Chapter  two:                                                                                    Speed                      

Although traffic volumes provide a method of quantifying capacity values, speed (or its reciprocal of travel time) is an important measure of the quality of the traffic service provided to the motorist. 

Speed is defined as a rate of motion expressed as distance per unit of time, generally as miles per hour (mi/h) or (Km/hr). 
In characterizing the speed of a traffic stream, a representative value must be used, because a broad distribution of individual speeds is observable in the traffic stream, average travel speed is used as the speed measure because it is easily computed from observation of individual vehicles within the traffic stream and is the most statistically relevant measure in relationships with other variables. 
Average travel speed is computed by dividing the length of the highway, street section, or segment under consideration by the average travel time of the vehicles traversing it.
 If travel times t1, t2, t3,..., tn (in hours) are measured for n vehicles traversing a segment of length L, the average travel speed is computed using Equation
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where

S = average travel speed (mi/h),

L = length of the highway segment (mi or Km),

ti = travel time of the ith vehicle to traverse the section (h),

n = number of travel times observed, and

ta =
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 = average travel time over L (h).

The travel times in this computation include stopped delays due to fixed interruptions or traffic congestion. 
Several different speed parameters can be applied to a traffic stream. These include the following:
Average running speed: A traffic stream measure based on the observation of 
vehicle travel times traversing a section of highway of known length. It is the length of the segment divided by the average running time of vehicles to traverse the segment. Running time includes only time that vehicles are in motion.
Free-flow speed :The average speed of vehicles on a given facility, measured under Free-flow speed, low-volume conditions, when drivers tend to drive at their desired speed and are not constrained by control delay

Space mean speed: A statistical term denoting an average speed based on the 
average travel time of vehicles to traverse a segment of roadway. It is called a space mean speed because the average travel time weights the average to the time each vehicle spends in the defined roadway segment or space.

Time mean speed: The arithmetic average of speeds of vehicles observed passing a point on a highway; also referred to as the average spot speed. The individual speeds of vehicles passing a point are recorded and averaged arithmetically.

. 
Figure (1) shows a typical relationship between time mean and space mean speeds. Space mean speed is always less than time mean speed, but the difference decreases as the absolute value of speed increases. Based on the statistical analysis of observed data, this relationship is useful because time mean speeds often are easier to measure in the field than space mean speeds
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Figure (1) TYPICAL RELATIONSHIP BETWEEN TIME MEAN AND SPACE MEAN SPEED

It is possible to calculate both time mean and space mean speeds from a sample of individual vehicle speeds. For example, three vehicles are recorded with speeds of 30, 40, and 50 Km/h. The time to traverse1 Km is 2 min, 1.5 min, and 1.2 min, respectively.

The time mean speed is 40 Km/h, calculated as (30 + 40 + 50)/3. The space mean speed is 38.3 Km/h, calculated as (60)[3 ÷ (2.0 + 1.5 + 1.2)].

· Speed limit (posted speed)
· This is the maximum speed permitted by law on a section of road. It is the speed which decision-makers (and not necessarily the design engineers) say is the maximum permitted speed at which any vehicle may travel along the section of road concerned. 
· Operating speed – maximum safe speed a vehicle can be driven without exceeding design speed
Design speed is defined as the maximum safe speed that can be maintained over a specified section of highway when conditions are so favorable that the design features of the highway govern.  Design Speed should:  1) “…be consistent with the speed the driver is likely to expect.” and 2) “. . .fit the travel desires and habits of nearly all drivers.” 

Not posted speed and not operating speed (but ALWAYS higher than both)
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Design Speed Considerations
1. Functional classification of the highway. 

2. Character of the terrain. 

3. Density and character of adjacent land uses. 

4. Traffic volumes expected to use the highway. 

5. Economic and environmental considerations.
suggested minimum design speed)

Rural Arterials
60 – 120 km/h Depends on :-

1-Terrain   2- Driver expectancy        3- Alignment (reconstruction) 

Urban 

1-Locals 30-50 km/hr  2-Collectors +50 km/hr 3-Arterials 50-95 km/hr
Spot speed study
Spot speed studies are used to determine the speed distribution of a traffic stream at a specific location. The data gathered in spot speed studies are used to determine vehicle speed percentiles, which are useful in making many speed-related decisions. Spot speed data have a number of safety applications, including the following :
1. Determining existing traffic operations and evaluation of traffic control devices

2. Establishing roadway design elements.
3. Assessing roadway safety questions

4. Monitoring traffic speed trends by systematic ongoing speed studies

5. Measuring effectiveness of traffic control devices or traffic programs, including signs and markings, traffic operational changes, and speed enforcement programs

SPEED PERCENTILES AND HOW TO USE THEM

Speed percentiles are tools used to determine effective and adequate speed limits. The two speed percentiles most important to understand are the 50th and the 85th percentiles. The 50th percentile is the median speed of the observed data set. This percentile represents the speed at which half of the observed vehicles are below and half of the observed vehicles are above. The 50th percentile of speed represents the average speed of the traffic stream. The 85th percentile is

the speed at which 85% of the observed vehicles are traveling at or below. This percentile is used in evaluating/recommending posted speed limits based on the assumption that 85% of the drivers are traveling at a speed they perceive to be safe .In other words, the 85th percentile of speed is normally assumed to be the highest safe speed for a roadway section.

