CE 392 Introduction to Transportation Engineering

Laboratory #2

 Parking Lot Design 

and

 Public Service Project for Corvallis Parks and Recreation

Lab Due May 7, 2001

Objective:

1. To study and apply basic concepts of Off Street Parking

2. To develop a stripping plan for the Starker Arts Park Parking Area

3. To maximize the number of parking spaces, including accessible parking spaces near the pathways and hard surface access points to the park.

Report: 

It is anticipated that many of the lab reports will be copied and distributed to Corvallis Parks and Recreation to help them plan and develop a parking plan for the Starker Arts Park Area. Please turn in two copies of your report. One copy will be graded and should be stapled or permanently bound. The second copy should be single sided and bound with a paper clip and will be reproduced one or more times.

The report format should be concise, but written in a professional manner. It is anticipated that the report including diagrams, analysis and recommendations should be between 5-10 pages in length.

A separate one page sheet documenting group effort on the project should also be turned in. The sheet should indicate the number of hours that each person spent on the laboratory. ( I am using this as an indication of the level of effort and number of volunteer hours that each of you have contributed for Corvallis Parks and Recreation.)  

Where is Starker Arts Park?

Driving Directions: 

Starting from 14th and Monroe, drive south on 14th Street to Philomath Highway – Highway #20. Turn west (right) onto Philomath Highway and head west to 35th. At 35th turn left onto 35th .  Turn right onto Country Club Drive and head about ¼ mile ..you will see community garden and soft ball field..turn right and you should be at Starker Arts Park.

Biking/Walking Directions: 

Starting from 14th and Monroe, ride/walk south on 14th Street to Philomath Highway – Highway #20. Cross the highway and pick up bike path..follow bike path west and it will take you right to the park.  P.S. the ducks loved to be fed!

Minimum Equipment Required:

50 foot tape measure 

Parking Lot Design

Introduction:  

These notes only address the concerns of off street parking, and specifically single level parking lot design.    The primary aim in designing off –street parking facilities is to maximize the number of spaces.  The most important consideration is that the layout should be such that parking a vehicle involves only one distinct maneuver, without the necessity to reverse.  The geometric design of parking facilities involves the dimensioning and arranging of parking bays to provide safe and easy access.

Off street parking facilities range from the parking pad, carport or garage of a single family home to lots or garages serving large parking generators such as shopping centers, park and ride lots, and entertainment complexes. Parking facilities may be general purpose, open or free, or they may be restrictive in use or charge fees for use.  

Parking is an important part of the transportation system or trip because it is the terminal or destination for a trip.  After a vehicle has been driven to a destination, its’ usefulness is diminished if there is a delay or difficulty in parking.  To be efficient the transportation system must include adequate parking facilities at all places that generate trips.  In many cities the Central Business District (CBD) is highly congested and parking is often scarce and expensive.  Many of the parking issues are resolved by providing responsive public transportation systems and park and ride lots in outlying areas.

This portion of the website is intended to help the undergraduate engineer in his/her studies of the more quantifiable aspects of off-street parking lot design. Our focus here is on the planning and design aspects. To begin your journey through the world of Parking Lot design, click on one of the links at the left.

Terms and Definitions:

Aisle:  the recommended aisle width is dependent on the parking angle.  A parking angle of 45 o requires an aisle width of 12 feet for a 9.0 foot stall, and a 90o parking angle requires an aisle width of 26 feet for a 9.0 foot stall.  These dimensions lead to wall to wall distances of 47 feet for 45o and 63 feet for 90o.

CBD: Central Business District, typically ranging from an average size of 27 blocks (10,000-25,000 population cities); to over 200 blocks (cities over 1,000,000 population).

CBD Core: the heart of business, commercial, financial and administrative activity, typically ranging in size from an average of 7 blocks (10,000-25,000 population cities) to over 60 blocks (cities over 1,000,000 population).

CBD Fringe: the area immediately surrounding the CBD, usually within 2-3 blocks

Outlying Business District: am area generally removed by a mile or more from a central CBD for example a regional town center located in a suburban area.

Change of Mode: the transfer from one form of transportation to another.  A park and ride lot is an example of a change of mode, where an auto driver parks the vehicle and rides public transportation for the remainder of the trip.

Cordon Count: the simultaneous counting of all traffic entering and leaving a given area such as a CBD.  It is generally a manual vehicle classification count supplemented with automatic traffic recorder counts.

Modules: a complete module is one access aisle servicing a row of parking on each side of the aisle.

