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BACKGROUND FACTS FOR EFV

Introduction - The Overall Transportation System Aspect.

A basic assumption that must be made whenever one wants to evaluate
a proposed system which would replace (in total or in parit) the
functions presently performed by an existing system ~r systems, is
that the proposed system must perform the replaced functions as
well as, or better than the existing system. One should not replace
a systen (or part of a system) in order to eliminste an existing
problen by another system which may eliminate the original problem
but possibly may creats others whose sum total is equal or greater
than the original existing problem. In order to avoid this dilemma,
one should systematically lnok at the total overall systems in
question to determine what effects the changes may have on the total
transportation pizture.

One can first begin by examining the various compcnents of the
existing nighway plant and the present requirements for ftravel on

it., (See Part III of this paper for selected data of this type).

Cne can next look into and examine the existing and proposed vehicle
systems performance characteristics., (See Part II of this paper fer
selected data on vehicle performance characteristics of bota the
internal combustion automobile and the eleciric powered automobile),
The next step is to eliminate the lerge number of uncertainties about
the proposed systenm by first fixing the problem in a given time

r the purpoes

reference, and with a given problen it musht mest, TFor
of this discussicn we have therefore chosen to basically analrse
what is presently (or within say the next five years) possible with

respect to electric cars and %o estimate what part ~f the existing
automobile travel could be replaced,

The first part of this report (Part I) therefore attempts tc discuss some
of possible benefits and deficiencies which might accrue <n the

total highway transpertation system if the electric pewered vehicle

were developed for use in the near future, The major parts of a
transportation system which are discussed are: 1) the vehicle system,
(see Part III), 2) the support system, and 3) the command and contral
system. In addition to these, a change in part of a system alsoc may
eifect e total system safety, comfort and convenience, and cost.

Let us now examine the electric car on a total system hasis and ‘ry
to postulate how it may effect these various major and minor
components systems of the total system,.

The Support System {Includes Construction, Maintenance, and Operation
of the Plant):

1, Construction:

a) Pavement Support - A wheeled vehicle requires support, usually




in terms of a pavement or rail structure. The amount of supp-rt
is dependent cn

1) the vehicle weight distribution on the support
2) the rumber of repetitive loading on the support which
induces fatigue and ultimately structuvral failure,

A small lightweight vehicle therefore need not imply less
structural support if, for example, a greater number ~f repetitive
loadings on the support were anticipated, A detailed analysis
would have to be made with respect to weight of the vehicle and
future travel predictions., (See Figure 1 & 2 Appendix I),

b) Parking - The amount of parking area that is needed is
dependent on the vehicle sizes, If different sized vehicles are
indiscriminately parked they may take up as much total roon as

if they were all of the larger size. However, if vehicles of
different sizes have reserved parking spaces an increasz in parking
capacity is obtained, (The Pentagon parking lot is an example of
a parking facility which uses this principle to increase its
capacity.) If electric cars were as small as some proposals
indicate they would require as little as one-fourth tke perking
space required by a standard size car todsy. This would help
reduce our cities! parking problems at least temporarily, Small
elsctric wvehicles such as the Scottish Aviation Scamp which is
less than 7 feet lonz would require one-Iourth the amcunt of park-
ing space needed oy a standard size present day automebile., {(Se2
Figures 3 & L Appendix I).

¢) Lane Widths - The width of a traffic lane effacts the level
of sérvice that the vehicle driver may cbtain. In general the
wider the lane the greater level of service obtained., This implies
greater driver comfert, safety, and flexibility., Todays wide
vehicles require lane widths of up to 12 feet. OSmzll vehicles
(i.e. if part of the system were reserved for small vehicles)
would accrue in smaller lans widths for the same level of service,
Smaller lane widths would indicate: 1) less right-of-way needed to
service the same traffic volumes, and 2) an increased traffic
carrying capacity of existing roadways, For example: A Ll ft.
wide street which presently has four 11 ft. lanes if converted
for use by small vehicles alone whoss width were L feet might be
converted to 5 lanes of approximately 9 feet in width. If no
parking had previously been allowed on this street there would
now be ample room for L useable lanes and one parking lane., (See

Figure 5, Appendix I).
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5 d) Additional Support Hardwars - 1) Every home or overnight
parking space which had to handle a battery-type electric
. car would have to be equipad with an outlet to supply the
vehicle with electricity.
2) AC to DC inverters would have to be provided either
at the parking sights or on the vehicles.
3) Parking spaces at work sites would also have to
provide the electric facilities and asscciated hardware
so that batteries could be regenerated during work hours
if necessary. (Parking meter type installations have
been suggested.)

2. Operation of System

a) ‘Separation of Traffic - During the transition pericd small
underpowered vehicles would require separate right-of-way from
larger high powered vehicles, This raises the following questicns,
1) What streets or parts of streets should be assigned to
small vehicles in a given city?
2) Should streets be reserved for small vehicles only during
given time pericds of the day?
3) How would the problem of small vehicle streets crossing
regular vehicle streets be solved? ‘

ic assignment problem similar in ways 2

In general, this i i inw
1t pedestrian and vehicular traffic,

s
to the separztion of pre
3. Maintenance of System

a) Snow Removal - Small vehicles mizht require more efficient
and immediate snow remcval than presently supplied in some parts
of the country. The main reason for this is that a small vehicle
would have less clearance.