Weather conditions may affect speed percentiles. For example, observed speeds may be slower in rainy or snowy conditions.

A frequency distribution table is a convenient way to determine speed percentiles. An example is given in Table 1. The frequency of vehicles is the number of vehicles recorded at each speed. The cumulative frequency is the total of each of the numbers (frequencies) added together row by row from lower to higher speed. The fourth column is a running percentage of the cumulative frequency.
Table1. Example Frequency Distribution Table
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The 50th and 85th speed percentiles are determined from the cumulative percent column. For the example data in Table 1, the 50th percentile falls between 27 and 30 mph and the 85th percentile falls between 33 and 36 mph. The calculation of speed percentiles is easier if a sample size of 100 vehicles is collected. When the sample size equals 100 vehicles, the cumulative frequency and cumulative percent are the same. As can be observed from Table 1, the exact 50% and 85% (50th and 85th percentiles) are not found in the cumulative percent column. To reach these exact percentages, a calculation is completed using percentages and speeds from the distribution table. Shown below is the equation for calculating speed percentiles:
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where 
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 = lower speed. Example speed percentile calculations follow, using the example frequency distribution table inTable1. The 50th percentile of speed (
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The 85th percentile of speed (
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 = 85%) falls between 33 and 36 mph (see Table 1), so 
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 in this case (85th percentile of speed),
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(1) STOPWATCH METHOD

The stopwatch method can be used to successfully complete a spot speed study using a small sample size taken over a relatively short period of time. The stopwatch method is a quick and inexpensive method for collecting speed data.
Key Steps to a Stopwatch Spot Speed Study

A stopwatch spot speed study includes five key steps:

1. Obtain appropriate study length.

2. Select proper location and layout.

3. Record observations on stopwatch spot speed study data form.

4. Calculate vehicle speeds.

5. Generate frequency distribution table and determine speed percentiles
Obtain Appropriate Study Length

The study length is important because it is used in the calculation of vehicle speeds. Table 2 provides recommended study lengths, which are based on the average speed of the traffic stream. Using these recommended study lengths makes speed calculations straightforward and less confusing. If these lengths are not appropriate, another length can be used assuming it is long enough for reliable observer reaction times.

Table 2 Recommended Spot Speed Study Lengths
	Traffic stream –average speed
	Recommended study length  

	Below 25 mph(40 Km/hr)
	88 feet (27meter)

	25-40 mph(40-64 Km/hr)
	176 feet(53meter)

	Above 40 mph(64 Km/hr)
	264 feet (80meter)


Select Proper Location and Layout

Figure (1) illustrates a typical layout for conducting a spot speed study using a stopwatch. When selecting a location and layout, care must be exercised  so that the observer can clearly see any vertical reference posts. The observer should be positioned higher than the study area and be looking down. The position could be on a bridge or a roadway back slope. The observer should use reference points to aid in collecting the elapsed time it takes a vehicle to travel through the

study area. The reference point to start timing may be a brightly colored vertical post. The reference point to end timing may be a tree or a signpost in the observer’s sight line. An accurate sketch of the site should be documented, including number of lanes, position of observer, and description of reference points 
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Figure 1. Stopwatch Spot Speed Study Layout
Record Observations on Stopwatch Spot Speed Data Form

On the stopwatch spot speed data form the observer records the date, location, posted speed limit, weather conditions, start time, end time, and down time. As the front wheels of a vehicle (or only the lead vehicle in a group) cross a mark or

pavement crack at the beginning of the predetermined study length, the observer starts the stopwatch. The watch is stopped when the vehicle’s front wheels pass a reference line in front of the observer. A slash is recorded on the data form corresponding to the elapsed time observed.

Calculate Vehicle Speeds

To calculate vehicle speed, use the predetermined study length and the elapsed time it took the vehicle to move through the course (as recorded on the stopwatch data form) in the following formula 

V =
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where V = spot speed (Km/h), D = length (meter), and T = elapsed time (seconds). In the equation, 3.6 is a constant that converts units of  meter per second into Km/hr per hour. For example, if the spot speed study length is 30and the motorist’s elapsed time is 2.5 seconds, the motorist is traveling at
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Example Stopwatch Spot Speed Study

A location was selected near the intersection of 4th Street and University Avenue, approximately two blocks from the high school and where the city had received multiple speeding complaints from residents. The posted speed limit is 30 mph. The study was conducted on a Wednesday and started at 3:00 p.m. The time was selected to correspond to the period when most high school students leave the school. The study continued until a sample size of 100 vehicles was measured. The study length of 176 feet( 53meter) was used because the posted speed limit is between 25 and 40 mph,
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as shown in Table 2. The study layout is illustrated in Figure 2
Figure (2)Example Stopwatch Spot Speed Study Layout
The vertical reference point is the “begin timing” reference. A tree is the “stop timing” reference point. This vertical reference point helps with the accuracy of timing by providing a line-of-sight to aid the observer. The results of the study are shown in Figure(3) (data form) and Table(3) (distribution table). Figure(3) shows elapsed time in predetermined 0.2-second intervals