Partial Modules: when one access aisle only serves a single one-side row of parking.

Stall Width: most common width is 8.5 to 9.0 feet. Stall widths are measured crosswise to the vehicle

Stall length or longitudinal dimension of the stall is recommended to be 18.5 feet

Study Period: the time during which the parking study is conducted, usually between 10:00 A.M. and 6:00 P.M. however, increasing emphasis is being placed on inclusion of the morning and evening periods within the length of the study.  Certain uses, such a theatres, may peak in the evening hours, while residential parking demand peaks around 3:00 A.M. 

Trip Purpose: the primary reason for the person coming to the study area.  Typical purposes include shopping, working, business and recreation.

 Turning radii: Generous turning radii should be provided and these  are a function of the parking angle and end island design, but in general the turning radii should be at least 18 feet.

Duration: the actual length of time a vehicle remains in one parking space.

Parking accumulation: the total number of vehicles parked in a specific area (usually segregated by type of parking facility) at a specific time.

Parking Space: an area large enough to accommodate one vehicle with unrestricted access (no blockage by another parked vehicle), but excludes maneuver space.

Parking Demand: the number of vehicles whose drivers desire to park at a specific location or in a general area.  It is usually expressed as the number of vehicles during the peak parking hour.

Parking Supply: the number of spaces available for use, usually classified by on-street curb (metered and unmetered), lot and garage.  Further differentiation of the types of parking is useful, such as those available to the general public, those private spaces earmarked for a specific purpose such as loading.

Short Term Parking: generally three hours or less.

Long Term Parking: generally four hours or more.

Turnover: the number of different vehicles parked at a specific parking space or facility during the study period.  Parking Turnover measures utilization.

Parking Volume: the total number of vehicles that park in a study area during a specific length of time

Accessible path: is a barrier free path that persons with mobility or sensory impairments can safely follow without obstacles or obstructions.  Accessible paths are at least 5 feet wide and level.

Van Accessible: is a parking space that is at least 8 feet wide, with a minimum access aisle of 5 feet along the right side of the parking space.

Theory and Concepts:

Many facets of parking are interrelated.  Parking programs usually evolve from parking studies to determine the supply and demand of parking, as well as estimates of future parking demand. Parking facility planning and design require a determination of the number of spaces needed and the proper location for these spaces and a workable layout with acceptable operating controls.   In addition other factors need to be considered such as characteristics of the transportation system and users, transportation attractions and generators, and transportation operations.

Parking Characteristics:

Vehicle parking is an important element of the surface transportation system.  

The user characteristics need to be studied.  This includes trip purpose, socio-economic characteristics, and automobile ownership.  In addition other factors such as land use characteristics, walking distances, and development types and densities.  

Other characteristics that need to be studied include arrival and departure patterns, parking duration, parking generation characteristics of specific types of buildings, and local zoning regulations for off street parking.

Parking Studies: 

Studies need to be conducted to develop the needed information on the capacity and use of existing parking facilities. In addition, information is needed on the location and extent of demand for parking, the adequacy of access and egress capacity at off-street facilities, the influence of these facilities on traffic flow in their vicinity, and the effect and desirability of modifying the parking supply or rate structure.  Studies may be restricted to a particular traffic producer or attractor, neighborhood, or may even encompass and entire area.

	Parking Studies: 

	1.
Designation of Survey Area

	2.
Inventory of Parking Facilities

	3.
Accumulation Counts

	4.
Duration and Turnover Surveys

	5.
User Information Surveys

	6.
Land Use Method


Parking Studies: 

1. Designation of Survey Area: A cordon line is drawn to delineate the study area.  It should include traffic generators and a periphery including all points within an appropriate walking distance.  The survey area should also include any area that might be impacted by the parking modifications.  The boundary should also be drawn to facilitate cordon counts by minimizing the number of entrance and exit points.

2. Inventory of Parking Facilities: Information is collected on the current condition of parking facilities.  This includes:

·  the location, condition, type, and number of parking spaces,  

· parking rates if appropriate, these are often related to trip generation or other land use considerations

· time limits and hours of availability and any other restrictions

· layout of spaces: geometry, other features such as crosswalks and city services

· ownership of the off-street facilities

3. Accumulation Counts: These are conducted to obtain data on the number of vehicles parked in a study area. The number of vehicles entering and exiting an area are counted to obtain parking accumulation.  Also the number of vehicles already in an area are also counted or estimated.  During each time period the number of vehicles entering and exiting are noted and added or subtracted from the accumulated number of vehicles.  Accumulation data are normally summarized by time period for the entire study area.  The occupancy can be calculated by taking accumulation/total spaces.  The accumulation data can be graphed by time of day to determine the peaking characteristics.  The accumulation graph usually includes a cumulative arrivals and cumulative departure graph, and the resultant  accumulation graph.

