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A STUDY OF FREEWAY TRAFFIC OPERATION 

Synopsis 

In 1956, the Texas Transportation Institute initiated a research 

project for the Texas Highway Department to correlate freeway operational 

characteristics with design feat~~es. A preliminary report of this study 

was presented to the 36th Annual Meeting of the Highway Research Board. 

The data presented herewith repre1sents additional studies and analysis 

of this work. 

The study was made principally by the motion picture method 

which facilitated the simultaneous evaluation of various operational 

characteristics and provided the distinct advantage of being able to re

create traffic situations for more thorough study. Traffic operations 

were recorded on approximately 2;~,000 feet of 16 mm film during the course 

of nine separate studies made on freeways in Houston, Dallas, and Fort 

Worth, Texas. 

Research was conducted :Ln the following areas: operation and 

capacity, freeway volume-control, lane use and placement, entrance ramps, 

and weaving. A study of freeway median design was also made and the 

results are being presented in a separate report. 

The results of these various studies indicate that the factors 

having the greatest effect on freeway operation are the design and 

operation of ramps and interchanges. Additional research and development 

is needed in this area. 

The volume-control, weaving, and entrance ramp studies produced 

some vecy significant results which are discussed in the report and will 

contribute to over-all knowledge of freeway operation. 
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INTRODUCTION 

No longer mere designers' dreams, freeway type facilities are 

rapidly becoming vital parts of the vast highway system of this nation. 

Because the development of such facilities has been so rapid and the 

problems of research on such faci1ities--equipment required, volume of 

data, magnitude of the project--so complex, relatively little compre

hensive evaluation of freeway traffic operation and the various freeway 

design features has been possible. 

Though freeway facilities have served exceedingly well in the 

capacity for which they were built, some operational difficulties have 

developed and there is a need for data from which to correlate the 

effects of design upon the operational characteristics of the freeways. 

Data of this type will aid in an evaluation of present design of the 

various elements and provide the basis for future design that would 

eliminate some of the present operational difficulties. 

Because of the lack of sufficient information as to the inter

relationships of certain design features and their combined effects on 

certain operational characteristics, a research project was undertak~n, 

beginning in May, 1956, by the Texas Transportation Institute of Texas 

A. and M. College for the Texas Faghway Department to explore the opera

tional characteristics of the Texas freeways and determine what features 

warranted specific study and analysis. 

The purpose of this pro:iect was to determine the effects of 

certain geometric features of freeways on traffic operation through a 

study of the actual operation of vehicles on representative sections 

of freeways in Texas cities. 
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Figure 1. Portable '.rower Used in Filming Freeway Traffic. 



Figure 2. Sample of Motion Picture Film From Freeway Studies. 

Figure 3. Time-Motion Study Projector Used in Analysis of Motion Pictures. 



• 

... Me ... t ... h ... o,_d _of Stud;y 

Because of two complex factors-traffic maneuvers and the inter
relationship between various design features and those maneuvers--it 
was impossible to gather from on~the-spot observation and manual tabula
tion suf'ficient data for analysiso .After consideration of various me
thods of obtaining data on operational characteristics of freeway traffic, 
the motion picture type of study was selected as the best for providing 
the simultaneous evaluation of such complex operational characteristics 
of traffic in a study areao In addition, the motion picture provided the 
possibility of restudy of specific traffic conditions recorded on film. 

Traffic operation on representative sections of the freeways 
was recorded on filrfi by the use of a 16 mm motion picture camera. The 
filming was done from a vantage point at a considerable elevation above 
the traffic streamu Three types of towers were used to obtain the neces
sary vantage pointo For the Dallas studies, a tower truck was parked 
on an overpass structure overlooking the freeway, and for the Gulf Free
way studies, a 48 fto temporary tower was first used and later replaced 
by the 60 fto portable tower shm,m in Figure 1. This portable tower, 
designed specifically for· the photographic studies, was also used for 
the Fort Worth studieso In the first series of studies, pictures were 
made by a commercial photographer at a constant camera speed of eight 
frames per second; after a camera. was acquired for the research pro
ject, pictures were made at a speed of ten frames per second. Both 
camera speeds allowed the accurate determination of vehicle speeds, 
headways and other desirable traffic characteristics. 

A 12-inch electric clock with a sweep second hand was positioned 
to appear in an unused portion of each frame of the motion picture film. 
Though time-distance relationships were determined by frame count, the 
clock provided a check on camera speed and a record of the period of 
the day o Figure 2 shows a sample1 of the motion picture film and the 
location of the clocko 

Transverse white lines were painted on the pavement 176 feet 
apart to provide reference points for speed, headways and other time
distance determinationso 

Two projectors were used to analyse the motion pictures. '!he 
first, which maintained constant focus and contained a daylight screen 
in the machine, was used to obtain time-space relationships. This pro
jector, as shown in Figure 3, wa8 especially constructed so that it 
could be stopped for nstill° or ~iingle-frame viewing. Since the film 
was held firmly between t.i,.;o glass plates, warp5.ng from lantern heat was 
eliminatedo A microfilm reader was used in obtaining placement data. 
It projected an 5-mage at a fixed magr:d.fication which could be scaled. 
Both projectors provided the advantage of being able to replay or re
create traffic situations as wel1 as stopping the film to permit more 
comprehensive visual analysis of each frame of the movie. 

In order to obtain average weekday conditions on the freeways, 
the survey motion pictures were taken on either a Tuesday or Wednesday 
or botho Test film was usually taken on the previous Monday. The 
tower from which the film was taken was erected at each site at least 
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Figure 4. Gulf Freeway, Houston. 



Figure 5. Central Expressway, Dallas, Texas. 
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Figure 6. study Area, East-West freevay, Fort worth, 
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one week previous to the film study and personnel were on the tower at 
peak periods during this time. Observations made before and during the 
study did not indicate that the tower or the personnel on the tower 
caused any apparent influence on the driving pattern of the freeway 
traffic. 

Continuous motion pictures were taken of each test section for 
approximately one hour and thirty minutes during the morning and evening 
peak periods (7:00-8:30 a.,m., 5:00-6:30 p.m.) and for one hour (9:30-
10:30 a.m.) during off-peak conditions., 

_S_e __ le ... c...,t._1._· o __ n_ of Sj:;ud;v Sites 

During the early phases of the study, the Project Advisory Com
mittee, composed of representatives of the Texas Highway Department and 
the cities in which studies w~.re made, selected three sites showing the 
greatest operational difficulties: one section of the Gulf Freeway 
(Calhoun to Scott) in Houston, one section of the Central Expressway 
(Fitzhugh to Haskell) in Dallas and one section of the East-West Freeway 
(University to Montgomery) in Fort Wortho 

The Gulf Freeway in Houston and Central Expressway in Dallas 
were similar facilities. Both ha.d three lanes in each direction, dia
mond t:,pe interchanges, continuous one-way frontage roads through the 
stud.y area and the same type pavement~ Figures 4 and 5 show the gen
eral layout of the freeways. 

Though similar in overall construction characteristics, the 
Houston and Dallas freeways had several principal differences in design. 
The through lanes of the Gulf Freeway overpassed the intersecting road
ways; the through lanes of the Central Expressway were under the inter
secting roadways. The Gulf Freeway had a four-foot concrete median with 
six-inch barrier type curbs; the Central Expressway had an eleven-foot 
grassed median with six inch mountable curbs. In the survey section of 
the Gulf Freeway, there were full width acceleration lanes for entering 
traffic; in the survey section of the Central Expressway, a 7°30, curve 
joined the entrance ramp directly to the freeway lanes, with no acceler
ation lanes provided. 

The study site on the Ea.st-West Freeway in Fort Worth had two 
lanes in each direction, two-way frontage roads which were not continuous 
through the study area, three entrance ramps of different designs, one 
diamond type interchange and one combination type. Figure 6 shows the 
general layout of the study areao 

In order to cbtain a sufficient amount of data on the operating 
characteristics of vehicles for varying sets of conditions and with 
various types of freeway designs, a total of nine motion picture studies 
were made (Table l)o Six of these studies were performed on the Gulf 
Freeway in Houston, two on the Central Expressway in Dallas, and one on 
the East-West Freeway in Fort Worth. Specific discussion on the various 
conditions and characteristics covered in these studies will be presented 
in other sections of this reporta 

In addition to the motion picture studies, a number of surveys 
were conducted in cooperation with the Bureau of Public Roads using 
their electronic traffic analyzer~ The results of these studies are 
being presented in a report on Freeway Medians. 
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;. FREEWAY M>TION PICTURE STUDIES 

Study Date Time Type of Study 

Houston I 5-22"'."56 7:00-8:35 A.M. Motion Picture 
9:30-10:30 A.M. 
4:15-5:52 P.M. 

Houston II 9-11-56 7:00-8:35 A.M. Motion Picture 
9: 30"."'10: 30 A. M. 
4 :15-5 :50 P, M, 

Houston III (a) 9-25"'."56 7:00-:-8:10 A.M. Motion Picture 
~ 

Houston III (b) 9-26"'."56 7:00-8:30 A.M. Motion Picture 
4:15-5:50 P.M. 

Houston IV 7-8"'."58 7:00"'."8:30 A.M. Motion Picture 
9:30-10:30 A.M. 
4:00"."'6:00 P,M. 

Houston V 7"'."22-58 7:00"'."8:15 A.M. Motion Picture 

Dallas I 8"."'14-56 7:10-8:45 A.M. Motion Picture 
9: 30"."'10: 30 A.M. 
4:00-6:00 P.M, 

Dallas II ll-26"'."57 4: 30-6: 05 P. M. Motion Picture 

" Fort Worth II 2"'."20"'."58 7 : 45"'."8 : 40 A. M. Mot ion Picture 
4 :15-5: 30 P .M. 

Table 1 
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OPERATION AND C.AP ACITY 

Speed-volume relationships have been used extensively to eXpress 
operating conditions and capacity:, and as a measure of the efficiency 
of traffic facilitieso It has been difficult to determine the limits 
of efficiency desired on freeways., However, one fact is quite evident; 
certain hourly volumes do not adequately express operating conditions 
experienced on freeways except during very low volume conditions. This 
is illustrated in Figure 7Q Platooning of traffic, momentary over
crowding of one or more lanes, and headway adjustments in the traffic 
stream a.re always present except for extremely low volume conditions. 

The five-minute volume or rate of flow appears to be a fairly 
reliable time interval for the expression of freeway traffic volume. 
Even this short time interval, however, fails to reflect the extremely 
poor operating conditions experienced during periods when the demand ex
ceeds the capacity of the f acili t~r. 

The location at which speed and volume measurements are made also 
has a great deal to do with the adequate description of operating con
ditions. For example, traffic data taken just beyond an entrance ramp 
may reflect smooth and uniform opE~ration when actually the traffic behind 
the ramp may be operating under stop and go conditions. Since congestion 
at one point may cause congestion for a great distance back along the 
freeway, a survey made at a point behind this critical ramp area will 
reflect poor conditions without direct association of the cause of the 
congestion. 

Study Method 

Data for this section on speeds and volumes were obtained from 
viewing motion pictures of actual free"ll';-ay operation. Vehicle speeds 
were determined by observing each vehicle and recording a frame count 
as the rear wheel of the vehicle c:rossed a transverse white line painted 
on the pavement. A second frame c:ount was recorded for the same vehicle 
as its rear wheels crossed a second line 176 f'eet in advance of the first 
line. Since the camera "11';"8.S operated at a constant speed, it was possible 
to determine the time required i'or the vehicle to travel the 176 feet and 
to compute the speed of the vehicles in miles per hour. 

