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The parking demand is a critical dilemma, particularly in the central sec
tions of urban areas. Effective solutions are urgently needed to resolve 
this urban crisis. The concept of a fleet vehicle system is receiving much 
attention as a possible solution to the urban parking problem. This system 
tends to change urban vehicle design and the operator-vehicle relationship, 
which leads, in turn, to facility alterations to make optimum use of parking 
terminal space. The intent of this study was to evaluate the potential of 
fleet-operated vehicle parking as a method of maximizing terminal space 
utilization. A parametric analysis of terminal capacity was used for easy 
interpretation of results. An individual fleet terminal having minimal ca
pacity characteristics was compared to a present type facility having opti
mum capacity design. The geometrical patterns were selected such that the 
results, presented in percent capacity increase, represent a minimum ex
pected improvement when the fleet concept is employed. The results of the 
study provide an indication of the effect of the fleet vehicle system on the ur
ban parking situation. Also, this study establishes a technique that may be 
expanded to provide parking planners with an efficient method of analyzing 
parking terminal capacity. A new approach to deal with the growing parking 
problem in urban America is presented. 

•THE CONTINUED POPULARITY of the motor vehicle, along with the expansion of the 
highway system, has greatly increased the need for parking spaces. The problem is 
especially critical in the large urban centers with highly congested areas. The parking 
demands on downtown sections have risen more rapidly than the associated daytime 
population of such areas . As a result, parking has become a major urban land use, 
and the availability of parking space has become a growing concern in urban America. 

It is significant to note the r 'epercussions of the parking problem. In the larger 
cities, the lack of proper parking facilities is resulting in decentralization of the busi
ness district. Yet, parking facilities in high-density areas are extremely costly be 
cause of high land value. The cost per parking space for an off-street parking facility 
has goneupto $50,00for conventional ramp structures in high-density urban centers (5). 
On the other hand, the majority of the cars driven into and parked in urban areas oc-= 
cupy from 300 to 350 sq ft of space each. An office worker, for example, requires 
more space to store his car than he occupies himself in the office (2). If buildings 
continue reaching greater heights and drawing more commuters, the problem will con
tinue to grow. 

Knowing the increased demand and cost for parking, the real threat is that the ma
jority of the standard facilities involve noneconomical land use. Three reasons can be 
cited for this: First, the competition for space is greatly increased by the office 
worker or long-term parker; second, the standard stall size is often wasteful of park
ing space when considering the great variation in car sizes; and third, the geometrical 
design for the existing type of parking operation does not optimize space utilization. 

Accompanying this diversity of interests is a wide variety of views on how best to 
solve the parking problem. Land availability and cost limitations are now forcing the 
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development of new concepts to remove the great strain on parking in urban areas. 
Numerous concepts have been formulated, among them a technological proposal exam
ining the feasibility and desirability of introducing a minicar (small fleet vehicle) sys
tem into the central parts of large metropolitan complexes (1). The advent of such a 
system would present the opportunity to resolve the urban parking crisis. The park
ing system would be planned with the purpose of minimizing area per parker and chang
ing the vehicle-operator relationship. This, in turn, would maximize the use of avail
able land for parking while providing convenience in operation. 

STUDY OBJECTIVES AND SCOPE 

The objective of this study was to determine the effect of the urban fleet vehicle sys
tem on parking space requirements in urban areas. This was achieved by comparing 
the parking capacity of a typical existing facility to that of a fleet vehicle terminal hav
ing caparable facility dimensions. 

The study specifically investigated the following: 

1. A parametrical method of analysis for the capacity of off-street parking facilities 
for both standard and fleet parking operations, 

2. The effect of facility variations and restrictions on standard facility and fleet 
facility capacities, 

3. The effect of vehicle size variation on standard facility capacity, and 
4. The approximate capacity improvement in percent for fleet parking facilities 

over standard parking facilities. 

The study presents only an illustrative comparison using typical facilities with some 
controlled variables. The analysis concepts employed for this study could be expanded 
to include greater variation in facility characteristics, if this method of analysis should 
prove valuable. For facilities having design features comparable to those analyzed, 
the analysis data included may be used for design considerations. But this is only sec
ondary in the scope of the study. 

