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to the metropolitan area. 
¢ indings presented here, which are based 

BUREAU OF PUBLIC ROADS 

| 
_ This article evaluates the changes that 

took place between 1948 and 1955 in the 
-elationship of the central business district 

Many of the 

om quantitative data, confirm the unsup- 

vorted views of persons concerned with the 

changing urban structure. 
'!. Although the number of trips destined 

to the central business district increased 

luring the 7-year period, the proportion 

of total area trips to the central area de- 

clined. Suburbanization, accompanied 

with development of commercial estab- 

lishments, has had a definite impact upon 

the business center of the city. Although 

the central business district remained a 

ew meaning in the urban structure. 

major terminus for residents trips, it was 

less so in 1955 than in 1948. 

(‘ENTRAL BUSINESS DISTRICTS in 

today’s metropolitan areas are taking on 

In the 

yast 2 decades the urban population has in- 

greased at a very rapid rate, with a general 

_ vendency on the part of families to live far- 

ther from the central city. With this ex- 

oansion has come a development of new 

‘outlying commercial and service facilities 

which, with an increased number of new 

mployment centers outside the central 

yusiness district (CBD), are now carrying 

m functions formerly associated with the 

sentral area. 

What has been the impact of the growth of 

hese functions upon the CBD and the travel 

0 it? The need for information to answer 

| shis question has become increasingly impor- 

; , vant in order that planners and legislators 

» may have a better understanding of the 

| t a ore 
complex section of our cities. 

shanging urban relationships in this very 

From the 

lata obtained from the 1948 and 1955 home- 
Aye | ‘ . . 

' nterview travel surveys? which were spon- 

‘ored by the Regional Highway Planning 

\ 1 This article was presented at the 38th Annual Meeting 

if the Highway Research Board, Washington, D.C., Jan- 

lary 1959. 

2The procedures used in these studies are described in 

he Manual of Procedures for Home Interview Traffic Study, 

vhich is available by purchase from the Public Administra- 

ion Service {1313 East 60th Street, Chicago, Ill. 
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Committee for metropolitan Washington, 

D.C., in cooperation with the Bureau of 

Public Roads, an attempt has been made to 

measure this impact as it relates to travel. 

Summary of Findings 

The most important travel characteristic 

reflecting the change in the relative economic 

character of the CBD between 1948 and 1955 

was the decreasing proportion of trips to the 

CBD in relation to total travel. The pattern 

in which the percentage of intra-area trips 

destined to the CBD decreased progressively 

with distance and varied with socioeconomic 

conditions and historical trends in a iateral 

direction around the CBD remained similar in 

both years. In 1955, however, residents of 

each of the geographical subdivisions studied 

made a smaller proportion of their intra-area 

trips to the CBD than in 1948. Although the 
CBD remained a land-use complex of major 

trip attraction, it was less an attractor of 

trips in 1955 than in 1948. 

Of those residents who did make trips to the 

CBD, the more important changes in the 

geographical pattera of their distribution took 

place with distance from the central area 

rather than with direction. Although there 

were fluctuations in the directional distribu- 

tion of CBD trips, the pattern in 1955 re- 

mained approximately the same as in 1948. 

The pattern of distribution as related to dis- 

tance indicated a more significant shift, 

however, as an increasing percentage of the 

CBD trips were made by individuals residing 

at greater distances from the central area. 

These changes followed a pattern related to 

the distribution of population and residential 

growth, and also to the increasing uniformity 

in the frequency of trips per dwelling unit. 

As indicated by the number of trips for each 

purpose, the functions carried on within the 

central area were changing. ‘The retail seg- 

ment of the CBD became relatively less 

important as the number of trips for non- 

retail activity increased and those for shopping 

decreased. 
This does not imply that shopping trips to 

the central area will decline until they become 

insignificant. The volume of shopping trips 

should increase if greater accessibility to the 

District by Residents of the Washington, 
D).C., Metropolitan Area, 1948 and 1955 

Reported | by JACOB SILVER, 

Transportation Economist 

central area is provided and shopper conven- 

ience is improved. Nevertheless, by provid- 

ing the same attracting forces outside the 

CBD that previously caused residents to 

make trips to the CBD, a greater choice in 

direction of movement has been given area 

residents. 

Of those residents who were attracted to 

the central area for one purpose or another, 

the most notable change was the increasing 

use of the private automobile. The genera] 

increase in automobile ownership permitted 

a greater use of this mode of travel for all 

purposes for which trips would be attracted 

to the CBD. As automobile ownership 

increases in those subdivisions that were 

among the lowest in 1955, and as the number 

of trips to the CBD by individuals residing at 

greater distances from the CBD where transit 

service is less convenient increases, the use of 

the private automobile in traveling to the 

CBD should increase even more. 
In Washington, D.C., as in other cities, 

many CBD functions have expanded into the 

fringe area surrounding the CBD because of 

increasing costs of land, rent, taxes, etc. As 

a result, many of the travel characteristics 

peculiar to the central area have become 

apparent in the fringe area. To obtain a 

more comprehensive picture of travel to the 

CBD, this area should be analyzed in future 

studies. 

Scope of Study 

The metropolitan area of Washington, D.C., 

included in the 1948 transportation study is 

shown in figure 1. To develop travel data to 

the central area and to determine the relative 

effects of distance as well as direction upon a 

person’s travel to the CBD, the study area 

was subdivided into rings and sectors. Sector 

divisions of the 1948 survey were used to indi- 

cate direction and 2-mile rings, as measured 

from the Zero Milestone,’ were used to show 

distance. Together they make up what 

henceforth will be called ring-sectors, and all 

3 Although Zero Milestone was not the exact center of the 

CBD, it was chosen for use in this study because it had been 

employed in an earlier study Travel to Commercial Centers of 

the Washington Metropolitan Area, by Gordon B. Sharpe, 

Highway Research Board Bulletin 79, 1953. 
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Figure 1.—Area of 1948 Washington, D.C., metropolitan transportation study, subdivided by ring-sectors. 

trip data were grouped into these subdivisions. 

Ring-sectors are comprised of a number of 

transportation zones grouped according to the 

distance from the CBD of each zone’s 1948 

centroid of population. Because of the loca- 

tion of the centroids of population and the 

irregular shapes of transportation zones, the 

stippled areas in figure 1 tend to overlap the 

distance rings. 

The area of the repeat study in 1955 was 

extended beyond the 1948 limits because of 

the growth in residential development. To 

have comparable data for a trend analysis, 

however, only those trips by persons residing 

witbin the 1948 area were used. This pro- 

cedure did not bias the 1955 data to any great 

extent since the 1948 area included residents 

who made 92 percent of the trips within the 

1955 cordon and 95 percent of the residents 

trips destined to the CBD. 

The Washington CBD, as defined in this 

analysis, is shown in figure 2. Trips to this 

area, included in the study, were average week- 

day trips related to the traveler’s zone of 

residence, even though the trips may have 

originated elsewhere. Although the trip zone 

of origin would provide a truer picture of direc- 
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tion and distance of actual travel to the CBD, 

experience in sampling has shown that place of 

residence and distribution of population are 

more stable and reliable factors when deter- 

mining travel characteristics, both for the 

purpose of estimating future travel patterns 

to the CBD and for comparing travel patterns 

in two or more cities. 

The trip purposes studied were limited to 

three groups: work, shop, and other. The 

category of ‘“‘other’’ included business, 

medical-dental, school, social-recreation, eat 

meal, change mode of travel, serve passenger, 

and home trips. 

There were several reasons for this grouping 

of trip purposes: first, for purposes of analysis, 

it was simpler; second, trips to work and 

to shop are the purposes most closely associ- 

ated with trips to the CBD; and third, 

residents making trips for each of the reasons 

grouped in the “other” category made less 

than 20 percent of such trips to the CBD on an 

average weekday. 

The modes of travel analyzed included 

automobile driver, automobile passenger, taxi 

passenger, and mass-transit passenger. ‘Trips 

by taxi and truck operators in the course of 

———— BOUNDARY BETWEEN SECTORS 

——— BOUNDARY BETWEEN 2-MILE 

LEGEND 

RINGS, MEASURED FROM ZERO 
MILESTONE 

= CBD 

their daily work and all pedestrian trav 

were excluded. Pedestrian trips, howeve 

must be kept in mind in any discussion |} 
data concerning trips coming from with } 

the first 2-mile ring. | 

Characteristics of Study Area 

Though there were changes within t) 

Washington CBD, such as buildings deme } 

ished, parking facilities created, new offi) 

buildings erected, etc., the basic physic) q 

outline did not change greatly between 19+ 

and 1955, and it continued to have the cor) 

mercial and employment functions associate | 

with this complex type of land use. | } 

addition, the CBD also houses many Feder! } 
Government activities, which are a maj 
source of employment for area residents. 

The number of persons employed in tl | 

CBD remained almost constant, increasit| 

less than 2 percent between 1948 and 19% } 

(189,100 to 192,800 persons employed) } 

4Data concerning employment, income, and retail sa 

were obtained from selected statistics prepared by the mé 

transportation staff of the National Capital Planning Co) 

mission and the National Capital Regional Planning Counc 
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Figure 2.—Central business district of Washington, D.C. 

Employment opportunities, however, had 

increased outside the CBD at a greater rate 

than™within. The proportion within the 
CBD decreased from 31 to 27 percent, or 

from*a ratio of 1 job for every 6 persons to 

1 for every 8 persons living in the area. 

Retail sales within the CBD remained 

approximately the same, about $367 million 

for each"of the 2 years. This is not a true 

comparison, however, when considering the 

changed value of the dollar. It was found 

that prices in 1955 had increased generally 

by 11.4 percent over 1948. When adjusted 

by the Consumer Price Index for metropolitan 

Washington as published by the Bureau of 

Labor Statistics, 1955 retail sales amounted 

to $325 million, or a relative loss of 11 percent, 

as measured in 1948 dollars. Moreover, even 

though retail sales for the metropolitan area 

increased, the proportion of these sales made 

within the CBD, on a constant dollar basis, 

| decreased from 26 to 19 percent. 
~| Since the close of World War II, popula- 
i tion growth in the Washington, D.C., area 

Population 

1955 1948 

has followed the general trend of most large 

metropolitan areas in the United States. 

Between 1948 and 1955, population within 

the area, as determined by the travel studies, 

increased 31 percent, from 1,110,000 to 

1,454,000 persons (table 1). Approximately 

95 percent of this growth occurred beyond 4 

miles of the CBD. 

A comparison of the percentage distribution 

of population and dwelling units between 

1948 and 1955 reveals that the more sig- 

nificant relative changes occurred between 

the 2-mile distance rings rather than between 

sectors around the CBD. The relative dis- 

tribution of population had changed between 

rings by as much as 6 percentage points from 

what it had been in 1948, while 7 of the 9 sec- 

tors changed less than 1 percentage point 

(table 1). Population growth was extending 

outward from the CBD with no major shifting 

of residents from one sector of the study area 

to another. The distribution of dwelling units 

followed the same general pattern as popu- 

lation. 
* 

i) {Table 1.—Population, dwelling-unit, and density data for 1948 and 1955, grouped by rings 
and by sectors surrounding the central business district 

Dwelling units 
Number of 
dwelling 
units per 
residential 

1955 1948 

Number | Percent | Number Percent 
acre, 1955 ! 

Number | Percent | Number | Percent 

268, 256 
379, 293 
433, 848 
284, 938 
88, 102 

271, 468 
354, 912 
305, 163 
145. 627 
32, 681 

105, 494 
137, 610 
134, 789 
83, 039 
24, 176 

89, 357 
108, 491 
86, 120 
42, 556 
9, 657 

mhowh mrtob mh wt 

oud OZ) 

Total area__--- , 454, 437 1, 109, 851 

Sectors: 
0 5, 910 

57, 565 
173, 748 
367, 558 
212, 025 

150, 466 
210, 034 
149, 753 
127, 378 

6, 291 
43, 146 

129, 236 
321, 147 
153, 803 eoe 

107, 
157, 
115, 869 
75, 783 

———e 

S| NVenns o ORM or S| aNNoer Co ore 0oOwW 0 S| NVVans Ke) CONTI HO N| ROOT o “SIontwo con 485, 108 336, 181 e > _ 

3, 323 
22, 267 
67, 256 

128, 400 
63, 672 

41, 816 
66, 642 
51, 923 
39, 809 

2, 767 
13, 205 
44,715 
98, 476 
42, 927 

oO 

me hoe 

SSIES Wor wo 

SRN OD moe moomonl bhoe aot bw} Qo cro COC 

27, 704 
44, 163 
40, 016 
22, 208 

ie’ ne ee 

Noe 

BOON 

SUS SSS RON > > ClNwwk MAwornr _ So 1, 454, 437 1, 109, 851 

1 No comparable data available for 1948. 
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ANALYSIS OF DISTANCE AND 

DIRECTION FACTORS 

The volume of intra-area travel by residents 

in 1955 increased 42 percent over what it had 

been in 1948 (table 2). Trips to the CBD, on 

the other hand, increased only 4 percent, or 

from 255,338 to 265,659. In addition, resi- 

dential (dwelling unit) growth had increased 

44 percent (336,181 to 485,108), or at a rate 

slightly greater than trip growth (table 1). 

