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SYNOPSIS 

The study of freeway entrance design has received considerable 

attention during the past few years. In attempting to provide some of 

the answers to the problem of freeway entrance ramp operation, research 

studies have been focused primarily toward the study of vehicle maneu­

vers , This research. though providing much needed data, has indicated 

how the facility is being utilized through vehicle maneuvers and has 

failed to reflect the actual behavior of the driver. Preliminary invest i­

gations have indicated that many of the operational problems encountered 

at freeway entrances are the direct result of undesirable behavior on the 

part of the entering driver, and deviations from the intended use of the 

facility. 

This paper presents a portion of the results of a research project 

"Ramps and Interchanges" which was conducted by the Texas Transpor­

tation Institute for the Texas Highway Department. This phase of the 

project was designed to investigate driver behavior on freeway entrance 

ramps under operational conditions . 

The field data were gathered through the use of motion picture 

studies which utilized a dual camera technique. One 16 mm camera, 

equipped with a six inch telephoto lens, was positioned on an elevated 

vantage point across the freeway from the ramp being studied and was 



used to record the actions of the individual drivers as they entered tne 

freeway. The second 16 mm camera, mounted on an elevated vantage point 

in advance of the ramp, was used to record data on the overall operation 

of the freeway and entrance ramp. Two separate studies were conducted, 

one at an entrance ramp location on the Gulf Freeway in Houston, Texas, 

and the other at an entrance ramp location on a freeway in San Antonio, 

Texas. Both peak and off-peak conditions were recorded. 

The analysis of the data revealed some significant results which 

point out the increasing need for freeway designers to consider driver 

behavior in the design of freeway entrances. 



INTRODUCTION 

Entering a high speed, high volume freeway is a very difficult and 

complex driving maneuver requiring of the driver a series of rapid deci-

sions. As he approaches and enters the freeway the ramp driver must 

evaluate the traffic stream, select or reject a gap in that traffic stream, 

and then adjust his speed accordingly. At the same time he must devote 

his attention to vehicles both in front of him and behind him on the ramp 

approach. Thus, through the nature of its use, entrance ramp design is 

one of the most complex problems facing freeway designers. 

It has been stated that more time has been spent in designing access 

facilities to freeways than any other single item (1). Today, however, 

serious operational difficulties are being encountered on many entrance 

ramps. Preliminary observations have indicated that many of these opera-

tional difficulties are the result of undesirable behavior on the part of the 

entering drivers. This improper operation, reflected by entrance speeds / 

paths of entry, accidents, and ramp stoppages, indicates the need for 

improving entrance ramp efficiency. 

Each designer provides for and assumes a certain type of operation 

in each of his designs. This assumption, however, in no way assures 

the designer that the drivers will use the facility as intended. For 

example, in the modern concepts of design, acceleration lanes are provided 

l. All references wili be found in the Bibliography. 
l 



as uri inteqral part of many freeway entrance ramps, lt has been observt:d 

lJO'dever, that many of the drivers, rather than turn onto the acceleratioy1 

Jane and move into the freeway traffic stream, as intended by the designer, 

stop at the freeway entrance and wait for a large enough gap in the free­

way traffic stream to permit a direct entry. This type of behavior on the 

part of the entering driver results in undesirable operation. As a result, 

higr,way designers must recognize the fact that there is often a distinct 

difference between operation assumed in design and the manner in which 

traffic actually performs on a facility. 

In attempting to provide some of the answers to the problem of 

freeway entrance ramp operation, research studies in the past have been 

directed primarily toward the study of vehicle behavior. This research, 

though providing much needed data, has indicated how the facility is 

being utilized through vehicle maneuvers and has failed to reflect the 

actual behavior of the driver. A thorough search of literature yielded no 

previously reported research specifically aimed at the study of the 

driver and his actions on freeway entrance ramps under operational 

conditions. 