THE URBAN FLEET VEHICLE CONCEPT 

Before proceeding to the capacity analysis of fleet parking terminals, a brief de
scription of the urban fleet vehicle system is necessary to fully understand the concept 
and its implications. As stated earlier, this vehicle system would be introduced into 
the central parts of large urban areas. The hybrid-powered small vehicle would col
lect and distribute people on a rental fleet-operated basis, while operated between 
specially designed terminal locations. The users would rent vehicles at certain termi
nals, drive them to their destinations, and leave them at any other terminals in accord
ance with daily trip patterns. It is expected that such an urban transportation system 
would alleviate some of the growing problems associated with conventional automobiles, 
such as traffic congestion, air pollution, and costs of personal ownership. 

The design vehicle would weigh about 2,000 lb and be 9 ft long, 6 ft wide, and 5 ft 
tall (1). The vehicle would have a tilt-forward front and swinging doors on each side 
so that the doors could be fully opened within the design width. Thus, it would require 
no additional side clearance. The vehicle would be designed for easy maneuverability, 
efficiency, and low-cost operation. 

An important aspect of this system is its novel parking operation. If the vehicle 
fleet is operated on a rental basis, the operator-vehicle relationship is drastically 
changed. Because the operator no longer owns the vehicle he drives, he is indifferent 
in his choice of vehicles. This arbitrary vehicle selection permits immediate access 
to each individual parked vehicle in the terminal. Solid-packed parking becomes a 
practical method of increasing terminal capacity. For this reason, there is no need 
to have access aisles in the central section of the terminal except for the area required 
for easy ingress to and egress from a terminal. The area required for vehicle circu
lation, therefore, can be much less than the area for conventional parking operations. 
Another feature is that the size of fleet vehicles is reduced to almost half the size of 
the standard vehicle, and thus the dimensions of parking stalls are decreased. These 
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significant changes would lead to parking alterations that would optimize use of 
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METHOD OF ANALYSIS 

To study the effect of the urban fleet vehicle on parking facility capacity, methods 
were formulated for comparing ultimate design capacities in the following types of 
facilities: 

1. Type A-the standard vehicle off-street parking facility with self-service parking; 
2. Type B-the urban fleet vehicle facility having characteristics similar to the 

standard facility managed with self-service or fleet attendant parking; and 
3. Type C-the strict fleet system facility in which only fleet rental vehicles are 

parked. 

Type A was compared to Types B and C. The respective results were used to de
termine the impact of both a vehicle size reduction and the complete fleet system on 
terminal capacity. 

Because 90-deg angle parking yields greater space utilization in most cases (3), it 
was designated as the typical parking configuration. However, parametric equations 
could be modified to include capacity variations due to angled stalls. Furthermore, 
the rectangular parking facility, which represents a majority of parking facilities, was 
used in the comparative analysis. Such factors as entrance and exit gates, ramp al
lowances for multilevel facilities, and construction allowances are all included in the 
parametrical equations. The aisle width for two-way traffic was expressed as three 
times the stall width, which in most cases would provide the necessary space for ef
ficient vehicle movement to and from the stall (3). The geometrical configuration was 
selected such that this method of analysis permits comparison of the expected minimum 
capacity for fleet vehicle facilities with the ultimate design capacity of standard vehicle 
facilities. 

CAPACITY ANALYSIS FOR STANDARD PARKING FACILITIES 

An "ideal" parking configuration for standard private vehicles is shown in Figure 1. 
The parking capacity of a single or multilevel facility can be given by the following 
parametric forms: 

where 
sci 
Cw 
CL= 
CM 

N = 

2[W - 2 (ts - c)J - I.°wCg - l,¾Cr 

Ws 

2[L - 2 (ts - c)] - I.n,t.Cg - !X.r..Cr 
Ws 

W - 2 (ts+ c) + 3Ws 
2ts + c + 3Ws 

2[L - 2(ts + c) - 3nawsJ 

Ws 

total parking capacity of a standard facility level i; 
perimeter width capacity; 
perimeter length capacity; 
barrier capacity per barrier unit; 
number of permissible barrier units; 

(1) 

N 
w overall facility dimension perpendicular to the parking barrier alignment; 
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overall facility dimension parallel to the parking barrier alignment; 
stall width; 
stall length; 
construction factor-a capacity reduction factor caused by structural 
characteristics of the facilities, such as columns and walls; 
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width gate factor (in W direction)-a capacity reduction factor that re
flects the influence on capacity of entrances to and exits from the park
ing facility; 
length gate factor (in L direction); 
width ramp factor (in W direction)-a capacity reduction term accounting 
for the area unavailable because of ramping and other interlevel vehicle 
transporting methods in multilevel facilities; 
length ramp factor (in L direction); and 
aisle multiplier-the number of aisles directed perpendicular to parking 
barrier alignment. 

