research with different materials has yielded different types of LEDs and more
colours. With Gallium Aluminium Arsenide Phosphide came the first super bright LEDs,
available in red, yellow and green. Next, with the use of Indium Gallium Aluminium
Phosphide, came ultra bright LEDs which could produce new colours, such as, orange-
red, orange and blue. New research using fluorescent phosphors have alowed almost
any colour to be produced.

Technology

An LED isaspecial type of diode and is similar to atransistor. Diodes and transistors are
solid-state devices that are made from semiconductors such as slicon. The
semiconductor is made to contain two types of special impurities. The first type of
impurity called N for negative, is a
material with an excess of electrons.
The other type of impurity called P for
7 ptype positive has a defici ency of e_l_ectrons.
<+ active region 1hese two kinds of impurities are
- n-type dispersed into the semiconductor at
different regions, so that a P-N
junction, or active region, is created at
_Substrate the border. This is illustrated in the
diagram on the left.

o hole
@ clectron

Semiconductors do not freely conduct electricity; instead, they can be made to conduct
electricity under certain conditions. For diodes, this amounts

to connecting electric power across the junction to makethe P 20° 10 10° 20°
side more positive and the N side more negative. When this
happens, electricity flows freely across the P-N junction and
the electronsfill up the holes.

30 30
LED’s differ from ordinary diodes in that the P and N 4 40
materials take this energy and convert it to photons, or light. 50 50

Since the energy involved is a fixed amount, the light that
results has only a single wavelength, or colour. Using
different materials for the P and N impurities enables the light
to be manufactured in different colours.

An LED is a directional light source, with the maximum
emitted power in the direction perpendicular to the emitting
surface. The typical radiation pattern shows that most of the
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energy is emitted within 20° of the direction of maximum light. This is shown in the
diagram to theright.

ADVANTAGES

LED light bulbs are miniature bulbs that do not use filaments to produce light. Because
their heat generation is low and because they do not rely on a deteriorating material to
generate light, LEDs have long operating lifetimes, often tens of thousand of hours. One
of the aternatives to LEDs, incandescent bulbs, consume much more power, generate a
great deal of heat, and rely on afilament that deteriorates with use.

Light emitting diodes are solid-state devices containing no moving parts and no filaments
to break. As such, LEDs handle rough environments including heavy vibration and
impact. There is nothing to break, rupture, shatter, leak, or contaminate. The solid-state
nature of LEDs makes them extremely rugged and durable—an excellent choice for
applications where reliability and dependability are paramount.

Currently available LEDs are more energy efficient than incandescent bulbs, but less than
florescent bulbs with the same light output. The power consumption of popular LEDs
typically ranges from 30 mw to 200 mW.

The light emitted from an LED is directional. Typical conventional sources such as
incandescent, halogen, or fluorescent lights are omni directional, emitting light in all
directions. In order to direct the light onto the object to be illuminated, light that is not
directed toward the desired location must be redirected using secondary optics or
reflectors. Each time alight beam is reflected it looses some of its intensity, resulting in
afixture loss. Typical fixture losses range from 40 to 60%, meaning that in some cases
less than half of the light generated by the source is directed in the desired direction. The
directed nature of LEDs can result in fixture efficiencies of 80 to 90%, requiring less total
lumens to provide the same level of luminance.

DISADVANTAGES

The most significant disadvantage of LEDs is the light output limitation. Currently
available LED’s emit limited amount of light at a relatively small angle range, while
incandescent and florescent light bulbs illuminate in all directions and give out much
more brightness of light.

The second significant disadvantage is the high prices of LEDs. The currently available
LEDs in the market are 3 to 10 times more expensive than equiva ent incandescent light
bulbs. However, using LED products in the long run can actually save money, because of
the much longer life.
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3.5 Lighting Regulations

According to the Federal Motor Vehicle Safety Regulations prepared by Transport
Canada, every passenger car, multipurpose passenger vehicle, motorcycle, truck, trailer
and bus shall be equipped with the lamps, retro reflective devices and associated
equipment required by the Technical Standards Document No. 108, Lamps, Reflective
Devices and Associated Equipment.  All information regarding the minimum
requirements of bulbs and every type of sealed beam lamps used in lighting equipment
can be found in this document.

For this report, the minimum rear lighting requirements for snowplows has been
discussed. As per the Basic Equipment Required on All Trucks, Buses & MPVs
document produced by Transport Canada, the minimum requirement for rear lighting on
a Snowplow’sis asfollows:

Description Mandatory Requirements
Area Equipment (SAELens Functional Quantity Colour Location Height mm
Coding) Purpose (in.) from the
ground
6 Rear P2, PC* or P3, Show Minimum Red At widest point - Ashighas
Clearance pC2* vehicle's 2 symmetrical - on practicable -
Lamps *photometrically | width - therear or near the | may be lower
Attention: certified at MAY NOT rear - facing only if rear ID
Required for installation angle. | be combined rearward. lamps are at
vehicles with tail the top.
2032mm wide lamps
or wider, but
not required on
Truck Tractors
7 Rear P2 or P3 Indicate Exactly Red Rear - centre - in Canada: at
I dentification presence of 3 horizontally thetop -
Lamps(ID) awide spaced 150 mm (6 | maybe lower
Attention: vehicle. in.) to 300 mm (12 | if door header
Required for in.) apart, facing narrower than
vehicles rearward 25mm
2032mm wide
or wider, but
not required on
Truck Tractors
8 Tail Lamps T Indicate Minimum Red Ontherear - 380-1830 (15-
vehicle's 2 symmetrical - as 72)
presence and far apart as
width practicable.
Stop Lamps S Indicate Minimum Red Ontherear - 380-1830 (15-
braking 2 symmetrica - as 72)
far apart as
practicable.
Rear Turn | Indicate Minimum Red or Ontherear - 380-2110 (15-
Signal/Hazard direction of 2 Yellow symmetrical - as 83)
Warning turn/ far apart as
Lamps identifies practicable.
disabled
vehicle
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Rear Reflex A Show Minimum Red On the rear - 380-1530 (15-
Reflectors vehicles 2 symmetrical - as 60)
presence and far apart as
width practicable -
facing rearward
9 Backup Lamp R Illuminate Minimum White Rear No
ground 1 requirement
behind the
vehicleand
alert road
users
10 License Plate L Illuminates Minimum White On the rear - No
Lamp(s) license plate 1 aboveor at the requirement
sides of license
plate
11 CentreHigh u3 Indicates Minimum Red On the rear - 860 (34)
Mounted Stop braking 1 centreline of the minimum
Lamp vehicle
Attention:
Required for
vehiclesless
than 2032mm
wide and
4536kg

A full table summarizing the minimum lighting equipment requirements contained in
Federal Motor Vehicle Safety Standard 108 can be found in Appendix F.

The following picture displays the current basic lighting equipment being used by
Snowplows in the Province of Alberta.

>

\

n*
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Below isasummary of the lights contained on the snowplow.

Rear Clearance Lamps (6): One (1) yellow lamp and one (1) red lamp
located at each the top-rear-right and top-rear-left of the Snowplow. These
are used to indicate the Snowplows width.

Rear Identification Lamps (ID) (7): Three (3) horizontally spaced red
lamps located at the rear of the Snowplow at the centre of the box.

Tail Lamps (8): One (1) red lamp located at each of the lower left and
right corners of the Snowplow.

Stop Lamps (8): One (1) red lamp located at each of the lower left and
right corners of the Snowplow.

Rear Turn Signal / Hazard Warning Lamps (8): One (1) red lamp and one
(2) yellow lamp located at each of the lower left and lower right corners of
the Snowplow.

Rear Reflex Reflectors (8): A red reflector located just above the rear tail
lamps and stop lamps on both the left and right sides of the Snowplow.
Backup Lamp (9): One (1) white lamp located next to each of the Tail
Lamps and Stop Lamps at the lower left and lower right corners of the
Snowplow.

License Plate Lamp(s) (10): One (1) white lamp located directly over the
license plate on the lower left side of the Snowplow.

3.6 Lighting Manufacturing

A variety of different light types are available from lighting manufacturers. Lighting
options can be grouped and detailed as follows:

3.6.1 Beacons

Standard Rotating Beacons (Single)

- Variesindimensions, height and diameter

- Rotating deviceis either rotating lamp or rotating mirror

- Multiple lamps used on some (up to 4)

- Between 50 to 200 flashes per minute (dependant on rotator speed)
- Haogen Bulb

- 12 Volts DC (some 24 Volts DC available)

- 40-100 Watts, 2—-8 Amp

- Mostly polycarbonate lenses

- Variety of mounting available
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Standard Rotating Beacons (Dual)

- Same as Single Rotating Beacon, except that size is larger and flashes per minute
approximately double (300 to 500 flashes per minute)
- Power required isincreased (approx. 8 — 16 Amp)

Standard Rotating Beacons (Multiple)

- Same as Single Rotating Beacon, except that flashes per minute and power
requirements are increased by the same order of magnitude as the number of
increased lights (500 — 2000 flashes per minute)

Standard Strobe Beacons (Single)

- Variesindimensions, height and diameter

- Strobe tube; double or quad flashing

- Multiple lamps used on some (up to 4)

- Between 50 to 200 flashes per minute (double flash; increases for quad flash)
- Multiple flash patterns available

- 360 degree coverage available in some models

- photocell sensor allows for adjustment of intensity between night & day
- 12 VoltsDC (some 24 Volts DC available)

- 2—-8Amp (generaly less power required than halogen bulb)

- Mostly polycarbonate lenses

- Variety of mounting available

Standard Strobe Beacons (Double)

- Strobe beacons are available in double configurations, however, there is less
variety available as compared to double rotating beacons.
- Samedetails as per single strobe; flashes increase as number of strobes increase

Mini-Bars

- Theterminology “Mini-Bar” isloosely utilized in the industry to include multiple
lighting arrays from dual rotating beacons to strobes, rotating beacons and LED
lights in combination. Because of this variance, the effectiveness and power
required is dependant on the combination. Generally, there is direct relation
between the number of lights and the power usage.

LED Beacons
- Newer technology has produced LED beacons, with similar attributes to strobe

beacons
- Déliversarotating pattern; more patterns available than strobe beacons
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- 360 degree coverageis available

- Intensity is greater than the rotating and strobe beacons

- Low power requirement (< 1 amp at 12 Volts)

- LED beacon lifeis estimated to be 50 times longer than strobe beacons

3.6.2 LED Lights

LED technology appears to be improving and will likely improve beyond the conclusions
of this report. The main area of improvement and difference between manufacturers is
the optics utilized with the LED light.

LED diodes themselves appear to be coming from central sources that are used by all
manufacturers. Advancement in technology follows the following terminology:

Generation | - 5mm diode technology

Generation |1 - Piranha diode technol ogy

Generation |1 - Barracuda diode technology, standard diode and optic
package

Generation 3.5 - Super-LED — a package containing the brightest diode
and widest visibility optic technology available.

Generation |11 appears to be the latest technology available. Besides the optics and
various configurations, LED lighting should be fairly consistent in quality amongst
manufacturers.

4. EVALUATION STRATEGY & REAR
LIGHTING CONSIDERATIONS

Several items were identified during the search and investigation for rear lighting
information. They can be grouped in severa different categories with many variables as
discussed in the following sections.

TYPE OF LIGHT

Incandescent and LED are the identifiable options for light types. Incandescent bulbs
have traditionally been used on al snowplow trucks and are presently specified by
Alberta Infrastructure & Transportation. LED lights represent newer technology for
motor vehicles. The advantages of LED lights are that they provide more intensity, are
more durable and require less power.
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Since the scope of this study is to improve safety, LED’s should be tested as more light
intensity will likely trandlate into more visibility, especially in adverse weather
conditions.

»  Research Question: Are LED lights more visible as rear lights on snowplow
trucks?

INTENSITY

Light intensity is a variable that can be directly related to visibility. Incandescent and
LED lights can both vary in intensity. Incandescent bulbs intensity varies by changing
the wattage of the bulb. LED lights do not change in intensity generally. Anincreasein
diodes per light cluster will likely increase the intensity. LED intensity can easily be
increased by altering the refraction lenses that cover the lights (i.e. PSE Amber “LED X”
lights).

The power required by increasing incandescent bulb wattages would be substantially
higher than the existing power load for the present lighting standard. Therefore, this
option is not being considered.

LED lights require a fraction of the power of incandescent bulbs and therefore increasing
the number of diodes in a LED light and using different refraction lenses are
considerations. Good opticsfor LED is essentially for maximum intensity.

»  Research Question: How much different / more visible are LED lights when
you vary the number of diodes and use improved refraction lenses?

QUANTITY

It is practical to believe that an increased quantity of lights would translate into a more
visible snow plow truck. There is obviously a limit to the amount of lights that can
physicaly fit on the rear of the truck, however more may not necessary be better.
Atmospheric conditions will present avariable here as well.

»  Research Question: How many lights are required to maximize visibility,
without blinding motorists?

COLOR

Various lights colors are being used by some agencies. The most dramatic is the
combination of white and blue lights. Alberta Infrastructure & Transportation have used
amber and red lights for many years. This standard and a campaign of advertisements
have created an understanding by motorists that “Amber and Red means Snow Plow
Ahead”. For this reason alone, color changes will not be investigated in this study. Itis
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noted that the Department of Highways in Saskatchewan have aso recently reviewed
their snow plow lighting and plan to utilize amber and red colors aswell. Inter-provincial
consistency may also be a consideration.

CONFIGURATION

The configuration (location & clustering) of lights is a complicated matter. Light
intensity and motorist recognition can both be affected by changes in configuration.

A certain combination of light colors is often used in distinguishing emergency and
maintenance vehicles. Light grouping in highly visible locations on the vehicles or in a
straight line series are other popular strategies.

Truck type, age and the type of box used will dictate where lights can and need to be
placed.

»  Research Question: Can changesin lighting configuration improve visibility?
What options are the best if s0?

FLASHING PATTERNS

Distinctive flash patterns can be used to improve motorist awareness and help identify the
vehicle type. For example, a particular flash pattern could signify snowplow trucks.
Saskatchewan's Highways and Transportation Department has adopted a particular
flashing sequence (PSE Amber 710H flasher) that follows a routine of blinking for the
rear elevated amber and red lights (“wig-wag”).

»  Research Question: Are flashing patterns more effective for visibility? If so,
will it give a distinction to motorists? Is the flash pattern reducing the
effectiveness of intensity as compared to no flash pattern?

LIGHT POINTING

The existing Alberta Infrastructure & Transportation specification (Drawing A 93 10, “A-
50 Sander Truck Rear Amber Flashing Light Adjustment”) indicates detailed amber light
pointing that focuses on motorists approximately 150 metres behind the truck. Thisis
mainly done to increase the intensity of the warning lights when a vehicle is encroaching
up to the rear of the snowplow truck. Awareness should be at a maximum at the 150
metres distance.

Light pointing on any new lighting should be considered as well.
»  Research Question: Is lighting pointing still required? Can it be done with

new lighting? Is the 150 metres still sufficient, especialy when the
snowplow brakes rapidly? Which lights should be pointed?
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»  Research Question: Is there a way to improve the awareness of motorists in
adjacent lanes of the snowplow truck (i.e. 4-lane highways)?

FLASHING BEACONS

Flashing warning beacons are used on a variety of motor vehicles for different reasons.
Almost every maintenance vehicle utilizes the warning effect of a flashing beacon. A
flashing beacon is the minimum standard for all agencies for snowplow awareness
lighting.

The color of the flashing beacon varies, but is usually amber. Flashing beacons can vary
by the followings aspects:

- rotating beacons

- strobe beacons

- height and width (diameter)

- refraction lenses

- moving versus stationary components
- single, dual or multiple

- LED beacons

- light bars

»  Research Question: What improvements can be made to the flashing beacons
on the snowplow truck? This includes number, type and placement.

OTHERITEMS
Along with lighting, other considerations for the snowplow trucks include:

reflective stripping — for the rear and sides of the snowplow truck
distinctive rear-box painted patterns (i.e. checker board)
wind deflectors
front lighting
= flashing beacons
= plow blade lighting — front, back, right, left
= Dbladewing lighting & delineating
» head lights and additional operating lights

»  Research Question: What other improvements should be made to increase
motorist visibility of the snowplow truck?
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4.1 Evaluation Scope

The following list summarizes the Research Questions determined in the previous
sections.

LED lights

Higher Intensity LED Lights

Number of Lights needed for sufficient motorist warning
Configuration

Flashing Patterns

Light Pointing

Beacon Improvements

Other Improvements

N GOA~MWNE

The scope of work for this project, as instructed by Alberta Infrastructure &
Transportation (AIT), was to examine for improvements to rear lighting on the snowplow
trucks. For this reason, other improvements were not thoroughly investigated.

Due to the scale of the project, flashing patterns and light pointing were not reviewed as
well. The first step in this process would be to investigate what type of lights and
configuration are needed.

4.2 Performance Standards

The present standard for rear snowplow lighting basically involves a drawing, with noted
light types and placement, with some angle settings. As part of this project, a new way of
specifying lighting requirements was to consider Performance Standards.

Ideally, Performance Standards were to let the maintenance contractor determine the
level and effectiveness of lighting required based on reducing accidents and increasing
safety. This, however, would not provide consistency throughout the province and may
be confusing to motorists.

Another way Performance Standards could be used would be by basing lighting
requirements on the following:

- Minimum Visibility Distances

- Light Intensity Measurements

- Distance and Speed Variability Perception

- Minimum Specifications & Performance Benchmarks

The concern of using this strategy is that it would be difficult to measure and check,
especialy in avariety of atmospheric conditions.
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Therefore, in conclusion of this, it was decided that a specific Specification method
should be used. The Specification would contain updated lighting requirements, to
support today’ s technology, but have enough flexibility for numerous manufacturers and
suppliers. A minimum standard of awareness would have to be maintained through this
Specification method.

4.3

Development of Lighting Trials

In order to develop or update the existing rear snowplow lighting specification, it is
necessary to evaluate several lighting types and configurations.

The evaluation can be separated into the following categories:

1.

4,

Replace all standard lights with LED lights
- stop, tail and turn lights

- vehicleidentification lights

GOAL: Do LED lightsimprove visibility?

Flashing Beacon — try new technol ogy
- equivalent single rotating beacon as old standard, except have options
- improved single rotating beacons
- strobe beacons
- revolving beacon with LED directional lights
- dual rotating beacons
light bars
GOAL Which Flashing Beacons perform the best or a minimum satisfactory
level?

Elevated Warning Lights

- increase red warning lightsfrom 2.5” dia. to 4” dia.

- replace red and amber lights with LED lights (all 4”)

- LED 3'x7" red and amber lights, mounted similar to new Saskatchewan
standard

GOAL: What improves the Elevated Warning Lights?

Additional or Alternative Warning Lights

- vertical LED light bars, as per NCHRP Paper #14, August 2001

- horizontal LED light bar, modification to above

- opticaly enhanced LED (LED X) lights

GOAL: Do Additiona or Alternate Warning Lights improve visibility?

These categories provide a mixture of items raised from new technology, other agencies
review and other research work.

-- Page 20 --

# 200, 18311 — 105 Ave., Edmonton, AB, T5S 2K9
Phone: (780) 488-8292, Fax: (780) 444-9054



@L EI!:GIN EﬁNG

4.4 Lighting Configurations

For thefield trials it was decided that 10 new lighting configurations would be tested.

As part of al of the lighting configurations, the lights required by the current standard
were all changed to LED lamps. Thisincluded the following changes:

4.4.1 Stop, Tail & Turn Lights

- Grote “SuperNova, U.S. 40 Series, 47, Full Pattern,
Stop/Tail/Turn LED Lamp”
- red: #53312, amber (yellow): #53413
- al were grommet mounted
- 6redlightsin total used: 2 —tail, 2- brake,
2 — elevated flashing
- 2 amber lightsin total used: elevated flashing
- Polycarbonate/ Acrylic
- 12 volt —0.48 amp each light
- http://www.grote.com/cgi-bin/product.cgi?product number=53312

It should be noted that the present AIT specifications calls for a 2.5 inch dia. red elevated
light, above the box. For the field trials, a 4 inch inch dia. red elevated LED light was
used as described above.

4.4.2 Beacons

Ten (10) different lighting configurations were used during the field trials. Six (6)
different amber warning beacons were evaluated as follows:

TRIAL #1: Medium Profile, High Intensity Strobe Beacon (Single)
- Grote “Medium Profile, High Intensity Strobe” #77653
- 7.13" highx 6.5” (base); belt driven
- Aluminium / Polycarbonate base (alum.)
and lens (amber)
- flash tube, 12 to 24 volts (w/ photocell)
- 23to29ampat 12 volts
- “Smart Strobe” flash — adjusts for day or night work

- 65 flashes per minute; adjustable double or quad flash & mtensty —
- http://www.grote.com/cgi-bin/product.cgi?product_number=77653

TRIAL #2: High Intensity Beacon (Dual Rotating)
- Grote “15” Hi-Intensity Mini-Bar” #77163
- dimensions as per drawing
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TRIAL #3: 360 Degree LED Beacon (Single)
PSE Amber “Quantum Flash™”

TRIAL #4: Low Profile Bar Lamp (Dual Rotating)
- Grote “15” Low Profile Bar Lamp” #76813

TRIAL #5: Low Profile Beacon (Single Rotating)
- Grote “Low Profile, Revolving Beacon” #76443

TRIAL # 10:
PSE Amber “LED X™ 2100 Mini Bar”

ABS/ Polycarbonate base (black)

and lens (amber) Panl
50 watt halogen bulbs, -
12 volt —4.1 amp

300 flashes per minute St
dual rotating reflectors with fixed mirrors g Geners
http://www.grote.com/cgi-bin/product.cgi?product number=77163

5" high x 6.75" (base)

6-Genll LED, 12 — 24 volts— 0.5 amp
amber LEDs with clear lens

(w/ special optical enhancement)
multiple flash patterns, aluminium base
http://www.code3pse.com/productdtl.asp?grp=pse& familyid=13&id=231

dimensions as per drawing
Polycarbonate base (black)
and lens (amber)

55 watt halogen bulbs,

12 volt — 10.5 amp

480 flashes per minute,dual belt drive rotators 53f16
http://www.grote.com/cgi-bin/product.cgi ?product_number=76813 *

1221f32"
15%18"

7.5" highx 6” (base)

ABS/ Polycarbonate base (black)
and lens (amber)

55 watt bulb, 12 volt — 5.2 amp
160 flashes per minute

belt drive rotator
http://www.grote.com/cgi-bin/product.cgi?product_number=76443

LED Low ProfileMini Light Bar

2.1" tall x 22.5” long x 12.25” wide
12 volts, 0.5 amps

amber LEDs with clear lens
multiple flash patterns
http://www.code3pse.com/productdtl.asp?grp= pse&famnvld 11&id=204
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All beacons were amber in color and were anticipated to be at least better than or
equivalent to the rotating beacon used in the existing AIT standard beacon.

4.4.3 Additional Lights

In addition to testing warning beacons, the field trials also tested a variety of other

lighting setups.

