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Transport Engineering
)
MODULE I Traffic engineering

Road User and the Vehicle
(Human Factor’s Governing) 
Road user behaviour :
Broadly considered as two groups 
1) Physiological
a. Vision
b. Hearing
2) Psychological 
a. Perception
b. Intellection 
c. Emotion 
d. Volition
Vision: 
	Vision is most one or the important factor. The Human eye is the sensory organ that enables one to see.
· Evaluate the size, shape and color of objects.
· Estimate distance and speed of bodies.
a. Acute vison (sharp extremely):
Formed by a cone whose angle is 3o about Centre of retina. However, vision is till satisfactory when angle of cone is 10o or 12o. This is important locating traffic signs and signals.
b. Peripheral Vision:
The angle of peripheral vision is about 160o in the horizontal 115o in the vertical direction. If detailed attention of the eye is needed driver has to turns his head so that the object now comes within the cone of clear vision.
c.   Color vision: 
It is important for having the traffic lights and color schemes in traffic signs. But color blindness need not be of serious concern.
d. Driver eye should adopt to glare due to head-lights or to variations in the lighting conditions is an important factor.
Glare recovery time varies from 3 to 6 seconds.
	Hearing:
Hearing should be of service to the road -user. The sound of horn or the sound of the hearing vehicle itself can alert a pedestrian to safety. He has to design, operate, traffic facilities which will be useful.
PIEV theory or PIEV time:
Time taken for the process of perception, intellection, emotion and volition called it as PEIV time.
	


Perception:
Perception is the process of perceiving the sensations received through the eyes, ear’s, nervous system and the brain. The exact time required for this dependent upon the individuals psychological and physiological build-up 
	Intellection:
Intellection is the identification of the event by the development of new thoughts of idea’s may form leading to better understand of the event. 
	Emotion: 
Emotion is the personal trait of the individual that governs this decision-making process, after perception and intellection of the event.
 	Volition: volition is the will to react a situation.
		Total PIEV time is 2.5 sec.
Vehicular characteristics:
i. Dimension and weight: 
Dimension and operating of a vehicle influence the geometric design aspects such as radii, width of pavement, clearness, parking geometric etc. The weight of the axels and the weight of the vehicle affect the structural design of pavement and structures. Because of its crucial important. The standardization of the dimension and weight of design vehicle is the first step in formulating geometric design standards
ii. [bookmark: _GoBack]Braking system: 
Breaks are need to bring the vehicle to a safe stop whenever a immediate danger. So safe stopping distance is composed of the distance travelled by the vehicle during the perception and brake reaction time and the distance required to stop the vehicle after the brakes are applied if  f  is coefficient friction between tyre and  pavement.
iii. Acceleration and Deceleration:

Acceleration characteristics of a vehicle need to be understood when designing te intellection element and overtaking sight distance. Acceleration rate is governed by the vehicle transmission system weight and horsepower. It is also changed with speed, being high at lower speeds and low at higher speeds.
	Medium passenger cars	: 3-8 KPH/second
	Trucks and buses		: 1-4 KPH/second
(when driver applies the brakes, vehicle decelerates)

Only in an emergency does the driver attempt to fully utilize the maximum deceleration. The maximum deceleration related to coefficient friction between tyre and the pavement.
Force required to deceleration a vehicle is 
			F = md
m	= mass of the vehicle 
d	= deceleration in m/sec2 = F/m  

but	 f = F/mg 
	m = 
therefore, d = f.g = 9.81f

iv. Vehicle lighting system:

