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Foreword 
Engineers who design highways find that they must be alert to developments 
in a number of related fields. The five papers in this RECORD present 
information in several of these fields including geometric design, access 
violations, accidents, barrier rails and sign supports. While improved 
traffic flow and structural security are covered, the principal message of 
the papers in the record is traffic safety. 

The paper by Tipton and Pinnell reports on the effect of various arrange
ments of ramps connecting freeways with continuous frontage roads in Texas. 
The authors find that standard interchange designs cannot always fulfill the 
various desired movements at different interchanges. In general, the se
quence of an off-ramp located upstream from an on-ramp is preferable to 
the reverse arrangement. 

To find a solution to the high accident rate on a six-lane elevated express
way seven miles in length in Montreal, the Highway Department of the 
Province of Quebec conducted impact tests on eight barrier systems that 
modify or replace the existing barriers. Henault and Perron report that as 
a result of these tests a 12-in. high reinforced- concrete wall was placed 
on the existing curb in front of the existing doubie tube and post rail which 
remained in place. The selection was based mainly on the very small re
bound of the impacting vehicle. This improvement in combination with 
improved lane marking and a speed limit reduction from 55 to 45 mph have 
produced a small reduction in overall accidents and a great reduction in 
fatalities in the face of steadily increasing traffic volumes. 

For a freeway to fulfill its potential for safe, comfortable and convenient 
travel, unauthorized access must be prevented. Tipton, Drew and Spencer 
report on a study of freeway access violations in Texas. The three most 
prevalent violations were separation strip crossing exits, median crossings 
and separation strip crossing entrances. The most common purpose of a 
violation was to get to or from home. Curbs, chain-link fences and posts 
with barrier cables were highly effective but prohibitive signs were rela
tively ineffective. 

Huelke and Gikas present a report on the 177 automobile occupants who 
were killed in 139 accidents in Washtenaw County, Michigan, in four years 
prior to November 1, 1965. Eighty of these were single car accidents, 58 
involving impact of a roadside element. The authors present illustrations 
of accident-producing conditions and distribution curves for distance of 
obstacles from the edge of the roadway. In this study, the farthest from 
the pavement edge of the obstacles involved in fatal impacts was 32 feet. 

In November 1957, a long-term load test was undertaken in Ohio on con
crete sign support foundations subjected to an overturning moment. A 
general description of the installation and instrumentation and operations to 
July 1958 were published in Highway Research Board Bulletin 247. Mr. Behn 
now completes the record on this project by presenting the observations to 
July 1965. A short foundation was installed in very poor organic soil for 
information only and has deflected almost three degrees. In all other cases, 
with moments up to 195, 000 ft-lb, the angular movement observed has been 
less than one-half degree. 
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An Investigation of Factors Affecting the 
Design Location of Freeway Ramps 
WILLIAM EARL TIPTON, Formerly Research Assistant, 
CHARLES PINNELL, Head, Design and Traffic Department, Texas Transportation 

Institute, Texas A and M University 

1 MANY freeways within our major cities are entering a critical phase of utilization. 
These facilities are becoming congested during peak periods and are not providing the 
"level of service" for which they were designed. All possible courses of action should 
be undertaken to improve the efficiency of freeway operation so that a desired level of 
service can be maintained. 

Past studies aimed at improving the efficiency of operations have primarily dealt 
with the design and operation of an on-ramp, the design and operation of an off-ramp, 
or the weaving on the freeway resulting from an on-ramp closely preceding an off
ramp (1-10). Existing freeway interchanges have been designed using the current 
''best" design for each of the ramps, but the location and configuration of the ramps 
have for the most part been accomplished in a standardized manner. 

STATEMENT OF THE PROBLEM 

Ramp location, as used herein, was defined as the location of a ramp or ramps up
stream or downstream of an arterial street crossing the freeway. Ramp configuration 
was defined as the order in which closely spaced pairs of ramps appear. A pair of 
ramps includes an on-ramp and an off-ramp; therefore, a ramp configuration would be 
an off-ramp closely followed by an on-ramp or vice versa. Stacked ramps, a modifica
tion of the off-ramp followed by an on-ramp configuration, exist in the form of grade
separated ramps (Fig. 1). 

Names of interchange designs have resulted from the standardization of ramp con
figuration. The most prominent of these are the X interchange and the diamond inter
change. The X interchange includes an on-ramp upstream of the arterial street and 
off-ramp downstream of the arterial street for both the inbound and the outbound direc
tions of travel. As illustrated in Figure 2, these 4 ramps form an X from which this 
type of interchange derived its name. In the diamond interchange, the ramps are the 
reverse of those in the X interchange, and the 4 ramps form a diamond. This type of 
interchange is also shown in Figure 2. 

To design interchanges properly, the ramps must be located in such a manner as to 
fulfill the estimated future needs of traffic and provide a minimum of interference to the 
freeway traffic. This research investigated the operation of several existing layouts 
and the suitability of different layouts being used at these locations. The stacked ramp 
configuration was investigated as a possible solution when both an on-ramp and an off
ramp were required at the same location. 

This research was a portion of a larger project, "The Effects of Off-Ramps on Free
way Operation," which was conducted by the Texas Transportation Institute in coopera
tion with the Texas Highway Department and the U. S. Bureau of Public Roads. 

Study Objectives 

The objectives of this phase of the project were to investigate: 

1. The desired movement of entering and exiting traffic at diamond or X-type inter
changes; 

Paper sponsored by Committee on Geometric Highway Design and presented at the 45th Annual Meeting. 
l 
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Figure l. Stacked ramps. 
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2. The effect of freeway ramp configuration on the amount of acceptable gap time 
available to vehicles desiring to enter the freeway at a specific ramp, in order to de
termine the more desirable ramp configuration; 

3. The effect on the amount of acceptable gap time as the distance downstream of 
an off-ramp increased, in an attempt to develop criteria for ramp spacing; and 

4. The suitability of various interchange layouts in fulfilling drivers' desires, pro
viding access to the freeway and abutting pr ope r ly, and reducing t.'ie interference to 
freeway and arterial street traffic. 

Study Site 

All of the studies for this research took place on the Gulf Freeway in Houston, 
Texas. This -freeway-i s a 6-lane facility div ided b}( a 4-ft barrier. type~ median. -The 
grade of the Gulf Freeway is near ground level with the exception of the interchanges 
and railroad crossings. At these locations the freeway rises to pass over an arterial 
street or railroad. This up and down movement creates a "roller coaster" effect which 
is shown in the aerial photograph in Figure 3. For the most part, continuous frontage 
roads parallel this facility. The study sites were located between Dowling Street, 
which is 2 miles from the central business district (CBD), and the Reveille Interchange, 
which is 6 miles from the CBD. Figure 4 shows the study area and the freeway layout. 
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Figure 3. Gulf Freeway, Houston, Texas. 
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Figure 4. Study area-Gulf Freeway, Houston, Texas. 
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The investigations of the desired movement of entering and exiting L1·affic at various 
interchanges were conducted to determine if drivers' desires were the same at most 
interchanges . If they were, the indication would be that a s tandard type of interchange 
(with standard ramp locations) could fulfill drivers' des ires, and the procedure of us ing 
a standard type of interchange along a section of freeway would be justified. If drivers' 
desires were not the same at all interchanges, the indication would be that each inter
change layout should be based on the anticipated traffic desires for that interchange, and 
the ramps placed according to these desires. 

Method of Study 

Drivers' desires at each of the interchanges studied were determined by a license 
plate s urvey. The survey was divided into 4 studies to investigate each possible llei:;.il ·e . 
These s tudies were: (a) Study 1-The Desire To Exit Downs tream of U1e Arterial Street, 
(b) Study 2-The Desire To Exit Upstream of the Arterial Street, (c) Study 3-The De
sire To Enter Upstream of the Arterial Street, and (d) Study 4-The Desire To Enter 
Downstream of the Arterial Street. 

Data for each of these studies were collected at the following interchanges: (a) Cullen 
Interchange outbound, (b) Telephone Interchange outbound, (c) Wayside Interchange out
bound, (d) Woodridge Interchange uuluuund, and (e) Cullen Interchange inbound. The 
data collection periods were from 4:00 to 5:30 p. m. at the first 4 interchanges and from 
6:30 to 8:00 a. m. at the fifth interchange. 
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With one exception (Wayside Interchange), the data for the 4 studies were collected 
at diamond interchanges. As noted previously, a diamond interchange has an off-ramp 
upstream of the arterial street and an on-ramp downstream of the arterial street. 
Studies 1 and 3 were conducted at diamond interchanges even though the ramps fulfilling 
the desires in question did not exist. These desires were determined by recording the 
license plate number of vehicles that could have used ramps, had they existed, and 
matching these license plate numbers to those recorded at the ramps actually used. The 
procedure used for each study is shown in Figure 5 and is explained in detail below. 

Study 1: Desire To Exit Downstream of Arterial Street. -License plate numbers were 
recorded at Points A and B (Fig. 5). Point A was on the existing off-ramp, and Point B 
was located on the frontage road 500 ft downstream of the bridge abutment. Point B 
was chosen as the nearest location to the arterial street which could be served by an 
off-ramp located downstream of the arterial street. The amount of license plate num
bers matched between Points A and B was the extent of the desire to exit downstream 
of the arterial street. 

Study 2: Desire To Exit Upstream of Arterial Street. -License plate numbers of ve
hicles using the off-ramp, Point A, were recorded entering private property and ac
cess streets , Point E, and turning left, Point D, or right, Point C, onto the arterial 
street (Fig. 5). The amount of license plate numbers matched between Point A and 
Points C, D, and E was the extent of the desire to exit upstream of the arterial street. 

Study 3: Desire To Enter Upstream of Arterial Street. -License plate numbers were 
recorded at Points F and G. Point F was located on the frontage road 700 ft upstream 
of the bridge abutment. This point was used as the nearest location to the arterial 
street for which an on-ramp upstream of the arterial street could provide access. 
Point G was located on the existing on-ramp downstream of the arterial street. The 
extent of the desire to enter upstream of the arterial street was determined by the 
amount of license plate numbers matched between Points F and G. 

Study 4: Desire To Enter Downstream of Arterial Street. -License plate numbers 
were recorded of vehicles entering the frontage road from private property and access 

STUDY I• THE DESIRE TO EXlT 
DOWNSTREAM OF THE ARTERIAL STREET 

:( ± 
I I 
I 
I-+-- 700' -----+j 

STUDY 3: THE DESIRE TO ENTER 
UPSTREAM OF THE ARTERIAL STREET 

r( 

STUDY 2= THE DESIRE TO EXIT 

UPSTREAM OF THE ARTERIAL STREET 

I 
I 
~ J 

Jt 
I 
I 

J ---+I 

STUDY 4: THE DESIRE TO ENTER 
DOWNSTREAM OF THE ARTERIAL STREET 

Figure 5. License plate recording points. 
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streets, Point J, turning left, Point I, and right, Point H, from the arterial street on
to the frontage road, and entering the on-ramp, Point G. The amount of license plate 
numbers matched between Point G and Points H, I, and J was the extent of the desire 
to enter downstream of the arterial street. 

In addition to the license plate survey, the freeway volume crossing the overpass in 
the direction of travel under study, Point K, was counted in 5-min periods to furnish 
an indication of freeway operation during the study. Data were collected for all 4 stud
ies simultaneously at each interchange to avoid unnecessary duplication of recording 
points. 

Some method of determining if traffic desired a specific ramp was required. It 
was decided that if the extent of the drivers' desires for a ramp was greater than 100 
during the peak hour, the ramp would be deemed to be desired. This value is not nec
essarily practical or to be construed as a warrant for the construction of a ramp. In 
all cases the actual desires are indicated so that the individual reader may evaluate the 
situation according to his own judgement. 

JAN. 27, 1965 
1 PEAK HOUR 4:15-5:15 P.M. 

~T 
EXISTING OPERATION 

DRIVERS' DESIRES 

Figure 6, Cullen I nterchonge outbound . 
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Discussion of Results 

Cullen Interchange Outbound. -The results of the investigation of drivers' desires at 
the Cullen Interchange outbound are shown in Figure 6. These desires indicated that 
an off-ramp located downstream of the arterial street was desired in addition to the 
existing ramps. Thus, at this interchange, traffic desired an off-ramp upstream of 
the arterial street and an on-ramp and an off-ramp downstream of the arterial street. 

Telephone Interchange Outbound. -The traffic desires at the Telephone Interchange 
outbound are shown in Figure 7. These desires indicated that only the existing ramps 
were desired. At this interchange, an off-ramp located upstream of the arterial street 
and an on-ramp located downstream of the arterial street were desired. 

Woodridge Interchange Outbound. -At the Woodridge Interchange outbound, drivers' 
desires indicated that an off-ramp downstream of the arterial street was desired in ad
dition to the existing ramps. The traffic desires are shown in Figure 8. Therefore, 
an off-ramp upstream of the arterial street, and an on-ramp and an off-ramp down
stream of the arterial street were desired at this interchange. 

Wayside Interchange Outbound. -Drivers' desires at the Wayside Interchange out
bound are shown in Figure 9. These desires indicated that each of the ramps in the 
existing interchange was desired. (The existing interchange was assumed to have 
included the on-ramp downstream of Telephone Road.) Thus, an on-ramp and an off
ramp were desired upstream and downstream of the arterial street. 

Cullen Interchange Inbound. -The results of the investigation of drivers' desires at 
the Cullen Interchange inbound are shown in Figure 10. The desired movements indi
cated that an on-ramp was desired upstream of the arterial street in addition to the 
existing off-ramp, and that one of the existing on-ramps located downstream of the 
arterial street was desired. Therefore, at this interchange, an on-ramp and an off
ramp were desired upstream of the arterial street, and one on -ramp was desired 
downstream of the arterial street. 

Conclusions 

The results of the investigation of drivers' desires at interchanges illustrated that 
the desires differed at the 5 interchanges studied, and that various combinations of 
ramps were required to fulfill these desires. The desired ramp locations are given in 
Table 1. It was concluded that: 

1. Standard interchange designs could not always fulfill the desired movement of 
traffic. 

2. The desired movements of traffic could be fulfilled by individual consideration of 
the desires at each interchange and the placement of the ramps according to these de
sires. 

Desired Ramp 

An off-ramp located downstream 
of the arterial street 

An off-ramp located upstream of 
the arterial street 

An on-ramp located upstream of 
the arterial street 

An on-ramp located downstream 
of the arterial street 

TABLE 1 

DESffiED RAMP LOCATIONS 

Cullen Telephone 
Interchange Interchange 

Outbound Outbound 

Yesa No 

Yes Yes 

No No 

Yes Yes 

Woodridge 
Interchange 

Outbound 

Yesa 

Yes 

No 

Yes 

aThis ramp was desired, but it does not exist. 

Wayside Cullen 
Interchange Interchange 

Outbound Inbound 

Yes No 

Yes Yes 

Yes Yesa 

Yes Yes 
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FREEWAY RAMP CONFIGURATION 

The effect of freeway ramp configuration on the amount of acceptable gap time avail
able to vehicles desiring to enter a freeway at a specific on -ramp was investigated in 
order to determine the more desirable ramp configuration. In the past it has been as
sumed that the greatest amount of acceptable gap time available to vehicles desiring to 
enter the freeway would be provided by removing off-ramp traffic before allowing on
ramp traffic to enter. This research tested that assumption to determine if it was valid 
and to evaluate the advantage to freeway operation that might result. 

In this research an acceptable gap was defined as a gap an average driver would ac
cept when entering a freeway. The selection of an acceptable gap time for an average 
driver was not critical as used in this research because the same basis of comparison 
was used for each configuration. An average value of 3 sec was chosen. 

Theoretical Gap Distributions 

To determine the effect of freeway ramp configuration on the amount of acceptable 
gap time available, theoretical gap distributions were fitted to the observed data. The 
exponential distribution can be fitted to the observed distribution of gaps for free -flow
ing volumes, but it is unsatisfactory for high volumes because of 2 conditions : . (a) ve
hicles have length and must follow each other at some minimum headway, and (b) ve
hicles canno t pass at will even on a freeway. Gerlough (11) proposed that the first 
condition be overcome by shifting the exponential curve tothe right an amount equal to 
a certain minimum headway, T. The probability of a gap greater than t then becomes 

( ) -(t - T)/(f - T) 
P g >t = e 

To overcome the second condition, it was proposed by Schuhl (12) that the traffic 
stream be considered as composed of a combination of free-flowing and constrained 
vehicles. Haight (13) suggested that gaps less than the minimum headway, T, be con-
... .:..:J ............... ,.,1 .;_,...,......,. ,.,.1,-.,...,h,1 ~ .. nl-.ru, .. ,..., ......... +-hn ,..,l,;..f+-n~ l"\'V' ....... l""\1"101"'1+-i .... l f"lnncdrlo~on f,l,,:in, ln,nnQc:ihltl 

tne1r maximum prooaouny ai me or1g1n anu u1e11 uet.:uue a::; c <t.}'}'rua,.;ut;;i:; uuuuLy. 

Therefore, these distributions imply that the smaller the gap, the more likely it is to 
occur. This implication is in error, and it was recently proven to be in error by 
May (14). Thus, the exponential distribution was not used in this research. 

The Pearson Type III and the Erlang distributions were used in this research since 
they overcome the aforementioned conditions. 'l'hP.SP. distributions are 2-parameter 
generalizations of the exponential distribution. The Pearson Type III and the Erlang 
distribution frequency functions are de termined by multiplying the exponential distri
bution frequency function by some appropr ia te power of t (.!§_) which gives 

a - 1 
f ft) _ t ( )a -aqt 
• ,., - (a - lJ I ,qa e 

The difference between the Pearson Type III and the Erlang distributions was that for 
the Er lang distribution; the value of a was rounded to the nearest integer before it was 
us ed in the frequency equation. The 2 par ameters used in this r esearch wer e the mean 
and the variance. The mean was used because it influenced the location of the curve, 
and the variance was used because it influenced the shape of the curve. 

Some difficulty was encountered in l ilting 1e e ore11ca -dis ribu fions to fhe ob 
served data. It was found in some instances that neither theoretical distribution 
(Pearson Type III or Erlang) could be fitted to the data observed in one-sec inter
vals, and that the distributions sometimes could be fitted to the same data observed in 
2-sec inte rvals . This was also noted by Gerlough (16) who i;laLed, "Some ti-affic phe 
nomena may be 1·a 11dom whe n observed for a n interval of one lengtl1 but non-ra ndom 
when observed with an interval of a different length. " 



The chi-square test at the 5 percent level of significance was used to test the hy
potheses that the theoretical distributions fitted the observed data. 

Method of Study 
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The study procedure used in the investigation of freeway ramp configuration was a 
test of the hypothesis that the greatest amount of acceptable gap time available to ve
hicles desiring to enter the freeway was furnished by removing off-ramp traific before 
allowing on-ramp traffic to enter. These studies investigated 2 ramp configurations. 
They were Case 1-an off-ramp located upstream of an on-ramp, and Case 2-an on
ramp located upstream of an off-ramp. These configurations are shown in Figure 11. 