B. Command and Control Svstem

1. The eleciric car may more readily be converted to an eventual
automated (or partially automated) system which may be electrically
powered.

2. The electric car may be more readily and efficiently used in
conjuncticn with electronic command and control eguipment.

C. Safety

1) Fuel-cells of the hydrogen-oxygen type may be potential fire
hazards. : '

2) Vehicle performance range should be in the same performance range
as present gasoline cars so as not fc increase potential mixed-system
hazard (Note: deviations from mean speeds and horsepowsr are hazardous).

3) a) The electrical systam has to be well insulated to prevent
electric shock hazard from high voltages. b) If a collision occurred
provisions should be made to guarantee that the electrical system could
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. not get shorted on the vehicle body and electricute the occupants.

L) Very small vehicles would be subject to higher property damags,
and higher injury and fatality probabilities if they cellidsd with
bigger present-day type automobiles. Therefors very small vehicles
whose performance did not equal that of present day cars should be
provided with separate right-of-ways.

5} Vehicles could run out of powsr more often due to shorter
driving ranges. An incrsase in disability of wehicles which have
used up their power source could increase congestion tremendously
especially during rush hour periods. Even today when a vehicle
runs out of gas during the rush hour, tremendous congestion results
until the vehlicle is removed from the traffic stream or ssrviced.

6) Propane boosters could be hazardous.

P. Comfort and Convenience

1) A small eleciric vehicle would be compact and easily maneuverable.
2} Electric vehicles would b2 simple to operate.

3) Electric vehicles would ba reascnably auiet (noise level varies
according to the typz of control gear used., The nciss level on
-~

the British G & M electiric van has been estimated tc be below
£5 decibials,

4) Electric vshicle could start instantly.

5) The short ranges presently possible would restrict its use for
short ranges trips (or combination of trips) in one day.

6) Regsnzration of the batteries would take at least 4.5 hrs. This
would mezn that during considerable portions of each day, the vehicle
could not be used for a trip nearing the vehicle's total range.

7) TForgetting to "plug"” it in to regenerate the batteries could
cause the vehicle user to be unable to use it for a period of hours
until it has then regenerated enough fer him to make his desired trip.
This could be very invenvenient especizlly in emerzency situations.

8) The presently possible short range electric car would have to be
regenerated almost on a daily basis in contrast to a gasoline car
which may only require refueling on a weekly basis.,

9) The electric car however could be more convenient than having to
stop at a gasoline station since it could be regenerated at home or
wherever parked overnight, or while at work. '

10} Warm-up pericd - ncne reauired.




S

11) Carrying Capacity - Small cars would 1imit the quantity of people
and goods one could garry in them. For example: a mother with 2 to 4
small children desiring to take them with her grocery chopping might
be handicapped by a very small vehicle.

12) No air polution or other undesirable odors.
E:-"Cost |
1) Overall initial costs would include:
a)_ Equiping every overnight parking spaces with outlets from
which the parked vehicles would recharge themselves. In

conjunction with each cutlét would be the need of an AC to DC
inverter unit.

b) Also outlets and inverters should be available for the total
expected all-day (or part-day) parkers at all on-street or
off-street parking areas so that the vehicles could recharge
while parked. )

2) Operating costs would protably be less in terms of ¢ /mi.

3) Overall mainterance costs would be lower becauss of fewer
operating mecnanical parts that could go bad.

4} TFuel cells would be costly until an inexpensive hydrogen
source 1s discovered.
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tie lowest norsepower cars having poor accelerasion

Technology can develop electric powered veialeles as an alterastive
-

Y N | * e . g

propulsion system o present jasoliune internal combustion engines. Iut

of all the consurainvs one of the nost imporvaat is that of providing en

- i

lectric powered vehicle with the performance capabilities required for

-~ .

intezrating them successiully into the highway tiraasportation systen

wvithout Jetrimentel elifeeus o tne efficiency of tune entire systen.

Ve il ‘J(_--..

anspervavion may also raguire vetter performance

capehilivies then those indicatved in the table. In general, the levels
o waighi-horsapover raiios have continuously decreased since 19Lg,

I
i

zarticularly for commerclal vehlcles.
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BPR publication, "Highway Statistics,"
these, but they have been supplemented in the

The United States highway system is basically constituted as
follows:

U. S. Highway Mileage .

Scurce: Highway Statistics, 1964 - 3PR

Rural:
Federai-2id Primary 222,509 mi
(Inciudes Incerstate, 34,339 ni)
Federal-aid Secoundary 607,127 mi
County and Other 2,322,941 mi

" Total Rural 3,152,577 mi

Tederai-aid Primary 25,785 mi
{Includes Interstate, 6,805 ai)

