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Capacities of Narrow Streets with Manual Control 
And Signal Control 
OSCAR SUTERMEISTER, Associate Member 
American Institute of Planners 

• THIS paper reports on the capacities of narrow streets at Fort Belvoir, Virginia, as 
determined by field survey of capacities at intersections. 

Capacities of approach lanes of intersections are presented as percentage overloads 
above practical capacity under local conditions, the latter being calculated according to 
Highway Research Board formulas published in the Highway Capacity Manual. 

The general significance of the paper lies in the fact that i t presents data bearing 
upon possible extension of the curves in Figure 24 of the Highway Capacity Manual en­
titled, "Average Reported Intersection Capacities for Two-Way Streets. " 

BACKGROUND 
In recent years the Department of Defense has been stimulating the preparation of 

master plans for future development of Army, Navy and Air Force permanent installa­
tions. The master plan work has included surveys and the preparation of maps record­
ing existing conditions. Information on existing conditions is taken as a starting point 
for preparation of a master plan. 

Until recently the survey and recording of existing conditions had not extended into 
the field of comprehensive traffic surveys. One of the early ventures in this direction 
was the letting of a special contract for a comprehensive traffic survey^ at Fort Belvoir, 
Virginia. The results of the traffic survey were to be used, along with other portions of 
the master plan work, in developing a master plan of streets and roads for the fort. The 
contract referred to was let by the Corps of Engineers, U. S. Army, Office of the District 
Engineer, Washington District, Washington, D. C., to the f i r m of GroU-Beach and As­
sociates, Architects and Planning Engineers, Washington, D. C. Field work was carried 
on in July and August of 1953, and the report published under the title, "Vehicular Traffic 
Survey and Master Plan of Streets and Roads, Fort Belvoir, Virginia, September 1953. " 

EXTRAPOLATION OF FIGURE 24, HCM 
In order to apply Highway Research Board formulas to the narrow streets of Fort 

Belvoir, i t was necessary f i rs t to extrapolate the appropriate curves on the graph of 
•average reported intersection capacities published as Figure 24 of the Highway Capacity 
Manual. In this figure as published the curves do not extend to streets of narrower width 
than thirty feet, while most of the streets in Fort Belvoir are between eighteen and 
twenty four feet wide. 

The curves selected for extrapolation were the "intermediate with parking prohibited" 
and the "outlying or rural. " Belvoir streets are generally too narrow to permit on-street 
parking; there is not enough pedestrian traffic nor enough closely developed building 
frontage to justify a downtown classification; and in many cases the absence of curb and 
gutter and the open character of adjoining land make the outlying or rural classification 
quite accurate. 

Advice was sought from several experts as to the character of an appropriate extra­
polation (See Fig. 1). Using a 20 f t . wide street as a check point, Mr. O.K.Nermann, 
co-author of the Highway Capacity Manual, suggested a figure of 400 vehicles per hour 
of green, Mr. Prisk of the Bureau of Public Roads 450, and Mr. Henry Evans, editor of 
the Traffic Engineering Handbook, 540. An intermediate figure of 500 was adopted and 
the two curves were extended in a straight line to that point. 

^Street and intersection traffic volumes and capacities, speed-and-delay, origin-and-
destination, accident, parking, signs and markings, signal operation. 



C A L C U L A T I O N O F P R A C T I C A L C A P A C I T Y F O R L O C A L CONDITIONS 

Practical capacities under local conditions were calculated according to the formulas 
of the Highway Capacity Manual, using the extrapolated curve reduced ten percent to 
practical capacity, and using field data on widths of approach lanes, percents of com­
mercial vehicles, right turns and left turns, presence of parking and bus stops, and 
minutes of green time. Details of these calculations are presented in Table 7 at the 
end of the paper. 

28001 

Conditions Z600 
Two directional undivided street 
Fixed time signal 2400 
10 percent commercial vehicles 
Turning movement 20 percent 

2000 

200 

1000 

20 30 4 0 50 60 
TOTAL WIDTH* OF TWO-WAY STREET, FEET 

'includes street space occupied by parked vehicles, car tracks, and loading platforms if any 

Figure 1. Average repor ted i n t e r s e c t i o n capac i t i e s f o r two-way 
s t ree t s by type o f area and parking r e g u l a t i o n . (See t e x t f o r de­

s c r i p t i o n o f annotations). 

O V E R L O A D S 

When measured flows were compared with calculated practical capacities, and the 
excess designated overload, the following percentage overloads were found to exist dur­
ing the peak hour: 

T A B L E 1 

P E A K HOUR O V E R L O A D S O N A P ­
PROACHES T O INTERSECTIONS, 

I N ORDER O F SIZE 

No. of approaches 
1 
3 
1 
1 
3 
3 
2 
1 

Overload (percent) 
100 
80 
70 
60 
50 
30 
20 
10 

These data are presented graphically in 
Figure 2, a bar chart in which each hori­
zontal bar represents one overloaded ap­
proach to an interseclion. The outlined 
portion of the bar, on the left side of the 
figure, represents capacity in use, in each 
case this being 100 percent of practical 
capacity for local conditions, except for one 
factor. Only five of these approaches were 
controlled by fixed time signals. Practical 
capacities for the other ten were calculated 
as though they were controlled by fixed 
time signals. The solid portion of each bar, 
on the right side of the figure, represents 
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Figure 2. Peak hour overloads on approaches to i n t e r s e c t i o n s , i n 
order o f s ize . 

actual traffic flow in excess of calculated practical capacity. 
The vertical dashed line represents the limit of possible capacity under the formula 

that practical capacity is about eighty percent of possible capacity. The reciprocal of 
this relationship is that possible capacity is about 125 percent of practical capacity. 

The bar chart indicates a fairly even distribution of overloads through the range 
from ten to 100 percent. As a check on this general impression, however, another bar 
chart showing frequency distribution of overloads by ten percent classes is given in 
Figure 3. This chart indicates that there is no pronounced concentration of overloads 
at any point in the general range of overloads. 

When the peak hour overloads are segregated according to the type of control exer­
cised at intersections, the following breakdown is obtained: 

PEAK HOUR OVERLOADS ON APPROACHES TO 
INTERSECTIONS, BY TYPE OF CONTROL 

Type ol control No of approaches Overload (percent) 
Military police^ 1 100 

1 80 
1 70 
3 30 

Traffic actuated signal 1 80 
1 60 
X 50 

Fixed time signal 1 80 
50 

1 20 
1 10 

None 1 20 

* Either by direct manual control or by pushbutton operation of 
signals 

The same results are presented graphi­
cally in Figure 4. 

It will be noted from these data that in­
tersection approach capacity under condi­
tions of overloading appears to vary directly 
with the degree to which traffic control de­
vices can respond to excessive traffic demands. 

Figure 5, which is Plate 16 from the 
final report, shows the manner in which peak 
hour overloads were presented in map form. 
In this figure north lies to the left, the 
Potomac River is to the right, the Belvoir 
peninsula is bounded by Dogue Creek at the 
top and Accotink Qay at the bottom. The 
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Figure 3. Frequency d i s t r i b u t i o n o f peak hour over loads on ap­
proaches to in te r sec t ions , by size o f overload. 

Washington-Richmond highway, US 1, runs vertically through the figure at the left third 
point. The Main, or South Post lies to the right of US 1, the smaller North Post to the 
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type o f c o n t r o l . 



left. The upper horizontal road is Belvoir Road, the main entrance to the fort. The 
lower horizontal road is Gunston Road which overpasses US 1 to connect North and 
South Posts. 

Of the color annotations, white indicates the intersections which were studied; dark 
tone, capacity in use; light tone, capacity available but not used; and black, recorded 
flow above capacity, or overload. Colored bands for one approach to an intersection 
are carried back along the approach road to the approximate midpoint between the inter­
sections studied. On some of the less important intersections, unused capacity is not shown. 

The relative widths of the dark tone and black bands show the degree of overloading, 
while the actual width of the black band shows the volume of traffic passing through the 
intersection as overload. 

The data presented thus far symbolize aggregate overloads during the peak hour with­
out revealing variations in the degree of overloading during the hour. It is by no means 
certain that all these approaches were loaded on each cycle or go period during the peak 
hour. Specific field records were not kept on this point. Based upon general knowledge 
of traffic conditions at the fort, i t is believed, however, that at least one approach was 
definitely not loaded on all cycles, and that five others were probably not loaded on all 
cycles. The peak hour analysis has been made primarily to permit correlation of these 
data with other peak hour figures such as those given in the Highway Capacity Manual. 

TABLE 3 
PEAK 15 MINUTE OVERLOADS ON AP 

PROACHES TO INTERSECTIONS, IN 
ORDER OF SIZE 

No. of approaches 

For the purpose of calculating and de­
signing the required enlargement of inter­
sections at Fort Belvoir, a comparable 
analysis of peak 15 minute data was made. 

Thirty-one approaches to intersections 
were found to be loaded above calculated 
practical capacity under local conditions. 
Overloads ranged from ten to 260 percent. 
Table 3 and Figure 6 show these overloads 
arranged according to rank, while Figure 7 
shows the frequency distribution of over­
loads in ten percent bands. Generally speak­
ing, the heaviest grouping of overloads 
comes in the zero to 100 percent band; there 
I S a marked reduction in the 100 to 200per­
cent band; and only two items fa l l in the 200 
to 300 percent band. When the peak 15 
minute overloads are arranged according 
to type of traffic control at intersections, 
the same sequence is observed as with peak 
hour data, that the highest overloads are 
obtained under military police control, the 
next highest with traffic-actuated signals, 
and the lowest, aside from uncontrolled ap­
proaches, with fixed-time signals. Table 
4 and Figure 9 show the details of arrange­

ment by type of control. The greater relative size of the group of approaches under 
military police control is due to the fact that the post has only one traffic-actuated and 
two fixed-time signals. As more intersections become overloaded during thirty or 
forty-five minute rush periods, more military police teams are assigned to rush hour 
traffic control. 

Figure 8 shows the peak 15 minute overloads in map form. It is readily apparent 
that percentage overloads are higher than during the peak hour and that more approaches 
are overloaded. 

Overload (percent) 
260 
210 
200 
190 
170 
160 
140 
130 
n o 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 

SIGNIFICANCE OF THE FINDINGS 
Since the primary purpose of this paper is to present the findings rather than to an-
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TABLE 4 TABLE 5 
PEAK 15 MINUTE OVERLOADS ON AP­
PROACHES TO INTERSECTIONS, BY 

TYPE OF CONTROL 

Type of control 
Military police 

No, of Overload 
approaches (percent) 

SAMPLE SPEEDS ON APPROACHES TO 
INTERSECTIONS 

Length of Elapsed time Average speed 
approach 

(ft.) (min. and sec.) (mph.) 

Traffic actuated signal 

Fixed time signal 

None 

260 
210 
190 
140 
130 
110 
100 
90 
60 
50 
30 
20 
10 

200 
160 
80 

170 
100 
70 
60 
20 
40 
30 
20 

1900 
3700 
3000 

10000 

8:30 
13:02 
10:02 
19:27 

2.5 
3.2 
3.4 
5.8 

TABLE 6 
SAMPLE SEQUENCE OF STOP PERIODS 
FOR MINOR FLOW AT INTERSECTION 

(min. and sec.) 
1:11 
2:15 
1:48 
:58 

2:40 
:35 

2:27 
:20 

1:40 
2:25 

:25 
:25 

1:18 
1:56 

alyze their significance, only a few comments wil l be made under this heading. 
In addition to the overloads which were pushed through Fort Belvoir intersections 

during peak periods, there were frequently tremendous backlogs of vehicles unable to 
transit the intersections. Speed and delay runs on four intersection approaches yielded 
the results shown in Table 5. A speed and delay run through the mam entrance of the 
post to a popular destination covered 2. 9 miles m 23 minutes and 15 seconds for an 
average speed of 7.4 miles per hour. 

At intersections under military police control, the overloads were generally accom­
plished by stretching the go period for the major flow to such extreme lengths that cross 
traffic was severely penalized. During a thirty minute period one minor traffic stream, 
though itself a rush hour home-to-work movement, was held by military police for the 
stop periods shown in Table 6. 

Of course, such excessive single-cycle delays to cross traffic could not occur at 
intersections controlled by fixed-time signals, although lengthy back-ups did occur. 
The observed high rates of flow at such intersections must have been stimulated in part 
by close driver familiarity with road and traffic conditions, and in part by uniform 
driver motivation, e. g., a desire to get to work on time or to get home as quickly as 
possible. 

After allowances have been made for continuously loaded approaches, highly unusual 
operating conditions, and rush hour driver characteristics, the question is raised, but 
by no means answered in this study, whether the curves in Figure 24 of the Highway 
Capacity Manual, if carried down to narrower street widths, should not tend to flatten 
out toward the horizontal as they reach the range of two-way streets 18 to 24 f t . wide. 
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T R A F F I C S T R E A M 

ADJUSTMENT 
P r a c t i c a l 

En te r ing Capaci ty 
l a t e r c c c t l o n T r a f f i c Bound In ter aect ion Width o f Length o f T l m o of of Approach Comma r c i a i Right T u r n 

On Approach Peak F l o w Peak F l e w Lane Jnder Vehic les (1] 
Lane P e r i o d 

Cenditiena No AdJ No % A d j (2) No, 
Feet Minntea Hour o f Day V e k A r % * 

(1) (Z) (3) ( 4 ) (5) (6) (7) 18) (9) (10) 
m 
i l l ) ( i z ) ( IS 

12' - 9 " 
60 0715-0115 6 4 S 25 tio 103 23 0 -6 5 96 

Bc lvo lT Rd k Z U i 8 t 
South B e l v o i r Rd 12' - 9 " 15 0730-0745 162 11 410 38 25 5 -7 7 as Bclvo lT Rd k Z U i 8 t 60 1630-1730 522 2 *10 2 1 0 tS 0 192 

B e l v o i r Rd h Z l s t St Eaht 21at St 11' - 0" !• 130 1 . 10 1 1 .0 . 4 . 0 - U 

u 0700-OSOO 618 23 tio 99 13 2 -1 6 27 
B e l v o i r Rd !• l>>th St South B e l v o i r Rd 12' - 4 " 15 0745-OBOO 154 9 410 35 14 4 -2 2 10 

60 1630-1730 594 19 «10 0 0 0 *5 0 32 

B e l v o i r Rd k 16th 8t Nor th B e t v o i r Rd 12' - 0" 15 1645-1700 149 3 4lO 0 0 0 •5 0 »» 
60 0730-0830 834 67 4 l 0 102 43 7 -10 0 124 

B e l v o i r Rd k 16tli St Eaat 16tS St 15' - 4 " 15 0745-0800 218 20 410 4 4 T 45 0 40 
60 1630-1730 486 7 ' 410 317 T •5 0 N P 

B e l v o t r Rd fc H K r r i c Rd Weat I f a r r i a Rd 10' - 6" IS 1700 .17m 121 g 410 191 T t 5 . 0 N P 
60 1630-1730 594 28 tio 0 0 *5 0 

B c l v o t r Rd k T a y l o r Rd Nor th B e l v o i r Rd 12' - 0" 15 1645-1700 149 5 tio 0 0 t5 0 B c l v o t r Rd k T a y l o r Rd T h r u lane only 60 0700-oaoo 558 27 410 NR NR 45 0 49 
B e l v o i r Rd & T & v l e r Rd South B e l v o i r Rd I P - 6" 15 0 730-074S 139 2 410 NR NR ,5 0 

io 1630-1730 ^48 40 *10 81 8 4 • 1 6 ft B e l v o i r Rd L C k i e y Rd N o r t h B e l v o i r Rd 12' - 9" 15 1645-1700 162 6 -10 24 8 3 t l 0 B e l v o i r Rd L C k i e y Rd 
R lane only io 0700-0800 1310 17 tio 192 93 0 -10 0 0 

B e l v o i r Rd l i Ckaey Rd Eaat Ramp (8) 2 1 ' - 0" 15 0730-0745 338 4 tio 71 100 0 -10 0 0 B e l v o i r Rd l i Ckaey Rd 
60 0700-0800 1295 23 410 NP NP tS 0 5 

South B e l v o i r Rd 20' - 6 " 1* 0710.074^ 124 6 « I 0 HP NP . 4 . n 0 

60 1630-1730 1000 4) 18 0 \*\ 172 
B e l v o i r Rd k U S Mo 1 N o r t h B e l v o i r Rd 10' - 0" 15 1645-1700 250 4} 5 0 * SO 

60 0700-0800 1000 41 42 0 i * i \v J*i 
B e l v o i r Rd fc U S No 1 Wcat U S No 1 - 10' - 0" 15 •730-0745 250 41 12 0 1). M w * i L t t u r n lane onL 9 ' - 10" 2o l i i i - i ' r i i 621 i ) 3 tlfl 19Z is i -lo A 0 
Middle toa Rd L 2 3 r d St N o r t h Pu tman 19' - i " 15 1630-1645 292 0 tio 162 5S 6 -10 0 0 Middle toa Rd L 2 3 r d St 

60 0700-0800 600 4 tio 5 2 2 4 4 0 191 
Weat 23 r d St i » 1730-1745 140 3 . 1 0 g . 5 .0 IT 

12' - 6 " 
60 0700-0800 630 18 4 l 0 15 3 8 . 3 0 62 

C B M l o n Rd l i 2 3 r d St South Gunaton 12' - 6 " IS 0730-074S 158 7 4 l 0 6 3 1 t 3 5 31 
60 1600-1700 540 9 410 IS 5 5 4 2 0 

GunotOB Rd fcZJrdSt Nor th Gunaton i r - 3" 15 1630-1645 135 4 tio 9 4 5 4 3 0 

23 r d St (8) 
60 1200-1300 594 4 410 13 20 0 - 5 0 16 

Cunston Rd k 2 3 r d St Wcat 23 r d St (8) 1 2 ' - 0" 15 1215-1230 148 2 tio 5 22 7 - 6 0 6 

kn 0714.0814 6 1 2 29 1.10 23 5.9 . 2 . 0 n 
Cnnston Rd k 2 1 « t S t South Gunaton 11' - 3" 15 0730-074S 153 9 tio 5 2 7 t 4 0 2 2 Cnnston Rd k 2 1 « t S t 

60 1615-171S 612 11 410 45 15 4 . 2 7 4 4 
Gunaton Rd l i Z l i t St Nor th CunatoO 12' - 3" 15 1630-164S 153 7 tio 33 14 6 - 2 0 33 

2 1 - t S t (S) 
60 1630-1730 522 5 tio 96 47 7 -10 0 8 

GunaUm Rd k 2 l « t St 
Weat 2 1 - t S t (S) U ' - 0" 15 1700-1715 130 1 r l O 63 61 7 -10 0 2 

? l a i 5 t (S) 
60 0715-081S 522 9 4̂ 10 68 44 1 -10 0 23 

C U M ton Rd fc 21st St East ? l a i 5 t (S) 11' - 0" 15 0730-0745 130 0 - I D 48 69 5 -10 0 2 
60 0715-0815 576 8 6 -10 0 0 0 * 5 0 30 

Cunatoa Rd b lb(n St South Gunaton 1 1 ' - 9 " 15 0745-0800 144 25 -10 0 0 0 t 5 0 
60 1630-1730 588 45 tio 54 13 0 t 1 5 25 

Cimalo i i Rd fc I t t b St Nor th Gunaton 11 - 11" 15 1645-1700 147 14 410 21 7 9 t 1 0 12 
60 0715.0815 612 88 -10 0 0 0 t 5 0 57 