PF<EVTOUS 1N v'LSTT(..::;;'.\TJONS - ,_, ____ ._,. __ , _______ . _____ , ____ ,, .. ___ -

The SlJ"J;ec: of driver behavior and its impcrtance in effic1ent higJ-- -

wa v oper::i ·ion j s riot riew, The i a· e Thomas H, McDona Id Commissioner 

United Srates Pub!ic Roads Adminisuation. recognized the importance of 

driver ber.avior a nu111ber of years ago, Tn an address before the Washing-

ton. D, C, Sectiol'. of the Society of Automotive Engineers in 1948, Mr. 

McDonald stated. "We rave reached the poim in our knowledge of the 

manner in wh!c!": highvvavs are used by the mass of traffic to co-ordinate 

driver betavior urder prevailing traffic conditions, and the geometric 

detai~ s of highway design, The degree to whict. the criteria so determined 

are accepted and intel.J igently applied in practice will determine the 

degree of safe efficiency of our ft~ture highways" (2), 

In recer;.t years tl:is fact has again been brought to light with its 

possible application to freeway entrance ramp evaluation. 

A number of investigations have pointed out t!:e need and the 

possibility of improving entrance ramp operation, Terry J. Owens, Urban 

Highway Ergineer with the Automotive Safety Foundation, stated that. 

"Experience to date would seem to indicate that little can be added to 

the safety and efficiency of freeways by basic design changes. Future 

gains must come from operational i"mprovements, To be sure, some gain 

may be expected from refinement in_ design of roadways and ramps" (3). 

This need for operational improvements is reflected not only in ramp 

3 



operation but in freeway operation as well. As reported by Keese, Pinnell 

and Mccasland in "A Study of Freeway Traffic Operation, 11 "The interfer­

ence 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 ramp closed was quite smooth 

and uniform with slightly higher speeds" (4). They further reported, "Many 

operational difficulties on the freeways studied were found to be directly 

associated with the entrance ramps. 11 

Studies of accidents at freeway entrances also verify the need for 

operational improvements. Studies on the North Central Expressway 

(freeway) in Dallas showed 21. 5 per cent of the total accidents on the 

expressway involved entering vehicles (5). Studies in California also 

indicated that ramp connections on high-volume freeways were a source 

of a substantial portion of the total accidents (6). 

- Considering the above, it appears that some refinement in our 

present entrance ramp design practices to insure proper operation is not 

only possible but extremely desirable. It is believed that this need for 

refinement is created by the lack of information regarding actual driver 

behavior under operational conditions. 

In a published summary of current research and the apparent trend 

which has been established for future investigations, it was noted that 

studies of driver behavior are being translated to design criteria to pro­

duce highway features -which fit the apparent behavior and desires of 



the drivers, reflecting ease, comfort and safety of operation (7). 'Nhen 

the results of driver behavior studies are available, highway designers 

will be able to make a more critical evaluation of present design practices 

and possibly improve entrance ramp efficiency by incorporating some of 

the findings of these studies. 



OBJECTIVES 

In view of the apparent fact that no research had previously been 

undertaken in this specific area, the objectives of the driver behavior 

research were two-fold: 

1 . Develop a method for studying driver behavior on freeway 

entrance ramps. 

2 . Correlate driver behavior with vehicle maneuvers and 

entrance ramp design. 

It was realized at the outset of the study that it would be im­

possible, within the limitations of the study, to fully evaluate the second 

objective; however, it was believed that by applying the study technique 

to two ramps, the feasibility of this approach to design evaluation could 

be demonstrated . 

6 



pESCRiPTION OF STUDY SITE~ 

Two different study sites were selected to pro·1ide comparison of 

operation on two ramps of ger.erally similar design, These two ramps 

on2 in San An+o::-iio and one in Houston, were selected primarLy because 

tJ~ey provided abot:.t tr.e same sight distance characteristics, 

San A"ltonio Ramp Site 

The Marstall Street entrance ramp (outbound) on Interstate Highway 

10 was located approximately one mile nort:rwest of the San Antonio Cen­

tral 3usiness District, The location of the study site is shown in Figure l, 

The study section, shown in detail in Figure 2, had the following geometric 

features: 

l, Two 12 foot through lanes in each direction, 

2 . A 115 foot depressed, barrier-type median. 

3, Or.e-way frontage rocJ, 33 feet m width. 