A comparison of the total amount of acceptable gap time available at a Case 1 and a 
Case 2 ramp configuration was desired. For such a comparison to be valid, the study 
conditions at each location must have been approximately the same. Thus the lane 1 
(right lane) freeway volume, Point A in Figure 11, and the off-ramp volume, Point B, 
at a Case 1 configuration must have been approximately equal to the respective volumes 
at a Case 2 configuration. Up to a 10 percent difference in the respective volumes was 
allowed since it was felt that this amount would not significantly alter the results. 
Using this procedure, the effects of ramps upstream of the study area were minimized. 

Data Collection 

Data were collected twice at each study location. Case 1 studies were conducted 
at the following locations: the Griggs off-ramp and the Wayside on-ramp-outbound, 
and the Calhoun-Elgin off-ramp and the Dumble on-ramp-inbound. Case 2 studies 
were conducted at the following locations: the Scott on-ramp and the Cullen off-ramp
outbound, and the Tellepsen on-ramp and Telephone off-ramp-outbound. For both 
cases, the gaps in lane 1 (right lane) of the freeway were measured just upstream of 
the nose of the entrance ramp. In this manner the total amount of gap time available 
on the freeway for entering vehicles was determined. The points of data collection for 
each caee are illustrated in Figure 11. A 176-ft speed trap was established between 

: C"""" s • : s """' 

D~C s: A C 

-~ )I, 

FRONTAGE ROAD 

CASE I RAMP CONFIGURATION CASE 2 RAMP CONFIGURATION 

Figure 11. Data collection points. 
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Points D and C to determine the lane 1 speeds during the study. The freeway volume 
and the lane 1 volume in the direction of travel under study were counted at Point A, 
upstream of the first ramp for both cases. The off-ramp volume, Point B, and the on
ramp volume, Point E, were counted during the study. 

An Esterline-Angus 20-pen recorder (Fig. 12) was used to record the volume counts, 
the gap times, and the travel times through the speed trap. The pens were used as 
follows: 

1. Pen No. 1 was used at the beginning of the speed trap at Point D, 176 feet up
stream from the nose of the on-ramp, to record when the front bumper of each vehicle 
in lane 1 passed the beginning of the speed trap. 

Figure 12. Esterline-Angus 20-pen recorder. 



2. Pen No. 2 was used at the nose of the on-ramp, Point C, to record when the 
front bumper of each vehicle in lane 1 passed the nose of the on-ramp, to end the 
speed trap, and to measure the gaps in units of time between successive vehicles in 
lane 1. 

3. Pen No. 5 was used at Point E to record the on-ramp volume. 
4. Pen No. 10 was used at Point B to record the off-volume. 
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5. Pen No. 15 was used at Point A to record the volume count of lane 1 upstream 
of the first ramp. 

6. Pen No. 20 was also used at Point A to record the 3-lane freeway volume in the 
direction of travel under study. 

The recorded information was reduced and placed on IBM cards for the data analysis. 
The freeway gaps were measured to the nearest one-tenth of a second. One IBM card 
was used for each vehicle. This card contained a vehicle number, a gap time, and a 
travel time through the speed trap for that vehicle. Each card was also coded with in
formation to identify the study site, date, type of study, length of speed trap, and time 
of start of the study. The frequency of the gaps is given in Appendix A. The freeway 
volumes recorded were counted and tabulated in 5-min periods for use in the data 
analysis. 

Data Analysis 

Periods were selected from the data which could be compared according to the re -
quirements discussed in .the Method of Study. Comparisons resulted between data col
lected at: (a) Scott and Cullen-outbound, and Griggs and Wayside-outbound; and (b) 
Tellepsen and Telephone-outbound, and Calhoun-Elgin and Dumble-inbound. Table 2 
indicates the validity of these comparisons by providing the lane 1 volume recorded at 
Point A, the off-ramp volume recorded at Point B, and the respective percent dif
ferences of these values for each comparison. 

Using a data observation interval of one second, the Pearson Type III and the Erlang 
distributions failed to fit the Tellepsen-Telephone and the Calhoun-Elgin and Dumble 
data. The data observation interval was increased to 2 sec, and the Pearson Type III 
distribution was found to fit both sets of observed data for the 50-min periods to be 
compared. The time periods of the data, the interval of the observed data, the value 
of chi-square, the degrees of freedom (ct. f.) and the significance of the chi-square 
tests are given in Table 3. 

The Pearson Type III and the Erlang distributions, when using a 2-sec data observa
tion interval, failed to fit the Griggs-Wayside data and the Scott-Cullen data for the 55 
min of data to be compared. Since these data were collected at a time very close to the 
afternoon peak period, 5-min periods of data were used so that a change in the traffic 
characteristics would not occur, making a fit of a distribution to these data impossible. 
Attempts were made to fit a distribution to 2 different 5-min periods of data from each 

TABLE 2 

COMPARISON OF LANE 1 AND OFF-RAMP VOLUMES 

Location Case Date Time Period Avg. 5-Min Avg. 5-Min Freeway Lane 1 
(p.m.) Off-Ramp Vol. Lane 1 Vol. Vol. Avg. Speed 

Calhoun -Elgin and 
Dumble-Inbound l 1/12/65 2:30-3:20 29.2 75, 6 250 47.5 

Tellespen and Telephone-
Outbound 2 1/15/65 1:15-2:05 29.7 80. 4 266 48. 3 

Diff = 2% Diff = 6% 

Griggs and Wayside-
Outbound 1/12/65 4:55-5 55.0 112. 0 419 47.5 

Scott and Cullen-
Outbound 2 1/13/65 4: 10-4: 15 53. 0 112. 0 381 49. 0 

Diff = 3% Diff = 0% 
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TABLE 3 

CHI-SQUARE TESTS RESULTS 

Time Period 
Data Chi-Square Tests Results 

Study Location Case (p.m.) Interval 
(sec.) Pearson Type Ill d. f. Erlang d. f. 

Calhoun-Elgin and 1 2:30-3: 20 1 60.54 15 65. 91 15 
Dumble-Inbound 2 15. 88a 9 19.14 9 

Tellepsen and Telephone- 2 1: 15-2: 05 1 79. 66 11 121. 72 11 
Outbound 2 9.86a 5 22. 72 6 

Griggs and Wayside- 4:30-5: 25 2 26. 46 7 69.17 7 
Outbound 5:05-5: 10 1 55.48 4 49, 20 4 

4:55-5:00 1 12. 39 4 12. 59 4 
5:05-5: 10 2 8. 72 1 5. 18 1 
4: 55-5 2 3. 52a 2 4. 55a 2 

Scott and Cullen- 2 4:05 - 5 2 25. 69 4 60.48 4 
Outbound 4:35-4: 40 1 15. 43 3 32.68 3 

4: 10-4: 15 1 14. 92 3 12. 63 3 
4:3 5-4: 40 2 4.19 1 5. 37 1 
4: 10-4: 15 2 3.48a 1 2.7oa 1 

0
Significant at the 5 percent leve l. 

location, with a one-second data observation interval. All 4 of these attempts failed 
to fit a distribution to the data. The attempts were made again using the same data 
with 2-sec data observation intervals. Two of these time periods, which could be com
pared, were found to follow the Pearson Type III and the Erlang distributions. The 
Pearson Type III distribution was used in the analysis of results. The information 
concerning the time periods of the data and the chi-square test results are given in 
Table 3. 

Discussion of Results 

~-- ............... -~ ........ "" .................... .l" ........... u ............. '-'J:-'·ll-V.U.V .LV...,Q.l,.LU.l.l \U.. '---'Ui;:)'-' "'-'U.l.l.L.1.E,U.1.GI..L.I.U.11/ a.11u UJ.ic:;: va..1..11uu11-

Elgin and Dumble location (a Case 1 configuration) are shown in Figure 13. The total 
area under each of the curves was equal to one, which is the probability of there being 
a gap equal to or greater than zero seconds in length. The area under each of the 
curves to the right of the 3-sec line was the probability of an available, acceptable gap 
at the on_-~a_,mp. _ ':rll.e probab_ility of a)J _acceptable gap was G. 46 for the Case 2 configu
ration and 0. 68 for the Case 1 configuration. Since the probability of an acceptable 
gap was the percent of the gaps which were greater than 3 sec, this probability was an 
excellent indication of the possible ramp capacities. For this comparison, the ratio 
was 1. 49. Therefore, the Case 1 on-ramp could accommodate approximately 1. 49 
times the capacity of the Case 2 on-ramp. 

The curves for the second comparison are shown in Figure 14. The Pearson Type 
III distribution was fitted to the data collected at the Griggs-Wayside location (a Case 1 
configuration) and the Scott-Cullen location (a Case 2 configuration). The probability 
of an acceptable gap was 0. 51 for the Case 1 configuration and 0. 30 for the Case 2 con
figuration. The ratio of these probabilities was 1. 70. Therefore, the Case 1 on-ramp 
could accommodate approximately 1. 70 times the capacity of the Case 2 on-ramp. 

Conclusion 

In the first comparison the Case 1 on-ramp could accommodate approximately 
1. 49 times the capacity of the Case 2 on-ramp, and in the second comparison the Case 1 
on-ramp could accommodate approximately 1. 70 times the capacity of the Case 2 on
ramp. Therefore, it was concluded that the Case 1 configuration (an off-ramp upstream 
of an on-ramp) offers considerable capacity advantages. 
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FREEWAY RAMP SPACING 

The effect on the amount of acceptable gap time as the distance downstream of an 
off-ramp increased was investigated in an attempt to develop criteria for ramp spacing. 
It was concluded earlier that the Case 1 configuration (an off-ramp upstream of an on
ramp) was the most desirable. The critical factor in the desired configuration was the 
distance between the ramps. The ramps in a Case 1 configuration could not be less 
than certain distance limitations in order to maintain current design standards (to be 
discussed later), but no limitation has been set on the maximum spacing which could 
be used without forfeiting the benefit of the greater capacity (greater acceptable gap 
time) of the Case 1 configuration. 

Method of Study 

The study procedure used in this investigation was to determine the probability of 
acceptable gaps just downstream of an off-ramp and at points located at intervals 
downstream of the off-ramp (Fig. 15). Theoretical distributions were fitted to the ob
served data so that the probability of acceptable gaps could be determined. Background 
information and the reasons for choosing the Pearson Type III and the Erlang distribu
tions were previously discussed. The chi-square test at the 5 percent level of signifi
cance was used to test the hypotheses that the theoretical distributions fitted the ob
served data. 

Data Collection 

The ramp spacing studies were conducted between the Wayside off-ramp and the 
Griggs on-ramp-inbound. This location, shown in Figure 15, was called Brays Bayou 
since the bayou passes through the study section. Both peak and off-peak studies were 
conducted. The lane 1 gaps were recorded with the 20-pen recorder just downstream 
of the gore of the Wayside off-ramp and at 5 points located every 500 ft downstream of 
the gore of the off-ramp. The Esterline-Angus 20-pen recorder was used to record 
J..1_ ... ..J ... J. ... ... - .c ... 11 .... --~· 

. ~ 

C, to record the lane 1 freeway gaps and to begin the speed trap . 

li --- FREEWAY -
500.•~ ---i----500'- -+-:=- F soog ~-.... -'-----500'---->+<---500' 

• 1761 

F 

' 

BRAYS BAYOU 

-FREEWAY --
G 

INBOUND-

H 

F ON TAGE ROAD-

GRIGGS ON RAMf' -

Figure 1.5. t-reeway romp spacing study location. 
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2. Pen No. 2 was used at Point D, 176 ft downstream for the end of the speed trap 
in conjunction with Point C. 

3. Pens No. 3 through No. 7 (Points E, F, G, H, and I, respectively) were used at 
the locations downstream of the off-ramp. Pen No. 3 was used at the Point E 500 ft 
downstream of the gore of the Wayside off-ramp, and each pen in turn was located an 
additional 500 ft downstream. 

4. Pen No. 15 was used at Point B to record the Wayside off-ramp volume. 
5. Pen No. 17 was used at Point Q to record the Griggs on-ramp volume. 
6. Pen No. 20 was used at Point A to record the 3-lane freeway volume just up-

stream of the Wayside off-ramp. 

The recorded information was reduced and placed on IBM cards for the data analysis 
as in the ramp configuration studies. The frequency of the gaps is given in Appendix B. 

TABLE 4 

BRAYS BAYOU cm-SQUARE TESTS RESULTS 

On-Ramp Data Chi-Square Tests Results 
Date Point Time Period Interval Closed (sec.) Pearson Type III d.f. Erlang d.f. 

Jan. 25 C No 1:30-3 PM 2 12.99a 12 46.79 12 
E No 1:30-3 PM 2 6.08a 9 41. 91 10 
F No 1:30-3 PM 2 12. 72a 9 44. 50 8 
G No 1:30-3 PM 2 10. 75a 9 42.70 10 
H No 1:30-3 PM 2 3. 75a 9 33.00 9 
I No 1:30-3 PM 2 15.96a 10 42.08 11 

Feb. 16 C Yes 7:05-7:10 AM 2 7. 05 1 9. 58 1 
F Yes 7:05-7:10 AM 2 9.33 1 8.92 1 
G Yes 7:05-7:10 AM 2 1. 27a 1 2. 17a 1 
H Yes 7:05-7:10 AM 2 3.25a 1 3.6oa 1 
I Yes 7:05-7:10 AM 2 7.19 1 10. 73 1 

C Yes 7:05-7:10 AM 1 23.23 3 32.96 3 
F Yes 7:05-7:10 AM 1 18.28 3 29. 19 3 
G Yes 7:05-7:10 AM 1 35.61 3 34.41 3 
H Yes 7:05-7:10 AM 1 14.89 3 13.06 3 
I Yes 7:05-7:10 AM 1 9.78 3 12.37 3 

Feb. 18 C No 7:20-8:00 AM 2 32.04 4 12.65 3 
F No 7:20-8:00 AM 2 51. 67 3 54.80 3 
G No 7:20-8:00 AM 2 78. 12 3 50.48 3 
H No 7:20-8:00 AM 2 72. 84 3 86. 54 3 
I No 7:20-8:00 AM 2 66. 32 3 56.60 3 

C No 7:20-7:25 AM 1 9.72 3 6.82a 3 
F No 7:20-7:25 AM 1 7.69a 3 4_45a 3 
G No 7:20-7:25 AM 1 4.67a 3 4. 51a 3 
H No 7: 20-7: 25 AM 1 13. 47 3 25.29 3 
I No 7:20-7:25 AM 1 6.03a 4 5.91a 4 

C Yes 7:05-7:10 AM 1 7. 75a 3 9. 99 3 
F Yes 7:05-7: 10 AM 1 25 . 95 3 27.07 3 
G Yes 7:05-7:10 AM 1 12.14 3 15.21 3 
H Yes 7:05-7:10 AM 1 17.74 3 14.71 3 
I Yes 7:05-7:10 AM 1 14.72 3 15.04 3 

C Yes 7:05-7:10 AM 2 3_54a 1 3.84a 1 
F Yes 7:05-7: 10 AM 2 1. 92a 1 4.90 1 
G Yes 7:05-7:10 AM 2 5. 66 1 6.87 1 
H Yes 7:05-7:10 AM 2 2. 15a 1 2.83a 1 
I Yes 7:05-7:10 AM 2 3_44a 1 3_39a 1 

"Significant at the 5 percent level. 
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Data Analysis 

Using a data observation interval of 2 sec, the Pearson Type III distribution was 
found to fit the data observed from 1: 30 to ~i: 00 p. m. (off-peak data) on January 25. 
The Erlang distribution, for the same data interval, did not fit these observed data for 
any point. The time period of the data, the data observation interval, the value oi chi-

square, the degrees of freedom (d. f. ) and 
the significance of the chi-square tP.Rt.R 

are given in Table 4. The curves of the 

Point 

C 
E 
F 
G 
H 
1 

TABLE 5 

l'ROBABILITY OF ACCEPTANCE GAPS AT 
BRAYS BAYOU 

1:30-3:00 p. m. 
Jan. 25, 1965 

0. 78 
o. 74 
0. 77 
0. 72 
o. 76 
u. '14 

7: 20-7: 25 a. m. 
Feb. 18, 1965 

0. 33 
No data 

0. 34 
0. 34 

Not slgnlflcant 
0. 43 

7:05-7:10 a. m. 
Feb. 18, 1965 

0. 33 
Nu dal.a 

o. 24 
Not significant 

o. 22 
o. 26 

Pearson Type III distributions are shown 
in Figure 16, The area under each of the 
curves, for gaps of 3 sec and greater, was 
the probability of an available, acceptable 
gap at the point each curve represents. 
These probabilities of acceptable gaps 
being available are given in Table 5. 

An attempt was made to fit a theoreti
cal distribution to the data collected from 
7:20 to 8:00 a. m. on February 18, using 
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a 2-sec data observation interval. BoU1 Ute Pearson Type ID and the Erlang distribu
tions failed to fit the observed data (Table 4). It was decided that the peak-period con
ditions varied too much during this long time period, and a fit was attempted using the 
7:20 to 7:25 a.m. data in one-second data observation intervals. The Erlang distribu
tion fitted these data for 4 of the 5 points, and the Pearson Type Ill distribution fitted 
these data for 3 of the 5 points . The Erlang distribution was used since it fitted more 
data than did the Pearson Type III distribution. Figure 17 shows Ute curves of the 
Erlang distribution. The probability of an acceptable gap being available at each point 
was determined and is given in Table 5. 

The results of these data (see Discussion of Res-ults) showed an effect of the Griggs 
on-ramp (approximately 130 It downstream of Point I) which made it necess a ry to study 
data collected when the on-ramp was closed due to the freeway cont rol s tudy. (As a 
part of the freeway control s tudy, the Griggs on-ramp was closed for a 15-min period 
each weekday morning.) A 5-min period of data, collected from 7:05 to 7: 10 a. m. 
when Ute Griggs on-ramp was closed, was used in one-second data observation inter
vals in an attempt to fit a distribution to these data. A fit was obtained for only one 
point; thus, another attempt was made using 2-sec data observation intervals. The 
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Figure 17, Gap distributions, Brays Bayou, 7:20-7:25 AM, Feb, 18. 
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Figure 18. Gap distributions, Brays Bayou, 7:05-7:l0AM, Feb, 18. 

Pearson Type III distribution fitted the observed data for 4 of the 5 points, and the 
Erlang distribution fitted the observed data for 3 of the 5 points. The Pearson Type 
III distribution was used since it fitted the most data. The curves of the Pearson Type 
Ill distribution are shown in Figure 18. The probability of an available, acceptable 
gap at each point is given in Table 5. 

Additional data, collected from 7:05 to 7: 10 a. m. on February 16, when the Griggs 
on-ramp was closed, were analyzed in an attempt to obtain another set of probabilities 
for peak-period data with the on- ramp closed. These data were used in 2-sec data 
intervals in an attempt to fit a distribution to the data. The Erlang and the Pearson 
Type III distribution fitted these data for the same 2 of the 5 points. Since Point C (at 
the off--Tamp)-was not one of the-locations for which a-distr-ibution-- was fitted ta th.e data, 
these probabilities could not be used. Thus, one-second data observation intervals 
were used, and a distribution could not be fitted to any of these data. Hence, none of 
the data collected on February 16 could be used in the results. 