Gonaton Rd fc 16th St Wcat 16th St 1 2 ' - 3" 15 0745-0800 153 25 -10 0 0 8 4 5 0 21 
60 161S-171S 576 40 -10 19 - 1 t 1 0 113 

Gunaton Rd fc 16th St Eaat l 6 t h St 11 ' - 9 " 1630-1644 144 12 .10 7 7. 7 • 1 .0 }6 
60 1630-1730 810 67 -10 327 39 9 . 10 0 3 

Gunaton Rd fc Meade Rd N o r t h Gunaton 1 5 ' - 0" 15 1700-1715 202 11 tio 93 39 2 -10 0 0 
60 0715-0815 600 74 tio 0 0 0 4 5 0 8 

Cnnaton Rd fc Meoda Rd South Gunaton 12' - 1" 15 0730-0745 150 10 ^10 0 0 0 4 5 0 2 
60 0700-0800 564 21 tio 12 3 0 4 4 0 321 

Gunaton Rd fc Meade Rd Weat Meade Rd (8) I P - 7" i « A7 ia .0744 * f f 7 1 1 9 * S-9 
io 0730-0830 4 M si tfo I IT 0 4 S J 51 

Thoet* Rd l i 16th St Weat 16th St 1 0 - - 6'* i « 0745-OAOO 122 12 -10 1 0 0 T 5 0 60 
60 0700.0800 594 17 .16 NR NA 4 I A l t \ 

Humphreya Rd fc Meade Rd N o r t h Humphreva Rd 12 - 0" 15 0730-0745 149 7 . 10 NR NR * 5 0 88 Humphreya Rd fc Meade Rd 
60 1630.1730 450 13 .10 337 T f 5 0 9 

Humphrcya Rd fc Meade Rd Enat Meade Rd (8) 10' - 0" IS 
60 

1700-1715 113 2 410 105 T 4 5 0 4 Humphrcya Rd fc Meade Rd IS 
60 1700-1800 594 20 tio 6 2 8 4 4 0 NR 

H u n p h r e v a Rd fc Meade Rd South Humohreva Rd 12' - 0" 15 1700.1715 149 5 . 10 i hi 4 3 .0 NR 

10* - 4" 
60 1630-1730 474 36 tio NR NR t 5 0 184 

Abbot Rd fc W i l U Rd Eaat Abbot Rd 10* - 4" 15 1645-1700 119 ,15 f l O NR NR 4 5 0 SB 
60 0730-0830 1161 40 410 33 10 5 NR 

Abbot Rd fc WiUa Rd Weal Abbot Rd 1 9 ' - 3" 15 0730-0745 290 6 410 3 3 0 • 4 0 NR 

10' - 1" 
60 0700-0800 468 19 410 165 T • 5 0 40 

Abbot Rd fc WiUa Rd South W i l l s Rd (S) 10' - 1" 0730-0744 117 4 . 10 M T . 4 . 0 

10' - 4" 
60 0715-0815 474 45 tio NR NR • 5 0 37 

Abbot Rd fcBeauresard Rd Wcat Abbot Rd 10' - 4" 15 0730-0745 119 tio i w 4 5 .0 17 

20 ' - 5" 
60 1600-1700 1245 l i f i 2 41 -10 0 68 

U S No 1 fc Va No 235 Nor th Va No Z3S (Si 20 ' - 5" 15 1615-1630 111 } . 10 u 4 » . T - 1 0 . 0 1? 
1630-1730 1134 i i 410 NR NR 4 5 0 132 

U S No 1 fc Va No 618 Eaat U S No 1 19' - 0" 15 1645-1700 284 12 fio NR NR 4 5 0 27 

20* - 0" 
60 0700.0800 1215 54 410 112 9 4 0 0 NR 

U S No 1 fc V> No 61S Wcat U S No 1 20* - 0" 15 0730-0745 304 16 tio 40 8 4 4 1 0 NR 
60 0715-0815 534 14 410 177 T 4 5 0 47 

U S No 1 fc Va No 618 South Va No 611 I P - 2" 15 0744-0800 134 4 410 T • 5 . 0 0 
60 1645-1745 1454 40 *10 NR NR 4 5 0 NR 

Humphreya Rd fc U S No 1 Wcat U S No 1 23 ' - 6 " 15 1700-1715 363 12 *10 NR NR t 5 0 NR 
T h r u 

1 2 ' . 0 " (8) 
60 1630-1730 594 29 tio NR NR 4 5 0 963 

Humphreya Rd fc U S No 1 South Humphreya Rd (S) 1 2 ' . 0 " (8) 15 1700.1714 148 7 . 10 H f t * 5 .0 IZi 
i « l t 

20 ' . 0" 
6 0 1&30-173D 1215 40 410 l i 3 24 4 - 7 A NR 

U S No 1 fc Va No 617 Wcat U S No 1 20 ' . 0" 15 1700-1715 304 4 410 49 28 3 - 9 0 NR 

15* - 10" 
60 0700-0800 834 13 410 109 33 1 -10 0 221 

U S No 1 fc Va No 61T South Va . No. fclTfSl 15* - 10" I * 0730-0744 208 3 • 10 S7 4 1 . 0 -10 . 0 u 
10' - 0" 

60 1615-1715 450 tio 98 42 6 -10 0 l i t 
U 8 No 1 fc Bache Rd N o r t h Bachc Rd. fS) 10' - 0" f i 113 . 1 0 40 47 .6 . 1 0 . 0 44 

60 0700.0800 522 21 tto 262 T t 5 0 175 
Va No 617 fc Va No 613 Eaat Va No 617 I P - 0" IS 0730-0745 130 5 410 93 T t 5 0 36 

10' - 6" 
60 1645-1T45 486 8 tio 248 83 0 -10 0 NR 

Va No 617 fc Va No 613 South Va. N « . &I3 lB\ 10' - 6" 1645-1700 1 2 2 4 . 1 0 91 88 .0 -10 . 0 RR 
Right 

11' - 6" 
60 1630-1730 558 11 410 84 26 3 - 8 0 23? 

WiUa Rd fc Va No 613 Weat W i l l a Rd. rsl 11' - 6" i M 4 . i T a o I M * . 1 0 23 U J - . 6.1 61 

13' - 9" 
60 OTOO-0000 720 16 tio 422 T t 5 0 2 

S h i r l e y Hwy fc Va No 617 N o r t h West Ramp (S) 13' - 9" 15 0715-0730 IM 4 tio 148 T 4 5 0 0 West Ramp (S) 

13' - 9" 
60 1&45-174S 720 11 tio 357 86 0 -10 0 NR 

S h i r l e y HWT fc Va No 617 Wcat Va. No. 617 13' - 9" 1* 1715-1730 180 3 . 1 0 107 82 .0 - 1 0 . 0 NR 

10' - 0" ( 9 ) 
60 0700-0000 1000 4 13 0 *Y f i K W Humphrcya Rd fc U S No 1 Weat U S No 1 10' - 0" ( 9 ) 15 0730-0745 250 4 3 0 M {4) (4) ( 4 ) 

Rt to Gate 

Not peTini t ted 
No road 
Stop aign 
T - i n t e r s e c t i o n 
A l r e a d y conver ted to E P C i n Co l 23 shown t o r I n f o r m a t i o n c 
M a x i m u m reduct ion f o r r i g h t t u r n la 10* . 
M a x i m u m reduct ion f o r l e f t t u r n i s 20%. 
M a x i m u m combined reduct ion is 20% 
£ P C B equivalent poaacngcr cara 
Added tu rn ing Una on aepatate aignal 1000 v e h i c l e a / l O f t / h » 
(R«f p 91 para c. Highway Capaci ty Manual ) 

T r a f f i c backed up a lmos t to Va No 235 
3/4 h r 438 /h r I / 4 h r 292 per 1/4 h r = 621 
A r b i t r a r i l y reduced because o f gut ter acreaa r igh t t u n 
Only one Unc e l approach road la n o r m a l l y uaed becanae of 
(1) cuatom (2) U c k of s igning, <3) only one Unc ava iUb le en 
U S No 1 f o r caatbound t r a l f i c (other Una la uaed by t r a t R r 
Ramp to South Gale) 
Width o f approach govcr iMd by Una wid th o f U 8 No 1 
20' r a m p w i d t h 



ION-AVERAGE CONDITIONS 
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a r T e W Cf tpf tc i ty pe r C s p a c i t f 
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[ (9) - ( lZ) . ( lS) . (16; (T) » (17) (18) « (19) 

(19) (16) H I ) (18) ( I f ) (20) 

• IZ 3 . 3 8 623 23/60 239 
- 7 0 8 0 162 7/15 75 
-20 0 0 0 922 31/60 269 
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. 1 3 . 0 4 4 .0 6 U 41/60 A\A 
. 2 0 t l T 0 179 8/15 95 
- 9 0 t 7.0 655 41/60 447 
. S 0 t 8 0 169 14/15 154 
* & 0 +11.0 979 44/60 429 
t 8 0 4I3 0 147 • / 19 79 
- S 0 0 0 9ZZ 31/60 270 
• 7.0 • 12.0 146 6/15 58 
I i 6 •21 • 670 39/70 373 
f 6 0 •21 0 174 39/70 97 
f 4 0 418 0 693 39/70 386 
» 5 5 422 0 179 39/70 99 
. 8 0 »1Z 0 689 23/70 225 
.10 0 «10 0 168 23/70 95 
-20 0 - 4 0 553 23/70 181 
. 2 0 . 0 - 4 .0 138 23/70 45 

a f l O 0 4l9 0 932 50/60 780 
4>10 0 4 l5 0 232 12/15 189 
* 8 5 429 0 774 48/60 712 
t 9 0 429 0 194 10/15 129 
-20 0 - 1 0 558 30/60 279 
. 2 0 . 0 0.0 141 S / H 47 

- f a 1^ ff 554 58/60 E s t 535 
-20 0 0 0 122 I S / I S Eat . 1J7 
.28 0 fl B 594 57/60 56« 
-20 0 0 0 149 14/15 139 
t 8 0 * 2 8 0 576 56/60 537 
* 6 0 • 26 0 142 13/15 123 
410 0 429 0 766 55/60 704 
« 1 0 . 0 •28 .0 191 l O / n IXR 
-20 0 0 0 474 54/60 427 
-20 0 0 0 119 14/15 111 
4>10 0 .29 0 1491/1200 (7) 52/60 1039 
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-10 0 • 10 0 919 39/60 338 
- I . O * 2 1 . 0 142 q / n 84 
f 1 0 4l9 0 564 57/60 E s t 536 

0.0 420.0 143 14/15 E s t . 133 
*10 0 4 lS 0 1431 " / t i i l l i t i 
• 10.0 4 l S . a 341 2 / 1 5 Ea t . *• 
* 1 0 •21 0 1372 40/60 919 
* 3 0 423 0 349 10/15 233 
t lO 0 425 0 1518 31/60 783 
f l D 0 426 0 383 7/19 179 
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• 10 0 430 0 1890 97/60 179^ 
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• 10 0 4l8 0 U » ii/io 1434 
*10 0 416 0 353 19/15 353 
*10 0 • 10.0 917 53/60 810 
• 10.0 • 10.0 2Z8 13/15 197 
t lO 0 4 l5 0 518 50/60 431 
• ID.O . 1 4 . 0 130 10 / lS n 
.20 0 0 0 522 S 5 / 6 f E s t 478 
- I B 0 4 2 0 133 14 / lS Es t 124 
*10 0 415 0 559 56/60 522 
• 1 0 . 0 • i i ( . a 140 M l 
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• Ifl.O . 1 4 . 0 iM i i / n r.mt 132 
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410 0 4 l5 0 828 60/60 F s t 828 
410.0 • 15.0 207 H / l S Eat . 207 

w W 1000 60/60 1000 
(4) (4) Z50 15/15 250 
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Figure 8. Peak-15-minute flows, capacities, overloads, and unused capacities on approaci"' 
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Figure 9. Peak 15 minute overloads on approaches to intersections, 
by type of control. 

CONCLUSION 
The principal conclusion which the author would draw from the Fort Belvoir Traffic 

Study lies in another field, however. While 31 intersection approaches were found to 
be overloaded in the peak 15 minute period, only two sections of roadway were found to 
be in urgent need of widening. Capacity restrictions in the post road net were due al­
most entirely to intersection deficiencies. Particularly on a military post, where all 
land is in single ownership and building setbacks are usually very generous, it is much 
simpler to increase road network capacity by enlarging intersections than by widening 
existing roads or building new roads. In general, i t was surprising that budget and 
other authorities had allowed the traffic situation at Fort Belvoir to develop to the point 
it had reached, and that relatively simple remedial measures had not been taken. 

But the lack of understanding of mtersectional capacity limitations on military prop­
erty IS only a minor reflection of our more serious failure on a national scale to design 
and build the current additions to our urban road networks in such a way that intersec­
tion capacities wil l equal street capacities on primary and secondary uncontrolled ac­
cess thoroughfares. 

Do not the traffic engineers have a professional obligation to hammer away at state, 
county and city highway departments (who acquire land by purchase) and county and city 
planning commissions (who oversee the acquisition of land by dedication during the 
process of subdivision), insisting that right-of-way acquisition for intersections of 
major surface thoroughfares should be generous enough to provide additional lanes on 
the intersection approaches to replace the street capacity lost at the intersection through 
minutes of red, right and left turns, the slow starting of commercial vehicles, parking, 
and bus stops ? 



15 

Discussion 
HERBERT S. LEVINSON, Wilbur Smith and Associates, New Haven, Connecticut—Suter-
meister has developed a most interesting analysis. His finding peak-hour volumes 
considerably in excess of published capacity values leads one to believe that the es­
tablished capacity criteria cannot be universally or indiscriminately applied. 

(1) Relating vehicular headways, effective lanes, and available green time, how 
would computed capacities compare with observed saturation loadings ? 

(2) If the roads at Ft. Belvoir were considered as "e3q)ressways," how would the 
saturation loadings compare with calculated capacity values using the Capacity Manual ? 

(3) Can it be inferred that, the capacity of any street - in vehicles per hour of green -
lies somewhat between the expressway and typical street curves set forth in the 
Capacity Manual ? 

(4) Would the exact values to be used depend on the type and nature of marginal in­
terferences resulting from abutting land use ? 

OSCAR SUTERMEISTER, Closure—In response to Mr. Levinson's questions: 
(1) Headways were not timed in the field. Average headways could be computedfrom 

data presented on effective lanes, available green time, and actual flow. Capacity com­
puted on the basis of such calculated average headway would of course equal observed 
saturation loading. If some normal or standard headway were used to compute capacity, 
the result would probably be somewhat lower than observed saturation loading. 

(2) The suggested calculations and comparisons could be made from data presented, 
but have not been worked out by the author. 

(3) In my opinion, no. Special conditions outlined in the paper differentiate Belvoir 
roads from usual city streets enough to preclude the inference that all streets have a 
capacity equal to or higher than that indicated in the Manual. 

(4) Not necessarily, I feel. Departures from Manual capacity in the Belvoir case 
were not due to "type and nature of marginal interferences resulting from abutting land 
use." They were due to special local characteristics of traffic operations and of the 
traffic stream, as identified m the paper. 



Capacities of One-Way and Two-Way Streets with 
Signals and with Stop Signs 
ALEXANDER FRENCH, Highway Transport Research Engineer' 
Bureau of Public Roads 

#BOTH stop signs and signals are used extensively to control traffic at intersections. 
Generally, stop-sign control is used only on the less important of the two intersecting 
streets, but in some instances four-way stop-sign control is used. The relative merits 
of each of the various types of control devices has long been a topic of discussion and 

T A B L E 1 
TRAFFIC VOLUMES AND DELAY P E R VEHICLE WITH STOP-SIGN CONTROL ON A L L APPROACHES 

While Volume on 13th Street was at a Peak 
1-Hour period 10-Minute period 

For 13th For cross Total for For 13th For cross Total for 
Location Street streets intersection Street streets intersection 

Traffic Avg. Traffic Avg Traffic Avg. 
volume delay volume delay volume delay 

Traffic Avg. 
volume delay 

Traffic 
volume 

Avg Traffic Avg. 
delay volume delay 

Vph Min Vph Min. Vph Min Vph Min. Vph Min Vph Mm. 
13th Street two-way (parking one side) 

At Park Road 1,23 1 0 44 512 0 54 1,743 0.47 1,476 0.31 642 0 39 2,118 0 33 
At Columbia Road 1,400 0 41 567 0. 27 1,967 0 37 1,602 0 49 480 0.28 2,082 0 44 
At Harvard Street 1,389 0.49 492 0 47 1,881 0 48 1,542 0.47 594 0 42 2,136 0.46 

13th Street one way (parking prohibited) 
At Park Road 1,502 0 23 691 0 80 2,193 0.41 1,794 0 25 810 1 05 2,604 0 50 
At Columbia Road 1,615 0.31 668 0 42 2,283 0 34 2,280 0.43 762 0. 52 3,042 0 45 
At Harvard Street 1,481 0 38 653 0 60 2,134 0 45 1,890 0.26 696 0 86 2,586 0 42 

While Volumes on Two-way Cross Street were at a Peak 
13th Street two-way 

Park Road 1,147 0.35 565 0.54 1,712 0.41 1,476 0 31 642 0. 39 2,118 0.33 
13th Street one-way 

Park Road 1,502 0 23 691 0 80 2,193 0 41 1,794 0 25 810 1 05 2,604 0.50 
While Volumes on One-way Cross Streets were at a Peak 

13th Street two-way 
Columbia Road Westbound 1,400 0 41 567 0.27 1,967 0.37 1,314 0 36 684 0.37 1,998 0 36 
Harvard St Eastbound 1,387 0 53 495 0.49 1,882 0.52 1,530 0 41 600 0.36 2,130 0.40 

13th Street one-way 
Columbia Road Westbound 1,615 0 31 668 0.42 2,283 0.34 1,968 0.45 822 0.70 2,790 0. 52 
Harvard St Eastbound 1,481 0.38 653 0.60 2,134 0.45 1,818 0.25 858 0.45 2,676 0.31 

i t IS therefore desirable that factual information be obtained for use as a guide in de­
termining the conditions under which traffic signals, two-way stop signs, and four-way 
stop signs provide the most efficient operation. 

*The data were collected in the field by 19 Junior Highway Engineers. A preliminary 
report was prepared by four of these engineers, Robert D. Bee, Walter W. Bryant, 
Dwlght A. Hodgens, Jr., and Joseph Rekas, as part of the Bureau of Public Roads 
Training Program. This report is based chiefly on further analysis of the data. The 
District of Columbia Department of Vehicles and Traffic supplied the signs and ad­
justed signal timing as directed by John H. Mitton, Assistant Director and Traffic 
Engineer. The Metropolitan Police provided officers for emergency control as directed 
by Deputy Chief of Police John J. Agnew. 
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This report covers a study of traffic at four intersections while the traffic signals 
were in normal operation and also studies at the same locations while two-way stop 
signs and four-way stop signs were used in place of the traffic signals. 

All four intersections are on 13th Street, N. W., in Washington, D. C., a four-lane 
street which, during the peak period carries more than 3, 200 vehicles per hour. It is 
operated one-way inbound during the morning peak period and one-way outbound during 

the evening peak period. During off-peak 
Normal Traffic Control 

0 Signals 
H Stop Sighs 

LAMONT 

K E N Y O N 

3^ I R V I N G 

C O L U M B I A 

H A R V A R D 
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Figure 1. Four intersections studied on 
Thirteenth Street. 

periods, i t operates as a two-way street 
with parking on one side. The 1.8-mile 
section of 13th Street between Logan Circle 
and Spring Road with a peak-hour overall 
speed of about 18 mph is an unusually ef­
ficient arterial street, carrying far heavier 
traffic than most streets of this width are 
capable of accommodating under usual con­
ditions. The three types of intersection 
control were observed under heavy traffic 
loads at intersections with both one-way 
and two-way streets. 