TRIAL #6: High Intensity LED Lights—Multi-Purpo
- PSE Amber “LED X™ Exterior Lights’

TRIAL #7: Amber & Red “Wig-Wag” TypeLights
- PSE Amber “LED 7" x 3" Perimeter Lights’

5Lx2”Hx1"W

12 volts, 0.5 amps

amber LEDs wide optic
available in directional, wide &
vertical optics

7 flash patterns including steady burn T
2 of the single head models were placed side-by-side for field trial
http://www.code3pse.com/productdtl.asp?grp=pse& familyid=12& id=158#lit

7 L x3 W mounted in
2-head black housing
12 volts, low amps
amber and red LEDs
directional optics

20 flash patterns including WIG-WAG patt*ern
2 sets of amber and red units were used and mounted at the elevated
locations adjacent to the normal amber and red lights.
http://www.code3pse.com/productdtl.asp?grp=pse& familyid=12& id=156

TRIAL #8: Dual Vertical Amber LED Light Bars— Steady Burn

- Grote “SuperNova, Oval, Stop/Tail/Turn
LED Lamp” #53963
1light =7.5" highx 6" (base)

4 lightsin total used per light bar, mounted vert.
used with pigtail #66815 & grommet #92720
ABS/ Acrylic

amber (yellow) lens

12 volt — 0.48 amp each light

mounted vertically along the edges of the truck
http://www.grote.com/cgi-bin/product.cgi ?product_number=53963
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TRIAL #9: Horizontal Amber LED Light Bar — Steady Burn

- Grote “SuperNova, Oval, Stop/Tail/Turn
LED Lamp’ #53963 j
- 1light=7.5" highx 6" (base)
- 6lightsintotal used, mounted side-by-side
- used with pigtail #66815 & grommet #92720
- ABS/Aacrylic
- amber (yellow) lens
- 12 volt —0.48 amp each light

- mounted horizontally along the top of the truck box
- http://www.grote.com/cgi-bin/product.cgi ?product number=53963

Merzontal Bar

For the field testing, it was necessary to test these additional lights with a consistent
beacon. The Low Profile Revolving Beacon (single rotating) was chosen for this.

A drawing detailing each lighting configuration trial is shown in Appendix C. Due to
installation logistics, the actual field trial ordering was different than above (different
mounting brackets and finding enough space on the rear of the snowplow truck).

All lights were supplied by:

Grote Canada

8 Evergreen Close

St. Albert, AB, T8N 6E2

Mr. Gordon Alloway, Ph: (780) 458-1828

-- Page 24 --

# 200, 18311 — 105 Ave., Edmonton, AB, T5S 2K9
Phone: (780) 488-8292, Fax: (780) 444-9054



Quest Fabrication

923 — 46 Avenue SE

Cdgary, AB, T2G 2A5

Mr. Bruce Buckley, Ph: (403) 287-2845

Lighting installation was completed by:
Fort Gary Industries Ltd.

16230 — 118 Avenue
Edmonton, Ph. (800) 663-9366
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5. FIELD DEMONSTRATIONS

All of the lights chosen for the field trials were mounted on a single snowplow truck,
provided by Alberta Highway Services Ltd — Stony Plain. To facilitate the testing of all
of the lights in the same conditions, multiple lights had to be mounted on the snowplow
truck at the sametime.

Directional LED
The LED Light Bars, Amber-Red
Flashing Warning Lights (Wig-Wag) and
Directional LED Lights were all mounted
to the box of the truck and were present
during the entire length of the trials,
where they could be turned on and off
from inside the cab of the snowplow
truck while moving. The picture to the
right shows the fixed placement of the
LED lights and beacon.

Wig-Wag
Lights

LED Light Bars

All lights that pertained to the existing .
standard for snowplow lighting, which are still visible in this picture, were replaced with
LED light clusters of equivalent size and shapes for the field trials. This included stop-

tail-turn lights and the amber-red warning lights.

The centre beacon on the rear of the truck
provided a different challenge for the trials. The
changing of the centre beacon for every
different trial was not practica, and an
alternative method of mounting the lights was
required to facilitate the field trials. Six of the
seven centre lights were mounted on two
removable cross-members, as shown in the
picture on the | eft.

The use of the cross-member alowed for three lights to be controlled from switches
wired in the cab of the snowplow. Controlling the lights from inside the truck enabled
the test to be completed more rapidly, as the snowplow did not have to stop to change the
lights between every trial combination. The remaining single centre light, a low profile
LED light bar, was too large horizontally to be mounted with other lights and was
mounted separately on asingle vertical pole.

Obvioudly with this set up, some of the beacons were not exactly located at the center of
the snowplow truck; however, this was deemed not to be a critica component of the
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testing and would not adversely affect testing of the light visibility during the field trials.

Mounting the lights on separate switches, which could be controlled from the cab of the
truck, allowed the test group to view several lighting configurations in succession without
stopping. Because snowstorms change in intensity over both time and space, being able
to switch the lighting configurations while the snowplow truck was in motion allowed
different configurations to be viewed under relatively similar conditions. Not requiring
frequent stops to change the lighting arrangements also reduced the risk of creating an
accident while the test vehicles were parked on the side of the highway.

Prior to the field trials, it was decided that each lighting configuration would be viewed
under light and heavy snowfall conditions during the day and at night. This would allow
each option to be viewed severa times under variable conditions before any
recommendations are made. Therefore, four (4) separate field visits were planned as
follows:

- Strong snow fall at day; need snow cloud behind snow plow.

- Strong snow fall at night; need snow cloud behind snow plow.

- Light to no snow fall at day; need snow cloud behind snow plow.

- Light to no snow fall at night; need snow cloud behind snow plow.

In order to compare each new lighting package to the existing lighting standard, it was
initially planned to have two (2) snowplow trucks proceed along the highway, side by
side. The first snowplow truck would be equipped as per the existing Alberta
Infrastructure and Transportation snowplow lighting standard. The second would contain
the experimental field trial lighting, triggered one at a time. After about 1 minute, each
lighting package would be changed. This of course could get complicated since the
average running speed of a snowplow truck about 50 - 60 kilometres per hour. On a
divided highway, this would cause significant traffic delays, especially with higher
volumes area, as is such around Edmonton.

An Operations Plan was developed for the field visits which addressed safety, traffic
accommodation and trial procedures. This included three stages. Stage 1 — Stand-By,
Stage 2 — Set-Up and Stage 3 — Conduct Field Trial. The Operations Plan is included in
Appendix E, “Field Trial Information”. The Operations Plan made provisions for two
snowplow trucks running side by side, by providing two pilot vehicles running side by
side with flashing arrow boards, one in each lane of the divided highway that would
follow the snowplow trucks. Two other vehicles would travel between the snowplow
trucks and pilot vehicles: a video truck and evaluation vehicle. The video truck would be
responsible for acquiring video tape coverage of the field trials, for others to view in the
future. The evaluation vehicle would hold observers that could view the lighting changes
and make comparisons first hand. By having the pilot vehicles at the back of the
operation, no traffic could get near the snowplow trucks, video truck and evaluation
vehicle, thus providing a safe working area for the team. The trade off would be that
traffic would be slowed for a 25 — 30 kilometre section, during inclement winter weather.
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The location of the field visits was mostly dictated by the location of the shop, where the
snowplow trucks worked from. Since the outfitted snowplow truck was required to be in
operation during snow storms for regular plowing work, the field visits would have to be
done near the shop. Since Alberta Highway Services Ltd. made one of their snowplow
trucks available from the Stony Plain shop for this project, the field testing had to occur
near Stony Plain. Since two snowplows trucks were to travel side by side and for safety
reasons, a divided highway was chosen. In this case, Highway 16 (Y ellowhead) was the
nearest. For convenience of turning around, the section between the Highway 44
interchange and east of the Highway 43 junction appeared adequate. A north-south
highway was considered (Highway 60, north of Devon) however the distance from Stony
Plain was impractical due to maintenance scheduling.

A critical component of the field visits was an accumulation of snow before plowing
operations began. Without some accumulation of the snow, the snow cloud created
during plowing operations would not be very dense and as such, would not give an
accurate portrayal of the effectiveness of the lighting trials.

During the demonstrations, a video
camera was setup in the lead chase
vehicle to capture the footage of the Sl
different lighting configurations. The gl
vehicle used was a 1999 Dodge Ram ¥
1500 4x4 pick-up truck, provided by g
Alliant Engineering. The truck allowed [
for the video camera to be secured to the |
centre console of the truck and aimed
directly out the front windshield with no
obstructions.  Ciné Audio Visua of
Edmonton provided the video coverage.

All of the trials per field visit were video taped and a DVD, showing each lighting
configuration during all of the trials has been provided. Additional photos were taken of
the snowplow vehicles before and after the triads were compl eted and these can be seenin
Appendix A.

Two different types of laser range finders were obtained (AlI&T's and rented) to
determine the distances to the snowplow trucks at the point of visibility from the video
truck for each lighting package. These values could essentially provide numeric data
relating to the effectiveness of each lighting package (distance and drive perception
relationship). During the first field visit on March 20, 2005, afternoon, several attempts
to measure these distances were made. Due to blowing snow and both vehicles moving,
the range finders proved to be unreliable. Attempts on making any further measurements
ceased half ways through this visit. The human judgement of when the lights were
visible and the level of visibility also proved to be too great of variable. Therefore, a
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purely subjective evaluation would have to be made when comparing each of the lighting
packages during the field trials.

The supply of lights and installation was completed by mid February, thus putting the
field trials on stand-by, waiting for snowfall.

After some wait for a substantial snowfall event, March 20™, 2005, presented the first
opportunity to conduct field trials. A summary of each of the field visits, detailing the
conditions and which lighting configurations preformed best, is indicated in the following
sections.

5.1 Vidgt No. 1-March 20, 2005, Day

A snowstorm beginning on the early morning of March 20, 2005, provided the adequate
accumulation of snow requiring highway snowplowing. This presented the opportunity
to perform the first of the field trials. Field demonstrations commenced at 3:00 pm and
concluded at 6:00 pm, on Highway 16 in both the west and east bound lanes.

There was a strong wind blowing out of
the west ranging between 25 and 40
kilometres per hour. By the time the
trials started, the snow fal had
decreased and was very light, but the
accumulation of snow on the shoulders
of Hwy. 16 was still significant enough
to warrant the demonstration.

The initial trials were completed on
Hwy. 16 between Hwy. 44 and Rge.
Rd. 13. Since two pilot vehicles were
not available at the time and safety
concerns, the two snowplow trucks travelled in staggered configuration, with the lead
truck plowing the travel lane and the other plowing the shoulder. See Photo of video
above (WBL’s). Theinitial pass, using two snowplow trucks, started immediately west
of Hwy. 779 in the westbound lanes. Due to safety concerns, the two snowplow trucks
were to be staggered, placing the snowplow truck with the demonstration lights ahead of
the truck with standard lighting.

After approximately three (3) kilometres of attempting to follow the truck with standard
lighting, it was decided that the staggering did not provide an effective comparison.
Also, the test vehicles had to be very close to the standard lit snowplow truck to see the
demonstration lights that were approximately 80 - 100 metres ahead of the standard
snowplow truck. At this point, the standard snowplow truck left to complete other
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snowplow work and the remaining demonstrations were completed with the single test
snowplow truck.

The field trials were continued, travelling in the east and west bound lanes. See Photo
from video below.

Quantitative data was recorded using
the rented laser range finder for
different combinations of lights. The
downfall of the data retrieved using the
laser range finder was inconsistency.

The distances measured following the
sight of the plow depended too greatly
on the density of the snow cloud created
|| by the plowing operation. The range
|| finder would not record a distance the

|| same instant as the rear of the truck was
— sighted. The range finder required the
snow cloud to decrease in density before a measurement could be achieved.

The dissipation of the snow cloud was dependant on the initial density of the cloud, the
wind speed and direction of travel (i.e. into or with the wind). There were lights that
were clearly not as effective as the comparison lights; however, the data retrieved using
the laser range finder showed improved sight distances. After the completion of the first
demonstration and an evaluation of the data, the use of the laser range finder was
discontinued due to data variability. In summary, the only useful data obtained from this
was that complete white-out could still occur at distances of 30 - 50 metres behind the
snowplow truck.

After the March 20, 2005, afternoon, demonstration was complete, there were three
distinct preferred centre beacons. The two double rotating beacons and the LED 2100
mini bar appeared to stand-out. The LED 2100 mini bar was the most visible of all.

Asfor the lights mounted directly to the truck, the horizontal and vertical LED lights bars
proved to be disappointing and could barely be visible. The directional LED-X lights
also offered no significant improvement during the daytime trials. It should be noted that
the LED-X lights and LED Quantum Strobe lights were not set properly on this day
(afternoon and evening). Both had optional flash patterns which improved visibility.
These adjustments were made on March 22, 2005.

The amber-red LED flashing warning lights did make a substantial improvement over the
existing red and amber edge lights during the daytime testing. Both old amber-red and
new LED amber-red were used during portions of the field trials. The old amber-red
lights could barely be seen next to the LED amber-red lights.
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Below are photos of the standard lighting (left) and new field tria lighting (right)(with
LED 2100 mini light bar). Additional evaluation comments are shown in Appendix E.

EXISTING STANDARD FIELD TRIAL LIGHTING

5.2 Vidgt No. 2- March 21, 2005, Night

The snow continued through the day and therefore allowed for more snowplowing at
night, during the early morning hours of March
21, 2005 (12:00 to 1:30 am.). Since the
Highway 16 location did not contain enough
snow on the road surface, Highway 628 (two-
lane highway), just south of Stony Plain was
chosen for the field demonstrations.

Through most of the trials, little to no snow
cloud could be seen behind the test snowplow
truck. This visit proved to be more of the
“Light to no snow fall at night” variable for
testing of the new lights.

All lighting options were tested in relatively the same sequence they were during the
afternoon of March 20™. Additionally, several combinations were tried (vertical light
bars, horizontal light bar, amber red LED flashing warning lights, LED mini bar, etc.).

The lights that performed well included al except the LED strobe beacon. On a clear
night such as this one, almost anything was fairly visible. Of notice was that an excessive
amount of glare was experienced from LED-X lights, LED mini bar and several of the
combinations. Thiswas especially true when all the test lights were turned on.
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Thetrials proceeded much faster and were over after 1.5 hours.

5.3 Vidgt No. 3- March 22, 2005, Night

More snowfall occurred during March 21 & 22, 2005. Field demonstrations continued on
Highway 16 during the early morning hours of March 22, 2005 (2:40 to 4:00 am.). More
snow cloud was encountered than on the previous night, but was limited.

All lighting options were tested in the same sequence they were done in the previous trial
visits. Again, several combinations were evaluated including variances with the beacons.

Much of the viewing occurred a fair
distance away as compared to the other
two visits (150 — 200 metres). This
allowed for evauation from a different
perspective.  The snow cloud was
erratic at best; some white-outs did
occur giving indication of which lights
are more visible. Over lighting a
vehicle was confirmed as per the other
night and was validated by the slowing
of passing vehicles. Thiswas seen asa
reluctance to pass on the divided
highway.

The LED strobe and LED-X were much better on this night, as they were properly set
with the most visible patterns. The double amber beacons and LED mini bar appeared to
be too strong when used with the LED amber red flashing lights (wig-wag). The single
rotating amber beacon was the best matched with the LED amber red flashing lights
(wig-wag). The vertical and horizontal LED light bars did stand out, but were no match
to elevated lights when in decent snow cloud. The LED-X lights could be useful if they
were mounted higher. They still seem to piece through the majority of snow clouds.

The LED amber red flashing lights (wig-wag) appeared to mimic an emergency vehicle
at night. The flashing sequence was similar to the strobes used on ambulances especially.
When combined with a rotating flashing beacon, the “emergency vehicle' effect was
lessened. Other LED lights or LED type beacons appeared to “drown-out” the LED
amber red flashing lights (wig-wag) and was too bright in clear conditions. Even in the
snow cloud, the message to drivers appeared convol uted.
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54 Visit No. 4 - March 22, 2005, Day

Snowfall continued on March 22, 2005. The last visit for completing field trias
conveniently occurred later in the day of March 22, 2005.

Field demonstrations continued on Highway 16 during the afternoon of March 22, 2005
(12:30 to 1:30 p.m.). Wet snow was
encountered and site conditions were
different from other nights of
demonstrations.

All lighting options were tested in the
same sequence they were done in the
previous trials. Good examples of
snow cloud blockages were obtained
during thisvisit.

Several of the lighting package
performances were confirmed during
thislast visit.

The LED light bars (vertical and horizontal) did not perform well again during daylight.
They could barely be seen, especialy with any snow cloud.

The LED-X flashing lights were better than last daytime visit, however not to the
performance level desired. The height of the LED-X played a critical factor in this.

The dual rotating amber beacons and the single rotating amber beacon provided sufficient
visibility during the day.

The LED amber red flashing lights (wig-wag) and LED mini bar were the most visible
lights. The two in combinations provided the fastest recovery in visibility going through
snow clouds.

Combination lighting did not make a noticeable difference, as only the higher mounted
lights could be seen during partial white-outs.
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6. RECOMMENDATIONS

Based on the information gathered during conversations with suppliers and contractors,
the literature review, the highway jurisdictional survey, and the field trials, the following
changes to the existing snowplow lighting standards are recommended.

6.1 Recommendations & Discussion

Existing Snowplow Lighting

For the field trials, all of the existing lamps were replaced with LED lamps of equivalent
size and colour. Although this variation to the existing standard was only compared
briefly during the first field trial, the LED lamps were deemed to be a great deal brighter,
and therefore, more visible.

Based on that comparison, Alliant recommends replacing the existing Stop-Tail-Turn and
Backup lights with LED lamps. In addition the Rear Identification Marker, which are
required by the Transport Canada regulation, should aso be changed to LED lights.

The potential draw back of replacing the existing lights with LED lights is problems
keeping the lights clean during snowplow operations. LED lights generate far less heat
than traditional lights, which may allow snow to accumulate on the lights more rapidly.
This situation needs to be avoided, as any snow accumulation will reduce the
effectiveness of the lighting. To prevent any snow accumulation, the snowplow truck
may need to stop and clean the lights more frequently. Use of wind deflectors in these
areas should be encouraged as well.

RECOMMENDATION: It is recommended that all standard vehicle lights be
replaced with LED lights. These include the existing Stop-Tail-Turn & Backup
lightsand the Rear Identification Marker lights.

Elevated Brake and Backup Lights

A critica component to the rear warning lights is the ability of the lighting to warn
drivers of changes to the speed and movement of the snowplow truck. Thisis especially
critical when the snowplow truck is slowing down to turn or pulling off the roadway.

The existing Stop-Tail-Turn and Backup lights are located on the bumpers of the
snowplow truck. This location is relatively low to the ground and is prone to being
obstructed by snow cloud or covered with snow accumulation.

The help ensure that adequate warning is provided to drivers about the movements of the
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snowplow truck, it is recommended that
additional Stop-Tail-Turn and Backup lights
areinstalled, at a higher location on the truck. .
This elevation should be the highest possible o |

on the box, without conflicting with the | sackueiame  SHRC)

Grote LED

warning lights that confusing drivers. These | part#ssost 12 vort

Sealed Beam #H76060

lights should be separated from all other | oimension:s”
lights and be distinctive.

STOP-TAIL-TURN
*Grote LED
Part #53962 Red

These new lights shall be 4" round LED | wsssae o o

lamps, the same as the lamps on the bumper, | -Pimension: 2% Wx6%H
and would be located approximately 2.3 m _& 1
from the roadway surface. Two (2) Stop-
Tail-Turn lights will be located vertically
along the outside edges of the snowplow. —
The Backup light will be located at the same height as the top Stop—Tall -Turn Ilght

approximately 0.75 m from the outside edge of the snowplow.

RECOMMENDATION: It is recommended that a second set of LED Stop-Tail-
Turn and Backup lights be installed near the top of the snowplow truck box.

Rotating Centre Beacon

During the field trials a total of six (6) warning beacons were tested. This included a
strobe light, single and dual rotating beacons, a single LED beacon and a low profile
LED light bar. Only two of these are recommended (dual rotating beacons).

The strobe light was visible under all of the test conditions. A photocell, built within the
beacon, would alter the intensity to the amount of daylight available. However, due to
the short duration of the light burst, distance perception may become difficult. This
observation was also made in the research paper titled, “Rear Lighting Configuration for
Winter Maintenance Vehicles’, which was discussed in Section 3.2.1. Because of the
distance perception problems associated with these lights, Alliant does not recommend
using strobe lights on the snowplow vehicles. Generally, the strobe beacon appeared dull
and not very bright.

The spatial orientation problems that were found during the testing of the strobe lights
were not found during the testing of the other warning beacons. The visibility through
the snow cloud of rotating beacons and the light bar was comparable or better than the
strobe lights.

Based on the field trials it appeared that both the light bar and the rotating beacons will
be effective in alerting drivers to the presence of a snowplow vehicle on the highway in
front of them. However, the light bar did appear to be too bright in some cases (clear
night) and almost overwhelming to the point of causing a significant amount of glare.
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Also, the cost of the light bar does not make it a viable option for installation on the
province' s snowplow vehicles.

Both the single and dual beam rotating beacons preformed well during the field trials. It
was noted though, that the dual beam was brighter and easier to spatially judge as a result
of the second beam. When considering the entire rear lighting package, a very high
intensity or bright beacon may not be necessary. The elevated amber-red LED flashing
warning lights should be the most noticeable and the amber beacon shouldn’t over-power
them. The center flashing beacon will aso signify that the snowplow truck is aso a
maintenance vehicle, unlike an ambulance or fire truck.

The critical factor for the beacon appears to be in the daylight. Most rear-end collisions
with snowplow trucks occur during the day. For this reason, the dual rotating amber
beacon is recommended for daytime operations. Brighter LED mini bars are also very
effective for the day and could be considered (day only). For night work, the dua
rotating amber beacon can appear too bright at times. Stronger lights like the LED mini
bar can be too bright at night. A single rotating amber beacon is better suited for night, to
reduce glare. Since the objective is reduce collisions, the dual rotating amber beacon was
chosen to be the best fit for both night and day.

RECOMMENDATION: It isrecommended that a dual rotating amber beacon be
used on all snowplow vehicles. It should be mounted dlightly below the elevated
amber-red LED flashing warning lights, at the rear center of the truck box. The
rotating beams shall be set so the flashing alternates between beams. Strobes
beacons should not be used. LED beacons could be considered if they provide 360
degree coverage, mimic a rotating flashing pattern and can be adjusted to be less
intensive at night.

The front flashing beacon, even though outside the scope of this report, should also be
changed to the same dual rotating amber beacon as per the rear of the truck. This
consistency will also help alert drivers approaching the vehicle in the opposing direction
of the snowplow truck.

Amber-Red LED Flashing Warning Lights

In the present rear lighting configuration, a single amber and red lamp is required above
the left and right corner of the truck box. During the trids, two (2) options were
examined for these lights, replacement with LED lamps of the same size or replacement
with LED 75mm x 175mm flashing lights (Wig-Wag).

Both options were an improvement over the existing standard, however the LED 75mm x
175mm flashing lights (Wig-Wag) were easily deemed to be the better of the two. These
lights were often the first lights to be seen before, through and after a snow cloud.
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The existing bracket used for the elevated warning lights allows for three (3) possible
setups of the LED Wig-Wag lights. These options can be seen on Drawing A4-2005-08-
A. These lights can be instaled in the traditional vertical alignment, which was used
during the trials, or alternatively the lights could be mounted horizontally on the existing
bracket. The lights could also be mounted separately in a similar configuration to the
existing standard.

The flashing pattern and timing of these lights is another issue. The rapid flashing and
pattern used during the field trials appeared to mimic an emergency vehicle (each light
half lit, flashing rapidly, moving up and down). The pattern used by Saskatchewan
Highways and Transportation is referred to as a 7-10 pattern (wig-wag pattern). In this
pattern, each light flashes individually three (3) times after which all of the lights flash in
unison three (3) times to complete the cycle. In order to keep the snowplow vehicles
distinguished from emergency vehicles, it is recommended that a similar pattern to
existing sequence be used (the red light staying on continuously and the amber flashing).
The amber should not flash too rapidly, as this may look like an emergency vehicle.
Additional research may be required to properly determine the appropriate configuration
and flashing pattern that should be used.