Tabulations of volUllles were made for each one-minute period and 
combined to show 5-minute volumes. 

Volume-Speed Relationships 

In the preliminary report of this study {Highway Research Board 
Bulletin Number 170, 1958) a number of volume-speed relationships were 
discussed for the freeways studied. The conclusion was dravm that 
speeds of 40 to 50 mph could be maintained in the inside (median lane) 
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and middle lanes provided the 5-minute lane volume did not exceed 150 
(1800 vph*), and in the outside (right) lane provided the 5-minute volume 
did not exceed 125 (1500 vph*). Typical volume-speed relationships are 
shown in Tables 2 through 8. 

The volume-speed relationships have been plotted in a different 
manner in Figure 8. For these plots, successive 5-minute volumes have 
been plotted in relation to the 5-minute average speed. Successive points 
have been joined in sequence to trace the average speed reduction as 
volume increases and the increase in average speed after the peak flow 
has passed. Each of these graphs, developed from data taken in the 
vicinity of an entrance ramp, shows a characteristic loop resulting from 
the decrease in speed at high volumes. Examining successive 5-minute 
intervals along the trace demonstrates that as the peak flow builds up, 
the 5-minute average-speed drops and generally does not recover to the 
original relationship with volume until the peak flow or demand has 
passed. These graphs, however, do not adequately describe the operating 
conditions experienced during these periods of heavy flow. Momentary 
overcrowding, adjustments of speed, stoppages and the resulting 11back
lashes11 along the freeway, although clearly visible in the motion pictures, 
are not adequately described by data taken at a point or within a short 
length of the freeway. Stoppage conditions 11backlash11 or progress along 
a lane so rapidly that average speeds·or even individual speeds which 
have been determined by measuring the time required for each vehicle to 
move through a distance of 176 feet, indicate only a low speed and do 
not show the momentary stoppag13 of some vehicles. 

As the rate of flow b3comes critically heavy, vehicles weaving 
from one lane to another, or v13hicles entering from a ramp may cause an 
adjustment in headways in the traffic stream. For example, if an entering 
vehicle causes a vehicle on th1:i through lane to momentarily reduce speed 
to adjust its headway, some headway adjustment will probably be necessary 
for each trailing vehicle in the traffic stream until a sufficiently long 
headway is available to absorb the shock. The severity of a "backlash 
effect11 is dependent upon the 1:iompactness or density of the traffic stream 
and the length of delay created by the headway adjustment. Freeway volume
control studies, which will be discussed in a later section of this report, 
indicate that smooth operating conditions were maintained by eliminating 
the conditions which created these stoppages during heavy flow conditions. 

The point at which volume and speed surveys are made on a freeway 
is quite criticaL Surveys, during peak flow conditions, taken just past 
an entrance ramp will often reflect operating conditions quite different 
from a survey taken just ahead of the ramp. Vehicles leaving a congested 
entrance ramp area may be free to proceed with little restriction ahead 
of them, while at the same time vehicles behind the same entrance ramp 
are operating under a stop-an~-go condition of severe congestion. The 

* The 5-minute volumes are expressed throughout this report in 
te.rms of equivalent hourly rato of flow. These values were obtained by 
multiplying the 5-minute volume by 12. They are shown in terms of vehicles 
per hour but are not to be confused with total hourly volume. 
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VOLUME - SPEED TABULATIONS 

5 - Minute Time Intervals -- Morning Peak Period 

HOUSTON I: 
GULF FREEWAY 

=== :: ===========:============ . ==}[==== ♦ C 

HOUSTON 1 

INSIDE OUTSIDE 1'0TAL VOL. EQUIV. BOtrRLY CALCUIATED EQUIV. RATE 
TIME LAJ{E 5-MIN. VOLUMES LAlfB 3-LAHES RATE OF PLOW 5-KIN. VOLUMES TOTAL VOL. OF FLOW VPH 

SPEED SPEED VPB 3-1..MIS AT 
<A' A 8 C re\ AT lA.\ D E • G 

7:00-7:05 40 119 120 70 42 309 3708 3S 18 IS 347 4164 

7:05-7:10 44 134 ISi 78 40 363 4365 36 31 19 411 4932 

7: 10-7: 15 43 149 151 88 38 388 4656 37 25 12 438 5256 

7:15-7:20 40 158 170 114 -- 442 5304 29 31 14 488 5856 

7 :20-7:25 33 163 169 110 30 442 5304 39 17 14 484 S808 

7:25-7:30 32 174 150 105 -- 429 5148 27 33 8 481 5772 

7:45-7:50 -- 138 128 127 -- 393 4716 26 30 23 426 5112 

7:50-7:55 -- 141 140 130 .. 411 4932 21 26 36 422 5064 

7: 55·8:00 29 140 132 127 16 399 4788 17 23 25 414 4968 

8:00-8:05 34 115 137 92 27 344 4128 31 17 23 369 4428 

8:05-8: 10 44 104 116 62 39 282 3384 39 31 18 334 4008 

-
8: 10-8: 15 -- 117 136 66 -· 319 3828 40 23 20 362 4344 

8: 15-lk20 44 109 109 65 41 283 33% 41 27 12 339 4068 

8:20-8:25 45 116 126 54 39 296 3552 41 20 9 348 4176 

8:25-8:30 47 68 100 42 40 210 2520 42 20 10 262 3144 

8:30-8:35 47 76 77 43 .. 196 2352 40 21 12 245 2940 

TABLE 2 

.. 



VOLUME - SPEED TABULATIONS 

S - Minute Time Intervals -- Morning Peak Period 

HOUSTON JI 
GULF FREEWAY 

+A . } --- ♦ B --------------------------- --
---♦C----·---------------------- G_-=== 

~~~ 

HOUSTON II 

INSIDE OUTSIDE TOTAL VOL. EQUIVALENT CALCULATED EQUIVALENT 

LANE 5 - HIN. VOLUME LANE THREE LANES HOURLY RATE 5 - HIN. VOLUME TOTAL VOL,. HOURLY RATE 
SPEED SPEED AT OF FLOW 3 LANES AT OF FLOW 

TDIE A A B C C A VPH D E F G VPH 

7 :05-7 :10 46 110 139 82 41 331 3972 35 31 9 388 4656 

7 :10•7 :15 45 149 149 88 41 386 4632 44 33 11 452 5424 

7 :15-7 :20 43 150 172 96 38 418 5016 43 21 19 463 5556 

7 :20-7 :25 42 154 163 110 39 427 5124 40 27 19 475 5700 

7 :25-7 :30 39 178 174 126 38 · 478 5736 37 39 19 535 6420 

7 :30-7 :35 31 170 172 135 24 477 5724 36 32 20 525 6300 

7 :35-7 :40 34 162 158 123 33 443 5316 36 34 16 497 5964 

7 :40-7 :45 31 154 154 119 26 427 5124 43 32 13 489 5868 

7 :45-7 :50 32 152 154 129 23 435 5220 31 41 19 488 5856 

7 :50-7 :55 32 155 156 135 27 446 5352 40 35 19 502 6024 

7 :55-8:00 45 117 131 83 40 331 3972 32 18 11 370 4440 

8:00-8:05 45 100 140 72 41 312 3744 48 27 13 374 4488 

a :os-s :to 43 111 129 80 40 320 3840 35 28 16 367 4404 

8 :10-8 :15 45 103 123 67 40 293 3516 42 40 19 356 4272 

8 :15-8 :20 46 125 121 70 41 316 3792 42 26 11 373 4476 

TABLE 3 

" 



VOLUME •· SPEED TABULATIONS 

5 - Minute Time Intervals - Morning Peak Period 

HOUSTON m 
GUILF FREEWAY 

--- +B -------------- ------------------+A } . . 
--- ♦ C -------. ______ G_ ________________ _ 

~ 
HOUSTON III A 

INSIDE OUTSIDE TOTAL VOL. EQUIVALENT 
LANE 5 - MIN.. VOLUME LANE THREE LANES HOURLY RATE 

SPEED SPEED AT OF FLOW 

TIME A A n C C A VPH 

7 :00-7 :05 46 105 121 60 45 286 3482 

7 :05-7 :10 46 121 us 68 44 314 3768 

7 :10-7 :15 46 145 1-14 85 44 374 4488 

7 :15-7 :20 43 152 163 109 40 424 5088 

7 :20-7 :25 40 166 160 115 39 441 5292. 

7 :25-7 :30 40 171 175 129 39 475 5700 

7 :30-7 :35 36 149 164 - - 313 3756 

7 :35-7 :40 35 156 149 140 36 445 5340 

7 :40-7 :45 34 154 149 128 33 431 5172 

7 ,45-7 ,so 37 152 146 138 33 436 5232 

7 :50-7 :55 36 165 157 138 35 460 5520 

7 :55-8 :00 40 140 1.33 82 47 355 4260 

8 :00-8 :OS 44 109 1.27 78 43 314 3768 

8 :05-8 :10 45 102 U2 58 41 272 3264 

TABLE 4A 

HOUSTON III B 

INSIDE OUTSIDE TOT.AL VOL. EQUIVALENT 
LANE 5 - MIU. VOLUME LANE THREE LANES HOURLY RATES 

SPEED SPEED .'T OF FLOW 
TIME A A B C C A VPH 

7 :00-7 :05 46 116 :L30 83 45 329 3948 

7 :05-7 :10 45 128 us 79 44 342 4104 

7 :10-7 :15 44 156 l66 91 40 413 4956 

7 :15-7 :20 43 163 l58 106 42 427 5124 

7 :20-7 :25 44 177 177 118 40 472. 5664 

7 :25-7 :30 41 165 167 118 41 450 5400 

7 :30-7 :35 38 162 155 126 37 443 5316 

7 :35-7 :40 38 154 153 132 36 439 5268 

7 :40-7 :45 41 148 165 127 37 440 5280 

7 :45-7 :SO 41 161 150 120 39 431 5172 

7 :50•7 :55 3B 146 139 103 40 388 4656 

TABLE 4B 



VOLUME - SPEED TABULATIONS 

5 - Minute Time Intervals -- Morning Peak Period 

HOUSTON Ill: 
GULF FREEWAY 

___ .A._ __________________________ }~----___ ♦ B __________________________ ----

~-......,.,~-.~ ~ ~ 

HOUSTON IV 

INSIDE OUTSIDE TOTAL VOL. EQUIVALENT CALCULATED EQUIVALENT 
LANE 5 - MIN. VOLUME LANE THREE LANES HOURLY RATE 5 - MIN. VOLUME TOTAL VOL. HOURLY RATE 

SPEED SPEED AT OF FLOW AT OF FLOW 
TIME A A B C C A VPH D F G VPH 

7 :00-7 :OS 47 147 164 77 45 388 4656 39 10 417 5004 

7 :05-7 :10 46 133 157 92 41 382 4584 35- 13 404 4848 

7 :10-7 :15 43 144 171 87 41 402 4824 53· 16 439 5268 

7 :15-7 :20 43 150 167 129 38 446 5352 38 21 463 5556 

7 :20-7 :25 39 159 169 116 36 444 5328 48 21 471 5652 

7 :25-7 :30 39 136 147 131 33 414 4968 39 17 436 5232 

7:30-7:35 38 155 182 107 30 444 5352 · 47 14 477 5724 

7 :35-7 :40 35 156 154 137 31 447 5364 45 25 467 5604 

7 :40-7 :45 39 151 175 105 33 431 5172 55 21 465 558D 

7 :45-7 :50 41 156 152 110 29 418 5016 50 33 435 5220 

7 :50-7 :55 41 146 164 103 36 413 4956 54 25 442 5304 

7 :55-8:00 45 114 132 77 40 323 3876 67 31 359 4308 

8 :00-8 :05 45 114 125 66 41 305 3660 42 19 328 3936 

8 :D5-8: ID 46 117 112 74 41 303 3636 58 15 346 4152 

8 :10-8 :IS 46 100 124 53 43 277 3324 70 14 333 3996 

a :15-8 :20 46 103 12, 53 43 285 3420 49 12 322 3864 

TABLE 5 



VOLUME - SPEED TABULATIONS 

5 - Minute rime Intervals -- Morning Peak Period 

HOUSTON lt 
GULF FREEWAY 

:: ---- -}G -----------------------
♦ C ----- ----------------------

~p - ~ 
~~~ 

