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California Freeway Capacity Study—1956 
GEORGE M . W E B B , Traffic Engineer, and 
K A R L MOSKOWITZ, Assistant Traffic Engineer, 
California Division of Highways 

During the present stage of development of the freeway system in Califor
nia, some extremely high daily volumes are being experienced. One inter
section of two freeways handles 319,000 vehicles per day. Despite high 
volumes, operation is normal at most places on the system; speeds are high 
and accident rates are low. Except for about two hours a day, i t is possible 
to average 50 mph for about 28 miles r ight through the heart of the City of 
Los Angeles. 

Eighty-three peak-hour observations of operating characteristics were 
made at 50 locations on 4-, 6-, and 8-lane urban freeways. The observations 
at each location consisted of recording traffic counts and speeds by 5-minute 
intervals in each lane. Traffic was classified by type of vehicle and descrip
tive notes on flow characteristics were made. This report contains tables of 
whole-hour volumes and speeds by lane for each of these observations, and 
37 graphs showing speed-volume relationships and distribution of traffic by 
lanes under various geometric conditions. 

• AS OF SEPTEMBER 1, 1956, the 
California State Highway System in
cluded 283 miles of f u l l freeway open to 
public travel. These were classified as 
follows: 

an opportunity for studying traffic ca
pacity and other characteristics. Because 
this information is of utmost importance 
in new freeway design, a study of high-
volume locations in the freeway system 

Miles 
At Highest 

Location 

Average Daily Traffic 

At Lowest 
Location 

Average, 
Al l Mileage 

Four-Lane 
Six-Lane 
Eight-Lane 

189 
79 
15 

68,800 
140,000 
180,000 

4,900 
12,400 
31,900 

23,000 
60,500 

108,000 

On the whole, these freeways operate 
just as expected: speeds are fa i r ly high 
and accident rates are low. There are a 
number of places, however, where possi
ble capacity has been reached during 
peak hours and operating conditions are 
not satisfactory during those hours. Des
pite this congestion during peak hours, 
i t is possible, during about 22 hours a 
day, to drive 28 miles in either direction 
r ight through the heart of the City of 
Los Angeles and several other contiguous 
communities in about 34 minutes. Dur
ing the congested periods, travel time on 
the freeways is sti l l about 20 percent less 
than on parallel surface routes. 

The periods of very high volume offer 

was made in the summers of 1955 and 
1956. This report supersedes the progress 
report (Freeway Capacity Study, 1955) 
issued in Apr i l 1956, and includes all of 
the data published in that report. 

The field work basically consisted of 
counting and classifying traffic by type 
of vehicle in 5-minute intervals and in 
each lane; measuring and recording 
speeds; and keeping a descriptive record 
of the type of operation (that is, free-
flowing, smooth but crowded, or con
gested). Motion pictures also were made 
for the purpose of illustrating the type 
of flow experienced at various volume 
levels and as affected by design features. 

Although the studies made so far are 
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fa i r ly comprehensive, i t has not been 
possible to infer universal relationships 
between the many variables involved in 
traffic flow. That is, an instance can be 
cited where possible capacity has been 
reached at a given point where one grade, 
one number of lanes, one proportion of 
trucks, and one merging condition pre
vailed, and other instances can be cited 
where different values of each of these 
variables prevailed, but not enough dif

ferent combinations were observed to de
termine quantitatively the relationship 
between the variables. In this connection, 
however, observations reported here were 
made at most of the points in the Los 
Angles and San Francisco freeway sys
tems where volumes are critical, and the 
lack of comprehensive generalizations is 
due to a lack of observable situations as 
much as to a lack of observation. 

Figures 1, 2, and 8 are aerial views of 

Figure 1. Hollywood Freeway looking southerly with the four-level traffic interchange in the foreground. 
Location 15 is at the merge in the foreground. Location 26 is at the merge of traffic goi^g away in 
the center right. Location 37 is just past the second overcrossing in the center of the picture. This inter

section handles 319,000 vehicles per day (25,500 in the peak hour, with 6,700 making left turns) . 
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Figure 2. Hollywood Freeway looking southerly toward Los Angeles Civic Center. Alvarado S B on-ramp 
(Location 18) just north of Bonnie Brae Street Bridge in foreground. Belmont Avenue pedestrian separa
tion in center and Edgeware Street Bridge (Location 11) in background. This section is considered a 

typical 8-lane freeway with respect to geometric conditions affecting traffic operation. 

three sections of the Hollywood Freeway tween access points is approximately % 
showing some of the locations studied, mile throughout the 7-mile length. 
This freeway is through a heavily-devel
oped metropolitan area; however, the N O M E N C L A T U R E 
alignment is good (minimum curve 
radius 1,800 feet) . Average spacing be- The following definitions and nomen-
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Figure 3. Hollywood Freeway looking northerly (outbound) through the Cahuenga Pass. Highland N B on-
ramp (Location 22) in center. Mulholland Bridge (Location 13) in background. The 3-lane section (one
way) inbound (center. Location 14 and lower right. Location 47) carries a peak hour of 6,600 vehicles. 

clature are used throughout this report. 
Capacity — The definitions used in the 
"Highway Capacity Manual" ( i ) are 
adhered to, and are repeated as follows: 

Basic capacity — The maximum 
number of passenger cars that 
can pass a given point on a lane 

or roadway during one hour under 
the most nearly ideal roadway 
and traffic conditions possibly ob
tainable. 
Possible capacity — The maximum 
number of vehicles that can pass 
a given point on a lane or road-
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way during one hour, under the 
prevailing roadway and traffic con
ditions. 
Practical capacity — The maxi
mum number of vehicles that can 
pass a given point on a roadway or 
in a designated lane during one 
hour without the traffic density 
being so great as to cause un
reasonable delay, hazard, or re
striction to the drivers' freedom 
to maneuver under the prevail
ing roadway and traffic conditions. 

Volume — The number of vehicles that 
pass a given point on a lane or roadway 
during a specified time interval. 
Stream — The total traffic flow in all 
lanes of one roadway. 
Rate-of-flow — The volume during a time 
interval divided by the length of the 
time interval. 
Average speed — The sum of the speeds 
of specified vehicles divided by the num
ber of vehicles (not the sum of distances 
divided by sum of times). 
Congestion — Non-acceptable operation, 
characterized by stop-and-go driving and 
small or large queues of standing vehi
cles. 
Roadway — In this study, which is con
cerned wholly with divided highways, a 
roadway is the one-way traveled way on 
one side of the median. 
Shoulder —• The area next to the traveled 
way on the righthand side of the driver. 
Median — The portion of a divided high
way separating the traveled ways for 
traffic in opposite directions. 
Lane — The roadway area, of uniform 
width, designated by stripes or edge of 
pavement, used for one file of vehicles. 
A vehicle crossing a lane stripe is sup
posed to yield to any vehicle in the lane 
being entered. Among experienced driv
ers, this yielding is generally accom
plished by being certain to go faster 
than the next following vehicle in the 
lane being entered. Lanes are designated 
as follows: 

Shoulder lane — The lane next to 
the shoulder. 
Lane 1 or Li — The shoulder lane; 

that is, the right-hand lane of the 
roadway. 
Lane 2 or L, — The second lane 
f rom the right-hand edge of the 
roadway. 
Lane 3 or L.. — The third lane 
f rom the right-hand edge of the 
roadway. 
Lane i or L i — The fourth lane 
f rom the right-hand edge of the 
roadway. 
Median lane — The lane next to 
the median. 

Ramp 

On-ramp — An entrance to the 
freeway; a merging lane. 
Off-ramp — An exit f rom the free
way; a diverging lane. 

Ramp designation — Two-lane ramps are 
shown as Ramp 1 and Ramp 2, or Ri and 
R 2 . Ramp 2 is usually adjacent to free
way lane 1. 
Merging area—• (a) The portion of a 
merging lane or on-ramp that is flush 
with the through roadway so that vehi
cles may move laterally into lane 1; (b) 
An area in which two lanes are merged 
into one by means of converging stripes, 
other delineation, or both. 

COLLECTION OF DATA 

Field Procedure 

Data were collected by counting and 
classifying traffic and recording speeds 
at various freeway locations. Either 
three or four men were used at each lo
cation, depending on the number of 
lanes to be counted. One man never 
counted more than three lanes of traffic. 
The usual procedure was as follows: 

1. One man would record on a special 
form the stopwatch time taken by vehi
cles to travel a specific distance. The 
speed traps were usually around 150 
feet in length. Where convenient, cracks 
or joints in the pavement would be used 
as ends of the speed trap. Where no lines 
on the pavement were available, a bow-
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string mounted on a universal joint was 
used to superimpose a sight line on the 
freeway perpendicular to its centerline. 
This line was used as the far end of the 
trap and any convenient object or point 
near the observer was used as the other 
end of the trap. Times were read to the 
nearest 0.05 sec (a 10-sec face stopwatch 
was used). 

When counts were made at ramps or 
merging areas an attempt was made to 
have the speed trap begin at the nose. 
To make speed observations as random 
as possible, the timer was instructed to 
record by lane; that is, time a vehicle in 
lane 1, then in lane 2, etc. Time was 
measured for any vehicle that happened 
to be at the trap when the timer was 
ready. Timing would go on throughout 
the counting period. Between 20 and 40 
speed observations could be made during 
a 5-min period, depending on traffic flow. 

The average speed for a 5-min period 
was determined by dividing the length 
of the speed trap by the average time 
lapse. Although this is different f rom 
the average speed as previously defined, 
the difference is considered insignificant 
because of the small range in any 5-
min period, and the calculations were 
greatly simplified. 

2. One man would tally trucks by lane 
and number of axles on a special form 
devised for this purpose. 

3. A th i rd and fourth man would 
count total traffic by lane. When counts 
were made at ramps the counts were made 
at the nose. These data were shown on 
a special form which was also used for 
the office summary of the data on the 
other two forms. 

Counting by Sample 

For reasons explained later, traffic 
counts were recorded by 5-min periods. 
There was a break (usually 3 min) of 
non-counting between counted periods, 
these breaks being utilized for record
ing the counts. The breaks served two 
other purposes in that (a) simultaneous 
counts fo r each lane for exact time 
periods could be recorded, a nearly im
possible task i f the individual counters 

were run continuously, unless photo
graphic methods were used, and (b) the 
alertness of the observers was preserved 
and fatigue and rhythmic errors were 
avoided. In figuring hourly volumes, the 
rate-of-flow during each break was as
sumed to be the average of the rates for 
the two adjacent counted periods. 

A test was made to compare results 
obtained by this method and by continu
ous counting, and the difference was 
found to be negligible. On the Hollywood 
Freeway at the Highland Undercrossing, 
inbound (3 lanes), in addition to the 
sampling counts, two full-hour counts 
were made, wi th the following results: 

7:02-8:02 
3 Lanes 

Full-hour count 6,048 
L a n e 1 1,819 
Lane 2 2,119 
Lane 3 2,110 

Hour count based on 5-min counting 
and 3-min not counting, and for the 
missing period using the average of the 
two adjacent counted periods 6,168 

L a n e 1 1,907 
L a n e 2 2,191 
Lane 3 2,070 

E r r o r +120 
Percent error 2.0 

8:07-9 :07 
3 Lanes 
6,512 
2,025 
2,234 
2,263 

6,481 
2,007 
2,223 
2,251 
—31 

0.5 

Traffic flow during the period 8:07-
9:07 was extremely smooth, although the 
rate-of-flow by 5-min intervals did fluc
tuate f rom a low of 5,450 per hour to a 
high of 6,876. 