Discussion of Results 

The curves of the probabilities of available, acceptable gaps as related to the dis
tance from the gore of the off- ramp are shown in F igure 19. The highest curve repre
sented the probabilities of the data collected from 1: 30 to 3: 00 p. m. (off-pealt data) on 
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Figure 19. Effect of distance between ramps on acceptable gap probability. 

January 25. This curve was essentially a straight line which showed no effect of the 
distance between the ramps on the probability of available, acceptable gaps. 

The center curve represented the probabilities of the data collected from 7:20 to 
7:25 a. m. on February 18 when the Griggs on-ramp was open. The curve shows a 
very slight increase at Points F and G and a marked increase at Point I. This study 
would usually have been expected to result in a decrease in the probability of available, 
acceptable gaps as the distance between the ramps increased. But, while the data 
were being collected, it was noted that vehicles were leaving lane 1 for the center lane 
as they approached the Griggs on-ramp. This was occurring because the drivers in 
lane 1 had a very good view of the Griggs on-ramp because it was located at an up
grade, and at 7:20 a. m. they saw vehicles queued on the on-ramp and the frontage road, 
waiting to enter the freeway. This curve verified the observation that vehicles were 
leaving lane 1 in the vicinity of the Griggs on-ramp since it shows an increase in the 
probability of acceptable gaps. Therefore, the decision was made to study data that 
were collected when the Griggs on-ramp was closed, to eliminate its effect. 

The lowest curve represented the probabilities of the data collected from 7:05 to 
7: 10 a. m. on February 18, when the Griggs on-ramp was closed. This curve showed 
a decrease in the probability as the distance increased up to Point F as was expected. 
But, since the probability increases at Point I and possibly at Point H, the remainder 
of the curve showed that the Griggs on-ramp still had an effect even though it was 
closed. It was presumed that this effect was caused by repeat drivers who did not 
realize that the Griggs on-ramp was closed and left lane 1 to avoid the Griggs on-ramp 
traffic. 

Conclusion 

The peak period studies of the effect on the amount of acceptable gap time as the 
distance downstream of an off-ramp increased were inconclusive. No peak-period 
data were available which could be used to develop criteria for ramp spacing due to the 
failure to eliminate the effect of the Griggs on-ramp even when it was closed to traffic. 
It was decided that studies must be conducted at a location where no on-ramp exists 
for a distance substantially greater than 2600 ft downstream of an off-ramp, in order to 
obtain data suitable for developing criteria for ramp spacing on this basis. 
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FEASIBILITY OF STACKED RAMPS 

Previously discussed results indicated that at several interchanges both an on-ramp 
and an off-ramp were desired at the same location (upstream or downstream of the 
arterial street), and it was concluded that a Case 1 configuration (an off - ramp upstream 
of an on-ramp) was the most desirable configuration. These results could be satisfied 
by an o'ff-ramp located upstream of an on-ramp and by stacked ramps (a modification 
of an off-ramp upstream of an on-ramp with grade-separated ramps). In this section, 
the results of an investigation of the feasibility of stacked ramps are presented. 

Method of Study 

Stacked ramps and an off-ramp located upstream of an on-ramp were designed to 
evaluate their relative costs, the right-of-way required, weaving, and the potential 
for stage construction. 

For the design of the stacked ramps the following factors were assumed: 

1. The facility was a 6-lane freeway which had an inside shoulder on each side of 
the median and an outside shoulder. 

2. The centerline of the freeway and the frontage road were at the same elevation. 

For the design of the stacked ramps the following criteria were used: 

1. The Texas Highway Department recommended designs were used for the ramps 
(17). 
- 2. The on-ramp horizontal and vertical curves (18) were designed for 40 mph. 

3. The off-ramp vertical curves were designed for 35 mph (18). 

In this design, one lane of the frontage road was dropped as the freeway on-ramp left 
the frontage road in order to obtain maximum usage of the available right-of-way. A 
lane was added to the frontage road as the freeway off-ramp joined the frontage road. 
In this design the on- ramp crossed over the off-ramp. A 90-ft bridge span was re
quired to cross the off-ramp and provide adequate side clearance. The vertical dis-

-·o- · _... . .. . ., -- ~- .. 
on-ramp grades, and retaining walls were required for the off - ramp depression. This 
design provided 875 ft between the 2 ramps (from the physical off-ramp gore to the on
ramp nose as in Figure 20). The righl-of-way requirement for this design was 360 ft 
for a minimum distance of 2325 ft along the freeway. 

For the normal design of an off-ramp upstream of an on-ramp the following factor 
was assumed in addition to those assumed for the stacked ramp design: The combined 

~==:=;;-=;;;,;:;:;;:-;:;;:;;::;::;==~-==~.=::::::--===-.=::::::-=;::-.=::::::--=::;:-..=;:=:---=;:::;;·1 

:::::::::::~~~~~:~~:~~::~:::::~~:::::::::::::::::::~ 360FT. ROW. 
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Figure :.10. Plan profile of stocked romps. 
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Figure 21. Plan profile at an off-ramp upstream of an on-ramp. 

volume of the 2 ramps during the peak hour was 1250 vehicles per hour or 625 vehicles 
per hour per ramp. 

The cri teria used for this design were (a) the Texas Highway Department r ecom
mended designs were used for the r amps (17), and (b) the weaving distance on the 
frontage road was designed for volumes ofl 250 vehicles per hour to operate at a speed 
of 35 mph (17). In this design a 50-ft outer separation was adequate to provide a 350-
ft deceleration lane. A weaving distance of 500 ft was provided on the frontage road 
between the 2 ramps to accommodate 1250 weaving vehicles per hour at an operating 
speed of 35 mph. The plan profile of this design is shown in Figure 21. This design 
provided 133 5 ft between the 2 ramps. The right-of-way requirement for this design 
was 268 ft for a distance of 2785 ft along the freeway. 

Discussion of Results 

The results of the designs indicated that the stacked ramp design required 360 ft 
of right-of-way and a distance of 2325 ft along the freeway, and the off-ramp located 
upstream of an on-ramp design required 268 ft of right-of-way and a distance of 2785 
ft along the freeway. These respective designs are shown in Figures 20 and 21. The 
stacked ramp design required 460 ft less along the freeway than does the alternate de
sign. 

The estimated cost of the stacked ramp design would have been many times greater 
than the cost of the alternate design due to the additional right-of-way required, the 
bridge required to raise and lower the on-ramp, the 90-ft span to cross over the off
ramp, and the retaining walls required in the off-ramp depression. 

Weaving would be completely eliminated from the frontage road in the stacked ramp 
design since the vehicles cross paths at a grade separation. The off-ramp located up
stream of an on-ramp configuration could create weaving problems on the frontage 
road. This weaving could be accommodated by an adequately designed weaving distance 
without too much distance being required, due to the relatively low operating speed on 
the frontage road. A weaving volume of 1250 vehicles per hour can be accommodated 
at an operating speed of 3 5 mph in a distance of 500 ft (17). 

The off-ramp located upstream of an on-ramp configuration had the potential for 
stage construction because adding the second ramp would not physically affect the first 
ramp constructed. Stage construction would be considered in the original design so 
that the first ramp would be located so as to furnish the distance along the freeway re
quired by the addition of another ramp. The stacked ramp configuration did not have 
great potential for stage construction because the existing ramp would have to be recon
structed to cross the ramp to be added, additional right-of-way would be required, and 
the frontage road would have to be moved to increase the width of the outer separation. 
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Conclusion 

The high cost, the lack of potential for stage construction, and the additional right
of-way required, indicate that the construction of stacked ramps may not be generally 
feasible to gain the advantages of no weaving on the frontage road and less distance 
(460 ft) required along the freeway to fit in the design. The stacked ramp arrangement 
could be expected to provide a high level of service, however, and in many cases might 
warrant consideration. 

INTERCHANGE LAYOUTS 

The suitability of various interchange layouts in fulfilling drivers' desires, provid
ing access to freeway and arterial street traffic, and reducing the interference to free
way and arterial street traffic was investigated to determine the merits of 2 proposed 
types of interchange layouts. Each of the types of interchange layouts investigated was 
formed on the basis of the results discussed earlier in this report. 

Method of Study 

The types of interchange layouts considered are shown in Figure 22. The ramps in 
the layouts were shown as dashed lines to indicate the location of the ramps if they 
were desired. One of the previous conclusions stated that the desired movement of 
traffic could be fulfilled by providing ramps based on these desires. Therefore, each 
of the interchange layouts which was investigated had the potential to fulfill drivers' 
desires. A Case 1 configuration (an off-ramp located upstream of an on-ramp) which 
was concluded to be the most desirable ramp configuration was used twice in the Type 1 
layout and once in the Type 2 layout. The Type 1 layout had a Case 1 configuration up 
stream and downstream of the arterial street, and the Type 2 layout had a Case 1 con
figuration spanning the arterial street. The Case 1 configurations in each layout were 
an off-ramp located upstream of an on-ramp since it was concluded that the use of 
stacked ramps mav not be feasible in all cases. 
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The types of interchange layouts were compared using the following considerations: 
(a) potential for stage construction, (b) fulfillment of drivers' desires, (c) critical dis
tance (off-ramp to arterial street), (d) maximum access to abutting property, (e) maxi
mum access to the freeway, (f) freeway with reduced capacity at interchange, (g) free
way without reduced capacity at interchange, (h) minimum interference to the arterial 
street, (i) weaving on the freeway, and (j) interstate signing standards. 

Discussion of Results 

In Figure 22 the ramps are shown as dashed lines to indicate the location of the re
spective ramps if they were desired. All of the ramps should be included in the origi
nal design, but only the desired ramps would be built in the original construction. 
Therefore, if a ramp were not desired at the time the interchange was constructed, 
adequate space would be provided in the interchange layout for the stage construction 
of the other ramps which might be desired at some future date. Each of the types of 
interchange layouts provides for the potential of stage construction of ramps. 

In the Type 2 interchange layout, a critical distance between the terminal of the off
ramp located upstream of the arterial street and the arterial street was introduced. 
This distance needed to be sufficient to provide an adequate storage space for vehicles 
stopped for the signal in addition to an adequate weaving distance in which the off-ramp 
traffic could weave across the frontage road to make a right turn at a signal. This 
distance was dependent on the frontage road volume, the signalized intersection ca
pacity for this approach, the number of frontage road lanes, and the number of off
ramp vehicles desiring to make a right turn. 

Maximum access to abutting property was provided by locating an off-ramp just 
downstream of an arterial street. And, an on-ramp located just upstream of an ar
terial street maximized direct access to the freeway, from abutting property, and 
minimized the volume of traffic required to cross straight through the intersection to 
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-Figure 23. Some effects of interchange layouts. 
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TABLE 6 

COMPARISON OF TYPES OF INTERCHANGE LAYOUTS 

Factors 

Potential for stage construction 
Fulfill drivers' desires 
Critical distance (off-ramp to arterial street) 
Maximum access to abutting property 
Maximum access to the freeway 
Freeway with reduced capacity at interchange 
Freeway without reduced capacity at 

interchange 
Minimum interference to the arterial street 
Weaving on the freeway 
Meets Interstate signing standards 

Type of Interchange Layout 

Type 1 

X 
X 

X 
X 

X 
X 
X 
X 

Type 2 

X 
X 
X 

X 

X 

X 
X 

gain access to the freeway. The Type 1 interchange layout provided for ramps to be 
located in this manner, and therefore, it furnished the maximum access to both the 
freeway and abutting property (Fig. 23). 

Minimum interference to the arterial street traffic was provided by locating an on
ramp just upstream of the arterial street. This ramp reduced the volume on the 
frontage road approach to the signalized intersection by the number of vehicles that 
desire to enter the freeway. Thus, a minimum effect was felt by the arterial street, 
and a greater portion of the "green time " at the signalized intersection could be used 

terial stre~t (Fig. 23). ' ' 
Minimum interference to the freeway was determined by the design as the freeway 

and the arterial street crossed. If the design was such that the capacity of the freeway 
was reduced (for example , by introducing a sharp increase in freeway grade) as it 
crossed the arterial street, the Type 2 interchange layout should be used. In this in
stance the freeway volume would' have been reduced as the capacity of the freeway was 
reduced. If the capacity of the freeway was not reduced by the design, either type of 
interchange layout could be used with minimum interference to the freeway. 

Freeway signing, following Interstate Highway standards, could be used for either 
type of interchange layout, since the distance between interchange layouts approached 
one mile as a minimum. 

Conclusions 

Considering the foregoing factors , the Type 1 interchange layout was the better lay
out with one exception. This exception wa s that the Type 2 interchange layout would be 
required when the capacity of the freeway was reduced as the freeway crossed the ar
terial street. A comparison of the types of interchange layouts as related to the factors 
dis ussed is given in Table 6.--

FREEWAY LAYOUTS 

Interchange Spacing 

The minimum spacing of interchanges was investigated since the freeway designer 
is usually faced with the task of designing a new facility which can service existing ar
terial streets that are often closely spaced. The 2 types of interchange layoufs dis.:. 
cussed in the previous section were considered to investigate the interchange spacing 
that would result from their use. 



27 

Method of Study 

Two types of freeway layouts we re determined: (a) Type I, which resulted from com
bining two of the Type I interchange layouts (F ig. 22) closely together, and (b) Type II, 
which r esulted from combining 2 of the Type 2 .interchange l ayouts (Fig. 22) closely 
together to form a section of freewa y. 

To develop the Type I freeway layout using a pair of Type 1 interchange layouts, the 
following were assumed: (a) all ramp volumes were 625 vehicles per hour, (b) the free
way volume between an on-ramp and an off-ramp was 5400 vehicles per hour, and (c) 
the freeway did not have a reduction in capacity as it crossed the arterial street. 

The design of an off-ramp upstream of an on-ramp as described earlier was used 
in the freeway layout. 

Moskowitz and Newman's procedure (6) was used to determine the distance required 
between the physical nose of an on-ramp-and the physical gore of a downstream off
ramp. This calculation is given in Appendix C. 

A special case of the Type I freeway layout was determined by overlapping the 2 
pairs of ramps between the arterial streets in the Type I freeway layout. Thus, in the 
special case of the Type I freeway layout there were only 2 ramps between the arterial 
street. 

The Type II freeway layout using a pair of Type 2 interchange layouts was made as
suming the same values as were assumed for the Type I freeway layout. This freeway 
layout used the same ramp designs as the off-ramp upstream of an on-ramp, but the · 
spacing on the frontage road between the ramps was different due to the signalized in
tersection within this area. A special case of the Type II interchange layout was de
termined by overlapping the 2 pairs of ramps in the Type II freeway layout. 

Discussion of Results 

The Type I freeway layout and its special case (overlapping the 2 pairs of ramps be
tween the arterial streets) are shown in Figure 24. The minimum interchange spacing 
resulting from combining two Type 1 interchange layouts was 5670 ft, or just over one 
mile. 
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Figure 24. Type I freeway layouts. 
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Figure 25. Type II freeway layouts. 

The minimum interchange spacing for the special case of the Type I freeway layout 
was one-half of the nrevious distance, 2835 ft, or just over 0. 5 mile. One disadvantage 

.............. .... Jt' .... ........... ........ ··-J - - J .._, _ _ -·--· --- -J..-- ---- - - -- -- -

mum interchange spacing resulting from combining 2 of the Type 2 interchange layouts 
was 5170 ft plus 2 different weaving distances and a vehicle storage distance. The 
weaving distance No. 1 is dependent on the off-ramp traffic which desires to turn right 
at the signal, and the frontage road volume. The storage distance is dependent on the 
frontage road volume, the "green time" for the frontage approach, and the number of 
approach lanes on the frontage road. The weaving distance No. 2 is dependent on U1e 
number of drivers desiring to enter the freeway who made right turns onto the frontage 
road, and the existence of a free right turn which might enter the frontage road at a 
point some distance downstream of the intersection. 

The minimum spacing of the special case of the Type II freeway layout would be 
somewhat greater than one -half of the Type II freeway layout minimum interchange 
spacing. This occurred because it was certain that the sum of the 3 unknown distances 
would be greater than the 500 ft between the 2 r amps in U1e center of the Type II free 
way layout. Signing problems may also occur for this short interchange spacing. 

Conclusion 

Minimum interchange spacing was provided by the Type I freeway layout which con
sisted of thti i.;omui11aliu11 uf 2 l11le1·cha nge layouts with an off -ramp locntcd ups tream of 
an on-ramp both before and afte r an arterial s treet (Type 1 inte1·change layout). This 
gives additional emphasis to the durability of the Type 1 interchange layout. 

CONCLUSIONS 

1. Standard interchange designs cannot always fulfill the various desired movements 
at different interchanges. To obtain the most efficient operation at a specific inter
change, it may be desirable to use a diamond type, an X-type, or possibly a combina-
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tion of both of these. Considerable effort should be made to predict the desired move
ments at any given interchange and to design the ramp arrangements accordingly. 

2. The configuration of a off-ramp located upstream of an on-ramp has considerable 
advantages over the reverse configuration. The studies indicated that an approximate 
50 to 70 percent increase in on-ramp capacity could be obtained by removing traffic in 
advance of adding traffic to the freeway. 

3. The construction of stacked ramps rather than an off-ramp upstream of an on
ramp was not generally feasible due to the high probable cost, the lack of potential for 
stage construction and the additional right-of-way required. The stacked ramps, how
ever, offer the advantages of elimination of weaving on the frontage road and less dis
tance (approximately 460 ft) required along the freeway to fit in the design. The de
sirability of the stacked ramp use would have to be evaluated in each specific case con
sidering the topography, the need for this type ramp as indicated by traffic volumes 
and other individual factors. 

4. With one exception, the type of interchange layout which has an off-ramp located 
upstream of an on-ramp both upstream and downstream of the arterial street is the 
most desirable. The exception would exist when the freeway capacity is reduced by 
the design as the freeway crosses the arterial street. On the basis of this study, it 
appears that considerable attention should be given to the use of an X-type interchange 
which would provide the desired interchange layout. 

5. Minimum interchange spacing was provided by the combination of 2 interchange 
layouts with an off-ramp located upstream of an on-ramp both before and after an ar
terial street (Type I interchange layout). This gives additional emphasis to the desira
bility of the Type I interchange layout. 
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Appendix A 

TABL.l!: 'I 

FREQUENCY OF GAPS-FREEWAY RAMP CONFIGURATION STUDIES 

Gap Size Tellepsen On-Ramp Dumble On-Ramp Scott On-Ramp Wayside On-Ramp 
(sec.) 1: 15-2:05 p. m. 2: 30-3: 20 p. m. 4:10-4:15 p. m. 4: 55-5:00 p. m. 

0-2 300 99 61 29 
2-4 243 113 33 21 
4-6 125 58 8 15 
6-8 66 42 7 6 
8-10 32 37 3 6 

10-12 16 26 0 2 
12-14 9 26 0 2 
14-16 5 15 0 0 

20-22 0 6 0 u 
22-24 0 3 0 0 
24-26 2 0 0 0 
26-28 0 2 0 0 
28-30 0 4 0 0 
30- 32 l 0 0 0 
32-34 0 0 0 0 
34-36 0 2 0 0 
36-38 0 0 0 0 
38-40 0 0 0 0 
40-42 0 0 0 0 
42-44 0 0 0 0 
44-46 0 0 0 0 
46-46 0 1 0 0 
48-50 0 0 0 0 
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Appendix B 

TABLE 8 

FREQUENCY OF GAPS-, FREEWAY RAMP SPACING STUDIES 
(B1·ays Bayou, Jan. 25, 1:30-3: 00 p. m., On-Ramp Open) 

Gap Size 
C E F G H I (sec.) 