4, A 15 foot separation between the freeway traffic lanes and the 

frontage roads. 

5, A stort "slip" ramp 2 5 feet long and 14, 5 feet wide,, followed 

by a full width acceleration lane 450 feet in length. 

'3, Unrestricted sight distan.ce for the ramp drivers for a distance 

of approximately 6 5 0 feet preceding the freeway entrance. 

7, Freeway grade line approximately level with the frontage road 

at the same level. 

7 
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The second ramp selected for study was the out-bound Gr'.ggs Road 

entrance ramp south of Houston. This ramp is located approximately one 

mile south of t!-',e ce11tral business district en U, S. 75 or the Gulf Freev1ay 

(Figure 3). 

The study 3ecticn. stown in Figure 4, had the following geometric 

features: 

1. Tbee 12 foot througl:: lanes in each direction. 

2 , A four foot paved barrier median, 

3, One-way frontage roads, 32 feet in width. 

4. A 50·foot separation between the freeway traffic lanes and 

the frontage roads. 

5. An entrance ramp 13. 5 feet wide and 2 05 feet in length, followed 

by a full width acceleration lane 56 0 feet in length. 

6, Unresti;icted sight distance for the ramp drivers for a distanc~ 

of approximately 1400 feet preceding the freeway entrance. 

7. Freeway grade line approximately level with the frontage road 

at the same level. 
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STUDY PROCEDURE 

It has been found in previous research that because of two complex 

factors - traffic maneuvers and the inter-relationship between various 

design features and traffic maneuvers - it was impossible to gather suf­

ficient data for analysis from on-the-spot observation and manual 

tabulations (8). After consideration of various methods of obtaining data 

on the operational characteristics of freeway ramp traffic, the motion 

picture method of study was selected as the best for providing the simul­

taneous evaluation of the complex operational characteristics of traffic 

within the study area. In addition, the motion pictures provided the pos­

sibility of re-study of specific traffic conditions recorded on film. 

In order to record the driver's actions as well as vehicle maneuvers, 

two cameras were positioned within the study area. One camera was 

positioned on a vantage point across the freeway in such a manner as to 

record the actions of the ramp driver as he approached and entered the 

freeway. The second camera was positioned above and in advance of the 

entrance ramp in such a position that traffic operation on both the ramp 

and the freeway were recorded. By this dual camera procedure it was 

possible to study simultaneously the actions of the driver and the maneuvers 

of his vehicle as he entered the freeway. Studies included both peak and 

off-peak conditions for the average weekday. 

13 



Driver Behavior 

In the study of the driver's actions and behavior, the primary obj ec­

tive was to determine the manner and the location on the ramp at which 

the drivers were evaluating freeway traffic conditions. The camera used 

to record the actions of the drivers was equipped with a six inch tele­

scopic lens and was located in such a position to provide continuous 

filming of the ramp driver throughout the course of the ramp maneuver. 

The location of the camera and the field of view are shown in Figures 2 

and 4. A sequence of pictures reproduced from these movies is shown 

in Figures 5 and 6. 

14 

The filming of the entering drivers was done from a vantage point of 

approximately 35 feet in height, at a distance of approximately 225 feet 

from the ramp. It was necessary to film from this distance to minimize any 

distraction to the drivers caused by the camera set-up. A careful study 

of the drivers' actions indicated that distractions due to the filming operation 

were negligible. 

The driver behavior movies were taken at a speed of 24 frames per 

second using a 16 mm camera. The camera was equipped with a 4 00 foot 

magazine and was driven by a consrnnt speed motor (Figure 7). The six 

inch f4. 6 lens used in the filming gave the desired view of the driver and 

at the same time provided a large enough field of view to positively iden­

tify the vehicle. 
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Jn order to determine the locations on the ramp at wb.ich the drivers 

were evaluating freeway traffic conditions, the entrance ramp was divided 

into a number of sections. This was accomplished by white posts, 

approximately five feet in height with black horizontal stripes; positioned 

along the far side of the ramp. By this method it was possible to fix the 

driver's position on the ramp at any time. 