To use the above parameters in the determination of facility capacity, it is desirable 
to clarify their meaning further and to impose some limitations on their values, in
cluding the following: 

1. The parameters Cw, CL, and CM used in capacity estimations must be integer 
quantities because the fraction of a stall space provides insufficient room to accomo
date a possible single vehicle. For example, if the calculated value of Cw was 62. 75, 
the nominal value used in the capacity determination would be 62. 

2. The number of barrier units, N, should also be restricted to a nominal value, 
with the exception (Ncalculated - Nnominal) 2e (ls+ c + 3ws)/(2ts + c + 3ws), in which 
case the nominal value of N can be increased by 0.5, and thus appears as 3.5, 4.5, 
and so forth. 

3. The capacity reduction factors, c, LnwCg, EntCg, LkwCr, and LktCr, are all 
design-dependent, being determined by the particular characteristics of a facility under 

Lt.itlTS OF BARRIER UNIT 

Figure 1. Typical configuration for standard 
parking. 

LIMITS OF i 'AAIER \)UT 

Figure 2. Typical configuration for standard 
parking (where Cw = CL = 0). 
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consideration. For example, nw and n.r, 
are the number oi gates (entrances and 
exits) having the same characteristics. 
The value for Cg is dependent on the par
ticular gate characteristics chosen for 
the terminal. Suggested values for Cg 
are given in Table 1. 

If a facility has no parking stalls ad
joining its perimeter, as shown in Figure 
2, Cw and CL should be eliminated from 
Eq. 1, and thus Eq. 1 becomes 

TABLE 1 

GATE FACTOR VALUES FOR STANDARD PARKING 
FACILITIES 

Gate Cg Stall Width (w6 ), ft 

Characteristics ws 6.0 6.5 7.0 7.5 8.0 8.5 

One way, single 
lane 2 12.0 13.0 14.0 15.0 16.0 17.0 

One way, dual 
lane 3 18.0 19.5 21.0 22.5 24.0 25.5 

Two way, single 
lane 3 18.0 19.5 21.0 22.5 24.0 25.5 

Two way, dual 
lane 6 36.0 39.0 42.0 45.0 48.0 51.0 

= ( W - 2c - 3ws ) ( L - 2c ;s 3naws ) 
2ts + c + 3ws 

(2) 

For single-level facilities, ramp and construction factors are taken as zero. Hence, 
Eq. 1 is reduced to 

25 

~IS "' 8,5 FT, 

\ = J.8,Q FT, 

CG .. ~S 

SCi = .2(W - Us) - I.nwCg + 2(L - 2-ts) - I.n.r,Cg 
Ws Ws 

+ 2 ( W _ 1 ) (L - 2t:: 3naws) 
2ts + 3ws 

(3) 

When the parametrical equation (Eq. 3) is 
applied to a typical rectangular facility (Fig. 
1 ), the facility capacity can be easily deter -
mined for a set of given variable dimensions. 
Given values for -ls, Ws, na, EnwCg, and 
En.r, Cg, the fac.ility capacity can be calculated 
as functions of Wand L. To illustrate the 
functions, -ls and Ws were arbitrarily as
signed two standard values, and na, EnwC g, 
and En.r, Cg were made invariant. The cal
culated capacities (sci) are plotted for vari
ous facility dimensions. The two sets of ca
pacity curves-one set for the standard vehi
cle and another for urban fleet vehicles - are 
shown in Figures 3 and 4. For any given set 
of facility dimensions, Wand L, the storage 
capacity, SCi, for each size vehicle can be 
directly read from the respective group. In 
reality, the capacity curve should not be pre
sented in a continuous form because the 
change in capacity performs a discrete distri
bution function. Therefore, the graphical 
solution only represents capacity approxi
mations for alternative cases. 

1 23456789101112 
;:ACILITV \/\olH, W (FEET X la2) 

CAPACITY ANALYSIS OF FLEET 
PARKING FACILITIES 

Figure 3. Capacity curves for standard facilities 
with standard vehicles. 