While this resulted in a less than 2-percent 

decrease in total area trips per dwelling unit, 

trips per 100 dwelling units destined to the 

CBD decreased 28 percent (76 to 55). 

Of greatest significance was the decrease in 

the proportion of trips destined to the CBD. 

Although there was a 4-percent increase in the 

actual volume, the percentage relationship of 

these trips to total area travel had decreased 

from 14.9 to 10.9 percent which presents a 

picture of decreasing trip orientation to the 

CBD. 

Since this study involves measurement of 

the effects of distance and direction from the 

central area on the travel patterns to the 

CBD, an analysis was made to determine the 

“degree of trip orientation’’ to the CBD of the 

trips made by residents of each ring-sector. 

This was accomplished by comparing the per- 

centage of residents trips for each ring-sector 

destined to the CBD with the average percent- 

age for the total area. Residents of ring- 

sectors whose percentage of trips to the CBD 

exceeded the average for the total area could 

be said to have a greater than total area aver- 

age orientation to the CBD. On the other 
hand, residents of those ring-sectors having a 

percentage of trips to the CBD below the 

average would be considered less oriented than 

the area as a whole. The percentages were 

then ranked in class intervals of O to 20, 

20 to 40, and 40 percent or more above or 

below the total area average for each of the 

2 years. Figure 3 illustrates the relative 

orientation of trips to the CBD by residents of 

each ring-sector in the manner just described. 

The degree of trip orientation was then com- 
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Table 2.—Trips to the central business district during 1948 and 1955, classified by purpose and mode of travel 
a a a rn a a a ae i a a 

Work trips Shopping trips Other trips All trips 
Mode of travel Trip comparisons 

1955 1948 1955 1948 1955 1948 1955 1948 

Totalantra-area tll PS see ae ee eee ee 272, 097 164, 109 108, 458 45, 847 777, 700 418,824 | 1,158, 255 628, 780 
Trips to OBI) = 2 ee en oe oer ee roe 42,189 31, 545 5, 944 3, 828 34, 207 21, 108 82, 340 56, 481 

Automobile driver_...-------- Percentage of trips to © BID sea sase eee eee IRs 5) 19. 2 526. 8.3 4.4 5. 7k 9.0 

1955 percentage/1948 percentage___________--_---- OL | Pere ee a = OOM ll Seeeaa es 2OOnl| ea ne esos SAO Ree 
1955 trips to CBD/1948 trips to CBD_____----_-_- La Sa ial: = ass es 1; DO) oat een A672 Hig es eo  Se 15463) eee 

Total Intrasanes thlp Sasa = =e ee eee ee 105, 879 59, 065 51, 020 22,793 434, 116 274, 285 591, 015 356, 143 
TEYIDS t0*@ BD) ese eee ee ee ee ere 33, 419 19, 125 4,472 3, 581 12, 552 12, 010 50, 443 34, 716 

Automobile passenger--_--_---- Percentageror trips: to) CB De. sae= ee ee 31.6 32. 4 8.8 15.7 2.9 4.4 8.5 9.7 
1955 percentage/1948 percentage_____-.----__----- Sicha ee eee 256 ule ee NOG)" Seasee eee SS: | Rea 
1955 trips to CBD/1948 trips to CBD___--------- vO hae eee eee cf 25S || teen Te Poot ees oe ke oe 1:45; | fee 

Totalintracareay Up See. a eee ae 13, 550 10, 017 2, 974 1, 901 41, 572 34, 558 58, 096 46, 476 
ETO SHE Or CES 1) ae eee ee ee eta eee 7, 043 5, 653 1, 578 1,319 4, 250 4, 601 12, 871 11, 573 

axiipassene ela. ccness ose eee Percentage of tripsito: © Bisa. ae een oe 52.0 56. 4 58: 1 69. 4 10. 2 13.3 2282, 24.9 
1955 percentage/1948 percentage__..______________ OPA Mcniy eile sone BUT || een es Sy eee 5 780] fea es 
1955 trips to CBD/1948 trips to CBD___________- Hl ll eee ees i. DQ0lin ee seee oe BOQ) (Teas sees 151 | ees 

Rota iaira-an Ca iGis Smee 5 eee eee eee eee ees 1838, 857 219, 003 29, 765 39, 619 408, 060 419, 576 621, 682 678, 198 
Tripst0: GiB Da eo eee eee 79, 441 94, 543 19, 241 25, 683 21, 323 32, 342 120, 005 152, 568 

Mass-transit passenger ---_---- Percenteceomtripsytor 5 Damen aaa eee 43. 2 43. 2 64. 6 64. 8 5.2 ish 19.3 22.5 
1955 percentage/1948 percentage__-______________- LAOO Seas eee 1:00 Se eee OS. lee ee, atte ee 
1955 trips to CBD/1948 trips to CBD_...-..-_-__ Stee ell. eee ee ES aD pea ee ‘665 eee eee sO eee 

Motalsntrasanea Gel Sa aaa eee ae 575, 383 452, 194 192, 217 110, 160 1, 661, 448 1, 147, 243 2,429,048 | 1, 709, 597 
rips toiG BD) ee ae eee eee 162, 092 150, 866 31, 235 34, 411 72, 332 70,0 265, 659 255, 338 

DNR eXeys (ee fee ee eee as 5 Percentage ltripsito CBD ees sas sae 28. 2 33.4 16. 2 SH 4.4 6 10.9 14.9 
1955 percentage/1948 percentage___.______________ BA Sees es a A ee 72 eee ee EKLS: |\peseeee ee 
LOSS LIDS tO. © BD 1948 trl Seton Gp) eee eee et () (| |e Sey ls | Mele ease PS SOBs | fe eee LS (4 | ces 

pared for the 2 years to ascertain whether the 

general relationship of trips to the CBD had 

been maintained even though the percentage 

had decreased. In both years there were 

definite geographic areas which maintained a 

high degree of trip orientation. Residents who 

had a higher than average orientation in 1948, 

with few exceptions, retained this relative 

rank in 1955. Moreover, there were instances 

where the percentage of trips to the CBD 

decreased at arate much less than that which 

was indicated by the average for the total area. 

As a result, these residents trips ranked even 

higher in relative orientation than they had 

in 1948. An example of this situation occurred 

in sectors 1, 2, and 3 (fig. 3). 

Trip Purposes 

The volume of residents intra-area work 

trips in 1955 increased 27 percent over that of 

1948 (452,194 to 575,383). Work trips to the 

CBD, however, increased only 7 percent, from 

150,866 to 162,092 (table 2). Asa result, the 

percentage of work trips destined to the CBD 

decreased from 33.4 to 28.2 percent, or a 1955 

to 1948 change ratio of 0.84. Although the 

CBD work trips decreased in relative import- 

ance since 1948, they had not decreased as 

much as shopping trips which had a change 

ratio of 0.52 or as much as “other” trips which 

had a change ratio of 0.72. 

In each of the purpose eategories, the pro- 

portion of CBD trips by mass transit decreased 

while trips by automobile increased (table 3). 

In actual volume, work trips by mass transit 

decreased from 94,543 to 79,441 (table 2). 

However, the 1955 to 1948 change ratio indi- 

cated that mass-transit work trips had an 

index of 1.00. The decreasing use of mass 

transit for travel to work was a general trend 

throughout the study area and not particu- 

larly characteristic of only the work trips to 

the CBD. This same characteristic applied 

to shopping trips to the CBD by mass transit. 

The increasing proportion of work trips to 

the CBD by automobile passengers indicated 

a greater use of car pools. 
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study area, mounting congestion, increased 

costs in driving and parking, and less conven- 

ient transit service in suburban areas have 

done much to encourage the forming of car 

pools by residents who must travel to the CBD 

day after day. 

The volume of shopping trips within the 

study area increased 74 percent between 1948 

and 1955 (110,160 to 192,217 trips). In con- 

trast, the number destined to the CBD de- 

creased 9 percent from 34,411 to 31,235 trips 

(table 2). This decrease in the number of 

CBD shopping trips was reflected in the 

relative decline in the dollar volume of retail 

sales discussed earlier. 

This decline in the volume of CBD shopping 

trips, however, does not so vividly illustrate 

the decreased importance of the CBD for 

shopping as does the comparison between 

1948 and 1955 of the percentage of total area 

shopping trips destined to the CBD (81 per- 

cent in 1948 and 16 percent in 1955). This 

sizable decrease reflects the increasing devel- 

opment as well as the attraction of commercial 

concentrations outside the CBD. 
The CBD shopping trip ratio of automobile 

passengers to that of automobile drivers 

decreased from an average of 94 passengers in 

1948 to 75 passengers for every 100 automobile 

drivers in 1955. This was in contrast to the 

trend for work trips which increased from an 

average of 61 automobile passengers in 1948 

to 79 for every 100 automobile drivers in 1955. 

Table 3.—Percentage distribution of trips to the central business district for various 

From these comparisons there is an indica 

tion of a decrease in the number of famil 

trips made to the CBD for shopping. Th 

physical layout and the facilities offered in th 

outlying shopping centers were more conduciv. 

to family shopping than those located in th’ 

CBD. 

Since trips classified as ‘‘other’’ include : 

wide range of purposes, any comparisons 0) 

1948 and 1955 data should be qualified: 

“Other’’ trips to the CBD increased 3 percen| 

in 1955 over what they had been in 1948 

(70,061 to 72,332). Compared to the 45 
percent increase in the total intra-area trip 

for this group (table 2), the increase in trip) 

to the CBD was small. 

As was also found for work and shoppin; 

trips, the proportion of “‘other’” trips to th 

CBD had decreased relative to the total num 

ber of “other” residents trips. This compari 

son applies to an average of a group of pur. 

poses, and some purposes were above and some 

below this average. 

Notable for “other” trips to the CBD was 
the comparatively large increase in the volume 

of automobile-driver trips (62 percent). 

whereas there was a comparatively slight 

increase in the volume of automobile-passengel 

trips (5 percent). Asin shopping trips, grour 

and family trips to the CBD compared witt 

those made to other parts of the study area 

appeared to be relatively less, and those that 

were made by an individual (such as a visit! 

purposes in 1948 and 1955, classified by mode of travel 

Automobile- 
driver trips 

Purpose of trip 

Automobile- 
passenger trips 

Mass-transit 
passenger trips 

Taxi-passenger 
trips 

1948 

Work 
Ratio, 1955/1948____ 

ho 

All purposes 
Ratio, 1955/1948 

1948 1948 1948 

62.7 12.7 
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o a doctor or a business trip) were apparently 

nereasing. 

A separate geographical grouping of resi- 
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Figure 4.—Relation of CBD work trips to total area work trips for 
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dents with a high degree of trip orientation 

was found for each of the three trip purposes 

studied (figs. 4-6). As indicated in figure 4, located in both study years within sectors 1. 

Sector 

PERCENTAGES ARE RANKED IN RELATION TO THE AVERAGE OF THE TOTAL STUDY AREA 

Figure 3.—Relation of CBD trips to total area trips for each ring-sector of residence. 

J Sector 
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Sector Sector 
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YA em Ile 4 
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28.3% — 33.8% 
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2256. 5— re Bn % 
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each ring-sector of residence. 

the largest continuous area of residents with 

an above average work trip orientation was 
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2, and 3. On the other hand, figure 5 which 

shows the same information for shopping trips 

indicates that residents having an above aver- 

1948 

10 mi. 