0-2 91 133 132 144 133 126 
2-4 122 148 171 175 161 170 
4-6 91 121 126 130 128 122 
6-8 88 92 81 89 87 81 
8-10 55 75 71 63 73 69 

10-12 57 53 51 56 54 49 
12-14 28 44 46 43 47 41 
14-16 35 24 34 22 27 26 
16-18 21 16 19 25 17 18 
18-20 10 17 13 12 16 9 
20-22 11 9 7 6 8 6 
22-24 11 4 4 5 6 12 
24-26 11 3 3 4 3 5 
26-28 4 0 0 1 5 2 
28-30 2 4 2 1 1 2 
30-32 0 0 1 1 1 2 
32-34 2 1 1 1 2 1 
34-36 1 0 1 1 0 1 
36-38 2 0 0 0 0 1 
38-40 0 0 0 0 0 0 
40-42 0 0 0 0 0 0 
42-44 0 0 0 0 0 0 
44-46 0 0 0 0 0 0 
46-48 0 1 0 0 0 0 
48-50 0 0 0 0 0 0 

TABLE 9 

FREQUENCY OF GAPS-FREEWAY RAMP SPACING STUDIES 
(Brays Bayou, Feb. 16, 7:05-7:10 a. m. , On-Ramp Closed) 

Gap Size (sec. ) C F G H I 

0-1 4 10 8 6 4 
1-2 22 56 62 51 50 
2-3 19 38 28 30 36 
3-4 10 13 10 12 18 
4-5 11 4 7 8 5 
5-6 2 2 4 7 4 
6-7 2 2 3 1 1 
7-8 1 0 1 1 1 
8-9 0 1 0 0 1 
9-10 2 2 0 1 0 

10-11 0 0 0 0 0 
11-12 1 0 0 0 0 
12-13 0 0 0 0 0 
13-14 1 0 1 0 0 
14-15 0 0 0 0 0 
15-16 0 0 0 0 0 
16-17 1 0 0 0 0 
17-18 0 0 0 0 0 
18-19 1 0 0 0 0 
19-20 0 0 0 0 0 
20-21 0 0 0 0 0 
21-22 0 0 0 0 0 
22-23 0 0 0 0 0 
23-24 0 0 0 0 0 
24-25 0 0 0 0 0 
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TABLE 10 

FREQUENCY OF GAPS-FREEWAY RAMP SPACING STUDIES 
(Brays Bayou, Feb. 16, 7:05-7:10 a. m . , On-Ramp Closed) 

Gap Size (sec.) C F G H I 

0-2 26 66 70 57 54 
2-4 29 51 38 42 54 
4-6 13 6 11 15 9 
6-8 3 2 4 2 2 
8-10 2 3 0 1 1 

10-12 1 0 0 0 0 
12-14 1 0 1 0 0 
14-16 0 0 0 0 0 
16-18 1 0 0 0 0 
18-20 1 0 0 0 0 
20-22 0 0 0 0 0 
22-24 0 0 0 0 0 
24-26 0 0 0 0 0 
~6-28 0 0 0 0 0 
28-30 0 0 0 0 0 
30-32 0 0 0 0 0 
32-34 0 0 0 0 0 
34-36 0 0 0 0 0 
36-38 0 0 0 0 0 
38-40 0 0 0 0 0 
40-42 0 0 0 0 0 
42-44 0 0 0 0 0 
44-46 0 0 0 0 0 
46-48 0 0 0 0 0 
48-50 0 0 0 0 0 

.l.l1,.D.LJ~ J..&. 

FREQUENCY OF GAPS-FREEWAY RAMP SPACING STUDIES 
(Brays Bayou, Feb. 18, 7:05-7: 10 a. m. , On-Ramp Closed) 

Gap Size (sec.) C F G H I 

0 -1 12 -17 -7 12 7 
1-2 39 58 61 61 58 
2-3 3'7 29 :i5 20 26 
3-4 10 8 13 16 15 
4-5 7 6 6 8 9 
5-6 4 4 6 4 6 
6-7 5 3 0 1 3 
7-8 4 2 1 2 0 
8-9 0 1 0 0 0 
9-10 0 0 0 0 0 

10-11 0 0 0 0 0 
11-12 0 0 0 0 0 
12-13 0 0 0 0 0 
13-14 0 0 0 0 0 
14-15 0 0 0 0 0 
15-16 0 0 0 0 0 
16-17 0 0 0 0 0 
17-18 0 0 0 0 0 
18-19 0 0 0 0 0 
19-20 0 0 0 0 0 
20-21 0 0 0 0 0 
21-22 0 0 0 0 0 
22-23 0 0 0 0 0 
23-24 0 0 0 0 0 
24-25 0 0 0 0 0 
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TABLE 12 

FREQUENCY OF GAPS-FREEWAY RAMP SPACING STUDIES 
(Brays Bayou, Feb. 18, 7:05-7: 10 a. m., On-Ramp Closed) 

Gap Size (sec.) C F G H 

0-2 51 75 68 73 65 
2-4 37 37 48 36 41 
4-6 11 10 12 12 15 
6-8 9 5 1 3 3 
8-10 0 1 0 0 0 

10-12 0 0 0 0 0 
12-14 0 0 0 0 0 
14-16 0 0 0 0 0 
16-18 0 0 0 0 0 
18-20 0 0 0 0 0 
20-22 0 0 0 0 0 
22-24 0 0 0 0 0 
24-26 0 0 0 0 0 
26-28 0 0 0 0 0 
28-30 0 0 0 0 0 
30-32 0 0 0 0 0 
32-34 0 0 0 0 0 
34-36 0 0 0 0 0 
36-38 0 0 0 0 0 
38-40 0 0 0 0 0 
40-42 0 0 0 0 0 
42-44 0 0 0 0 0 
44-46 0 0 0 0 0 
46-48 0 0 0 0 0 
48-50 0 0 0 0 0 

TABLE 13 

FREQUENCY OF GAPS-FREEWAY RAMP SPACING STUDIES 
(Brays Bayou, Feb. 18, 7: 20-7: 25 a. m. , On-Ramp Open) 

Gap Size (sec.) C F G H I 

0-1 8 3 5 3 2 
1-2 44 36 30 33 24 
2-3 22 29 27 30 29 
3-4 19 15 15 12 15 
4-5 9 12 14 3 9 
5-6 7 1 2 3 8 
6-7 0 2 0 0 2 
7-8 1 1 1 1 2 
8-9 1 1 1 0 1 
9-10 1 0 0 1 0 

10-11 0 0 0 1 0 
11-12 0 0 0 0 1 
12-13 0 0 0 0 0 
13-14 0 0 0 0 0 
14-15 0 0 0 0 0 
15-16 0 0 0 0 0 
16-17 0 0 0 0 0 
17-18 0 0 0 0 0 
18-19 0 0 0 0 0 
19-20 0 0 0 0 0 
20-21 0 0 0 0 0 
21-22 0 0 0 0 0 
22-23 0 0 0 0 0 
23-24 0 0 0 0 0 
24-25 0 0 0 0 0 
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TABLE 14 

FREQUENCY OF GAPS-FREEWAY RAMP SPACING STUDIES 
(Brays Bayou, 'Feb. 17, 7:20-8:00 a. m., On-Ramp Open) 

Gap Size (sec.) C F G H 

0-2 251 280 254 216 138 
2-4 276 378 375 364 401 
4-6 112 102 104 104 125 
6-8 50 45 24 25 35 
8-10 18 11 13 15 10 

10-12 5 3 7 10 4 
12-14 6 1 3 2 0 
14-16 4 1 0 0 1 
16-18 2 1 1 1 1 
18-20 0 1 1 0 0 
20-22 1 0 0 0 1 
22-24 0 0 0 0 0 
3'1-36 0 0 0 0 0 
26-28 0 0 0 0 0 
28-30 0 0 0 0 0 
30-32 0 0 0 0 0 
32-34 0 0 0 0 0 
34-36 0 0 0 0 0 
36-38 0 0 0 0 0 
38-40 0 0 0 0 0 
40-42 0 0 0 0 0 
42-44 0 0 0 0 0 
44-46 0 0 0 0 0 
46-48 0 0 0 0 0 
40-50 0 0 0 0 0 



Appendix C 
CALCULATION OF THE MINIMUM DISTANCE BETWEEN AN 

ON-RAMP AND AN OFF-RAMP 

-A-- C 
-(I} 

;i:3r-500•---5oo'__J 
~ ... ~----------15001

-------~ 

C 5400 
A to B 4150 
X to Y 0 
X to B 625 
Y to B 625 

Find lane volumes 
a. Average lane volume 5400 :- 3 1800 
b. Check lone 1 volume at (1) 

1. Thru traffic in right lane 
= 14% = .14 (4150) 580 

2. On-ram p traffic in right lane 
= 1.00 (625) 625 

3. Off-ramp traffic in right lane 
= .94 (625) 587 

Total in right lane at (1) 1792 
c. Check lane 1 volume at (2) 

1. Thru traffic in right lane 
2. On-ramp traffic in right lone ( .60 x 625) 
3. Off-ramp traffic in right lane (1.00 x 625) 

Total in right lane at (2) 

580 
375 
625 

= 1580 

Since the right lane volumes at both (1) and (2) are less than 1800 
vehicles per hour, this design is satisfactory to accommodate the assumed 
volumes. 
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Research and Development of a Guide Rail System 
For a High-Speed Elevated Expressway 
GILLES G. HltNAULT, Director of Technical Services, The Warnock Hersey 

Company Ltd. , Montreal, Quebec, and 
HENRI PERRON, Director of Traffic Engineering Bureau, Highway Department, 

Province of Quebec 

This paper covers the analysis of all accidents on an elevated 
expressway in Montreal and recommP.ndations. It also covers 
procedure, testing, results, analysis, recommendations and an 
analysis of accidents after the construction of the new guide 
rail. 

•SAFETY is one of the most important factors in the design of a modern highway, and 
all possible effort should be made to protect both the user and the vehicle. In order to 
determine the main causes of accidents, the Province of Quebec decided to study the 
high accident rate on a 7-mi long, 6-lane elevated expressway. 

The prelimilla1•y study started in April 1962, and was conducted during the next 3 
months. Many causes for the high rate of accidents were found, but mainly it was due 
to poor performance of the guide rail system. Therefore, it was decided that lhe most 
urgent study to be undertaken would be the design of a 11ew guide rail system to mee t 
the actual traffic conditions. 

rail system was done between July and November 1963. 
This paper gives a brief discussion of the main causes of accidents and the details 

of the, study performed on various types of guide rails. Also, it gives the accident 
rate before and after modifications were made. 

PRELIMINARY STUDY 

The preliminary study was made primarily from lhe accident _records together with 
some field measurements and other data obtained from the Highway Department. 

Traffic Data 

The Montreal Metropolitan Boulevard (now part of I.he Trans-Canada Highway) is 
located in the norU1ern par t of the c ity and is 6. 5 mi lone; (Fig. 1). It is an urban 6-
lane elevated expressway with six 12- ft lanes and many exits and accesses, and it was 
completed in Janua y 1961, although one 3-mi portion was opened in September 1959. 

The trafiic deusity has greatly in"reased since its ope-ning (Fig. 2). These data are 
representative of summer days and tile AADT is 80 pt:rcent of them. Truclc traffic is 
17 percent of the AADT. The weekly traific variation is very small, except for Sunday 
when there is a reduction of 35 percent, and Saturday, 25 pei·cent. 

The reduction in traffic density during 1963 is the result of the reconstruction of the 
guide rail system, during which one lane was closed to traffic. The directional traffic 
density per hour for summer days in 1965 is shown in Figure 3. 

Paper sponsored by Committee un Guurdrai Is and Guide Posts and presentP.n at the 45th Annual 
Meeting. 
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Figure 2 . Average do il y traffic (s ummer day). 

Accident Analysis 

A summary of the accident records is given in Tables 1 and 2. An analysis of all 
the accident records shows a high number of accidents involving a vehicle hitting 
another vehicle, the parapet or the lighting poles . Also, it indicated that more than 
45 vehicles had fallen off the eievated highway between its opening and t.11.is s tudy. 

Since the main aim of this paper is to discuss the guide rail system, we will con
centrate on the analysis of acc idents involving the safety barrier as it then existed. 
These accidents occurred under such a wide variety of conditions that no definite con
clusions could be reached as to their exact cause . However, a common factor through
out seems to have been the carelessness of drivers. It was also noted that there was 
a concentration of accidents along the curved- sections near Decfrieancl St. R ubert, 
and also to a lesser degree when the surface of the pavement was slippery. 

A summary of the accidents from April 1, 1961, until March 31 , 1962, shows that 
there were 675 accidents per 100 million vehicle -miles (MVM) , of which 282 caused 
damage to the Boulevard. During this period 50 percent of the fatal accidents occurred 
as a result of vehicles breaking through the guide rail. On the other hand, 50 percent 
of all the accidents which caused damage to the Boulevard resulted from vehicles which 
sb·uck the guide rail dir ec tly or indir ectly, thus demonstrating the necess ity-of-an 
effective guide rail. 
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Figure 3. Hourly traffic in 1965 (summer day). 

A preliminary analysis of all the accidents to date did not bring to light any specific 
cause of these accidents, but an analysis of those cases in which only the vehicles 
broke through the barrier provides the following data: (a) 6 drivers out of 12 were less 
than 25 years old, (b) 9 drivers out of 12 were less than 30 years old, (c) 7 accidents 
out of 12 occurred on a damp or slippery pavement, (ct) 6 accidents out of 14 occurred 
between 1 a. m. and 4 a. m. , (e) 4 accidents out of 14 occurred between 7 a. m. and 12 
p. m., and (f) 4 accidents out of 14 occurred between 2 p. m. and 10 p. m. From this 
information it appears that these accidents have resulted from many causes, but 
principally the carelessness of the drivers and their youth. For this period, however, 
the Expressway has a fair accident record of 4. 1 per 100 MVM. 

By comparison with the U.S. expressways, the accident rate for the Montreal Ex
pressway is higher. This is normal because for the same number of vehicles, the 
number of vehicle-miles is much higher on the average expressway than on the Mon
treal Expressway. There is also a greater potential for accidents than on expressways 
at large because of the large number of entrances and exits and because of the heavy 
traffic at certain times of the day. However, the accident rate on the Montreal Ex
pressway is below the average for all U.S. highways, excluding exptessways. 

But, for the subsequent period, the number of accidents increased dras tically and 
something had to be done to reduce the number of vehicles falling off the Expressway. 
This was important, because beneath the Expressway there are service roads on each 
side. Fortunately, no vehicle has fallen off the Expressway onto anothe1· passing or 
stopped vehicle below. 

RECOMMENDATIONS 

After the complete analysis of these data, it was recommended that, as soon as 
possible, a new guide rail system should be built with specific characteristics which 
will be described later. The following recommendations were made with the sugges
tion that they should be implemented immediately: 



40 

TABLE 1 

NUMBER OF ACCIDENTS BY TYPE 

PERIOD APRIL JANUARY APRIL I , 1964 
TO 

1962 
TO TO 

DECEMBER 1963 MARCH MARCH 31 

TYPE · ~ 1961 1964 1965 

I DAY 127 228 279 56 340 
NORTH I NIGHT 33 74 79 36 68 

VEHICLE/ VEHICLE 
I DAY 130 197 265 51 304 

SOUTH I NIGHT 47 72 92 43 141 
INJURIES 48 75 62 20 79 
FATALITIES 5 2 I 0 I 

NORTH I DAY 22 41 67 17 51 
NIGHT 18 34 24 17 II 

VEHICLE / PARAPET 
I DAY II 30 44 10 58 

SOUTH I NIGHT 22 26 29 12 25 
I INJURIES 20 31 28 14 13 

NORTH : 
DAY 13 18 34 16 38 
NIGHT 8 20 16 9 27 

VEHICLE / POLE 

SOUTH : 
DAY 9 15 29 7 19 
NIGHT 13 22 37 9 15 

INJURIES 23 26 39 JO 3~ 
FATALITIES 3 4 I 2 2 •, 

I DAY I 2 3 4 20 
NORTH I NIGHT 2 2 0 0 II 

MISCELLANEOUS 

s~u ... H I DAY 2 0 2 I 9 
V I I NIGHT 4 2 0 0 15 
INJURIES 3 2 I 0 17 
FATALITIES 0 0 0 0 0 

INJURIES 94 134 130 44 142 
TOTAL 

FATALITIES 11 8 2 2 3 

461 783 1000 289 1166 
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1. The type of accidents showed that an increase in policing the Expressway would 
reduce their number. The policing should mainly be directed at reducing the number of 
users exceeding the speed limit an.d/ or crossing unnecessarily from lane to lane. 

2. The speed limit should be reduced to 45 mph from 55 mph. 
3. The analysis showed a large number of accidents occurring because the pavement 

was slippery. The application of an anti-stripping pavement surface was recommended. 
4. Lighting measurements taken during a day in January showed a very low light 

intensity on the pavement. The light poles are located on the median strip of the 80 -ft 
wide expressway at a spacing of 120 ft. The light intensity measurements at the pole 
location varied between 1. 2 and 2. 2 foot-candles, close to the pole, and 0. 6 and 1. 2 on 
the outside lanes. At mid-distance between poles the light intensity varied between 0. 5 
and 0. 6 foot-candles on the inside lanes, and 0. 3 and 0. 4 on the outside lanes. The 
variations at the same location were mainly dependent on the age and cleanliness of 
the lightil1g systems. 

Although the light intensity measurements were taken at a temperature of 36 F, it 
was felt that the lighting of the Expressway was much below the requirements of the 
I.E. S., which requires an average value of 2. 0 foot-candles in the worst conditions. 
It was also noted from the accident records that some occurred because of poor visi
bility, especially during poor weather conditions. Therefore, it was suggested that 
the lighting system be changed for one giving a better performance. 

5. The accident analysis also showed that a re-marking of the pavement lane width 
would be appropriate. Suggested plans were sent with the original reports. 

GUIDE RAIL SYSTEM RESEARCH AND DEVELOPMENT 

Once the maill recommendation of the preliminary study was approved, a research 
and development study of a new guide rail system was undertalten. It was limited to 8 
different types of guide rails which were suggested for study by the Department of 
Highways and by guide rail manufacturers . The first phase was to make a review of 
'-l.~ ~••n'1nhl~ -~A~"-Ah -l'A11Amarl hu ~ho PC!h>hH.,hmPnt nf r.ritP.ri:J for the evaluation of 

Previous Research 

A review was made of the technical literature available on the question of safety on 
elevated expressways with particular attention given to safety barriers. The main re
searchers on that subject were found in California and New York, at the General Motors 
Company, and 1n weden. 