A fleet terminal with attendant parking 
operation is shown in Figure 5. This con-
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Figure 5. Typical configuration for fleet vehicle 
parking. 

2 3 4 s 6 7 8 9 10 JJ 12 figuration can be used for terminals hav-
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Figure 4. Capacity curves for standard facilities with 
small vehicles. 

ing limited frontage for gate construction. 
Many other design variations are possible 
because the configuration depends mainly 
on gate location. The gate location is gen-
erally determined by the location and di
mension of a facility. For instance, if 
the location of a terminal permitted ac-

cess at both ends of the terminal, the side access shown in Figure 5 could be used for 
parking. Other important considerations related to the facility capacity include needed 
maintenance areas and locations of separation barriers for walking clearance between 
lines of vehicles. For multilevel facilities, additional area must be provided for vehi
cular ramp or elevators and structure members. 

As indicated, the capacity of the selected terminal configuration is somewhat reduced 
by the necessity for the side aisle. So, essentially any capacity improvement over stan
dard facilities can be projected as a minimum expected increase. Based on this config
uration, the capacity of a fleet-operated facility can be given by 

= capacity of a fleet parking terminal level i; 
fleet width capacity; 
fleet length capacity; and 

(4) 

= fleet correction factor-a general reducing factor that includes special ter
minal characteristics such as terminal ramps for multilevel facilities, 
walkways, and maintenance areas. 

All other parameters in Eq. 4 have been defined previously. The gate factors, 
l;nwCg and !:n,t,Cg, are not applicable to a facility having a fleet parking arrangement. 
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Again, the nominal values expressed in integer quantities must be used for parameters 
CfW aud CfL· Sume standards regarding the arithmetic difference between calculated 
and nominal values should be followed: 

1. If (Cfw calculated - Cfw nominal) '2: 0.66, the value of CfW is increased by one; 
and 

2. If (CfL calculated - CfL nominal) :2: 0.80, the value of CfL is increased by one. 

For single-level facilities, the assumption, which is the same as for standard fa
cilities, is that the ramp factor and construction barriers may be neglected. When 
considering such a special case, Eq. 4 should be simplified as follows: 

(5) 

For capacity analysis, variables are assigned some standard values in preparing 
the analysis curves. One set of curves (Fig. 6) is derived since only the size of fleet 
vehicles establishes the stall dimensions. 

CAPACITY FACTOR ANALYSIS 

For any given dimension of a facility, the parking capacity should, to a certain ex
tent, be changed as vehicle stall sizes and types of parking operations are alternated. 
It is therefore desirable to compare the relative parking capacities for the three types 
of facilities (Types A, B, and C) as described earlier. Such a comparison will give 
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Figure 6. Capacity curves for fleet vehicle parking 
facilities. 

some ideas about the effect of vehicle size 
reductions and fleet parking operations on 
capacity magnitudes. A capacity factor 
used to measure the amount of capacity 
change is simply defined as the percentage 
of capacity increas for facility variations 
(Types Band C) fr om the standard type 
facility parking standard vehicles (Type A). 
Mathematically, the capacity factor, R, 
is given as 

where Cfs is the capacity of either Type 
B or C, and SCi is the capacity of Type A. 

Using Figures 3, 4, and 6, two sets of 
R-values-one for Type A versus B and 
the other for Type A versus C-are de
rived in order to determine the relation
ship between R-values and various facility 
dimensions. The R-value variations as 
functions of facility width (W) and length 
(L) are shown in Figures 7 and 8. First, 
in consideration of the R-values for Types 
A and B (Fig. 7), it is indicated that the 
percentage of capacity increase holds 
fairly constant as the overall facility di
mensions are varied. It appears that, 
under the given set of facility character
istics, the vehicle size reduction multi
plies the capacity of a standard design 
facility by 1.85 on the average; that is, 
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Figure 7. Capacity factor versus vehicle size variations for standard facilities. 

4,0 

3,5 

2,5 

LEGEND 

L • 2(() FT, 

L • l(JJ FT, 

L • fill FT, 

L • 8ll FT, 

L • lOll FT, 

2.0 '-----'------L-- L---'---'-----'--..J.....-...J..._---1 _ _____J 

10 

Figure 8. Capacity factor versus vehicle size variations for fleet parking 
operations. 
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the decrease in stall dimensions from 8.5 by 18 ft to 7 by 10 ft, without any change in 
the geometrical configuration, produces approximately an 85 percent increase in park
ing capacity. 

