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CHAPTER

1

INTRODUCTION

Anthony P. Chrest

1.1 BACKGROUND

Parking structures are found all over North America. They serve office
buildings, shopping centers, banks, universities, and hospitals, and are
in both urban or suburban areas.

Parking structures have been designed and built for decades. Why,
then, the need for this book?

Parking structure design is more difficult than is immediately appar-
ent, which can lead to deficiencies in the finished building. Yet this
need not be so. It is hoped that the direction and advice given in
this book will raise awareness of the complexities of parking structures
and lead to their improved design, construction, maintenance, and
repair.

Parking structures may appear simple, but can be deceptively difficult
to plan, design, and construct. Aside from consideration of the impact
on traffic in the surrounding streets, attention must be given to
entrances and exits, revenue control, internal traffic and pedestrian
circulation, patron security, openness requirements, structure durabil-
ity, maintainability, and other matters not usually encountered in
urban buildings.

As a result, even experienced designers and builders can be caught
by practices they have used before, but which will not work in parking
structures. Owners, too, may make decisions based on their previous
experience, but that experience may not be applicable to parking
structures. Much of this advice will apply to surface parking lots
as well.
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1.2 PURPOSE

The purpose of this book is to explain some of the peculiarities of
parking structures that set them apart from other building types, and
to offer some advice on how to avoid or deal with these unique features.

1.3 PARKING STRUCTURE PECULIARITIES

It is important to know that building codes recognize two types of
parking structures—open and closed. Open parking structures do not
require mechanical ventilation or sprinklers in most cases, as do closed
structures; therefore they are less expensive.

For a building code to admit a parking structure as open, it must
meet specific requirements in that code. For instance, the Uniform
Building Code states, in part,

For the purpose of this section, an open parking garage is a structure of
Type 1 or II construction which is open on two or more sides totalling
not less than 40 percent of the building perimeter and which is used
exclusively for parking or storage of private pleasure cars. For a side to
be considered open, the total area of openings distributed along the side
shall be not less than 50 percent of the exterior area of the side of each tier.

Other codes have similar requirements, differing only in degree. A
parking structure not meeting the code requirements for openness will
be considered closed. A closed parking structure carries more stringent
requirements for ventilation and fire protection, especially if automobile
service will be inside the structure. The term used in most building
codes for parking structures that are not open is garage.

It is always important, then, in dealing with building departments
and code authorities to identify your project properly. In this book,
unless we specifically state otherwise, we are usually discussing open
parking structures, though most of the material applies to garages and
surface lots as well.

Chapter 2 deals with internal circulation. In years past, a 300 to 500-
car parking structure was considered an average size project, and a
1000-car deck, huge. These days, structures of 1000-3000 cars are not
uncommon, and decks large enough to hold 12,000 cars are being built.
With the advent of larger-capacity structures, the old rules of thumb
for determining the number of entrance and exit lanes, and internal
circulation routes to permit traffic to flow smoothly, are no longer ade-
quate. Further, parking-related dimensions—stall width and length,
parking angle, and parking module (the clear dimension between oppo-



INTRODUCTION 3

site walls of a parking bay)—are often limited by local ordinance. The
local rules may often be outdated, leading to uneconomical parking
structures.

Parking-related dimensions will differ for different patron types. At
one end of the spectrum is a deck used for office parking only. Since
the office worker will tend to park in the same spot all day, and probably
in the same spot or close to it every day, he or she will quickly become
used to the circulation pattern within the structure. Also the office
worker will not require a wide parking stall. At the other end of the
spectrum is a deck used for shopping center parking. Shoppers may be
unfamiliar with the structure, will park for shorter periods, and will
need wider parking stalls to load and unload passengers and packages.
Chapter 3 deals with access issues, such as revenue control systems
and designing entrances and exits for peak activity levels. As parking
facilities have grown, these issues have become more significant.

Parking structures have attracted vandals, muggers, and rapists in
recent years. Courts have held owners, operators, and sometimes archi-
tects and engineers responsible for security features or their absence.
No amount of retrofitting can replace good original design practices.
Chapter 4 addresses security and safety.

Good lighting, an important part of security and safety in a parking
structure, is addressed in Chapter 5. Wayfinding, also important to
security and safety, as well as helping to make the facility more user
friendly, is covered in Chapter 6. The requirements of the Americans
with Disabilities Act (ADA) as they apply to parking structures are
addressed in Chapter 7.

Chapter 8 deals with structural design and Chapter 9, seismic design.
Parking structures have unusual proportions, compared to most build-
ings. A typical cast-in-place structure might have one-way postten-
sioned slabs spanning 18-24 ft, supported by posttensioned beams
spanning 54-62 ft. A precast structure typically has double tees span-
ning the 54 to 62-foot dimension, supported by spandrel beams span-
ning 18-30 ft. The floors in adjacent bays slope, so the beams join the
columns at staggered levels. The interior columns between sloped floors
may be short and stiff because of the building proportions.

In plan, the structure is relatively large. Structures 200-300 ft long
and 110-130 ft wide are common. Many structures are larger.

To this rigid framing system, add the combined effects of camber in
the beams and floor elements due to prestressing, vertical and horizontal
deflections due to car and people loads, the structure’s own weight,
wind, earthquake, and construction. To complicate matters further, next
add in the effects of structure volume changes due to shortening from
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the prestressing forces, shrinkage, and creep. Finally, add in the effects
of severe weather and climate fluctuations. Now we have a system with
which many engineers are unfamiliar and that others understand only
partially. Even engineers relatively experienced in parking structure
design may not always avoid some of the complexities inherent in a
particular structure under certain combinations of conditions.

Because the parking structure is open, yearly temperature extremes
can affect the floor elements, beams, columns, and walls. These ele-
ments are accessible in varying degrees to rain, snow, and sun. In
climates where pavements are salted to control snow and ice, the salt
will increase the number of freeze-thaw cycles and lead to corrosion
of the steel reinforcement in floors and the lower parts of walls and
columns.

Other than bridges, no other structure type has to resist such a variety
of attack by corrosive environments and deteriorating forces. Unlike
most buildings, parking structures have no protective envelope. Unlike
most bridges, which rain can wash clean, only the roof of a parking
structure is entirely open to rain. Designing a parking structure accord-
ing to highway bridge codes will make it cost more than it should;
however, if you design the structure according to some building codes,
without special attention to its unique exposure, use, and requirements
for durability, it will not perform well. Chapter 10 addresses design
for durability.

A parking structure is a street in the sky. Like a street, it has signs,
lighting, traffic controls, and parking spaces. Like a street, it’s expected
to last and requires periodic maintenance.

In a parking structure there are no carpets, ceilings, or wall finishes
to conceal mistakes in forming or finishing. Extra care must be taken,
then, to construct the building properly. There is also less leeway with
respect to quality control of the concrete and reinforcement to achieve
a durable structure. Finishing and curing require more care. These
concerns are addressed in Chapter 11 on specifications and 12 on con-
struction.

Parking structures require at least as much attention to maintenance
as any other building—perhaps more. Though there may be only bare
concrete to maintain, that concrete is exposed to severe weather fluctua-
tions. Chapters 13, 14, and 15 address maintenance and repair.

1.4 ORGANIZATION OF THE BOOK

We hope that the three major parts of this book will help you deal
successfully with the problem areas described in Section 1.3.



INTRODUCTION 5

No matter how well the structural framing is designed, and no matter
how durable it is, drivers must be able to enter and exit the structure,
circulate and park with safety and convenience. Patrons, whether driv-
ing or walking, should feel safe and secure. The first part’s following
six chapters address these matters by dealing with functional planning,
parking space layout, parking efficiency, entrance and exit planning
and control, security, safety, the Americans with Disabilities Act (ADA),
lighting, and graphics.

Having dealt with first things first, the book’s second part, in six
chapters, expands on the subjects of structural design, construction
materials and durability, specifications and construction.

To complete the subject matter, the third part’s three chapters treat
maintenance and repair. If you are not familiar with parking structure
terminology, you will find a Glossary following Chapter 15.



CHAPTER

2

FUNCTIONAL DESIGN

Mary S. Smith

2.1 INTRODUCTION

Parking structures have many things in common with buildings, but
also have some unique differences. A very elemental one is that there
must be some circulation system that provides access from one floor to
the next; cars cannot use the elevators and stairs that provide circulation
for pedestrians. The circulation system can be quite complex and diffi-
cult for a lay person to understand when looking at drawings. Just
because it is complex does not mean that it will be confusing to the
parker; on the other hand, some systems are confusing to the unfamiliar
user. It is important, therefore, that the owner have a basic understand-
ing of the issues in order to intelligently review and approve designs.
An owner is going to have to live with the functional system on a
day-to-day basis, and will quickly find out if the functional design is
not successful.

Many factors affect the selection of the best functional design for a
particular parking facility:

type(s) of users dimensions of site

pedestrian needs parking geometrics
wayfinding peak-hour volumes
floor-to-floor height flow capacity

This chapter provides guidelines for the functional design. If these
guidelines are followed, the most frequent pitfalls can be avoided. It

6
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should be noted, however, that the guidelines do not cover all the
minute details that must be considered in the preparation of documents
for construction; only experience can teach all the little tricks that
maximize user acceptance while minimizing cost.

2.2 THE LEVEL OF SERVICE APPROACH

Over the years parking designers have developed quite a number of
“rules of thumb” for elements of functional design. These rules pre-
scribe, for example, the maximum number of turns or spaces passed in
the path of travel.! Professional judgment is still required to apply the
rules to a specific situation; some rules are more important than others
with some types of users. For example, it is desirable to route unfamiliar
users past as many spaces as possible in a small to moderate-size facility.
However, if most users park in the facility every day, it is desirable to
get them in and out as fast as possible, which usually means minimizing
the number of spaces passed; thus, no one set of design standards is
suitable for all situations.

Traffic engineers have similar problems in designing streets and inter-
sections; the degree of congestion that is acceptable to users and the
community varies substantially. To overcome this problem, traffic engi-
neers developed a system of classifying conditions by levels of service
(LOS). For traffic at signalized intersections, conditions of virtually free
flow and no delays are LOS A, the highest level of service. As congestion
increases, the level of service decreases. The lowest LOS, F, is popularly
(or unpopularly to those caught in one) called “gridlock.” LOS E is the
maximum flow of cars that can be accommodated before conditions
begin to totally jam. The LOS system is used to reflect the acceptability
of a parameter to the users or a community. Most roadways that are
new or are being improved are designed to attain an LOS of C or
better in the peak hours. LOS D is tolerated by commuters in our
major urban centers, and efforts to mitigate the conditions would
not be initiated unless the LOS drops to E or even F. In a small
town, however, a street condition of LOS B may generate an outcry
for traffic improvements.

Therefore, issues related specifically to the user can be addressed
by selecting a level of service appropriate to the circumstance. Table
2-1 relates level of service criteria to the needs/concerns of users. A
major factor in selecting LOS is the familiarity of the user. The
turnover rate in a facility also plays a role; when arriving and
departing vehicle activity is sustained at high levels throughout most
of the day, a better level of service should be provided than if there is
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TABLE 2-1. Level of Service Criteria

Acceptable
. Level of Service
Design
Consideration  Chief Factor D C B A

Turning radii, Freedom to Employees Visitors

ramp slopes, etc.  maneuver
Travel distance, Travel time Visitors Employees

number of turns,

etc.
Geometrics Freedom to Employees Visitors

maneuver

Flow capacity v/c Ratio Employees Visitors
Entry/exits Average wait Visitors Employees

one rush period of a half-hour in the morning and another short one
in the evening. If employees represent the end of the scale with high
familiarity/low turnover, visitors usually represent the converse situa-
tion of low familiarity/high turnover. There are, of course, exceptions;
the multiday parker at the airport can be unfamiliar with the system.
Finally, the more urban and congested the setting of the facility, the
more tolerant users are of lower levels of service. LOS D is generally
only used in the core areas of the largest cities (New York, Los Angeles,
Chicago, and San Francisco) where land values and parking fees are at
a premium level.

As seen in Table 2-1, most criteria dictate a higher level of service
for visitors than for employees. However, certain criteria, generally
those concerned with travel time and average wait, can result in
reversal—i.e., providing a higher level of service for employees
than visitors.

There also may be competing objectives that require compromising
one criterion for the sake of another. For example, increasing the floor-
to-floor height improves LOS but may increase the ramp slopes, which
would lower the LOS of that criterion.

In many cases the specific type of user plays a major role, even within
the same land use type. Is the user a family going to a theme park
(loaded down with strollers and diaper bags) or a group of adult friends
going to a football game? Is it an elderly couple meeting the family at
the airport or is it a business traveler?

Are there choices/alternatives for the user? Is the user a shopper who
has a number of choices or a visitor who comes to the site for a reason
that will not be heavily influenced by parking convenience, such as to
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visit a specific doctor? Is it the only parking choice for the person, such
as in the suburban office building, or is there a variety of parking options
at various prices and walking distances such as in a central business dis-
trict?

How long is the person going to stay—a few minutes, a few days?
How often does the user park in the facility? Will the person park there
every day or once a year? Is it a “stressful” situation such as hurrying
to the airport or going to the hospital versus a more routine commute
or shopping trip?

What are the users’ expectations? Is the location suburban or urban?
Is it the lot in front of a convenience center or an overflow lot used at
the regional shopping center only at Christmas season? Is it a suburban
office park where convenience is part of the marketing of the building
to tenants or a special event where congestion and long walking dis-
tances are anticipated? Is it a corporate headquarters where the image
of the corporation is an issue, or a “spec” office building?

In each of the above paired questions, a better level of service should
be afforded to the former than the latter type of user.

It is also critically important to understand that a system could be
quite consciously designed with LOS A for most parameters but with
LOS D for one or more components. For example, airport parking struc-
tures are typically designed to LOS A, except for queuing at the toll
plaza, which might fall to LOS C or even D on busy days. This generally
relates to the fact that activity at the toll plaza is highly variable. It
simply is not feasible to staff enough booths to keep queuing to LOS A
at peak periods because they would be grossly underutilized the rest
of the shift. Also airport users, even frequent travelers, tolerate (if not
expect) some queuing in peak hours. Another example might be an
urban parking structure. While users expect more congestion and a
lower level of service than they would in a suburban setting, security
considerations might dictate that certain parameters be designed to LOS
A even though others are designed to LOS D.

The same parameters might also be designed to different levels of
service at different points within the system. For example, we consider
that the parking used on average or typical days at shopping centers
should be designed for LOS A. For busy Saturdays LOS B should be
maintained, and the parking that is only used for a few hours on the
busiest days of the year might be designed for LOS C.

The level of service approach is applicable to a number of design
considerations in parking facilities, including entry/exits, geometrics,
flow capacity, travel distance and spaces passed, turning radii, and floor
slopes. The old rules of thumb have thus been transformed into levels of
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service for these areas, as will be discussed in this chapter on functional
design and in the next on access design.

2.3 CIRCULATION SYSTEMS
2.3.1 The Building Blocks

Four very basic building blocks are used in any parking facility design:
“level” parking bays, “level” drive aisles without parking, “sloped”
parking bays, and “sloped” drive aisles without parking. (See the Glos-
sary for definition of level and sloped floors in parking connotations.)
Sloped drive aisles without parking are also called ramps. There are
three ramp subtypes: circular or express helixes, express ramps, and
speed ramps (Figure 2-1).

Almost all functional systems are composed of the four basic building
blocks assembled in one of two forms of a helix for circulation through
the facility (Figure 2-2).

The basic forms of the helix are the single-threaded helix which rises
one tier (usually 10 to 12 ft) with every 360 degrees of revolution, and
the double-threaded helix that rises two tiers with every 360 degrees
of revolution. The reason the latter is called a double-threaded helix
is that because, by rising 20 ft per revolution, two “threads” may be
intertwined on the same footprint. A double-threaded helix thus allows
a vehicle to circulate from the bottom to the top (or the top to the
bottom) of a facility with roughly half the number of turns and driving
distance. Express helixes can be either single or double threaded, as
can parking bays.

There is also a triple-threaded helix but it is seldom used. The triple
threaded helix rises three levels with each 360 degrees of revolution
and has three threads intertwined.

2.3.2 Wayfinding and Pedestrian Concerns

Wayfinding is the ability to understand where you are and to find where
you want to go in a building and then to recollect the path of travel
when departing. Wayfinding design involves the total planning of the
functional design to enhance this ability. It is much more than signage
or graphics. In fact, if signage is critical to wayfinding, a parking facility,
in particular, is in trouble. When Jerry Seinfeld devotes an entire epi-
sode of his television show to getting lost in a parking structure, it is
obvious that wayfinding is a major concern to users and owners alike.
A key goal of wayfinding should be that the people know where they
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Figure 2-1. Some basic parking terms.

are and where they want to go with a minimum of signs. Therefore,
wayfinding is discussed in this chapter on functional design rather than
in Chapter 6, Signage and Graphics.

Although wayfinding is a relatively new buzzword in the design
industry, the individual concepts or components have long been known.
Indeed, many are simply common sense. However, wayfinding design
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A Helix

+35

+30° +30° +30°
+25°

+20° +20° +20'
+15°

+10° +10° +10'
+5

4]
0 o]
Parking Bays In a Parking Bays In a
Single Threaded Helix Double Threaded Helix

Figure 2-2. Helixes are used to provide floor-to-floor circulation in parking facilities.

provides a framework to draw all of these individual considerations
into a cohesive, single focus. It also reflects the much higher emphasis
on designing for the specific needs of the users that exists today. Table
2-2 from the first edition of this text, which presented level-of-service
criteria for various design parameters, has been expanded to provide
more guidance in the area of wayfinding. This necessitated breaking the
table into two components, wayfinding and pedestrian considerations
(Table 2-2) and vehicular circulation (Table 2-3.)

Obviously, wayfinding is not a major concern for a use that predomi-
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TABLE 2-2. Recommended Design Parameters for Wayfinding

Design Standard For: LOSD LOS C LOS B LOS A

Maximum walking distance
Within parking facilities

Surface lot 1400’ 1050 700’ 350
Structure 1200’ 900’ 600’ 300’
Front parking to destination
Climate controlled 5200 3800’ 2400’ 1000
Outdoors, covered 2000’ 1500 1000’ 500’
Outdoors, uncovered 1600 1200 800’ 400’
Floor-to-floor height’
Long span, posttensioned? 9'6” 10'6” 11'6” 12'6”
Long span, precast 106" 11'6” 126" 136"
% spaces on flat floors 0% 30% 60% 90%
Parking ramp slope 6.5% 6% 5.5% 5%
360-degree turns to top 7 5.5 4 2.5
Short circuit in long run? 400 350’ 300’ 250’
Travel distance to crossover* 750’ 600’ 450’ 300
Spaces searched or compartment size®
Angled 1600 1200 800 400
Perpendicular 1000 750 500 250

! Minimum vertical clearance for van accessibility is 8’2", which requires minimum floor-
to-floor heights per LOS C.

2 LOS D clearance for P/T design set by minimum 6’8” overhead clearance; some codes
required 7°0”.

® To shorten exit path of travel.

* In one-way designs it is necessary to continue on the inbound path of travel before
connection to the outbound path.

5 Spaces passed on primary search path; or spaces per floor in express ramp design.

nantly generates regular users. For example, more than 90% of the
parking spaces at office uses (excluding medical and certain consumer
service offices) are used by employees of the tenant(s). It is generally
not necessary to place a high priority on wayfinding, especially if a
convenient parking area is reserved for visitors. However, many of the
features that enhance wayfinding also enhance passive security, and
thus some of the same design features might be a priority for parking
facilities where wayfinding is not a high priority.

In parking facility design, wayfinding is necessary for both drivers
and pedestrians. The following discussion will follow the progress of
the typical user through the parking facility.

First, the driver must find and recognize the building as a parking
facility. While it is appropriate to make the parking facility’s architec-
ture compatible with that in the area, hiding or camouflaging the struc-
ture should not be the goal. The well-known architect Stanley Tigerman
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TABLE 2-3. Recommended Design Parameters for Vehicular Circulation

Design Standard for: LOSD LOSC LOSB LOSA

Nonparking Roadways and Express Ramps
Lane width, straight

One lane! 10’0” 106" 110" 116"
Multiple lanes 9'0” 9'6” 100”7 106"
Clearance to obstructions?® 0’6" 10" 1’6" 2’0"

Radius, turning (outside front wheel}** 24'0" 300" 360" 420"
Lane width, turning®®

One lane 13’6” 13'6” 13'6” 13’6”

Ea add’l lane 120" 12°0” 120" 120"
Circular helix*’

Single-threaded?®

Outside diameter 600" 74°0” 880" 102'0”
Inside diameter® 240" 360" 48°0” 600"
Double-threaded
Outside diameter 800" 95’0” 110’0” 125’0”
Inside diameter® 44'0” 570" 70°0” 830"
Express ramp slope 16% 14% 12% 10%
Transition length 100" 11°0” 120”7 13'0”
Parking Areas ]
Radius, turning“ 240" 260" 280" 300"
Turning bays, clear between columns
One lane 14'6” 15'9” 17°0” 18'3”
Two lanes, concentric® 26'6” 28'0" 29'6” 31°0”
Two lanes, nonconcentric 290" 31"6” 340" 36'6”
PARC lane width® 8'9” 9'0” 9’3" 9’6"

! Use 15’ lane to pass breakdown, all LOS.

2 From edge of lane to wall, column, parked vehicle, or other obstruction, per AASHTO
1990 Figure 111-25.

# LOS D per AASHTO 1990 Figure 11-1.

* Left turns at radius are LOS ( )+; right turns are LOS ( )-.

8 LOS D per AASHTO 1990 Figures 111-23, except c is reduced to 2" per Figure 111-25.
® Use 20’ lane to pass breakdown, all LOS, per AASHTO 1990 Figure 111-23.

7 Helix diameter is out-to-out walls (6” walls assumed).

8 Turning radii/lane width increased 3’ due to multiple turns.

® Decrease 3’-6” to provide 20" lane to pass breakdown.

1 Ramp slope, minimum lane width, and clearance to walls control dimensions for
double-threaded helix.

1 Clear between face of columns; check clearance at back of parking stalls with turn-
ing template.

12 1f flow predominantly one-way, can reduce by 3'.

13 Assumes straight approach to lane; check turns into lanes with template.

took the opposite tack and designed the facade of a parking structure
in downtown Chicago to look like the front grille of a car! Whimsy
aside, the most important thing is to make sure the vehicle entrance is
clearly identifiable to a driver who may be dealing with many visual
distractions. Canopies or portals are often valuable in this effort.
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Upon turning into the facility, the entrance area must be welcoming
and well lighted. The parking control equipment, if any, should be
placed to allow the patron to recognize its presence. Where exit or
restricted lanes are provided in the same area as the visitor entrance
lanes, the driver must have adequate sight distance to determine which
lane to enter.

It is often desirable to not give the driver any choices immediately
after passing through the entry lane. Driving the length of the structure
before any further decisions are required will often help the driver
become acclimated to the facility.

A primary element of wayfinding design is to provide visual cues. A
simple, easily understood traffic pattern that is repeated on every floor
greatly eases wayfinding. It is desirable to route unfamiliar drivers past
visual anchors such as the main stair/elevator tower shortly after reach-
ing each floor. This begins to orient the parker for the pedestrian mode.
Certainly, turning traffic away from the tower and requiring a circuitous
route back to it should be avoided. In larger facilities, light wells and
other architectural features may also serve as visual anchors.

Visibility across the parking floor to the destination is another key to
wayfinding. Why is it that shoppers will accept relatively long walking
distances at the suburban shopping center but complain about parking
around the corner downtown? Because the shopper can see the shop-
ping center entrance from the moment he or she leaves the car. While
one might think that this primarily affects pedestrian wayfinding, visi-
bility while driving is equally beneficial.

Both security and wayfinding have caused a shift in the parking
industry away from complicated sloping parking floor designs to ones
that maximize the number of spaces on flat floors. In parallel, there has
been a shift toward maximizing the slope of parking ramps. Where the
site is long, the tendency is to keep the sloping portion to a minimum,
with the remainder flat, instead of using a long, more gentle slope.

Another issue affecting visibility is the floor-to-floor height as well
as the structural system. It is generally recognized that a cast-in-place
posttensioned (CIP P/T) parking structure has a higher perceived ceiling
height than other systems. This structural configuration also enhances
other functional/wayfinding issues: signage is more visible; lighting
more uniform. CIP P/T construction also tends to result in more open-
ness along bumper walls both at interior sloping ramps and exterior
walls. When precast is the preferred structural system, the same level
of service can be achieved by increasing the floor-to-floor height (see
Table 2-2 and Section 2.3.3 for further discussion of floor-to-floor
heights). Because signing and lighting flat slab, waffle, and other conven-
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tionally reinforced structural systems is even more difficult, floor-to-
floor heights must be carefully considered with those systems.

Minimizing the number of turns (in terms of 360 degree revolutions)
in the path of travel has long been a priority of parking designers. There
is a tendency for the driver to become disoriented, almost dizzy, when
there are too many turns in the path of travel. It is also important to
minimize the number of decision and/or conflict points. While having
spaces off the main path of travel helps flow capacity (as will be dis-
cussed later in this chapter), it greatly complicates wayfinding for the
unfamiliar user. Therefore, it is desirable to select a parking circulation
system that naturally leads parkers past all the spaces once and only
once. Conversely, when a driver is in the exit mode, short circuits that
minimize the travel distance are equally desirable.

There is a point at which the number of spaces that must be searched
to find an available one becomes excessive. In a larger facility, it is
desirable to break the system into smaller “compartments” with express
ramping systems to speed users to a floor with available spaces and
return them to the street. The system becomes a series of “parking lots”
stacked vertically. The driver then should only have to search a limited
area of stalls for a vacant parking space. Another option is to simply
break the structure into two (or more) structures with independent
circulation systems.

Once the driver has found a space and parked the car, pedestrian
considerations come into play. The first issue is helping the parker
remember where the car is parked. Here signage is critical, and it is
explored in Chapter 6.

Wayfinding for the pedestrian is greatly enhanced by visibility across
the parking floor, as previously discussed. Acceptable walking distances
and visibility are closely related. Fruin? stated:

There are indications that the tolerable limit of human walking distance is
more situation-related than energy related. . . . The tolerable walking dis-
tance foragiven design situation isrelated to such factors as the trip purpose
of the individual, the available time and the walking environment. We
would expand Fruin’s list of variables affecting acceptable walking dis-
tance to include the type of users, frequency of occurrence or use, the famil-
iarity of the user with the facility, expectations/concerns of the user (in-
cluding security), line of sight to destination, the degree of weather
protection along the path of travel, the perception or absence of barriers or
conflicts along the path of travel, and cost of alternatives to walking, if any.
Many of these elements are directly associated with wayfinding.

Table 2-2 presents guidelines for acceptable walking distances. For
further information on the development and application of these guide-
lines, see Smith and Butcher, 1994.}
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The walking path of travel is also a consideration. It is generally
desirable to orient parking aisles toward the pedestrian destination. In a
freestanding parking facility, that will usually be the main stair/elevator
tower. When bays are oriented transverse to this path, pedestrians will
cut through between parked vehicles, which at best is not very user-
friendly and at worst can cause security and safety concerns. If it is
necessary or appropriate, it may be desirable to have cross aisles aligned
with the stair/elevator tower or, in the case of direct connection to the
ultimate destination, the building entrance(s). However, our experience
is that pedestrians will always take the perceived shortest path, includ-
ing cutting between cars.

Proper location of stair/elevator towers in the overall path of travel
to the ultimate destination is also important. Just as the pedestrian
wants to see the tower from within the structure, so does the tower
serve as a beacon for the pedestrian returning to the parking facility.
Circuitous routes to, into, and out of these towers must be avoided.

Once the parker has retraced the route to the parking stall, wayfinding
returns to a vehicular mode. The exit route should be equally simple
and understandable. Keeping the exit route to the shortest path of travel
is often a high priority, as previously mentioned.

2.3.3 Dimensions of Site

The floor-to-floor heights and slope of the elements are factors that affect
the way in which our building blocks are assembled on a particular
site. Floor-to-floor heights generally are dependent on the depth of the
structural system used (for beams and floor elements) and the desired
clearance. It is generally advisable to limit vehicles entering a parking
facility to two to four inches less than the actual overhead clearance
because the vehicular clearance is impacted by sloping floors (Figure
2-3). In general, the minimum floor-to-floor height in posttensioned
parking facilities is 9’6", which provides overhead clearances of 6’8” to
6’10”. Such a facility would be signed with 6’6” vehicular clearance.
Some short-span designs get by with floor-to-floor heights less than 9'6”.
Vehicular clearances must also include allowances for light fixtures,
signage, and piping. Lights usually are tucked up between beams and/
or stems in long-span, prestressed structural systems and thus do not
affect clearance considerations. However, it is usually desirable to hang
signs below tee stems, as discussed in Chapter 6.

It is a little-known fact that model building codes originally specified
a 7’0” maximum overhead clearance for parking facilities because this
would keep out motor homes, heavier trucks, and other vehicles that
weigh more than the design loads required elsewhere in the code. Some
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Figure 2-3. Transition slopes and clearances in parking facilities.

communities and even some committees revising national codes did
not realize the connection with design loads and have altered the re-
quirement to 7’0” minimum to allow vans and other taller vehicles
access. However, all standard production vans sold in America are
610" in height or less and can be accommodated in facilities with 7°0”
vehicular clearance. Vans modified with “pop tops” or flashing lights,
or sometimes just special antennas, may not be able to traverse a struc-
ture with 7°0” vehicular clearance. The Americans with Disabilities Act
requires that 8’2" vertical clearance be provided for the path of travel
to/from van-accessible spaces, which generally requires increasing the
floor-to-floor height to 11’2” to 11’4”. It is only necessary to provide
this clearance along the path of travel to and from the required van-
accessible stalls. This standard will still exclude paratransit and camper
vehicles, which are simply too heavy compared to the design loads
employed for parking facilities.
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TABLE 2-4. Structure Length Parameters

Required Site Length

Traffic Flow
Rise LOSD LOS C LOS B LOS A
One-way
Ys-floor rise 107’ 124’ 144’ 167’
1-floor rise 180’ 212’ 248’ 292’
Two-way
Ys-floor rise 131’ 149’ 169’ 192’
1-floor rise 204’ 236" 273’ 317’

Once the clearance and floor-to-floor height are established, the slope
of floor elements providing circulation between floors will influence
the design. LOS classifications for slopes (as well as for other design
features) are shown in Table 2-2. To determine the minimum length of
a site for a structure with parking bays of LOS D slope, one must add
the turning bay dimensions shown in Table 2-3 to the minimum runs
necessary to achieve the desired rise and slope. Structural dimensions
such as exterior walls must also be added to determine the length of a
structure. Turning bays are usually kept level or slightly super-elevated.
Crossovers can be sloped at the same rate as parking bays if the crossover
is centered at the crossing point of the “X” formed by the two bays (see
Table 2-4).

Thus, in a single-threaded configuration that rises one-half tier along
each parking bay, the length of the structure must be at least 131 ft for
two-way traffic and LOS D design; LOS A requires a structure length
of 192 ft. A single-threaded system with a straight run that goes up a
full floor must have a site at least 180 ft long for one-way traffic (204
ft for two-way traffic) at LOS D. To meet LOS A parameters, the structure
length increases to 292 ft for one-way designs and 317 ft for two-way
designs. For a double-threaded helix, the same structure lengths apply
(see Figure 2-4).

If a sloping parking bay is desired but the structure length must be
less than the dimensions needed to rise the desired run, speed ramps
must be used at the turning bays to make up the difference. As long as
the slope of the speed ramp does not exceed the slope used for parking
bays, end-bay parking can be used. Therefore if the speed ramp is 36
ft long and LOS D slopes are being used for parking areas, a rise of
more than 2°4” ft in the speed ramp will necessitate the elimination of
end-bay parking (36" * .065" = 2.34').

Any discussion of slope must include the breakover effect; when
there is a difference in slope of 10% or more between two sections of
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Single Threaded Helix

Two Way Traffic, 90" Paorking
LOS D Dimensions

Double Threaded Helix

One Way Traffic, 75" Porking
LOS D Dimensions

Figure 2-4. To determine structure dimensions, structural clearances, turning bay
dimensions, module widths, and rise/run must all be included.

floor slab, a transition slope is required to prevent the vehicle from
“bottoming out” (Figure 2-3). In general, the transition area should have
one half the slope of the differential slope. Length of the transition
slope is presented in Table 2-3.

Speed ramps are limited to rises of 5 ft or so, and even then they
must be extended somewhat into the aisle because the overall ramp
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length, including transitions, must be 41.25 ft to achieve LOS D design
(10" * 8% + 21.25" * 16% + 10" * 8% = 5.0").

In sum, the length of the site impacts the type of system used; speed
ramps, however, can be used when the site is short.

The width of the site also impacts the selection of a system as it
determines the number and module width of parking bays that can be
placed on the site. The out-to-out width of the structure includes not
only the wall-to-wall dimension necessary to achieve the module, but
also the structural dimensions of the walls, etc. One of the chief factors
influencing structure width is whether one-way or two-way traffic flow
is employed.

2.3.4 One-Way or Two-Way Traffic Flow?

Is one-way traffic flow with angled parking better than two-way traffic
flow with perpendicular parking? Or vice versa?

Among the chief advantages of two-way design are benefits created
by its wider aisles, including a better angle of visibility when searching
for a space, and the ability to pass another driver who has stopped to
wait for a space about to be vacated. The wider aisles are also safer
for pedestrians.

Also, two-way traffic flow follows its own pattern rather than one
that is forced or regimented; thus a driver can’t make a mistake and
turn the wrong way down a one-way aisle.

Adherents of perpendicular parking claim it is more efficient than
angled, especially as compared to flatter angles, such as 60 degrees.
However, this is often an overstated benefit. While a 90-degree layout
makes more efficient use of parking aisles, the larger turning bays re-
quired for two-way traffic often result in no greater efficiency and some-
times less.

In a structure with a big footprint, five bays of 75-degree angled
parking will provide more spaces than four bays of 90-degree stalls in
approximately the same overall width, thereby increasing capacity and/
or reducing the height and mass of the facility. The result: greater
efficiency for real cost advantage.

In addition, one-way design with angled parking makes it easier for
drivers to enter/exit stalls. By contrast, getting properly aligned in a
two-way design’s perpendicular stalls can require some maneuvering.

Our own field studies of how well cars were parked in stalls of various
angles shed light on this. We observed that at 90 degrees, fewer cars
were parked at the intended angle than at 60 degrees. We also found
that cars were more likely to be centered in angled stalls.
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With many two-way designs, drivers pass all stalls on the way both
in and out of a parking structure. With one-way design, which separates
inbound and outbound traffic, drivers can be routed past half the stalls
entering and half leaving; thus the number of times a driver must stop
and wait for a car to park/unpark is, on average, halved.

Even when alternative one-way and two-way designs each have ade-
quate flow capacity, the two-way system will usually have more con-
gestion.

Other benefits of one-way design/angled parking accrue in lots as
well as structures. Conflicts between two vehicles approaching an open
stall from opposite directions do not occur. When backing out, angled
parking provides better visibility. The potential for accidents is also
reduced, because there are fewer decisions to be made and fewer conflict
points with everyone driving in one direction.

Only one-way design allows the angle of parking to be altered to
accommodate changes in car sizes. If sizes get smaller, the angle can
be swung closer to 90 degrees; if bigger, the angle can swing the other
way. If a parking facility is to be in service for several decades, such
flexibility is quite beneficial.

In general, each project has its own particular requirements that will
result in some of the advantages of a particular traffic system being
more important than others. Two key considerations in determining
which system is better are size and flow capacity.

In a surface parking lot, flow capacity is usually not a critical factor,
as there are generally not a great many vehicles in motion at any one
time, even with high turnover. The previously discussed benefits of
two-way design may make it the best choice.

In a multilevel parking structure, a single parking aisle may need to
accommodate peak-hour volumes associated with 1000 or more spaces.
If so, most of the advantages of one-way design come to the fore, making
it the system of choice.

There are, of course, alternative systems that provide significant flow
capacity, such as the exterior express ramps commonly seen in airport
parking structures. Such a structure is then equivalent to a series of
parking lots stacked vertically.

Our own design solutions illustrate a pragmatic approach. For exam-
ple, a 6000-space, seven-level retail parking structure was designed
with two-way traffic because of its advantageous search pattern, while
a 7500-space airport parking structure with a like number of levels was
designed with one-way traffic.

A last word of advice is this: if you think about how the average
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Figure 2-5. One-way traffic flow systems should have angled parking. Two-way
traffic flow systems should have 90-degree parking.

driver will find an available space and later exit the facility, and also
how peak-hour volumes are accommodated, the best design will proba-
bly become clear.

If one-way flow is desired, it is strongly recommended that angled
parking stalls (not perpendicular to the driving aisle) be used (Figure
2-5). This allows the intended traffic flow to be self-enforcing. With
perpendicular or 90-degree parking, one user who ignores the signs and
proceeds the wrong way will cause problems for other drivers who are
following the intended circulation pattern, especially if the turning
bays are designed for one-way traffic. Therefore, if 90-degree parking
is employed, design the system to accommodate two-way traffic.

Conversely, if you want two-way traffic, do not use angled parking.
The latter combination causes problems when a driver coming from
one direction sees a space intended for the opposite approach and
attempts several maneuvers to enter the stall. In addition to delaying
traffic flow, this driver is very likely to park improperly, encroaching
on an adjacent stall.



24  PARKING STRUCTURES

Single Threaded Helix

Two Way

Double Threaded Helix Double Threaded Helix

One Woy Two Way

Figure 2-6. When only two parking bays are provided, a single-threaded helix
must have one-way traffic, while a double-threaded helix can have either one-way
or two-way flow.

2.3.5 Selection of Circulation System

Most of the common circulation systems used in parking structure
design have been given names that in general relate to the pattern of
traffic flow and the number of parking bays.

A two bay single-threaded helix must have two-way traffic unless a
circular helix or an express ramp provides a way down (Figure 2-6).
Obviously, what goes up must come down. Single-threaded helixes
may, however, be provided in combinations known as side-by-side
helixes or end-to-end helixes to achieve one-way traffic flow (Figure 2-
7). Note that three-bay side-by-side helixes must have 90-degree parking
and two-way traffic flow in the middle bay. Another type of single-
threaded helix is the split level (Figure 2-8). In this system, the level
parking bays are stepped at half-tier intervals, with speed ramps making
up the difference in elevation between the parking bays.
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Figure 2-7. Combinations of single-threaded helixes.

Single-threaded helixes are very repetitive and easy to understanc
for the user. In the split-level and the side-by-side with either three o1
four bays, much of the floor area is level. Side-by-side single threads
also tend to have the best visibility across the structure of any sloping
parking bay design, thereby enhancing passive security (which is dis-
cussed in Chapter 4). Most architects prefer to work with level fagade
elements, although a creative architect can either hide or emphasize a
sloping parking bay on the exterior.

A negative aspect of any single-thread design is the number of revolu-
tions required to go from bottom to top or from top to bottom. Table 2-
3 shows guidelines regarding the LOS for the number of turns. Double-
threaded systems (shown in Figure 2-6), which by definition go two
tiers per revolution, thus become progressively more desirable as the
number of floors increases.

One-way traffic flow can be provided in the two-bay configuration of
a double-threaded helix. One thread goes up while the other thread
goes down. To get from the inbound “up” thread to the outbound
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“down” thread (presuming the structure rises above street level), a
crossover is provided. This is physically possible where the two sloping
bays cross each other in the center of the structure. Depending on the
type of user, crossovers are often provided only at every other tier. (See
the guidelines for travel distance “up” to a crossover in Table 2-3.)

Two-way traffic is sometimes used on a double-threaded helix. In
that case, the driver can travel back down the same thread, and crossover
between threads is not required. Interconnection between the threads
can occur only at the top and the bottom of the structure. Two-way
traffic on a double-threaded helix results in two up threads and two
down threads. This may or may not be advantageous, as will be dis-
cussed later.

Like single-threaded helixes, double-threaded helixes may also be
provided end-to-end or side-by-side when a structure is very large (gen-
erally over 1500 spaces). In such a case, the facility is usually treated
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Figure 2-9. Sometimes traffic
may be routed in either a dou-
] ble-threaded or single-threaded
Three Bay Interlocked Helix pattern on the same configura-

(Single  Threaded) tion of parking bays.

as two separate structures, with crossover from one helix to the other
allowed but not encouraged. With one-way traffic there will be two up
and two down threads; with two-way traffic there would be four ups
and four downs. This type of facility tends to be very confusing to the
user, and “lost cars” are a frequent problem. Therefore, unless there is
a capacity problem which requires more than one circulation route
(to be discussed in Section 2.5), multiple double-threaded helixes are
usually avoided.

Several common systems provide double-threaded helixes in two
bays with additional level bays off the primary circulation patterns. In
such a case the level bay may provide the crossover from the up circuit
to the down circuit. Single-threaded helixes likewise may have “level”
bays off the circulation route. In some cases the same sloping parking
bay configuration can have different traffic flow, resulting in either a
single- or double-threaded helix circulation pattern (Figure 2-9).

A structure with a very large footprint may also have just one or two
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Large Footprint
Single Threaded
Parking Bays

Figure 2-10. Adding level
Single Threaded bays off the primary circulation

route results in more decisions
Exterior Express Ramps for the driver.

bays sloping with the remainder level. In general the larger the number
of level parking bays, the better the visibility for wayfinding, patron
comfort, and security. Express ramps are often employed when there
is a goal to have all parking on level floors. Sloping parking bays or
express ramps are usually combined with flat parking bays to achieve
a single-threaded helix configuration (Figure 2-10). However, double-
threaded systems can also be used when height and number of turns
are considerations.

In general, concerns for patron comfort, visibility, and ease of orienta-
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tion all encourage the use of single-threaded schemes for facilities that
will serve large numbers of infrequent users. If the users are present
every day, however, they will get to know the system and become
frustrated by long search routes and circuitous exit routes. Therefore,
sloping parking bays in doyble-threaded patterns are generally preferred
for office parking and other situations with predominantly everyday
users.

2.4 PARKING GEOMETRICS

An important step in functional design is selection of the parking geo-
metrics. The most critical dimensions are the stall width and the parking
module. Parking designers consider the module dimension to be more
important than the aisle dimension because the aisle is merely the
space left when vehicles are parked opposite each other. The aisle is
theoretical; the module is the dimension needed for construction.

The first major concern is the door opening dimension. For long-term
parking (3 hours or more), studies* have shown that a door opening
clearance of 20 in. between parked vehicles is acceptable. For high
turnover parking, a door opening clearance of 24 in. provides a better
level of convenience for the more frequent movements.

The second major concern is vehicle movement into the stall. As the
angle of parking moves farther from 90 degrees (toward 45 degrees),
the parking module may be reduced while providing similar maneuver-
ability (i.e., one turning movement) into the stall. The module width
is dependent to some extent on the stall width. A narrower stall requires
a wider module to achieve the same comfort as a wider stall with a
narrower module. Stall widths greater than the minimum provide
higher levels of comfort for turning movement and door opening. In-
creasing stall width is generally a more economical method for increas-
ing comfort than increasing the module.’®

2.4.1 The Impact of Downsizing

The trend to smaller cars began after the oil shortages of the early 1970s
when the U.S. Government fuel efficiency standards (Corporate Average
Fuel Economy, CAFE) were adopted. At the same time smaller, more
economical Japanese vehicles became popular. These two factors com-
bined to force American automobile manufacturers to substantially re-
duce vehicle sizes.®

The first reaction to downsizing was to permit a certain percentage
of the stalls in a parking facility to be designed for “small cars only.”
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Because manufacturers use “compact” and “standard” to designate cer-
tain groups of vehicles of similar size, most parking consultants use
the terms “small-car” stalls and “large-car” stalls.

During the late 1970s, when small car sales were steadily increasing,
many sources in the automobile and parking industries predicted that
small-car sales would continue to rise and that as many as 80% of all
vehicles (on the road) would be small cars by 1990. This prediction,
however, has not come true.

Small-car/large-car sales have been charted in each calendar year
since 1970.%° Small-car sales rose slowly from 14% to 25% from 1973 to
1978, as shown in Figure 2-11. A steady rise in small-car sales occurred
through 1981; then it stabilized and hovered around 50% small cars
sold each year from 1983 to 1990.

Since 1990, however, the percentage of small cars sold has dropped
back to below 40%. This is believed to be primarily due to the fact that
manufacturers have been able to substantially improve fuel efficiency,
allowing them to build larger cars and still meet CAFE rules.

Given the pattern of car sales for the last ten years, approximately
50% of the vehicles on the road as of 1995 are small cars. It appears,
however, that the percentage may move downward if the trend to lower
small-car sales continues. There are, of course, definite regional varia-
tions. In many cases it is desirable to conduct a “vehicle mix survey”
at the project site or at a similar land use in the same community to
determine the expected small-car/large-car ratio for the project.

An even more important trend is that auto sales have clustered around
the small-car/large-car boundary in recent years. A 1989 Parking Con-
sultants Council study’ looked at automobile sales by class since 1980.
These data have been updated through calendar year 1993. The PCC
uses a classification system based on the area of the vehicle in square
meters.’ Classes 5 through 7 are considered small cars; classes 8 through
11 are large cars (Figure 2-12).

The popular Ford Tempo and Taurus models are excellent examples
of this clustering phenomenon. The Tempo is among the largest of the
cars in the small-car classes; the Taurus is among the smallest of the
large-car classes. In 1980 39% of all vehicles sold were in classes 7 and
8, the border between large and small. This figure has been steadily
rising so that since 1989 more than 70% of all vehicles sold were in
classes 7 and 8. Therefore, the percentage of vehicles in classes 7 and
8 on the road has been increasing, as older cars, which are more polar-
ized in size, have been retired from service.”