With this background and our own experience, the characteristics of a well-designed 
safety barrier for the relevant conditions were arrived at as follows: (a) strength of 
the whole unit, (b) minimum rebound, (c) moderate deceleration of the impacting ve
hicle, (d) strength of the guide rail, (e) uniform sliding along the barrier, (f) mi11Unum 
damage to the guide rail, (g) minimum cost of construction, (h) easy maintenance, (i) 
minimum damage to the impacting vehicle, (j) appearance, and (k) ease of modiflcatl.011 
of exii.ting guide rail. 

In the calculations for the rails and anchorages, the following factors should be 
taken into account: weight of vehicle, speed of vehicle, angle of impact, resilience of 
vehicle at lts point of impact-tires and body work, resilience of posts and anchorages, 
resilience of rail, resilience of rail bracket, and effect of braking. 

The _problem is complex and it is theoretically impossible to determine the absolute 
value of many of these 1 acfors;tlius, 1emosl: pracUcal ancrvalid 111e tl1o·d fo1· our con-
ditions proved to be the performance of destructive tests. 

Conditions for the Tests 

The most important conditions for the tests were the speed and impact angle, which 
were kept constant throughout the tests. 

Speed . -The test Apeed was set at 55 mph which was the maximum legal speed on 
the Boulevard. A different speed could have been used but taking into account the angle 
of impact chosen, it was felt that this speed was the most valid. 
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Angle of Impact. -The angle of impact is the angle at which the vehicle strikes the 
barrier. It is a function of the speed of the vehicle and the lateral distance between the 
vehicle and the guide rail. 

An analysis was made from the accident reports to determine the optimum angle of 
impact for these tests, taking into account the conditions which prevail on the Express
way; but it did not provide a conclusive figure. An angle of impact was therefore 
chosen which corresponds to the worst conditions and also took account of the results 
of similar tests carried out in the United States. 

From the American tests and the conditions on Metropolitan Boulevard, it was con
cluded that a speed of 55 mph and a lateral displacement of 28 ft would given an angle 
of impact of about 28 deg. This figure is only valid if the vehicle is in perfect condi
tion and the coefficient between the tires and the pavement is high. 

The Californian tests carried out in 1953 showed that the vehicle reaction is much 
the same for all angles of impact between 5 deg and 10 deg. Their accident records 
for guide rail showed that in most cases the angle of impact was between 15 deg and 
20 deg. The chosen angle of impact of 21 deg was intended to allow for these results 
as well as for the actual conditions on the Expressway. The worst accident conditions 
were also considered; for example, the case of a driver losing control of his vehicle 
when at full speed before and even immediately after the impact. 

Control System 

Projection System. -Preliminary tests were made to determine the best method for 
projecting the impacting vehicle in order for it to strike the barrier at the required 
speed and angle of impact. 

The technique for doing this was developed on an unused runway where practical 
methods were developed for controlling these factors. The testing was then continued 
on the Expressway. The first test was carried out to check the effectiveness of the 
projection system and to verify the test conditions. After this test had proved success
ful, the program was completed on an unused section of the elevated expressway west 
of Decarie Circle, where there was no possibility of obstructing the flow of traffic. 

The projection system used consisted of a wooden trough securely attached to the 
pavement and providing a positive trajectory for the impacting vehicle. The front and 
back wheels on one side of the impacting vehicle travel in the trough during the approach 
(Figs. 4, 5). 

Installation of the Guide Rail. -The suppliers of guide rails provided and installed 
their prototypes and modified the existing installation, in some cases changing it com
pletely but they had to ,have the original system in place. 

Figure 4. Projection system for the impacting vehicles for all the tests (start). 
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Figure 5. Projection system for the impacting veh icles fo r all the tests, except for two tests on guide 
rail Model H (just before impact). 

Apparatus During Test. -Before beginning the actual tests, it was arranged that 
films would be made of each test in order to obtain an accurate and permanent record 
on which the calculations and conclusions could be based. The films enabled a close 
step-by-step study to be made of the tests after the actual testing was completed. It 
was possible to examine the behavior of the vehicle at the moment of impact and im
mediately afterwards whP.n the rear of the vehicle struck the rail. These films proved 
to be extremely helpful and permitted all the required data to be obtained. 

Figure 6 shows the installation of the platforms for the cameras, the installation 
of the radar for measuring speed and of the painted grid on the road for pinpointing the 

The results obtained are summarized in Table 3. Figure 7 shows the different types 
of guide rails tested and also the path followed by the impacting vehicles. 

The first test was mainly performed to recheck the calibration data, which were 
set for each vehicle during preliminary testing on the runway. It also shows that at 
i1igh spe-ed and a large angle the curb alone has very little effect (Fig. 8) . 
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~ -- V - - V -- r.· .-
- r-- ,_ / V 19' tl 

~ 

SYN..CR0NISATI0N / CAMERA ·~ GUIDE-RA~ 
DEVICE GIRAF. UNDER STUDY 

Figure 6. General arrangement of test site. 
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MODEL A MODEL B 

7~ 
= 

~ ,/ ,,,,..,. 

MODEL C MODEL D 

~ -r---- ----
~ ---

MODEL E fu MODEL F 

~~ "-
7 '\ 

L 
\ f:= 

2'> ~ 

~ 
MODEL G MODEL H 

' ~ ====- __,/' 

Median Strip 

The existing median strip was tested to determine its performance. Figure 9 shows 
the results obtained. 

This median slr'ip is made of concrete with a curb 10 in. high and 6 in. wide. On 
top of this curb is a vertical wall sloping towar d the outside of the lane for a height 
14 in. over the curb. This test produced a very large rebound which was considered 
highly unsatisfactory. 

Steel Guide Rail-Model A 

Model A (Leclerc et Fils) is a 12-gage steel railing connected to the post by spring 
steel metallic supports ½ in. thick and 6 in. wide. An additional 1/2-in. plate is in
serted under the posts for extra rigidity. This system is relatively flexible , pr ovides 
for easy setup, and could be addecl to the actual sys tem without removing the post. The 
ins tallation required loosening the nuts sufficiently to a llow the slot ted reinforcing plate 
to be properly positioned under the posts and final tightening of the nuts. The height 
of rails could be adjusted in a similar manner. 

The plate joining the railing to the supporting tends to assist in maintaining the 
original railing section under vehicle impact. This is important, since the resistance 
under the impact i.s thus increased. The rail centerline is approximately 20 in. above 
the pavement. 

The test on this L -shaped system of a rail fastened to flexible supports produced a 
conside rable rebound . The damage to the safety barriers resulting from this test was 
a broken post dropping to the ground below, 4 aluminum tubes disjointed and the railing 
left bent (F ig. I O). 
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Steel Guide Rail-Model B 

Model B (Roads Department, J. Lacroix) is a 12-gage railing with relatively flexible 
supports connecting it to the existing anchor bolts. Both components are SAE 1020 
sree l. The supports are %- x 8-in. angle-shaped plates directly connected to the rail. 
No reinforcing plate is employed. Installation requires removal of the existing posts 
since only 4 holes are provided in the base of U1e supports for bolting to the post. 

The holes are oval, permitting limited horizontal adjustment of the supports. This 
system does not provide for vertical adjustment, so it is impossible to maiuta~n uni
form rail height on vertical curves. The rail centerline is 21 in. from the pavement, 
while the rail itself is 5 in. from the curb. Two tests were conducted with this system, 
as the vehicle used in the first test did not reach the required speed. 

First Test. -This test, at 42 mph, caused the following damage to the safety bar
rier: one partially brnke n post, 2 bent rails and a few bent supports (Fig. 11). 

Second Test. -This test was performed at 59 mph and the damage to the barrier was 
one twisted post, one pulled pipe, 3 bent supports and 2 bent rails. The rebound (Fig. 
12) was important. 

Steel Guide Rail - Model C 

Model C (Roads Department) is a modification of Model B. For increased rigidity, 
2 reinforcing plates were added to each side of the angle bracket support. During the 
tests, there was a considerable amount of Irebound (Fig. 13). Following the initial 
impact of the test vehicle on the rail at the desired location, it bounced further on into 
the original barrier, broke it, and then fell to the ground. 

'l'he damage to the barr1P.r Wl-lH one JJOl:il ai1d 3 Lubes broken and projected down be
low, 2 bent rails and one partially pulled out support. 

Steel Guide Rail - Model D 

11/1",vlal n ( /'J. l11rninurn rnrnna nv nf r.::im1d::i) consists of a U-shaped aluminum alloy, 

the rail iS Connected tO the pOStS 0y means Ula .LG-111. W1Ut:: 411!,<c:-oua,p,:,u a.•uuuuuus 

covered steel strip. The base of this connector is reinforced by a similar type steel 
plate, and the top is reinforced by another U-shaped aluminum alloy section 48 in. in 
length. The rail ceulerllne is 23 in. above the pavement while the front of the rail is 
2 in. behind the face of the curb. The installation of this type safety barrier requires 
the entire raising of the existing posts. 

During the test, considerable rebound was noted (Fig. 14). The damage caused to 
the safety barrier was one broken post, 2 distorted supports, a bent rail, and 26 dis
jointed pipes because of faulty original installation. 

Aluminum Guide nail-Model E 

Model E (Aluminum Company of Canada) is a B51STA-lype tubular aluminum rail of 
0. 187-in. wall thickness and a¾-111. di 1eter. It is connected to the existing safety 
barrier post by an aluminum-coated double steel strip 18 in. in width by% in. thick. 
This strip consists of leaves separated by a 3/ia-in. thick hard rubber membrane. The 
tubes are attached together by sleeves. The posts must be raised to install this type 
barrier. The rail centerline is at an elevation of 24 in. above the pavement and the 
front of the rail is 3 in. behind the face of the curb. 

Following initial impact, the vehicle rebounded and struck anotJ1er barrier 180 ft 
farther on (Fig. 15). This barrier did not fail. After this second impact, the vehicle 
continued and came to rest a little farther down the road. On examination of the rail
ing Model E, we noticed that the damage was relatively light. Only the tubular section 
had been flattened out and also bent slightly. 

The rail struck by the second vehicle impact was a Model G. 
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Aluminum Guide Rail-Model F 

The installation of Model F (Aluminum Construction, Inc.), although time-consum
ing, is nevertheless relatively simple, except at the supports. It consists of units of 
identical triangular section fastened and assembled so ao to form a single railing. 
Each unit is reinforced by inte r ior ribs to increase its section modulus. This railing 
is fas tened to the support by means of %- x 6-in. aluminum strip. 

The method developed for fixing the aluminum strip to the support is relatively new. 
A rubber and plastic composition is used to cold weld the top part to the support. The 
lower section is fastened directly to the concrete with anchor bolts. The rail is then 
bolted to the aluminum strip slotted with 2-in. oval holes, by two %-in. bolts, one in 
each triangular unit resting against the support. 

These bolt holes are to allow for expansion and adjustment of the rail. Model F has 
a good appearance. The height of the rail and its distance from the face of the curb 
are similar to the othe r types, being approximately 22 in. and 5 in., respectively. 

After initial impact the rebound was of sufficient intensity to: (a) hurl the vehicle 
across the traffic lanes, (b) strike the center wall, (c) slide along it for a shor t time, 
and (cl) come to rest a little farther away (Fig. 16). The damage to the barrier was 
one post partially broken1 and one bent railing. 

Aluminum Guide Rail-Model G 

Model G is a modification of the existing aluminum safety barrier and consists of 
post and tubes. The ACD 25 posts are sectional aluminum, bent and welded. The tubes 
are 5 in. in diameter and 0. 125 in. in wall thickness. They are joined by dowels and 
tied bv fasteners. 

After initial impact, the test car was abruptly halted by the guide rail (Fig. 17). 
The damage was 3 posts twisted or partially broken at their base and the tubes torn 
and twisted. 

(""-- ,,... ... ~ ... ..... ,,.. ...... 

.lV.lUUt::1 n, UUl.lL l,U Ult:: 'alUt::Ut;a; nuc::.t.u~ L.lt::,l)ct.1-UUt:au. . ..:l}Jl:a; J.J.J.l.;ct.LJ.UUQ J.UJ. JJ.L J.UbCi:> c::1.UU 

Structures, consists of a small reinfor ced continuous concrete wall poured directly 
on the existing curb (Fig. 18). To insure a perfect bond, care was taken to anchor the 
wall with bars at 18-in. centers and chip one to 2 in. from the existing curb surface. 
This wall is trapezoidal, 12 in. in height, 14 in. at the base and 6 in. across the top. 
At each post a gutter is provided to prevent water accumulation. The wall is located 
4-½ in. from the face of the curb with a maximum height of 24 in. above the pavement. 
The construction of this type of guide rail is rather slow and cumbersome. 

Figure 18. Method of propulsion with additional guide rai Is. 
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Figure 21. Damages to guide rail model H ofter the three tests. 

Three tests were made on the concrete wall-type guard railing, one at a 17-deg im
pact angle and 2 at a 21-deg angle. Each impact on this rail produced only a slight 
rebound. To obtain the 21-deg impact angle, it was necessary to erect a supplementary 
guiding system, as the test car's centripetal force would have thrown the vehicle out 
of the ordinary guiding system (Fig. 18) . Two tests at the 21-deg impact angle were 
made because the gas pump of the first car failed about 100 ft from the starting point. 

First Test (17° impact)-No damage was noted on the guide rail (Fig. 19). 
Second Test (21° impact, 28 mph)-This test caused no damage to the guide rail 

(Fig. 20). 
Third Test (21° impact, 52 mph)-In the course of this test the top horizontal tube 

between the posts was partially displaced, but the concrete wall suffered no damage 
(Figs. 21, 22). 

ANALYSIS OF RESULTS 

The same conditions were maintained for all the tests on the guide rails except for 
Nos. 4, 11 and 12 which were repeats. The angle of impact and speed were kept 
generally the same irrespective of which side of the boulevard was used for the tests. 

The relative behavior of the systems was observed in detail during the studies, but 
the stresses in the components of the barriers were not measured. The speeds and 
angles of impact were carefully controlled and repeat tests were made if these factors 
varied significantly. Similarly, the weight of the impacting vehicles was kept more 
or less the same to simplify the interpretation of the results. The slightly different 
types of cars could have caused variations in the results, but not of any significance. 

Strength of Barrier 

It is always possible to obtain a barrier which is sufficiently strong by strengthening 
its components. 

Minimum Rebound 

The films and other data showed that the more rigid the guide rail the lower the re -
bound. When the impacting vehicle strikes a rigid barrier, the front of the vehicle 
makes contact and is projected back onto the highway; but almost simultaneously the 
back of the vehicle strikes at nearly the same place as the front and is, in its turn, 
rebounded. The effect is to straighten the vehicle and direct it along the road close to 
the barrier. If, on the other hand, the rail is deformed under the impact, the back of 
the vehicle does not rebound with the same force but tends to follow the contour of the 
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deformation. Instead of sliding along the barrier, the vehicle takes a diagonal tra
jectory, crosses the road and in some cases strikes the median strip. 
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Among all the types of guide rails tested, the concrete wall is the strongest and the 
rebound is the least. In other cases, the amount of rebound seems to be inversely 
proportional to the strength of the barrier. 

The setback of the guide rail with respect to the curb is an important factor. If it is 
too much, the vehicle has a tendency to be overturned by its contact with the curb (as
suming that it does not ride over it). This occurred during a test on the central median 
strip. If the setback is too little, only the guide rail is brought into play. The body 
and the wheels should strike at almost the same time to obtain the best performance. 

Deceleration 

The calculated average decelerations obtained during impact are approximate and 
they appear to be reasonable except in the case of Model G. To use these values to 
determine the seriousness of the accidents, it would have been necessary to install 
accelerometers inside dummies in the vehicles. The tests show that the concrete 
wall gives the least average deceleration. 

Uniform Sliding 

All the models tested, except Model G, resulted in a fairly uniform sliding along 
the rail. 

Damage to Guide Rail 

The existing guide rail breaks up as soon as it is hit by a vehicle which is out of 
control; the pieces could cause considerable danger particularly on the service roads 
below the elevated section. The installation of a second line of defense such as an ad
ditional guide rail should reduce this to a minimum especially if the latter consists of 
a concrete wall. 

Maintenance of Barrier 

The cost of repair of the barrier after an accident varies considerably. In the case 
of the concrete wall, the cost of repairs is minimal while in the case of steel and 
aluminum, especially the latter, it is considerable. It is difficult to make a positive 
comparison but the figures obtained on this question appear reasonable . 

Damage to Vehicles 

The damage caused to the impacting vehicles varied depending on the kind of guide 
rail under test. However, the concrete wall caused the least damage. 

Appearance 

Without question, Model F has the best appearance while Model H is the least at
tractive; the other types of rails vary in their appearance. The appearance of the bar
rier has some influence on drivers; drivers will tend to keep farther away from Model 
H than Model F. 

Cost of Guide Rail 

The cost of construction of the guide rail varies considerably depending on the type. 
If it was necessary to choose between 2 types of guide rails of the same performance, 
a direct cost comparison would have been necessary. However, this was not the case; 
steel guide rail is a little cheaper than concrete which, in turn, is cheaper than alu
minum. 

Summarizing, the tests showed that the concrete wall fulfills the largest number of 
the requirements; this is not to say that concrete must be employed to the exclusion of 
other alternatives, but only that it gave the best results under the test conditions. 
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CONCLUSIONS 

The installation recommended involved the retention of the existing safety barrier 
and the addition to it of a second line of protection, namely, a small concrete wall built 
on the existing curb (Fig. 23). This recommendation was based mainly on the very 
small rebound by the impacting vehicle from this kind of wall, a particularly important 
feature for elevated highways. Too great a rebound would set in motion a series of ac
cidents in which the vehicle is thrown into the paths of other oncoming vehicles, result
ing in a chain of accidents. 

On the ramps, where vehicles travel in a single lane, the question of rebound is not 
so important as on the elevated section. For this reason, it was recommended that the 
type of guide rail built should be capable only of rest.raining impacting vehicles 
(Fig. 24). The cheapest installation consists of a steel guide rail, with the rail itself 
of W form, supported by steel brackets. This type must resist impact with a minimum 
of deflection and must therefore have its end encased. Also, it is essential to elimi
nate the hazards which arise if the ends are not protected. 

Summarizing, the tests made on 8 different kinds of guide rails for use on a heavily 
traveled elevated expressway showed that a concrete wall gives the best performance 
under the test conditions. 

PERFORMANCE OF CHANGES 

Since the new guide rail system was finished in November 1963, the legal maximum 
speed was reduced to 45 mph and the new lane marking system was painted. There has 

Figure 23. Recommended instaiiation for elevated highways. 
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Figure 24. Recommended installation for ramps. 

been a substantial change in the number of fatalities and the seriousness of injuries, 
as shown in Tables 1 and 2. 
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The performance of the concrete guide rail has been exactly as expected. Even at 
more than 60 mph the main results sought have been obtained, namely, very small re
bound and low deceleration. This design of guide rail is now standard for elevated ex
pressways in the Province of Quebec. 



Study of Freeway Access Violations 
WILLIAM E. TIPTON, DONALD R. DREW, and ROGER Q. SPENCER, JR. 