HOUSTON V 

INSIDE OUTSIDE TOTAL VOL. EQUIVALENT 
LANE 5 - KIN. VOLUME LANE THREE LANES HOURLY RATE 

SPEED SPEED AT C1I! FLO\/ 
TIME A A B C C A VPK 

7 :10-7 :15 42 172 176 124 42 472 5664 

7 :15-7 :20 42 160 160 120 41 440 5280 

7 :20-7 :25 41 159 167 119 41 445 5340 

7 :25-7 :30 40 154 167 119 41 440 5280 

7 :30-7 :35 37 166 167 127 35 460 5520 

7 :35-7 :40 37 164 172 119 36 455 5460 

7 :40-7 :45 41 151 158 129 39 438 5256 

7 :45-7 :SO 42 151 158 117 40 426 5112 

7 ,50-7 ,55 43 148 161 122 41 431 5172 

7 :55-8 :OD 47 120 134 76 43 330 3960 

8 :00-8 :OS 47 117 138 79 44 334 4008 

8 :05-8:10 46 106 117 83 45 306 3672 

8:10-8 :15 46 111 133 67 43 311 3732 

TABLE 6 



VOLUME - SPEED TABULATIONS 

5 - Minute Time Intervals -- Morning Peak Period 

DALLAS I 
CENTRAL EXPRESSWAY 

~==== == == == == ===i=~== == == ==}G== === ~-
DALLAS I 

INSIDE OUTSIDE TOTAL VOL. EQUIV. HOURLY CALCULATED EQUIV. RATE 

TIME LANE 5-HIN, VOLUMES LANE 3-LANES RATE OF FLOW 5-HIN. VOWHES TOTAL VOL. OF PLOW VPH 
SPEED SPEED VPH 3-LANES AT 

(A\ A B C /Cl AT /Al D /Gl 

7:10-7:15 45 103 121 65 41 289 3468 24 313 3756 

7:15-7:20 47 115 111 74 40 300 3600 22 322 3864 

7:20-7 :25 45 137 141 65 41 343 4116 38 381 4572 

7:25-7:30 44 174 163 103 38 440 5280 33 473 5676 

7:30-7:35 40 156 146 112 36 414 496S 14 428 5136 

7,35-7:40 36 166 170 130 32 466 5592 38 504 6048 

7:40-7:45 35 161 147 129 29 437 5244 23 460 5520 

7:45-7:50 32 163 150 128 27 441 5292 37 478 5736 

7:50-7:55 35 155 156 140 •23 '51 5412 27 478 5736 

7:55-8:00 39 145 137 110 36 392 4704 34 426 5ll2 

8:00-8:05 42 133 128 84 39 345 4140 32 377 4524 

8:05-8: 10 44 154 146 97 33 397 4764 35 432 5184 

8:10-8: 15 39 128 139 111 36 378 4,3, 24 402 4824 

8: 15-8:20 41 150 144 90 37 384 4608 44 428 5136 

8:20-8:25 42 132 144 94 38 370 4440 21 391 4692 

8:25-8:30 43 126 126 89 39 341 4092 24 365 4310 

8:30-8:35 42 127 122 76 39 325 3900 25 )50 4200 

8:35-8:40 44 ll2 100 56 41 261 3216 23 291 3492 

8·40-8:45 45 86 uo 43 38 239 2161 23 262 3144 

TABLE 7 



"""' 

INSIDE 
TIME LANE 5- HIN. 

SPEED 
(Al A 

7:45-7:50 50 102 

7:50-7:55 48 79 

7:55-8:00 52 53 

8:00-8:05 52 49 

8:05-8: LO 51 38 

8:10-8:15 51 39 

8: 15-8:20 53 40 

8:20-8:2.S 49 48 

8:25-8:30 52 39 

8:30-8:35 51 39 

8:35-8:4D 52 37 

VOLUME - SPEED TABULATIONS 

5 - Minute Tllne Intervals -- Morning Peak Period 

FORT WORTH I 
EAST-WEST FREEWAY 

PORT WORTH 

OUTSID! TOTAL VOL. EQUIV. HOOIILY 
VOUJM!S LANE 2-LANES RATE OP PLOW 5- MDI. VOLUMES 

SPEED AT VPH AT 

• ,., fA\ ,c, 
74 43 176 2112 47 

83 41 162 1944 30 

52 44 105 1260 46 

48 48 97 1164 36 

39 45 77 924 22 

31 45 70 840 39 

32 47 72 864 24 

31 43 79 948 39 

43 46 82 984 27 

31 45 70 840 23 

38 45 75 900 27 

TABLE 8 

CALCULATED EQUIV. RATE 
TOTAL VOL. OF FLOW VPH 
2-LANES AT 

fD) 

223 2676 

192 2304 

151 1812 

133 1596 

99 1188 

109 1308 

96 l152 

118 1416 

109 1308 

93 1116 

102 1224 



congestion from one entrance ramp area may cause congestion for a great 
distance back along the freeway. This same condition often exists at 
critical exit ramp areas. An illustration of the change in volume 
through an area is shown in Tables 2 through 8. 

It is difficult from a spot survey to determine the cause of 
congestion. Congestion observed at one study area may actually be caused 
by conditions existing at a point some distance ahead of the study area. 
The motion picture survey method provides some possibility of continually 
examining conditions ahead of the study area for possible influencing 
factors. 

Freeway Volume-Control 

In order to determine the overall effect of entering traffic on 
operation in the through lane::: of the freeway, studies were made both 
with entrance ramps open and with the ramps closed. These studies have 
been termed 11volume-control11 studies since a second objective was to 
control the amount of traffic using the freeway in an attempt to keep 
this volume below practical capacity. It was found that the volumes 
during the studies exceeded practical capacity, but a marked improvement 
of operating conditions was noted and a significant amount of travel 
time was saved as a result of freeway volume-control. 

The influence of traffic entering the freeway lanes from a ramp 
can be compared to water flowlng into a main stream channel from a side 
channel. With no side channel flow, the main channel flow is uniform, 
but when a side flow is introduced, turbulence is created causing a back
water curve on both the main channel and the side channel. The flow in 
the main channel only a short distance below the point of entry of the 
side channel again becomes uniform. If the main channel is widened and 
the side flow introduced parallel to the main channel flow, the turbulence 
is virtually eliminated. 

Many freeways are becoming congested during certain peak periods 
of the day. Often during these periods, more vehicles attempt to utilize 
the freeways than can be accommodated. When these conditions occur, only 
a few vehicles entering from a ramp can cause turbulence in the freeway 
lanes which results in congestion or stoppage since both through and 
entering traffic are forced to wait their turn to pass through this 
critical area. This accummulation or 11head 11 of traffic creates very un
desirable operating conditions on the through freeway lanes. The number 
of vehicles thus forced to operate under these undesirable conditions is 
many times greater than the number of vehicles causing the turbulence by 
entering from the ramp. 

Two studies were made on the Gulf Freeway in Houston and one 
study on the Central Expressway in Dallas to determine the practicability 
of controlling freeway volumeB by closing entrance ramps near the freeway 
terminal or dispersal system. On the Gulf Freeway in Houston all inbound 
entrance ramps located a distance of approximately l¾ miles back of the 
downtown dispersal system were closed during morning peak periods. On 
the Central Expressway in Dal1as, the ramps were closed for approximately 
l½ miles back of the downtown terminal. All "short-trip traffic" normally 
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entering the freeway was diverted to the frontage road or other parallel 
facility. Motion picture surveys and travel-time evaluations were made 
of conditions with the ramps open and with the ramps closed to determine 
the effect of this denial of access to the freeways on the operation of 
the facilities. 

Volume-Control Studies -- Gulf Freeway -- Houston 

Studies designated Houston IIIa, Houston IIIb, and Houston V 
were made with the inbound entrance ramps closed from the study area to 
the dispersal system during the morning-peak periods. 

Five-minute volumes by lanes are shown in Figures 9, 10, and 11. 
Total peak-hour volumes are shown in Table 9 including both freeway and 
frontage road traffic. Values shown in this table indicate that the 
increase in frontage road volume was approximately the same as the decrease 
in volume on the through lanes. 

The effect of volume-control on the speed of traffic using the 
through lanes is shown in Figure 12. As mentioned earlier, 5-minute 
average speeds do not adequately describe the poor operating conditions 
experienced during the Houston I and Houston II studies. The inter
ference of ramp traffic caused reductions in speed, momentary stoppages, 
and stop-and-go operation during peak flow periods of both studies. 
Traffic flow during the studies made with the ramps closed was quite 
smooth and uniform with slightly higher speeds. 

The speed of traffic in one freeway lane has a great influence 
on the speed in adjacent lanes. This influence of the speed of one lane 
upon the speed of another is termed 11speed sympathy". As shown in Figures 
13 and 14, the differential in five-minute average speeds was never more 
than 5.5 mph between any of the through lanes during either the Houston II 
or Houston IIIa study. The reason for this "speed sympathy!' is quite 
evident from viewing the motion pictures. When a stoppage or speed
reduction occurs in one freeway lane, trailing vehicles in this lane begin 
weaving to other lanes in an effort to maintain their desired speeds. 
This quickly absorbs the available gaps in the other streams which results 
in headway adjustments and a corresponding decrease in speed. "Speed 
sympathy" is an important consideration since a forced reduction in speed 
in the outside lane directly affects traffic operation in the adjacent 
through lanes. Thus by eliminating interference to outside lane traffic 
by volume-control, the average speed of all lanes was increased. 

Both sections of freeway studies had 50 mph maximum and 40 mph 
minimum speed limits in effect during all of. the studies. The effect of 
these speed limits is evidenced by the fact that less than three percent 
of the vehicles in all lanes traveled at a speed greater than 50 mph and 
only one vehicle traveled at a speed of over 60 mph during any of the 
studies. The 5-minute average speed during the offpeak periods was 
approximately 45 mph. 

Speed-volume relationships shown in Tables 2 through 8 indicate 
that even with the ramps closed in the study area, volumes on the through 
lane were sufficiently high to cause a reduced speed of operation of the 
through lanes. These 5-minute average values, although not adequately 
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TOTAL VOLUMES AND LANE VOLUMES ON FREEWAY, INCLUDING 

FRONr AGE ROAD VOLUMES, FOR PE.AK HOUR AND PEAK PERIOD 

Peak Hour Volumes 

7:10 to 8:10 A.M. 