Sector 

Sector 
7, 

PERCENTAGES ARE RANKED IN RELATION TO THE AVERAGE OF THE TOTAL STUDY AREA 

PERCENTAGE OF TRIPS 

Sector 

Sector 

age trip orientation for shopping were located 

within an entirely different geographical group- 

ing. Hence, the degree of orientation varied 

1955 

10 mi. Sector 
2 = 

Sector Sector aes Sector 
4 | ee 4 

—f 

CBD 
“4\Sector (9) 

Sector Sector \ Sector 
5 8 == 5 

LEGEND 

RANK 
TO THE CBD-1948 ————— TO THE 

43.8% OR MORE GHB 40% OR MORE ABOVE AVERAGE 22.8% 
Sey = CELI BREE 20% - 40% ABOVE AVERAGE 19.5% 

SGA Se Seca BR «0%- 20% ABOVE AVERAGE 16.3% 
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Figure 5.—Relation of CBD shopping trips to total area shopping trips for each ring-sector of residence. 
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Work trips 
Mode of travel 

_ Table 4.—Percentage distribution of trips to the central business district by various modes 
R of travel in 1948 and 1955, classified by purpose 

Shopping trips Other trips All trips 

1955 1948 1948 1948 1948 

Automobile driver 
Ratio, 1955/1948 

Automobile passenger - - 
Ratio, 1955/1948 

Slax passengers... 5 see ees 
Ratio, 1955/1948 

Mass-transit passenger 
Ratio, 1955/1948 

All modes of travel 
Ratio, 1955/1948 

shifting of these geographical groupings of 

above-average orientation from one part of the 

study area to another, even though the per- 

‘centage of trips destined to the CBD decreased 

for each purpose. There were, however, ex- 

‘tensions of the relative rank of above-average 

orientation which had existed in 1948 among 

residents in ring-sectors closer to the CBD. 

In the case of shopping and ‘‘other”’ trips, no 

radial pattern of above-average orientation 

extended beyond a radius of 6 miles in 1955 

-as was the case for work trips. 

Modes of Travel 

The major change observed in residents 

choice of mode of travel to the CBD was the 

increased use of private automobiles and con- 

versely the decreased use of mass transit 

(table 3). The volume of automobile-driver 

and automobile-passenger trips to the CBD 

in 1955 had approximately the same percent- 

age increase over that of 1948, 46 and 45 per- 
cent, respectively (table 2). As has been 

pointed out, the increased proportion of auto- 

mobile-passenger trips in the work category 

offset the lesser proportions in the other 

categories. The overall average of the num- 

ber of automobile passengers to the number 

of automobile drivers traveling to the CBD 

remained approximately the same, 61.5 auto- 

mobile passengers to every 100 automobile 

drivers in 1948 and 61.3 in 1955. 

The volume of taxi-passenger trips to the 

CBD by residents increased 11 percent, from 

11,573 to 12,871 trips (table 2). 

There was a decrease in the percentage of trips 

destined to the CBD for each mode of travel. 

The mode of travel with the greatest relative 

change was automobile-driver trips, which had 

a change ratio of 0.79 (table 2). Even though 

the volume of automobile-driver trips to the 

CBD increased 46 percent over the period 1948 

to 1955, trips to places outside the CBD had 

increased by an even greater percentage (88 

percent). 

The trip purposes for each travel mode in- 

dicate two significant characteristics (table 4). 

First, approximately one-half to two-thirds of 

the total volume of trips by each mode of 

travel in 1948 and 1955 were to work. Second, 

with the exception of automobile-driver trips, 

each of the modes of travel studied had a 

greater percentage of trips to work in 1955 and 

a smaller percentage for “‘other’’ purposes than 

was the case in 1948. 

The increase in the percentage of automo- 

bile-driver trips made for “other’’ purposes 

reflects the increase in automobile ownership 

(61 cars per 100 dwelling units in 1948 and 79 

in 1955). With the increased availability of 

an automobile as well as a general trend of an 

increase in the number of individuals licensed 

to drive, there was the tendency to drive to 

the luncheon engagement or to the night school 

in the CBD. 
The degree of trip orientation that residents 

had in 1948 and 1955 indicated that there was 

a separate geographical grouping of ring- 

sector residents with above-average orienta- 

tion for each of the modes used in traveling to 

the CBD (figs. 7-10). However, many of the 

radial patterns of above-average orientation, as 

seen in 1948 for each mode, were not so ap- 

parent in 1955. Residents beyond 6 miles 

showed a greater tendency to have a lower 

degree of trip orientation to the CBD in 1955 

for each of the modes of travel than they had 

in 1948. Thus, the general relationship (rank) 

between ring-sector residents and the CBD, 

as related to the average percentage for each 

mode of travel, changed and a geographical 

regrouping took place rather than an extension 

of the relative rank of orientation, as in pur- 

pose of trip. The pattern in 1955 appeared to 

be more of a readjustment of travel, linked 

possibly with the growth of new centers of 

attraction outside the CBD as well 

creased automobile ownership. 

as in- 

ANALYSIS OF DISTANCE FACTOR 

The attitude of residents concerning dis- 

tances from the central part of the city may 

change, even in so short a period as 7 years. 

A travel distance of 10 miles to the CBD in 

1955 was not considered unusual, whereas in 

1948 residents would have felt that the dis- 

tance was too great. This changed attitude 

did not develop simultaneously in all direc- 

tions from the CBD. Therefore, the averages 

used in discussing distance ring characteristics 

vary to a certain extent between sectors of a 

ring. 

In this study of the effects of distance upon 

residents travel, several changes of a signifi- 

cant nature are apparent. The first, as seen 

in table 5, is a decrease in the actual volume 

of trips to the CBD by residents within 4 

miles of the CBD and an increase in the 

number of residents trips beyond this distance. 

Secondly, as brought out in table 5, there 

was a decrease of approximately the same 

magnitude, 3 percent, in the proportion of 

trips destined to the CBD by residents of 

each of the rings. 

The pattern in which the percentage of trips 

destined to the CBD decreased was also 
significant (table 5). In 1955 the percentage 

for each of the first three distance rings was 

approximately the same as the percentage for 

the next outer ring in 1948. For example, in 

1955, residents within 2 miles of the CBD 

made 16.5 percent of their total trips to the 

CBD; this was approximately the same per- 

Table 5.—Trips to the central business district in 1948 and 1955, classified according to purpose and distance of residence from the CBD 

0 to 2 mies 2 to 4 miles 4 to 6 miles 6 to 8 miles 8 to 10 miles Total area 
Trip purpose comparisons ome 

1955 1948 1955 1948 1955 1948 1955 1948 1955 1948 1955 1948 

Work trips: 
motalinina-area (lipSssseses= sess] aoe eee eee 101,239 | 107,962 | 161,175 | 155,674 | 175,317 | 125,071 | 106,331 51, 452 31, 321 12, 035 575, 383 452, 194 
PDI DSt6O). CB Le amano oe sae eee a ene 31, 944 37, 387 47, 592 54, 504 50, 363 41, 508 24, 256 14, 153 7, 937 38, 314 162, 092 150, 866 
Rercentage omtrips:to OB D2... ae eee 31.6 34.6 29. 5 35. 0 28.7 33. 2 22.8 27.5 25.3 27.5 28. 2 33. 4 
1955 percentage/1948 Del Cental 6 seeene eases er ee 2 Olu aes 204 || LU aeeees 7 Ol beeen ee Sol oaee ee OZ lWeneeewen 164) esenetece 
1955 trips to CBD/1948 trips to CBD-_________- fol les = Sees SSI Pacee nee TQ i eeesoe ns AAR ee? ee PRG Walle ce ape LO (or | eee ree 

Shopping trips: 
EROGAL Mira-Aree, Url pSaeee eee nee area senna 16, 557 13, 599 36, 452 81, 674 66, 744 42, 297 52, 801 18, 483 19, 663 4,107 192, 217 110, 160 
HErIDStO CB ae ene aaa aoe ek eee ere 7, 545 8, 936 10, 062 12, 040 9, 725 9, 907 Bye ey/ 2, 847 566 681 31, 235 34, 411 
percentage of trips to: GB Dee ose eee 45.6 65. 7 27.6 38. 0 14.6 23. 4 6.3 15.4 2.9 16. 6 16.2 31.2 
1955 percentage/1948 percentage______.--------- OO Niwas a eee orl eeos toe ; OD he F415 | to we. eS Saline eee p02) mes eewmae 

5 1955 trips to CB D/1948 trips to CBD____-_-__- NS45/ Sai ooo ae wo4il) L- eee SOS s\\, 5. eee aa yA) |. Ns ero} | ieee see SOL) ae 
Other trips: 

shocalintra-area wripsen2eeeen see oe ae 226,002 | 218,085 | 397,988 | 376,868 | 582,231 | 366,204 | 377,624 | 152,482 | 127, 603 33, 604 | 1,661, 448 | 1, 147, 243 
eUrips tv GC Bib nese ene ee ee to ee ee 17, 313 19, 751 21, 914 25, 394 21, 461 18, 467 8, 912 5, 586 2, 732 863 72, 332 70, 061 
ercentage On trips: to1G@ iB lees ee ee Tis 9.1 5. 5 6.7 4.0 5.0 2.4 3.7 Dak 2.6 4.4 6.1 
1955 percentage/1948 percentage___.__..-------- coisa eee P82 Ae OUP ea ee S653 || 22 phate | epee EP Nhe ea a 
1955 trips to CB D/1948 trips to CBD-___-___-- Be stohl |p aeaeee BS0hi|| zacas oa de LG Siete ees CSO ee eae Birla? See 1. 03 

All purposes: 
Total i pee ha CED S ee ee es ae a eee 343, 798 | 339,646 | 595,615 | 564,216 | 774,292 | 538,572 | 536,756 | 222,417 | 178, 587 49,746 | 2,429,048 | 1, 709, 597 
SEEDS 10-051) ase eee Re ee ee 56, 802 66, 074 79, 568 91, 938 81, 549 69, 882 36, 505 22, 586 11, 235 4, 858 265, 659 255, 338 
Percentage ee trips tOiO BD aes oe ee 16, 5 19.5 13.4 16.3 10.5 13.1 6.8 10.2 6.3 9.8 10.9 14.9 
1955 percentage/1948 percentage_.-___..-___---- Richie Ueno oe eet fall exe SOA pee eee w SY P| cee ee {045 a ee oS £10) | eens cam 
1955 trips to CB D/1948 trips to CBD___-_____- SOM ote SSF ie en ae it 7p We ee a ASG fies Se Ta ty | yet icar nd ae [O41 eee ooo 
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Figure 7.—Relation of CBD automobile-driver trips to total area automobile-driver trips for each ring-sector 

of residence. 

1948 L955 

Sector 1Omi._ Sector Sector 10 mi. 
2 3 2 

Sector 
©) 

Pp 

ee 

Sus SB aS Seo 7 Sector 

2 CBD 
een “ae\Sector O 
ee te "eee > 

| 

Seeeees » | 

Sector Sector Sector Sector | 

8 5 8 } 

Sector Sector Sector Sector 

v 6 "ag 6 

LEGEND 
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Figure 8.—Relation of CBD automobile-passenger trips to total area automobile-passenger trips for each 

ring-sector of residence. 
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Figure 9.—Relation of CBD taxi-passenger trips to total area taxi-passenger trips for each ring-sector of 

residence. 
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Figure 10.—Relation of CBD mass-transit passenger trips to total area mass-transit passenger trips for 

each ring-sector of residence. 
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Table 6.—Percentage distribution of trips to the central business district in 1948 and 1955, 
classified according to purpose and distance of residence from the CBD 

Work trips Shopping trips Other trips All purposes 
Distances from CBD 

1955 1948 1955 1948 1955 1948 1955 1948 

Q]2miles. =. 22 ae eee 19.7 24.8 24, 2 26. 0 23.9 28. 2 21.4 25.9 
2-4 MSs ee 29.3 36. 1 32. 2 35. 0 30.3 36. 2 30. 0 36. 0 
4-6 miles* 2 2.2222 eee ee aes olel 27. 5 cath I 28.7 29, 7 26.4 30. 7 27.4 
6§=8 niles. “=... ee 15.0 9.4 10.7 8.3 PB} 8.0 132 7 8.8 
8-10 milés 2225 2anceeeee eee ee 4.9 OED 1.8 2.0 3.8 12, 4.2 1.9 

‘Total Gree. 5. -be.5. eee 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 
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DISTANCE FROM THE CBD (MILES) 

Figure 11.—Percentage distribution of residents CBD trips and 

dwelling units, according to distance from the CBD. 

centage as for residents within 2 to 4 miles of 

the CBD in 1948. If this trend were to con- 

tinue for the following 7 years, the residents 

within 2 miles of the CBD in 1962 would 

make approximately the same percentage of 

trips to the CBD as residents 2 to 4 miles from 

the CBD made in 1955, or 13 percent; resi- 

dents 2 to 4 miles and 4 to 6 miles from the 

CBD would make 10 and 6 percent, respective- 

ly, of their trips to the CBD in 1962. 

The percentage of trips to the CBD by 

residents 6 to 8 and 8 to 10 miles from the 

CBD did not fit the pattern of change just 

described. The percentage for both rings was 

approximately the same in each year. This 

similarity in the two outer rings, which are 

basically suburban, suggests that residents of 

suburban areas tend to have a more similar 

orientation to the CBD than urban areas 

closer to the CBD. 