Respectively, Traffic Engineer, Harland Bartholomew and Assoc., Memphis; 
Assoc. Research Engineer, Texas Transportation Institute, Texas A and M Univ.; 
and Engineer of Maintenance, Texas Highway Dept., Austin 

•A FREEWAY is a divided arterial highway for through traffic, with full control of 
access and grade separations at all crossings; but a motorist defines a freeway by the 
quality of service it provides rather than its physical characteristics. The motorist 
views the freeway as a superhighway which eliminates annoyances, hazards of left 
turns, blind intersections, dangerous curves and distractions close to the highway. 
Freeways are expected to be a motorists' highway with motorists' needs anticipated 
and fulfilled to a much higher degree than on conventional highways. Experience has 
shown, however, that it is not enough to merely build freeways. To deliver the prom
ised safety, comfort, and convenience, freeways must have a high degree of operational 
attention. Control of access, one feature of freeway design, implies that the rights to 
light, air, view, and access are controlled by public authority. This feature provides 
a fundamental change in the concept of modern highways. There were indications, 
however, that the access control feature of freeway design was being violated and that 
additional controls may be required to insure access control. 

The general objectives of this project were to determine the extent and causes of 
access violations on controlled access facilities, and to provide data that would be use
ful in controlling existing access violations and in anticipating and eliminating future 

• • _ '° .... • / \ • 1 I ·~ , ' 1 • J_ • _ _ _ I: ,... _ 

of access violations; and (c) to determine the effectiveness of various design and con
trol features presently being utilized to prevent access violations. 

STUDY PROCEDURE 

Data Collection 

To determine the extent of access violations, it was decided to collect data on con
trolled access facilities across Texas. Data were collected on approximately 770 mi 
of freeway which included all Interstate Highways within the state. The locations from 
which data were actually collected are shown in Figure 1. Since the data collect.ion 
was to be accomplished on a statewide basis, it was determined that the Texas Highway 
Department would request each district's maintenance personnel to collect the data 
using a standard data collection form. Although district maintenance personnel were 
requested to complete the data collection form, in many districts the traffic engineer
ing personnel completed or supervised the completion of the data collection forms. 

The "Shoulder and Rest Area Use Procedure Guide" (1) was helpful in making a data 
collection form. A first form was made and evaluated in the field to determine its 
shortcomings. The necessary changes were made and the form was again reviewed and 
cleared for statewide data collection. Material in addition to the data collection forms 
sent to each Highway Department district were: an extract of the project statement, 
data collection procedure sheets, and two completed sample data collection forms. 
The extract from the project statement explained the specific aim of the investigation, 

Paper sponsored by Committee an Operational Effects of Geometrics and presented at the 45th Annual 
Meeting. 
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Figure 1. Study locations. 

the method of procedure to be used, and the significance of the research. The data 
collection procedure sheets explained the purpose of the investigation and the informa
tion desired, and gave directions for completing the data collection form. 

Data requested in addition to the data collection form were a district control-section 
map showing the location of the facilities from which data were collected, a schematic 
sheet with a sketch illustrating the conditions for each violation, photographs, if pos
sible, and any pertinent information not covered in the form. The data collection per
sonnel had 4 methods of detei-mining access violations: (a) to see a violation actually 
take place; (b) to see the tracks of violations that had occurred previously; (c) to re
member violations that had been seen on other occasions; and (d) to note past violations 
which have been eliminated by corrective measures. 

Data collection was accomplished on a one-time basis by all districts during the 
month of March or April 1964. This means that the personnel drove through the facility 
one time only, completing the data collection forms and taking photographs. Aerial 
photographs were made of the major types of violations and some of the causes of vio
lations for inclusion in this report. 

Analysis of Data 

After receiving the data, the forms were checked against the sketch of the violation 
to insure that each form had been correctly completed. Any errors in the data callee-
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1 VIOLATION NUMBER: 

2 . 
3. 
4. 

5. 

L 

7. 

8. 

District ----------~C~o-un---,-t_y ________________ _ 

Highway Number Between And 
Control ------------ Section______ _ --------
Station (appr oximate) Urban ______ ~Rural _______ ~ 
Location with respect to nearest access (Interchange, Grade Separation or nearby 
road): ____________________ _____________ _ 

DATE: 
INSPE~C~T~OR;s-: ------------
VIOLATOR: (Check appropriate block) 

Animal (-) Pedestrian {-) 
(-) Vehicle (=) Other: 
(Note any specific group of violators such as telep_h_o_n_e_or_p_o_w_e_r_c_o_m_p_a_n_i_e_s_, __ _ 
school children, etc.) 

TYPE OF VIOLATION: (Check appropriate block 
(-) Media!l Ci•ui,clug (-) (= Separation Strip Crossing (--) 
( Nose Crossing (-) 
\~ Crossing Entire Freeway Syotcm (--) 

TlnAtt,PnclPcl VP.hicle on Shoulder (--) 
Par.lel.ng on Median (--) 

or blocks) 
Incorrect U• c of Entrance Ramp 
Incorrect Use of Exit Ramp 
Entrance Where No Entrance Ramp 
Ex:i t Where No Ex:i t Ramp l":ir i. st s 
Wron~ Way on Frontage Road 

Exists 

(- Hitch-Hiking (=) Loading or Unloading Passengers 
\ Other: _________________ ____________ _ 

t ) very v1. c<=u \ I V._,.._, .... .._,,,_,.L.V.._.l.._...,._.J..J 

(= Often (=) Seldom 

PURPOSE OF VIOLATION: 
(-) 11U11 Turn (-) Access to Home, Farm, or Bu1olut=oS 
(-~ Leisure Stop ~=~ Access from Home, Farm, or Business 

C Business Stop Access to or from New Development 
,_) Emergency tltop \) Other: 

CAUSE OF VIOLATION~ ,-l No Ramp (-i Most Convenient Route ,- No Grade Separation ,- Frontage Road Ends 
(- Nu F1•ontage noad <= End of Corrective Measure 
C Other: 

(Also describe and show on skematic sheet geometric factors contributing to the 
violation in addition to those above. Describe what proper route if any is 
available to traffic and e stimate the additional time and distance re~uired. 
Use the dashed lines to • how the proper route on the -skemRti ~ RflPPt,.) 

ADDITIONAL TIME ADDITIONAL DISTANCE ------------ -----------
Figure 2. Data collection form for analysis of access violations on controlled access facilities . 



9, DURATION OF VIOLATION: 
maneuver.) 

(Estimate the time required to complete the violation 

(-) less than 5 minutes 
(-) 5 to 15 minutes 
(=) 15 minutes to 1 hour 

1 hour to 5 hours 
over 5 hours 
variable 

10. SEVERITY OF VIOLATION: 
(=) Very Dangerous (=) Relatively Safe 

11. PRESENCE OF VIOLATIONS: (Estimate how long the violation has existed and note if 
it is of a temporary nature due to roadside construction, etc) 
(-) Since highway opened in ____________________ ...,..,. __ _ 
(-) Temporary for ___ ____________________ _;man s 
(--) Other: 
(=) Since _c_o_r_r_e-ct...,i.,...v_e_m_e_a_s_ur_e_w_a_s_p""l_a_c-edcc-------------------

12. CORRECTIVE ME:ASURES: (Describe the effectiveness of corrective measures used in 
t~ast.) 

~-) (-) Ineffective ( ) Signs Effective 
(-) Posts with Barrier Cable c=! Effective (-) Ineffective (=~ Ditches Effective c-) Ineffective 
( Curbs c- Effective (-) Ineffective 

i=1 Chain Line Fences i=; Effective (-) Ineffective 
Guard Fences Effect.iv~ c-l Ineffective ~= None ~= Efileciive (- Ineffective 
Guard Posts Effective c- Ineffective (= other: (= Effective <= Ineffective 
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(Describe any suggested or anticipated measures for elimination of this violation.) 

13. Has this violation been eliminated? No ( ) 

(Rate enforcement level in this vicinity.) 
(=) Low (=) Medium 

15. ACCIDENT HISTORY: (Describe and sketch on plan or skematic sheet any accidents 
at this point which were the result of this violation.) 
(-) None Reported (=) History: ______________________________ _ 

16 . SKETCH: (Illustrate the conditions described in items 5, 8, and 12 above on 
approximately 1 11 = 200' skematic sheet. Ground photos should be provided when 
justified by the severity of the violation.) 
Note profile 9f violation area as: 
( ) Relatively Flat 
(=) other: (Sketch cross section below) 

17. VOWME: (Give average daily traffic on controlled access facility.) 
Artr = ---- --------------

Figure 2. (Continued). 
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tion form which could be determined were corrected. This review revealed that some 
changes should be made in the form. Many of the questionnaires had blocks with 
"other" checked and the same comment entered. These forms were altered to add 
separate blocks for these comments before the data were removed. The revised form 
which included these alterations is shown in Figure 2. 

The data were then punched into IBM cards with the coding shown in Table 1 and 
sorted on the desired columns using an IBM sorting machine . Next, the contents of 
the sorted cards were printed on paper using the IBM 407 accounting machine. This 
machine printed a list of the card contents sorted on a certain column a nd a count of the 

Col. 
Col. 
Col. 
Col. 
Col. 

Col. 
Col. 

Col. 

Col. 
Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 

Col. 
Col. 
Col. 
Col. 
Col. 

1-2 
3-4 

5 
7-8 

10-16 

18 
20-2 2 

24 

25 
27-30 

H 

36-37 

39-40 

42-44 

46 

48 

50 

52 
55 
58 

53 
56 
59 

64 

66 

68 
70 
72 

74-78 
80 

TABLE 1 

CODE OF DATA lsOLLECTlON FORM 

La~l lwo digits of TT! project number 65 = .Project 1065 
Numl>Or of month data wns collocmd 3 = Marci, 4 = April 
Last digit of year data. was collected 4 = 1964 
Texas Highway Doparlmcnt dlslrlcl number 
ViolnUon number ror each dlslrlcl (lollcrs preceding- numbers 

lndfc:i te lhat the dl.nlrict hnd more than one number 1). 
Url.Jau u1· 1·u1·a.l U1 L.u, - 1 nura.l ... :l 
Location to nearest access in tenths of a mile 

Blank = Unknown or does not apply 
Violator 1 ::: Pedestrian 3 = Animal 

2 , Vehicle 4 , Other 
si;,ecmc group pf viola.to-.- I ~ No s11colflc gTOUP 2 • Spec!Jlc group 
Typo of v!olaHon (up lo four mny be c hecked /or one violation) 

A , Median crossing r ~ lntnrrcot use or onlr:rnco r<Ullil 
B s Separation ,urlp crossing J ~ lncorrecl use of exit ramp 
C • Nose c1·uatiluo I( - 0nln.ncc whor no onu·nnoo rnmp q"'t9fQ 
0 • Crossing ntb·c frocw:,y .L : J::x:ll whora- no Olm mmp oxiHlli 

sys1cm M : Wrong wny on frontage rond 
E • Una.ltl!nded vohlclo on N : Anlmnl crossing 

shoulde.:.• 0 ::: Loading or unloading passengers 
F ::: Parking on median 
G , Hitch-hiking 
H:: OthP.r 

!'urJ)OSe 0 1 V IOUlUOn 
1 =- U turn 5 = Access lo home, f.irm, or bus!noas 
2 • Leisure stop 6 = Access from homo, farm, Qr business 
3 • Buslnos11 slop 7 , Access to or fr om new development 
4 , Eme a•g ncy 8 = Other 

Cause or vlolatlon (up lo two may be checked 1or one viol.~tlonl 
1 , No rnmp 5 , Mosl M nvcnlonl route 
2 , No 17ade c1,11r1ltlon 6 = Frontngo rood ends 
3 , No lron~c road 7 = E,id c;J corrective mcoouro 
4, Other 

Additional time in mlnu(os required for legal route 
Zeros , No addilionnl time required Blank = Does not apply 

Addllionl\l dlstnnce to tenths of n mllo rcqull'od lor legnl route 
Zea"<>s ,. No addllional dis!nncc rc\luh·cd Blnnk • Doos not a11J,ly 

DuraUon Qf violation ·1 : Less than 5 minutes 4 • l hour 10 5 hours 
2 e 5 to 15 mlnuloa 5 = Ov r 5 hours 
3 , 15 minutes to 1 hour 6 , VarlalJle 

Severity of vlolatfan 
1 , Very dangerous 2 , Dangerous 3 , Relatively safe 

P i.-esence of violation 
1 , Since highway opened. . . 3 , OUJel' 
2 = Temporary 4 :::: Since corrective measure was placed 

Corrective measures 
0 , Unknown 5 , Chain link fences 
1 , Signs 6 = Guard fences 
2 , Posts with barrier cable 7 = None 
3 , Ditches 8 , Other 
4 , Curbs 9 , Guard posts 

Effectiveness of corrective measures 
0 = Unknown 
1 , Effective 
2 , Ineffective 

Suggested cor rccUve control measures 
1 , No suggosllons 2 , Suggested control measures 

Vlolitllon cllminalod or still In existence 
I = Violation sllll in exllllence 2 , Violation eliminated 

Enforcemonl level 1 = HIBh 2 , Low 3 • Medium 
Accident history 1 , None reported 2 , History 
Profile 1 , Relatively flnl 2 • Other 
A verago daily traffic Blanks , No dala sub milled 
Ground photo 1 = No photo 2 , Fair photo 3 , Good photo 



number of cards printed. Thus, a permanent record of the sorting process was 
achieved for use in graphically illustrating the project results. 

RESULTS 

Types of Access Violations 

71 

The first objective of this project was to catalog the types of access violations oc
curring on controlled access facilities. Access violations were cataloged into types of 
violations as determined by the path or route of the violator. Each type of violation 
described the freeway areas crossed during the violation maneuver and the violator's 
direction of travel. Figure 3 defines the freeway areas as used in naming the types of 
violations. An example of one type of violation was a "separation strip crossing, exit 
where no exit ramp exists," which means that the separation strip was crossed in mak
ing an illegal departure from the freeway facility. 

For a better understanding, many of the types of violations are illustrated in Figures 
4 through 7. Types of violations in addition to those illustrated were an unattended ve
hicle on the shoulder, parking on the median, hitch-hiking, animal crossing, loading 
and unloading passengers, and the general group catalogs as "other." The classifi
cation "other" was used for violations which did not have enough occurrences to be 
considered as an individual type of violation. A list of all of the types of violations is 
given in Table 2. Aerial photographs of some types of access violations existing in 
June 1964 are shown in Figures 8, 9, and 10. While taking the aerial photographs, 
the photographer noted a blanket salesman selling his goods within the Interstate right
of-way (Fig. 9). 

Extent and Causes of Access Violations 

The extent or frequency of the types of access violation locations are given in 
Table 2, which gives both the number of violation locations and percent of all violation 
locations. The total number of violation locations reported was 986 making the percent 
for each type roughly one-tenth of the number of violation locations. The 986 violation 
locations occurred over approximately 770 mi of freeway, a ratio of 1. 3 access viola
tion locations per mile of freeway. Twenty-five percent of these violation locations 
occurred on the 130 mi of urban freeway studied, a ratio of 1. 9 access violation loca
tions per mile of urban freeway. The remainder of the violation locations occurred 
on 640 mi of rural freeway, a ratio of 0. 85 access violation locations per mile of rural 
freeway. 

Although there were 28 different types of violations, 5 types were predominant, 
which accounted for 63. 2 percent of the violation locations reported. The predominant 
or major types of access violations were: 

1. Separation strip crossing, exit where no exit ramp exists; 
2. Median crossing; 
3. Separation strip crossing, entrance where no entrance ramp exists; 
4. Unattended vehicle on shoulder; and 
5. Crossing entire freeway system. 

The frequency of these types of violations and their respective percentages are 
shown in Figure 11. The type of violation, loading or unloading passengers, was not 
marked as one occurring in the state, yet it was included because the author noted and 
photographed this taking place on a Houston freeway. It was believed that a continuous 
surveillance method of data collection, rather than the once-over method used, would 
indicate the frequency of this type of violation (Fig. 10). 

The number of violation locations shown in Table 2 does not take into account how 
often each violation was repeated. These data were required to determine the true ex
tent of access violations. Since data were collected on a one-time basis, the frequency 
of each violation was estimated by the pe rsonnel completing the questionnaire in the 
general terms of seldom, occasionally, often or very often. This estimation is shown 
in Figure 12. Noting that "often" was marked for 44 percent of the violation locations 
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Figure 8. Types of access violations. 
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Figure 9. Types of access violations. 
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Figure 10. Types of access violations. 



and that "very often" was marked for 24 percent of the violation locations, it may be 
assumed that the true extent of access violations was several times greater than the 
total number of the types of violation locations reported (986). 

The primary cause of access violations was that the violation route was the most 
convenient route. This generally resulted from one of two conditions: there was no 
r amp available, or there was no grade separation available. 

Figure 13 shows the frequency of the cause of access violations. Since 2 causes 
could be marked on the questionnaire for each violation, the sum of the percents for 
all causes was greater than 100. 

81 

The greatest cause of violations was that the violation route was the most convenient 
route. This cause of violation was indicated for over 52 percent of the violation loca
tions. 

Figure 14 shows that 35 percent of the violation locations with most convenient 
route marked as a cause, required no additional distance to go the legal route. (No 
additional distance to go the legal route means that the violator could have exited back 
down the freeway, driven the remainder of the distance on the frontage road, and 
traveled the same distance as was traveled in the route with the violation.) 

Seventy percent of the violation locations required an additional distance of one mile 
or less to go the legal route . This seemed to leave the freeway designer with little 
opportunity to design freeways to eliminate this cause of violation, since only 30 per
cent of the violation locations could be eliminated with ramps, interchanges, etc., 
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Figure 11. Frequency of major types of violations. 
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spaced at one-mile intervals. At best, the designer would only be able to design cor
rective measures to enforce the elimination of violation locations for this cause. 

Effectiveness of Corrective Measures 

The frequency of the use of the different types of corrective measures was deter
mined from the opinions of the field personnel as found in the data collection forms. 
These frequencies are plotted as bar graphs in Figure 15. The sum of the percent for 
the bars did not equal 100 percent since up to 3 corrective measures could be marked 
for one violation. 

Determining the effectiveness of these corrective measures was the third objective 
of this project. Figure 16 shows the percentage that each corrective measure was 
rated as effective and ineffective. The corrective measure signs were ineffective 
more often than effective, 78 percent vs 22 percent. Curbs, chain-link fences, and 
posts with barxier cable showed a very high effectiveness ratio. The sample size for 
curbs and chain link fences was very small (Fig. 15). 

ADDITIONAL CONSIDERATIONS 

Types of Access Violators 

The access violator was cataloged into 3 types: pedestrian, vehicle, and animal 
since the type "other" was not marked on any questionnaire. Figure 17 shows the fre
quency of each of the types of violators with the vehicle accounting for 94 percent. 
Figure 18 shows that in 10 percent of the violation locations, a specific group was in
volved. These groups included school children, power companies, telephone com
panies, roadside advertising companies, and particular business firms. There was a 
possibility that these violation locations could be eliminated by contacting these groups, 
pointing out the proper route, noting the severity of the violation, and requesting their 
help in eliminating the violation. This procedure was effective in eliminating one vio
lation in the Ft. Worth area. 