Study Freeway Lanes 

Inside Middle Outside 

Houston II 1,752 1,723 1,564 

Houston III (a)* 1,761 1,779 1,320 

Houston III (b)* 1,770 1,786 1,279 

*Ramp Closed 

Study 

Houston II 

Houston III (a)* 

Houston III(b)* 

*Ramp Closed 

Peak Period Volumes 

7:20 to 7:55 A.M. 

Freeway Lanes 

Inside Middle Outside 

1,125 1,131 1,140 

1,100 1,113 908 

1,106 1,113 844 

Table 9 

-11-

Frontage Road 

652 

964 

937 

Frontage Road 

238 

450 

614 

Total 

5,691 

5,824 

5,772 

Total 

3,634 

3,571 

3,677 





showing the poor conditions with the ramps open, indicate an improved 
speed-volume relationships when the ramps were closed. 

The following data gives a comparison of the worst operating 
condition observed during the before and after volume-control studies: 

Houston II - Outside Lane - Before Study 
5-minute average speed - 23 mph 
5-minute volume - 127 - equivalent hourly rate of 

flow - 1524 vph 

Houston IIIa - Outside Lane - After Study 
5-minute average speed - 33 mph 
5-minute volume - 128 - equivalent hourly rate of 

flow - 1536 vph 

Houston IIIb - Outside Lane - After Study 
5-minute average speed - 36 mph 
5-minute volume - 132 - equivalent hourly rate of 

flow - 1584 vph 

Houston V - Outside Lane - After Study 
5-minute average speed - 35 mph 
5-minute volume - 127 - equivalent hourly rate of 

flow - 1524 vph 

From these data it may be seen that with the ramps closed the 
average speed in the critical outside lane never dropped below 33 mph. 
With the entrance ramps open, the average speed dropped to 23 mph while 
carrying approximately the same volume of traffic. Several complete 
stoppages of traffic regularly occurred during the peak periods of flow 
with the ramps open, while none were observed during the volume-control 
studies. 

Volume-speed relationships for the inside lane are shown in 
Figure 15 for the Houston II and Houston IIIb studies. Smooth curves 
have been drawn to illustrate the characteristic loop of speed reduction 
with volume increase and recovery to normal speed after passage of peak 
flow. 

Comparison of these two curves show that the effect of the 
entrance ramp was reflected on the operation in the inside lane. Com
parisons of the two curves with the data above indicate that volume 
control had the similar effect on improving the operation in the inside 
lane as well as the outside lane. 

Travel-Time Studies - Gulf Freeway - Houston 

Travel-time studies were made on the Gulf Freeway before and 
during the volume-control studies on both the freeway through lanes and 
the frontage roads. Since these studies were taken at random, both as 
to time and lane traveled, it was not practical to use less tha.~ 15-
minute periods for comparison. 
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Figure 17. Field Installatton of Freeway Monitor. 

Figure 18. Time Graphs of Freeway Monitor. 
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The studies were compared by computing the time consumed by the 
total inbound traffic (through lanes, and frontage road) from a point in 
the study area to a point at the beginning of the dispersal system -- a 
distance of approximately one mile. This time expressed in vehicle
minutes, is based on the average travel time during a 15-minute period 
(through lanes and frontage road) and the delay experienced by ramp 
traffic during the before study. This comparison is shown in Table 10. 

Figure 16 shows the average travel time by 15-minute periods for 
the through lanes and frontage. road. Travel-time through the study area 
on the through lanes was reduc:ed from 2-minutes 35-seconds with the en
trance ramps open to 1-minute 31-seconds ·with the entrance ramps closed 
during the period 7~15 to 7:30 A.M. and from 2-minutes 15-seconds to 
1-minute 47-seconds during the period 7:30 to 7:45 A.M. There was no 
difference for the time period from 7:45 to 8:00 A.M. 

Comparison of the before and after studies in Table 9 shows 
that volume-control resulted i.n a saving to the total inbound traffic of 
2831 vehicle-minutes or 47.2 vehicle-hours. 

The delay experienced by entering ramp traffic was added to the 
time constlffied by through lane traffic since this delay was caused by con
gestion on the through lanes. The maximum delay occurred during the 
7:30 to 7:45 A.M. period, when 1,131 vehicle-minutes, or nearly one-fourth 
of the vehicle-minutes for this time period, was consumed by vehicles 
waiting to enter the through lanes. 

Inbound Gulf Freeway traffic is dispersed in the central 
business district by a pair of one-way streets which provide adequate 
capacity to accommodate maxim~1111 possible flow on the through lanes and 
frontage road. 

Volume-Control Study -- Central Expressway -- Dallas 

Studies similar to those made on the Gulf Freeway in Houston 
were made on the Central Expressway in Dallas to determine the effect of 
volume-control on the operation of that facility. There were two major 
differences between the Houston and Dallas studies. First, the ramps 
were closed only one morning i.n Dallas, whereas in Houston the ramps were 
closed each morning for two we:eks prior to the study. The second and 
more significant difference wees the fact that an adequate dispersal system 
was not completed for the Central Expressway. The freeway section ended 
at the edge of the central bUE:iness district. The facility through the 
central business district was a surface street with no access control. 

An electronic traffic: survey device designed for monitoring free
way operations continuously over long periods of time was installed at the 
Fitzhugh Street overpass on the Central Expressway in Dallas, The field 
installation consisted of two radar vehicle detectors located above the 
center of the inside and the ndddle inbound lanes, and a radar speed 
meter installed on the right shoulder of the inbound freeway lanes as 
shown in Figure 17. 

Impulses from the detectors were transmitted over telephone 
wires to the office of the Department of Traffic Control in the Dallas 
City Hall. The instantaneous impulses for both lanes were averaged and 
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Time 

7:15-7:30 A.M. 

7:30-7:45 

7 :45"'.'"s·:oo 

7:15-7:30 

7:30-7:45 

7:45-8:00 

TIME CONSUMED IN VEHICLE "'.'"MINUTES 

FOR FIFTEEN"'.'"MlNUTE TIME PERIODS 

Through Lanes Frontage Road 

Before Studies (Ramps 

3,400 624 

3,030 660 

2,566 720 

Ramp 

Open) 

107 

1,131 

211 

After Studies (Ramps Closed) 

2,044 772 

2,350 953 

2,550 951 

1'able 10 
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Total 

4,131 

4,822 

3,498 
12,451 

2,816 

3,303 

3,501 
9,620 



sixty-seven percent of the change in volume from the previous averaging 
interval was added or subtracted and the resultant plotted on a time 
graph, as shown in Figure 18. Since the instrumentation of the monitor 
equipment was based on a constant rate of flow, and because traffic flow 
was intermittent rather than constant, it was determined that there was 
no exact correlation between the actual freeway volume and the indicated 
value. However, it was determined that the indicated values would reflect 
the general pattern of volume change. 

The radar speed meter was aligned and adjusted to record the speed 
of traffic on all three inbound lanes. During low volume conditions, the 
speed of almost every vehicle was recorded individually. However, the 
speeds of only the fastest vehicles were detected when vehicles passed in 
closely spaced groups. The speed data were transmitted over telephone 
lines and were recorded on a time graph. The volu.rn.e and speed graphs were 
coordinated so that the data for any specific time period could be taken 
from the two graphs. Data taken by this process is referred to as 
11Monitor Data11 to distinguish it from data taken by the motion picture 
survey method which was used during both the Dallas I study and the Dallas 
II (volume-control) study. 

Table 11 is a tabulation of the peak period volumes in the in
side, middle, and outside lanes for the Dallas I and Dallas II studies 
and the indicated volumes te.ken from the monitor graphs. fl.s shown in 
this table, there was no significant change in volume between the Dallas 
I and Dallas II studies. 

Since motion pictures were not taken continuously during the 
Dallas II study, speed-volume curves were not drawn for this study. How
ever, speed-volume curves were dra~m from the data taken from the monitor 
time graphs as shown in Figure 19. 

The results of these :studies were quite similar to those of the 
volume-control studies on the Gulf Freeway. Volume-speed relationships 
through the study area were greatly improved by closing the ramps during 
the heavy inbound peak flow. Ho-wever, since the dispersal system in 
existance at the time of these studies was inadequate to accommodate the 
increased load on the frontage road, the advantage gained for traffic in 
the study area when the entrance ramps were closed was partially offset 
by the increased congestion at the end of the freeway section. Inadequate 
capacity at the freeway terminal caused severe congestion of both the 
through lanes and the frontage road at this point. 

Summary 

1. The results of these studies agree with the findings of 
previously reported studies 1 and 2 in regard to freeway 
operation and capacity, and that 5-winute volumes are more 
indicative of freeway traffic flow conditions than are 
total hourly volumes. 

2. The point at which a freeway survey is made should be care
fully selected to avoid misleading interpretations of the 
results of the survey. 
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PEAK PERIOD VOLUME ON CENrRAL EXPRESSWAY 

Study 

Dallas I 

Dallas II 

Study 

Dallas, Before 

Dallas II 

Film Data 7::W A.M. to 7:55 A.M. 

Inside Lane 

783 

786 

Middle Lane 

754 

765 

Outside Lane 

714 

639 

Total 

2,251 

2,190 

Monitor Data 7:18 A.M. to 7:54 A.M. 

Table 11 
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Indicated Average Lane Volume 
(Middle and Inside Lanes) 

690 

705 
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.3. Many major operational difficulties on the freeways studied 
were found to be directly associated with the entrance ramps. 
Additional research is needed for a wide range of conditions 
to fully evaluate the effect of entrance ramps on freeway 
operation and capacity. 

4. Volume-control increased the efficiency of the freeway by: 
(a) Decreasing travel time on the through lanes, 
(b) Eliminating congestion created by vehicles entering the 

through lanes during peak periods. 
(c) Creating conditions for smoother flow and better operation. 
(d) Decreasing the speed differential between vehicles. 
(e) Increasing the average speed of all vehicles. 

5. These studies indicate that volume-control is necessary only 
during periods of peak flow which are normally less than 
one hour. During the other 2.3 hours of the day, the 
efficiency of the freeway is increased by permitting short 
trip use. 

6. Freeway volume-control is feasible and practical to improve 
operational efficiency on existing freeways where adequate 
capacity is available on parallel facilities such as conti
nuous frontage roads or major streets. 
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LANE USE: AND PLACEJ:.ENT 

This section provides general information on freeway lane use 
and placement. The data were obtained from film studies made on the 
Houston and Dallas freeways which are six-lane controlled access facili
ties. 

lane volumes were taken at a point 176 feet in advance of an 
entrance ramp at each location~ A white transverse line painted on the 
pavement was used as a reference point from which to measure volume and 
placement. 'lhe traffic studied was the inbound flow and the studies 
were made during the morning peak (7 :00-8:.30 a.m.), morning off-peak 
(9:00-10:.30 a.ma) and the afternoon peak (4:00-6:00 p.m.). 

lane Use 

The volume data indicated that the middle lane of the three in
bo1.md lanes on both the Gulf Freeway in Houston and Central Expressway 
in Dallas usually carried the greatest percentage of the total inbo1.md 
flow, the inside or median lane the second highest, and the outside lane 
the smallest percentageo 

Figures 20 (Houston) and 21 (Dallas) show typical lane usage 
during the off-peak hoursa Du:ring these periods the inside lane carried 
approximately .32 percent of th13 inbo1.md volume, the middle lane approxi
mately 44 percent and the outs:Lde lane approximately 24 percent. 