Another test of this counting method 
was made at the junction of the North 
Sacramento and Elvas Freeways (4 
lanes one-way into 2 lanes), where vol
umes are considerably lower. The results 
were as follows: 

Elvas, N . S a c t c , Total, 
2 Lanes 2 Lanes 2 Lanes 

One Way One Way One Way 

512 766 1268 

528 716 1244 
+16 —40 —24 

3.1 6.2 2.0 

Full-hour count, 
3:13 to 4:14 P M 

Estimated hour 
count 

E r r o r 
Percent error 

A l l subsequent hour counts mentioned 
are based on the foregoing sampling 
method (about 65 percent of the actual 
hour is counted). 

RELATIONSHIP OF 5-MIN TO 1-HOUR COUNT 

Early in the study i t became apparent 
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that full-hour counts could not be used in 
determining operating characteristics 
(such as speed-volume relationships wi th 
other variables remaining constant). 
This is because there is considerable 
variability in geometric or other con
ditions between various locations, but 
there is no variability in peak-hour vol
ume at a given location. 

A t many locations, th-s greater part of 
the peak-hour would be free-flowing, but 
congestion or stop-and-go operation would 
occur during part of the hour. Although 
counts of this type of operation could be 
useful in determining the possible volume 
per hour, the whole-hour count could not 
be used to determine acceptable volumes. 
However, a great deal was learned about 
various rates-of-flow during the portions 
of the hour that were not congested. 

I t is also impossible to determine prac
tical capacity by counting the last free-
flowing hour preceding the peak conges
tion, because an off-peak hour (when flow 
is smooth) on a freeway that is over
crowded in the peak hour does not have 
the same momentary fluctuations in rate 
as the peak hour. That an off-peak hour 
does not have the same characteristics 
as a peak hour can be illustrated as fo l 
lows: Figure 4(a) is typical of the t raf
fic on an overcrowded freeway where the 
off-peak-hour volume is 3,300 vehicles. 
Figure 4(b) is typical of a traffic demand 
where the peak hour volume is 3,300 ve
hicles but capacity is adequate. Note that 
the volume for this whole hour is the 
same as the off-peak on the overcrowded 
freeway. I n the off-peak hour of 3,300 ve
hicles, the peak 5-min period was 12.5 
percent of the hourly volume; but in the 
peak hour of 3,300 vehicles, the peak 5-
min period was only 9.4 percent of the 
hourly volume. In other words, an off-
peak hour wi l l have short periods of 
greater congestion than would a peak 
hour of the same volume. This hypotheti
cal example illustrates the dangers in 
using whole-hour counts in off-peak hours 
to determine "practical" capacity. 

In view of the preceding, i t was de
cided to use short counts (5 min) in de
veloping freeway operating characteris
tics. The use of 5-min counts in deter-

(0) CROWDED FREEWAY 

S g TOTAL HOUR . 3.300 
'^'^l PEAR S MIN. . 415 

• IS.5 % 

(b) A D E Q U A T E FREEWAY 

ftott aiffr/vnet in 

m m 

h 
TDT»L PEAK HOUR • 3,300 
PEAK 5 MIN. . 310 

. 9.4% 

Figure 4. Pattern of freeway volumes. 

mining practical capacities and the rela
tionship of a 5-min rate-of-flow to an 
hourly volume are developed later, as are 
this method and its use. 

To relate acceptable rates-of-flow com
puted on a 5-min base to hourly volumes, 
i t is necessary to know what proportion of 
a peak hour wi l l , or could, occur during 
the highest 5-min period. The main dif
ficulty in finding an answer to this prob
lem is in finding locations where meter
ing by the capacity of the facil i ty is at a 
minimum. 

I t is assumed that there wi l l always be 
metering of the traffic flow through the 
surface street system. I t is also reason
able to expect that there wi l l be more 
metering, or leveling out of short-term 
fluctuations in demand, in large commu
nities than in smaller ones. This could 
be caused by the greater number of t raf
fic sources and the greater spread in 
approach distances, as well as by the 
capacity of the surface streets. Indica
tions, as developed later, are that this 
assumption is valid. 

The maximum and minimum 5-min 
volumes in terms of percentage of the 
total hour are shown for various loca
tions in Figure 5. These are shown for 
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VOLUME AS 
X OF PEAK HOUR 

5-MINUTE VOLUME AS X OF 
HOUR PRECEDING PEAK HOUR 

Borham SB on-romp 2 Lone 
(Hollywood Freeway} AM 

Vermont SB on-romp 
(Hollywood Freeway) 

Highland N6 on-romp 2 Lone 
(Hollywood Freewoyl PM 

71h Street SB on-romp I Lone 
(Sonto Ano Freewoy) PM 

Alemony N8 on-romp 
(Bayshore Freewoyl 

' P'' Hour - 1830 Veh.' 1,756 Veh, ( B o s t d on hr ) 

7 6 8 Veh 717 V e h . 

3 9 3 ven 1.212 Veh 

9 3 8 Veh. ( B a s a d on h r ) 1.309 Veh 

3 . 0 3 8 Veh 
Z Lone 

5 9 0 veh 2 7 8 Veh. (Bosad on i/j hr 
Army SB on-romp 
[Boyihore Freewoy) 

2 Lone 
PM 

,617 Veh 

Some OS obove 

8 2 2 Veh 
El Comino SB on-rotnp I Lone 
(North Socromento Freewoy) A H 

901 Veh 

Some as above 

pk hr 3 . 9 2 7 Veh 2.714 Veh. (Hr. otter 
bonto Ano Freeway 
NB 2 Lane 

Buhmon Ave 
6.3 ^ 

5 . 2 6 8 v e h 3.910 Veh 
Poiodeno Freewoy 
E B 3 Lone 

Avenue 35 

5 . 2 8 3 v e h 4 , 7 6 2 v e h 
Hollywood Freeway p Highland Ave 
NB 3 Lone PM 

7 . 5 4 9 Veh 6 , 3 8 8 veh 
Hollywood Freeway Vermont off -romp 
NB 4 Lone Unci, romp) PM 

6.179 Veh, (Hr, ofter pk. hr) 6 . 6 3 0 v e h . 
Hollywood Freeway (si) Highland Ave. 
jndercrosi ing S 8 3 Lone 

6,192 Veh (Hr otter pk hr,) 

5 . 0 0 7 v e h 3.218 Veh 

2 , 7 4 6 Veh (Hr cifter pk h r ) 4 . 2 7 0 v e h 

2 , 5 6 3 Veh 

2 , 6 5 8 v e h 

Some OS obove 

Boyshore Freewoy © Army St . 
S B 3 Lone PM 

Eostshore Freewoy ® IS ' f i St , 
overcrossing NB 3 Lone 

North Socromento Freeway NB 
Elvos Freewoy merge 2 Lone PM 

Some OS above 

North Socfomento F r i iwoy {© 
El Comino Ave, S 9 2 Lones AM 

Some OS above 

2 , 1 3 5 V e h . i 

mm 
2 , 1 2 3 

mi \ 
Veh 

r = 10 T 1 

Figure 5. S-min volumes as percentages of total hour volume. 

the peak hours and also for a period be- 5-min counts during a f u l l hour at a 
fore or after the peak hour when avail- typical ramp. 
able. Figure 6 shows the variability of The metering effect at the particular 
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Ml 
z 
3 
o > 

Moximum 5 Minutes 
/Vo l . = 100 Vehicles 
y as 10.1% of hour 

Average = 82 vehicles in 5 minutes 

Minimurn S Minutes 
Vol. - 56 Vehicles 
t 6 . 0 % of hour 

5 - M I N U T E V O L U M E S S T A R T I N G AT 

Figure 6. Vermont off-ramp hour count; total hour volume, 985 vehicles. 

ramps shown in Figure 5 is negligible, 
as the freeways could usually handle 
anything the ramps supplied. The upper 
section of Figure 5 shows that during 
the peak hour the peak 5-min volumes on 
ramps are about 9.5 percent of the hour 
volume in Los Angeles, about 10 percent 
of the hour volume in San Francisco, 
and about 11.3 percent in Sacramento. 

The 5-min volume as a proportion of 
the hourly volume cannot be greater on 
the freeway than on the ramps; on the 
contrary, i t would be natural to assume 
that i t would be less, because of the 
damping effect of many ramps. The low
er part of Figure 5 shows this to be true. 

In Los Angeles, the 5-min percentage of 
the peak hour on the freeway is about 
9.1 percent, in San Francisco i t is about 
9.5 percent, and in Sacramento about 11 
percent. 

Figure 7 is similar to Figure 5 for 
some locations on an expressway in Bos
ton, Mass. These data are reproduced 
through the courtesy of Bruce Campbell 
and Associates, Boston, Mass., and their 
clients, the Commonwealth of Massachu
setts Metropolitan District Commission. 

During the lower volume periods, the 
spread between the maximum and min
imum increases somewhat. The chart 
also shows that, for the Hollywood Free-

Slorro* Dr. o R.R. Ufidirpois 
WB 2 Lan*« PM 

Storro* Dr. o R.R. Undirpoit 
E B 2 Lon«t AM 

Storrow Or. a Dartmouth St . 
E B 3 L o n i t AM 

Sotni Oi obovi 

5-MINUTE VOLUME AS 
% OF PEAK HOUR 

Z,746 Vah 

9,299 V«h. 

3,935 Vlh 

5-4IINUTE VOLUME AS % OF 
HOUR PRECEDING PEAK HOUR 

>-< 
UJ 

mrrw 
2,355 V«h 

a 

2 ,505 Val 

649 Vah. (Hr. o f U r D l i . h r . ) 

Figure 7. 9-min volumes as percentages of total hour volume on Storrow Drive, Boston, Mass. 
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way especially, the peak period is carried 
over more than an hour. In San Francisco 
traffic volume appears to drop off (or 
build up, as the case may be) much 
faster. 

Complete information is not available 
for very small cities where the peaks 
possibly come f rom one large source at 
one time. Some information is available 
for Oceanside, where there are two cases 
of interest. There is, in the morning, a 
large peak going to Camp Pendleton on 
the northbound on-ramp (north of Ocean-
side) to the freeway. The peak hour on 
this ramp is about 400 vehicles, of which 
125 (31 percent) occur in 15 minutes ( i f 
evenly divided during the 15 min, this 
would be 10.5 percent for each 5-min 
period). 

A t the south end of the Oceanside 
Freeway (south of Carlsbad) there was 
a power plant under construction on the 
old highway and at quitting time the 
construction workers would all use the 
ramp onto the freeway f rom the old 
highway. The peak hour here was 194 
vehicles, of which 97 (50 percent) came 
in 15 min ( i f evenly divided during the 
15 min, this would be 16.7 percent for 
each 5-min period). 