4. Duration and Turnover Surveys: The accumulation study does not provide information on parking duration, turnover or parking violations.  This information requires a license plate survey.  Often this is very expensive so modifications are made on the field data collection protocols.   There is a trade off between data collection costs and study accuracy.   In planning a license plate survey, assume that each patrolling observer can check about four spaces per minute.  Although the first observer will be slower because all the license plate numbers will have to be recorded.  Subsequent observers will be able to work much faster.  The form shown below can be used for a license plate survey.  Parking turnover is the rate of use of a facility and is determined by dividing the number of available parking spaces into the number of vehicles parked in those spaces in a stated time period.

Table1    Typical License Plate Survey Field Form for Curbside Survey

Street________________ Side ___________Study Date___________ Data Collector___

From_________________  To ________________  Direction of Travel ______ 

	Space No
	Space Desc.
	Time at beginning of Patrol
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5. User Information Surveys: Individual parkers can provide valuable information that is not attainable with license plate surveys.  The two major methods for collecting these data are parking interviews and postcard studies.  For the parking interviews, the following information can be gathered: origin and destination information, trip purpose, and trip frequency.  The postage paid postcard surveys requests the same information as in the parking interview.  Return rates average about 35% and may include bias.

6. Land Use Method: It is possible to use parking generation rates to estimate the demand for parking.

· Tabulate the type and intensity of land uses throughout the study area

· Based on reported parking generation rates, estimate the amount of parking spaces needed for each unit of land use.

· Determine the demand for parking from questionnaires.   A rule of thumb is to over estimate the demand for parking by about 10 %. If the analysis suggests that the parking demand for a particular facility will be  500 spaces, then the design should be for 550 spaces.

The information from the various parking studies is used to evaluate  the existing parking conditions.  This information is then used to estimate the future demand for parking that will need to be serviced.  

Parking demand forecasting depends of the type of land use characteristics that generate the trip ends.  Various transportation demand forecasting tools can be used to develop estimation of parking demand.

Parking Facility Design Process: The following steps will help in the design of a parking facility.

1. Vehicular access from the street system ( entry driveway)

2. Search for a parking stall (circulation and /or access aisles)

3. Maneuver space to enter the stall ( access aisle)

4. Sufficient stall size to accommodate the vehicle’s length and width plus space to open vehicle doors

5. Pedestrian access to and from the facility boundary –usually via the aisles

6. Maneuver Space to exit from the parking stall – access aisles

7. Routing to leave the facility – access and circulation aisles 

8. Vehicle egress to the street system- exit driveways

Off Street Facility Design:

Off Street Facility Entrances and Exits: For larger off-street parking facilities the movements in and out generally must be related to the traffic operations on adjacent streets.  Access management techniques often determine the number and spacing of access points.  It is important that the access points accommodate incoming vehicles with out storage on the streets.  In some instances the surrounding street network maybe constrained by the design of street network rather than by parking demand.

Entrances and exits should not be located where there would be conflicts with intersections, sight distance problems or near other driveways.   Access points should be located as far away from intersections and conflict points as possible.  Combined entry- exit points should be located at mid-block.   The basic nominal design width for a two way driveway serving commercial land use is 30 ft with 15 feet radii.  With greater volumes such as at a shopping center a 36 ft driveway may be appropriate, marked with two exit lanes (each 10 or 11 ft wide) and an single entry lane (14-16 ft wide) to accommodate the off tracking path of an entering vehicles.  Of course for larger commercial facilities such as a regional shopping center, then twin entry and exit lanes may be needed separated by a 4- 12 ft median.  It is important the local and state regulations concerning access management are followed in the design of access to off street parking facilities.  

Operation: The internal operations of an off-street parking facility may be classified in two different categories: self  parking  by the vehicle driver and parking by attendants. Self  parking is used almost universally for off-street single level facilities.  It provides more freedom for the vehicle operator, has lower operating costs for the facility owner but it requires more area per car in both the aisles and stalls.  In cases of toll booths and other restrictions at entrances or exits, reservoir space for holding vehicles that are queued up needs to be provided. In general, 2-3 spaces per lane are required at entrances to self parking lots where a ticket needs to be picked up.  At exits, a much larger reservoir needs to be provided.  These bottlenecks can be eased by provided more channels at exit. In general two exits lanes are required for each entering lane.  In addition street circulation and pedestrian activities can also impede the operation of entrances and exits at off street parking facilities.

