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MODULE 7.  ESTABLISHING THE MAXIMUM MESSAGE LENGTH 

7.1
MESSAGE LENGTH AND CMS VIEWING DISTANCE REQUIREMENTS

Available reading distance to the CMS (coupled with traveling speed) dictates the amount of time the motorist has to read the sign.

Any obstruction that comes between the motorist and the CMS within this viewing distance will hinder the motorist from reading the entire message.

The maximum length of message that should be displayed on a CMS at a location depends not only on the perception and information processing capabilities of motorists, but also on how far away they can detect the sign and how far they can adequately read the message.  

Highway signs must project a message so that the driver can:

1. Detect the sign, 

2. Read and understand the sign, 

3. Make appropriate decisions based on the information gained from the sign.

And if necessary: 

4. Initiate a control response, and 

5. Complete the required maneuver.

Thus a driver’s distance requirements of a sign can be derived from allotments of time to each of these five components. (1)

Some of the relationships involved for a driver traveling in the third lane from the shoulder to read a portable changeable message sign (PCMS) or a ground-mounted sign are shown in Figure 7-1.  Line M-N represents the eye of the driver while traveling from left to right.  Point A in the figure is the location at which the driver detects the sign in the environment although he/she cannot yet read the message.  Point B is the location at which the sign message becomes legible and the driver can begin reading the message.  Point C represents a cut-off location.  The cut-off location, established by the angle ( (theta), is the point where the driver may no longer read the sign without losing peripheral sight of the roadway ahead.  Thus, the message is exposed to the driver while he/she is between Points B and C (distance B-C); however, the message is normally not read while the driver is between Points C and D (distance C-D) because it would require significant head turning.  The distance C-D is sometimes referred to as the out-of-vision distance.  After a driver decides on an action, he/she responds and completes the appropriate maneuver.

There are exceptions to using the five components to determine a driver’s distance requirements.  CMSs, for example, do not typically require a driver to initiate and complete a maneuver prior to reaching the sign.  Thus for CMSs, only the sign detection distance (A-B), reading and decision distance (B-C), and the out-of-view distance (C-D) are relevant to the analysis (see Figure 7-2).  The distances traveled by the driver during each of these three components are governed in large part by the speed of the vehicle.  [image: image1.wmf]0
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The minimum required visibility distance (A-D) in Figure 7-2 is the distance for the driver to first detect the presence of the CMS.  The minimum required legibility distance (B-D) represents the distance from the CMS that a driver must begin reading the CMS message.  Similar relationships exist for permanently mounted overhead CMSs.  The only difference is that the angle ( is in the vertical rather than horizontal direction.

The message viewing distance, the distance during which a driver can read the CMS message, (coupled with the speed that the driver is traveling) dictates the amount of time he/she has available to read a CMS.  The message viewing distance necessary to read a message of a given length (in terms of units of information presented) is illustrated in Figure 7-3.  Any obstruction that comes between the motorist and the sign within the minimum required viewing distance hinders the motorist from reading the entire message.  At higher speeds, distances as great as 800 feet are needed for messages that contain 4 units of information.


Figure 7-2.  Required CMS Message Viewing Distances (Ref 2)
The values in Figure 7-3 are for CMSs mounted directly over the travel lanes.  However, for CMSs positioned off to the side of the roadway (either permanent-mounted or portable), additional sight distance is required to ensure that the message is read entirely while still within the driver’s field of vision (assumed to be 10° right or left of head-on viewing).  The distances that should be added to the values in Figure 7-3 for a given lateral offset between the motorist and the center of the CMS are shown in Figure 7-4.  Note that the additional sight distance required can be quite significant for larger offsets, adding 300 feet or more to the necessary sight distance between the motorist and the CMS.


THE LEGIBILITY DISTANCE TO A CMS MAY BE LESS THAN EXPECTED BECAUSE OF:

· Lighting conditions,

· Sun position,

· Vertical curvature,

· Horizontal curvature,

· Spot obstructions,

· Rain or fog, and

· Trucks in the traffic stream.

THERFORE, THE MAXIMUM ALLOWABLE NUMBER OF UNITS OF INFORMATION MAY HAVE TO BE REDUCED.

The maximum distance at which a motorist can first correctly identify letters and words on a CMS is termed the legibility distance of the sign.  In some situations, a motorist may not be able to utilize the maximum possible legibility distance (and thus, viewing time) of a particular CMS technology or design.  Lighting conditions (day vs. night and position of the sun) can reduce the legibility distance to the CMS.  Roadway geometric features such as vertical or horizontal curvature (around sight obstructions) as well as spot obstructions such as overpasses and sign bridges can also restrict CMS viewing distances.  A number of environmental factors or conditions also impact CMS visibility.  Rain and fog (and even snow) all scatter and block light rays from a CMS as that light travels through the atmosphere.  Finally, the presence of a significant number of trucks on the roadway will likewise limit the ability of motorists to adequately view a CMS positioned on the side of the roadway.

Just as factors such as reduced lane widths and sharp grades reduce the ideal traffic-carrying capacity of a roadway, one or more of these conditions can constrain the available CMS viewing distances to values lower than what are ideal.  This means that there may not always be enough viewing time for a motorist to read a CMS message providing four units of information (5 units on lower speed roadways), and so shorter messages may have to be used.

Adjustments that may need to be made to the Base Maximum Message Length assumed to be available for a particular type of CMS are described in the following sections for five major conditions:

· Day and night operations,

· Vertical curves,

· Horizontal curves,

· Presence of a large proportion of trucks, and

· Presence of rain or fog.

7.2
MAXIMUM CMS LEGIBILITY DISTANCES FOR DAY AND NIGHT OPERATIONS

The legibility of a CMS depends on the design characteristics of the sign.  Key design parameters are the type of display technology (light-emitting, light-reflecting, etc.), height and width of the characters, the stroke width of the characters, and the type of font displayed.   Legibility distances proposed for use in CMS message design (based on results of several studies) are presented in Table 7-1 (3).  These distances represent standard font (all uppercase), 18-inch character heights, 13-inch (approximate) character widths, and about 2.5-inch stroke (pixel) widths.  Smaller characters would yield shorter distances. (Note: Character heights on CMSs used on freeways and other high-speed highways should not be less than 18 inches (4).)

The legibility distances shown in Table 7-1 affect the maximum number of units of information that can be displayed on a CMS which will allow motorists to read and comprehend the message at prevailing highway operating speeds.  Based on these distances, the maximum number of informational units that motorists can actually read and comprehend in a CMS message is summarized in Table 7-2.  These numbers establish the Base Maximum Message Length.  

Table 7-1  Suggested CMS Legibility Distances for Use in Message Design (ft) (Ref 3)
	Condition
	Light-Emitting DiodeA
	Fiberoptic
	Incandescant Bulb
	Reflective Disk

	Mid-Day
	800
	800
	700
	600

	Washout
	800
	800
	700
	400

	Backlight
	600
	500
	400
	250

	Nighttime
	600
	600
	600
	250



A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs

Table 7-2.  Maximum Number of Units of Information in CMS Message

(Base Maximum Message Length) (Ref 3)
	
	Light-Emitting Diode A
	Fiberoptic
	Incandescent Bulb
	Reflective Disk

	
	0-35

mph
	36-55

mph
	56-70

mph
	0-35

mph
	36-55

mph
	56-70

mph
	0-35

mph
	36-55

mph
	56-70

mph
	0-35

mph
	36-55

mph
	56-70

mph

	Mid-Day
	5 units
	4 units
	4 units
	5 units
	4 units
	4 units
	5 units
	4 units
	3 units
	5 units
	4 units
	3 units

	Washout
	5 units
	4 units
	4 units
	5 units
	4 units
	4 units
	5 units
	4 units
	3 units
	4 units
	3 units
	2 units

	Backlight
	4 units
	4 units
	3 units
	4 units
	3 units
	2 units
	4 units
	3 units
	2 units
	2 units
	1 unit
	1 unit

	Nighttime
	4 units
	4 units
	3 units
	4 units
	4 units
	3 units
	4 units
	3 units
	3 units
	3 units
	2 units
	1 unit


A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs

7.3
UNITS OF INFORMATION REDUCTIONS FOR VERTICAL CURVES - LED CMSs

INTRODUCTION

Generally speaking, permanent CMSs mounted above the travel lanes are not affected by the presence of crest vertical curves on freeways.  Vertical curvature is established based on safe stopping sight distances to a rather small (i.e., 6-inch) object located on the roadway, based on the design speed of the roadway.  The high (20 to 25 ft) typical mounting heights of permanent CMSs provide viewing distances over the curve which usually exceed the visual capabilities of the signs themselves.  However, this is often not the case for portable CMS positioned on the shoulder of the roadway.  Furthermore, conditions where actual operating speeds are higher than the design speed of the vertical curve (i.e., non-freeway-type applications) can sometimes provide less viewing times than is normally assumed to exist.

