Lecture three 

· Uninterrupted facilities
These facilities are those on which no external factors cause periodic interruption to the traffic stream. 

· Uninterrupted
Example: freeways, limited-access facilities, where there are no traffic signal, stop or yield signs, or surface intersections. It may also exist in long sections of rural highway between signalized intersections.

[image: image1.wmf]
· Interrupted facilities
These facilities have external devices that periodically interrupt traffic flow (the principal device creating interrupted flow is the traffic signal).
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Density is the number of vehicles (or pedestrians) occupying a given length of a lane or roadway at a particular instant. For the computations, density is averaged over time and is usually expressed as vehicles per kilometer (veh/km) or passenger cars per kilometer (pc/km).

Direct measurement of density in the field is difficult, requiring a vantage point for photographing, videotaping, or observing significant lengths of highway. Density can be computed, however, from the average travel speed and flow rate, which are measured more easily. Equation below is used for under saturated traffic conditions. 
D =
[image: image58.png]2
|——owaran






 EMBED Equation.3  [image: image2.wmf]velspeed

averagetra

flowrate

v

q

=


where

q= flow rate (veh/h),

v= average travel speed (km/h), and

D = density (veh/km).

A highway segment with a rate of flow of 1,000 veh/h and an average travel speed of 50 km/h would have a density of

D = 
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Density is a critical parameter for uninterrupted-flow facilities because it characterizes the quality of traffic operations. It describes the proximity of vehicles to one another and reflects the freedom to maneuver within the traffic stream. Roadway occupancy is frequently used as a surrogate for density in control systems because it is easier to measure. 
Occupancy in space is the proportion of roadway length covered by vehicles, and occupancy in time identifies the proportion of time a roadway cross section is occupied by vehicles.
Lane occupancy (LO) =
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Average density (k),veh/km= Lane occupancy(LO)
[image: image5.wmf]lengths

 

 vehicles

Average

1000

´


Jam density - The density at which congestion stops all movement of persons or vehicles, usually expressed as vehicles per kilometer per lane or pedestrians per square meter.

HEADWAY , SPACING, CLEARANCE AND GAP
Spacing is the distance between successive vehicles in a traffic stream, measured from the same point on each vehicle (e.g., front bumper, rear axle, etc.). 
Headway is the time between successive vehicles as they pass a point on a lane or roadway, also measured from the same point on each vehicle.
Gap - The time, in seconds, between the passage of leading vehicle and the passage of following vehicle in traffic flow .
Clearance The distance, in meter for the front axle of the second of two successive vehicles to reach the starting point of the second axle of the first
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Figure (1)  HEADWAY , SPACING, CLEARANCE AND GAP
These characteristics are microscopic, since they relate to individual pairs of vehicles within the traffic stream. Within any traffic stream, both the spacing and the headway of individual vehicles are distributed over a range of values, generally related to the speed of the traffic stream and prevailing conditions. In the aggregate, these microscopic parameters relate to the macroscopic flow parameters of density and flow rate.

Spacing is a distance, measured in meter. It can be determined directly by measuring the distance between common points on successive vehicles at a particular instant. This generally requires complex aerial photographic techniques, so that spacing usually derives from other direct measurements. Headway, in contrast, can be easily measured with stopwatch observations as vehicles pass a point on the roadway.
The average vehicle spacing in a traffic stream is directly related to the density of the traffic stream, as determined by Equation below:

Density (veh/Km) =
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The relationship between average spacing and average headway in a traffic stream depends on speed, as indicated in Equation below

Headway (s/veh) =
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This relationship also holds for individual headways and spacing between pairs of vehicles. The speed is that of the second vehicle in a pair of vehicles. Flow rate is related to the average headway of the traffic stream with Equation below
Flow rate (veh/h) =
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mean clearance (m)C= mean gap (sec) 
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Level of service (LOS):- A qualitative measure describing operational conditions within a traffic stream, based on service measures such as speed and travel time, freedom to maneuver, traffic interruptions, comfort, and convenience. The level of service concept places various traffic flow conditions into 6 levels of service. These levels of service, designated A through F, from best to worst, cover the entire range of traffic operations that may occur. The factors that may be considered in evaluating level of service include the following: 
1- Speed and travel time (i.e. operating speed and overall travel time).

2- Traffic interruption or restriction (i.e. No. of stops per km = delay).

3- Freedom to maneuver (i.e. to maintain desired speed).

4- Safety and accidents

5- Driving comfortable and convenience.