Tederal-ald Secondary 19,217 mi

Lozal 445,490 =i

Total Urban 451,492 =i

Grand To:tal: 3,644,969 mi

Table 1 Sescribes this highway network in scmewhat greater detail.
(= o
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Tatle 1
Approxizate riileage of U.S. Highway System, by Classification and
Szozrennical Rezion
Region [- [
Fichwey Classification ! Eastern | Central [lestern ! Total
Federal-Aid System (miles) { (miles) ((miles) | (miles)
Interstate 19,7004 10,400 {11,000 41,1C0
Rural 15,700 8,800 9,800 34,300
rban 4,000 1,600 1,200 6,800
Beltways caly 300 400 - 700
Urban "Through' Secticns 3,800 1,400 1,200 6,400
only
Primary (other than Imterstatd 101,100 69,500 | 36,200 | 207,200
Rural 88,500} 65,700 | 34,000 | 188,200
Urban Arterials ‘ 12,600 4,200 2,200 19,000
Secondery 331,400 226,10G | 68,800 | €26,300
Raral 317,90G t 223,200 | 66,000 | 607,100
Usban Conmmectors 13,5001 2,900 | 2,300 19,200
"Total fedaval-Aid Systenm 452,200} 306,400 116,000 1 874,600
Rural ' 422,100} 297,700 |L09,3C0 | 829,500
Urban 30,100 8,700 6,200 45,000
Non~Federal-Aid Systems -
Local 1,166,600} 949,200 15653,700 12,769,500
Rural . 915,400 825,400 581,200 {2,223,C00
Uroan 251,200 122,800 | 72,5C0 | 446,500
Total U.S. Highway Systea 1,613,800(1,255,600 [76%,7C0 |3,€4%4,100
Rural . 1,337,5001,124,100 [691,000 {3,152,6G0
Urban 281,300 131,500 78,7C0{ 491,500
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B, Utilization

Motor Vehicles Registered

Almost 92,000,000 motor vehicles currently make use of our
highway system, and by 1975, it is estimated that 116,000,000
vehicles will be in operation (Source: BPR)

Pagsenger Crrs Registered

56,950 households own 58,800,000 cars. This is, on the average, there
is about 1 car/household. Total registration of cars is higher, though,
76,000 due to commercially-owned passenger cars, etc., In addition,
15,000,000 trucks and buses exist,

In 1960, one automobile existed for every 3.2 persons, and by
1980, there will be one for every 2,5 persons.

Source: "Automobile Facts and Figures" Automobile Mfgrs. Assoc.,, 1966,

Average Dailv Traffic

Table 2 presents average daily traffic figures for various
representative elements of the highway system.
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Table 2

e Daily Traffic (ADT) on U.S. Highways by Classification and Gecgraph-

=z
ical Region

Eastern’Central Western| Cverall

H
{ Hichwav Clessification
1

(veh/iay){eh/day)(veh/day)| (veh/day)

Interstate
Rural 8,500 5,600 4,400 6,700
Urban 26,000{ 18,000} 52,000 30,000

Beltways only 45,000{ 40,000 ===w=-- 43,000
Primary ' | 4,000{ 2,100{ 2,600] 3,100
. 2,900/ 1,600! 1,700 2,200

Rura
Urban Arterial 11,500 8,800{ 16,6G0 11,500

. Secondary | | sco{ 300/ 900 500
: Rural / gool 300 600 500
Urbaan Counection 6,200, 3,70C! &,400 4,400
]
Local 400]  130] 250 270
. Rural 160 40{ 100 100 | .

Urban 1,270f = 720} 1,420 1,140

e ——
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Annual Travel

Average annual mileage data are readily available. Table 3 presents
= consolidated data for the years 1963, 1964, and 1965, together with
related fuel consumption data.

It will be noted from this table that average passenger car usage has
remained quite constant at about 9,300 miles per year,.

The basic criteria used by Mr. G. E. Brokke, Research Assistant in the
Urban Planning Division, Office of Planning, to develop travel patterns
of urban dwellers fit this measure quite well. These are as follows:

Average Motor Vehicle Travel, per Person:

8 miles/day (going up to 10 in foreseeable future)
2 trips/day

Average dwelling unit contains 3.3 occupants

26 miles/day, travel per dwelling
7 trips/day, per dwelling

f

it

8 (3.3)
2 (3.3)
Mileage/Year

26 (365) = 9490 miles (in close agreement with cother figures of
ayverage mileage per year),

The average trip lengths making up this travel are reporited as follows,
by the Automobile Manufacturers Association, quoting BPR figures which
appear in Appendix II: '

Average Trip Lengths (One-way):

Earning a 1living

To & from work 6.4 mi.

Related business 10.2 mi.
Femily business

Medical and dental 9.7 mi.

Shopping 3.8 mi.

Other 6.8 mi.
Education, civic, & religion 4.1 mi.
Social and recreational

Vacation 296.0 mi.

Pleasure rides 14.2 mi.

Other 12.3 mi.
All purposes - 8.0

Appendix II contains several tables which further describe average vehicle
utilization,

Figure IIT = 1 shows the distribution of one-way travel by length of trip.

N ) DT g RS
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Table3.—Estimated motor-vehicle travel in the United States and related data for calendar
year 1965 and revised data for 1963 and 1964 !