RECOMMENDATION: It isrecommended that amber red LED 75mm x 175mm
flashing lights be mounted on the elevated brackets on all snowplow vehicles as per
Drawing A4-2005-08-A. The amber light should be focused as per Drawing A4-2005-
08-B.

Reflective Tape

As a result of conversations with contractors and the jurisdictional survey, Alliant is
recommending that a strip of reflective tape be installed across the width of the truck at
the approximate midpoint of the truck box. This location will alow the headlights from
approaching vehicles to illuminate the reflective tape, maximizing its effectiveness.

There is a possible problem with this tape becoming obstructed by snow buildup during
plowing operation. However if this area is cleared of snow buildup when the lights are
checked for snow accumulation, any snow buildup on the reflective tape should be
minimized. By motor transportation regulations, two strips of reflective tape are required
on the rear of snow plow vehicles. This strip can serve as one of these as well.

RECOMMENDATION: It isrecommended that two specialized reflective sheeting
strips be used on therear of all snowplow vehicles.

Rear Wind Deflector

The existing standard for snowplow operations in Alberta does not include a wind
deflector to help keep the rear lighting of the snowplow clear. However, wind deflectors
are being used by most maintenance contractors in the province as an addition to the rear
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lighting requirements.

Saskatchewan and New Brunswick both use a wind deflector on their snowplows. The
jurisdictional survey indicated that both jurisdictions have had good results with the wind
deflector keeping the rear of the plow clean. However, Saskatchewan has had problems
with the wind deflectors becoming clogged with snow, and therefore, reducing the
effectiveness of the wind deflector.

Traditional snowplow lights generate a great deal of heat, which helps keep the lights free
of snow buildup and visible to following motorists. Because LED light generate much
less heat, keeping the lights free from snow accumulation will be more difficult than it
had been in the past.

Although this study focused on the rear lighting of the snowplow and a wind deflector
was not specifically tested during the field trials, the trial vehicle was equipped with a
wind deflector. Throughout the trials this deflector did appear to have an effect on
keeping the rear lighting clear of snow buildup, therefore, increasing the visibility of the
rear lighting.

RECOMMENDATION: It is recommended that a wind deflector be installed on
therear of all snowplow vehicles above the hopper.

6.2 Power & Cost Implications

It is necessary that when recommendations are made to the rear lighting of the snowplow
trucks, it remain practical. Power usage and cost are two measures of being practical.
The following table summarizes these items.

NUMBER | POWER TOTAL COST TOTAL COST
DESCRIPTION OF PER POWER PER
LIGHTS LIGHT REQUIRED LIGHT 6)
REQ'D (AMPS) (AMPS) 6)
LED Brake, Tail,
Turn & Backup 6 0.5/0.7 3.8 $ 50.00 $300.00
LED Back-Up Lamps 2 0.125 0.25 $ 60.00 $ 180.00
LED Rear ID Lamps 3 0.5 1.5 $ 10.00 $ 30.00
LED Elevated Brake,
Tail, Turn 4 0.7 2.8 $ 50.00 $ 200.00
Dual Rotating Amber 1 10.5 10.5 $140.00 $140.00
Beacon (based on 480
fpm; less for
slower speeds)
LED Red-Amber
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Warning Lights w/ 4 0.75 3.0 $ 170.00 | $680.00
metal housing
Miscellaneous Wiring
& Harnessing $500.00
Wind Deflector $ 1 000.00
TOTAL 20 21.85* $3 030.00**

* Note: Thetotal power required for the old rear lighting standard is Brake, Tail & Turn=6x 2.1 =12.6,
Rear ID Lamps = 1.0, Single Rotating Amber Beacon = 5.5, 2.5” red warning light 2 x 1.0 = 2, 4” amber

warning light 2x 2.0=4. TOTAL =25.1 ampsfor 14 lights.

** Note: These costs are estimated based on average unit prices at the time of this report. They do not
include additional materials such as grommets, wiring harnesses, etc. No allowance has been made for
installation, but could be approximately $1,500 to $2,000 per truck. These prices do not take into account
for bulk orders or dealer discounts. Total estimated cost = $ 5,000 per snowplow truck (rear lighting

only).

-- Page 39 --
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1. NEW STANDARD SPECIFICATION

The recommendations made in the previous section represent a recognizable change from
the existing Alberta Infrastructure & Transportation lighting standards. The main
objective of this project is to revise the existing specification for rear lighting of
snowplow trucks, so that it may be applied province wide for al Contract Maintenance
Areas. This in turn will provide improved operational safety and consistency amongst
mai ntenance contractors.

Following is a new specification section that can be used to modify or be inserted into the
existing specification for snowplow operations (Section 52.1 of the Highway
Maintenance Specifications). In addition to the new specification section, two new
drawings have also been included on Page iii and iv, which would replace the old lighting
diagrams.

“52.1.3.9 Standard Lighting and Additional Warning Devices

Standard lighting for all types of snow removal trucks shall be in accordance with the
following sections of this specification. Variances to this specification will only be
allowed upon written acceptance by the Department. This applies to new lighting
technology, changes in light types, light locations and lighting configurations.

52.1.3.9.1 Rear Lighting

Rear lighting shall be in accordance with Drawing A4-2005-08-A and Drawing A4-2005-
08-B and shall comprise of:

- LED stop, tail and turn lights,

- LED rear identification lights,

- Raised LED stop, tail, turn and backup lights box mounted,
- Dual Rotating Amber Lamp Beacon

- LED amber-red flashing warning lights above-box mounted.

All lighting shall meet or exceed all applicable and current SAE standards.

52.1.3.9.1.1 LED Stop, Tail and Turn Lights
Two (2) red ““Stop-Turn-Tail” lights (round) and one (1) clear “Backup” light (round)
shall be installed on the bumper of the snowplow truck, on both the left and right sides.
These shall be LED lights that are mounted horizontally across the rear bumper of the

snowplow truck.

52.1.3.9.1.2 LED Rear Identification Lights

- Page40 -
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As per motor transportation regulations, rear vehicle lighting shall be centered on the
back of the box of the snowplow truck, slightly below the box wind deflector. These shall
be red LED lights, sized no larger than the “Stop-Turn-Tail”” lights, spaced between
150mm — 300mm apart.

52.1.3.9.1.3 Raised LED Stop, Tail and Turn Lights Box Mounted

Two (2) red LED ““Stop-Turn-Tail” lights (round or oval) shall be mounted on both
upper corners of the snowplow truck box. These lights shall have a minimum diameter of
100mm and shall be mounted in a vertical configuration, with the “Stop” light mounted
above the “Tail/Turn” light. The lights shall be mounted at the highest location possible
on the rear of the box, without being obstructed by the wind deflector or other vehicle
appurtenances. These red LED lamps will operate as Stop-Turn-Tail lights in
conjunction with the Stop-Turn-Tail lights on the bumper on the snowplow vehicle.

A set of clear LED ““Backup” lights (2 — round or oval) shall be mounted on the rear of
the snowplow truck box, slightly inside (towards the center) of the “Stop-Turn-Tail”
lights. These lights shall have a minimum diameter of 100mm and shall be mounted at
the highest location possible on the rear of the box, without being obstructed by the wind
deflector or other vehicle appurtenances. These clear LED lamps will operate as
“Backup’ lights in conjunction with the “Back-up” lights on the bumper on the
snowplow vehicle.

52.1.3.9.1.4 Dual Rotating Amber Lamp Beacon

A dual rotating amber lamp beacon with minimum dimensions of 115mm (4.5”) H x
380mm (15”) L x 160mm (6.3”*) W shall be used, that meets or exceeds SAE J845 Class
1, “360E Warning Devices for Authorized Emergency, Maintenance and Service
Vehicles”. The warning beacon shall be mounted in the centre of the vehicle, at the top
of the snowplow box, a minimum of 0.75 metres from the top of the box. The beacon
shall provide between 250 to 500 flashes per minute, with minimum 50 Watt halogen
bulbs. The bulbs shall be setup so that both bulbs do no flash in the same direction at the
same time. Strobe beacons shall not be used.

52.1.3.9.1.5 LED Amber-Red Flashing Warning Lights

Two (2) red rectangular LED lights, measuring approximately 75mm wide x 175mm
high, shall be mounted vertically on raised extension brackets that are mounted along the
outside rear edges of the snowplow box. The lights shall be mounted so that the bottom of
the LED lamp is 3.18 metres above the ground.

Two (2) amber rectangular LED lamps, measuring 75mm wide x 175mm high, shall be
mounted horizontally, approximately 0.50 metres from the outside edges of the snowplow,
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such that the top edge of the light is at the same height as the vertically mounted red LED
light.

The amber LED light shall flash on and off at a flash rate of 3 — 5 flashes per second.
The red LED light shall remain on at all times in a “steady-burn” mode. The amber
lights shall be focused in accordance with Drawing A4-2005-08-B.

52.1.3.9.2 Light Operations — Monitoring and Maintenance

To prevent snow accumulation, all LED lights, except for the LED amber-red flashing
warning lights, shall be mounted in locations with wind deflectors above them.

Before plowing operations begin, the rear lighting shall be examined to ensure all lights
are operational. If any lights are not operational, they shall be repaired prior to the
commencement of any plowing operations. In addition, if any diodes are burnt-out, or
have a reduced luminance, they will be replaced prior to any plowing operations

All rear lighting shall be periodically checked to ensure that the lighting is operational
and not blocked by snow, mud, etc., in accordance with the Contractor’s safety program.

52.1.3.9.3 Reflective Tape

Two strips of specialized reflective tape shall be located horizontally across the width of
the truck, one at the midpoint of the truck, approximately 2 metres from the ground. The
second strip can be located as per required by motor transport regulations. The strip of
reflective tape shall be reflective (for day and night use), at least 50mm wide and contain
alternating blocks of red and white colors.

52.1.3.9.4 Rear Wind Deflector

A rear wind deflector shall be installed above the box of the snowplow in such a manner
as to force the flow of air down the rear of the snowplow vehicle. The wind deflector
shall extend across the full width of the truck box and be located so that bottom of the
wind deflector is located no more than 300 mm from the top of the Raised LED Stop, Tail
and Turn Lights.

52.1.3.9.5 Front Lighting
A dual rotating amber lamp beacon, that matches the rear dual rotating amber lamp

beacon, shall be mounted on the front of the snowplow truck. The beacon shall be
unobstructed and clearly visibly.
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8. CONCLUSION

Alberta Infrastructure and Transportation’s goal for this project was to complete areview
of the rear lighting standards for snowplow vehicles within the province of Alberta.
Alliant Engineering commenced this assignment in September 2004 and has now been
completed in August 2005. This report provides all the process details of this project
along with recommendations.

The project objectives have been completed within the given scope of the work. The
recommendations provide a new rear lighting specification that can be utilized
immediately for all snowplow vehicles used on Alberta Infrastructure and Transportation
highways.

Limitations of this report include:

side and front lighting review

patterns for amber-red LED flashing lights
pointing review for LED flashing lights
wing and plow blade lighting review
improved lighting for operators

reflective tape review

wind delfector review

new LED technology after July 2005

Individuals and parties that hel ped make this project successful include the following:

Gordon Alloway, Grote Canada

Bruce Buckley, Quest Fabrication

Barry Shane, Public Safety Equipment

Fort Gary Industries Ltd., Edmonton

Alberta Highway Services Ltd.

Ciné Audio Visual

Terry Becker, Alberta Infrastructure & Transportation
Neal Reynolds, Alberta Infrastructure & Transportation
Peter Ing, AlbertaInfrastructure & Transportation

Steve Otto, Alberta Infrastructure & Transportation
Randy Shaul, Alberta Infrastructure & Transportation
Nick Bucyk, Alberta Infrastructure & Transportation
Ron Stoski, Alberta Infrastructure & Transportation
Paula Campbell, Alberta Infrastructure & Transportation
Alfred Tauscher, Alberta Infrastructure & Transportation

A big thank you to everyone for their contributions.
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9. CLOSURE

We trust the information provided meets your present requirements. Should any
guestions arise, please contact our office at your convenience.

Ryan Batty, E.I.T. Warren McKay, E.I.T. Darcy Paulichuk, P. Eng.
Project Engineer Project Engineer Senior Project Engineer
Engineering Stamp Permit
Darcy O. Paulichuk, P. Eng. Alliant Engineering & Consulting Ltd.
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Photo #1 - A view of the existing front and rear standard lighting of typical snowplow trucks. Note that
the truck on the right does not comply exactly with the Alberta Infrastructure and Transportation Highway
Maintenance Specification, as the top 2.5” red warning light should be mounted sideways on the outer

edge.

Photo #2 — Another photo of the rear lighting on a snowplow truck. Again, the red warning lights are
mounted on the inside of the mounting bracket inside of on the outside as per specification. The height of
the amber and red warning lights also appear to be lower for this truck.
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Photo #3 - Viewing another snowplow truck that meets the existing Alberta Infrastructure &
Transportation Specification. In this case a checker board pattern, warning sign and reflective tape (wind
deflector, above tail lights & upper brackets) have been added.

Photo #4 - Viewing the same snowplow as seen in Photo #3. From this angle the required reflective tape
can be seen along the side of the snowplow as well.
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Photo #5 - Viewing along the right side of a snowplow truck. Marker lights are used on the side of the
truck. An orange warning flag and amber light are used here on the end of the wing.

Photo #6 - A side view of a snowplow. In this photo the wind deflector, used to keep the rear of the truck
clear of snow buildup, can be seen. Also, de-icing tanks are being used and are located on the sides of the
truck. A front flashing amber beacon and additional headlights are also used.
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Photo #7 - Viewing the front of a snowplow. The rotating beacon required on the front of the plow can be
seen in this photo. This plow has been outfitted with metal strips with reflective tape for marking the
corner of the plow, in lieu of orange flags. Additional elevated headlights are also included to aid the

driver.

Photo # 8 - This close-up of the rear of the snowplow truck shows the setup of the wind deflectors above
the box and over the tail lights. The Rear Identification Lamps can also be seen below the wind deflector.
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Photo #9 - Viewing an alternate lighting setup used by Parkland County. In this configuration orange
warning flags have been installed to compliment the elevated amber and red warning lights. A dual amber
rotating beacon is being used above the box.

Photo #10 - The same snowplow as seen in the above photo, with a front view of the plow. An additional
orange warning flags are on the tips of the plow. No major additions to the lighting package is evident.
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Vegreville on Hwy. 16. In this photo the elevated flashing amber lights are the most visible of the rear

Photo #11 - A photo of a snowplow truck during plowing operations on January 6, 2005, east of
warning lights.

tail lights are much more visible than previously. The elevated lights are still visible because they are

Photo #12 - Following the same plow as above, now closer to the snowplow itself. From this distance the
above the snow cloud.
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Photo #13 - Viewing the previous snowplow, slightly closer. Visibility of the lights is sufficient to warn
motorists at this distance.

Photo #14 — Rear lighting of a snowplow truck at night. This is a photo of the standard snowplow lighting
at a distance. This photo was taken under night conditions.
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Photo #15 — Closer view of the snowplow truck seen in photo #14. The individual lights are beginning to
become distinguishable.

Photo #16 — Approximately 50 to 75 metres from the rear of the snowplow truck. From this distance each
light can be clearly seen. The lighting configuration is slightly different from the specifications where
there are two front mounted amber beacons. The elevated amber lights appear to be the brightest.
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Photo #17 - This photo is of a new truck box which has been outfitted with snowplow lighting at Fort
Garry Industries Ltd.

Photo #18 — This lighting setup has moved the location of the red marker lamp inside the mounting bracket
and placed inside a square metal box, as seen previously in Photo #2.
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Photo #19 - The warning beacon is a dual amber Whelen beacon. This appears to be a Responder Series,
R2HD, with 92,000 beam candle power from 50 Watt bulbs.

Photo #20 - This photo shows the test snowplow truck. This truck has been outfitted to accommodate all
of the lighting trials (not all shown). A steel square hollow beam was used to mount a variety of beacons.
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Photo #21 - This photo was taken during a break in the field trials. Snow buildup can be seen on the
bumpers, partially obstructing the Stop-Tail-Turn and Backup lights.

Photo #22 - This photo has been taken to show the trial snowplow outfitted with the PSE Amber 2100 low
profile light bar for use as the centre beacon.
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Photo #23 - A side view of the field trial snowplow truck. Snow buildup can be seen on the wind deflector
over the Stop-Tail-Turn and backup lights and the side of the truck box. The wind deflectors are not
properly working over the tail lights as de-icing tanks are mounted along the box.

Photo #24 — Viewing from the front corner of the trial snowplow. The vertical reflective strips, which
have been mounted on each corner of the snowplow blade, can be seen in this photo.
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Photo #25 - Another picture from the front of the snowplow. The reflective striping on both corners of the
plow can be seen here. A rubber skirt has also been added to the plow blade to help reduce the snow that
comes over the truck. A single amber beacon is used on the front of the truck, mounted on the cab.

Photo #26 - This photo show the cross member used to install the warning beacons. Three (3) beacons
were mounted to two (2) cross beams to allow different options to be viewed in quick succession in the
field.
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Photo #27 - During the field trials the above setup was used to record the trials. The video of the trials has
been edited and included with this report.

Photo #28 - The video camera was mounted to the centre console of the lead chase vehicle, a 1999 Dodge
Ram 4x4. This setup allowed the camera an unobstructed view out the windshield. A second home video
camera was set on the dash, as backup video coverage.
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Photo #29 - This photo of the trial snowplow truck, outfitted with the low profile light bar as the centre
beacon. Snow has built up on the upper wind deflector; however, the wind deflector has kept the back of
the plow clear.

Photo #30 - This photo taken at the same stage of the trials as above shows that snow has not only
accumulated on the wind deflector but on the vertical LED light bars as well.
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Photo #31 - This photo show extensive snow accumulation on the rear of a typical snowplow truck, when
no de-icing tank is used.

Photo #32 - This photo of the same snowplow as above, again shows large amounts of snow buildup. On
this side of the truck the wind deflector has not been as effective in keeping the lights on the bumper clear.
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Photo #33 - This photo shows a direct comparison of the effectiveness of the wind deflectors on each side
of the snowplow. In summary, the lower wind deflectors appear to be not working.

22 3 2005

Photo #34 - This close-up of the vertical LED light bar shows the snow that accumulated during testing.
LED lights generate less heat than traditional lights and are therefore more susceptible to snow buildup.
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Photo #35 - The existing tail, brake, rear ID and elevated warning lights were replaced with LED lights for
the field trials. These lights can be seen in the above photo.
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Photo #36 - This photo shows the entire trial configuration turned on at once. Amber-red LED flashing
warning lights, vertical and horizontal lights bars and directional LED were all tested.
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Photo #37 - Similarly to the previous photo, this show all of the trial lighting configurations turned on. In
addition the PSE Amber 2100 LED low profile light bar is also turned on.

Photo #38 - This photo show the existing front lighting for snowplows turned on. The front lighting was
not examined as part of this project.
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Photo #39 - The crew used to complete the final round of testing during the afternoon of March 22, 2005.
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SNOW PLOW REAR LIGHTING

1 PROJECT TASKS
INorth American Highway Jurisdictions Survey
iLiterature Review

1Determine Appropriate Performance
Standards

1ldentification of New Equipment and Types for
Trials

1Plan Field Demonstrations
10rganize Evaluation Panel
1Field Demonstrations
1Final Report

SNOW PLOW REAR LIGHTING

1 SCOPE OF PROJECT

1Province Wide Review of Rear Lighting used
on AT Highways

iLighting Standards & HMS

1Equivalent Lighting Equipment

1Safety Improvements for Motorists
encroaching from behind Snow Plow
1Compliance with Lighting Regulations

North American Highway
Jurisdictions Survey

1 OBJECTIVE:

1To determine what devices and configurations
are presently being used

iLikely to be large Diversities between
Jurisdictions (i.e. Provinces & Municipalities)
Canadian Provinces — Provincial Departments
U.S. State Departments of Transportation (DOT’s)

SNOW PLOW REAR LIGHTING

Highway 14, East of Edmonton, 2004

Snowplow Rear Lighting
Questionnaire
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Snowplow Rear Lighting
Questionnaire
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North American Highway
Jurisdictions Survey

Snow Plow Rear Lighting Questionnaire

1 Have rear-end collisions with snowplows
been a problem?

INo jurisdiction has a problem.
1 What type(s) of snowplows do you normally
use?
I1Spreaders, Snowplows, and Combination: of
snowplows and spreaders

North American Highway
Jurisdictions Survey

1Jurisdictions being contacted:

1British Columbia IMontana
1Saskatchewan IMinnesota
10ntario 1\Wyoming
1Quebec INew York
iINewfoundland 1Colorado
INew Brunswick IMichigan
1Prince Edward Island

North American Highway
Jurisdictions Survey

1 What type(s) of rear lighting do you use?
iStrobe lights, beacon lights, flashing amber
lights (on or above), tail lights, brake lights,
and signal lights.

1 How many lights are used and how are the
rear lights arranged?
iStrobe or beacon lights on top.
ILights (Amber and/or Red) above box.
iLights on back.

North American Highway
Jurisdictions Survey

1Jurisdictions replied:

1British Columbia 1Wyoming
10ntario

iINew Brunswick

INova Scotia

North American Highway
Jurisdictions Survey

1 Have you used steady state lighting (LED)?
INew Brunswick, Nova Scotia, and Wyoming
have used LED and providing good visibility,
but it is tough to keep clean.

1 Have you used reflective tape?
INova Scotia % at the outside perimeter of
truck with good results.
10ntario & additional light to highlight the tape.




North American Highway North American Highway North American Highway
Jurisdictions Survey Jurisdictions Survey Jurisdictions Survey

1 Have you used orange flags? 1 Have you used any devices to eliminate snow 1 Are any changes to your snowplow rear
1Nova Scotia, Ontario, and New Brunswick 2 build-up on the rear lighting? warning systems planned?
INew Brunswick = wind loovers to deflect wind
plow. down the back (Good results w/ dry, light snow).
1 Have you used any other rear warning 1\Wyoming @ metal spoilers on LED light mounts.
devices? 1 Have you used any devices to minimize the
INew Brunswick & has used diagonal striped snow cloud behind the snowplow?
at rear panel but never use anymore due to 1\Wyoming @« metal spoiler on top of spreader.

poor results. 1Nova Scotia = rubber skirt on plow to prevent
1BC % diagonall or square pattern. snow from blowing over the truck.

10ntario & The issue of LED as been raised
but no changes are planned.

Web Page Survey & Snow Web Page Survey & Snow Web Page Survey & Snow
removal device used in US removal device used in US removal device used in US

1 Alaska a California 1 Colorado (Cont'd)

10n grader and truck wing tips, install strobe lights. 1 Apply work lights on the wing plow. 1 Place strobes on the corner posts of the bed on the
1 Dump boxes are equipped with strobe lights as well. 1 May apply apply one or more 1-way flashing lights at rear.

1 Arizona the corners of the dump box. 1 Place an LED warning light on the end of the wing

1Snow plows use amber strobe lights on the front. 1 Colorado plow.

1 Have strobe lights on all 4 corners placed on the 1 Use the Whelen snow and fog lights on snow-removal 1 Connecticut
bumper. vehicles.