Because of the differential in light conditions between the 'interior 

and the exterior of the vehicle, considerable difficulty was experienced in 

filming the driver. The problem was intensified due to the fact that with 

air conditioned vehicles light is reflected on the raised window. After a 

number of tests, in which various camera speeds, coupled with various 

filters were used, an acceptable filming method was devised. By care­

fully selecting the location for the camera and exposing for outside light 

conditions, pictures of the desired quality were obtained. 

Vehicle Maneuvers 

The second camera used to photograph the study vehicle as it 

approached and entered the freeway was positioned on a vantage point 

above and in advance of the entrance ramp. The field of view as shown 

in Figures 2 and 4 provided an overall view of the study area including 

both the ramp and freeway. This permitted a continuous 'elevation of free­

way traffic conditions as the ramp driver approached and entered the 

freeway. This 16 mm camera, shown in Figure 8, was driven by a con­

stant speed motor at a speed of ten frames per second. 
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TLe deterrnrnat ion of the ver. icle characteristics (paths of entry and 

entry speeds) was made possible by positioning reference markers at pre­

determined locations on the entrance ramp and the acceleration lane. 

These reference markers were placed on the pavement prior to the study 

using cloth strips approximately two feet in width and twelve feet in 

length o With these reference markers in place, a few feet of film were 

taken and the cloth strips then removed. This procedure eliminated any 

added distraction to the entering drivers during the study and at the same 

time provided a means whereby a clear plastic template could be made to 

overlay the special time-motion projector screen used in the analysis of 

the film. 

A 12-inch· electric clock with a sweep second. hand was so 

mounted as·, to be visible in the unused portion of each frame of the film. 

The clock was driven by the same power source used to drive the camera 

motor. By timing the clock with a stop watch an excellent check of the 

camera speed was obtained. In addition, the clock was used in co­

ordinating volume-time relations. 



FILM ANALYSIS 

In extracting the needed data from the study film, use was made of 

the special time-motion projector shown in Figure 9. This projector was 

capable of still or single frame viewing as well as increased speeds to 

simulate actual traffic conditions. The projector was equipped with a 

frame counter and finger tip controls (forward and reverse) which permitted 

manipulation of the individual frames of the film for such specific vehicle 

data as speeds and paths of entry. Film warping due to lantern heat was 

controlled by an internal fan and glass plates which fixed the film in 

place for accurate viewing. 

The data were divided into two sections, driver behavior and vehicle 

maneuvers. These sections included detailed studies of driver classifi­

cation, freeway evaluation area, paths of entry, freeway entrance speeds 

and ramp stoppages. In obtaining these data, the following information 

was tabulated for each driver: 

1. Driver Classification. 

Each driver was classified as either "an observer" or "a non-

observer. These classifications were based on the movement 

of the driver's head as he or she entered the freeway. If the 

driver turned his head less than 90 degrees in evaluating 

freeway traffic conditions he was classified as a "non-observer" 

(Figure 5). If the driver turned his head 9 0 degrees or more in 

21 
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evaluating freeway traffic cor:ditions, he was ciassified as "an 

observer (Figure 6). This classification presented no problem 

as it was observed that if the driver turned his head to evaluate 

freeway traffic conditions the movement of the head was usually 

in excess of 9 0 degrees . 

2 . Vehicle Identification 

This involved recording the make and model of each vehicle 

studied. This information was necessary in order to provide a 

positive means of identifying the vehicle when correlating 

vehicle maneuvers with driver behavior. 

3. Freeway Evaluation Area 

As previously stated, the entrance ramp was divided into a num­

ber of sections by the use of position markers. This provided a 

means whereby it was possible to fix the driver's position on the 

ramp at all times. The freeway evaluation area was considered 

to be the area in which the driver's head was first turned 9 0 

degrees in evaluating freeway conditions. If after such an evalu­

ation the driver resumed a normal driving position and in order to 

re-evaluate freeway conditions he again turned his head 9 0 degrees 

or more, both evaluations were recorded. 

4. Condition of Entry 

The manner in which a driver enters a freeway is, of course, 

influenced by the presence of other vehicles on the ramp approach. 