Thirteenth Street is a through north-
south street carrying much heavier traffic 
volumes than the cross streets. The cross 
streets at which studies were made are: 
Irving Street and Park Road, which carry 
two-way traffic; Harvard Street, which is 
one-way eastbound; and Columbia Road, 
which is one-way westbound. The general 
layout is shown in Figure 1. Details of 
each intersection are shown in Figure 2, 
while Figures 3 and 4 are photographs of 
13th Street when operating two-way and 
one-way respectively. 

All four intersections are normally con­
trolled by an interconnected system co­
ordinated fixed-time traffic signals. There 
is a single dial in the time controller at each 
intersection. Consequently, the 80-second 
signal cycle and the stop and go intervals 
for 13th Street and the cross streets remain 
constant throughout the day. The signals 
are interconnected with a master controller, 
however, so that the time offsets between 
successive signals on 13th Street can be 
changed. This provides for progressive 
traffic movement favoring the desired di­
rection of travel at different times of the 
day. 

Three different signal progressions are 
used. The first , which is used during the 
morning rush period, provides progressive 
movement for 13th Street traffic while i t is 
one-way inbound. The second, which is 
used during nonrush periods, provides rea­
sonably good progression in both directions 
while 13th Street carries two-way traffic. 
The third, which is used during the after­
noon rush, provides excellent progression 
while 13th Street is operating one-way outbound. 
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Figure 2. Details of intersections studied. 

Accident data for 13th Street are summarized and compared with those for other 
arterial streets and a nearby freeway in Table 2. The accident rate is 13 percent high­
er than the average based on a nationwide study of representative arterial city streets. 
This higher accident rate may be due in part to the very complete reporting of accident 
data in the District of Columbia. It is not believed to indicate a significantly higher 
accident potential. It is much higher, however, than the accident rate for the Shirley 
Freeway, a facility with fu l l control of access which carries comparable traffic volumes. 

The principal field studies were conducted on three weekday afternoons in March 
1954. Operation with signal control was observed the f i rs t day. The green time on the 
cross streets was reduced in an attempt to provide a continual backlog of vehicles on 
cross streets so that their possible capacities could be determined. On another day, 
stop signs were used to control traffic on the cross streets. On a third day, stop-sign 
control was used on all approaches to the intersections. Additional field studies were 
conducted in November to measure the delay to traffic with the normal signal timing 
and to determine the capacity of 13th Street with two-way traffic controlled by signals. 
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TABLE 2 
ACCIDENTS PER HUNDRED MILLION 

VEHICLE-MILES ON THIRTEENTH 
STREET COMPARED WITH OTHER 

FACILITIES 

13th Arterial Shirley 
Street^ streets^ Freeway^ 

Al l reported 
accidents 

Fatalities 

1,091 966 192 

Manual counts of all through and turning 
movements, classified by type of vehicle, 
were made at all entrances to the inter­
sections. These were recorded for every 
cycle when signals were in operation, and 
every 2 minutes when signals were off and 
traffic was being controlled by stop signs. 
Fully utilized "go" periods (loaded cycles) 
were noted while observing traffic con­
trolled by signals. To provide data from 
which vehicular delay might be computed, 
counts were made of standing vehicles on 
each intersection approach at regularly 
spaced intervals. Thirty-second intervals 
were used when signals were in operation 
and two-minute intervals were used y*en 
stop-sign control was employed. 

Field data have been summarized by 
10-minute periods. Rates per hour of 
green signal time have been calculated so 
that the rates are comparable regardless 
of signal timing. The rate per hour of 
green is calculated by dividing the hourly 

volume as normally determined by the percentage that the green period, not including 
any amber time, is of the total cycle. 

To calculate total delay, the number of stopped vehicles as determined by the peri­
odic count was multiplied by the time interval between counts. This value was then 
divided by the number of vehicles entering the intersection to determine the delay per 
vehicle. 

^Logan Circle to Spring Road 1. 8 miles, 
January 1, 1952, through June 30, 1954. 
^Preliminary figure for urban streets 
with no access control based on cooper­
ative study by the Bureau of Public Roads 
and State Highway Departments. 
^Ridge Road to Shirlington Circle 1. 6 
miles, Arlington County, Virginia, Jan­
uary 1, 1950, through June 30, 1954. 

SIGNAL CONTROL 
Despite the high traffic volumes observed at the four intersections while they were 

controlled by signals, the traffic demand on some of the approaches was insufficient to 
utilize fully the green interval during any of the signal cycles. On several of the ap­
proaches the green interval was fully utilized during a few cycles only. The green or 
"go" interval was considered fully utilized when the traffic demand at the observed ap­
proach was equal to the possible capacity of that intersection approach with vehicles 
continuously entering the intersection throughout the green interval. Cycles during 
which these conditions occurred are called "loaded cycles. " A loaded cycle for an 
intersection approach is independent of the traffic on the other approaches v^ich may 
or may not be loaded during the same period. 

In Table 3 the f i r s t four columns show the traffic on 13th Street, the percentage of 
dual-tired vehicles, and the percentage of right and left turns during the 1-hour period 
of maximum traffic. The next column shows the number of seconds of green signal 
time per cycle. The traffic volume per hour of green signal time follows. The highest 
hourly rate observed during 10 consecutive minutes is shown next, followed by the rate 
per hour of green time for loaded cycles. Al l these data were compared for similar 
intersection approaches, and the possible capacity was determined for each approach. 
This is tabulated in the last column of the table. Table 4 is similar to Table 3 and 
lists the data for the cross streets. 

The estimated possible capacities shown in the last columns of Tables 3 and 4 were 
determined on the basis of the 1-hour, 10-minute, and loaded-cycle volumes. Datafor 
similar intersection approaches were considered collectively in arriving at these ca­
pacities. The values represent the possible capacities over a 1-hour period even though 
volumes for shorter time periods were used in their determination. A detailed descrip­
tion of the method of determining these values is necessary for an appreciation of their 
reliability. 
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Figure 3. Looking south on Thirteenth Street during off-peak per­
iod - near Irving Street with two-way t r a f f i c on Thirteenth Street. 

TABLE 3 

OBSERVED TRAFFIC AND POSSIBLE CAPACITY OF 13th STREET* AT 
FOUR SIGNAL-CONTROLLED INTERSECTIONS 

13111 Street Carrying T»o-way Tra f f i c M ^ „ „ „ 

Conditions during continuous 1-hour 
period of maximum t ra f f i c 

observed t ra f f ic vols, per 
hour of greenor "Go" time 

Estimated 
possible 

Dual Left Right Green time During a During a During capacity 
Intersection entrance Volume t i red turns turns for 80-sec. 1-hour 10-min. loaded per hour 

cycle period period cycles of green 
Vph Per­ Per­ Per­ Seconds Vehicles Vehicles Vehicles Vehicles 

cent cent cent 
Southbound (parking permitted) 

At Park Rd. (two-way) 482 3. 5 0.4 7.0 38 1,015 2,080 1,530(1-1) 1,600 
At I rving St. (two-way) 524 2. 9 1. 9 1.3 _c 1,435 1, 720 1,605(25-39) 1,600 
At Columbia Rd. (one-way WB) 557 3. 4 - 6.8 45 990 1, 181 None 1,600 
At Harvard St. (one-way EB) 555 4.3 5.4 - 29 1, 531 1,707 1,610(55-78) 1,600 

Northbound (parking prohibited) 
At Park Rd. (two-way) 836 2.7 4.1 6.6 40 1, 672 2,124 2,460(3-3) 2,600 
At I rving St. (two-way) 748 2.9 4.3 1.3 _c 2,100 2, 916 2,635(10-25) 3,000 
At Columbia Rd. (one-way WB) 671 3.3 6.8 - 45 1,193 1,611 None 3,000 
At Harvard St. (one-way EB) 849 2.8 - 4.1 29 2,342 3,321 3,576(5-20) 3,300 

13th Street Carrying One-way Traf f ic 
Northtiound (parking prohibited) 

At Park Rd. (two-way) 2, 747 0.9 6.4 10.3 40 5, 494 7,140 6,857(8-16) 7,000 
At Irving St. (two-way) 3, 128 1 0 1.8 0.5 52 4,811 5, 623 None 7,000 
At Columbia Rd. (one-way WB) 3, 168 1.0 3.6 - 45 5, 633 6, 614 None 7,000 
At Harvard St. (one-way EB) 2, 987 0.8 - 4.7 50 4,779 5,309 5,637(4-16) 7,000 

^I3th Street is 40 f t . wide. Parking is permitted only on the west side used by southbound t ra f f ic while 13th 
Street is operating two-way. A l l parking is prohibited on 13th Street while one-way. 
^The number of loaded cycles observed is shown by the f i r s t of the two figures in parentheses while the second 
figure is the total number of consecuUve cycles in the period during which the loaded cycles were observed. 
^24 32-second green periods, 11 28-second green periods, and 10 24-second green periods. 

Figure 4. Looking south on Thirteenth Street during evening peak 
period - near Park Road with one-way t r a f f i c on Thirteenth Street. 
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T A B L E 4 
OBSERVED TRAFFIC AND POSSIBLE CAPACITY OF FOUR SIGNAL-CONTROLLED STREETS 

CROSSING 13th S T R E E T * 
Cross Streets Carrying Two-way Traffic 

Maximum 
Conditions during continuous 1-hour observed traffic vols, per 

period of miuamum traffic hour of green or "Go" time 
Dual Left Right Green time During a During a During 

Volume tired turns turns for SO-sec. 1-hour 10-min. loaded 
cycle period period cycles^ 

Per- Per-

Intersection entrance 

TpE" 
cent 

Seconds Vehicles Vehicles Vehicles 

Estimated 
possible 
capacity 
per hour 
of green 
Vehicles 

cent cent 
13th Street two-way 

Park Rd. E B 273 8.0 2.9 9.9 18 1,213 1, ,502 1,333(24-40) 1, 400 
Park Rd. WB 294 3.4 25.8 1.7 18 1,307 1, ,551 1,400(30-45) 1, 400 
Irving St. E B 203 13.8 13.8 18.7 18 902 1, ,200 1,120(10-44) 1, 200 
Irving St. WB lis 15.6 6.1 7.8 18 511 649 800(1-1) 1, 200 

13th Street one-way 
ParkRd. E B 366 2.7 13.1 - 18 1,627 1, 849 1,542(43-52) 1, 600 
ParkRd. WB 304 3.0 - 4.9 24 1,013 1, 249 1,433(6-52) 1, 400 
Irving St. E B 245 9.8 19.6 - 18 1,089 1, 450 1,055(40-92) 1, 400 
Irving St. WB 179 7.3 - 16.8 18 795 1, 000 850(8-39) 1, 400 

Cross Streets Carrying One-way Traffic 
13th Street two-way 

Columbia Rd. WB 465 3.9 7.3 9.0 15 2,480 2, 917 2,824(13-28) 3, 000 
Harvard St. E B 447 5.6 20.4 5.1 15 2,384 2, 821 3,120(5-7) 3, 000 

13th Street one-way 
Columbia Rd. WB 668 1.0 - 12.6 3,185 3, 960 3,553(41-95) 3, 600 
Harvard St. E B 708 1.8 33.5 - 17 3,332 3, 936 3,600(60-89) 3, 600 

»A11 cross streets are 30 feet wide with parking permitted on one side except that the west leg at Park Road is 38 
feet wide with parking permitted on both sides. 
'>The number of loaded cycles observed is shown by the first of the two figures in parentheses while the second 
figure is the total number of consecutive cycles in the period during which the loaded cycles were observed. 
'̂ 37 15-second green periods and 8 25-second green periods. 

First, the 1-hour volume was compared with the maximum 10-minute volume and the 
volume during loaded cycles at the particular approach. The relation between these val­
ues, as well as the frequency of loaded cycles, formed a basis for tentatively estimating 
possible capacity. For instance, if the 1-hour volume and loaded-cycle volume were well 
below the maximum 10-minute volume, i t was evident that the f i r s t two were well below 
capacity. The presence of only a few loaded cycles during a large number of consecutive 
cycles would confirm this. In such a case it is possible that even the maximum 10-min­
ute volume was below possible capacity. On the other hand, if the three volumes were 
about equal and a large and fairly concentrated number of loaded cycles were observed, 
this was an indication that possible capacity was reached. In such instances a volume 
somewhat below the maximum 10-minute volume, but not less than the loaded-cycle 
volume, might have been tentatively selected as the possible capacity. 

After the tentative values for all similar intersection approaches were selected by 
this process, they were compared with each other for consistency and reasonableness. 
In this comparison differences in turning movements, frequency of commercial vehicles, 
bus stops, and other factors known to affect traffic operation were considered. If the 
tentative possible-capacity estimate for any approach appeared inconsistent, a reap­
praisal was made. In the case of similar approaches v^ere the tentative estimates were 
close, a single value was selected for the possible capacity of all . If only one of several 
otherwise similar approaches was observed at or near possible capacity conditions, the 
value determined for this approach was assigned to the others. 

Unusually high values were determined for the possible capacity of 13th Street when 
it was operating one-way northbound. The highest volumes per hour of gf een were ob­
served at Park Road where the green time was least. Even here, with only one-half 
the total cycle green to 13th Street, only eight loaded cycles occurred. With a volume 
during these cycles of 6,857 vehicles per hour of green and a maximum 10-minute vol­
ume of 7,140 vehicles per hour of green, the indicated 7, 000 vehicles per hour of green 
is evidently the approximate possible capacity. Since the turning movements were less 
at the other approaches, i t must be inferred that possible capacities at these approaches 
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are at least equal to the 7, 000 vehicles per hour of green determined at Park Road. In 
the absence of factual data indicating higher capacity, this value was accepted for all 
four locations, rather than some higher value. 

The results of an analysis of the data in Tables 3 and 4 indicate that within the range 
of values observed, the percentage of commercial vehicles and the percentage of left 
and right turning traffic at the intersections had little apparent effect on capacities of 
the approaches. An exception is the case of Irving Street which carried about twice as 
high a percentage of dual-tired vehicles as the other cross streets. It had a capacity 
somewhat lower than the other cross streets. 

The rates of traffic flow based on the 10-minute periods of maximum volume were 
frequently greater than the rates based on the loaded cycles. These 10-minute periods 
included many cycles that were not fully loaded. It is evident, therefore, that greater 
volumes are sometimes carried during unloaded cycles than during loaded cycles. A 
cycle was considered to be loaded at an intersection approach if vehicles were traveling 
through the intersection during the entire green signal period and the stream was inter­
rupted by the red signal. Frequently, when all drivers were alert, accelerated quickly, 
and allowed a minimum headway, all vehicles waiting at the intersection and those ar­
riving during the green interval were able to clear the intersection before the green 
time expired. A cycle of this type would not be classed as a loaded cycle. At other 
times one or two slow drivers or some other impediment tended to reduce the move­
ment of vehicles through the intersection and, as a result, the cycle was classified as 
being fully loaded despite the fact that the number of vehicles counted was less than 
during other cycles which were not so classified. 

The possible capacity of 13th Street operating one-way northbound is 7,000 vehicles 
per hour of green. This is equivalent to 1,750 vehicles per hour of green per 10 feet 
of width or per lane. This extremely high volume is only 2 percent below the maximum 
10-minute volume observed on 13th Street at Park Road. At the time there was little 
delay to traffic, although some vehicles required more than one signal cycle to clear 
the intersection. Traffic counts obtained by automatic recorders indicate that traffic 
volumes of 3, 200 vehicles during 1 hour occur frequently. This is equivalent to 6,400 
vehicles per hour of green at Park Road. Thus 13th Street often carries a volume for 
a 1-hour period which is in excess of the peak volume recorded during this study. 

The possible capacity of 3, 600 vehicles per hour of green for each of the one-way 
streets crossing 13th is also unusually high. This is equivalent to 1, 200 vehicles per 
hour of green per 10 feet of surface width, curb to curb, with parking on one side. The 
capacity of each of the two-way streets crossing 13th Street is also unusually high. 

These very high capacities certainly exceed those attained on most city streets. At 
these high capacities the flow of traffic through an intersection is likely to be greatly 
affected by a slight change in signal timing, especially in the time offset between suc­
ceeding signals which is very critical m a progressive system. Minor accidents, stalled 
vehicles, and severe weather conditions also result in sharp reductions in capacity. 
Capacity values considerably lower than those found on 13th Street must therefore be 
used for design when planning one-way street systems and other improvements to city 
traffic facilities, or i t is likely that adequate capacity wil l not be provided. 

By comparing the possible capacities of the approaches, the effect that two-way and 
one-way operation have on capacity has been determined for both 13th Street and the 
cross streets. The effect of parking on the capacity of 13th Street while operating as a 
two-way street was also determined by comparing the capacity in the northbound direc­
tion with the capacity in the southbound direction. Southbound vehicles could park on 
the west side of the street while parking was prohibited on the east side. The effects of 
these conditions are shown graphically in Figure 5. 

Figure 5 shows that under one set of conditions the possible capacity of 13th Street 
is only 3, 200 vehicles per hour of green signal time, whereas, under another set of 
conditions, the possible capacity is 7,000 vehicles per hour of green or 2.19 times as 
high as for the f irs t . The improvement in capacity was realized by eliminating parking 
and changing from two-way to one-way operation on 13th Street. Likewise, the capacity 
of a cross street in one case is 2, 600 vehicles per hour of green time and in another 
case 3, 600 vehicles per hour of green. The difference of 1, 000 vehicles per hour or 38 
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T A B L E S percent is a direct result of changing from 
two-way to one-way operation on both of the DJCHEASE I N CAPACITIES OF STREETS A T SIGNALIZED 
lYY^ wajf I.U uiic wajf uycxauu i i u i i uuui uic INTERSECTIONS B Y CHANGING F R O M T W O - W A Y T O 
intersecting streets and does not involve a ONE-WAY OPERATION A N D B Y T H E E L I M I N A T I O N 
change in the parking condition on the cross P A R K I N G O N MAJOR S T R E E T » 

street. increase in 
One of the most important results of the change m condiUons etara'ajoVaTminor 

study, which is illustrated by Figure 5, is street street 
. . , . . . . . ' Percent Percent 

that the operating conditions on one street ^^^^ two wa to one wa o eration 
affect not only the capacity of that street (^'^or"toeerwitt''no arkin°^ " " " ^ 
but also the capacity of the intersecting w"h ' tTO -JyV^.c°o.f"mo?street 25 12 
street. Under certain conditions, for ex- W'** one-way traffic on minor street 11 20 
ample, the capacity of 13th Street is higher %Zt°4!*v^y\raffic on major street 
when the cross street carries one-way traf- parking both sides of major street 0 15 
fic than when it carries two-way traffic. N S ' n ^ ' o ™ ^ ' ' " ' 12 
The same is true for the capacity of the one-way traffic on major street 

. . 1 i i i t J i . , No parking on major street 0 cross streets in relation to the directional f » j 
101.1. cu. i Elimination of parking from major street" 

flow on 13th Street. From one B i d i 

Table 5 shows the effect on intersection At one-way minor streets 48 
capacity of each change that was made on F T ^ ^ ^ T " " " 
13th Street and the cross streets with re- At one-way minor streets 97 
spect to directional operation and parking , At two-way minor streets 75 
conditions. In this table 13th Street is re- ^^^^yZZr^l;:r^!^tl^^ lllT' 
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ferred to as the major street and the cross 
streets are referred to as minor streets. 
By using this terminology the results can be more directly compared with the results of 
studies at other locations and more readily applied to similar situations elsewhere. 