1 Have blue and amber strobes on the back. 1 Snow-removal vehicles also run a combination of
amber and blue lights.

1 Snow plows have strobes on the left- and right-hand 1 Georgia
side of the cab. 1 Have lights above the snow plow.

1 Snow plows are J-style. Some drivers opt to add
deflectors.
1 Arkansas

1 Use snow plow deflectors.




Web Page Survey % Snow
removal device used in US

1 |daho

1 Whelen Superstrobe Comet Flash light mounted on
the truck cab.

1A dual rotating halogen light at the top/center rear of
the sander.

14 amber halogen lights on the side of the sander, 2
per side. These lights are equipped with a flasher unit
to give the appearance of a bouncing ball with lights
flashing side-to-side and top-to-bottom.

1All snow plow trucks have LED taillights.

Web Page Survey & Snow
removal device used in US

1 Nebraska
1 White and amber warning lights are mainly used
during snow removal.
1 New Hampshire

1 Some snow plows have small strobes mounted on the
extension arms of the mirrors.

1 Mount some lights on the back side near the tail gate.
1 New York

1 Most plows have snow deflectors. Some have
deflectors extend out, then down.

Web Page Survey & Snow
removal device used in US

1 lowa
1 Some snow plows use tail light air blasters.

1 Experimenting with continuity tape placed on orange
safety fence on the rear of the vehicle.

1 Snow plow trucks use a dual amber rotating beacon
and 2 amber rear-directional alternate-flashing
strobes.

1 Kentucky

1 Snow plow vehicles have lights on tailgate corners
and on the cab.

1 Place lights above the plow.

Web Page Survey & Snow
removal device used in US

orth Carolina

1 Use the standard lighting of 2 high-intensity strobe
lights mounted on each side of the cab protector.

1 Also place a yellow strobe mounted on the rear of the
in-body material spreaders.

1 Every tailgate on the dump bodies are striped with
reflective, glass-beaded paint.

1 Ohio

1 Snow plows are ordered in gloss black.

1 Attach 18-inch orange plastic tubes to the outside
edge of the moldboard.

Web Page Survey & Snow
removal device used in US

1 Maine
1 Run more lights on snow plows than normal
maintenance vehicles.
1 Minnesota
1 Snow plows are equipped with 6 amber strobes.
12 white strobes on the rear of the box on all left-hand
wing trucks (used during daylight).
1 Double rotating or strobe light; either amber or blue.
1 Trying a few LED Lights.
1 Put reflective tape on wing plows and on the
underbody.

Web Page Survey & Snow
removal device used in US

1 Oklahoma

1 Use snow plow deflectors.
1 Pennsylvania

1 Use snow plow deflectors.
1 Vermont

1 Use snow plow deflectors.

1 360-degree light mounted either on a bar on top of
the cab or on the upper mirror brackets.

1 Rear-facing lights in the rear body corner posts.
12 large strobes are mounted on swinging plates on
the tailgate.




Web Page Survey % Snow

removal device used in US

1 Vermont (Cont'd)
1 Experimenting with LEDs mounted on the discharge
end of the wing plow.
1 Virginia
1 An auxiliary snow-removal headlight with park/turn
lamps is used.
1 Use clear halogen head lamp and amber park/turn
lamps mounted in the grill or fender.

1Use spreader light mounted under the left rear corner
of the dump body, facing down.

Research Papers & Publications

Research Topic

1 “Rear Lighting Configuration for Winter Maintenance
Vehicles”

Purpose

1 To alert drivers of nearby vehicles that the snowplow
is on the roadway, and to provide cues to those
drivers about the snowplow’s relative speed and
distance.

Background

1 Around 70% of all accidents involving snowplows
involve collisions into the rear of snowplow trucks.

Literature Review

1 OBJECTIVE:

1To determine what devices and configurations
are available Technology has changed!

rResearch Organizations

eManufacturers & Suppliers

#Research Papers & Publications

uwPast Work — AT did a Review in the '80’s!

Research Papers & Publications

Background (Cont'd)
1 Rear lighting on snowplow vehicles should serve 2
distinct purposes:
1 Provide a conspicuous signal to other drivers that the plow is
on the road.
1 Provide cues about the plow’s operating speed, direction and
distance, relative to other vehicles.
Conclusion
1 Flashing and strobing lights are less effective than
steady-burning lights for estimating relative speed,
distance and closure.
1 An array of lights will be more effective than a single
light source.
1 The use of LEDs in the light bars also results in
reduced power requirements relative to conventional
incandescent sources.

1 Lighting Research Center

Research Papers & Publications

Conclusion (Cont'd)

1 LEDs are low-power devices, are relatively durable
and are becoming more and more cost-effective for
signage and signaling applications.

1 LEDs appear to be promising technologies for rear
lighting and have been demonstrated to provide
adequate visibility and closure detection during
inclement weather.




Snow Plow Rear Lighting

=l

1 Which snowplow would you rather drive
behind?

Rear Lighting and Signaling
on Snowplows (Close Up)

Schematic Diagram of Vertical
LED Light Bar Configuration

Research Papers & Publications

Research Topic

1 “Improved Visibility for Snowplowing Operations”
Purpose

1 To improve visibility for snowplowing operations.

Background

1 Visibility is reduced during snowplowing operations
because of reflected headlight glare, obscured
windows, and blowing snow.

1l Because poor visibility reduces operational safety and
contributes substantially to the hazards faced by
snowplow operators and motorists, there is a need to
identify features that would improve visibility during
snowplow operations.

Rear Lighting and Signaling
on Snowplows

Research Papers & Publications

Conclusion

1Side vanes with a 20-degree angle on the
rear of the plow will reduce snow
accumulation on the rear lighting of the
snowplow vehicle.

1Steady-burning light bars mounted along the
rear edges of the snowplow truck will improve
drivers’ ability to detect changes in the
snowplow vehicle’s speed and will provide an
indication of the vehicle’s width.




Manufacturers & Suppliers

MNEW Super Class Il Strobes

Past Work - Highway Maintenance

Specification

Manufacturers & Suppliers

drote Introduces Supestiova’, LED Sirshs Lights

dﬂiﬂh”\.ffr‘;!!Fi

Past Work - Highway Maintenance
Specification

Performance Standards

1 Performance Standards vrs. Set
Specifications
— Set Specifications (present AT method since
80’s)

1Specific Light Colors Distinguishing Snow Plow
1Specific Light Sizes and Placement
1Specific Light Types - Part Numbers
1Rear Amber Flashing Light Setting to Spec. Dist.
1Reflector Tape

Past Work - Highway Maintenance
Specification




Existing Equipment Standard

1 Amber and Red Light on Top
1 Tail Lights, Brake Lights
1 Beacon Lights at Front and Back

1 Reflective Tape at the back and along the
side of the snow plow vehicle

1 Lights on Wings

Existing Equipment Standard

Alberta Highway Services — Stony Plain

Existing Equipment Standard

Existing Equipment Standard

Existing Equipment Standard

Existing Equipment Standard




Existing Equipment Standard Existing Equipment Standard Existing Equipment Standard

i
Parkland County

Equipment Modifications Existing Equipment Standard Existing Equipment Standard

1 |EDs tail lights on the new model of snow
plow vehicle

1 Light Placement

1 Strobes instead of Rotating Beacons
1 \Whelen Beacons

1 Checker Board Pattern

1 Wind Deflectors

Voker Stevin




Existing Equipment Standard

- @®

Performance Standards

1 How do we determine Performance
Standards for this?

1Based on Visibility Minimum Distance
1Based on Light Intensity Measurements
1Based on Distance and Speed Variability
Perception
1Based on Minimum Specifications &
Performance Benchmarks

Existing Equipment Standard

Performance Standards

1 CONCERNS
1Performance Standards hard to check
1Inconsistency Provincial Lighting Standards
1Public Understanding & Perception

1Past AT Education Program
AMBER & RED means Snow Plow ahead!

® RECOMMENDATION
— Stay with Set Specification with defined
flexibility
— Maintain Past AT Technology, just improve!

Performance Standards

1 Performance Standards Better Way?

— Different Types of Snow Plow Trucks (i.e.
age, make, model)

— Different Types of Boxes

— Different Configurations of Plows

— Roadway Differences (Undivided vrs. Divided)
— Different Regional Weather

— Several Suppliers

New Equipment and Types
for Trials

LED’s should be used as much as possible (tail lights,
brake lights, amber & red lights). Therefore, use on all
new Trials with no variance.

Two Strategies
— Option A: Use new vertical LED steady state lights on both end of
the box, while varying only the beacon.
1 Improved Rotating Beacon
1 Strobe Beacon
1 Whelen Beacon

— Option B: Vary LED steady state lights between vertical and
horizontal on the rear of the box. Vary different types of beacons.
1 Vertical LED Steady State lights with Whelen Beacon
1 Vertical LED Steady State lights with Strobe Beacon
1 Horizontal LED Steady State light with Whelen Beacon




New Equipment and Types
for Trials

1 All Trials will be have the array of red &
amber lights, which maintains our previous
standard.

1 Existing lighting configuration used as a
Benchmark.

14 Trial Runs per set.
1 Try in different weather, night or day?
1 Discussion

Evaluation Panel

1 Should Include a Diverse Range of People
in the Industry
— Alberta Transportation
1Maintenance Contract Inspector (MCI)
10perations Manager
10perations Engineer(s)
— Contractors
1Maintenance Contractor

— Supervisor
— Snow Plow Operator

New Equipment and Types
for Trials

1 Fort Garry Industries (FGI) has offered to
provide materials and install them on our
test snow plow (everything will be on switches).

1 Alberta Highway Services is willing to help
provide a snow plow and operator (cost?)

1 Field Demonstrations could be ready to go
by mid January.

1 Expect period between Jan. 15 to Feb. 15,
2004, for Field Demos.

Evaluation Panel (con't)

1Suppliers
— Lighting Supplier
— Lighting Installer
1Consultant
= Project Engineer
= Project Engineering Assistant
1 Total = 10 people
1Too much? Might be hard to coordinate.
1More Contractors?
1Panel should follow some reason criteria.

Field Demonstrations

1 An area within Alberta will be chosen for
running the Trials.

1 Recommendations:
— Hwy. 14, East of Edm., Divided Section
— Hwy. 16, East of Adrossan., Divided Section
— Hwy. 2, North of St. Albert, Divided Section
— Hwy. 60, North of Devon, Divided Section

a Trials will be conducted when there is a
sSnow storm (min. requirement).
1 Photos and Video

Evaluation Panel (con't)

1 Evaluation Criteria
— Lighting Intensity
1 Subjective
1Baseline will be Existing Lighting Configuration
— Safety Improvements
1 Distance perception to Snow Plow from Motorist
1 Will it allow more passing? Do we want more passing (four-
lane highways only).
1Less Rear-End Accidents
1 Evaluation Rating Sheet
— Rating could be a number system (i.e. 1 to 5)
1 Video

1 Don’t expect to rely on Video....could be deceiving.




CONCLUSION

Thank you!
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ABSTRACT
Winter maintenance vehicles for snowplowing often operate when visibility is compromised. Rear lighting on

snowplows serves two purposes: to alert drivers of nearby vehicles that the snowplow is on the roadway, and to
provide cues to those drivers about the snowplow's relative speed and distance. Flashing and strobing lights have
been used on snowplows by many departments of transportation, who consider these lights as having high
conspicuity and attention-getting properties. However, most accidents involving snowplows are rear-end collisions
by other vehicles, and previous research supports the idea that flashing or strobing configurations are less effective
than steady-burning lights at providing cues about relative speed, distance and closure to driv ers approaching a
snowplow from behind. To test this concept, a prototype steady-burning light bar using light-emitting diodes was
developed and tested on a snowplow vehicle, which was also equipped with conventional flashing lights. The ability
of subjects following snowplows to detect deceleration of the snowplow was measured with each lighting
configuration during nighttime field tests conducted while snow was falling. The mean time to detect closure was
significantly shorter with the steady-burning light bar than with flashing lights. Subjective ratings of visibility and
confidence for judging speed and distance were also higher with a steady-burning light bar than for the conventional
system. The prototype light bar configuration could easily be adapted to existing snowplow vehicles as a retrofit, or
it could be incorporated into specifications for new maintenance vehicles.

BACKGROUND
A major problem experienced by snowplow operators is the inability of other vehicle drivers to maneuver safely

near the snowplow. Around 70% of all accidents involving snowplows involve collisions into the rear of snowplow
trucks."” On the surface, the solution to this problem seems to be one of increasing the conspicuity of the
snowplowing vehicle. While conspicuity is indeed important, equally important is improving the ability of other
drivers to judge the distance, direction and speed of the snowplow relative to their own vehicles, especially in a
driving environment where falling snow, oncoming headlights and other flashing signals can contribute to glare and

fatigue.?
Rear lighting on snowplow vehicles should serve two distinct purposes:

» Provide a conspicuous signal to other drivers that the plow is on the road
+ Provide cues about the plow’s operating speed, direction and distance, relative to other vehicles

Lighting systems that are highly conspicuous (e.g., strobe lights) are often poor at providing speed and distance
cues, and vice versa. The challenge of rear lighting and signaling for snowplows is finding an effective balance

between these purposes.
Review of the relevant literature on rear lighting and signaling shows that several factors affect visibility of a

vehicle to other drivers:

«  Mounting location®

«  Temporal light characteristics™®
»  Spatial light characteristics ™'’

« Luminous intensity"

Significant cloud accumulation behind the truck can occur while plowing snow. The most effective mounting
location for rear lights in this case is as high as possible in order to ensure that the lights will clear the cloud behind
the truck. A number of agencies in the U.S. and Canada specify high mounting locations for rear lights, including the
Department of Transportation in New York State and the Ontario Ministry of Transport. Such specifications are in
general agreement with the recommendations of Marsh.* In addition, a high mounting location permits the maximum
lamp intensity to be visible from the furthest distance away from the plow truck. As a following vehicle approaches

87



the plow truck, the angle between the maximum intensity from the lamp and the driver’s view of the source increases,
and the intensity toward the following driver decreases, reducing potential for glare.

Flashing lights will be perceived as having higher brightness than steady-burning lights, up to a flash frequency
of about 15 flashes per second.” Such brightness enhancement can aid in conspicuity, and several rear lighting
systems have been designed to have a flash rate between 5 and 9 flashes per second in order to maximize their
perceived brightness.'> While conspicuity may be greater with such configurations, an observer’s ability to make
accurate judgments of relative speed or distance may be compromised when flashing or strobing lights are used.
Croft® observed that the judgments required in tracking an object were difficult to make under strobing conditions,
yet very easy in steady-lighting conditions. Observations made during a study of service vehicle lighting for
maintenance operations’ similarly pointed out that strobing and flashing systems designed for maximum conspicuity
can at the same time reduce one's ability to judge relative speed and distance. Periodic sampling of the field of view in
another study resulted in deterioration of one's motion-tracking ability that increased as the distance to the object of
interest decreased.®

As for spatial characteristics, an investigation of rear lighting packages on vehicles® found that one’s ability to
accurately estimate relative speed and distance depended also on the spatial extent (size) of the signal system. A
single light source provided very poor speed and distance information, while an extended spatial array of sources
provided good cues for speed and distance. Changes in apparent size are critical to time-of-arrival judgments," so
larger-sized stimuli should be more effective in making such judgments. An approach that involved the use of
floodlights to “wash” the rear of a snowplow with light was somewhat effective at night during clear conditions but
appeared to be much less effective d uring inclement weather’ because of the much-reduced intensity.

In order to investigate the properties of different rear lighting configurations, several types were mounted on
snowplow vehicles and evaluated first in a simple demonstration using subjective ratings, and later in field tests
conducted on highways during winter storms at night.

METHOD: SUBJECTIVE EVALUATIONS
Preliminary field demonstrations of several rear lighting configurations were conducted during the winter of

1997/1998. Four configurations were tested on county snowplow trucks in upstate New Y ork:

«  Conventional configuration: The typical flashing amber lighting configuration used on snowplow trucks in New
York State.

« Indirect edge delineation: An indirect edge delineation system similar in concept to the floodlight approach used
by Stout ez al."' but designed to illuminate the left- and right-hand edges of the rear of the snowplow truck only.

»  Alternating high-mounted: A temporally alternating, high-mounted configuration of two pairs (one amber and
one red) of flashing lamps configured so that at all times, either the yellow or the red pair was on. From a
distance, this configuration appeared to be two steady-burning points of light that alternated in color between
amber and red.

e LED light bar configuration: A horizontal light bar arrangement using light-emitting diodes (LEDs) in a steady-
burning configuration. Commercially available LED turn signal units were assembled to form the light bar.

The luminances of the amber lamps in the standard configuration and the alternating high-mounted
configuration were measured in the field to be approximately 60,000 to 90,000 cd/nf. The red lamps in the alternating
high-mounted configuration had a luminance of approximately 13,000 to 15,000 cd/nf. Because red lights are higher in
perceived brightness than yellow lights of the same luminance,"”'° the brightness differences between the yellow and
red lamps was smaller than their luminances imply. Luminances of truck surfaces illuminated by the indirect edge
delineation configuration ranged from 160 to 290 cd/nf. Luminance measurements of the LED light bar were more
difficult to measure because the LED units that were used formed arrays of point sources too small to accurately
measure with a luminance meter. Spatially -averaged luminances of arrays ranged from about 25,000 to 50,000 cd/nt;
the luminance of individual luminous point were significantly higher.

Using a simple questionnaire, county snowplow operators were asked to rate the visibility of each lighting
system and to rate the confidence with which they would be willing to pass the snowplow from behind. Each of the
ratings were made on a scale of -3 (worst) to +3 (best). Ratings were made at night for both clear weather conditions
and heavy snow conditions. Six snowplow operators made subjective judgments of all four lighting configurations.
Every operator provided ratings for both weather conditions.

RESULTS: SUBJECTIVE EVALUATIONS
The mean visibility and confidence ratings (and standard deviations) are listed in Table 1. As expected, the

ratings were worse for the heavy snow conditions than for the clear conditions. Using within-subjects analyses of
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variance (Table 2), the type of lighting configuration had a statistically significant impact onratings of visibility and
confidence (p<0.05), and the ambient weather condition had a significant effect on ratings of visibility and confidence
(p<0.05). There was a statistically significant (p<0.05) interaction between lighting configurations and weather
conditions for the confidence ratings, but not for the visibility ratings. Because the LED light bar configuration
resulted in the highest subjective ratings of visibility and confidence among all of the configurations, a modified
version of this configuration was selected for comparison in field tests during the following winter.

METHOD: CLOSURE DETECTION TEST
Based on the preliminary findings from the subjective evaluations, an amber light bar configuration using an

array of LED marker lights was developed for field tests in upstate New York during the 1998/1999 winter (see Figures
1 and 2). The LED units used in the light bars were oblong, 7 by 3 in. (18 by 8 cm) devices each with 26 high-output
amber LEDs. The devices meet Society for Automotive Engineers (SAE) specifications’’ for amber mid-turn units
used on commercial trucks, but were not used for the purpose of turn signaling in this study. Two light bars were
developed for use in a vertical orientation on the snowplow trucks; one on each side of the truck, in order to provide
information to other drivers about the width of the snowplow truck. In addition, the horizontal orientation studied
earlier was found to be impractical for some truck configurations because of protrusions associated with the storage
of salt for spreading on roads. The light bars were designed as retrofit units mounted onto the rear of an existing
snowplow truck, and were used in conjunction with airfoils designed to help keep the rear of the truck clear of snow
buildup.'®"

Because of the previous literature on flashing light configurations and their potential impacts of such
configurations on judgments of relative speed and distance, ®’ it was hypothesized that the steady-burning light bar
configuration would result in imp roved judgments relative to the flashing light configuration. A field study to
investigate this hypothesis was designed with several constraints in mind:

»  The study should use equipment and vehicles used during actual snowplowing operations on the road.
»  The study should interfere minimally with snowplowing operations.
» Differences in location, weather and ambient light level should be minimized when comparing the alternative

lighting configurations.

A single snowplow truck was fitted with both lighting configurations. A closure detection test was developed
whereby a subject rode in the passenger seat of a vehicle that was operated at a constant speed (30 mph) and started
a fixed distance [100 m; measured using a lidar (light detection and ranging) range finder] behind a snowplow truck
also moving at the same speed. After a random interval ranging from 20 to 60 sec, an experimenter riding in the
snowplow silently signaled to the snowplow operator to decelerate by slowly taking pressure off the accelerator
pedal, but without pressing the brake pedal (which would illuminate the truck's brake lights). At the same time the
experimenter would start a stopwatch. The subject, who was in cell telephone contact with the experimenter, was
instructed to say "Now!" when certain that the following vehicle was beginning to approach the snowplow. The
experimenter would stop the stopwatch, record the time, and prepare for the next trial. For each trial, the rear lighting
configuration was switched from inside the snowplow cab between the conventional flashing lights and the steady-
burning light bars (the first lighting configuration seen in each session also alternated). Twelve trials were conducted
during each subject's session, six for each lighting configuration. Large sample sizes were not easily obtainable in the
study because actual winter maintenance vehicles were used during plowing operations.

All of the sessions were conducted in one night during the same snowstorm, while the snowplow operator
plowed snow and spread abrasive along a several-kilometer circuit on an interstate highway. In this way, the ambient
weather and lighting conditions were kept as constant as possible. Three adult subjects with New York State driver's
licenses participated in the study; one of these subjects finished two sessions before the study was completed at the
end of the night when the snowplow truck returned to its station to refuel. Therefore, a total of 48 trials were
conducted; 24 for each lighting configuration.

RESULTS: CLOSURE DETECTION TEST
Figure 3 shows the mean closure detection times for all trials and the mean of the standard deviations for each

subject; times for each subject are summarized in Table 3. Using a one-tailed Student's t-test comparing the raw
closure detection times for each configuration, the mean closure detection time with the light bar configuration (9.8
sec) was found to be statistically significantly shorter (p<0.05) than with the flashing light configuration (12.4 sec).
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DISCUSSION AND CONCLUSIONS

Although flashing and strobing lights have been used by several winter maintenance agencies to provide high
conspicuity of the snowplow vehicle, previous research 1ndxcates that such sources are less effective than steady-
burning lights for estimating relative speed, distance and closure.®” Furthermore, an array of such lights subtending
the width of the snowplow vehicle will be more effective than a single light source. ? Based on these previous
findings, the results of subjective evaluations of several rear lighting configurations on snowplow vehicles showed
that a steady-burning light bar resulted in the highest ratings of visibility and of confidence for passing. When
employed in a field study on highways during actual snowplow operations, the light bars resulted in shorter closure
detection times than a configuration using flashing lights. The light bar was a retrofit solution that was easily
mounted onto the snowplow (Figure 2), and could be incorporated into the truck through future specifications. The
results from the investigations presented here, however, are not sufficient to provide estimates of the relative impact
of location or flash rate; rather, they are comparisons between two specific configurations as tested in the field.

The 2.6 sec closure detection time improvement found in the present study using the light bar configuration
seems small compared to the overall 10-to-12-sec closure detection times that were measured, but even at speeds of
30 mph, 2.6 sec corresponds to a driving distance of 35 m. As pavement conditions are much dlfferent during winter
storms than under clear weather conditions and likely to have even longer stopping sight distances,” the shortened
response time may give drivers of other vehicles enough driving distance to safely maneuver in the vicinity of the
snowplow.

The steady-burning light bar configuration used in the present study could possibly be combined with a
dynamic but non-flashing component, located similarly as currently existing flashing lights. Such a component could
be linked to the snowplow vehicle's transmission to display or graphically represent the snowplow's speed or
direction of travel. Its dynamic nature would increase its conspicuity” but perhaps not impair judgments of relative
speed and distance.