I t is concluded f rom what data are 
available, that in large metropolitan 
areas (1,000,000 or more) the volume 
during the highest 5-min period of a 
peak hour wi l l be between 9 percent and 
9.5 percent of the peak-hour volume. For 
smaller areas, the available data are so 
limited that definite statements would be 
unwarranted. Tentatively, however, i t is 
concluded that for large volumes (2,000 
vph or more) in smaller areas, a 5-min 
peak is about 11 percent of the hour. 

I t follows, then, that a given level of 
operating freedom would be associated 
with a design hourly volume of 1,500 ve
hicles in the Sacramento area, 1,700 in 
the San Francisco area, and 1,800 in the 
Los Angeles area. 

MAXIMUM OBSERVED TRAFFIC VOLUMES 

Before citing any numerical values 
(some of which are quite startling) un
der this heading, two things should be 

clearly understood: First, these volumes 
were attained under certain "prevailing 
roadway and traffic conditions" and seem
ingly small geometric changes or changes 
in truck volumes make a great deal of 
difference in prevailing conditions. Sec
ond, the prevailing traflSc conditions when 
these highest counts were made were not 
always free and easy, and they are by no 
means design volumes. 

California drivers are not different 
f rom other American drivers. In fact, a 
large proportion of them learned to drive 
in other states. However, experience in 
driving crowded freeways makes opera
tion much smoother. In the Los Angeles 
area, where freeways have been in opera
tion much longer and over a larger mile
age than in other places, the drivers are 
more sure to take advantage of breaks 
and more alert to potential hazard. They 
keep the gaps closed up, which makes 
high volumes possible, but burn less 
rubber when they run into a jam. 

In addition to this, the Traffic Division 
of the Los Angeles Police Department, 
which patrols the freeways in that city, 
is one of the finest and most experienced 
forces of its kind. I t is probable that, 
wi th a little more experience, operation 
in other areas wi l l be just as smooth as in 
Southern California. 

Values given in Tables 1, 2, and 3 are 
full-hour volumes in one direction only, 
on 4-lane, 6-lane, and 8-lane freeways. 

The peak-hour observations shown are 
not necessarily at capacity for that loca
tion. They are simply the maximum ob
served volumes and in many cases ca
pacity was not reached, even during the 
peak hour. When studying these tables, 
the fluctuations between 5-min periods of 
the peak hour must be kept in mind. 

In these tables the average speeds in
dicate to a certain extent the type of 
traflSc flow during the peak hour. Where 
volumes and speeds were relatively uni
form, the full-hour average speeds are 
shown in parentheses. Where no speeds 
are given flow ranged all the way from 
free flow to severe congestion. In the 
latter case, an average speed would not 
mean much. By congestion, i t is meant 
there were stoppages or jerky operation 
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at the point of the count. Grades shown 
are at the observation point only and are 
not always representative of grades in 
the vicinity. Plus grades are especially 
significant, as wi l l be noted. 

Congestion as denoted does not always 
indicate possible capacity. Sometimes i t 
indicates that possible capacity has been 
reached at some location ahead of t raf
fic in the direction of ffow. Typical places 
where this can occur are on-ramps com
ing in to an already-full freeway, and 
off-ramps where the freeway drops a lane 
but the traffic demand does not drop pro
portionally. Also, i t is possible for con
gestion to occur on a particular day as a 
result of stalled vehicles or other con
ditions peculiar to that particular ob
servation. 

A list of all locations studied is con
tained in Appendix A. Over-all views of 
some of the more important locations 
are shown in Figures 1, 2, and 3. 

4-Lane Freeways 

Table 1 shows that the Santa Ana Free
way at Locations 7, 8, and 21 carries 
very high volumes, especially in lane 2. 

A t location 7 (see Figure 8) , i t may 
be noted that lane 2 carried 2,437 vehi
cles in one hour at an average speed of 
45 mph. The two-lane roadway expands 
to three lanes about 800 f t ahead of the 
observation point and therefore no back
pressure can develop. Because the de-

Figure 8. Location 7, Santa Ana Freeway looking 
southeast at Buhman Ave., 7:11 A M . Rate-of-flow 
W B during period 7:11-7:16: Lane 1, 1,512; Lane 2, 
2,424. Note car passing on shoulder (less than 1 

percent of vehicles counted did this) . 

mand, especially for lane 2, is very high, 
this is probably a good indication of true 
basic capacity of one freeway lane. There 
were only 10 trucks in lane 2 and about 
70 in lane 1, which carried a total of 
1,490 vehicles. 

Location 21 is 1.3 mi south of Location 
7 and carries the same volume because 
there are no ramps in between. However, 
the operation at Location 21 was entirely 
different f r o m Location 7, being very 
congested wi th long back-ups. This con
gestion was not due to the merging, as 
everything backed up f rom the north 
(ahead). Af te r the peak hour and the 
demand fell off, i t became obvious that 
one reason for the congestion was the 
slight grade to the north (about 800 f t 
of 1.7 percent). Traffic would be flowing 
smoothly at the observation point, but 
trucks could be seen going up the grade, 
wi th large numbers of cars catching up, 
and many brake lights could be seen 
going on. This would indicate that fo r 
that grade and number of trucks 3,900 
to 4,000 vph is the possible capacity. On 
the other side of the hi l l (Location 7) , 
possible capacity was not reached. This 
shows that grades as small as 1.7 percent 
must be considered in calculating the 
effect of trucks on capacity, even when 
the volume of trucks is as low as 2 or 3 
percent. 

I t may be noted that the difference in 
lane 2 volumes between Location 7 and 
Location 21 is almost exactly the volume 
that entered f rom the right at Location 
21, and that these 540 moved into lane 2 
as soon as they could. 

Location 8 (see Figure 9) was at the 
same place as Location 7, but traffic in 
the opposite direction (southbound) was 
counted. Flow at this point was con
gested, probably as a result of reaching 
possible capacity on a 2 percent grade 
ahead, but this was not determined for 
sure. 

I n Oakland on the Eastshore Freeway 
(Locations 3 and 5), volumes never ap
proached the flgures attained on the 
Santa Ana Freeway. Location 3 (see 
Figure 10) appeared to be running at 
possible capacity, as evidenced by long 
queues and occasional stoppage. Geo-
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Ficure 9. Location 8, Santa Ana Freeway lookini 
northwest showinc outbound traffic. Rt . 168 (Lake-
wood Ave.) interchange in background. Also note 
where freeway iroes from 6 to 4 lanes. Photo taken 
at 5:02 P M . Rate dnrinK period 5:00-5:03: Lane 1, 

1,596; Lane 2, 2,215. 

metrically, the Eastshore locations were 
much the same as the Santa Ana locations 
in that they had wide medians and 
shoulders, and were in fairly open 
country. There were no appreciable 
grades at the Eastshore locations. How
ever, trucks constituted 5 percent of total 
traffic instead of 2 percent. I t appears 
that the added 3 percent trucks on level 
grade are approximately equivalent to 
800 autos per hour. 

Locations 28, 29, 30, 31 and 38 never 
became congested and operation was 
very good, as noted by the speeds. How
ever, these locations are in Sacramento 
and, because of the larger fluctuations in 
the traffic volume in the smaller commu
nity, practical capacity was approached 
during the highest 5-min counts. 

Table 2 shows peak hours obtained in 
observations of 6-lane freeways. 

The highest average lane volume with 
the smoothest operation was observed at 
Location 14, As shown, the hourly vol
ume runs more than 2,200 per lane, 
averaged over all three lanes. During 
two 5-min periods, rates-of-flow of 7,250 
vph were observed. During both periods, 
traffic flow was very smooth. 

Figure 11 shows various rates of traf
fic flow at this location. I t can be noted 
that, even at a 7,200 vph rate, flow is so 
smooth that there are still gaps in the 
traffic stream. 

The main reason for the remarkable 
traffic flow at this point is that the free
way is on a downgrade about 3.2 mi in 
length. The observation point is about 
one-third of the way down the grade. For 
this reason, trucks can maintain speeds 
comparable to autos and are no problem. 
There were very few truck-passing-
truck movements. There is also a con
tinuous demand furnished by 4 lanes 
coming over the hill from the San Fer
nando Valley, 

High volumes continue at this point 
for more than 1 hr, with counts on two 
separate days being 12,800 in 2 hr, an 
average of 2,130 per lane per hour. This 
location appears to be a typical 6-lane 
freeway. The southbound roadway drops 
from 4 to 3 lanes at the Highland Avenue 
off-ramp and goes to 4 lanes again at the 

J.:- a 

Figure 10. Location 3, Eastshore Freeway in Oakland at Hesrenberger Road (airport interchange) looking 
northerly, (left) during period 4 :40-4:45 P M , June 28, 1955, with S B rate-of-flow 3.000 vph at 30 mph 
(including ramp, and with stoppages during next period), and (right) at 6:00 P M , with S B rate-of-flow 

3,000 vph at 40 mph (including ramp). 
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Figure 11. Location 14, Hollywood Freeway looliing southerly, witli inbound lanes on bridge 
Upper plioto: 6:30 A M ; rate during 6:30-6:35 period, 3,600 vpli; average speed L , = 48 mph, L , _ 52 mph, 

MiddJ^pho'!: High volume, smooth flow, at 7:10 A M ; rate during 7 :02-7 :07 period 6,324, 7:11-7:16 period 
6,168, average speed L j = 44 mph, L , = 47 mph, L j = 48 mph. 
Lower photo: Use very heavy and smooth. Taken at 7:20 A M ; rate during 7:19-7:24 period, 7,224 vph. 

Hollywood Boulevard on-ramp, a total 
distance of 9,400 f t (1.78 mi). In this 
length, there are three on-ramps and 
five off-ramps (excluding the transition 
ramps). 

Location 47 is 600 f t south of Location 
14 and is at the nose of the Highland 
southbound on-ramp which is combined 
with the Cahuenga southbound off-ramp. 
There is a 700-ft auxiliary lane connect
ing these two ramps. Merging, diverging 
and weaving movements cause almost no 
trouble at these heavy volumes. After 
traffic has passed the Cahuenga ramp, 

there is a slight drop because the off-
volume exceeds the on-volume. The peak-
hour volumes beyond this off-ramp were 
6,220 and 6,230 vehicles. 

For the first observation at Locations 
9 and 24 (see Figures 12 and 13), the 
congestion indicated does not mean that 
possible capacity at these locations was 
reached. In both cases, congestion started 
at some point ahead due to unknown 
causes. This is borne out by the second 
observations, during which higher vol
umes were passed without undue con
gestion. 
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Figure 12. Location 9, Santa Ana Freeway at Greenwood Ave. pedestrian separation looking easterly (left) 
at 6:50 A M , W B traffic L j = 912 vph at 45 mph, = 1,716 yph at 50 mpli, L j = 2,040 vph at 50 mpli, 
total = 4,668 vph includine 2.5 percent trucks: and looking westerly (right) at 7:40 A M , W B traffic at 

5,500 vph then backed up. (Note minor rear-end accident, no damage.) 

works well at this location until the com
bined rate-of-flow for the ramp ancJ lane 
1 reaches about 1,900 vph, after which 
stoppages occur. 