REDUCTIONS FOR VERTICAL CURVE DESIGN SPEEDS 45 MPH AND ABOVE

No reductions in the number of units of information are required for LED CMSs.  Therefore, use the Base Maximum Message Length shown in Table 7-2 for the traffic operating speed on the highway.

REDUCTIONS FOR VERTICAL CURVE DESIGN SPEEDS BELOW 45 MPH
Vertical curve design speeds lower than 45 mph require that the number of informational units be reduced to account for the lower legibility.  The number of units that must be subtracted from the Base Maximum Message Length shown in Table 7-2 when LED signs are used are given in Tables 7-3 and 7-4 for PERMANENT CMSs with mounting heights of 20 and 25 feet and offsets of 0, 20 and 60 feet.  The number of units that must be subtracted from the Base Maximum Message Length shown in Table 7-2 when LED signs are used are given in Tables 7-5 and 7-6 for PORTABLE CMSs with mounting heights of 7 and 10 feet and offsets of 20 and 60 feet.

EXAMPLES

Example 1

Question

A permanent LED CMS mounted 20 feet above the roadway is located to the right of a six-lane urban arterial.  The sign is positioned such that the offset from the CMS to the motorist in the left lane is approximately 60 ft.  It is located at the downstream end of a 600-foot crest vertical curve that is designed for 35 mph. Does the Base Maximum Message Length have to be reduced in this situation?

Answer
Yes.  Using Table 7-3 for a 60-ft offset and 35 mph operating speed, the Base Maximum Message Length must be reduced by 3 units in all viewing conditions (mid-day, washout, backlight, and nighttime).

Example 2

Question

A portable LED CMS that is 7 ft high is located in the middle of a 20-foot median on a four-lane freeway with a 6-foot inside paved shoulder.  The sign is placed on the downstream end of a 1200-foot crest vertical curve.  The design speed of the curve is 60 mph.  Does the curve constrain the amount of information that can be presented on the CMS?

Answer

Since the design speed of the curve is greater than 45 mph, a sight distance restriction is not expected for the portable CMS.  No reduction in Base Maximum Message Length is necessary.

Table 7-3.  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Vertical Curve

PERMANENT LED CMSA 

Mounting Height: 20 Feet (Ref 2)
	Condition
	Vertical Curve Speed

	
	Overhead
	20-Foot Offset
	60-Foot Offset

	
	30 mph
	35 mph
	40 mph
	30 mph
	35 mph
	40 mph
	30 mph
	35 mph
	40 mph

	Mid-Day
	1 unit
	0 unit
	0 unit
	2 units
	0 unit
	0 unit
	5 units
	3 units
	1 unit

	Washout
	1 unit
	0 unit
	0 unit
	2 units
	0 unit
	0 unit
	5 units
	3 units
	1 unit

	Backlight
	0 unit
	0 unit
	0 unit
	1 unit
	0 unit
	0 unit
	4 units
	3 units
	1 unit

	Nighttime
	0 unit
	0 unit
	0 unit
	1 unit
	0 unit
	0 unit
	4 units
	3 units
	1 unit




A Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.

Table 7-4.  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Vertical Curve

PERMANENT LED CMSA 

Mounting Height: 25 Feet (Ref 2)
	Condition
	Vertical Curve Design Speed

	
	Overhead
	20-Foot Offset
	60-Foot Offset

	
	30 mph
	35 mph
	40 mph
	30 mph
	35 mph
	40 mph
	30 mph
	35 mph
	40 mph

	Mid-Day
	0 unit
	0 unit
	0 unit
	2 units
	1 unit
	0 unit
	5 units
	4 units
	1 unit

	Washout
	0 unit
	0 unit
	0 unit
	2 units
	1 unit
	0 unit
	5 units
	4 units
	1 unit

	Backlight
	0 unit
	0 unit
	0 unit
	1 unit
	0 unit
	0 unit
	4 units
	3 units
	1 unit

	Nighttime
	0 unit
	0 unit
	0 unit
	1 unit
	0 unit
	0 unit
	4 units
	3 units
	1 unit




A Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.

Table 7-5.  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Vertical Curve

PORTABLE LED CMSA 

Mounting Height: 7 Feet (Ref 2)
	Condition
	Vertical Curve Design Speed

	
	20-Foot Offset
	60-Foot Offset

	
	30 mph
	35 mph
	40 mph
	30 mph
	35 mph
	40 mph

	Mid-Day
	3 units
	2 units
	1 unit
	5 units
	5 units
	3 units

	Washout
	3 units
	2 units
	1 unit
	5 units
	5 units
	3 units

	Backlight
	2 units
	1 unit
	1 unit
	4 units
	4 units
	2 units

	Nighttime
	2 units
	1 unit
	1 unit
	4 units
	4 units
	2 units



A Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.

Table 7-6.  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Vertical Curve

PORTABLE LED CMSA 

Mounting Height: 10 Feet (Ref 2)
	Condition
	Vertical Curve Design Speed

	
	20-Foot Offset
	60-Foot Offset

	
	30 mph
	35 mph
	40 mph
	30 mph
	35 mph
	40 mph

	Mid-Day
	2 units
	2 units
	1 unit
	5 units
	4 units
	3 units

	Washout
	2 units
	2 units
	1 unit
	5 units
	4 units
	3 units

	Backlight
	1 unit
	1 unit
	0 unit
	4 units
	3 units
	2 units

	Nighttime
	1 unit
	1 unit
	0 unit
	4 units
	3 units
	2 units



A Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.

7.4
UNITS OF INFORMATION REDUCTIONS FOR HORIZONTAL CURVES – LED CMSs

INTRODUCTION

Whereas vertical curvature design is based on stopping sight distance, design criteria for horizontal curvature is based on driver comfort and the friction between the tires and the roadway.  With respect to CMS visibility and viewing time, if the sign is properly located horizontal curvature will generally not impact viewing distance of permanent CMSs mounted over travel lanes or adjacent to the travel lanes (in the median or off to the right).  They will extend above most obstructions that may exist on the roadside and so will not be affected by any horizontal curvature (although certain spot obstructions such as overhead signs or luminaires may be more problematic to CMS viewing on horizontal curves).

However, the situation is different if the sign is not properly located horizontal curvature will impact viewing distance of permanent CMSs.  Viewing distance to portable CMSs placed on the side of the road within the curve (on the right side of a right-hand curve, on the left side of a left-hand curve) will also be impacted.  If objects (construction vehicles, trees, etc.) are located close to the edge of a roadway on the same side as the CMS, a driver in the closest lane may not be able to see around the object and fully read and comprehend the message.  
REDUCTIONS FOR HORIZONTAL CURVES FOR PERMANENT CMSs

No reduction is necessary for permanent CMSs.

REDUCTIONS FOR HORIZONTAL CURVES FOR PORTABLE CMSs

Tables 7-7 through 7-9 give the number of units of information that must be subtracted from the Basic Maximum Message Length when LED signs are used and the portable CMS is offset 2 feet.  Similar numbers to subtract when the portable CMS is offset 10 feet are given in Tables 7-10 through 7-12. 

EXAMPLES

Example 1 

Question

A portable LED CMS is to be placed two feet from the edge of travel lanes on a rural highway upstream of a work zone towards the end of a long (2500 ft) horizontal curve.   Traffic speeds on the roadway average 65 mph. A bridge overpass abutment is located upstream of the CMS along the curve as well.  The abutment is 50 feet from the edge of the travel lane.  The curve radius is 1500 feet.  The CMS will not be in washout or backlighted conditions during the day, and will not have overhead lighting present at night.  Does the Base Maximum Message Length have to be reduced in this situation?

Answer

For the characteristics identified, go to Table 7-9.  A curve radius of 1500 ft and obstruction offset of 50 ft does not require a reduction in Base Maximum Message Length for either the backlight overhead or nighttime viewing conditions.  However, it does require a 1 unit reduction for mid-day and washout.

