
D E P A R T M E N T OF T R A F F I C 
A N D OPERATIONS 

Driver Behavior as Aflfected by Objects 
on Highvŝ ay Shoulders 

A. T . ^ R A G i N , Highway Engineer, 
Highway Transport Research Branch, 
Bureau of Public Roads 

A PASSENGER car, highway maintenance truck, or a barricade was placed on the 
shoulder at the pavement edge and at 3 feet and 6 feet from the pavement edge. Ob­
servations of the effect were recorded on two-lane and four-lane divided highways. 

During light-to-moderate traffic volumes on the wider two-lane highways and on 
four-lane highways, vehicle speeds were affected little, if at all, by the objects on the 
shoulder. However, on two-lane pavements 20 feet or less in width, speeds averaged 
approximately 3 mph. lower with vehicles or barricades on the shoulder. 

The transverse positions were affected only for those vehicles moving in the lane 
adjacent to the shoulder on which the vehicle or barricade was placed. The narrower 
the pavement and the closer the object to the pavement edge, the greater was the 
lateral displacement of vehicles from their normal path. An object placed at the edge 
of an 8-foot lane of a two-lane highway caused vehicles to travel 3.3 feet farther from the 
pavement edge than when the object was not present. 

On a 12-foot lane the corresponding value was 1.8 feet. Objects on the shoulder of a 
four-lane divided highway had a sHghtly lesser effect than on two-lane highway. When 
the \'ehicle or barricade was placed 6 feet from the pavement edge, no significant effect 
on the transverse positions of moving vehicles was found. A car, truck, or barricade 
parked on the shoulder each had about the same effect on vehicle speed and lateral 
position, except for the sHghtly lesser effect of the barricade on the four-lane highway. 

• SHOULDERS along a highway are other objects, at various distances from the 
needed for several reasons. They add to the edges of the traffic lanes. 
comfort of the drivers and increase safety. Vehicle speeds and placements were re-
AVide shouldeis provide a storage space out- corded on two-lane highways carrying light to 
side the ti-atfic lanes for disabled vehicles and moderate tr-affic volumes and on a four-lane 
for short-time parking of vehicles as may be divided highway carrying volumes as high as 
desired by drivers. They also serve as a space 3,400 vehicles per hour in one direction, 
to avoid an accident in case of emergency. 

I t is generally believed that vehicles stand- PROCEDURE 
ing along the traveled way of a highway A description of the sites selected for study 
either by choice of the drivers or due to me- for two-lane operations is given in table 1. 
chanical failure influence the behavior of ve- These sites were studied in cooperation with 
hides on the highway. I t is the purpose of this the Oregon State Highway Department and 
article to report the results of studies made to were on level tangent sections with no restric-
determine the extent to which traffic is influ- tive sight distances in either direction of 
enced by vehicles parked on the shoulders, or travel. A yellow dashed centerline separated 
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T A B L E 1 
D E S C R I P T I O N OF T H E T W O - L A N E H I G H W A Y S S T U D I E D I N O R E G O N 

Pavement Shoulders 
Number o ; Vehicles 

Site N'o. Route Xumber and Location Paved Other 
Observed 

Width Type Width Type 
Width Type Width Type Day Night 

feet feel feet 

1 
2 
3 
4 

US 99E, 7 miles S. of Salem 
US 99W, S. of Tigard 
US 99. 6 miles N . of Eugene 
US 99E, 1 mile S. of Brooks 

16 
20 
22 
26 

PCC. 
PCC. 
P f : c . 
B i t . 

2 B i t . 5 

9 
5 

Gravel 
Gravel 
Gravel 
Gravel 

6,600 
10,246 
9,144 

10,694 

2,997 
1,985 

the two traffic lanes, and the pavements were 
flanked by well-maintained gravel shoulders. 
The 16-foot concrete pavement at site 1 was 
flanked by 2-foot bituminous shoulders beyond 
which were the 5-foot gravel shoulders. 

The study of four-lane operations w'as con­
ducted during September 1953, on a level tan­
gent at the noi'th end of the Shirley Highway, 
a freeway connecting the Pentagon Network 
and ^ '̂oodbridge, Virginia. The section stud­
ied has two 12-foot lanes in each direction, of 
Portland cement concrete with shoulders 10 
feet wide. A 30-foot grass median separates the 
vehicles traveling in the opposing directions. 
The posted speed limit at this location is 50 
miles per hour for passenger cars and 45 miles 
per hour for trucks. 

The speeds and transverse positions of ve­
hicles were first recorded at all locations under 
normal conditions, that is, with the shoulders 
clear of any object. Similar data were then re­
corded with the various objects placed on the 
shoulder at various distances from the pave­
ment edge. The data for normal conditions 
were used as a base to determine the effect of 
each of the several objects on driver behavior. 
They cannot be used, however, to compare 
driver behavior on various surface widths, be­
cause other design elements and traffic condi­
tions were not the same at the different loca­
tions included in this study. The results of 
anothei' study based on extensive data for 
comparable locations show the effect of road­
way width on driver behavior-.' 

OBJECTS PLACED ON ONE SHOULDER 

The objects jjlaced on the shoulder included 
a passenger car, a highway maintenance 

1 "Eflect of Roadway Width on Vehiele Operations," by 
X. Taragin, Public lioads, October-November-December, 
1945. 

truck, and a barricade. Studies w'ere conducted 
with each of these objects at the pavement 
edge, 3 feet from the edge, and 6 feet from the 
edge of the pavement. Data were recorded 
during a period of 3 hours for each condition 
at each location. Driver behavior data were 
thus obtained for nine different conditions in 
addition to the normal condition at each 
study location. Figure 1 shows the type and 
position of the objects studied on the two-lane 
highways. Pictures of the four-lane study loca­
tion are shown by figure 2. The three lines 
across the pavement in the foreground of each 
frame in these pictures ai'e the speed and 
placement detectors which were connected to 
recording instruments that were well hidden 
from the drivers. 