Locations 10 and 32 on the Pasadena 
Freeway operate very well despite nar
row (11-ft) lanes and sinuous align
ment. This is attributed to the complete 
absence of trucks. 

Locations 42 and 46, on the Santa Ana 
Freeway, are just back of points where 
the 3-lane roadway expands to four lanes. 
In the case of Location 42, the added lane 
is adjacent to the shoulder, and for Lo
cation 46 the added lane is adjacent to 
the median. The situation at Location 46 
is very similar to that at Location 7, and 
the hour volume observed in the median 
lane was almost as high (2,331 vph) and 
the speed was slightly higher (47 mph). 

At Location 4 (see Figure 14), the 

Figure 13. Location 24, San Bernardino Freeway at 
Marengo on-ramp looking east at 7:15 A M , W B 
traffic = 1,644 vph at 33 mph, L ^ = 1,872 vph at 
38 mph. L3 = 1,800 vph at 41 mph, R = 72 vph at 

45 mph. 

Locations 4, 10, 25, 32, 42, 46 and 50 
never reached possible capacity. Opera
tions at these locations were generally 
very smooth. 

At the 7th Street southbound on-ramp 
on the Santa Ana Freeway (Location 25) 
there was periodic congestion because 
the on-ramp volumes of 1,309 and 1,127 
vph were delivered in platoons from a 
nearby signal on 7th Street. However, 
the freeway never backed up, because 
lanes 2 and 3 carried only 3,967 vph on 
the first day and 3,399 vph on the second 
day at speeds of 42 to 51 mph. During the 
first observation at this location, the 
combined ramp and lane 1 volume was 
greater (1,956 vph) than on the second 
day (1,730 vph) and accounts for the 
congestion. The merging operation 

Figure 14. Location 4, Eastshore Freeway (Oakland) 
at 19 St. overcrossing, looking south at 7:06 AM, N B 

traffic 4,575 vph. 
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volume never reached practical capacity. 
The high speeds at Location 50 result 
from the downgrade and relatively large 
movement to the oflf-ramp, which leaves 
only 4,609 vph on the three lanes ahead. 

The volume observed at Location 35 
is considered to be near possible capacity 
for the conditions and this fact at least 
partly accounts for the congestion. At 
this location a left-hand on-ramp enters 
an already-full freeway and lane 1 is 
overloaded because of vehicles entering 
the Eastern Avenue off-ramp immediately 
ahead. The terminal conditions for this 
ramp are such that it cannot accommodate 
the demand and traffic is backed onto 
the freeway. 

The congestion at Location 44, which 
is about 0.2 mi behind Location 35, is 
probably a reflection of conditions at 
Location 35 and one intervening on-ramp. 

The congestion at Location 43 appeared 
to be due to heavy gravel trucks and the 
2.2 percent upgrade. 

The cause of the congestion at Loca
tions 36, 40, and 45 was not determined. 
Possible capacity was not reached at 
any of these locations and the congestion 
reflects some condition ahead. 

8-Lane Freeways 

speed being about 40 mph. Despite the 
generally good operation, there were 
some stoppages here, which could indi
cate that 7,950 is about the possible ca
pacity of the section to the north, which 
has a 2 percent upgrade for about 600 f t . 
There was a considerable amount of lane 
changing in the vicinity of Location 11, 
but it did not seem to cause much trouble. 

Location 12, Hollywood Freeway north
bound at the Vermont off-ramp, is about 
2% mi north of Edgeware Road. Flow 
was very smooth at this point, and the 
934 vehicles that used the ramp (dia
mond interchange) caused no trouble. 

At the Mulholland Bridge on the 
Hollywood Freeway, northbound (Loca
tion 13, see Figure 15), the freeway is 
on a plus 5.4 percent grade for 4,600 f t . 
Presumably because of the grade, the 
peak-hour volumes are considerably less 
than at the previously cited 4-lane road
way locations, even though the demand 
was present. The operation was also very 
jerky and congested. Figure 15 is a 
photograph of this location during peak-
hour operation. As indicated by the four 
observations at this location, the peak-
hour volume is variable. This can be at 
least partially explained by metering be
fore the point of observation. The most 

Table 3A shows observed peak-hour 
volumes on 4-lane roadways. 

On the Bayshore Freeway in San Fran
cisco at 22nd Street (Location 1), the 
volume was limited by the capacity of 
the Army Street interchange area ahead, 
where the southbound roadway necks 
down to 3 lanes. The lack of demand for 
the Army Street southbound off-ramp 
kept lane 1 nearly empty, because traffic 
not using the ramp must merge with 
lane 2 at the ramp nose. 

The high full-hour volume (7,964 ve
hicles) for a 4-lane roadway was observed 
on the Hollywood Freeway northbound 
at Edgeware Road, Location 11. This 
point is just 1,200 f t north of the nose of 
the Pasadena-Harbor Freeway on-ramp, 
Location 15 (Table 3B). The peak hour 
is, therefore, about the same at both lo
cations. However, the operation was much 
better at Location 11, with the average 

Figure 15. Location 13, Hollywood Freeway at Mul
holland Bridge, at 4:12 P M , W B traffic during 4:11-
4:16 period L ^ = 288 vph at 19 mph, L ^ = 1,332 vph 
at 33 mph, L j = 1,752 vph at 41 mph, L , = 2,196 

vph at 42 mph. 
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common cause of this metering is stalled 
vehicles, which block a lane, sometimes 
for a ful l hour. The heavy grade and 
warm weather apparently contribute to 
stalls, especially from "vapor-lock." 

On tlie Hollywood Freeway, inbound 
at the Vermont and Alvarado on-ramps 
(Locations 17 and 18), operation was 
smooth much of the time, but was con
gested periodically. At Vermont, conges
tion was due in part to the on-ramp merg
ing and partly due to back-ups from the 
east. This ramp is on a 6.0 percent up
grade and has only 340 f t of merging 
area. The Alvarado on-ramp worked 
fairly well. 

The congestion at Location 37 is be
lieved to be a combination of grade, 
weaving, and high truck percentage. 

At location 41, there is an over-load
ing of lane 1 as a result of the high com
bined volume of the ramp and lane 1, and 
considerable weaving is required to dis
tribute traffic to the Hollywood, Santa 
Ana, and Pasadena Freeways. 

The high speeds at Location 48 re
sult from the downgrade that prevails 
for some distance in each direction. 
Practical capacity was not reached at 
this point. 

Operation was not good at Location 
49, even at the low volume. This is prob
ably because of the dropping of a lane 
about 800 f t ahead, combined with the 
effect of the continuous upgrade for the 
next three miles. 

Table 3B shows peak hours observed 
on freeways where 2-lane ramps merge 
with a 3-lane roadway to make a 4-lane 
roadway going away. Table 3C shows 
peak hours observed on 4-lane roadways 
where one lane is dropped at a ramp to 
make a 3-lane roadway going away. 

Locations 2 and 6 (Table 3B) are on 
the Bayshore Freeway at the Army 
Street southbound and the Alemany 
Street northbound on-ramps. Locations 
19 and 20 (Table 3C) are at the Alemany 
Street southbound and Army Street 
northbound off-ramps. The freeway be
tween the on-ramps and off-ramps is used 
as a weaving area about 3,600 f t in length 
for southbound traffic and 2,800 f t in 
length for northbound traffic. Figure 16 
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NB Counts ore A M 
S B Counts are P M 

3,600 

6,754 6,444 

1.919 
6.479 .53 

1.507 

- 2,800' 

Figure 16. Peak hours on the Bayshore Freeway, Locations 2, 6, 19 and 20 (see Tables 3B and 3 C ) . 

shows a sketch of the location with the 
peak hour volumes indicated. Locations 
2 and 6 are shown in Figures 17 and 18, 
respectively. In the southbound direction, 
the traffic backs onto the freeway from 
the Alemany off-ramp, thus making the 
merging and weaving at Army Street 
worse than normal. When traffic does not 
back up from the Alemany Street off-
ramp usually the operation is good. But 
some stoppage occurs in lane 1 and on 
the ramp when ramp vehicles attempt to 
enter lane 1 at the nose and stop if a 
gap is not available. Some drivers will 
stop despite an open lane ahead. In the 
northbound direction, the capacity of 
this section was not reached, but traffic 
operation was poor because of back-ups 
from the north (causes unknown). 

Location 15 (see Figure 19) on the 
northbound Hollywood Freeway at the 
junction of the Harbor-Pasadena on-ramp 
is 1,200 f t south of Location 11 (see 
Table 3A) and the same traffic must pass 
the two locations. Consequently, the high
est volume observed here, 7,913 vph, is 
almost the same as the highest observed 
at Location 11. But, as pointed out in the 
comments on Location 11, the operation 
was not good at Location 15 when the 
traffic reached this volume. At rates-of-
flow up to 7,000 vph the merge works 
smoothly, but at low speeds of 25 to 30 
mph. Above this rate-of-flow, the opera

tion is jerky with many stops and long 
back-ups. But even during the peak 
hours, traffic flows smoothly beyond the 
merge area. Figure 19 shows this loca
tion at typical peak hour operation. 

Locations 16 and 22 (SB Barnham on-
ramp, NB Highland on-ramp, see Figure 
20) never reached possible capacity for 
this type of traffic movement. The low 
speeds and total volume resulted from a 
back-up of traffic from plus grades ahead. 

Possible capacity was never reached at 
Location 27 (Table 3B) or Location 39 
(Table 3C). 

Southbound Merge of Hollywood-Santa 
Ana Ramp with Pasadena Freeivay 

Table 4 indicates the results obtained 
on five different days at this location. 
During the first observation, the situa
tion was as indicated in Figures 21(a) 
and 22 (top). The table shows that a 
large peak hour volume was handled on 
this day, more smoothly than on subse
quent days, as the average speeds indi
cate. On this day (July 26), traffic sel
dom backed up from the merge, although 
there was quite often congestion at the 
merge. The congestion, for the most part, 
was caused by traffic backing all the way 
from the point where the 5-lane section 
branches into a 3-lane freeway and a 2-
lane distributor road 1,800 f t beyond the 
point of merging. 
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Figure 17. Location 2, Bayshore Freeway (San F r a n 
cisco) at Army Street on-ramp: (top) looking north
erly, S B 4:35-4:40 P M , 6,750 vph; (center) S B 4:55-
5:00 P M , 6,000 vph; (bottom) looking southerly, S B 

4:55-5:00 P M , 6,000 vph. 

During the second observation (July 
28), cones were used to channelize the 
Pasadena approach from 3 lanes to 2. 
(Figure 21(b)). The cones were badly 
placed, encroaching into lane 3 of the 
Hollywood-Santa Ana ramp. As a result, 
operation was not very good and there 
was a drop of 400 vehicles in the peak 
hour. The volume was never great enough 
to load the 3-lane section 1,800 f t south 
of here. The Pasadena approach was 
backed up practically the full hour. 