! t was tr.erefore necessary tc classify each vehicle being 

studied as to the conditions under which it entered the free-

way. Three major classifications were used: alone, leading 

and trailing. In addition, it was decided to further classify 

the vehicles as to the type of entry. This classification was 

based on whether the driver stopped prior to entering the 

freeway. 

5. Vehicle Entry Speeds and Paths of Entry 

It was believed in the early stages of the study that the area 

in which a driver evaluated freeway traffic conditions would 

be reflected in both his speed of entry and his path of entry 

onto the freeway. Therefore, the entry speed and the path of 

entry for each study vehicle were computed. The entry speed 

was considered to be the vehicle's average speed as it entered 

the freeway. The path of entry was based on the entry of the 

vehicle's left front wheel and the right rear wheel onto the 

freeway. 



ANALYSTS OF DJffA 

The analysis of the data taken from the study film cvas divided into 

two parts corresponding to the two study locations. The data was further 

separated for each study location as to driver classification, freeway 

evaluation area, vehicle entry paths, entry speeds and ramp stoppages, 

San Antonio Study 

Driver Classification 

In the San Antonio study, the actions of 180 drivers were recorded 

on film. Seventy-three of these drivers either entered the freeway by the 

use of a rear-view mirror or made freeway evaluation prior to entering the 

study area. These drivers were classified as "non-observers." The 

remaining 107 drivers, or 59. 5 per cent of these studied, turned his or 

her head in excess of 90 degrees one or more times prior to entering the 

freeway. These 107 drivers were classified as "observers." 

Freeway Evaluation Area 

A summary of the areas in which the entering drivers observed free-

way traffic conditions is shown in Figure 10 0 It was found that a large 

percentage of the drivers made more than one evaluation of the freeway 

prior to entering. It was also found tr.at in makir;g these freeway evalua-

tions a driver often moved a considerable distance forward while his head 

was turned 9 0 degrees or more. The percentages shown ir: Figure l 0 

represent the percentage of the 107 drivers who turned to evaluate freeway 
25 
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conditions on each section of the ramp and those drivers who entered or 

continued through the section with his or her head turned. For example, 

drivers were observed to: move forward as much as 90 feet while looking 

backward. In traveling this distance the drivers moved into or through 

three or more of the ramp sections. Other drivers were observed to make 

as many as four separate evaluations of freeway conditions. The per-

centages shown in Figure 10 include both types of entry. 

The driver evaluations shown in Figure 10 were further divided as 

to the first, second, third and fourth evaluations (Figure 11). It is pointed 

out that the difference in percentages shown in Figures 10 and 11, for 

corresponding sections, represent those drivers who evaluated freeway con-

ditions in a preceding section and either continued· into the section or 

through the ramp section without resuming a normal driving position. 

Vehicle Entry Paths 

The study of freeway evaluation areas indicates the position on 

the ramp where the drivers actually evaluated freeway conditions. This 

driver evaluation area, when associated with paths of entry, entry speeds 

and stoppages, provides an indication of ramp usage. In this phase of the 

analysis, the paths of entry of the 180 drivers were grouped according to 

the areas in which the drivers evaluated the freeway. The paths of entry 

are shown in Figure 12 fot the combined 180 .vehicles and are grouped as 

fellows: (a) those 73 drivers classified as "non-observers"; (b) those 

,.. 
-..n vers who evaluated freeway conditions in areas one, two, three or four 
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::.:Lservern" ar:d those dri'1ers whc :made :;a.dy free'v--'ay e;1alt..'at10n used a 

;reatsr lc.n?,fr cf tte acceleratic.n lar:e t0an di.d tl:ose drivers wh::; evaluated 

±reevvay ccndit1or::s fr~ the vicinit;1 of the ramp nose, 

Emrv Speeds 

An additi.ori.al analysis was made to determine the effect of freeway 

svalt:atio;; area or: entry speeds, It ._,,,-3.s fo·_;n::i th::i.t drivers classified as 