· Lighting system of the vehicle consist of head lights, dipper beam, side lamps, parking lights, rear lights, direction indicator’s and stop lamps. An efficient and reliable system of lighting the vehicle is desirable for averting accidents.
· The headlight should perform 2 functions to provide main beam for the driver to see the road for sufficient long distance and to provide a dipper beam.
· Rear lamps give indication to the driver following a vehicle about the presence of a vehicle in front of him.
· Direction indication give adequate notice of the intension of the driver to turn or stop direct indications are usually amber in color and preferably they should be mounted at the side of the vehicle approximate at the level of the driver eye.
Features of vehicular body:
Factors needed to be considered are
1. The shape and dimension of the driver’s seat 
2. Arrangement of dials on the dash board 
3. Positioning of controls in relation to the driver’s seat
4. Visibility of the drivers from the seat 
5. Noise levels in the vehicle
6. Concentration of carbon monoxide inside the vehicle.
(high horse power, proper secure locks to door’s)
Tyres: 
· The performance of tyres relative to puncture, blowouts, vulnerability to damage by sharp objects, braking and road surface characteristics are areas where considerable research has taken place because of safety.
· Skidding is a phenomenon which is governed by the interaction of the tyre, brakes, road surface, speed and the wetness of road surface.
· It has extreme important in traffic accident prevention.
Power Performance of Vehicles:
· It is necessary to determine the vehicle costs and the geometric design elements.
Resistance to motion of a vehicle:
· Power developed by (vehicle) engine (Pp) should be sufficient to overcome all resistance to motion at the desires speed and to accelerate at any desired rate to desired speed.
Rolling resistance:
· When the vehicle wheels roll over the road surface the irregularities and the roughness of the surface cause deformation of the tyres road surface itself may undergoes deform. So rolling resistance varies with the type of surface 
Rolling resistance to friction 	
Pf = m f g
	m  = mass of vehicle in kg
	f    = coefficient of rolling resistance 
	Pf  = rolling resistance in N
	g   =acceleration due to gravity m/sec2
Air resistance:
· Air has density, it exerts a reaction pressure against the front of the vehicle when it moves at speed.
· The friction of the air against the sides of the vehicle body causes the resistance.
· Eddying of the air stream behind the vehicle, under the body and around causes power loss.
· The flow of air through the vehicle for ventilating and cooling causes resistance to motion.
Pa = Ca AV2
V = Speed of the vehicle relative to air m/sec
Ca = Coefficients of air resistance
A  = Projected front area of the vehicle in sq.m on a plane at right angles to the     tyre of motion
Pa = Air resistance  N
Grade resistance (Pi) :
· when vehicle moving up an incline, an additional work has to be done in keeping the vehicle at the same speed.
· The additions work is equal to the works that will be needed to lift the vehicle through a height respectively by the vehicle.
+ Pi = mg/100
-ve represent reduction in the force to move the vehicle .
Inertia forces during acceleration and deceleration:
	when the speed of moving vehicle needs to be increased some additional power is needed to accelerate. Similarly if the vehicle has to gather a desired speed from a stopped position addition force is needed to accelerate.
	Additional force Pj = Mass . acceleration 
	+Pj = ma

Transmission:
Low speed high gear transmission losses high.
Losses in power occur to the mode of power transmission from the engine to the gear system. The vehicle has system of gear such that the speed of the vehicle can be altered relative to the engine speed at the start of the vehicle as well as while climbing uptill we need high engine power movement along good road where the resistance to motion will be small.
The highest forward will generally 1:1