During the periods of peak traffic flow, the inside and middle 
lanes adjusted to the greater 11olumes and carried approXimately the same 
volume of traffico Volumes in the outside lane were slightly lower. 
Figures 22 (Houston) and 23 (Dallas) show typical lane usage for the 
morning peak periods of flow on the two freeways. For several 5-minute 
intervals during the peak period of flow, the inside lane volume was 
greater than the volume in the middle laneo 

For the Houston III study, during which the entrance ramps in 
the study area were closed to eontrol freeway volumes, better usage of all 
three lanes was realized,, Although the inside and middle lanes still 
carried the largest percentage of the total inbo1.md traffic, the percentage 
carried by the outside lane wa::1 increased as shown in Figure 24. 

Vehicle Placement 

Vehicle placement was measured by viewing each single frame of 
the film projected vertically to a table-top screen. The distance from an 
outside curb to either the left or right rear wheel of the vehicle was 
measurea with a special scale when the vehicle tire was directly over the 
transverse line on the pavement 176 feet in advance of the entrance ramp. 

To develop typical values of vehicle placement on the freeways, 
data on this phase of the study were tabulated for each of the three in
bound lanes during each of the study periods. The average placements for 
these three periods for the Dallas study are shown graphically in Figures 
25, 26, and 27 .. These placemen.ts are typical of the results obtained in 
all of the placement studies. 
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Statistical analysis of placement data with respect to median 
design shows that freeway volumes have a large influence on placement 
at sections near entering ramp~,. If the average placements for inbound 
traffic during the morning, mid-day and afternoon periods (Figures 25, 
26, and 27) are compared, a shift is noted in vehicle placement toward 
the median during the morning peak flow and away from the median during 
the afternoon peak flow. This shift is also apparent on the Gulf Freeway 
in Houston as seen in Figure 28 which shows the inside or median lane 
placement for inbound traffic for the morning peak, off-peak, and after
noon peak periods. These data show that vehicle placements are affected 
by the volume of traffic flow on both sides of the median. During the 
morning peak, the average placement in the inside-inbound lane is approxi
mately at the center of the lane. In the off-peak period, the average 
placement shifts to the right of the center of the lane and during the 
period of heavy flow in the opposing lanes (P.M. peak) inside-inbound 
lane traffic shifts further to the right~ Placements in all three lanes 
are affected in a similar manner; therefore, a shift in placements·in one 
lane will be reflected to the other lanes. 

It is interesting to note that average vehicle placements in the 
outside lane are to the left of the center of the lane (Figures 25, 26 
and 27). This was found to be true in studies conducted both in the . 
vicinity of entrance ramps and in areas distantly removed from entrance 
ramps. Indications are that drivers have a tendency to reference their 
driving, or vehicle position, ·by the left side of the vehicle emphasizing 
the need for maintaining adequate lane lines. 

Summary 

The study of lane use and placement data indicated the following: 
1. During off-peak psriods, the middle lane of three inbound 

traffic lanes carries the largest percentage of traffic with 
the outside lane earrying the smallest percentage. For peak 
periods of flow, the inside or median lane and the middle lane 
carry approximately the same percentage of traffic with the 
outside lane carrying a smaller percentage. 

2. Vehicle placements were influenced by volume of flow on both 
sides of the median. Placements were noted to shift during 
various periods of the day and this shift was reflected in 
all three lanes. 

3. Observations indicate that drivers have a tendency to re
ference their driving to their left side. 

4. Vehicle placements are of little consequence in freeway 
operation and twelve-foot lanes are adequate in width. 
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WEAVING 

Predicted freeway volumes will demand that future freeways be 
designed to accommodate tremendous volumes and the number of parallel 
lanes will undoubtedly increase. Five, six, or possibly more lanes in 
each direction will be required. to adequately accommodate the anticipated 
traffic volumes. The greater the number of lanes, the more complex will 
be the problem of routing traffic onto and off the freeway and lane 
changing will become an even more important problem than it is on existing 
freeways. 

The motion picture st·u.dies of freeways in Texas have provided an 
excellent opportunity to study lane changing maneuvers on six-lane divided 
freeways. Since these film st"'.1dies were not conducted solely for the 
purpose of studying this singl13 traffic flow characteristic, the precisicn 
of some of the measurements we:re restricted and the variety of conditions 
limited. 

The purposes of this :3tudy were to determine as many character-, 
istics of a weaving maneuver a:3 possible from motion pictures of freeway 
traffic; to determine if these characteristics could be correlated with 
freeway volumes, speeds, geometric features of the roadway, and entering 
traffic; and to determine what additional studies could be made on the 
data taken from the films. 

Although a large amount of valuable information has been 
accumulated, additional studieG under various conditions are necessary 
before definite conclusions can be formulated. Additional comprehensive 
studies of weaving are desirable in order to provide the designer with 
criteria relative to the location and design of route and destination 
signs, spacing of entrance and exit ramps, lane use and capacity, and 
other design considerations. Data for this study were taken from the 
four film studies listed below, Each facility was a 6-lane divided free
way with the following distinci:,ions: 

1. Houston I - no barrier fence in the 4-foot paved median; 
entrance ramps opon. 

2. Houston II - a 4-foot high barrier fence in the 4-foot 
paved median; entrance ramps open. 

3. Houston III - a 4--foot high barrier fence in the 4--foot 
paved median; entrance ramps from Cullen closed. 

4. Dallas - no barrfor fence in the 12-foot grassed median; 
entrance ramps open. 

The four film studies are of different lengths of time due to 
varying conditions in filming procedure. This is reflected in the number 
of weaving maneuvers recorded for each study as tabulated in Table 12. 

Only two hours of observation are included in the Houston III 
study since the entrance ra~ps in the study area were closed only during 
the morning peak periods. The other three studies represent the sum of 
the morning-peak, morning off-peak, and afternoon-peak periods. 

All Houston studies wE,:ce made on the same area at the Cullen 
Street Interchange o:i the Gulf Freeway shown in Figure 4. 
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DISTRIBUTION OF WEAVE LENGTHS 

HOUSTON m 

TOTAL NO OF VEHICLES • 235 RAMP CLOSED 
100 

t.... 

~ 

90 

-
~ 

80 

70 

:a; ISO .... -
::c ... 
1/) 
1/) 

~ 50 

... 
z 
l&I 
(J 
0:: 40 
l&I 
Q. 

r 

t 
t 
~ 

-::: 
I-

::: 

I-

r 

t 
t 
~ 

30 

~ 

20 

~ 

10 

~ 

1· 
l 
I 
I 
I 

AVERAGE LENGTH - 200 FT 

) 
100 200 300 400 500 600 700 

LENGTH OF WEAVE IN FEET 

FIGURE 31 

DISTRIBUTION OF WEAVE LENGTHS 

DALLAS 

10 
TOTAL NO OF VEHICLES• 711 o.,_ 

9 

8 

7 

Z6 
,ct 
::c ... 
1/) 

"' 1&15 
..J 

... 
z 
tJ 
a: 4 
l&I 
Q. 

3 

!: 
t::-
i:: ... 

ot: 
t: 
t: 
i:: 

Qt: 

t: 
:: 

Qt: 

t.... 
t: ... 

0::: 

t:... 
t: 

o ... 
t: 
t::-... 
t: 

o ... ... 
t 
t::-
t 

o ... 
t 
I-

t 
20 

t 
I-

t: 

10 ... 
... 
t.... 
... 

0 ·1 

L,.------

/ 
V 

I 
I 
I 
i 

I 
I 
I 
I AVERAGE LENGTH - 233 FT 

l/ 
,/ 

100 2 0 300 4'JU ;,,,v 6 IV 

LENGTH OF WEAVE IN FEET 

FIGURE 32 

l 0 



100 

90 

80 

70 

: 60 
::c 
1-

(/) 
(/) 

~ 50 

1-
z 
Ill 
0 
a: 40 
Ill 
0. 

30 

2.0 

10 

DISTRIBUTION OF WEAVE LENGTHS 

ALL STUDIES 

TOTAL NO. OF VEHICLES = 1940 

t I/ -----f-

t 
t 

t I r 

:::- I t 
f-

I I 
t 
~ 

t 
t I 
t-
f-

~ j I 
r 

I I =- i 

-

I -

- I ' 

- I AVERAGE LENGTH -217 FT 

V 
~ / 

100 2.00 300 400 500 600 700 

LENGTH OF WEAVE IN FEET 

FIGURE 33 



The Dallas Study was made on a similar area at the Fitzhugh 
Interchange on the Central Expressway shown in Figure 5. 

Only inbound traffic on each freeway was considered. 
A 400-foot section of the freeway which included the entrance 

ramps was used for evaluation of speeds, gaps and other traffic flow 
characteristics necessary for the analysis of weaving maneuvers. Only 
weaves that began in this 400-foot section were recorded for analysis, 
but data relative to the weaving maneuver, such as the length and paths 
of weaves, were of necessity obtained over the entire study area. 

The weaving maneuvers observed in this report were performed 
entirely on the three inbound 11'througha freeway lanes. The traffic on 
the entrance ramps and exit ramps were not included as weaving vehicles 
since their maneuvers are considered more precisely in another section 
of this report. 

Method of Study 

All information used i.n this study was secured from 16 mm motion 
picture film of traffic operations on the freeway. A projectionist read 
the information from the pictures and recorded it on data sheets by pre
arranged codes. The information was transferred to punch cards and all 
calculations necessary to conveirt the data to the desired uni ts of measure 
were performed and recorded on the punch cards by the use of an electronic 
computer. The analysis was them a matter of proper sorting and tabulation. 

The code, used in recording the information, was established from 
several trial observations of weaving maneuvers in the motion pictures. 
The operator recorded the complete set of data for one weaving vehicle at 
one time. This required the operator to review only a portion of the film 
to secure all the information, thus reducing the number of re-runs of the 
entire length of film. For eac:h weaving vehicle the following information 
was recorded: 

1. The time of day to the nearest minute, read from a clock 
filmed in the field of view. 

2. The type of vehicle -- passenger car, truck, bus. 
3. The lane in which the vehicle was traveling and the lane into 

which it weaved. 
4. The location of the origin of the weaving maneuver with 

respect to the three areas mentioned in the description of 
the study areas. 

5. The speed of the vehicle, determined by the frame count 
between two lines of known spacing and a known camera speed. 

6. The length of the weaving maneuver, recorded in number of 
frames of film and later converted to either distance in 
feet or duration in time by the electronic computer. 

7 0 The location of vehicles on the entrance ramps. 
8. Whether the vehicle left the freeway on the next exit ramp 

or continued on the freeway. 
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Since the accuracy of some information depends on the perception 
and judgement of the projectionist, only two persons were used in an 
attempt to eliminate varying deg:rees of perception. 

Discussion of Findings 

Length of Weaves - length of weaves as defined for this report, 
is the forward distance traveled by the weaving vehicle from the time the 
vehicle first indicates a weaving maneuver until the vehicle is entirely 
in the lane into which it is weaving. There were two features that limited 
the degree of accuracy in determining the length of the weaving maneuvers: 

1. The identification of the point of beginning and the point of 
ending of the weaving maneuver. 

2. The location and length of the area used for speed determi-
nation with respect to the location of the weaves. 

These two factors are offset by the facts that: 
1. Only two operators were used to collect the data. 
2. The rates of acceleration for the range of speeds observed 

are very low. 
3. Since 85 to 95 percent of the weaves were only 300 feet or 

less, a large percent of each weave occurred in the speed 
determination area. 