"non-observers" er,tered the freevray v,,.ith an average speed of 41. 7 miles 

per !-:cur whereas those drivers evaluatir,g freeway conditions in areas one, 

two,· three or four had an average entry speed of 39. 6 miles per hour, 

Drivers evaluating freeway conditions rn areas five, six or seven had an 

a''Srags entry speed of 32 ,2 miles per houL Only these drivers previously 

classified as alone or leading were cor,sidered, 

Rar:·.o S:oppaqes 

Seven drivers or 16 per cent cf t:C-:.o.se previou.sly classi.fied as alone 

,,r Jea.-Ji'.>g, stopped at the rar::p r:c;se p;i:"r to e~tering rte freeway. These 

::ir:.' 1ers stopped t;o make freeway evdluatic,;;s rather tl:an tG.rn or.to the 
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s<:~'''~n cJr i vers waited for a large enough gap in the freewdy traffic stream 

to permit a direct-entry onto the freeway. 

Houston Study 

Driver Classification 

Due to a camera malfunction, a sample size of 51 vehicles was ob-

tained during the Houston study. Of these 51 drivers, 47, or 92 per cent, 

turned his or her head in excess of 9 0 degrees one or more times prior to 

entering the freeway. These 47 drivers were classified as "observers." 

Freeway Evaluation Mea 

The location on the ramp at which the entering drivers evaluated 

freeway traffic conditions is shown in Figure 13. It can be seen that 

approximately one-half, 49 per cent, of. the drivers evaluated freeway 

conditions at the ramp nose. It is again pointed out that these percent-

ages represent the per cent of the drivers classified as "observers" who 

either turned 9 0 degrees or more in that specific area or continued through 

the area looking backward. For a more detailed analysis, the evaluations 

were divided according to the first, second, third and fourth evaluations 

(Figure 14). This shows that 42. 6 per cent of the drivers studied made 

their first evaluation of freeway conditions as far back as 2 44 feet prior 

to entering the freeway. This however, seems to lose some of its signi-

ficance when it is nc:ed that of those 2 0 drivers, all but two re-evaluated 
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!t:e Fee•,.,,ay c'le or mor,o; 'imes prier to entering 0 It is further poir:ted o~·t 

t~·at l 3 cf n ~se 2 0 drivers made one cf •!-;ose re-evaluat!ons jt:st prior tc 

er,tering tl:e freeway. 

Vehj cle Entry Paths 

The small sample obtained in the Eouston study presented no :najor 

prob}em in t.l-e driver behavior portion of the study as the only objective 

I 
was to determine where tte drivers were evaluating freeway conditions. 

This small sample did, however, present a problem when attempting to 

correlate driver behavior with vehicle maneuvers. This problem was brought 

about by the fact that it was impossible to group the drivers for suet speci-

fie studies as patts of entry and average entry speeds as was done in the 

analysis of !he San Antonio study. The drivers were therefore divided into 

two groups, T-he first of these groups was compo$ed of those drivers who 

were classified as "non-observers" and those. drivers who evaluated free-

way traffic cond)tions in afeas one, two or three, This resulted iP. a 

sample of ten·vel"iicles. The second group comprised those drivers who 

. 
evaluated freeway conditions in areas four, five, six or seven. 

Of tre drivers studied, as seen in Figure 15, 76. 5 per cent of the 

combined sample entered the freeway within the first 12 6 feet of the 

acceleration lane while only 23'. 5 per cent utilized 214 feet or more of 

the acceleration lane, It can also be seen that of the drivers evaluating 

freeway conditions in areas four, five, six or seven, 83 per cent mad'e a 

direct' entry. whereas of those drivers classified as "non-observers" 
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and those who evaluated freeway conditions in areas one, two or three, 

5 0 per cent made a direct entry. 

Entry Speeds 

An analysis was made as to the evaluation area and the resulting 

entry speeds. The results showed that those drivers who evaluated free­

way conditions in areas four, five, six or seven entered ttie freeway with 

an average speed of 24 .3 miles per hour, whereas those drivers classified 

as "non-observers" and those drivers evaluating freeway conditions in 

areas one, two or three had an average entry speed of 32.1 miles per hour, 

As in the San Antonio analysis this included only those vehicles which had 

previously been classified as alone or leading. 

Entry speeds thus reflected the advantage of increased acceleration 

lane usuage. 