Speed, Journey Time and Delay surveys

Spot speed	: Instantaneous speed at a specified location.
Running speed	: Average speed by a vehicle over a given course while vehicle in motion.
Journey speed	: Also Overall travel speed; is the effect speed of a vehicle between 2 points.  
Time mean speed: Average of speed measurement at 1 point in space over a period of time. i.e., average of number of spot speed measure.
Space mean speed: average of speed measurement at an instant of time over a space.
Uses of speed, journey time and delay those vehicles are time any:
a. Spot speed:
i. For geometric design of roads: design speed.
ii. Regulation and control of traffic operation: Traffic signal design required specified data.
iii. For analysis, the causes of accidents and identify any relation between speed and accidents.
iv. Before and after road improvement schemes it is necessary to have spot speed data.
v. Determine problem of congestion.
b. Journey speed and Delay speed:
i. Cost of journey depends upon the speed. In all economic studies journey speed and delay are highly important.
ii. To determine travel time to carry out the trip assignment. Also travel time and delay are some of the factors affecting modal choice.
iii. Before and after studies.
iv. Delay studies of intersection provide data for the design and installation of appropriate traffic control device.
Methods of measuring spot speed:
a. (req. observation of the) time taken by a vehicle to cover a known distance.
i. Those vehicles are timed over a long distance
a. Direct timing procedure:
· Accurate stop watch as a vehicle crosses these 2 marks.
· Known distance and measured time interval speed are calculated.
· Skilled observed can read stop watch to an accuracy 0.2 second.
· Disadvantage is large errors are likely to be happened because of the parallax effect.
Advanced method: 2 observers. One at the vehicle pass first signals that a vehicle to be timed is passing the point. Second observed starts the stop watch and stops watch when same vehicle passes terminal. Disadvantage is reaction time of two individual observers.
b. Enoscope:
· Also, called Mirror-box.
· It eliminates parallax error when direct readings are taken by one observer.
· Mirror box is L shaped box.
· Method can be done 1 Enoscope or 2 Enoscopes.
· If one Enoscope is used it is directly placed opposite the first reference point and observer at another reference point. 
· Stop watch start as soon as vehicle passes the first reference point and stopped as soon as it passes the observer.
· If 2 Enoscopes are used observer station will be midway between 2 reference points. 
c. Pressure contact tube:
· Detectors are used. (pneumatic tube) to indicate time entering and leaving the base length. When vehicle passes time over the tube laid at first reference point air impulse is sent, which activates the electromagnetically. 
· Controlled stopwatch in the hands of observer.
· Alternatively, readings can be observed by automatic data recorders.
· Disadvantage pressure contact tubes can be seen by driver and this may affect their behavior.
d. Short distance method:
· Measuring speeds very short say 2m.
· Instrument are electronic and are used in conjunction with pneumatic tubes or electric detectors laid across the pavement.
· Recording can be manual being noted by the observers or can be automatic with or electronic system.
b. Radar speed meter:
· It works on doppler principle (change frequency of wave)
· Speed of moving body and change in frequency between radio wave transmitted for the moving body and received back.
· This instrument directly measures the speed and accuracy of atleast  +1.5 to 3 KPH 
· Instrument is portable and battery operated.
· Within 20o instrument is set up near the edge of carriage way at height about 1m speed and directions both can be measured.
· Method is used for traffic engineering studies as well as enforcement by traffic police.
c. Photographic method:
· It is used in crowded streets.
· In this pic are taken as fixed in travels of time.
· On special camera (say one second per frame).
· By projecting the film on the screen.
· The passage of any vehicle can be traced with reference to time.
· Images by video camera can also use.
Delay studies:
· Best are done by moving observer method; delays occurring due to stopping can be conveniently recorded by separate stopwatch.
· Special watches which can be found convenient for the purpose of which can accumulate delay time as operated by observer.
Two types of delays: 
· Stopped or fixed delay: at intersection, railway crossing, stop signs.
· Congestion delay or operational delay: inadequate carriage way width, mixed traffic conditions, parked cars and heavy pedestrians. 
Methods for measure running speed and journey speed:
i. Moving observer method:
Uses:
· Un biased estimate and neglisable error.
· Economical in man power.
· Speed and flow calculation as well as.
· Spot speed so that time mean speed.
· Additional information stops at intersection, delays, parked vehicles.
ii. Registration number method:
·  Two observers in one direction with stop watch.
· 1 at entrance and 2 observer at terminal. Distance between 2 observer stations 0.5m- 1m.
iii. Elevated observer method:
· Observer stationed on top of the elevated building select vehicles at random and follow their course along the road, nothing the time of entering the test second, duration and nature of delay suffered and the time of leaving.
Needs of volume count:
·  Volume of traffic using road in a given interval of time. Volume = vehicle/ hr or vehicle/day
· Traffic is composed of no. of types of vehicle. So we converting the flow into equivalent passenger car unit PCUs using certain equivalent factors. Now the flow expressed as PCU per hr or PCU per day.
· By knowing flow clearance. We can determine whether the particular section of road handling traffic much or below it capacity.
· If traffic is heavy road suffer because of congestion. Therefore, volume counts are necessary to improve traffic facilities.
· Structural design of road pavement we need to know no. pf commercial vehicle flow. It will good guide to pavement design.
· Maintenance of road also decided by no. of commercial vehicle per day.
· More people are involved in travelling useful for transport.
Types of counts:
1) Average annual flow, vehicle/year 
2) Annual average flow, vehicle/day 
3) Hourly flow, vehicle/day

Volume
Needs for volume, classification and counts
· Volume of traffic (or) flow is expressed as vehicles/hr (or) vehicle/day.
· Traffic is composed of no of vehicles it is normal practice to convert the flow into equivalent passenger car unit (PCUs), by using certain equivalency factors.
3rTherefore, Flow is expressed as PCUs/hr (or) PCU/day.
· Knowing the flow char. We can determine whether particular sec of mad is handling traffic much above (or) below its capacity.
· If the traffic is heavy, road suffers from congestion with consequent loss in journey speeds &
· Lower speeds cause economic loss to the community due to time lost by the occupation of the vehicles & higher operational cost of vehicles.
Therefore, Volumes counts are indicators of the needs to improve the transport facilities.
· If traffic flow data are available over the past no of years, the rate at which traffic flow can be increased in the past can be easily determined. Extrapolating the past trend into the future, future rate of growth of traffic is made possible.
· No of commercial are using the road will its self will be a good guide in pavement design.
· Maintain needs of a highways is often based using road. Moreover no of commercial vehicles/day.
· Traffic regulatory & control systems are designed on the basis of accurate flow data.
· Evaluating the financial validity of private financed toll roads, the important consideration is volume of both present future volume data are collected very carefully for such projects 
· The ultimate aim of travel is to transport men & goods.so we have to take no of occupants (or) people traveling in vehicle. If vehicle count puts available & the advantage occupancy of each type of vehicle is know the total no of persons easily calculated.