The pendulum does seem to be swinging back toward larger cars;
however, two things are important in this trend. The lengths have only
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Source: Compiled by Walker Parking Consultants from Automotive News “Market Data Issue”.

Figure 2.12 Small-car sales since 1970.

gone up to 18’0” to 186", not all the way back to 20" as existed in the
early 1970s. Furthermore the market share of these vehicles—whether
they are 17/, 18’, or 20" in length—is still relatively small. The total
sales of vehicles in classes 10 and 11 accounted for 7% or less of all
vehicles sold. Even if the market share returns to that which existed
prior to the downsizing of standard vehicles, only 12% of auto sales
would be in classes 10 and 11. In an interview at the 1989 Chicago
Auto Show, ® GM chairman Roger Smith stated that “there’s no question”
that some models were downsized too much; however, he went on to
say that the “dinosaurs of the past are gone forever.”

Another trend is toward more light trucks, vans, and utility (LTVU)
vehicles. As seen in Figure 2-13, LTVU sales comprised 31% of total
vehicles sold in 1987; in 1993 they comprised 38.5%.

Clearly, downsizing has had an impact; 43% of LTVU vehicles sold
in calendar year 1987 are in the small-car classes. In 1993, this figure
declined back to 17.3%. When LTVU vehicles are added to the 1987
passenger auto sales discussed previously, the percentage of small vehi-
cles is reduced only by 3%. However, in 1993, the addition of LTVU
vehicles pulls the overall percent of small vehicles sold down 10%.
A major contributor to this significant change is that many of the
class 7 pickups, minivans, and sport utility vehicles were replaced
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by class 8 models. There has been some migration from class 9 to
class 8 as well.

Clustering is also a very strong phenomenon in LTVU sales; in 1987
54.4% of LTVUs were in classes 7 and 8; in 1993 72.4% were in 7 and
8. This reflects the popularity of minivans, sport utility vehicles, and
small pickups as personal vehicles, which means they are likely to be
parked in a parking facility. In fact 60% of 1993 LTVU sales were
minivans or sport utility vehicles. The minivan (usually class 8) has
largely replaced the old “family station wagon” that accounted for a
substantial number of class 11 vehicles in the 1970s.” Most of the larger
pickups and a good portion of the vans are sold as commercial vehicles
and therefore would not have as big an impact.

The impact of the downsizing of the automobile on parking dimen-
sions has been pronounced; the change in vehicle length not only affects
stall size but also reduces the aisle required for turning into the stall.
Regulatory agencies such as local zoning boards, however, have been
slow to respond. After experimentation with a small-car-only stall
proved successful, many localities modified their ordinances to permit
a certain percentage of small-car spaces. Design standards for the large-
car stalls remained the same. Since then, however, nearly all intermedi-
ate and standard models have been reduced in size. (Exceptions are the
Cadillac Fleetwood Brougham and the Lincoln Town Car, which retain
their 1970s length of 18’5” and 18’3”, respectively, and a few full-size
station wagons.)

While many parking consultants promoted smaller, “one-size-fits-all”
parking spaces, most zoning ordinances continue to permit large-car/
small-car standards. This has the impact of encouraging separate large-
car/small-car stalls, which are difficult to enforce and frequently abused.
Some small-car owners will routinely choose to park in the more
generous large-car stalls, often leaving large-car drivers no choice but
to park in small-car stalls. One response has been to place the small-
car stalls in the “best” locations in the parking facility; intermediate
and even large cars then try to use the small-car stalls. In effect, the
level of comfort for all users is reduced below that which the local
officials desire.”

The clustering of vehicles around the large-car/small-car boundary
only increases the confusion and/or abuse of small-car-only stalls. The
PCC’ therefore revamped its standards for parking design, and strongly
recommends that one-size-fits-all stalls be used. In the absence of an
updated ordinance, owners should apply for variances. Two concepts
have been developed to facilitate this process—the design vehicle,® and
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the level of service approach to parking dimensions.® Using these tools,
many consultants have been successful in gaining ordinance changes
and/or zoning variances.

2.4.2 The Design Vehicle

In 1983 Walker Parking Consultants performed an extensive study of
parking dimensions. It was found helpful to select a theoretical vehicle
size and then determine stall and module dimensions to accommodate
the needs of this “design vehicle.” To maintain the recommended level
of comfort for users the design vehicle is selected as the 85th-percentile
vehicle among the vehicles present.

Itis highly unlikely that three 100th percentile (i.e., absolutely largest)
vehicles will be parked side by side with three 100th percentile vehicles
across the aisle. Use of the 85th percentile is still conservative with
respect to the average condition (which would be the 50th percentile)
while realistically representing the probable worst condition of parked
vehicles. This approach parallels the standard design principle for
traffic in which a roadway is designed for the 85th percentile peak
hour.

Parking dimensions were developed to comfortably accommodate the
design vehicle in both its parked position and its turning path for a
range of mixes of small and large cars, from 20% small/80% large, 30%
small/70% large, and so on up to 80% small/20% large. Dimensions
for designs with separate small- and large-car stalls were also provided,
under the labels 100% small/0% large and 0% small/100% large. The
recommendations were thus designed to allow parking dimensions to
be tailored to the expected mix of small cars and large cars in any
locality and to remain viable as the automobile population changes.

Several considerations were included in the determination of stall
size, including the fact that vehicles often do not pull all the way to a
wall, wheel stop, or other parking guide. It is also important to under-
stand that the projection of the parked vehicles in stalls determines the
width of the aisle available in any parking bay rather than the rotation
of a stall to the angle desired.® Many ordinances that call for rotation
of the stall end up requiring a wider bay for a one-way aisle serving
angled parking spaces than is required for a two-way aisle serving
perpendicular parking spaces!

In 1985, the PCC*® also adopted a design vehicle approach based
largely on the Walker research. Data on design vehicles from auto sales
have recently been updated as follows:
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Design Vehicles
On the Road, 1983 1987 Auto Sales 1994 Auto Sales
Smith 1985 PCC 1989
Small Cars 5’7" x 14’8" 5’8" x 148" 5’8" x 14'8”
Large Cars 6°7” x 184" 6’6" x 180" 62" x17'2”
All Cars 6’3" x 17'2” 6’2" x 17°0” 6’3" x 16’8”
% Small Cars 36% 52.1% 38%

The design vehicle for small cars sold since 1983 has remained quite
stable, while the design vehicle for large cars has declined by 1’2" in
length. Therefore, the design vehicle length among those on the road
has also reduced. It is extremely important to note that the design
vehicle for the overall sales in 1994 declined compared to 1987 even
as large-car sales have increased as a percent of sales. This is directly
related to the fact that class 8 sales, the smallest of the large cars, is the
market segment that has grown the most. In fact, in 1994, sales in Class
8 were equal to the total small car sales (Classes 5-7.)

The sales of LTVUs for commercial vehicles makes it difficult to
calculate a design vehicle for the overall mix of personal vehicles. The
design vehicle for LTVUs in 1993 was 6°7” (somewhat wider than for
cars) by 165" (a little shorter than for cars). It is clear that the design
vehicles based on all cars on the road in 1983 are still conservative
compared to the design vehicle among personal vehicles on the road
today. One thing we can conclude from over twenty years of auto sales
analysis is that auto sizes will change. Therefore, we have chosen not
to change the design vehicles, which in turn means that we will not
change our recommendations for stall and aisle geometry.

2.4.3 Levels of Service for Parking Geometrics

The level-of-service approach provides assistance in tailoring a design
for the users of the specific project. In parking design, there are virtually
infinite combinations of stall width and module. LOS F designs result
in extremely tight conditions where some parkers have to make several
attempts to get into the stall. Encroachment into adjacent stalls may
leave them unusable. The PCC 1989” dimensions are roughly LOS D,
the minimum acceptable design. Since the design vehicle is the 85%
vehicle in the mix, most users can turn into the stall in one movement.
Larger vehicles may require a second movement, but should be able to
align in the stall properly. Regular users will become accustomed to
and will accept the design. These dimensions would not, however,
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be acceptable in high-turnover facilities or in areas where users are
accustomed to very generous parking dimensions. (See Table 2-5 for
the gradation of stall and module combinations from LOS D up to
LOS A))

Designers may reduce aisle (and consequently module) width 3 in.
for each additional inch of stall width and maintain the same level of
service. For example, in a 40% small-car/60% large-car mix, an 86"
stall and 51-ft module for 60-degree parking would be LOS C. Increasing
aisle width and reducing stall width is not recommended.

For a more complete discussion of the details involved in laying out
parking stalls the reader is referred to Smith® and/or the PCC.”

2.4.4 Parking Efficiency

In addition to achieving the correct traffic flow, the selection of the
angle of parking will depend on several factors; often the most critical
is the efficiency. In most cases, efficiency has a direct impact on the
construction cost per parking stall. Obviously if one design requires
less floor area per space, it will cost less. Because modules with angled
parking are narrower than those for 90-degree parking, one can some-
times put more bays of angled parking onto a site. For example, a site
that is 110 ft wide is too narrow for two double-loaded bays of 90-
degree parking, but can comfortably accommodate two double-loaded
bays of angled parking. More spaces can be accommodated on that site
with angled parking than with 90-degree parking. It is a myth that 90-
degree parking is always more efficient than angled parking. The case
above, in which one bay in a 90-degree scheme would have to be single
loaded, is one example. Unfair comparison you say? Then let’s lay out
two parking lots on a site 121 ft wide by 200 ft long. For simplicity’s
sake, ignore the need for parking equipment and assume that there are
driveways at one end. As seen in Figure 2-14, one lot has 8’5" stalls at
90 degrees on a module of 60'6”. This is classified as a level of service
B for a vehicle population containing 40% small cars. For 75-degree
parking, 8'5” stalls require a module of 56’4” for LOS B (40% small
cars). Note that for 8°5” stalls at 75 degrees, the dimension of the stall
parallel to the aisle is about 8’9”. The turning bays at both ends are
designed to provide LOS B, assuming turnover conditions. The two lots
have the same number of cars, but the 75-degree design uses less floor
area. The efficiency of the 75-degree layout is greater than the efficiency
of the 90-degree layout. In addition to the money saved on paving, the
angled design provides a little more space on the site for landscaping,
storm water retention, and other design concerns.
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Figure 2-14. Angled parking can be more efficient than 90-degree parking.

While it is quite true that any 90-degree layout is more efficient in
its use of the adjacent aisle, the larger turning bays required for two-
way traffic in this particular layout counterbalance the efficiency advan-
tage in the parking bays. Other design “tricks,” such as parking along
end bays, affect the efficiency of a design. Therefore, designers, always
check several layouts before deciding which is the most efficient; own-
ers, make sure your designers did it!
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The actual efficiency figure depends to some degree on how it is
calculated. Some designers make their efficiencies look better by remov-
ing interior columns, walls, and any openings between sloping bays to
achieve a net floor area, but this is spurious at best. The best approach
is to use the gross parking area (GPA) (outside-to-outside of exterior
walls) because it most closely parallels the floor area dedicated to park-
ing, which in turn determines the cost of building the parking space.
Stair and elevator towers are removed from the gross parking area even
if they are located inboard; the towers are present no matter what the
efficiency of the parking area is, and the design of the stair/elevator
towers (be it spartan or palatial) should not impact the assessment of
parking efficiency. The GPA as defined herein is similar to the gross
leasable area used for commercial buildings.

Using the stall and module dimensions recommended herein, effi-
ciencies of 300 sq ft per car or less can often be achieved. Just using these
dimensions is no guarantee. A critical factor in the overall efficiency is
the length of a row of parking stalls between turning bays or crossovers.
A structure 250 ft long will have better efficiency than one 150 ft long
with the same geometrics. Therefore, it is generally more efficient to
lay the parking bays along the long dimensions of the site.

Structures that have fewer turning bays will also be more efficient if
other factors are equal. A single-threaded helix either alone or side-by-
side (two turning bays per level) will usually be more efficient than a
double-threaded helix (two turning bays plus a crossover). The latter
is usually more efficient than an end-to-end or a split level (with one-
way traffic), each of which has four turning bays. As noted previously,
however, it is always best to look at several alternatives before deciding
which is most efficient.

2.5 FLOW CAPACITY CONSIDERATIONS

In the past, the relatively small number of parking structures with more
than 1500 parking spaces tended to be conservatively designed with
multiple circulation paths or high-volume circular helixes. There were
no standards for the flow capacity of a circulation route except an old
rule of thumb that no more than 750 vehicles an hour should use a
sloped parking bay. It becomes apparent to an experienced designer,
however, that the type of traffic flow and the design of the system do
have an impact on the flow capacity. Several other rules of thumb were
developed, such as, it is better to use one-way traffic flow than two-
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way traffic flow. However, how much better? Where is the breaking
point between acceptable and unacceptable?

Parking consultants generally agree that retail facilities with sloping
parking bays should have one-way traffic flow because of the high
volumes of vehicles arriving and departing at the same time. It is easier
to get in and out of one-way stalls; therefore the delay to other users is
less. Also, in two-way systems, departing vehicles have to wait for gaps
in both departing and arriving traffic streams, often from two directions.
Conflicts between two vehicles approaching an empty parking stall
from different directions are eliminated. In most one-way systems, arriv-
ing and departing traffic are separated, and there is better visibility to
watch for approaching vehicles when the car is parked at an angle. The
more one direction of flow (either in or out) predominates, the more
muddy the waters become. Many consultants argue that 90-degree park-
ing and two-way traffic flow are perfectly acceptable for office parking,
where most vehicles arrive in the morning and depart in the evening.
In fact, a double-threaded helix with two-way traffic flow has twice the
circulation routes (two up and two down) of a double-threaded helix
with one-way flow. Under the old rule of thumb of 750 vehicles per
hour perroute, the flow capacity has been doubled. The two-way design
eliminates the need for a crossover in a two-bay configuration, improv-
ing efficiency. End of argument, right? No. Other consultants argue that
one-way traffic flow is still better.

In 1986, Walker initiated a study to find a better way to assess the
flow capacity of parking circulation systems. The British equivalent
of the Transportation Research Board (TRB), the Transport and Road
Research Laboratory (TRRL) did extensive research in 1969 and again
in 1984 on this issue. Unfortunately, it was never widely published
in the United States. Also, the test parameters employed were appro-
priate for British driving conditions, including a much higher ratio
(virtually 100%) of small cars. Therefore, the TRRL equations are not
directly applicable to American conditions.

The TRRL equations were therefore reviewed, and modifications were
made for American conditions. It should be noted that the results have
not been field-tested in the same way that the TRRL equations were.
However, the results seem reasonable and provide a good basis for an
“apples-to-apples” comparison of two circulation systems.

The intent of this book is to acquaint the reader with important
information regarding the design of parking facilities; in this case, the
point is that there is an analytical approach to determining the flow
capacity of a parking facility. The equations and guidelines for assump-
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tions are provided herein; however, the methodology and research used
to develop the methodology are not provided.

2.5.1 Peak-Hour Volumes

The most critical variable in determining the adequacy of any circula-
tion system is the volume, V, of vehicles expected to arrive and/or
depart in the peak hour. Some references have recommended that a
parking structure should be able to fill or discharge completely in 1 hr,
with an even faster fill/discharge rate of 30 min for special events.?
This standard is, however, substantially higher than that employed for
designing streets. In standard traffic engineering practice, “trips” are
generated for peak hours based on the square footage of the generating
land use, such as office, retail, etc.*When these figures are combined
with the ratio of parking spaces required per 1000 sq ft, which have
also been published,'* a ratio of peak-hour volume as a percent of park-
ing spaces can be determined for these land uses. Only in a very few
cases do land uses generate peak-hour volumes equal to or in excess
of the static parking capacity (denoted N) required for that use (Table
2-6). One exception is the special-event facility, which in most cases
should be designed to fully “dump” in one hour or less. Convenience
retail and consumer banking facilities also tend to turn over more than
once an hour; however, the spaces associated with these uses are not
normally a major component of demand for a multistory parking facility.

It must be noted that there is substantial variance from the ITE stan-
dards based on the specific characteristics of the land use served by
the parking facility and/or the community in which it is located. In
general, it is wise to estimate the peak-hour volume conservatively high.
In addition to the peak hour of the generator as shown in the table, it
is sometimes necessary to check volumes during the peak hour of street
traffic, because the two may occur at different times. Also, the larger
the facility, the more justification there is for doing a detailed study to
more accurately determine the peak-hour volume for a particular case.

2.5.2 Flow Capacity

In most real conditions there are peaks and valleys in the flow during
the course of the peak hour. To ensure that the flow is not unacceptably
constrained in shorter periods, the flow capacity (in vehicles per hour)
of a system should be somewhat more than the expected volume in the
hour. Traffic engineers use peak-hour factors to upwardly adjust the
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TABLE 2-6. Typical Peak-Hour Volumes

Volume in 1 hr'?

Peak aM. Hour Peak p.M. Hour
Land Use In Out In Out

Residential 5-10% 30-50% 30-50% 10-30%
Hotel/motel 30-50% 50-80% 30-60% 10-30%
Office 40-70% 5-15% 5-20% 40-70%
General retail/restaurant 20-50% 30-60% 30-60% 30-60%
Convenience retail/ 80-150% 80-150% 80-150% 80-150%

banking
Central business district® 20-60% 10-60% 10-50% 20~-60%
Medical office 40-60% 50—80% 60-80% 60-90%
Hospital

Visitor spaces 30-40% 40-50% 40-60% 50~75%

Employee spaces 60-75% 5-10% 10-15% 60-75%
Airport

Short-term (0-3 hr) 50-75% 80-100% 90-100% 90-100%

Mid-term (3-24 hr) 10-30% 5-10% 10-30% 10-30%

Long-term (24+ hr) 5-10% 5-10% 5-10% 5-10%
Special event* 80-100%  85-200%

! As a percentage of the static capacity of the parking facility.

? As a general rule, the larger the facility and/or the more diverse the tenants of the
generated land uses, the lower the peak-hour volume as a percentage of the static capacity.
3 It is generally more accurate to determine what portion of the spaces are allocated to
retail, office, and other uses.

¢ If 100% of the capacity leaves in 30 min, the equivalent volume in a full hour is 200%
of capacity.

volume of traffic. The peak-hour factor (PHF) is usually determined by
measuring volumes in 15-min intervals within the hour (V};), selecting
the highest 15 min volume, and converting to an equivalent hourly rate
of flow, v. Therefore, v = 4 * V,; and PHF = V/v. A PHF of 0.85 has
been found to be reasonable for most traffic situations in the absence
of complete data. However, if a special-event facility is to “dump” in
30 minutes, the PHF would be quite different. One half of V would
have to depart in 15 min, so v=4 * .5V = 2V and PHF = V/2V = 0.5.
Also, a parking facility that serves a single employer with uniform
starting and ending times can have a PHF as low as 0.5.

The ratio of flow rate to the maximum flow capacity, v/c, provides a
good measure for assessing level of service for flow capacity considera-
tions. Table 2-7 provides guidelines for v/c at each LOS. It is not recom-
mended that an LOS D flow capacity be permitted in a parking facility,
and therefore no value is provided.
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TABLE 2-7. Flow Capacity of Circulation Elements

Theoretical Maximum Flow Capacity, ¢!
(vehicles per hour)

Design Standard For: LOSD LOS C LOS B LOS A

Straight lane or drive ramp?

One-way 1850 1853 1855 1858

Two-way 1845 1848 1850 1853
Circular Helix '

Single-threaded 1169 1473 1631 1715

Double-threaded 1589 1704 1761 1793
Turning bays® 936 1097 1233 1345
Design flow capacity* NR 0.8 0.7 0.6

! Dimensions for each LOS per Table 2-3, capacity equation per TRRL 1969.
* Aisle with no parking along side.

® Turning radii per Table 2-3; no parking on end bay; no merging traffic.

* Ratio of expected flow rate to theoretical capacity, v/c.

NR, Not recommended.

2.5.3 Nonparking Circulation Components

Table 2-6 summarizes the capacities, ¢, of various nonparking circulation
components as calculated using the TRRL equations'® and the dimen-
sions per Table 2-3. The typical flow capacity of straight express ramps
and nonparking bays ranges from 1850 to 1860 vph. The difference in
flow capacity between one-way and two-way roadways is negligible.

Capacity is decreased when vehicles flow through a turn or bend. In
a parking facility, the most common bends are 90 degrees, 180 degrees,
and 360 degrees (in a circular helix).

The flow capacity of a single-threaded circular helix with LOS D
geometry is 1169 vph. Because larger radii are recommended for double-
threaded circular helixes to reduce floor slope, the LOS D double-
threaded helix has a flow capacity of 1589 vph. It should be noted that
a circular helix at the geometry for LOS D is acceptable for one turn
and/or slow speeds, but for greater heights, or speeds, LOS C or better
should be provided. Note also that the flow capacity LOS still must be
determined by calculating v/c. ¢ will be increased with increasing ra-
dius; a single-threaded helix with LOS C geometry has 26% more capac-
ity than one with LOS D geometry. One note regarding circular helixes—
-they reduce travel distance and eliminate delays for the individual
driver along the path of travel. Circular helixes therefore deliver the
peak surges in activity to the exit area without the moderating effects
of differing travel lengths. Systems with circular helixes thus require
more careful design of the control lanes, stacking, and reservoir areas.
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Also shown in Table 2-7 are ¢ values for U-turns in turning bays
based on TRRL" equations. It should be noted that the TRRL equation
does not include any component for width of lane; given the negligible
differences in capacity for straight aisles of varying widths, it seems
reasonable to neglect width of lane for curve capacity. The flow capacit-
ies at turning bays generally exceed those of adjacent parking bays
during outbound flows, as will be presented in Section 2.5.4, and thus do
not create bottlenecks. The turning bay capacities are, quite reasonably,
much lower than the capacities of straight aisles or roadways without
parking and thus control the flow of vehicles in systems that combine
straight nonparking ramps with 90- or 180-degree turns at the ends.

2.5.4 Capacity of Parking Bays

The TRRL procedures for determining capacity of parking bays are
substantially more complicated. As noted previously the TRRL equa-
tions and procedures are not reproduced herein; it is felt that a user
must have the complete study in order to properly modify the TRRL
equations for American situations. The procedures have been adapted
for American conditions, and modified for use by personnel not trained
in traffic engineering. To do this a number of assumptions have been
made based on our recommendations for such variables as stall width
and aisle width. The reader is cautioned that the values presented are
thus predicated on certain specific assumptions that may not match
those used in a particular project. Further, it is recommended that the
LOS of flow capacity be kept at C or better. Therefore, the ratio of v/c
should not exceed 0.8.

The TRRL" equations for capacity of aisle/stall systems are based on
field observations and measurements of situations where all the vehicles
attempted to arrive or depart simultaneously. The term tidal flow capac-
ity has been adopted for these conditions because, while waves of activ-
ity may occur, the volume is all inbound (or outbound) in the peak
hour; ¢, is the tidal flow capacity inbound, and c,, is the tidal flow
capacity outbound.

The TRRL research found a clear relationship between stall and aisle
dimensions and flow capacity. Quite logically, vehicles can arrive and
depart in a very comfortable stall/aisle system more quickly than in a
system with tighter dimensions. A minor variation in capacity is due
to the angle of parking; with approximately equal comfort of turning
movement into the stall, the capacity decreases as the angle goes from
70 degrees to 90 degrees. The percentage of vehicles backed into stalls
also affects capacity, reducing c;, and increasing ¢ ., TRRL also found
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TABLE 2-8. Tidal-Flow Capacity of Parking Bays

Tidal-Flow Capacity’
(vehicles per hour)

Geometric LOS D Cc B A
Angle Cin Cout Cin Cout Cin Cout Cin Cout
60° one-way 1349 1011 1500 1037 1500 1065 1500 1095
70° one-way 1189 994 1421 1018 1500 1043 1500 1071
80° one-way 886 941 979 961 1130 983 1343 1006
90° one-way 693 704 764 716 853 728 970 741

! One hundred percent of static capacity arrives in 1 hr or departs in 1 hr. See Table 2-
5, compact only, for stall and aisle dimensions. Percent reversed: 0% for angle less than
90 degrees, 5% for 90 degrees, Cuy = 1500 vph.

Source: TRRL 1984."

in the later! research that short-span column designs reduce capacity
compared to long-span designs. With a typical 30" x 30" short-span grid
system, inbound capacity is reduced by at least 30%, and outbound
capacity by at least 15%. Standard statistical theory was used to develop
equations reflecting these variables.

The TRRL found that the number of stalls in the system (or subsystem
when there are multiple circulation routes) does not materially affect
the flow capacity, except as it induces peak-hour volumes. That is, the
flow capacity at a particular point in two facilities with the same stall
and aisle dimensions and similar traffic flow is the same when one
facility has 100 spaces and the other 1000 spaces. Of course, the 1000-
space facility is more likely to produce a volume of vehicles that exceeds
the flow capacity.

Tidal flow capacity has been calculated, both inbound and outbound,
for a variety of angles, and the LOS of the geometrics is provided (Table
2-8). These figures do not include a peak hour factor. There is obviously
an upper limit as to how much the degree of comfort of turn impacts
the tidal flow capacity, but the TRRL apparently did not test dimensions
generous enough to reach this upper limit. We have therefore arbitrarily
set an upper limit on tidal flow capacity at 1500 vph.

The 1984 TRRL research was aimed at covering conditions during which
spaces are turning over. The turnover capacity, c,, was observed by dis-
patching vehicles at predetermined, pseudorandom intervals to enter the
stall/aisle system and park; the driver was instructed to unpark and de-
part after one vehicle had passed. The TRRL then developed a procedure
to calculate what maximum rate of turnover a facility with a certain num-
ber of spaces and a specific circulation system can handle in an hour.
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We have chosen a second approach to the capacity problem, that being
whether the expected peak-hour volumes will approach the facility’s
flow capacity, thus allowing classification of flow conditions by LOS.

There is an obvious relationship between ¢;, and ¢, under turnover
conditions; the higher the inflow, the lower the capacity for outflow,
and vice versa. The TRRL found that it is important to look at the mean
inhibiting period of each vehicle passing the point at which capacity
is critical. In a constant stream of vehicles coming as close together as
they possibly can, there is an average headway or spacing that can be
expressed in either length (such as feet) or time (such as seconds.) In
laymen’s terms, each vehicle “uses” a certain amount of the available
time. If ¢, is 1000 vph, the average time used per vehicle at capacity
flow is 60 min/1000 = .06 min = 3.6 sec. If the mean inhibiting period,
t, is expressed in hours, it is the inverse of capacity, that is, t{(hours)=
1/c(vph); t is the average spacing (in time units) at capacity flow.

In a typical parking facility, some vehicles driving a primary circula-
tion route may be searching for a stall, some vehicles may be unparking
and exiting, and others may be passing through to or from an area off
the circulation route. The TRRL found that the f components will be
different for each of these four types of movements.

To check flow capacity in a particular situation, one adds up the
mean inhibiting period (expressed in hours) of each vehicle in the
stream passing by the critical point in a peak hour. The equation for
>t by the vehicles passing through at capacity flow is as follows:

St=p*t,+u*t,+s*t+e*t
where

p is the number of vehicles parking on the circulation route, and ¢, is the
mean inhibiting period of those vehicles, which is 1/c;y,

u is the number of vehicles unparking and departing from the route, and
t, is the mean inhibiting period for those vehicles, or 1/cgu,

s is the number of vehicles seeking a stall but parking off the circulation
route being studied, with a mean inhibiting period of ¢, and

e is the number of vehicles that pass through from another area on the
way to an exit, with a mean inhibiting period of t..

Note that the ¢t components must be expressed in hours. Based on our
field observations of vehicle spacings at peak hours, a value of 1800
vehicles per hour is recommended for the flow rate of vehicles passing
through on the way to an exit; therefore, ¢, = 1/1800 or 0.00056 hr.
Those searching for a stall but parking off the route are assumed to
have t, = 1/1500 or 0.00067 hr.
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In a one-way system, there may be all or only one of these activities
impacting the capacity at peak hours. In a two-way system, each of the
two streams on the route will have its own Xt; however, the parking
and unparking movements affect both streams. Another important con-
sideration in applying this methodology is that the “subsystem” through
which the vehicles pass may not be just one ramp or leaf of a series in
a typical sloping ramp parking facility. If there is basically continuous
flow from parking bay to parking bay, the subsystem for the outbound
flow would be the entire series of parking bays along the outbound
route followed by the vehicle that must drive the farthest from parking
space to exit. When bays act in parallel rather than series, they would
be separate subsystems. At most points at which traffic merges, the
traffic from the minor leg is reflected in the e and s components. At
points where traffic crosses, Xt for each stream is added to determine
if the expected flows can be accommodated.

In the Appendix to this chapter is an example problem to facilitate
use of this procedure.

2.5.5 Flow Capacity Level of Service

If Xt is less than 1, there is theoretically some time available for more
vehicles to join the stream. Remember, however, that at capacity, one
has presumed conditions of absolutely constant flow rather than the
peaks and valleys that occur in real conditions. Although a more compli-
cated formula is used now, the 1965 Highway Capacity Manual*® em-
ployed the volume to capacity ratio, v/c, to determine the LOS. The t
components represent V in time units; further, because we are looking
at how much of the hour is used V/c = Xt/1 = Xt. The peak-hour factor
and flow rate must also be considered before classifying the LOS. Since
v/c = V/{(PHF * c), then Zt/PHF is equivalent to v/c. Xt for two of the
most common PHFs is as follows:

Xt Xt
LOS v/c PHF = .85 PHF =5
C 0.8 0.68 0.40
B 0.7 0.60 0.35
A 0.6 0.51 0.30

2.5.6 Benefits of Flow Capacity Analysis

The type of circulation therefore does affect the flow capacity. In using
this methodology, we have found it to be of substantial value in sev-
eral ways:
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o Demonstrating that the LOS is quite good. Congestion for the user
should be minimal and need not influence functional design.

o Identifying “borderline” situations. This border cannot be treated as
a “Berlin Wall” between acceptable and unacceptable conditions.
Rather, as Xt approaches 0.8, further study should be made in an
attempt to improve circulation.

o Demonstrating that the system will clearly be overstressed and that
additional circulation capacity is required.

o Comparing two alternatives to determine which is the best from a
circulation capacity standpoint. The analysis can provide an order
of magnitude for the differences, answering the frequently asked ques-
tion: “How much better is alternative X?” Using this analysis, one
can say that alternative X will have 25%, 50%, or 100% more capacity,
with a corresponding decrease in congestion than alternative Y.

2.5.7 Functional System Capacities

When all components are included, virtually every different parking
facility will have a different peak-hour flow capacity on its circulation
routes. There is, however, some benefit to comparing circulation sys-
tems on an “apples-to-apples” basis; the general pattern of flow capacity
can be observed and factors that influence flow capacity can be deter-
mined. To do this, the static capacity, Nyosc, which produces a v/c ratio
at LOS C has been calculated for many common functional systems
under four scenarios:

Special events where the volume of vehicles arriving before the event
and the volume departing after the event are each equal to 85% of the
static capacity. There is, further, no departing flow during peak arrival
periods, and vice versa (PHF = 0.5).

Retail usage with both arriving and departing volumes equal to 60% of
the total number of parking spaces; these volumes occur simultaneously
(PHF = 0.85).

Office usage where the volumes arriving in the morning or departing in
the evening are each equal to 60% of the static capacity. The opposing

flows (departing in the morning and arriving in the evening) are equal to
5% of the number of parking spaces (PHF = 0.85).

Airport parking conditions where both the volumes arriving and departing
in a peak hour are equal to 30% of the total number of parking spaces;
these volumes occur simultaneously (PHF = 0.85).

These percentages were selected to represent relatively high traffic
volumes for those uses and thus would tend to be conservative. The
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TABLE 2-9. Functional System Capacities
N, LOS C

Use: Sp. Event Retail Office Airport

PHF: 0.5 0.85 0.85 0.85
Arrival/Departure Rate: ~ 85%—0%  60%-60% 60%-5% 30%-30%

Angle: 70 90 70 90 70 90 70 90

Two-bay systems
Single-threaded helix N.A. 335 N.A. 420 N.A. 750 N.A. 840
Double-threaded helix 585 675 980 840 1360 1505 1960 1675

End-to-end helix 585 675 980 840 1360 1505 1960 1675
Split level 480 335 670 420 1090 750 1345 840
Three-bay systems

Interlocking helix 545 505 850 625 1255 1125 1695 1250
Double-threaded helix 635 830 1160 1135 1490 1880 2325 2275
Side-by-side helix? 480 410 710 560 1100 930 1425 1125

Four-bay systems

Side-by-side helix 585 675 980 840 1360 1505 1960 1675
Single-Threaded helix 585 465 980 680 1360 1065 1960 1360
Double-Threaded helix 655 930 1275 1360 1555 2125 2545 2720

Larger systems?

5Bays, Single-Threaded 615 505 1080 775 1430 1160 2160 1555
helix

5 Bays, Double- 675 1010 1335 1550 1600 2320 2710 3110
Threaded helix

6 Bays, Single-Threaded 635 535 1160 865 1485 1270 2325 1730
helix

6 Bays, Double- 690 1070 1415 1730 1635 2540 2835 3460
Threaded helix

N.A. = Not applicable.

! Static capacity which produces Xt/PHF = 0.8 or LOS C; geometrics also LOS C.

? 70-degree values account for two-way, 90-degree ramps.

? Level bays except for floor-to-floor circulation as follows: Single-Threaded: 90 degrees,
one bay sloping and 70 degrees, two bays sloping. Double-Threaded: two bays sloping.

results are shown in Table 2-9. Isometric views of most of the circulation
systems have been previously presented. These table values work only
for designs with flow patterns exactly as shown in the isometrics.

The tables all assume geometrics at LOS C, and adjustment for other
conditions may be made by adding approximately 50 spaces in static
capacity per step. That is, an LOS D design would have a capacity of
the table value minus 50, and LOS A would be the value plus 100.
Long-span conditions are also assumed; if a short-span design is used,
capacity will be reduced substantially.

Designers can use this table as a guide to selecting a design that will
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provide LOS C or better in terms of flow capacity. Because of the range
of the scenarios, the tables may be interpolated for different arrival and
departure rates. For example, if a single-threaded helix is expected to
have simultaneous peak-hour arrivals and departures equaling 40% of
capacity, one can interpolate between values in the retail and airport
columns. (Ngs ¢ = 420 + (840 —-420) * (0.4 —0.3)/(0.6 —0.3) = 560
spaces). It is important of course to check for the “weakest link in the
chain,” be it the parking aisles, a circular helix, or an express ramp.

When the size of the facility exceeds the static capacity that would
produce a LOS C v/c ratio, alternatives or secondary routes should be
developed. For example, if N is 800 compared with a table value which
shows that a 700-space facility will be at LOS C, a different circulation
system should be provided. The numbers are not so precise that exceed-
ing the recommended static capacity by five to ten spaces will cause a
major problem. The designer’s judgment must always resolve “close
calls.”

2.5.8 General Implications

There are certain key considerations that maximize the ability to accom-
modate traffic. TRRL’s research confirms in theory a number of rules
for good design that many professional parking consultants have learned
in practice. It is generally advantageous to provide separate, one-way,
inbound and outbound routes even when there is little or no opposing
flow. This is related directly to the fact that fewer spaces are located
along the circulation route. For example, under office usage, Ns ¢ for
90-degree parking in a two-bay, single-threaded helix (in which the in
route is retraced outbound) is 750 spaces compared to the 1360 space
Nios c of a 70-degree, one-way double-threaded helix which has separate
in and out routes. The outbound vehicle encounters proportionately
fewer delays from vehicles unparking along the outbound route in a
double-threaded helix, and thus the total static capacity can be greater.

Similarly, the flow capacity of a one-way, angled parking layout is
greater than a 90-degree, two-way design on the same system, if there
are the same number of circulation routes. A one-way split level, for
example, has 60% more capacity under retail use, and 45% more capac-
ity under office use, than a two-way design. Therefore, although both
designs may have adequate capacity, there will be less congestion and
delay to users in the one-way system. When 90-degree parking and two-
way circulation on the same ramping system increase the number of
circulation routes (such as when two-way traffic is employed on a
double-threaded helix), there is some increase in the capacity of the
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system when there is substantially one directional flow, and/or there
are many spaces off the circulation routes. However, when there is
opposing flow, one one-way system may have more capacity than two
two-way systems. For example, when two-way flow with 90-degree
parking is used instead of one-way 70-degree parking on a double-
threaded helix, capacity under retail use reduces almost 15% (Nyos ¢ is
840 versus 980). However, with office use, the two-way system increases
flow capacity about 10% (1505 versus 1360). As spaces are added in
bays off the circulation routes, the capacity benefit of one-way traffic
flow is diminished. When a four-bay facility with a double-threaded
helix plus two noncirculation bays is provided, the two-way system
has 7% more flow capacity under retail use and 37% more capacity
under office use than the one-way system.

The rule of thumb that says “angled for retail, 90 degree for office”
works well for some situations but not for others. In terms of flow ca-
pacity:

» Angled parking is “better” when there are equal numbers of circula-
tion routes.

e Two two-way outbound paths are “better” than one one-way out-
bound path for office use.

¢ One one-way outbound path is “better” than two two-way outbound
paths for retail use, if most spaces are on the paths of travel.

» Adding noncirculation bays increases flow capacity, especially under
high-turnover conditions such as retail.

In summary, the TRRL analysis method permits the capacity and
congestion issues to be reviewed on an objective rather than a subjective
basis. Statements like “one-way traffic is better,” or “two-way traffic
providing more routes is better,” can now be based on analysis rather
than intuition. While the analysis procedure is still somewhat theoreti-
cal, it can be used to compare two.circulation systems on an “apples-
to-apples” basis.

2.6 PUTTING IT ALL TOGETHER

There are many subjective considerations in the selection of a circula-
tion system, such as wayfinding, flow capacity, type of user, dimensions
of the site, efficiency, spaces passed, and number of turns. For example,
it may be desirable to route unfamiliar users past most of the spaces in
a small to moderate-size facility, contrary to its effect on capacity. Side-
by-side (with four bays), end-to-end, and double-threaded helixes with
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Figure 2-15. With an express ramp and flat floors, a mega-structure becomes a
series of parking lots stacked vertically. Courtesy of Walker Parking Consultants.

one-way traffic flow all route drivers past half the spaces on the way
up and the other half on the way down. These systems are therefore
good designs for retail with a capacity of up to almost 1000 spaces. The
number of turns to the top, geometrics, and the size of the site would
be other considerations in selecting among these circulation patterns.
These systems are also excellent for airport and hospital uses. It should
be noted, however, that while capacity restraints under airport peak-
hour flow might permit these facilities to have as many as 2000 spaces,
the search time for the available space is probably too long. While
adding bays off the circulation route might increase capacity, the ability
to find the available space is reduced.

In larger systems, flow capacity and wayfinding both point to the use
of flat floors with express ramps (see Figure 2-15). The parker then need
only search a compartment with a reasonable number of spaces. Today’s
sophisticated occupancy counting systems allow automatic direction
of parkers to the floor with the most spaces available. The compartments
can have either angled or 90-degree parking as appropriate to the design.
Two-way systems tend to have more accidents (it is harder to see all
approaching vehicles) and to have conflicts when two drivers coming
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from opposite directions want the same stall. One-way traffic patterns
are thus “better” for turnover conditions. In general, if parkers can see
across several bays to available spaces, two-way end bays should be
provided whether or not the parking bays are two-way. Drivers then can
get to the available spaces quickly and without frustration. If, however,
parkers must be routed through an area a certain way, angled parking
should be provided throughout the system. A second, internal ramping
system may be desirable to allow circulation between floors, and may
be critical if the express system must be closed for maintenance. The
secondary system may have parking along the path of travel, and parking
should be angled unless traffic flow on it will be minimal.

Such two-bay designs as a single-threaded helix or a split-level are
very limited in application owing to restrictive flow capacity (Nygs ¢ is
about 420 spaces for retail use and 750 spaces for office use with 90-
degree parking). These systems are also considered less desirable by
drivers than most other systems when the height exceeds three or four
levels, owing to the number of turns and the frustration of knowing
that one is passing the same spaces on the way down as on the way
up. Therefore, a design that has fewer turns, passes fewer spaces, and
has less congestion (by virtue of having a greater flow capacity) will be
“better” whether or not the capacity is exceeded.

For regular users, a double-threaded helix as the principal traffic
route (whether one- or two-way) is almost always considered preferable
with four or more tiers because the exit path is substantially shorter. If
the site permits, additional level bays of parking off the circulation
routes are acceptable as they further reduce travel distance and conges-
tion. Because most users are present every day, they will know where
to find an available space at a particular time of day. It should be noted
that a one-way system on a double-threaded helix is still preferable
unless capacity problems require more than one up and one down route.
Some additional capacity may be achieved by using two-way traffic on
each of the routes in the double-threaded helix. Again, however, two
one-way routes down will still be “better” than two two-way routes.

2.7 SUMMARY

The level of service approach to parking design provides a valuable
tool for tailoring a design to the specific needs of the expected users.
Guidelines using LOS have been provided for many design parameters
in parking facilities—wayfinding, turning radii, ramp slopes, travel dis-
tance, geometrics, and flow capacity. Using these guidelines, a comfort-
able, well-functioning internal circulation system can be developed for
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each and every parking facility. The next chapter—Access Design—
deals with an equally important element in design: getting the vehicles
you want into the facility, keeping out those that you don’t want, and
collecting the established parking fee from each and every user.
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CASE STUDY

Suppose that a hospital parking facility is to have 650 parking spaces. A parking
study was performed to determine the size of the facility; data from that study
provide information for determining peak-hour volumes. Two thirds of the
spaces will be used by employees, who will be provided cards for access.
Seventy-five percent of those spaces are for the use of the employees who work
the day shift; the remaining are for employees who work the evening shift.
Overlap between the shifts occurs at 3:00 p.M. From data on time cards it has
been determined that 75% of the day shift works from 7:00 a.m. to 3:00 p.m;
most of the other day shift employees work from 8:00 aM. to 5:00 p.M. The
remaining spaces will be used by visitors, who will pay for parking based on
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the length of stay. Field studies indicate that the average length of stay for
visitors is 1.3 hr, and that the spaces allocated to visitors will be fully utilized
from about 10:00 A.M. until 4:30 p.M., when occupancy will begin to drop off.
A negligible number of the visitors will arrive before 7:00 am. Therefore:

The static capacity, N, consists of two components:

N =650 spaces
N, =650 * 0.67 = 436 spaces for monthly parkers
N, =650 * 0.33 = 214 spaces for visitors

Peak morning arrivals are from 6:30 to 7:30 aM. The volumes expected are:

Va =436 * 0.75 * 0.75 = 245 vehicles
Vi =214 * 0.05 = 11 vehicles
Vi = 245 + 11 = 256 vehicles

Peak afternoon departures are from 2:30 to 3:30 p.M. with these volumes:

Va=436 * 0.75 * 0.75 = 245 vehicles
V, = 214/1.3 = 165 vehicles
Vout = 245 + 165 = 410 vehicles

There will be some opposing flows. Morning exiting, 6:30 to 7:30 a.M.:

V’n = say 50 vehicles
V', = say 10 vehicles
V'’ =50 + 10 = 60 vehicles

The monthly arrivals in the morning are concentrated over 30 min. Visitor
arrivals and departures are at random throughout the day. Therefore, in the
morning the total volume of vehicles in the peak 15 min is:

Vs = 245/2 + (11 + 60)/4 = 140 vehicles
v =140 x 4 = 560 vph
PHF,\ = (256 + 60)/560 = 0.54

The evening entering activity in the peak hour 2:30 to 3:30 p.m. is:

V', =436 * 0.15 = 65 vehicles
V'’ = 214/1.3 = 165 vehicles
V'’ = 65 + 165 = 230 vehicles

The monthly exiting in the evening does not occur in the same 15 min as the
arrivals of the evening shift. Therefore:

Vis = 245/2 + (165 + 165)/4 = 205 vehicles
v=205 x 4 = 820 vph
PHF;,, = (410 + 230)/820 = 0.78

Three circulation systems are possible: a single-threaded helix with 90-degree
parking and two-way traffic; a double-threaded helix with 70-degree angled
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A - Critical Inbound Point

B — Critical Outbound Point

C ~ Parking Area With
Longest Travel Distance

Single Threaded Helix

Two Way

Double Threaded Helix Double Threaded Helix

One Way

Two Way

Figure 2-16. Isometrics for example problem.

parking and one-way traffic flow, and the double-threaded system but with 90-
degree parking and two-way traffic (Figure 2-16). In the latter case there are
essentially two routes up and two routes down. In the other two cases there is
one route up and one route down. In the double-threaded helix, however, the
routes are separated whereas in the single thread the up route is retraced on
the way down. The parking stall geometrics will be LOS B. Which is the “best”
system from a circulation standpoint?

The afternoon peak hour has the highest total volume of vehicles in motion,
with the following rate of arrivals (P,) and departure (Py).

P,= V'y/N = 230/650 = 0.35
Py = Vou/N = 410/650 = 0.63
In the single-threaded helix, the critical inbound point is at A, and the critical

outbound point is B. There are no vehicles passing through this system to get
to or from parking spaces off the system. e and s are therefore 0. While the
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vehicles in the A stream are not unparking, they will be delayed by the unparking
vehicles, and vice versa for stream B. Therefore, the time used in each stream is:

¢ = 853 vph
Cow =728 vph
p *t,=V'y * (1/cy) = 230/835 = 0.275
u*t, =V, *(1/c)=410/728 = 0.563
St=p*t,+u*t =0.275+ 0.563 = 0.838
St/PHF = 0.838/0.78 = 1.07
LOS=F

As the LOS is well below D, the single-threaded helix should not be used.
The double-threaded helix with two-way traffic is simply two separate single
threads, each with half the total spaces. ¢, and c,, are the same, but p and u
are half of that above. Therefore Xt = 0.838/2 = 0.419 and #/PHF = 0.419/0.78 =
0.54 and the LOS is A-.