Ramp Stoppages 

Of the 51 drivers included ii1 the Houston study, eight, or approxi­

mately 16 per cent of the total sample, stopped prior to entering the free­

way. Those drivers had previously been classified as alone or leading 

so there was no apparent need for their ptopping. All eight of those drivers 

made freeway evaluations at the ramp nose and seven of those drivers 

waited for a large enough gap in the freeway traffic stream to permit a 

direct entry onto the freeway. 



DISCUSSION OF RESULTS 

The results of tbe driver behavior study indicated that the manner 

in which a driver evaluated freeway traffic conditions and the location on 

the ramp approach at which the evaluation was made affected not only the 

operation of the ramp but the operation of the freeway as well. This 

operation was reflected by the path followed by the ramp vehicle onto the 

freeway, the speed at which the vehicle entered the freeway and the 

smoothness of entry. 

This study revealed that the major portion of the entering drivers 

at both study locations made freeway evaluations by turning their heads 

in excess of 9 0 degrees one or more times and in some cases as many 

as four times. Considering both study locations, 6 7 per cent of the 

drivers studied made freeway evaluations in this manner. This percent-

age varied with the two study locations from approximately 6 0 per cent 

at the Marshall Street entrance ramp to 92 per cent at the Griggs entrance 

ramp. Since the sight distance afforded the entering drivers was unre-

stricted at both study locations, these differences in percentages are 

believed to be the result of a combination of factors, such as differences 

in the freeway volumes (Figures 16 and 17) and the difference in the two 

freeway entrance designs. As seen on the detailed layouts of the study 

sit es, Figure 2, page 9 and Figure 4, page 12, the entering driver on the 

Marshall Street entrance ramp paralleled the freeway traffic, separated 

by only 15 feet, for some distance prior to entering the freeway. This 
37 
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::itfcr:J(~d the ei~terintJ drivers an opportlrn1ty to evaluate freeway ccnd:t1c:;s 

by tr e use of rear view mirrors or side glances and a number of drivers 

were observed to move onto the freeway after making such an e'.raluation, 

However. on the Griggs entrance ramp, the ramp driver, prior to enterin:J 

the freeway, was separated from the freeway traffic by a distance of 

approximately 50 feet and was not afforded a good opportunity to evaluate 

freeway conditions until he was in the ramp proper and approached the ramp 

nose. Since the study also revealed that many of the drivers made one or 

more evaluations of the freeway prior to arriving at the ramp nose, the 

design of the Griggs entrance ramp limited the driver as to the manner in 

which he could make early evaluations . 

By separating the drivers as to the area in which they evaluated 

freeway conditions, the results of this study revealed that there was a 

direct correlation between freeway evaluation area and the acceleration 

lane usa_ge. Drivers who evaluated freeway conditions in the vicinity 

of tr ... e ramp nose tended to make a more direct entry onto the freeway 

whereas the drivers who were classified as "non-observers" and drivers 

who made early freeway evaluations utilized a greater length of the 

acceleration lane. In both studies, drivers who made a direct entry onto 

the freeway entered the freeway with higher speed differentials, whereas 

with increased usage of the acceleration lane this speed differential was 

decreased. 
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c.f traffic onto tr;e Leeway. Any deviation from ths t'. pe oi cperation, C\'en 

fer short penods. results in undesirable operation. Certainly one of tr;e 

!l'."lior difficulties encountered in freeway entrance ramp operation results 

±rom the timid driver wto stops at the ramp nose prior to entering the free-

w::iy, Ramp stoppages appeared to be directly associate:l with the area m 

v1~;ich the driver evaluated the freeway. In both studies the drivers who 

stopped at the ramp nose stopped, and turned their heads to make freeway 

evaluations rather than turn onto the acceleration lane as intended by the 

designer. All of those vehicles had previously been classified as alone or 

leading, so there was no apparent need for stopping. Of those drtvers 

that stopped, 8 0 per cent waited for a large enough gap in the freeway 

traffic stream to permit a direct entry, thus causing considerable delay to 

other ramp vehicles. Ramp stoppages are also one of the contributing 

factcrs in the typical rear-end accident pattern at freeway entrances. 