It is of particular interest that a change from two-way to one-way operation of traffic 
on the major street increased the capacity of the minor street as well as the capacity of 
the major street. The increase for the major street was 25 percent at locations where 
the minor street was two way and only 11 percent where the minor street was one-way. 
This same change also increased the capacity of the one-way minor streets 20 percent 
and the capacity of the two-way minor streets 12 percent. Thus, the minor streets that 
were benefited most were those at locations where the major street benefited least by a 
change in its directional operation. 

The cross streets with one-way traffic had a greater capacity than those with two-way 
traffic. The difference was greater (24 percent compared to 15 percent) when the major 
street was also one-way rather than two-way. This difference in operation did not, how­
ever, benefit the capacity of the major street when it carried two-way traffic with parking 
on both sides or one-way traffic with no parking. One-way operation on the cross streets 
was of some benefit to the major street when it carried two-way traffic and parking was 
eliminated from one or both sides. 

Eliminating parking on the major street had a far greater effect on its capacity than 
changing from two-way to one-way operation. Eliminating parking from both sides of 
the major street nearly doubled its capacity (an increase of 97 percent) at the intersec­
tions with one-way minor streets. At intersections with two-way minor streets, the 
increase was 75 percent. Eliminating parking on one side of the major street had about 
half the effect of eliminatmg parking on both sides. 

It should also be pointed out that progressive movement, which reduces travel time, 
IS usually more easily attained on a one-way than on a two-way street. This is an addi­
tional and very important advantage of one-way operation. 

STOP-SIGN CONTROL ON CROSS STREETS 
All cross streets were operating at their possible capacities during the rush period on 

the day that stop signs were used only on the cross streets. Long queues of waiting ve­
hicles developed, and occasionally it was necessary for a police officer to clear the backup 
on the cross streets. Vehicles on the cross streets were aided somewhat by the signals 
at intersections on the through street north and south of the study area, which caused gaps 
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Figure 5. Street capacity with signal control related to direc-

tional operation and parking conditions. 
in traffic on 13th Street. 

Table 6 shows the observed traffic volumes and the delays to traffic on the cross 
streets at the Intersections studied. Volumes and delays are listed for the 1-hour and 
for the 10-minute periods of heaviest cross-street traffic while 13th Street was one-way 
and also while 13th Street was two-way. 

The same type of information was obtained for all 10-minute periods during the stud­
ies, and the average delays to cross-street traffic were compared for various traffic 
volumes on the cross streets and on 13th Street. As was expected, the delay to cross-
street traffic was found to increase with an increase in the total traffic volume on 13th 
Street as well as with an increase in the total cross-street traffic. A less expected 
finding was that the delay to cross-street traffic was independent of the directional usage 
of either 13th Street or the cross street. Consequently, the delay to cross-street traffic 
when controlled by stop signs can be shown on one graph representing both two-way and 
one-way operation on both of the intersectli^ streets. This has been done in Figure 6. 

The two lower curves of Figure 6 show the combinations of sustained through-street 
and stop-street traffic volumes which produced average delays to cross-street traffic 
of 30 seconds and of 1 minute per vehicle. The total traffic volume on 13th Street is 
shown on the horizontal axis, and the total traffic volume on the cross street is shown 
on the vertical axis. For example, a cross flow of about 600 vehicles per hour can be 
accommodated with an average delay of 1 minute when the total traffic volume on 13th 
Street is 1, 600 vehicles per hour. Combinations of volumes which lasted for only short 
periods sometimes caused delays much longer or shorter than those indicated by the 
curves. If the volumes were sustained for 20 or 30 minutes, however, the delays were 
as indicated by the curves. 

The third curve in Figure 6 shows the maximum volumes that the cross streets can 
accommodate with various volumes on 13th Street. The delay accompanying these vol­
umes was at least 2 minutes and for any given combination of volumes might have been 
several minutes. Once the traffic volumes on the cross street and on 13th became suf­
ficiently great to cause a delay of 2 minutes, the delay could Increase to several minutes 



25 

within a short period of time with no change in the traffic volumes. This curve there­
fore also represents the traffic volumes for all delays above 2 minutes. It thus repre­
sents the possible capacities of the cross streets when controlled by stop signs and with 
no control on 13th Street. 

Volumes which cause a 30-second delay can be exceeded by as much as 100 percent 
without increasing the delay to more than 1 minute. Volumes which result in a 1-min­
ute average delay, however, can only be exceeded by about 10 percent without increas­
ing the delay to more than 2 minutes. 

The small difference between the volumes shown for the curve representing a 1-mln-
ute delay and the curve representing a delay in excess of 2 minutes indicates that at 
these intersections the critical volumes are those producing a delay of between 1 and 2 
minutes per vehicle to cross-street traffic. 

The volume combinations indicated by the 30-second delay curve f i t the usual defini­
tion of practical capacity for the prevailing roadway and traffic conditions since greater 
delay and restriction to movement would appear unreasonable to most drivers. With 
the normal setting of the signals, average delays of 30 seconds or more to minor-street 
traffic were infrequent even at the highest volumes observed. In another study i t was 
found that drivers are unwilling to accept longer delays at stop signs than at signals.' 
It is concluded that the practical capacity of the cross street when controlled by stop 
signs with no control on the through street is represented by the curve for an average 
delay of 30 seconds. 

1000 r 
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FIGURE 6 - DELAY TO T R A F F I C ON CROSS S T R E E T S WHEN 
CONTROLLED BY STOP SIGNS (NO CONTROL ON I3TH S T ) 

Figure 6. Delay to t r a f f i c on cross streets when controlled by stop 
signs (no control on Thirteenth Street) . 

Figure 7 shows the possible and practical capacities of the cross streets with stop-
sign control on these streets and the possible capacities with signal control. The curves 
for stop-sign control represent both one-way and two-way operation and are based on 
the delay to cross-street traffic. With stop signs on the cross streets, 13th Street 
could no doubt carry as much traffic as with signals but not without an unreasonable 
delay to cross-street traffic. 

For the signals, separate curves are shown for one-way and two-way operation, but 
separate curves are not shown for possible and practical capacities. With the progres­
sive signal control there was no appreciable increase in the delay to traffic as the traffic 
increased from comparatively low volumes to those at possible capacity. Thus i t was 
not feasible to establish a value for practical capacity with progressive signal control 
on the basis of delay to traffic. For the purpose of compariitig the three different types 

* "Effects of Reversible Lane Movement, Signalization of Three-Lane Highways," by 
M. Mansfield Todd. Proceedings HRB 1950. 
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of control on the basis of a tolerable delay to traffic, the curves for practical capacity 
with stop-sign control should be compared directly with the possible capacity curves 
for signal control. 

It may be noted that the curves for signal control intersect the x axis and the y axis 
at values below those given in the last columns of Tables 3 and 4. This is because the 
amber time in each cycle was not included in the green time when calculating the traffic 
volumes for the signal-control curves. 

From Figure 7 it may be seen that both the possible and the practical capacities of 
the cross streets are much lower with stop-sign control than with signal control. This 
is especially true with one-way operation on both streets. Even with volumes as low as 
1,000 vehicles per hour on 13th Street and with two-way traffic on both streets, the pos­
sible capacity of the cross streets with stop signs is about one-half the capacity with 
signal control. With one-way traffic and at other volumes on 13th Street, the difference 
is even greater. 

At all traffic volumes there was practically no delay to traffic on the through street 
when stop signs were used to control traffic on the cross streets. Cross-street traffic, 
however, experienced some delay even at the lower volumes, and this delay increased 
rapidly as the volume increased. With signal control both 13th Street traffic and cross-
street traffic e}q)erienced some delay. This delay at all observed volumes, however, 
was never greater for the cross streets than the delay with stop signs. The delay with 
signals was small as a result of the well-coordinated progressive system operating on 
the cross streets as well as on 13th Street. 

While the difference in delay with stop signs and with signals was small at low vol­
umes, i t became very large at the higher voluipes. For example, when the traffic vol­
ume on the through street approached 3,000 vehicles per hour, the delay to traffic on 
the cross street varied from 1)̂ 2 to 6 minutes per vehicle with stop signs on the cross 
street, compared to 20 to 40 seconds per vehicle with signals. At a volume of 1,800 
vehicles per hour on the through street and a cross-street volume of about 250 vehicles 
per hour, the average delay to all traffic on both streets was 10 seconds per vehicle 
with cross-street traffic controlled by stop signs and also when traffic was controlled 
by signals. At lower volumes the delays were only slightly less and were about equal 

T A B L E 6 
OBSERVED VOLUMES AND DELAYS FOR TRAFFIC CONTROLLED BY STOP SIGNS AT APPROACHES 

TO 13th STREET (NO CONTROL ON 13th STREET) 
Cross streets Carrying Two- way Traffic 

Cross street 
Study time ̂  Average for study Average during peak 10 minutes 

Cross street Traffic volume Traffic volume 
Cross 13th Delay per vehicle Cross 13th Delay per vehicle 
street street on cross street street street on cross street 

Name Minutes Vph Vph Minutes Vph Vph Minutes 
13th street two-way 

ParkRd. E B 32 272 1,140 0 34 336 1,128 0.43 
ParkRd WB 32 248 1,140 0.48 276 1,140 0. 61 
Irving St. EB 38 207 1,265 0 41 234 1,236 0 15 
Irving St WB 38 111 1,265 0 46 114 1,236 0.74 

13th street one-way 
ParkRd E B 60 322 1, 658 2 89 366 1,950 3 21 
ParkRd. WB 60 228 1,658 0 51 276 1,746 0 74 
Irving St E B 60 245 2,172 1 67 318 3,126 1.25 
Irving St. WB 60 143 1, 927 0. 80 168 2, 490 0 71 

Cross Streets Carrying One-way Traffic 
13th Street two-way 

Columbia Rd. WB 40 491 1, 270 0 59 570 1,260 0 63 
Harvard St. E B 34 434 1,200 0.63 462 1,152 0. 70 

13th Street one-way 
Columbia Rd. WB 60 572 1,915 3 81 738 1,866 4 78 
Harvard St EB 60 744 1,785 0 92 882 2, 070 0 64 

aWhere study was conducted for more than 1 hour, the data for the 1-hour period of maximum flow have been 
used. The studies of less than a full hour are for the periods immediately ahead of the time when 13th Street 
was changed to one-way operation. 
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for both types of control. At volumes above 1,800 vehicles per hour on the through 
street, the average delay to all traffic was greater with stop-sign control on the cross 
streets than with signal control. 

Traffic on the through street was protected by stop signs on the cross streets, and 
had it not been impeded at other intersections along the route, the volume of traffic 
could theoretically have increased to 7, 000 vehicles per hour. This type of control is 
not feasible, however, for such heavy volumes of traffic on the through street because 
cross traffic is almost completely blocked. 

When an intersection at which traffic on one of the streets is controlled by stop signs 
is adjacent to an intersection at which traffic on the through street is controlled by 
signals, the capacity of the cross street is somewhat greater than it would be if there 
were no traffic signals in the immediate vicinity. The signal at the neighboring inter­
section creates gaps in the stream of traffic on the through street into which vehicles 
waiting at the stop sign may enter. Traffic volumes greater than those indicated by 
the curves in Figure 7 could probably be discharged from cross streets controlled by 
stop signs at such locations. 

The traffic volumes observed in this study are evidently too great to be handled sat­
isfactorily at intersections controlled by stop signs on the cross street. Even with 
moderately heavy volumes on the cross streets, this traffic was delayed as much or 
more by stop signs than by signals. At the higher volumes the delay with stop signs 
definitely became intolerable to cross-street traffic, although through traffic was 
completely unrestricted. 

STOP-SIGN CONTROL ON ALL APPROACHES 
When stop signs were used on all approaches to the three intersections studied with 

this type of control, they were installed on the near side as well as the far side of the 
intersections, and advance warning signs were erected. On the one-way streets, signs 
were mounted on the left as well as the right-hand side of the street. Even under these 
conditions, however, it was necessary to discontinue the studies when the traffic volume 
reached the practical capacity of the intersections. The study had to be terminated 
after 13th Street had been operating one-way for little more than an hour and before the 
height of the afternoon rush was reached. The frequency with which a police officer 
was required to regulate the various movements immediately before the study was ter­
minated made it apparent that the practical capacities of the intersections for this type 
of control were reached. 

Table 1 shows traffic volumes for the heaviest hour and for the heaviest 10-minute 
period of the study with stop-signs on all intersection approaches. For each intersec­
tion, the volumes are shown separately for 13th Street and for the intersecting or cross 
street, and the combined total for the two is shown in the column, "Total for intersection. 
The average delay per vehicle during the period when the particular volume occurred is 
shown in Table 1. The peak volume on 13th Street did not always occur during the same 
time period as that for the cross street, and for this reason each intersection is listed 
twice in the table. The volumes for the cross streets as shown in the upper one-half of 
the table are those observed during the period when i3th Street was carrying its peak 
load. In the lower portion of the table the volumes shown for 13th Street are those ob­
served when the cross streets were at a peak. 

The highest 10-minute volume was observed at the intersection of 13th Street and 
Columbia Road, with 13th Street operating as a one-way street northbound and Columbia 
Road one-way westbound. The rate of flow on 13th Street during this period was 2, 280 
vehicles per hour, while the rate on Columbia Road during the same period was 762 ve­
hicles per hour. The total volume for the intersection, 3, 042 vehicles per hour, is 
equivalent to an average of 507 vehicles per lane per hour for all lanes entering the in­
tersection. The accompanying delay averaged 31 seconds per vehicle to traffic on the 
cross street and 26 seconds per vehicle to traffic on the through street. This is very 
close to the delay of 30 seconds which was used as the criterion for practical capacity 
with stop-sign control on the cross streets. It seems reasonable to assume that most 
drivers would consider a delay greater than this intolerable at an all-way stop inter-
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section just as they do at a c r o s s street with stop signs. 
During the 10-minute periods of maximum traff ic flow l isted in Table 1, it i s note­

worthy that the average volume per lane, including a l l approaches, was usually between 
400 and 500 vehicles per hour. Most of the average delays to c r o s s - s t r e e t traff ic ob­
served during these same periods vary between 21 and 52 seconds. T h i s indicates that 
the traff ic load was between the prac t i ca l and possible capacit ies of the Intersections. 
It seems reasonable to assume that somewhat higher volumes might be c a r r i e d with no 
Increase i n delay after a period of famil iar izat ion for the d r i v e r s . The prac t i ca l c a ­
pacity of these intersections with stop-sign control on a l l approaches and under the other 
existing conditions I s therefore somewhere near 500 vehicles per hour for each lane 
used by traf f ic entering the intersection. T h i s capacity i s based on a reasonable t ra f f i c 
delay but does not take into consideration pedestrian delays or accident hazards which 
would probably tend to reduce the 500 figure to a somewhat lower value. The few pe-
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Figure 7. CapBCities f o r two types o f i n t e r sec t ion c o n t r o l . 

destrians at the intersections studied experienced long delays in cross ing the streets 
even at moderate volumes. 

P r a c t i c a l capacity for a l l -way stop control i s compared with the capacit ies deter­
mined for the other types of control in F igure 8. T h i s shows that under the traff ic con­
ditions prevai l ing at these intersections the capacity with a l l -way stop control i s greater 
than with c r o s s - s t r e e t stop-sign control and l e s s than with signal control. A s previously 
stated, the capacities with stop signs on the c r o s s streets a r e l imited to those that p e r ­
mit a reasonable movement of the c r o s s - s t r e e t traf f ic . 

At intersections where both streets are two-way, the prac t i ca l capacity with four-way 
stop signs approaches the capacity with signals. The capacity with signals i s , however, 
much greater than with stop signs on a l l approaches when both streets a r e one-way. 

The delay to traff ic was compared for the three types of control. At the traff ic vo l ­
umes observed, the delay to a l l traff ic was found to be more with stop signs on a l l ap­
proaches than with signal control. Also , when the volume on the through street was 
below 1,800 vehicles per hour, stop signs on a l l approaches resulted in a greater av ­
erage delay to a l l traff ic than did stop signs on the c r o s s streets . When the volume on 
the through street was greater than 1,800 vehicles per hour, the average delay to a l l 
traff ic was l e s s with stop signs on a l l approaches than with stop signs on the c r o s s streets . 

An analys is of the delays shown m Tables 6 and 1 indicates that the delay to c r o s s -
street traf f ic i s f a r l e s s when stop signs a r e used on a l l approaches than when used on 
the cros s street only. An examination of other data obtained for lower traff ic volumes 
shows this also to be the case for the lower volumes. The c r o s s - s t r e e t volumes in one 
direction during this study were never below 100 vehicles per hour. F o r c r o s s - s t r e e t 
volumes lower than this f igure the relationship between delay and type of stop-sign con­
trol might be quite different f r o m that found in this study. 
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Figure 8. Capacities for three types of intersection control. 

S U M M A R Y O F FINDINGS 

A definite value for either prac t i ca l or possible capacity was determined for each of 
the three types of intersection control included in this study. The effect of one-way and 
two-way operation on the capacities of both through and c r o s s streets and the effect of 
parking on the through street were also determined. These determinations have been 
based on the magnitude of the delays to traff ic as wel l as on the traff ic volumes which 
were observed. The studies were conducted at intersections where the through street 
was 40 feet wide and the c r o s s streets 30 feet wide with parking on one side. The i n ­
tersections were in a densely developed residential a r e a with comparatively few pedes­
tr ians . T r a f f i c on the through street was exceedingly heavy during the r u s h periods, 
and traff ic on each of the four important c r o s s streets was seldom less than 250 vehicles 
per hour during the day. The following are the more important findings for the p r e ­
vail ing roadway and traff ic conditions: 

Progres s ive Signal Control 

1. The capacity of 13th Street with one-way operation and a U parking prohibited was 
found to be 1,750 vehicles per hour of green per 10 feet of street width. 

2. The capacity of 13th Street when operating two-way with parking on one side i s 
3*7 percent greater at two-way c r o s s streets and 48 percent greater at one-way c r o s s 
streets than with parking on both sides. With no parking on either side, the through-
street capacity i s 75 percent greater at two-way c r o s s streets and 97 percent greater 
at one-way c r o s s streets than when parking i s permitted on both sides. 

3. Changing f rom two-way to one-way operation on the through street, with no park­
ing, increased the capacity of the through street 25 percent at intersections with two-way 
c r o s s streets and 11 percent at intersections with one-way c r o s s streets. 

4. The capacity of the through street was increased 119 percent by the elimination 
of parking f rom both sides and the use of one-way rather than two-way operation. 

5. Changing f rom two-way to one-way operation and eliminating parking on the 
through street increased the capacity of the two-Avay c r o s s streets 11 percent and the 
one-way c r o s s streets 20 percent. 

6. The capacity of the one-way c r o s s streets was 15 percent greater than the c a ­
pacity of the two-way c r o s s streets while there was two-way operation on 13th Street. 
The corresponding figure while 13th Street was operating as a one-way street was 24 
percent. 