6- Economy (i.e. vehicle operating cost). 

However, in a practical approach to identifying the level of service, travel time and the ratio of demand volume to capacity are commonly used. In general, the various levels of service would have the following characteristics:

	    levels of service 
	Description

	A
	free flow, with low volumes and high speeds, traffic density is low with little or no delay

	B
	stable flow, with operating speeds, used in the design of rural highways.

	C
	stable flow, Most of the drivers are restricted in their freedom to select their own speed, change lanes, or pass., suitable for urban design practice

	D
	unstable flow, tolerable operating speeds, Drivers have little freedom to maneuver, and comfort and convenience are low

	E
	flow is unstable, with volumes at or near the capacity of the highway, speeds are typically, but not always, in the neighborhood of 40km/ hr, stoppages of momentary duration.

	F
	describes forced flow operation at low speeds, where volumes are below capacity, both speed and volume can drop to zero.


RELATIONSHIPS AMONG BASIC PARAMETERS

Equation D =
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 cites the basic relationship among the three parameters, describing an uninterrupted traffic stream. Although the equation q= v* D algebraically allows for a given flow rate to occur in an infinite number of combinations of speed and density, there are additional relationships restricting the variety of flow conditions at a location.

Figure (2)shows a generalized representation of these relationships, which are the basis for the capacity analysis of uninterrupted-flow facilities. 
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Figure (2) Generalized Relationships Among Speed, Density, And Flow Rate On Uninterrupted-Flow Facilities
The flow-density function is placed directly below the speed-density relationship because of their common horizontal scales, and the speed-flow function is placed next to the speed-density relationship because of their common vertical scales. Speed is space mean speed. 
First, a zero flow rate occurs under two different conditions. One is when there are no vehicles on the facility ,density is zero, and flow rate is zero. Speed is theoretical for this condition and would be selected by the first driver (presumably at a high value). This speed is represented by  free flow speed(vf) in the graphs. The second is when density becomes so high that all vehicles must stop—the speed is zero, and the flow rate is zero, because there is no movement and vehicles cannot pass a point on the roadway. The density at which all movement stops is called jam density, denoted by Dj in the diagrams.

Between these two extreme points, the dynamics of traffic flow produce a maximizing effect. As flow increases from zero, density also increases, since more vehicles are on the roadway. When this happens, speed declines because of the interaction of vehicles. This decline is negligible at low and medium densities and flow rates. As density increases, these generalized curves suggest that speed decreases significantly before capacity is achieved. Capacity is reached when the product of density and speed results in the maximum flow rate. This condition is shown as optimum speed So (often called critical speed), optimum density Do (sometimes referred to as critical density), and maximum flow vm.

The slope of any ray line drawn from the origin of the speed-flow curve to any point on the curve represents density, Similarly, a ray line in the flow density

graph represents speed. As examples, figure (2)shows the average free-flow

speed and speed at capacity, as well as optimum and jam densities. The three diagrams are redundant, since if any one relationship is known, the other two are uniquely defined.
The speed-density function is used mostly for theoretical work; the other two are used to define level of service( LOS). As shown in Figure(2), any flow rate other than capacity can occur under two different conditions, one with a high speed and low density and the other with high density and low speed. The high-density, low-speed side of the curves represents oversaturated flow. Sudden changes can occur in the state of traffic (i.e., in speed, density, and flow rate). LOS A though E are defined on the low-density, high-speed side of the curves, with the maximum-flow boundary of LOS E placed at capacity; by contrast, LOS F, which describes oversaturated and queue discharge traffic, is represented by the high-density, low-speed part of the functions
Example: The relationship between volume (Q) and density (D) on a given highway was found to be: Q = 71.4D – 0.94 D2 …………………. (1)

while the relationship between volume (Q) and speed (V) on the same highway was found to be: Q = 35.4 V – 0.65 V2 ……………………….. (2)

What is the expected relationship between speed (V) and density (D) on this highway? (assume a linear relationship).

Solution:

Let Q = zero:

0 = 71.4D – 0.94 D2 either D=zero or Dj = 76 veh./km.

0 = 35.4 V – 0.65 V2 either V=zero or Vf = 54.5 km/hr.