A significant factor in the distribution by 

distance of residents CBD trips was the 

leveling off which occurred between 2 to 4 

miles and 4 to 6 miles of the CBD (table 6 

and figure 11), a characteristic also observed 

in the distribution of dwelling units. In 1948, 

the major proportion of trips to the CBD 

were made by residents within 2 to 4 miles of 

the CBD. At that time, residents of this 

ring accounted for 91,938 or 36 percent of the 

total trips to the CBD. In 1955, however, 

the number of CBD trips made by residents 

within 2 to 4 miles had decreased and similar 

trips made by residents within 4 to 6 miles had 

increased. As a result, the number of trips 

from the two rings were about the same, 

79,568 and 81,549, respectively. 

This characteristic of residents trips to the 

CBD is important in estimating future trip 

distribution. Theoretically, it is altogether 

possible that total trips to the CBD made by 

residents of each of the five distance rings 

could approach, although not reach, a more 

uniform distribution. Over a period of time 

162 

the level of trip distribution found between 

the 2- to 4- and 4- to 6-mile rings would just 

extend outward at a lower percentage level 

through the 6- to 8- and possibly the 8- to 

10-mile rings. As the percentage of CBD 

trips by residents residing between 6 and 10 

miles of the CBD increases, there will be a 

relative decrease in the percentage of the 

total CBD trips made by residents within 6 

miles of the CBD. 

Two observations support this possible 

trend in residents trip distribution. The 

first was the greater uniformity in the number 

of CBD trips per 100 dwelling units throughout 

the five distance rings in 1955 (table 7); the 

range in the number of trips was from 44 to 

61, or a difference of 17. In 1948, the range 

in the number of trips among distance rings 

was from 50 to 85, or a difference of 35. 

The second observation has to do with the 

increase in the proportion of dwelling units 

located between 6 and 10 miles of the CBD 

(table 1). In 1948, this area contained 15.5 

percent of the total dwelling units within the 

study area; by 1955, the proportion had 

increased to 22.1 percent. Each consecutive 

ring circumscribed a much larger area than 

the preceding ring. Even though residential 

density per acre is progressively less as 

distance from the CBD increases, the larger 

area of each consecutive ring permits a 

. : . t 
corresponding increase in the number oj 

residences within each ring when 

developed. This has occurred in the 2- td4, 

4- and 4- to 6-mile distance rings. 

the densities within these rings were 22.3 and| },j\\), 

10.2 dwelling units per acre, respectively, but |). 

the total number of residences for the 2 rings 

were nearly equal, 137,610 and 134,789. 

If there continues to be an increasing |; 

similarity in the frequency of CBD trips per, 

100 dwelling units, and if it is assumed that 

the residential development within 6 miles of 

the CBD will become more static as less land is 

available for new development, and the’ 

residential development between 6 and 10/]) 

miles ot the CBD continues at a high rate of 

increase because of the open land available, 

then, theoretically, there would be a greater 

increase in the number of trips from the 

outer rings than from those closer to the city 

center. The percentage of total CBD trips 

by residents located between 6 and 10 miles of 

the CBD will increase, and this would cause a_ 

relative decrease in the proportion of total 

CBD trips made by residents within 6 miles. 

of the CBD. 

Trip Purposes 

Between 1948 and 1955, a change took 

place in the percentage distribution of 

residents trip purposes that was related to 

distance from the CBD (table 8). 

for work increased with distance from the’ 

CBD. The reverse was true of ‘other’ trips. ( 

The proportion of trips for shopping, however, — 

varied only slightly with distance; the differ- | 

ence between the nearest ring and the farthest 

ring from the CBD was only 0.5 percent. 

The pattern of trip distribution in 1955 
remained about the same as 1948 for work > 

In contrast, the percent-_ and ‘‘other’’ trips. 

age of CBD trips for shopping decreased with | 

| eg 

In 1948 | 
the proportion of residents trips to the CBD ~ 

able 

distance, from 13.3 percent within 2 miles of |= 

the CBD to 5.0 percent within 8 to 10 miles. 
of the CBD. This comparison shows the) 
effect of increased commercial development _ 

outside the CBD, especially in the suburban | 

communities. 

Work trips 

In 1955 there was no concentration of | 
residents making work trips to the CBD in. 

any single concentric distance ring as was the | 

case in 1948. As shown in table 6 for 1948, — ' 

residents 2 to 4 miles from the CBD had made ~ 

the largest proportion of the total work trips | 

destined to the CBD (36.1 percent). By 1955, 

however, the percentage distribution had 

Table 7.—Number of trips per 100 dwelling units to the central business district in 1948 
and 1955, classified according to purpose and distance of residence from the CBD 

Work trips 
Distances from CBD 

Shopping trips Other trips All purposes 

1955 1948 1955 1948 1955 1948 

0-2 miles 
2-4 miles 

73.9 
84.7 
81.1 
53. 1 
50.3 

76.0 

16. 4 
15.9 
15.9 
10.7 
11.3 

53.8 

14.9 
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fly changed, and there was only a 2-percent dif- portion of the total CBD trips, it is apparent plateau of percentage distribution at a lower 

. ference between the proportion of trips made that residents work trips were an important percentage level over an even wider area than 
r by the residents within 2 to 4 and4 to6 miles factor in the leveling of the distribution in 1955. As shown in table 7, the range 

jof the CBD (29.3 and 31.1 percent, respec- curve. among distance rings for work trips destined 

ql tively). The changes that occurred during the In the future an increasing percentage of to the CBD per 100 dwelling units was only 

7-year period are illustrated graphically in CBD work trips is expected to be made by half as great in 1955 as it was in 1948. If i 

figure 12. As work trips made up a major residents of the outer rings, extending the this range of difference were to be maintained 
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or decreased even more, then those rings 

with the greatest future growth in residential 

development would tend to have the largest 

increases in residents work trips to the CBD. 

On the basis of present day residential de- 

velopment, it is expected that the majority 

of future dwelling units will be constructed in 

the outer rings, thereby increasing the relative 

percentage of total work trips to the CBD 

from these areas. This is already apparent 

in the increased proportion of the total work 

trips made to the CBD by residents of the 

6- to 8-mile ring. In 1948, residents of this 

ring made 9.4 percent of the CBD work trips 

as compared with 15.0 percent in 1955. 

Although the volume of residents work trips 

destined to the CBD in 1955 decreased within 
4 miles of the CBD and increased beyond this 

distance, the percentage made to the CBD 

by residents of each distance ring decreased 

(table 5). It should be noted also that trips 

made by residents within 2 miles and within 

8 to 10 miles of the CBD had approximately 

the same change ratio, 0.91 and 0.92, re- 

spectively. Because of distance, it would be 

expected that a greater decrease in residents 

trips would be found in the 8- to 10-mile ring 

than in the area between 2 and 8 miles. 

The explanation of this relationship was 

found by examining the trips made by resi- 

dents of sector 2 of the 8- to 10-mile ring. 

Residents of this sector, as will be mentioned 

later, had an above-average orientation of 

intra-area work trips that were destined to 

the CBD. Residents of this ring-sector also 

accounted for over one-half of the trips made 

by residents of this ring. Because of the 

small number of trips made by residents of 

the other sectors of this ring, residents of 

sector 2 greatly influenced the results for this 

ring. It is possible that as residential devel- 

opment increases in the other sectors of the 

8- to 10-mile ring, that are less oriented to 

the CBD than sector 2, a change ratio more 

in line with the travel distance will occur. 

Another change which took place during 

the 7-year period was the shift in mode of 

travel to work (table 9). For both years, 

the general pattern was for the percentages 

of automobile-driver and automobile-passen- 

ger work trips to increase with distance from 

the CBD while the percentages of work trips 

made by taxi passengers and mass-transit 

passengers decreased with distance. How- 

ever, in 1955, the most significant difference 

was the decreasing distance in which mass 

transit was the dominant mode used to travel 

to work. In 1948 residents within 6 miles of 

the central area made 50 percent or more of 

their work trips to the CBD by mass transit. 

In 1955 this percentage applied to a 4-mile 

radius. 

It should be noted that the percentage of 

residents work trips made by mass transit in 

1955 for any given distance ring was approx- 

imately the same as the percentage in 1948 

for the next outer ring. For example, in 

1955, residents within 2 miles of the CBD 

made 64.8 percent of their work trips by 

mass transit; in 1948 residents within 2 to 4 

miles made approximately the same percent- 

age, 65.7. This same relationship follows re- 

40 
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O 

PERCENTAGE DISTRIBUTION 

DISTANCE FROM THE CBD (MILES) 

Figure 12.—Percentage distribution of work, shop,?and other purpose 
trips to the CBD, according to distance from the CBD. 
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gardless of distance ring. If this same patten| 

were to continue in the 7 years followin, 
1955, then by 1962 only the residents withi:) 
2 miles of the CBD would make over 5 

mass transit. 

Shopping trips 

volume of shopping trips to the CBD between) 

1948 and 1955. Of the relative changes that 

did take place, however, the most significant 
was the apparent leveling off of the peak of 
trip distribution within 2 to 4 miles of the — 

CBD (fig. 12). Residents within 2 to 4 and — 

4 to 6 miles of the CBD in 1955 made 32.2 
and 31.1 percent, respectively, of the shopping | 

trips to the CBD (table 6). 

In the previous discussion of work trips it — 

was mentioned that with growth in residential 

development beyond 6 miles of the CBD, the 1 

leveling of the distribution curve would likely — 

extend over an even w der area than in 1955, — 

and this would result in a more uniform dis-_ 

tribution of residents work trips to the CBD. 
In the case of shopping trips, however, there 

is no basis for such speculation. 

Between 1948 and 1955 the average number 

of daily shopping trips to the CBD per 100 

dwelling units decreased in each of the 2-mile 

rings, and the percentage decrease became 

progressively greater with distance from the | 

central area (table 7). It is evident that resi- — 

dents, particularly those within the first three — 

distance rings, were patronizing stores outside — 

the CBD for many of their needs and relied — 
on the CBD stores for shopping goods mer- — 

chandise or for items where a greater selection 

was desired. In the case of the outlying com- — 

munities (beyond 6 miles of the CBD), resi- | 

dents had ready access to major shopping — 

areas which could supply practicaily all of) 

their needs. Two department stores had a 

suburban branch in 1948, and these were 

relatively small in sales floor area. By 1955, 
one or more branches had been established by — 

each of the large department stores and | if 

many of the large specialty stores. 

In 1948 the area between 6 and 10 mila] 

of the CBD contained approximately 52, 200 

dwelling units and accounted for a total of 
22,600 intra-area shopping trips; of this — 
number, 3,500 were made to the CBD. By | 
1955 the number of dwelling units had in- — 

creased to 107,200 and intra-area shopping © 

trips had increased to 72,500; yet, of these 

trips, only 3,900 were to the CBD. The 

percentage of intra-area shopping trips des- — 

tined to the CBD decreased during the 7-year _ 

period from 15.6 to 5.4 percent, a change — 

ratio of 0.35. 4 

Of the changes in mode of travel, the most Bi 
significant was the decreased distance from 

the CBD in which mass transit accounted for | 

one-half or more of residents shopping trips 

to the CBD (table 9). In 1948 residents 

within 8 miles of the CBD used mass transit 
for more than half of their trips; in 1955, the 

i 
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all 
“Same ratio applied only to residents within 

vig) ues. 
¢ ' Mass-transit passenger travel, although 

\ jecreasing in the relative percentage of total 

h hopping trips destined to the CBD, neverthe- 

ess accounted for about three-fourths of all 

hopping trips made to the CBD by residents 

ey yithin a 2-mile radius and two-thirds of such 
| Y rips by residents within 2 to 4 miles of the 
| BD. These high percentages were main- 

‘ained because of the large number of well 
} jistributed, converging transit lines which 

tht Calble 10.—Percentage distribution of trips to the central business district in 1948 and 1955, 

with convenient passenger service to the retail 

core of the CBD. 

The only group to show an increase between 

1948 and 1955 in the percentage of shopping 

trips by mass transit were residents of the 

8- to 10-mile ring. This apparent inconsist- 

ency may be due to sample variability, as 

the total number of shopping trips to the 

downtown area by residents of this ring was 

relatively small, the calculated figure being 

681 in 1948 and 566 in 1955. Since the 

sampling rate was 1 in 20 in this area in 1948 

and 1 in 10 in 1955, the number of residents 

ant classified according to mode of travel and distance of residence from the CBD 

i) 3 
“, rovided the more densely populated rings 

kg 
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and Distances from CBD 
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Figure 13.—Percentage distribution of automobile-driver, automo- 

bile-passenger,*taxi-passenger, and mass-transit passenger trips to 

the CBD, according to distance from the CBD. 
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interviewed was only 34 in the first year 

and 56 in the second year. When broken 

down by mode of travel, therefore, the reli- 

ability of the data on mode of travel for this 

ring is not great. 