Types of Counts:
1. Level of measurements of flow
i. Average Annual flow, expressed in vehicle/year.
ii. Annual Average Daily Traffic (AADT), vehicle/day.
iii. Hourly flow, vehicle/hr.
AADT = 1/365 of total annual flow
If the flow is not measured for all 365 days. only for few days the average flow is known as Average Daily Traffic.
2. Short term and long term counts:
Duration of the counts depends upon the purpose for which the data are needed and financial and man-power resources at the command of the traffic engineer.
TYPES OF COUNTS:
 The following are types of flows along with its purpose and use.

Methods Available For traffic count:
1. Manual
2. Combination of manual and mechanical
3. Automatic devices
4. Moving Observer
5. Photographic method
Manual Method:
No. of observers and No. of lanes in the highway.
	

	

	Road features and Counting Required
	No. of vehicle/hr by 1 trained observer

	1. 2-lane 2-way road, separate observer for each direction and classified.
	500 vehicle/hr one direction 

	2. 2- lane 2-way road, 1 observer for both direction. Counted and Classified
	200 vehicle/hr both direction 

	3. 2-lane 2-way-road 1-observer for both direction. Simply counting.
	800 vehicle/hr both direction


  
· Observer should be literate and can be trained suitable for purpose with preferably middle or matriculation level qualification.
· For all day counts, work in 3 shifts of 8 hours each.
Equipment Method:
1. A watch 
2. Pencils, Eraser and Sharpener
3. Supply of blank field data sheets
4. Clip board.
If 5 types of vehicles are to be counted the multi bank hand fall should have 5 counters, with a label stuck on each pressing knob indicates vehicle type. Pressing knob operates the counter and records the vehicle. This is additional equipment which is very handily.
Field data sheets and summery sheets:
· `	Multibank hand tally is not available, data is recorded conveniently by the fire-dash system.
·  Field data sheet by IRC. This form is intended for last 4hrs.
· Data can be summarized for each hour of the day in the form prescribed by IRC.





For Example:
	
	
	
	
	
	
	
	
	
	
	

	Types of vehicles
Hour count
	Cars, jeeps, vans, 3wheels
(2) 
	Buses
(3)
	Trucks
(4)
	Motor- cycles
(5)
	Animal drawn Vehicle
 (6)
	Cycles
(7)
	Other specify
(8)
	Total flow
(9)
	Remark



1. Manual counts at intersections:
Field data sheets can be modified to suit the particular requirement of any intersection. Observer needs to be posted on each arm of intersection at four arm intersection. Count at each arm of the traffic entering the intersection can be broken down into three categories left turning, right and straight ahead. Above field data sheets can be modified to suit.
2. Combination of manual and mechanical counts:
Example for this is multi pen recorder. A chart moves continuously at the speed of clock. Different pens record the occurrence of different event on the chart. The actuations of each event recorder pen is by pressing the electric switch associated with each pen recorder.
Advantages:
(i)  Permanent record is kept for each class of vehicle, classifications and count performed simultaneously.
(ii) Additional information such as time -headways between successive vehicles and arrival per unit time is available.
3. Automatic Devices:
· This device contains detecting the passage or presence of a vehicle called sensor or detectors and another for recording the count.
· The sensor usually transmitted some of Electric impulse which activates the accumulating register or recording chart.
SENSORS
1. Pneumatic tube
Flexible tube with one end sealed is clamped to the road surface right angles to the pavement. Other end of tube is connected to a diaphragm actuated switch. When axel of vehicle cross the tube, a volume of air gets displaced thus creating a pressure which instant closes the electrical contact through the switch. Two such contacts result in one count being registered thus represented two axles in a vehicle.
· Inaccuracies are caused when vehicles with more than two axles.
· Because of simplicity and their cheapness pneumatic tubes are very popular.
· Difficulty may be caused in in fixing them to gravel surfaces and they are easily pilfered by vandals.
· Easily damaged by tractors*tire chains*snow ploughs and similar equipment.