Example 2

Question 

A portable CMS is to be used to assist in providing trailblazer information along a detour route for a section of freeway.  The sign will be placed 10 feet from the travel lanes.  The diversion route is an urban arterial with vehicle operating speeds about 40 mph.  The operating agency is contemplating the location of the sign towards the end of the 750-foot horizontal curve with curve radius of 500 feet.  A brick wall located 20 feet from the roadway is used to separate the roadway from the adjacent neighborhood. Does the curve constrain the amount of information that can be presented on the CMS?

Answer

For the characteristics identified, go to Table 7-11.  A curve radius of 500 ft and obstruction offset of 20 ft does require the Base Maximum Message Length to be reduced by 4 units in the mid-day and washout viewing conditions, and reduced by 3 units under backlight and nighttime viewing conditions.  In effect, not enough sight distance is available at this location to provide any information on a portable CMS.  An alternative location for the CMS should be found.

Table 7-7.  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Horizontal Curve

PORTABLE LED CMSA 

Offset: 2 Feet (Ref 2)
Traffic Operating Speeds: 0-35 MPH
	Curve

Radii (ft)
	Mid-Day and Washout
	Backlight and Nighttime

	
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)

	
	10
	20
	50
	100
	150
	200
	250
	10
	20
	50
	100
	150
	200
	250

	250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000

4000

5000

7500

10000
	4 units

4 units

4 units

3 units

3 units

3 units

3 units

3 units

2 units

2 units

2 units

2 units

1 unit

1 unit

1 unit

1 unit
	4 units

3 units

2 units

2 units

2 units

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit
	2 units

1 unit

1 unit

1 unit

1 unit

1 unit
	1 unit

1 unit

1 unit
	1 unit
	1 unit
	
	3 units

3 units

3 units

2 units

2 units

2 units

2 units

2 units

1 unit

1 unit

1 unit

1unit


	3 units

2 units

2 units

1 unit

1 unit

1 unit

1 unit

1 unit


	1 unit
	
	
	
	




A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.

Table 7-8.  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Horizontal Curve

PORTABLE LED CMSA 

Offset: 2 Feet (Ref 2)
Traffic Operating Speeds: 36-55 MPH
	Curve

Radii (ft)
	Mid-Day and Washout
	Backlight and Nighttime

	
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)

	
	10
	20
	50
	100
	150
	200
	250
	10
	20
	50
	100
	150
	200
	250

	250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000

4000

5000

7500

10000
	N/A

3 units

3 units

3 units

3 units

3 units

3 units

3 units

3 units

2 units

2 units

2 units

2 units

2 units

1 unit

1 unit
	N/A

3 units

3 units

2 units

2 units

2 units

2 units

1 unit

1 unit

1 unit

1 unit

1 unit
	N/A

2 units

1 unit

1 unit


	N/A

1 unit
	N/A
	N/A
	N/A
	N/A

3 units

3 units

3 units

3 units

3 units

3 units

3 units

3 units

2 units

2 units

2units

2 units

2 units

1 unit
	N/A

3 units

3 units

2 units

2 units

2 units

2 units

1 unit

1 unit

1 unit

1 unit

1 unit
	N/A

2 units

1 unit

1 unit
	N/A

1 unit
	N/A
	N/A
	N/A




A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.



N/A  Adequate sight distance not available for any message.

Table 7-9.  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Horizontal Curve

PORTABLE LED CMSA 

Offset: 2 Feet (Ref 2)
Traffic Operating Speeds: 56-70 MPH
	Curve

Radii (ft)
	Mid-Day and Washout
	Backlight and Nighttime

	
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)

	
	10
	20
	50
	100
	150
	200
	250
	10
	20
	50
	100
	150
	200
	250

	250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000

4000

5000

7500

10000
	N/A

N/A

3 units

3 units

3 units

3 units

3 units

3 units

3 units

3 units

3 units

3 units

2 units

2 units

2 units

2 units
	N/A

N/A

3 units

3 units

3 units

2 units

2 units

2 units

2 units

2 units

2 units

2 units

1 unit
	N/A

N/A

2 units

2 units

1 unit

1 unit

1 unit
	N/A

N/A

1 unit
	N/A 

N/A
	N/A


	N/A


	N/A

N/A

2 units

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit


	N/A

N/A

1 unit

1 unit

1 unit


	N/A

N/A
	N/A

N/A
	N/A

N/A
	N/A

N/A
	N/A N/A






A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.



N/A  Adequate sight distance not available for any message.

Table 7-10  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Horizontal Curve

PORTABLE LED CMSA 

Offset: 10 Feet (Ref 2)
Traffic Operating Speeds: 0-35 MPH
	Curve

Radii (ft)
	Mid-Day and Washout
	Backlight and Nighttime

	
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)

	
	10
	20
	50
	100
	150
	200
	250
	10
	20
	50
	100
	150
	200
	250

	250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000

4000

5000

7500

10000
	5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units
	4 units

3 units

3 units

3 units

2 units

2 units

2 units

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit
	2 units

1 unit

1 unit

1 unit


	1 unit
	1 unit
	
	
	4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units
	3 units

2 units

2 units

2 units

1 unit

1 unit

1 unit
	1 unit
	
	
	
	




A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.

Table 7-11.  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Horizontal Curve

PORTABLE LED CMSA 

Offset: 10 Feet (Ref 2)
Traffic Operating Speeds: 36-55 MPH
	Curve

Radii (ft)
	Mid-Day and Washout
	Backlight and Nighttime

	
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)

	
	10
	20
	50
	100
	150
	200
	250
	10
	20
	50
	100
	150
	200
	250

	250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000

4000

5000

7500

10000
	N/A

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units
	N/A

4 units

4 units

4 units

3 units

3 units

3 units

3 units

3 units

3 units

2 units

2 units

2 units

1 unit

1 unit

1 unit
	N/A

3 units

2 units

2 units

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit
	N/A

2 units

1 unit

1 unit
	N/A

1 unit

1 unit
	N/A

1 unit
	N/A
	N/A

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units
	N/A

3 units

3 units

3 units

2 units

2 units

2 units

2 units

2 units

2 units

1 unit

1 unit
	N/A

2 units
	N/A

1 unit
	N/A
	N/A
	N/A




A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.



N/A  Adequate sight distance not available for any message.

Table 7-12.  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Horizontal Curve

PORTABLE LED CMSA 

Offset: 10 Feet (Ref 2)
Traffic Operating Speeds: 56-70 MPH
	Curve

Radii (ft)
	Mid-Day and Washout
	Backlight and Nighttime

	
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)
	Offset of Sight Obstruction From Edge of

Travel Lanes (Feet)

	
	10
	20
	50
	100
	150
	200
	250
	10
	20
	50
	100
	150
	200
	250

	250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000

4000

5000

7500

10000
	N/A

N/A

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units

5 units
	N/A

N/A

4 units

4 units

4 units

4 units

4 units

3 units

3 units

3 units

3 units

3 units

3 units

2 units

2 units

1 unit
	N/A

N/A

3 units

3 units

2 units

2 units

2 units

1 unit

1 unit

1 unit

1 unit

1 unit

1 unit
	N/A

N/A

2 units

1 unit

1 unit

1 unit

1 unit

1 unit
	N/A 

N/A

1 unit

1 unit

1 unit
	N/A

1 unit
	N/A


	N/A

N/A

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units

4 units
	N/A

N/A

3 units

3 units

3 units

3 units

3 units

2 units

2 units

2 units

2 units

2 units

2 units

1 unit

1 unit
	N/A

N/A

2 units

2 units

1 unit

1 unit

1 unit


	N/A

N/A

1 unit
	N/A

N/A
	N/A

N/A
	N/A N/A






A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.



N/A  Adequate sight distance not available for any message.

7.5
UNITS OF INFORMATION REDUCTIONS FOR RAIN AND FOG

Rain and fog are additional factors that can influence the amount of information that can be presented on a CMS.   Both conditions deteriorate the amount of light that is coming from the CMS (either direct illumination from the light pixels on the CMS or reflected by the CMS from other light sources such as the sun, overhead lighting, or automobile headlights).  This reduces the contrast between the sign legend and its background.  If the contrast becomes too low, motorists cannot read the CMS message.