Therefore: V = 54.5 – (54.5/76.0)D, V = 54.5 – 0.717 D
Moving observer method for stream measurement

Determination of any of the two parameters of the traffic flow will provide the third one by the equation q = u.k. Moving observer method is the most commonly used method to get the relationship between the fundamental stream characteristics. 
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Illustration
In this method, the observer moves in the stream traffic unlike all other previous methods. Consider a stream of vehicles moving in the north bound direction. Two different cases of motion can be considered. 
The first case considers the traffic stream to be moving and the observer to be stationary. If no is the number of vehicles overtaking the observer during a period, t, then flow q is 
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The second case assumes that the stream is stationary and the observer moves with speed vo. If np is the number of vehicles overtaken by observer over a length 
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· where v0 is the speed of the observer and t is the time taken for the observer to cover the road stretch. Now consider the Case 3: Both stream and observer moving: Observer is moving within the stream:

· The general case of Case 1 and Case 2
· Let m0 vehicles overtake the observer
· Let mp vehicles overtaken by the observer
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This equation is the basic equation of moving observer method, which relates q, k to the counts m, t and vo that can be obtained from the test. However, we have two unknowns, q and k, but only one equation. For generating another equation, the test vehicle is run twice once with the

traffic stream and another one against traffic stream, i.e.
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where, a;w denotes against and with traffic flow. Solving for q, we get:
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Where 
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Example 

The length of a road stretch used for conducting the moving observer test is 0.5 km and the speed with which the test vehicle moved is 20 km/hr. Given that the number of vehicles encountered in the stream while the test vehicle was moving against the traffic stream is 107, number of

vehicles that had overtaken the test vehicle is 10, and the number of vehicles overtaken by the test vehicle is 74, find the flow, density and average speed of the stream.
Solution: 
Time taken by the test vehicle to reach the other end of the stream while it is moving along with the traffic is
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 Time taken by the observer to reach the other end of the stream while it is moving against the traffic is 
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 Flow is given by equation, 
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Stream speed 
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 can be found out from Equation
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 Density k can be found out from equation as 
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Capacity 

The term "capacity" is used to express the maximum number of vehicles which have a reasonable expectation of passing over a section of a lane or a roadway during a given time period under prevailing roadway and traffic conditions. 

Highway capacity information serves three general purposes: 

1. For transportation planning studies to assess the adequacy or sufficiency of existing highway networks to current traffic demand, and to estimate when, in time, projected traffic demand, may exceed the capacity of the existing highway network or may cause undesirable congestion on the highway system.

2. For identifying and analyzing bottleneck locations (both existing and potential), and for the evaluation of traffic operational improvement projects on the highway network. 

3. For highway design purposes. 

The determination of capacity involves the observation of highways of various types operating under high-volume conditions.

The direct observation of capacity is difficult to achieve for several reasons. The recording of a high, or even a maximum, volume or flow rate for a given facility does not ensure that a higher flow could not be accommodated at another time. Furthermore, capacity is sometimes not a stable operating condition.
Demand and Volume
Demand and volume are  two measures used to quantify traffic passing point on the a roadway. Although both demand and volume results from drivers seeking  service ,these two measures are different  in that demand quantifies approaching traffic ,while volume quantifies discharging traffic . Based on a general principle  that discharging traffic can only be as much as out not more than approaching traffic, volume can only be equal to demand but not greater than demand. The demand- volume relationship can be illustrated by three cases :

Two exhibits are used to illustrate the demand- volume relationship. The x-axis in both figures represents time. for the example problem ,that were are studying the approach to a stop controlled intersection. The y – axis in exhibits 1 is volume and that  in exhibits  2 is queue.

In case1 demand is less than capacity during period T1. During this period, demand is equal to volume because traffic approaches the intersection at the same rare as traffic discharges from the intersection, hence , no queue is building up  .
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In case2 demand is equal to capacity during period T2 .During this period, the rate of traffic approaching reaches the maximum limit which this approach can handle. Traffic approaches as fast as it departs the stopped  approach . No queue is building up. 
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In case 3 demand exceeds capacity during period T3. During this period, the rate of traffic approaching the intersection exceeds the maximum rate at  which the approach discharges traffic. At this point ,volume equal to capacity .Since there more arrival than departure, as queue is building on the approach.
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BASE CONDITIONS

Base conditions assume good weather, good pavement conditions, users familiar with the facility, and no impediments to traffic flow. 

Base conditions for uninterrupted-flow facilities include the following:

• Lane widths of 3.6 m
• Clearance of 1.8m between the edge of the travel lanes and the nearest obstructions or objects at the roadside and in the median,

• Free-flow speed of 100Km/hr for multilane highways,

• Only passenger cars in the traffic stream (no heavy vehicles),

• Level terrain,

• No - passing zones on two-lane highways, and

• No impediments to through traffic due to traffic control or turning vehicles.