As to a capacity comparison between Types A and C, the curves shown in Figure 8 
indicate that as the facility width (W) is increased for a constant length (L), the R-value 
increases at a decreasing rate of change. As the facility width reaches approximately 
300 ft or greater, the change of R-values for all facility lengths under consideration be
haves somewhat linearly with a constant increase rate. It is also shown that employ
ment of a fleet parking system and reduction of vehicle size (Type C) will multiply the 
capacity of a standard parking facility (Type A) by approximately an average 3.56. The 
percentage of the capacity increase will range between 236 and 380 percent for various 
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sizes of rectangular parking facilities. Such a significant increase in parking capacity 
clearly demonstrates that the urban fleet vehicle system would provide a great poten
tial for resolving the problem of parking space shortage in urban areas. 

ECONOMIC CONSIDERATIONS OF FLEET PARKING 

Of primary concern in this study is the capacity analysis of a fleet parking terminal 
versus a certain typical standard facility with standard parking operations. The study 
results indicate that the fleet parking operation would be encouraging from the stand
point of increased capacity in a parking facility with given dimensions. However, the 
capacity analysis is by no means an end in itself. Many other factors are also impor
tant in determining the economical feasibility of such a system. Although a detailed 
analysis of those economical factors is beyond the scope of this study, the recognition 
of their significance cannot be overemphasized. 

One of the major stepping-stones will be the facility cost. It is evident that a high 
initial cost could be expected when such a fleet vehicle system is introduced to city use. 
These costs would primarily result from new parking facilities that would be con,
structed for the system implem~ntation. However, with the large increase in the num
ber of vehicles that can be stored, it would be even more profitable for the facility 
owners to use fleet-operated parking. As for the cost of the entire system, the larger 
the fleet facility the more economical the system becomes as the capacity increase 
grows larger. A system developed using large terminals in prime locations could 
lessen the significance of the cost factor in the success of the system. After all, pub
lic acceptability would have a strong bearing on the outcome of such an investment. 

With all vehicles stored having the same size, weight, and maneuverability, the de
sign of facilities should be much simpler and relatively less expensive. Facilities for 
private automobiles could be easily converted to accommodate fleet vehicles. Mainte
nance cost would be similar to the facility parking standard private automobiles. On 
the other hand, the convenience of the fleet-parking system is a big factor in its favor. 
The time reduction of parking and unparking vehicles would contribute a significant sav
ing of users' time. 

CONCLUSIONS AND RECOMMENDATIONS 

The urban parking problem can be broken down into three major factors: (a) con
tinuing rapid expansion in automobile traffic; (b) competition for urban street space 
between standing and moving vehicles; and (c) the high cost of parking space in today's 
crowded cities. To alleviate the parking problems, municipalities have formulated 
plans and constraints to deal with these difficulties. 

The control of parking problems by introducing a fleet parking system has been ana
lyzed in this study. The ability to pack more cars into the limited amount of space that 
can reasonably be devoted to car parking in town centers is an important factor to be 
weighed when considering the contribution of the urban fleet vehicle system to the solu
tion of the urban parking space shortage. Accordingly, employment of such a concept 
is recommended as a new approach to the parking crisis. 

Based on the result of this study, it has been concluded that the urban fleet vehicles, 
which are small and similar in size, can increase the capacity of existing parking fa
cilities by a factor 3.0 to 4.0 for alternate cases and by 3.6 on the average. It is rec
ommended, however, that a more complete economical analysis of the fleet parking 
operation be developed. Study of optimum parking system designs must also be com
pleted before evaluating the effectiveness of the concept. These steps would aid in 
maintaining some order to parking system development in varied urban locations and 
would possibly establish some design goals for planners to use. 

Because no data are available from facilities already constructed, the types of fleet
operated facilities are considered in this study only from a logical standpoint and not 
necessarily a practical one. Therefore, the capacity analysis and cost considerations 
should not be considered to be exact, but are only approximations based on facility items 
of which little is known. With more empirical data and better background, a more de
tailed analysis could be made. It can be safely assumed, however, that the fleet-



operated parking operations could strongly influence the parking situation toward a 
more favorable outlook. 
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