The use of LEDs in the light bars also results in reduced power requirements relative to conventional
incandescent sources. The amber LED units used in the light bar in Figure 1 are approximately 6 W each; in
comparison, incandescent lamps with similar distributions are about 27 W. The amber lamps used in the conventional
rear lighting configuration were 35 W each. Because LEDs are low-power devices, are relatively durable and are
becoming more and more cost-effective for signage and signaling applications,” they appear to be promising
technologies for rear lighting and have been demonstrated to provide adequate visibility and closure detection
during inclement weather. They also have less demand on the electrical system of the snowplow truck. No blockage
of the light bar by snow or ice was experienced during field demonstrations; the use of airfoils 181° described above
will also help to keep rear surfaces clear of snow and ice accumulation.
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Figure 1. Schematic diagram of vertical LED light bar configuration, All dimensions are in inches.

BAY

2 | HOLE FOBTIONS

CRYS B L oy
2 WET
7 e
il 1

i
181
o
il
¥
1
{301
PRI
iv

3

Figure 2. Rear of snowplow truck showing light bars and conventional flashing lights.
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Figure 3. Mean closure detection times and mean standard deviation for each subject, for the conventional and light
bar configurations.
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Table 1. Mean ratings of visibility and confidence for rear lighting configurations and standard deviations, for clear

and heavy snowing conditions.

Confignration Ambient condition Visibility rating Confidence rating
(standard deviation) (standard deviation)

conventional configuration | clear 0.00 (0.89) +0.50 (1.05)

conventional configuration | heavy snow -0.33 (0.82) -1.83 (1.17)

indirect edge delineation clear -0.33 (1.03) +0.33 (1.21)

indirect edge delineation heavy snow -0.50 _(1.64) -0.33 (1.03)

alternating high-mounted clear +2.00 (1.26) 0.00 (1.26)

alternating high-mounted heavy snow +1.33 (0.82) -1.33 (1.21)

LED light bar clear +3.00 (0.00) +1.17 (0.75)

LED light bar heavy snow +2.33 (0.82) +0.17 (1.17)

Table 2. Summary tables for within-subjects analyses of variance (ANOV As) for the (a) visibility and (b) confidence

ratings.

a. ANOVA Summary: Visibility Ratings

Source of variation SS df MS F
between subjects 277 5

weather 2.52 1 2.52 14.8*
lighting 789 3 26.3 45.3*
weather x lighting 0.56 3 0.19 0.79
weather x subjects 0.85 5 0.17

lighting x subjects 8.73 15 0.58

weather x lighting x 3.57 15 024

subjects

total 122.8 47

*Statistically significant at the p<0.05 level.

b. ANOVA Summary: Confidence Ratings

Seurce of variation SS df MS F
between subjects 399 5

weather 213 1 213 118.5*
lighting 147 3 4.89 11.9*
weather x lighting 4.67 3 1.56 7.43*
weather x subjects 0.92 5 0.18

lighting x subjects 6.08 15 041

weather x lighting x 3.08 15 0.21

subjects

total 90.7 47

*Statistically significant at the p<0.05 level.

Table 3. Mean closure detection times and standard deviations, for each subject.

Light bar configuration

Subject Conventional configuration
Mean closure Mean closure
detection time (sec) Standard deviation detection time (sec) Standard deviation
1 9.7 3.0 6.8 1.5
2 11.3 4.5 8.5 2.1
3 14.3 5.0 12.1 5.0
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Subject Areas: IIIC Maintenance
IVB Safety and Human Performance

Responsible Senior Program Officer: Amir N. Hanna

Improved Visibility for Snowplowing Operations

An NCHRP digest of the findings from the final report on NCHRP Project 6-12,
“Improved Visibility for Snow Plowing Operations,” conducted by Rensselaer Polytechnic Institute.
Drs. Mark S. Rea and Brian E. Thompson served as Principal Investigators.

INTRODUCTION

This digest describes several means, identified
in NCHRP Project 6-12, that could improve visibil-
ity for snowplowing operations.

In many parts of the United States, snow and
ice control may be the most hazardous duty faced
by highway maintenance crews on a regular basis.
Visibility is reduced during snowplowing opera-
tions because of reflected headlight glare, obscured
windows, and blowing snow. In addition, this type
of work frequently requires long working hours
and is often performed at night during extreme
weather conditions. The factors affecting visibility
depend on climactic conditions and are often influ-
enced by the features of the plow, the vehicle, and
the lighting system. Because poor visibility reduces
operational safety and contributes substantially to
the hazards faced by snowplow operators and
motorists, there is a need to identify features that
would improve visibility for both the snowplow
operator and the motorists in proximity of the
snowplowing vehicle. NCHRP Project 6-12 was
initiated to address this need.

The research was conducted under NCHRP
Project 6-12, “Improved Visibility for Snow Plow-
ing Operations,” by Rensselaer Polytechnic Institute.
The research, completed in late 1999, identified
several means for improving visibility for snow-
plowing operations. However, limited tests were
conducted in this project to fully evaluate the
merits of these means or the practicality of their

unlimited use by highway agencies. This digest
provides a summary of the work performed in
this research. The material included in this digest
is extracted from the final report on NCHRP
Project 6-12.

FINDINGS

The project included a review of existing and
proposed approaches for improving visibility for
snowplowing operations, the identification and de-
velopment of potential means for improving these
operations, and the conduct of limited field tests to
evaluate the potential benefits of these means. In
performing this work, consideration was given to
the visibility of the snowplow operator (forward
visibility) and the visibility of the snowplow by
the drivers of other vehicles. Forward visibility is
affected by the glare caused by back-scattered light
reflected from falling snow, rain, and fog. Visibil-
ity of the snowplow by other drivers is influenced
by the splash of snow and other debris and the
snow cloud that occur behind the snowplow truck.

SNOWPLOW TREATMENTS

Several treatments and design alternatives of
the front plow for reducing plowover (i.e., the splash
on the top of the plow blade that impairs visibility
through the windshield) were investigated. Among
these alternatives are the use of deflectors or shields
to direct splash away from the windshield and mirrors

TRANSPORTATION RESEARCH BOARD
NATIONAL RESEARCH COUNCIL



and the modification of the snowplow geometrical configu-
ration to reduce the amount of snow directed over the top of
the plow. Another treatment is the use of a “packing flap” to
direct downward the snow particles exiting the front plow
discharge and to repack the loose debris at the edge back
into the main discharge stream, thus eliminating the poten-
tial for creating a snow cloud in windy conditions.

WING PLOW TREATMENTS

When a wing plow is used in snowplowing operations,
a snow cloud could form from the snow debris escaping
through the gap between the front and wing plows. The use
of a “junction flap” to cover the gap between the front plow
and the wing plow will help reduce the potential for snow
spillage and snow-cloud formation. A junction flap that com-
pletely seals the gap between the front and wing plows and
smoothly deflects the plow discharge slightly downward
would provide the most reduction in snow-cloud formation.
However, such a flap will need to be designed in such a
manner that it would not restrain the movement of the wing
plow or the front plow and impede the plowing operation.

TREATMENTS OF THE REAR OF THE TRUCK

The snow cloud that forms behind the snowplow truck
obscures visibility of the truck by other drivers. Several con-
figurations of deflectors and airfoils, which would reduce
the size of the snow cloud behind the plow truck and also
would prevent buildup of snow and ice on the rear of the
snowplow, have been investigated. These configurations
included curved vanes and straight-edged deflectors mounted
on the rear of the sides of the snowplow truck. The gap
between the vane and the truck is usually kept small to avoid
interference with the snowplow operator’s view of the side
IMiITOrS.

FORWARD LIGHTING

The reflected light from snow, rain, and fog toward the
snowplow operator during inclement weather contributes to
glare and decreased visibility. The impact on visibility is
influenced by the different aspects of the light source (e.g.,
mounting location, aiming angle, beam spread, and spectral
power distribution or color). These factors have been inves-
tigated in a number of studies.

REAR LIGHTING AND SIGNALING

Rear lighting of snowplow vehicles provides two dis-
tinct functions: a conspicuous signal to other drivers to indi-
cate that the plow is on the road and cues about the plow’s

operating speed and distance relative to other vehicles. Gener-
ally, features that enhance one of these functions would often
adversely influence the other function. For example, highly
conspicuous signals, such as strobe lights, are often poor
means for providing speed and distance cues. For this reason,
finding a balance between rear lighting and signaling is
essential for improving snowplowing operations.

Mounting rear lights as high as possible to clear the
cloud behind the truck would permit visibility from the far-
thest distance. Flashing lights, up to 15 flashes per second,
would provide greater brightness than would steady-burning
lights. Although conspicuity may be greater when rear light-
ing systems with a rate of 5 to 9 flashes per second are used,
the ability to make accurate judgements of speed and dis-
tance is generally impaired when flashing or strobe lights
are used. The ability to accurately estimate relative speed
and distance depends on the spatial and size characteristics
of the light source. For example, a single light source pro-
vides poor speed and distance cues while a wide spatial
array of sources provides good cues. For this reason, the use
of an array of lights with sufficient intensity is more effec-
tive than a single light source.

FIELD DEMONSTRATIONS

Extensive laboratory and limited field tests of several
snowplow treatments and rear lighting configurations were
conducted in this project. Snowplow treatments evaluated
and observed in the field included a one-way front plow
fabricated of a rolled steel sheet with a 55° cutting angel and
a 50° trap angle, a lightweight deflector, packing flaps, and
wing plows. Image analysis techniques were used to quan-
tify the improvement in visibility of following drivers. This
improvement was estimated to be about 50 percent. Rear
lighting configurations included commercial lighting simi-
lar to that used by the New York State Department of Trans-
portation, indirect edge delineation using flood lights, two
pairs of alternating high-mounted flashing lights (amber and
red), and a light bar using light emitting diodes (LEDs) in a
steady configuration. An assessment by snowplow opera-
tors suggested that the LED light bar configuration provided
the highest visibility and confidence in the overtaking of the
snowplow by other motorists. Based on this assessment, an
amber light configuration that employs an array of LED
marker lights was developed and used in further field
demonstrations.

CONCLUSIONS

The need to identify features that would provide for
safer snowplowing operations through improvements of vis-
ibility for the snowplow operators and the other motorists in
the proximity of the snowplowing vehicle has been recog-
nized by the state highway agencies and other organizations



involved in snow and ice control. This research identified
and evaluated in limited field tests several potential features
for improving visibility. The following is a summary of these
evaluations:

+  Front plows, or front plows used with plow-mounted
deflectors, with a trap angle of about 50° will reduce the
amount of material blown over the plow and onto the
windshield.

»  Front plows equipped with packing flaps at the dis-
charge ends of the plow reduce the size of the snow
cloud around and behind the snowplow vehicle.

+  When wing plows are used, closing the gap between the
front plow’s discharge end and the intake end of the
wing plow will reduce the size of the snow cloud around
and behind the snowplow vehicle.

»  Side vanes with a 20° angle to the snowplow’s body,
mounted on the rear of the vehicle, will reduce snow
and ice accumulation on surfaces and on the rear light-
ing of the snowplow vehicle.

»  During snowfall, switching off the driver-side headlamp
and using an auxiliary passenger-side headlamp will
reduce the back-scattered light seen by the operator.

+  Shielded headlamps, louvered or cut-off type, that reduce
stray light above the horizontal plane will reduce back-
scattered light.

»  Steady-burning light bars, mounted along the rear edges
of the snowplow truck, will improve drivers’ ability to
detect changes in the snowplow vehicle’s speed and
will provide an indication of the vehicle’s width.

Although the features evaluated in this research yielded
some 50-percent improvement in visibility for motorists fol-

lowing the snowplows, it should be recognized that this and
other research findings were based on limited field demon-
strations. Further field evaluations, and possibly modifica-
tions, would be required to make these features practical for
the wide range of vehicles used in large-scale snow and ice
control operations.

FINAL REPORT

The agency’s final report, titled “Improved Visibility
for Snow Plowing Operations,” gives a detailed account of
the project, the findings, and the conclusions. The report,
which was distributed to NCHRP sponsors (i.e., the state
departments of transportation), is available for loan on
request to the National Cooperative Highway Research Pro-
gram, Transportation Research Board, 2101 Constitution
Avenue, N.W., Washington, DC 20418.
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Brighter LEDs drive automotive lighting

By Horst Lengning, Vishay

Intertechnology

LEDs have been manufactured since the early 1970s, but in recent years advances in this technology have accelerated notably
available brightness for LEDs has increased by several orders of magnitude, starting with less than 0.01 lumen at 20 mA in the
reaching more than 1 lumen now. With these improvements, target applications for LEDs have also broadened significantly. At
above 0.3 lumens or so, LEDs start to become practical replacements for incandescent lamps. As such they provide a number
the least of which is their great reliability. In general, today's LEDs will long outlive any of the systems in which they are used.

Nowhere is this characteristic more desirable than in automotive systems, where reliability is a matter both of safety and of avoi
repairs. So it is not surprising that the automotive industry has moved relatively quickly to embrace LED technology wherever p
in fact, driving further innovation in the LED field because of particular automotive requirements.

Evolution of LED brightness
Between 1970 and 1995, LEDs evolved gradually to offer higher levels of brightness. Since the mid-1990s, however, the pace «

accelerated, with the invention of blue and white LEDs and a doubling of average brightness for the devices.

the first gallium arsenide (GaAs) phosphide products, the industry turned to nitroge
and GaP to achieve the first yellow and green LEDs in the late 1970s, and then us
double-hetero GaAlAs to achieve luminosities of over 0.1 Im in the early 1990s. Sir
1990s, various combinations of indium and gallium have served as the substrates
LEDs in colors including blue.

- ~’,¥ ” : Improvements in LED brightness are mainly due to advances in substrate material
- L 4
7
-
-

#

Despite these advances, several problems remained, including the fact that the su
absorb much of the light generated by the LED. Several approaches have been tal
around this issue. Lumileds, for its part, attacked the problem by using a patented,
' AlinGaP substrate. Another approach was to add a Bragg reflector grating layer at
" substrate. This provides twice the brightness of LEDs with an absorbent substrate,
is emitted at a 90° angle is lost. Vishay has improved on this solution with an orgar
adhesion (OMA) technology, in which a mirror surface is grown on a silicon substr:

' that goes down to the mirror comes out of the front of the device, thus achieving th
brightness as is achieved with the transparent substrate approach, for approximately a four-fold improvement over standard LE

LED efficiency

LEDs don't just need to be bright; they also need to work efficiently. This means not only converting electric power into light witt
but also controlling the effect of the heat generated by the current running through the device. A huge challenge of LEDs is that
temperature, which goes up when more current is applied, has a direct effect on the wavelength of the light they produce. Simp
forward current can thus merely change the color of the device without making it any brighter. Thus, die and packaging technol:
that allow more brightness with less current.

~ Vishay has addressed this problem with a series of low-profile PLCC packages thz
~ very efficiently and thus reduce the problem of color change brought on by higher «

http://www.automotivedesignline.com/showArticle.jhtml;jsessionid=WAJLASDD2CRF... 23/08/2005
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exclusive PLCC-3, which is pad-compatible with the industry-standard PLCC-4, prt
metallic area through which heat can be dissipated and thus accommodates very bright LEDs powered by forward currents up
standard dies. Offered in a PLCC-3 package with a low 270 k/W thermal resistance rating, devices in the new TLMx320x series
with higher currents to enable twice the brightness of comparable LEDs in the PLCC-2 package.

LEDs are steadily replacing incandescent lamps in automobiles, both for vehicle interior and exterior lighting. Stringent quality r
the rule, not only for device failure rates (where the maximum allowed is typically 0.1 per 10 million pieces) but also for brightne
Consistency in color and brightness is obviously important when LEDs are brought together in an assembly for dashboard illum
instrument clusters, or entertainment system controls; the brightness of the illuminated areas always needs to be homogeneou:
shadows.But in automotive systems the need for consistency goes beyond purely aesthetic concerns, since nowadays LEDs h:
of the color scheme of the car interiors and a significant part of how each manufac
cars. This means that the wavelength of LEDs produced and delivered for a given
allowed to be vary only by an amount that is invisible to the human eye, typically ju
nanometers.

The desire of automotive manufacturers for distinctive LED colors to brand their pr
fact, created the need for great expertise in delivering “color on demand,"” which re
increasingly complex LED products, in which LED dies of different colors are comt
package. This creates its own set of design challenges, since the human eye's per
depends on its intensity, and colors on the higher end of the spectrum (yellow, for |
overpower colors on the lower end of the spectrum (such as blue) at the same leve
_» create a true green LED, for example, the luminous intensity of the blue componer
_all double the intensity of the yellow component.

For exterior lighting, very high levels of brightness are required—since brake lights

mounted stoplights (CHMSLs) must be visible not only after dark but in broad dayli

until the advent of OMA technology that Vishay was able to deliver the required lev

Mandated requirements now range from 17 cd/mz2 for taillights to 980 cd/m2 for da
turn signals.

PS

In each case, multiple LEDs are used to implement each function; for example, 148 LEDs are needed to implement the taillight:
recent VW model. In the taillight assembly for this car, the same LEDs switch from red to yellow depending on whether they are
the turn-signal or as part of the brake light. Another popular LED application that has recently been approved for Europe is ada
where a smaller or larger portion of the brake light area is lit depending on whether the driver brakes normally or forcefully slam

Compared to incandescent lamps, LEDs are extraordinarily low-maintenance devices; with a typical operating lifetime of 50,00(
long outlive any car into which they are installed. For drivers, this means lower maintenance costs, since bulb never have to be
sometimes an annoyance at state inspection time. The use of LED lighting units instead of conventional headlamps further con
overall health of a car by eliminating the need for additional openings into the chassis that can introduce unwanted moisture.

Regionally speaking, Europe is leading the way in the use of LEDs for automotive applications, with more than 80% of new car:
LED components. For Japan the comparable figure is 30%, and for North America just 5%. Five years from now, however, it is
see the same level of penetration in the U.S. and Japan as in Europe.

Meanwhile, LEDs are continuing to improve. Devices introduced this year are once again doubling the maximum brightness pe!
means that for applications such as automotive exterior lighting, fewer devices will be needed to achieve the same overall level
Although the brightness of LEDs is increasing rapidly, the price of these devices is relatively stable, so the increased use of LEI
highly cost-effective.

Horst Lengning is senior manager, product marketing, Visibles at Vishay Intertechnology

http://www.automotivedesignline.com/showArticle jhtml;jsessionid=WAJLASDD2CRF...  23/08/2005
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# 200, 18311 — 105 Ave., Edmonton, AB, T5S 2K9
Phone: (780) 488-8292, Fax: (780) 444-9054
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s

Ryan Batty

From: "Pratt, Mark TRAN:EX" <Mark.Pratt@gems5.gov.bc.ca>

To: <ryan.batty@allianteng.com>

Sent: November 29, 2004 10:41 AM

Attach: SCHEDULE - 12 Equipment Fleet Operations Policy Appendices.pdf

Ryan, :
Attached please find a file containing the standard lighting configuration we require of our road & bridge
maintenance contractors for snow removal equipment. If you have any other questions | am available at the

location/numbers noted below.

Mark C. Pratt

Fleet Services Manager
Ministry of Transportation

PO Box 9850 STN PROV GOVT
4C 940 Blanchard St Victoria
British Columbia

V8W 9T5

Thanks
Mp

250 356-6737 Victoria
250 889-8746 Cell
250 356-7276 Fax

mark.pratt@gems5.gov.bc.ca

29/11/2004
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Snowplow Rear Lighting Questionnaire NB JOT Response
1. Have rear-end collisions with snowplows been a problem?

Yes No X
If yes, what action has been taken to prevent these collisions?

2. What type(s) of snowplows do you normally use?
___Tandem axle plow trucks with all season combination boxes, equipped

with a plow and wing

3. What type(s) of rear lighting do you use?
Whalen strobe lights mounted high on the rear box posts in additional to the

standard vehicle lighting

4. How many lights are used and how are the rear lights arranged?
Two orange/yellow strobes are used, one on each side. They are set to
synchronized flash.

5. Have you used steady state lighting (LED)?

Yes x No

If yes, what were the results?

We use steady state LED lighting as wing markers on plows used on multi-
lane highways . In combination with the use of left hand winds, the LED’s
have proven effective in minimizing wing run-ins from the rear.

6. Have you used reflective tape?

Yes X No

If yes, what were the results?

The use of reflective marking tape was included in the fleet lighting policy
at the same time as the introduction of the high mount rear strobes. It is
therefore difficult to measure the relative impact of the tape.

7. Have you used orange flags?
Yes X No

If yes, what were the results?
Only for plow markers. They have provided mixed results in the eyes of the

operators

8. Have you used any other rear warning devices?
Yes X  No




If yes, what kind of device and what were the results?
_1. High intensity rear marker light 2. Diagonal striped panel. The results
were poor, and led to the adoption of the engineering grade strobe light

policy

9. Have you used any devices to eliminate snow build-up on the rear
lighting?

Yes x No

If yes, what kind of device and what were the results?

_ We used the a manufactured polyethlene panel with wind louvers set to
deflect the air down the back of the truck. They proved successful in some
conditions (dry, light snow) but did not function so well in others. The
straight strobe light system was deemed to be the most

effective

10. Have you used any devices to minimize the snow cloud behind the

snowplow?
Yes No x_
If yes, what kind of device and what were the results?

11. Are any changes to your snowplow rear warning systems

planned?
No

Please mail , e-mail or fax your completed questionnaire by December 10, 2004

to:

#200, 18311 — 105 Ave.

Edmonton, AB, T5S 2K9

Phone: (780) 488-8292, Fax: (780) 444-9054

E-mail: ryan.batty@allianteng.com

Personal information that you provide on this form is held strictly confidential. No other use
will be made of this information and it will not be released without your written consent.

This survey is being completed by Alliant Engineering on behalf of
Terry Becker, P. Eng. and Peter Ing, P. Eng. of Alberta Transportation.

Terry Becker, P. Eng. Peter Ing, P. Eng.

Operations Manager Research and Development Engineer
3rd F1 Administration Building 2nd F1 Twin Atria Building

909 - 3rd Avenue North 4999 - 98 Avenue

Lethbridge, AB, T1H OH5 Edmonton, AB, T6B 2X3

Phone: (403) 382-4412 Phone: (780) 415-1009

e-mail: terry.becker@gov.ab.ca e-mail: peter.ing@gov.ab.ca
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Ryan Batty

From: "Don Currie" <CURRIEDO@gov.ns.ca>
To: <ryan.batty@allianteng.com>

Cc: "Kevin Mitchell" <MITCHEKE@gov.ns.ca>
Sent: December 2, 2004 1:01 PM

Subject: Snow Plow Lighting Questionare

I have been asked to complete your questionnaire regarding the rear
lighting of our snow plows.

1) Have rear-end collisions with snow plows been a problem?
This has not been a problem with our fleet
2) What types of snow plows do we use?

Graders, Loaders, Self propelled snow blowers, Single axle trucks,
Tandem trucks, 4 x 4 Trucks, and 6 x 6 Trucks

3) What types of rear lighting do we use?

Trucks - 1 high mount amber strobe light ( 360 Degree visibility)

Brake, signal, marker and tail lights, 2 flashing amber lights located

at the top outside corners of the dump body.