Base conditions for intersection approaches include the following:

• Lane widths of 3.6 m
• Level grade,

• No curb parking on the approaches,

• Only passenger cars in the traffic stream,

• No local transit buses stopping in the travel lanes,

• Intersection located in a noncentral business district area, and

• No pedestrians.

In most capacity analyses, prevailing conditions differ from the base conditions, and computations of capacity, service flow rate, and level of service must include adjustments. Prevailing conditions are generally categorized as roadway, traffic, or control.
FACTORS affecting capacity and LOS

1-ROADWAY CONDITIONS

Roadway conditions include geometric and other elements. In some cases, these

influence the capacity of a road; in others, they can affect a performance measure such as speed, but not the capacity or maximum flow rate of the facility. Roadway factors include the following:

• Number of lanes,

• Lane widths,

• Shoulder widths and lateral clearances,

• Design speed,

• Horizontal and vertical alignments, and

• Availability of exclusive turn lanes at intersections.

The horizontal and vertical alignment of a highway depend on the design speed and the topography of the land on which it is constructed. In general, the severity of the terrain reduces capacity and service flow rates. This is significant for two-lane rural highways, where the severity of terrain not only can affect the operating capabilities of individual vehicles in the traffic stream, but also can restrict opportunities for passing slow-moving vehicles.

2-TRAFFIC CONDITIONS

Traffic conditions that influence capacities and service levels include vehicle type and lane or directional distribution.

A-Vehicle Type

The entry of heavy vehicles—that is, vehicles other than passenger cars (a category that includes small trucks and vans)—into the traffic stream affects the number of vehicles that can be served. Heavy vehicles are vehicles that have more than four tires touching the pavement. Trucks, buses, and recreational vehicles (RVs) are the three groups of heavy vehicles. Heavy vehicles adversely affect traffic in two ways:

• They are larger than passenger cars and occupy more roadway space; and

• They have poorer operating capabilities than passenger cars, particularly with respect to acceleration, deceleration, and the ability to maintain speed on upgrades, the second impact is more critical. 

B-Directional and Lane Distribution

In addition to the distribution of vehicle types, two other traffic characteristics affect capacity, service flow rates, and level of service: directional distribution and lane distribution. Directional distribution has a dramatic impact on two-lane rural highway operation, which achieves optimal conditions when the amount of traffic is about the same in each direction. Capacity analysis for multilane highways focuses on a single direction of flow. Nevertheless, each direction of the facility usually is designed to accommodate the peak flow rate in the peak direction. Typically, morning peak traffic occurs in one direction and evening peak traffic occurs in the opposite direction. Lane distribution also is a factor on multilane facilities. Typically, the shoulder lane carries less traffic than other lanes.

3-CONTROL CONDITIONS

For interrupted-flow facilities, the control of the time for movement of specific

traffic flows is critical to capacity, service flow rates, and level of service. The most critical type of control is the traffic signal. The type of control in use, signal phasing, allocation of green time, cycle length, and the relationship with adjacent control measures affect operations. Stop signs and yield signs also affect capacity, but in a less deterministic way.  traffic signal designates times when each movement is permitted; however, a stop sign at a two-way stop-controlled intersection only designates the right-of-way to the major street. Motorists traveling on the minor street must stop and then find gaps in the major
traffic flow to maneuver. The capacity of minor approaches, therefore, depends on traffic conditions on the major street. An all-way stop control forces drivers to stop and enter the intersection in rotation. Capacity and operational characteristics can vary widely, depending on the traffic demands on the various approaches. Other types of controls and regulations can affect capacity, service flow rates, and LOS significantly . Restriction of curb parking can increase the number of lanes available on a street or highway. Turn restrictions can eliminate conflicts at intersections, increasing capacity. Lane use controls can allocate roadway space to component movements and can create reversible lanes. One-way street routings can eliminate conflicts between left turns and opposing traffic.
Traffic forecast  

Traffic forecasts are routinely used to justify and dimension the construction of transportation infrastructure projects. To estimate the accuracy of such forecasts, it is necessary to compare forecasted with actual traffic. Common practice is followed here and the inaccuracy of a traffic forecast is defined as actual minus forecasted traffic in the percentage of forecasted traffic. Actual traffic is counted for the first year of operations (or the opening year). Forecasted traffic is the traffic estimate for the first year of operations (or the opening year) as estimated at the time of decision to build the project. Thus, the forecast is the estimate available to decision-makers based on which they made the decision to build the project in question.