Other purpose trips 

The volume of CBD trips made for pur- 

poses other than to work or shop by residents 

within a 4-mile radius of the CBD decreased 

between 1948 and 1955. Beyond 4 miles, 

however, there was an increase in the number 

of such trips. The distribution pattern 

followed closely that of work and shopping 

trips (table 6 and figure 12). 

Because of the diverse purposes included 

in the “other” category, it is difficult to do 

any more than speculate on the future posi- 

tion of the distribution curve. As a group, 

however, these trip purposes had several of 

the trend characteristics observed in the 

distribution of work trips. First, the range 

between the ring with the largest and the one 

with the smallest number of ‘‘other’’ trips 

to the CBD per 100 dwelling units decreased 

from 14 trips in 1948 to 6 in 1955 (table 7), 

and secondly, residents beyond 6 miles were 

making an increasing proportion of total 

“other” trips to the CBD (table 6). 
With increased residential development in 

the outer rings and decreasing differences 

between rings in trips per dwelling unit, the 

distribution curve over a period of time 

might be expected to parallel that of work 

trips. In any discussion of future trends, the 

several purpose categories that make up 

“other” trips must be considered. ‘Trips for 

purposes of social-recreation, eat meal, and 

business are not quite so rigid in their direc- 

tional movement, and there is greater oppor- 

tunity for choice of destination than there is 

for work trips. 

The percentage of total intra-area “other” 

trips that were made to the CBD decreased 

for residents of each ring (table 5). With 

the exception of trips made by residents 8 to 

10 miles of the CBD, the percentage change 

indicated by the change ratio shown in 

table 5 increased with distance. In the case 

of the residents within the 8- to 10-mile ring, 

the proportion of intra-area trips made to 

the CBD was already very small. 
Within each ring the change in the distri- 

bution pattern of travel modes to the CBD 

for ‘‘other” purposes varied somewhat from 

that which was indicated for work and shop- 

ping purposes. In neither of the latter two purposes 

did any of the separate modes of travel other 

than mass-transit passenger have a percentage 

of residents trips to the CBD greater than 50 

percent in any of the distance rings. Auto- 

mobile-driver trips to the CBD, however, 

were the dominant mode of travel by residents 

8 to 10 miles of the CBD in 1948, and this 

same characteristic applied to _ residents 

beyond 4 miles of the CBD in 1955. 

It was previously noted that for working 

and shopping trips there was a reduction 

during the 7-year period in the area in which 

half or more of the CBD trips were made by 

mass transit. In the case of “other” pur- 

poses, only residents within 2 miles of the 

CBD were in the 50 percent or more category 
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Table 11.—Number of trips per 100 dwelling units to the central business district in 1948 

and 1955, classified according to mode of travel and distance of residence from the CBD 

Automobile 
driver 

Distances from CBD 

Mass-transit 
passenger 

Automobile 
passenger 

Taxi passenger 

1955 1948 1955 1948 

Qn2 miles fo 26 ses cese en aaae one 

in 1948. By 1955 the use of the private 

automobile had increased to the point that 

even residents at this distance made less than 

50 percent of their total ‘other’? purpose 

trips by mass transit. 

Modes of Travel 

In 1948 and 1955 the proportion of to al 

residents trips to the CBD made by mass- 

transit passengers and taxi passengers de- 

creased with distance from the CBD while 

those made by automobile drivers and auto- 

mobile passengers increased (table 9). The 

major change which did take place between 

1948 and 1955 was a shift in the mode of 

travel. In 1955 there was a smaller percent- 

age of total residents trips to the CBD in each 

ring that were made by mass-transit passen- 

gers, whereas the proportion of CBD trips 

made by automobile drivers and automobile 

passengers increased. 

In the subsequent discussion of taxi- 

passenger trips, it must be kept in mind that 

only residents taxi trips are included in this 

study. A very large proportion of taxi- 

passenger trips are made by nonresidents 

(transients and tourists). 

Automobile drivers 

The percentage distribution of trips to the 

CBD, classified according to mode of travel 

and distance, is shown in table 10 and figure 

13. There was approximately the same per- 

centage of automobile-driver trips to the 

CBD made by residents 2 to 4 and 4 to 6 

miles from the CBD in 1948, 34.2 percent and 

34.3 percent, respectively. This similarity 

Table 12.—Trips to the central business district in 1948 and 1955, classified according to mode of travel and distance of residence from | 
the CBD 

Mode of travel comparisons 

disappeared in 1955. Residents within 4 to 

6 miles made by far the largest percentage of 

automobile-driver trips to the CBD, 36.3 

percent. 

Although residents of the 2- to 4-mile ring 

had a substantially smaller average number of 

automobile-driver trips to the CBD per 100 

dwelling units in 1948 than that observed for 

residents of the 4- to 6-mile ring (table 11), 

the 2- to 4-mile ring included more dwelling 

units. This offsetting factor accounted for 

the similar percentage of the total automobile- 

driver trips destined to the CBD by residents 

of these two rings in 1948. 

In contrast, the 4- to 6-mile ring in 1955 

contained approximately as many dwelling 

units as the 2- to 4-mile ring. This charac- 

teristic, plus the fact that in 1955 residents 

4 to 6 miles from the CBD continued to make 

approximately the same number of automo- 

bile-driver trips to the CBD per 100 dwelling 

units as they did in 1948, while the number of 

trips per 100 dwelling units in the 2- to 4-mile 

ring decreased. These factors caused the 

change in the distribution pattern in 1955. 

The general tendency in 1948 and 1955 was 

for the average number of automobile-driver 

trips to the CBD per 100 dwelling units to in- 

crease for the first few rings and then remain at 

about the same level beyond 6 miles of the 

CBD. With an increase in residential develop- 

ment in the outer two rings, the percentage 

distribution curve for automobile drivers might 

tend to flatten beyond 4 miles and possibly 

extend over a greater distance than in 1948. 

This trend appeared to be taking place in 1955, 

as residents 6 to 8 and 8 to 10 miles from the 

CBD made one-fourth (25.6 percent) of the 

total automobile-driver trips to the CBI 

This compares with 17.4 percent in 1948. 

The relationship between distance and tt 

proportion of intra-area automobile-driv« 

trips destined to the CBD remained the sam 

during the period between 1948 and 1955; « 
distance from the CBD increased, the percen’ }-~ 

age of total intra-area automobile-driver triy 

destined to the CBD decreased (table 12 

The percentage from each ring, however, we 

less in 1955 than in 1948. 

The volume of automobile-driver trips t 

the CBD made by residents 6 to 8 miles fror 

the CBD varied greatly for both years fror 

those made by residents within 8 to 10 mile| 

of the central area. Residents of both ring; 

however, made approximately the same pei 

ceniage of their total intra-area automobile 

driver trips to the CBD, 7.0 and 7.4 percen 

in 1948, and 5.1 and 5.0 percent in 1955. 

With respect to the purposes for whic’ 

residents made automobile-driver trips to th 

CBD, there was a general shift in the relativ 

importance ot work and “‘other”’ trips (table 8) 

The proportion of residents automobile-drive 

trips destined to the CBD for “other” purpose. 
increased in each ring between 1948 and 1955. 

while the percentage for work decreased. By ), 

1955, the percentage for “‘other’”’ purposes hac }.. 
increased in the first two rings so that it wai |, 

the principal purpose for residents within é a 

2-mile radius and ranked second for resident: |, 

in the 2- to 4-mile ring. Work trips remainec 
the dominant purpose for residents beyonc .. 
4 miles of the central area. a, 

Automobile passengers 

The distribution pattern of residents auto: | 
mobile-passenger trips to the CBD in 194§ | 
and 1955 wis similar to that of automobile. 
driver trips to the CBD (table 10 and figur¢ 
13). A comparison of the change ratio foi 7) 

automobile-driver and automobile-passenger }* 
trips (table 12), however, shows that the pro- 

portion of residents automobile-passenger 

trips to the CBD changed less between 1948 } 
and 1955 than did the proportion of automo- 

bile-driver trips. 

The major difference in the purpose distri- / 

bution was that automobile-passenger work 7! 

trips had become even more common in 1955 3 

Automobile driver trips: 

Automobile passenger trips: 

Trips to CBD 

Taxi passenger trips: 

Trips to CBD 
Percentage of trips to CBD 

1955 trips to CBD/1948 trips to CBD 
Mass-transit passenger trips: 

Trips to CBD 
Percentage of trips to CBD 

1955 trips to CBD/1948 trips to CBD 
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0 to 2 miles 2 to 4 miles 4 to 6 miles 6 to 8 miles 8 to 10 miles Total area 

1955 1948 1955 1948 1955 1948 1955 1948 1955 1948 1955 1948 
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the CR Jable 13.—Percentage distribution of trips to the central business district in 1948 and 1955, 
classified according to purpose and sector of residence 

Me 

Mob 

. Whi 

iG 

Able Sh 
0 the CBD tor this purpose. 

Work trips 
Sectors 

Shopping trips Other trips All purposes 

1955 1948 1955 1948 1955 1948 1955 1948 

1 
2 
1 ROR 

— 

be Oo et moO Re ell Sl el Rhee Oe 

= a _ 

——— 

i 

ORM OkRNOW AM 

— 

POO RNN OP 

0.3 
6.5 
6.7 
Po! 
2.4 
Til 
2.0 
8.9 
9.0 

10. 0 S| NSeH2e ans Oo Woo Wwonwn fo —_ S _ S 

han they had been in 1948. Residents beyond 

} miles of the CBD made 63 percent or more 

bf their total automobile-passenger trips to the 

SBD in 1955 for purposes of work. In the 
area beyond 6 miles, approximately 3 out of 4 

esidents traveling to the CBD as automobile 

rassengers went there to work. In 1948 only 

.Jresidents of the 6- to 8-mile ring made over 

50 percent of their automobile-passenger trips 

Taxi passengers 

In comparison with other modes of travel, 

\the percentage distribution of residents taxi- 

passenger trips made to the CBD changed only 

' ‘slightly between 1948 and 1955 (table 10 and 

figure 13). The largest percentage of re- 

ported taxi-passenger trips to the CBD were 

made by residents living closest to the CBD; 

those living within 4 miles made 72.5 percent 

of the total taxi trips to the CBD in 1948 and 

71.2 percent in 1955. 

The number of taxi-passenger trips to the 

CBD per 100 dwelling units was less in each 

|, distance ring in 1955 than it had been in 1948 

(table 11), and in 1955 the number of trips per 

i 100 dwelling units decreased with distance 
| from the CBD. Because of this relationship, 

yp, Tesidential development beyond 4 miles of the 

-CBD should have little effect on the percent- 

| age distribution of taxi-passenger trips to the 

CBD in the future. 
Of significance was the change which oc- 

4j| curred in the proportion of taxi-passenger 

trips made to the CBD by residents beyond 6 

;| miles of the CBD (table 12). Although there 

were relatively few taxi-passenger trips made 

‘to the CBD by residents 6 to 8 and 8 to 10 
miles from the central area, residents of both 

rings more than doubled the number of trips 

in the 7-year period. The percentage of total 
area trips going to the CBD, however, de- 

creased. As indicated by the change ratio 

given in table 12, this decrease in percentage 

between 1948 and 1955 for the outer two rings 

was in sharp contrast to the percentage change 

for the first three rings. 

Apparently the purposes for which taxi- 

passenger trips were made were less influenced 

by distance from the CBD than they were by 

other characteristics peculiar to the residents 

of the ring (table 8). The erratic nature of 

the percentages for the 8- to 10-mile ring is 

probably due to the small sample of taxi- 

passenger trips. 

One trend in the purpose distribution was 
apparent in that the percentage of residents 

taxi-passenger trips to work increased in all 
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but the 8- to 10-mile ring. By 1955, 50 per- 

cent or more of the taxi-passenger trips made 

to the CBD by residents within 8 miles of the 

CBD were for the purpose of work. 

Mass-transit passengers 

Of the four modes of travel studied, mass- 

transit passenger travel was the only mode 

that decreased in the overall volume of trips 

destined to the CBD. The residents account- 

ing for this decrease lived within a 6-mile 

radius of the central area (table 12). Resi- 

dents within this area still accounted for 92.8 

percent of the mass-transit passenger trips 

destined to the CBD in 1948 and 89.5 percent 

in 1955 (table 10 and figure 13). 