In the double-threaded helix with one-way flow, a car unparking at a location
just after the last crossover point C has the greatest distance to travel from
parking space to exit. This vehicle will pass about 425 spaces. Along this route,

Cin = 1500 vph

Cou = 1043
p* t,= P, * 425 * (1/c,) = 0.35 * 425/1500 = 0.099
u*t,=Py* 425 *(1/c,y) = 0.63 * 425/1043 = 0.256

s is very small at the critical point and is neglected.

e * t,= (V,,-u)*(1/1500) = (410-0.63 * 425)/1500 = 0.095
2t=0.099 + 0.256 + 0.095 = 0.45
2t/PHF= 0.45/0.78 = 0.58
LOS = A-

The two double-threaded helixes have roughly the same capacity, which is
adequate for the expected volumes. Note that providing a crossover at every
floor will shorten the maximum travel distance and improve the v/c ratio, so
the level of service of the one-way double-threaded helix would then be better
than the two-way double-threaded helix (but the efficiency may be worse be-
cause of the crossovers).
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3

ACCESS DESIGN

Mary S. Smith

3.1 INTRODUCTION

The design of the entry/exit areas is critical to the ultimate acceptance
and profitability of a parking facility. These areas provide the patron’s
first and last impressions of the facility. A positive or negative experi-
ence will be a very influential factor in decisions regarding future pat-
ronage.

To ensure good design a number of things must be considered:

What type of parking access and revenue control (PARC} system, if
any, is to be provided?

How many lanes are required to handle peak and daily loads? Are there
any special design requirements such as evening event parking?

What configuration of each lane is required to ensure that the PARC
system works as intended?

How much space is required to accommodate the lanes required, as
compared to the space available?

What are the requirements for auxiliary spaces such as parking manage-
ment offices?

This chapter will provide the reader with a basic understanding of
the above considerations in the approximate sequence listed. Before
we proceed, however, we must dispense with the first and most obvious
decision: Is a PARC system needed at all? A PARC system has one or
both of two fundamental purposes—keeping unauthorized users out,
and keeping revenues in. If neither of these is an issue, a PARC system

59
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is not required. This situation sometimes occurs at a self-contained
development that will provide free parking. The access points will be
“free flow,” at least to the extent the surrounding street traffic system
and the internal circulation design permits. If you know you aren’t
going to have a PARC system, you can skip this chapter altogether.
Otherwise we’ll proceed with determining what PARC system is right
for the project at hand.

3.2 PARC SYSTEMS

3.2.1 Levels of Revenue Control

Before discussing specific systems, it is helpful to differentiate between
the various levels of revenue control. The Parking Consultants Council
Committee on Revenue Control, following on classifications originally
developed by Donohue and Lathan,! has defined “levels of revenue
control” as seen in Table 3-1.2

The first level of control is virtually all by hand and provides, in fact,
very little “control”; hence the designation level “0.” These controls
may be found in special-event facilities where speed of transaction is
critical, as well as in facilities that provide all-day parking at fairly
low fees.

Level 1 controls include electromechanical devices, but have little
to no audit trail. Most of these systems have been essentially replaced
by the next generation of equipment and are little marketed if they are
even still in production.

Level 2 devices add the first level of electronics, with an audit trail
at each device but no centralized reporting. Some memory for data
storage and automatic control of devices such as gates is provided.

Level 3 controls use microprocessors or other computer systems in
individual devices. From the user perspective Level 3 controls generally
are “bells and whistles” added to level 2, including machine readable
tickets, online card controllers, and pay-on-foot® machines. However,
there is still no centralized reporting of revenues at this level. To deter-
mine total revenue, the reports from the fee computers, card controller,
and monthly payment ledger must be either hand copied and tabulated
or entered into a separate computer program for reconciliation.

At Level 4, most if not all devices are online to a central computer
which monitors activity in “real time”—i.e., as it happens. A manager
can observe all transactions by one cashier, determine overall occu-
pancy in the facility, or monitor the activity at any or all lanes. Custo-
mized reports are developed and then automatically issued, with excep-
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tion transactions (any occurrence that could be an indicator of theft/
fraud) tabulated and highlighted.

The argument for computerizing parking equipment is the same as
in any other industry: the information made available to management
increases greatly while the time required of personnel at all levels is
reduced. One of the primary audit tasks in any PARC system is to
correlate tickets issued, vehicles present, and time parked with revenue
generated. Computers can do this in seconds, not hours. On the other
hand, far more information is generated by a state-of-the-art, computer-
ized system than many users want or need. To determine the right
PARC system for each situation, it is critical to assess what is expected
from the controls. Some or all of the following may be concerns and
priorities of a client:

» controlling cash revenues

» detecting theft by employees

» monitoring on-site managers/supervisors
« detecting fraud by customers

e totaling and auditing cash revenues from several cashier stations or
several facilities

+ maintaining an accurate count of spaces available

» providing activity counts for auditing purposes

e minimizing error

» controlling regular all-day parkers

¢ minimizing waiting time and/or delays

« providing passive or active security by cashier presence
o minimizing labor cost

* maximizing turnover, utilization, and revenues

As more Level 3 features are added, the “tighter” the controls become.
The need for Level 4 controls generally increases as the fees and reve-
nues increase; the incentive for patron cheating and/or fraud, of course,
is directly proportional to the fees. Likewise, the more money a cashier
handles, the more he or she is tempted to try to divert funds for personal
use. Employee theft is generally an even bigger problem than patron
fraud and if uncontrolled can severely impact revenues. An additional,
less predictable variable in the equation is the “computer hacker” who
tries to beat the system merely for the challenge of doing it. The worst
cases of theft often involve a few employees and/or a supervisor working
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with a hacker who modifies the programming to hide individual, small
thefts occurring day in, day out, over a long period of time. It is therefore
critical for the owner to determine the priorities of the PARC system.
Once the needs and expectations are known, the most cost-effective
control system can be determined.

3.2.2 Nongated Systems

The parking meter was invented over 50 years ago to provide a means
of keeping employees out of prime spaces intended for visitors and
customers. The basic theory is that short-term users are willing to pay
a nominal amount for convenient parking; employees are theoretically
not able to keep the meter current by leaving work every two hours to
“feed” it. The hourly rate of the meter is intended to cover the cost of
collecting the fees and maintaining the meter; in some cases a much
lower rate is charged at spaces intended for long-term parkers. When
used as intended, meters are quite effective, especially with widely
scattered spaces on streets and in small lots.

In practice, however, the meter is frequently misused. Local govern-
ments may trim enforcement and maintenance expenditures to lower
than acceptable levels, while diverting meter revenues to bolster the
general fund. Hourly rates have generally not kept pace with inflation.
Area employees find that they can get away to feed the meter a couple
times a day and are willing to pay the meter fee and an occasional
ticket. Cheating meters is a “folk crime”: everyone does it if they think
they can get away with it. If the municipality does not pursue enforce-
ment vigorously, “scofflaws” ignore tickets and may eventually accumu-
late hundreds of dollars in unpaid ticket fines. Owing to vandalism, poor
maintenance, and time-consuming court appearances by enforcement
personnel, a substantial number of tickets are thrown out of court.
Thefts of the collected funds by both vandals and collection personnel
are frequent problems. Under these conditions, the meter is an ineffi-
cient means of controlling parking.

Several variations on the meter have been developed. The second-
generation electronic meters are in appearance quite similar to the old
standard; however, the electronic workings require less maintenance
and provide audit information to detect and document theft. The cost
of these meters is only 25% more than conventional meters, which
should be paid back in relatively short time. Optional features include
solar power and acceptance of prepaid “frequent parker” cards. Enforce-
ment and ticket collection problems, however, remain largely the same.

Another alternative to the conventional meter is the slot box. This
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usually consists of a box with numbered slots corresponding to each
parking stall in the facility. It is nonelectrical, and has no moving parts.
The patron inserts the posted fee in the slot. Collection personnel then
check that the appropriate fee is present for each occupied space and
issue tickets to those who have not paid the correct fee. Payment of
these tickets is generally on an honor system. These boxes are most
effective in perimeter all-day parking lots, where a flat rate is charged
and revenues can be checked and collected just once a day.

Electronic meter boxes have likewise been developed in recent years.
There are two basic types. Electronic “pay and display” units operate
as follows: The patron parks the vehicle in a space, goes to the meter,
pays a variable fee for a certain amount of time, and returns to the
vehicle to place the voucher on the dashboard. The voucher is checked
during enforcement procedures. Somewhat less convenient for the pa-
tron than individual meters, these units have been more widely em-
ployed in Europe.

The other type of electronic meter box, the multispace meter (MSM),
represents a third-generation solution (see Figure 3-1). The parker is
not required to return to the car with a voucher. Instead the spaces are
numbered; the parker enters the space number before paying. The device
has a microprocessor which prints out a list of the currently paid spaces
for the use of the enforcement officer during ticket writing. While this
system is more user friendly, users who paid the device after the officer
pulled the list—but before the officer’s route brought him to the space—
can get ticketed. Therefore, the officer usually has to return to the device
frequently for updated lists; in parking structures, this may require
placing one device on each parking level.

With either type, a wider and more complex range of fee schedules
is available, making electronic meter boxes applicable for short-term
as well as long-term parking. Dollar bill acceptors and/or changers are
provided to reduce coin storage requirements. Monthly parkers’ cards
can be accepted by the machine with nearly all the features discussed
for “online” card systems later in this chapter.

Both types also have audit information to provide accountability for
the revenue collected. One primary benefit to such a unit is that one
enforcement officer can check several facilities on a frequent basis,
eliminating full-time cashiering at each facility. The ability to accommo-
date large volumes of vehicles in peak hours is also greatly improved
by the lack of gates and cashiering operations. When combined with
card capability, the computerized meter box finds its best application
in facilities that predominantly serve monthly parkers. Converting an
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Figure 3-1. Electronic meter
boxes can be used for both
monthly and daily fee parking
in large parking structures.
Photo courtesy Traffic & Safety
Control Systems, Inc.

underutilized cashier into a roving enforcement officer improves secu-
rity as well.

There are also some interesting possibilities in locating several pay
units throughout a mall, downtown area, or airport with the units inter-
connected to each parking facility. The patron who has exceeded a time
limit has only to go to the nearest station, enter the space and facility
numbers, and purchase more time.

The chief disadvantage to any form of meter is that all are essentially
“honor” systems and introduce a punitive aspect to the parking experi-
ence. Scofflaws may ignore tickets if enforcement is insufficient, and
private owners may lack legal remedy for collection. It was chiefly for
this reason that the parking gate was invented (see Figure 3-2). The gate
keeps unauthorized users out and authorized users in until they have
paid the appropriate fee. Parkers can be charged based on the actual
length of stay, rather than an estimate made at the time of arrival. Patrons
thus do not have to worry about whether or not a meter has expired.

In general, a gated system will yield more patron revenue than an
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Figure 3-2. The parking gate
was invented to keep unautho-
rized users out and revenues in.
Photo courtesy Federal APD.

ungated system, which in most cases more than pays for the higher
operational cost of the gated system. Most parking structures today with
a fee for parking are gated.

3.2.3 Gated Systems

The typical gated PARC system consists of a cashier system for daily
fee parkers and a system for regular parkers who prepay on a monthly
basis. In the most primitive systems, cash is kept in a “cigar box,” with
no audit trail whatsoever. The monthly parkers are issued permits in
paper or decal format. Gates, if provided, are opened manually or by
command of the cashier. These systems provide almost no revenue
control, and are really not “parking access and revenue control systems”
at all.

In the first generation of true PARC systems, the gates are automati-
cally opened by electrical signals sent by other devices in the lane such
as ticket dispensers and card readers. In most cases, the gate is closed
by a signal from a vehicle detector which monitors a loop in the pave-
ment. For parkers who pay a daily fee, tickets are issued at the entry
lanes (see Figure 3-3). At the exit an out clock stamps the ticket with
the exit time. The cashier enters the fee in a standard commercial cash
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Figure 3-3. Gated systems
generally have a ticket dis-
penser at the entry lanes for
daily fee parkers. Photo cour-
tesy Amano Cincinnati, Inc.

register and collects the fee due. Card readers are usually provided
at both entry and exit for monthly parkers because the speed of the
transaction is two to three times faster than if the cashier processes the
monthly parker. Card systems therefore reduce the number of lanes and
staffing requirements and are very cost-effective. Antipassbhack controls
are provided by reversing a magnetic field in the card with each use at
entry and exit. Once a card has been used at an entrance gate, it must
be used at an exit gate before it will be accepted at an entrance again.
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If passback problems are not expected, the system may be designed as
“card in, free out.”

The negative aspect to first-generation gated systems is that control
is not very sophisticated and substantial management time is required
to achieve most of the usual goals of PARC systems discussed pre-
viously. With a cash register, the only record of transactions is the
journal tape. Substantial auditing time is required to find errors, theft,
and fraud. Virtually every ticket must be hand-audited. To lock out one
card user who is no longer authorized to use the facility, all cards must
be collected, recoded, and reissued. If the coding is not changed, cards
can remain in circulation for months or even years after the cardholder
loses authorization to use the facility.

The next generation of PARC system reduces or eliminates all of these
problems, at relatively low additional cost. In fact, second-generation
systems are almost always cost-effective and should be used in virtually
all cases. Today’s fee computer systems automatically print out summa-
ries of activity each day, report transactions by type, reconcile cash that
should be in the drawer, and raise red flags for exception transactions
(see Figure 3-4). Tracking exception transactions permits the manager
to note, for example, that there are a lot of “lost tickets” when one
particular cashier is on duty. The fee computer thus provides a better
audit trail for auditing cash revenues than a standard cash register,
especially when the system software is specially designed for parking.
The fee computer also allows the transaction to be completed more
quickly since only the “in” time and any validations are entered and
the fee computer calculates the fee. Errors and some types of cashier
and patron fraud are minimized. The fee computer has a fee indicator
specially designed for visibility by the exiting driver. Presumably, the
driver will notify management if the fee quoted by the cashier is different
from the fee displayed by the fee computer.

A common misconception is that fee computers eliminate the need
to audit activity on a daily basis. The tickets turned in at the end of
each shift must still be checked to be sure that a cashier is not entering
a false time or falsely recording validations. This check is more easily
done if each ticket is printed with the transaction information processed
by the fee computer. Daily, monthly, and annual reports for a facility,
much less for a group of facilities, must also be prepared by manually
totaling the paper reports from each lane.

The second generation of card systems allows owners to invalidate
the cards of those who are no longer employed or haven’t paid, even
if the card has not been recovered from the individual. These systems
also prevent employees from “losing” a card while actually giving it to
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Figure 3-4. The fee computer provides an audit trail for control of cash revenues.
Photo courtesy Parking Automation Corporation.

someone else. The card reader is “smart” in that it is microprocessor
controlled. Periodically, management personnel can go to each card
reader and, using a device similar to a hand-held calculator, program
the reader not to accept specific cards (such as 113, 283, 139) and/or
all cards in a certain block (such as 203—249). These card systems also
have antipassback capability.

Another important component of the second-generation PARC system
is a vehicle counting system. A differential counter maintains a count
of the number of vehicles in the facility at all times. When occupancy
reaches the preset “full” level, the unit automatically illuminates the
full sign until occupancy drops off again. When card systems are used,
it is generally desirable to set the “full” level a few spaces below actual
capacity. The ticket dispenser is interconnected so that a ticket won’t
be issued until the occupancy drops below “full.” However, the card
readers continue to let card holders in, with the cushion of extra spaces
between “full” and the actual capacity, ensuring that the monthly par-
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kers will find a space. The vehicle counting system also should have
nonresettable counters, two for each lane, that automatically record
gate uses and card uses. By comparing the total of card uses and cash
uses (the latter as reported by the fee computer) with the total of gate
uses for each cashier’s shift, the manager can determine if cash transac-
tions are being performed by hand, with the revenue going into the
cashier’s pocket.

3.2.4 Upgrades to the Basic Card System

In situations with numerous gates and especially when there are several
lots and facilities (such as at a campus or hospital), a centralized com-
puter system should be used for cards. All the readers are hard-wired
to a central microprocessing unit; therefore the generic name is an
online card system. The central computer may be either a standard
microcomputer, such as an IBM PC, or a unit with a CPU, operating
system, and memory designed specifically for this application. There
are two variations of the online card system: the “dummy” reader and
the “smart” reader. In the former case, whenever a card is used at any
gate in the system, the number of the card is transmitted to the central
unit, which checks to see if it is valid. Authorization for every transac-
tion is sent from the central unit. In the smart case, the wiring from
reader to central computer is used to “download” changes in authoriza-
tion, eliminating the need to go from reader to reader with the hand-
held device. The authorization decision is made at the reader itself.
The smart systems tend to be more expensive (because, of course, each
reader is more expensive) and may require more maintenance. However,
all readers are not shut down when the master unit goes down, as is
the case with the dummy reader (see Figure 3-5).

There is some disagreement in the industry over how tightly the
antipassback controls should be applied. “Misreads” of card number
are occasionally a cause of problems, often creating a chain reaction
with other users. For example, if card number 301 is read at an entry
lane as card number 311, the computer will not let card 301 out in the
evening as it hasn’t been considered “in.” Meanwhile, card number 311
can’t get in, because the computer thinks it already is “in.” In some
cases, the misread problem becomes progressively worse owing to deg-
radation of the cards.

Almost all major manufacturers have reacted to this problem by de-
signing the antipassback software to be used in either a soft or firm
mode, as selected in the field by the owner/operator of the facility. The
soft control accepts a card that is properly paid but is out of sync with
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Figure 3-5. Card readers on-
line to a central controller pro-
vide the best control of monthly
parkers. Photo courtesy Fed-
eral APD.

respect to antipassback mode, printing an error message at the central
controller for follow-up by the management. Follow-up and/or disci-
plinary action may only be taken for repeated offenders. The argument
for soft control is that it eliminates backups, delays, and complaints at
lanes when a “good” card is rejected. The proponents of firm-only
controls, which reject the out-of-sync card, argue that the correction to
misreads is to eliminate the misread problem rather than to accommo-
date it. Furthermore, soft systems tend to encourage “lazy” users, who
pull a‘ticket on the way in when the card is not immediately at hand.
The ticket is then discarded, and the card is used to exit, avoiding the
usually longer line at the cashier. The discarded ticket throws off the
daily cash revenue audit. When challenged about the antipassback vio-
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lation, the lazy user plays dumb and blames “the computer” or shrugs
his or her shoulders and confesses to being unable to find the card
when entering. A similar problem occurs when gates are lifted in off
hours and the card holder doesn’t stop to card out. The next morning
the computer thinks the user is still “in.”

The firm mode proponents say the delay that occurs at the lane when
a card is rejected is enough to ensure that the lazy and/or fraudulent
user tries it only once. However, with today’s emphasis on service to
the user, the soft system has its advantages. We believe soft and firm
antipassback should be provided with any system and the owner/opera-
tor should be able to select which to use based on the circumstances
at hand. The need for firm antipassback increases as the incentive to
cheat the system—which is usually the price of parking—increases. If
an owner isn’'t yet sure how tight the controls should be, buying a
system with selectable soft and firm antipassback provides flexibility
to determine what is the “best” system through experience.

There are, of course, times when many vehicles legitimately depart
without carding out, such as if the computer is down or if a special
situation occurs. The resynchronization feature was invented to correct
this problem. When resync is activated, all cards are given one authori-
zation in or out before firm antipassback is restored. This feature can be
misused; if done too frequently, the antipassback feature is essentially
voided. Both soft antipassback and resync features can also be used for
theft or kickbacks by the on-site personnel, and thus passback violation
reports need to be monitored.

A good online card system has the capability to allow any individual
card access at certain points and at specific times while denying access
at others. Take, for example, a hospital with a number of different
parking facilities. An employee card would not work at a certain lot
until after 2:00 p.m,, reserving those spaces for the evening shift. Doctors’
cards might work anywhere or at only one location. When the status
of a particular card is to be changed (for example, Jane Smith has been
promoted to a position that allows her to park in a different area), the
information is entered at the central console. Ms. Smith never has to
turn in her card to be reassigned to the new lot.

Some of the systems on the market do far more. For example, in a
commercial facility, the ledger for monthly payments is part of the
system. If someone has not paid on time, the computer can automatically
lock out that person at either the entrance or exit point. The cashier
has no control, but can certainly accept the individual’s payment! If
the individual does not pay the monthly bill, he or she can be charged
for parking at the transient rate.
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Another possible feature is the so-called per diem option. One major
tenant in a building leases a block of spaces for its employees but argues
that many of its employees are outside salesman who will not be present
most of the time. Therefore, 500 cards are to be issued at the fee for
400. The computer keeps track of occupancy by these users and when
the 401st patron enters, it begins charging hourly rates for that and all
subsequent patrons from this group until the number drops below 400.
At the end of the month a statement is issued to the tenant for the
overcharges. This option can also be used for those who regularly come
to a facility but stay for shorter periods, such as doctors and part-time
employees. The CPU keeps track of the usage, and bills are issued for
parking charges accumulated over the previous month.

There is also a nesting feature available. If a user pays to park in a
certain area on a monthly basis, he or she must pass a second card
reader to the area within a set period of time after entering. If the user
fails to park in the assigned area, he or she can be refused exit that day,
or refused entrance to the facility the next day.

3.2.5 Other Upgrades/Options

One of the most desirable upgrades to the cash control system is the
use of machine-readable tickets. Machine-read systems substantially
reduce keying error and the potential for theft by employees. Audit
requirements are reduced as tickets do not need to be checked on a daily
basis unless damaged or mutilated. Auditing and tracking of exception
transactions become random rather than regular. The speed of the trans-
action is also somewhat faster, sometimes allowing a reduction in per-
sonnel and/or equipment needs.

Declinating systems involve the prepurchase of a ticket or card for
certain sum—say, $100 worth of parking. With each use, the fee is
deducted from the balance until the prepaid amount is used up. It is
usually desirable to have a reader process tickets at both entry and
exit, bypassing the cashier. A light on the reader warns when the fee
remaining is low. Cashiering needs can thus be reduced, and customer
service to regular users is greatly enhanced. This option is quite similar
to the technology employed for commuter rail systems like the Washing-
ton DC Metro. Some in the industry call these debit cards, but that is
technically incorrect. In the financial services industry, a debit card is
one which results in an immediate draw on a user’s checking account.
Parking systems may accept debit cards as well as credit cards and thus
a potential source of confusion is eliminated when the term declinating
is used for prepayment of parking fees.
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Declinating cards are highly desirable in situations where a large
number of commuters now pay daily fees to park. These cards can also
be highly desirable when an institution wants to encourage use of mass
transit. On most days, the commuter will use mass transit and thus
won’t want/need to pay for monthly access. However, on days when
the employee needs the personal vehicle, he or she can receive a special
parking fee through the declinating cards. The system is thus a “win-
win” for all parties.

A decrementing card or ticket allows a predetermined number of
visits to a parking facility, regardless of length of stay or the charge
that would otherwise accrue. Declinating or decrementing systems are
valuable also for visitors who will arrive and depart over several days
or even months such as at a hospital, hotel, or seminar. Prepaid parking
tickets can be issued months in advance for use on a specific day and
time such as a special event. Advance ticketing substantially reduces
the number of lanes and cashiers required for major events.

Valet parking has traditionally been controlled with level 0 or 1
technology: the two-or-three-part ticket. With the computerization of
revenue controls and machine-readable tickets, valet parking controls
can now be computerized; multipart tickets can be issued at entry to
stay with the patron, the car, and the keys. ID cards for the valets can
be used to monitor and record who had possession of the vehicle at
any point in the stay.

Another desirable option is the remote lane monitor (RLM.) This
unit, located in a central location such as the parking management
office, monitors activity in each lane, such as the fact that the gate
remains up too long or the ticket dispenser is running out of tickets.
The RLM is especially beneficial for remote lanes where the cashier
cannot see problems. The oldest systems were electromechanical, but
now electronic and online computerized systems (called computerized
count controllers, CCC) are available.

Intercoms to remote lanes can be installed directly into, or attached
to, ticket dispensers or card readers. The ability to communicate with
management greatly reduces frustration by the patron and eliminates
some breakage of gate arms.

CCTV monitoring of entry/exit lanes is also valuable in systems with
high revenues. Such a system would not have to be continuously moni-
tored. Rather, alarms triggered by exception transactions would sum-
mon management, turn on the appropriate camera, and start up a video-
tape recorder.

License plate inventory (LPI) systems were developed for airports to
thwart the parker who has “lost” the ticket and claims to have come
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in “just an hour ago.” In facilities where parkers don’t stay for more
than one day, the patron with a lost ticket is charged the maximum
daily rate. At an airport, however, cars can be parked for days or even
weeks. If the parking rate is $10 per day or more, there obviously is
substantial incentive to pull the lost-ticket trick. Cashiers also may try
to charge the patron the correct fee for the full stay, but enter the
transaction into the fee computer as a lost ticket.

With this system, an inventory of the license plates on all vehicles
present is taken in the early morning hours each day. Usually, the data
are collected with a hand-held device similar to a calculator. A computer
tabulates the data downloaded from the hand-held device.

Some systems use the LPI only for exception transactions such as a
lost ticket; others require that the license plate be entered for every
transaction. In the former case, the database is usually queried by the
manager upon request from a cashier via intercom. Paper printouts of
vehicles sorted by day of arrival can also be given to the cashier. The
most efficient way, however, is to have the LPI database online for
automatic query from the cashier for exception transaction processing.
In the every-transaction case, the LPI system must be online from the
cashier system. The license plate is entered into the fee computer or a
pad adjacent thereto which checks to see if the vehicle has been present
for the number of days and the elapsed time calculated from a machine
read of the ticket or, in the case of a mutilated ticket, from the “in”
time and date as entered by the cashier. The entry of the license plate
number obviously slows the transaction, especially in states without a
front license plate. In that case, the cashier must wait until the vehicle
is pulled up to a gate for the plate to be read via CCTV. Compared to
a transaction without LPI, the processing time for an LPI transaction
may be only 75% as fast with a front plate and 50% with a rear plate.
There is then a corresponding increase in the number of lanes, in terms
of both equipment and staffing on a day-to-day basis. The number of
lanes/cashiers may increase 33% with LPI/front plates and 100% with
LPI/rear plates if the LPI is mandatory on every transaction. The cost of
the equipment with mandatory license plate check is also substantially
more per lane, even before additional lanes are factored into the equa-
tion. However, much of that cost is related to the use of more sophisti-
cated, multitasking computer systems, which provide other benefits to
the PARC system. It is extremely difficult to isolate the incremental
cost and net revenue gain associated solely with mandatory LPI checks.
In some cases, the revenue loss owing to fraud and/or theft on “normal”
transactions (that is, with a ticket given to the cashier) may not merit
the additional capital and operating costs of the mandatory LPI system.
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The proponents of mandatory LPI argue that there are a number of
ways patrons and cashiers can “pull” tickets, substituting a ticket of
much shorter duration. Most airports with LPI on every transaction are
those with very high parking fees and very high incentive for theft/fraud.

3.2.6 What Reading Technology Is Right for You?

As systems for automatic card and ticket reading have been developed,
different manufacturers have used different technologies. As with other
control considerations, the choice of technology for a specific project
depends largely on how “tight” a system is desired.

3.2.6.1 Card Technologies

First-generation offline card systems usually have metallic slugs buried
in the card in a certain pattern for reading by a magnetic device. All
cards are permanently coded with a single code for each facility.

The dominant technology for individually coding cards is the mag-
netic stripe developed by IBM and often used on credit cards. The major
problem with “mag stripes” is that the information can be changed,
copied, or recoded. While it takes a pretty sophisticated user to pur-
posely recode a card, a card can be copied by an electronic skimmer.
Firm antipassback, of course, minimizes the benefit of a copied card,
since two users with the same ID number can’t be in the facility at the
same time. More critically, the information on a mag stripe can be
scrambled by rubbing against a number of magnetic devices, including,
on occasion, a card with magnetic spots. The latter cards are formed by
a center core of a magnetic material such as barium ferrite, sandwiched
between layers of plastic. The increasing use of barium ferrite cards
can cause substantial problems for all mag stripe card systems.

Infrared cards were developed by Citibank to minimize fraud and
theft with their credit and ATM cards. Infrared systems tend to be more
reliable and more difficult to copy or tamper with (but more expensive)
because cards and reading devices can only be purchased through li-
censees of Citibank.

Bar-coded cards have become common because of the lower cost of
the technology. Bar-coded cards are the easiest to copy. Again, however,
antipassback controls limit the ability to use copied cards. In a multifa-
cility system, such as at a university, copied cards could be used to
gain access to different facilities at the same time unless there is some
system for cross-checking card utilization between facilities. This is
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avoided with a facility management system, as discussed later in this
chapter.

Wiegand effect cards employ a magneticreaction toread a unique code
created by the placement of individual wires in each card. No power is
needed at the card reader to read the code, but power is required to check
the validity of the number. Even when Wiegand cards are not used, the
protocol developed for communications in this system has become fairly
standard to the security industry. Using Wiegand protocol, some manu-
facturers of card controllers have the flexibility to use many different
types of cards, even within the same system. This is quite beneficial, for
example, when an institution already has an ID badge/security system.
Designing the card system to read the same badge will eliminate the need
to carry multiple cards. In some cases the badge can be dual technology,
with one type of read system for parking (mag stripe, for example) and
another for ID (bar code, for example.)

All of the preceding systems require the insertion of the card into
the reader. Other systems read a card from a distance, in some cases
without the driver removing the card from a wallet or other carrier. The
distance at which the card can be read varies between systems. Proxim-
ity systems require the card to be held up within a few inches of the
reader; the technology of this type usually involves scanning by very
low power radio frequency signals. Automatic vehicle identification
(AVI) systems can be read at a distance of 10, 20, or even 30 feet. Most
of the longer-distance systems can read while a vehicle is in motion,
at speeds of 10 mph or more, and were developed for regular users of
toll highways and bridges. At least one system uses a decal with a bar
code, placed on the lower left front windshield, that is read by laser.
The speed of transaction for proximity/AVI readers is faster, especially
with the longer-distance systems where the vehicle does not need to
come to a full stop, which can reduce the number of lanes required.
Proximity readers also eliminate many weather problems that can occur
with insertion readers. They are considered substantially more user
friendly. However, proximity card systems are more expensive, with
AVI yet more expensive, as compared to insertion card readers.

When a local agency has already developed an AVI system for toll
collection, it is possible for the parking system to “tag along.” An airport
parking system, for example, could read the declinating AVI card of a
toll authority. It could collect parking fees directly or receive payment
for parking charges from the toll authority. Cashiering would be elimi-
nated from the transaction. At present this requires coordination among
agencies and is more feasible with public entities. While the toll author-
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ity may charge fees to join their system, it would probably be no more
than what credit card companies charge to collect fees for merchants.

With more and more users going to computerized access control, new
opportunities for control open up. For example, the parking control
system at a hotel can read the guest’s room access card and report
parking charges to the hotel’s computer system for inclusion in the
guest’s bill.

3.2.6.2 Machine-Readable Ticket Technologies

Most machine-read systems for tickets currently use one of three techno-
logies: hole punch, mag stripe, or bar code. Hole punch systems are
substantially less expensive, but the coding, once placed, is permanent.
Data for such features as declinating tickets cannot be added with each
use. Also, hole punch systems can usually be compromised very
quickly, simply by comparing the pattern of holes. Finally, hole punch
systems have high maintenance costs owing to the litter. Mag stripes,
of course, can accommodate additional information; in many pay-on-
foot systems, the original ticket issued at entry is recoded with the grace
period for use as the exit ticket. In a bar code system, either a serial
number or a series of random numbers is preprinted on each ticket.
The ticket dispenser “reads” the bar code and tells a central computer
when that ticket was issued. When the bar code is read again at the
exit, the computer searches its memory for the data on that ticket. The
relevant information is all kept in the computer, not on the ticket. The
chief drawback is that if the central computer goes down, the entry
time and date must be entered manually from the ticket.

The choice between these reading systems again comes down to what
kind of problems and what level of cheating are expected. If the only
information necessary to calculate a parking feeisthe “in” time onasingle
trip, the less expensive hole punch system may be acceptable. Mag stripe
technology works well for tickets which require some rewriting and in
most cases can be combined with other control techniques to provide an
effective system. The significant advantage of mag stripe is that all data
related to that ticket can be recorded on the ticket. Bar code technology,
however, is significantly less expensive, in terms of both first cost and
ongoing maintenance.

3.2.7 Facility Management Systems

The “ultimate” in gated systems now available is a system fully online
to a central computer. The primary reason for going totally online is to
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allow management of the parking system, be it one facility or a dozen,
from a central station. As more complex logic and sophistication are
added to any system, it is capable of greater control and management
with less human input. The information available increases greatly
while personnel time decreases. One of the generic names for these
systems is thus a facility management system (FMS). Using data man-
agement software, the FMS can generate just about any type of report
imaginable. While this information has always been available to parking
managers, the amount of time required to track trends in utilization
and revenues was cost-prohibitive. Now, computers can do the search-
ing and compiling, allowing management to improve performance.
Some specific management functions that can be performed by FMS are*:

Revenue Maximization. This term refers to a step-by-step refinement of
management procedures with the goal of maximizing revenues through
improvements in facility performance and elimination of fraud and theft.
An integral component of revenue control is the feedback provided to
local facility supervisors and employees from a series of timely reports.
Information in such reports is derived from the transaction data received
from “intelligent” peripherals, which include the card reader controller,
the ticket dispensers, the fee computers, and the gates.

Facility Utilization. Analysis of peripheral transaction data can also reveal
patterns of usage that are vital in the preparation of overbooking plans
for the facility. Such information is also valuable for setting empirically
based rate structures and in formulating expansion plans.

Equipment Maintenance Control. By tracking malfunction data returned
from peripherals, objective judgments can be made regarding which de-
vices are failing, the nature of the failure, and environmental factors
related to the failure. This information is useful for scheduling preventive
maintenance and for deciding which pieces of equipment are due for re-
placement.

Revenue Forecasting. Information obtained from statistical analysis of
peripheral transaction data can be extrapolated for revenue forecasting
and management planning. By monitoring specific data, “trends” may be
identified early to optimize management response. In addition, hypotheti-
cal situations can be analyzed and should provide management insight
for business planning.

Alarm Reporting. Communication lines can provide status information,
exception transactions, or failure conditions for the various peripherals
(e.g., gate arm stuck).

Perhaps the most fundamental technological improvement resulting
from online, real-time computers in PARC is ticket tracking. As pre-
viously discussed, auditing primarily involves correlating tickets issued
with other activity. With machine-readable ticket dispensers online to
a computer, the system can trace the path of the ticket through the
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system, eliminating this cumbersome task. This feature allows the sys-
tem to report how many tickets are outstanding at any given time and
how much revenue is represented by those tickets. It can be used to
process mutilated tickets, since the cashier can enter the ticket number
and the computer will retrieve the entry time. This is among the most
beneficial features available today for detecting revenue and fraud.

One significant feature of these online systems is that they are de-
signed to control a number of different lanes and/or different facilities
from one central computer. Several parking structures can operate inde-
pendently, even with different commercial operators, but all transaction
data are “off-loaded” to a central computer for analysis and management
action by the owner. The owner can program the system to poll each
parking facility overnight, tabulate and summarize the activity, and
print out reports before management arrives in the morning. Substantial
clerical time can thus be saved in tabulating activity at several facilities,
while management can spot a new trend in minutes. Fee schedules
and other programming changes can be downloaded to any individual
facility or to all facilities in the system. The online system is thus
most effective for an owner with multiple parking structures (such as
a parking authority or an operator) or one with many lanes and high
revenues (such as an airport}.

3.2.7.1 Configuration of an FMS

The number of facilities connected to an FMS has a bearing on the
design of the system. When multiple facilities are connected to a single
FMS, each individual facility may have a local facility computer (LFC),
which collects and tabulates the data for that facility before sending it
on to the master parking computer (MPC) (see Figure 3-6). The LFC
provides the facility’s on-site manager with the data necessary for day-
to-day operations while allowing central management to track data and
monitor the full system.

In other cases one MPC is connected to peripherals at several facilities.
While saving on hardware costs, there are far more ramifications if—
or should we say when—the central computer goes down.

In a third case, peripherals at each facility are connected to a local
controller which makes decisions and/or stores data, but which has no
workstation. Data are uploaded and programming is downloaded from
the MPC.

The size of the system and the features desired definitely have a
bearing on the computer hardware required. When each peripheral is
“smart,” the FMS may only need to handle one task at a time such as
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Figure 3-6. Facility management systems allow managers to maximize revenues,
monitor and project performance, and plan equipment maintenance and replace-
ment. Photo courtesy Federal APD.

preparing a certain report or downloading new programming to periph-
erals. However, other situations require multitasking. For example, an
LPI and the vehicle counting system may need to be working at the
same time. Most personal computers (such as the those employing the
Intel 386 chip) are simply not big enough and fast enough to perform
these tasks “simultaneously.” A larger multitasking computer may then
be required; Intel’s Pentium processor is fast enough that it can perform
one task without disrupting or delaying others. Some more sophisti-
cated systems, such as those that have “dumb” peripherals that must
be online or have large memory requirements, require a minicomputer.

Yet another possibility is to network computers, each performing
individual functions. One handles the LPI; another, the occupancy and
lane monitoring. The MPC provides system management, reporting,
administration, and programming. However, the MPC also can be con-
figured to provide redundancy for either of the task computers. Comput-
ers do go down; a network usually is the most cost-effective option to
minimize system disruption. With the relatively low cost of fast, power-



82 PARKING STRUCTURES

ful personal computers, we find the network option to be highly cost-
effective as compared to using a minicomputer to run the whole system.

3.2.7.2 Coordinating Peripherals With an FMS

Owners often want to have the flexibility to choose from many vendors
for their PARC peripherals. When an FMS system is designed to run
on a standard computers, one is not, in theory, married to a particular
brand of peripherals. If the peripherals are microprocessor controlled
and have the capability to communicate to a central computer, one
needs only the protocol of the peripherals to integrate the system. The
use of Wiegand protocol, for example, has made it possible to use many
different card reading technologies within one card system.

In practice, however, most FMS systems now on the market are tied
to certain PARC devices, because of the intricacy of communication
between devices. Customizing the FMS package for a different set of
peripherals might not be cost-competitive with the peripherals that
already work with the FMS. The larger parking vendors make all the
necessary peripherals and FMS systems and may not be particularly
interested in sharing protocol.

This issue is most critical if one chooses peripherals now from a
vendor in anticipation of a future purchase of that firm’s FMS. When
you finally get around to adding the FMS, you might not be happy with
the local service, or another FMS may have become available that is
more attractive.

Some in the parking industry have proposed that a recognized group
endorse “standards” for computerized parking devices. Standards,
when in place, cover such things as the CPU, interfaces, and protocol.
If there were standards, integration would be much simpler and less
expensive. The Parking Consultants Council of the National Parking
Association explored the standards issue and declined to adopt any
standards. There are too many different needs for any one type of hard-
ware, such as an IBM PC 486 compatible computer, to be designated
“standard.” Further, technology is changing so fast that features that
are today constrained by hardware capabilities—for example, commu-
nication by modem—can be revolutionized literally overnight. The PCC
also felt that the marketplace will determine if standards are appropriate
and which approaches will become standard. This is essentially what
happened with the Wiegand protocol in the security industry.

In the absence of standards, one must either purchase a package that
has already been developed or pay for integration of components that
individually have the features desired. The more detailed the specifica-
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tions, the smaller the pool of qualified bidders becomes. All of these
factors make it difficult to specify and competitively bid PARC/FMS
systems. It is forcing designers to use performance specifications rather
than specify how that performance is to be achieved. It also makes it
more difficult to compare bids on an “apples-to-apples” basis. Whereas
in the past, an owner could call a distributor and outline requirements
in a telephone call, today that owner must do extensive research or
retain a consultant to negotiate the high tech maze of PARC systems.

3.2.8 Pay-on-Foot PARC

Before discussing pay-on-foot PARC, there is one issue of terminology
to clarified. As with any “new” technology, there is a lag between the
development of the systems and the adoption of terminology industry-
wide. Oftentimes, the terms used by the first or leading manufacturer
become the standard of the industry. In the case of pay-on-foot, there
is yet much confusion over terminology. Some in the industry use the
term “pay-on-foot” broadly; others use the term only for cashierless,
automated pay stations (see Figure 3-7).

It can be confusing when a term is defined more narrowly than what
the sum of its parts indicates. Logically, pay-on-foot should be defined
as any revenue control system in which payment for parking is rendered
“on-foot” rather than from a car. Under this definition, pay-on-foot
systems range from the traditional parking meter serving one stall to
sophisticated automatic pay stations. Pay and Display and Electronic
Multi-Space Meters are the higher-technology versions of ungated pay-
on-foot.

For gated systems, the microchip allows the cash transaction to be
performed at a location other than the exit lane, while maintaining
the integrity of the gated system. Any cash transaction is faster when
performed on foot rather than from a vehicle; the cashier and/or equip-
ment is not idled while the vehicle pulls into and out of the lane.

The entry to the parking facility with a gated pay-on-foot system is
controlled with ticket dispensers and barrier gates. Monthly parkers
are processed by card readers at both entry and exit lanes. The cash
patron pays the parking fee at a central pay location after visiting the
destination but before retrieving the car. The central payment station
can be cashiered or equipped with an automated pay station or both.
Following payment the patron receives the receipt (if requested) and
an “exit ticket.” In some systems, the exit ticket is actually the original
parking ticket reissued for reading at the exit. This allows each ticket
to be printed with the appropriate data at every step along the way,
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Figure 3-7. Automated pay-
on-foot machines eliminate hu-
man cashiers. Photo courtesy
Amano Cincinnati, Inc.

which eases auditing. The parking patron then has a preset time period,
usually 10 to 15 minutes, to retrieve the car and reach the exit lane.
The exit lane is equipped with an exit reader instead of a cashier booth.
The patron inserts the ticket into the exit reader, which determines if
the ticket is still valid. If so, the gate rises and the patron is free to
leave. If the elapsed time is greater than allowed or the ticket has not
been validated, the exit reader rejects the ticket and the gate will not
open. The patron holding the invalid ticket must then return to a cashier
or pay station to pay the additional fee. Some exit readers, however,
accept payment for small overtime charges at the exit lane.

Several variations of pay-on-foot solutions are available for gated
settings. With central cashiers, the traditional cashiers and fee comput-
ers are merely relocated to a central location to perform the cash transac-
tions. Automated pay stations are machines similar to ATMs that pro-
cess the transaction, replacing the cashier and fee computer. “Hybrid”
systems also exist, in which two different types of equipment are com-
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bined to form a system. Hybrid pay station/exit cashiers have centrally
located automated pay stations and exit lane cashiers. The intent of this
combination is to reduce the number of exit lane transactions while pro-
viding a means of processing the patron who forgot or chose not to pay
at the machine. With hybrid pay station/central cashiers, both cashiers
and automated pay stations are located at the central location. The cash-
iers are on duty during the busy times, whereas the automated machines
can be operational 24 hours per day. Customers can choose between the
human cashiers or the machines. Only one cashier may be required in
facilities that would otherwise require multiple cashier lanes.

3.2.8.1 Why Pay-on-Foot?

Pay-on-foot revenue control has been touted for a number of years
as the future of PARC. Cashierless parking facilities with automated
payment machines were expected to become as common as ATMs.
Fully automated, cashierless pay-on-foot systems are widely used and
accepted in Europe. However, in the U.S. there have been a number of
“disasters” but very few success stories. One of the biggest concerns
regarding the acceptance of pay-on-foot in the U.S. has been the percep-
tion that the American customer, in general, tends to expect a higher
level of customer service than the European parker. In Europe—as well
as in much of Asia—parking is at such a premium that the parker is
happy just to get a parking spot. A tour of parking facilities in Europe
reveals that significantly less attention is paid to user comfort in all
aspects of parking design and operation than in the U.S. Lighting, park-
ing geometry, and other functional issues are all designed to a lower
standard of user friendliness than in the U.S.

Another issue impeding the acceptance of pay-on-foot has been the
dollar bill. In Europe, there are widely circulated coins for dollar-equiv-
alent denominations. In the U.S., however, the lack of acceptance of
the Susan B. Anthony dollar has made it imperative to include dollar
bill acceptor/changers in most installations. Only recently has the relia-
bility of those units been improved to a level minimally acceptable to
the U.S. parking operator.

In 1993, we conducted a survey of all American users of pay-on-foot
systems that we could identify, primarily from lists of installations of
pay-on-foot provided by manufacturers.? We included electronic multi-
space meter units in the survey, as well as gated systems.

The general advantages of pay-on-foot applicable to all such systems
cited by the respondents are as follows:
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o Lower operating costs—primarily owing to savings in labor costs.

e Reduced exit lane queuing—because of the improved speed of the
exit lane transaction.

o Increased revenue control/security—because the revenue is collected
at a single central location. In the case of central cashiers, the cash
is collected in an office setting with other personnel nearby and where
management can more easily monitor the performance of the cashier.
In cashierless systems, the number of people who handle cash is
sharply reduced.

e Reduced staffing problems. Again, the reduced labor in a cashierless
system will reduce the headaches of hiring, supervising, and schedul-
ing staff. When the system is cashiered, the work setting is improved
and turnover is reduced; also other office staff can more easily “pinch-
hit” when a queue develops for a few minutes without scheduling
additional cashiers.

o Improved customer service—primarily due to the elimination of delay
at the exit lane; also in the case of central cashiers, because the
transaction is performed in an officelike setting rather than a vehicular
exit lane.

e Improved speed of transaction—which not only reduces congestion
at the exits, but may result in a reduced number of cashiers and lower
labor costs.

* Reduced auto emissions by queuing autos. While some may scoff at
the notion that cashier lane queuing is a major cause of pollution,
improving air quality will require a lot of individual little steps to
reduce auto emissions. Further, removing the cashier from the exit
lane is a significant improvement in quality of the workstation as
well as eliminating any exposure to vehicle fumes.