Frequency Distribution - The lengths of weaving maneuvers are 
shown as cumulative frequency distribution curves for the separate 
studies and for the total study in Figures 29 through 33. 

The average length of weave for all observations was 217 feet 
with lengths ranging from 50 to 900 feet. The frequency distribution 
curve from the combined study increases uniformly up to 300 feet in 
Figure 33 and flattens out for longer lengths, indicating that 90 percent 
of all weaves are 300 feet or le1ss.. Using this length as a criteria for 
comparing the individual studies, the range of "percent less than 300 
feet" was 85 percent in Houston I to 99 percent in Houston III. 

The average lengths of weaves for the four studies are shown in 
Table 13. The low value for Houston III is probably due to the fact that 
this study consists of two morning peak periods only, when the volume was 
high. 

Speed-Volume-length of Weaving Maneuvers - Speed-volume relation
ships have been determined for the four studieso Using as a reference 
the time of day recorded as an integral part of the data for each weaving 
maneuver, it was possible to determine the rate of flow for the total 
roadway and by lanes for each weaving maneuver studied. For this analysis 
5-minute volumes were expanded to equivalent hourly rates of flow and re
lated to the average length of the weaving maneuvers for that 5-minute 
period. 

The graph in Figure 34 indicates the trend for the length of 
weaves for all four studies with respect to traffic flow. The equivalent 
rates of flow used for this analysis are average lane volumes for all 
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three lanes. Since the outside lane volumes were lower than the middle 
and inside lanes, additional analyses were run using the average rates 
of flow for the inside and middle lanes and the rates of flow for the 
outside lane separately. The volumes for the average length of weaves 
changed slightly, but the general trend of the length decreasing as the 
rates of flow increased remained. the same, as shown in Table 14. 

The average roadway speeds for the various volume levels are also 
shown on Figure 34. The speed decreased as the volume levels increased. 

Influence of Entering V13hicles - The classification of weaving 
maneuvers by location of origin with respect to the entrance ramp pro
duced significant resultso The length of the section of the study area 
in front of the entrance ramp was 225 feet, or approximately 56 percent 
of the total length of the study sectiono There were 1589 weaves, which 
represents 81.8 percent of the total observations, that originated in 
this area. Of this percentage, 51.8 percent moved to the left away from 
the entrance ramp and 30 percent to the right9 The same pattern is in
dicated by the individual studies in Table 15, that is, a large percent 
of weaves originated before the entrance ramp, the majority of which 
moved to the left. The one exception was the Houston III study, during 
which the entrance ramps were closed. The Dallas study has the second 
largest percentage of vehicles weaving to the right. This is explained 
in part by the large number of vehicles leaving the freeway at the next 
exit. 

In the section of the study area past the nose of the entrance 
ramp the distribution of lateral movements was almost equal. Again, 
Dallas had a large percent of vehicles moving to the right. 

The location of vehicles on the entrance ramps were noted as 
part of the data for the weaving vehicles. Figure 35 shows the two types 
of entrance ramps involved in these studies. The ramps were divided into 
three areas and the location of the lead (or first) vehicle on the ramps 
was recorded in relation to these areas for each weaving maneuver. A 
notation was also made if no vehicles were on the ramp. A tabulation by 
study of the number of weaves occurring during each entrance condition is 
shown in Table 16. 

Origin-Termination-Distribution of Weaving Vehicles - A total of 
1940 weaves was recorded from the four studies. The total for each study 
has been tabulated and divided i.nto the lane and area in which the weaving 
maneuver began and the lane in which the weave terminated, Figure 36. 
Since the length of the weaving maneuvers are not shown, this drawing 
does not present a true picture, However, this method of presentation 
is particularly useful in relating the effect of entrance ramps on free
way traffic which is presented in detail in the following section of 
this report on weaving. 

On six-lane divided freeways that introduce the entrance and 
exit ramps on the right side of the through lanes, almost every vehicle 
in the middle and inside lanes must perform at least one and possibly 
two weaving maneuvers that invo1ve the middle lane. 

In this survey every weaving maneuver involved the middle lane 
since only the through lanes were considered. It is significant to note 
that even though the inside lane was least involved with weaving maneuvers, 
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the operational characteristics of that lane, discussed in another 
section of this report, were almost identical to those of the middle 
lane. 

Reasons for Weaves - It was assumed at the beginning of this 
study that several basic reasons for making a lane change could be 
determined from the motion picture filmsG These reasons were classified 
as follows: 

1. To position vehicles in the appropriate lane to facilitate 
leaving the freeway by an exit ramp. 

2. To avoid vehicles that stopped or slowed on the freeway lanes. 
3. To avoid vehicles entering the freeway from entrance ramps. 
4o To pass slow moving vehicles. 
5. For no apparent reason. 

Preliminary investigations indicated that the classification of 
weaves in a few of these categories was not possible from this study. 
Too often it relied on the judgement and speculation of the recorder. 

The results of this investigation on reasons for weaves are: 

1. A positive classification of purpose of weave was possible 
for vehicles leaving the freeway at the exit ramp in the 
test area, Table 17~ This was the only exit ramps in view 
of the camera, 

2. Completelane stoppages on the freeways occurred during the 
peak periods, but weaving maneuvers were prevented by the 
increased density of all three lanes. 

3. Entering vehicles appeared to have an effect on the number 
and lateral direction of weaves. This subject was discussed 
in the p:ceceeding sections and the results are presented in 
Tables 15 and 160 

4. The positive classifications of weaving vehicles passing 
slower moving vehicles were not possible from this film 
studyo However, many vehicles that appeared to perform 
this maneuver were classified in one of the more specific 
categories listed aboveu 

Frequency of Weaving Maneuvers - '!he percent of the total volume 
of traffic that began weaving maneuvers in the 400-foot study section 
ranged from 2 to 10 percento Tr~re were considerable variations between 
different time-period and studieis. Generally, the percent increased as 
the total volume of traffic decreased as shown in Table 18. 

Recommendations for Further Study and Research 

Since the study of weaving on freeways is of such broad scope, 
the complete analysis and corre1ation of the several factors affecting 
weaving maneuvers will require several individual investigations on 
special sections in order to isolate the variables. 
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The results of this report indicate several factors that must 
be considered in future studies. Any combination of three or four of 
these f.actors would constitute a:n individual investigation: 

Summary 

These factors are: 

1. Location of the beginning of the weaving maneuver with 
respect to the geometric design features. 

2. Length of the weaving maneuver. 
3. Path of the weaving maneuver. 
4. Speed of the weaving vehicle. 
5. Average speed of freeway traffic. 
6. Various conditions of entering traffic. 
7. Purposes of weaving maneuvers. 
8. Comparisons of roadway sections with different geometric 

design features. 
9. The effect on the operational characteristics of the traffic 

stream by the size and frequency of gaps accepted by weaving 
vehicles. 

Many of the results of this report are expressed in percentage 
to gain a common basis for comparisons of unequal study lengths and 
number of observations. 

A summary of the findings of this weaving study is as follows: 

1. A total on 1940 observations were made from the four film 
studies. This represents 4.02 percent of the total volume 
of traffic recorded during these studies. 

2. As the volume on the freeways decreased, the number of 
weaving maneuvers, expressed as a percentage of total volume, 
increased. 

3. The average length of weave for the composite study was 217 
feet. 

4. The average length of the weaving maneuvers decreased as the 
volume on t.he freeway increased. 

5. The average length of the weaving maneuvers decreased as the 
average speed of the freeway traffic decreased. 

6. A length of 300 feet was used as a basis for comparisons of 
the several studies. A study of the frequency distribution 
curves, Figures 29 to 33, show the following percentages of 
weaving maneuvers to be 300 feet or less: 

(a) Combined Study - 90 percent 
(b) Houston I - 85 percent 
(c) Houston II - 94 percent 
(d) Houston III - 90 percent 
(e) Dallas --~;86 percent 

7. Eighty-two percent of the weaving maneuvers were initiated 
in the section of the study area in front of the nose of 
the entrance ramp. 
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8a. Sixty-one percent of all the observed weaving maneuvers 
moved to the left. Entrance ramps and acceleration lanes 
were located on the right side of the freeway lanes, except 
during Houston III studies when the ramps were closed. 

b. Thirty-nine percent of all the observed maneuvers moved to 
the right. Of this group 11.4 percent moved off the free
way at the next exit. 

9. In the Houston· III study during which both entrance ramps 
were closed, only tr.Qrty-eight percent of the weaving vehicles 
moved to the left. 

10. It is evident from these studies that the motion picture study 
provides a method for determining characteristics of weaving 
maneuvers and their relation to geometric features of the 
freeway. These studies, coupled with the studies of other 
operational characte1ristics, indicate that vehicles weave 
from one lane to another at anytime when the lane into 
which they are weavj_ng appears to offer either a faster 
speed or less density. This fact tends to keep parallel 
lanes operating near the speed of the slowest lane. 
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NUM3ER OF WEAVING MANEWERS FOR EACH STUDY 

,-, 

Study Length of Study No. of Weaving Average No. of 
in Minutes Maneuvers Weaves per min. 

Houston I 237 532 2.24 

Houston II 245 412 1.88 

Houston III 145 235 1.62 

Dallas 277 711 2.57 

Total 904 1,940 2.15 

Table 12 
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dtudy 

Houston I 

Houston II 

Houston III 

Dallas 

AVERAGE LENGTH OF WEAVES 

Ave:eagc~ 21 7 

Table 13 
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LENGTHS OF WEAVES AS RELATED TO VOLUME 

.~ Average Volume Level Houston I Houston II Houston III Dallas 

Average Length in Feet 

INSIDE & MIDDLE LANES 
Less than 1200 271 227 
1200 to 1500 255 201 181 232 
1500 to 1800 201 204 166 207 
Over 1800 198 177 150 180 
ALL LANES 
Less than 1200 270 203 181 231 
1200 to 1500 228 203 175 211 
1500 to 1800 181 187 155 194 
Over 1800 169 140 176 

OlTrSIDE LANE 
Less than 720 284 194 192 
720 to 960 238 209 176 232 
960 to 1200 221 205 172 204 
1200 to 1440 198 178 159 210 
Over 1440 153 168 144 159 

Average length of weaves in feet - 217 

Table 14 
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INFLUEI'CE OF ENI'ERING VEHICLES ON WEAVING 

Total Number of Weaves Occurring Number of Weaves Occurring 
Study Number of in Front of Entrance Behind the Entrance 

Weaves Ramp Ramp 
(Percent of Total Shown Below) (Percent of Total Shown Below 

Direct;ton of Weave Direction of Weave 

Right Left Total Right Left Total 

Houston I 532 141 319 460 31 41 72 
(26.5) (60.0) (86.5) (5 .8) (7.7) (13.5) 

Houston II 462 108 292 400 24 38 62 
(23.4) (63.2) (86.6) (5 .2) (8. 2) (13.4) 

I Houston III 235 126 67 193 20 22 42 
w (53.6) (28.5) (82,1) (8.5) (9.4) (17 .9) 
0 

I 
Dallas 711 208 328 536 99 76 175 

(29.2) (46.2) (75.4) (13.9) (10.7) (24.6) 

Combined 1940 583 1006 1589 174 177 351 
(30.1) (Sl.8) (81,8) (9.0) (9.1) (18.1) 

Table 15 
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NUM3ER OF WEAVES OCCURRING FOR EACH ENTERING CONDITION 

Position of Entering Vehicles 

Study 0 1 2 3 

Houston I 163 68 79 222 

Houston II 62 37 66 128 

Houston III Entrance Ramp Closed 

Dallas 348 67 __Jlli_ 238 

Total 573 172 203 588 

*Code O - No Vehicles on Ramp 

Table 16 
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FREQUENCY OF WEAVING MANEUVERS 

··-··-· -··---- ---

study Morning Peak Morning Off~Peak Afternoon Peak Total All 
Period Period Period Periods 

Total Noo of Total No. of Total No. of Total No .. of 
Number Veh~ % Number Veh. % Number Veh., % Number Veh., % .. 