Future traffic volume for the design are normally consist of the current traffic load and traffic expect increase by the design years .

Components of future traffic 
1-Current traffic: is the number of vehicles that would use the new or improved highway if it were open to traffic. The current traffic composed of existing and attracted traffic.
2-Generated traffic is the additional travel resulting from a transportation improvement, which would not otherwise occur. Traffic grows quickly after a road is built, then the growth rate declines as congestion develops. When capacity is added, traffic growth continues until it is filled. This is called "generated traffic". (25%)

3-Development traffic: is the portion of the future traffic volume, due to improvements on land adjacent to the highway (250%).

4-Normal traffic growth: is the increase of traffic due to normal growth (4%). 



 Traffic forecast factor (F): is the ratio of future traffic volume to current traffic volume 
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Where :

F= Traffic forecast factor

i= annual rate of traffic increase  

n=number of design year

  Determine the number of lanes (Design roadway)
Number of lanes=
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DHV=K*ADT*D

RC= IC*RF

Where:

RC= Real capacity (pcu/hr/lane)

IC= Ideal capacity (pcu/hr/lane)

RF= Reduction factors for lane width , heavy vehicle percent ,grade ,and pedestrians 
Reduction factors
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Where:

W= lane width (m)

HV=Heavy vehicle (%)

EP = Heavy vehicle denotation to pcu 

Ped= Number of pedestrians 
Example 
Find the number of lanes needed for the design of roadway given the following traffic data: ADT= 3000 vehicle/ day in both direction ,K=12%,D=70%,Truck=30%,Busses=10%,normal growth for design periods= 30%,generated growth =20%,development traffic =250% ,truck=2 pcu, busses=3pcu ,ideal capacity= 1000 pcu/hr/lane
Solution
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ADTnew=ADT+ADT* growth rate =  3000+3000(0.3+0.2+2.5)= 12000 vehicle/ day 

DHV=K*ADT*D=0.12* 12000*0.7=1008 vehicle/ day / direction

DHVpcu=1008(0.3*2+0.1*3+0.6*1)=1512 pcu/ day / direction

RC=IC*RF=1000*0.76=760 pcu/hr/lane 

Number of lanes=
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 Lane in one  direction. 
Use 4 lanes in both direction

DELAY

Delay is a critical performance measure on interrupted-flow facilities. There are  several types of delay, but, control delay is the principal service measure for evaluating LOS at signalized and unsignalized intersections. Although the definition of control delay is the same for signalized and unsignalized intersections, its application, including LOS threshold values, differs.

With respect to field measurement ,the term total delay refers to the difference between actual travel time of vehicle and its travel time at limit speed. On un interrupted facilities, delay is a component of realized speed ,which used as a performance measure. There are general type of delay will described below  :

 Control delay: is the component of total delay that is attributed  to presence of  a control device, such as a traffic signal or stop sign. Components of control delay include delay due to deceleration from the desired speed ,stopped delay, queue move up time, and acceleration delay back to desired speed. Normally some of acceleration delay take place downstream of the controlled approach. The acceleration and deceleration  components are difficult to measure in the  field. Therefore the HCM field delay procedures for signalized intersections measure the delay from the time a vehicle stops until it crosses the stopline.

Traffic delay: it is the delay that result from interaction between vehicles that causes drivers to reduce their speed relative to limit speed. An example of traffic delay is the slowdown of vehicles on a freeway operating near  capacity. Under these conditions ,merging, diverging, and lane-changing activities as well as short headway create friction between vehicles that results in travel speed lower desired. For interrupted-flow, delays due to bus stop operations are  example of traffic delay.     

Geometric delay: delay results from geometric features that cause vehicles to reduce their speed in negotiating a facility. Sharp vertical or horizontal curves that reduce the sight distance or drivers ability to maneuver  are example of  non-ideal  geometric features that may  cause this type of delay.

Incident delay :is the delay that results from an incident, referenced  to the no-incident condition .Since incident are unpredictable .
INTERSECTION DELAY STUDY

The Intersection Delay Study is used to evaluate the performance of intersections in allowing traffic to enter and pass through, or to enter and turn onto another route .The heading on the Intersection Delay Study should be filled out completely prior to beginning the field review. The remainder of the form will include the data collection and calculations. Calculations should be completed by computing the Total Delay, Average Delay Per Stopped Vehicle, Average Delay Per Approach Vehicle, and Percent of Vehicles Stopped. When conducting this study at an intersection with stop sign control, the number of vehicles stopping should only be those vehicles that stopped completely. The study involves counting vehicles stopped in the intersection approach at successive intervals. A typical duration for these intervals is 15-seconds,although other interval lengths can be selected. 