For light-emitting CMSs, contrast ratios are at their minimums on bright, sunny days because the sun increases the background luminance of the signs.  Under cloudy conditions, the luminance of the legend will be much greater than the background and can create very large contrast ratios.  Unfortunately, data on typical CMS background luminance or contrast ratios on cloudy, rainy, or foggy days are not available (in actuality, there may not be a true “typical” cloudy day anyway).  Conversely, contrast ratios for light-reflecting CMSs decrease as external lighting levels decrease, becoming zero (or nearly so) as the amount of light falling on the sign reaches zero.  A procedure for determining the effects of rain and fog on the number of units of information that can be displayed is available elsewhere (NJDOT Manual).   

Because the majority of CMSs are light-emitting technologies, the following section is provided for those signs.  

REDUCTIONS FOR RAIN

The effect of rainfall on desired CMS message lengths is believed to be relatively insignificant under most operating conditions.  The exception to this situation is when rainfall intensities exceed 2 inches per hour.  Under these conditions, the CMS operator should reduce the units of information on a portable LED CMS by one if the operating speed on the roadway exceeds 55 mph.  Portable LED CMS generally utilize fewer numbers of LEDs per pixel and so typically generate lower character luminance levels than permanent CMS.  The higher character luminance levels of permanent LED CMS now in use is believed to provide significant contrast even under heavy rain.  

REDUCTIONS FOR FOG

The effect of fog is more significant.  The reductions in the base number of information units that can be displayed on a portable LED CMS under daytime conditions under various operating speed and CMS offset scenarios are presented in Table 7-13.  As noted previously, reductions for permanent LED CMS are not suggested due to their much higher character luminance values (and thus much higher contrast ratios).

EXAMPLE

Question
A portable LED CMS is being used in the median of a divided rural highway (offset between CMS and right lane motorist is 60 feet).  A heavy fog is present that limits visibility to approximately ½ mile.  Does this condition require a reduction in the Base Maximum Message Length?

Answer
Using Table 7-13 for a 60-ft offset and an assumed traffic speed of greater than 56 mph (since it is a rural highway) and a ½-mi visibility, no reduction is necessary.  If the fog had been thicker and reduced visibility to ¼ mile, then the Base Maximum Message Length would have to be reduced by 2 units.

Table 7-13.  Number of Units of Information that Must Be Subtracted from

Number Given in Table 7-2 Due to Effects of Fog in Daytime Conditions

PORTABLE LEDA CMS (Ref 2)
	Visibility Range in Fog
	No Offset
	20-Ft Offset
	60-Ft Offset

	
	0-35

mph
	36-55

mph
	56-70

mph
	0-35

mph
	36-55

mph
	56-70

mph
	0-35

mph
	36-55

mph
	56-70

mph

	1/2 mi

1/4 mi

1/10 mi
	0

0

2 units
	0

0

2 units
	0

1 unit

2 units
	0

0

3 units
	0

1 unit

3 units
	0

1 unit

3 units
	0

2 units

5 unitsB
	0

2 units

4 unitsB
	0

2 units

4 unitsB



A  Valid only for the newer aluminum indium gallium phosphide (or equivalent) LEDs.


B Adequate sight distance not available for any message under this viewing condition.
7.6
UNITS OF INFORMATION REDUCTIONS WHEN LARGE TRUCKS ARE PRESENT
INTRODUCTION

Large trucks can be a major cause of sight obstructions to CMSs.  Motorists in vehicles travelling closely behind or adjacent to a truck may be limited in the amount of time they have to read a CMS.  If they follow too closely, they may not be able to see the CMS at all.  This can occur in some instances for permanent overhead CMS as well.  However, the majority of concerns relating to trucks pertain to the portable CMS located off to the side of the travel lanes.

Evaluating truck obstructions of CMS requires a slightly different analysis approach than that used for horizontal and vertical curvature.  This is because a motorist has the ability to adjust his or her speed slightly relative to that of a truck and find a travel position that allows for adequate viewing.  However, as the number of trucks on the roadway increases, the amount of roadway space that a motorist can travel in with an unobstructed view decreases.  If the number of vehicles travelling on the facility approaches or exceeds the number that can “fit” into the unobstructed viewing spaces, then some motorists will not be able to read all of a CMS message.  Depending on the specific message being presented, this can begin to create operational problems on the facility.  
EFFECT OF LARGE TRUCKS ON CMS VIEWING

A detailed procedure to assess the impact of large trucks upon CMS viewing time is given elsewhere (NJDOT Manual).  This procedure computes the amount of roadway space available for adequate CMS viewing and compares it to the amount of traffic on the roadway that needs to use that space.   In this section, this analysis is simplified to a series of tables designed to assist the operator in determining the influence of large trucks on the ability of motorists in the overall traffic stream to adequately read a CMS message containing the maximum base number of information units.  

Tables 7-14 through 7-17 present the estimated percentage of motorists on the roadway who would likely be able to read an entire CMS message that consists of the maximum base number of units of information.  Separate tables are provided for four major roadway cross-sections (two-lane, two-way highway; four-lane roadway; six-lane roadway; and eight-lane roadway).  The numbers represent average conditions for messages on high-quality LED CMSs.  Assumptions have been made regarding the distribution of large trucks across the various travel lanes in a given direction.  These assumptions are noted at the bottom of the tables.  The percentages also assume that all truck drivers will be able to adequately see the CMS (since they sit higher than a typical automobile).

The tables illustrate how quickly viewing conditions can degrade as truck volumes increase.  The point of the tables is not to define a specific threshold between acceptable and unacceptable viewing conditions for CMSs.  Rather, the information contained in the tables should be used in deciding when less information should be presented on a CMS, or where a redundant CMS may be needed.  If redundant CMS are used, consideration should also be given to placing them on the left side of the roadway (the percentages in the tables assume the CMS is placed on the right side of the roadway 10 feet from the travel lanes).

Table 7-14.  Percent of Motorists Able to Fully Read a CMS Message 

With Maximum Base Number of Units

Two-Lane, Two-Way Highway (Ref 2)
	Percent

Trucks
	Operating Speed Range

	
	0-35 mph
	36-55 mph
	56-70 mph

	
	500

vph
	1000

vph
	1500

vph
	500

vph
	1000

vph
	1500

vph
	500

vph
	1000

vph
	1500

vph

	
5


10


20


30


50
	95

95

90

90

85
	95

90

80

75

70
	90

85

70

65

55
	100

95

90

90

85
	95

90

85

80

75
	95

85

75

65

60
	100

95

90

90

90
	95

90

85

80

75
	90

80

70

60

50*



* Under these conditions, only truck drivers are assumed to be able to see the CMS.

Table 7-15.  Percent of Motorists Able to Fully Read a CMS Message

With Maximum Base Number of Units

Four-Lane Roadway: Two Lanes in Each Direction (Ref 2)
	Percent

Trucks
	Operating Speed Range

	
	0-35 mph
	36-55 mph
	56-70 mph

	
	1000

vph
	2000

vph
	3000

vph
	1000

vph
	2000

vph
	3000

vph
	1000

vph
	2000

vph
	3000

vph

	
5


10


20


30


50
	95

90

80

75

70
	90

80

65

50

50*
	85

70

45

30*

50*
	95

90

80

75

70
	90

80

65

55

50*
	85

70

45

30

50*
	95

90

85

75

75
	90

80

65

55

50*
	80

65

40

30*

50*



Note:  Assumes an 85%/15% split of truck traffic in shoulder and median travel lanes.


* Under these conditions, only truck drivers are assumed to be able to see the CMS.

Table 7-16.  Percent of Motorists Able to Fully Read a CMS Message 

With Maximum Base Number of Units

Six-Lane Roadway: Three Lanes in Each Direction (Ref 2)
	Percent

Trucks
	Operating Speed Range

	
	0-35 mph
	36-55 mph
	56-70 mph

	
	2000

vph
	4000

vph
	6000

vph
	2000

vph
	4000

vph
	6000

vph
	2000

vph
	4000

vph
	6000

vph

	
5


10


20


30


50
	90

80

60

50

50*
	75

55

25

30*

50*
	65

35

20*

30*

50*
	90

80

65

50

50*
	80

60

25

30*

50*
	65

35

20*

30*

50*
	90

80

65

50

50*
	80

60

25

30*

50*
	65

40

20*

30*

50*


Note:  Assumes an 85%/15%/0% split of truck traffic in shoulder, center, and median travel lanes, respectively.