Motor-vehicle travel Motor-fuel Aver-
Num- | Aver- | consumption age
berof | age wcl
Vehicle type ve- | travel i
Main | Local | Total hicles per Aver- | g \nrm
rural | ruml | rurl | Urban ! Total | regis- | vehicle| Total aze l of fuel
roads | roads tered con-
vehiclnl sumed
1965
Millicn .\Iilliml’ Miltion} Millieny Million} Thou- Million ' Miles)
tehicle- | rehicle- | rehicle- | rehicle- {rehicle- | sands | Miles | gallons Gallony! gallan
miles | milss | miles | miles | miles
g&"\‘engcr (152 Lo 2 R SR e 254, 975 | 97,662 1352, 637 [356,663 ;700,300 | 76,643 | 6,255 | 49,723 649 | 14.27
uses:
Commercial .___._____.___.__ "2 1”1 1,106 | 1,R815] 2.0 85.0 | 34,385 629 | 7,388 | 4.65
8chool amd nottrevenue. ... 687 TR 1, 45 318 1, 763 229.3 7,689 247 ],07. 7.14
AEE BUSES. oo 1, 669 ™42 | 2,551 2,133 4 654 | 314.3 | 14,3 875! 2,744 5.35
All passenger vehicles.._._..... 256, 584 | 08 604 {355, 1A% (358,706 [T13,084 | TB, 057 ; 9,278 | 10,598 657 | .11
Cargo vehicles:
Single-unit trucks..________. : 28,378 | 85,210 ¢ 55,49 1141, 159 | 14,008 § 10,077 | 13,843 459 10.19
Trailer combinations_ 1,395 | 23,359 ; 9,108 | 32,407 T87 | 41,272 6, 658 8, 40 4. K3
Gy ¢ 1 AR S '8 &26 | 26,773 (108,599 | 63,057 (173,656 | 14,795 | 11,737 | 20, 506 1,346 8.47
ALL MOYOR VEHICLES____.__._.. 333, 410 128,377 (463, TBT (423,853 1887,640 | 91,732 | 9,674 | 71,104 751 12. 48
= 1964 Revised
i
Passengericars® . cociesagosss 243,429 | 93, 539 {3’16, M8 1340, 645 :ﬁ?ﬁ 613 ' 72,969 9,286 | 47, 367 632 1 14.25
Uses: .
Commercial. ... _. 908 181 1,089 1,803 | 2,8m 82.3 | 35,149 §22 7,558 4 65
Scheol and nonrevenus = 674 713 1, 417 3074 1,724 2231 1,727 242 1,083 7.12
ALE: BESER. Coocmnnsmaimas 1, 582 724 '.!, 561 2,110 1 4,016 | 305.4 | 15,115 864 | 2,820 5.34
AN passenger vehicles......... L1245, 011 | 94,483 336,474 1342, 755 (622,220 | 73,274 | 9,311 | 48,431 661 | 14.09
Cargo vehicles:
Single-unit trucks____________ 52.929 | 27,112 ) 80,041 | 33,670 ;133,711 | 13,275 | 10,072 | 13,199 9% | 10.13
Trailer combinations..___._._ 20,852 1,307 1 21,800 | 8 6AL | 30, 560 738 | 41,408 1 6,271 8,497 1 4.87
TOTPAL wasucwactm s s sy 73,521 | 28,419 101,940 | 62,331 164,271 | 14,013 { 11,723 | 19,450 1,359 8.43
ALL MOTOR VEHICLES..._..____ AR, 532 1122, R32 441, 414 1405, 056 iSAG, 50 | 87,287 1 0,69% ! 67,901 778 | 12.47
1963 Revised
gasenger OIS Lo s 231,298 | 89,080 320,378 :;3‘24,993 ?645,371 45, 246 643 | 14.26
uses: H
Commertiil ..ocvcemcarmonans 877 170 LT[ L7 2.841 606 | T,372 ) 4.00
School anid nonrevenue < 2 31,39 292 l l 642 23210 1,076t T.08
ALL BUSESuccevossnmasazas 1,519 878 | 2,397 ‘ z, 056 i 4,453 &35 ¢ 2,313 1 35.35
All passenger vehicles... ... 232, 817 | &3,938 372,775 (327,079 649,854 46, 084 657 | 14.10
Cargo vehicles:
Single-unit trucks..____....__ 50, 043 76,024 | 48,729 /125,753 | 12,654 | 9,033 { 12,248 976 1 10,18
Trailer combinations 19, 500 21,202 8, 614 f 29, 816 Y06 | 42,232 6, 084 8 618 4 9
TOTAD s oosanas i 69, 43 S 97,226 | 58, 343 {155, 569 13,360 | 11,644 | 18,432 1,350 | 8. 44
ALL MOTOR VERICLES. ..._._.. 302, 760 éll}‘,‘.’ﬂ 420, 001 l38.), 422 '-')5 423 83,500 | 9,646 ; 64, 516 73 | 12.48
1 For the 50 States and District of Columbia, 1363 data have ?Includes taxicabs and motoreycles: 785,313 in 1963,

been adjusted, based in part onthe 1963 Census of Transpor- 984,763 in 1964, and 1,281,056 in 1965, estimeted to account for
tation Truck Inventory and Use Survey, to provide data less than 1 percent of all travel: 1963, 0.5 percent; 1964, 0.8
separately for single-unit trucks and trailer conibinations, percent; 1085, 0.7 percent, reapectively.
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Data for other than the average case is far less readily available.
In fact, practically no published information is available.

One brief study within the Office of Research and Development indicates
that, in averaged-sized cities of over 100,000 population, 96.5% of all
vehicles travel no more than 60 miles on a typical day.

Another study of over 800 representative drivers in New York State
showed the following results:

(Source: C. E. Billion, "Community Study of the Characteristics of
Drivers and Driver Behavior Related to Accident Experience',Highway
Research Board Bulletin 172, 1958)

Range
Low: 0 - 7,600 mi. in 2} yr = 0 - 3,040 mi/year by 243 drivers

Medium: 7,601 - 18,100 mi in 2% yr = 3,040 - 7,250 mi/yr by 231 drivers
High: 18,101 -~ 161,000 mi in 2% yr = 7,250 - 64,000 mi/yr by 217 drivers

Average within above range groups, by sex

Male Female
Low: 2,860 mi 1,510 mi
Medium: 6,940 mi 3,470 mi
High: ) 16,150 mi 7,940 mi

Approximate Average Daily Mileages

(Based on values above divided by 365)

Male Female
Low: 8 4
Medium: 19 10
High: : 44 22

Approximate Maximum Daily Mileage (other than vacations, etec.)