Vehicles That Vehicles That Vehicles That Vehicles That 
Weaved Weaved Weaved Weaved 

Houston I 5,506 197 3,60 2?05Z 107 5.21 ~?773 228 4.77 12? 331 532 4.,31 

Houston II 6?298 167 2.65 2,208 126 5.78 4,393 169 3.84 12,899 462 3.58 

Houston III A 4?851 98 2.02 4,851 98 2.02 

Houston III B 5?819 137 2.35 5,819 137 2.35 

Dallas 7,070 244 3.47 1,675 147 9.25 3,496 320 9.16 12,241 771 5o81 

w Total 29,544 843 2.86 5,935 380 6054 12,662 717 5.66 48,141 1,940 4.02 
w 

* Houston 3 was taken on two separate morning pea~ periods. 

Table 18 





ENTRANCE RAMP OPERATION 

Efficient freeway operation is largely dependent upon the 
facilities provided for vehicle ingress and egress. If efficient operation 
is to be obtained, the facilities must be designed so that traffic entering 
or leaving the freeway will have a minimum of influence on through free
way traffic. 

One problem encountered in bringing traffic on or off a freeway 
is the speed differential that exists between through traffic and vehicles 
entering or leaving the freeway. Some ramp designs take the traffic 
directly on or off the freeway, while other designs provide speed-change 
lanes (acceleration and deceleration lanes) on which the speed differential 
can be absorbed. 

Studies were made of four different types of entrance ramps: a 
two-lane, direct-entry ramp; a one-lane, direct-entry ramp; a one-lane ramp 
with a short acceleration lane and a one-lane ramp with a long acceleration 
lane, in order to compare and evaluate the relative merits of these various 
type entrance ramps. 

The two-lane, direct-entry ramp was a part of the University 
Avenue Interchange on the East-West Freeway in Fort Worth. The ramp was 
up-grade, 24 feet wide, and joined the freeway with a 4° curved tran
sition becoming tangent with the freeway curb line at a distance of 365 
feet from the nose. The ramp was of sufficient width to accommodate two 
lanes of traffic but was not marked with lane lines. A view of this 
ramp is shown in Figure 37. 

The one-lane, direct-entry ramp, located on the Central Express
way in Dallas, Figure 38, was 17 feet wide and was connected to the free
way by a 7°30' curve. 

The one-lane ramp with a short acceleration lane, was located on 
the Gulf Freeway in Houston. This ramp, the first of two adjacent ramps 
entering the freeway, was 17 feet wide and during an initial study 
(Houston I and II) was connected to the freeway by a full-width accele
ration lane, 12 feet wide and 350 feet in length as shown in Figure 39. 
In another study (Houston IV), this acceleration lane was modified as 
shown in Figure 40 to form an auxiliary lane approximately 1,000 feet in 
length connecting the entrance ramp with the exit ramp. 

Study Procedure 

In order to study various characteristics of entering traffic, 
data on the following items were tabulated: 

1. Paths of entry and the extent of use of the acceleration lane 
for the Houston studies. 

2. Paths of entry and the use of the second lane for the Fort 
Worth study. 

3. Vehicle gaps accepted and rejected by the ramp traffic. 
4. Delays encountered by the ramp traffic. 

-:34-





NORTH 

RAMP STUDY SECTION 

FT. WORTH EAST- WEST FREEWAY 

STUDY II 

FIGURE 37 

MEDIAN__,,.. 

RAMP STUDY SECTION 
DALLAS C ENTRJ~L EXPRESSWAY - NORTH 

STUDY I 

FIGURE 38 



NORTH 

• - - - - - ---- _35d-' =----~=-----=--~t'"""""''-'-'-""""'"""'"""""'"""'"""'"""""'1 
FREEWAY LANES --------------------,----MEDIAN 

RAMP STUDY SECTION 

GULF FREEWAY - HOUSTON 

STU DI ES I 8 II 

FIGURE 39 . 

RAMP STUDY SECTION 

GULF FREEWAY - HOUSTON 

STUDY N 
FIGURE 40 



-0 
II') .., 

HOUSTON I an PATHS OF ENTRY ------ -
19 

"7 
RIGHT REAR WHEEL OF VEHICLE 

CONDITION :C 

PATH NO.OF °lo OF 
TAKEN VEHICLES TOTAL 

VEHICLES 

17 8 

16 7 

15 6 

14 5 

13 4 

12' ACCELERATION 
LANE 

b 
0 .., 

0-10 12 0.46 

I -10 5 0. 19 

I -11 58 2. 22 

I -12 63 2. 41 

2 - II 2 0. 08 

2-12 73 2. 79 

TOTALS 213 8. 15 

TOTAL NO. OF VEHICLES STUDIED 2615 

FIGURE 41 

C 
II) .., 

.. 

HOUSTON I an PATHS OF ENTRY 

19 

.. 7 
17 

16 7 

15 

12' ACCELERATION 
LANE 

0 
0 .., 

- ----

RIGHT REAR WttEEL OF VEl-flCLE 

CONDITION :0: 

PATH NO. OF °lo OF 
TAKEN VEHICLES TOTAL 

VEHICLES 

I - 13 32 1.22 

I -14 8 0.31 

2 - 13 164 6.27 

2 -14 215 8.22 
2-15 171 6.54 

2- !6 62 2.37 

3 - 13 5 0.19 

3 -14 73 2. 79 

3-15 221 8.45 
3-16 288 11.01 

4-14 2 0.08 

4-15 8 0.31 

4-16 64 2.45 

TOTALS 1313 50.21 

TOTAL NO. OF VEHICLES STUDIED 2615 

FIGURE 42 



·o 
II) ,., 

HOUSTON I 8 II PATHS OF ENTRY 

19 

"7 
17 8 

14 

13 

12' ACCELERATION 
LANE 

0 
0 .., 

- -

RIGHT REAR WHEEL OF VEHICLE 

CONDITION :m: 

PATH NO.OF % OF 
TAK EN VEHICLES TOTAL 

VEHICLES 

5 -15 0 0.00 

5 - 16 15 0. 57 

5 -17 52 I. 99 

6-15 0 0. 00 

6-16 0 0. 00 

6-17 8 0. 31 

7-16 0 0.00 

7-17 3 0. 11 

TOTALS 78 2. 98 

TOTAL NO. OF VEHICLES STUDIED 2615 

FIGURE 43 

• 

·o ., ,., 

19 

16 

15 

14 

13 

12 

HOUSTON I 8 II PATHS OF ENTRY 

12' ACCELERATION 
LANE 

·o 
0 
I<) 

"in 

!::: 

in 
t-

- -

RIGHT REAR WHEEL OF VEHICLE 

CONDITION DC 

PATH NO.OF % OF 
TAKEN VEHICLES TOTAL 

VEHICLES 

7-18 10 0. 38 

7-19 23 0. 88 

7-20 33 I. 26 

8 -18 2 0. 08 

8-19 12 0. 46 

8 -20 36 I. 38 

9-19 l 0.04 

9- 20 32 I. 22 

TOTALS 149 5. 70 

TOTAL NO. OF VEHICLES STUDIED 2615 

FIGURE 44 



·o 
II) 

"' 

20 

19 

18 

17 

16 7 

HOUSTON I an PATHS OF ENTRY 

12' ACCELERATION 
LANE 

RIGHT REAR WHEEL OF VEHICLE 

CONDITION :JC 

PATH HO. OF % OF 
TA I< EN VEHICLES TOTAL 

VEHICLES 

I -15 8 0.31 

I -16 4 0. 15 

I -17 2 0.08 

I -18 I 0.04 

I -19 0 0.00 

I -20 2 0.08 

2-17 20 0. 76 

2 -18 9 0.34 

2 -19 3 0.11 

2 -20 2 0.08 

3-17 169 6.46 

3-18 59 2. 26 

3-19 20 0.76 

3-20 4 0.15 

4-17 137 5. 24 

4- 18 103 3.94 

4- 19 28 I. 07 

4-20 5 0. 19 

5-18 I 01 3.86 

5 -19 47 I. 79 

5-20 II 0.42 

6-18 44 I. 68 

6 -19 60 2.30 

6-20 23 0.88 

TOTALS 862 32.96 

TOTAL NO.Of VEHICLES STUDIED 2615 
FIGURE 45 

"' ILi 
..J 

2 
,: 
ILi 
> 
..J 
<O: 
I-
0 
I-

u. 
0 

I-
2 
ILi 
0 
a:: 
ILi 
(l. 

" 

ENTRANCE RAMP STUDY 

HOUSTON I 8 II 

PATH OF ENTRY VS. PERCENT OF TOTAL ENTERING VEHICLES 

CLASSIFIED ACCORDING TO VOLUME LEVELS 

60-----------------------,60 

LEGEND 
50 

UNDER 1200 VPH 

1200 - 1500 VPH 

OVER 1500 VPH 

40 

30 

20 

10 

0 

CONDITION (PATH OF ENTRV) 

FIGURE 46 



-
0 
in ., 

18 8 

16 I 

15 

14 

13 

I 
I 

5 

4 

" 

HOUSTON DZ: PATHS OF ENTRY 

RIGHT REAR WHEEL OF VEHICLE 

CONDITION I: 

PATH NO. OF % OF 
TAKEN VEHICLES TOTAL 

VEHICLES 

0-10 0 0.00 

I -10 3 0. 14 

I -II 108 5.25 

2-11 I 0.05 

TOTALS 112 5. 44 

TOTAL NO. OF VEHICLES STUDIED 2059 

FIGURE 47 

,, 

-
0 
\0 .., 

18 8-

1s I 
I 

15 

5 
14 

HOUSTON Ill PATHS OF ENTRY 

" 

RIGHT REAR WHEEL OF VEHICLE 

CONDITION JI 

PATH NO.OF % OF 
TAKEN VEHICLES TOTAL 

VEHICLES 

I -12 63 3 .06 

2-12 148 7. I 9 

2-13 226 10. 9 8 

2-14 53 2. 57 

3-12 3 0. 14 

3-13 160 7.77 

3-14 271 13. 16 

TOTALS 924 44.87 

TOTAL NO. OF VEHICLES STUDIED 2059 

FIGURE 48 



,, 

.. 

" 

The data collected for the ramp study were taken from the 
following film studies: 

Houston I 
Houston II 
Houston IV 
Dallas I 
Fort Worth II 

Since the design of the entrance ramp on·the Central Expressway 
in Dallas rigidly fixed the path followed by vehicles entering the free
way, the slight variations in vehicle entry paths were considered in
significant. 

To obtain data on paths of entry, a plastic template was designed 
to indicate the paths shown in Figure 41 through 45. This template was 
used to overlay the screen of the time motion projector du.ring analysis of 
the motion pictures. The entrance path of each entering vehicle was 
determined by observing the position of the right rear wheel in relation 
to the control points on the template. 