2. Electric contact
· A pair of steel strips are contained in a rubber pad which is buried beneath the surface.
· On being pressed by vehicles weight steel strips come into contact with each other and causes electric current to flow.
3. Coaxial cable:
· Coaxial cable is clamped across the road surface, with capability of generating signals with the passage of axles. These signals actuate a transistorized counter.
· Advantage better reliability and less susceptibility to damage.
4. Photo electric:
· One end of road is source light which emits a beam across a road.at other end photocell passage of vehicles in the path of the light beam and causes a detection by a photo cell.
Disadvantage
Abstractions may can be caused by pedestrians and more than one vehicle in different traffic lane will be registered only vehicles.
5. Radars:
· Doppler effect is a well-known. when a moving object approach or recedes from a source of signal, the frequency of signals received by the back from the moving object will be different two frequencies causes detection of a moving object. Initial cost is high but its accuracy, reliability and not damaged by the traffic.
6. Infrared and ultrasonic:
· Infrared sensors can detect heat radiated from a vehicle or can react to a reflection from the vehicle of infrared radiation emitted by sensor. Ultrasonic is also used for vehicles detection. Both the types have same advent and equally expensive as a radar.
7. Magnetic:
· Disturbance caused in a magnetic field by a passing vehicle as a basic of sensing. The magnetic field itself provided by a wire coil buried beneath the road surface.
Recording mechanism
i. Counting resistors: This is simply accumulating counter indicating directly the number of vehicles on a meter. Readings must be taken before and after the period.
ii. Printed output: This device prints accumulated total at regular intervals of time on a roll of a paper, resting the counting register to zero at the end of the each time interval. Time of the day and number of the vehicles are printed side by side*time interval 1hour, 30min,15min.
iii. electronic systems: Hard disks, floppies, discs
Maintenance of automatic devices
· For accuracy and reliability proper maintenance is necessity.
· Accuracy of clockwork mechanism needs to be check periodically.
· Recording devices used to work 6volts batteries, which need to be charged at regular intervals.
· All automatic devices mentioned above need attention.


Parking
Problems 
·  Not only vehicles need street space to move, but also need space to park where the occupants can be loaded and unloaded.
· Every vehicle owner would wish to park vehicle as closely as possible to his destination so as to minimize his walking.
Ill effects of parking
1. Congestion: 
Capacity of street is reduced, journey speed decreases and the journey time and delay increases.
2.  Accidents:
Careless opening of doors of parked vehicles, moving out of a parked position and bringing a car to the parking location from the main stream of traffic are some common causes of accidents. 
3. Obstruction to firefighting operations: 
Parked cars obstruct the movement of fire fighting vehicles. They block access to hydrant s and access to buildings.
4. Environment: 
Stopping and starting of vehicles result in nose and fumes. Cars are parked into every little available space debase the visual aesthetics and " buildings seem to rise from a plinth of cars".
5. Zoning and parking space requirement standards:
· On street parking and its regulation will be an important aspect of the overall parking policy of a town.
· New or remolded buildings will be requirements to have within enclosed land around house 
· Advantage of zoning and land use controls for steering safe and efficient traffic have been well recognized.
	
	
	

	Sl no.
	Land use
	Parking space

	1
	Residential 
i)Detached and semi-detached row houses
Plots areas:
Up to 100sq.m
101 - 200sq.m
201 - 300sq.m
301 - 500sq.m
501 - 1000sq.m
>1000sq.m

ii)Flats
iii)Special or costly developed       area

iv)multi storied   

	


No space required
Only community parking space is Required
Min 1/3 rd for open area.
Min ¼ th for open area.
Min 1’6 th for open area.


Open space for every 2 flats 50-99sq.m or more floor area.
Open space for every 50-100sq.m. one and half space for every flat of 100 to 150sq.m of floor area. 2 spaces >150sq.m.
One space for every four dwellings except cities where demand may be more.

	2
	offices
	1 space for 70sq.m of floor area

	3
	Industrial premises
	1 space for up to 200sq.m of initial floor area

	4
	Shops and markets
	1 space for every 20sq.m of floor area.

	5
	Restaurants
	1 space for every 10 seats.

	6 
	Theaters and cinemas
	1 space for every 20 seats

	7
	Hotels and motels
i. 5 or 4 star
ii. 3 star
iii. 2 star
iv. Motels
	
1 space for every 4 guestrooms.
1 space for every 8 guestrooms.
1 space for every 10 guestrooms.
1 space for every guest room.