64,000

——3-'6-5—- = 175 miles

Supplementary Data

Appendix II presents other tabulated data related to the subject of
highway utilizatien.




APPENDIX I

The Overall Transportation System Aspects

Figures 1 thru 5
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1
COMBINED EFFECT OF LANE WIDTH A.\'D RESTRICTED LATERAL
CLEARANCE ON CAPACITY AND SERVICE VOLUME OF UNDIVIDED

MULTILANE HIGHWAYS WITH UNII\'ERRU?TCD FLOW
ADJUSTMENT FACTOL,* ¥, FOR LATERAL CLEARANCE AND LANE WIDTH
i
.- K 1l
DISTANCE FROM CUSTRUCTION GN RIGUT SiDE ONLY, |
TRAFFIC LANE EDGE OF ONE-GIRECTION THAVILED WAY !  OASTRUCTIONS ON BOTH $iDIS OF
TO OMETHUCTION ] (INCLUDTS ALLGWANGE 1OR [ ONE*DIRECTION TRAVILERD WAYD
{Fr) OPPOSING TRAFFIC ON LEFT) }
| j .. | l |
12-FT i -, 10-FT ' u- ’ 11-Fr 10-,7 | 9-FT
LANES | LANES ! LANIS | LA\FS ] MNES | LANES | LANES | LANIS
1 i i |

(@) 4-Lanz UnDiviDeD inGHWAY, ONE DIAECTION OF TRAVEL

i i i |
6 j 1.00 f 0.95 @ 0.89 ? 0.77 | NA. I NA. ! N.A ; N.A.
: 4 0.98 | 0.94 | 0.88 | 0.76 | NA. | NA. | NA. | NA.
; 2 | 095 | 0.2 | 0.56 | 0.75 | 0.94 | 0.91 [ 0.36 | N.A.
f 0 l 0.88 ~ 0.85 | 0.0 | 0.70 | 0.81 ‘f 0.7 i' 0.74 | 0.66
: i : i
! (6) 6-Lane Ux~oivipio Hichway, OnE DIRECTioN OF TRAVEL
f el B | GE | s b m |
i 6 | 100 [ 095 | 0.8 | 077 f NA. | NA | NA | NA
: 4 | 0.99 | 0.9 § 0.33 | 0.76 | NA. g NA. | NA. | NA.
2 | 0.97 § 0.93 | 0.86 [ 0.75 | 0.96 | 0.92 | 085 | N.A.
G | 0.94 | 0.50 ‘ 0.33 { 0.72 | 0.9i | 0.87 { 81 f 0.70
i |

i

(c) Divipeo HicHwWAYS, ONE DiniCTioN OF TRAVEL

Use adjusimen: fuciors from Tabie 9.2

ad-vay iy tem; iy separated into two roadways by obstructions
b iie, ¢t are cioser than wouid de the oprosiag traTe.
‘e oniy. ({n these cazey clearance js terrroranly greater

5 iz; use ac ustment fr e vxn,w 5 £
than tre usual ac,,-.-ra. n frem oppesing traime, bul adjustment lor this iemporary immprovement iz not feasible),

Figure 5

Sizhwey Cspacity Manusl - 1965, pg. 286,

e an e
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Appendix II - 1

. Avercge Miles Per Vehicie
Fursenger Passengar
Cors Busas Trucks Total Cars Buses Trocks Total
. 1947..... 9732 24,153 9,955 $,839 1956, ... 9348 18,059 10,812 9,623
1948..... 9,573 25,277 10,030 9716 1957% ... %391 18,440 10,328 2,571
1949, ... Q401 22,379 10,040 9,547 1958..... 2,494 15,963 10,348 9,658
1950..... 9,020 20,210 10,774 9.36¢ 1259w 9,529 16,408 10,552 9,720
193 9,154 20,820 10,790 9,410 1960..... 9,444 16,004 10,582 9,452
1952..... 7,378 21,062 10,940 9,490 1961 ... 9465 15,66 10,441 9,448
1953..... 9,370 18,234 10,927 9,874 1962..... e.441 15,507 10,406 9,418
i954..... 9,308 18,918 10,883 2,603 1963..... 9.378 15,049 10,5469 9.590
171 9,359 17,6538 10,697 9,815 1964..... 9,421 15110 10,694 2,448

NOTE Alaska ond Hawaii induded for tha first time in 1939,
*Dgotu for 1957 is not stricy compurcbie with pravious years,

SOURCE: U.S. Departmant of Commarze. Bureau of Public Roads.

116 Million Motar Vehicle Registrations Forecasi for 1975

"If present trends continue, we can expect Total Moter Vehicle Registrations
to reach 116 million by 1975, They wiil include 97 million autos, end 19
million trucks and buses. ... This year motor vehicles wi!l travel 870 billien
vzhicle-miles, ond use up 72 billion gallons of fuel doing it. ... By 197G,
it should reach 20 billion galiens and by 1975, we as a nation will be using
93 billion gallons of fuel per year."”