FIELD OBSERVATION

To perform the study, the first observer counts and records the number of vehicles stopped on the approach for each sampling interval. A stop watch can be used to provide the observer with the proper intervals for counting the stopped vehicles. A vehicle is counted more than once in the delay determination if it is stopped during more than one sampling time. That is, a particular vehicle will continue to be counted in all sample time periods during which it remains stopped on the intersection approach.

The second observer performs a separate tabulation of the approach volume for each time period by classifying the vehicles as either stopped or not stopping. This period is also applicable for the evaluation of delays to pedestrian traffic at an intersection or any other location. Alternatively, by accumulating the amount of time spent by each vehicle in the queue and counting all vehicles (moving and stationary), a true measurement of delay can be achieved.
Delay =
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Where:


[image: image43.wmf]å

vs

= summation of stopped vehicle . count 

I= interval between stopped vehicle . count in second 

V= total volume observed during study period

Example
Consider the following sample data taking during study period in 10 minutes on given intersection. Determine the delay by vehicle. 
	Minutes 
	                        Seconds 
	Approach volume

	
	-0
	+20
	+40
	 Stopped   vehicles 
	Non Stopped vehicles

	6:00
	2
	4
	2
	4
	2

	6:01
	3
	5
	0
	3
	1

	6:03
	6
	3
	5
	6
	2

	6:04
	4
	5
	3
	1
	0

	6:05
	2
	2
	4
	2
	3

	6:06
	4
	4
	6
	6
	1

	6:07
	5
	2
	1
	3
	0

	6:08
	1
	3
	2
	3
	2

	6:09
	4
	4
	3
	4
	0

	6:10
	2
	6
	2
	6
	1

	Sub total 
	33
	38
	28
	38
	12

	Total 
	99
	50


Solution 

Delay( for stopped vehcle)/vehicle= 
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=
[image: image45.wmf]38

20

99

´

=52.1second/ vehicle 

Approach delay / vehicle=
[image: image46.wmf]50
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=39.6 second/ vehicle

Percent Stopped vehicle= 
[image: image47.wmf]50

38

=76%

Method Used to Calculate Peak Hour Delay
Delay Calculation Example:

Segment Length = 0.26 km, Speed Limit = 45km/hr, PM K-factor = 0.086, PM D-factor = 0.555 (EB peak direction),NB/EB PM average speed = 20.7 km/h, SB/WB PM average speed = 26.6 km/hr. AADT=33,222 veh/day
 Solution: 

PM NB/EB volume = (daily volume)(K-factor)(D-factor)

= (33,222)(0.086)(0.555) = 1,595 vehicles in the peak hour

PM SB/WB volume = (daily volume)(K-factor)(1 – D-factor)

= (33,222)(0.086)(1 – 0.555) = 1,278 vehicles in the peak hour

PM NB/EB travel time = 3600 x (seg. length)/(avg. speed)

= (3600)(0.26 km)/(20.7 km/hr) = 45.2 seconds

PM SB/WB travel time = 3600 x (seg. length)/(avg. speed) 

= (3600)(0.26km)/(26.6 km/hr) = 35.2 seconds

Uninterrupted travel time = 3600 x (seg. length)/(speed limit)

= (3600)(0.26 km)/(45 km/hr) = 20.8 seconds

PM NB/EB average delay = PM NB/EB travel time – uninterrupted travel time = 45.2 sec – 20.8 sec = 24.4 seconds

PM SB/WB average delay = PM SB/WB travel time – uninterrupted travel time= 35.2 sec – 20.8 sec = 14.4 seconds

PM NB/EB Total Daily Delay = (PM NB/EB average delay) x(PM NB/EB volume) = (24.4 sec/veh)(1,595 veh) =38,918 seconds =10.82 hours

PM SB/WB Total Peak Delay = (PM SB/WB average delay) x (PM SB/WB volume) = (14.4 sec/veh)(1,278 veh) =18,403 seconds =5.11 hours

PM Total peak Delay = PM NB/EB Total Daily Delay + PM SB/WB Total
peak Delay = 10.82 hr + 5.11 hr = 15.93 hours
Clearance (m)


Gap (sec)





Spacing (m) or Headway (sec)





L (m)








Components of future traffic
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Total volume
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