	8
	Hospitals
	1 space for every 10 beds.



Design standards for on-street parking facilities:
Common methods of on street parking:
i. Parallel parking
ii. 30o angle parking
iii. 45o angle parking
iv. 60o angle parking
v. Right angle or 90o angle parking
Regulatory measures for on street parking:
· On street parking is extravagant or excessive use of precious street space.
· A judicious application of approximate traffic management measure will help extent some of ill effects of on street parking.
2 types of regulatory measures use 
1. Use of parking space is authorized for certain periods free or for payment.
2. Where parking prohibited but which for picking up or setting down goods and passengers.
Prohibited parking: 
i. Near intersections:
· 50 m away from intersection
· Visibility adversely affected and safety is reduced; capacity intersection reduced.
ii. Narrow streets:
· two way streets <5.75m wide & one way street <4cm prohibited.
iii. Pedestrian crossing:
· Pedestrian crossing are worst suffering. parked cars obstruct visibility at pedestrian crossing. 8m from pedestrian crossing, parking prohibited.
iv. structures:
· Bridges, tunnels & under passage gently have roadways width so durable to prohibit parking on them.
v. Entrance drive ways:
· Houses & buildings in front of these structures prohibited. Normally period 8am (or) 9am to 6pm (or) 9pm. Prohibited & relaxation in Sunday's.
Free parking limited period:
· Free parking is allowed designated stalls on limited period. Adoption of these scheme are availability sufficient parking spaces to meet the demand. Parker's should leave their vehicle for a time which is less than a posted limit.
Parking meters: 
These are two types: 
· Manual meter: Manual meter is operated by inserting appropriate coin and working handle (or) lever. This activate clockwork mechanism of meter.
· Automatic meter: Automatic meter wound up periodically (once in a week) attendant upon insertion of coin needle shows time and it will start moving across time scale on the face of the meter until the period of time brought has expired.

Generally, Meter can be two types:

· Canceling (or) non-cumulative: 
· Unexpired time remaining on meter it canceled out by insertion of next coin.
·  Next motorist gets more time than he actually pays.
· Cumulative:
· Unexpired time is added to time period of next motorist.
· Metering plan is reverent to favor shot time parameter and to parking turnover.
· Time limit judiciously selected.1hr is satisfactory limit for central area of the city.
· Near post office, bankers and public utility off 15-30 minutes should be sufficient for motorist to finish their work.
Advantages of parking meter:
i. 4 (or) 5 cars can use single parking in a day out provides short term Parker.
ii. Time check is very accurate and easy to violators.
iii. Dangerous parking is avoided because park bays are process precisely. 
iv. Parking inform of important buildings and near ingest avoided.
Disadvantages:
i. Strick enforcement is necessary for its success.
ii. Bay are uniformly marked with reference to largest car operating in the country.
iii. If we want to park long term.
iv. Meter scheme is a solution to only a part of park.
Parking discs:
· Disc is displaced by motorist on wind-screen, showing time of arrival and time by which the vehicle has to leave the parking space.
· No fee is charged and promotes short-term parking.
· Enforcement more attentive than meter systems. Since abuses may be more common.
· Setting and displacing the disc correctly is motorist responsibility.
Off- street Parking: (consideration locating off-street parking)
i. Surface car parking
ii. Multi-storied car
iii. Roof parks
iv. Mechanical car parks
v. Underground car parks
Primary consideration should be nearness to the place of usage by the 30 prospective customers. Proposed facility should be close to major parking generators.
	Surface car parks:
· Located and developed on a piece of vacant land or surrounding an office complex or supermarket are very popular with the motorists.
· Great care is needed in their design and operation.
· A stall size 2.5m  2.5m is probably adequate for Indian condition predominated by small size cars.
· Type of layouts depending on area.
· If it is fee-charging system, there should be arrangement for collecting the money.
· That can be either manually by stationing an attendant at entrance who cells parking tickets or by installing an automatic ticket vending machine which can be designed to raise a barrier rail upon insertion of coin.
	Multi-storied car parks(MSC):
· Surface parks consume too much of the precious land in heart of city.
· One of the alternatives when land is costly is to provide multi storied car parks such facilities became common and popular in many cities.
· MSC are designed for a capacity of about 400 to 500 cars.
· Large capacity tends to increase the time for un parking a car.
	Design standards for designing of multi-storied park:
i. Gradient of the ramp: 1 in 10 generally and 1 in 8 for every short ramp.
ii. Clear height b/w floors 2.1m
iii. Parking stall dimensions 2.5m  5 m
iv. Inside radius of curve 7m.
v. Width of traffic lane on ramps and entrances 3.5m.
vi. Gradient of sloping floors: Not steeper than 1 in 20
vii.  Loading standards 400kg/m2.
· Arrangement of the floors and the access ramps needs careful thought and large no. of alternatives are available.
· Ramps are preferably made one day.
· If two way they should be divided.
· Continuously sloping to gain access from one level to another.
· Horizontal floor with separate helical entrance and exit ramps have been found efficient.
· Car parking floors, the ramps, Entrances and exits should be well lighted.
· Operation of multi storey car parks can be with customer or attendant parking or a combination of the two.
Roof parks:
· Very popular methods of solving parking problems adopted in many cities is to park vehicles on roof tops.
· Access ramp mechanical lifts provide necessary access to the roofs.
· To economize, many roofs may be linked together sensed by a single access ramp.
· In addition to ramps extra cost is involved in designing the roof tops and structural elements for parking.
Mechanical car parks:
· Provided for lifting of the cars from floor to floor by means of lift.
· Transfer of cars to and from the parking stall by means of wheeling or mechanically operated transfer dollies or cradles.
· Since ramp and aisles are estimated. 
· If is more economical compared to ramped system multi stories system.
Disadvantages:
Higher maintenance cost and possibility of breakdown due to mechanical or power failure.
Underground car parks:
· Great advantages of underground car parks are least intrusion they cause to the aesthetics of a place.
· These can be built in the basement of any multi storied building or below open spaces.
· Work involves large quantities of excavation, construction of retaining walls ventilation and lighting such a car parking tends very costly.
· Underground car parking   can be single storied or multi storied.
Peripheral parking schemes:
· Center of town is the worst hit by the parking problem.
· It is natural to think in terms of providing parking facilities at periphery of the town.
· Induce motorists to park there and travel to the busy town center by some other mode.
i. Park and walk:
· Park at outskirts of town and walk down to town.
· Inducement is in the form of lower parking charges at the periphery than at town center or no parking charges.