Certainly, there are also disadvantages, the most predominant being
the need to change American “habits” to accept the pay-on-foot systems.
The most common reasons cited in the industry for not doing pay-on-
foot are accommodating the parker who leaves the ticket in the parked
vehicle and the individual with “machine phobia.” ATMs are widely
accepted and used, but there does remain a small segment of the popula-
tion that refuses to use them. Like the banking industry, the parking
facility owners in the survey who have tried pay-on-foot have found
that those two problems can be minimized to a very acceptable level,
while garnering the benefits listed above.

The survey also found differences in the application of various pay-
on-foot systems.
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3.2.8.2 Multispace Meters

The most significant advantages of the electronic multispace meter are
the elimination of queuing at the entry and exit, and generally lower
capital and operating costs. In many of the successful installations,
overpayment of fees apparently compensates for underpayment/
scofflaws. However, there are several negatives, chief among which is
that writing tickets is a negative approach to providing service to the
customer. Customers in systems converted from pay-at-exit (gated) sys-
tems complained about overpayment of fees and the lack of customer
service. There may also be a net loss of revenue due to non- or underpay-
ment of fees, especially if the enforcement is lax or the owner has no
means of collecting ticket fines.

3.2.8.3 Central Cashiers

Gated installations with central cashiers have been very well received.
The cashier puts a human face on the parking operation that is important
to many American parking operations. Remember that maxim of the
parking industry—parking is the first and last experience that the cus-
tomer has at the ultimate destination, be it business district, shopping
center, airport, hospital, or other use. Where competition for patronage
exists, customer service will be a key aspect of marketing. Indeed,
one manufacturer of pay-on-foot systems noted that some European
facilities are starting to add central cashiers to formerly cashierless
systems to improve customer service and increase market share.

Customers of central cashier systems are enthusiastic. Several parking
facility owners noted that customers comment on how much nicer it
is to pay at the central location than from the vehicle. Comments like
“Why didn’t someone think of this before?” are common.

Overall, operators of systems with central cashiers felt they provided
the best overall service to their customers; the number of patrons forget-
ting to pay before exiting was far lower than expected, and nearly all
patrons were provided a better level of service than would have been
afforded by exit-lane cashiering.

3.2.8.4 Automated Pay Stations

A PARC system relying totally on automated pay stations can be cost-
effective in certain situations. However, the owner must accept that a
certain percentage of the patrons will have problems with the equipment
and require assistance. While the bank customer who is turned away
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Figure 3-8. Pay-on-foot machines can accept dollar bills and credit cards. Photo
courtesy of Federal APD.

from an ATM owing to problems with the bill receiver/changer simply
won't get any money out of the account, the parking patron who can’t
pay for parking can’t get out of the parking facility without either break-
ing the gate or calling for assistance. Adding the problems with machine
phobia to bill rejections and change problems, as many as 10% of the
customers will have problems with the system and will leave the facility
frustrated and/or dissatisfied. As a result, more and more people are
installing credit card acceptance units to minimize the use of cash at
automated payment stations (see Figure 3-8).

Therefore, the technology—and the ability of the American public to
use that technology—is not yet ready for a parking facility that is totally
automated and operated without any staff.

Several owners surveyed who had systems relying totally on central
pay stations were satisfied, feeling the benefits outweighed the problems
in their particular circumstances. One satisfied user is a university with
a high number of regular, cash parkers. The parking office was located
in the structure, within sight of the automated machines. When a user
has a problem with the machines, assistance is close at hand. At the
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same time, the staffing problems associated with cashiers have been
eliminated.

Another example of an appropriate installation is a commuter train
or transit station. There may be an hour or more between trains in the
off-hours; stationing a cashier in the lot to collect parking fees from off-
hour commuters is not very cost-effective. In situations where commut-
ers are already familiar with automated pay stations for train fares, and
an attendant is already present inside the station, going to automated
pay stations for parking is an ideal solution. Using the same declinating
ticket as the rail system is a further, viable option. Another successful
installation of fully automated pay stations was one in which almost
all the patrons receive free, validated parking. The gated system was
really imposed to keep unauthorized users out and to keep the spaces
available for the intended users. The pay station processes the validation
issued at the destination and no money is inserted or returned unless
the patron overstayed the validation period or did not qualify for free
parking. Therefore the potential for dollar bill rejections and other prob-
lems is sharply reduced.

3.2.8.5 Hybrid Central Pay Station/Exit Cashiers

As previously noted, hybrid systems with central pay stations and exit
cashiers are designed to process those who forgot to take the ticket and/
or pay on foot at the exit lane. Another benefit is derived from using
machines for off-hours when it is not cost-effective to staff a cashier
station, while maintaining exit-lane cashiering in normal hours.

The survey found extremely limited and disappointing use of the
machines. People just pass by the pay-on-foot machines, knowing they
can pay at the exit. However, they cannot see that there is a backup
until they get to the exit area. In one installation where actual data were
provided, only 1.5% of the customers used pay-on-foot. While not
providing figures, all other respondents who had tried this type of
system reported extremely low use.

Because so few people used the automated units, there was no reduc-
tion in the requirements for exit lane equipment and cashiers. During
design, it was assumed that a certain percentage of the patrons would
use the pay-on-foot option, and the number of cashiered exit lanes was
reduced accordingly. However, since the actual usage of the pay-on-
foot option was far lower, there were not enough exit lanes and, in one
case, there was no way of adding any once the facility was constructed.
Therefore, there are large backups at peak hours. At the same time the
automated pay stations are very expensive, at $70,000 or more per unit.
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In all cases where a hybrid system with both pay-at-exit and pay-on-
foot was surveyed, the owner considered the system to be a failure, and
was forced to abandon the pay-on-foot part of the system. One owner
who does not have enough exit lanes has moved the pay-on-foot stations
to a shelter near the exit cashier lanes, with parking spaces nearby.
When there is a backup, a person stands at the end of the queue and
suggests that patrons pull over to the machines, park, pay at the auto-
mated station, and then exit through the “express” lane dedicated to
pay-on-foot users. The stations are also used for the negligible number
of transactions from midnight to 6 am.

3.2.8.6 Designing Pay-on-Foot Revenue Controls

Several problems were noted in the survey that require close attention
during the planning and design of pay-on-foot systems. One of the
biggest problems is the propensity of the American parker to leave
parking tickets in the car. It should first be noted that changing this
habit is a desirable goal for the parking industry for other reasons.
Leaving the parking ticket in the car makes it much easier for someone
to steal the car, since the thief can use the ticket to exit the facility
without attracting undue attention.

The first action is to place signage in prominent locations in both
the parking and pedestrian areas. The messages on the signs can be
reinforced with audio messages. Some equipment manufacturers offer
ticket dispensers that deliver an audio message when a ticket is issued.
A customized message could be developed to remind the parking patron
to “take the ticket with you.” Care, however, must be taken; patrons
may not hear the entire message.

It should be noted that even facilities that are highly transient, such
as shopping centers, have a high degree of repeat customers. After a
first period of familiarization, the problem is likely to diminish, as
patrons will remember to take the ticket after once having a problem
at the exit lane.

The design of the pedestrian traffic flow through a parking facility
also influences the success of a pay-on-foot system. Pay-on-foot systems
work best when patrons must pass through one pedestrian access point
to return to a parking area. Too many expensive machines and/or cashier
locations may be required with a large number of pedestrian portals.
Similarly, pay-on-foot systems work best when the payment stations
are prominently located. The parking patrons should not have to search
for the pay station.

Forthe first few months after opening a pay-on-foot operation, the oper-
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ator should station personnel in a prominent location such as the main
elevator lobby to greet patrons, inform them in a positive way of the new
system, and remind them to take their tickets with them and to pay for
parking before retrieving the vehicle. Operators of well-designed pay-on-
foot systems have found that, with this extra assistance, the number of
patrons who get to the exit lane without having paid is extremely low.
One operator with 1800 spaces said that no more than four or five patrons
a day forget to pay, even after just a few months of operation.

Itis notrecommended that the owner place fee computers and cashiers
in booths at the exit lanes for an introductory period in an attempt to
mitigate the inconvenience to the patron who forgets to pay. It merely
encourages a bad habit that must be broken to achieve a successful instal-
lation of pay-on-foot revenue control. That money is much better spent
on “greeters” who inform patrons of the need to take the ticket on the way
to the destination and to pay before returning to their car. In this case that
old saying, “Begin as you mean to go on” is quite applicable.

When the exit lanes are near the parking office, the supervisor can
go to the lane and process an exception transaction for the patron who
hasn’t paid. If the exit lane is distant from the office, it is important
that the physical design of the parking facility allow sufficient room
for the patron who arrives at the lane without having paid to pull off
to the side. A second option is to provide at least two exit lanes and/
or excess capacity in the peak hour at each exit location so that other
patrons can get to an open lane.

3.2.8.7 Conclusions

For most users, a hybrid system of central cashiers with pay machines
for off- and peak hours will:

o lower operating costs and staffing headaches

¢ increase net operating income

 reduce queuing and pollution

improve the work environment for employees

provide the overall best service to customers

A system that is 100% automated pay station may be cost-effective
in certain situations, but 5% to 10% of the customers will resist and/
or have problems using the stations.

Hybrid systems with automated pay stations and exit-lane cashiering
have not worked well and have not been cost-effective because patrons
won’t use the machines, thereby negating the expected benefits.
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To make pay-on-foot work, the facility must have with a limited
number of pedestrian portals, so that all patrons pass by a central pay-
ment location on the path of travel to/from the ultimate destination.
Signage must be placed both in the parking areas and along the path
of travel to remind patrons to take their ticket with them after parking
the car, and to pay on foot before returning to the vehicle. A method
for processing the patron who has not paid or whose grace period has
expired before arriving at the exit lane must be provided.

3.2.9 The Future Is Already Here. . ..

Technological advances continue to happen at such a rapid pace that
by the time this book is published, there will undoubtedly have been
a major technological advance in PARC.

One advance in LPI systems that is now in prototype stages is to read
the license plate at the entry. At least one airport now does this manu-
ally, which is very labor-intensive. However, using video technology,
and today’s revenue control, it is possible to capture and store a video
image on entry and tie it to the ticket number. When the ticket is
presented at exit, the rear end of the vehicle with the license plate that
took the ticket on entry is displayed. The cashier can check visually to
see if it is the same vehicle, thus detecting ticket swapping and car
thefts. If the LPI is recognized and digitized on entry and again at exit,
the computer could automatically check it. At the time of this writing,
the only thing slowing development of automatic LPI reading is the
diverse array and format of license plates in the U.S.

Paper tickets could be eliminated entirely if the license plate of every
vehicle is read at the entry gate and then read at the exit. The computer
would check its memory for the entry time and for authorization as a
monthly parker or calculate the fee as previously discussed.

In the longer term, the U.S. government is investing significant sums
in Intelligent Vehicle Highway Systems (IVHS). Eventually all new cars
may be equipped with a unique AVI transponder at the factory. The
system will then operate similar to the license plate control system
described above. Further, there will probably be a national fee collection
system, with the vehicle owner receiving a bill for all charges, including
tolls, parking, etc. Cashiering could then be almost entirely eliminated.

3.3 COST-EFFECTIVENESS: CHOOSING THE RIGHT SYSTEM

As PARC systems become more sophisticated, choosing the level of
sophistication becomes an ever more difficult challenge. Certainly, the
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hi-tech systems on the market have a lot of bells and whistles that start
many parking managers dreaming. At the same time, parking managers
are a cynical lot, always questioning whether or not manufacturers’
promises can be delivered.

Why do parking managers dream of the perfect PARC system yet
remain skeptical of ever seeing that day? As each advancement in PARC
closes one avenue for theft, patrons and/or employees have found new
and more imaginative ways of defeating the system.

As aresult, no PARC system on the market today is 100% theftproof.
Today’s highly sophisticated systems merely increase the likelihood
that thefts and fraud will be detected, but sooner than before or with
less auditing effort by management. A hi-tech system may also allow
the parking manager to redirect available resources from auditing and
management to customer service and amenities, increasing the market
share and the gross revenue.

However, the fundamental question remains: Does the increased in-
come justify the incremental investment in a sophisticated system? It
is not uncommon today for a “basic” PARC system in a medium-size
facility (500 to 1000 spaces) to exceed $100,000 in cost; a “state-of-the-
art” system can easily double in cost. More importantly, PARC systems
wear out or become technologically obsolete in 7 to 10 years.

While advantages and disadvantages of alternative levels of control
and optional features may be qualitatively listed, the quantitative ques-
tion—Will it pay for itself?—is rarely if ever explored before new equip-
ment is purchased.

Answering that question requires projections of the revenues and
operating expenses for each alternative under consideration. This sec-
tion addresses the variables that affect the cost-effectiveness of alterna-
tive PARC system, and discusses the revenue collection efficiency of
various levels of revenue control to assist in consideration of cost-
effectiveness.

In order to explore the cost-effectiveness of PARC, several terms
have been “borrowed” or adapted from financial terminology. The
potential revenue is that which would be collected if every parker
paid his or her fair fee. The gross revenue is the total revenue
collected (after fraud, if any occurs) and retained (after theft, if any
occurs.) The revenue collection efficiency (RCE) is the gross revenue
divided by the potential revenue. It represents the percentage of poten-
tial revenue that makes it to the facility owner’s bank account. Net
operating income (NOI) is the gross revenue less the operating expenses
associated with collecting it.

The variables that affect the cost-effectiveness of a particular revenue
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control system may be divided into three areas: revenue issues, equip-
ment issues, and labor issues.

3.3.1 Revenue Issues

The potential revenue generated by the parking facility is perhaps the
single most important factor in determining whether a feature or system
will be cost-effective. If we assume a particular feature can increase
the RCE 1%, the increase in gross revenue in a facility with $100,000
potential revenue will be $1000. In a facility with potential revenues
of $10,000,000, however, the gross revenue would increase $100,000.
Investing $100,000 in this PARC feature is likely to be cost-effective
over the life cycle of the latter but not the former.

Gross revenue is, of course, affected by such factors as the size of
the facility, the type of users, the parking rates, and the turnover of
the spaces.

The split between monthly and daily parkers is also a critical factor
in cost-efficiency of PARC. Adding machine-readable ticketing to a
PARC system may not be cost-effective in a facility that mainly serves
monthly parkers.

The incentive for theft and fraud is also much higher in a facility
that has high ticket value. Patrons are much more likely to try to beat
the system when the parking fees are high. Both the temptation and
the theft amount (in terms of total dollars) will be much higher when
the facility employees handle a lot of cash every day.

The error rate (which occurs naturally when humans process transac-
tions) may also be a factor in systems with high revenues, simply be-
cause a 1% to 2% error rate can become a significant dollar amount in
a high-revenue facility.

A machine-readable system that reduces the error rate for data other-
wise “keyed in” by the cashier is not the only option; reducing the
number of transactions handled by cashiers is perhaps a more funda-
mental solution that is being pursued in state-of-the-art systems today.

It is also important to note that auditing monthly parking or machine-
only transactions is far less time-consuming than that for cash transac-
tions. A feature that reduces audit time by management is likely to be
more cost-effective in a facility with high revenues than in one with
low revenues.

Overall, therefore, features that reduce the amount of cash collected
and handled by employees are thus more beneficial in high-fee facilities.
Such features not only include automated pay stations but also monthly,
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declinating, and decrementing card payment systems. Accepting credit
cards also reduces the employee incentive to steal.

The above discussion primarily addresses factors that affect the
amount of gross revenue (the cash retained once collected). However,
the choice of PARC may also affect the potential revenue.

A more sophisticated PARC system will generally result in more
accurate calculation of the parking fee and can allow more increments
in the fee structure. Some PARC systems provide for a more complicated
rate structure than other systems. Electronics allow the machine to
calculate the exact fee, without resulting in the error and rounding that
used to occur when cashiers manually calculated parking fees.

While one might argue that more frequent increments in the fee struc-
ture reduce revenue (the average parker pays more in a fee structure of
$1 per hour or fraction thereof than in one at $.50 per half hour), the
use of increments can make a higher overall fee structure more palatable
to the marketplace, resulting in more parkers and/or higher turnover.

The ability to offer lower rates at less busy periods such as evenings
and weekends can provide management with tools to increase utiliza-
tion and revenues.

Some systems provide a higher level of customer service, which can
increase patronage in a competitive market.

3.3.2 Equipment Issues

The most obvious factor in equipment cost is the number of lanes and
devices required to operate the system. The cost-effectiveness of pay-
on-foot parking systems most often hinges on a limited number of pedes-
trian portals; with multiple pedestrian entrances, too many payment
stations (either automated or cashiered) may be required for pay-on-
foot to be cost-effective.

“Capital” cost (to purchase and install) and maintenance costs tend
to run in parallel—i.e., the more sophisticated systems cost more both
to purchase and to maintain. However, technological differences make
it difficult to use a simple rule of thumb for the relationship.

Hi-tech devices tend to require a more skilled—and better-paid—
repair person; however, the same technology advance may reduce the
frequency of repair or provide diagnostics to more quickly identify
the problem.

There may even be differences at the same level of sophistication;
mag stripe ticket dispensers cost more to maintain than their bar code
technology cousins. Other costs are less obvious. The cost of tickets
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using mag stripe technology for machine readability is significantly
higher than that of tickets for other systems.

In an equipment replacement project, “brick-and-mortar costs” may
be a significant factor in cost-effectiveness. Some sophisticated systems
have slower processing rates, which can require additional lanes and/or
expensive remodeling. It may be expensive to go to a central cashiering
system if a new lobby must be constructed at the pedestrian portals. If
parking spaces are lost or gained from changes to entry/exit areas, reve-
nue can be affected.

3.3.3 Labor

Cashiering is generally the single largest expense associated with reve-
nue collection. Systems or features that reduce cashiering requirements
will generally have short payback periods. These include pay-on-foot
systems as well as monthly and declinating payment systems. Con-
versely, when cashiers must operate sophisticated equipment, there
can be substantially increased training costs, especially considering
the turnover and level of education of cashiering personnel. Likewise,
performing routine maintenance and minor repairs by in-house staff
can require substantially more training and/or education with a sophis-
ticated system.

Auditing costs are generally only a small proportion of the cashiering
costs, so features that reduce auditing costs are often more difficult to
justify on a strict cost-effectiveness basis.

When a PARC system reduces (or eliminates) the need for cashiers
or the proportion of management time spent on revenue control, the
“freed-up” manpower is often diverted to other purposes such as secu-
rity, maintenance, or customer service. As previously noted, this could
improve the marketability—and gross revenue—of the facility.

3.3.4 Revenue Collection Efficiency Factors

A parking manager can obtain reasonably reliable estimates of the cost
to install and maintain a proposed PARC system and can usually project
the impact on cashiering staff costs. While a bit more of a stretch,
the potential revenue and the management/auditing time may also be
projected. There remains one essential assumption: How much more
revenue will be collected and retained in the system by virtue of the
particular features of a PARC system?

The revenue collection efficiency factor is straightforward in con-
cept—gross revenue divided by potential revenue. Clearly, the level of



ACCESS DESIGN 97

revenue control will result in differences in this ratio. However, there
is virtually no documentation of actual case studies in the industry
literature; the particular problem is determining the potential revenue.

Gross revenue is easily determined for existing systems, and “before
and after” cases may be studied. However, other factors may have
changed as well. For example, auditing procedures or fee structures may
be changed. In such cases it may be difficult to separate improvements in
RCE resulting solely from the change in parking equipment.

More importantly, it is extremely difficult to determine the revenue
lost to theft and fraud without a comprehensive, independent audit.
Where full audits have been performed, losses of 10% or more have
been documented despite state-of-the-art equipment and managements’
perception of “tight controls and auditing.”

Determining the “missed” revenue in honor systems such as parking
meters is even more difficult. An audit would require virtually continu-
ous monitoring of both the time the meters were occupied and the
payment status of the meter. In a British study® of the effects of changes
in enforcement of meters, the percentage of “occupied time paid for”
was only 60% to 80% in high-turnover, heavily enforced areas of on-
street meters.

Revenue control efficiency factors developed by the author* are pre-
sented in Table 3-2. The various systems are described by the most
common industry terminology, the level of control, and whether or not
the system is gated.

Two factors are provided for each type of PARC equipment, depend-
ing on the level of management control and auditing. The revenue
control efficiency will vary greatly according to the operating and audit-
ing procedures.

In many cases there is virtually no auditing. The owners of many
parking facilities view parking as a secondary function—a “service”—
and not a revenue-generating asset. Where fees are low, the amount of
theft in absolute dollars is generally low, and management may therefore
not concern itself with auditing. Because this level of attention to detect-
ing theft and fraud is so widespread, the RCE for this level of auditing/
management is denoted as typical.

The commercial parking operator and owners/operators of many
high-fee facilities recognize the benefits of a higher level of auditing
and management. These operators may not use a maximum level of
auditing but, rather, an optimum one. The latter is that degree of effort
that is cost effective—i.e., the cost of auditing/management is more
than offset by the increased revenue.

As the level of control increases, the RCE naturally increases. There
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TABLE 3-2. Revenue Collection Efficiency Factors

Typical Optimum
Type of System Gated Auditing Auditing
Level 0
“Cigar box” with numbered tickets No 67% 80%
Permits/decals/hang tags No 67% 75%
Slot boxes No 50% 67%
Level 1
Electromechanical meters No 60% 75%
(without fine income)
Coin/token Yes 75% 85%
Cash register/out clock Yes 75% 85%
Magnetized cards/readers Yes 85% 90%
Level 2
Electronic meters No 75% 80%
Multispace meters w/monthly No 75% 85%
cards
Fee computer Yes 80% 85%
Programmable cards/readers Yes 90% 95%
Level 3
Fee computers/machine read Yes 82% 87%
tickets
Central cashiers w/fee computer & Yes 85% 90%
machine read
Central pay stations (pay-on-foot) Yes 90% 95%
Exit lane pay stations Yes 87% 92%
License plate inventory (multiday Yes 83% 88%
parking), exceptions only
w/machine-read tickets
License plate inventory, all Yes 85% 90%
vehicles, w/machine-read tickets
Online card controller Yes 90% 95%
Level 4
Online real-time facility Yes 90% 97%
management

Source: Smith, 1993.*

may, however, be fundamental differences between different control
systems at various levels. Card systems tend to be more efficient than
cashiered systems, and both are usually more efficient than honor sys-
tems like meters.

As seen in Table 3-2, the increment in RCE is much greater as one
moves from Level 0 to 1, or from Level 1 to 2. However, as one adds the
“bells and whistles” at Levels 3 and 4, the increment is relatively small.
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This phenomenon has a direct relationship with the cost-effectiveness
of hi-tech systems, as discussed previously.

Going from a Level 2 fee configuration to a Level 3 machine-readable
system alone adds only 2% to the RCE. If potential revenues from
transient patrons are $100,000, the annual increment in gross revenue
is only $2000. The additional cost in equipment can run about $10,000
per pair of entry/exit lanes. However, in a facility with $1,000,000 in
potential revenue, the increment is $20,000 per year, which can quickly
pay back the increased cost of equipment.

More importantly, an optimum level of auditing/control on a Level
2 system can achieve nearly the same results (in terms of RCE) as in a
Level 3 system. The cost of the auditing to achieve these results in the
Level 2 system may be more than in Level 3, but it can be done.

3.3.5 Summary of Considerations in PARC System Selection

In general, a good fee computer system, and/or a programmable or on-
line card system is appropriate for many smaller parking facilities.
Owners who are motivated to monitor activity closely and who will
use the voluminous reports that can be generated will probably benefit
having an FMS in an individual facility. The FMS, however, will be
most cost-effective to those who own or operate a number of parking
facilities or one with relatively high revenue. The purchaser of PARC
system equipment must also address how tight a system must be to
meet the facility’s needs, and select manufacturers and technology ap-
propriate to those needs.

How much to spend on a PARC system is another consideration. In
facilities with relatively low revenues, the PARC system is usually
designed to keep unauthorized users out more than to keep revenues
in, and thus the expenditure is justified on other things than revenue.
When a facility or group of facilities has annual revenues exceeding
$1,000,000, an investment in the PARC system equal to 10% of the
annual gross revenues has been found to be appropriate. When it is
appropriate to investigate the cost-effectiveness of alternative PARC
systems or features, the potential revenue and revenue collection effi-
ciency factors must be studied.

3.4 DETERMINING LANE REQUIREMENTS

The traditional method for determining the required number of lanes
of PARC equipment involves estimating the number of vehicles ex-
pected in a certain peak period and dividing that by the “capacity” of
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the equipment in the same period. In recent years, however, the average
size of parking facilities has dramatically increased. Consultants with
extensive experience with larger facilities have found that this method-
ology can be very inaccurate, resulting in a very overdesigned system
in one case and a very underdesigned system in another. While over-
designed systems merely result in wasted capital resources, under-
designed systems can result in user frustration sufficient to cause pa-
trons to choose another facility. Crommelin’ first adapted standard
traffic engineering theory for queuing at traffic signals for use in PARC
lane design. The author has further developed this approach,® updating
and expanding the procedures for conditions common today.

3.4.1 How Many Lanes?

The number of lanes needed is estimated by dividing the volume, V,
of vehicles expected in the peak hourby a peak-hour factor, PHF, times
the service rate, |, of one lane as follows:

n = V/(PHF * n)

When the peak-hour volumes and peak-hour factors (as discussed in
Chapter 2) are estimated conservatively, fewer lanes can be equipped
initially to accommodate a more realistic estimated volume. Then, if
worse comes to worse, equipment can be added later for additional
lanes. It is usually difficult and expensive to add lanes later when no
consideration of additional lanes has been made in the initial design.

The queuing model discussed later will provide a better picture of
the peak and average activity in the hour, but the PHF allows for the
number of lanes to be quickly estimated. In general, the higher the
volume and the greater the number of lanes required, the higher the
PHF that can be used. This pattern obtains both because the peaks and
valleys in activity tend to be moderated as overall activity increases,
and because the bursts in traffic can be distributed over several lanes.

If one lane (either in or out) is provided at a certain location, the PHF
should be no higher than 75%. As additional lanes in the same direction
are added, the PHF can be increased, to about 85% for two lanes, 90%
for three lanes, and 92% for four or more. When these PHFs are used,
any fraction should be increased to the next highest number—e.g., if
1.2 lanes are calculated, two should be provided.

The service rate is determined by using the inverse of the average
time per transaction S and converting to hours. Thus, the service rate,
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TABLE 3-3. Parking Control Service Rates

Service Rate p (vph)

Easy Approach Sharp Turn

Entrance and/or exit

Clear aisle, no control 800 379
Coded-card reader 400 257
Proximity card reader (2—6 in. distant) 511 300
Coin/token 140 116
Fixed fee to cashier 270 164
Fixed fee—no gate 424 270
Entrance
Ticket spitter—automatic 522 303
Ticket spitter—push-button 480 257
Ticket spitter—machine-read 400 232
Exit
Variable fee to cashier 144 120
Validated ticket 300 212
Machine-read ticket 180 144
Machine-read with license plate check
Front plate—manual 110 NA
Rear plate—camera 80 NA
Pay-on-foot
Central cashier 200 NA
Automated pay station 212 NA
Exit ticket 400 257

NA = Not applicable.
Source: Klatt, Smith, and Hamouda, 1987.%

1 = 1/s. If a cashier can process two vehicles per minute, 5§ = 30 seconds
and p = 120 vph.

Sharp turns in the approach to equipment lanes have a significant
impact on p® (see Table 3-3). It should be noted that the service rates
of equipment also vary from one manufacturer to another depending
on the mechanical and/or electrical technology employed. Certainly if
the manufacturer is known at the time of the design, the actual service
rates should be obtained and used. However, when several manufactur-
ers are possible bidders, it is neither practical nor advisable to calculate
the required number of lanes for each manufacturer. If service rate is
that critical, it would be more desirable to specify that the equipment
must achieve the desired service rate. In any event, the determination
of an accurate design hour volume will be far more critical and valuable
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to the analysis than fine-tuning the service rates according to likely
manufacturer.

3.4.2 Queuing Analysis

The proper design of access points requires additional information. For
example, vehicles may back into the street if there is not enough space
between an entrance gate and the street, even though there are enough
lanes to process the peak flows comfortably in an hour. Problems may
also occur if the queue of vehicles waiting for one lane blocks vehicles
trying to get to another lane; in such a case the second lane is not
effective. Designing sufficient lanes only to meet peak-hour factors may
result in an unacceptable level of service in the field, especially in
larger facilities. Therefore, additional traffic engineering theory must
be employed to ensure good design. Traffic engineers have developed
queuing theory using standard statistical procedures to model flow
patterns over the course of an hour.

Queuing equations are available for two types of conditions: single-
channel and multichannel. Single-channel equations are intended for
use where one lane is provided at the access point. The multichannel
equations are used when the driver has a choice of two or more similarly
equipped lanes at an exit or entry area.

A simple graphical approach avoids the need to use the actual equa-
tions. Note that the vehicle at the equipment is in the service position
and is not counted in the queue.

In traffic engineering, it is generally accepted to design for an 80%
to 90% probability. There is relatively small variation in reservoir size
within this zone. Substantially larger reservoir space and/or more lanes
would be required to be adequate for essentially all conditions, as de-
picted by a 99% curve. Therefore, most systems should be designed for
Qs Even if the queue does exceed that indicated by the 90% probability
curve, it will probably be quite rare and short-lived.

Ninety percent probability does not imply that this queue will be
exceeded 10% of the minutes in the peak hour. A better translation is
as follows: If one went out and observed many different lanes, each
with this flow intensity for a full hour but with random patterns within
the hour, and recorded the queue once each minute, 90% of the record-
ings would be less than g.

The average queue, g is used to determine the average wait, w = g *
5. Because the average time per transaction, § = 1/u, W = g/, can also
be used. If the service rate, y, is in vph, W will be of the order of
magnitude of 10~ or smaller; conversion to minutes or seconds will
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make W more readily understood. Use of g for determining the levels
of service will be discussed later.

The traffic intensity, A, is V/u. Thus, when a V = 300 vehicles is
expected to arrive at a card reader with a p = 400 vph, A = 0.75. When
a mixture of users, such as one volume of monthly parkers (V) and
another of transient parkers (V}) is expected at a lane, the service rate
must be a weighted average of y,, and , as follows:

_ mt+ W
Hwa = 3 0 + VUL

The designer thus calculates A, goes to the queuing curves, moves
vertically up to the line, and then traces horizontally across to determine
the queue, q. Because the queuing equation models the approach of
vehicles to the lane, a peak-hour factor is not used in the queuing
analysis.

The queues for various combinations of service rates and number of
channels have been calculated and plotted with the design queue, gq,
in Figure 3-9, and the average queue, g, in Figure 3-10. Both q and A
in the graphs are per lane. For example if a V = 600 cars is expected
at two lanes, each with a p = 400 vph, A = 600/(400 * 2) = 0.75. gy at
each lane is just under four vehicles and g is one vehicle per lane.

It can be seen that using the single-channel equation instead of the
multichannel equation becomes more conservative (that is, overestimat-
ing the queue) as the number of lanes n increases and also as intensity
increases. For example, at A = 0.6 and n = 2, gy with the multichannel
equation is two vehicles less (3 versus 1) than with the single-channel
equation. At A = 0.9 and n = 2, the multichannel design queue is more
than 10 vehicles less than the single-channel design queue.

The multichannel equation is, of course, only applicable when multi-
ple lanes are located side by side. If two exit lanes are provided with
one at each end of a facility, each lane should be designed using the
single-channel equations.

3.4.3 Level-of-Service Classification

A question often raised is what queue is acceptable to patrons. The
level-of-service (LOS) approach is a useful concept in this case. At a
traffic signal, the LOS is related to the average delay encountered in
the design or peak hour. This concept is easily applied to delay at a
parking gate. The acceptable average delay of each LOS at exit/entry
lanes is slightly longer than that at traffic signals.® This modification is
based on the fact that delay at entry/exit lanes is a single occurrence
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TABLE 3-4. Entrance/Exit Level of Service

Average Queue Length, q (vehicles)

Level of Service D D B A
Average Delay, w (min) 1 0.5 0.25 0.08

Coded card

easy approach 6.66 3.33 1.66 0.55

sharp turn 4.28 2.14 1.07 0.35
Coin/token

easy approach 2.33 1.16 0.58 0.19

sharp turn 1.93 0.96 0.48 0.16
Ticket dispenser—auto-spit

easy approach 8.7 4.35 2.17 0.72

sharp turn 5.0 2.5 1.25 0.41
Ticket dispense—push-button

easy approach 8.0 4.0 2.0 0.66

sharp turn 3.53 1.76 0.88 0.29
Variable fee with license plate

easy approach 1.83 0.91 0.45 0.15

sharp turn 1.33 0.66 0.33 0.11
Pay-on-foot

exit 6.66 3.33 1.66 0.55

in each trip to or from the facility. The same delay at each of a series
of traffic signals would be more frustrating and less acceptable.

Table 3-4 displays the definition of acceptable delay for each LOS, and
the associated average queue. The design queue (maximum expected
with 90% probability) would be substantially longer. For example, an
exit area with two card-controlled gates each having average queues of
6.66 vehicles (LOS D) would have design queues of 16 vehicles each.
Two cashiered controlled exit gates with LOS D would each have average
queues of 2.4 vehicles and design queues of approximately six vehicles.

This approach therefore takes into account the fact that some transac-
tions are considerably slower than others, such as a variable fee paid
to a cashier versus a card reader. While the length of the line does have
some psychological impact, the critical factor to user acceptability is
the delay time.

As with other traffic and parking conditions, the acceptable LOS at
a facility’s entrance/exit depends on the type of user. However, it should
be noted that one user type does not require the same LOS at every
point in the facility. As discussed in Chapter 2, short-term visitor park-
ing design should have a higher LOS (typically B) than employee area
(typically C), because of the frequency of turnover and the lack of patron
familiarity with the design. At entry/exits, regular monthly parkers
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demand a higher LOS than less frequent users. Users who encounter
the same delay day after day are more likely to complain or choose a
facility with a better LOS. Employees or monthly card holders generally
want LOS A, but will accept B. More irregular users such as shoppers
will accept LOS C or B. There are relatively few cases where LOS D is
acceptable, unless it occurs on a very infrequent basis such as at a
parking facility under special-event conditions. Even then, the season
ticket holder will find and regularly use a facility with a faster exit
time, while the single-game attendee will accept a longer delay. The
urban environment also plays a role. If the facility is located in a con-
gested, downtown area, longer queues will be tolerated than in a rural
setting where the driver waiting in line can see an almost empty street
just outside the facility.

3.4.4 Entry/Exit Layout

When the type of PARC equipment and the number of lanes are known,
entry/exit layouts are fairly routine. Typical entry lanes are shown in
Figure 3-11. The configuration of “card only” lanes is the same at both
entry and exit. At entry lanes, ticket dispensers may be placed just
before or after card readers. In this configuration, the patron must press
a button on the machine to dispense a ticket. When space is available
to separate the dispenser and the card reader, a detector loop in the
floor can sense a vehicle approaching the dispenser and “spit” the
ticket before the vehicle even comes to a full stop. “Auto-spit” ticket
dispensers therefore are faster, as well as less confusing to unfamiliar
patrons. The card reader must be placed at least 10" in front of the ticket
dispenser so that the vehicle stopping at the card reader does not activate
the auto-spit function of the ticket dispenser. If the vehicle has used the
card reader before reaching the ticket dispenser, the auto-spit function is
bypassed. A similar bypass control is used when cash and card custom-
ers use the same exit lane, but separation of equipment is not required.

“Reversible” lanes, which serve as entry lanes in the morning and
exit lanes in the evening, can be very space efficient when peak hour
volumes are predominantly one-way. Reversible lanes are less confus-
ing if they are monthly only, but with proper signage they can be cashier
equipped as well.

Cashier lane layout has been significantly impacted by the Americans
with Disabilities Act (ADA). Although the requirements are discussed
in more detail in Chapter 7, it is helpful to repeat one critical and most
often misunderstood requirement here. Under ADA, every cashier booth
must be accessible to and through the door. This means that the booth
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Figure 3-11. Typical entry layout.

must be recessed in the island. It is recommended but not required by
ADA that at least one of the cashier booths be designed to be fully
wheelchair accessible—i.e., have the controls at proper height and the
required clear floor space for maneuverability of a wheelchair.

A common error in entry/exit layout is providing inadequate space
for the driver to turn into the lane and get aligned with the ticket
dispenser or card reader. (See the discussion of turning radius in Chap-
ter 2.) Overhang beyond the wheel track must also be considered. The
sharper the turn, the slower the processing of vehicles, as documented
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Figure 3-12. Providing inadequate space for turns is a common error in designing
access points. Pulling the control equipment inside the facility will provide a much
more comfortable arrangement.

previously. Figure 3-12 shows designs of an entry/exit point: one that
is too tight, and recommended layouts.

3.4.5 Auxiliary Spaces

In many parking facilities it is desirable to provide an office for manage-
ment purposes. In smaller facilities, an enlarged prefabricated booth
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Figure 3-13. Management office layout.

that combines a cashier station and a counter and/or wall space for
various panels (such as the facility intercom, the vehicle counting sys-
tem, etc.) can meet project requirements. However, the design require-
ments may also include restrooms, security stations, storage, coat/locker
facilities, and management workspace. A custom-built office may then
be desirable. Figure 3-13 shows custom designs at two ends of the
spectrum: a relatively simple combined cashier/management office, and
a complex with multiple offices, employee lunchroom, lockers, etc.,
such as might be required at an airport. Note that all areas in such
facilities must be designed to be accessible under ADA.
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CASE STUDY

Consider the hospital parking structure example from Chapter 2. Employees
will have cards; transients will pay based on length of stay. There will be one
entrance/exit area which is located very close to the street, requiring a sharp
turn of vehicles from the street to the entrance lanes. All entry lanes will be
fitted for both monthlies and transients. Card controls will be proximity. There
will not be room to separate the ticket spitter from the card reader, necessitating
a push-button mechanism on the spitter. The approach to the exit lanes will
be straight and easy. How many lanes of equipment are required for this facility?

The capacity (V) is:
N = 650 spaces
N, = 436 spaces for monthly parkers
N, = 214 spaces for transients

Peak morning arrivals are from 6:15 A.M. to 7:15 A.M. The volumes (V) previously
established are:

Va = 245 vehicles
V. = 11 vehicles
Vi = 256 vehicles

From Table 3-1, the service rates for the proposed equipment are:

W, = 300 vph
W = 257 vph
(245 + 11)

W = F177257) + (2457300) ~ 2P0 VPR

The approximation of the number of entry lanes, assuming a peak-hour factor
of .85, is:
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n = V,/(PHF * u) = 300/(.85 * 300) = 1.0 lanes

Although one lane is minimally adequate, two lanes will be provided. The
traffic intensity is then:

A = Vi/(nn * W) = 256/(2 * 300) = 0.43

Referring to Figure 3-10 for the 90% probability queue, and to figure 3-11 for
the average queue, under multichannel conditions:

gw < 0.5 vehicle per lane
g < 0.1 vehicle per lane

The average wait w, can then be calculated
W < @/l = 0.1/300 = 0.00033 hr = 0.02 min = 1.2 sec
From Table 3-2, w = .02 min indicates that the level of service,
LOS = A+
Peak afternoon departures are from 3:00 p.Mm. to 4:00 P.M.

V., = 245 vehicles
V, = 165 vehicles
Vout = 410 vehicles

Un = 400 vph
W = 144 vph
245 + 165

M = (225/511) + (165/144) = 2°2 VPR

Approximation of number of exit lanes, if dedicated to one group:

n, =V, /(PHF * ) = 245/(.85 * 511) = 0.6 lanes
n,= V, /(PHF * ) = 165/(.85 * 144) = 1.4 lanes

Approximation of number of exit lanes, if shared:
n = Vy/(PHF * u,.) = 410/(.85 * 252) = 1.9 lanes
Therefore use 2 lanes fitted for both:
A= Vo/(n* u,.) = 410/(2 * 252) = 0.81
The 90% probability and average queues for multichannel conditions are:

Qw = 4.5 vehicles per lane
q = 1.6 vehicle per lane
W < @/Mwe = 1.6/252 = 0.0063 hr = 0.38 min = 22.9 sec
LOS=C

Level-of-service C is not acceptable. Use two cash-only lanes and one
monthly lane.
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A=V /(n*p)=165/ (144 * 2) =57
Qw = 1.5 vehicles per lane
q. = .4 vehicle per lane
W, = g/l = .4/144 = .0028 hr = .167 min = 10 sec
LOS=B
Am = Vi /(0 * po) = 245/511 =.48
ge = 3 vehicles per lane
Gm = .5 vehicles per lane
Wa = @/Hn = .5/511 = .0098 hr = .059 min = 3.5 sec
LOS=A

Therefore, even though gy, for card lane is higher than that for the cash lane,
the LOS is better for the card lane owing to faster processing.

Check to see if one lane can be reversed (inbound a.M., outbound p.mM.). Morning
exiting, 6:15 AM. to 7:15 AM.:

V'n = say 50 vehicles
‘.= say 10 vehicles
V'’ = 50 + 10 = 60 vehicles

Wn = 400 vph
W = 144 vph
(50 + 10)

W = 557517 + 10/14a = 509 VPR

A=V'w/(n* p,,) =54/359 = 0.15

Queues are negligible. One lane okay in aM.. Evening entering, 2:15 p.m. to 3:15
p.M. (does not have to be the same hour):

V', = 65 vehicles
V', = 165 vehicles
V’in = 230 vehicles
U, = 300 vph

W = 257 vph

(65 + 165)

M = 557257 + 165/300 — 280 VPR

A=V'/(n* p,,)=230/286 = 0.80

90% probability, single channel:

Qs = 9 vehicles
q = 3.0 vehicles
W < /My, = 3/286 = 0.010 hr = 0.63 min = 38 sec
LOS=D

LOS D is not acceptable; provide two lanes in and three lanes out.



CHAPTER

4

SECURITY AND SAFETY

Mary S. Smith

4.1 INTRODUCTION

Security design in parking facilities deals with minimizing the risk
of incidents that threaten the safety of parking patrons and parking
attendants. Additional concerns include the protection of cars, personal
property, cash receipts, and the facility itself. Psychology plays a big
role in security design; a good design uses perception to influence
people. Obviously, the more secure a facility appears, the more likely
parkers will be to accept and use the facility. A potential wrongdoer
will normally analyze the situation before committing a crime to deter-
mine the odds of being seen, and if seen, of being recognized and
apprehended. He or she is less likely to commit the crime in a facility
where security features are apparent.

Furthermore, courts often hold owners and operators liable for injur-
ies suffered in criminal attacks when the defendant did not take ade-
quate steps to reduce foreseeable risks.! Of course no security system
guarantees safety or protection of property. There are also no hard and
fast rules about what systems should be provided in specific situations.
Negligence rather than omission is a key to liability. Courts will gener-
ally not find an owner or operator liable when security risks have been
thoughtfully assessed and appropriate measures have been taken even
if the expert witnesses disagree about what the “best” system would in-
clude.

An additional but parallel issue is that of design hazards that directly
threaten the safety of the patrons of a facility without the involvement
of a third party (the criminal). In some cases, an element can be a
hazard to all users while in others it may be a hazard to those with

114
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underdeveloped reasoning faculties such as young children. Building
and life safety codes are the general minimum standard, and if the
design of an element conforms to the code in force at the time of con-
struction, the owner is usually relieved of liability. However, the codes
do not cover all the potential hazards in a facility, and they do not
cover reasonably foreseeable special circumstances. For example, if a
parking facility is to serve a hospital with psychiatric services, suicide
prevention may need to be addressed.

The following sections discuss a variety of security and safety mea-
sures for parking facilities addressing security issues first, followed by
safety concerns.

4.2 SECURITY DESIGN ISSUES

4.2.1 Crime in Parking Facilities

Parking facilities are at somewhat higher risk of crime—both violent
and property—than many other land uses. In 1992, parking facilities
were the third most frequent place of occurrence for violent crime (rape,
robbery, assault), with approximately 1400 per day, accounting for 8.5%
of those crimes.? However, it is important to note that the most frequent
location for a violent crime is at, in, or near one’s own residence or a
friend’s residence. Indeed, the number of violent crimes occurring at
or near residences was three times the number in parking facilities. Car
thefts were also more likely to occur at residences, with 50% of all car
thefts and 46% of larcenies occurring near one’s own or a friend’s home.
Parking facilities accounted for little more than one third of all car
thefts, and less than 20% of all larcenies (not involving victim-of-
fender contact.)

The statistics regarding crime must also be put into proper perspec-
tive. While there are no statistics available on either the total number
of parking facilities or the total number of parking spaces in the United
States, it is clear that the number is very large. According to 1990 census
data,® there are 115 million working adults in the U.S.; 88% of the
population uses a personal vehicle to travel to work, and the additional
5% who use transit drive and park in a commuter or intermodal parking
facility. Based on those numbers, it is estimated that 75 million parking
spaces are provided for workplace or commuter parking. Add to this
all the customer and visitor parking spaces, and it is clear that there
must be in excess of 100 million nonresidential parking spaces in the
U.S. When you compare 1400 violent crimes per day with 100 million
parking spaces, and the fact that a disproportionate number of such
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crimes occur at night, it is obvious that the risk of being attacked, in
general, is relatively low. Statistically, therefore, one is not very likely
to become a victim of a violent crime in a parking facility.

Still, it is clear that violent crimes are more likely to occur in a parking
facility than in the land use that generates the need for the parking
facility. Why are parking facilities at higher risk than other facilities
(except residential)? Parking facilities comprise a relatively large vol-
ume of space with relatively low activity levels. It is interesting to note
that most land uses have more square footage devoted to parking than
to the use itself. For example, a 1,000,000 sq ft shopping center will
probably have 1,500,000 sq ft of parking. More than 10,000 people may
be at the mall at the peak hour on a busy Christmas shopping day;
however, only a very small fraction will be in the parking lot—which
is 1.5 times as large as the mall itself—at any one time.