The study shows that the 50th percentile or median speed falls between 27.2 and 28.9 mph, and the 85th percentile of speed falls between 33.3 and 35.2 mph. Equation 1 is used to find the exact speeds for the 50th and 85th percentiles of speed. For the 50th percentile of speed, 
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For the 85th percentile of speed, 
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Figure 3 Example Stopwatch Spot Speed Study Data Form
[image: image46.emf]Table3. Example Stopwatch Spot Speed Study Distribution Table
A 5-mph rule of thumb is sometimes used to determine whether the 85th percentile of speed is too high compared to the posted speed limit. If the 85th percentile of speed is 5 mph or more above the posted speed limit, the situation should be evaluated. In this case, the 85th percentile of speed was 3.4 mph above the posted speed limit, so speeding may not have been an issue. If the 85th percentile of speed would have been 5 mph or more above the posted speed limit, the following actions could have been considered: Adjust the posted speed limit.

(2) RADAR METER METHOD

A radar meter is a commonly used device for directly measuring speeds in spot speed studies (see Figure 4). This device may be hand-held, mounted in a vehicle, or mounted on a tripod. The effective measuring distance for radar meters ranges from 200 feet(60meter) up to 2 miles. A radar meter requires line-of-sight to accurately measure speed and is easily operated by one person. If traffic is heavy or the sampling strategy is complex, two radar units may be needed.
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Figure4. Radar Meter
Different sized vehicles and the detection of the observation vehicle may affect radar readings. Large vehicles such as trucks and buses send the strongest return signal to the radar meters and as a result smaller vehicles may not be detected. If there is a presence of large vehicles, the observer may need to record the speeds of vehicles that are alone. Also, some vehicles are equipped with radar detectors to warn them that a radar unit is operating in their vicinity. Drivers will slow down when warned by a detector. It is not unusual for other drivers to slow down also. This slowing will affect the study results. The radar unit may be turned off while not in use so radar detectors cannot detect it.
Key Steps to a Radar Meter Spot Speed Study

A radar meter spot speed study includes four key steps:

1. Select proper location and placement of radar meter.

2. Determine an appropriate selection strategy.

3. Record observations on radar meter spot speed study data form.

4. Generate frequency distribution table and determine speed percentiles.

Select Proper Location and Placement of Radar Meter

Proper placement of the radar meter at the study area is critical. The positioning of the radar unit is determined by the capabilities of the radar unit. The unit should also be concealed from the view of motorists. Effective ranges may be up to 2 miles, but as the distance increases the effectiveness decreases. The least accurate position, which often results in no readings at all, is obtained when the meter is aimed at a 90-degree angle to the roadway centerline. An accurate sketch of the site should be documented, including number of lanes, position of observer, and description of reference points.
Determine an Appropriate Selection Strategy

Except for studies conducted under low-volume conditions, it is impossible to obtain a radar measurement for every vehicle. For peak flow analysis, speeds are measured during the peak period. For assessing general speed trends or for setting speed limits, off-peak measurements are more appropriate.

The selection of the target vehicle that represents the vehicle population under study is also important. A good question to ask is, “What type or types of vehicles are of concern—cars, trucks, buses, or others?” Typically cars, station wagons, pickup and panel trucks, and motorcycles are classified as passenger cars. Other trucks and buses are classified as trucks.

School buses and farm equipment may be recorded separately. When the target vehicle is defined, a selection strategy is developed to provide a random sample. A random sample will reduce the tendency to select the vehicles that stand out. For example, the observer could obtain a speed reading from every fourth vehicle or every tenth vehicle.

Record Observations on Radar Meter Spot Speed Data Form

On the radar meter spot speed data form the observer records the date, location, posted speed limit, weather conditions, start time, end time, and down time. A slash is recorded on the data form corresponding to speed observed for each

selected vehicle (or only the lead vehicle in a group) under the appropriate vehicle-type classification.
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Figure 5 Example Radar Meter Spot Speed Study Layout
 (3) PNEUMATIC ROAD TUBE METHOD

The pneumatic road tube method is normally used for longer data collection time periods than those of either the stopwatch or radar meter method. Using this method, pneumatic tubes are placed in the travel lanes and are connected to recorders located at the side of the road 

[image: image49.emf]
Figure 6 Pneumatic Road Tubes
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Figure 7 Road Tubes and Recorder
The automatic recorders are capable of storing large amounts of individual vehicle data or even larger amounts of vehicle classification data. The collected data are downloaded from the recorder to a laptop computer or portable floppy disk drive in the field, or via telephone modem to a centrally located computer.

Key Steps to a Pneumatic Road Tube Spot Speed Study

A pneumatic road tube spot speed study includes four key steps 
1. Perform necessary office preparations.

2. Deploy and calibrate data collection equipment.

3. Check data and retrieve equipment.

4. Generate frequency distribution table and determine speed percentiles.
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