4) How many lights are used and how are the rear lights arraigned?
Trucks- 1 high mounted amber strobe light mounted behind the cab, on a
pedestal which is high enough to be visible 360 degrees. 2 brake /

signal combination lights, 2 tail lights, and 2 marker lights mounted

36" off the ground. 2 amber flashing lights located at the top corners
of the salt body.

5) Have we used Led lighting

Yes, they give good visibility and lasted longer than conventional
lighting.

6) have you used reflective tape?

Yes, all are equipped with red and white reflective tape, it is placed
around the outside perimeter if the tailgate.

7) Do we use orange flags.

Not on the rear of the truck; however, we use the orange flexible tubes
on the outside corners of our plows and on the outside tip of the
wing.

8) Have you used any other rear warning device

02/12/2004
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Back up alarms, and rear back up lighting.
We have also equipped some of our wing equipped vehicles with an amber
flashing led light on the outside tip of the wing , facing rearward.

9) Have you used any devices to eliminate snow buildup on rear
lighting

NO

10) Have you used any devices to minimize snow cloud behind the snow
plow

We attach a rubber skirt along the top curl on the plow to prevent snow
blow over, so that the snow once it is lifted by the plow discharges to
the side of the vehicle instead of blowing back over the truck.

11) Are any changes to your snow plow rear warning systems planned?

Not at this time.

For clarification or if you have any further questions I can be reached
at 902 - 861 - 1911.

Don Currie
Fleet Training Programs

02/12/2004
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Snowplow Rear Lighting Questionnaire

1. Have rear-end collisions with snowplows been a problem?
Yes No X

If yes, what action has been taken to prevent these collisions?

Several years ago we re-evaluated our lighting standards to include
additional lighting to the rear of the vehicle. Reflective tape was also
added to the rear of the wing assemble (Equipment standards attached)

2. What type(s) of snowplows do you normally use?

The ministry has outsourced winter maintenance 100% contracts are
divided into two categories. 1. Managed Outsourced areas (MO) 2. Area
Managed Contracts (AMC). The contractors are responsible for
obtaining their own equipment. The equipment is a mix of Combination
snowplow and spreaders, spreaders only and plows only.

3. What type(s) of rear lighting do you use?
MTO Lighting Standard attached. '

4. How many lights are used and how are the rear lights arranged?
MTO Lighting Standard attached.

5. Have you used steady state lighting (LED)?

Yes No X

If yes, what were the results?

We have tried a few test locations with very little success. The heat
required to keep the LED light clear of snow has been an issue in our
field trials. We do not accept LED lighting in our current lighting

standard.

6. Have you used reflective tape?
Yes X No

If yes, what were the results?
Reflective tape is used on the wing arms and on the flex stake attached

at the end of the wing for visibility. There is also an additional light
installed to high light the reflective tape and to identify the wing
assembly. (MTO Equipment Standard attached.)
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7. Have you used orange flags?
Yes X No

If yes, what were the results?

Flags are attached to the front of the plow and to the other tip of the

wing assembly. In addition lights are positioned to shine on the plow
and flag.

8. Have you used any other rear warning devices?

Yes X  No

If yes, what kind of device and what were the results?

Several lights have been installed on the rear of the vehicle including
high mounted Red Pedestal Lights and high mounted Pedestal Turn
Signal Lights. In addition to the blue revolving light we have also
included a rear Blue and Amber flashing flood light.

9. Have you used any devices to eliminate snow build-up on the rear
lighting?

Yes No X

If yes, what kind of device and what were the results?

10. Have you used any devices to minimize the snow cloud behind the

snowplow?
Yes No X
If yes, what kind of device and what were the results?

11. Are any changes to your snowplow rear warning systems

planned?
No, Not at this time although the issue of strobe Vs revolving seal beam

continues to be raised including the use of LED lighting. Our current
lighting specification dose not allow for either.
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Should you require any further information or clarification with regards to the
response provided in this survey please call or e-mail me.

Torben Frederiksen

Fleet Coordinator

Maintenance Office ‘
Ministry of Transportation

2"4 Floor South

301 St Paul Street

St Catharines, ON L2R 7R4

Tel. (905) 704-2961

Fax. (905) 704-2848
Torben.Frederiksen@mto.gov.on.ca
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Snowplow Rear Lighting Questionnaire

1. Have rear-end collisions with snowplows been a problem?
Yes V. No FFbsee gresd WHEN prowpta savow ond
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If yes, what action has been taken to prevent these collisions?
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2. What type(s) of snowplows do you normally use?
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3. What type(s) of rear lighting de you use?
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4, How many lights are used and how are the rear lights arranged?
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5.

{’

Have you used steady state lighting (LED)?

Yes v’ No
LED
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If yes, what were the results?
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If yes, what were the results?
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Have you used orange flags?
Yes V/ No

If yes, what were the results?
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8. Have you used any other rear warning devices?

Yes |74 No

If yes, what kind of device and what were the results?
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9. Have you used any devices to eliminate snow build-up on the rear
lighting?

Yes l No

If yes, what kind of device and what were the results?
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10. Have you used any devices to minimize the snow cloud behind the

snowplow?
o

Yes ¥ No

If yes, what kind of device and what were the results?
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11.  Are any changes to your snowplow rear warning systems
planned?
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Please mail , e-mail or fax your completed questionnaire by December 10, 2004

=ALLIANT

INGINEERING
00, 18311 - 105 Ave.
Edmonton, AB, T5S 2K9
Phone: (780) 488-8292, Fax: (780) 444-9054
E-mail: ryvan.battvi@allianicne.com

Personal information that you provide on this form is held strictly confidential. No other use
will be made of this information and it will not be released without your written consent.

This survey is being completed by Alliant Engineering on behalf of
Terry Becker, P. Eng. and Peter Ing, P. Eng. of Alberta Transportation.

Terry Becker, P. Eng. Peter Ing, P. Eng.
Operations Manager Research and Development Engineer
3rd F1 Administration Building 2nd F1 Twin Atria Building
909 - 3rd Avenue North 4999 - 98 Avenue
Lethbridge, AB, T1H OHS Edmonton, AB, T6B 2X3
Phone: (403) 382-4412 Phone: (780) 415-1009

e-mail: terry.becker@gov.ab.ca e-mail: peter.ing@gov.ab.ca
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Snowplow Rear Lighting Questionnaire

1. Have rear-end collisions with snewplows been a problem?

Yes V¥ No EPeciatyy WHEN Prownb srow ond
T THE TRAN] cAMDA. KAk
If yes, what action has been taken to prevent these collisions?

A7 pesrenT TIE WE HAVE :
) Mw%?z M@ WG © AT [LAHfla LAl on D REFV

LOCNELS  oF BY 78
QMMWW% 7D ORI TAL ST O R adin e CovewicinTy TiPeE
N ENQAATE

(3) SEwrld 6T OF m;@/%;m LS yiaINTEl midwnf oA Bax
2.  What type(s) of snowplows do you normally use?

7 %f’w@é Mounitz,f @@%@géf@% Ne- %W and olfer Mﬁ“‘%gﬁ Lo ]foves
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L d 0H
3. What type(s) of rear lighting do you use?

*g%ﬁ«ﬁi’ f”ﬁé’%ﬁ”’”j@ @J%@’%ég@ﬂ% dpwsvg ¢ mggg ZQ@%&%
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4. How mamny llﬁghts are used and how are the rear lights arranged?
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5. Have you used steady state lighting (LLEED)?

Yes V/ No

If yes, what were the results? Z/ Mw,

@?@Ms o} fér Wsibh: éiy m@ﬁw‘

/ ﬂ&%j qre f%@%ﬁfa@f m@@;?%% N Ang @gf‘w‘”{

ﬁﬁééf@%&fﬁ@wy A shed @M%f«éj@ ~ 2l not-ar I/
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[ED pamcactufery furiue. Aash @%W@%m Aesiqng ‘74» mef mﬁﬁé‘
6. Have you used reflective tape? j ?
j@%é’é’ - ﬁé [eaf- ”géf
Yes / No

If yes, what were the results?

e
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7. Have you used orange flags?
S 5// No

If yes, what were the results?
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10.

Have you used any other rear warning devices?
/
Yes [~ No

If yes, what kind of device and what were the results?

A/%fﬁé - g fg@g f/fzéﬁf,fi&ﬁ“é@ﬁéfj wi % Eﬁm}é ¥a ji asv gﬁg_@@mﬁ ?é:) /@WM
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Have you used any devices to eliminate snow build-up on the rear
lighting?

Yes L No

If yes, what kind of device and what were the results?

/’?Z@%f’ é:;fé‘@;é@” ,Z Ja= gﬁ;ﬁiw?}ig;g — M%ﬁ 40 “‘“";,gﬁgwg af /f??{:%mé/
/ —plaggesl itk s

Have you used any devices to minimize the snow cloud behind the

snowplow?
e

Yes v No

If yes, what kind of device and what were the results?
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11.  Are any changes to your snowplow rear warning systems
planned?

Mot o fhe 0 refend~Time .
jfg/ [ A% é@ {féf%%ﬂ‘ '@%«'@wﬂ% Covier [ /@@ﬁfm @é‘ ryrs ééﬁ.ﬁgﬁ ’ djg?ﬁ‘?«
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¥ Kefledie Tepe ronks Second

Please mail , e-mail or fax your completed questionnaire by December 10, 2004

=ALLIANT

b ENGINEERING
OO, 18311~ 105 Ave.
Edmonton, AB, T5S 2K9
Phone: (780) 488-8292, Fax: (780) 444-9054
E-mail: ryanbattv@allianteng.com

Personal information that you provide on this form is held strictly confidential. No other use
will be made of this information and it will not be released without your written consent.

This survey is being completed by Alliant Engineering on behalf of
Terry Becker, P. Eng. and Peter Ing, P. Eng. of Alberta Transportation.

Terry Becker, P. Eng. Peter Ing, P. Eng.
Operations Manager Research and Development Engineer
3rd F1 Administration Building 2nd F1 Twin Atria Building
909 - 3rd Avenue North 4999 - 98 Avenue
Lethbridge, AB, T1H 0HS5 Edmonton, AB, T6B 2X3
Phone: (403) 382-4412 Phone: (780) 415-1009

e-mail: terry.becker@gov.ab.ca e-mail: peter.ing@gov.ab.ca
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- GINEERING TRANS ATION

Snowplow Rear Lighting Questionnaire

1.  Have rear-end collisions with snowplows been a problem?

Yes No X

——————

If yes, what action has been taken to prevent these collisions?

2.  What type(s) of snowplows do you normally use?
/Q &W feverse op The —140-)7" otr Houd T
‘/‘rwks Lu/ﬁ\ ? wm;;s or #ef s/c/-e.—

3.  What type(s) of rear lighting do you use?
/’7%7(/0 A 1%4{0,-/ 7%& AGVJACJY:, //—'lo/g/

of e cé:,/,,e box., /Z?)’AM; ze///agguf? ) lig hts asxcd

red LE. Os o /ﬁm&«

4. How many lights are used and how are the rear lights arranged?
2yl Fos ke Thut Flash rmoentedd 12" qbove Ty
of govzacter ad 20" phove 2 red LEDE Ta?
pre_The MrveC Aal o snd hestie lgh%
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5.  Have you used steady state lighting (LED)?

Yes A No

If yes, what were the results?

(Copch sl lite 6o, They Lo coven over

ot TA Srvord)

6.  Have you used reflective tape?

Yes No X

e ct—r—

If yes, what were the results?

7. Have you used orange flags?

Yes No AZ

If yes, what were the results?
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8.  Have you used any other rear warning devices?

Yes No X

If yes, what kind of device and what were the results?

9,  Have you used any devices to eliminate snow build-up on the rear
lighting?

sd No

If yes, what kind of device and what were the results?

ﬁ(ﬁL,;@/m Stunte &_on red LED |kt

Mponls ﬁe—f (oo le bt/

10. Have you used any devices to minimize the snow cloud behind the
snowplow?

sX No

If yes, what kind of device and what were the results?

_ﬁ&ﬁé}@[&ﬂﬂux/&l QAL SR 4’"/) %ﬁm

ptve @/ c—%c/ Lor/ _ceel) T2 »4"4_-:‘;4
Mg‘ﬁ,
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11. Are any changes to your snowplow rear warning systems
planned?

/0# Al s i

Please mail , e-mail or fax your completed questionnaire by December 10, 2004
to: e
i

‘—-A I ’_L st
#200, 18311 — 105 Ave.
Rdmonton, AB, T5S 2K9

Phone: (780) 488-8292, Fax: (780) 444-9054

E-mail: ryap.batty@allianteng.com

Personal information that you provide on this form is held strictly confidential. No other use
will be made of this information and it will not be released without your wrilten consent.

This survey is being completed by Alliant Engineering on behalf of
Terry Becker, P. Epg. and Peter Ing, P, Eng. of Alberta Transportation.

Terry Becker, P, Eng. Peter Ing, P. Eng.
Operations Manager Research and Development Engineer
3rd F1 Administration Building 2nd Fl Twin Atria Building
909 - 3rd Avenue North 4999 - 98 Avenue
Lethbridge, AB, T1H OH3 Edmonton, AB, T6B 2X3
Phone: (403) 382-4412 Phone: (780) 415-1009
e-mail: terry.becker@gov.ab.ca e-mail: peter.ing@gov.ab.ca

TOTAL P.D4



APPENDIX E

FIELD TRIAL INFORMATION

# 200, 18311 — 105 Ave., Edmonton, AB, T5S 2K9
Phone: (780) 488-8292, Fax: (780) 444-9054
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Operations Plan
for

Snow Plow Rear Lighting Field Trials

As part of the Snow Plow Rear Lighting Research Project, ficld trials will be completed
to compare the proposed alternatives to the existing lighting standard. To ensure that all
of these trials are completed safely and efficiently the following Field Trial Operations
Plan has been completed by Alliant Engineering (Alliant).

Before any ficld trials begin all parties associated with the trials will meet at Alberta
Highway Services' maintenance yard to review the Traffic Accommodation Strategy and
Hazard Assessment prepared by Alliant. The lights and lighting controls on the snow
plows and the radios that will be used to communicate between vehicles will be checked

to ensurc they are in proper working order.

STAGE 1 — Stand-Bv:

Once the snow plow truck is fully equipped with the test lighting, a Stand-By status will
be implemented to obtain the following conditions and trials:

- Strong snow fall at day; need snow cloud behind snow plow.

- Strong snow fall at night; need snow cloud behind snow plow.

- Light to no snow fall at day; need snow cloud behind snow plow.

- Light to no snow fall at night; need snow cloud behind snow plow.

The weather will be monitored by Alliant and the Maintenance Contractor (Glen Fassel).

Alliant and the Maintenance Contractor will decide that a weather event is likely going to
occur (within 24 hours). This will then set the first level of Stand-By. Within 4 — 6 hours
of the potential field trial, this weather cvent and the availability of the snow plow trucks
will be confirmed. The following will then be contacted to be ready for a field trial:

- Video Camera Person
- - Alliant personnel, including manager, snow plow passenger & pick-up
truck driver
- Spectators, AI&T, Others




INFRASTRUGCTURE AND
TRANSPORTATION

STAGE 2 — Set-Up:

There will be a staging area (approach, road allowance; likely near the Hwy. 60
Interchange) that everyone will meet at, at the designated time. A quick review of the
operation and safety procedures will be discussed.

STAGE 3 — Conduct Field Trial:

Once the field trials begin, two snow plows will travel beside each other with two
observation vehicles following at a minimum distance of 50 metres. The observation
vehicles will be carrying the field evaluation panel and the camera crew. The snow plow
in the inside lane will be equipped as per the existing lighting standard while the other
snow plow will be outfitted with the alternative lighting options. Both observation
vehicles will be outfitted with rotating amber beacons for additional visibility.
Communications between all vehicles involved in the trials will be done with 2-way

radios.

A set of pilot vehicles will follow the two obscrvation vehicles, side by side. The pilot
vehicles will be equipped with flashing diamond warning boards, mounted on the back of
the vehicles. They are intended to warn motorists and to not let them pass, until the trial
is done.

During the field trial a passenger will be present in both of the snow plows to handle all
communication with the observation vehicles so that the driver can remained focused on
plowing operations. Changes between the 8 alternative lighting configurations will also
be preformed by the passenger. Each option will be viewed initially for 30 seconds, after
which each option will be viewed for an additional 60 seconds. This will allow the field
evaluation panel to view each option prior to evaluation. A copy of the Field Evaluation
Form is included with this Operations Plan.

Field trials will be completed during both day and night hours and under clear and
reduced visibility conditions. After the field trials are complete, Alliant will review the
field evaluations and prepare a summary of the responses and an evaluation form. The
responses gathered from the Field and Video Evalvation Forms will be used to make
recommendations for changes to the Snow Plow Rear Lighting Standard.




Date: 25-Jan-05
Project Number: H1236
Darcy Paulichuk

Project Manager:

Assessment Team & Ryan Batty

Project: Snow Plow Rear Lighting Research Project

Project Description: Field Trials for Snow Plow Rear Lighting

Project

# of Employees On-Site: 2

Position Project Engineer
Hazard Priority Status 1 - Imminent Danger 3 - Minor 5 - Not Applicable
2 - Serious 4-0K,
Item Hazard Priority Hazard ltems {Description)
1 Equipment - maintenance required? 4 Pickup trucks need minor maintenance
- proper size/power? 4 ' o
- safety devices/guards in pface? 4
2 Vehicles - maintenance required? 4 "'New windshellds reguired -
3 Signals - flagpeopie tralned? 5 N/A
- equipped with paddle, signs, white 5 N/A
coveralls, vest, hardhat?
4 Traffic o Everyone equipped with vests? 4 Yes
o - Wiit there be signs up? o 4 No
- Need for arrowboard or pylons? 4 No
- Are the signs in good condition? 4 N/A
- Di\.rided Hwy(requires signs on bath 5 NIA
sides)?
- Vehicles equipped with flashin
beacons? ’ 4 Yes
I - Roadway shoulders for parking to 5
- steep?
5 INumination 3 Trials will be done at night' '
6 Housekeeping 5 N/A
7 Mat.éri-ainstorage 5 N/A
8 Ventilation - asphalt lab, frenches? 5 N/A
g Extreme Ter'ﬁ'peratures (cold/hot) 5 N/A
10 Radiation Exposure - nuclear guag'e? 5 NA
11 |Flammables 5 NIA
12 Dangero({s Pressure - propane 5 N/A
[ 13 |Chemicals B 5 NA
14 Hazardous Materials (WHMIS) 5 N/A
15 Higl.'.l. Risk Positioning - on roadway 2 2 Observation vehicles will be fellowing snow plows
~raised truck boxes 5 N/A -
- around equipment 5 A T
- plant site 5 N/A
16 Overhead Hazards o 5 N/A
..... 17 Underground Hazards -'d'r'i\ling 5 NA
18 Confined Space Entry - trenching 5 N/A
[ 19 Excavation - =>than 1.5m? vertical sfépes? 5 N/A
20 Restricted AccessInge;s”; lab, roadway 5 N/A
21 Major Lifts (holsting) 5 N/A
- 22 Vehicles ) 2. . . m\.f.’éh.icles appreaching from the rear T
73 IFirst Aid Availability/Skills 4 2 First Aldars on-site o
NOTES:

For STEP #2, Complete the "Worksite Hazard Assessment Corrective Actions” form.
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2nd TRUCK
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'VIDEO
I TRUCK

t ' SNOW PLOW TRUCK

100 - 150 metres
(IF GOOD SITE DISTANCE)

1. Consideration must be given to traffic volume,
sight distances, sign spacing, duration of
work, night time conditions and other factors
to ensure traffic control devices are adequate
in each instance,

¢

wh-184
REVOLVING LIGHT,
FLASHING DIAMOND BOARD,
SLOW MOVING VEHICLE
EMBLEM AND FLAGS.
_
| PILOT TRUCK
i \\\-‘\— 1A
A
A
No. REVISIONS - BY |DATE

e — — | G SEALLL n b T
SENIOR PROJECT ENGINEER _—

Date: JANUARY 2005

TYPICAL SIGNING STRATEGY
SNOWPLOW LIGHTING TRIALS
FOUR LANE DIVIDED HIGHWAY

By. RM(

Prepared ‘Ghaoked Scake

o i
By:DOP | NTS. ‘Dwg * TASP-05-0IA |
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Field Evaluation Form
for

Snow Plow Rear Lighting Field Trials




=ALLIANT Al

ENGINEERING TRANSECRTATION

%

Option #’ - High Profile High Intensity Strobe Beacon

I. How did this option compare to the old rear lighting standard”
No Slight Moderate Extreme
Worse
Improvement Improvement Improvement Improvement
2. Rate the overall visibility of this configuration.
Poor | Excellent
1 2 3 4 5 6 7 8 9 10
3. Rate the amount of glare with this configuration.
None Blinding
1 2 3 4 5 6 7 8 9 10
4. Rate the ability to judge relative distance with this configuration.
Easy Difficult
1 2 3 4 5 6 7 8 9 10
5. Rate the density if the snow cloud behind the plow.
No Cloud White Out
1 2 3 4 5 6 7 8 9 10

6. Any additional comments about this option.




=ALLIANT

...... ENGINEERING TRANSPGRTATION

Option ?aLED Beacon (Grote)

1. How did this option compare to the old rear lighting standard?

No Slight Moderate Extreme
Worse . .
Improvement Improvement Improvement Improvement
2. Rate the overall visibility of this configuration.
Poor Excellent
1 2 3 4 5 6 7 g 9 10
3. Rate the amount of glare with this configuration.
None Blinding
1 2 3 4 5 6 7 8 9 10
4. Rate the ability to judge relative distance with this configuration.
Easy Difficult
1 2 3 4 5 6 7 8 9 10
5. Rate the density if the snow cloud behind the plow.
No Cloud White Out
1 2 3 4 5 6 7 8 9 10

6. Any additional comments about this option.




LLIAN

T

ENGINEERING

INFRASTRUCTURE AND
TRANSPORTATHON

Option #a Quantum Flash Model D3000 Strobe Beacon

L. How did this option compare to the old rear lighting standard?
No Slight Moderate Extreme
Worse
Improvement Improvement Improvement Improvement
2. Rate the overall visibility of this configuration.
Poor Excellent
1 2 3 4 5 6 7 8 9 10
3. Rate the amount of glare with this configuration.
None Blinding
1 2 3 4 5 6 7 3 9 10
4, Rate the ability to judge relative distance with this configuration.
Easy Difficult
1 2 3 4 5 6 7 8 9 10
5. Rate the density if the snow cloud behind the plow.
No Cloud White Out
1 2 3 4 5 6 7 8 9 10

6. Any additional comments about this option.




ENGINEERING

INFRASTRUCTURE AND
TRANSPORTATION

Option #4 Whelen Beacon

1. How did this option compare to the old rear lighting standard?
No Slight Moderate Extreme
Worse .
Improvement Improvement Improvement Improvement
2. Rate the overall visibility of this configuration.
Poor Excellent
1 2 3 4 5 6 7 8 9 10
3. Rate the amount of glare with this configuration.
None Blinding
1 2 3 4 5 6 7 8 9 10
4. Rate the ability to judge relative distance with this configuration,
Easy Difficult
1 2 3 4 5 6 7 8 9 10
5. Rate the density if the snow cloud behind the plow.
No Cloud White Out
1 2 3 4 5 6 7 8 9 10