Other features that are simply inherent to parking facilities make
security—perceived or real—difficult, including:

¢ parked cars provide hiding places and impede distribution of lighting

« sloping ramps, which are necessary to provide floor-to-floor circula-
tion, impede visibility across the facility

» most parking facilities are necessarily open to the public

e there is an “ideal” mode of escape—the private vehicle

The perception of a high risk of crime in parking facilities is not
helped by the media. TV shows and films often feature chase/bombing/
attack scenes set in parking facilities. Although attacks at the victim’s
home are even more frequently shown, we all rationalize that it wouldn’t
have happened in our neighborhood. Thus we are all left with the
impression that parking facilities are high crime areas.

Even press coverage of actual incidents adds to the problem. In several
cities, a frightening murder in a parking facility was given front-page
coverage, as was the local official’s response (blue-ribbon commissions,
hearings, and even legislation to mandate security in parking facilities).
However, when the suspect turned out to be known to the victim—
spouse/friend/family—it was no longer front-page news. Interestingly,
according to USDOJ,? about 20% of violent crimes in parking facilities
were committed by persons known to the victim.

Thus, the general public is left with the impression that parking
facilities are high crime areas, even though the statistics prove that both
violent and property crimes are much more likely to occur at home.
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4.2.2 The Security Audit

The selection of the appropriate security features depends on the history
of incidents in the area of the facility, and the likelihood of different
incident types occurring in various locations within the facility. The
neighborhood in which the facility is located will usually have the
greatest impact on the degree of potential risk.

The higher the general level of crime in a neighborhood, the higher
the risk for incidents in a facility. The process of assessing the risk is
called the security audit. The first step in a security audit is an analysis
of the risk of different incident types. If there is an on-site security staff,
obtain the annual incident reports for the previous five years and data
on any personal injury incidents prior to that. Develop an incident
history and profile for the neighborhood by contacting the local police
and the operators of nearby facilities. Using this information, classify
the facility as one of the following:

» Low-risk facilities are those with only minor vandalism and juvenile
theft problems but no personal injury incidents and no professional
theft activity.

» Moderate-risk facilities are those where there may be an occasional
suspicious person or vehicle theft in off-hours but there is no reason
to anticipate personal injury attacks.

 High-risk facilities are those with previous incidents of personal in-
jury or a pattern of thefts that might escalate to personal injury.

The second step of the security audit is an evaluation of the design
features and constraints of the facility that impact security, either posi-
tively or negatively. In an existing facility one can walk the facility to
identify problem areas in the security program. In a new facility, how-
ever, visualizing a “walk through” of the facility is necessary to assess
the strengths and weaknesses in the design.

Two types of security measures, passive security and active security,
are employed to maximize security in a parking facility. Passive security
measures are a physical part of the facility, such as lighting and glass-
walled elevators and stair towers. The common thread among all passive
features is visibility—the ability to see and be seen while in a park-
ing facility.

Active security measures invoke an active response by the manage-
ment and/or employees of the facility. Examples of these measures
include active security patrols and monitored closed circuit television
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TABLE 4-1. Guidelines for Relating Design Features to Risk Levels

Risk Level Passive Features Active Features

Low As many as possible  For patron perception, not prevention

Moderate High priority in To correct defects in passive systems
overall design

High Highest priority in Comprehensive program including
overall design CCTV, patrols, etc.

(CCTV) systems. Active systems are often needed to solve problems
created by constraints on the passive security features. For example,
some building codes require enclosing exit stairs with little or no glass.
This requirement creates a closed space with little or no pedestrian
activity. In short, there is no visibility. Active systems such as intercoms
and/or CCTV may then be needed. Eliminating the enclosure is really
the better solution, because the threat to life safety by attack is far greater
than by fire in a parking facility. For this reason, some codes have
been changed to reduce the enclosure requirements for open parking
facilities. Local officials may also be receptive to modifications and/or
variances when security risks are obviously greater than fire risks.

General guidelines for correlating risk levels with the need for passive
and active systems are enumerated in Table 4-1. As the risk level in-
creases, the priority of passive features in the overall design should
increase. Passive features are still “good” design features in low-risk
facilities, if only to add to patron comfort. Furthermore, retrofitting
passive features is often expensive and sometimes impossible. Labor-
intensive active systems may then be necessary. Therefore, many pas-
sive security features can and should be provided in parking facilities
of all risk levels.

Active systems are generally not necessary in low-risk facilities but
may be provided for patron perception and comfort rather than preven-
tion of incidents. If not provided initially, plan for later installation of
additional security systems in case circumstances change, and the facil-
ity moves to a higher risk level. Providing conduit in initial construction
for future CCTV, for example, can be relatively economical.

The security audit will highlight the most likely locations for prob-
lems in moderate- and high-risk situations and will guide the selection
of active systems. In a moderate-risk facility, there may be higher-risk
locations, such as an enclosed stair. Active systems are generally pro-
vided only in these specific locations. In high-risk facilities a compre-
hensive security program is necessary to achieve a reasonable level
of security.
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Figure 4-1. Visibility and lighting are two keys to passive security. Photo courtesy
Walker Parking Consultants.

The owner and/or operator of the parking facility must be integrally
involved in the design of security systems. Owners and operators are
in the best position to determine how many dollars can reasonably be
spent on security systems. They should be very concerned with the
cost-effectiveness of the expenditures, both from capital and life cycle
perspectives. In a life cycle analysis, don’t forget to include the impact
of good security design on liability insurance premiums. In the end,
the owner/operator will carry the lion’s share of the liability for an
attack. Therefore the owner/operator, rather than the architect, engineer,
or parking consultant, must make the final decisions on security features
and resolve conflicts between security planning and architectural, struc-
tural, or other design considerations.

4.2.3 Structural Design

During the design process the structural system of the facility must be
evaluated from the security aspect as well as the engineering aspect.
Long-span construction and high ceilings create an effect of openness
and aid in lighting the facility (see Figure 4-1). Shear walls should be
avoided, especially near turning bays and pedestrian travel paths. Large
openings in shear walls can help to improve visibility. When vision
obstructions are unavoidable, strategically placed mirrors will allow
patrons to see around corners where potential attackers may be hiding.
Mirrors are a last resort, however, because they can be broken or stolen
and not be in place when needed.
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4.2.4 Lighting

Lighting is universally considered to be the most important security
feature in a parking facility. Good lighting deters crime and presents a
more secure atmosphere to parkers. Because lighting is so critical to
good parking structure design, a separate chapter has been devoted to
its design. (See Chapter 5.)

4.2.5 Stair Towers and Elevators

Rule number 1 in security is to design stair towers and elevator lobbies
as open as code permits. The “ideal” solution is a stair and/or elevator
waiting area totally open to the exterior and/or the parking areas. If a
stair must be enclosed for code or weather protection purposes, glass
walls will deter the incidence of both personal injury attacks and various
types of vandalism. Elevator cabs should have “glass backs” whenever
possible (see Figure 4-2). Elevator lobbies should be well lighted and
visible to the public using the facility and/or street. Try to get the local
code personnel to approve an automatic fire door or, for a larger opening,
a rolling fire shutter with an access door, so that the area is wide open
during normal use. The door or the shutter will be closed by a smoke
detector instead of a fire-rated door that remains closed all the time.

Also, eliminate nooks and crannies, and close off potential hiding
places below stairs.

4.2.6 Restrooms

Parking owners, operators, and consultants all agree that public rest-
rooms in a parking facility are nothing but nuisances. A restroom may
also be a security trouble spot because use is infrequent and places of
concealment abound. Public restrooms should therefore be provided at
the destination itself (office building, shopping center, etc.), where there
will be more use and activity. If provided in a parking facility, design
restrooms with “maze” entrances instead of outer/inner door arrange-
ments that could trap a victim.*

4.2.7 Perimeter Security

Locate any attended booth or office in such a way that activity at pedes-
trian and vehicular entry points to the facility can be monitored. Like-
wise, locate a security station, if provided, where it is visible to the
public. Provide security screening or fencing at points of low activity
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Figure 4-2. Glassback elevators and glass walls in stair towers provide visibility
when these spaces must be enclosed. Photo courtesy Walker Parking Consultants.

to discourage anyone from entering the facility on foot (see Figure 4-
3). Motion or infrared beam sensors can be used to maintain openness
yet alert management to unauthorized pedestrian intrusion. In high-
risk cases, design a system of fencing, grilles, doors, etc., to completely
close down the entire facility in unattended hours. Any ground-level
pedestrian exits that open into nonsecure areas should be emergency
exits only and fitted with panic bar hardware for exiting movement
only. Consider installing local alarms that activate if a ground-level door
is opened. It is very desirable to consider the future implementation of
perimeter security controls in the initial design stage, in case the facil-
ity’s risk level should change.
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Figure 4-3. Security screening can be unobtrusive but provide control of the
facility perimeter. Photo courtesy Walker Parking Consultants.

4.2.8 Landscaping/Maintenance

Landscaping should be done judiciously so as not to provide hiding
places. It is desirable to hold plantings away from the facility to permit
observation of intruders. Pruning and trimming shrubbery are equally
important. General maintenance and upkeep are of utmost importance
in the overall security program. Trash, beer cans, graffiti, etc., may leave
the impression that the facility is not policed or managed well.

4.2.9 Signs and Graphics

Careful design and placement of the general signs and graphics can
eliminate confusion and delays for the patron. Help the patron get to
his or her destination quickly and efficiently, thereby minimizing the
time for an incident. Color coding and/or unique memory aids can help
patrons locate the parked vehicle quickly upon returning to the facility.
Signs and graphics can also assure the user that his or her safety is
being monitored. Likewise, a likely perpetrator may be deterred by a
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notice that he is under surveillance. A disclaimer of liability for valu-
ables and property left in vehicles should be located at or near the en-
trance.

It is critical for an owner/operator to back up any claims of security
on signage with the services promised. If a sign says that conversations
may be monitored for security, a person must be able to monitor the
system, at least during higher-risk hours. The latter usually occur at
night, when activity is lower but the facility is still open.

4.2.10 Cash Security

A number of important security features help to protect the cash receipts
of the facility and relieve the attendant of the accompanying responsibil-
ity and holdup hazards.’ A drop safe is most important since it makes
the cash unavailable to the potential robber. Second, in moderate- to
high-risk facilities, post a sign at the cashier booth(s) stating that all
cash is deposited in a safe and the cashier has minimal change on hand.

In high-risk situations, install duress alarms that sound at the police
station and/or the security office. Duress alarms can be an unmarked
key on the fee computer, or a foot-operated device. Dollar bill alarm
activators that are triggered by removal of all bills in a compartment of
the cash drawer can also be useful in this application. Cash receipts
should be removed on a regular basis, preventing the accumulation of
large amounts of cash.

For liability control purposes, cash security should not be emphasized
more than patron security.

4.2.11 Security Personnel

The visible presence of uniformed security officers is one of the best
preventions of crime and should be considered in high-risk facilities.
Keep patrols unscheduled and vary the routes taken throughout the
shift. In very high risk situations, check-in stations should be provided
at key locations to monitor and record the frequency of patrols. Medical
certification training for security personnel is also highly recommended,
particularly CPR and Advanced First Aid Training. Conversely, security
patrols can only be in one place at a time, and can pass by a vehicle
in which an assault is taking place and not be aware of it.®

All personnel charged with any security responsibility must be
trained to monitor, operate, and respond to all security equipment pro-
vided in the facility, no matter what the risk level.
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4.2.12 Emergency Communication

Alarm systems of this type come in many forms: panic buttons, emer-
gency telephones, two-way intercoms, and two-way radio. Panic buttons
are often located in elevators, lobbies, and stairs, and occasionally in
parking areas. However, their use is dependent on the victim of the
attack reaching the button and sounding the alarm. Panic buttons also
seem to be irresistible to pranksters. A “cry wolf” syndrome can develop
among those monitoring the system. Intercoms are often added to allow
the attendant and the individual to communicate. Emergency tele-
phones make it even more difficult to sound an alarm and are more
expensive to install and maintain in working order. Emergency commu-
nications are therefore not a complete solution in high-risk facilities.

On the other hand, intercoms used together with panic buttons, mo-
tion and/or sound surveillance, or CCTV can be very practical security
features. CCTV coverage of the area around a panic button discourages
false alarms. Two-way intercoms make it possible to zero in on an
incident and communicate to the victim that help is on the way, possibly
deterring the criminal. Voice-activated intercoms with panic buttons
should be installed in all elevator cabs and partially or fully enclosed
stairwells. In high-risk facilities, intercoms with panic buttons and
lighted “emergency aid” signs may be installed as frequently as every
100 to 150 ft in parking areas. Blue lights with strobe effects have
become common accessory to such units (see Figure 4-4). Standard
voice-activated systems are generally not practical in parking areas
because of background noise (vehicles driving by, honking horns, etc.).
Intercoms should also be installed in all cashier booths, and at remote
entrance/exit lanes. Connect all intercom stations to a master at the
nearest point of observation with provision to switch to a manned
security office or police station during unstaffed hours.

4.2.13 Closed Circuit Television Systems

CCTV can provide any level of surveillance an owner wishes to provide.
However, for CCTV to be an effective component of the overall security
plan, it is important to recognize the inherent strengths and weaknesses
of CCTV systems. While CCTV will not be able to replace all security
personnel, it will frequently permit a reduction in, and provide invalu-
able support to, the security force.

CCTV monitoring can be very effective both to deter and to detect
incidents in progress in the enclosed areas (such as stair towers), which
are historically at highest risk for incidents. Parking areas may also be
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Figure 4-4. Emergency communication stations
now come equipped with blue strobe lights. Photo
courtesy Code Blue Corporation.

monitored by CCTV in high-risk facilities. However, the difficulty of
positioning cameras to cover all areas fully, lighting shades and shad-
ows, external light sources, vehicles, and sloping floors all restrict the
ability to monitor activity in parking areas by a CCTV system. Even
with a state-of-the-art system, only a certain proportion of the incidents
in a high-risk facility may be first detected on the CCTV system. A recent
advancement is a CCTV camera mounted in a protective enclosure that
travels a track through parking areas (see Figures 4-5 and 4-6). This
allows the camera to view between cars and provide much greater
coverage. Initial reports indicate that coverage is greatly improved at
lower cost than with typical systems with stationary or pan/tilt cameras
in parking areas. The cameras can perform random patrols and respond
to activation of motion detectors or emergency aid stations.
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Figure 4-5. CCTV cameras ride along track to improve coverage of parking area.
Photo courtesy Video Sentry, Inc.

Relying on CCTV to eliminate all patrols when inadequately covered
areas remain will invite greater liability problems than not providing
CCTV at all. In fact, CCTV is best used in combination with other
systems to support security personnel. When a report of a suspicious
person or incident or a door alarm is received, the person monitoring
the CCTV screen searches for the current location of the individual and
directs the responding officer to the scene. If the CCTV operator sees
an incident involving a personal-injury attack in progress, the intercom
system is used to ward off the offender and let the victim know that
help is on the way. The officer continues to monitor the moves of the
suspect to assist security or police in apprehension. CCTV can also
be useful in apprehension and conviction following an incident by
providing an accurate description of a vehicle or suspect. Using a video-
tape of an incident for apprehension and conviction will in turn con-
vince habitual criminals to choose another facility for their nefarious ac-
tivities.
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Figure 4-6. Two cameras are mounted in each unit to allow multiple angles of
coverage. Photo courtesy Video Sentry, Inc.

Often, several well-equipped cameras strategically located will en-
hance security system efficiency. Therefore emphasis should be placed
on location of cameras and acquiring good capabilities—i.e., adequate
light levels, pan and tilt, zoom, etc.

The environment in which the CCTV system is placed must be consid-
ered.” Two basic types of housings are available. The traditional rectan-
gular housing covers only the camera and lens. Domed, circular units
cover and protect the entire assembly. Both are available in models for
indoor and outdoor use and can be used with a pan-and-tilt mechanism.
One advantage of the domed unit is that all camera parts including the
pan-and-tilt mechanism are enclosed and protected from the elements
and vandalism. The domed units are discreet and the patron may not
realize that a camera is present. Conversely, the rectangular housings
covering only the camera and lens “hold no secrets.”

Remote positioning devices or controls allow the attendant to adjust
a pan-and-tilt or zoom lens on a camera from the monitoring station.

A multicamera system may require a video switcher, which allows
the operator to select the scene from any one camera and display it on
the monitor. The switcher may also change from camera to camera at
predetermined intervals, saving money since it allows one monitor to
service multiple cameras. The switcher also makes the system more
manageable for the observer.
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Figure 4-7. A console for monitoring CCTV coverage. Photo courtesy Duke
University Medical Center.

Motion detectors and alarm-activated devices may likewise be cost-
effective, as areas without activity are neither displayed nor recorded
on tape. A panel design might provide several smaller monitors that
switch automatically from camera to camera, and one large monitor
that the operator can switch to a particular camera. A developing situa-
tion can then be observed in greater detail.

The video recorder (VCR) is an important part of the system as it
allows the attendant to pinpoint when an incident occurred. The VCR
generally records whatever is displayed on the monitors. For example,
following a car theft the tapes may show that the car was stolen from
the parking space between 11:30 and 11:32 p.m. By reviewing the activity
at that camera or other cameras at that time, a description of a suspect
can be provided to the police. Following an arrest, the tapes can help
get a conviction.

The central CCTV monitoring station, including the operator watch-
ing the monitors, should be visible to the parking patrons (see Figure
4-7). It may not be necessary to station an operator at the monitors
during hours of relatively low risk, such as the typical daytime activity
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hours. However, dummy or completely unmonitored systems should
never be used. Also, CCTV systems require constant maintenance and
upkeep to maintain picture quality. A decision to install CCTV should
include an ongoing budgetary commitment to maintain the system and
replace parts as they wear.

4.2.14 Security Management

Planning for security in the design and operation of the facility is not
enough. If active systems are provided, they must be monitored by
trained personnel. Policy standards to handle all situations must be
established in writing and must be adhered to.

Although booth attendants are not usually security personnel, proper
training of these individuals can significantly enhance the security pro-
gram. Emphasis should be placed on being another set of eyes for secu-
rity and reporting suspicious activity immediately. Booth attendants
should concentrate on developing a good physical description of suspi-
cious persons or an attacker if a crime is observed. Also, all booth
attendants should be instructed what to do should a holdup or other
crime occur.

A checklist for all security equipment and practices should be devel-
oped and regularly completed and filed. Records of incidents should
be cataloged by type (vandalism, juvenile theft, rape, etc.), and an annual
report should be prepared. While these issues are beyond the scope of
the design of a new parking facility, owners/operators must be aware
that good professional security management and documentation are
one of the best defenses against liability clams. With a high-risk facility,
if the owner/operator does not have professional security staff, a security
management consultant should be retained to develop policy and train-
ing manuals.

4.3 SAFETY CONSIDERATIONS

As noted in the introduction to this chapter, design hazards can create
as great (if not greater) liability problems as attacks by a third party. The
increasing tendency to sue for damages over what used to be accepted as
an accident has begun to change some design philosophies. In many
cases, the patron’s own actions, such as drinking alcohol, substantially
contribute to an accident in a design that meets all codes and standard
practices in the industry. Even so, a jury may hold a facility owner
liable because of the perception of the insurance company’s “deep



130 PARKING STRUCTURES

pockets.” Insurance companies, however, pass these costs on to policy-
holders in the form of increased premiums.

Atthe same time, it is important to weigh the possibility of an accident
occurring with other important life-safety considerations, such as dura-
bility, structural integrity, and fire safety. Some features that enhance
security also enhance safety, such as lighting, visibility, and openness.
Also, good maintenance is critical—it will return sustained yields on
the investment in good design. The following pages discuss some of
the most common safety design errors in parking facilities.

4.3.1 Tripping and Slipping

Ice (in snow belt areas) is one of the most frequent causes of falls in a
parking facility. Good drainage design is the first line of defense. Some
areas of icing may not be preventable. The most common one occurs
at covered/uncovered ramp junctures. First the sun melts the ice on
the uncovered sections. The water then runs down onto the covered
section and refreezes. Floor drains can help, but the water tends to run
in a sheet across the floor, so that it freezes before it gets to the drain.
The owner must be vigilant and monitor and sand all icing spots as
they occur.

A slick floor is another potential hazard, especially in a sloping ramp
facility. The skilled concrete finisher may take pride in creating a per-
fectly smooth floor, but it belongs in an industrial plant, not a parking
facility. A broom or swirl finish provides both good traction and a
durable floor surface.

A roughened surface should be carried into the stair/elevator tower,
because snow and rain are often tracked in and may cause slippery spots,
especially in unheated towers. Rubber stud flooring can be applied to
lobbies to correct this problem. Abrasive nosings are also desirable on
stair treads. Wherever possible the cast-in-type strips should be used
rather than pressure-applied strips, which are less durable.

Expansion joints must be carefully designed, and installation coordi-
nated with temperature conditions, if possible, to minimize bubbling,
buckling, and other tripping hazards. Good maintenance of expansion
joints, and replacement of broken or missing drain grates are equally im-
portant.

Liability concerns have made it important to eliminate curbs and
wheel stops in areas where pedestrians are likely to be present. When
adjacent bays are “level” (sloped for drainage, of course), pedestrians
are likely to cut across the structure between cars. The cars necessarily
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create shadows, and a curb or wheel stop then becomes a potential
tripping hazard.

Curbs may still be appropriate in certain situations. Pedestrians very
rarely walk to the perimeter of a facility merely to look at the surround-
ing area. Conversely, the durability and structural integrity of the struc-
ture can be greatly enhanced by employing a curb to cover connections
between exterior panels and floor slabs. Curbs are also desirable at
parking equipment islands. Tripping hazards in these areas are gener-
ally reduced to a minimum level by the high level of lighting otherwise
necessary. Painting the faces and edges of curbs can further reduce
the hazard.

4.3.2 Head Knockers and Other Projectiles

Most codes prescribe minimum overhead clearances for pedestrians
and vehicles. These standards should be adhered to, even in isolated
areas. Whenever substandard (with respect to the code) clearance exists,
the international “hazard” symbol (alternating diagonal bars of yellow
‘and black) and a notice of clearance should be affixed to the obstruction,
even if it is not intended that pedestrians or vehicles pass underneath.
Watch especially for reduced clearance at curbs.

Another “head knocker” problem occurs all too frequently when pa-
trons walk down parking control equipment lanes and are struck by
descending gate arms. Sidewalks should always be provided with
groups of entry/exit lanes, and should be well marked as available. “No
Pedestrians” messages, perhaps using international symbols, may also
be added to entry/exit lane signage.

Clearance bars at all entrances stating the minimum vehicular clear-
ance have become a standard in the industry. It is not recommended,
however, that a fixed, heavy obstruction be employed. In one reported
case, a cashier was knocked unconscious by a falling clearance bar
while making a tour of the facility at closing time. He was found, still
unconscious, more than 30 minutes later. Luckily the person who found
him was honest and summoned help rather than leaving him there and
absconding with the day’s receipts. In other cases, a main beam has been
deliberately designed at the posted clearance height to keep oversize
vehicles out. This tactic not only raises patron tempers, but also does
not eliminate liability if inadequate advance warning is shown to exist.
Most parking consultants now use a long, large-diameter (10”) PVC tube
hung from chains for a clearance bar at each and every entrance lane.
This tube provides a certain stiffness and creates sufficient noise when
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hit minimizing damage to vehicles or pedestrians. See Chapter 6 for a
suggested detail.

Other devices may become projectiles. Sand-filled oil barrels are com-
monly used as inexpensive traffic control devices. However, if knocked
over, these drums will roll down a sloped parking ramp with substantial
speed and momentum. Some manufacturers make flat-sided, plastic
barrels striped with reflective sheeting for high visibility. Ballast in the
form of sand bags can be added as required to keep the barrel in the
desired location.

An error commonly made in parking facilities is designing stair towers
with doors that swing into drive aisles. One solution, of course, is
to eliminate the door, which also enhances security. When doors are
required, a careful design can achieve both vision to the aisle and a
protected area to open the tower door. A similar problem occasionally
occurs when elevator waiting areas are located too near driving aisles.
When available dimensions are simply too restricted, pedestrian traffic
diverters, perhaps in an “S” pattern, can be used to force the pedestrian
to pay attention.

4.3.3 Vehicular and Pedestrian Barriers

In recent years, many building codes have begun to address the issue
of preventing out-of-control vehicles from breaking through exterior
and interior railings at areas of grade separation. There is, however, no
uniformity among standards. The Parking Consultants Council, Na-
tional Parking Association (PPC, NPA)? recommends the following:

Vehicle restraints should be placed at the perimeter of the structure and
where there is a difference in floor elevation of greater than 1 ft.

Vehicle restraint systems should be not be less than 2 ft in height and
should be designed for a single horizontal ultimate load of 10,000 lb
applied at a height of 18” above the floor at any point along the structure.

Openings in railings or spacing of components should conform to other
sections of the local governing code. If vehicle restraints and handrails are
used, no other barriers such as wheel stops or curbs should be necessary.

We recommend that the NPA standard be followed except when the
locally adopted code has a higher standard. Unfortunately some codes
have well-intended but misguided standards. One state requires an 8”
wheel stop at every parking stall. This not only creates maintenance
and tripping problems, but also causes damage to vehicles since many
cars have clearance less than 8” under the front bumper. Some codes
specify that the barrier must stop a vehicle moving at a specific speed.
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To calculate the force applied to the barrier, which is necessary for
design, one must use an energy equation which requires assumptions
that 99% of all designers are not qualified to make. Some discussion
with local code officials regarding the standard may be required.

Another need for vehicle restraint occurs at entry/exit locations. Inad-
equate design for turning movements threatens not only the parking
control equipment but also a cashier in a booth. The most frequent
problem is not providing enough space for turning into the lane and
getting aligned properly before reaching the ticket dispenser or card
reader.

It is considered good practice to provide a concrete-filled steel post,
solidly anchored in the curb, at each piece of parking equipment. Cast-
ing a pipe sleeve in the curb facilitates replacing the post, should it be
damaged. One word of warning: check for all possible angles of ap-
proach. For example, vehicles backing out of nearby stalls can hit the
gate from the back side of an island.

In recent years, life safety and/or building codes have been substan-
tially tightened to require handrails at a spacing no greater than 4”.
This standard is designed to prevent a toddler from not only going
through between the rails, but also from getting his or her head stuck.
A facility designed under prior standard (generally, 9” or 6” spacing)
will usually not have any liability to upgrade to the current code. How-
ever, an unsafe condition that is clearly apparent should be corrected.

Codes are often unclear regarding what degree of grade separation
requires a handrail. The gray area tends to be that between normal curb
height and a differential in grade of 18”. Good professional judgment
should be exercised in this area. A handrail should always be provided
if there is any possibility of a severe, life-threatening injury.

Codes also prescribe a minimum height of railing. Courts have tended
to hold owners to literal compliance with the code; that s, if the handrail
is even half an inch low, the owner is liable for an accident. Therefore
handrail heights should be very carefully designed for some of the
conditions common only to parking facilities such as sloping, cambered,
and warped floor areas, etc. Attention to minor details such as these
will minimize liability for the owner.

4.3.4 Vehicular/Pedestrian Conflicts

Vehicular/pedestrian conflicts are inherent in parking facilities.
Thoughtful design, however, can minimize owner/operator/designer
exposure to liability. Pedestrians have a tendency to take the shortest
possible route rather than a designated pedestrian walkway, especially
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when a nondesignated route is encountered first. For example, some
people will always walk down the middle of a gated entrance/exit lane
instead of crossing to the far side of the lane grouping and using the
sidewalk provided as recommended. If a sidewalk is provided and
clearly visible and/or marked for the user, a court will consider the
patron to have used the driving lane at his or her own risk. Beware,
however, of designs that expect a pedestrian to take an unnecessarily
long route.

4.4 SUMMARY

The key to good security is visibility. Passive security features should
be a high priority in virtually all parking facility designs because:

¢ good passive design maximizes visibility at the lowest possible cost

¢ circumstances and risk levels change

retrofitting is very expensive if not impossible

labor- and equipment-intensive active systems are generally needed
because of shortcomings in passive security features.

Progressive reaction to incidents or changes in the risk level, such
as adding access control, CCTV, or active patrols, will greatly reduce
the potential for crime and the liability should a criminal act occur.

As evidenced by the interest and attendance in security sessions at
the conventions of various parking groups, security is one of the biggest
problems in the industry today. Security is an ongoing process that
good design alone will not achieve. Training and management of secu-
rity forces by a security professional are equally important. A compre-
hensive security program will provide the owner and parking patron
with a secure and safe parking facility in all but the most high risk situa-
tions.

Governing codes do not provide a complete guide for avoiding safety
hazards, because of the unique characteristics of a parking facility.
Personal injuries due to tripping, “head knockers,” and lack of consider-
ation of other hazards in the pedestrian’s path of travel generate surpris-
ingly large awards in suits against parking facility owners and operators.
Experience in parking facility design and attention to details will mini-
mize the risk of safety hazards, reducing liability exposure to a mini-
mum level.
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CHAPTER

5

LIGHTING

Mary S. Smith

Lighting is one of the most critical elements of parking structure design.
Lighting is required for the perception of fixed objects, vehicles, and
pedestrians. In many ways, good lighting is more critical in parking
facilities than in other building types. Vehicles and pedestrians fre-
quently occupy the same space; pedestrians may step out into driving
aisles from between parked cars. Drivers must be more alert to potential
hazards, with less time to see, recognize, and react to objects entering
the field of vision than is necessary for pedestrians. As discussed in
the previous chapter, parking facilities are at somewhat higher risk of
violent crime than all other land uses except residential. Lighting is
not only the most critical element in preventing crime, it is also a major
contributor to the user’s perception of security and safety.

The Hluminating Engineers Society of North America (IESNA) publi-
cations are generally recognized as the standard for lighting design.
The Subcommittee on Off-Roadway Facilities of the IESNA Roadway
Lighting Committee is charged with setting standards for lighting of
parking facilities, both surface and structured. The current standard
Recommended Practice RP-20, Lighting for Parking Facilities' was pub-
lished in 1984 and its guidelines were included in the eighth edition
of the IESNA Lighting Handbook.*

As in other chapters, the actual and complete design methodology
is not presented; rather the focus of this text is on the adaptation and
application of standard engineering approaches for the specific needs
of a parking structure. Concepts and critical issues are discussed so
that all team members can be satisfied that the lighting design is state
of the art and meets owner and user requirements.

136
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5.1 BASIC LIGHTING CHARACTERISTICS

To comprehend the issues involved in the selection of lamps and fix-
tures for a parking facility, one must first have an understanding of three
fundamental characteristics of lighting systems: illuminance, color, and
glare.

5.1.1 lluminance

Light is radiant energy propagated in the form of electromagnetic waves.
The human eye is sensitive to electromagnetic waves in the visible
spectrum which ranges from violet and blue light at the shortest wave-
lengths to orange and red at the longest. Ultraviolet light is just outside
the spectrum at one end; infrared outside at the other.

Luminance is the emission or reflection of light from an object, such
as a lamp. The lumen measures the total light-producing output from
a source, such as a lamp. [lluminance is the intensity of light falling
on a surface or plane, measured in footcandles (English units) or lux
(metric units.) One footcandle is equal to 1 lumen per square foot; 1
lux is equal to 1 lumen per square meter. One footcandle is equal to
10.76 lux. On a clear June day, there may be as many as 10,000 fc,
while only 400 fc may exist on a cloudy December day.® On a clear
moonlit night, the earth’s surface is illuminated with less than 0.02 fc.
Although that is not sufficient to read by, it is certainly adequate for
walking and enjoying the stars.

Nluminance levels will be different not only on planes that are at
differing distances from the light source, but also at differing angles. If
you hold a light meter in your hand horizontally, it may give a different
reading than if you hold it vertically at the same location. While lighting
of parking facilities has generally been predicated on the illuminance
of the pavement, which is primarily a horizontal plane, an equally
important consideration is the illuminance of vertical planes, such as
signs, structural elements, cars, and people.

Reflectance is the bouncing of light off a surface. If you hold a light
meter horizontally and face up just above the pavement, it will measure
illuminance at that level. However, if you hold the meter face down a
few inches off the floor, it will measure reflected light. The ratio of
these two measurements is the reflectance of the pavement. The total
amount of illuminance at a point is a function of both direct light
and reflected light from virtually all the surfaces present in a space.
Reflectance can add to both the horizontal and vertical illuminance,
depending on the angles of incidence and reflectance off the surface.
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5.1.2 Color

The perception of color is a dynamic process, relying on both physical
and psychological properties.® Colors are differentiated by the wave-
lengths of the light from the source or as absorbed/reflected off a surface.

Visible light is recognized by the human eye as white light, but is
actually the combination of all colors of the visible spectrum. Yellow
light is more narrowly composed. As you probably learned in kindergar-
ten, any color can be duplicated by mixing varying quantities of the
three primary colors: red, blue, and yellow. The same phenomenon
occurs with light. White light can be simulated by combining two com-
plementary colors.

The color of an object is determined by what wavelengths are absorbed
by the object and what wavelengths are reflected. White surfaces reflect
all wavelengths; black surfaces absorb all light. The “real” color or hue
is affected by both the color of the object and the color of the light source.
Each individual further has his or her own unique color perception or
memory. Factors such as the surrounding colors, what the eye expects
to see, and what the eye wants to see all affect the perception of color.?
A red apple held under a blue-green light will be a different color from
one held under an orange-yellow one, but it will still be perceived as red.

Color also affects the perception of the intensity of light. Given the
same power or output at each wavelength of color, the eye senses the
middle of the visible spectrum, or the yellow-green region, as the bright-
est and the ends of the spectrum, the red-orange and indigo-violet as
the darkest. A white light is perceived to be brighter than a yellow-
orange one of the same lumen output.?

5.1.3 Glare

Glare is an excessive amount of light reaching the eye in contrast to
the amount of light to which the eye was previously adapted. Glare is
categorized in two ways: discomfort and disability.* In the former case,
there is discomfort but the ability to see is retained. An example of
discomfort glare is squinting your eyes on a bright sunny day, when
ambient illuminance may be 10,000 footcandles. Disability glare occurs
when the ability to see and function is affected, such as the temporary
blindness that occurs after passing an oncoming car with its high
beams on.

There are actually two types of glare. The first is direct glare, which
is excessive light from the source directly entering the eye; the second
is reflected glare.® In some cases, both types of glare are present. Direct
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glare is controllable by either blocking or deflecting the ray that would
otherwise travel a direct line from the lamp to the eye. Reflected glare
is more difficult to control because it has more factors affecting it and
it is impossible to control all angles of reflection. Reflected glare can
be minimized by avoiding glossy surfaces on walls, signs, or objects.
Flat paints are recommended versus glossy paints.

Various factors affect the point at which glare passes from a discomfort
into a disability. Glare is more of a problem for senior citizens and
others whose vision may be impaired. Part of the reason that glare from
headlights becomes a disability is the inability of the eye to adjust
immediately to different light levels. Glare can also be a problem when
it reduces the contrast between an object and its surroundings.® For
example, glare from lamps or headlights on reflective signs can blank out
the message. Other factors are the size of the object and the brightness of
its surroundings. The perception of brightness is a function of both
intensity and size. A larger object of the same intensity will appear to
be brighter than a smaller object. However, a smaller object is more
likely to produce glare.

Because it is impossible to control all angles of light refraction and
reflection, it is impossible to totally eliminate glare. However, it can be
minimized by careful selection and positioning of fixtures.

5.2 LIGHTING DESIGN ISSUES

Issues that must be addressed in lighting design include selection of
the lamp or light source, selection of the fixture and placement of the
fixture. Before those issues can be resolved, however, one must set the
design requirements for level of illumination.

5.2.1 Minimum lllumination Levels

The two primary issues in illumination levels are the intensity, or
footcandles, and the uniformity. According to colleague Don Monahan,®

A minimum of 1 footcandle is necessary for the average driver or pedes-
trian to perceive objects.and physical deviations in the driving or walking
surface. A higher illuminance (minimum of 2 fc) is required for recognition
of details such as overhead signage. Higher illuminance is also required
for drivers versus pedestrians because of the faster rate of travel. . . .

Because parking structure lighting requires relatively high intensity
fixtures, there is often a problem with “hot spots” and dark areas. Passing
from light to dark to light areas creates problems because of the eye’s
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- Line of sight 42" Above finished floor

Figure 5-1. Defining the visual field.

inability to adjust, as previously mentioned (see Figure 5-1). The inher-
ent shades and shadows created by parked vehicles also make it impera-
tive to get light into the parking stall areas rather than just driving
aisles. The uniformity ratio of average to minimum footcandles is thus
a prime consideration (see Figure 5-2).

Nluminance on a horizontal plane is typically calculated at many
closely spaced points in a representative area of at least six light fixtures.
Because the output of a lamp declines over its lifetime and is also

Figure 5-2. Uniformity of illuminance is critical to parking structure lighting.
Photo courtesy Quality Lighting, Inc.
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affected by the accumulation of dirt and other factors, IESNA! recom-
mends that the “average maintained illuminance” levels be calculated
at the end of the expected life based on the relamping program to be
used. Although manufacturers recommend group relamping at 70% of
the rated life, in practice this rarely happens. Lamps are replaced when
they burn out, which means that light depreciation factors for the end
of the rated life should be used. Further, it must be remembered that
the table values are minimum recommendations; the IESNA text sug-
gests that customer convenience, security, and levels of activity should
all be considered in selecting the average maintained lighting level
for design.

The acceptable minimum illumination values are then prescribed by
the uniformity ratio; i.e., if the desired average maintained illuminance
is 5 fc and the uniformity ratio is 4:1, the minimum reading must be
1.25 fc or better.

Reflectance from surfaces adds to the illumination which will actually
exist in the parking facility. Reflectance of new concrete surfaces is
usually 30% to 40%, but it declines over time with the accumulation
of dirt. Concrete painted white will have a reflectance of 70% to 80%.
Painting the walls and ceilings increases the illumination levels present
in the facility, but the surface must be washed down periodically to
maintain the benefit. IESNA has not allowed the inclusion of reflectance
in calculations of lighting. However, it is our opinion that including
reflectance from walls and ceilings is appropriate. We suggest that val-
ues of 15% for concrete floors, 30% for unpainted concrete ceilings
and 60% for white painted ceilings be used. However horizontal illumi-
nance should always meet or exceed IESNA recommendations, not
including reflectance.

Lighting levels have also been recommended by the Parking Consul-
tants Council (PCC) of the National Parking Association (NPA),” as seen
in Table 5-1. IESNA requirements for horizontal illuminance are at the
pavement; NPA’s are at 30” above the floor. The NPA requirements
generally exceed IESNA requirements. NPA recommends a 3:1 unifor-
mity ratio while IESNA requires a 4:1. This is significantly different
because NPA’s ratio must be applied at 30” above the floor, which is
substantially more difficult to achieve. NPA does not address vertical
illuminance. IESNA also has more gradations or conditions addressed,
such as differences between day and night and high/medium/low activ-
ity levels.

The 1984 vertical illuminance requirements of IESNA are a subject
of some controversy in the parking industry. IESNA states that the
vertical illuminance at 6" above the pavement should be equivalent to
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TABLE 5-1. Industry Standards for Lighting Levels

Horizontal Illumination

(Footcandles)
NPA:® IESNAP
Vehicle entrance 40 50°
Vehicle exit 20 —
Stairwells, exit lobbies 20 10/15/20¢

Parking areas

general parking areas 6 5

minimum at bumper walls 2 —

ramps and corners — 10°¢
Roof and surface 2 .2/.6/.9°

“Minimum 30" above floor. Uniformity ratio (average to minimum) 3:1.
®Average on pavement; uniformity ratio 4:1. [IESNA 1984.1

‘Daytime only; 5 fc at night.

See IESNA 1993.*

‘Minimum footcandles for low/medium/high activity areas.

the horizontal illuminance criterion, which is measured at the
pavement.

However, measurement of lighting in many existing parking facilities
reveals that most structures do not meet this vertical illuminance stan-
dard. It is very difficult to achieve at the low mounting heights and
with any of the fixtures available for parking facilities, particularly
when bay widths exceed 60°. Some experienced designers consider it
impossible to achieve in a precast deck with minimum floor-to-floor
heights. Some have argued that the only way to achieve it in design is
to include reflectance in the calculation (which has not been permitted
by IESNA) and/or to use more fixtures than would otherwise be required
to meet the horizontal illuminance requirements. The latter is uneco-
nomical and wasteful of energy.

Part of the problem is that the IESNA recommendation involves a
relatively high-footcandle reading at a relatively high elevation. A 5 fc
requirement at 6" virtually assures that there will be direct glare to
pedestrians (if not drivers) and that more illumination will be provided
at the pavement than is required by IESNA with certain fixture types.
We believe that the vertical illuminance within 42” of the floor is more
important and readily achievable. This level approximates driver’s eye
level. We suggest a minimum vertical illuminance of 1 fc is required
at that elevation.

The final issue to be discussed in reference to illumination levels is
that of energy usage. In 1989 the American Society of Heating, Refriger-
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ating and Air-Conditioning Engineers (ASHRAE) in association with
IESNA published a standard?® that specifies maximum power usage per
unit of floor area. The maximum unit power density in parking facilities
is specified as 0.3 watts per square foot in drive aisles and pedestrian
areas and 0.2 in parking areas. Compliance with this standard is required
on all projects that receive federal funding and in all jurisdictions that
have adopted this publication in building codes. Designing to both the
IESNA lighting standards and the ASHRAE/IESNA energy standards
effectively limits the average maintained illuminance at the pavement
to about 10 fc with the current efficacy of light sources.

5.2.2 Level of Service in Lighting Design

As has been seen in other areas of parking design, there is more interest
in customizing the lighting design for the circumstances at hand than
in the past. While minimum light levels used to be employed in every
facility without much question, today many owners are asking for higher
lighting levels than “minimum.” These owners include not only those
with a higher emphasis on user-friendliness (such as retail or airport)
but also those who are at higher risk for security problems. The level-
of-service (LOS) approach is thus a useful concept for selection of light-
ing levels.

Recommended gradation of the basic lighting levels—average main-
tained horizontal illumination at the pavement—and uniformity ratio
are presented in Table 5-2. We consider the IESNA recommendation
as the minimum, or LOS D. The LOS A illumination level for covered
parking areas was set based on Walker experience with lighting at
airport and shopping center parking facilities, whose owners demanded
a higher level of lighting, as well as the ASHRAE/IESNA energy
standard.

The roof/surface parking gradations were derived from IESNA' recom-
mendations for areas of high, medium, and low activity. It is the author’s
opinion that “low” activity is not necessarily the place to use low
lighting levels. Such areas may in fact require more lighting because of
security concerns.

Whether or not reflectance is employed in calculations, analysis of
the impact of reflectance on illumination levels indicates that painting
the beams and ceilings white effectively increases the level of service
by as much 1 notch, with no additional energy utilization, depending
on the fixture and lamp selected.

It must be noted that illuminance levels are affected by the lamp, the
fixture, the mounting height, and the structural system. It is impossible
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TABLE 5-2. Level of Service of Lighting

Maintained Illumination Levels

(footcandles)
D C B A

Horizontal illuminance at pavement, average®

Covered parking areas®°d 5 6to7 8to9 10

Roof and surface parking areas 1 2 2.5 3

Stairwells, elevator lobbies 10 12to14 16to18 20

Uniformity ratio (average:minimum) 4:1 4:1 3:1 3:1

Uniformity ratio (maximum:minimum)  10:1 10:1 8:1 8:1
Vertical illuminance 42” above pavement, minimum

Covered parking areas 1 1.2 1.4 1.6

Roof and surface parking areas 0.13 0.25 0.31 0.38

Stairwells, elevator lobbies 1.3 1.6 21 2.5

Uniformity ratio: none

“Horizontal illuminance should always meet or exceed IESNA recommendations, not
including reflectance.

"Increase average minimum daytime lighting at vehicular entrances to 50 fc, minimum.
“Increase average minimum daytime lighting at vehicular exits to 20 fc, minimum.
dIncrease average minimum daytime lighting on express ramps to 10 fc, minimum.

to hit a target figure, such as 5 fc, “on the head.” Because structural
constraints and mounting heights will be predetermined, a design may
jump directly to LOS B from LOS D with 1 increment in wattage (such
as from 100 to 150 watts).

Selection of the appropriate LOS may be based on owner criteria for
user-friendliness and/or other considerations such as security. Indeed,
an urban parking structure otherwise being designed to LOS C or D
may have lighting designed to LOS B or even A for that reason. Con-
versely, the minimum or LOS D lighting levels are clearly adequate for
the visual tasks required in a parking facility. The additional increments
of higher levels of light are primarily for user perception and comfort.
Analysis of cost of alternative levels of lighting indicates that the life
cycle cost of a design with LOS A illumination is 67% to 75% more
than the cost of a LOS D design.

Remember that the LOS approach is not intended to be blindly ap-
plied to each and every criterion in a design (“make everything LOS A”),
but rather to be used as a guide to customizing each design component to
the specific needs of the owner and users.

5.2.3 Lamp Selection

There are several different lamp types that are commonly used in park-
ing facilities. These may be grouped into two broad categories: fluores-
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cent and high-intensity discharge (HID). All of these lamps consist of
a sealed arc tube with two electrodes. The tube is sealed with a gas that
is ionized by the passage of an arc through the gas. The fluorescent
lamp is familiar to most people as the long white tube fixtures used in
office lighting and in kitchens. HID lamps commonly used in parking
facilities include mercury vapor (MV), metal halide (MH), and high-
pressure sodium (HPS). The low-pressure sodium (LPS) fixture used in
roadway lighting is not appropriate to the parking environment because
of its extremely poor color rendition. One exception to that rule is that
where observatories with telescopes are located in the vicinity, top tiers
and surface lots may need to be illuminated with LPS because the
monochromatic light source can be easily filtered. The MV lamp has
largely been replaced by MH lamps and/or improved versions of the
fluorescent lamp. Therefore, MV lamps are not further considered here.