* Under these conditions, only truck drivers are assumed to be able to see the CMS.

Table 7-17.  Percent of Motorists Able to Fully Read a CMS Message 

With Maximum Base Number of Units

Eight-Lane Roadway: Four Lanes in Each Direction (Ref 2)
	Percent

Trucks
	Operating Speed Range

	
	0-35 mph
	36-55 mph
	56-70 mph

	
	2000

vph
	4000

vph
	6000

vph
	2000

vph
	4000

vph
	6000

vph
	2000

vph
	4000

vph
	6000

vph

	
5


10


20


30


50
	90

80

65

60

50*
	80

60

35

30*

50*
	70

45

20*

30*

50*
	90

80

70

60

50*
	80

65

35

30*

50*
	70

45

20*

30*

50*
	90

80

65

55

50*
	80

65

35

30*

50*
	70

45

20*

30*

50*


Note:  Assumes an 70%/20%/10%/0% split of truck traffic in shoulder, right center, left center, and median travel lanes, respectively.


* Under these conditions, only truck drivers are assumed to be able to see the CMS.

7.7 FINAL MESSAGE REDUCTION PRIORITIES

Priority Reduction Principles

After the message reduction approaches and requirements presented in Modules 6 and 7 have been applied to the Basic CMS Message and the message still has more units of information than should be displayed to motorists at the prevailing freeway speed, then the Priority Reduction Principles discussed in this section should be applied.

There is a priority of information that motorists need in order to make driving decisions when incidents occur or lanes are closed due to roadwork.  The information needed by motorists in order of priority for incidents and roadwork is shown in Tables 7-18 and 7-19.

Table 7-18.  Information Order of Priority

For Incidents (Ref 4)
	Message Elements For

Lane Closure Incidents
	Message Elements For

Freeway Closure Incidents

	1. Lane Closure (Blockage

2. Lane Closure Location

3. Diversion Action

4. Audience for Action (if needed)
	1. Freeway Closure (Blocked)

2. Location of Closure

3. Diversion Action

4. Audience for Action (if needed)


Table 7-19.  Information Order of Priority

For Roadwork (Ref 4)
	Message Elements For

Lane Closure for Roadwork
	Message Elements For

Freeway Closure for Roadwork

	1.
Lane Closure (Blockage)

2.
Lane Closure Location

3.
Action Concerning Speed Reductions

4. Diversion Action

5.
Audience for Action (if needed)
	1. Freeway Closure (Blocked)

2. Location of Closure

3. Action Concerning Speed Reductions

4. Diversion Action

5. Audience for Action (if needed)


Although the Incident Descriptor and the Roadwork Descriptor are useful to motorists these message elements can be replaced with the Lanes Closed message element.

When the number of information units exceeds the maximum that should be displayed under prevailing speeds and the Initial Reduction Approaches and the Secondary Reduction Approach have been applied, then the message designer must begin eliminating informational units.  This is done by eliminating units of information starting with the lowest priority (4).
REFERENCES
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Figure 7-1.  Sign Detection, Reading, Decision, Response Initiation, and Response Relationships
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Figure 7-4.  Additional Sight Distance Required For Lateral CMS Offset (Ref 2)
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Figure 7-2.  CMS Detection, Reading, Decision, and Out-of-Vision Relationships
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				2000		290		503		860		1245		1539		1787		2007						-0.4024344377		-0.4074973301		-0.4125713115		-0.4176565867		2000		3422.8627533973		3453.3070514185																2000		-0.4041208489		-0.4091874151		-0.4142651382		-0.419354224				3426.2355757559		3456.7023260492						2000		0		0		-0.4142651382		0.6337225455				0		1350.5487869379				2000		3453.3070514185		1350.5487869379

				2250		307		533		911		1320		1631		1894		2126						-0.4019662052		-0.4064651074		-0.4109727387		-0.4154892422		2250		3849.6670743432		3880.0939076327																2250		-0.4034648781		-0.4079666742		-0.4124772469		-0.41699674				3853.0390884488		3883.4857776929						2250		0		0		-0.4124772469		0.630136625				0		1527.4357065996				2250		3880.0939076327		1527.4357065996

				2500		324		562		960		1391		1718		1995		2238						-0.4015916862		-0.4056396594		-0.409694682		-0.413756858				4276.4715630392		4306.8844924675

				2750		340		589		1007		1458		1801		2090		2346						-0.4012853059		-0.4049645104		-0.4086495267		-0.4123404326				4703.2761735657		4733.6777718182

				3000		355		615		1052		1523		1881		2182		2448						-0.4010300195		-0.4044020355		-0.4077789252		-0.4111607482				5130.0808753618		5160.4730615962

				4000		410		710		1214		1757		2169		2516		2822						-0.400328124		-0.4028559268		-0.4053864556		-0.4079197355				6837.3002521093		6867.6666981747

				5000		458		794		1357		1963		2423		2810		3151						-0.3999070869		-0.4019287506		-0.4039521531		-0.4059773073				8544.5201292368		8574.8712312635

				7500		561		972		1661		2403		2965		3438		3853

				10000		647		1123		1918		2773		3422		3967		4446						-0.3990652371		-0.4000754927		-0.4010861801		-0.4020973009				17080.6217612325		17110.9423986569

				10-ft offset								M

				R				20		50		100		150		200		250

				250				147		297		451		572		681		785

				500				206		414		621		779		915		1038

				750				252		505		754		943		1104		1247

				1000				291		581		867		1083		1265		1427

				1250				325		649		967		1207		1408		1587

				1500				355		710		1058		1319		1538		1732
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				2000				410		819		1219		1519		1770		1992

				2250				435		868		1292		1609		1875		2110

				2500				458		915		1361		1695		1975		2221

				2750				481		959		1427		1777		2070		2328

				3000				502		1002		1490		1855		2161		2429

				4000				579		1156		1719		2139		2491		2799

				5000				648		1292		1921		2390		2782		3126

				7500				793		1582		2351		2924		3402		3822

				10000				916		1826		2713		3374		3926		4410

						Two-Lane Highway

				Direc. Truck

				Volume		2 ft offset				10 ft offset		2 ft		10 ft

				0		0				0

				100		0.16				0.09		0.17		0.09

				200		0.32				0.18		0.33		0.18

				400		0.64				0.36		0.66		0.36

				625		1				0.5625

				1100						1

						Four-Lane Freeway						(85/15 split assumed)

				0		0				0

				100		0.083				0.051

				200		0.166				0.102

				400		0.332				0.204

				800		0.664				0.408

				1200		1				0.612

				1600						0.816

						Six-Lane Freeway						(85/7.5/7.5 split assumed)

				0		0				0

				200		0.086				0.08

				400		0.172				0.16

				800		0.344				0.32

				1600		0.688				0.64

				2325		1				0.93

										50		100		150		200		250

						250				2.6052947521		1.4341675354		0.8292904398		0.3868960954		0

						500				1.9957570645		1.2607814041		0.920475454		0.7019716739		0.5393554766

						750				1.6694315358		1.0912628073		0.8317373832		0.6705707985		0.5549396349

						1000				1.462760342		0.9710773111		0.7535880874		0.6205767629		0.5266821342

						1250				1.3173699553		0.8823114994		0.6915087734		0.5758383745		0.4949295755

						1500				1.2080584204		0.8137294478		0.6417557813		0.538092331		0.466007611

						1750				1.1220482606		0.7588167277		0.6010304724		0.5062981921		0.4406935057

						2000				1.0521011875		0.7136138744		0.5670081482		0.4792483178		0.4186555288

						2250				0.9937754074		0.6755827408		0.5380798167		0.4559561892		0.3993861025

						2500				0.9441760137		0.6430190494		0.5131130135		0.4356666889		0.3824162873

						2750				0.9013255603		0.6147331188		0.4912915978		0.4178072621		0.3673561673

						3000				0.8638214846		0.5898670867		0.4720133402		0.4019407736		0.3538912519

						4000				0.7501546219		0.513938142		0.4126584441		0.3526399031		0.311622022

						5000				0.6720635511		0.4613369816		0.3711662342		0.3178361027		0.2814613111

						10000				0.4767793877		0.3285480661		0.2653697807		0.2281492654		0.2028611316

																						0		1.5707963268

																						1		0
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										Rd. Time		"1.752 x		"2.63 x

								SSD		VMS		SSD		SSD

						30		200		350		350.4		526

						40		325		470		569.4		854.75

						50		475		590		832.2		1249.25

						60		650		700		1138.8		1709.5

						70		850		820		1489.2		2235.5
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																																						s=2, TL=75, TW=8.5, L=12																																								s=10, TL=75, TW=8.5, L=12

																												2-lane		SD		Necessary gap																																				2-lane		SD		Necessary gap

																														100		62.5		138																																				100		35		110

																														200		125		200																																				200		69		144

																														300		187.5		263																																				300		104		179

																														400		250		325																																				400		139		214

																														500		312.5		388																																				500		174		249

																														600		375		450																																				600		208		283

																														700		437.5		513																																				700		243		318

																														800		500		575																																				800		278		353

																														900		562.5		638																																				900		313		388

																														1000		625		700																																				1000		347		422

																												4-lane				SL Truck				SL Truck		Truck eff.		ML truck		Truck eff.																										4-lane				SL Truck				SL Truck		Truck eff.		ML truck		Truck eff.