The paths were grouped according to the following conditions of 
entry: 

Condition I - Direct entry into the outside lane with 
no use of the acceleration lane (Figure 41). 

Condition II - Semi-direct.entry along a curved path with full 
entry into the outside lane within 175 feet of the nose 
(Figure 42). 

Condition III - Partial use of the acceleration lane with full 
entry into the outside lane from 150 to 250 feet from the 
nose (Figure 43). 

Condition IV - Full use of the acceleration lane (Figure 44). 
Condition V - Combined use of the acceleration lane and outside 

lane. Encroachment sufficient to insure a gap in the outside 
lane (Figure 45). 

Paths of Entry - Houston I & II - Short Acceleration lane 

A total of 2,615 entering vehicles were observed in the Houston I 
and II studies. Entry paths are tabulated below in terms of percentage of 
total entering vehicles: 

Condition or Paths Percent of Total Entering Vehicles 
I ................................................ , ..................................... 8.12 
II •-····•·······················•··························•··•·•·•·······•·····•- 50. 03 
III ............................................................................... 2.96 
IV ...................................................................................... 5.69 
V .................................................................................... 32.86 

The above tabulation indicates that approximately 58% (Condition 
I & II) made 1i ttle or no use of the acceleration lane. Observation of 
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HOUSTON nz: PATHS OF ENTRY 

RIGHT REAR WHEEL OF VEHICLE 

CONDITION :In 
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TA ll<EN VEHICLES TOTAL 
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4-13 0 0.00 

4 -14 27 1.31 

4-15 147 7.14 

5-14 0 0.00 

5-15 6 0.29 

TOTALS i60 8. 74 

TOTAL NO. OF VEHICLES STUDIED 2059 
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HOUSTON Ill PATHS OF ENTRY 

RIGHT REAR WHEEL OF VEHICLE 

CONDITION JJC 

PATH NO.OF %OF 
TAKEN VEHICLES TOTAL 

VEHICLES 

5-16 47 2.28 

5 -17 53 2.57 

5 -18 62 3.02 

6-16 5 0.24 

6-17 22 I. 07 
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7 -17 0 .00 

7 -18 74 3.59 

8 -10 94 4.57 

TOTALS 434 21 .08 

TOTAL NO. OF VEHICLES STUDIED 2059 

FIGURE 50 



PATHS OF ENTRY 

CLASSIFIED ACCORDING TO VOLUME LEVELS 
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the motion pictures indicated that this particular path, or direct-entry, 
resulted in a significant speed differential between the freeway traffic 
and entering traffic, requiring the through freeway traffic to adjust 
speed or change lanes. It was not practical to obtain the speeds of the 
entering vehicles. Observations indicated that those entering under 
Conditions III, IV, and V obtained speeds more comparable to that of the 
freeway traffic before entering the freeway lanes and thus caused little 
turbulence in the freeway traffic stream. 

The paths of entry were further classified according to the rate 
of flow of traffic in the outside lane, as shown in Figure 46. The rates 
of flow were taken at a point beyond the acceleration lane and included 
the entering vehicles. The rates of flow (5-minute volumes expanded to 
equivalent hourly rates of flow) were grouped into three basic levels: 
less than 1,200 vph; 1,200-1,500 vph; and over 1,500 vph. 

This classification indicates that as the rate of flow increased, 
there was a small increase in the percentage of entering vehicles for each 
of Conditions I through IV while there was a decrease for Condition V 
(those vehicles protecting a gap in the outside lane by early encroach
ment). 

Houston IV - long Auxiliary Lane 

The Houston IV study was made after modification of the accele
ration lane. The second ramp was closed, as shown in Figure 40, and the 
ramp nose removed to form an auxiliary lane approximately 1,000 feet 
in length which served as a combination acceleration·- deceleration lane 
for the entering and exiting traffic. Motion pictures made during the 
morning peak, morning off-peak, and afternoon-peak periods recorded approxi
mately 3 hours and 40 minutes of traffic operation for this arrangement. 

The plastic overlay template used with the time-motion projector 
to observe the paths of entry of each vehicle was revised from that used 
in earlier studies to simplify the data tabulation by reducing the number 
of control points. However, the simplification did not alter the 
classification of the individual paths into the 5 conditions of entry 
previously outlined. The paths of entry for the Houston IV study are 
shown in Figures 47 through 51. It should be noted, that with the ex
ception of paths 1-18, 2-18, and 4-18 classified under Condition V, all 
vehicle paths which extended past the original nose of the second ramp 
were classified under Condition IV, full use of the acceleration lane. 
All other conditions are considered comparable to those outlined in the 
Houston I and II studies. 

A before and after comparison of the paths of entry on a short 
acceleration lane (Houston I and II) and on a long auxiliary lane (Houston 
IV) is shown in Table 19. The comparison shows some increase in the use 
of the acceleration lane after modification to the long auxiliary lane. 

A classification of paths of entry according to rate of flow 
for the Houston IV study is shown in Figure 52. 
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3-10 3 0.42 
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FORT WORTH 

PATHS OF ENTRY 

RIGHT REAR WHEEL OF VEHICLE 

CONDITION :t 
PATH NO.OF %OF 

TAKEN VEHICLES TOTAL 
VEHICLES 

1-10 282 39,22 
1-1 I 161 22.39 
1-12 13 1,81 

TOTAL 456 63.42 

TOTAL NUMBER OF VEHICLES STUDIED 719 
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2-10 60 8,35 
2-11 83 11.54 

2-12 26 3.62 
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FIGURE 54 
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Fort Worth II - Two-lane Ramp 

A study of vehicle paths of entry was conducted on a ramp of 
the University Avenue Interchange in Fort Worth shown in Figure 37. The 
primary purpose of this study was to observe paths of entry from a ramp 
of sufficient width to accomodate two lanes of traffic. The plastic tem
plate overlay was again used in conjunction with the time-motion projector 
to determine the entry paths sh01,m in Figures 53, 54, and 55. 

A vehicle was considered in the outside lane of the ramp when the 
right rear wheel was within six feet of the right curb at a point opposite 
the nose of the ramp. A vehicle was considered in the inside or left lane 
of the ramp when the right rear wheel was further than 12 feet from the 
right curb. Those vehicles encroaching on both lanes used the ramp as 
single lane Q 

During this·study, 63.5% of the 719 entering vehicles used the 
right or outside lane of the ramp, 23.5% encroached on both lanes and 
13% used the inside lane of the ramp. 

Paths of entry were classified according to volume in the out
side lane of the freeway as shown in Figure 56. During this study, the 
combined rate of flow of the entrance ramp and the outside lane of the 
freeway did not exceed 1500 vph. Therefore, the three rates of flow 
selected for comparison were less than 1,000 vph; l,000-1,200 vph; and 
1,200-1,500 vph. 

These comparisons indicate that paths 1-10, and 1-11 are 
significantly influenced by the volume level. The small samples occurring 
in the remaining paths do not reliably indicate any true trend. The long 
curved path of entry, 1-10, decreased as the volume.'increased, while the 
more direct or abrupt path of entry, 1-11, increased as the volume in
creased. 

Characteristics of Entering Traffic - Research in Progress 

Delay to Entering Ramp Traffic - In order to facilitate further 
comparison of the various ramp types, an analysis is being made of the 
delay experienced by vehicles entering the freeway as a possible measure 
of ramp efficiency. Preliminary analyses indicate that delay is related 
to a number of complex variables and that delay experienced by entering 
traffic is possibly more dependent upon the relationship of instantaneous 
rates of flow on the freeway and :ramp than upon the geometric design of 
the ramp. 

Gaps Accepted and Rejected by Ramp Traffic - The motion picture 
study provided the opportunity to obtain vehicle gap or headway data for 
vehicles in the through lanes of the freeway and to study the acceptance 
or rejection of these gaps by-entering ramp traffic • .Analysis of these 
data is also a phase of current studies in an effort to facilitate com
plete analysis of freeway ramp operation. 

Analyses of data on the above items are not sufficiently complete 
for presentation in this report. 
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Paths of Entry 

A Comparison of the Houstc,n I and Houston IV Studies 

Houston I and I I - Short Acceleration Lane 

Houston IV~ Long Auxiliary Lane 

Condition Houston I & 11 Houston IV Difference 
of Percent of Total Percent of Total of 

Entry Entering Vehicles Entering Vehicles Percent 

I s.2 5.44 -2.68 

II 50.03 44.87 '.'.'"5.16 

III 2.96 8.74 +5. 78 

IV 5.69 21.08 +_15.39 

V 32.86 19.87 -12.99 

2615 Vehicles 2059 Vehicles 
studied studied 

Tablu 19 
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Summary 

follows: 
The studies of entrance ramp operation may be summarized as 

1. Studies of a ramp with a short acceleration lane indicate 
that approximately 5~~ of the ramp traffic made little or 
no use of the acceleration lane. 

2. Modification of the short acceleration lane to provide a 
long auxiliary lane for entering traffic resulted in only 
a slight increase in acceleration lane usage. 

3. Studies of two-lane ramp operation indicate minor use of 
the ramp as a two-lane facility. Only 13% of the entering 
ramp traffic used the second or outside lane. 

4. Classifications of paths of entry according to volume in the 
outside lane of the freeway indicate an increase in the 
direct or abrupt path of entry with a volume increase. This 
was true for each of the ramp designs studied • 
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General Summary 

A summary of findings is pre.sented at the end of each of the sections 

of this report. Discussions of many of the interrelationships are included 

throughout the report. 

Correlation of the results of the various studies indicates that 

the design and operation of ramps and interchanges have the greates effect 

on freeway operation. 

The various studies indicate also that entering traffic along the 

freeway has an obvious influence on traffic across'all parallel un

separated lanes. It is concluded that high-speed express-lanes are 

needed for accommodating longer f:reeway trips without interference from 

entering traffic. It is consider,3d that the outer roadway involving the 

relatively frequent points of access and egress is necessary to efficiently 

integrate the freeway with the existing major street pattern and to assure 

greater utilization of the facility during off-peak as well as peak 

periods • 

The studies show that control of freeway access during congested peak 

periods can be utilized to improve the efficiency of the over-all facility. 

The same is probably true for egress from the freeway to force better 

distribution of traffic to the ma;jor street system. 

-40-



i 

i> 



• 

,. 

• 

• 

Bibliography 

1. Keese, Charles J. and Schleider, Robert H., 11 The Correlation 

of Design and Operational Characteristics of Expressways in Texas." 

HRB Bulletin 170 (1958). 

2. Webb, George M. and Moskowitz, Karl, 11California Freeway 

Capacity Study - 1956. 11 HRB Proceedings, Volume 36 (1957). 

-41-



• 

• 

... 

.. 

Acknowledgement 

This research project was conducted by the Texas Transportation 

Institute for and in cooperation w:L th the Texas Highway Department. Grate

ful acknowledgement is made to representatives of the Texas Highway Depart

ment and the Ci ties of Houston, Dallas and Fort Worth who served on the 

Project Advisory Committee, for their valuable advice and assistance. 

Gratitude is expressed to Edwin M. Smith and Neilan J. Rowan who 

as graduate students in civil engineering at A. & M. College of Texas made 

significant contributions in the analyses of the volume-control study and 

the entrance ramp study, respectiv,9ly. 

Gratitude is also expressed to the personnel of this project for the 

valuable contribution each has made in the various phases of these studies • 

-42-



• 
/ t ::'; ( ,· ·. '"; l: ~-

··---···-- ·-· ·----•· 

" 