The key issues in lamp selection are energy efficiency, lamp perfor-
mance over its lifetime, efficacy (lumens produced per watt of energy),
glare potential, life cycle cost, and color rendering. Table 5-3 summa-
rizes and compares lamp requirements. Note that the selected lamps
all provide roughly the illumination levels for LOS C for an assumed
mounting height, spacing, and fixture type.

The fluorescent lamp is actually a low-pressure mercury vapor lamp,
with a phosphor coating on the tube. Much of the radiation from the
arc is actually invisible ultraviolet light; the phosphor converts it to
visible light that approximates the color of daylight. Fluorescent lamps
have very good color rendition. Fluorescent lamps also start up within
seconds, rather than minutes, from both cold and hot starts.

In the past, the efficacy of fluorescent lamps was relatively low and
the lamp life was relatively short, at 9000 to 12,000 hr. However, with
careful selection of lamp and the addition of electronic ballasts, efficacy
in similar ranges to that of HID sources and lamp life of 20,000 to 30,000
hr of continuous operation can be achieved. Lamp life, however, is
related to the number of hours per start. Also, the life cycle cost now
maybe nearly the same as the most efficient HID source—HPS in cer-
tain cases.

The light pattern from fluorescent tubes is along the length of the
tube, with very little light emitted at the ends, making this light source
difficult to control. While average light levels similar to those with MH
and HPS lamps can be achieved, the uniformity is substantially less,
as seen in Table 5-3.

Low-temperature lamps should be used in climates where tempera-
tures can be expected to drop below 32°F in winter; cold weather ballasts
are required for temperatures below 60°F. However, these lamps have
reduced light output at higher temperatures, with as much as 25% loss
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TABLE 5-3. Lamp Comparison

Fluorescent Metal  High-Pressure
HO Halide Sodium
F48T12/D35/HO MXR175/U LU150
Watts/lamp? 60 175 150
Lamps/fixture 3 1 1
Fixtures/bay® 2 2 2
Lamp + ballast watts 195 210 188
Unit power density (watts/sq ft) 0.21 0.23 0.2
Initial lumens/lamp 4300 17100 16000
Lamp lumen depreciation (LLD) 0.78 0.61 0.73
Dirt depreciation 0.9 0.9 0.9
Ballast factor 0.95 1 1
Temperature factor* 0.9 1 1
Total light loss factor? 0.6 0.55 0.66
Design lumens® 15500 18800 21000
Horizontal illumination®®
Average on pavement (fc) 6.0 6.0 6.3
Uniformity (average:minimum) 4.0 2.1 1.9
Coefficient of variation 0.7 0.3 0.3
Vertical illumination
Minimum at 42” 0.5 0.7 1.0
Uniformity (average:minimum) 6.9 8.0 6.6
Coefficient of variation 1.4 1.2 1.0
Life cycle cost®
Rated life (hours) 20000 15000 28500
Total cost indexed to HPS cost 1.04 1.19 1.00
Initial cost/life cycle cost 14% 14% 15%
Energy cost/life cycle cost 79% 75% 80%
Maintenance cost/life cycle cost 6% 11% 5%
Other considerations
Color temperature (Kelvins)! 3500 3200 2100
Color rendition index (CRI) 42 65 22
Cold start time (minutes) 0.01-0.02 2—4 3—4
Hot start time (minutes) 0.01-0.02 10-15 1-2

“Level of service C design with unpainted concrete is illustrated; painting the underside
of slab and beams white increases illumination to LOS B.

>18" by 51’ bays; posttensioned structure; two rows of fixtures at 36" longitudinally with
18’ stagger.

°A temperature loss factor of 0.9 is included for fluorescent lamp to account for lumen
loss at 40°F.

dDepreciation factors taken at end of rated life.

*Total design lumens per bay.

Non-cutoff fixtures assumed.

¢For fluorescent fixture, nominal lumens and watts are peak values and may be lower
depending on ambient temperature.

"Analysis assumes 24 hour per day operation, 365 days per year.

Energy cost starting at $0.07 per KWH. Energy and maintenance costs inflated at 3%
per year.

JCRI is an international number system which indicates the relative color rendering of the
lamp: the hicher the number the better.



LIGHTING 147

at temperatures above 70°F. Also, the lamp life is sharply reduced.
Therefore, fluorescent lamps are not nearly as cost-effective in cold
climates. As uniformity and consistency are very high priorities in
design, the fluorescent fixture is usually not the first choice of most
lighting designers.

Metal halide lamps were introduced into the market to provide more
efficacy with better color rendition than mercury vapor lamps, specifi-
cally to meet the needs of arenas and stadiums. Metal halides are combi-
nations of halogens and rare earth salts. The lamps produce higher
illuminance levels more efficiently and with the better color rendition
required by television broadcasting.

One of the major drawbacks to this lamp is that the various combina-
tions of halide, halogens, and rare earth salts are not consistent, even
among lamps from the same manufacturer. This inconsistency affects
not only color rendition, but also lumen output, which can vary as
much as 20% from lamp to lamp.* The other drawbacks to metal halide
are that it has the shortest lamp life and the greatest depreciation of
output over that life, although that effect can be mitigated by careful
selection and specification. The newer Super Metalarc lamps have lamp
life of 15,000 hr for 100- to 175-watt lamps; the lower-wattage lamps
(100 and 150 watts) depreciate more than the 175-watt lamp. When the
depreciation factors for the full rated life are used in the calculation of
lighting levels, an MH installation will cost up to 30% more over its
lifetime than an HPS design. The MH lamp is also sensitive to the
orientation of the bulb in the fixture; a lamp oriented horizontally is
rated for only 7500 hr of life compared to 10,000 to 15,000 hr for lamps
mounted vertically (depending on the lamp specified.)

Another problem with metal halide is that while such lamps start up
similarly to other HID fixtures from a cold start, they take 10 to 15 min
in restart situations; i.e., if power is out for a few seconds, it will take
at least 10 min for the lights to come back on. Note that metal halide
lamps must be turned off for 15 min once a week in order to prevent
violent, premature termination. This can be a major operational concern
in facilities that are operated 24 hours a day.

In sum, the metal halide lamp provides good color rendition and
lumen levels when used in groups or banks such as at stadiums, and
when it is not used in continuous operation. However, this lamp can
produce uneven, inconsistent lighting in a parking structure.

High-pressure sodium lamps are popular in parking structure design
because of their high efficacy and long life, generally in excess of 24,000
hr. Because of the efficacy, lower-wattage bulbs can be employed for
the same lighting levels, which reduces glare. A disadvantage to HPS
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lamps is color rendition. Although sodium emits light across the full
color spectrum, it leans toward the yellow-orange range and is weak
in the blue-green range. For this reason, some mercury vapor is added
to the tube.

Approximately 5% of males and 0.8% of females are color blind and
up to 30% have some type of color deficiency.* The HPS lamp has a
golden yellow light and causes a color shift toward the yellow-orange
end of the spectrum. For the visual tasks required in a parking facility,
the HPS color rendition is quite acceptable.” However, it does have an
effect on signage and color coding. Color selection should always be
checked under HPS light; manufacturers have paint charts that make
adjustments for the color shifts that occur in an HPS environment. The
other task requiring color recognition is identifying your vehicle upon
returning to the facility. HPS effects are most pronounced on colors in
the blue-green range. This may be a more significant problem in facilities
with a significant number of users driving rental cars such as hotels
and tourist destinations. Further, as previously noted, the parking may
not be perceived to be as well lighted as it actually is because of the
yellow light.

Experienced lighting designers consider that the color rendition of
HPS lamps has gotten a bum rap. According to Dr. Richard Corth,®

The human visual system is extremely adaptable to changes in illumina-
tion and spectral composition. Further, chromatic adaptation can be ex-
tremely rapid depending on familiarity with the luminant. Thus, one is
adapted, for example, to incandescent illumination immediately upon
entering such an environment from daylight. ... It might be expected
that as the public becomes more familiar with HPS, similar adaptation
will occur. There is considerable anecdotal data indicating that this is
already the case.

Even when color adaptation is not immediate, as described above,
the typical parking structure patron has adequate time to adapt to the
light source before color recognition is a critical task.

Knowing that the color rendition is the single biggest problem with
HPS, manufacturers are constantly working to improve the lamp. The
color-corrected HPS lamp on the market at the time of this writing has
lower efficacy (similar to that of metal halide) and reduced lamp life
(about 15,000 hr). The life cycle cost is no better than with MH lamps,
and therefore MH would be the current choice vis-a-vis color-corrected
HPS. Various manufacturers report that they are “close” to producing
a color-corrected HPS lamp without those problems. HPS may then be
the clear choice for parking applications.

In sum, in most situations, a higher and more uniform lighting level
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Figure 5-3. Cutoff reflection luminaires control and direct light downward. Non-
cutoff refraction luminaires have an uplight component for better uniformity and
vertical illuminance but more potential for glare.

can be provided at lower operating and life cycle costs with HPS. In
situations where there is a higher priority on user perception, however,
metal halide or fluorescent may be preferred because of the color rendi-
tion. A third alternative is to use HPS in parking areas and fluorescent
or metal halide in pedestrian areas, such as stair/elevator towers, where
the improved color rendition and the perceptions related to white light
are most beneficial.

5.2.4 Fixture Selection

IESNA' has specific requirements for the classification of fixtures, based
on the amount of light emitted at certain angles, which are known as
the cutoff luminaire, the noncutoff luminaire, and the semicutoff fixture.
They differ by the amount of high angle light produced by the fixture.

With a cutoff luminaire, the light distribution consists of a cone of
light below the fixture at a cutoff angle of approximately 80 degrees
from vertical (see Figure 5-3). Technically, no more than 2.5% of the
light can be emitted above an angle of 90 degrees from horizontal with
no more than 10% above an angle of 80 degrees. The spacing of these
fixtures must be relatively close to achieve the recommended uniformity
of lighting on the floor, as well as an acceptable uniformity at the plane
of the driver’s eye. This is critical because, as previously mentioned,
the driver going from light to dark to light conditions (all at eye level)
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has great difficulty adjusting to the changes. Further, it is very difficult
to achieve the currently recommended vertical illuminance of an aver-
age of 5 fc at 6 ft above the floor. Cutoff fixtures generally do not spread
light out enough to meet IESNA standards for vertical illuminance.

Most cutoff fixtures are box-type units which enclose the lamp in a
metal housing with a flat lens on the bottom. The lamp is generally in
a horizontal position. The fixture box with the reflector effectively hides
the source of the light from the eye, thereby eliminating most direct
glare for drivers.

The semicutoff fixture has up to 5% of the light emitted above 90
degrees and 20% above 80 degrees, double that allowed for cutoff fix-
tures. There is no limitation on high angle light with noncutoff fixtures.
Some box-type fixtures actually qualify as semi- or even noncutoff.
These generally have the lamp mounted vertically. While most of the
bulb is shielded from the direct line of sight, openings may be provided
in the upper portion of the housing to direct light upward. The uplight
illuminates the ceiling, which eliminates the cavernous effect that re-
sults from cutoff fixtures and increases vertical illuminance by reflecting
light off the ceiling. This fixture minimizes the amount of luminous
surface area that is perpendicular to the line of sight and thus minimizes
the potential for glare. One cannot simply assume that all box-type
fixtures are noncutoff or that all semicutoff fixtures are capable of pro-
ducing adequate vertical illuminance. Therefore, fixtures must be care-
fully selected and specified, based on the photometrics of each fixture.

Most noncutoff luminaires are of the refractor type. These fixtures
generally have the bulb mounted vertically below the housing and
enclose the lamp with a wraparound clear plastic or glass prismatic
lens (see Figure 5-4). An internal reflector is sometimes used to redirect
the light distribution away from the driver or limit the amount of light
distributed between 45 and 90 degrees from vertical. These fixtures
create good uniformity of light and can usually meet the vertical illumi-
nance standard with proper fixture placement, at least the lower stan-
dard recommended herein. However, there is much greater potential
for glare, particularly direct glare. Another disadvantage is that with
the bulb exposed to vision from the side, lamps can be individually
seen at certain angles and perspectives from the outside of the structure,
despite the shielding of spandrel panels. This point source of brightness
will increase the overall impression of light spillout from the facility,
which may be objectionable to the neighboring uses. A structure with
box-type fixtures will emit a gentle glow of light, but a large number
of individual lamps will not be simultaneously visible from most angles
of view.
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Figure 5-4. Hanging the fixture below the tee stem improves uniformity and
vertical illumination but increases potential for glare. Photo courtesy Walker Park-
ing Consultants.

Manufacturers of fixtures have introduced several additional innova-
tions to reduce glare. One manufacturer has designed the fixtures to
accommodate louvers on the side of the fixture toward the driver. This
will, however, affect uniformity of light at various planes. Another
manufacturer has added a horizontal band or shield to block light at
the angles that create the most objectionable glare for drivers.

Fluorescent tubes, where used for parking facilities, are generally
mounted with bare tubes or with a wraparound lens; the length of the
tube is mounted parallel to the aisle to reduce glare for drivers and
pedestrians traversing the aisle. The glare of fluorescent fixtures is also
somewhat less than comparable HID fixtures as the luminous intensity
is distributed over a larger area than the point source typical of HID
fixtures. Also, the glare of bare fluorescent tubes is reduced by using a
wraparound lens.

Glare can be controlled by using low wattage fixtures, at closer spac-
ings. The potential for discomfort glare is reduced 33% to 40% by using
a 100-watt HPS lamp as compared to a 150-watt lamp. Lower-wattage
fixtures a little closer together also is beneficial to meeting the unifor-
mity standard. However, this does impact both construction and opera-
tional costs.

Research shows that a lateral offset of 10 degrees or more from the
direct line of sight greatly reduces glare. For this reason the standard
of the industry has evolved to placing the light fixtures offset 10 to 15
ft on either side of the driving aisle. This also contributes to good
illumination at the edges of the bay.
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In general, the differences between posttensioned and precast struc-
tures play a major role in the selection of light fixtures. Posttensioned
structures are much easier to light because of the large area between
beams. The fixture is generally mounted to the underside of the rela-
tively thin floor slab, resulting in higher mounting heights than in
precast structures. In general, the higher the fixture mounting, the better
the uniformity, and the easier it is to get enough spread of light to meet
the vertical illuminance criterion. By increasing the brightness of the
background behind the fixture and the ambient lighting level, the poten-
tial for glare is minimized in posttensioned decks. The “up light” com-
ponent of noncutoff and some semicutoff fixtures helps in this area.
The background brightness can also be increased by a factor of 2 to 2.5
times by painting the interior of the parking structure surfaces white.
The potential for discomfort glare is therefore reduced 50% to 60%
with painting of the ceilings and beams. Further, as previously noted,
when reflectance of painted beams and ceilings is taken into account,
the LOS of a lighting design can increase by as much as 1 LOS.

With the close spacing of tee stems (4 to 5 ft on center), coffers are
created that trap uplight and create a nonuniformly illuminated ceiling.
In fact, an uplight component may actually detract from the design
because it overilluminates one coffer without lighting the next, creating
the perception of uneven lighting. Light fixtures in precast structures
must be trunnion mounted in order to get adequate uniformity and
vertical illumination. Lower wattage and more frequent fixtures located
near the bottom of the tee stem are usually recommended. Even so,
the tee stems block light, making it more difficult to achieve adequate
uniformity. Some in the industry advocate hanging a noncutoff fixture
below the tee stem as the only way to achieve the vertical illuminance
standard. However, this sharply increases the problem of direct glare
and broken refractors. The recommended floor-to-floor height for pre-
cast structures in Table 2-3 reflects the need for additional floor-to-floor
height to achieve the same perceived ceiling height, uniformity of light,
and readability of signs. The effect of light trapped in the coffers can
be further minimized by staggering the light fixtures (see Figure 5-4).
Painting the underside of a precast structure is far less cost-effective in
improving lighting levels than in a posttensioned deck. This is because
the surface area of the underside of the tees to be painted in a precast
deck can be as much as 1.7 times the floor area.

Cutoff fixtures are generally used on the roof and in surface lots no
matter what is selected for covered areas, in order to control light spill-
age. The mounting height should be approximately half the horizontal
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Figure 5-5. Noncutoff fixtures are
usually employed for roof lighting.
Photo Courtesy Quality Lighting, Inc.

distance of the area to be illuminated.” The design illumination and
the uniformity standard will affect the spacing of the poles.

5.2.5 Other Design and Maintenance Issues

It is important that the light fixture be UL listed for damp locations at
a minimum, and preferably for wet locations. This specification assures
that the fixture will be adequately gasketed to prevent dust and bug
infiltration as well as to prevent moisture infiltration. Tamperproof
hardware should be used to prevent unauthorized dismantling of the
fixtures.

Lenses should be impact-resistant. Polycarbonate lenses are not rec-
ommended as they become more brittle with age until they ultimately
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are no stronger than high-impact acrylic. Further, polycarbonate lenses
are more prone to yellowing and degradation, particularly when ex-
posed to ultraviolet radiation. Polycarbonate lenses also have lower
light transmission characteristics than acrylic or glass. Since metal ha-
lide lamps produce ultraviolet radiation, acrylic or a tempered-glass
lens must be used with this type of lamp.

As discussed herein, light output is reduced over time owing to accu-
mulation of dirt and bugs in or on the lenses as well as some discolor-
ation of the lens. Annual cleaning is recommended to assure that the
reduction in light output does not exceed 10%.

The use of fluorescent lamps in parking structures is often discour-
aged as the light output is significantly affected by wind and low temper-
atures. A wraparound lens can help to protect the lamps from wind
and from temperatures that may fall below 40°F. The ballast should
consist of a full light output, high power factor, and energy-saving,
electronic or electromagnetic ballast rated for operation down to 0°F,
or as required by local climatic conditions.

Attention to relamping is important to maintain the minimum illumi-
nance in any discrete area for safety and security. Relamping costs are
minimized by replacing older lamps all at once before they actually
burn out, rather than replacing a few burned-out lamps at a time. The
lamps should be replaced when the horizontal illuminance directly
under the fixture is below a predetermined value based on the lighting
calculations. Annual surveys with a light meter should be performed
to maintain the fixtures with adequate functioning lamps.

Energy use will be minimized by controlling perimeter light fixtures
during the daytime, when adequate natural sunlight infiltration occurs.
Sensors should be placed at strategic locations to detect the amount of
daylight infiltration and turn off appropriate fixtures automatically.
Roof fixtures should also be controlled by photocell to turn on only
when appropriate. Timers and segregated circuits may also be used to
reduce the light levels during periods of low activity (i.e., 1:00 aM. to
6:00 A.M.). Even when the parking facility will be closed down at certain
hours, it is recommended that a certain minimum number of fixtures
remain on overnight for security.

As discussed in this chapter, painting of ceilings, beams, and walls
in posttensioned structures will greatly enhance brightness perception,
minimize potential discomfort glare, and increase the illuminance
through increased reflectance by as much as 1 level of service. In precast
structures, the benefit of painting the coffers is more limited and may
not substantially improve the LOS of the lighting design. Maintenance
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of the painted surfaces is, however, a concern. It is important to use a
breathable, acrylic-based paint or stain. Moisture trapped or migrating
through the concrete can cause the paint to peel. A breathable material
will allow water vapor to escape. The acrylic component provides for
good bonding characteristics. It is also important to prepare the surface
properly before application, to remove form oils, concrete laitance, etc.
that may compromise bonding of the material to the concrete. The right
product, applied properly, will last 10 to 15 years before repainting
is required. Periodic (1-2 years) pressure-washing of the surfaces is
recommended.

5.3 SUMMARY

The objective of any lighting design is to meet or exceed the minimum
visibility requirements for security and safety, while creating an envi-
ronment that will make patrons feel at ease. The psychological percep-
tion of the user as to whether the space is brightly lighted is often more
important to user comfort than the light levels alone.

How much lighting is enough? Industry standards recommend mini-
mum illuminance criteria for the safe movement of vehicle traffic and
pedestrians while recognizing the need to deter criminal activity and
meet energy constraints. There is not adequate information available to
determine the potential decrease in crime, property damage, or personal
injuries at enhanced light levels. Certainly, there are psychological and
perceptual advantages to increased light levels. Therefore, the determi-
nation of the illumination criteria for any project is largely subjective,
based on the experience of the owner and the designer. Conversely,
excessive illumination is uneconomical and wasteful of energy. To aid
in that process, levels of service for lighting design have been developed.

Lamp and fixture selection are governed by many parameters, not the
least of which is the structural system in the facility. Lighting design
must also consider glare and color rendition, as well as life cycle costs.
In general, the high-pressure sodium lamp in a hybrid box-type fixture
with an uplight component and qualifying as a semicutoff fixture is the
preferred combination, except where color rendition is a higher priority.
Metal halide and fluorescent lamps are the usual alternatives, each
having advantages and disadvantages.

One of the chief interrelationships in parking design is between light-
ing and signage and graphics. Now that we have laid a groundwork on
the issues of visual acuity in parking facilities, the next chapter will
discuss signage design.
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CHAPTER

6

SIGNAGE AND GRAPHICS

Mary S. Smith

In Chapter 2, wayfinding concerns and considerations were addressed.
The ideal wayfinding design is one that requires no signage. Since that
ideal is simply impossible to achieve, signage design is an integral part
in the development of a parking facility. It is important to remember,
however, that signage should reinforce natural means of wayfinding.
The first exposure could very well be the last if the parker does not feel
comfortable using the structure. Owners, if a designer ever says to you,
“We’ll take care of that with signage,” a red warning flag has just been
raised. Signage should never be required to correct design failures or
mistakes, especially at the design stage. It can compensate for compro-
mises that are necessary to balance competing objectives in the design
process. In retrofit situations, signage can also reduce, but rarely elimi-
nate, problems resulting from poor natural wayfinding.

For definition purposes, signage is the system of signs providing
directions, identification warnings, and information to the user of a
parking facility. Graphics are the means by which the message is pre-
sented on the sign. Architectural graphics are the integration of wayfin-
ding messages into the physical design, including wall treatments, flags,
banners, etc.

Signage is a means of communication with the driver and/or pedes-
trian, especially one using the facility for the first time. To be effective,
the signage in parking facilities must be plain, concise, and simple. The
driver has no time to read the Preamble to the Constitution or even
Lincoln’s Gettysburg Address as he or she moves through the facility.
While the creative designer may itch to make an architectural statement,
“plain” is far better than “fancy,” particularly for traffic direction.

157
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It is obvious there are many questions that go through the driver’s
mind as he or she travels the facility looking for a “good” parking space.
The driver must remain alert for pedestrians, other vehicles, structural
elements, parking control equipment, and directional information that
may be present in the facility. Often much of this information may be
obstructed by structure (i.e., beams and columns) or other vehicles.

There are equally as many concerns for the pedestrian finding his or
her way through a facility. In addition to being alert to vehicles, struc-
tural elements, and visual obstructions while wayfinding, pedestrians
are often concerned about security and may thus be hurrying.

6.1 WHAT MUST BE COMMUNICATED?

The essential information required to guide the user through the facility
falls into four basic categories:

1. Traffic information, which assists drivers by providing directions at
points of decisions (One Way, Right Turn Only, Park, Exit, etc.).

2. Pedestrian information, which helps the user find such destinations
as elevators and stairs, and helps in recollecting parking location.

3. Regulatory information, which identifies areas such as reserved,
compact, or accessible parking spaces, or which prohibits or restricts
entry/exit or vertical clearance limitations.

4. General information, such as parking rates, hours of operation, etc.
Each parking facility has its own characteristic set of requirements.

These requirements present specific questions concerning the needs

and concerns of the users to be answered during the design of the

signage, including:

o What are the points at which information is needed?

o What information is needed?

¢ How should this information be presented?

+ Will there be a high percentage of first-time users in the facility, or
is it used by the same people every day?

o Is the patron under stress or hurrying to get to his or her destination,
such as at a hospital or airport facility?

+ Are there special sign requirements for accessible parking or bilin-
gual patrons?
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« Is the layout of the facility complex (multiple decision points, large
number of bays)?

¢ Are there choices in traffic patterns that must be presented to drivers
such as directions to parking near the entrance of an anchor tenant
or exits to different streets?

o Is there arelationship between structures, such as pedestrian connec-
tions at several levels, that may lead to different destinations?

e How many levels of delineation of parking spaces are required for
recollection of the parking location: parking space, aisle, zone, floor,
structure, destination, entry portal?

¢ Are there restricted areas or special needs for security?

The airport, transportation terminal, arena, and stadium are types of
facilities that have a high percentage of first-time visitors. These patrons
are in a hurry to board a plane, or locate their seats before the event
starts. Hospitals and retail businesses are very sensitive to customers’
choice of patronage; making the parking system “user friendly” is of
critical importance. In facilities serving these uses, the driver needs
specific directional information in the proper sequence at each point
of decision. Pedestrian information must also be well placed, easily
read, and conveniently seen. Signs for these types of facilities should
stand out clearly.

The facility serving a large office building usually requires less sig-
nage. The user is usually under less stress. A structure serving primarily
monthly or contract parkers requires fewer signs because the user be-
comes familiar with the structure quickly and thereafter drives through
the facility by habit. Conversely, it is more likely that a complicated
design such as a double-threaded helix has been employed, affecting
signage needs. The signage in such cases may serve more of a regulatory
role. The monthly parker does need to remember where the vehicle is
parked each day.

Some general rules for sign design and location are as follows:

o All signage should have a general organizing principle that is consis-
tently evident in the system.

¢ Directional signage for both pedestrians and vehicles must be continu-
ous (i.e., repeated at each point of choice) until the destination is
reached.

e Signs should be placed in consistent and therefore predictable loca-
tions.
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e A sign should be placed at every point where a driver or pedestrian
must make a decision.

 Signs may be located at a point where all users/traffic turns in the
same direction even though there is no decision needed. In general,
such signs serve as reassurance to first-time or irregular users who
are unfamiliar with the path of travel.

o In general, overhead traffic signage should be placed just prior to
the turn.

o Traffic signage should always be placed centered over the driving
aisle, except that a standard “STOP” sign may be most effective in
the standard traffic engineering mounting—i.e., on a post 5 ft above
the pavement.

e When there is no end-bay parking, a sign placed on the end bumper
wall of the facility, even if slightly below eye level, is often more
effective than one placed overhead before the turn., especially when
located on down-bound routes (see section 6.2.1).

» Regulatory and pedestrian information signage is usually placed at
or over the parking stalls. Avoid placing pedestrian signage in the
expected location for traffic signage.

» Location signage in parking areas is most effective overhead (in the
parking zone) if the facility is posttensioned and if there are not too
many other signs present. Otherwise, column faces can be used. It is
generally easier and more economical to paint and stencil location
information on the column or beam face. Reflective messages are not
required for location signage.

o Identification and location signage at stairs and elevators is often
most effective on the door itself, and can be painted and stenciled
directly on the door.

6.2 GRAPHICS

An important aspect of signage is the graphics. Effective signage pro-
grams combine aesthetics with information. Choice of color; typeface;
character size, weight, and spacing; and the use of uppercase and lower-
case text all influence readability.' The arrangement of text and symbols
must be visually distinct. They must not contradict their basic meaning
or intent, so as not to confuse the user. The background is equally
important: backgrounds that are too small or too large for the type size
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can greatly detract from the effectiveness of the sign. Equally important
is to coordinate the design of each sign with its environment.

6.2.1 Environmental Issues

Environmental factors affect signage perception and readability, such
as the quality, intensity, and color of light falling on the sign; the
possibility of glare from a fixture directly in front of sign; light from
behind the sign; sight lines (or conversely, obstructions) between the
user and the signs; and the visual clutter in the sign’s surroundings.?
Many of these factors may not be within the designer’s control, yet the
designer must recognize these factors and design the signage to work
effectively in the environment.

Coordinating lighting with signage is one of the most critical and
most often neglected elements. Visual acuity and speed of recognition
improve as illumination levels increase. Conversely, excessive lighting
reduces legibility by creating glare. Halation may also occur with light-
colored letters on a dark background. These letters appear “heavy” and
blurred (see section 6.2.2).

The ambient or general lighting has a twofold impact. First, of course,
is the illumination of the sign itself. Second is the fact that the eye
adjusts to ambient light levels. The minimum ambient light level re-
quired for nonilluminated signs in interior, lighted spaces is about 25
footcandles.? However, outdoors at night, signs can be viewed in as
little as 2 fc. As discussed in Chapter 5, the parking industry has tradi-
tionally only considered lighting at pavement level in design. While 5
to 10 fc (average) may be maintained at the pavement, there generally
has been far less at eye level and above.

Posttensioned structure lighting designed to the Illuminating Engi-
neers Society of North America (IESNA) standard (see Chapter 5) will
generally have an adequate number of light fixtures in each bay to
ensure that signage placed on beam faces will be properly illuminated.
The placement of fixtures over the parking spaces and signs over the
aisle avoids overillumination and glare from light sources in front of
signs. A sign that has been placed directly in front of a light source,
either natural or artificial, is often unreadable. Circumstances in which
this can occur include signs placed on an overhead beam on the perime-
ter, and signs that must be suspended in turning bays. If the location
of the sign can’t be changed, additional lighting can be placed in front
of the sign to compensate for the excessive illumination behind it.

In precast structures, the frequency of the tee stems directly impacts
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the lighting/signage relationship. The tee stem limits the dispersion of
the uplight component, if any; placing the sign in the same coffer and
immediately behind the light fixture will often result in overillumina-
tion; placing the sign several coffers away from the fixture can place it
in the shadows. There is substantially more visual clutter in precast
structures as well. Generally, it is advisable to suspend the sign below
the bottom of the tee stem to assure visibility. The additional clearance
required below tee stems to accommodate signage is a major factor in
the recommendation of different floor-to-floor heights in the level-of-
service (LOS) design parameters (Table 2-2). The same posted clearance
height should be maintained in a precast deck as in a posttensioned
one. For example, the LOS C floor-to-floor height in a posttensioned
structure would have a 7’8" straight vertical clearance to the bottom of
the beam and a 7’6” posted vehicular clearance. The LOS C precast
deck would have a clearance of 8"10” to the bottom of tees and but also
have 7’8" posted clearance. Therefore, the signs can be hung so that the
full letter is below the bottom of the tee stem, while still keeping the
sign several inches above the posted clearance. (See further discussion
of sign mounting in 6.3.)

Structural elements are generally among the most limiting factors on
sign visibility in parking facilities. In the parking environment signs
must be read from a distance of 75 ft to be minimally effective. This is
based on a perception-reaction time of 5 sec and 10 mph; 100 ft is a
much more desirable standard. Care must be taken that signs not become
visible only after it is too late for the driver to make and implement
a decision.

Motorists view signs from an approximate height of 45” (per IESNA?),
pedestrians from 5 to 6 ft. Signs mounted on structural elements can
be at an acute angle to the normal line of vision. As seen in Figure 6-
1, beams limit the distance from which a traffic sign may be read in a
posttensioned structure. Using the floor-to-floor heights and floor slope
gradations for level of service (per Table 2-2), the distance from which
a sign mounted on the beam face can be read on a level floor is calculated
for beam spacings from 15 ft to 30 ft. This column would also apply to
signs placed on a beam face over a sloped parking area or ramp, and
viewed from that slope. The impact of increased floor-to-floor height
and beam spacing are both clearly demonstrated in Table 6-1. Except
for the unusual combination of a 15-ft beam span and LOS D floor-to-
floor heights, signs attached to beam faces will be visible from at least
75 ft, with visibility extending nearly 200 ft for the combination of 30-
ft beam spacing and LOS A floor-to-floor heights. However, when a sign
is placed on a beam face over the level end bay after a down slope, the



SIGNAGE AND GRAPHICS 163

Level Approach

(@)
e ——
e

=~

Approach From Down Ramp

Approach From Up Ramp

Figure 6-1. Distance from which signs can be read is impacted by structural
members and floor slope.

visible distance is sharply reduced. This is most critical at the exit
of the parking facility, at the bottom of the main down ramp, where
traffic is given a choice of exiting straight ahead or turning in the end
bay for reentry. The sign is rendered ineffective by reason of the fact
that the driver probably sees it too late to have the sign play any role
in decision making. The remedy is to place the sign further in from the
end, at the hinge point in the floor slope. Conversely, a sign placed in
the level end bays at the top of an up slope is visible from more than
250 ft away.

Signs held above the bottom of the tee are generally not visible at 75
ft. If the signs are suspended below the bottom of the tee stem in a
precast structure, as previously recommended, the visibility will be
more than adequate. The concern in that case remains that the sign is
adequately lighted.

Sight obstructions must be avoided when considering sign placement.
Architectural features and parked vehicles should not obscure sight
lines. Other visual obstructions might include columns, shear walls,
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TABLE 6-1. Sign Visibility Distances

Approach to Sign

Beam Span LOS Level Down Up
Posttensioned structure >250’
15 D 54’ 28’
C 67’ 37’
B 81’ 46’
A 95’ 56’
20 D 73 33’
C 92’ 43
B 110’ 54’
A 129’ 67’
25 D 93’ 37
C 116’ 48’
B 140’ 61’
A 164’ 75’
30 D 112/ 39
C 141’ 52’
B 170’ 66’
A 198’ 81’
Precast structure, signs above bottom of tee stems
4 D 37’ 25’ 71’
C 44’ 31 79’
B 51’ 37’ 87’
A 59 43 93’
5 D 47’ 29’ 120
C 56’ 36’ 129’
B 66’ 43’ 135’
A 75’ 51’ 141’

*Assumes 6” letter on 12” sign. After Bolden, 1981.

and piping. The latter can be a severe problem in flat slab structures,
where many elements are competing for the same space.

Visual clutter around and behind the sign can distract from the read-
ability of a sign. Increasing the amount of background around sign
messages (negative space) will help to compensate for visual clutter. It
is important to balance the contrast between the letters, sign back-
ground, and surrounding elements. Copy and background should have
a minimum difference in reflectivity of 75%?; this exceeds the recom-
mendation in ADAAG (see Chapter 7), which is a minimum difference
of 70%. A black background with white text provides a brightness
differential of 96%. An orange background and white text provides
only 68%. White copy on a dark background—preferably black— has
been found to be one of the most universally effective combinations,
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Figure 6-2. White copy on black background is very effective in parking struc-
tures. Photo courtesy Standard Parking Corporation, US Patent No. 4,874,937.

as shown in Figure 6-2. The dark background draws the eye to the
sign because of its contrast with concrete surfaces and the relatively
monochromatic setting inside parking facilities. If unforeseen shadow-
ing occurs, the message will still stand out. Also, when glare occurs,
there is less loss of message with white reflective letters on a dark
background. There is no need to have the background be reflective. In
fact, the contrast is heightened when white reflective colors are used
against a flat black background. Also, there is less likelihood of glare
with a flat background. In the outdoors, the reverse is true; a white sign
is the most conspicuous against the visual landscape. A black panel
must be more than twice as large to be equally conspicuous at 250 yd.?

Colored light such as that from high-pressure sodium fixtures can
affect legibility if it reduces the color contrast between the copy and
the background. There will often be a difference in reflectivity values
under high-pressure sodium light that may affect selection of colors.
Again, white copy on black background avoids this problem. In situa-
tions where visual clutter or other visibility constraints exist, illumi-
nated signs may be the best solution. In addition to the traditional
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Figure 6-3. Fiber optic signs can compensate for overillumination behind the
sign. Photo courtesy C. J. Hood Company.

backlit illuminated sign, fiber optic and LED signs are now a viable
alternative (Figure 6-3).

6.2.2 Letter Forms

Typeface must be selected based on legibility. This is primarily affected
by the choice of typeface, the thickness and contrast of strokes, and the
height. Letter height and typeface style are of equal importance in mak-
ing a sign legible. The most pleasing, architecturally aesthetic, and
“ageless” type style is Helvetica Medium. The relationship of stroke
width versus height avoids many problems resulting from halation with
the light letter on a dark background. The differential can appear up to
10% greater than it actually is. The balance found in the Helvetica
Medium takes advantage of this effect without sacrificing legibility.

Where theming or architectural tone makes Helvetica Medium less
desirable, a san serif alphabet, such as Univers, Futura, Grotesque Op-
tima, Melior, or Craw Clarendon, is an acceptable choice? (see Figure
6-4).

Lowercase letters are 10% to 12% more readable,’and lowercase with
initial caps occupies 30% to 35% less space; therefore lowercase with
initial uppercase is preferred. All-uppercase may then be used for spe-
cial emphasis, such as STOP. The nominal letter height with upper-
and lowercase is the cap height. The height of the cap or uppercase
letter is one third larger than the height of the lowercase letter.

Letters are visible at a distance of about 50 ft per inch of cap height.
Given the additional constraints of parking structures, a minimum of
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HELVETICA MEDIUM  FUTURA

ABCDEFG ABCDEFG
abcdefghijk obcdefgh
123456789 123456/8

OPTIMA OPTIMA SEMIBOLD

ABCDEFG  ABCDEFG
abcdefghijk abcdefghijk
123456789 123456789

CRAW CLARENDON MELIOR UNIVERS

ABCDEFG ABCDEFG ABCDEFG
abcdefghij abcdefghijk abcdefghij
123456789 123456789 123456789

Figure 6-4. San serif alphabets are the preferred choices for parking structure
signage.

1” height for every 30 ft of distance is recommended for pedestrian
signs.? For drivers traveling at 10 mph, such as in parking bays, a ratio
of 1” for 20 ft is more appropriate. Letter height on signage for express
ramps and roadways should be calculated in accordance with the fol-
lowing formula*:

N+6)V S

H="—"%0 *10

where H = cap height in inches, N = number of messages, V = vehicle
speed in mph, and S = lateral sign distance.

This is not intended to imply that the letter size on each sign should
be customized to the distance from which it can be read. As the recom-
mended range of visibility is 75 to 250 ft in parking facilities, a 6” cap
on a 12” high sign is strongly recommended for traffic signs in parking
bays. It provides a balance of legibility at an acceptable distance with
an effective amount of background. Sizing letters under 6” on the prem-
ise that the sign need not be read more than 75 ft away is wasting the
opportunity to give the driver more than a minimum amount of time
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Figure 6-5. Larger signs and
letters for location indicators
can be painted directly onto
columns. Photo courtesy Simon
Design, Inc. and Prudential
Center, Boston.

to recognize and read the sign. Oversizing either letter or background
is merely distracting in a traffic situation.

Pedestrian signs can use smaller letters because both recognition and
reaction time are much longer. Pedestrian destination signage can often
be visible for the full length of the structure. Eight-inch letters are
then appropriate. Where more immediate directional information is
provided, 4” is a good choice, especially when longer place names must
be communicated. Conversely, oversize signs and letters for location
indicators emphasize the importance of remembering (see Figure 6-5).

Borders and circles around copy make the sign more difficult to read
and should be avoided, especially with the visual clutter inherent in
parking facilities. However, a different background color creating a
“target” for arrows, in particular, may improve legibility.

Spacing of letters and length of message are the last considerations
in the area of copy design. The distance from the left edge of the sign
to the first letter or symbol should be equal to the cap height. Standard
letter spacing should always be used, unless sign length is very re-
stricted. This most often occurs when a sign must be located between tee
stems in precast structures. With the recommended Helvetica Medium
typeface, the message will be approximately 0.75 times the cap height
times the number of letters and spaces.? Additional space should be
provided between two separate messages on the same line; a minimum
space of two times the cap height is recommended.

No more than 30 characters per line is recommended.? Messages
should be kept as short and concise as possible. “Park” and “Exit” are
most frequently used to guide the driver through the facility. Some
consultants prefer to use the word “Out,” reserving “Exit” for pedestri-
ans.’ Avoid excessively wordy messages such as “To Additional Park-
ing.” Once the driver is conditioned to seeing Park and Exit at every
decision point along the path of travel, don’t throw in a new message
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Figure 6-6. A simple block arrow is recommended for parking structure signage.

such as “All Traffic.” Two lines of copy on a pedestrian sign is accept-
able but should be avoided for traffic signs unless there is extra reaction
time. “Do Not Enter” is used to warn a driver not to enter; “Wrong
Way” is employed where the driver is looking into the area. Both signs
can be used in sequence to reinforce the message.

6.2.3 Arrows and Symbols

Research on visibility of arrows has not pointed to a “best” design.’
Certainly, an overly stylized or “fussy” arrow should be avoided. The
simple block arrow in Figure 6-6 is a good complement to the recom-
mended Helvetica Medium typeface.

Theoretically, arrows may point in virtually any direction; however,
in practice they should be limited to the eight visually distinct direc-
tions represented by 45-degree increments. The conventions of the Fed-
eral Highway Administration’s Manual on Uniform Control Traffic De-
vices (MUTCD)” should be used. In general, left and right turns employ
horizontal arrows. Some in the industry customize the arrow for up
and down slopes. For example, if the driver is to take a right turn and
go up a ramp, an arrow pointing right and up at 45 degrees is used.
This may take a little longer to recognize and understand, especially if



170 PARKING STRUCTURES

Figure 6-7. Commonly used pictograms are effective communication tools.

there are multiple messages and arrow directions in the field of vision.
The 45-degree arrow is probably most beneficial when there is a lack
of vision around the corner to see that there is a ramp.

When the intended message is “straight ahead” or “this way,” the
arrow should point up. A downward-pointing arrow says “this lane”
and is most appropriately used when there are multiple lanes from
which to choose, such as separate monthly and cash lanes at the exit.

The combination of symbols and words is the most effective means
of communication.® Only when the symbol alone is universally under-
stood should pictograms replace words (see Figure 6-7). However, as
society at large increasingly communicates through pictograms, the
universality of symbols will increase and become usable in parking
facilities.

The arrangement of copy and particularly of arrows should reinforce
the message. Left arrows should generally begin with the arrow flush
left on the sign; messages with right arrows should generally be placed
to the right with the arrow flush right. When messages with both left
and right arrows are placed on a sign, there should be a good visual
separation and distance between the two. Up arrows are generally
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placed to the left of the messages. Since down arrows are used for
special emphasis, down arrows are often repeated on both sides of
the message.

6.2.4 Colors and Theming

Color can be an important component to a signing program. In the
words of colleague Don Monahan,? “It can enliven parking structures
and public spaces that would otherwise be very dull.” Colors for pedes-
trian signs might be distinctively different from traffic signs for better
recognition by the user. Conversely, many years ago we decided it might
be a good idea to use the background colors in MUTCD, with the bright
green seen on highway signs for all “park” signs and fire engine red for
all “exit” signs. We abandoned the idea after the first installation, be-
cause it was simply too visually distracting. There is a simple elegance
to the white letter on a black sign.

The owner or architect may have a preference for a certain background
color—to match window framing or special accents in the architecture.
At the same time color must be carefully used. As previously discussed,
there must be adequate difference in reflectivity between copy and sign
background as well as contrast between the background and the adjacent
construction. For example, burgundy letters on a strong gray back-
ground may be quite attractive for interior signage in an office tower,
but would be a major mistake in the adjacent parking facility.

It has been a favorite tactic of the industry for many years to color-
code parking levels. Used forcefully and liberally in conjunction with
floor numbers and, if needed, letters for sections, colors can help patrons
identify the parking location. However, there are very real limitations
to the use of color as a major contributor to wayfinding. The use of
“trendy” colors such as teal and aqua certainly adds to the atmosphere
or sense of being in a new, different space from the traditional parking
garage. However, color-coding one floor with teal and the next with
aqua will add little but cost to wayfinding. According to Monahan,?
“Most people can only distinguish and remember six different colors,
not including black and white—red, yellow, blue, green, orange, and
brown.” If more or other than those six colors are needed, a significant
loss of effectiveness occurs. Further, while there may be certain logic
in using “warm” colors (red, yellow, orange) in one structure and cool
colors (blues and greens) in another, 99% of users will never notice or
appreciate such subtle logic.

Another constraint on color-coding is that 5% of males and 0.8% of
females are color-blind. In one case, a parking structure with at least
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10 floors was color-coded with bands of color on each column and the
elevator lobby on each floor boldly painted in the color. Nowhere was
there a sign “Remember—purple.” The elevator floor buttons were
matched to the colors, but with no numbering or words on the adjacent
panel. Picking out the difference between blue and purple among the
buttons was hard enough, even if you did remember purple correctly.
The color-blind person, however, had no hope of getting back to the
right floor.

Too many symbols/colors/patterns can actually detract from wayfin-
ding. Don’t expect the patron to figure out that the 4 x 8 ft graphic of
a lobster with a pair of cherries 6” high in one corner is supposed to
communicate that this is the red floor. The same set of memory aids
must be repeated at every location. It does little good to theme a floor
with lobsters if the panel in the elevator cab doesn’t have the same
graphic next to the elevator button.

Conversely, theming that ties together elements and reinforces them
with unusual visual elements can be very powerful in wayfinding. A
parking operator in Chicago, Standard Parking Corporation, has success-
fully themed a number of structures, with music playing in the lobby
to further reinforce the theme. An award-winning parking structure for
Northwestern University has each floor named after a rival university
with the school’s colors and mascot on each floor and the fight song
playing in the lobby while you wait for the elevator. Directories of each
floor are provided in the lobby for reference upon return. This touch
is far more helpful than just putting a floor number or color next to the
elevator button. If you aren’t quite sure where you have parked, you
can scan the directory to jog the memory. “All you have to do is remem-
ber one of the four things: the number, the music concept, the visual
concept, and possibly color,” according to designer Craig Simon.? The
concept is so successful that Standard has patented the idea (see Figure
6-8).

When there are multiple parking structures serving a single use, it
may be helpful to keep the floors in each structure within an overall
theme. However, be careful that the connection is universally obvious.
Subtlety is usually wasted, and ambiguities should be avoided. If one
of the two structures serving a building had floors named for fruits and
the other had vegetables, would you know which structure the tomato
floor is in?