Purposes of Access Violations 

Figure 19 shows the major purposes for access violations to be (a) egress from the 
freeway facility, (b) access to the freeway facility, and (c} a change of direction on 
the freeway facility. These purposes substantiated the 3 major types of violations which 
are shown in Figure 11. 

Average Daily Traffic 

Figure 20 shows that 46 percent of the violation locations occurred on facilities with 
an average daily traffic from 5, 000 to 9, 999. The sum of percentages of the bar graphs 
did not equal 100 percent because 163 (16. 5%) of the questionnaires did not furnish a 
figure for average daily traffic. Only 3 violations were reported with an average daily 
traffic greater than 30, 000. 

The 3 major types of violations were correlated with average daily traffic in Figure 
21. Approximately 60 percent of the violation locations for each of the major causes 
took place on a facility with an average daily traffic less than 6,000. 

Additional Distance To Go the Legal Route 

Figure 22 shows that 35 percent of the violation locations require no additional time 
to go the legal route. According to this graph, 80 percent of the violation locations 
occurred when the additional time required to go the legal route was less than 5 min
utes. 

Severity of Violations 

The frequency of the severity of violations is shown in Figure 23. Dangerous was 
marked for almost 50 percent of the violation locations. An attempt was made to show 
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that a greater percent of relatively safe violations would occur than dangerous viola
tions for the same additional time to go the legal route. Figure 24 did not substantiate 
this hypothesis. Therefore, time did not appear to be the basis for determining whether 
the average driver would violate or go the legal route. 

• • t ' • ·· • - - - - --·- ~ .,_1-,..:..., ~n ..,.,., .....,. a to-r 

;;~d ·~~1~y-cta"~g;r~~s V.:hen the additional distance was between 12 mile anct ~ mues. uv 
to % mile, there was practically no difference in the curves, and for distances fartl1er 
th:rn 2 miles, a greater percent of dangerous and very dangerous violations occurred 
than relatively safe violations. This comparison was based on the perc(:)ula15es and not 
on the quantities. 

Presence of Violations 

Figure 26 illustrates the frequency of the presence of violation locations. The per
centages of the 4 bar graphs did not add up to 100 percent since all questionnaires were 
not completed for this question. Over 80 percent of the violations had existed since 
the facility opened. 

Fiei1rP. 27 shows the number of violations beginning on new facilities as they were 
opened to traffic for each of the past 12 years. Figure ::l8 shows that the::;e numbered 
over 300. The 300 in existence should have totaled the 800 shown in Figure 26. It did 
not because the personnel completing the questionnaire failed to fill in the blank when 
the highway npP.nP.d, yet rcali3ed that the violation location had been used since the 
highway opened, and marked fuis box but left the year blank. 

Freeway Areas 

Figu1·e 29 shows that 75 percent of the violation locations reported occuned on rural 
freeway facilities and 25 percent on u_rban freeway· facilities . This was anticipated for 
3 rcasous: (a) U1e heavy volumes on urban freeways tend to prevent violations; (b) 
many urban freeways have ba1·rier curbs on frontage roads and a guardrail down the 
median which pTevent some types of violations; and {c) approximately 130 mi of urban 
freeways were studied in comparison with av1H·oxima tely 640 mi of rural freeways. 
Ye t, there were 1. 9 access violation locations per mile of urban freeway while there 
were 0. 85 access violation locations per mile of rural freeway. 
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Accident History 

Figure 29 shows that a very small number of accidents have been attributed to ac
cess violations. However, one fatality resulted from an access violation accident. 

Profile ---
Figure 29 indicates that over 90 percent of the access violation locations occurred 

on r elatively flat terrain. 

Enforcement 

Figure 29 illustrates the fact that the enforcement level for access violations was 
generally low. In less than 25 instances was it rated as high. 

Duration of Violation 

Figure 30 shows that at 86 percent of the violation locations, less than 5 min was 
required for the execution of the violation maneuver. Since data were not collected 
using a continuous observation method, a breakdown of less than 5 min was impossible. 

CONCLUSIONS 

The data were collected on a one-time basis on approximately 770 mi of freeway 
which included all Interstate highways within the state. The conclusions based on the 
study performed were: 

1. A total of 28 separate types of access violations were observed and defined. 
2. A total of 986 access violation locations were observed on approximately 770 mi 

of Interstate highways, a ratio of 1. 3 access violation locations per mile of freeway. 
Twenty-five percent of these violation locations occurred on the 130 mi of urban free -
way studied, a ratio of 1. 9 access violation locations per mile of urban freeway. The 
remainder of the violation locations occurred on 640 mi of rural freeway, a ratio of 
0. 85 access violation locations per mile of rural freeway. 

3. Five types of access violations accounted for 622 or 63. 5 percent of the 986 ob
served access violation locations. These most prevalent types were: (a) separation 
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strip crossing, exit where no exit ramp exists-204 violations-20. 7 percent; (b) me
dian crossing-ISO violations-18. 2 percent; (c) separation strip crossing, entrance 
where no entrance ramp exists-112 violations-11. 4 percent; (ct) unattended vehicle on 
shoulder-68 violations-7. 0 percent; and (e) crossing entire freeway system-58 vio
lations-5. 9 percent. 

4. The primary cause of access violations was found to be that the violation route 
was the most convenient. This cause was indicated in over 52 percent of the violations. 

5. Prohibitive signs were rated ineffective as corrective measures in 78 percent 
of the cases. 

6. Curbs, chain-link fences, and posts with barrier cable had a very high degree 
of effectiveness. 

7. Access violators were cataloged as: (a) pedestrian, (b) vehicle, and (c) animal. 
Of these 3, vehicles accounted for 94 percent of the access violators. 

8. Approximately 60 percent of the observed violations took place on facilities with 
an average daily traffic of less than 6,000. 

9. The study indicated an extreme desire on the part of the motorist to make direct 
movements on-to and off-of the freeway. 

10. The severity of violations was classed as relatively safe, dangerous, and very 
dangerous. The persons reporting the data indicated: (a) relatively safe-24 percent 
of the violation locations; (b) dangerous-49 percent of the violation locations; and (c) 
very dangerous-27 percent of the violation locations. 

SIGNIF1CANCE OF RESULTS 

In the past, the geometrics of an individual road were developed primarily in rela
tion to safety, right-of-way, physical controls, and economic feasibility. However, 
because the construction of new facilities vitally affects traffic operations and mainte
nance procedures, the design of fixed facilities has come to be of special concern to 
traffic and maintenance personnel. Design engineers have begun, more and more, to 
consider both traffic and maintenance operations. The principles of location and de-

There are many traffic factors which influence geometric design. Vehicles travel 
the highway under the control of individual operators making it imperative that the 
abilities and limitations of the driver, vehicle, and the road, both individually and in 
combination, be considered. This report dramatizes that even the drivers' short
comings must be taken into consideration. The geometry of the highway facilities must 
be related to traffic performance and the demands of traffic in order to uchieve oafc, 
efficient, and economic traffic operations. 

Freeway access violations are the operational effects of certain freeway geometrics, 
notably ramp spacing, ramp configuration, and the freeway cross-section elements. 
Traditionally, the chief criteria for freeway connections are the position of major 
cross-streets and highways, and ramp capacity. The omission of a ramp where traffic 
desires exit can and does tempt violations. The design of exit ramps, certainly in 
rural areas, sho,_lld ?.'mid the appe?.nH!Ce of two-w::iy r0Rrlw::iyi:.; or ::iny othP.r illusion 
which might encourage drivers on the crossroad to enter the ramp in the improper di
rection. It is evident from this study that some travelers on r ural frontage roads are 
not alert to one-way exit ramps. It is not inconceivable that two-way frontage roads 
will suffer the same fate as the 3-lane, two-way highway uI Lite 1930's. Il suffices to 
say that one-way operation of frontage roads is preferred and should be employed un
less there are compelling reasons to the contrary. 

The most effective method of reducing access viol.ations at the design level lies in 
the design of the median and the separation strip. The median serves to delineate the 
left extremity of the authorized path of vehicle travel, decreasing the amount of in
advertent vehicle encroachment and providing space for vehicles running off the left 
edge of the pavement to regain control. Landscaping in medians, often used to reduce 
headlight glare, offers a positive deterrent which traffic will not cross intentionally. 
The median concept offers flexibility to the planner and the designer. Medians should 
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be wide enough to serve as a recovery area and positive enough to discourage crossing 
violations without completely isolating the opposing roadways from each other. A me
dian which cannot be crossed or which prevents visibility nullifies the deterrent effect 
of police patrols. 

Emphasis on safety has led to the incorporation of the separation strip as part of the 
recovery area available to vehicles out of control. Functionally, however, the separa
tion between a freeway and its frontage road prevents the interference of through move
ment by local traffic. It should physically discourage crossings from one road to the 
other except at ramps. Side slopes of 6: 1 seem to fulfill both criteria; 8: 1 is too easily 
negotiated, whereas side slopes of 4: 1 are too severe for recovery purposes. Pedes
trians on freeways are a significant source of access violation. Where special access 
problems are involved, such as for schools, crossings exclusively for pedestrians may 
be a suitable solution. Pedestrian overpass sidewalks above the freeway should be en
closed in solid or wire mesh screens to avoid the dropping or throwing of objecls from 
these structures. 

After the freeway is built, the problem of coping with access violators is an opera
tional one. Signing and pavement marking are the conventional procedures used to 
regulate, warn or guide road users. The effectiveness of any sign depends upon its 
attention, meaning, and respect value. Unfortunately, there is little standardization 
in signs guarding against access violations. 

The recent development of "electronic policeman" (2) in which wrong-way drivers 
get a positive warning such as a "Stop-Turn Back" illuminated on an exit ramp sign, 
offers considerable promise. When a car on a secondary road mistakenly enters a 
freeway exit ramp, 2 wire loops buried in the pavement detect the vehicle and set up 
a signal that lights the sign. Circuits are arranged to ignore vehicles passing over 
them in the correct direction. Developments such as these are needed to insure proper 
operation of off-ramps. 

RECOMMENDATIONS 

One district, when returning its data collection forms, noted that the frequency of 
i- 1ocent wrong-way violations on exit ramps could not be ascertained by the once-over 
method of data collection, since no tracks were left and the violation was infrequent. 
It was recommended that data be collected on a surveillance method to determine the 
frequency and extent of this type of violation to be sign!ficant, studies should be under
taken to determine the best methods to eliminate this type of violation. 

The extent and severity of access violations shown in this report suggested additional 
studies on this subject. These studies should determine: 

1. Geometric design changes in freeway facilities which will coincide more closely 
with drivers' desires. The closer the designer can come to meeting all drivers' de
sires, the greater the number of violations he will eliminate before they ever occur. 

2. The most feasible control measure to be used in eliminating violations now 
existing on freeway facilities. Factors to be considered should be: 

a. Would any control measure be more of a hazard than the benefit of eliminat
ing the access violations? John W. Hutchinson (3) furnished encorachment 
rat2s for the highways he studied. He also notes- accident experience with ob
stacles in the median . Studies of this type must be accomplished to answer 
this question. 

b. What would be the severity of the accident if the control measure were run 
into? The most prevalent method presently used in eliminating violations 
in Texas is wooden posts with barrier cable running between posts. This 
corrective measure should be tested to determine how the cable reacts when 
broken during an accident. Does the cable drop to the ground or whip 
through the air? Possibly another type of post or a smaller wooden post 
should be used for corrective measures to reduce the severity of any acci
dents hitting these posts. Actual crash tests en these corrective measures 
can answer these questions. 
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c. Would the night visibility of the control measure be adequate? The antici
pated problem here is the cable strung between posts. Presently, at some 
locations, one reflector is attached to the cable centered between the posts. 
Studies should be conducted to determine if these are adequate to prevent 
drivers from unknowingly attempting to drive through the cable at night. 

d. The need for crossovers for use by police, ambulances, and maintenance 
vehicles. One method used in Maryland for limiting crossover usage to 
emergency vehicles is a radio -operated median gate (4). Hutchinson (3) 
states that agencies requiring emergency access acros s the median whe re 
posts and barrier cables were in place were instructed to carry bolt cutters 
for the purpose of cutting the barrier cable when necessary. Studies would 
be undertaken to determine the best method of providing this access. 

3. The control measures to be included in the original design and construction to 
prevent violations that cannot be eliminated through geometric design changes. 
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Nonmlntersectional Automobile Fatalities
A Problem in Roadway Design 
DONALD F. HUELKE, Associate Professor of Anatomy, and 
PAUL W. GIKAS, Assistant Professor of Pathology, The University of Michigan 

Medical School, Ann Arbor 

•AS has been pointed out in the articles by Stonex (1-5) and others (6-10), proper 
highway design could save 10,000 lives each year by preventing single car, off-road 
accidents. In addition, approximately 6, 000 lives could be saved annually by prevent
ing head-on collisions. Thus, 16,000 lives could be saved each year by improved high
ways and adjacent areas. These authors have indicated that trees, ditches, roadside 
slopes, guardrails of poor design, sign and light posts, bridge abutments, and other 
features are the problem, in that all too often they are left near the roadway or are 
placed close to the roadway and left exposed. Stonex (1) has shown that an obstacle
cleared roadside of approximately 33 ft would provide safety for at least 80 percent of 
the drivers leaving the road, and that a 50-ft obstacle-free roadside area would assure 
safety for 90 percent. 

There are many reasons why a vehicle will leave the roadway or cross into the 
opposite lane. A few of the causes of accidents are driving too fast for existing condi
tions, falling asleep, drinking, roadway hazards, mechanical failure of the vehicle, 
and driver inattentiveness. Seldom can only one of these factors be blamed for the 
accident, but most all can be categorized as "driver misjudgment. " 

Since November 1961, we have been studying fatal automobile accidents in and about 
Washtenaw County, Michigan. The purpose is to determine the causes of death of the 
occupants-the body areas injured, as well as the structures which were impacted to 
produce lethal injuries. The p,:>lice of the area call us to all on-scene fatalities anytime 
of the day or night. Photographs of the vehicles, roadway, and victims are taken 
using 35-mm color film. As of January 1, 1965, we investigated 111 accidents in which 
146 automobile occupants were killed. No pedestrians, cyclists, car-train, or truck
truck accidents are included in the data. 

In studying each case certain conditions become important. The occupant would have 
lived-if he was not driving too fast, if he had not fallen asleep, if he had not been 
drinking, if he had worn a seat belt, if the interior of the vehicle had been designed 
for safety, if the roadway had been better designed, if no roadside obstacles had been 
present, etc. We contend that there will always be the possibility of an automobile ac
cident when there is a man-machine combination. Thus, in addition to attempting to 
decrease accidents by driver education, vehicle inspection, etc. , the only alternatives 
are improvement in vehicular design for crash attenuation (especially the interior), 
and by proper roadway design and clearance of roadside obstacles. If an individual is 
going to lose control of his vehicle for any reason, the roadway must be designed to 
prevent cross-median accidents, and obstacles must be removed from the roadside 
so that serious or fatal injuries will not occur. 

In this study 84 percent of the accidents were non-intersectional collisions with the 
majority (60 percent) being single car, off-road collisions (Table 1). In one of five 
accidents (18 percent), a vehicle invaded the roadway of another by crossing the center
line or median, or traveled in the wrong lane on an expressway. 

Paper sponsored by Committee on Highway Safety and presented at the 45th Annual Meeting. 
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In 21 cases, more than one roadway hazard could be considered important ~Table 2). 
The most obvious hazard is indicated first; however, other obstacles or design factors 
played an important part in the fatal accident. For example, a tree-ditch combination 

TABLE 1 

TYPE OF FATAL ACCIDENT AND OBJECT 
CA USING FATALITY 

Single Car Collisions 

Tree or utility polea 
Bridge abutment 
Guardrail or post 
Earth embankment 
Rollover (due to): 

Ditch 
Slope or embankment 
Lost control on roadway 

Subtotal 

Car-to-Car Collisions 

Intersectional 
Crossed medianb 
Crossed centerline 
Rear endC 

Subtotal 

'l'ot::i l 

Number 

35 
5 
4 
4 

8 
6 
5 

67 

18 
10 
10 
6 

44 

111 

0 in two crossed median cases the vehicle was going the 
wrong way on the expressway. 

cone case the struck vehicle went through guard posts and 
down a slope. 

TABLE 2 

MULTIPLE ROADSIDE OBSTACLES OR DESIGN FACTORS 
CONTRIBUTING TO FATAL ACCIDENT 

Brki!!;e auui.rueuL a.ml !!;Uard1·all 
Earth embankment and guardrail 
Three (and): 

Ditch 
Slope 
Ditch and slope 
Guardrail 

Slope (and): 
Ditch 
Guardrail 
Tree 
End of culvert 

Rear-end collisions and guard posts 
and slope 

') 

" 
1 

7 
2 
1 
1 

1 
2 
1 
1 

1 
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Figure 1. Vehicle went off left side of road and struck tree stump 10 ft from edge of road. 
Driver killed. 

indicates that the tree was struck by the vehicle but the ditch kept the car "on track" to 
the impact point. The rear-end collision was not the real cause of the fatalities in the 
case in Table 2, but the struck car went through guard posts and down a steep slope 

Figure 2. Vehicle left roadway on right side of 
curve and struck tree (center) 15 ft from edge of 

road. Dri ver ki I led. 

causing the ejection of two occupants. 
Had the vehicle been stopped by a guard
rail of proper design these fatalities 
would not have occurred. 

Figures 1 to 5 illustrate accidents 
where the vehicles left the roadway and 
impacted trees. The trees were less than 
15 ft from the roadw::i.y. In the case il
lustrated by Figure 5, the owner of the 
adjacent property had asked for removal 
of the tree in the roadway several times 
before the fatal accident, but the tree re
mains 3 years afterwards. This tree is 
now marked for removal, not because of 
its location, but because of Dutch Elm 
disease. Trees, or less often utility 
poles, account for one-third of our fatali
ties. 

Improper ditch design led to at least 
eight fatal accidents in this study. Fig
ure 6 illustrates a deep ditch adjacent to 
a curve in the road. The vehicle went off 
the roadway and traveled in the ditch some 
30 ft. It then rocketed out the far side of 
the ditch r.nd flew 50 ft through the air. 
The vehicle landed on its front end and, 
in the upright position, continued for 10 
ft striking a tree with the roof, hood, and 
trunk, killing the driver. Here, two 
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Figure 3. Off-road tree impact on a curve; tree 15 ft from roadway. Three ki I led. In this and 
Figure 2, trees are just beyond apex of curve, the point where a vehicle would strike if it left roadway. 

Figure 4. Photograph of car-tree impact. 

roadside hazards are apparent-the deep ditch along the roadway, and the tree located 
on the convex side of the curve, :n ft from the edge of the road. 

In Figures 7 and 8, impacts of vehicles against earthen embankments adjacent to the 
roadway caused the fatalities. An example of two poorly designed roadside factors 
playing a part in the fatal collision course of the vehicle is shown in Figures 9 and 10, 
where there is a narrow drainage ditch adjacent to the embankment. The vehicle left 
the roadway and the right wheels caught in the ditch. The slope then increases mark
edly, preventing the vehicle from returning to the roadway. The vehicle struck the 
trees and the driver was killed. 