																																SL Auto		ML Auto		effect		& Truck		ML auto		& Truck																														SL Auto		ML Auto		effect		& Truck		ML auto		& Truck

																														100		62.5		103		165		240		28		103																												100		35		81		115		190		21		96

																														200		125		186		311		386		57		132																												200		69		141		211		286		42		117

																														300		187.5		269		456		531		85		160																												300		104		202		306		381		63		138

																														400		250		352		602		677		114		189																												400		139		263		402		477		83		158

																														500		312.5		434		747		822		142		217																												500		174		324		497		572		104		179

																														600		375		517		892		967		170		245																												600		208		385		593		668		125		200

																														700		437.5		600		1038		1113		199		274																												700		243		446		689		764		146		221

																														800		500		683		1183		1258		227		302																												800		278		506		784		859		167		242

																														900		562.5		766		1329		1404		256		331																												900		313		567		880		955		188		263

																														1000		625		849		1474		1549		284		359																												1000		347		628		975		1050		208		283

																												6-LANE				SL trk						sl truck		Truck eff.		cl trk				cl trk		Truck eff.		ml trk		Truck eff.																6-LANE				SL trk						sl truck		Truck eff.		cl trk				cl trk		Truck eff.		ml trk		Truck eff.

																																sl auto		cl auto		ml auto		total		& Truck		cl auto		ml auto		total		& Truck		ml auto		& Truck																				sl auto		cl auto		ml auto		total		& Truck		cl auto		ml auto		total		& Truck		ml auto		& Truck

																														100		62.5		103		41		206		281		28		73		102		177		18		93																		100		35		81		24		139		214		21		63		84		159		15		90

																														200		125		186		130		440		515		57		127		184		259		37		112																		200		69		141		96		307		382		42		107		148		223		30		105

																														300		187.5		269		219		675		750		85		181		266		341		55		130																		300		104		202		168		474		549		63		150		213		288		45		120

																														400		250		352		308		909		984		114		234		348		423		74		149																		400		139		263		240		642		717		83		194		277		352		60		135

																														500		312.5		434		397		1143		1218		142		288		430		505		92		167																		500		174		324		312		809		884		104		237		341		416		74		149

																														600		375		517		485		1378		1453		170		342		512		587		110		185																		600		208		385		384		977		1052		125		280		405		480		89		164

																														700		437.5		600		574		1612		1687		199		395		594		669		129		204																		700		243		446		456		1144		1219		146		324		470		545		104		179

																														800		500		683		663		1847		1922		227		449		676		751		147		222																		800		278		506		528		1312		1387		167		367		534		609		119		194

																														900		562.5		766		752		2081		2156		256		503		758		833		165		240																		900		313		567		600		1480		1555		188		411		598		673		134		209

																														1000		625		849		841		2316		2391		284		556		841		916		184		259																		1000		347		628		672		1647		1722		208		454		663		738		149		224

																												8-lane				SL trk										Truck eff.		RCL trk								Truck eff.		LCL trk				Truck eff.		ML trk		Truck eff.						8-lane				SL trk										Truck eff.		RCL trk								Truck eff.		LCL trk				Truck eff.		ML trk		Truck eff.

																																sl auto		rcl auto		lcl auto		ml auto		total		& Truck		rcl auto		lcl auto		ml auto		total		& Truck		lcl auto		ml auto		& Truck		ml auto		& Truck										sl auto		rcl auto		lcl auto		ml auto		total		& Truck		rcl auto		lcl auto		ml auto		total		& Truck		lcl auto		ml auto		& Truck		ml auto		& Truck

																														100		62.5		103		41		0		206		281		28		73		17		119		194		18		0		93		14		89								100		35		81		24		0		139		214		21		63		8		92		167		15				90		12		87

																														200		125		186		130		67		507		582		57		127		83		267		342		37		68		179		27		102								200		69		141		96		40		347		422		42		107		64		212		287		30		29		134		23		98

																														300		187.5		269		219		159		834		909		85		181		149		415		490		55		132		262		41		116								300		104		202		168		118		592		667		63		150		120		332		407		45		73		193		35		110

																														400		250		352		308		251		1160		1235		114		234		215		563		638		74		196		345		54		129								400		139		263		240		197		838		913		83		194		176		453		528		60		117		251		46		121

																														500		312.5		434		397		343		1486		1561		142		288		280		711		786		92		260		427		68		143								500		174		324		312		275		1084		1159		104		237		232		573		648		74		161		310		58		133

																														600		375		517		485		435		1813		1888		170		342		346		858		933		110		325		510		82		157								600		208		385		384		353		1330		1405		125		280		288		693		768		89		205		369		69		144

																														700		437.5		600		574		527		2139		2214		199		395		412		1006		1081		129		389		593		95		170								700		243		446		456		431		1576		1651		146		324		344		813		888		104		249		428		81		156

																														800		500		683		663		618		2465		2540		227		449		478		1154		1229		147		453		675		109		184								800		278		506		528		510		1822		1897		167		367		400		934		1009		119		292		487		93		168

																														900		562.5		766		752		710		2791		2866		256		503		543		1302		1377		165		517		758		122		197								900		313		567		600		588		2067		2142		188		411		456		1054		1129		134		336		545		104		179

																														1000		625		849		841		802		3118		3193		284		556		609		1450		1525		184		582		840		136		211								1000		347		628		672		666		2313		2388		208		454		512		1174		1249		149		380		604		116		191

																																				needed				2-ft VMS offset

																																				Sight		Lane (Shoulder Lane is 1)

																																				Distance		1		2		3		4

																																		2-lane		100		138

																																				200		200

																																				300		263

																																				400		325

																																				500		388

																																				600		450

																																				700		513

																																				800		575

																																				900		638

																																				1000		700

																																		4-lane		100		240		103

																																				200		386		132

																																				300		531		160

																																				400		677		189

																																				500		822		217

																																				600		967		245

																																				700		1113		274

																																				800		1258		302

																																				900		1404		331

																																				1000		1549		359

																																		6-lane		100		281		177		93

																																				200		515		259		112

																																				300		750		341		130

																																				400		984		423		149

																																				500		1218		505		167

																																				600		1453		587		185

																																				700		1687		669		204

																																				800		1922		751		222

																																				900		2156		833		240

																																				1000		2391		916		259

																																		8-lane		100		281		194		93		89						3

																																				200		582		342		112		102

																																				300		909		490		130		116

																																				400		1235		638		149		129

																																				500		1561		786		167		143

																																				600		1888		933		185		157

																																				700		2214		1081		204		170

																																				800		2540		1229		222		184

																																				900		2866		1377		240		197

																																				1000		3193		1525		259		211
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																		Reading Time

								1		2		3		4

						Speed		2		4		6		8

						35		103		205		308		411

						45		132		264		396		528

						55		161		323		484		645

						65		191		381		572		763

						65		191		381		572		763

						70		205		411		616		821

						75		220		440		660		880
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Sheet1

		

										Rd. Time		"1.752 x		"2.63 x

						SSD				VMS		SSD		SSD

				30		200				350		350.4		526

				40		325				470		569.4		854.75

				50		475				590		832.2		1249.25

				60		650				700		1138.8		1709.5

				70		850				820		1489.2		2235.5						1 lane		2 lane		3 lane		4 lane

						"4 Sec				"6 sec		"8 sec		"10 sec				2 ft offset		20		30		45		55

				30		176				264		352		440				10 ft offset		30		40		50		65

				40		234.6666666667				352		469.3333333333		586.6666666667				20 ft offset		40		50		60		75

				50		293.3333333333				440		586.6666666667		733.3333333333

				60		352				528		704		880

				70		410.6666666667				616		821.3333333333		1026.6666666667

						Four - Lane Facility										Six-Lane Facility										Eight-Lane Facility

										2-ft Off.		10-ft Off.				2-ft Off.		10-ft Off.								2-ft Off.		10-ft Off.