The decrease in the number of mass-transit 

passenger trips to the CBD per 100 dwelling 

units which occurred in each ring was equally 

significant (table 11). Since the number of 

trips per dwelling unit by automobile driver, 

automobile passenger, and taxi passenger 

changed only slightly, trips by mass transit 

accounted for the major proportion of the 

decrease within each ring. When residents 

changed their mode of travel to the CBD, it 

was usually a change from mass transit to 

one of the other modes. 

In both years, as distance from the CBD 

increased, there was a progressive decrease in 

the number of mass-transit passenger trips 

per dwelling unit. This was in contrast to 

automobile-driver and automobile-passenger 

trips (table 11). 

A change did occur in the relationship of 

distance and the percentage of residents intra- 

area mass-transit passenger trips destined to 

the CBD (table 12). In 1948, about the same 
proportion of CBD trips to total area trips 

was found for each 2-mile ring. By 1955, 

however, the proportion of residents mass- 

transit passenger trips destined to the CBD 

was progressively smaller with increased 

distance. 

Work trips in both years accounted for the 

major proportion of mass-transit passenger 

trips to the CBD (table 8), and the proportion 

increased for each ring between 1948 and 1955. 

In contrast, the proportion of mass-transit 

shopping trips to the CBD decreased for each 

ring except for the area closest to the CBD. 

ANALYSIS OF DIRECTION FACTOR 

The sector subdivisions used in this study 

are much like a watershed of a stream. In 

general, along these sector divisions flow the 

major inbound and outbound CBD traffic. 

As a result, the radial patterns of traffic 

provide still another means, besides distance, 

in analyzing the characteristics of travel to 

the CBD. 

In the study of sectors, a different approach 

is taken from that used in the study of rings. 

The variation in distances from the CBD was 

the major criterion for interpreting much of 

the information in the ring analysis. In the 

study of sectors, the radial growth and dis- 

tribution of population, socioeconomic char- 

acteristics, and historical trends come into 

play in influencing the patterns that develop 

and the changes which take place. It has 

been said that ‘‘* * * the different types of 

residential areas tend to grow outward along 

rather distinct radii, and new growth on the 

arc of a given sector tends to take on the 

character of the initial growth in that sec- 

tortie e722 
Although there was a shifting between sec- 

tors, there were no major changes in the over- 

all pattern of residents CBD trip distribution 

by sectors as there had been by 2-mile rings 

(table 13). The percentage of trips to the 

CBD from 7 of the 9 sectors varied no more 

than +1.6 percentage points from what it had 

been in 1948, and even though the percentage 

of CBD trips made by residents of sector 3 

decreased slightly due to the relative increases 

in the other sectors, the major peak in residents 

trip distribution remained in sector 3. 

This pattern of distribution and the relative 

changes which took place between the two years 

are very similar to that which occurred for 

population and dwelling units, and it suggests 

a close relationship between the distribution 

of residents trips to the CBD and the distri- 

bution of residential development (fig. 14). 

It did not necessarily follow, however, that 

residents of a sector with a large number of 

trips to the CBD per dwelling unit also made 

a large percentage of all residents CBD trips 

(tables 13 and 14). It was not only the num- 

ber of trips per dwelling unit that affected the 

pattern of distribution, but also the amount of 

residential development. 

A change did appear to be taking place in 

the travel pattern of certain groups of con- 

tiguous sectors, which in 1948 had practically 

the same percentage of total trips destined to 

the CBD (table 15). In 1948 the percentage 

of CBD trips made by residents of sectors 1, 

2, and 3 ranged from 16.0 to 16.4 percent; 

that by residents of sectors 4, 5, and 6 ranged 

from 13.5 to 14.3 percent; and that by residents 

of sectors 7 and 8 ranged from 12.3 to 12.5 

percent. By 1955, all the percentages had 

decreased, and the decrease was such that the 

range between percentages for these sector 

groups was somewhat larger than in 1948. 

It is difficult to say whether these differences 

between the 1948 and 1955 pattern were due 

to a trend that was taking place or to chance. 

If, however, these differences persist or in- 

crease, they may indicate a breaking up of the 

groups and the beginning of new sector group- 

ings with a similar orientation of intra-area 

trips destined to the CBD. 

5 The Structure and Growth of Residential Neighborhoods in 

American Cities. Federal Housing Administration, Wash- 

ington, D.C., 1939, p. 114. 
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Figure 14.—Percentage distribution of residents CBD trips and 

dwelling units, according to sector of residence. 

Trip Purposes 

The change in the percentage distribution 

of CBD trip purposes varied from sector to 

sector (table 16). The overall trend, however, 

was one of decreasing differences between 

sectors in the proportion of residents trips for 

work and ‘other’? purposes. Excluding trips 

made by residents of sector zero, the range 

between the highest and the lowest percentage 
of CBD work trips decreased from 14.4 percent 

in 1948 to 10.6 percent in 1955. More striking 

was the decrease in the range for ‘‘other’’ 

trips, 11.1 to 5.4 percent. 

Shopping trips, on the other hand, increased 

slightly in the percentage range among sec- 

tors. The spread among the percentages in 

1948 was 6.9 percent, and in 1955 it was 8.4 

percent. This characteristic of shopping trips 

can be attributed to the unbalanced develop- 

ment of commercial facilities among the sec- 

tors. An example of this is indicated by the 

distribution of trip purposes for residents of 

sectors 5 and 6. The area included by these 

sectors had a relatively sparse development of 

major commercial activity in relation to resi- 

dential growth prior to the 1948 study, and 

comparatively few shopping concentrations 

had been added by 1955. ‘The result, as indi- 

cated in table 16, was that residents of these 

sectors maintained a higher percentage of 

their trips to the CBD for purposes of shopping 

than did the residents of the other sectors. 

Work trips 

The 1955 distribution pattern among the 

sectors of residents work trips to the CBD 

varied no more than +2.2 percentage points 

in all sectors, except sector 3, from the corre- 

sponding percentage in 1948 (table 13 and 

figure 15). Although the percentage made by 

168 

residents of sector 3 decreased, the large num- 

ber of residents of this sector still accounted 

for the major peak in the pattern of work trip 

distribution (32.2 percent in 1948 and 27.1 

percent in 1955). 
Figure 16 shows the relationship between 

the number of CBD work trips per 100 dwell- 

ing units of a sector in 1948 and 1955 and the 

number of employment opportunities per 100 

dwelling units in that sector. With some 

exceptions, the general trend in each of the 

years was for the number of CBD work trips 

per 100 dwelling units to decrease as the 

number of employment opportunities per 100 

dwelling units in a given sector increased. 

Employees tend to work at locations closer to 

their place of residence if there is an oppor- 

tunity to do so, or conversely, they tend to 

live in the vicinity of their work. 

In comparing the positions of the plotted 

symbols in figure 16 for the two years, it is seen 

that for a given sector the plotted symbols for 

1955 fall to the left of those for 1948, except 

in the case of sector 7. The reason for this 

relation is that the rate of residential develop- 

Table 14.—Number of trips per 100 dwelling 
and 1955, classified according to purpose and sector of residence 

Work trips 
Sectors 

1955 1948 

5.4 
7.5 
0.2 
4, 2 
1.5 
7.3 
9. 3 
leg: 
6. 7 

3. 4 

Shopping trips 

ment in each of the sectors except sector 

exceeded the rate of growth in employme 

opportunities in the corresponding sector. 

The percentage of residents intra-area we 

trips destined to the CBD decreased in 

sectors with the exception of sector 1 (table 1 

The amount of decrease varied with ea, 

sector, resulting in a new geographic relatic 

ship between sectors 1 through 5. Beginni: 

with sector 1 and following around the cent) 

area through sector 5, it is apparent that the 
was a continual decrease between sectors 

the proportion of 1955 intra-area work trij}) 

destined to the CBD. Although there a# 

exceptions, this transition appears to be o 

from sectors with high average family incom} 
and with a large proportion of professional an 

white-collar employees to one of lower avera. 

family incomes and a large proportion of blu 

collar employees. Thus, there is an indire 

inference that an increasing number of emplo |} 

ment opportunities were afforded blue-coll 

employees outside the CBD in 1955. 

The increase 

transit work trips made by sector residen 

(tables 17 and 18). For example, in bot 

1948 and 1955 the average number of aut: 

mobiles owned per 100 dwelling units k 

residents of sectors 0, 3, 3, and 6 was belo 
the study area average. On the other hance 

the percentage of work trips by mass trans 

for residents of each of these sectors was we 

above the average. As the number of autc 
mobiles owned per dwelling unit increase 

between 1948 and 1955 in all sectors, excey 
sector zero, there was a decrease, with th 

exception of sectors 0 and 1, in the proportio 

of work trips by mass transit and a corre 

sponding increase in those by automobile. 

Shopping trips 

The distribution pattern of sector resident 

shopping trips to the CBD in 1955 did no 

change materially from that in 1948 (table 1 

and figure 15); six of the sectors had a chang 

within +1.5 percentage points. The larges 

relative change, an approximate 4-percent in 

crease, took place in sector 6, and was cause 

by a population increase of approximatelh 

53,000 persons, the second largest increase ii 

the study area. The residents of sector 6 wer 

not served as adequately by major suburbar 

shopping facilities as were other sectors. Witl]; 

few new commercial developments in this 

sector between 1948 and 1955, and with the 

large increase in population, there was an in 

crease in the number of CBD trips. 

units to the central business district in 194¢ 

Other trips All purposes 

1955 1948 1955 
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Figure 15.—Percentage distribution of work, shop, and other purpose trips to the CBD, according to sector of residence. 

The number of commercial concentrations 

increased in the various sectors, and thus con- 

tributed in part to the decrease in the number 

of shopping trips per dwelling unit. The in- 

creasing uniformity of CBD shopping trips by 

sector residents illustrates, however, that the 

central area continued to offer certain shopping 

advantages that were not satisfied elsewhere 

(table 14). If residents trips of sectors 0, 7, 

and 8 are excluded, the range between the 

sector with the greatest number of shopping 

trips per dwelling unit and the sector with the 

least number was only 1.2 trips. In 1948 the 

range was 7.9 trips. 

Although the actual volume of intra-area 

shopping trips increased between 1948 and 

1955, it is apparent from the change ratio 

(table 15) that the orientation of these trips 

by residents of each sector had changed 

significantly. The percentage of intre-area 

shopping trips to the CBD in 1955 decreased 

by one-third for residents in all sectors, and 

170 
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Sector 
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Sector 
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Sector 
7 
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6 

for residents in six of the sectors the percent- 

age decreased by one-half or more. 

Shopping trips for the two years by residents 

of sector 8 illustrate an extreme of this de- 

creasing percentage of intra-area trips to the 

CBD. This sector is relatively more suburban 

in character than many of the other sectors at 

similar distances from the CBD. In 1948, 

1,497 or 15.6 percent of 9,586 shopping trips by 

residents of sector 8 were destined to the CBD. 

In 1955 intra-area shopping trips had increased 

to 29,481, but the volume to the CBD re- 

mained approximately the same as in 1948 

(1,419 trips), a drop from 15.6 to 4.8 percent. 

There are certain geographic factors which 

had a great effect on trips to the CBD by resi- 

dents of Virginia, especially shopping trips. 

It would be well, therefore, to discuss more 

fully sectors 7 and 8 which make up the Vir- 

ginia portion of the study area. Although 

2 of the 4 bridges across the Potomac River 

lead directly to the CBD, there was a low 

35% 30% 25% 20% 15% 10% 

Sector 

Sector 
3 

Sector 

6 

1948 

0.3% 

1955 | 

0.5% } 

row 

1948 

5.8% 

1955 
4.2% 

orientation in the 1948 study of shopping 

trips to the CBD by residents of sectors 7 and 8 

compared with similar trips made by residents 

of the other sectors (table 15). The relatively 

low percentages of shopping trips to the CBD 

became more pronounced in 1955 as increased 

suburban commercial development took place. 

This recent history of shopping trips by 

residents of sectors 7 and 8 illustrates a lesser 

dependency on the Washington CBD for 

shopping purposes than was the case for other 

sectors. The Potomac River, because of its 

restricting effect on direct travel, is a psycho- 

logical as well as a physical barrier to travel — 

by Virginians to the Washington CBD. Asa 

result, several large commercial concentra- 

tions, such as that found in the Clarendon 

section of Arlington, had developed before the 

1948 study, and they were serving many of the 

retail needs of Virginia residents. Since that 

time, these centers have been greatly augment- 

ed by other regional as well as neighborhood 
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WORK TRIPS TO THE CBD PER 
0 & 

type retail concentrations. Thus, there ap- 

peared to be an even lower orientation of 

shopping trips to the CBD in 1955. 