ii. Park and ride:
· This scheme provides parking facilities and public transport side to the destinations in the town center.
· Attractive scheme has been tried with success in many towns.
· Since motorist voluntary park his car.
Total travel time including parking time waiting time at the bus stop and travel time by bus should not be excessively high to make him look at it with disfavor. 
· Cost peripheral parking charge + charge for to and fro journey by bus < cost of travel by his car + charges for parking in(cities) town center.
iii. Kiss and ride:
· Dropping her husband in the car in the morning near a bus stop from where the husband goes to work in a bus.
· The reverse operation takes place in the evening.
· Adequate space for parking of cars near the bus stops where the husbands can be dropped off or their arrivals awaited is an essential prerequisite for the success of the scheme.
Loading and unloading facilities:
1. Bus-Bays:
· Bus bays recessed into the curb, facilitate loading and unloading of passengers without vehicle blocking the stream of traffic on carriage way.
		Guidelines for location of bus bays:
i. Bus stop should not be located too close to intersect minimum distance 75m from intersection for urban 300m for rural desirable.
ii. Bus stop located as to set down the passengers at safe places such as curbs.
iii. Intending to turn right at an intersection, stop should be sufficiently away.
iv. Length of recess should be 12-15m for single bus for every additional bus 12-15m left. Taper on either side should be about 8:1, the maximum valve being 6:1.    
2. Commercial traffic:
· Loading and unloading of goods by trucks on the roadside demands upon the space reserved for pedestrians as well as for moving vehicle.
· Problem can be controlled by permitting loading and unloading only b/w 6pm to 8 pm or by permitting Loading and unloading at specified location.
ie., providing (long-term) adequately designed truck terminals outside the cities. 
3. Truck terminals:
· Parking of trucks in the streets and upon spaces of the towns and cities has many adverse effects.
· Pre-most is the degradation of environment and hazard to traffic.
· Security of the goods contained in the parked vehicle can also serious problem.
· Truck drivers who have often to drive for long hours and consequently need rest, toilet facilities and food deserve careful consideration.
· Right approach is to provide well designed truck terminal at outskirts of cities.
· Length of truck berths depends on type of trucks to handle.
· Truck trailer combination obviously need longer than single unit trucks.
· Alternatively, pre-quad questionnaire may be distributed to person residing at stations outside the survey area and are collected at station inside the survey area.
Presentation of Results:
· Origin and destination survey yields a vast amount of data. To understand them it is necessary to present them in convenient tabular or pictorial form.
· The most convenient form is origin and destination matrix. Origin zones and destination zones are represented.
· Most popular pictorial representation is by means of a desire line chart i.e., trips b/w any pair of zones are by straight line connecting the centroid of the two zones and having band width drawn to a suitable scale to represent the actual volume of trips.  