7. T r a f f i c delays with progressive signal control increased comparatively little with 
an increase in the traf f ic volume until the volumes approached very closely the possible 
capacities of the streets . T h i s was true for delays to both through and cros s - s t ree t 
traf f ic . 
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Stop-Sign Control on C r o s s Streets 

8. The capacities of the c r o s s streets with stop-sign control only on these streets 
were affected principal ly by the traff ic volume on the through street. Whether the c r o s s 
streets or the through street were operated as one-way or two-way streets made no ap­
parent difference on the capacity of the c r o s s street. The possible capacity of one-way 
and two-way c r o s s streets decreased from 800 vehicles per hour to 400 vehicles per 
hour when the volume on the through street increased f rom 1,300 to 2, 500 vehicles per 
hour. The decrease in capacity of the c r o s s streets was not, however, directly p r o ­
portional to the increase in volume on the through street. 

9. Delay to traf f ic on the through street was pract ical ly n i l , regardless of the traf f ic 
volume on the c r o s s streets. 

10. The delay to traff ic on the c r o s s streets was the principal cr i ter ion for a deter­
mination of possible and pract ica l capacities with stop signs on the c r o s s streets . The 
possible capacity i s the volume which if exceeded even a slight amount wi l l resul t in ex­
tremely long delays. F o r a given volume of traf f ic on the through street, the delay to 
traff ic on the c r o s s street when operating at possible capacity i s more than double the 
delay when operating at pract ica l capacity. Also , the pract ica l capacity of a c r o s s 
street i s l e s s than half of i ts possible capacity. 

11. Changing either the through street or the cros s street f rom two-way to one-way 
operation had no apparent effect on the delay to traff ic on the c r o s s street or the capac-
i ^ of the c r o s s street. 

Al l -way Stop-sign Control 

12. The pract ica l capacity of the intersections with a l l -way stop-sign control was 
found to approach 500 vehicles per lane per hour including the lanes used by traff ic on 
both streets . The validity of this finding under other conditions with a high traff ic vo l ­
ume per lane on one of the streets and a low volume per lane on the other street was 
not determined. 

13. With s imi lar traff ic volumes per lane on both streets, the delay per vehicle on 
the through street was approximately the same as the delay per vehicle on the c r o s s street. 

C O N C L U S I O N S 

The following conclusions appear to be justif ied for the conditions under which these 
studies were conducted: 

1. With properly coordinated progress ive signal control, the pract ica l capacity of 
the one-way street closely approaches its possible capacity. The delays to traff ic when 
volumes are near possible capacity are not excessive under these conditions and only 
slightly greater than the delays at much lower volumes. 

2. Intersection capacities are greater with progressive signal control than with 
either type of stop-sign control. When the through street i s one-way, the intersection 
capacities with progressive signal control are substantially greater than with either 
type of stop-sign control. The a v e r s e delay to a l l traff ic i s l e s s with progressive s ig ­
nal control than with either type of stop-sign control, except possibly with stop-sign 
control at c r o s s streets carry ing exceedingly low volumes while the through street i s 
carry ing a high volume. 

3. Poss ible and pract ica l capacities for cros s - s t ree t stop-sign control are much 
lower than with progressive signal control or a l l -way stop-sign control. Somewhat 
higher volumes than those found during this study might be prac t i ca l with stop-sign 
control on the c r o s s street when the intersection i s located between signal-controlled 
intersections on the through street. 

4. The capacity of an intersection at which a l l traff ic i s controlled by stop signs 
approaches that of an intersection with progressive signal control when both streets 
c a r r y two-way traff ic . When one or both of the streets c a r r y traff ic in only one d i r e c ­
tion, the capacity with a l l -way stop signs i s considerably lower than that possible with 
progressive signal control. 
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5. The capacity of an intersection wi l l vary greatly with the control and regulation 
of traff ic . Additional studies are necessary to determine the most effective type of 
control for the many conditions that exist other than those included in this study. 

In the application of the above conclusions, it must be remembered that they apply 
only to conditions s imi lar to those found on 13th Street. The very high values for c a ­
pacity with signal control cannot be used when estimating capacities because for most 
streets the resul ts would be erroneously high. The very efficient operation of the 
progressive signal system should be reemphasized since it expedites the movement of 
exceedingly high volumes of traff ic to a degree seldom equaled on streets of this type. 
It may be significant that most of the dr ivers on 13th Street during the peak period use 
this street daily and are therefore practiced in maintaining optimum speed and spacing. 

These facts a r e important considerations when comparing the resul ts of this study 
with those of other studies ' which do not show the same advantages for signal control 
a s compared with stop-sign control. There i s c lose agreement, however, m the r e ­
sults of this study and those of other studies in the traff ic volumes accommodated by 
the two types of stop-sign control. The fact that 13th Street can accommodate such 
high traff ic volumes smoothly and at a reasonable speed for urban conditions i s a 
tribute to the traff ic engineers who operate the progressive signal system. 

Discussion 
H E R B E R T S. L E VINSON, Wilbur Smith and Associates , New Haven, Connect icut—French 
c l ear ly indicates that the way to move traff ic i s to develop efficient usage of curb lanes 
through "al l roll ing" regulations, coupled with one-way movements and progress ive 
signal timing. 

Peak traff ic movements on 13th Street in Washington approximate 700 vehicles per 
lane per hour. T h i s i s in accord with loadings observed on key radia l s in other cit ies . 

F r e n c h states that progress ive timing develops prac t i ca l capacities almost as high 
as saturation flow values. In this regard it i s significant to note that the 80 percent r e ­
lationship between the two capacity c r i t e r i a can be demonstrated, assuming random 
a r r i v a l s . Platoon movements, with gaps between success ive platoons, have, if at a l l , 
a very l imited and part icular i s t ic randomness. P r a c t i c a l capacity in a progress ive 
signal system i s closely related to the capacity in vehicles per hour of the "through 
bands." T h i s "band capacity" i s generally h i ^ on a progress ively timed one-way street. 

F r e n c h ' s analys is of vehicular operations at stop sign controlled intersections 
should also indicate the effects of the location of c r o s s intersections as related to the 
t ime-space pattern of the through street. F o r example, midway between two signals 
that operate essentially simultaneously, gaps are generally wel l defined, even with 
heavy loadings. On the other hand, midway between two signals, Vz cycle offset f rom 
each other, there wi l l be very few breaks in traf f ic , even under moderate volumes. 

A L E X A N D E R F R E N C H , Closure—It i s true, as Levinson points out in his comments, 
that the high traff ic volumes observed during this study are not umque. Since sufficient 
capacity to c a r r y such volumes i s not easi ly obtained on most city streets , many loca­
tions where high volumes are c a r r i e d must be studied to determine the principal factors 
which influence the t r a f f i c - c a r r y i n g capacities of streets. The Department of T r a f f i c 
and Operations of the Highway R e s e a r c h Board i s now engaged in just such a study. The 
Highway Capacity Committee of this department i s cooperating with traff ic engineers in 
c i t ies throughout the nation to obtain traff ic data for a large number of high-volume i n ­
tersections. A result of this study w i l l be a more complete understanding of the t ra f f i c -

' "A Capacity Relationship Between Four -Way Stop Intersection Control and F i x e d - T i m e 
T r a f f i c S ignal ," by James Madison Hunnicutt, J r . T h e s i s , Bureau of Highway T r a f f i c , 
Y a l e University, 1954. 

"A Comparison of Delay to Vehic les Cross ing Urban Intersections, Four-Way-Stop 
v e r s u s Semi-Traf f i c -Actuated Signal Contro l ," by Edward M. Hal l . Student R e s e a r c h 
Report No. 4, The Institute of Transportation and T r a f f i c Engineering, University of 
Cal i fornia , January 1952, 
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carry ing capacity of intersections. Until more information i s available, the high c a ­
pacit ies , such as those found in this study, wi l l not easi ly be duplicated. There i s , 
therefore, as yet no assurance that such high capacities can be designed into a city street. 

A comparison of delays to c ros s - s t ree t traff ic shown in Table 5 of the report supports 
Levinson's belief that signals at intersections on the through street wi l l affect the oper­
ation of intermediate cros s - s t ree t approaches that are controlled by stop signs. With 
13th Street operating one way, for example, the delay to c r o s s traff ic at Columbia Road 
i s considerably greater than at Harvard Street. Since Harvard Street i s c loser to E u c l i d 
Street, where the signal was operating, it appears that the bunched platoon gradually 
spread out as it progressed up 13th Street, blocking the c r o s s streets farther f rom the 
signal for a longer period than those near the signal. The significance of the re lat ion­
ship between vehicle spacing on the through street and the operation of the c r o s s streets 
when controlled by stop signs could not be determined since so many other factors ev i ­
dently had some effect. Data f rom studies at a large number of different locations must 
be analyzed to determine the significance of the many variables which influence the op­
erating efficiency of street intersections. It i s for this reason that the work now being 
c a r r i e d on by the Highway Capacity Committee i s of special value. 



Starting Delay and Time Spacing of Vehicles 
Entering Signalized Intersection 
R I C H A R D M. B A R T L E , V A L S K O R O and D. L . G E R L O U G H , 
Institute of Transportation and T r a f f i c Engineering, 
Universi ty of Cal i fornia at L o s Angeles 

• T W O parameters of traff ic performance can be used to represent severa l important 
character i s t i c s of intersection operation. The two parameters , investigated in this 
study, are starting delay and time spacing of vehicles entering a signalized intersection. 
Information on the variabil i ty of these parameters at an intersection and among inter­
sections may have useful applications in studies of intersection capacity and signal timing. 

Starting delay, designated D , i s defined as the time in seconds required for the f i r s t 
vehicle to enter the intersection after the display of the green signal. T h i s corresponds 
to the "entrance time for the f i r s t - in - l ine vehicle" used by Greenshields, Schapiro, and 
E r i c k s e n (1). 

T i m e spacing, designated S, i s the average time headway in seconds between succes ­
sive vehicles in an entering platoon. In the measurement of S the number of lanes in 
which traff ic i s moving i s disregarded, and the entire intersection approach i s considered 
a unit. T i m e spacing as used here agrees with the definition presented in the " T r a f f i c 
Engineering Handbook" (2) in i ts discussion of traff ic signal timing formulas . S applies 
only to platoon movement and i s computed by dividing total time in a signal cyc le used 
for platoon movement by one l e s s than the number of c a r s in the platoon. 

I N T E R S E C T I O N C A P A C I T Y 

Maximum capacities for signalized intersections can be ejq>ressed in t erms of these 
parameters S, time spacing, and D, starting delay. F o r each cycle the time used for 
actual traff ic movement i s nS where n i s the number of vehicles entering and S i s time 
spacing as defined above. T h i s assumes that a time S follows the entrance of the last 
vehicle in each cycle . Since an allowance must be made for a platoon of vehic les to 
start, a time D must be added to each cycle . The total time t required for n c a r s to 
enter an intersection i s then t = D + nS. 

T h i s equation may be written n = ^ g P , and if the gi'een and amber time i s con­
sidered available for movement, this Becomes n = ^ "*" g ~ for the number which can 
enter in one cycle with green time g seconds and amber time a seconds. Use of green 
plus amber appears appropriate here since the formula allows S seconds to follow the 
last c a r before the green begins on the opposing phase. 

T o find the total volume N which can enter during an hour, n i s multiplied by the 
number of cyc le s per hour, m. 

^ m (g + a - D) ( I ) 
S 

Equation (I) expresses maximum hourly capacity under f ixed time control. The gen­
e r a l expression for hourly capacity, which i s applicable to any kind of signal control, 
uses G and A as total hourly green and amber time, thus: 

^ G + A - mD (n) 
S 

In the "Highway Capacity Manual" (3) bas ic capacity i s established as 1500 vehicles 
per 12-ft. lane per hour of green or 1250 per 10-ft. lane per hour of green. B a s i c c a ­
pacity assumes a continuous s tream of c a r s entering the intersection at about 2. 4 - sec . 
intervals in 12-ft. lanes and 2. 9 sec . intervals in 10-ft. lanes for the entire period 
considered and m this way uses a factor closely related to the S used here. B a s i c c a ­
pacity does not allow for traff ic delays. Neither does it allow for the effect of parked 
c a r s , turning movements, trucks and buses, or other traff ic conditions, nor for normal 
fluctuations in traff ic volumes. 

33 
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The formulas presented previously are based on values of S and D applicable to an 
individual intersection approach and, when applied to that approach, take into account 
the effect of a l l traff ic conditions peculiar to that intersection. No allowance i s made 
for fluctuations in volume. In the formulas presented here it i s assumed that a l l ava i l ­
able time in every cycle wi l l be used for movement. 

Greenshields et a l (JL) have approached the capacity problem in terms of the capacity 
of a traff ic lane. They report that the f i r s t car enters the intersection 3.8 sec . after 
the beginmng of the green (a value corresponding to D as used here) and that success ive 
c a r s enter at 3 .1 , 2. 7, 2. 4, and 2. 2-sec . intervals until the s ixth-in-l ine and a l l fo l ­
lowing c a r s enter at 2 .1 - sec . headways. Use of these headway f igures permits com­
putation of the number of c a r s which can enter in one lane during a given green signal 
period and, from this, hourly capacity per lane. 

Greenshields' method for computing capacity i s s imi lar in many ways to that sug­
gested m this paper. It differs in that it i s based on single-lane capacity rather than 
that of the entire intersection approach as used in this paper. In addition, Greenshields' 
method uti l izes , in effect, single values of S and D and suggests no method for adjusting 
headways derived f rom them to conditions at other intersections. One of the purposes 
of this paper i s to determine whether S and D are constants for a l l intersections. 

T R A F F I C S I G N A L T I M I N G 

Several formulas have been proposed for optimum timing of traff ic signals. The 
formula used by E a r l J . Reeder in reference (2) above uti l izes S as defined here, V , 
the average velocity at the intersection, and the number of vehicles arr iv ing at the 
intersection in fifteen minutes, for computation of cycle length. 

The National Safety Council (4) and the Institute of Transportation and T r a f f i c E n g i ­
neering (5) have published another formula, s imi lar in some respects . The N S C - I T T E 
formula i s : ^ ^ y^ + y , + D , + D , - S, - S / ^^^^ 

1 - .0011 (qiSi + qgSz) 
where quantities are defined as follows: 

T = cycle length in seconds 
y = amber clearance period ( sec . ) 
D = starting delay ( sec . ) as previously defined 
S = time spacing ( sec . ) as previously defined 
q = number of vehicles entering in 15 minutes* 

The subscripts apply to values for the opposing signal phases, and data are used 
for the heavier approach on each phase. 

The signal timing formula i s extremely sensitive to s m a l l changes m the value of S 
and somewhat less sensitive to changes in D . T h i s sensitivity of T to changes in S and 
D indicates that formula (III) wi l l be of relatively little use if either quantity i s extremely 
variable from cycle to cycle or if their values do not remain reasonably constant f rom 
day to day. The cycle length T computed f rom formula (in) i s usually somewhat shorter 
than most traff ic engineers prefer to use in pract ice . 

The above discussion indicate that these parameters , S and D, may have useful ap­
plications to traff ic problems. The usefulness of these parameters , however, appears 
to be dependent on the variabil i ty of S and D values—both at any one intersection and 
among different intersections and intersection approaches. 

I N V E S T I G A T I O N O F S AND D 

T h i s experiment was intended to measure some typical values of S and D , to examine 
the variabil ity of these parameters both from intersection to intersection and from day 
to day at the same intersection, and, if possible, to relate these values and their v a r i ­
abilit ies to physical and traff ic conditions. 

Starting delays and time spacings were observed and the resul ts analyzed at thirteen 

* n i s used instead of q in the references cited. The notation has been changed in order 
to be consistent in this paper. 
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heavily travelled intersection approaches in the L o s Angeles area . The following con­
ditions prevailed at these intersections: 

1. A l l intersections were signalized. Eight approaches were controlled by f ixed-
time and five by ful l traffic-actuated signals. 

2. Data were collected only on heavily loaded approaches. E a c h platoon of vehicles 
entering the intersection f rom the studied approach during the period of observation 
started from a stop and usually contained at least ten vehicles . 

3. There were no s treetcars and very few buses on the approaches studied. 
4. The intersection approaches studied c a r r i e d at least two lanes of trave l in each 

direction. The range of street widths studied was 50 ft. to 76 ft. 
Observations were made between 4:15 and 5:45 p. m. on warm, dry days in the spring 

and summer of 1952, and, where possible, observations at a given intersection were 
made on five consecutive week days. Data were taken by five different individuals during 
the course of the study. The same observer took a l l data for a given intersection ap­
proach. 

During each study period the observer recorded data for thirty-one signal cyc les . 
Starting delay, D, was recorded as the time from the f i r s t display of green to the en­
trance of the f i r s t vehicle mto the intersection. A vehicle was considered to have en­
tered when its r e a r wheels crossed the pedestrian crosswalk line nearer the center of 
the intersection. The f i r s t vehicle could enter from any lane. Negative values for 
starting delay are possible, but at the intersections studied cros s traff ic was always 
heavy enough during periods when data were being taken to prevent c a r s f rom entering 
before receiving the green signal. 

The time for platoon movement was recorded as the time f rom the entrance of the 
f i r s t vehicle into the intersection until the entrance of the last c a r of the platoon. The 
observer also recorded the number of vehicles entering during this time. Average time 
spacing, S, for a given cycle was determined by dividing the time for platoon movement 
by one l e s s than the number of vehicles entering during that time. 

If a cycle occurred in which at the beginning of the green the front rank of the ap­
proach was not fully occupied by stopped vehicles , data were not taken for that cycle . 
Under prevail ing traff ic conditions, however, a large re servo i r of waiting vehicles were 
usually assured during the study periods. A l l data were collected during peak traff ic 
periods. 

Determining the end of a platoon was a judgment on the part of the observer. Ob­
s e r v e r s were instructed to consider a platoon ended whenever any one lane was empty 
or whenever traff ic entered the intersection without being res tr ic ted in any way by c a r s 
immediately ahead. Observers were urged, if necessary, to cut off platoons early in 
order to be certain that a l l c a r s counted were actually traveling in platoons. Data were 
not recorded for individual lanes; data were based on a l l c a r s entering f rom a l l lanes in 
one direction. 

Poss ible differences in resul ts among observers were studied. Three observers i n ­
dependently recorded data for time spacing for the same intersection approach. An 
analys is of v a r i a n c e ' was made among the three individuals' data and differences among 
observers were found not significant at this part icular intersection. 

The observed data described above permitted computation of mean values and stand­
ard deviations for D , the starting delay, and S, the average time spacing between ve­
hic les . A tabulation of physical and traff ic character i s t i c s for the thirteen intersection 
approaches i s presented in Table 1 and a summary of the values for starting delay and 
time spacing i s presented in Table 2. 

Values of both parameters , S and D , were assumed to be normally distributed. The 
chi -square test of goodness of fit was applied to three intersections for each parameter, 
and for each parameter the hypothesis of normality was rejected of the . 05 level for one 
of three arb i trar i ly selected intersection approaches. P r i n c i p a l departures f rom nor­
mal distribution are noted in a greater number of relatively large S and D values under 
actual conditions than would be expected in a normal distribution. 

' F o r this and other stat ist ical techniques, Dixon and Massey (6) was used as the 
principal reference. 
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T A B L E 1 
PHYSICAL AND T R A F F I C CONDITIONS AT T H I R T E E N INTERSECTION APPROACHES STUDIED 

Widths Estimated ADT^ 
Intersection Direction Study Cross Study Cross 

Street Street Street Street 

Beverly at Fairfax West 67 60 14 5'' 21. 5"= 
LaCienega at Pico South 71 69 6.5": 26 0>> 
LaCienega at Third North 70 56 

6.5": 
18. 