During the third observation (August 
2), the placement of the cones was im
proved considerably (Figures 21 (c) and 
22 (center) ) . They only extended about 
120 f t from the nose (previously extended 
about 200 f t ) . Also, the Hollywood-Santa 
Ana approach was given its ful l 3-lane 
width. The operation on this day was 
somewhat better. At least enough cars 
could get through the merge to load the 
3-lane section to the south. Again the 
Pasadena was backed up during the ful l 
hour. 

At the time of the fourth observation, 
lane 4 was eliminated by painting arrows 
on the pavement (Figure 21(d) ) . Also, 
the nose was not extended appreciably. 
As a result, operation was much better 
than existed when the cones were in 
place, but the speed of the Pasadena ap
proach was still less than existed before 
channelization. Table 4 shows that the 
highest peak hour occurred on this day, 
but the increase over the first observa
tion is in lanes 1 and 2 and not in the 
critical weaving lanes (lanes 3 and 5). 
Much of the improvement over the cones 
was due to the increased maneuverability 
and because many people used lane 4 
despite the pavement markings. A fifth 
observation was made with the same 
geometric conditions as the fourth ob
servation. On this day there was consid
erable congestion on the Hollywood-
Santa Ana approach and the volume was 
about 500 less than the previous observa
tion. 

Because of the congestion on the 3-lane 
roadway of the Harbor Freeway at the 
exit end of the weaving area, it is diffi
cult to evaluate the effect of the channel
ization. However, it is apparent that the 
traffic on the Pasadena approach has been 
slowed considerably due to the channel
ization. 

Weaving on Rosemead Boulevard at 
Temporary End of San Bernardino 
Freeway 

Figure 23 shows the observed peak 
hour on this weaving section. I t is un
known how many of the 1,540 vehicles 
shown leaving the San Bernardino Free-
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Figure 18. Location 6, Bayshore Freeway (San Francisco) at Alemany Street N B on-ramp: (left) at 7:07 
A M , traffic R = 2,676 vph at 36 mph, L j = 330 vph at 40 mph, L„ = 1,236 vph at 50 mph, L j = 1,200 vph 
at 50 mph, total = 5,442 vph (incL 100 trucks) ; (right) at 7:37 A M , traflic total = 7,350 vph (including 

140 trucks), R = 3,550 vph at 30 mph, L j = 34 mph, L j = 41 mph, L j = 50 mph. 

Figure 19. Location 15, Hollywood Freeway W B at 
Harbor-Pasadena merge (near side) at 4:58 P M . 
Traffic backed in all directions at 7,548 vph, or just 
about possible capacity; R^ = 1,620 vph at 16 mph, 

= 1,332 vph at 14 mph, L , = 1,044 vph at 10 
mph, L j = 1,716 at 30 mph, L 3 = 1,836 vph at 24 
mph. (Traffic jam in other direction caused by con

struction operations ahead.) 

way are included in the 1,394 vehicles 
making a right turn at the end of the 
weaving section. However, i t is believed 
that it is a negligible amount. The opera
tion at this weaving section was usually 
good, and the volume did not appear to 
be greater than practical capacity. 

The highest 5-min period was 342 ve
hicles (4,104 vph), at which time there 
was some minor congestion in weaving. 
I f the right turn to the freeway were 
not so sharp the operation would be even 
better. Much of the time there were 
queues waiting to make this turn. 

Incidentally, the 1,540 vehicles on the 
off-loop represent the possible capacity 
of this loop at this location. There was a 
continuous reservoir of waiting cars on 
the freeway approaching the ramp. 

Figure 20. Location 22, Hollywood Freeway at Highland on-ramp at 3:50 P M : (left) N B , near side, pre
vious to merge, 4,000 vph at 45 mph, very free-flowing; (right) merging area just to right of left view, 

1,000 vph merging. 
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T A B L E 4 
L O C A T I O N 26, P E A K H O U R S O U T H B O U N D M E R G E O F H O L L Y W O O D - S A N T A A N A R A M P W I T H 

T H E H A R B O R F R E E W A Y " 

Date 
Lane 1'' 

(Hollywood-
Santa Ana) 

Lane 2'' 
(Hollywood-
Santa Ana) 

Lane 3'' 
(Hollywood-
Santa Ana) 

Lane 4*̂  
(Pasadena) 

Lane 5^ 
(Pasadena) 

Lane 6'' 
(Pasadena) Total 

7/26/56 1,576 (38) 1,317 (33) 1,472 (26) 814 (26) 1,180 (37) 1,646 (42) 7,904 
Tue. A M 

1,472 (26) 1,180 (37) 1,646 (42) 7,904 

7/28/55 1,662 (33) 1,318 (26) 1,317 (18) = ( — ) 1,622 (19) 1,735 (26) 7,644 
Thur. A M 

1,317 (18) 1,622 (19) 1,735 (26) 7,644 

8/2/66 1,660 (33) 1,429 (28) 1,362 (20) — ) 1.604 (19) 1,810 (28) 7,865 
Tue. A M 

1,362 (20) 1.604 (19) 1,810 (28) 

9/15/65 1,674 (35) 1,518 (28) 1.423 (22) ' ( — ) 1,681 (21) 1,786 (38) 8,082 
Thur. A M 

1.423 (22) 1,681 (21) 1,786 (38) 8,082 

1/6/66 1,607 (24) 1,320 (21) 1,199 (17) »( — ) 1,727 (23) 1,793 (29) 7,546 
Thur. A M 

1,199 (17) 1,727 (23) 1,793 (29) 

"Distance between nose of this merge and point where freeway diverges into a 2-lane off-ramp and 3 lanes 
ahead on the main line is 1,800 ft. There are between 1 and 2 percent trucks and buses at this location and 
the grade at the merge is —1.0 percent. 

" Value in parentheses is observed average speed of vehicles. 
^ Lane 4 (right lane of Pasadena approach) eliminated by cones; also encroached into lane 3 somewhat; 

extended nose, in effect, about 200 ft. 
Lane 4 again eliminated by cones; this time lane 3 given full width and nose only extended about 120 

f t ; worked much better, but not as well as with no restrictions at all. 
* Lane 4 eliminated by arrows and a wide white line painted on pavement; a considerable number of ve

hicles still used this lane (included in L - ) . 

(0) 

Obtervation 

(b) 

Z"l 0b5«rv<ition 

(C) 

S ' ^ Obitrvotiqn, 

1 4 0 0 

R U B B E R C O N E S 

R U B B E R C O N E S 

- P A I N T E D L I N E S A R R O W S 

4th Obiervation 

FROM SANTA ANA FREEWAY 
\ \ 

FROM PASADENA FREEWAY HARBOR FREEWAY 

FROM HOLLYWOOD FREEWAY 

DOWNTOWN 
DISTRIBUTOR 

Figure 21. Geometric conditions at merge of Hollywood, Santa Ana , and Pasadena 
Freeways. 
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Figure 22. Merge of Hollywood, Santa Ana, and Pasa
dena Freeways: (top) first observation looking north
easterly; (center) third observation, 7:15 A M August 
2, 1955; (bottom) looking south, traffic =: 7,872 vph, 

backing from 3-lane section of Harbor Freeway. 

Merging at Junction of North 
Sacramento and Elvas Freeways 

At this point, two 4-lane freeways join 
and form a single 4-lane freeway. Four 
lanes of one-way traffic must merge into 
2 lanes. Figure 24 shows the location and 
the volumes observed. The highest 5-min 
volume observed was a total of 283 vehi
cles and at this volume there is some con
gestion, with some vehicles almost stop
ping and slight queuing, and with most 
cars applying brakes. The peak-hour 
volume at this location (2,511) is prob
ably close to maximum without serious 
congestion developing at times, because 
of the sharp intra-hour peak noted in 
smaller metropolitan areas. Most of the 
peak hour was free-flowing, with the 
congestion previously described lasting 
only about 10 to 15 min. 

F R E E W A Y OPERATING CHARACTERISTICS 

In previous sections, peak-hour volumes 
were given for freeways and merging 
ramps. In this section, an attempt will 
be made to show some operating charac
teristics of freeway traffic. In the fol
lowing graphs, traffic volume is given in 
terms of 5-min periods. I f it is desired 
to expand a particular point on a graph 
to an hour volume, it should be kept in 
mind that for high 5-min volumes i t is 
not correct to multiply by 12 (see "Re
lationship of 5-Min to 1-Hr Count"). In 
very large metropolitan areas, a multi
plying factor of 10.5 to 11 would be ap
proximately correct for converting high 
5-min volume to hourly volume. 

For the purpose of showing operating 
characteristics of freeway traffic, the only 
locations used were those where opera
tion was considered to reflect the true 
characteristics of the particular location, 
with a minimum of influence from the 
geometric features farther ahead in the 
direction of travel. Speed-volume rela
tionships and proportional distribution 
of traffic by lane at these locations are 
shown in Figures 25 through 36. 

The plotted points through which 
curves were drawn in Figures 25-36 are 
group-averages. This is a departure from 
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TO t OF I N T E R S E C T I O N 

-1,100' 

2,048 3,769 3 Lanes 

Figure 23. Peak hour at Rosemead Boulevard at end of San Bernardino Freeway, Location 23. 

NORTH SACRAMENTO F R E E W A Y 

+ 1 . 4 % + 1 . 1 % 

Figure 24. Merge of North Sacramento and Elvas Freeways (1 to 1.5 percent trucks and bases) peak hour 
on October 19, 1955. 

the previous report ("Highway Capacity 
Study 1955, Progress Report"), in which 
curves representing speed-volume rela
tionships were boundary curves enclos
ing the observed points. Additional ob

servations and study have led to the 
belief than an average curve would rep
resent the conditions most likely to be 
found at a particular location, and hence 
would be more useful in defining opera-
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ting characteristics that would be use
ful in design. 

Furthermore, it was found that even 
though operation in individual lanes was 
influenced considerably by the operation 
of adjacent lanes, boundary curves repre
senting limiting conditions for the indi
vidual lanes bear no relationship to 
boundary curves representing the opera
tion of the whole traffic stream or the 
several lanes of a roadway as a unit. By 
plotting group-averages, good correla
tion was established and this disparity 
was obviated. 

The 5-min observations at a given lo
cation were grouped in class intervals, 
each class interval being 25 vehicles of 
volume in the stream. Observations 
which were apparently in large disagree
ment with the majority were eliminated. 
For each group, the average speed and 
average volume in each lane were com
puted. Between 7 and 14 groups were 
formed, depending on the range in ob
served volumes. Curves (a) and (c) of 
each location were then fitted by inspec
tion to the plotted group-averages, and 
graph (b) of each figure was constructed 
by reading values from graphs (a) and 
(c). 

As will be noted, considerable "free
dom" was permitted in the fitting, re
sulting in sinuous curves which are close 
to each group-averaged plotted point. 