6. Any additional comments about this option.




INFRABTRUCTURE AND
TRANSPORTATION

Option #5 Low Profile Revolving Beacon

L. How did this option compare to the old rear lighting standard?
No Shight Moderate Extreme
Worse .
Improvement Improvement Improvement Improvement
2. Rate the overall visibility of this configuration.
Poor Excellent
[ 2 3 4 5 6 7 8 9 10
3. Rate the amount of glare with this configuration.
None Blinding
1 2 3 4 5 6 7 8 9 10
4. Rate the ability to judge relative distance with this configuration.
Easy Difficalt
1 2 3 4 5 6 7 8 9 10
5. Rate the density if the snow cloud behind the plow.
No Cloud White Out
1 2 3 4 5 6 7 8 9 10

6. Any additional comments about this option.




INFEASTRUCTURE AND
ENGINEERING TRANSPORTATION

Option % Low Profile Revolving Beacon with LED Directional Lights

1. How did this option compare to the old rear lighting standard?
No Slight Moderate Extreme
Worse :
Improvement Improvement Improvement Improvement
2. Rate the overall visibility of this configuration.
Poor Excellent
1 2 3 4 5 6 7 8 9 10
3. Rate the amount of glare with this configuration.
None Blinding
[ 2 3 4 5 6 7 8 9 10
4. Rate the ability to judge relative distance with this configuration.
Easy Difficult
1 2 3 4 5 6 7 8 9 10
5. Rate the density if the snow cloud behind the plow.
No Cloud White Out
i 2 3 4 5 6 7 8 9 10

6. Any additional comments about this option.
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|

INFRASTRUCTURE AND

- ENGINEERING RANSPORTATION
i . ]
Option W— Low Profile Revolving Beacon V w '3 wﬂ L!JHS
1. How did this option compare to the old rear lighting standard?
No Slight Moderate Extreme
Worse :
Improvement Improvement Improvement Improvement
2. Rate the overall visibility of this configuration.
Poor Excellent
1 2 3 4 5 6 7 8 9 10
3. Rate the amount of glare with this configuration.
None Blinding
1 2 3 4 5 6 7 8 9 10
4. Rate the ability to judge relative distance with this configuration.
Easy Difficult
1 2 3 4 5 6 7 8 9 10
5. Rate the density if the snow cloud behind the plow.
No Cloud White Out
1 2 3 4 5 6 7 8 9 10

6. Any additional comments about this option.




ENGINEERING

INFRASTRUCTURE AND
TRANSPORTATION

Option ﬁe Low Profile Revolving Beacon with Vertical LED Light

Bars
1. How did this option compare to the old rear lighting standard?
No Slight Moderate Extreme
Worse
Improvement Improvement Improvement Improvement
2. Rate the overall visibility of this configuration.
Poor Excellent
1 2 3 4 5 6 7 8 9 10
3. Rate the amount of glare with this configuration.
None Blinding
1 2 3 4 5 6 7 8 9 10
4. Rate the ability to judge relative distance with this configuration.
Easy Difficult
1 2 3 4 5 6 7 8 9 10
5. Rate the density if the snow cloud behind the plow.
No Cloud White Out
\ 2 3 4 5 6 7 8 9 10

6. Any additional comments about this option.




INFRASTRUCTURE AND

TRANSPOHTATION
Option #q- Low Profile Revolving Beacon with Horizontal LED
Light Bar
1. How did this option compare to the old rear lighting standard?
No Slight Moderate Extreme
Worse ‘
Improvement Improvement Improvement Improvement
2. Rate the overall visibility of this configuration.
Poor Excellent
1 2 3 4 5 6 7 8 9 10
3. Rate the amount of glare with this configuration.
None Blinding
1 2 3 4 5 6 7 8 9 10
4. Rate the ability to judge relative distance with this configuration.
Easy Difficult
1 2 3 4 5 6 7 8 9 10
5. Rate the density if the snow cloud behind the plow.
No Cloud White Out
1 2 3 4 5 6 7 8 9 10

6. Any additional comments about this option.




ENGINEERING

INFRASTRUGTURE AND
TRANSPORTATION

Option #JLED X 2100 Mini Bar Amber Beacon

l. How did this option compare to the old rear lighting standard?
No Slight Moderate Extreme
Worse :
Improvement Improvement Improvement Improvement
2. Rate the overall visibility of this configuration.
Poor Excellent
1 2 3 4 5 6 7 8 9 10
3. Rate the amount of glare with this configuration.
None Blinding
1 2 3 4 5 6 7 8 9 10
4. Rate the ability to judge relative distance with this configuration.
Easy Difficult
1 2 3 4 5 6 7 8 9 10
5. Rate the density if the snow cloud behind the plow.
No Cloud White Out
1 2 3 4 5 6 7 8 9 10

6. Any additional comments about this option.
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Grote Industries: Product #53312 - Red, Grommet Mount

Page 1 of 1

www.grote.com U.S. 800.457.9540 Canada 800.268.5612

SuperNova®, 4", Full Pattern Stop/Tail/Turn LED Lamp

PRODUCT NUMBER
53312 - Red, Grommet
Mount

FEATURES & BENEFITS

* Bullet-Proof potted for
total circuit board
protection

e Hermetic lens-to-housing
seal

¢ Advanced Pin Connection
System uses tin-plated,
solid brass pin
terminations

» Uses same UBS pigtail as
Male Pin incandescent

OTHER PRODUCT
NUMBERS

TECHNICAL SPECIFICATIONS

TECHNICAL SPECIFICATIONS

Material: Polycarbonate/Acrylic

FMVSS SAE Code: S/T/T -1, P2, S, T~>Rear Turn -
I~>Front P/T-1, P

Finish: Gray

Voltage Amp: Red - 12 V - .48(1,S)/.04(P2,T) AMP
Voltage Amp: Rear Turn - 12 V - .71(1)/.14(P2)
AMP~Front P/T: 12 V - 1.06(1)/.13(P,P2) AMP

Bracket: 93552,
432539251092512925134357243642436554373293190,
93550, 93553, 93683

Grommet: 91740, 91950

Pigtail: 66315,
668416700266842670136681666845670056682366830,
67016, 66846, 66836, 67006

INDUSTRY-WIDE INTERCHANGE

Company Finish, Design, Function and
Function and Mounting
Mounting

Peterson - 417R

Truck-Lite - 44202R

http://www .grote.com/cgi-bin/product.cgi?product_number=53312&mode=print

21/08/2005



Grote Industries: Product #77273 - Yellow

Page 1 of 1

www.grote.com U.S. 800.457.9540 Canada 800.268.5612

Medium Profile, 360° Strobe Head

PRODUCT NUMBER
77273 - Yellow

FEATURES & BENEFITS
e Three mounting options: integral

external, internal and 1" pipe mounting

* Packard connection harness
e Separate power supply required

OTHER PRODUCT NUMBERS

INDUSTRY-WIDE INTERCHANGE

Company

Signal Stat
Truck-Lite
Truck-Lite

Finish, Design,
Function and
Mounting

TECHNICAL SPECIFICATIONS
TECHNICAL SPECIFICATIONS
Material: Aluminum/Polycarbonate
Voltage Amp: 12to 24V - 2.6 AMP at 12
\"

Accessory: Power Supply: Two Head
99880, >Four Head 99850, Cables: 15'
67070, >35' 67061, Flash Tube: 44601
Lens: Yellow 92633

Function and
Mounting

6859A
6859A
92554Y

http://www.grote.com/cgi-bin/product.cgi?product number=77273&mode=print 21/08/2005



the first name
vehicl safety systems”

Rotating, 15" Hi-Intensity Mini-Bar

Grote Industries: Product #77163 - Yellow, Belt Drive

www.grote.com U.S. 800.457.9540 Canada 800.268.5612

PRODUCT NUMBER
77163 - Yellow, Belt Drive

FEATURES & BENEFITS

* Gear driven versions have a self
lubricating, heavy duty motor and gear
assembly

» Belt driven versions have a silicon belt
and stainless steel bearings for long life;
belt is resistant to heat and UV light
damage

* Halogen bulbs
* 300 flashes per minute
* Separate magnetic mount kit available

» Dual rotating reflectors with fixed
mirrors

OTHER PRODUCT NUMBERS

http://www.grote.com/cgi-bin/product.cgi?product number=77163&mode=print

TECHNICAL SPECIFICATIONS
TECHNICAL SPECIFICATIONS
Material: Polycarbonate

Bulb: (2) #795-50 Watt

Voltage Amp: 12V - 8.8 AMP

Bulb: (2) #90901-50 Watt

Voltage Amp: 24 V - 4.1 AMP
Accessory: Motor: Gear Driven 99260,
>Belt Driven 99370, Belt 99250, Bulb:
Halogen 90900, >24V 90901

Lens: Red 92882 Yellow 92883 Blue
92885

Page 1 of 1

21/08/2005



Emergency Lighting, Warning Lights, And Other Emergency Equipment - Code3PSE.com Page 1 of 2

PSE Amber
Warning Products

HMuUuumuuuuu

PSE Amber
Technical Support

Customer Service
& Order Suppor

Request Literature

Install Guides

FAQs

Red/Blue Products

Amber Products

Rep Map

News

Site Map

http://www.code3pse.com/productdtl.asp?grp=pse&familyid=13&id=231

[\
r

THE NEXT GENERATION
IN 360 DEGREE
WARNING

Easy to install and
retrofit on existing
vehicles

Quantum

PSE Amber | Internatienal ' Sales

Flash™

Applications: - Utility, Construction,
Security, Snow, Maintenance

Click here for a larger view.

VIEW ADDITIONAL &
PRODUCT INFO w

—Unique Features ;

Permanent or magnetic mount

1 inch pipe mount kit available
(LLPMK-1H)

Maintenance-free, never change a
bulb again

Holds up under extreme vibration
conditions

No strobe tubes or lamps to break

Standard Options———

Utilizes 6 of the brightest Gen II LEIL
available in the world

Amber LEDs with a clear or amber ¢
with special built-in optics to enhanc
and focus the LED signal

Multiple flash patterns: cycle-flash,
triple-flash, quad-flash, double-flast
fast single, and single-flash

Can easily replace existing strobe or
halogen beacons

——General Specifications——

Meets SAE ]1318 class II requirements

@
e 12-24 volt DC
e 0.5 average amp draw
e Dimensions: 6 3/4 inch Deep x 5 inch High
e 5 year warranty
e Waterproof potted circuit board
e Cast aluminum base
Download Literature——
To download the literature listed below, simply "click" download and view. A new window wil

21/08/2005



Grote Industries: Product #76813 - Yellow Page 1 of 1

the first name in

vehicle safety systems* www.grote.com U.S. 800.457.9540 Canada 800.268.5612

Rotating, 15", Low Profile, Evolution® Style, Bar Lamp

4> e
8lg | N\ =T
R = -
= 122Y30"
5%16" i
_15%16"
PRODUCT NUMBER TECHNICAL SPECIFICATIONS
76813 - Yellow TECHNICAL SPECIFICATIONS
Material: Polycarbonate
FEATURES & BENEFITS :"'I';'h;g'f‘cgs e
. ulb: . a
e Permanent Tnount hardware included Voltage Amp: 12 V - 10.5 AMP
* Dual belt drive rotators Accessory: Motor: Belt Drive 99370, Belt:
¢ 55 watt, halogen bulbs 99250, Bulb: 90902
* 480 flashes per minute Lens: Yellow 93443

¢ Sleek, low-profile lens design

« Silicon belt and stainless steel barrings
for long life; belt is resistant to heat and
UV light damage

OTHER PRODUCT NUMBERS

http://www.grote.com/cgi-bin/product.cgi?product number=76813&mode=print 21/08/2005



Grote Industries: Product #76443 - Yellow Page 1 of 1

www.grote.com U.S. 800.457.9540 Canada 800.268.5612

Low Profile, Revolving Beacon

| A
-~ ./"-. 1
.'IIA\\\ - ‘———"’,‘tf “\ ;
[ )
- =
e ——] ‘
—fH"

PRODUCT NUMBER

TECHNICAL SPECIFICATIONS
76443 - Yellow

TECHNICAL SPECIFICATIONS
Material: ABS/Polycarbonate

FEATURES & BENEFITS :inli:h ; glfds(s Watt

; ulb: . a
e Durable, belt dnvt? rotator Voltage Amp: 12 V.- 5.2 AMP
* 160 flashes per minute

e Thread-on lens is quickly secured with a
wiggle set screw

e Flush mount

OTHER PRODUCT NUMBERS

http://www.grote.com/cgi-bin/product.cgi?product number=76443&mode=print 21/08/2005



Emergency Lighting, Warning Lights, And Other Emergency Equipment - Code3PSE.com Page 1 of 2

Sales | Tech Support | About Us | Contact Us

PSE Amber
an roducts ~
. O
2
=
= VERSATILE FOR
2 SURFACE MOUNTING
: S
3 Accessories This light has multiple
PSE Amber applications
Technical Support
Customer Service
& Order Support
Request Literature
Install Guidas “ v v >
FAQs
Click here for a larger view.
Red/Blue Products
Amber Products . - —
Rep Map Applications: - Utility, Construction, VIEW ADDITIONAL &
i PRODUCT INFO %
—_— Security, Tow Qf)
Site Map
Home
—Unique Features 1] Standard Options——
m e Available in single head, stacked dual e Available in black or bright aluminur
i head, or side-by-side dual head finish
versions e Flash patterns include: cycle-flash,
e Available in amber, white, red or triple-flash, quad-flash, double-flast
combinations fast single, single-flash and steady
e Available with directional, wide or burn

vertical optics
e Rust-proof aluminum housing

——General Specifications——

Side-by-side dual head dimensions: 9" x 2" x 1"
Single head version dimensions 5" x 2" x 1"
Dual stacked version dimensions 5" x 3.25" x 1"
Long lasting with a 5 year warranty

\r

———Download Literature —

To download the literature listed below, simply "click" download and view. A new window wil
open with the requested literature in PDF format. You may print this file directly and/or save
on your system.

Download and view the LED X Exterior Lights brochure in PDF format.

http://www.code3pse.com/productdtl.asp?grp=pse&familyid=12&id=158 21/08/2005



Emergency Lighting, Warning Lights, And Other Emergency Equipment - Code3PSE.com Page 1 of 2

PWEH!J—O Lo fli.ljg—;

Code 3| PSE Amber | Internaticnal ' Sales | Tech Support | About U

PSE Amber
YWarming Products

LED Perimeter
Lights

THE BEST ALL-AROUND
LED LIGHTS

MUuuWuUuUuuUuUu N

Accessories Directional warning for
PSE Amber a wide variety of trucks
Technical Support & other speciality
vehicles.

Customer Service
& Order Support

Request Literature

Install Guidas !
v v
Click here for a larger view.

Red/Blue Products

Amber Products

Rep Map Applications: - Utility, Construction, VIEW ADDITIONAL &
i PRODUCT INFD X
i Security, Tow 1 @7
Site Map
——Unique Features 1T Standard Options——
e 20 flash patterns (returns to preset e Sealed waterproof power supply

pattern) including WIG-WAG patterns
e Easy installation (no cut-outs)
e Surface mountable with double-stick
tape or screws
e Long life (5 year guarantee)
o Field replaceable outer lens
Unique triple stack housing available
for 4" x 6" lights

——General Specifications—

12 volt standard (24 volt optional)

45 series 3" x 7" (76.2 mm x 177.8 mm)

65 series 4" x 6" (101.6 mm x 154.2 mm)

85 series 7" x 9" (177.8 mm x 228.6 mm)

65ST series 4" x 6"

Low amp draw

Impervious to vibration

Available in red, amber or white

3" x 7 or 4" x 6" also available in the following split colors: amber/red or amber/whi
Available with or without a chrome bezel

A
r

Download Literature———

http://www.code3pse.com/productdtl.asp?grp=pse&familyid=12&id=156 21/08/2005



Grote Industries: Product #53963 - Yellow, Grommet Mount

www.grote.com U.S. 800.457.9540 Canada 800.268.5612

SuperNova®, Oval, Stop/Tail/Turn LED Lamp

PRODUCT NUMBER
53963 - Yellow, Grommet
Mount

FEATURES & BENEFITS
e Advanced Pin Connection
System uses tin-plated,

solid-brass terminals

« Bullet-Proof potted LED
circuit board

* Male pin termination for
premium seal ability

» Meets specifications for
vertical & horizontal
mounting

OTHER PRODUCT
NUMBERS

21"'4”1 > .;

TECHNICAL SPECIFICATIONS

TECHNICAL SPECIFICATIONS

Material: ABS/Acrylic

FMVSS SAE Code: Red - I, P2, S, T~>Yellow - P2
Finish: White

Voltage Amp: Red - 12 V - .48(1,S)/.06(T) AMP
Voltage Amp: Yellow - 12 V - .48 AMP

Bracket: 43362, 43952, 43220, 43223, 43222, 43100,
43723

Grommet: 92420, 92720

Pigtail: 66815,
668416700266842670136683066835670066681366814,
66823, 66816, 66845, 67005

INDUSTRY-WIDE INTERCHANGE

Page 1 of 1

Company Finish, Design, Function and
Function and Mounting
Mounting
Maxxima = M60100Y
Maxxima == M60100Y-01
Peterson - M2875A
Peterson - M2875A2
Truck-Lite - 60275Y
Truck-Lite 60891Y -

http://www.grote.com/cgi-bin/product.cgi?product number=53963&mode=print

21/08/2005



Emergency Lighting, Warning Lights, And Other Emergency Equipment - Code3PSE.com Page 1 of 2

Sales | Tech Support | About Us

PSE Amber
Yaming Products

LED X™ 2100

LOW PROFILE POWER

Powerful LED warning
lighting in a 2.1" low
PSE Amber profile lightbar
Technical Support

Customer Service
& Order Support

Request Literature

Install Guides 5 V

FAQs 2
Click here for a larger view.

Red/Blue Products

Amber Products

Rep Map Applications: - Utility, Construction, VIEW ADDITIONAL ,;,
— Security, Snow, Maintenance PRODUCT INFO E,o
Site Map
Home
——Unique Features v Standard Options———
m e Easily customized e Magnetic mount available
; e Low maintenance - designed for heavy e Moutning kits sold separately

duty applications.

e Clear lenses and the absence of color
in the inlit lightbar gives an
inconspicuous appearance for stealth
application - until iluminated.

e Build-your-own models available.

e Directional or wide optics available on
LED's.

——General Specifications——

Only 2.1" tali

Low amp draw - only .5 amp per module

The long-life modules are covered by a 5 year warranty.

Red, blue, amber or clear lens caps

When properly configured it complies with SAE and CA Title XIII

A
r
———Download Literature——

To download the literature listed below, simply "click" download and view. A new window wil
open with the requested literature in PDF format. You may print this file directly and/or save
on your system.

http://www.code3pse.com/productdtl.asp?grp=pse&familyid=11&id=204 21/08/2005



Note to File:
Snowplow light pilot project, Field testing, 20 March 2005

I was driving one of the chase cars, so I didn’t fill in any of the evaluation forms. My notes from yesterday’s
tests follow:

Clear loser: The PSE Quantum Flash strobe should not be allowed to replace any light, anywhere on our
plow trucks.

Clearance. turn & brake lights:

- LED are acceptable replacements for incandescent bulbs.

- There will probably be an operational issue with cleaning snow off the lower lights on the back; we’ll
need to change training material to emphasis that the operators needs to pull over more often to clean the
rear lights

Amber & Red Snowplow lights:
- Steady burn red LED lights worked well both day & night, and are acceptable replacement for
incandescent bulb.
- The steady red LED was often seen through the snow cloud at night before any of the rear beacons
- Flashing amber LED worked well at night, less bright durning the day when compared to sealed
beams. If we change the specs to require more delineation lights on the back of the truck, [ can
accept replacing the sealed beam amber with a focused LED like we used.

Front rotating beacon: Although we didn’t try different lights on the front cab mount, it was clear from
following the plow that this beacon is less critical than the rear lights.
- Icould accept replacing the front mechanical rotating beacon with any of the following: Grote High
Profile High Intensity strobe, Whelen mini-light bar, or Grote Low Profile Revolving beacon

Continuous bum light bars:

- Daytime both the horizontal and vertical light bars (PSE LEDX or LED Perimeter Lights) were
barely visible and added no value.

- Nighttime the LED Perimeter lights were a good compromise between brightness and glare; the
LEDX made too much glare for clear conditions at night and I don’t recommend it.

- The verticai light bar worked well to show the truck’s position; it might be an idea to have the top
light in red, with 2 or 3 amber lights below.

- The horizontal light bar by itself didn’t seem to help much at night; with the vertical it worked well
but wasn’t really needed — the vertical lights were enough.

Rear rotating beacon:
- The Grote High Profile, High Intensity strobe was just barely as good as the old rotating beacon, and
I don’t support using it by itself as a replacement.
- The Grote Low Profile Revolving beacon, Whelen mini-light bar, and PSE LEDX2100 (flying
saucer) are all acceptable replacement for the rotating beacon without any other change to the lights.

WIG-WAG LCD flashers:

- These worked well by themselves or in combination with a vertical light bar. They were bright
enough to show through the snow cloud and the position up with the amber & red lights allowed
them to be seen at the thin upper edge of the snow cloud sooner than lights that were lower down.

- Good visibility both day and night.

- Both day and night, when the wig-wag flashers were going the amber and red snowplow lights were
inconspicuous. We didn’t test it, but I think the wig-wags would overpower turn signals, too. If we
allow the wig-wags, I wouldn’t recommend having them on all the time. Instead, use them in high
risk situations (like clearing approaches, crossing access ramps at interchanges, plowing at speeds
less than 30 kph in heavy traffic, etc.)

- Night these had too much glare immediately behind the plow, but OK to the side.




- Ido not recommend using the Wig-wag flashers in combination with a bright rear beacon (like the
LEDX2100 or Whelen) unless there is also some sort of delineation lighting on the back of the plow
— the combination of 3 very bright light clusters 1s not easily recognizable as a single vehicle

More info needed:

1. Alliant Engineering should put together a chart showing the power requirements for each of the lights
tested, so we could compare the power draw on the truck between the existing light system and different
combinations of new ones. It won’t help if we recommend a new light pattern that ends up using more
power than we need now.

2. Obviously, any change to our plow truck specification will have to be written in performance terms, and
not use trade names (but we can use trade names as ‘acceptable products’, we just can’t exclude other
manufacturer’s lights that have the same effect). We need to have a listing of the relevant specs (number
of LEDs, voitage, dimensions of light clusters, outer lens type, output intensity, etc.) for any light system
we will recommend.

3. Peter Ing needs to start setting up the validation panel workshop; it would be nice to get the video editing
done and hold the workshop before the end of this winter.

Steve Otto
21 March 2005



APPENDIX F

CURRENT STANDARDSAND SPECIFICATIONS

# 200, 18311 — 105 Ave., Edmonton, AB, T5S 2K9
Phone: (780) 488-8292, Fax: (780) 444-9054



Specification
52.1 Snow Removal and Ice Control {Truck)

52.1 Smow Removal and Ice Control (Truck)

52.1.1 GENERAL

The Work consists of loading trucks, snowplowing and the application of sand, salt or a sand and
salt mixture to roadway surfaces.

52.1.2 MATERIALS

The sand and salt mixture shall be obtained from a premixed stockpile, the salt material from a
storage shed and the sand from a separate stockpile. The conditions for the supply of these
materials is detailed elsewhere in the Contract Specifications or in the Special Provisions.

52.1.3 EQUIPMENT

52.1.3.1 General

The Contractor shall supply all equipment necessary to complete the Work.
52.1.3.2 Loader

The loader shall have a minimum 1.3 cubic metre bucket size.