Approximately 9 percent of our cases are cross-median accidents. In Figure 11 
(showing widely separated expressway lanes) the vehicle was traveling from right to 
left, failed to navigate the curve, crossed the median and struck another car. Tire 
tracks are evident in the median. 
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Figure 5. A tree in the road-the scene of accident shown in Figure 4. In Figure 20, this case was 
plotted at zero feet from road edge. 

Narrow medians contributing to fatal accidents are shown in Figures 12 to 15. The 
vehicle in Figure 13 crossed the median shown in Figure 12, and was struck by a semi
trailer. Figure 14 shows the tracks of a vehicle which crossed a median. The right 
front tire hit the bottom of the drainage ditch in the center of the median; the vehicle 

Figure 6. Deep ditch adjacent to road. Vehicle 
traversed ditch, flew 50 ft and impacted the roof, 
hood, and trunk against tree located 31 ft from 

roadside. 

rolled over and struck an oncoming car. 
This was a roof-to-roof contact (Fig. 15). 
Figure 16 illustrates a case where a flat
bed trailer broke loose, crossed the me
dian, and struck a car head-on, killing 
the passenger. 

Improper guardrail design was a factor 
in a single car accident (Fig. 17). The 
vehicle traveled across the narrow median 
(9 ft), recrossed the median and struck 
the guardrail head-on. The guardrail 
deformed in such a manner that it caused 
the vehicle to roll over, and the driver 
was killed. In another accident a vehicle 
struck the guardrail with the right front 
bumper, which caught on the posts causing 
the vehicle to spin; the left rear door of 
the car then hit the end of a bridge rail 
(Fig. 18). 

There are also several cases where 
exit ramps of expressways have been used 
to enter the wrong lane of traffic. In one, 
the driver became confused at a triple
overpass complex, went the wrong way on 
the expressway, and struck another car 
(Fig. 19). Two passengers were killed. 
At a court trial, the judge indicated that 
the defendant could not be charged with 
criminal negligence because there were no 
road signs giving notice that the one-way 
expressway was ahead. 
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Figure 7. Vehicle "missed the curve" knocking down several guard posts and hit earth embankment in 
the distance. Proper guordrai I design \1vould have prevented o straight- on course to embankment which 

should hove been removed. Impact point location 20 ft from road edge. 

Figure 8. Attempt to return to roadway by broking turned vehicle into embankment on opposite side of 
road. Driver ki lied-embankment JO ft from roadway. 
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Figure 9. Entrapment of vehicle by drainage ditch next to embankment led it to distant trees. Ditch 
10 ft from roadside. 

Figure 10. Steep slope prevented return of car to roadway before impact, Trees are 25 ft from road 
edge. 
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Figure 11. Aerial view of wide median at o curve in an expressway. Vehicle crossed median as indi
cated by marks in turf. Three killed. Path of vehicle across median was approximately 95 ft. 

Figure 12. Narrow (28 ft) median at point of crossover, Car-truck collision, one killed. 
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Figure 13. Vehicle involved in cross-medicm accident shown in Figure 12. 

Figure 14. Narrow (26 ft) median at point of crossover. Vehicle hit drainage ditch in center of 
median, rolled over striking another car. 



112 

Figure 15. Roof-to-roof impact due to deep drainage ditch in center of median shown in Figure 14. 
Four ki I led. 

Figure 16. Narrow (27 ft) median allowing flat bed trailer to cross and strike a car . 

Figure 17. Vehicle crossed narrow median, attempted to return to proper lane by recrossing median 
and struck guardrai I head-on, causing a ro I lover. Driver ki lied. 
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Figure 18. Vehicle "snagged" by guardrail, spinning it into bridge railing. Shown is the point of im
pact, left rear door. One killed. 

Figure 19. Area where vehicle traveling the wrong way on an expressway struck another car (arrow). 
Entrance ramp from which the driver turned toward on-coming traffic is on the left. 

Figure 20 plots the distance from the roadway of the object of impact. All data of 
single car collisions are presented except the 5 cases of rollover in the roadway. Of 
the car-car collisions only the rear-end accident, where the struck vehicle went through 
guard posts, is used. Cross-median accidents, intersectional, and cross-centerline 
accidents have been omitted. Therefore, Figure 20 shows 63 cases where the roadway 
or roadside design, obstacles, etc., are conside:red one of the leading factors in the 
fatal accident. All of the hazards are no more than 32 ft from the edge of the road. 

Obviously, one need not travel too far off the roadway to strike an obstacle. If, as 
has been shown (1), the roadside is cleared of obstacles for 33 ft from the edge of the 
road, probably 80 percent of the accidents would not have occurred. In this distance 
the driver could have regained control of the vehicle. 

Analysis of a small sampling of the Cornell ACIR data by Stonex indicates that 80 
percent of the vehicles struck an object within 12 ft of the roadway. Our data indicate 
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Figure 20. Distribution of impacted roadside obstacles vs distance from edge of roadway (63 cases). 

that of 63 cases, 80 percent struck an object within 27 ft of the road's edge. Although 
the General Motors Proving Ground data indicate that control of 80 percent of the vehi
cles can be regained within 33 ft of the pavement's edge, this is true only if proper 
roadside clearance has been carried out. In our cases, ditches, embankments and 

..... ..., ................................. .t' ..... "'J ............ ..,......,_.._. .......... _ 0- .... .-.------- ---·--- -- ------- -- - -- ---0 

courses have been presented. If these were to be removed by slight modification and 
maintenance of the roadside, it would be a minimum and practical first step toward 
the total elimination of roadside obstacles. 

Hutchinson (8), studying a 40-ft wide median, has shown that only 20 percent of the 
vehicles entering the median traveled more than 33 ft. He believes that the slope 
characteristics play an important role in the distance traveled. In addition to the two 
accidents where a vehicle was traveling the wrong-way on the expressway, we have 
found that most of eight cross -median accidents were due to the narrow width of the 
medians. Median widths in five cases were 26 ft, 28 ft, 32 ft, 40 ft, and 95 ft. In 
three cases they were 27 ft. 

Can roadways be designed with adequate clearance and characteristics to prevent 
fatal accidents? Recently a new bypass has been opened in the Ann Arbor area which 
exemplifies some exceilent roadside design features. .r 1gure .<.l shows au enl1·au(;t:: 
ramp to the expressway, with an obstacle-clear, off-road area, and a smooth, gentle 
slope. In sharp contrast is Figure 22, where a steep slope is protected by only the 
guard posts and cables. At expressway speeds, this type of guardrail could be pene
trated and a vehicle could roll down the slope. Figure 23 shows another example of 
good roadside design, but the lone large tree in the distance is a definite hazard. 

Clear roadside areas are often hazardous because of open drainage ditches or 
earthen mounds close to the roadside (Figs. 24, 25). Open ditches should be closed 
over or constructed farther from the edge of the road; earthen embankments should 
also be eliminated. 

Figure 26 shows a partially protected man-made obstacle. The relatively flat off
road area is hazardous because the support post of the sign is unprotected. Extension 
of the guardrail around the front of the sign would offer protection. 
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Figure 21. Expressway entrance ramp. Note obstacle clear, off-road area. 

Figure 22. Steep slope and inadequate guardrail adjacent to expressway. 

Figure 23. Clear area off roadway except for large tree. 
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Figure 24. Deep drainage ditch near expressway. 

\, ... ~ .. 
.. ~/. ·:.~; . -
;l .~.... . ... . • ~· . . " 

··~::.~ _:_!~· .· . j-~~~~:~;~·-. ,·i 
Figure 25. Earthen embankment approximately 25 ft from edge of road. 

Figure 26. Expressway sign with support completely unprotected by guardrai I. 



Figure 27. Unprotected bridge abutment-a definite hazard on expressways. 

Bridge pillars (Fig. 27) or the ends of bridges should be protected by energy
dissipating and vehicle-decelerating guardrails of adequate design. 
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Expressway overpasses are often inadequate from the standpoint of safety. Figure 
28 shows a sidewalk adjacent to a bridge rail. This type of design is very inadequate 
in respect to crash attenuation. Parenthetically, it is illegal to walk on expressways 
in most states so that sidewalks are not needed. Better bridge rail configurations 
have been designed and crash tested in California, and more recently, by the General 
Motors Corporation (Fig. 29). The GM bridge rail design will not snag the vehicle 
and allows controlled return to the roadway (10). 

The importance of roadside design cannot be overemphasized for its life savi)1g 
benefits and injury reducing potential. We have discussed how roadside clearance can 

Figure 28. Typical bridge rail design with sidewalk. 
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Fioure 29. Prototype bridi:ie rail designed to allow controlled return of vehicle to roadway (courtesy 

be instituted. More thought must be given to the concept of roadside clearence as a 
· definitive-step-toward-reducfog-the number- of highway fatalities .and injuries. 
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Final Report on Long-Term Load Tests on 
Cylindrical Concrete Foundations for 
Overhead Sign Supports 

F. E. BEHN, Assistant Engineer of Specifications and Development, Ohio Department 
of Highways 

•CYLINDRICAL concrete foundations of an economical design for mounting pole
supported traffic control devices were constructed and tested in 1957 in order to deter 
mine the overturning resistance of such foundations. Tests were conducted at three 
locations which were se lected to provide a range from very good to very poor soil con
ditions. Short-term load tests were conducted to measure the strength characteristics 
under transient loading conditions such as wind loads on large sign areas. The same 
foundations were then left under fixed, constant loads to determine their creep char
acteristics under long-term loading conditions. This report presents the results of 
measurements of rotational creep movement over a 7-yr period and completes the 
record of this research project. 

'!'he foundations were excavated wlU1 a 30-in. power auger; this was a very fast anrl 
economical method and it eliminated any need for concrete forms and backfilling. The 
fact that concrete was placed against undisturbed soil indicated U1at good resistance to 
overturning loads could be expected. A complete description of these foundations and 
soils tested is found in Highway Research Board Bulletin 247 (1960). 

I - -1 _.,_ _ - 1 ....-. ..... 1 ,.. ,.... ,.,. ,. ,: 4,-l, ,-, "'°',_...ci,_ 

foundations was measured in two ways. One method consisted of transit readings on a 
scale mounted at the top of the pole and the other consisted of use of a clinometer on 
the top of the concrete foundation itself. 

Measurements were made ?..t irregular intervals for the first two years of loading 
after which no additional measurements were made until the final one in July 1965. 
The shape of the curves produced fo llowed the anticipated paltem of relatively rapid 
moveme nt initially and a steadily decteasing rate . 

A r e cor d of tl1e observations made throughout the test period is given in Tables 1 
through 6. In gene ral the two methods of measurement of the rotation agree very well 
for the organic s oil, fa.irly well for the granular soil, and not very well for the plastic. 
No reason is known for the discrepancies encounte r ed but the angles measured were 
very small. The data are shown graphically in Figure 1 in which the two independent 
measurements are iirst averaged aud then smooth curves v:ere dra•,m thro'ugh thP. 
plo tted points. 

Although moments up to 195,000 ft-lb were applied to the foundations , angular move 
ments of les s than ½ deg were obse rved in the two soils (plastic and granular) con
sidered to be good foundation material. In U1e very poor (organic) soil, the shor l 
foundation deflected almost 3 deg. This soil was tes ted only to obtain information, and 
not with the expectation that it would ever be considered suitable for supporting foun
dations. 

Paper sponsored by Committee on Guardrails and Guide Posts and presented at the 45th Annual 
Meeting. 120 



Date 

Nov. 14, 1957 
Dec. 18, 19 57 
Jan. 28, 1958 
Mar. 7, 1958 
Apr. 23, 1958 
May 26, 1958 
July 22, 1958 
Mar. 4, 1959 
Apr. 28, 1959 
July 15, 1959 
Dec. 22, 1959 
July 8, 1965 

Soil: 
Depth of foundation: 
Horizontal load: 
Height of load: 

Elapsed 
Time 
(days) 

0 
34 
75 

113 
160 
193 
250 
475 
530 
608 
768 

2,793 

TABLE 1 

MT. GILEAD 

Rotation of Foundation (radians) 

Clinometer on Top Transit Reading 
of Foundation at Top of Pole 

0.0000 

0.0006 
0.0021 
0.0016 
0.0011 
0. 0010 
0.0016 
0.0011 
0. 0010 
0.0008 
0.0027 

0.0000 
0.0009 
0.0021 
0.0026 
0.0034 
0.0034 
0.0038 
0.0043 
0.0043 
0.0040 
0.0048 
0.0122 

A-6-a (plastic) 
8.2 ft 
6,000 lb. 
24.4 ft 

Moment at groundline: 146,000 ft-lb 

Date 

Nov. 14, 1957 
Dec. 18, 1957 
Jan. 28, 1958 
Mar. 7, 1958 
Apr. 23, 1958 
May 26, 1958 
July 22, 19 58 
Mar. 4, 1959 
Apr. 28, 19 59 
July 15, 1959 
Dec. 22, 1959 
July 8, 1965 

Soil: 
Depth of foundation: 
Horizontal load: 
Height of load: 

Elapsed 
Time 
(days) 

0 
34 
75 

113 
160 
193 
250 
475 
530 
608 
768 

2,793 

TABLE 2 

MT. GILEAD 

Rotation of Foundation (radians) 

Clinometer on Top Transit Reading 
of Foundation at Top of Pole 

0.0000 

0.0011 
0.0012 
0.0011 
0.0016 
0.0012 
0. 0019 
0.0011 
0.0019 
0.0021 
0.0074 

0.0000 
0.0011 
0. 0018 
0.0020 
0.0030 
0.0032 
0.0039 
0.0059 
0.0060 
0.0048 
0.0060 
0.0085 

A-6-a (plastic) 
12.0 ft 
8,000 lb 
24.4 ft 

Moment at groundline: 195,000 ft-lb 

Average 

0.0000 
0.0009 
0.0013 
0.0023 
0.0025 
0.0022 
0.0024 
0.0030 
0.0027 
0.0025 
0.0028 
0.0075 

Average 

0.0000 
0.0011 
0.0015 
0.0016 
0.0022 
0.0024 
0.0026 
0.0039 
0.0036 
0.0034 
0.0042 
0.0080 
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Date 

Dec. 16, 1957 
Jan. 28, 1958 
Mar. 6, 1958 
Apr. 23, 1958 
May 27, 1958 
July 22, 1958 
Mar. 4, 1959 
Apr. 28, 1959 
July 16, 1959 
Dec. 22, 1959 
July 8, 1965 

Elapsed 
Time 
(days) 

0 
43 
80 

128 
162 
218 
443 
498 
577 
736 

2,761 

TABLE 3 

HOLMESVILLE 

Rotation of Foundation (radians) 

Clinometer on Top Transit Reading 
of Foundation at Top of Pole 

0.0000 
0.0017 
0.0030 
0.0034 
0.0034 
0.0036 
0.0048 
0.0052 
0.0046 
0. 0051 
0.0083 

0.0000 
0.0003 
0.0029 
0.0041 
0.0056 
0.0047 
0.0054 
0.0052 
0.0065 
0.0074 
0.0083 

Soil: A-2-6 (granular) 
Depth of foundation: 8.0 ft 
Horizontal load: 6,000 lb 
Height of load: 24.4 ft 
Moment at groundline : 146,000 ft-lb 

HOLMESVILLE 

Elapsed 
Time 
(dayA) 

Rotation of Foundation (radians) 

Date 

Dec. 16, 1957 
Jan. 28, 1958 
Mar. 6, 1958 
Apr. 23, 1958 
May 27, 1958 
July 22, 1958 
Mar. 4, 1959 
Apr. 28, 1959 
July 16, 1959 
Dec. 22, 1959 
July 8, 1965 

Soil: 
Depth of foundation: 
Horizontal lodd: 
Height of load: 
Moment at groundline: 

Clinometer on Top Transit Reading 
of Foundation at Top of l'ole 

0 
43 
80 

128 
162 
218 
443 
493 
577 
730 

2,761 

0.0000 
0.0014 
Neg. 

0. 0010 
0.0005 
0.0013 
0.0015 
0.0006 
0.0013 
0.0011 
0.0042 

A-1-b (granular) 
12.3 ft 
8,000 lb 
24.3 ft 
194,000 ft-lb 

0.0000 
0.0009 
0.0008 
o. 0019 
0.0022 
n nnnn 
V,VVGG 

0.0023 
0.0025 
0.0031 
0.0037 
0.0025 

Average 

0. 0000 
0 0010 
0. 0030 
0. 0038 
0.0045 
0. 0044 
0.0051 
0.0052 
0. 0055 
0.0063 
0.0083 

Average 

0.0000 
0. 0011 
0.0008 
0.0015 
0.0014 
0.0018 
0. 0019 
0.0016 
0.0022 
0.0024 
0.0034 



Date 

Oct. 9, 1957 
Oct. 14, 1957 
Jan. 28, 1958 
Mar. 6, 1958 
Apr. 23, 1958 
May 27, 1958 
July 22, 1958 
July 15, 1959 
Dec. 22, 1959 
July 8, 1965 

Soil: 
Depth of foundation: 
Horizontal load: 
Height of load: 

Elapsed 
Time 
(days) 

0 
5 

111 
148 
196 
230 
286 
644 
804 

2,829 

TABLE 5 

MANSFIELD 

Rotation of Foundation (radians) 

Clinometer on Top Transit Reading 
of Foundation at Top of Pole 

0.0000 

0.0030 
0.0148 
0.0165 
0.0171 
0.0188 
0.0278 
0.0308 
0. 0471 

0.0000 
0.0016 
0.0062 
0.0176 
0.0212 
0.0208 
0.0228 
0.0334 
0.0362 
0.057 

A-7-6 (organic) 
7.9 ft 
1,000 lb 
24.1 ft 

Moment at groundline: 24, 100 ft-lb 

Date 

Dec. 17, 1957 
Jan. 28, 1958 
Mar. 6, 1958 
Apr. 23, 1958 
May 27, 1958 
July 22, 1958 
July 15, 1959 
Dec. 22, 1959 
July 8, 1965 

Soil: 
Depth of foundation: 
Horizontal load: 
Height of load: 

Elapsed 
Time 
(days) 

0 
42 
79 

127 
161 
217 
575 
735 

2,760 

TABLE 6 

MANSFIELD 

Rotation of Foundation (radians) 

Clinometer on Top Transit Reading 
of Foundation at Top of Pole 

0.0000 
0.0049 
0.0086 
0.0100 
0.0102 
0.0111 
0.0148 
0.0162 
0.0241 

0.0000 
0.0060 
0. 0108 
0. 0112 
0.0110 
0. 0118 
0. 0171 
0. 0186 
0.025 

A-7-5 (organic) 
12.0 ft 
3,000 lb 
24.2 ft 

Moment at groundline : 72,600 ft-lb 

Average 

0.0000 
0.0016 
0.0046 
0.0162 
0.0188 
0.0189 
0.0208 
0.0306 
0.0335 
0.052 

Average 

0.0000 
0.0054 
0.0097 
0. 0106 
0. 0106 
0. 0115 
0.0160 
0.0174 
0.024 
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Figure 1. Results of long-term tests. 