In each case, graph (a) shows the 
speed in each lane and average speed of 
all lanes as a function of the volume in 
the stream. Graph (c) shows the volume 
in each lane as a function of volume in 
the stream. Graph (b) is a composite of 
graphs (a) and (c), showing a three-way 
relationship between volume in each lane, 
volume in the stream, and speed in each 
lane. 

In reading these graphs, speed may be 
interpreted as an index of the type of 
operation. Although the particular 
curves plotted do not show speeds as low 
as 25 mph, observations were made at 
several locations covering a wide range 
of speeds, and very slow speed prevails 
at many locations during portions of the 
peak hour. When freeway speeds go be
low approximately 25 mph, operation is 

almost always congested and one can be 
sure that there is stopping and starting 
and very jerky operation either at the 
observation point or in the near vicinity. 
At most of the latter locations, the con
gestion, or the reason why speeds were 
reduced, was at a point farther ahead in 
the direction of travel. 

The maximum rate of flow observed 
at any of the locations where speeds were 
reduced to stop-and-go operation (for 
example. Location 15) was about 35 vpm 
per lane, and ordinarily 30 vpm per lane 
is about the most that can be depended 
on. On the other hand, the volume dur
ing hours when stop-and-go operation 
prevailed was at least as great as the 
volume ever obtained at that same loca
tion, regardless of speed. 

When the possible capacity has been 
reached at a given point (for example, 
where a ramp brings in 1,500 vph to a 
3-lane freeway already carrying an aver
age of 1,500 vph per lane) some vehicles 
have to wait. The freeway going away 
from this point may have a possible ca
pacity of 5,500 and with 6,000 arriving, 
either the surplus will be forced to wait, 
or the arrival rate will be slowed down. 

The way it seems to work out, as the 
rate approaches this condition, is that 
there is always a melee of cars stopping 
in the near vicinity of the bottleneck. 
They soon start up again, after enough 
time has elapsed to absorb the load back 
to their particular location. Approach
ing drivers seeing the jam ahead natural
ly slow down, hoping to keep moving and 
knowing that if they maintain normal 
speed they will have to stop. Successive
ly, the rear-end of the melee moves back
wards with each approaching car adding 
a little more slack by adjusting its speed 
downward. By the time the rear-end 
moves back, or "accordians", a mile or 
more, all of the vehicles are moving, but 
are moving slowly. 

I f an observation is made 3 or 4 miles 
back of this situation, speeds will drop 
as the volume picks up, but this drop in 
speeds has nothing to do with the geo
metric conditions at the point of observa
tion. I t is simply that this pick-up in vol-
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ume is enough to exceed possible capac
ity at some point ahead. 

Speeds over approximately 35 mph 
usually mean operation is relatively 
smooth and stoppages are the exception 
rather than the rule as in the former 
case. Speeds on ramps or merging areas 
do not follow these rules, however, but 
usually depend on conditions at each lo
cation. Merging speeds of 25 mph are 
still fairly good, with real congestion be
ginning when merging speeds go lower 
than 20 mph. 

Distribution of Traffic by Lanes 

Traffic volumes are not evenly divided 
among all lanes. Lane 1 never carries as 
much as other lanes, except at ramps 
where traffic has not had a chance to re
distribute itself. Tables 1, 2 and 3 show 
that during peak hours lane 1 usually 
carries at least 300 vph less than the 
adjacent lanes. This is because most 
drivers want to travel at faster speed 
than can be maintained in lane 1. Speeds 
comparable to other lanes cannot be main
tained in lane 1 for the following reasons: 

1. Trucks usually stay in lane 1 and 
(even on level grades) usually travel at 
less than the desired rate of speed of 
passenger cars. 

2. There are a certain number of 
drivers that prefer to travel at only 35 
to 45 mph. And they also, as the law re
quires, ordinarily stay in lane 1. 

3. Points of conflict, such as ramps, 
are usually adjacent to lane 1. 

I t has been suggested that placing 
some ramps on the left would even out 
the lane volume distribution. This is 
doubted, as points 1 and 2 in the fore
going would still tend to keep drivers out 
of lane 1. Having ramps on the left, 
especially off-ramps, would merely reduce 
the efficiency of the median lane and, 
therefore, reduce capacity. Also, slow ve
hicles would be forced to weave across 
the faster lanes when entering or leaving 
the freeway. That slow drivers or trucks 
will increase their speed to make this 

weave has not been borne out by obser
vation. 

Graph (c) of Figures 25 through 36 
indicates that the proportional distribu
tion of traffic among lanes is relatively 
uniform regardless of the total volume. 
These curves also confirm that lane 1 al
ways carries considerably less than the 
other lanes, except where influenced by 
ramps or certain other features of the 
location. 

The outstanding characteristics in
fluencing operation at each location are 
discussed briefly in the following sections. 

Typical Freeway Operation 

Under this heading, operating charac
teristics will be discussed for several lo
cations representing different geometric 
conditions to be found on a typical free
way. The effects of trucks and grades are 
discussed in subsequent sections. 

Locations 3, 7 and 8 (Figures 25, 26 
and 27) are on 2-lane roadways (4-lane 
freeways). Location 7 (Figure 26) ex
pands to a 3-lane roadway by adding a 
lane in the median about 800 f t ahead of 
the observation point. Location 8 (Fig
ure 27), being at the same place but with 
observations in the opposite direction, is 
the reverse situation in which a 3-lane 
roadway narrows to a 2-lane roadway by 
dropping the median lane. The gracie is 
nearly level for both locations and 
trucks are about 2 percent of the total 
traffic. However, operation of Location 
8 is possibly influenced at high volumes 
by a 2 percent upgrade about 1,500 f t 
ahead. 

Location 3 (Figure 25) is just beyond 
the Hegenberger Road off-ramp, but the 
ramp has very light usage and is not 
considered to have much influence on 
the freeway operation. The grade is 
nearly level and trucks are about 5 per
cent of the total traffic. Geometrically, 
this location is comparable to Locations 
7 and 8, but the truck volume is higher 
and the location is on a continuous 2-
lane roadway. 

Locations 25, 42, and 46 (Figures 28 
through 30) are 3-lane roadways. 

Location 25 (Figure 28) is at a heavily 
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used on-ramp, but the ramp is downgrade 
so the speed of entering vehicles is higher 
than average for a ramp. Drivers on the 
freeway leave lane 1 almost empty, thus 
creating large gaps for entering vehicles. 
Stoppages occur in lane 1 when the com
bined rate-of-flow for the ramp and lane 
1 reaches about 1,800 or 1,900 vph. Lanes 
2 and 3 are usually relatively empty and 
operation in these lanes continues to be 
good except when lane 1 vehicles attempt 
to change lanes after having stopped or 
greatly reduced speed. 

The roadway expands to 4 lanes just 
ahead of Locations 42 and 46 (Figures 
29 and 30). The lane is added to the out
side (right-hand side of lane 1) ahead 
of Location 42, and on the inside (median 
side) ahead of Location 46. The expan
sion ahead of Location 46 is actually a 
left-hand on-ramp merging with three 
lanes to make a 4-lane roadway going 
away. But at the time of observation, the 
ramp had negligible use because the Long 
Beach Freeway was under construction. 
Grades are approximately level in the 
vicinity of each location. Trucks are 5 
percent of total traffic at Location 42 and 
3 percent at Location 46. It is noted that 
lane 2 operation is almost the same at 
Locations 42 and 46, but the operation of 
lane 1 is slightly better and the opera
tion of lane 3 is considerably better at 
Location 46. This probably indicates that 
the faster drivers take immediate ad
vantage of the added lane at Location 
46, but at Location 42 the slower drivers 
must change lanes and are slow to do so. 

Locations 2, 11, and 18 (Figures 31, 
32, and 33) are 4-lane roadways. 

A 2-lane on-ramp joins a 3-lane road
way at Location 2 (Figure 31) to make 
a 4-lane roadway going away. This may 
be considered typical for this type of 
roadway. There are no steep grades ahead 
and the truck volume is only about 2 per
cent. Operation is generally good except 
for a few stoppages, which apparently 
result from overloading of the Alemany 
off-ramp about 0.7 mi ahead. Occasional 
stoppages occur in lane 1 at the ramp 
nose because of faulty merging. 

Location 11 (Figure 32) is considered 
to be typical of 8-lane urban freeways. 

It is 1,200 ft north of the merge of the 
Hollywood and Pasadena-Harbor Free
ways where low speeds prevail at high 
volumes. There are no ramps or steep 
grades in the vicinity and operation is 
usually smooth. The highest volume for 
a 4-lane roadway was observed at this 
location. Trucks are 2 to 3 percent of the 
volume. 

Location 18 (Figure 33) is similar to 
Location 11 except for the on-ramp. 
However, speeds are generally lower be
cause of a long upgrade of 1 to 2 per
cent, with a section of plus 3.5 percent 
about 0.5 mi ahead. 

Other contributing factors toward the 
lower average speeds are the merging 
from Alvarado on-ramp and the antici
pation by freeway traffic of a frequently 
occurring jam that backs up from the 
junction of two freeway streams about a 
mile ahead (see Location 26). 

Effects of Trucks on Operations 

Determining the effect of trucks and 
grades is very difficult because of in
adequate data. In other words, the varia
tion in observed volumes of trucks was 
too small to extrapolate for other volumes 
which may occur elsewhere. Gathering 
adequate data would probably require 
controlled experiments (such as no 
trucks at a particular location one day, 
50 the next, and so on). Despite this lack 
of data, some general conclusions can be 
drawn concerning the effect of trucks on 
capacity. 

There is undoubtedly a decrease in 
practical capacity due to grades alone, 
with no trucks or buses present. This ef
fect is probably small and will not be 
considered in this report. This assump
tion is believed to be consistent with the 
accuracy required for practical design 
problems. 

Figure 34 gives the speed-volume re
lationship obtained on the Pasadena 
Freeway at Location 32 (Sycamore Ave
nue) . At this point, the freeway lanes are 
only 11 ft, the median is only 2 ft wide 
with a wire mesh fence, and there are no 
shoulders. Also, traffic from the on-ramps 
enters from a full stop. However, no 



616 T R A F F I C AND OPERATIONS 

60 

(/) 

30 

20 

100 150 200 250 

(a) 5-MINUTE VOLUME 

300 350 

IN ALL LANES 

400 4 5 0 9 0 0 

4 0 
X 
a: 

30 

Q 
Ml 

a. 20 

5 MIN. VOL. IN ALL LANES 
150 200 250 tSO 

Lone I 
Lane 2 

Ramp 
Average 

25 200 225 50 75 100 125 150 175 

(b) 5-MINUTE VOLUME PER LANE 

Figure 25. Speed-volume relationship. Location 3, Eastshore Freeway S B at Hegenbereer Road off-ramp 

250 

trucks use this freeway and, as a result, 
the operation here appears to be quite 
a bit better than at Location 11 (Figure 
32) or Location 18 (Figure 33). Opera
tion is at least equal to Locations 42 and 
46 (Figures 29 and 30), both of which 
are "expanding" situations. 