E. M. Cope, Chief, Highway Statistics Division, Office of Pienning, Bureau of
Public Reads, August 30, 19465.

Annval Mileage Per Car

e

. Avercge City Size Averaga Averoge

» £ge of Mairtalner Mites Meiropolitan Area Kilar Hovseheld licome Miles

© Under35........... 11,080 Contere Urder $5,000....... 7,920

R £ 2. 7 ?,240 500,000 and Ovar... 2,200 $5.000-9,999....... .910 i
. SS5and Over........ 3,120 Unetmr 5C0.000.. ... 3,550 310,000 cad Over... 10,7250

i Matropolitan Area

r Suburbs. ... ..., 10,520

: Ourside Mot Area;

. {Non-Farmn}, .. .... Q410

5 All Farm., ... ..... 9750 .

e e L

SDURCE: Alfred Politz Resenrch, tre, Nofional Avtomokile oad Tire Surrey, 1965, sporssred by LOOX mogarine,

A

Distance Traveled to Work

Location of Residence

tn Standord Metropolitan Not In Standord Metropolitan
Staiisticol Areos Statisiical Areas
In Qutside

Cenltal Centrol Al
Distence o Wark®™ City City Honform Farm Locations
Woerks at Home, oo 3 5% 6% 50% 8%
Less than 3 Mites, .ivvinnnns z8 2 45 14 21
2105 Mites. ... et 5 18 13 9 19
B 1510 AR, « 5 o savwe wusisas 21 25 " ] 18
11 Miles or More. ... 16 23 18 '3 18
No fixed place of Work...... 6 7 ] 8 ]
All Distances. .. ........ ¥ son 100% 100% 1003 100% 100%

*|ncludas enly work commuters who havs public transportotion cvailable whether usad ar not.

¥ includes "AN workers”,

NOTE "Conmular” is definsd 05 @ parson gaing from homs to a ixed cloce of work that is mors than one-fourth mile
from home. These repressnt about 7¢% of il workers in the U, S. "Fub'c transportation” refses to buses, stree! car,
subways, elavated trains, other rapid trorsit, and roilroads, Gurvey under'zken October, 1943 covered apprexincteiy
6,000 hevsehndds with about 5,200 work zommuters,

SCURCE: U.S, Departmen® of Commerce, Buceau of ma Cenius, Fome lo Work Travel Survey.




Appendix IT - 2

e ¥ Car Cdpg abe ake

Distribution of Trips and Vehicle Miles by Pussengar Cor

{ f
! }
= o
i l ; % 6 TaTAL TRPS
! | -
”» : resre=ry oy il
Eij ‘ L‘”J % of YEIRCLY WiLES
¥
L -
| |
e ¢ i o £ ]
! : i ! Lo
P [ R »
WS s UL D ¥ £ L
toi | ;z-! L 0 AR sis 4
? : : ~ Pam 5.
| ‘ b : i i
BORS MLS §T0 8 MU 10 T0 19 HLES 20 70 43 WLES 50 WILES KD VR

LENGTH OF TRIPS

Distribution of Trips and Vehicle-Miles of Trave! by Cars ard Trucks

Vehicle Vehicie
Teip Lamgth Trips Hiles Tzip Length Tripe - Milss
{Miles) Cars Truzks Cars Trucks {Milas) Cars Trucks Lcrs Trucks
Urder 5...... 59.6% 5207 13.2% 9.4% 30-239........ 16% 23% 659 7.0%
L IR 20.3 15.4 13.0 NS S 0.8 1.1 4.3 47
10.74,....... 8.1 9.3 1.2 10.3 1.3 20 10.8 12.0
VE-i9 vivanas 4.2 5.1 82 8.0 10Q and over.. 0.8 1.3 20.0 24.5
20.3F 000 s 3.7 5 10.4 s
Totel.o:oas 100.0% 100.67 i00.¢7, 100.07%

NOTE: Based on moior-vehicle-use studies 1951.54 covuring 19 states for passengar core ond 18 states for frucks.

SOLRCE: U.S. Department of Commarcs, Bureau »f Pubiic Roads, Highway Trampeitotion,

. ~

RUAIT U G TN AR Y S PR TTEF ROV I R TSI SRR ST TY UM SPOTT ..

Y] CTTCR LT P CHE RUNES PR |

Avaerogs
Percentuge Distrihution Tria Length
Vahicle Ores Way Qccupents
Purpose of Travael Trips D Mifes T (Miles)D) Pee Car T
Eeming a livirg:
T and from Workus cawn s swes vnah s 458 S5pee .6% 248%, 6.4 13
Reloted business. . ........ 5§ TR S RS 12,2 14.8 Jo.2 13
TRMEL.. i srssoms wrsssoss wosnss R /(| 43.4 -— L3
Fomily business:
Medical and dental. ... .oiiiiiinan. FOTE " 1.9 2.7 2.0
Shopping..eensas o — . 158 7.2 kX 1.8
Other,, B 120 9.9 6.8 !‘_8_
Forol, . ¢ vunns SR R S e 29.5 19.0 —_ Ly
Educaticnal, civic, and religiovs. ... vivninnne. T8 37 4.1 24
Social and recracrionch
Vacaticns, .. .. T 0.1 4.9 294.C 2.7
Placsure rides. . ...... Whs SRS S e 7.2 12.7 14.2 2.5
Py 00 3 oot (s aions wa w35 it gl 9.8 13.1 12.3 2.4
o R SR P 17,0 317 o 2.4
Al putposes. cuuveeeninans T e veewawey  100.058 100.0% 8.0 17

@ From motar-vehicla-use s*uc esin i & statas 1951.1958,
(D From maotor-velicle-usa studivs in 22 stated 19511954,
Date based ea sample surveys, See footola on page 43,
SOURCE: U.S. Department of Commerce, Bureau of Public Reads, Public Roads,




Appendix II - 3

11,750,000 Multi-Car Households in U.S.