6.3 CONSTRUCTION DETAILS

The preferred sign material is 0.080” aluminum sheet. Recycled post-
consumer plastic composites are also becoming more common. Plastic
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Figure 6-8. The lobby direc-
tory for a parking facility with
the musical floor reminder
system. Photo courtesy Stan-
dard Parking, US Patent No.
4,874,937.

composites eliminate any metal reaction between aluminum and con-
crete, and are not as likely to be stolen as aluminum signs (which get
stolen to be sold for recycling). However, the use of plastic composites
requires more attention to adhesion of reflective sheets and/or cut vinyl
letters. Plywood, Duraply, and tempered hardboard should be avoided
because of warping, checking, delamination of plies and the like, and
the lack of a consistent working surface for application of copy.
There are two common methods for applying the copy. One process
is a reverse technique where the entire sign is covered with white
reflective sheeting and then the background is silkscreened over the
top allowing the letters and symbols to show through. There are four
basic grades of reflectivity sheeting, in ascending order of cost; Engineer,
High Intensity, Visual Impact Performance, and Diamond grade. Coeffi-
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TABLE 6-2. Comparison of 3M Reflective Sheeting Grades

Coefficient of Retroflection

Grade - New After 7 Years
Engineer grade 70 35
High intensity 250 212
Visual impact performance 450 250
Diamond grade 800 400

Source: Traffic & Parking Control Co., Inc.

cients of reflectivity are shown in Table 6-2. Engineer grade is the
usual choice for parking since most of the signs are weather protected.
However, where extra reflectivity is desired, High Intensity would be
the choice. It holds its reflectivity very well and is three times brighter
than Engineer grade; however, the sheets cost about four times as much
as Engineer grade. The inks may be either transparent, which results
in a reflective background, or opaque, which results in a flat background.
Our experience has found that the flat background reduces the possibil-
ity of glare blanking out the message. Opaque inks are also a little
more durable.

The alternative is to apply reflective, die-cut letters to a painted alumi-
num blank. Die-cut letters have slightly lower reflectivity and are prone
to curling and cracking if not properly applied. Proper specification of
die-cut letters is thus critical. Pranksters occasionally pick letters off
and/or rearrange messages. A clear overlay is available that prevents
curling and peeling of die-cut letters and makes the sign more durable
and graffiti resistant.

Internally illuminated signs have generally been too expensive to use
for parking facility traffic signage. The traditional internally illuminated
sign has letters cut into the sign face with a translucent second sheet,
behind which is mounted a fluorescent light tube.

Neon has occasionally been used effectively, particularly as part of
the parking location/theming system.

Advances in fiber optic and low energy display (LED) technology
make those desirable options where changeable messages or special
emphasis is required. These devices have very low maintenance and
operating costs.

One of the most cost-effective means of designating floor locations
is to paint the elevator door with the floor color and then apply a super
graphic (see Figure 6-9). When not painted directly on the construction,
signs on stair/elevator walls can be back- or reverse-painted on Lexan
to prevent vandalism. Any damage can be readily cleaned and restored.
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Notes:

1. Raised image text w/braille copy to conform to requirements of
Americans with Disabilities act.

2. Provide sign at each elevator door & each elevator jomb at each tier.

Figure 6-9. Supergraphics on elevator doors are effective location reminders.

Framework for signs is usually painted or galvanized steel tubing.
Make sure to specify the painting of saw-cut ends and drilled holes in
prepainted tubing prior to final installation to prevent rusting. Inserts,
fasteners, etc. should be rust-resistant and tamperproof. Avoid alumi-
num tubing because special consideration must be given to the electro-
lytic action between concrete and aluminum. The “softness” of alumi-
num also leads to crushing and distortion of the tube sections (see
Figure 6-10).

Exterior signage must be designed in concert with the owner and
architect. Some of the choices include the following:

e Individual cast letters 9” to 12” in height over the entrance and exit
lanes are an attractive and economical alternative. Be sure that there
is adequate contrast between the building facade and the letter. A
smooth surface may be needed in a heavily textured panel. This
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Figure 6-10. Typical sign mounting details.

change in texture can be developed architecturally to emphasize the
entrance/exit. Lighting from behind, over, or under the letters must
be coordinated with the electrical engineer.

o Illuminated signs may be placed over the entrances/exits. These are
especially effective when built into a canopy or larger architectural
feature which emphasizes the entry point (see Figure 6-11). Prefabri-
cated illuminated boxes can also be placed either flat or perpendicular
to the fagade. Unless carefully designed, the boxes tend to look a little
“artificial” or “attached” rather than integrated into the fagade design.

One concern with any relatively flat sign attached to the face of the
building is that it may not be readable by drivers in the street if the
facility is pulled tight to a narrow sidewalk. Illuminated kiosks at the
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Figure 6-11. Marquee style
signs are especially effective in
urban settings. Photo courtesy
Standard Parking Corporation.

sidewalks are among the most effective signage tools, but they can be
relatively expensive. It is also critical to be sure that a kiosk sign does
not block the driver’s vision while entering or exiting.

It is very important to have a clearance bar at the posted vehicular
clearance height. Most experienced designers use a PVCtube suspended
from the fagade beam with reflective, die-cut letters (see Figure 6-12).

6.4 FLOOR ARROWS AND STALL STRIPING

Although floor arrows and stall striping will usually be provided by a
different contractor, they are part of the system communicating direc-
tions to the user and therefore merit discussion here. In general it is
desirable to design pavement markings in conformance with MUTCD
or state/local requirements. One of the first questions is what color
should be used for floor arrows and striping. MUTCD specifies that
white paint be used for markings delineating traffic flowing in the same
direction and that yellow paint be used between lanes traveling in
opposite directions, which implies a warning. Crisp, white paint shows
well against the concrete in a new facility. However, over time dirt
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Figure 6-12. Clearance bars are placed at every vehicular entrance and point of
change in vehicular clearance.

tends to obscure the paint and yellow seems to be more visible under
“average conditions.” Either white or yellow is quite acceptable from
a visibility standpoint; the choice generally comes down to a personal
preference of the designer.

A number of paint choices are available for pavement markings. A
major change in the formulation of pavement markings occurred when
the Environmental Protection Agency (EPA) regulations limited the use
of solvents in paints. All of the paints listed have been formulated to pass
EPA’s current standard. However, several states have more stringent
standards, which effectively limit the choice to water-based paints.

Acrylic thermoplastic and polyester are generally accepted substi-
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tutes in those states. Chlorinated rubber paints provide a good balance
of durability for the money, and are the traditional choice for parking
facilities. Chlorinated rubber, although it meets the current EPA stan-
dard, raises environmental concerns when flakes, which are considered
carcinogens, are carried off by storm water. It is expected that chlori-
nated rubber paints will be outlawed in the near future. Water-based
paints have the poorest durability and performance. The best perfor-
mance/durability comes with acrylic thermoplastic paints. However,
they are difficult to apply; the paint must be heated to 400°F before
application. A study by the EPA found that polyester paints have the
lowest life cycle cost, when such parameters as paint cost, labor and
application costs, and expected marking durability are considered.
Polyester paints are also the most environmentally safe.

The reflectivity of highway paints is often enhanced with the applica-
tion of glass beads to the paint. Glass beads act as retroreflective lenses
that reflect the rays of auto headlights back to the driver. They increase
safety and night visibility. Beads are most effective when mixed with
the paint and sprayed in a single application; in such cases they increase
the paint life. Most parking stripers object to this type of application
because it reduces the life of the striping equipment. They prefer to
spray the beads from a second nozzle or hand-broadcast beads as a top
coat. However, beads applied as a top coat wear off, often in less than
a year, and are probably not cost-effective. Therefore glass beads should
only be specified if required to be mixed with the paint before applica-
tion. In parking applications, use of either the most expensive paint
and/or glass beads may increase the cost of striping, but in the context
of the total construction cost, the increment is negligible.

It should be noted that pavement marking paints may bond poorly
to green concrete, owing to hydration as concrete cures and/or curing/
sealer applications. The first application of striping will probably have
a shorter life than subsequent applications.

Double-line or hairpin striping continues to be preferred by most
consultants as encouraging better alignment of vehicles in parking stalls.
The cost differential is small compared to the benefits in helping parkers
get aligned properly in a stall (see Figure 6-13). Studies® have shown
that it is better to keep stripe length shorter than the intended stall
length, encouraging drivers to pull further into the stall.

Floor arrows should be located centered in the drive aisle just in
advance of every turn whether or not a sign is provided. The location
of floor arrows is shown on the same drawings as the striping. Be careful
not to include arrows that are helpful to a layman looking at a drawing
but that are not intended for painting (see Figure 6-14).
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Figure 6-13. Double-line striping detail.

Special sign requirements under ADA are addressed in Chapter 7. It
is instructive to note, however, that some states require the use of blue
paint in pavement markings for accessible stalls. The preferred method
is to paint a large blue square in the middle of the stall or to paint the
entire stall between the lines blue and then to paint a handicap logo
in white. Less effective is merely painting the stripes and/or cross-
hatching blue.

Figure 6-14. Standard floor arrow.
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CHAPTER

7

ACCESSIBLE PARKING DESIGN

Mary S. Smith

7.1 INTRODUCTION TO ADA

In July of 1990, President George Bush signed into law The Americans
with Disabilities Act (ADA), one of the most sweeping and far-reaching
pieces of civil rights legislation ever passed by the United States Con-
gress. ADA has five titles:

TitleI—Employment covers elements related to employment of persons of
disabilities, including requirements to make reasonable accommodations
such as modifying work stations and equipment.
Title II—Public Services
Part A—State and Local Government Services requires that local
governmental entities, which includes schools, state universities,
county hospitals, etc., must operate each service, program or activity
so that, when viewed in entirety, it is readily accessible to and
usable by persons with disabilities. This title also requires that
newly constructed buildings owned by (or on behalf of) entities
covered by Title Il must be accessible. Alterations to existing build-
ings must be done in an accessible manner.
Part B—Transportation covers requirements for accessibility of
transportation facilities.
Title III—Public Accommodations covers requirements for accessibility
of those areas of existing privately owned buildings where the public
may go to receive goods and services. It also has distinct requirements
for accessibility of new buildings and alterations of existing buildings
which are places of public accommodations or commercial facilities.
Title IV—Telecommunications covers telephone companies and phone
systems.
Title V—Miscellaneous explains enforcement procedures, fines, etc.

182
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You may note that the Federal Government is absent from the above
listing, and indeed it was intentional. Most buildings constructed or
altered with federal funds are required to comply with the Architectural
Barriers Act of 1968. Recipients of federal financial assistance have
similar obligations to ADA under Section 504 of the Rehabilitation Act
of 1973. ADA essentially extended similar obligations to state and local
governments not in some way covered under the two older acts, as well
as private entities. Residential uses are covered by the Fair Housing
Act. Private clubs are exempted when they qualify for exemption under
Title II of the Civil Rights Act of 1964. There is really only one other
type of nonresidential building owner that is exempted from ADA,
and that is religious entities. Note that the exemption is restricted to
buildings directly associated with the practice of religion including
churches, synagogues, and convents but not hospitals, for example,
even if directly owned and controlled by religious orders. Further, a
nonreligious entity, such as a day care center, must ensure that the
facilities it rents from a church are accessible or rent space elsewhere.

Perhaps the most important thing to remember about ADA is that it
is a civil rights law. The Department of Justice is charged with enforcing
the act, and individuals who feel they have been discriminated against
can sue the property owner. The guidelines for building and facility
design are not a building code, subject to state or local approval and
variances. (Of course, if a state or local government has a conflicting
standard, the higher of the two standards applies.) Even when local
officials approve a design as compliant, a federal judge can later decide
that it was not compliant and award damages to a plaintiff.

Parking is considered to be a critical element to accessibility. To
paraphrase the words of an official of the Access Board at one industry
conference, if the individual with disabilities can’t drive to and park
at a building, there is no sense in requiring the owner to make the
building accessible. Actions do often speak louder than words: the first
case brought into Federal Court that resulted in a civil penalty under
Title III of ADA was for failure to make parking accessible.

7.1.1 Terms and Acronyms

One of the first things that must be addressed in discussion of ADA
is all the terms and acronyms that are required to communicate the
requirements of ADA in a reasonably succinct fashion. Note that the
term “handicapped” is no longer operative. In all of the 300 pages of
the Federal Register devoted to Title Il and Title Il rules and regulations,
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the term “handicapped” is not used once. The correct term is persons
with disabilities.

When an element is designed to be readily usable by persons with
disabilities, it is accessible. An access aisle is not the driving aisle in
a parking facility, but rather an accessible pedestrian space between
elements, such as parking spaces, seats, or desks. An accessible route
is a continuous unobstructed route connecting accessible elements. A
ramp is not a sloped driving path providing vertical circulation in a
parking facility, but rather a walking surface that has a running slope
greater than 1:20 (5.0%).

Whenever Congress passes a law, an agency is specifically designated
to issue “rules” which establish standards and procedures for imple-
mentation of the act; for ADA, several different agencies were charged
with rule making. The three primary documents that affect building
design under ADA were issued on July 26, 1991. The first is the Ameri-
cans with Disabilities Act Accessibilities Guidelines' (ADAAG). It was
issued by the Architectural and Transportation Barriers Compliance
Board (Access Board) to ensure that buildings and facilities covered by
the law are accessible. The Department of Justice (DOJ) also issued its
Title II Rule? and Title III Rule® on that date.

ADAAG is modeled on an older federal standard, the Uniform Federal
Accessibility Standards (UFAS). ADAAG is essentially a revisiting, up-
dating, and extension of UFAS. The Access Board will, from time to
time, issue clarifications of ADAAG. In February 1994 the Access Board
issued Bulletin No. 6, addressing parking.

Initially, state and local governments were given the option of com-
plying with ADAAG or UFAS. At the time ADAAG was issued, the
Access Board stated that it intended to adopt modifications to ADAAG
applicable to governmental buildings and that DOJ would then adopt
a rule mandating that Title II entities comply with ADAAG rather than
UFAS. On June 20, 1994, the Access Board issued those modifications.*
In that rule, the board stated that it will use ADAAG as the accessibility
guidelines for federal and federally funded buildings, under the 1968
and 1973 acts. However, at the time of this writing, the DOJ has not
yet even issued proposed rules (which must be published for comment
before final rules can be issued) spelling out how and when state and
local governments must switch to ADAAG, nor have most of the individ-
ual federal agencies adopted ADAAG. Therefore, the new Title [lamend-
ments to ADAAG are denoted an “Interim Final Rule.” Technically, no
one is yet required to follow the new rule; however, the board strongly
recommends that all entities do so. In general, the new rule addresses
issues never covered under either UFAS or ADAAG (i.e., courthouses)
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and as such represents the best available information on how to design
those facilities so that they are accessible. Willfully choosing to follow
UFAS because it is less restrictive than ADAAG is risky. Making a
“good faith” effort to comply with ADA means that you should comply
with the best available references, which is ADAAG.

From a parking perspective, the most critical section of the Title II
modifications to ADAAG is 14.0 Public Rights of Way, which greatly
clarifies design standards for those areas. In particular, there is a section
governing on-street parking that sheds light on the board’s thinking
about parking in general. Also, when parking structure construction
requires reconstruction of sidewalks, curbs, and other construction in
the public right-of-way, what “comes out” has to be “put back” in
accordance with these standards.

A word of warning: every attempt has been made to quote directly
from and adequately support and reference all of the design guidelines
herein. The material from this chapter is organized to present all of the
information relevant to an issue together, rather than in the sequence
it is presented in each succeeding federal document. The author, as
cochair of a committee on Accessibility for the Parking Consultants
Council (PCC) of the National Parking Association (NPA), met with
staff members of the Access Board and DOJ on several occasions to
discuss issues relating to the design of parking, and to develop a model
code for accessible parking requirements as permitted under the law.
While the staff members of the Access Board and the DOJ gave us
their best advice and opinions, the interpretations and clarifications of
ADAAG given in the draft Model Code, which are also presented in
this chapter, must be formally approved by the Access Board and the
DQJ. Until that approval is received and any comments or reservations
transmitted therewith are addressed, this chapter must be viewed as
the opinions of the author based on the best available information.

An individual cannot begin to understand ADAAG without reading
the Supplementary Information which was published with each rule
in the Federal Register. The complete documents are available free of
charge from the Access Board and the Department of Justice.

7.1.2 Existing Buildings

It is extremely important to note that Titles I, II, and III have distinct
and different requirements, especially in regard to existing buildings.
Title I says that existing areas of buildings that are used only by employ-
ees must only be modified when an employee with a disability needs
such modifications. Figure 7-1 compares the major differences between
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Existing
Title II Title III
Who All public entities/all Public accommodations
programs & services
What Programs & services must be Remove physical
readily accessible. Physical barriers where readily
barriers must be removed only  achievable or provide
if necessary for accessibility to  alternative means for
a program providing goods &
services
Where All Facilities where programs The areas of a building
and services are delivered. where the public
(Work Areas covered under receives goods or
Title 1) services (Work Areas
covered under Title I)
Exceptions/ ¢ Undue burden ¢ Cost
considerations ¢ Fundamental change in ¢ Financial resources
program ¢ Impact on operation
When Three years from Ongoing
Jan. 26, 1992 > 50 employees
July 26, 1992 < 50 employees
Standard UFAS or ADAAG until DOJ ADAAG
rule adopting modified ADAAG
is final
Figure 7-1. Comparison of rules for existing buildings.

Titles II and Il regarding existing facilities. Title II states that programs
and services must be accessible to the public unless it would be an
undue burden. If that requires physical changes or removal of barriers
in buildings, so be it. However, if governmental units can make a pro-
gram or service accessible by relocating it to a part of the facility that
is accessible, that’s fine too. Title IIl requires that the existing physical
barriers to accessibility in areas of a building where the public may go
to receive goods and services be removed if readily achievable (Title
IIT Rule 36.304(a)). According to DOJ, “Congress intended the undue
burden standard of Title II to be significantly higher than the readily
achievable standard of Title III” (Title II Rule, Supplementary Informa-
tion Section 35.150). Thus while the state/local government has more
flexibility to make a program or service accessible, it has a greater
obligation to make existing programs and services accessible.

Bulletin #6 addressed one frequently asked question regarding exist-
ing parking:
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Are accessible spaces required in existing parking lots and facilities?
ADAAG establishes minimum requirements for new construction or alter-
ations. However, existing facilities not being altered may be subject to
requirements for access. Title III of the ADA, which covers the private
sector, requires the removal of barriers in places of public accommodation
where it is “readily achievable” to do so. This requirement is addressed by
regulations issued by the Department of Justice. Under these regulations,
barrier removal must comply with ADAAG requirements to the extent
that is readily achievable to do so. For example, if, when restriping a
parking lot to provide accessible spaces it is not readily achievable to
provide the full number of accessible spaces required by ADAAG, a lesser
number may be provided. The requirement to remove barriers, however,
remains a continuing obligation; what is not readily achievable at one
point may become readily achievable in the future.

That last sentence is extremely important. Public accommodations are
expected to remove barriers in small, affordable steps, but to continue to
make improvements until all possible improvements have been made.
This literally could mean years. Title II entities were given a specific
date by which all programs and services must be made accessible (see
Figure 7-1).

7.1.3 Alterations
An alteration is defined in ADAAG 3.4 as:

An alteration is a change to a building or facility made by, on behalf of,
or for the use of a public accommodation or commercial facility, that
affects or could affect the usability of a building. Alterations include, but
are not limited to, remodeling, renovation, rehabilitation, reconstruction,
historic restoration. . . . Normal maintenance, re-roofing, painting or wall-
papering, or changes to the mechanical and electrical systems are not
alterations unless they affect the usability of the building or facility.

“Restoration,” as generally defined in the parking industry, is a very
broad term that includes anything from limited areas of crack and spall
repair to extensive removal and replacement of concrete in floor sur-
faces. Application of traffic topping and sealers and minor spall repairs
are all normal maintenance, equivalent to reroofing, and as such would
not be considered alterations. However, a project involving extensive
slab removal and replacement would be considered reconstruction or
rehabilitation. Likewise, resurfacing and/or changes to the functional
layout of a surface lot are alterations.

All sections relating to accessibility in alterations are not repeated
here. A two-line summary might be as follows: Whatever is taken out,
must be put back accessible unless it is technically infeasible (ADAAG,
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4.1.6(1)). In addition, improvements to the path of travel to the area
being altered must be made, up to a cost equal to 20% of the project
budget (Title III, Rule 36.403(f)).

An example of putting something back accessible would be if a non-
conforming curb at an elevator tower is removed during an alteration,
a curb ramp fully meeting ADAAG should be put back in.

The path of travel requirement in ADAAG is qualified by a provision
that it need only be improved if the area being altered is a primary
function. As parking is the primary function in a parking structure,
then major rehabilitation of a parking area will usually trigger a need
to make improvements to the path of travel.

Figure 7-2 summarizes the requirements for alterations under Titles
ITand II1. This is one area where there is a substantial difference between
the requirements of UFAS and ADAAG. UFAS requires that what is
taken out must be put back accessible; however, funds only need to be
expended on the path of travel to that area if the cost of the alterations
is equal to more than 50% of the market value of the building. For
example, under ADAAG, a $1 million restoration project requiring ex-
tensive slab removal and replacement of the roof floor slab on a parking
facility that has a market value of $5 million would be required to spend

Alterations
Title II Title III
Who All public entities Public accommodations &
commercial facilities
What o Altered elements/ e Same
spaces must be e Path of travel to areas of
readily accessible primary functions must be
to maximum made accessible
extent feasible
e Path of travel
(silent)
Limitations for e ADAAG (same as ¢ Unless technically infeasible
altered areas Title III)
e USAF (silent)
Limitations for Only if cost of Must spend up to 20% of cost
path of travel alteration > 50% of all alterations on path of
of full fair market travel
value of building
(UFAS)

Figure 7-2. Comparison of rules for alterations.
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up to $200,000 more in improvements to the path of travel to the roof.
This facility has only three levels and now has no elevator; it would
be required to add the elevator in the restoration project even if there
are no accessible parking spaces on the roof (see section 7.2.11), presum-
ing it could be accomplished for $200,000. Under UFAS, no additional
expenditure for an elevator would be required because the restoration
project is less than 50% of the full market value of the structure.

Parking access and revenue control devices, including prefabricated
cashier booths, are considered part of the electrical/mechanical equip-
ment of the building, and replacement of such equipment is not an
alteration unless changes in number, location, or layout of lanes are
contemplated. Conversely, if the islands are being removed and rebuilt,
then the cashier booth must be made accessible (see 7.2.12) unless it
is technically infeasible to do so.

In parking facilities, routine maintenance and repair are also neces-
sary to prevent extensive deterioration of floor surfaces and to maintain
the structural integrity of the facility, which is analogous to maintaining
and repairing roofing or paint that provides protection to the underlying
surface or occupied space below. These maintenance items can include,
but are not limited to: crack and joint repairs; patching; resealing; appli-
cation of traffic toppings or membranes; and restriping parking areas.
Such preventive maintenance is not considered an alteration under
ADAAG. Resealing and restriping a parking lot is likewise maintenance,
so long as the striping layout is unchanged.

Bulletin #6 confirmed the interpretation that resealing/restriping is
normal maintenance but resurfacing/reconstruction is an alteration:

Is the restriping or resurfacing of a lot considered an alteration? Accord-
ing to the definition of alteration, normal maintenance is not considered
an alteration unless the usability of the lot is affected. For example, if a
lot is to be resurfaced or its plan reconfigured, accessible spaces must
be provided as part of the alteration. However, work that is primarily
maintenance, such as repainting existing striping, may not trigger a re-
quirement for accessible spaces. Although the work undertaken may not
be technically considered an alteration, accessible spaces should be pro-

vided where the work, by its nature, makes the addition of such spaces pos-
sible.

It should be noted that restriping to add and/or relocate accessible
spaces will be required in existing parking facilities that are associated
with public accommodations, under the requirement to remove barriers.
If restriping to add, locate, stripe, and sign accessible spaces in confor-
mance with these guidelines has not been previously accomplished,
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making such improvements while resealing and restriping would in
many cases be considered “readily achievable” and thus would be re-
quired as part of such projects.

Bulletin #6 continues:

Are accessible spaces required in alterations? In alterations, the mini-
mum number is based on the total number of spaces altered in each lot,
although it is recommended that the full number of spaces required for
new construction be provided where the opportunity to do so exists
within the planned scope of work. Accessible spaces are required in
each altered lot. However, accessible spaces can—and should—be located
closest to accessible entrances even where such locations lie outside the
altered area or lot.

A DOJ representative pointed out in a meeting with the PCC that the
logic here is related to the fact that an alteration project presents in-
creased opportunity to make accessibility improvements and therefore
carries increased responsibility to do so. Therefore, if the three-level
deck in the previous examples has 750 spaces, (250 on each level) the
minimum number of space that have to be available in the facility after
the alteration is seven (based on 250 spaces on the roof). However, if
it is at all possible, the total number of accessible spaces in the facility
should be increased to 15, of which two need to be van-accessible
(see 7.2.1).

Bulletin #6 addresses the issue of what improvements are required
in an alteration. Note that Bulletin #6 was written at the time that
ADAAG was primarily oriented to Title III.

Is full compliance with ADAAG required in alterations? In alterations,
applicable ADAAG requirements must be met except where it is “techni-
cally infeasible” to do so. For example, if the resurfacing of a lot does
not include regrading, it may be technically infeasible to meet the maxi-
mum 1:50 surface slope requirement for accessible parking spaces and
access aisles due to existing site constraints. Similarly, if providing the
number of accessible parking spaces specified by ADAAG would reduce
the number of parking spaces in an altered lot below the minimum number
required by a local zoning or land use code it may be technically infeasible
to fully meet the ADAAG scoping requirement for accessible parking. For
instance, if five accessible parking spaces are required, but the parking
lot can only accommodate four accessible spaces and still meet the local
code requirement for the total number of parking spaces, then four accessi-
ble parking spaces must be provided. However, many zoning adjustment
boards are willing to grant limited waivers on the total number of required
spaces if accessible spaces are provided.

Similarly, it is probably “technically infeasible” to provide the addi-
tional clearance for van-accessible stalls in existing parking structures
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with lesser clearance. However, the two van-accessible stalls must still
be provided. Only the very specific portion of the requirements that is
technically infeasible can be waived.

7.1.4 New Construction

Figure 7-3 compares the requirements for new construction under Titles
IT and IIl. Basically, they are very much the same at the level of the
DOJ rules. However, there are a number of differences based on the
evolution of UFAS to ADAAG. There was very little changed between
UFAS and ADAAG, but a number of new requirements were added to
the latter. The most difficult one for parking relates to the vertical
clearance requirements for van-accessible spaces, which has a signifi-
cant impact on parking structure design.

7.2 PARKING DESIGN UNDER ADAAG

The Access Board defined accessible parking in Bulletin #6 as follows:

Accessible parking requires that sufficient space be provided alongside
the vehicle so that persons using mobility aids, including wheelchairs,
can transfer and maneuver to and from the vehicle. Accessible parking
also involves the appropriate designation and location of spaces and their
connection to an accessible route.

The following sections present the more critical issues relating to de-
signing accessible parking under ADAAG. No attempt has been made
to present the requirements of state and local codes which exceed the
requirements of ADAAG and therefore supersede it in a design. The
difference in requirements of UFAS is also not further discussed because

New Construction

Title IT Title III
Who All public entities Public accommoda-
tions & commercial
facilities
What o All elements/ Same

space must be
readily accessible

Limitations ¢ ADAAG (same as ¢ Unless structurally
Title III) impracticable (very
e USAF (silent) narrowly defined)

Figure 7-3. Comparison of rules for new construction.
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TABLE 7-1. Required Number of Accessible Stalls

Required Minimum Number

Total Parking in Lot of Accessible Spaces
1-25 1
26-50 2
51-75 3
76—-100 4
101-150 5
151-200 6
201-300 7
301—-400 8
401-500 9
501-1000 2% of total
1001 and over 20 plus 1 for each 100 over
1000

Required Minimum Number

Accessible Spaces of Van-Accessible Spaces
1-8 1
9-16 2
17-24 3
25-32 4

33 and over 1 additional van-accessible

space for every 8 accessible

spaces

that issue will become moot when DOJ mandates the transition to
ADAAG.

7.2.1 Required Number of Accessible Spaces

ADAAG 4.1.3(5)(a) states the basic requirement for number of accessible
spaces as follows:

If parking spaces are provided for self-parking by employees or visitors,
or both, then accessible spaces complying with 4.6 shall be provided in
conformance with the table below. Spaces required by the table need not
be provided in the particular facility. They may be provided in a different
location if equivalent or greater accessibility, in terms of distance from
an accessible entrance, cost and convenience is ensured.

See Table 7-1 for the required number of accessible spaces. Bulletin #6
further clarifies this with:
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In new construction, the minimum number of accessible spaces is deter-
mined by the total number of spaces provided in a parking lot. If there
is more than one lot, the minimum is determined lot-by-lot, not by the
total number of spaces provided.

The operative phrase here is “new construction.” The PCC attempted
to get an interpretation that would allow the required number of spaces
to be based on the entire supply of parking serving a building or complex
of related buildings (such as a hospital, university, or shopping center)
rather than the sum of the required number of spaces calculated lot by
lot. Bulletin #6 definitively rejected the proposed PCC interpretation
requiring that accessible spaces be added based on the parking capacity
of each new facility, without regard to capacities or accessible spaces
elsewhere on a site/campus. Thus, a university with thousands of spaces
scattered in numerous facilities would still have to add 20 accessible
spaces with the construction of a new 1000-space facility, rather than
considering the facility as an incremental 1000 spaces to the system
and thus only requiring 10 accessible spaces.

However, the Access Board and DOJ representatives stated that it
might be reasonable for a private institution to bring the number of
accessible spaces in existing facilities up to the number required if the
system is taken in aggregate, and to concentrate its “readily achievable”
improvements on making those spaces as compliant with ADAAG as
possible. Note further that this applies only to existing visitor or general-
purpose parking. A Title III entity will be required to add accessible
parking to facilities that are restricted to employees only if and when
an employee with a disability needs a stall, under the provisions of
Title I of ADA. Certainly, it makes sense to have a reasonable number
of accessible stalls based on the current needs of disabled employees,
but there is no requirement for either public or private entities to add
accessible stalls to existing employee parking facilities under ADA un-
less the lot is otherwise being altered or an employee specifically needs
the improvements.

However, when the entity serves and/or employs an unusually high
number of persons with disabilities and the table values clearly result
in insufficient accessible spaces, the “reasonable accommodation” of
Title I, the accessible programs and services requirements of Title II,
and the readily achievable requirements of Title IIl will likely require
the institution to add accessible spaces over and above the otherwise
required number.

It should also be noted that the Access Board uses the term “lot”
rather than “facility.” The PCC had requested the term “facility” be
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used to encompass parking structures as well as surface lots and/or
to clarify the interpretation of “lot,” but the Access Board apparently
declined to do so. The definition of “lot” can become an issue in situa-
tions where large lots are divided by nonparking access aisles/roadways
or fire lanes, planting strips, etc. The classic example would be the
large parking lot surrounding a shopping center. When questioned about
such situations, the representatives of the Access Board stated that
“lot” should be interpreted “in accordance with typical design industry
practice.” We posed several examples to them in order to query their
thoughts on reasonableness of certain interpretations. Remember that
these conversations with Access Board and DOJ staff are to be consid-
ered “best available” interpretations, not official clarifications of the
Access Board. In general, if one can freely circulate from one section
to another without going back out onto a public street, the entire facility
can be considered one lot. However, where parking areas are separated
and access is controlled so that one cannot circulate freely from one
area to the other, it is probable they will be considered separate lots.

Conversely there is a possibility that parking structures that are bro-
ken into several parking areas with separate entrances, exits, and inter-
nal circulation systems could be considered multiple lots, with the
number of spaces required in each area determined on a “lot-by-lot”
basis.

As will be discussed in more detail later in this chapter, it is some-
times appropriate to provide the accessible spaces required in one facil-
ity in another location with better accessibility. This gets especially
complicated if new facilities are constructed on existing lots. If a parking
system already had accessible spaces to account for the existing parking
capacity on the site, the net increase would have to be provided. For
example, a 1000-space structure is to be built on a lot that previously
had 400 spaces. In previous accessibility planning, eight accessible
spaces were provided elsewhere. Twenty accessible spaces are required
for the new structure; therefore 12 accessible spaces should be added
to the parking system. '

Note that those converted spaces must fully comply with new con-
struction standards in terms of width, layout, floor slopes, the accessible
route to the building entrance, etc. There will be no “readily achievable”
limit on the reasonableness of the cost to convert closer spaces to acces-
sible ones.

It should also be noted that the reference to cost in 4.1.2(5)(a) concerns
the cost of parking to the user, not the cost of constructing the accessible
spaces. Accessible parking cannot be relocated from a free or low-cost
facility to one with a higher fee, thereby forcing a person with a disability
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to pay the higher fee. A person with a disability can either be given the
same choices (distance/convenience versus price) or can be allowed to
park in the closer facility at the same rate as charged in the more
distant facility.

Nothing in the guidelines or the ADA requires that the disabled shall
be afforded free parking when other parkers must pay.

7.2.2 Employee and Contract Parking

As previously noted, neither public nor private entities must add acces-
sible spaces to employee parking lots until or unless the area is being
altered or an employee needs an accessible space.

In response to requests for clarification from members of the National
Parking Association who had major concerns about the loss of revenue
in parking lots that are entirely leased to monthly parkers (none of
whom require a disabled space), Bulletin #6 contained the following
clarification:

Must accessible spaces be provided in lots where parking is assigned to
individual employees or to paying customers? ADAAG does not distin-
guish between lots or garages with assigned spaces and those without.
Thus, in lots or garages comprised only of spaces that are leased or as-
signed to employees, accessible spaces are required. However, in such
situations, policies regarding the use of accessible spaces may be feasible
so long as they do not discriminate against persons with disabilities. For
example, in lots reserved for employees only, accessible spaces may be
used by persons without disabilities when they are not needed by employ-
ees with disabilities.

This is one of the most significant “new” interpretations in Bulletin
#6. Note that it is written for new construction but would be equally
applicable to existing and altered lots. In new lots or facilities reserved
for employees, the required number of spaces must be designed to
be fully accessible. However, they need not be marked or signed as
accessible, and any employee can use them, until or unless a disabled
employee needs the accessible stall. This interpretation applies to both
new and existing parking facilities. Therefore, unnecessary disabled
stalls need not sit vacant in employee-only facilities. Bulletin #6 further
indicated and a DOJ representative confirmed that this would apply to
a parking facility entirely leased to monthly parkers by a commercial
parking operator. The operator need not provide preference to the disa-
bled on a waiting list; however, it cannot skip over the disabled person
at the top of the waiting list because it can’t or won’t convert a space
to accessible. It must be noted that the entity that chooses not to identify
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Figure 7-4. Design of employee spaces for future conversion to accessible.

and reserve the spaces as accessible must commit to bear whatever
expense is necessary to convert the spaces to fully accessible under
ADAAG when needed by a disabled parker. Figure 7-4 provides an
example of how an area designed to provide accessible parking spaces
might be constructed and used as nonaccessible spaces until needed
as accessible. Note that curb ramps and the separate accessible route
are already in place; the only cost of converting the spaces to accessible
is adding signage. The pavement markings (including cross-hatching
of the access aisles) and the bollards (to discourage use of the van access
aisle) are optional but are strongly recommended, particularly when
parkers have been able to park in those spaces in the past.

It should also be noted that students cannot be treated as employees
under ADA and therefore student parking at colleges and universities
would have to be treated as public parking. However, where student
parking is provided entirely in lots reserved for permit holders, the
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institution would only have to reserve accessible spaces as required for
the needs of a student with disabilities.

7.2.3 Medical Facilities

ADAAG 4.1.2(5)(d) provides special requirements for the number of
accessible spaces at certain medical facilities:

At facilities providing medical care and other services for persons with
mobility impairments, parking spaces complying with 4.6 shall be pro-
vided in accordance with 4.1.2(5)(a) except as follows:

(i) Outpatient units and facilities: 10 percent of total number of
parking spaces provided serving each such outpatient unit or fa-
cility.

(ii) Units and facilities that specialize in treatment or services for
persons with mobility impairments: 20 percent of the total num-
ber of parking spaces provided serving each such unit or facility.

Bulletin #6 further clarified the application of these requirements:

Medical Care and Other Services for Persons with Mobility Impairments.
A greater number of accessible parking spaces is [sic] required at facilities
providing medical care and other services for persons with mobility im-
pairments. The term “mobility impairments” is intended to include:

o conditions requiring the use or assistance of a brace, cane, crutch,
prosthetic device, wheelchair or other mobility aid;

o arthritic, neurological, or orthopedic conditions that severely
limit one’s ability to walk;

e respiratory diseases and other conditions which may require the
use of portable oxygen; or

» cardiac conditions that impose significant functional limitations.

At outpatient facilities, 10% of the parking spaces must be accessible.
Facilities that specialize in medical treatment and other services for per-
sons with mobility impairment are required to have 20% of parking spaces
accessible. Other facilities (including medical care facilities) that do not
provide outpatient services or specialized service for persons with mobil-
ity impairments are subject only to the general scoping requirement in
the table in ADAAG 4.1.2(5)(a).

The question that immediately arose upon the issuance of ADAAG
was whether or not doctor’s offices, independent clinics, and immedi-
ate-care facilities would be considered outpatient facilities. Bulletin #6
continues with a clarification of the term “outpatient facility”:

What is an outpatient facility? An outpatient facility is part of a medical
care facility, such as a hospital’s clinic or ambulatory care center that
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provides regular and continuing medical treatment to patients without
overnight stay. As defined in the guidelines, medical care facilities are
facilities in which the period of stay may exceed 24 hours and physical
or medical treatment or care is provided where persons may need assis-
tance in responding to an emergency. Under these guidelines, the term
“outpatient facility” does not include doctors’ offices, independent clin-
ics, or other facilities not located in medical care facilities.

While the PCC had previously obtained the clarification that doctors’
offices are not covered by “outpatient,” the exclusion of independent
clinics is a significant interpretation. The Bulletin #6 definition of out-
patient tends to limit it to services provided at hospitals. Freestanding
“immediate-care” and “surgicenters” that have no facilities for over-
night stays (even if owned by a hospital) thus are not considered outpa-
tient services unless located on a hospital campus. We have further
clarified with the Access Board that facilities provided by teaching
medical centers for doctors on the faculty to examine and prescribe
treatment (as they would in a private practice) may be considered to
be doctor’s offices rather than outpatient services.

Bulletin #6 then clarifies the definition of specialized rehabilitation
facilities:

Facilities and Units Specializing in Treatment or Services for Persons
with Mobility Impairments. Facilities or units that specialize in treatment
or other services for persons with mobility impairments, including voca-
tional rehabilitation and physical therapy, must have 20% of parking
spaces accessible. These are facilities in which the treatment or service
specifically serves persons with mobility impairments, such as spinal cord
injury treatment centers, prosthetic and orthotic retail establishments, and
vocational rehabilitation centers for persons with mobility impairments.
This requirement does not apply to facilities providing, but not specializ-
ing in, services or treatment for persons with mobility impairments, such
as general rehabilitative counseling or therapy centers. In determining
whether a facility is subject to this requirement, both the nature of the
services or treatment provided and the population they serve should be
carefully considered.

In one of the most important clarifications of Bulletin #6, the following
was stated:

Do the 10% and 20% requirements apply to employee parking spaces
as well? The higher percentages required for outpatient facilities or those
facilities specializing in treatment and services for persons with mobility
impairments are intended primarily for visitor and patient parking. If
there are separate lots for visitors or patients and employees, the 10% or
20% requirement may be applied only to the visitor/patient lot while
accessible parking could be provided in the employee lot according to
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TABLE 7-2. Calculation of Required Accessible Spaces for a Hospital

Minimum Accessible

Spaces

New Existing

Facility Name Capacity Hospital Hospital
Outpatient lot 182 18 18
Emergency lot 30 3 3
Visitor lot 430 9 9
Employee lot 973 19 6
Physician lot 308 8 3
Professional office bldg lot 929 19 19
Total 2852 76 58

the general scoping requirement in the chart. If a lot serves both visitors
or patients and employees, 10% or 20% of the spaces intended for use
by visitors or patients must be accessible.

This makes compliance with the 10%/20% requirement much easier.
Bulletin #6 continues:

If a hospital with an outpatient unit is served generally by one lot, must
10% of all spaces be accessible? At medical care facilities where parking
does not specifically serve an outpatient unit, only a portion of the lot
would need to comply with the 10% scoping requirement. A local zoning
code that requires a minimum number of parking spaces according to
occupancy type and square footage may be an appropriate guide in assess-
ing the number of spaces in the lot that “belong” to the outpatient unit.
These spaces would be held to the 10% requirement while the rest of the
lot would be subject to the general scoping requirement in the chart.
Those accessible spaces required for the outpatient unit should be located
at the accessible entrance serving the unit. This method may also be used
in applying the 20% requirement to hospitals or other facilities where
only a portion or unit provides specialized treatment or services for per-
sons with mobility impairments.

The Access Board representatives stated that in the absence of a local
zoning standard for required number of spaces for outpatient use, a
parking study conducted in accordance with generally accepted prac-
tices (such as those outlined in the PCC publication Parking Studies®)
could also be used to determine the proportion of the facility that is
subject to the 10%/20% requirement.

Table 7-2 presents sample calculations for the required number of
spaces for a hospital with multiple parking facilities. Two calculations
are provided: The first assumes that all parking facilities are existing
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and that parking spaces are already in short supply. The institution is
seeking to make “readily achievable” improvements in accessibility.
The second assumes that the hospital is an entirely new campus, and
that accessible parking requirements must be calculated lot by lot.

The number of accessible spaces should be calculated first for the
parking provided to patients and visitors of outpatient units and units
specializing in the treatment of mobility impairments, and then Table
7-1 shall be used to determine the required number of accessible spaces
for the remainder of the parking provided.

Outpatient parking was calculated as follows:

emergency lot 30*10%=3
outpatient lot 182*10%=18

In the calculation, the total requirement using sitewide parking capac-
ity for the existing hospital is calculated by the following, with the
spaces then distributed to the lots closest to the accessible entrances:

outpatient and emergency lots (as above) 21
other parking 20+((2852+182-30-1000)/100=16.4=17)=37
total accessible spaces 58

Note that we have provided the minimum number of spaces for the
visitor/patient lots on the lot-by-lot basis and used the “credit” for the
sitewide calculation to reduce the number of spaces in the employee
lots. If/when the hospital had employees requiring more accessible
parking, they would have to add accessible spaces under Title I.

Also, note that the requirement for “1 per 100” spaces does not allow
rounding. 16.4 spaces needed means 17 spaces must be provided.

Note further that the “new” hospital would have to design the em-
ployee lot with 19 accessible spaces but would not have to designate/
reserve those spaces as accessible until/unless it had employees requir-
ing accessible parking.

Overall the required number of accessible spaces for the “new” hospi-
tal is 33% higher than if the required number of accessible spaces is
based on the total capacity of parking on site.

This example demonstrates how crucial the interpretations of Bulle-
tin #6 are for understanding the application of ADAAG and also how
beneficial and reasonable these interpretations are.

7.2.4 Van-Accessible Spaces

ADAAG 4.1.2(5)(b) requires that some of the accessible spaces be spe-
cially designed for the use of persons employing vans for personal
transportation:
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One in every eight accessible spaces, but not less than one, shall be served
by an access aisle 96 in (2440 mm) wide minimum and shall be designated
“van accessible” as required by 4.6.4. The vertical clearance at such spaces
shall comply with 4.6.5. All such spaces may be grouped on one level of
a parking structure.

EXCEPTION: Provision of all required parking spaces in confor-
mance with “Universal Parking Design” (see appendix A4.6.3) is
permitted.

The 96-in-requirement translates to an 8-ft access aisle rather than the
5-ft access aisle as required for the remainder of the accessible spaces.
(See Section 7.2.8 for layout of accessible spaces.) In addition, ADAAG
4.6.6 specifies a special clearance requirement of 8’2" at van-accessi-
ble spaces:

At parking spaces complying with 4.1.2(5)(b), provide minimum vertical
clearance of 98 in (2490 mm) at the parking space and along at least one
vehicle access route to such spaces from site entrance(s) and exit(s).

Special consideration must be made to provide this clearance at all
elements in the vehicular path of travel, including structure at hinge
points, lighting fixtures, and conduit, drain lines and other projections
and appurtenances that protrude into the path of travel.

ADAAG Appendix A4.6.3 further illuminates the requirements:

The increasing use of vans with side-mounted lifts or ramps by persons
with disabilities has necessitated some revisions in specifications for
parking spaces and adjacent access aisles. The typical accessible parking
space is 96 in (2440 mm) wide with an adjacent 60 in (1525 mm) access
aisle. However, this aisle does not permit lifts or ramps to be deployed
and still leave room for a person using a wheelchair or other mobility
aid to exit the lift platform or ramp. In tests conducted with actual lift/
van/wheelchair combinations, (under a Board-sponsored Accessible Park-
ing and Loading Zones Project) researchers found that a space and aisle
width totaling almost 204 in (518 mm) was needed to deploy a lift and
exit conveniently. The “van accessible” parking space required by these
guidelines provides a 96 in (2440 mm) wide space with a 96 in (2440
mm) adjacent access aisle which is just wide enough to maneuver and
exit from a side mounted lift. If a 96 in (2440 mm) access aisle is placed
between two spaces, two “van accessible” spaces are created. Alterna-
tively, if the wide access aisle is provided at the end of a row (an area
often unused), it may be possible to provide the wide access aisle without
an additional space. A sign is needed to alert van users to the presence
of the wider aisle, but the space is not intended to be restricted only
to vans.