52.1.33 Truck

The number and size of trucks will be specified in the Special Provisions. Tandem axle trucks
shall have a minimum 270 horsepower engine or a minimum 325 horsepower engine when
equipped with a wing. Single axle trucks shail have a minimum 210 horsepower engine., Gross
engine horsepower will be the rating as shown in the manufacturers' specifications. In addition,
any trucks which were approved for work with Alberta Transportation and Utilities during the

1994/95 season will also be deemed acceptable.

Each truck shall have a valid Alberta Vehicle registration or equivalent permit and a current
Commercial Vehicle Inspection Certificate Decal. The decal shall be displayed on the vehicle at
all times. The Contractor shall maintain each truck to the minimum standard established by the
commercial vehicle inspection. If, in the opinion of the Engineer, the truck is not in a satisfactory
mechanical or safe condition, then it shall be removed from the work site until the necessary

repairs have been made.

1 November 22, 1995



Specification
52.1 Snow Removal and Ice Control {Truck)

Each truck engaged in the Work shall be assigned a unique number, that is prominently displayed
on the truck, for the duration of the Contract. The doors of each truck shall prominently display

the Contractor's company name or logo and phone number.

Standard lighting on the truck shall conform to Drawing A4 94 08 A and Drawing A4 94 08 B
and be adiusted in accordance with Drawing Al 93 10.

Trucks shall have a 75 mm wide, orange coloured reflector tape applied near the top and along
the full width of the truck hopper at the rear of the vehicie and a similar 75 mm wide tape applied

to the full width of the tail plate.

When snowplowing on recently applied sealcoats or asphalt stabilized base course surfaces, as
determined by the Engineer, trucks shall be equipped with power floats, castor wheels or rubber
blades to reduce damage done to these surfaces. The use of other "protective equipment” will be
subject to the approval of the Engineer. Any damage to these surfaces resulting from the
snowplowing operation shall be repaired by the Contractor at his expense.

52.1.3.4 Sanding Unit

The sanding unit shall be either a frame mounted or slide-in-box type with a minimum capacity
of 6.1 cubic metres or 8.5 cubic metres for tandem axle units and 3.8 cubic metres for single axie
units. The sanding unit shall be equipped with height adjustable material deflectors and spinners
capable of both clockwise and counter clockwise movements and in-cab controls for regulating
the discharge of a sand, salt or a sand and salt mixture, as required by the prevailing road
conditions. The Contractor shall ensure the trucks are licensed to carry the minimum capacity.

52.1.3.5 Snowplow

The snowplow blade shall be front mounted one-way for right side plowing only or two-way for
both left and right side plowing, as indicated in the Special Provisions. The snowplow shall be
equipped with a minimum 3.66 metre wide blade, in-cab controls for lifting and adjusting the
plow blade and 330 mm x 410 mm red flags mounted on the top outside edges of the biade.

52,1.3.6 Snowplow Wing

The number of trucks to be equipped with snowplow wings will be specified in the Special
Provisions.

The wing attachment shall be mounted to the passenger side of tandem axle trucks.

2 November 22, 1995



Specification
52.} Snow Removal and Ice Control (Truck)

The snowplow truck shall be equipped with in-cab controls for lifting and adjusting the wing.
The wing functions must be quick acting and positively controlled. The wing control system shall
have a "panic button" to provide for fast raising of the wing in emergency situations.

The wing adjustment mechanism shall be of a hydraulic telescopic type to allow for variations in
the plow width. The minimum length of the wing blade shall be 2.30 metres.

The wing shall have a rear facing clearance light mounted as close to the end of the wing as
practical. The light shall be similar in size, shape and capacity as a Dominion Auto Part #706068
Red Clearance Light. The wing shall also be equipped with a 330 mm x 410 mm red flag

mounted on its top outside edge.

52.1.3.7 Snowplow Blades

The Contractor shall supply snowplow blades and wing blades.

52.1.3.8 Spread Control Device

- All snowplow units, with the exception of the approved units used by Alberta Transportation and
Utilities during the 1994/95 season, shall be equipped with a microprocessor based spread control
system capable of controlling the application rate of a sand, a sand and salt mixture or salt only.
The approved 1994/95 trucks will not be accepted for work if their original spread control devices

are removed and not replaced by an equivalent or superior system. Only field proven products
in service for at least one year will be considered unless otherwise approved by the Engineer.

The spread control system for new units must be capable of performing the following functions:

52.1.3.8.1

L Controlling an operator determined application rate to an accuracy of + 5% for at
least three different materials of varying densities. The system must also allow the
operator to chose the type of load (material).

® Each material setting shall have at least ten distinct application rate settings which
can be controlled by an operator. The knob or switch used to control the
application rate shall provide one increase (or decrease) with one activation of the

switch.

3 November 22, 1995



Specification
52.1 Snow Removal and Ice Control (Truck)

52.1.3.8.2

52.1.3.83

e

Application Rates
L. (Kilograms per 2 lan kilometre)
Lo High

w
Salt 50 kg 400 kg
Sand 370 kg 1000 kg

Note: The application rate should be expressed as kilograms per
kilometre and should not be affected by spread width.

Displaying the actual application rate back to the operator when desired.
A "blast" setting which when activated will provide a maximum application rate.

A "passing" function which will allow the operator to stop the spinner and the main
conveyor for short periods. There can be no delay in continuation of the spreading

function after shutting off the passing function.

An error indictor which will notify the operator when the desired output of the
main conveyor is less than expected due to an insufficient flow or high truck speed
plus indicate other system related malfunctions.

Spread Width Control
The spread width (spinner speed) must be controlled by the operator.

The spread width control must have a minimum of ten individual settings. The
user should be able to specify each setting in the programming mode.

The spinner rotation direction must be reversible. The spinner must turn at the
same speed when switched from one direction to the other while still on the same

speed setting.

Material calibration will be required under the following conditions:
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52.1 Snow Removal and Ice Control {Truck)

52.1.3.8.4

52.1.3.9

- prior to commencement of winter operations, when there is a change of
materials or a change in hydraulic components and when requested to do
so by the Engineer.

All calibration calculations and measurements must be performed by the
microprocessor. The operators should only be required to input the weight of the
vnit before and after the calibration.

The calibration procedure must not require the capture and weighing of any
material spread by the sander. Procedures requiring buckets, tarps, boxes or other
such devices to catch and weigh materials are unacceptable.

Calibration procedures must use as large a material sample as possible to ensure
adequate precision of the equipment (i.e., 30% of full load).

Main Control Enclosure

All circuitry for the Spread Control Device and all necessary controls for their
function shall be contained in a "main” control enclosure.

Optional Functions For Spread Control Device

The Contractor has the option of providing the following enhancements to the Spread Control

Device.

52.1.3.9.1

Data Logging
A control system with the ability to perform data logging. If provided, the data
logging should record periodic totals as well as running (yearly) totals of truck

kilometres travelled, average truck speed, kilometres sanded by type of material,
the amount (weight) of each material used and dating of the information.

The periodic totals referred to above shouid be totals for a period determined by
the Engineer. The period may vary from a day to a portion of a day to a multiple
of a day. The periodic totals should last from one data extraction process to the

next.

Provisions should be made so that yearly totals can be erased in the programming
mode only.
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52.1 Snow Removal and Ice Control (Truck)

& The system should also possess some means of retrieving this data from the
controller, either by personal computer or printer link. The Contractor should
provide complete details on the method of data retrieval and technical data for the

information retrieval devices.

52.1.3.10 Global Positioning System

The Contractor is advised the Engineer proposes to use GPS (Global Positioning System) devices
to record location and times of snow removal and ice control Work. The Engineer will provide
GPS units at no cost to the Contractor. The Contractor shall cooperate with the Engineer by
making the designated snow removal and ice control equipment available, and ensuring data is
downloaded and provided to the Engineer at least once per day or as otherwise determined by the
Engineer. The Contractor shali take all reasonable precautions to ensure GPS equipment is not
damaged and is in working condition. The Engineer plans to begin trial installation during the
winter of 1995/96 with full implementation to occur subsequently.

52.1.4 PROCEDURE
52.1.4.1 Snowplowing and Sanding

When trucks are engaged in snow removal activities, the Engineer may require the Contractor to
take a time stamped photograph, each hour, through the front windshield of each vehicle.
Photographs should be taken as close to the top of the hour as possible. The Contractor shall
ensure that the process used to take the photograph does not create a hazard. The undeveloped
film shall be provided to the Engineer no later than two business days after the vehicle was
engaged in the snow removal and ice control Work. Each roll of undeveloped film shail be

properly labelled with the unit number of the vehicle.

The photographs will be used by the Engineer to determine road condition and to determine if
snow removal and ice control Work was required.

The cost of taking the time stamped photograph and providing the Engineer with the undeveloped
film will be considered incidental to the Work and will not be paid for separately.

In general, truck speeds shall range between 60 and 70 kilometres per hour. Individual truck
speed shall be adjusted to meet snow, wind, highway and traffic conditions and the application
requirements of the sand, salt or a sand and salt mixture applied.

The angle of the snowplow blade shall be adjusted to remove snow and ice from the roadway in
an efficient manner and to the satisfaction of the Engineer.
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52.1 Snow Removal and Iee Control (Truck)

Plow trucks shall pull over at reasonable intervals to allow traffic to pass. Generally, this interval
shall be between 5 and 8 kilometres. However, when traffic is heavy or rear visibility is

obscured, this interval shall be shortened.

When plow trucks are operating as multiple unit groupings, they shall be spaced so that traffic can
safely pass. Generally the distance between units, on the open highway, shall not be less than 800
metres, but is dependent on snow, weather, and traffic conditions.

When plowing the inside lanes into the median, truck speed shall be adjusted to ensure snow is
not deposited on the adjacent roadway.

When approaching railway crossings, plow trucks shall have the plow raised sufficiently to clear
the tracks. Snow or ice shall not be deposited on the crossing. Damage to the crossing shail be
reported to the local railway authority and to the Engineer immediately. Windrows of snow shall
not reduce the lateral sight distance of motorists nor obscure the motorists' vision of railway

traffic.

When piowing overpass structures, the operator shall ensure snow is not plowed off the overpass
while there are vehicies on the roadway below.

The Contractor shall supply the number of hours and kilometres worked in each "winter segment”
per each truck to the Engineer on a daily basis.

The Contractor shall ensure all truck lights are clear of snow, ice and other materials which may
reduce the illumination ability of the lights.

§2.1.4.2 Application of Sand, Salt or Sand and Salt Materials
Material application rates will be specified by the Engineer.
The Contractor shail maintain a sand/salt usage inventory system, which shall include:

® daily quantities of sand and salt usage from each material stockpile or salt shed for
the particular winter segment worked,;

® the time and date of loading for each truck unit.

The Contractor shall provide this information to the Engineer on a daily basis. The Engineer will
provide a data form for the reporting of this information.

7 November 22, 1995



Specification
32.1 Snow Removal and Ice Control (Truck)

In general, material applications shall be carried out at speeds up to 60 kilometres per hour.
However, the individual truck speed shall be adjusted to account for weather, traffic, highway

conditions and the type of material being applied.

Unless directed otherwise by the Engineer, the Contractor shall adjust the spinner speed to ensure
the spread of ice control materials in the following manner:

® On 2 Straight-a-Way - The Contractor shall concentrate the placement of ice
control materials on the crown area of the road. The crown is designed so that
positive surface drainage occurs on both sides of it. If ice control materials are
placed on the crown area, then the brine formed by salt and the subsequent melting
of snow and ice will drain off the road in two directions.

o On a Curve - The Contractor shall place ice control materials on the high side of
the curve so that any melting which may occur will run down the face of the curve
and off the roadway surface.

L On Multiple-Lane-Highways - The crown is usually in the middle of the roadway.
The Contractor shall place ice control materials on one lane or two lanes at a time
but starting with the lane or lanes closest to the roadway crown,

The deflector on the spinner must be regularly checked to ensure proper placement of the material
on the roadway. Centre mount spinners shall be equipped with deflectors on both sides.

If an optional spread control device is used, then the Contractor shall download information and
provide it to the Engineer on a monthly basis or at any other time requested by the Engineer.

52.1.5 COMMENCEMENT OF WORK

The Contractor shall ensure that equipment and operators are available for work 24 hours a day,
7 days a week and that the loader and a minimum 2/3 of the trucks are ready to commence work
within 1 hour of the issnance of the Work Order. The remaining trucks shall be ready to
commence work within 2 hours of the issuance of the Work Order. Work will commence at the
stockpile site, equipment shop or any other location so designated by the Engineer.

The Contractor shall provide a maximum of three telephone numbers of contact persons authorized
to receive a Work Order for snow and ice control work. The Engineer shall be notified at once
and in written form, of any changes to these telephone numbers. A fax transmission is considered

a written form.
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52.1 Snow Removal and Ice Control (Truck)

52.1.6 AVAILABILITY RATE

An availability rate is a daily payment made to the Contractor for having snow removal and ice
control trucks available to commence work during the date period specified in the Special
Provisions. The rate applies individually to trucks and will be paid whether the truck is
performing the Work or simply available to perform the Work as described herein.

If the Engineer requests a winter road inspection in accordance with Specification 53.39, Highway
Maintenance Work, the Contractor has the option of using regular snow removal equipment
operators to perform the inspection. Any such use of equipment operators, will not compromise
the Contractor's availability rate and the employee and equipment will be considered to be
available to commence work as defined.

In the event of heavy snowstorms or other unseasonable weather which occurs outside of the time
period specified for availability, the Contractor shall make sufficient equipment and personnel
available at the earliest possible time, regardiess of the time period specified for Availability. In
these cases, the availability rate will be paid for the additional days worked.

52.1.7 MEASUREMENT AND PAYMENT

52.1.7.1 General

Measurement for snow removal and ice control (by truck) will be in hours for the actual number
of hours a snowplow truck is engaged in this activity.

Measurement for the availability rate will be in days for the time both the snowpiow truck and
loader are available to engage in the Work during the date period specified in the Special

Provisions.

Payment for snow removal and ice control will be made at the hourly rate bid per truck for "Snow
Removal and Ice Control (Truck)" for the type of truck and auxiliary equipment specified. This
payment will be full compensation for supplying the truck and loader (complete with all auxiliary
equipment), loading the trucks, snowplowing, hauling materials from the stockpile site to the
roadway, applying a sand, salt or a sand and salt mixture as required, and all labour, equipment,

tools and incidentals necessary to complete the Work.

"The Contractor will not be paid for the time spent travelling from his home base to the designated
worksite at the start of the workday nor from the designated site at the end of his work day to his
home base. In addition, the Contractor will not be paid for the time spent changing blades,
calibrating his equipment, refuelling, repairs or other servicing.
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Payment for availability will be made at the daily rate bid per truck for "Snow Removal and Ice
Control (Truck) Availability Rate”. This payment will be full compensation for ensuring both the
snowplow truck and loader are available to commence the Work on any day during the date period

specified in the Special Provisions.

Payment for the supply of a spread control device equipped with the "optional functions" will be
made at the rate of $750 per vehicle per year under the bid item "Premiums for Trucks with

optional Spread Control Device".

52.1.7.2 Penalties

A penalty of $100 per bour up to a maximum of $500 per day will be assessed for each truck
unavailable to commence work within the specified time.

A penalty of $100 per hour up to a maximum of $500 per day will be assessed for each hour the
loader is unavailable to commence work within the one hour response time. In addition, if the

Contractor is unable to provide the loader within the specified time on any given day, then the
" Availability Rate" will not be paid for any of the trucks at the designated site that day.

52.1.8 WARRANTY

There is no warranty period for this Work.
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T rucks, Buses, MPVs: Federal Lighting Equipment Location Requirements

IMPORTANT NOTE: Every iamp, reflex reflector, and conspicuity treatment (device) must be permanently attached in
the location specified below and must comply with all applicable requirements prescribed for it by FMVSS/CMVSS

' 108. The face of any device on the front/rear and sides should be, respectively perpendicular and parallel to vehicle
centerline, uniess it is photometrically certified at installation angle. No part of the vehicle shall prevent any device from
meeting its prescribed requirements unless an auxiliary device meeting all prescribed requirements is installed.

" In Canada: Manufacturers and importers of vehicles must have the proper certification test records demonstrating
compliance of lighting components with all prescribed requirements.

This table summarizes lighting equipment requirements contained in Eederal Motor Vehicle Safety Standard 108. For
complete compliance requirements consult Title 43 - Code of Federal Requlations, Section 571.108. (USA) and Section

- 108 of the Motor Vehicle Safety Regulations (Canada).

State or Provincial regulations, where they may apply, have not been included.

e Basic Equipment Required on All Trucks, Buses & MPVs
Additional Equipment for Specific Vehicles:

o Vehicles 9.1 m {30 ft.) Long or Longer

o Truck Tractors

L ]

{llustrations_of Federal Lightning Equipment Location Reguirements

Contacis

Basic Equipment Required on All Trucks, Buses & MPVs

Mandatory Requiremenis

disabled vehicle:

Description
Functional Height mm (in.}
Area Equipment (SAE Lens Coding) Purpose Quantity Color Location from the ground
1 Headlamps - Lower {( H, HR ) Forward road Minimum 2 White  ]On the front - 560-1370 (22-54)
Beam Attention: US: fllumination symmetrical - as far
"DOT" lettering apart as practicable
{required on lens ( If 4 lamp system -
Attention: US & outhoard or above
Canada: light upper beams }
source code
required on lens
Headlamps - Upper j( M4, HR ) Forward road Minimum 2 White  {On the front - 560-1370 (22-54)
Beam Attention: US: Hlumination symmeirical
"DOT" lettering ( If 4 lamp system -
required on lens inboard or below lower
Attention: US & beams }
Canada: light
{source code
required on lens
Parking Lamps- {(P) Indicate parked { Minimum 2 1 White or {Front - symmetrical - 380-1530 (15-60)
Aftention: Required vehicle Yellow jas far apart as
only on vehicles less practicable
than 2032mm wide
Daytime Running (Y2) Indicate in-use § Minimum 2 1 White or {Front - symmetrical - 380 (15) minimum
{Lamps Attention: for vehicle Yellow {as far apart as Maximum depends on
Canada required, for practicable type of DRL
US optional.
Attention: for US,
"DRL" lettering
required on lens if
device is not
headlamp
Front Turm (1) indicate Minimum 2 Yellow {Front - symmetrical - 380-2110 (15-83)
Signal/Hazard direction of turn as far apart as
Warning Lamps / identify practicable




2 [Front Clearance { P2, PC* or Show vehicle's § Minimum 2 Yellow jAt widest point - As high as practicable
Lamps- P3*,PC2) width symmedtrical - on the
Attention: Required {*photometrically front or near the front
for vehicles 2032mm fcertified at - facing forward
wide or wider installation angie
3 jFront ldentification {PZ2orP3) Indicate Exacfly 3 Yellow {on the front - ceater - FAs high as practicable
Lamps (iD) presence of & horizontally spaced or on top of cab
wide vehicle 150 mm (6 in.) to 300
mm (12 in.) apart
4a jFront Side Marker {( P2, PC* or P3 Minimum 2 Yellow JEach side at front -as1 380 (15) minimum
Lamps PC2*) far forward as
*nhotometrically praciicable
certified at
installation angle
4b |Front Side Reflex {(A) Minimum 2 Yellow {Af front - symmetrical -§  380-1530 (15-60)
Reflectors Front and Rear as far forward as
side marker practicable - facing
jlamps / side sideward
. reflex reflector — - -
5a jRear Side Marker {( P2, PC* or P3, indicate Minimum 2 Red Each side at rear - as 380 (15) minimum
Lamps ** pPC2*) vehicle's far back as practicable
*photometrically presence and
certified at Iength
instaflation angle
5b {Rear Side Reflex ( A) Minimum 2 Red Each side af rear - as 380-1530 {15-80)
Reflectors ** far back as practicable
** not required on ~ facing sideward
Truck Tractors
6 |Rear Clearance { P2, PC* or P3, Show vehicle's { Minimum 2 Red At widest point - As high as practicable-
Lamps PC2*) width - symmetrical - on the may be lower only if
Attention: Required |*photometrically MAY NOT be {rear or near the rear - | rear ID lamps are at
for vehicles 2032mm jcertified at compined with facing rearward the top
wide or wider, but installation angle tail lamps
not required on
Truck Tractors
7 iRear Identification { P2 orP3) Indicate Exactly 3 Red Rear - center - in Canada : at the top
Lamps presence of a horizontally spaced - maybe lower if door
(1D) wide vehicle 150 mm (6 in.) to 300 {header narrower than
Attention: Required mm (12 in.) apart, 25mm
for vehicles 2032mm facing rearward in USA: as high as
wide or wider, but practicable
inot required on
Truck Tractors
8 [|Tail Lamps (T} indicate Minimum 2 Red On the rear - 380-1830 (15-72)
vehicle's symmetrical - as far
presence and apart as practicable
width
Stop Lamps (8) indicate brakingi Minimum 2 Red On the rear - 380-1830 (15-72)
symmetrical - as far
apart as practicable
Rear Turn (b} Indicate Minimum 2 Red or 3Cn the rear - 380-2110 (15-83)
Signal/Hazard direction of Yellow [ symmetrical - as far
Warning Lamps turn/ identifies apart as practicable
disabled veh.
Rear Reflex {A) Show vehicle's { Minimum 2 Red On the rear - 380-1530 (15-60}
JReflectors presence and symmetrical - as far
width apart as practicable -
facing rearward
9 |Backup Lamp (R} liluminate Minimum 1 White iRear No requirement
ground behind
the vehicle and
alert road users
10 |License Plate (L) fuminates Minimum 1 White  {On the rear - above or No requirement
HLamp(s}) license plate at the sides of license
plate
11 |{Center High {U3) Indicates Minimum Red On the rear - 860 (34) minimum
Mounted Sfop braking centeriine of the
Lamp vehicle

Attention: Required
for vehicles fess than
2032mm wide and
4536kg
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7

"I Additional Equipment for Specific Vehicles:

Vehicles 9.1 m (30 ft.) Long or Longer

Description Mandatory Requirements
: {Area Equipment (SAE {Functional]Quantity| Color {location]{ Height
Lens i Purpose mm {in.}
Coding) from the
ground
12a jIntermediafe Side Marker Lamps { P2 or {Indicate MinimumjYellow]Each 380 (15)
PC) jpresence 2 side iminimum
of a tong near
vehicle center
12b jintermediate Side Reflex Reflectors (A) indicate Minimum{YellowlEach 380-
presence 2 side 1530
of a long near {15-60)
vehicle center -
facing
sideward
Truck Tractors
' Description H Mandatory Requirements i !
Areal| Conspicuity Treatment || DOT Code ilQuantity]| Color |[Location|| Height ||Options:
13 i{|Rear Upper Body DOT-C, DOT-C2, DOT-C3, or DOT-C4 Exactly White ||Rear As high as
Marking 2 pairs upper practicable
of corners || excluding
300mm of cab - fairings
long facing
strips rearward
14 ||Rear Marking DOT-C, DOT-C2, DAT-C3, or DOT-C4 Exactly ||Red/Whitel{Rear- HAs If mud
2 facing horizontal [{laps not
sections rearward {{as used -
of min. -on practicable|jon the
600mm fenders, lfand not cab or
each on mud |fthigher frame
flaps than 1525 {imounted
brackets, {|mm from jjbrackets
or within i{the ground
300mm
below of
the fop
of mud
flaps
Top

Ilustrations of Federal Lightning Equipment Location Requiremenis
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Motor Vehicle Safety Enforcement Branch
Fax: (613) 998-4831

Rich Van lderstine

Nationai Highway Traffic Safety Administration
Office of Safety Performance Standards

Fax: (202) 366-4329
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