Melrose at LaBrea West 07 70 13 5*' 
Santa Monica at Beverly Dr. West 60 60 17 S*" 12.0'' 
Sepulveda at Olympic North 60 86 14 5*' 27 <f> 
Sepulveda at Slauson South 62 17 5" 11 o'' 
Sepulveda at Sunset North 56 50 13 (P 17 O*" 
Sepulveda at Sunset South S6 50 15. 5*' 17.0'' 
Sunset at Sepulveda East 50 56 28.5'' 
Sunset at Sepulveda West 50 56 7 5'> 28 5'' 
Westwood at Pico South 50 60 8 O*" 24. 5*' 
Wilshire at Sepulveda West 76 52 18 0>> 27 O'' 

Parking 
Prohibited 

Turns 
District 

None Left Business 
Yes None Business 
Yes None Lt Bus 
Yes None Lt Bus. 
None None Residential 
None None Intermediate 
None None Rural 
None None Open 
None None Open 
None None Open 
None None Open 
Yes None Lt. Bus 
Yes None Vets. Home 

Average Daily Traffic is given in thousands for one entering approach for study street and for total cross street traffic m both 
directions Sources are as indicated. Six-hour counts have been multiplied by 2 5 Peak counts have beenmultipliedby 10 
"Division of Highways 

City of Los Angeles 

S T A R T I N G D E L A Y D 

The mean starting delays at the thirteen intersection approaches studied rangedfrom 
2.91 sec . on Sepulveda at Slauson to 4. 40 sec . on L a Cienega at P ico . The effect of 
location on mean starting delay was tested for significance by analysis of variance. The 
hypothesis tested was that a l l thirteen mean starting delays were equal. The analysis 
i s presented in Table 3. The hypothesis of equal means can be rejected at the . 005 level 
of significance, and the effect of location i s thus found to be significant. 

Statistical tests were applied to the effect of day of data-taking on the mean value of 
D for each intersection approach. Where variances of D on the different days were 
homogeneous, the analys is of variance was used; where var iances were not homogenous, 
a modified t-test was used. The mean value of D for any one of the five days was s ig ­
nificantly different f rom the f ive-day mean on only one of the thirteen intersection ap­
proaches studied (Sepulveda N at Olympic) . At the twelve other intersections the effect 
of day of data-taking on D was not significant at the 5 percent significance level . 

Reference to Table 2 shows that the highest f ive-day-average standard deviation, 
1. 52 s e c . , was observed on Sepulveda southbound at Sunset while the lowest f ive-day-
average standard deviation, 1. 04 s e c . , was on Sepulveda northbound at Sunset. The 
extreme values of variabi l i ty were found on opposite approaches to the same intersec­
tion. Except for the four approaches to the Sunset-Sepulveda intersection, low mean 
starting delay I s associated with low mean standard deviation. 

The lowest standard deviation i s 26 percent of the mean and the highest 39 percent. 
Seven of the 13 intersections have std. dev. / m e a n values between 30 and 33 percent. 

The mean value for starting delay, D , for the thirteen approaches studied i s 3.83 
sec . with an average standard deviation of 1. 27 sec . within each day. The average 
standard deviation among f ive means for different days i s 0. 27 sec . 

Comparison of mean delay values with various intersection character i s t i c s does not 
revea l any one factor which appears to have a consistently important effect in increasing 
or decreasing the value of D. Volume of vehicle and pedestrian c r o s s traf f ic , gradient 
of the approach, and the extent of right turning movements may be important factors in 
determining starting delay. Width of the pedestrian crosswalk may have some effect 
for very wide and very narrow widths. There are insufficient data in this study to p e r ­
mit carefu l evaluation of the effects of a l l var iables . 

Examination of the data indicates that starting delay i s independent of street width 
and the type of signal installation at the intersection. The vis ibi l i ty of signal faces may 
be a factor, but this could not be evaluated f rom these data. 

T I M E S P A C I N G S 

Average time spacing for the approaches studied ranges from 0.95 to 1. 63 s e c . , and 
mean values are significantly different among different approaches studied. The hypothesis 
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T A B L E 2 
OBSERVED STARTING DELAY AND TIME SPACING VALUES 

Starting Time 5-Day Averages Grand 
Intersection Dir. Delay Spacing D S Std. 

Std. Std. Std Std. Dev. 
Day Mean Dlv Mean Dlv Mean Dlv. Mean Div. D S 

Streets with Parking 

LaCienega M 4 14 1.30 1 27 0 26 4 40 1 38 1 15 0.23 1.377 0.237 
at (71')S T 4. 56 1. 21 1 12 0 25 

Pico W 4 38 1.42 1.15 0.23 
Th 4.49 1 48 1.09 0.21 
F 4.45 1 50 1 10 0.20 

LaCienega M 3.41 1.29 1 13 0.21 3.87 1 28 1.14 0. 22 1.298 0.217 
at (70-)N M 3 13 1 39 1.16 0.23 

Third T 3. 97 1 26 1 10 0.17 
T 3.60 1. 27 1.13 0.23 
W 3. 49 1. 21 1 16 0.26 

Melrose 
at (57')W M 3. 71 1.17 1. 53 0 25 3 96 1 40 1. S3 0. 26 1.439 0.252 

LaBrea T 4.32 1 03 1. 57 0 27 
W 3.91 1. 67 1 53 0.26 
Th 4. 27 1 67 1. 52 0.26 
F 3. 60 1.45 1 49 0 24 

Westwood T 3 51 0.94 L 58 0 27 3.69 1 13 1 63 0.32 1. 259 0 306 
at (50')S W 3 65 1 14 1 62 0 34 

Pico Th 3.70 1 31 1 61 0.32 
F 3.71 1 01 1.66 0 29 
F 3 89 1.24 1 68 0.31 

Wilshire 
at (76')W M 3 74 0.94 0.94 0 17 3.77 1.19 0. 95 0.14 1.266 0 166 

Sepulveda T 4. 52 1.34 0 99 0.11 
W 3.19 0.96 0.95 0.18 
Th 3. 56 1. 27 0.98 0.10 
F 3 85 1 43 0 91 0.16 

Streets with No Parking 

Beverly M 3. 56 1 26 1 23 0.19 3. 79 1 23 1 26 0.24 1.247 0 236 
at (57')W T 3.69 1.29 1 28 0.23 

Fairfax W 4. 21 1.55 1. 30 0 35 
Th 3.43 1.12 1 26 0.17 
F 4 08 0.91 1 25 0.18 

Santa Monica 
at (60')W T 2.94 0 94 1.21 0.17 3. 22 1.16 1 29 0 20 1.242 0 210 

Beverly Dr W 3. 39 1. 30 1. 34 0 21 Beverly Dr 
Th 3 13 1.13 1 27 0.20 
F 3.24 1.11 1.34 0.24 
F 3. 38 L 3 1 1 30 0.20 

Sepulveda M 4.08 1.56 1 30 0.28 4 35 1.34 1 29 0 25 1.485 0.257 
at (60')N M 4 42 1. 30 1.36 0.24 

Olympic T 4 90 1 59 1. 22 0.24 Olympic 
T 3. 73 0 95 1 20 0.27 
Th 4 42 1 30 1.38 0.23 

Sepulveda 
1.093 0 229 at (62')S T 2 74 0.92 1 30 0.23 2.91 1.09 1 27 0.23 1.093 0 229 

Slauson T 2.99 0.90 1 28 0.24 
W 2 86 1.29 1 24 0 19 
Th 2.94 1. 33 1. 30 0 25 
F 3.01 1.00 1 23 0 25 

Sepulveda 
at (56')N M 4. 26 1.27 1. 28 0 15 4.01 1.04 1 31 0.17 1.050 0 171 

Sunset T 3 70 1.05 1.34 0.25 
W 4.02 0 94 1 30 0.16 
Th 4.09 0. 90 1 29 0.14 
F 3. 97 1. 05 1 34 0.13 

Sepulveda M 3. 97 1 74 1 41 0.25 3 92 1 52 1 36 0.24 1 532 0 249 
at (56')S T 4. 29 1 69 1 31 0 21 

Sunset W 4.04 1.59 1 27 0 22 
Th 3 72 1 26 1 40 0.27 
F 3. 60 1 33 1 40 0.28 

Sunset M 4 04 1. 32 1. 71 0.32 4 20 1.27 1. 63 0. 24 1 255 0 249 
at (50')E T 4.14 1 10 1. 53 0.18 

Sepulveda W 4.29 1.42 1 66 0.22 
Th 4. S6 1 14 1 66 0.23 
F 3.99 1.35 1 67 0 25 

Sunset M 3 45 0.87 1 36 0 29 3 63 1 42 1 43 0.29 1. 340 0.263 
at (50')W T 3.75 1 35 1 34 0.27 

Sepulveda W 3.74 1 74 1 53 0.28 
Th 3.29 1 19 1 38 0.18 
F 3.93 1.95 1 52 0 24 
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T A B L E 3 
S U M M A R Y O F A N A L Y S I S O F V A R I A N C E T E S T O F E Q U A L I T Y O F M E A N D'S F O R 

A L L I N T E R S E C T I O N S 

Ho : = M-2 . . • = His a = . 005 

Sum of Squares d. o. f. ^ Mean Square F - R a t i o 

Among means 389.82 12 32.48 „ 32.48 ,o o 

Within groups 3353, 78 1998 1, 68 ^' 

F o r a = . 005, F . 995(12,1998) = 2. 36, Reject Ho if F greater than 2. 36, Therefore , 
Ho may be rejected at a = . 005, Mean starting delay i s significantly different for dif­
ferent intersection approaches. 

3. 
A total of 2011 individual va l id observations were made. F o u r cyc les of data were 

omitted. 

of independence of S values taken on different days was tested, and there was significant 
difference among days at three of the 13 intersection approaches ( L a Cienega-Pico , 
Sepulveda-Olympic, Sunset West at Sepulveda). A s in the case of D values, analys is of 
variance was used where variances were homogeneous and a modified t-test where they 
were not. 

The standard deviations of S for the 13 approaches f a l l in the range between 0.16 and 
0.31 sec . The mean standard deviation i s 0. 234 s e c . , and eight of the 13 f a l l between 
0. 225 and 0. 265 sec . 

The standard deviations of f ive daily means ranged f r o m . 03 sec. for Sepulveda at 
Olympic to . 09 sec . on Sunset W. at Sepulveda. The hypothesis of equal mean values 
for the five days was accepted for a l l approaches with standard deviations of S l e s s than 
. 07 among days. 

The data show that S i s a function of intersection character i s t i c s and that significant 
differences in time spacing values exist among different intersection approaches. E x ­
amination of the data indicates that the two factors having the greatest effect on time 
spacing S for the intersection approaches studied are (1) street width and (2) parking 
conditions. The "Highway Capacity Manual" (3) reports studies which suggest that inter­
section capacity i s increased almost l inearly by additional feet of width and that capacity 
i s a function of street width rather than simply of number of lanes. The studies con­
ducted here appear to support these findings. 

F o r the purpose of analys is the Intersections studied were divided into two groups 
depending on whether or not parking was present on the approaches. Park ing i s p e r ­
mitted on L a Cienega, Melrose , Westwood, and Wilsh ire . Park ing i s also permitted on 
Sepulveda at Slauson, but there was no parking here during any periods of data collection. 
Parking i s prohibited at least during peak hours on the other streets studied. 

Average time spacing S i s plotted against street width in F igure 1. The data in squares 
are for streets with no parking, and Line A i s the l inear approximation for these data. 
The data in c i r c l e s a r e for streets with parking permitted, and Line B i s the l inear r e ­
gression line for these data. Both relationships were approximately l inear within the 
range of street widths studied. 

F o r the entire range of possible street widths, however, the relationships can be ex­
pected to be curves approaching the axes asymptotically, and L i n e s A and B a r e approxi­
mations of portions of these curves . 

The regress ion l ines for the assumed l inear relationship of starting delay to street 
width are as follows: 

Parking: S = 2. 98 - 0. 026 w 
No Parking: S = 2. 63 - 0. 023 w 

where w i s the curb-to-curb street width. 
Left turns were permitted at a l l intersections having no parking except on Bever ly at 



F a i r f a x . Bever ly Boulevard i s 57 feet wide here, and the S value fa l l s below the assumed 
linear relationship of Line A. 

Two instances of very good agreement between S values for intersection approaches of 
the same width are noted in the data. The two approaches studied on L a Cienega have 
mean values for S of 1.14 and 1.15 sec . for widths of 71 and 70 f t . , respectively. F o r 
streets without parking, Sepulveda at Olympic and Santa Momca at Bever ly Dr ive are both 
60 ft. wide, and the mean S value was 1. 29 sec . for both approaches studied. On the 
other hand, mean values of S for eastbound and westbound approaches of Sunset Boulevard 
at Sepulveda are markedly different, apparently due to turning movements. 

Within the range of street widths studied, smal ler values of S were found for streets 
with no parking than for streets of the same curb-to-curb width but with parking. The 
difference between S values for the two parking conditions appears to decrease a s the 
width increases . Better curves presumably can be drawn when data have been collected 
for more intersections and on a wider range of street widths. 

C O N C L U S I O N S R E G A R D I N G S AND D I 70 

I 60 Several conclusions with respect to start­
ing delay, D , can be drawn f r o m examina­
tion of the data presented here. 

1. There i s a significant difference in 
starting delay among approaches at differ­
ent intersections and among different ap­
proaches to the same intersection. 

2. In general starting delay on one week­
day can be considered equal to starting delay g 
for a l l weekdays since no significant dif­
ference among mean D's on f ive different 
days was found at twelve of the thirteen 
intersections. 

3. F a c t o r s which influence starting de­
lay and are responsible for the difference 
in D among various locations have not been 
isolated and identified in this study. Vo l -
ume of vehicle and pedestrian c r o s s traf ­
f i c , gradient, and percent of right turns 
are factors believed to have some effect. 
Type of signal control, width of the street, 
width of the c r o s s street, and width of the 
pedestrian crosswalk appear to have little 
or no effect in the cases studied. 

4. Starting delays a r e in most case s 
normally distributed. Departure f rom 
normality, where it exists , i s in the form 
of positive skewing with a long tai l of high 
values of D. In this study standard devi­
ations of delays on a given day were found 
to be of the order of l^i s e c . , about 30 
percent of the mean. A standard deviation 
of about sec . was found among mean 
values for five different days on the same Intersection approach. 

Conclusions which may be drawn about time spacing, S, are the following; 
1. Average time spacing i s significantly different for different intersections, but the 

mean value obtained for one weekday wi l l not usually differ significantly f rom that for 
other weekdays. 

2. Although normality was not tested for a l l cases , time spacing appears generally 
to be normally distributed. The average standard deviation for an intersection approach 
i s 0.23 s e c . , and this does not vary greatly f rom intersection to intersection. The d i s -
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trlbution of mean S values for Intersection approaches shows that a l l standard deviations 
of means among days are l e s s than 0.1 sec . F o r s ix of the 13 approaches the standard 
deviation of daily means was l e s s than . 04 sec. 

3. T i m e spacing on a given approach appears to be p r i m a r i l y a function of street 
width and parking conditions for the intersections studied. F o r streets with parking and 
without parking, time spacing S i s approximately a l inear function of street width over 
the range of street widths studied. 

The above discussion of the experimental resul ts indicates c lear ly that starting delay 
D and time spacing S are functions of conditions at individual Intersections. Values for 
these parameters do not vary significantly f r o m day to day in most cases . These state­
ments are made for periods when traff ic enters the Intersection in platoon movement and 
there i s a r e s e r v o i r of waiting vehicles at the start of each green period, and are based 
on observations made only on week days. 

These data indicate that while values of both D and S vary considerably from cycle to 
cycle , mean values vary somewhat l e s s f r o m day to day. T h i s v a r i a b i l i s must be con­
sidered in applying these parameters to traff ic problems and may r e s t r i c t their usefulness 

Additional studies of S and D for a wider range of intersection types are necessary to 
define in more detail the relationship of these parameters to phys ical and traff ic condi­
tions existing at intersections. A wider range of street widths should be studied. T u r n ­
ing movements should be studied for effect. No high volume downtown intersections were 
included among those studied here, but data for such locations are necessary for com­
plete understanding of S and D . 

A P P L I C A T I O N S T O C A P A C I T Y 

The maximum capacity of an intersection approach i s related to D and S as discussed 
above and can be calculated using formula (II). Maximum capacity N can be estimated 
for a given intersection if S i s measured for that approached or estimated from curves 
s i m i l a r to those presented in this paper. S i s a function p r i m a r i l y of street width and 
parking conditions, and a typical D may be assumed since N i s not affected greatly by s m a l l 
changes in D . 

F o r m u l a (II) shows that while Intersection capacity can be increased by decreasing 
either S or D , a reduction in S w l U give the greater proportional increase in N. The 
resul ts of this study indicate that S can be decreased by widening or by prohibiting park­
ing. Only one intersection was studied at which left turns were prohibited, and the data, 
though inconclusive. Indicate that time spacing was thus reduced. The "Highway Capacity 
Manual" ( Z ) suggests s evera l methods for increas ing what It ca l l s pract ica l and possible 
capacity. Any of these operational measures except those which alter s ignal cyc les can 
be effective if and only if they act to reduce either average time spacing of vehicles in 
platoon movement or the starting delay. 

S I G N A L T I M I N G 

Because of relatively large percentage variation in values f rom cycle to cycle , D and 
S are of l imited value in determination of optimum signal timing. F o r m u l a (lH), which 
i s highly sensitive to c h a i s e s m S and D , appears to require modification to allow for 
this variation if it i s to accomplish the objective for which it was developed. To accom­
modate the traff ic in 95 percent of a l l cyc l e s In the peak period. F o r m u l a (III) might be 
Improved by adding two standard deviations each to S and D in order to produce a larger 
value of T . The variabi l i ty of S and D i s so great, however, that their use in computing 
optimum cycle length i s of doubtful value. 

Use of these parameters i s far more appropriate in determining the most effective 
cyc le divis ion when a total cycle length has been f ixed by other considerations. T h e green 
time on any phase at a signalized intersection i s composed of time for starting, time of 
actual vehicle movement, and extra time during which there i s no movement. The las t -
named component should be divided between or among phases in proportion to the t imes 
actually required by each phase for the other components. 

E x p r e s s e d in t e r m s of S and D , the time required for one phase per cyc le i s D -t- nS, 
where n i s the number of vehicles entering that cycle . A reasonable bas is for assigning 
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a proportion of total green time to the two phases i s : 

gi: g?:: (Di + niSi) : (Dz + n^g) (IV) 

The above formula may be modified in one of severa l ways to meet individual condi­
tions. Where the amber periods are used extensively for movement of vehicles , g can 
be replaced by (g + a). Where nS/D i s very large, D can be omitted from consideration. 
Since extreme precis ion in cycle division i s seldom required, the latter approximation 
can usually be used. T h i s would divide the green time in direct proportion to the ratio 
of nS values for the heaviest legs of the opposing phases. 
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Effect of Parked Vehicle on Traffic Capacity of 
Signalized Intersection 
R I C H A R D M . B A R T L E , 
Stone and Youngberg, San F r a n c i s c o , Cal i fornia 

• P A R K I N G and parking restr ict ions are known definitely to affect the traff ic capacity of 
intersections, but more information i s needed on the extent of this effect and how it oc­
curs . The r e s e a r c h described in this paper was undertaken p r i m a r i l y to evaluate quan­
titatively the relationship of parking to intersection capacity for the case of a single c a r 
parked in the intersection approach. 