The “revision” mentioned above is in reference to the fact that UFAS
does not require van access spaces. During the preliminary rule making,
some had argued that all spaces should be van-accessible; the PCC,
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among others, supported language similar to that which is now in
ADAAG.

Asan alternative to providing van-accessible spaces as detailed above,
ADAAG allows the Universal Parking Space Design:

An alternative to the provision of a percentage of spaces with a wide aisle
and the associated need to include additional signage, is the use of what
has been called the “universal” parking space design. Under this design,
all accessible spaces are 132 in (3350 mm) wide with a 60 in (1525 mm)
access aisle. One advantage to this design is that no additional signage
is needed because all spaces can accommodate a van with a side mounted
lift or ramp. Also, there is no competition between cars and vans for
spaces since all spaces can accommodate either. Furthermore, the wider
space permits vehicles to park to one side or the other within the 132 in
(3350 mm) space to allow persons to exit and enter the vehicle on either
the driver or passenger side, although, in some cases, this would require
exiting or entering without a marked access aisle.

Bulletin #6 reinforced the concept of Universal Parking Spaces as
follows:

Universal Parking Spaces. As an alternative to providing both accessible
and van-accessible spaces, “universal” parking spaces may be provided.
Universal parking does not require the specific designation of van spaces
since each accessible space can accommodate either a car or van. This
design features wider parking spaces that are at least 11 feet wide with
standard access aisles at least 5 feet wide. The wider space allows users
to park to one side or the other of the space, which may ease transfer and
travel from the vehicle, especially when an access aisle is provided on
only one side of the space.

Clearly, you are not supposed to use Universal Parking Design only for
van-accessible spaces; the intent is to use it for all accessible spaces.
However, because it is essentially an upgrading of all accessible spaces
to van-accessible requirements, it requires significantly more area and
thus is little used except where local requirements mandate Universal
Parking Design. Further using Universal Parking Design requires that
all accessible spaces have the 8’2" vertical clearance for van-accessible
parking (see Figure 7-5).

Bulletin #6 provided the following commentary, which, while not
particularly distinct or clarified from ADAAG, does reinforce the re-
quirements as follows:

Accessible Van Parking Spaces. The growing use of vans by persons with
mobility impairments has led to a requirement for some accessible spaces
that accommodate van users. Most often, vans are equipped with a lift
or ramp at a side door. According to research sponsored by the Access



ACCESSIBLE PARKING DESIGN 203

11°-0" 11'-0" |, 11'=0" L
s-o 1/ \1» 50"
== == e = —
S S S
./ ~—/Z Figure 7-5. Universal parking design.

Board, almost 17 feet in width is needed for the convenient deployment
and use of a van-mounted lift. ADAAG requires the access aisle serving
a van space to be at least 8 feet wide, as is the parking space itself, for a
combined minimum width of 16 feet. Since accessible spaces may share
an access aisle, a single eight-foot aisle can serve two van spaces without
additional space impact.

This presumes that 90-degree parking is always provided. With
angled parking, only the stalls with the access stall on the passenger
side should be considered van accessible.

Some folks persist in trying to manipulate ADAAG requirements,
such as the term “1 in 8.” The requirement is not a percentage require-
ment which can be rounded. If nine accessible spaces are required, two
must be van accessible, and so forth. To eliminate all possibility of
misinterpretation, the Access Board provided a table for van-accessible
spaces in Bulletin #6. The Bulletin #6 table is summarized in Table 7-1
previously presented.

Minimum Number of Van-Accessible Spaces. One of every eight spaces
is required to have an eight foot aisle to accommodate van users. Where
spaces share access aisles, it is recommended that both spaces served by
the 8 foot aisle be designated as “van-accessible.”

Note that Bulletin #6 was issued before the Title II amendments to
ADAAG which clarified the ability to share access aisles. (See sec-
tion 7.2.8.)

Bulletin #6 goes on to address a frequently asked question:

Must van-accessible spaces be restricted to van use? The required “van-
accessible” designation, which should be located beneath the interna-
tional symbol of accessibility, is intended to be informative, not restrictive,
in identifying those spaces that are better suited for van use. It should
not be interpreted as restricting the use of spaces to vans only. Additional
signage may be provided recommending that cars not be parked in van-
accessible spaces unless no other accessible parking space is available.
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This distinction could be particularly helpful in those lots where only
one accessible space is required, since ADAAG requires that space to be
van-accessible.

We recently encountered a design of a new structure that had severe
restrictions on the development of the site. The project architect was
able to design accessible parking meeting all requirements, except he
was having extreme difficulty achieving the additional height require-
ments for van-accessible parking. The parking facility would serve a
large outpatient clinic at an urban hospital, triggering the 10% accessi-
ble spaces rule. In fact, the hospital is part of a state university and
technically can choose to follow UFAS, which doesn’t require any van-
accessible stalls. However, because the facility serves an ambulatory
care center, the hospital administration wanted it to be designed to
ADAAG. The overall required capacity of 500 spaces could not be
achieved within the zoning height limitations while providing 50 acces-
sible spaces of which seven are van accessible with 82" clearance.
Under the provision that allows van-accessible parking to be provided
in another location where equal or greater accessibility is provided, the
architect was proposing that all van-accessible parking be valet parked
at no charge in an adjacent existing reserved parking area that had the
required clear height. The van parking pick-up/drop-off would be closer
and more easily accessible to the outpatient clinic. However, this denies
the van driver the right to self-park when all other users can self-park.
Many individuals don’t like to turn their vehicle over to an attendant
for valet parking. We suggested the design provide two self-park van-
accessible spaces in the area proposed for valet pick-up and drop-off
(which was easily accomplished) and valet park any additional vans
at no additional cost to the parker.

7.2.5 Valet Parking

ADAAG addresses the unique differences between self-parking and
valet parking in 4.1.2(5)(e):

Valet parking: Valet parking facilities shall provide a passenger loading
zone complying with 4.6.6 located on an accessible route to the entrance
of the facility. Paragraphs 5(a), 5(b) and 5(d) of this section do not apply
to valet parking facilities.

The requirements are further clarified in the Appendix A4.1.2(5)(e)
Valet Parking.

Valet parking is not always usable by individuals with disabilities. For
instance, an individual may use a type of vehicle controls that render the
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regular controls inoperable or the driver’s seat in a van may be removed.
In these situations, another person cannot park the vehicle. It is recom-
mended that some self-parking spaces be provided at valet parking facili-
ties for individuals whose vehicles cannot be parked by another person
and that such spaces be located on an accessible route to the entrance of
the facility.

It should be noted that the term valet parking covers any facility wherein
the parker surrenders the car to be parked by an attendant. Bulletin #6
provides further clarification:

Are accessible spaces required where valet parking is provided? Parking
facilities that provide valet parking only are not required to provide acces-
sible spaces but must have an accessible passenger loading zone that is
connected to a facility entrance by an accessible route. However, it is
strongly recommended that some accessible parking be provided even if
valet parking is available. Some vehicles may be specially adapted with
hand controls only or lack a driver’s seat and may not be operable by an
attendant. In addition, accessible spaces must be provided if valet service
isnotavailable during all hours of operation for users who must sometimes
retrieve or park their own vehicles.

While the above addresses most of the valet parking issues, one frequent
problem was not covered—Ilots that are operated partially valet and
partially self-park. Based on the other Bulletin #6 clarifications and
interpretations (such as that for the calculation of spaces for medical
facilities) as well as conversations with Access Board and DO staff, a
reasonable determination of the maximum number of spaces which are
self-parked at any one time can be used to calculate the number of
accessible parking spaces required.

Another potential issue is whether or not an operator can valet-park
the vehicles of persons with disabilities in lieu of providing accessible
spaces. This might be considered a reasonable accommodation of acces-
sible parking in certain circumstances where the provision of accessible
parking is severely constrained by existing site conditions. For example,
an existing garage has no parking at the grade level, and no elevator is
provided to the two supported levels. It would not be “readily achiev-
able” to provide accessible parking, and valet parking would be the
most viable solution. However, the person with disabilities cannot be
charged an additional fee for valet parking when no self-park accessible
parking is provided. For new construction, if all other spaces are self-
park, than self-park accessible spaces must be provided. One example
of an extreme case for new construction where a small supplement of
valet parking of vans is a reasonable design solution was covered under
the discussion of van-accessible parking.



206 PARKING STRUCTURES

7.2.6 Passenger Loading Zones

ADAAG has distinct requirements for passenger loading zones, starting
with 4.1.2(5)(c)

If passenger loading zones are provided, then at least one passenger load-
ing zone shall comply with 4.6.6.

In turn, ADAAG 4.6.6 requires:

Passenger loading zones shall provide an access aisle at least 60 in (1525
mm) wide and 20 ft (240 in) (6100 mm) long adjacent and parallel to the
vehicle pull-up space. If there are curbs between the access aisle and the
vehicle pull-up space, then a curb ramp complying with 4.7 shall be
provided. Vehicle standing spaces and access aisles shall be level with
surface slopes not exceeding 1:50 (2%]) in all directions.

Newly constructed passenger loading zones under ADAAG may dis-
charge to a curb as indicated above; however, it is strongly preferred
that the curb and sidewalk be gently sloped down to blend with the
pavement elevation (see Figure 7-6). Note that improvements to an
existing passenger loading zone can be made to bring it into reasonable
compliance without meeting the full requirements for new construction.
Bulletin #6 adds:

Passenger Loading Zones. An accessible passenger loading zone is re-
quired only where passenger loading zones are specifically designed for
passenger loading and unloading. Areas not so designed are not subject
to this requirement even if, as a practical matter, some drivers may use
them for this purpose. Both the pull-up space and adjacent access aisle
are required to be level with surface slopes no greater than 2% in any
direction. Since the 2% slope requirement applies to the entire aisle
surface, curb ramps should be located next to—not within—the aisle,
preferably at both ends. Further, there can be no obstructions, such as
planters or street furniture, in the access aisle area.

ADAAG 4.6.5 covers the required vertical clearance at passenger load-
ing zones:

Provide minimum vertical clearance of 114 in (2895 mm) at accessible
passenger loading zones and along at least one vehicle access route to
such areas from site entrance(s) and exit(s).

One problem that has occurred is misunderstanding about the differ-
ences between accessible parking and passenger loading zones. In more
than one case, a local building official has argued that all accessible
parking spaces are passenger loading zones and thus must have the 9'6”
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clearance. Clearly, this was not the intent of Access Board, since it
specified a clearance of 8’2" for van-accessible stalls. Bulletin #6 further
addresses this issue:

Why does the vertical clearance for parking differ from that required
for passenger loading zones? Because vans used for accessible transit and
paratransit may have higher roofs than those owned and used by most
individuals, the minimum vertical clearance required for passenger load-
ing zones (114 inches) is higher than the one specified for van-accessible
spaces (98 inches).
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7.2.7 Location of Spaces

ADAAG 4.6.2 addresses the location of accessible spaces:

Accessible parking spaces serving a particular building shall be located
on the shortest accessible route of travel from adjacent parking to an
accessible entrance. In parking facilities that do not serve a particular
building, accessible parking shall be located on the shortest accessible
route of travel to an accessible pedestrian entrance of the parking facility.
In buildings with multiple accessible entrances with adjacent parking,
accessible parking shall be dispersed and located closest to the accessi-
ble entrances.

Bulletin #6 further clarifies one of the frequent issues of contention:

Must accessible spaces be provided in each lot or on each level of parking
garages? Accessible spaces can be provided in other lots or locations, or,
in the case of parking garages, on one level only when equal or greater
access is provided in terms of proximity to an accessible entrance, cost,
and convenience. For example, accessible spaces required for outlying
parking lots may be located in a parking lot closer to an accessible en-
trance. The minimum number of spaces must still be determined sepa-
rately for each lot even if the spaces are to be provided in other lots or
locations. Accessible spaces may be grouped on one level of a parking
garage in order to achieve greater access. However, where parking levels
serve different building entrances, accessible spaces should be dispersed
so that convenient access is provided to each entrance.

In sum, accessible spaces can be grouped on one level of a parking
garage or in one parking lot in order to achieve greater access. Further,
accessible parking spaces need not be distributed to every floor of a
parking structure or every lot on a campus, simply because that gives
a person with disabilities equal access to all portions of the facility.

Parking is one of the areas in ADAAG where persons with mobility
impairments are given preferential, not equal, treatment. Distance, con-
venience, and safety are the “standards of care” in locating the accessible
spaces. Ideally, accessible parking spaces should be placed at the level(s)
with direct accessible entrances and closest to those entrances if the facil-
ity serves building(s) on the same site, or if a freestanding facility serving
multiple uses, the level with direct accessible exits to the public side-
walk. Among other things, this provides an accessible means of egress in
the event of emergency. However, other requirements of ADAAG may
dictate that accessible spaces be distributed to every floor. These require-
ments include providing the accessible spaces on level floor surfaces,
providing an accessible route that does not pass behind a string of parked
vehicles and providing the shortest possible travel distance.
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Normally, accessible parking should be moved from remote parking.
For example, a university building a new perimeter lot of say 500 spaces
(nine accessible spaces required) can convert nonaccessible stalls (as
required to provide nine accessible ones) in existing parking facilities
closer to the accessible entrances of the building(s). However, if a shuttle
service from remote parking provides more convenient access to build-
ings than the proposed accessible lot location, the accessible parking
should be provided at the remote lot and the shuttle service should
be accessible.

Bulletin # 6 also addresses specific locational issues related to van
accessible spaces.

Since this clearance may affect the design of multi-level parking struc-
tures, van-accessible spaces may be grouped on one level of the structure;
providing van-accessible spaces outside parking structures should not be
considered as an alternative if equivalent convenience is not provided.
Moreover, placement of accessible spaces outside a parking structure may
be considered discriminatory if it is not part of an integrated setting and
if the same amenities of interior parking, such as weather protection,
security, and convenience, are not provided.

This discussion specifically addresses the often-proposed avoidance
of the required van clearance in structures by placing the van-accessible
spaces in an adjacent surface lot. The Access Board essentially says
that this usually does not provide equivalent or better accessibility and
thus is not permissible. In weighing the balance between distance,
safety, and convenience, climate may be a major factor. Because of the
time it takes for a person using a wheelchair to exit a van or transfer
to a wheelchair from a car, there is a particular concern with relocating
accessible spaces from a structure to a surface lot. Climate protection
during this unloading process may be more beneficial than a short path
of travel. Because lifts are associated with vans, it is thus more critical
to have the van-accessible spaces under cover in the structure if possi-
ble. Of course, this then triggers the requirement for 8’2" clearance. If
the surface lot is otherwise more accessible, i.e., much closer, it might
be acceptable if a canopy or covering is provided at the accessible
spaces. However, relocating all accessible spaces, including the van-
accessible spaces, from a remote surface lot to one adjacent to the
building would be permissible, because weather is a problem in ei-
ther location.

The language of various sections of ADAAG puts a high priority on
locating accessible spaces as close as possible to the accessible entrances
of the associated buildings. Note that the portion of the route traversed
via elevator is considered to be “zero” travel distance. The Access
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Board considered adopting a specific maximum distance within which
accessible spaces must be located. However, it did not mandate a spe-
cific maximum distance. (See also A4.3.1 of ADAAG for a discussion
of path of travel distance.) For reference, the Canadian accessibility
guideline mandates a maximum distance of 83 ft; some other guidelines
have maximum distances of 100 to 200 ft. A maximum distance of 100
ft is recommended by the PCC where feasible. However, the recommen-
dation of a certain distance is not a license to provide the spaces any-
where within 100 ft. The spaces must still be the closest to the accessi-
ble entrance.

Convenience may also be a factor in determining an appropriate travel
distance. Examples of how the distance/convenience/safety balance
must be weighed are as follows:

Example 1: An employee-only parking facility is to be built at a walking
distance of more than 500 ft from the pedestrian entrance of the parking
structure to a hospital. Adjacent to the hospital entrance is a surface
parking lot, in which the accessible parking spaces can be placed within
a walking distance of less than 50 ft. In this case, the accessible parking
spaces otherwise required in the parking structure should be placed in
the surface lot, so as to minimize the distance of the accessible route.

Example 2: In the same circumstances as example 1, except that the travel
distance is 100 ft, and there is a steep site slope along the path of travel.
To achieve an accessible route, extensive ramping with several rest areas
will be necessary. Again, placing the spaces in the surface lot is preferable.

Example 3: In the same circumstances as example 1, the owner elects to
construct a pedestrian bridge from the parking structure to the hospital.
In this case, the convenience of the protected bridge provides a better
level of accessibility than the shorter path from the surface lot. Thus, the
accessible spaces should be in the structure.

However, nothing in the guidelines should be construed as requiring
a pedestrian bridge in such circumstances. There are alternative means
of providing a reasonable degree of weather protection, such as locating
the accessible spaces under a canopy.

The spaces are to be located so that the greatest degree of accessibility
is achieved and the shortest possible path of travel in the pedestrian
mode results. For example, a parking facility may have a small area
created by the ramping system that provides an ideal location for acces-
sible spaces. This area is highly convenient but out of the path of high
vehicular traffic volumes, as seen in Figure 7-7. Locating the accessible
spaces in sight of the cashier or security station may also discourage
violation of the spaces by persons without disabled parking permits.
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Figure 7-7. Accessible parking in dedicated bay.

Thus locating all accessible spaces at grade level and without passing
directly behind parked vehicles is often the most desirable solution.

7.2.8 Layout of Accessible Spaces

ADAAG section 4.6.3 is one of the most frequently misinterpreted, and
most often violated, sections relating to parking:

Accessible parking spaces shall be at least 96 in (2440 mm) wide. Parking
access aisles shall be part of an accessible route to the building or facility
entrance and shall comply with 4.3. Two accessible parking spaces may
share a common access aisle. Parked vehicle overhangs shall not reduce
the clear width of an accessible route. Parking spaces and access aisles
shall be level with surface slopes not exceeding 1:50 (2%) in all directions.

The required width of the access aisle was specified with the required
number of accessible spaces in 4.1.2(5)(a):

Except as provided in (b), access aisles adjacent to accessible spaces shall
be 60 in (1525 mm) wide minimum.
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The reference to paragraph (b) is to the required 8 ft width of access
aisles for van-accessible spaces.

An essential consideration of any design is having the access aisle
level with the parking space. Since a person with a disability using a
lift or ramp must maneuver within the access aisle, the aisle cannot
include a ramp or sloped area. The access aisle must be connected to
an accessible route to the appropriate accessible entrance of a building
or facility. The parking access aisle must either blend with the accessible
route or have a curb ramp complying with 4.7. Such a curb ramp opening
must be located within the access aisle boundaries, not within the
parking space boundaries. Figure 7-8 presents “dos and don’ts” for
detailing access aisles and curb ramps. Curb ramps in access aisles
seem to be a particular pet peeve of the Access Board, as indicated in
conversations with staff and hinted in Bulletin #6.

Can curb ramps be provided within the access aisle? The maneuvering
necessary to enter or exit vehicles and to transfer to and from wheelchairs
requires that all accessible spaces, access aisles, and passenger loading
zones be level, with slopes no greater than 2% in any direction. This
does not apply to an entire parking lot or level of a parking structure but
does include connecting accessible routes which cannot have cross slopes
greater than 2%. For safe transfer, access aisles must be level for their
full length. Thus, curb ramps, including built-up ramps, are not permitted
within the area—the full length and width—of access aisles serving either
parking spaces or passenger loading zones. Curb ramp openings must be
located at the boundary of the access aisle, not the parking space, so that
the ramp is not blocked by a parked vehicle. In addition, the required
size of access aisles and width of the accessible route cannot be reduced
by planters, curbs, or wheel stops.

The PCC has previously received a clarification which allows the
curb ramp to begin at the curb face when vehicles overhang a curb, as
shown in Figure 7-8.

Accessible stalls may not be designed as parallel parking stalls dis-
charging to a curbed sidewalk. It is extremely difficult for a person with
a disability that requires the use of crutches or a wheelchair to get out
of a vehicle parked close to a curb. If parallel parking is to be used, the
stall must be pulled away at least 5 ft from the curb face, to provide an
overall width of 13 ft. The interim guidelines for on-street parking
specifically require a similar access aisle at the street elevation, rather
than discharging to a sidewalk.

Vehicle overhang must not intrude into either the access aisle or
accessible routes. While the typical vehicle overhang is 26" or less, a
few vehicles have front overhangs of as much as 3 ft, and if a vehicle
is backed into the stall, the overhang may be much greater. Since the
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guidelines essentially require a sign at each stall, the sign post can be
reinforced to serve as a vehicle stop. Setting the post 3 ft from a curb
or wheel stop may save wear and tear on the post while still preventing
intrusion into the accessible route (see Figure 7-8).

According to the ADAAG Supplementary Information in the Federal
Register of July 26, 1991, access aisles shall be demarcated; a single
wide space is not acceptable (see Figure 7-8). Although not required
by ADAAG or other guidelines for pavement markings such as the
Manual on Uniform Traffic Control Devices it is generally advisable to
cross-hatch the access aisle, the accessible route (if it uses a vehicular
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route), and any marked crosswalks, to improve visibility to all drivers
and pedestrians in the facility.

Another contentious issue for the parking industry has been the shar-
ing of access aisles. There is no specific requirement in ADAAG that
the access aisle be on one side or the other of the parking space; indeed,
it states that access aisles may be shared and provides a detail with a
shared access aisle. However, the detail shows 90 degree parking into
which vehicles can pull either forward or back to keep the access aisle
on the side needed by the person with disability.

Bulletin #6 addressed this issue:

Is “front-in” only parking prohibited by ADAAG? Accessible spaces are
required to be served by an access aisle which can be placed on either
side of the parking space. Drivers may pull in or back in to perpendicular
parking spaces depending on which side of the space is served by an
access aisle and whether a person with a disability wishes to exit the
vehicle from the driver’s or the passenger’s side. Accessible spaces that
drivers can only pull into do not afford the same level of flexibility.
ADAAG does not specifically address or prohibit “front-in” only parking.
Thus, it is recommended that where such parking is provided, accessible
spaces be designed so as to allow “back-in” parking also or that access
aisles be provided to serve each side of a space. With respect to van-
accessible spaces, it is recommended that the access aisle be provided
on the passenger side of spaces since van side doors and side-mounted
lifts are typically located on the passenger side.

During the early meetings with the Access Board staff, the PCC pre-
sented drawings of angled stalls sharing the access aisle, and were told
that it was acceptable, because disabled drivers can use the stall with
the aisle to the left, while those who need passenger-side access will
use that to the right. It was agreed that van-accessible stalls must always
have the access aisle on the passenger side when “front in” only parking
is provided. The Access Board used the word “recommended” in Bulle-
tin #6, which seems to indicate that they would continue to accept
shared access aisles with angled parking. However, in the Title Il modi-
fications to ADAAG, they addressed the issue head-on. Section
14.2.6(1)(b)(ii) allows shared access aisles with perpendicular parking,
but paragraph (iii) does not allow the same for angled parking. The
discussion in Appendix A14.2.6(1) clearly states the Access Board po-
sition:

Parallel and perpendicular accessible spaces allow a driver to locate the
access aisle on either the passenger side or driver side as necessary for
transfer and therefore may share access aisle. Because angled spaces are
approached only from one direction, a driver cannnot always select a
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Figure 7-9. Critical zone of the access aisle.

space with an access aisle that will accommodate the desired transfer.
Therefore, angled parking spaces may not share an access aisle.

Technically, this paragraph only applies to on-street parking, and
further, is not yet law, pending the completion of DOJ rule making. The
Access Board does plan (and has reserved the right) to issue supplemen-
tal rules modifying ADAAG at certain intervals, and it seems highly
likely that the prohibition of shared access aisles with angled parking
will be specifically applied to off-street parking at that time.

In parking structures, it is frequently difficult to lay out accessible
parking without some intrusion of columns or other appurtenances into
parts of the access aisle. At the same time, there are inherently “dead
zones” wherein intrusions can be accommodated. Also while the access
-aisle must be 5 ft wide (8 ft for van spaces) in the area of door opening,
the width of the junction with the accessible route need only be 3 ft.
There is no requirement for length of the accessible parking stall in
ADAAG. Angled parking further complicates the situation. To ensure
that the access aisle is functional in situations in question, the designer
should draw a design vehicle parked in the stall (see Figure 7-9). As
discussed in Chapter 2 on parking geometrics, a design vehicle of 6 ft
x 17 ft would be appropriate. Also as noted in that section, a full-size
vehicle will leave an average gap of 8 in to the wall. Next, draw a box
with a 3-ft clearance from each end of the vehicle for the length and
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with the width of the required access aisle. According to data from the
Motor Vehicle Manufacturer’s Association, the vehicle doors will be
located no closer to either end of a vehicle than 3’0”. (In most cases the
dimension is about 4 ft for front clearance to doors and up to 6 ft for
clearance from the rear of the car.) No encroachment into the box shall
be tolerated, and a 3-ft minimum width shall be provided if the accessi-
ble route passes through the area beyond the “zone of critical access.”
If, however, the area outside the zone is not part of an accessible route,
encroachment can be tolerated.

7.2.9 Accessible Route to Destination

The accessible route is the path of travel from the accessible stall (and
specifically from the access aisle) to an accessible entrance of the build-
ing(s) served by the parking. ADAAG 4.1.2 requires:

Accessible sites and exterior facilities shall meet the following mini-
mum requirements:

(1) At least one accessible route complying with 4.3 shall be pro-
vided within the boundary of the site from public transportation
stops, accessible parking spaces, passenger loading zones if pro-
vided, and public streets or sidewalks, to an accessible build-
ing entrance.

(2) At least one accessible route complying with 4.3 shall connect
accessible buildings, accessible facilities, accessible elements,
and accessible spaces that are on the same site.

(3) All objects that protrude from surfaces or posts into circulation
paths shall comply with 4.4.

(4) Ground surfaces along accessible routes and in accessible spaces
shall comply with 4.5.

We have not reprinted all of the applicable references. However,
several issues need to be addressed in any discussion of accessible
routes related to parking. First an accessible route may have a running
slope of 5% and a cross slope of 2%. These requirements are stated in
more definitive units of 1:20 and 1:50 slope, respectively. Thisis another
area where the mathematical result cannot be rounded. A slope of 1:19
is no longer an accessible route but an accessible ramp, with require-
ments for level landings, handrails, etc.

As long as the parking floor does not exceed 5.0% slope in the main
direction of travel and 2.0% cross-slope, the parking floor can meet
the requirements for an accessible route. A contentious and frequently
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ignored issue relating to parking layout is whether or not the accessible
route from an accessible stall can pass behind parked vehicles. Bulletin
#6 provides this clarification:

Is the accessible route leading from accessible spaces prohibited from
being located behind other spaces? Access aisles must connect to an
accessible route leading to an accessible entrance of a facility. ADAAG
Fig. 9, which illustrates an access aisle shared by two accessible spaces,
does not require a specific configuration for the connecting accessible
route. However, it is strongly recommended that the accessible route
not require travel behind other parking spaces since persons who use
wheelchairs are not easily visible to drivers. Where this is not possible,
the accessible route should run behind accessible parking spaces only.

The critical phrase is “strongly recommended.” The Access Board
has stated that each design should take into consideration and balance
“distance, safety, and convenience.” It does not mandate certain things
like maximum walking distances or separated accessible routes because
it does not want to eliminate what might otherwise be the preferable
design. The representatives of the Access Board and Department of
Justice stated that in new construction, the accessible route should not
pass behind other spaces, even in parking structures, except in the most
extreme circumstances. The PCC developed a number of examples of
how to achieve an accessible route without passing directly behind
parked vehicles and without excessive cost.

In alterations, it will have to be “technically infeasible” to provide a
separated accessible route to avoid providing one. For an existing facil-
ity, the Access Board staff agreed that it may not be “readily achievable”
to get a separated route in many cases; however, options that minimize
the number of vehicles passed will be strongly preferred.

One objection to the requirement for a separate accessible route is
that it is very difficult and occasionally very expensive to achieve in
facilities with a large number of accessible spaces. In one recent Walker
project with 10,800 parking spaces in a single structure, 118 accessible
spaces are required. For both accessibility and operational reasons, it
is appropriate to group all of these spaces on the level connecting with
a pedestrian bridge to the destination, the only such access. Providing
118 accessible spaces was achieved with separated accessible routes,
in an area that is approximately 300 ft x 200 ft. The efficiency of this
area is thus about 508 sq ft per car, adding less than 20,000 sq ft to a
facility with more than 3.5 million sq ft of parking area.

The clarifications in Bulletin #6 relating to the 10%/20% standards
for outpatient/mobility impairment facilities (applying them only to
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visitor/patient parking facilities) do reduce the number of spaces re-
quired in those circumstances, making it more feasible to provide sepa-
rated routes.

Conversely, the ADAAG definition of “accessible route” clearly indi-
cates that crosswalks across vehicular routes may be part of the accessi-
ble route. ANSI requires that crosswalks in the accessible route be
marked; the definition of “marked crossing” in ADAAG likewise implies
that crosswalks should be striped. A number of individuals have argued
that the accessible route in parking facilities should never use or cross
vehicular routes. The 1991 edition of the Uniform Building Code states,
“When practical, the accessible route of travel shall not cross lanes of
vehicular travel. When crossing vehicle travel lanes is necessary, the
route of travel shall be designated and marked as a crosswalk.”

While it is preferable that the access aisle connect to the accessible
route at the front of the stall and that vehicular routes not be crossed,
this is simply not possible in many circumstances. In many cases such
as shopping centers and day care centers, the local code or design
considerations require that a fire lane and/or drop-off be provided adja-
cent to the building. The perimeter of the lot, where accessible spaces
might be placed with a dedicated accessible route, may be at a far greater
distance from the building entrances (see Figure 7-6). A dedicated acces-
sible route may often be coordinated with landscaping islands and
parking geometrics in new construction, but it may not be “readily
achievable” in an existing center or “technically feasible” in an alter-
ation. As another example, a rehabilitation hospital with 200 visitor/
patient parking spaces would be required to provide 40 accessible park-
ing spaces. It would in such a case be virtually impossible to provide
a dedicated accessible route at the front of all of the accessible stalls.
Crossing the vehicular route is clearly preferable.

Structural constraints in parking facilities also make it difficult to
provide a dedicated access route in a configuration similar to those in
Figure 7-8. The need to provide a relatively level floor surface at the
accessible spaces also complicates the design.

There are a number of solutions to maximize the convenience and
safety of the accessible spaces. For example, if the access aisle also
serves as the circulation path into the elevator tower, accessible spaces
can be provided at each level. If a few additional spaces are required
on some or all of the levels, reducing the angle of parking by 15 to 20
degrees will permit development of a separated accessible route (per
Figure 7-10). This results in a safe path of travel as well as one that is
much shorter than an alternative design with parallel parking such as
the “don’t” example shown. The latter design also requires a parking
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Figure 7-10. Layout of accessible parking with a separated accessible route in
a parking structure.

maneuver that is much more difficult—particularly for the disabled—
than that required in the preferred layout and would provide access
aisles only on the passenger side of the vehicle, forcing a disabled driver
to exit the vehicle into a lane of vehicular travel. Further, a person with
a rear-discharging lift could only use the van-accessible stall, which,
being the most desirable, is the most likely to be occupied. Another
solution that is acceptable is the corner layout in Figure 7-11, where
one stall can be pulled out from the wall to provide the route, without
impeding vehicular traffic flow.

However, with the increasing size of parking structures, and the num-
ber of accessible spaces in such large facilities, it may be impossible to
locate accessible spaces in a cluster around the elevator towers, and a
string of spaces at one or more levels may simply be required to meet
the required number of spaces.

One of the most controversial requirements of ADAAG, detectable
warnings, has been suspended. As noted in Bulletin #6:

The Access Board has voted to temporarily suspend the requirement for
detectable warnings on curb ramps and at hazardous vehicular areas
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and reflecting pools until July 1996 pending the completion of further
research. . ..

The detectable warning requirement was officially suspended at the
November 10, 1993, meeting of the Access Board. A bulletin that clari-
fies the requirements and specifications for detectable warnings is avail-
able from the Access Board.

7.2.10 Signage

The signage requirements of ADAAG are designed to allow visually
impaired persons to achieve at least a minimum degree of freedom to
move about independently. Some have argued that it is ridiculous to
require a Braille sign in a parking facility when at least one member of
the party must have good enough sight to pass a driving test. However,
there are circumstances where a visually impaired person might sepa-
rate from the rest of the party in the parking area and have to return to
the vehicle alone later. Therefore, ADAAG does require that signs in
parking facilities meet the same requirements as those for buildings.
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Signage of parking facilities is subject to the general requirements of
ADAAG 4.1.2(7):

Signs which designate permanent rooms and spaces shall comply with
4.30.1, 4.30.4, 4.30.5, and 4.30.6. Other signs which provide direction to
or information about, functional spaces of the building shall comply with
4.30.1, 4.30.2, 4.30.3, and 4.30.5. Elements and spaces of accessible facili-
ties which shall be identified by the International Symbol of Accessibility
and which shall comply with 4.3.0.7 are:

(a) Parking spaces designated as reserved for individuals with disa-
bilities;

(b) Accessible passenger loading zones;

(c) Accessible entrances when not all are accessible (inaccessible

entrances shall have directional signage to indicate the route to
the nearest accessible entrance);

(d) Accessible toilet and bathing facilities when not all are acces-
sible.

ADAAG section 4.6.4 further clarifies signage requirements for park-
ing spaces:

Accessible parking spaces shall be designated as reserved by a sign show-
ing the symbol of accessibility (see 4.30.7). Spaces complying with
4.1.2(5)(b) shall have an additional sign “Van-Accessible” mounted below
the symbol of accessibility. Such signs shall be located so they cannot be
obscured by a vehicle parked in the space.

As discussed in Chapter 6, signs designed to provide direction to drivers
and pedestrians within parking areas will routinely exceed the require-
ments of 4.30.1, 4.30.2, 4.30.3, and 4.30.5, which apply to signs provid-
ing direction, and those requirements are therefore not reprinted herein.
It is advisable that these signs comply, to a reasonable extent, with the
requirements of the Manual on Uniform Traffic Control Devices (see
Chapter 6), particularly in the use of international symbols and shapes.
This will aid visibility to the moderately visually impaired.

Another type of signage commonly found in parking areas is location
indicators, which help the parker remember where the vehicle is parked.
Because there is no standardized location and mounting of location
indicator signs, it is not appropriate or necessary to put raised and
brailled letters on those signs when mounted in parking areas.

The guidelines will require careful attention to the design (particu-
larly to section 4.30.4, requiring raised and Braille letters) and location
of signs “designating permanent rooms and spaces.” Typically the only
such signs in parking facilities are those identifying the entrances to
stair/elevator towers, and code-required exit signs both of which “desig-
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nate permanent rooms and spaces.” The need for the visually impaired
to stop, find, and “feel” the sign designating the stair/elevator tower
entrance may require provision of a larger area protected from vehicle
intrusion than has traditionally been provided at the entrances to these
towers. It should also be remembered that ADAAG requires that a sign
with raised and Braille letters for the visually impaired be mounted
below all code-required exit signs.

Regarding the signage of accessible parking spaces, ADAAG requires
that each parking stall be marked with a sign that will not be obscured
by a vehicle parked in the stall. Bulletin #6 states:

Must a sign be provided at each accessible parking space? While ADAAG
requires parking spaces to be designated by the access symbol, it does
not specifically require the designation of each space. Alternatives to
signs at each space are allowed so long as spaces reserved for use by
persons with disabilities are clearly designated and distinguished from
other parking spaces.

Neither one or two signs with arrows indicating a long string of
accessible stalls nor pavement markings alone are acceptable. Although
not required by ADAAG, it is desirable to add a sign indicating the
fine for violation under the symbol for accessibility, as this increases
voluntary compliance.

As discussed above, ADAAG does not provide a specific guideline
for mounting height of signs at accessible parking spaces. As stated in
Bulletin #6:

At what location and height is signage to be mounted? ADAAG does
not include a specific location or minimum height for signs but requires
them to be placed so as not to be “obscured” by a car or van parked in
the space. Access symbols provided on the surface of the space do not
meet this requirement. Posted signage is typically placed in front of the
space but signs can also be mounted on walls or other elements that are
in close proximity to the space. Since many local codes address the
height of exterior signage, a minimum mounting height is not specified
in ADAAG.

ADAAG does require that signage designating permanent rooms and
spaces be centered 5 ft above the finished floor. Some have argued that
the bottom of the sign must be 80 in. above the ground if mounted on a
signpost to meet the protruding objects requirements. However, section
4.4.1 specifically allows that objects mounted on posts may overhang
12 in. maximum in any direction between 27 in. and 80 in. above the
ground, so long as the accessible route is not reduced below 36 in.
width. Thus a 24-in.-wide sign designating accessible parking spaces
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may be mounted centered on a post at a height of 5 ft or so. UBC-91
requires that the sign be centered 3 ft to 5 ft above the pavement; the
State of California requires that the bottom of the sign be 6’8” above
the pavement if it protrudes into a circulation path, but allows signs
on walls or posts not protruding to be mounted with the bottom 3 ft
above the pavement. It should be noted that none of these requirements
will ensure that the sign is visible when a van is parked in the stall.
This can only be accomplished by placing the sign to the side with an
arrow toward the stall or in the access aisle. Since the access aisle is
required to be at least 5 ft wide, while the curb ramp or other connection
to the accessible route need only be 3 ft wide, the sign may reasonably
be put to one side of the access aisle—i.e., toward the center of the
combination of stall and access aisle.
Bulletin #6 also states:

What are requirements for the size and color of signs? ADAAG requires
accessible spaces to be designated by the international symbol of accessi-
bility but does not address the color or size of parking signs, which may
be regulated by local code. The “van-accessible” designation is subject
to requirements for informational signage found in ADAAG 4.30 and must
comply with the specifications for character proportion (4.30.2), height
(4.30.3), and sign finish and contrast (4.30.5).

Finally, Bulletin #6 addresses specifications for striping:

Does ADAAG contain specifications for the striping of parking spaces
or the designation of accessible spaces on the surface of the parking
space? ADAAG does not specify the method or color in which accessible
spaces are striped nor does it require placement of the access symbol on
the surface of parking spaces. Local codes, not ADAAG, may contain
requirements for the striping of spaces, including color, and any surface
decals or designations.

7.2.11 Accessibility of Remainder of Facility

An important concept to understand is that even when all accessible
spaces are located on the grade level, the rest of the building must meet
applicable sections of ADAAG. For example, all doors and hardware
must meet ADAAG. Elevators must meet ADAAG. This is based on the
premise that a person needing some of those features may not qualify
for a disabled parking permit or may not have it with them.

Some have argued that parking structures are “exterior facilities,” not
“buildings,” as defined in ADAAG, and thus none of the items scoped
in section 4.1.3 (Accessible Buildings: New Construction) are applicable
to parking structures. This seemed to be reinforced by the following
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language in the ADAAG Supplementary Information (4.1.3(9)), page
35240 of the Federal Register July 26, 1991:

The scoping provisions of 4.1.3(9) do not apply to exterior facilities cov-
ered by 4.1.2. For example, parking lots and open parking structures are
only covered by 4.1.2 and are not required to comply with the scoping
provisions of 4.1.3(9) for areas of rescue assistance.

However when we asked the ATBCB staff to clarify the classification
of open parking garages as exterior facilities not subject to all of the
scoping in 4.1.3, the staff stated that they never intended to exempt
parking structures from all requirements in 4.1.3 and that parking struc-
tures are clearly buildings subject to 4.1.3.

ADAAG A4.1.3(5) requires that:

One passenger elevator complying with 4.10 shall serve each level, includ-
ing mezzanines, in all multi-story buildings and facilities unless exempted
below. If more than one elevator is provided, each full passenger elevator
shall comply with 4.10. EXCEPTION 1: Elevators are not required in
facilities that are less than three stories or that have less than 3000 square
feet per story unless the building is a shopping center, a shopping mall,
or the professional office of a health care provider, or another type of
facility as determined by the Attorney General. The elevator exemption
set forth in this paragraph does not obviate or limit in any way the
obligation to comply with the other accessibility requirements established
in section 4.1.3. For example, floors above or below the accessible ground
floor must meet the requirements of this section except for elevator service.
If toilet or bathing facilities are provided on a level not served by an
elevator, then toilet or bathing facilities must be provided on the accessible
ground floor. In new construction if a building or facility is eligible for
this exemption but a full passenger elevator is nonetheless planned, that
elevator shall meet the requirements of 4.10 and shall serve each level
in the building. A full passenger elevator that provides service from a
garage to only one level of a building or facility is not required to serve
other levels.

As a multistory self-park structure would never have less than 3000 sq
ft per floor, that clause is considered moot. Two level parking structures
owned by private entities may thus be constructed without an elevator.
However, Title II specifically states that all buildings owned by public
entities with more than one story shall be served by an elevator (Title
IT Rule: 35.151(c)). Again, the elevator must be provided even if all
accessible spaces are on the grade level.

If all of the floor(s) of the parking facility have a direct accessible
means of egress (either at grade or via an accessible bridge or tunnel to
an adjacent accessible building floor served by an elevator), no elevator
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is required. (This exception is based on 4.1.3(5), EXCEPTION 3, which
states that accessible ramps may be used in lieu of elevators.)

A4.1.3(8) provides scoping for accessible entrances to buildings. It is
important to remember that the public entrance(s) to a parking structure
as defined in ADAAG would be the access point(s) to the facility used for
normal pedestrian entering. For the purposes of this guideline, points of
vehicular entry and exit to parking facilities are not considered en-
trances.

The requirements are somewhat complex and must be carefully re-
viewed. The two principal requirements are that at least 50% of the
public entrances must be accessible and the number of accessible en-
trances may not be less than the number of exits required by building
code, except if that would cause more public entrances than otherwise
planned. The latter will frequently occur in parking facility design
because it is common to have only one public entrance and several
code-required emergency exits. This may simply be because there is
only one logical route to the building(s) served or because of security
concerns. In higher security risk situations, the public access may be
restricted to one public entrance, with the exit stair towers enclosed
and panic alarmed at all points of entry to the tower, for use only in
emergencies. Thus, the grade level access to each code-required stair
is often not a “public entrance” to a parking facility.

In general public entrances must be accessible if they are associated
with accessible routes (from accessible parking spaces). In parking facili-
ties, elevator towers are almost always associated with a public entrance
(at grade, a pedestrian bridge or a tunnel or combinations thereof);
therefore, the requirement of 4.1.3(8)(a) is to have 50% of the public
entrances accessible and the accessible parking spaces should be
grouped at those public entrances that are accessible. However, it is
generally preferable to make all public entrances to elevator lobbies ac-
cessible.

4.1.3(9) Means of Egress requires that “Areas of Rescue Assistance”
should be provided at all code-required exits in enclosed parking struc-
tures, even when there are no accessible parking spaces in the vicinity,
because it is possible that on occasion a vehicle transporting a person
with disabilities may not have a permit to park in the reserved accessible
spaces. This could be for a variety of reasons, but most often because
the person is being transported by a friend or relative who does not
qualify for a permit. The frequency of this happening is low, the amount
of time spent in a parking area is short, and the risk of fires is demonstra-
bly quite low, making it reasonable to conclude that the probability of
a disabled person being present in an area without accessible parking
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spaces when a fire occurs is quite small. However, the cost of providing
an area of rescue assistance in a stair tower required to be enclosed by
building code is small. Therefore providing an accessible means of
egress isrecommended. It should be noted, however, that ifa supervised
automatic sprinkler system is provided in an enclosed parking facility,
the requirement for areas of emergency assistance is also waived.

In open parking structures, however, the case is entirely different.
With the openness, any smoke will dissipate rapidly as an individual
moves away from the immediate vicinity of the fire. Thus, there is
essentially no threat to life safety unless the individual is injured in an
explosion, in which case there is no benefit to the area of rescue assis-
tance. ADAAG recognizes that sprinklers render areas of rescue assis-
tance unnecessary. The Access Board in its preamble indicated that it
does not believe that areas of rescue assistance are required in open
parking structures as previously discussed. Furthermore, there is one
very good—indeed life safety—reason for providing open stairs in open
parking structures: security. It would be counterproductive to require
an enclosed area of rescue assistance adjacent to an open stair.

In order to clarify design guidelines for parking facilities, Bulletin #6
categorically stated: “Another important design consideration is that
accessible parking spaces should always be located in close proximity
to an accessible means of egress.”

As previously discussed, the preferred method to achieve this is to
locate accessible spaces at the grade level. Where this is not possible
the stair must be designed as an accessible means of egress. While the
area of rescue assistance is not required to be enclosed, the other ele-
ments specified in 4.3.10 must be followed. These are primarily de-
signed to facilitate evacuation of disabled persons by rescue personnel.

7.2.12 Cashier Booths and Office Space
4.1.1(3) Areas Used Only by Employees as Work Areas states:

Areas that are used only as work areas shall be designed and constructed
so that individuals with disabilities may approach, enter, and exit the
areas. These guidelines do not require that any areas used only as work
areas be constructed to permit maneuvering within the work area or be
constructed or equipped (i.e., with racks or shelves) to be accessible.

Appendix A4.1.1(3) goes on to state:
Where there are a series of individual work stations of the same type (e.g.,

laboratories, service counters, ticket booths), 5%, but not less than one,
of each type of work station should be constructed so that an individual
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with disabilities can maneuver within the work stations. Rooms housing
individual offices in a typical office building must meet the requirements
of the guidelines concerning doors, accessible routes, etc. but do not need
to allow for maneuvering space around individual desks. Modifications
required to permit maneuvering within the work area may be accom-
plished as a reasonable accommodation to individual employees with
disabilities under Title I of the ADA. Considerations should also be given
to placing shelves in employee work areas at a convenient height for
accessibility or installing commercially available shelving that is adjust-
able so that reasonable accommodations can be made in th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>