				30		350.4				522.961193589		580.1805236304				608.8153435156		637.4639205477				30		350.4		666.1244797333		723.4758479037																		30		350.4		522.961193589		580.1805236304		637.4639205477		723.4758479037

				40		569.4				640.1366946034		697.281591452				725.8795356516		754.4919004057				40		569.4		783.1171050857		840.4007855052																		40		569.4		640.1366946034		697.281591452		754.4919004057		840.4007855052

				50		832.2				757.3610683008		814.4495182501				843.0185646104		871.6019893149				50		832.2		900.1984227257		957.4256526111																		50		832.2		757.3610683008		814.4495182501		871.6019893149		957.4256526111

				60		1138.8				874.6146637234		931.6590792774				960.2050419051		988.7650125283				60		1138.8		1017.337811398		1074.5177999922																		60		1138.8		874.6146637234		931.6590792774		988.7650125283		1074.5177999922

				70		1489.2				991.8871177934		1048.8963172995				1077.4234854246		1105.9641469977				70		1489.2		1134.5172836693		1191.6573949523																		70		1489.2		991.8871177934		1048.8963172995		1105.9641469977		1191.6573949523

				VMS Height		ratio

				1		1.1136154189

				2		1.2742918852

				3		1.3975832741

				4		1.501522723

				5		1.5930952157

				6		1.6758830773

				7		1.7520143731

				8		1.8228756555

				9		1.889430027

				10		1.9523787167

				12		2.0694584334

				14		2.1771243445

				16		2.2773373311

				18		2.3714594259

				20		2.4604823165

				22		2.5451546472

				24		2.6260580397

				26		2.7036550277

				28		2.7783206314

				30		2.8503639214

										Two-lane Facility

												2-ft Off.		10-ft Off.

						30				350.4		465.8295396387		522.961193589

						40				569.4		583.0764424823		640.1366946034

						50				832.2		700.3522954755		757.3610683008

						60				1138.8		817.6446416384		874.6146637234

						70				1489.2		934.9472736173		991.8871177934

		Horizontal Curve

				2-ft offset								M										2-ft offset		Left-Hand Curves				2-lane highway																												30 degree cone																		20 degree cone

				R		10		20		50		100		150		200		250						2		4		6		8				2		8

				250		103		180		310		457		576		683		785						-0.4321280331		-0.4735305731		-0.5158314002		-0.5591729302		250		435.2812430172		467.0424673084																250		-0.4458369601		-0.4875244798		-0.5301552114		-0.5738796846				438.708474779		470.7191559103						250		0		0		0		0.8858219331				0		105.7937514658				250		467.0424673084		105.7937514658

				500		145		253		434		632		787		921		1042						-0.4151125245		-0.4355470255		-0.4561777524		-0.4770195184		500		862.0547317405		893.0082286804																500		-0.4219030932		-0.4424014221		-0.4631007957		-0.484016394				865.4500161166		896.5066665058						500		0		0		-0.4631007957		0.7345744948				0		287.2112221049				500		893.0082286804		287.2112221049

				750		178		309		529		769		954		1113		1254						-0.4094692162		-0.4230368595		-0.4366878971		-0.4504264787		750		1288.8496164286		1319.5675632444																750		-0.4139827463		-0.4275777384		-0.4412574866		-0.455026206				1292.234763966		1323.0173587306						750		0		0		-0.4412574866		0.6887209164				0		465.2070169136				750		1319.5675632444		465.2070169136

				1000		205		356		610		885		1096		1276		1436						-0.4066527501		-0.4168082478		-0.4270096167		-0.4372585607		1000		1715.6496891033		1746.2554997304																1000		-0.410032922		-0.4202035244		-0.4304205595		-0.4406857507				1719.0298609748		1749.6826896919						1000		0		0		-0.4304205595		0.6664373115				0		642.5596275091				1000		1746.2554997304		642.5596275091

				1250		229		398		681		988		1222		1421		1598						-0.4049645104		-0.4130793274		-0.4212231104		-0.4293967178		1250		2142.4518117852		2172.9920710362																1250		-0.407666283		-0.4157906614		-0.4239442893		-0.4321280331				2145.8290275358		2176.4062150858						1250		0		0		-0.4239442893		0.6532533768				0		819.6794526995				1250		2172.9920710362		819.6794526995

				1500		251		436		745		1080		1336		1553		1745						-0.403839696		-0.4105967659		-0.4173737716		-0.4241712048		1500		2569.2549525383		2599.7522157355																1500		-0.4060898674		-0.4128535286		-0.4196372884		-0.4264416419				2572.63020965		2603.1578713565						1500		0		0		-0.4196372884		0.6445376435				0		996.6889432456				1500		2599.7522157355		996.6889432456

				1750		271		470		804		1166		1441		1674		1880						-0.4030365882		-0.4088251499		-0.414628265		-0.4204462408		1750		2996.0586725133		3026.5255645856																1750		-0.4049645104		-0.4107578895		-0.4165659238		-0.4223889223				2999.4325364992		3029.9252573092						1750		0		0		-0.4165659238		0.6383469531				0		1173.6374753782				1750		3026.5255645856		1173.6374753782

				2000		290		503		860		1245		1539		1787		2007						-0.4024344377		-0.4074973301		-0.4125713115		-0.4176565867		2000		3422.8627533973		3453.3070514185																2000		-0.4041208489		-0.4091874151		-0.4142651382		-0.419354224				3426.2355757559		3456.7023260492						2000		0		0		-0.4142651382		0.6337225455				0		1350.5487869379				2000		3453.3070514185		1350.5487869379
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						Two-Lane Highway
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				625		1				0.5625

				1100						1

						Four-Lane Freeway						(85/15 split assumed)

				0		0				0

				100		0.083				0.051

				200		0.166				0.102

				400		0.332				0.204
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				1200		1				0.612

				1600						0.816

						Six-Lane Freeway						(85/7.5/7.5 split assumed)

				0		0				0

				200		0.086				0.08

				400		0.172				0.16

				800		0.344				0.32

				1600		0.688				0.64

				2325		1				0.93

										50		100		150		200		250

						250				2.6052947521		1.4341675354		0.8292904398		0.3868960954		0

						500				1.9957570645		1.2607814041		0.920475454		0.7019716739		0.5393554766

						750				1.6694315358		1.0912628073		0.8317373832		0.6705707985		0.5549396349

						1000				1.462760342		0.9710773111		0.7535880874		0.6205767629		0.5266821342

						1250				1.3173699553		0.8823114994		0.6915087734		0.5758383745		0.4949295755

						1500				1.2080584204		0.8137294478		0.6417557813		0.538092331		0.466007611

						1750				1.1220482606		0.7588167277		0.6010304724		0.5062981921		0.4406935057

						2000				1.0521011875		0.7136138744		0.5670081482		0.4792483178		0.4186555288

						2250				0.9937754074		0.6755827408		0.5380798167		0.4559561892		0.3993861025

						2500				0.9441760137		0.6430190494		0.5131130135		0.4356666889		0.3824162873

						2750				0.9013255603		0.6147331188		0.4912915978		0.4178072621		0.3673561673

						3000				0.8638214846		0.5898670867		0.4720133402		0.4019407736		0.3538912519

						4000				0.7501546219		0.513938142		0.4126584441		0.3526399031		0.311622022

						5000				0.6720635511		0.4613369816		0.3711662342		0.3178361027		0.2814613111

						10000				0.4767793877		0.3285480661		0.2653697807		0.2281492654		0.2028611316

																						0		1.5707963268

																						1		0
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										Rd. Time		"1.752 x		"2.63 x

								SSD		VMS		SSD		SSD

						30		200		350		350.4		526

						40		325		470		569.4		854.75

						50		475		590		832.2		1249.25

						60		650		700		1138.8		1709.5

						70		850		820		1489.2		2235.5
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																																						s=2, TL=75, TW=8.5, L=12																																								s=10, TL=75, TW=8.5, L=12

																												2-lane		SD		Necessary gap																																				2-lane		SD		Necessary gap

																														100		62.5		138																																				100		35		110

																														200		125		200																																				200		69		144

																														300		187.5		263																																				300		104		179

																														400		250		325																																				400		139		214

																														500		312.5		388																																				500		174		249

																														600		375		450																																				600		208		283

																														700		437.5		513																																				700		243		318

																														800		500		575																																				800		278		353

																														900		562.5		638																																				900		313		388

																														1000		625		700																																				1000		347		422

																												4-lane				SL Truck				SL Truck		Truck eff.		ML truck		Truck eff.																										4-lane				SL Truck				SL Truck		Truck eff.		ML truck		Truck eff.