The close tie that is usually considered to 

exist between shopping trips to the CBD and 

mass transit is largely substantiated by the 

data for 1948 (table 18). In 1948, residents 

of each of the 9 sectors made 60 percent or 

more of their CBD shopping trips by mass 

transit. This relation had changed by 1955 

when only sectors 3, 4, and 5 maintained as 

high a percentage. Even in these three sec- 

tors, the percentage was less in 1955 than it 

had been in 1948. 

The variation between sectors in the per- 

centage change in mode of travel might best 

be explained by comparing the CBD shopping 

trips made by residents of sectors 3 and 7. 

Sector 3 had convenient mass-transit service, 

and there was a below area average increase 

in automobiles owned per 100 dwelling units 

(24.0 percent). Between 1948 and 1955, the 

percentage of CBD shopping trips by mass 

transit decreased from 82.9 to 72.0 percent in 

sector 3. Even with this decrease, the per- 

centage remained high. In contrast, trips 

made by residents of sector 7 changed radi- 

cally. Sector 7 had a relatively less con- 

venient mass-transit system than sector 3, 

but there was a very large increase in the 

number of automobiles per 100 dwelling units 

(54.0 percent). In 1948 mass transit carried 

nearly two-thirds (62.1 percent) of all the 

residents of sector 7 destined to the CBD for 

shopping. By 1955 the proportion was 

slightly more than one-third (37.5 percent). 

Other purpose trips 

As mentioned previously in the study of 

distance rings, it is possible only to make 

generalizations of the changes that took place 

in the “other” trip purpose category. This 

group, however, did show a similarity in 

PUBLIC ROADS ® Vol. 30, No. 7 

(1), (2), etc. = Sector represented 

(Zero sector not included) 

0 60 8 
EMPLOYMENT OPPORTUNITIES PER 

Figure 16.—Relation of the number of CBD work trips per 100 dwelling units to"the number of employment 

opportunities per 100 dwelling units, according to sector of residence. 

ie) 100 120 140 

several characteristics that were found for 

work and shopping trips. 

The pattern of ‘other’ trip purpose distri- 

bution changed only slightly between 1948 

and 1955. ‘Trips by residents of 4 of the 9 

sectors in 1955 were within +0.5 percent of 

the 1948 percentage, and 3 other sectors were 

within +1.7 percentage points (table 13 and 

figure 15). As in work and shopping trips, 

the peak trip distribution was in sector 3 

which had the largest number of residents. 

The number of “‘other’’ purpose trips to the 

CBD per 100 dwelling units decreased for 

residents of all sectors (table 14), and the 

trend was toward greater uniformity in the 

distribution of trips per dwelling unit between 

each of the sectors, particularly sectors 3 

through 8. 

The distribution of the modes of travel by 

which “‘other’’ purpose trips were made indi- 

cates a large increase in the percentage of 

trips by automobile drivers for each sector 

between 1948 and 1955 (table 18). Here 

again, this change in mode of travel was ap- 

parently due to an increase in the automobile 

ownership ratio. In 1948 residents of only 

two sectors, 1 and 8, made 40 percent or more 

of their CBD “other” purpose trips as automo- 
biledrivers. At that time, these two sectors con- 

tained the largest number of automobiles per 

dwelling unit. With an increase in the num- 

ber of automobiles owned, residents of each 

sector in 1955, except sector zero, made 40 

percent or more of their “other”? purpose trips 

as automobile drivers. 

Modes of Travel 

In 1948 and 1955, there was an inverse 

relationship between automobile ownership 

and the percentage of residents CBD trips 

made by mass-transit passengers. If the 

sectors are listed in accordance with auto- 

mobiles owned per 100 dwelling units from 

(7) 

160 180 200 

100 DWELLING UNITS 

the highest to the lowest and then by the 

percentage of residents CBD trips made by 

mass-transit passengers (table 18) from the 

lowest to the highest, it will be seen that for 

both years the sequence of the sectors was 

nearly the same. Exceptions to this sequence 

were sectors 4 and 7 in 1948 and 1, 2, and 7 in 

1955. 

Since there was a general tendency for 

smaller percentages of mass-transit passenger 

trips to be made by residents of sectors with a 

greater number of automobiles owned per 

dwelling unit, it followed that with increased 

automobile ownership within each sector, with 

the exception of sector zero, the percentage of 

CBD trips by mass transit decreased. The 

changes which occurred within each sector in 

the percentage distribution of mode of travel 

to the CBD resulted in an increasing similarity 

of these percentages between sectors (table 18). 

To illustrate this increasing uniformity, 

residents of sectors 1 through 6 (District of 

Table 17.—Average annual family income 
for 1955 and average number of automo- 
biles owned per 100 dwelling units, 
grouped by sector of residence 

Number of automobiles 
owned per 100 dwelling 

Average units 
income, —_ 
1955 1 

Sectors 

Ratio, 
| 1955/1948 

bak pk ek ek et pe et OD 
en 09 COND 

1 Figures for 1948 are not shown because the data for the 2 
years are not comparable, 
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] i... 20.—Percentage distribution of trips to the central business district in 1948 and 1 55, 
classified according to mode of travel and sector of residence 

13.5 percent in 1948 and only 2.6 percent in 

1955. Group 2 indicated the same trend; 

there was a range of 8.0 percent in 1948 ¢ 
Automobile driver Automobile Taxi passenger Mass-transit gh i a ¥ Gah os taeda 

passenger passenger only 1.4 percent in 1955. 

eacvor’ The range between sectors in the percentage 
1948 1955 1948 1955 1948 of residents CBD trips by mass-transit 

passengers decreased for group 1 from 24.6 

ne a an vas sate ay ae ra percent in 1948 to 12.5 percent in 1955; 
16.7 16.8 16.0 16.8 27.7 28.6 14,8 .2 sectors in group 2 decreased from 9.7 to 5.7 
21.6 21.5 22.6 Pie 29.3 30.7 31.7 sil , 
13.3 12.0 14.0 13.3 ai 5.0 11.7 ai percent. The range in the percentage of 

at ae eh ae AE ie ee a trips by automobile passengers decreased in 

10.9 12.5 10.5 12.8 3.8 7.9 6.6 EE! the first group of sectors, but increased 
10.7 10.5 11.4 9.4 4.5 4.6 5.3 4 : E 

slightly in the second group. The range for 

2 OS re he te 20059 10:0 100.0 taxi passengers remained stable between 1948 

and 1955 for both groups of sectors. 

Columbia and Maryland) were considered as between the sector with the smallest and that : ' 
a | F : : : Automobile drivers ‘| one group, and residents of sectors 7 and 8 with the largest percentage of residents CBD 

| (Virginia) were considered as a second group. trips by automobile drivers was 15.9 percent The percentage of intra-area automobile- 

“| Residents of sector zero were excluded in the in 1948 and 8.0 percent in 1955. If sector 3 driver trips destined to the CBD decreased 

analysis. In the first group, the range _ is omitted from the comparison, the range is for residents of each sector (table 19). The 

AUTOMOBILE DRIVER AUTOMOBILE PASSENGER 

Sector Sector Sector Sector 
= 3 2 3 
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i \ \ WW, \ \ \ 

35% 30% 25% 20% 15% 10% MX oe 15% 20% 25% 30% 35% 35% 30% 25% 20% 15% 10%| aS 15% 20% 25% 30% 35% 

CNY OA TTT j \ \ / | | Since UTA SCBC A ey \ . 
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Figure 17.—Percentage distribution of automobile-driver, automobile-passenger, taxi-passenger, and mass-transit 

: passenger trips to the CBD, according to sector of residence. 
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Table 21.—Number of trips per 100 dwelling units to the central business district in 1948 
and 1955, classified according to mode of travel and sector of residence 

Automobile driver 

Sectors 

Mass-transit 
passenger 

Automobile 
passenger 

Taxi passenger 

1955 1948 1955 1948 

> 3 Son b9 . rx 

CO ONE POWNO-~ Average, total area_-_--_---- 

largest decreases occurred for the trips by res- 

idents of sectors with the greatest number of 

automobiles owned per dwelling unit in 1948 

and 1955, sectors 1 and 8. 

The pattern of distribution of automobile- 

driver trips by residents of each sector varied 

only slightly from what it had been in 1948 

(table 20 and figure 17), even though auto- 

mobile ownership increased by various 

amounts in each sector with the exception of 

sector zero. The percentage distribution 

changed within +1.6 percentage points of 

what it had been in 1948 in 7 of the sectors, 

and in 3 sectors the change was within +0.2 

percent. Sector 3 still maintained the major 

peak of residents automobile-driver trips; 

however, because of the greater distribution 

of automobiles and the use thereof in com- 

parison to taxis and mass transit, the peak in 

A 1948 

@ 1955 

(1), (2), etc. = Sector represented 
(Zero sector not included) 

65. 8 
34. 1 
26.3 
29. 6 

128.9 
53.6 
48.3 
54.3 

ae 

at 

Laat runed aah cles! 

“I AOnNOorPOWaS 

MDOT ATR ow re 

SF FOONP Om ER ANOMHOOWR oP STR SOLS EES ES IS - PORN LORE = st = ot) 

sector 3 is seen to be less extreme in both 

years than the distribution pattern of the 

latter two modes of travel. 

With the increased number of automobiles 

owned per dwelling unit, there was a smaller 

difference between sectors in the number of 

automobile-driver trips to the CBD _ per 

dwelling unit (table 21). The range between 

the sector with the greatest number of trips 

and that with the least decreased by over 50 

percent in 1955 (25.3 trips in 1948 and 10.8 

in 1955). 

The relationship between the number of 

automobiles owned per dwelling unit and the 

percentage of intra-area automobile-driver 

trips destined to the CBD changed between 

1948 and 1955, as shown in figure 18. In 1948, 

the plotted symbols indicate no apparent 

trend. In 1955, however, the percentage of 

PERCENTAGE OF 

AUTO DRIVER TRIPS DESTINED TO THE CBD 

intra-area automobile-driver trips destined te 

the CBD was generally less for those sectors 

that had the greater number of automobiles 

per dwelling unit. 

Although work continued to be the domi- 

nant purpose for which automobile-driver 

trips were made to the CBD, the change in the 

percentage distribution of trip purposes for 

each of the sectors indicated a general tend- 

ency for work trips to decrease in relative im- 

portance while ‘other’ trips increased (table 

16). Sectors 1 and 7, the two sectors with the 

highest percentage of 1948 CBD automobile- 

driver trips made for “other’’ purposes, were 

the exceptions. 

Another change which occurred was the 

decrease in the range of purpose distribution 

for work and ‘“‘other’’? purposes between five 

of the sectors (table 16). In 1948 residents of 

sectors 1, 2, 4, 7, and 8 had a range in the per- 

centage of their CBD automobile-driver trips 

for work of 13.4 percent; for ‘‘other’’ purposes, 

it was 11.7 percent. In 1955 these ranges had 

decreased to 3.6 percent for work and 1.0 per- 

cent for “other” trips. It is interesting to note 

that these sectors also included the residents 

who had the highest average incomes in the 

study area as well as the greatest number of 

automobiles owned per dwelling unit. 

Automobile passengers 

The relative changes between 1948 and 1955 

in the distribution pattern of sector residents 

CBD automobile-passenger trips were gener- 

ally small (table 20 and figure 17); six of the 

AUTOS OWNED PER 100 DWELLING UNITS 

Figure 18.—Percentage of CBD automobile-driver trips to total area trips related to the number of 
automobiles owned per 100 dwelling units, according to sector of residence. 
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@1i955 

(1),(2),etc.= Sector represented 

(Zero sector not included) 

pe) {e) 

o 

@ 

AUTO PASSENGER TRIPS TO THE CBD PER !00 DWELLING UNITS 

n 

(e) 

Oo 40 60 

sectors had a change that was within +1.5 

percentage points of the 1948 figure. As indi- 

cated in figure 17, the distribution of residents 

trips in both years showed a pattern very 

similar to that of automobile-driver trips; and 

although sector 3 contained the major peak of 

automobile-passenger trip distribution, as in 

automobile-driver trips, the peak was not so 

extreme as the distribution of mass-transit 

passenger trips. 

The relationship between the number of 

automobiles owned and the number of auto- 

mobile-passenger trips to the CBD per dwell- 

ing unit remained approximately the same, 

even though the number of automobiles owned 

increased in each sector except sector zero, and 

the range of trips per dwelling unit had de- 

creased (fig. 19). The trend in 1955 as in 1948 

was for the greater number of automobile- 

passenger trips to the CBD per dwelling unit 

to be found in those sectors having the largest 

number of automobiles per dwelling unit. 