A comparison of Location 32 (Figure 

34) with Locations 42 and 46 (Figures 
29 and 30) shows that operation in lanes 
2 and 3 is better for Locations 42 and 
46. This is probably due to the wider 
lanes and better alignment of the Santa 
Ana Freeway. But the operation in lane 
1 is slightly better for Location 32 than 
for either Locations 42 or 46, and a high-
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Figure 25 (c) . Lane distribution. Location 3, Eaatahore Freeway S B at HeKenberger Road 
off-ramp. 

er proportion of the traffic is carried in 
lane 1 at Location 32, particularly at high 
total volumes. 

Basically this difference is due to 
trucks, but it is impossible to relate the 
absolute difference in operating charac
teristics to the number of trucks because 
of the difference in geometric features of 
the locations, and because the percentage 
of trucks observable does not have a 
"spread" with other conditions remain
ing constant. 

Effect of Grades on Operation 

As pointed out earlier, upgrades as 
small as 2 percent seriously reduce ca
pacity when truck volumes are appreci
able. On downgrades of considerable 
length, average volumes of 2,000 vph per 
lane can be carried with no congestion. 
When upgrades approach 3 percent or 
more and are long enough for trucks to 
decelerate significantly, capacity is 
greatly reduced. 
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Figure 35 (Location 14) shows opera
tion on a downgrade more than 3 mi in 
length. The downgrade is 5 percent ap
proaching the location, flattens to 1.5 
percent at the point of observation, and 
continues for about 2 mi beyond. The 
smoothest operation and highest average 
lane volume was observed here. The 
average lane volume is over 2,000 vph 

for two full hours. 
Figure 36 (Location 13) shows opera

tion three-fourths of the way up a 4,600-
ft, 5.4 percent grade with about 150 
trucks and buses per hour. Figure 36 
shows that here about 350 vehicles in 5 
min would be enough to reduce the aver
age freeway speed (excluding the trucks 
themselves) to 45 mph. This would be a 
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peak hour of only 3,850 vehicles, or an 
average of about 960 per lane. The traf
fic is distributed as follows: 

Lane 1 
Lane 2 
Lane 3 
Lane 4 

Traffic, 
vph 

440 
900 

1,170 
1,340 

Speed, 
mph 

46 
60 

Total 3,850* 
• Including about 150 (4 percent) trucks and buses. 

Observation confirms that this volume 
is about all that a 4-lane roadway can 
handle under these circumstances with

out occasional jams which extend into 
lanes 3 and 4. 

Each truck is equivalent to something 
between 10 and 20 autos, on this particu
lar 8-lane freeway. In other studies made 
on 6 percent grades in California, it has 
ben inferred that it is not valid to say "1 
truck is equivalent to n autos," because 
1 truck in 100 vehicles is equivalent to as 
high as 50 autos, whereas 10 trucks in 
100 vehicles might only be about equiv
alent to 15 or 20 autos apiece. When the 
truck volume on the two uphill lanes of 
a 4-lane highway on a 6 percent grade 
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approaches 100 per hour, there is no 
"practical" capacity left for any autos 
at all, if "practical" means freedom to 
maneuver and reasonable continuous 
speeds. At about this volume the num
ber of truck-passing-truck maneuvers 
constitute intermittent blocking of the 

highway frequently enough so that slow
ing to a crawl is unavoidable. 

Much more study would be required to 
establish quantitative values for this ef
fect on highways having more than 2 
lanes in the uphill direction. 
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Relation Between Speed and Average 
Lane Volume 

Figure 37 shows the average freeway 
speed as a function of the average 5-min 
lane volume for each of the locations 
covered by Figures 25 through 36. These 
curves may be considered an indication 
of the lane efficiency at each location. In 
examining these curves, however, it is 
important to remember that, in addition 
to the number of lanes, other geometric 

conditions and the traffic demand have a 
marked influence on the operation at each 
location. 

For comparative purposes, curve 2 
from Figure 7 of the "Highway Capacity 
Manual 1950" (1) (representing average 
operation for 2-lane roadways) has been 
reduced to average lane volume for 1/12 
and 1/11 hr and plotted on the graph. 
Of course, 1/12 hr would represent an 
average 5-min period whereas 1/11 hr 
would represent a maximum 5-min period 
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Figure 28. Speed-volume relationship, Location 25, Santa Ana Freeway S B at 7th Street. 

to be expected during a peak hour in a and various types of ramps is difficult 
large metropolitan area (such as Los 
Angeles). 

Effect of Merging and Ramps on 
Operation 

Isolating cause and effect of merging 

due to the many variable conditions of 
merging. Some of the variables affecting 
merging operation are: 

1. The actual volume merging; that 
is, the sum of the ramp and the freeway. 

2. The percentage of trucks on the 
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ramp and on the freeway. 
3. Grades of the ramp and the free

way. 
4. Approach speeds on the freeway 

and the ramp. 
5. Length of acceleration lane. 
6. Other ramps in the vicinity. 

With the available data, most of these 
conditions cannot be separated except in 
general terms. 

The most important factor in merging 
operation is the sum of the ramp volume 
and the lane 1 volume, regardless of 

number of lanes or total volume. Some 
might feel that the total freeway volume 
should be used as the main factor in 
merging operation. This would obscure 
the fact that if there were a heavy off-
ramp movement subsequent to the on-
ramp, more vehicles would stay in lane 
1 than would if there were no inter
change for some distance, thus making 
the merge worse than would be normal 
for the same total volumes. It also ap
pears that merging has little effect on 
the median lanes of roads having more 
than 2 lanes in each direction. It was 
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observed frequently that a specific merg
ing volume (that is, the sum of the 
volumes on the ramp and lane 1) re
sulted in just about the same congestion 
whether the other lanes were running 
full or not. 

The volume at which merging breaks 
down always seems to be when about 170 

vehicles try to squeeze into one lane at 
the end of the merging area in 5 min. 
This is a headway of 1.8 seconds and 
represents possible capacity of the going-
away lane. The volume must remain con
siderably below this, however, if free
way speeds are to continue uninterrupted 
by entering vehicles. It does not seem to 
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Figure 29(c). Lane distribution. Location 42, Santa Ana Freeway S B at Mott Street. 

matter how long the merging area is for 
determining possible volume, but it 
should be 600 to 700 ft long for smooth 
operation at high volumes less than pos
sible capacity. 

At many high-volume ramps, the ve
hicles on the ramp do not come at ran
dom intervals as they do on the freeway. 
Vehicles come in platoons because of 
signal control on the surface streets, 
which makes the instantaneous merging 
rate much higher than the 5-min volumes 
indicate. 

Other random observations regarding 
merging follow: 

At very low volumes, speeds are more 
or less up to the individual rather than 
being dictated by traffic conditions. The 
approach (or merging) speed at Loca
tion 25 (Table 2 and Figure 28) is some
what higher than that at Locations 17 
and 18 (Table 3A, see Figure 33 for Lo
cation 18). This is a distinct advantage 
in merging and appears to be because 
the 7th Street ramp (Location 25) is 
downhill whereas the others are uphill. 
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The actual merging area here is only 405 
ft long. 

The possible capacity of a merge can 
approach but does not reach the possible 
capacity of one lane straight away, al
though operating conditions are not com
parable. The highest whole-hour merg
ing volume was 1,956 vehicles and the 

highest 5-min volume was 185 vehicles 
(2,220 vph). At acceptable operating 
volumes, the speed of merging vehicles 
will be about 30 mph. An acceptable 
operating volume is about 150 vehicles 
total for the ramp and lane 1 in a 5-min 
period. One or more of the six conditions 
listed in the second paragraph of this 
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section may act to reduce this volume. 
When the speed of ramp vehicles drops 

below 25 mph in the merging area, con
gestion with stoppages usually occurs. 
For this reason, steep upgrades on ramps 
and stop signs at the nose always con
tribute to poor operation. 

Very few left-hand on-ramps have been 
studied and the ramp volumes were low 
at all locations. However, from the find
ings of this study, it can be inferred that 
left-hand on-ramps are undesirable, par
ticularly those requiring merging with 

the median lane. Primarily this is be
cause the average headway in the median 
lane is almost always less than in lane 
1 and gaps are shorter and fewer. Slow 
vehicles in lane 1 usually create gaps 
large enough to accept entering vehicles. 
This objection can be overcome by add
ing a lane to accommodate the ramp traf
fic. But even if a lane is added, slow-mov
ing vehicles must weave across the faster 
lanes to travel in lane 1, as the California 
Vehicle Code requires. If truck volumes 
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2S0 

are appreciable, serious congestion could 
result. 

USE OF F R E E W A Y CHARACTERISTICS CURVES 
TO D E T E R M I N E A C C E P T A B L E VOLUME 

The curves in Figures 25 through 37 
can be used in determining acceptable 

operating volume by using speed as a 
measure of congestion. By entering the 
graphs at a particular speed, a 5-min 
volume can be determined which, when 
expanded to an hour volume by an ap
propriate factor (developed in a previous 
section) will be the most congested part 
of the hour. 
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It is recommended that capacity be 
provided such that the average speed 
during the highest 5-min will not be less 
than 45 mph. At an average speed of 45 
mph, operation is usually very smooth 
with gaps available for lane changing 
and no undue strain for urban driving 
conditions. It has been considered in the 
past that a freeway speed of 35 mph is 
tolerable for design purposes. At this 
speed, traffic is practically bumper to 
bumper with very few normal gaps avail
able for lane changing and there is quite 

a bit of driving tension even for urban 
conditions. In addition to the lack of 
gaps at this speed, stoppages can occur 
quickly due to a faulty maneuver on the 
freeway (such as slow merging or lane 
changing). Operation which results in 
average speeds as low as 35 mph is there
fore considered undesirable. 

Acceptable Operating Volume 

The values given in the following 
table are considered acceptable hourly 
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operating volumes under "average" con
ditions. "Average" conditions are con
sidered to be: 

1. Nearly level grade line. 
2. About 3 percent trucks. 
3. Absence of high-volume ramps 

within 1 mile. 
4. Urban area having more than 

1,000,000 population. 

These values were determined through 
careful study of Figures 25 through 36, 
balanced by experience gained through 
observation at other locations previously 
listed. 

Acceptable volumes would be higher in 
the presence of one of the following 
factors: 
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4-Lane Freeway 6-Lane Freeway 8-Lane Freeway 

Lane 
Volume, 

vph 
Speed, 
mph 

Volume, 
vph 

Speed, 
mph 

Volume, 
vph 

Speed, 
mph 

1 
2 
3 
4 

1,200 
1,800 

40 
47 

1.200 
1.700 
1,800 

40 
45 
47 

1,200 
1,500 
1,800 
1,800 

89 
41 
44 
47 

Total 
Avg. 

3,000 
1,500 44 

4,700 
1,566 44 

6,300 
1,575 43 
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Figure 33. Speed-Tolume relationship. Location 18, Hollywood Freeway S B between Alvarado Street and 
Belmont Avenue. 

1. Downhill grade line. 
2. Less truck volume. 
3. An "expanding" situation ahead 

which could be either the addition of a 
lane to the freeway, a branch connection 
where the total number of lanes is in
creased and both legs have more than 

adequate capacity, or any other factor 
providing increased capacity. 