Studies reported in the "Highway Capacity Manual" give typical values for capacities 
under various physical and traff ic conditions, including parking, and factors for i n c r e a s ­
ing or decreasing capacity as the resul t of changes in these conditions. These values and 
factors are based on reports of traff ic volumes observed throughout the United States 
under these var ious conditions. The r e s e a r c h described in this paper i s based, however, 
on the detailed study of traff ic performance on a single intersection approach under r e a ­
sonably constant conditions except for parking a single c a r close to the intersection. 

The two principal traff ic capacity problems which were studied are these: 
1. The res tr ic t ive effect of a single car parked in the intersection approach. 
2. The effect on capacity of varying the distance of the parked c a r f rom the intersectior 
With respect fo the f i r s t of these problems, many traff ic engineers apparently believe 

strongly in the importance of complete parking prohibition on heavily traveled streets . 
T h i s has led to adoption of no-stopping "tow-away" regulations under which vehicles 
parked in violation during peak hours may be towed off the street and impounded. E m ­
phasis of the tow-away appears to be on removing isolated parked c a r s along curbs which 
are otherwise c lear . T h e r e are , however, few reported quantitative data on the effect 
on traff ic capacity of such isolated parked c a r s . 

The "Highway Capacity Manual" (1.) contains two brief re ferences to the effect of pro­
hibiting parking near intersections. These are pertinent to the second problem men­
tioned above. A footnote under one section explains that these conclusions are based on 
rationalization of available facts and data but that there are insufficient data for s tat is t ical 
analys is . The manual states, with this qualifying footnote: 

"If parking i s prohibited more than twenty feet in advance of the crosswalk , 
add P(D-20)5G percent, where P i s the total percentage of turns, D the distance 
in feet f r o m the crosswalk where parking i s prohibited, and G the seconds of 
green per signal cycle . P cannot exceed 30, and D cannot exceed (5G-20). "(p. 89) 

T h i s formula suggests that capacity increases proportionally a s P and D increase and as 
G decreases . 

A later section on the same page and without the qualifying footnote states that pro­
hibition of parking in advance of the intersection for a distance in feet equal to five t imes 
the green period in seconds i s equivalent to a complete prohibition of parking as f a r a s 
capacity i s concerned. 

The experiment described here i s intended to evaluate cr i t i ca l ly the effect of a single 
car parked in the intersection approach. Park ing and unparking operations presumably 
contribute to a reduction in capacity where parking i s permitted but are not considered in 
this study. T h i s study i s l imited to the effect on intersection capacity of a single c a r 
parked in the intersection approach. T h i s absence of parking and unparking i s an i m ­
portant difference between the single c a r situation and the line of parked c a r s found m a 
"parking permitted" situation. In addition, the increased maneuvering space made avai l ­
able beyond the parked c a r away f r o m the intersection may contribute to the difference 
between the single c a r case and that of a line of parked c a r s . 

T H E E X P E R I M E N T 

An empir i ca l approach was used to evaluate quantitatively the effect of a single parked 
car in the intersection approach. Park ing one c a r at a predetermined location, observing 
traff ic behavior, and comparing data thus obtained with those obtained without parking 
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should enable a careful experimenter to evaluate the restr ic t ive effect, if any, of the 
parked c a r . 

To examine the effect of a single parked c a r on intersection capacity, data were taken 
at an intersection approach operating under capacity conditions without parking and with 
a single car parked at two different distances f rom the intersection. Data were collected 
on the number of c a r s entering during short time intervals in each signal cycle as meas­
ured f r o m the s tart of the green period. Mean volumes entering under different parking 
conditions in these time periods were compared and tested statist ically for significant 
differences. Significant differences among parking conditions, if any, indicate whether 
or not the parked car and its location r e s t r i c t intersection capacity and show the portions 
of the signal cyc le in which any such res tr ic t ion i s produced. 

Since data were necessar i ly collected on severa l different days, the effect of day of 
data-taking on entering volumes was tested for significance. If there i s no significant 
effect, data taken on severa l different days under the same parking conditions may be 
pooled in order to increase sample s i zes . 

The effect of parking on lane volumes was tested using data for separate lanes and 
following methods s imi lar to those described above for total volumes. 

The analyses described above were designed to test for significant effects of parking 
on entering volumes under capacity conditions and for significant differences m volumes 
between parking distances. These analyses indicated the magnitude of these significant 
effects, if any, and the parts of the signal cycle and the traff ic lanes in which they oc­
curred . 

The intersection selected for the experiment and the method of data collection and 
analys is are discussed in the sections which follow. 

The southbound approach of Sepulveda Boulevard at Wi l sh ire Boulevard near the L o s 
Angeles campus of the Umvers i ty of Cal i fornia was selected as the site for this experiment. 
T h i s intersection i s on a state highway (Sepulveda) in unincorporated county terr i tory , 
and traff ic i s under jurisdict ion of the Cal i fornia Highway Patro l . Inspector R . R . Emmett 
of the Highway Patro l and Captain Walter Sequiera of the Patro l ' s West L o s Angeles office 
extended their fu l l ass is tance to aid the experiment. 

Sepulveda Boulevard i s 52 feet wide curb-to-curb at its intersection with Wi l sh ire 
Boulevard. Parking i s not specif ical ly prohibited by posting on either approach. There 
i s almost no parking at any time, however, since the highway runs through the grounds 
of a veterans' faci l i ty . A cemetery l i e s on one side of the street, and the other side i s 
vacant near the street. Both sides are fenced. 

Under normal operation two lanes of traff ic move southbound along Sepulveda Boule­
vard to enter or c r o s s Wi lsh ire . Sepulveda Boulevard i s 26 feet f rom center to the edge 
of the roadway, and one 11-foot lane i s marked. Vehic les occasionally move two abreast 
in the remaining 15 feet of width near the intersection. A large number of the vehicles 
using the extreme right edge of the roadway make right turns onto Wilshire Boulevard. 
Park ing a typical c a r on this southbound approach would reduce usable street width on 
that side of the center line to twenty feet. Two lanes of traff ic could continue to pass this 
point although the outer (curb) lane would be only 9 feet wide instead of 15. The extreme 
right edge of the roadway could be used for movement only between the car and the inter­
section. A sketch of this intersection i s presented in F igure 1. 

On the southbound approach, therefore, parking a single car would not block a ful l traf ­
f i c lane. Parking reduces the width of one lane and prevents use of the extreme outer por­
tion of the roadway, used pr imar i ly for right turns in normal operation. Introduction of 
the parked c a r does not block a normally used lane; therefore, differences m traf f ic move­
ment between the no-parking and parking conditions wi l l be less sharply marked than 
presumably would be the case if the street were a few feet wider or narrower. The fact 
that an entire lane i s not blocked presents some important advantages to the experimenter. 
The parked c a r i s l ikely to cause l e s s disturbance among motorists, and accidents appear 
to be l e s s l ikely. 

The intersection selected for study i s controlled by a f ixed-time three-light signal op­
erating on a 60-second cycle . E a c h street, Wi l sh ire and Sepulveda, i s normally given 
27 seconds of green and 3 seconds of amber. A Cal i forn ia Highway Patro l off icer oper­
ates the signal manually during periods of extremely heavy traf f ic . T h i s i s done pr imar i ly 
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i WILSHIR 

Figu re 1. Sepulveda and W i l s h i r e B l v d s . 
showing pos i t ions at which cars parked i n 

the experiment. 

to avoid blocking an ambulance entrance on 
the nearby veterans' facility grounds. 

To permit quantitative evaluation of the 
effect of the parked car, data were collect­
ed on the number of vehicles entering from 
each lane in various short time intervals 
within the 30-second green and amber perio({ 
of the signal. The data collection method 
adopted utilized the Esterline-Angus 20-pen 
operations recorder. An observer recordec 
a pip on the record chart at the time each 
vehicle entered the intersection. Only one 
man was required to collect data, and the 
events recorded on the chart were so sim­
ple that few errors in recording or tran­
scription could be made. 

This method produced a graphic record 
showing the time of entrance of each ve­
hicle from each lane and the beginning of 
the green signal indication. 

Since there was no automatic recording 
of any kind, human error could be present 
in recording all events. One-half second 
on a given observation is estimated as the 
maximum error. To make a larger error 
on an entering vehicle would require that 
the button be pushed when the car was 15 
to 20 feet from the stop line. 

Throughout all data recording, a car 
was recorded as entering the intersection 
when its rear wheels crossed the pedes­

trian crosswalk line nearest the intersection center. 
A brief study of entering volumes per cycle was made during weekday afternoon peak 

periods in order to determine the necessary sample size. Data for 200 cycles on these 
weekdays indicate that the mean volume entering the intersection per 30 seconds green 
period was 19. 6 with a variance of about 22. In this study a difference of one vehicle per 
cycle among the no-parking and the 55-foot and 100-foot parking conditions should be 
detected. To detect a difference of 1. 0 between means at the . 05 level of significance 
TWth a probability of . 80 would require 274 samples under each condition according to 
the method of Harris, Horvitz, and Mood (2). 

To reduce the variance of the number of vehicles entering per cycle, data were col­
lected on Sunday afternoons, when from approximately 3:30 to 6:30 p. m. the southbound 
approach is overloaded. There is a continuous reservoir of waiting vehicles during this 
period. Average volume entering per cycle is higher since there is traffic demand for 
all of every green signal period. Because this demand remains nearly constant during 
the entire period, variance of the entering volume is lower. 

Twenty-five cycles were observed under each of two conditions on Sunday, May 3, 1953, 
and a pooled mean of 22. 92 vehicles entering per cycle with a pooled variance of 6. 24 was 
obtained. 

Variance of 6. 24 requires a sample of 81 in each condition to reject the hypothesis of 
equal means for a difference of 1. 0 with a = . 05 and p = . 80. The desirability of col­
lecting data during the Sunday peak traffic period is readily apparent. 

Data-taking periods were scheduled to obtain at least 81 cycles of data under each 
parking condition. Al l cycles were to be recorded under overloaded intersection condi­
tions: a continuous reservoir of vehicles waiting to enter. The parked car was usually 
moved only once during an afternoon since moving it required that the experimenter leave 
his equipment unattended. On the basis of observations at the intersection and analyses 
of the data, time of day within the 3:30 to 6:30 p. m. period had no effect on the traffic. 
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Date 

TABLE 1 
SCHEDULE OF DATA COLLECTION 

Number of Cycles Recorded 
No Parking at Parking at 

Parking 100 f t . 55 f t . 

May 3 
May 10 
May 24 
June 21 

25 
30 
31 

TOTAL 86 

25 
40 
32 

97 

30 

70 
100 

Data for no parking and parking at 100 
feet were collected on three Sundays in May 
1953. At least 25 cycles were observed 
under each condition each day. Weather 
was clear on all of these days. Daylight 
saving time was in effect so that daylight 
continued for more than an hour after data 
taking was concluded. 

Short periods were noted in which no 
cars were waiting to enter, and these were 
excluded from the data. Exceptional con­
ditions such as a stalled car entering or 
cross traffic blocking the intersection also 
caused cycles to be excluded. 

During the data taking on May 10 a car stalled in the intersection approach and was 
pushed to the curb 55 feet from the nearest crosswalk line. The car remained parked 
in this position for 30 signal cycles while waiting for repair. Data were taken continu­
ously during this period to determine the effect of parking closer than 100 feet to the 
intersection. Thirty cycles were recorded on May 10, and 70 more cycles were record­
ed on June 21 with a car parked in this same position. Table 1 shows the days of data 
taking and the number of cycles recorded for each condition of parking. 

The order of parking and no-parking conditions was varied so that neither condition 
was observed f i r s t on every day. Signal operation was not influenced by the e}q>erimen-
ter. The Highway Patrol officer used manual operation when traffic backed up to Saw-
telle on Wilshire. 

As described above, the time of entrance of each vehicle into the intersection was 
recorded by lane and by turning movement, if any. Data were transcribed from the 
Ester line-Angus chart by numbering cars in a given cycle serially and recording each 
to the nearest half-second of its intersection entrance. The numbers of cars in 5, 10, 
15, 20, 25, and 30 seconds were tabulated and summarized for each day and each con­
dition. 

ANALYSIS OF THE DATA 
A cumulative total of vehicles entering under no-parking, 100-foot, and 55-foot park­

ing conditions is presented in Table 2 and Figure 2. Al l data are presented in terms of 
volume per 100 cycles and show the cumulative totals by one-second intervals. For the 
fu l l 30-second green period traffic entered without parking at the rate of 2356 vehicles 
/lOO cycles compared with 2212 vehicles/100 cycles with a single car parked at 100 feet 
and 2215 vehicles/100 cycles at 55 feet. The three curves appear almost identical for 
about 15 seconds after the start of the green. The volumes entering in the f i rs t ISy^ 
seconds are equal for no parking and 100 feet, 928 vehicles/100 cycles, and the no-park­
ing cumulative volumes are greater than with parking continuously after this time. At 
24 seconds the no-parking volume is a fu l l second ahead of that with parking, 1849/100 
cycles without parking compared to 1843/100 cycles for 25 seconds with 100-foot parking 
and 1835 for 55-foot parking. At 26}2 seconds the no-parking volume exceeds that with 
parking by one vehicle per cycle. At 28 seconds the no-parking volume is l/g seconds 
ahead of its counterparts. Throughout the cycle there is little difference between the 
curves for the two parking distances. 

The effect of the parked car on volume enterir^ this intersection is not noticed in the 
f i rs t 15 seconds of the green period, but parking allows less traffic to enter in a given 
time interval in the second half of the green period. 

The sharp difference in volumes entering under the two conditions of parking and no-
parking in the last 3 seconds cannot be attributed to the difference between manual and 
fixed-time operation of the signal. The 27-30 second interval is green under manual 
control but is amber under fixed-time operation. Forty-two of the 97 cycles (43 percent) 
observed with 100-foot parking had manual control, but only 25 of 86 no-parking cycles 
(29 percent) were manually operated. Thirty-one of 100 cycles with 55-foot parking were 
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T A B L E 2 
CUMULATIVE VOLUMES ENTERING B Y ONE SECOND 

INTERVALS SEPULVEDA BOULEVARD SOUTHBOUND AT 
WILSHIRE BOULEVARD 

May 3, 10, and 24, and June 21, 1953^ 

Seconds Cumulative Volumes Entering 
After No Parking Single Car Parked 
Green 100 Feet 55 Feet 

Begins 86-cycle 100-cycle 97-cycle 100-cycle 100-cycle ̂  
Total Equivalent Total Equivalent Total 

manually controlled. K an effect of the dif­
ference in signal operation is reflected in 
the 27-30 second interval, the cycles with 
parking would be expected to carry pro­
portionally the greater volume. 

Analysis of variance has been used to 
test the effect of parking and the effect of 
days on which data were taken. A three-
by-two analysis of variance table was set 
up using data only for the f i rs t 25 cycles 
observed each day under each of two con­
ditions: no parking and parking at lOOfeet. 

Volumes in the intervals 0-10, 0-15, 
0-20, 0-25, 0-30 (full green period), 10-20, 
10-25, 15-25, 15-30, and 20-30 seconds 
were analyzed. The values in each cell 
are assumed to be normally distributed. A 
rather large variance for no-parking data 
on May 3, f i rs t day of data taking, caused 
rejection of the hypothesis of equal vari­
ance for 0-25, 0-30, 15-25, and 15-30 at 
the one percent level. These intervals with 
non-homogeneous variance were not tested. 

Table 3 shows the mean volumes entering 
in each of these intervals by days and by 
parking condition, and summarizes the six 
analyses of variance. 

The effect of different days was found 
not significant for all of the intervals 
tested. There is no reason, therefore, to 
expect days to have a significant effect on 
the volumes in other intervals not tested 
this way. Parking was found to have a significant effect in three of the six intervals 
tested. No significant interaction between parking and days was found for any of the 
tested intervals. 

Since these six analyses show that the days of data taking had no effect on volumes 
entering the intersection, additional tests may be made for other intervals and additional 
data. While 86 cycles without parking and 97 with a car at 100 feet were recorded, only 
75 of each could be used in the analysis of variance described above. 

The assumption of independence of day of data-taking could be extended to data coUecte 
with a single car parked at 55 feet. Therefore, comparisons among the three conditions, 
no parking and parking at 100 and 55 feet, could be made with the t-statistic and utilizing 
all data for each parking condition. 

Tables 4 and 5 present the results of comparison among the three conditions as tested 
with the t-statistic. No significant differences in volumes between the 100-foot and 55-
parking conditions were detected. When compared with the no-parking condition, tests 
involving the two parking distances produced almost identical results. Significantly more 
cars entered without parking than with parking at either distance for the f i rs t 25 seconds 
and for the fu l l 30-second green (or green and amber) period. Significant differences in 
volume were noted in all the smaller intervals tested: 10-20, 10-25, 15-25, 15-30, and 
20-30 seconds after the start of the green. 

The volume without parking exceeds that with 100-foot parking by at least 0,81 vehicle 
per cycle with a probability of .95. No-parking volume exceeds that with 55-foot parking 
by 0. 77 vehicles per cycle or more with the same probability. 

These test results demonstrate clearly that parking has an effect and that the effect is 
noted almost entirely in the last half of the green period. In this case, significant dif­
ferences were detected in the 10-20 second interval, but these were comparatively smaller 
than those found m later parts of the green period. The last ten seconds of the green 

1 1 1 2 2 0 
2 9 11 24 25 12 
3 43 SO 73 75 74 
4 114 133 156 161 153 
5 174 203 224 231 222 
6 241 280 296 305 311 
7 319 371 373 385 380 
8 401 467 460 474 468 
9 463 539 532 549 551 

10' 538 626 bl3 632 633 
11 611 711 688 710 706 
12 692 805 769 793 793 
13 763 887 853 880 871 
14 844 982 937 967 955 
15 906 1054 1005 1037 1022 
16 983 11S5 1087 1121 1104 
17 1057 1241 1169 1206 1178 
18 1120 1311 1244 1283 1260 
19 1196 1402 1335 1377 1349 
20 1275 1483 1397 1440 1441 
21 1357 1577 1483 1530 1523 
22 1433 1665 1558 1607 1600 
23 1503 1747 1645 1697 1679 
24 1591 1849 1719 1773 1759 
25 1662 1933 1788 1843 1835 
26 1728 2009 1873 1932 1912 
27 1803 2096 1942 2003 1997 
28 1899 2207 2021 2085 2072 
29 1963 2282 2095 2161 21S0 
30 2026 2356 2146 2212 2215 
AH data taken on Sundays. 
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TABLE 3 
MEAN VOLUMES ENTERING PER CYCLE IN SELECTED TIME INTERVALS 

WITHOUT PARKING AND WITH PARKING 100 FEET FROM 
THE INTERSECTION 

Sepulveda Boulevard Southbound at Wilshire Boulevard 
May 3, 10, and 24, 1953 (a) 

Seconds 
After 
Green 
Begins 

No 
Parking 
— I C — 24 Total 

Parking at 
100 Ft. 