Many of the drivers studied were observed to make evaluations by turning 

Us er her head in excess of 9 0 degrees one or more times, In making 

this type of evaluation the driver moved forward for some distance with 

his bead turned in excess of 9 0 degrees. This type of entry placed the 

entering driver in the undesirable position of moving forward while he was 

looking backward. Previous research has shown t:hat this situation, 

c01.iplsd with a sudden stop by a vel~.icle in front. ;;ar: and cften does result 

in a rear-end accident, 
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2 , The m5jor pcrtion of the drivers studied made freeway eval\;a-

:.1 .::;.r;s by turni'.1.g his or her head in excess of 9 0 degrees cne er :r:ore tirrH:;s , 

3, Th.i.s s+;udy revealed that drivers, when afforded the cppon:unity. 

:;: 1~ make freeway evaluations in excess of 2 00 feet p~·ior to en:eri.n'.] :b.e 

f~T:ew5.y" Tl:e fact that some drivers r:iade as many as four evaluatior:.s of 

:'.'.ee(Nay traffic conditions prior to entering: points out t.te need for the 

;:rc'.nsi::.:n ci umestricted visibility so that early freeway· evaluatic::-;s cai'. 

4. Tr;e area ir:. 'Nhi.ch. a driver evaluates free1,vay traffic conditions 

a~:d the mE:inner i01 vvhich this is accomplished affect the opera•:ion on the 

:e:mp as well as the operation on the freeway. Thi5 is re.fleeted. in entry 

s;:e<?:Js, paths cf S>r:.~ry and ~amp stoppages. Of the drivers stildied. those 

·vVt:o were classified as "non-observers" entered the freeway witi-.. high-::r 

:>r-::eds and utilized a greater length of the acceleration la:,e, Drivers 

'A-to .made freeway evaluations at the ramp nose made a more direct entry 

C'i~Ic tr:e freeway and entered the freeway with higher speed d i.fferentials, 

5, Many drivers tend to follow the path. onto t~e freeway along 

'"11-:.ic:I; they are aimed rather than turn onto the acce}.era1:icn l:JY:e :::s is 

-J r:;s ued The results of the swdy indicated thar if a f p:;eway er•rrance 
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1:sr;;p nose and wait for a large enough gap in tile freeway traffic strr:.,an1 

tc permit such an entry rather than utilize the acceleration Jane as 

intended by the designer. 

6, The study of driver behavior on freeway entrance ramps has 

pcinted to two characteristics in an entrance design which, from an 

operational standpoint, appear desirable. 

A. It should align the entering driver along a direct path 

onto the acceleration lane and 

B. It should position the entering driver in such a manner 

that he parallels the freeway, close enough to make free-

vra~/ evaluations either by the use cf a rear view mirror er 

side glances for some distance prior to entering tr:e freeway, 



l 
RECOMMENDATIONS 
---~--

The operational difficulties now being experienced at many of ti-.e 

f:eeway entrances stand as proof that drivers are not utilizing the design 

as ir.tended by the designer. Since driver behavior appears to be the 

source of operational difficulty, one possible solution to the problem 

v;ould be to provide a design which would encourage proper usage of the 

freeway ramp. 

At a 196 0 meeting of The American Society of Civil Engineers, Mr. 

Charles Pinnell presented a paper in which he proposed the freeway 

entrance design shown in Figure 18 (.9). It is believed that a design of 

this r:.ature would eliminate naony of th€ problems now being encountered 

at. freeway ent:ances by aligning the driver along a natural path onto tr:e 

acceleration lane and preventing a direct entry onto the freeway. This 

design should reduce ramp stoppages, encourage acceleration lane usage 

and resolve a freeway entrance into a simple lane-change maneuver. 

With this type of usage the driver should enter the freeway with a higher 

speed and be in a position to utilize the smaller freeway gaps. 

The subject of driver behavior is not new. The attempt to evaluate 

design and operation based on the study of driver behavior is new. This 

study has proven the feasibility of the approach; however, there are many 

unanswered questions. Further study of driver behavior will provide some 

of these answers. 
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