Layout:  The objective of the designer is to maximize the number of stalls or storage area.

1. The layout of the parking facility must be flexible enough to adapt to future changes in vehicle dimensions.

2. The stall and aisle dimensions must be compatible with the type of operation planned for the facility.

The Critical dimensions are : the width and length of stalls, the width of aisle, the angle of parking,  and radius of turns.  All these dimensions are related to the vehicle dimensions and performance characteristics.  In recent years there have been a number of changes in vehicle dimensions.  The popularity of the minivan and sport utility vehicles has an impact on the design of parking facilities.  For the near future a wide mix of vehicle sizes should be anticipated.  There are three approaches for handling the layout:

1) Design all spaces for large-size vehicles ( about 6 feet wide and 17-18 ft long)

2) Design some of the spaces for large vehicles and some for small vehicles ( about 5 ft wide and 14-15 ft long)

3) Provide a composite layout with intermediate dimensions ( too small for large vehicles and too big for small vehicles)

For design, it is customary to work with stalls, aisles and combinations called “modules”.  A complete module is one access aisle servicing a row of parking on each side of the aisle.  The width of the aisle for a combination of vehicles is 8.3 to 8.8 feet.  Where there is a high turnover of vehicles the wider width is recommended.  The stall width is measured crosswise to the vehicle, so that if the stall is placed at an angle of less than 90o then the width parallel to the aisle must be increased. The length of the stall should be large enough to accommodate most of the vehicles.  The length of the stall refers to the longitudinal dimension of the stall.  When the stall is rotated an angle of less than 90o, the stall depth perpendicular to the aisle increases up to 1 ft or more.  It should be noted that the effective stall depth depends on the boundary conditions of the module, and this includes walls, curbs with or without overhang, drive in versus back in operations.  For parking at angles of less than 90o front bumper overhangs beyond the curbing are generally reduced with decreasing angle and for example drop to about 2 ft at 45o angles.

Another type of module, the interlock is possible at angles below 90o.  There are two types of interlock.  The most common and preferable type is the bumper-to-bumper arrangement.  The “nested” interlock can be used at 45o and is produced by adjacent sides having one way movements in the same direction.  This arrangement requires the bumper of one car to face the fender of another car.  Often in reasonably large parking facilities spaces are often segregated according to size.  This approach penalizes the large vehicle, but provides improved utilization of land.  In areas where there are accumulations of snow, space needs to be provided for snow removal.
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TYPICAL SELF-PARKING DIMENSIONS





Layout:


ADA considerations:  The Americans with Disabilities Act Accessibility Guidelines for Buildings and Facilities (ADAAG)  specifies the number and dimensions of accessible parking spaces.    Where possible the accessible parking spaces should be provided on the accessible path to the facility entrance and minimize the distance traveled.

	Total Parking in Lot
	Required Minimum Number Of Accessible Spaces

	1 to 25
	1

	26 to 50
	2

	51 to 75
	3

	76 to 100
	4

	100 to 150
	5

	151 to 200
	6

	201 to 300
	7

	301 to 400
	8

	401 to 500
	9

	501 to 1000
	2 percent of total

	1001 and over
	20 plus 1 for each 100 over 1000


One in eight accessible spaces, but not less than one should be “van accessible”.  These spaces should be 96 in (2440mm) wide.   Parking access aisles need to be part of the accessible path to the building.  Two adjacent accessible spaces may share a common access aisle.  The access aisle should be 5 feet wide.  Parking spaces and access aisles should be level with surface slopes not greater than 1:50 (2%) in all directions.

The relative efficiencies of various parking angles may be compared by the number of square feet required per car space (including the prorated area of the access aisle and entrances).  Where the size and shape of the tract is appropriate, both the 90o and the 60 o parking layouts tend to require the smallest area per car space.  In typical lot layouts for large size vehicles, the average overall area required (including cross aisles and entrances) ranges between 310 and 330 square feet/car.  A very flat angle layout is significantly less efficient than other angles.

Many conditions exist where one-way aisles are desirable.  With angles less than 90o, drivers can be restricted to certain directions; however, the angle should usually be no greater than 75o to avoid drivers going the wrong way.  Adjacent aisles generally have opposite driving directions.
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