The proportion of intra-area automobile- 

passenger trips to the CBD (table 19) de- 

creased in each of the sectors. Residents of 

sectors 3 and 6, however, maintained approxi- 

mately the same percentage. They also had 

the smallest amount of change in the per- 

centage of their intra-area automobile-driver 

trips destined to the CBD. 

While residents of most sectors made an 

increasing proportion of their CBD automobile- 

driver trips for ‘other’? purposes and a 

decreasing percentage for work, residents auto- 

mobile-passenger trips showed an opposite 

tendency (table 16). As mentioned earlier, 

PUBLIC ROADS ® Vol. 30, No. 7 

80 100 120 140 

AUTOS OWNED PER 100 DWELLING UNITS 

Figure 19.—Relation of the number of CBD automobile-passen- 

ger trips per 100 dwelling units to the number of automobiles 

owned per 100 dwelling units, according to sector of residence. 

car pools were much more common in 1955 

than in 1948. In 1948, residents of only one 

sector made over 60 percent of their CBD 

automobile-passenger trips to work. By 1955 

residents of 7 sectors were in the over 60 per- 

cent group, and 4 of these sectors exceeded 

70 percent. 

Taxi passengers 

There appears to have been a slightly 

greater shifting between sectors in the per- 

centage distribution of residents CBD taxi- 

passenger trips than was indicated in the dis- 

tribution of residents trips by the other modes 

of travel; 4 of the 9 sectors had a percentage 

change greater than +3.0 percentage points 

(table 20 and figure 17). Nevertheless, in 1955 

as in 1948, approximately 60 percent of the 

taxi-passenger trips destined to the CBD were 

made by residents of adjacent sectors 2 and 3. 

As taxi-passenger trips made by visitors were 

not reported in this study, sector zero does not 

appear to have a large percentage of taxi- 

passenger trips. 

Except for sectors 0, 4, and 6, taxi-passenger 

trips per dwelling unit decreased between 1948 
and 1955 (table 21). With this decrease, al- 

though the difference between sectors was 

small, the geographical relationship between 

residents of sectors 1 through 5 appeared to be 

greater than was apparent in 1948. In 1955 

the number of taxi-passenger trips per dwelling 

unit decreased continuously in the sectors from 

1 through 5. This transition again appeared 

to be one from sectors with high average family 

incomes to one of lower average family in- 

comes. In addition, the relatively lower num- 

ber of taxi-passenger trips per dwelling unit 

made by Virginia residents may partially be 

due to the greater cost of taxi transportation 

to the CBD than for similar distances in the 

District of Columbia. 

The percentage of intra-area taxi-passenger 

trips destined to the CBD decreased for resi- 

dents of each sector, with the exception of 

sectors 1, 4, and 6. It is not known why the 

latter sectors did not have the same general 

trend as the others, for an increase in the pro- 

portion of residents trips by any of the modes 

was unusual. The only other increase was 

mass-transit passenger trips destined to the 

CBD by residents of sector 1. 

Although the percentage distribution of 

trip purposes for which CBD taxi-passenger 

trips were made shifted in each of the sectors, 

the most significant change was the decrease 

in the percentage of “other”? purpose residents 

trips in 8 of the 9 sectors (table 16). Taxi- 

passenger work trips increased in 5 of the 9 

sectors, and in 6 of the 9 sectors, 56 percent 

or more of the taxi-passenger trips were to 

work. 

Mass-transit passengers 

As in the other modes of travel, there was 

a shifting between sectors in the relative dis- 

tribution of total residents mass-transit 

passenger trips to the CBD (table 20 and 

figure 17). Nevertheless, the pattern of dis- 

tribution changed only slightly as 7 of the 

sectors were within +2.0 percentage points 

of the 1948 figure and 4 of the sectors were 

within +0.5 percent. The extremely high 

volume of trips made by residents of sector 3 

can be attributed to the concentration of 

population in apartments, row houses, and 

boarding houses, and the relatively adequate 

transit service for this sector. 

Unlike other modes of travel to the CBD, 

the number of mass-transit passenger trips 

per dwelling unit decreased in each sector 

between 1948 and 1955 (table 21). As a 

result, there was a growing similarity in the 

number of trips per dwelling unit in all 

sectors. The area in which the most import- 

ant decrease took piace occurred between 

sectors 2 through 6. In 1948, the range 

between the sector with the greatest and that 

with the fewest number of mass-transit 
passenger trips to the CBD per dwelling 

unit was 17.3 trips. By 1955 the range was 

only 7.5. If sector 3 is excluded in the com- 

parison, the range is 11.5 trips in 1948 and 

4.2 in 1955. 

Of the percentage of intra-area mass- 

transit trips destined to the CBD, it was 

found that only residents of sector 1 main- 

tained approximately the same percentage in 

1955 as in 1948 (table 19). The relative de- 

creases that did take place in the other 

sectors, however, appeared to have a geo- 

graphical relationship with the CBD. A 

comparison beginning with sector 2 and mov- 

ing around the CBD through sector 8, with 

the exception of sector 6, would show that a 

progressive increase in the relative changes 

in orientation took place between 1948 and 

1955 (table 19). 
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Trips to work remained the principal pur- 

pose for which sector residents made mass- 

transit passenger trips to the CBD (table 16). 

By 1955 residents of each sector, excluding 

sector zero, were making 60 percent or more of 

their CBD mass-transit passenger trips to 

work. Trips made by residents of sectors 7 

and 8 are especially noteworthy. By 1955 

these residents of Virginia were making 

approximately 4 out of 5 mass-transit pas- 

senger trips for the purpose of work, which 

indicated the very limited use of mass transit 

to the CBD for all the other purposes. 

New Publications 
The Annual Report of the Bureau of Public 

Roads, Fiscal Year 1958, is now available from 

the Superintendent of Documents, U.S. 

Government Printing Office, Washington 25, 

D.C., at 30 cents a copy. 

During the fiscal year, the greatly expanded, 

long-range highway construction program 

launched by the Federal-Aid Highway Act 

of 1956 reached full stride. Completions of 

all classes of Federal-aid and Federal projects 

provided improvements on 24,204 miles of 

roads and streets. Projects for the construc- 

tion of 35,698 miles of improvements were 

programed and contracts were awarded for 

25,912 miles of road and street improvements. 

Federal-aid operations of the year were 

supported largely with funds authorized by 

the Federal-Aid Highway Act of 1956, al- 

though minor balances from previous authori- 

zations were also being used. On August 1, 

1957, Federal-aid funds for the fiscal year 

1959, authorized by the 1956 act and amount- 

ing to $2.875 billion, were apportioned to the 

States. An additional $600 million authorized 

by the Federal-Aid Highway Act of 1958 was 

apportioned on April 16, 1958. The total of 

Federal aid apportioned to the States since 

passage of the 1956 act was thus brought to 

$7.150 billion. 

Lost Mixing Time of Dual Drum Pavers: A 
The Bureau of Public Roads, U.S. Depart- 

ment of Commerce, recently produced a new 

motion picture, Lost mixing time of dual drwm 

pavers. ‘The film, based on extensive studies 

of portland cement concrete paving, conducted 

by Public Roads, highlights the importance 

of the simultaneous mixing interval in dual 

drum pavers in meeting mixing time specifi- 

cations. It shows some trouble spots and 

the significance of proper adjustments to the 

batchmeter. The film had its premier show- 

ing at the annual meeting of the Highway 

Research Board of the National Academy of 

Sciences on January 6, 1959. 

Contractors and engineers will have a par- 

ticular interest in the contrasting scenes which 

illustrate why two successive batches of port- 

land cement concrete from a dual drum paver 

are frequently mixed for a different length of 

time. The film also illustrates how minimum 
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A notable event of the year was the passage 

of the Federal-Aid Highway Act of 1958. 

Following traditional practice, it authorized 

Federal-aid primary, secondary, and urban 

funds, and funds for constructon in Federal 

lands, for 2 fiscal years, 1960 and 1961. The 

act increased the Interstate authorizations 

made in the 1956 act for the 3 fiscal years 

1959-61, and set aside the ‘‘pay-as-you-go”’ 

clause in the 1956 act so as to permit appor- 

tionment of the full amounts authorized for 

fiscal years 1959 and 1960. The act also 

provided for control of advertising along the 

Interstate System. 

Recognizing the value of highway construc- 

tion in the Nation’s antirecession efforts, the 

Congress authorized under the 1958 act $400 

million for immediate apportionment to the 

States for primary, secondary, and urban work. 

These funds, to be matched on a two-thirds 

Federal, one-third State basis rather than the 

usual 50-50 ratio, were required to be placed 

under contract by December 1, 1958, with 

work scheduled for completion by December 1, 

1959. 

The Federal-aid primary, secondary, and 

urban highway improvement programs pro- 

gressed on a larger scale than ever before, but 

the attention of the public was attracted to the 

Interstate System program. Thousands of 

people were directly concerned, as hearings on 

choices of location were held and property for 

right-of-way was bought. The State highway 

departments cooperated closely with local offi- 

cials and planning bodies in selecting locations 

in the best overall public interest. 

During the fiscal year 696 miles of pavement 

were completed on the Interstate System, but 

far more was accomplished in surveys and 

plans, right-of-way acquisition, and grading 

and drainage construction. At the end of the 

year $3.6 billion worth of work was underway 

or scheduled to start soon. 

Two major reports relating to the Interstate 

System were presented to the Congress during 

the year. One of these, an estimate of the cost 

mixing time for which the batchmeter is set 

can be measured. Many of the illustrations 

are animated cutaway views of concrete being 

mixed within the mixing drums which, fol- 

lowed by live action scenes of field construc- 

tion operations, make it possible to follow the 

mixing process as it actually occurs on the job. 

In the tremendous highway construction 

program now under way, the Bureau of Public 

Roads has a vital interest In improvement of 

job management which results in the highest 

rate of production consistent with quality. 

Greater attention to what may superficially 

seem to be trivial problems permits the con- 

tractor to offer lower bids on construction 

work without cutting his profits, and provides 

the engineer with greater assurance that the 

end product will meet his standards of quality. 

Lost mixing time of dual drum pavers is a 

16-mm. sound and color film with a running 

- the desired showing, and alternate dates should 

of completing the system, involved a detailec 

survey by the States and Public Roads of th 
38,548 miles of routes then included in th 

system. It was found that Federal and State 

matching financing required after July 1, 1956, 

amounted to $37.6 billion, as compared with 

the $27.6 billion available from authorizations 

of the Federal-Aid Highway Act of 1954 and 

1956 together with State matching funds. 

The other report was prepared in connec- 

tion with Congress’ declaration of intent to 

determine whether or not the Federal Govern- 

ment should reimburse the States for toll 

and free highways on the Interstate System 

built between 1947 and 1957. It was found 

that 10,859 miles of the system met the criteria 

for consideration for reimbursement. Con- 

struction of these facilities, which included 

1,950 miles of toll roads, had cost $6.09 billion. 

Also available from the Superintendent of 

Documents, at 75 cents a copy, is the revised 

edition of the publication entitled Specifica- 

tions for Aerial Surveys and Mapping by Photo- 

grammetric Methods for Highways, 1958: a 

reference guide outline. 

This publication was prepared by the Pho- 

togrammetry for Highways Committee with 

active participation by the Bureau of Public 

Roads. The Photogrammetry for Highways 

Committee is jointly sponsored by the Ameri- 

can Society of Photogrammetry and The Amer- 

ican Congress on Surveying and Mapping. 

The purpose of the publication is to aid 

highway officials in establishing specifications 

for the procurement by contract of photo- 

grammetric and aerial survey services. Under 

the provisions of the Federal-Aid Highway Act 

of 1956, the Secretary of Commerce may 

authorize the use of photogrammetric methods 

in mapping, and the utilization of commercial 

enterprise for such services. 

The specifications are a reference guide 

outline, and should be modified to fulfill 

special requirements not discussed in detail 

in this publication. 

Motion Picture 
time of 30 minutes. Prints may be borrowed 

for showings by any responsible organization | 

by request addressed to Mr. Ray B. Dame, 

Chief, Photographic Services, Bureau of Pub- — 

lic Roads, Washington 25, D.C. There is no 

charge except for the express or postage fees. 

Requests should be sent well in advance of 

be given if possible. Prompt return after each 

showing is necessary, so that all requested 

bookings may be fulfilled. 

Prints of Lost mixing time of dual drum 

pavers may be purchased at $127.45 per copy, 

the price including film, reel, can, and ship- 

ping container, and postage within the United 

States. Inquiries should be addressed to 

Mr. Ray B. Dame, Chief, Photographic Serv- 

ices, Bureau of Public Roads, Washington 25, 

D.C. Payment should not be sent with the 
inquiry. 
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