Parking surveys
Need for parking surveys:
· It is one of the serious problem that deals with urban planner and traffic engineering available parking space, Extent of its usage and parking demand are essential.
· If it is proposed to implement a system of parking charges it will also be necessary to know how much to charge and what will be the effect of pricing policy on parking.
· Parking survey needs all this kind of information.
COMMON TERMS:
Parking Accumulation: Total no. of vehicle parked on an area at a specified moment.
Parking volume: No. of vehicles parking in a particular area over a given period of time measured in vehicle/day.
Parking load: The area under parking accumulation curve during a specified period.
Parking index: Percentage of parking bays actually occupied by parked vehicle as compared to the theoretical number available.
	P.I = No. of bays occupied  100 ÷ Theoretical no. of bays available
Parking turn-over: Rate of usage the available parking space. 
		10 parking space used by 100 vehicles in a period of 12hrs.
		Therefore, parking turn over = (100÷10) vehicle / space in a period of 12 hrs.
Types of Parking surveys:
1. Parking space inventory
2. Parking usage survey by patrol
3. Questionnaire type parking usage survey
4. Cordon count
Parking space inventory:
· Central business district is usually the area where parking survey in needed and area surrounding central business districts where the parking spills over should also be included in survey.
· The survey area is them subdivided into street by street basis and sub-divisions marked on a map. Then sketch marks are prepared in advance.
Items should be recorded as follows:
a.  Total length of curb, and length governed by no waiting and limited waiting restriction.
b. No. of parking space provided in street.
c.  Street width
d. Location of bus stop, bus bays, pedestrian crossings, fire hydrants, loading zones, taxi stands and other features will affect because using street parking.
e. No. of types of traffic signs for regulation of parking.
f. Vacant or unused land suitable for temporary or permanent parking space.
For single unit truck space of 3.75m  7.5m per vehicle is adequate
For truck trailer combination 15m may be needed.
Width of loading platform should be 3.5 to 4.5m.
Long distance bus terminals:
· In towns, it is desirable to design bus terminals to handle exclusively long distance bus traffic.
· Such terminals should preferably be outside the congested portion of the town.
· If a town has ring road the ideal location in many cases is the ring road itself.
· Terminal should be planned such that one-way circulation of buses is achieved.
· Pedestrian movement will be heavy in a terminal and should as far as possible, not conflict with vehicular movements.
· Platform where pedestrian wait should raise.
· Parking facilities for car, scooter, cycle, taxis etc. should be provided.
· Terminal should be planed for anticipated future traffic in the design year.
· Bus width generally 2.5m and it is desirable have 3.3- 3.75m wide lanes. Length of bus about commercial vertical clearance 3.75m.
· Passenger platform should have minimum width of 2.5m.
Parking Usage Survey by Patrol:
Purpose:
· Survey is to obtained data on the extent of usage of parking spaces.
· Survey counts parked vehicle at regular intervals through a period, covering both morning and evening peak period and parking accumulation and turn-over.
· Survey can be on-street or off-street parking.
· Methods for both the surveys similar. Some minor difference will be there.
· Method consist of making periodic observations of parked vehicle on each patrol.
· Off-street observations the entire parking space can be patrolled on entrance and exit may be observed continuously.
Mapping street system:
Steps:
1. Preparing map of street system that will be covered by patrol it has to show its sub-division into sections.
2. Street junctions make convenient points for determining the sections 
3. Recording can be for both side of roads or smooth for each other.
4. Map and forms should clearly show the direction of travel by patrol ma and the side or sides where observations are to be side or sides.
The length of streets to be covered by a patrol is 
1. Speed of walking while noting the registration number.
2. Frequency of patrol.
A speed 900m in half an hour is useful guide.
Frequency of patrol:
· More frequent patrols result in more accurate data filed work and subsequent become more tedious.
· A frequency of ½ hr considered to be satisfactory for on-street parking. For off-street 1 hr patrol used.
· A frequency ½ hr may miss short term street parkers. This makes it necessary to have more frequently patrols in selected areas where short-term parking may be significant.
 	Ex: near banks, post office.
	Methods of observation:
	Usually patrols are by foot, if vehicles are not parked too close to one another a moving car also used. A tape recorder may be used to record the registration number of vehicle.
	

Timing of survey:
	Done in week days. Period of survey 10-12 hrs so to cover the arrival and departure of customers and shoppers.




Short term counts;say 1hr, 2hr


Counts for full day


1. Hourly fluctuations.


2.Used in intersection counts.


3. Used in cordon line and screen line counts as part of trasport survey.


1. flow in peak hr.


Counts for a full week


1. hourly and daily fluctations


2.USed in developing countries.


Continous counts





2.To measure stiuation flow at signalised intersection.


3.Used in intersection counts during morning and evening peaks.  


3. Used in cordon line and screen line as a part of urban transport survey.


1. To determine fluctuations of flow daily, weekly, seasonly and yearly.


2. To know annual rate of growth of traffic.


3. Used in generally developed countries at selection no. of stations for continuous monitoring of tarffic flow.
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