Acceptable volumes would be lower in 
the presence of one of the following: 

1. Uphill grade line (this effect is very 
severe). 
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Figure 33(c). Lane diatribution. Location 18. Hollywood Freeway S B between Alvarado 
Street and Belmont Avenne. 

2. More truck volume (1 percent would 
be a lot more). 

3. A smaller metropolitan community 
where the short-term rate-of-flow would 
be higher because of a lack of metering. 

Actually, "average" conditions may be 
considered hypothetical and acceptable 
operating conditions are not determined 
by the average, but rather by the sections 
of least capacity. For this reason i t is 
important for the engineer to exercise 
judgment and provide a balanced design. 

The effectiveness of many miles of excel
lent design may be lost i f adequate ca
pacity is not provided for one or two 
short lengths. 

SUMMARY OF FINDINGS 

The following is a summary of general 
characteristics of freeway operation that 
have been concluded f rom these studies: 

1. The highest one-way volume ob
served during one hour was 8,082 vehi-
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Figure 34. Speed-volume relationship. Location 32, Pasadena Freeway E B at Sycamore Avenue, 

2 5 0 

cles southbound on the five-lane weaving 
section of the Harbor Freeway imme
diately south of the four-level inter
change in Los Angeles. The highest lane 
volume observed during a whole hour 
was 2,437 vehicles, at an average speed 
of 45 mph. Some other high hourly vol
umes were as follows (all figures are 

one-way traffic in the direction of heavier 
flow) : 

Four Lanes One Way (8-Lane Freeways) 
Hollywood Freeway NB f rom 4-

level interchange 7,913 
Hollywood Freeway NB at Ver

mont 7,637 
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Figure 34(c). Lane distribution, Location 32, Pasadena Freeway E B at Sycamore Avenue. 

Hollywood Freeway NB at Mul-
holland 6,419 

Bayshore Freeway SB at 22nd 
Street 6,002 

Three LMnes One Way (6-Lane Freeways) 
Hollywood Freeway SB at High

land 6,630 
(downhill) 

Pasadena Freeway NB at Syca
more Avenue 5,665 

Eastshore Freeway NB at 19th 
Street 4,270 

Two Lanes One Way (Jt-Lane Freeimys) 

Santa Ana Freeway NB at Flor
ence 3,962 

Eastshore Freeway SB at Hegen-
berger 8,164 
2. When possible capacity is reached 

at one location in the freeway system, 
approaching vehicles have to wait. These 
waiting vehicles queue up and suifer the 
symptoms of congestion fo r long dis
tances behind the point of possible ca
pacity. Observers have to be careful to 
distinguish between back-up f rom an-
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Figure 35. Speed-volume relationship, Location 14, Bollywood Freeway S B at Highland Undercrossing 

other point and restricted operation at 
the point of observation. 

3. To provide acceptable operating 
conditions, the short-term rate-of-flow 
may not exceed about 165 vehicles per 5-
min interval in the median lane, pro
vided there are no unusual grade or ramp 
conditions and about 3 percent trucks in 

the stream. The effect of grades is very 
pronounced. 

4. An hour is too long a unit of time to 
use in describing a rate-of-flow. In Los 
Angeles, the hourly volume is about 11 
times the highest 5-min volume; in Sac
ramento the hourly volume is about 9 
times the highest 5-min volume. The 
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Figure 35(c). Lane distribution. Location 14, Hollywood Freeway S B at Highland Under-
crossing. 

rate-of-flow cited in the previous para
graph (165 vehicles per 5-min interval) 
would be associated wi th an hourly vol
ume of 1,800 vehicles in the median lane 
in Los Angeles (population of metropoli
tan area more than 2,000,000), but only 
1,500 in Sacramento (population of met
ropolitan area less than 500,000). 

5. Traffic is not evenly distributed by 
lane. The lanes nearer the median carry 
much more traffic than the shoulder lane, 
and at higher speeds than the shoulder 
lane. 

6. Combining the observations of 
findings 3, 4, and 5, i t is seen that even 
when the maximum practical rate-of-flow 
is reached for short intervals, an hourly 
volume that averages 1,500 per lane in 
one direction on a 4-lane freeway could 
be considered "practical capacity" only 
i f the traffic is metered by an extensive 
city street system, and the volume of 
trucks in lane 1 is very small. On a 6-lane 
freeway, 1,500-per-lane would be much 
more practical, and on an 8-lane freeway 
i t would cause no trouble unless there 
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Figure 36. Speed-volume relationship. Location 13, Hollywood Freeway N B at MulhoUand Drive. 

were sustained up-grades long enough to 
slow trucks down to speeds of less than 
40 mph and thus pre-empt use of lane 1. 

7. The drop in speed associated with 
high volume is slight, unless i t is caused 
by a back-up. A t a rate-of-flow of 165 
per 5 min, speeds in the median lane are 
about 50 mph. 

8. Undesirable congestion is usually 

experienced when traffic volumes increase 
to the point where operating speeds are 
reduced to 35 mph. A t this speed, traffic 
is practically bumper to bumper; there 
are few normal gaps available f o r lane 
changing, and there is noticeable driv
ing tension even for short rides. 

As a matter of fact, the average oper
ating speed never dropped as low as 35 
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Figure 36(c). Lane distribution, Location 13, Hollywood Freeway N B at MulhoUand Drive. 

mph at any of the locations observed un
less there was a queuing-up of waiting 
vehicles f rom a bottleneck (for example, 
a drop of a lane) ahead. I t is believed 
that volumes which result in an average 
freeway speed of 45 mph should be con
sidered as the upper l imi t of practical 
capacity. A t an average speed of 45 mph, 
the traffic in the shoulder lane wi l l aver
age about 40 mph and traffic in the 
median lane wi l l average near 50 mph. 

9. Speed-volume curves are a l i t t le 
higher than those shown in the "High
way Capacity Manual" of 1950 and ap

pear to be curved downward at the right-
hand end. 

10. Acceptable hourly operating vol
umes under "average" conditions in a 
very large urban area for one roadway 
of freeways of various widths were 
shown in the table given under "Accept
able Operating Volume." In a smaller 
area (less than 2 million) the acceptable 
volumes would be less. 

"Average" conditions for this purpose 
include: nearly level grade, about 3 per
cent trucks, and absence of high-volume 
ramps in the near vicinity. 
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11. Plus grades as small as 2 percent 
significantly reduce capacity when truck 
volumes are appreciable. On down-grades 
of significant length, average volumes of 
2,000 vehicles per lane per hour can be 
carried wi th no congestion. 

12. Results obtained to date do not 
show that long merging areas (more than 
500 f t ) wi l l handle larger merging vol
umes than short merging areas. This is 
contrary to expectation. However, for 
smooth operation i t is essential that the 
acceleration lane, including the merging 
area, be long enough for ramp vehicles 
to reach near-freeway speeds. I t is also 
essential that the merging area portion 
of the on-ramp be several hundred feet 
long. 

The highest full-hour single-lane on-
ramp volume observed was 1,309, merg
ing with 647 to produce 1,956 in lane 1 
just beyond the merge. This merging 
area is 405 f t long, including the taper. 

A t all locations where merging or 
weaving operations appeared to break 
down, the straight-away rate-of-flow per 

lane exceeded the inverse of a 2-second 
headway. From this i t is tentatively con
cluded that the correlation of merging or 
weaving distance and volume is less than 
previously supposed. 
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APPENDIX 

L I S T OF OBSERVED L O C A T I O N S 

Location 
No. Freeway Name Location Name 

1 Bayshore Prwy SB 
2 Bayshore Frwy SB 
3 Eastshore Frwy SB 
4 Eastshore Frwy NB 
5 Eastshore Frwy SB 
6 Bayshore Frwy NB 
7 Santa Ana Frwy NB 
8 Santa Ana Frwy SB 
9 Santa Ana Frwy NB 

10 Pasadena Frwy E B 
11 Hollywood Frwy NB 
12 Hollywood Frwy NB 
13 Hollywood Frwy NB 
14 Hollywood Frwy SB 
15 Hollywood Frwy NB 
16 Hollywood Frwy SB 
17 Hollywood Frwy SB 
18 Hollywood Frwy SB 
19 Bayshore Frwy SB 
20 Bayshore Frwy NB 
21 Santa Ana Frwy NB 
22 Hollywood Frwy NB 
23 San Bernardino Frwy 
24 San Bernardino Frwy WB 
25 Santa Ana Frwy SB 
26 Harbor Frwy SB 
27 Bayshore Frwy NB 
28 No. Sacto. Frwy SB 
29 No. Sacto. Frwy NB 
30 Elvas Frwy NB 
31 No. Sacto. Frwy SB 
32 Pasadena Frwy E B 
33 Pasadena Frwy WB 
34 San Bernardino Frwy WB 
35 San Bernardino Frwy WB 
36 Hollywood Frwy SB 
37 Hollywood Frwy NB 
38 No. Sacto. Frwy SB 
39 Hollywood Frwy SB 
40 Santa Ana Frwy NB 
41 Harbor Frwy NB 
42 Santa Ana Frwy SB 
43 San Bernardino Frwy WB 
44 San Bernardino Frwy E B 
45 San Bernardino Frwy WB 
46 Santa Ana Frwy NB 
47 Hollywood Frwy SB 
48 Hollywood Frwy SB 
49 Hollywood Frwy NB 
50 Santa Ana Frwy NB 

22nd Street 
Army St. on-ramp 
Hegenberger Road off-ramp 
19th Street 
1st Ave. off-ramp 
Alemany Street on-ramp 
Buhman Avenue 
Buhman Avenue 
Greenwood Avenue 
Avenue 35 
Edgeware Road 
Vermont Avenue off-ramp 
Mulholland Drive 
Highland Avenue undercrossing 
At Pasadena — Harbor merge 
Barham Blvd. on-ramp 
Vermont Ave. on-ramp 
Between Alvarado St. and Belmont Ave. 
Alemany Street off-ramp 
Army Street off-ramp 
Florence Avenue on-ramp 
Highland Avenue on-ramp 
Rosemead Boulevard 
Marengo Street on-ramp 
'7th Street on-ramp 
Hollywood — Santa Ana merge 
Army Street on-ramp 
E l Camino Avenue on-ramp 
Marconi Avenue off-ramp 
Arden Way off-ramp 
Arden Way (WB) on-ramp 
Sycamore Avenue 
Fair Oaks Avenue on-ramp 
Campbell Avenue 
Garvey Avenue on-ramp 
Spring Street 
Hill Street 
Arden Way — E l Camino Avenue 
Highland Avenue off-ramp 
Lakewood Boulevard on-ramp 
Northbound Distributor on-ramp 
Mott Street 
Del Mar Avenue — Almansor Avenue 
Warwick Road 
Atlantic Boulevard 
Long Beach Frwy 
Between Highland Ave. and Cahuenga Blvd. 
Sunset Blvd. on-ramp 
Sunset Blvd. off-ramp 
Between Atlantic St. and 7th St. 