F-ratios Park-
Inter- ing 
action 

Days 

10 24 Total 
0-10 
0-15 
0-20 
0-25 
0-30 
10-20 
10-25 
15-25 
15-30 
20-30 

6. 32 
10. 80 
15.36 
19. 72 
23.72 
9. 04 

13.36 
8.92 

12. 92 
8.36 

6.27 
10. 43 
14.57 
19.20 
23.53 
8.30 

13.00 
8.77 

13.10 
8.97 

6.19 
10.42 
14. 65 
19.13 
23.48 
8.45 

12.94 
8,71 

13.03 
8.81 

6. 26 
10. 54 
14. 83 
19.33 
23.56 
8.57 

13.07 
8.79 

13.02 
8.73 

6. 52 
10. 48 
14.48 
18.60 
22.12 
7.96 

12.08 
.8.12 
11. 64 
7.64 

6.08 
10.13 
14. 20 
18.08 
22.00 
8.08 

11.98 
7.95 

11.88 
7.80 

6. 47 
10. 56 
14. 56 
18.69 
22.31 
8.09 

12.22 
8.13 

11.72 
7.72 

6. 32 
10.37 
14. 40 
18.43 
22.12 
8.08 

12.11 
8.07 

11.76 
7. 72 

0.87 
0.77 
0. 27 

2.60 
0.84 

0. 00 0.16 
0. 30 0. 09 
3.72 0.83 

4. 88(b) 0. 93 
16. 00(c) 0. 43 

0.46 20. 90(c) 1.27 

(a) 
(b) 
(c) 

CO 
ui 
d 

K 
bJ 
Q. 

K 
Hi 
I -
z 
UI 

> 

All data taken on Sundays. 
Significant at . 05 
Significant at . 005 
1200 
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10 15 20 25 30 

SECONDS AFTER BEGINNING OF GREEN SIGNAL 

Figure 2. CuRiulative en ter ing volumes w i t h and wi thout p a r k i n g , 

demonstrated the effect of parking very clearly. For the entire green period the prob­
ability I S . 95 that the no-parking volume exceeds that with parking by at least 0.8 per 
cycle. In the last 10 seconds, however, the probability is . 95 that no-parking volume is 
larger by about 0. 6 per cycle. 

Review of the physical situation involved suggests a more restrictive effect on traffic 
volume should resulc if the car is parked closer to the intersection. If this is so, additional 



48 

Time 
Interval No Parking at 

(Seconds) Parking 100 Ft. 55 Ft. 
0-10 6.26 6. 32 6.33 
0-15 10. 54 10. 37 10. 22 
0-20 14.83 14. 40 14.41 
0-25 19.33 18.43 18.35 
0-30 23. 56 22.12 22.15 

10-20 8. 57 8.08 8.08 
10-25 13.07 12. 11 12.02 
15-25 8. 79 8.07 8.13 
15-30 13.02 11. 76 11.93 
20-30 8.73 7. 72 7.74 

TABLE 4 experimentation should result in significant 

NO FARKINU AMJ F A K I U ^ A l luu support this contention. 
l - l . AND Observed traffic volumes on this inter­

section approach were very much higher thj 
the theoretical capacities of the approach ca 
culated according to methods of the "Highw^ 
Capacity Manual. " The approach is 52 feet 
wide, there are no left turns and 5 percent 
right turns, 10 percent of the traffic is con^ 
mercial, and green constitutes 27/60 of the 
signal time. Following the method of page 
79 of the manual, the possible capacity is 
1088 vehicles per hour. 

This computation assumes this intersec­
tion can be considered as "downtown with 
parking prohibited," which results in the 
highest capacity value. If it is classified 
instead as "intermediate, " the possible ca­

pacity is reduced to 955 vehicles per hour. 
Curves presented m the manual indicate that the capacity of a downtown intersection is 

reduced 29 percent by permission of parking and that m an intermediate area by 45 percei 
The observed volumes for almost five hours of data taken averaged 1413 vehicles per 

hour with no parking and 1328 vehicles per hour with a car parked. The volume was re­
duced S I X percent by the parked car. The observed volume without parking averaged 30 
percent higher than the calculated possible capacity under the most favorable conditions. 

If the intersection is assumed to be part of a high-type facility, possible capacity is 
1316 vehicles per hour. 

As noted above, data for each condition of parking were collected under both fixed-timt 
and manual control of the signal. For the purpose of this study manual operation differs 
from fixed-time only in that longer cycles were used under manual operation. The 27-30 
second interval is amber under fixed-time but green under manual control. Green time ir 
excess of 30 seconds in any cycle was not analyzed for effect of parked vehicles. 

There is a probability of . 95 that volume in the 25-30 second interval under fixed-time 
control I S at least . 13 vehicle per cycle less than that under manual control. This finding 
serves to reinforce the conclusions with respect to the effect of the parked car since mor( 
cycles with manual control were recorded with parking than without. 

Having determined where in the green signal period the effect of a parked car becomes 
significant, lane volumes were studied. The analysis presented here is based only on the 
volumes per lane entering in the fu l l 30-second green (or green and amber) period of each 
cycle. 

A two-way analysis of variance was made to test the effects of day of data taking and of 
condition of parking. Analyses were made for Lane 1 (center). Lane 2 (curb), and right 
turn volumes. Normality was assumed, and the hypothesis of equal variance among the 
six cells was not rejected at the . 01 level. Only the f i rs t twenty-five cycles for each cell 
were utilized in the analysis of variance. 

Day of data taking was not significant for any of the volumes tested although the signifi­
cant interaction (. 05) in Lane 2 volumes suggests some effect due to days. The number oi 
right turns under no-parking conditions was significantly greater than with a car parked at 
100 feet. 

Assuming that day of data taking has no significant effect on lane volumes permits com­
parison of volumes under the several parking conditions using the t-statistic. Significant 
interaction outlined in the paragraph above suggests a possible effect of days and may rais 
some question about the conclusions of the t-tests. 

Lane 1, nearest the roadway center, was not significantly affected by parking. Mean 
volumes under the three conditions were nearly equal for this lane, and the t-test showed 



49 

no significant difference. 
Volumes straight through the intersection in Lane 2 were significantly greater with­

out parking. This lane is also used by right-turners who have been excluded from this 
analysis. As m the case of earlier analyses using the fu l l cycle and all lanes, no sig­
nificant differences were detected between volumes with parking at 100 and at 55 feet. 

The mean number of right turns per cycle varied greatly. Significantly more right 
turns were made without parking than with parking at 100 feet. The mean right turns 
with parking at 55 feet did not differ significantly from those under either of the other 
conditions. Mean right turns per cycle were 2. 40, 1. 67, and 2. 03 for no parking, park­
ing at 100 feet, and parking at 55 feet. 

TABLE 5 
TEST OF DIFFERENCE BETWEEN MEAN VOLUMES ENTERING WITHOUT 

PARKING AND WITH PARKING AT iOO FT. AND 55 FT. 
t-STATISTIC APPLIED TO POOLED DATA 

No parking: 86 cycles. 100-ft. parking: 97 cycles. 
55-ft, parking: 100 cycles. 

No Parking vs. No Parking vs. iOO-Ft. vs. 
Time 100- Ft. Parking 55-Ft. Parking 55- Ft. Parking 
(sec) d.f. t Diff. d.f. t Diff. d.f. t Diff. 
0-10 181 0. 63 NS 184 0.35 NS 195 0. 27 NS 
0-15 181 0. 74 NS 161 1.42 NS 195 0. 70 NS 
0-20 181 1.74 NS 184 1. 58 NS 195 0. 08 NS 
0-25 167 3.27** 0.37 184 3.31** 0. 40 195 0. 23 NS 
0-30 181 4. 60*** 0.81 184 4.39*** 0. 77 195 0. 07 NS 

10-20 181 2.91** 0.17 164 2. 83 ** 0.15 195 0.16 NS 
10-25 156 4. 80*** 0. 59 184 4. 92*** 0. 64 195 0.33 NS 
15-25 153 4. 33*** 0. 40 184 3. 63 *** 0.30 190 0. 53 NS 
15-30 181 5. 83 *** 0. 83 184 4. 93 *** 0. 65 195 0.86 NS 
20-30 181 5. 29*** 0. 63 184 5. 06*** 0. 60 195 0. 06 NS 

* Difference significant at . 05 
** Difference significant at . 01 

*** Difference significant at . 005 
NS Difference not significant at . 05 

Column Headings: 
d. f. Degrees of freedom 
t t-statistic 
Diff. Difference between means exceeded or equalled with probability of . 95. 

Where variances under the two conditions were not significantly different, the 
degrees of freedom are two less than the sum of the observations. Where vari­
ances are significantly different, the degrees of freedom are reduced. Refer to 
pp. 104-5, Dixon and Massey, Introduction to Statistical Analysis. (7) 

The significantly larger number of right turns observed under the no-parking condition 
is difficult to explain and may affect some of the other results. There is insufficient evi­
dence, however, to indicate whether or not parking had a significant causative effect on 
the mean number of right turns per cycle. 

Additional analyses were made of the effect of parking on entering volumes for cycles 
with the same numbers of right turns. In general, the results of these tests with num­
bers of right turns equalized were the same as those for combined data. 

As in the analyses presented above, the segregated analyses demonstrate that Lane 1 
is not significantly affected by parking and that no real difference in any lane or m total 
volume exists as a function of distance parked from the intersection. 

The effect of parking with turning conditions equalized on volumes in the interval 15 to 
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30 seconds after the beginning of the green was also studied. The mean values are pre­
sented in Table 6 and show that the mean number entering without parking in this interval] 
is greater than with parking for any number of turns per cycle. 

These results indicate that the greater 
number of right turns without parking does 
not affect the major conclusions of this paper' 
For cycles with the same number of right 
turns significantly larger volumes entered 
without parking than with a single car parked] 
for most numbers of turns, and qualitative 
examination of the data suggests that signifi­
cant differences would be found in all parking 
vs. no parking cases if a larger sample of 
cycles were analyzed. 

TABLE 6 
MEAN VOLUMES ENTERING 15-30 SEC­
ONDS AFTER BEGINNING OF GREEN 

SIGNAL WITH NO PARKING AND 
PARKING AT 100 FEET AND 

55 FEET 
Cycles with Equal Numbers of Right Turns 
Right No 
Turns Parking 

Parking at 
100 Ft. 55 Ft. 

0 12. 40 11.69 11.42 
1 13.11 11.83 12.17 
2 12.74 11; 67 12.07 
3 13.00 11.87 11.73 

Over 3 13.48 12. 00 11.91 
Total 13.02 11.76 11.93 

SUMMARY AND CONCLUSIONS 
At the overloaded intersection approach 

studied a single car was parked at the curb 
at distances of 100 feet and 55 feet from the 
intersection stop line. Data were collected 
on numbers and times of entrance of cars 
entering the intersection without parking and 

with the single car parked in each of these two positions. The analyses of these data 
constitute the body of this paper. 

With the single car parked in the approach, traffic was able to pass it in two lanes. 
This is the same pattern as when there is no parking although the lane nearest the curb 
is considerably narrowed by the parked vehicle. Although other considerations governed 
the selection of this particular intersection for study, this chosen approach is typical of 
cases in which a complete new lane is not made available to traffic as a result of the parh 
ing prohibition. Effective width of the curb lane is increased, however, with resultant 
greater freedom of traffic movement. 

Al l data analyzed as part of this experiment were collected under overloaded traffic 
conditions. There was a continuous reservoir of waiting vehicles on the approach under 
study, and volumes may thus be considered "capacity" volumes. 

In these analyses the traffic pattern was not a function of the position of the parked 
car. With the quantity of data available, no significant differences were found between 
entering volumes with the car at 100 feet and at 55 feet from the intersection stop line, 
indicating that differences, if any exist, must be very small. 

The parked car at either location had no effect on volumes entering the intersection 
during the f i rs t fifteen seconds of the green signal indication. From 15 to 30 seconds 
after the start of the green the effect of the parked car became increasingly pronounced. 
In the last 15 seconds the probability is . 95 that the volume with no parking exceeds that 
with 55-foot parking by at least . 65 vehicle per cycle and that with 100-foot parking by 
at least . 83 vehicle per cycle. These differences represent between 5 and 8 percent of 
the mean volume entering in this 15-second period. 

The no-parking volumes were found to be significantly greater than those with parking 
at the . 05 level for the following time intervals after the beginning of the green; 0-25, 
0-30 (entire green period), 10-20, 10-25, 15-25, 15-30, and 20-30 seconds. No sig­
nificant differences were found in the f i rs t 10, 15, or 20 seconds. No other intervals 
were tested. 

Data used in this e^^eriment were collected on four different Sundays. Analysis of 
variance using data from three of these days showed no significant effect due to day of 
data taking. Therefore, all data from all days were pooled in reaching the other con­
clusions of the report. 

The traffic lane next to the centerline, designated Lane 1 in this study, was not sig­
nificantly affected by the parked car. The effect of the parked car was almost entirely 
on the curb lane, which included traffic moving straight through the intersection and 
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right turning traffic. The latter constituted between 7^2 and 10 percent of total traffic 
under various parking conditions. Significantly more right turns occurred with no park­
ing than with a car parked at 100 feet, and this fact tended possibly to obscure some 
results. 

Analyses were, therefore, conducted using cycles with equal numbers of right turns. 
The results of these analyses tended to support the conclusions obtained from the pooled 
data. For cycles with equal numbers of right turns, the effect of parking appeared rea­
sonably well demonstrated. These analyses of parking effect using cycles with equal 
numbers of right turns were less sensitive than with the pooled data since the degrees of 
freedom were reduced when cycles were classified by numbers of turns. 

These results can be summarized briefly as follows: 
1. The effect of a parked car on entering traffic volumes under capacity conditions 

was found to be significant, but the absolute difference in volumes was small. 
2. The effect of parking Avas not noted in the f i rs t half (15 seconds) of the green, but 

it was pronounced in the last half. 
3. The center lane of traffic was not affected by the car parked at the curb. 
4. Although approximately one hundred cycles were recorded for each of the two park­

ing positions used, 100 feet and 55 feet, no significant differences in entering traffic 
volumes were noted between them. 

These results appear to support the "Highway Capacity Manual" statement that pro­
hibition of parking for a distance back from the intersection in feet equal to five times 
the green period in seconds is equivalent to prohibiting parking entirely. There was no 
parking on the far side of the intersection and the effect of parking here was not studied. 
A small effect was noted for the 10-20 second interval m this study, and this would not 
have been the case if the manual's statement were entirely correct. With a car at 100 
feet the f i rs t 20 seconds of the green should not be affected by parking. No difference 
was noted here for different parking positions. If the manual's statement were to be 
borne out fully, the closer parking position would be found more restrictive. 

The results of this study indicate that the practical benefits of removing a single car 
parked in an intersection approach are not great except under certain traffic conditions. 
The mean difference in entering volumes for the 30-second green period at this inter­
section was about 1. 5 vehicles per cycle with either parking position. This is only 5. 5 
percent of the entering volume per cycle. 

The loss of one and one-half vehicles per cycle from the capacity of the intersection 
can accumulate an overload in a short time. Ninety vehicles per hour will be unable to 
enter the intersection, and almost four fu l l cycles wil l be required to enable these ac­
cumulated cars to clear the intersection. The above statement assumes traffic demand 
will be continuously high during the entire period with at least as many vehicles arriving 
per minute as are able to enter the intersection without parking. 

Removal of a car parked in this position seems justified if and only if every signal 
cycle I S fully occupied. At the southbound approach of Sepulveda to Wilshire, the car 
has a serious restrictive effect only on Sunday afternoons since normal fluctuations in 
volumes arriving at the intersection on weekdays wil l allow any accumulated backlog to 
clear periodically. 

This study was conducted at a single intersection and did not cover the situation in 
which a single parked car blocks a normally used traffic lane. The results in such a 
case would be quite different. On Sepulveda Boulevard at Wilshire the single parked 
car reduced the usable street width but did not reduce the number of lanes normally 
passing the point at which the car was parked. The results of this study can properly 
be extended to all situations in which the latter condition prevails: parking does not 
reduce the number of normally used lanes. 

Extending the conclusions of this study suggests that single cars parked m mid-block 
locations between signalized intersections may have no restrictive effect on capacity. 
These studies have, however, examined only two distances of parking from the inter­
section. 

Isolated parked cars may present an important safety hazard. This factor has not 
been considered in the above discussion of the desirability of removing them from the 
street. In the present study a red flag was attached to the parked car to assurer adequate 
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attention and thus help to avoid collisions. 
No significant effect was demonstrated as a result of using two different parking posi­

tions. Additional experimentation to determine quantitatively the effect of parking positi^ 
on volumes entering is needed. Additional data on 100 feet and 55 feet would eventually 
show a significant difference in restrictive effect if the hypothesis of the "Highway Ca­
pacity Manual" is correct. Perhaps more important is to determine the closest distance^ 
at which parking can be permitted without its having a significant effect on entering vol­
umes. At the intersection studied this critical distance is greater than 100 feet but has 
not been established by this experiment. This critical distance is certainly less than 10 
car lengths and would probably occur at a somewhat shorter distance. This experiment < 
suggests that large quantities of data will be necessary to draw any definite conclusions ! 
about the effect of parking position on entering volume. i 

The method presented here may prove useful in further studies of intersection opera­
tion. The results of this study indicate that recording of entrance times for vehicles 
represents a suitable method for study of effects of various factors on intersection ca­
pacity. The method of field collection of data described here is very simple and rea­
sonably accurate. Additional use of entrance times as basic data wil l permit important 
simplification of transcription and analysis of the data. 

The practical results of this experiment indicate that parking has a significant but 
small effect on intersection capacity under conditions such as were studied here. A 
single car should be removed, if possible, if the approach is overloaded continuously 
for long periods. Parking a single car certainly should not be permitted where such 
parking blocks a normally used lane. In this case under study, the intersection was 
overloaded for less than three hours per week, and parking did not block a normally 
used lane. Strict prohibition of parking here would be valuable from a capacity stand­
point only for a few hours each Sunday afternoon. 

In practice, the results of this experiment suggest that traffic engineers and police 
officials should study traffic conditions very carefully before enforcing parking prohi­
bitions of the tow-away type. The situations in which the single parked car has an im­
portant effect are definitely limited. 

While only a single street width was studied in this experiment, the findings suggest 
that interesting results may be found from studies of entering volumes on streets of 
different widths. The Committee on Highway Capacity presented the relationship of 
capacity to street width as a smooth curve. The addition of only a few feet of width to 
the approach of Sepulveda Boulevard studied here, however, might permit use of a fu l l 
new lane with a resultant large increase in entering traffic volumes. The true relation­
ship of capacity to width may be a type of step function with the sharp capacity increases 
noted for certain increases of width which permit ful l utilization of additional lanes. No 
attempt has been made m this study to evaluate quantitatively the effect of width on ca­
pacity. The results suggest, however, that study of this relationship would be desirable. 

The effect of parking may also be different on streets of different widths. Certainly 
this will be the case where the parked car reduced the number of usable lanes. Even i 
where the number of lanes is not reduced, however, street width may be an important 
factor. Studies similar to this but using wider or narrower streets would be valuable in 
contributing to the understanding of the effect parking on intersection capacity. 
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TH E NATIONAL A C A D E M Y OF S C I E N C E S — N A T I O N A L R E S E A R C H C O U N ­
C I L IS a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general v^relfare. The 

A C A D E M Y itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap­
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
A C A D E M Y and the government, although the A C A D E M Y is not a govern­
mental agency. 

The NATIONAL R E S E A R C H COUNCIL was established by the A C A D E M Y 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
A C A D E M Y in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL R E S E A R C H COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa­
tives nominated by the major scientific and technical societies, repre­
sentatives of the federal government designated by the President of the 
United States, and a number of members at large. In addition, several 
thousand scientists and engineers take part in the activities of the re­
search council through membership on its various boards and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the A C A D E M Y and its R E S E A R C H COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The H I G H W A Y R E S E A R C H BOARD was organized November 11, 1920, 
as an agency of the Division of Engineermg and Industrial Research, one 
of the eight functional divisions of the NATIONAL R E S E A R C H COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the A C A D E M Y - C O U N C I L and with 
the support of the several highwaj- departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on' highway administration and 
technology. 