Multt-Car Housaholds

Percent of as percent of:

Total Cor-Owning Househoids Multi-Car Total Car-Owning
Yoar Housshelds Housshoids Owning Cars Householdy Houssholds Houssholds

{ (000) (000)
1954..... 47,000 34,270 72.9% 4,150 8.8%, 12.1x,
1955..... 47,900 35,250 7335 4,850 10.! 13.8
i956..... 49,000 35,250 73.4 5,060 10.2 13.9
w57..... 49,900 36,450 73.0 6,150 12.3 16.9
1958....04 50,500 37,609 74.4 6,450 12.8 17.2
i959..... 51,400 38,200 74.3 6,950 13.5 18.3
1940..... 52,300 39,500 75.5 7,000 13.4 17.8
1961..... 53,700 40,700 758 7,400 13.8 18.1
1982 ..., 54,5¢C0 42,050 77.1 7,900 14.4 18.8
1943 .. .. 55,900 43,300 77.5 8,700 15.6 200
1964.. .. 56,400 44,050 78.1 10,100 17.9 22,9
1965..... 56,950 45,350 79.6 11,750 20.6 25.9

46% of Househelds with 2 or More Cars are in Suburbs

Percent of " Percent of
Households Households
in Each Percent in Each Percon?
Group Owning  ef Total ﬂt;vp ?dwn!ug A:'MYMCE'
2or M Multi.C or More ulti-Cer
INCOME QC'arsm Ha:uho:;l CITY SiZE Cars " Hevseholde
Metropolitan Arec Centers:
o o 39% 500000 orover... 11.0% 8.5%
35.000-6'999 """ 17'4 22'é Under 500,000... 19.0 13.9
7'000'7‘999 """ 22'2 lTo.4 Met. Area Suturbs... 29.3 45.9
:8'000.‘9199? """ 314 18‘5 Outside Metrapolitan
516006 3‘999 ‘5'9 25'9 Area [Non-Farm)... 17.9 25.8
Hems s ’ . All Farms. ... . ... ... 16.9 5.9
$15,0000r more.... 537 153 L
Total U.S.... ... 20.6% 100.0% Tolal U, S........ 20.6% 100.0%
AGE
REGIONS Under25. ... .. ... 10.8% 37%
25:34. ..., .. 203 19.1
Northeast. .. ....... 19.7% 24.0% 35-44. ... ... ... 254 27.4
North Central. . .. ... 219 29.8 45.54. ... ... .. 31.1 31.2
Sovth....oeeenn. s 173 257 5564l 210 137
Westi oo oo vvmnns - 26.2 20.5 65 ond over..... ... 6.0 L 49
Tetal U. S...... .. 20.6% 100.0% Teta! U.S........ 20.6% 100.0%,

45,350,000 Househnlds Own 58,800,000 Automohiles

HOUSEHOLDS CARS OWMZD
U. 5. Households Which Own: Number Percent Number Percant
On=orMore Cars............. ... 45,350,000 © 79.6% 58,800,000 100.C%
OneCar.......oo.ooi ... 33,600,000 59.0 33,600,000 S57.2
L R o1 S 10,300,000 18.1 20,600,600 35.0
Three or More Cors. . ....... ... 1,450,000 2.5 4,600,000 7.8
NoCars....oooiiuinuin. ... 11,600,000 20.4 = — —
BOVBL, «iosrois o € 5 o581 € 5 5 5 wsomens o 56,950,000 100.0% 58,800,000 100.0%,

NOTE The diferance betwaen the number of cars ownad by kouseholds and total registrations is due to the omission
from this analysis of cars owned by governments, by Army personnel residing on base, by ndividucis Tivi=g in instity-
tions, and by businesses

This data bosed on sample sureeys, Sae foomote an page 48,
SOURCE: Alfred Politz Resaarch, Inc., Natioma! Automobile and Tre Survey, I965, sporaored by LOOK mogarine,

g




Appendix II - 4

Car Ownership Highest in Suburbs and in West

BY REGION v BY CITY SIZE

72% METROPOLITAN AREA CENTERS
4 amies 500,000 OR MORE , 61%
<l CITIES UNDER 500,600 , 82%

/ METROPOLITAN AREA SUBURBS . 83%

TO0 S
GO0 OTHER NON-FARM . . . . . 78%
7/“*”\\
AN FARM . . . .. . . . .82%
Percent of Dishibullon Percent of Distribuiien
Households of Heouseholds of
Owning Cars Households QOwning Cars Households
Within Each Owning & Within Each Owning
CITY SIZE Group Cors INCOME Group Cars
Metropolitan Area Under $4,000...... 52.5% 17.3%
Centars: |
500,000 or over 60.5% 11.5% ipasapisg il g e
Under 500,000. . 81.6 15.6 $5,000-6,999....... 849 28.0
Met. Area Suburbs.  83.9 36.2 $7,000-7,999....... 94.4 11.3
Outside Met. Areo $8,000-9,999....... 93.6 144
M*;‘:::‘""" ----- ;{; gy $10,000-14,999.... 947 13.9
e . : $15,000 or more.... 95.5 7.1
100.0%
REGIONS 100.0%
North=ast. .. ..... 724 23.1%
North Central. . ... 85.0 . 300
SOUMN . suiassizasvs o & s 77.5 29.6
Wast, vuoin s s o 85.8 17.3 - U.S. Total. ...... 79.6% 100.0%

SOURCE: Alfred Politz Pesearch, Inc.,, Notional Automabile ond Tire Survey, 1945, sponsored by LOOK magazine.