																																SL Auto		ML Auto		effect		& Truck		ML auto		& Truck																														SL Auto		ML Auto		effect		& Truck		ML auto		& Truck

																														100		62.5		103		165		240		28		103																												100		35		81		115		190		21		96

																														200		125		186		311		386		57		132																												200		69		141		211		286		42		117

																														300		187.5		269		456		531		85		160																												300		104		202		306		381		63		138

																														400		250		352		602		677		114		189																												400		139		263		402		477		83		158

																														500		312.5		434		747		822		142		217																												500		174		324		497		572		104		179

																														600		375		517		892		967		170		245																												600		208		385		593		668		125		200

																														700		437.5		600		1038		1113		199		274																												700		243		446		689		764		146		221

																														800		500		683		1183		1258		227		302																												800		278		506		784		859		167		242

																														900		562.5		766		1329		1404		256		331																												900		313		567		880		955		188		263

																														1000		625		849		1474		1549		284		359																												1000		347		628		975		1050		208		283

																												6-LANE				SL trk						sl truck		Truck eff.		cl trk				cl trk		Truck eff.		ml trk		Truck eff.																6-LANE				SL trk						sl truck		Truck eff.		cl trk				cl trk		Truck eff.		ml trk		Truck eff.

																																sl auto		cl auto		ml auto		total		& Truck		cl auto		ml auto		total		& Truck		ml auto		& Truck																				sl auto		cl auto		ml auto		total		& Truck		cl auto		ml auto		total		& Truck		ml auto		& Truck

																														100		62.5		103		41		206		281		28		73		102		177		18		93																		100		35		81		24		139		214		21		63		84		159		15		90

																														200		125		186		130		440		515		57		127		184		259		37		112																		200		69		141		96		307		382		42		107		148		223		30		105

																														300		187.5		269		219		675		750		85		181		266		341		55		130																		300		104		202		168		474		549		63		150		213		288		45		120

																														400		250		352		308		909		984		114		234		348		423		74		149																		400		139		263		240		642		717		83		194		277		352		60		135

																														500		312.5		434		397		1143		1218		142		288		430		505		92		167																		500		174		324		312		809		884		104		237		341		416		74		149

																														600		375		517		485		1378		1453		170		342		512		587		110		185																		600		208		385		384		977		1052		125		280		405		480		89		164

																														700		437.5		600		574		1612		1687		199		395		594		669		129		204																		700		243		446		456		1144		1219		146		324		470		545		104		179

																														800		500		683		663		1847		1922		227		449		676		751		147		222																		800		278		506		528		1312		1387		167		367		534		609		119		194

																														900		562.5		766		752		2081		2156		256		503		758		833		165		240																		900		313		567		600		1480		1555		188		411		598		673		134		209

																														1000		625		849		841		2316		2391		284		556		841		916		184		259																		1000		347		628		672		1647		1722		208		454		663		738		149		224

																												8-lane				SL trk										Truck eff.		RCL trk								Truck eff.		LCL trk				Truck eff.		ML trk		Truck eff.						8-lane				SL trk										Truck eff.		RCL trk								Truck eff.		LCL trk				Truck eff.		ML trk		Truck eff.

																																sl auto		rcl auto		lcl auto		ml auto		total		& Truck		rcl auto		lcl auto		ml auto		total		& Truck		lcl auto		ml auto		& Truck		ml auto		& Truck										sl auto		rcl auto		lcl auto		ml auto		total		& Truck		rcl auto		lcl auto		ml auto		total		& Truck		lcl auto		ml auto		& Truck		ml auto		& Truck

																														100		62.5		103		41		0		206		281		28		73		17		119		194		18		0		93		14		89								100		35		81		24		0		139		214		21		63		8		92		167		15				90		12		87

																														200		125		186		130		67		507		582		57		127		83		267		342		37		68		179		27		102								200		69		141		96		40		347		422		42		107		64		212		287		30		29		134		23		98

																														300		187.5		269		219		159		834		909		85		181		149		415		490		55		132		262		41		116								300		104		202		168		118		592		667		63		150		120		332		407		45		73		193		35		110

																														400		250		352		308		251		1160		1235		114		234		215		563		638		74		196		345		54		129								400		139		263		240		197		838		913		83		194		176		453		528		60		117		251		46		121

																														500		312.5		434		397		343		1486		1561		142		288		280		711		786		92		260		427		68		143								500		174		324		312		275		1084		1159		104		237		232		573		648		74		161		310		58		133

																														600		375		517		485		435		1813		1888		170		342		346		858		933		110		325		510		82		157								600		208		385		384		353		1330		1405		125		280		288		693		768		89		205		369		69		144

																														700		437.5		600		574		527		2139		2214		199		395		412		1006		1081		129		389		593		95		170								700		243		446		456		431		1576		1651		146		324		344		813		888		104		249		428		81		156

																														800		500		683		663		618		2465		2540		227		449		478		1154		1229		147		453		675		109		184								800		278		506		528		510		1822		1897		167		367		400		934		1009		119		292		487		93		168

																														900		562.5		766		752		710		2791		2866		256		503		543		1302		1377		165		517		758		122		197								900		313		567		600		588		2067		2142		188		411		456		1054		1129		134		336		545		104		179

																														1000		625		849		841		802		3118		3193		284		556		609		1450		1525		184		582		840		136		211								1000		347		628		672		666		2313		2388		208		454		512		1174		1249		149		380		604		116		191

																																				needed				2-ft VMS offset

																																				Sight		Lane (Shoulder Lane is 1)

																																				Distance		1		2		3		4

																																		2-lane		100		138

																																				200		200

																																				300		263

																																				400		325

																																				500		388

																																				600		450

																																				700		513

																																				800		575

																																				900		638

																																				1000		700

																																		4-lane		100		240		103

																																				200		386		132

																																				300		531		160

																																				400		677		189

																																				500		822		217

																																				600		967		245

																																				700		1113		274

																																				800		1258		302

																																				900		1404		331

																																				1000		1549		359

																																		6-lane		100		281		177		93

																																				200		515		259		112

																																				300		750		341		130

																																				400		984		423		149

																																				500		1218		505		167

																																				600		1453		587		185

																																				700		1687		669		204

																																				800		1922		751		222

																																				900		2156		833		240

																																				1000		2391		916		259

																																		8-lane		100		281		194		93		89						3

																																				200		582		342		112		102

																																				300		909		490		130		116

																																				400		1235		638		149		129

																																				500		1561		786		167		143

																																				600		1888		933		185		157

																																				700		2214		1081		204		170

																																				800		2540		1229		222		184

																																				900		2866		1377		240		197

																																				1000		3193		1525		259		211
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																		Reading Time

						Speed		0		1		2		3		4		5		6		7		8

						20		0		29		59		88		117		147		176		205		235

						30		0		44		88		132		176		220		264		308		352

						40		0		59		117		176		235		293		352		411		469

						50		0		73		147		220		293		367		440		513		587

						60		0		88		176		264		352		440		528		616		704

						70		0		103		205		308		411		513		616		719		821

						80		0		117		235		352		469		587		704		821		939

								0		0		0		0

								10		56.713		3.0487804878		17.2905487805

								20		113.426		6.0975609756		34.581097561

								40		226.852		12.1951219512		69.162195122

								80		453.704		24.3902439024		138.3243902439

								100		567.13		30.487804878		172.9054878049
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Offset Between Motorist and VMS (ft)

Additional Sight Distance Required (ft)
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Offset Between Driver and DMS (m)

Additional Reading Distance Required (m)
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