Avutomobile Ownership Within Income Groups, Early 1962-55
Percontage Distribution of Spending Units

OWNS DOES NOT OwnN
» 1 Avtomobile 2 oc More
1962 1963 1964 1965 1952 1953 1984 1965 1962 1963 1964 1965

Al spending units. .. ... 58% 39% 56% 57% 14% 18% 19% 19% 28% 23% 25% 24%
Monsyincoms before taxes:*

Under $1,000........ 17 22 28 30 1 2 2 5 82 78 70 45

$1,000-81,699. ....... 34 41 32 4 2 1 3 2 64 58 65 57

$2,000-82,999........ 31 53 59 53 3 ] 6 5 46 41 35 42

$3,000-83,899 . ....... é6 58 58 5t 6 10 8 10 28 32 34 237

$4,000-$4,997........ 68 67 62 67 7 15 10 9 25 18 28 24

$5,000-85,999 . ....... 7 74 66 68 11 12 19 14 22 14 15 8

$6,000-57,499........ 71 72 71 67 20 18 17 22 9 10 12 1N

$7,500-89,999........ 69 65 63 62 23 30 31 31 8 5 6 7

$10,000 and over...... 54 49 51 53 42 47 45 42 4 4 4 5

*Money income for previovs year.

NOTE A "Spending Unit” consists cf oll persons living in the sama dwelling end related by blood, marriage, or adoplion.
who pocled their income for major itams of expenses, Some families contain two or more spending units,

This data based on sample surveys. See foomots on pagae 48,
SOURCE: The University of Michigan, Survey Research Centar, Survey of Consumer Financas.
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Automopile Facts and Figures

1965 U.S. Imports of Motor Vehiclea

Passenger Cars new 559,430

{(p. 5) passenger carg used - 8,000
trucks and buses 30,893

Total - 598,323

1965 Domestic and Export Factory Sales
(does nct include znles to =ll Federal Covernment agnecies)
Passenser cars:

(p. 5) domestic 9,092,000
exports . 205,000
“total 9,297,000
7 trucks and buses
dorestic : 1,564,000
exports 135,000
total 1,700,000
total motor vehicles '
domestic 10,655,000
exports . 341,000
totsl 10,597,000
?
1,63 Total nudver of suto repalr, subo servies 114,459

1653 Total muder of wuto services except ropair
{parking lots, rentals, and service except rogeir) 85,152

1963 Totel 139,611
(p. 36)

¥Wholesale

1563 Total pe’irolew: bulk stations, terminsls 30,873

1663 mstirated nudbor of employees of patrolcoun bulk statilona,
terminals 151,613

15603 Payroll of petrolewm bulk stations, terminals $791,535,000

1963 Sales or recelpts of Petroleum bulk stations, terminals $21,455,h1L.C00

(p. 37)




Statistical Abctract of U.8. - I1S65

1963 Total number of gasoline scrvice statlozs 211,473

(p. 830)
1563 Total sales of gr3oline sexvice stations $17,760,000,000
(p. 831} |
1563 Total number of auto repalr, auto ssrvice, garages
- 139,611
{p. 842) see alsc ruto Factz (p. 30)
1963 Totsl receipts $5, 44,000,000

{p. 842)
Bighway Statistica lEGh

1564 Total number of gallons of gasoline(highway) 57,900,779,000

(p. 3)
175k ¥otor-vehicle rogistraticas (total) £6,309,005
autorobiles (total) 71,984,540
~ buses : (total) . 305,415
© all other vchicles (total) - 14,019,143

1654 Motor fusl reveaue froa State taxes
(aet receipis) {tamtion of motor fuel) &k, 206,463,000

¢ther recsipts in connceotion with wotor ;
fuel tax 25,773,000

net total recelpts ‘ B §,232,235,000
dedicatzd yevenue fron aoa-highway gasoline 1k,743,000
Adjusted nst toal receipis $4,217,4%55,000

(3. 8)




-

1564 Federal revenus from texea on rotor fuel:

gasoline $2,534,478,000
highway special fuel 143,148,000
total .. $2,€77,625,002
(p. 52) -
1964 Bstimates of above portions puld by highway users:
gasolina _ $2,500,970,000
highway epecial fuel 142,118,000
total $2,6LL,1153,000
Percent ¢f revenus paild by highway users:
gesoline 98.684%
hizhuzy epsclal fuel o 1090.00%
total 38.75%
{ealcuiated)
1964 Mileages of road
total rwal roads _ 3,152,577
total municipal rozds k31, ,ko2
total rural & municipal roads 3,644,069
(p. 130). '
106L rleages off rozd:
mmnicizal - nonsurfaced 33,042
-~ surfaced 853,450
total [o1,153
rural = aonsurfacsd 880,531
surfanad 2,271,686
total 3,152,571

ke