The total hourly volume in both directions 
of travel on the two-lane roads during each of 
the studies is shown by table 2. Table 2 shows 
that the traffic volumes were inodei'ate at idl 
the 2-lane locations and not widely different 
for each shoulder condition at any one loca­
tion. Thus the effect of traffic volume or den­
sity was eliminated from the consideration ( . i f 
the effect that the objects had on the drivers. 

Data were analyzed separately for passenger 
ears and commercial vehicles traveling in each 
of the two traffic lanes. For the two-lane stud­
ies, the data were also analyzed separately for 
free-moving vehicles, meeting vehicles, and 
all othei- vehicles. Free-moving vehicles are 
those that were not influenced by other traffic 
on the highway whereas meeting vehicles are 
those that might be influenced by opposing 
traffic. Vehicles overtaking and passing other 
vehicles on the two-lane roads have been omit­
ted from the analysis because they were of too 
small a number during the study periods to be 
considered. 
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N O R M A L S P E E D S 

Average passenger car speeds during the 
normal condition in daytime at the different 
locations on the two-lane roads varied from 
42.9 to 48.9 miles per hour (table 3). Under 
similar conditions, the average speeds of com­
mercial vehicles (dual-tired only) were from 
37.6 to 43.2 miles per hour (table 4). At 
individual locations, however, commercial 
vehicles traveled, on an average, 3.9 to 8.3 
miles per hour slower than passenger cars. In 
addition to the speeds for normal conditions, 
tables 3 and 4 show average speeds while each 
of the objects was on the shoulder at the vari­
ous distances from the pavement edge. 

On the four-lane divided highway during the 
normal condition, and at volumes below 2,000 
vehicles per hour in one direction, passenger 
cars averaged about 50 miles per hour in the 
left lane and 43 miles per hour in the right 
lane. Commercial vehicles under similar condi­
tions traveled about 2 miles per hour slower 
than passenger cars. The average speed on this 
4-lane highway while operating at volumes 
above 2,000 vehicles per hour was far more de­
pendent on other conditions which could not 
be held constant than on the shoulder condi­
tion. For this i-eason, therefoi'e, analysis of the 
effect of an object on the shoulder on vehicle 
speeds on the four-lane road was confined to 
volumes below 2,000 vehicles per hour. 

E F F E C T O N S P E E D S 

A vehicle or a barricade parked on the 
shoulder of the two-lane highways included in 
this study had a general tendency' to reduce 
vehicle speeds. The reduction, however, was 
not consistently greater for one of the objects 
than for another. Also, the reduction was not 
consistently greater when the object on the 
shoulder was adjacent to the edge of the pave­
ment than when located 3 or 6 feet from the 
edge although there was some tendency in 
this direction. 

These are not surprising i-esults because a 
number of other studies have shown that 
speeds are not I'edueed as much as one would 
expect by unusual conditions. A study of 
sî eeds at short, narrow, two-lane bridges,' for 
example, showed that diivers did not reduce 
their speeds appreciably as they approached 

- " I n f l u e n c e of B r i d g e W i d t h s on T r a n s v e r s e Pos i t ions of 
V e h i c l e s , " b y W . P . W a l k e r , Highwa.v R e s e a r c h B o a r d P r o ­
ceedings, 1941. 

T A B L E 2 
H O U R L Y T R A F F I C V O L U M E S D U R I N G S T U D Y 

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

T y p e and Posi t ion 
of Objec t on 

Shoulder 

D a y t ime Nightt ime 

T y p e and Posi t ion 
of Objec t on 

Shoulder 
P a v e m e n t width— -feet 

T y p e and Posi t ion 
of Objec t on 

Shoulder 

16 20 22 26 20 22 

vpk vph vph iph vph vph 

S h o u l d e r c lear— 
n o r m a l operat ion. 179 233 192 282 152 

C a r a t edge of 
p a v e m e n t 201 349 220 323 214 

C a r 3 feet f r o m 
edge of p a v e m e n t 176 364 169 263 116 107 

C a r 6 feet f r o m 
edge of p a v e m e n t 196 258 213 469 107 151 

T r u c k at edge of 
p a v e m e n t 164 269 214 310 

T r u c k 3 feet f r o m 
edge of p a v e m e n t 216 325 232 287 

T r u c k 6 feet f r o m 
edge of p a v e m e n t 211 268 229 344 

B a r r i c a d e at edge 
of p a v e m e n t 247 344 280 321 146 189 

B a r r i c a d e 3 feet 
f r o m edge of 
p a v e m e n t 211 307 257 394 167 99 

B a r r i c a d e 6 feet 
f r o m edge of 
p a v e m e n t 228 483 288 364 115 88 

the bridges although the drivers did make a 
considerable change in the lateral positions of 
their vehicles—shying away from the bridge 
railings or parapet walls. The changes in speed 
caused by placing the three different types of 
objects on the one shoulder at various dis­
tances from the pavement edge are shown by 
tables 5 through 11. The following statements 
are based on a study of the data shown by 
these tables: 

1. There is only a slight tendency for pas­
senger car drivers to reduce their speeds when 
traveling in the lane adjacent to the shoulder 
which was not occupied. On an average, the 
reduction in speed was less than 1 mile per 
hour, with the surface width, the type of ob­
ject, or its location on the other shoulder 
making little difference. 

2. The average passenger car driver travel­
ing in the lane adjacent to the occupied shoul­
der reduced his speed an average of 3 miles per 
hour on two-lane pavements 16 and 20 feet 
wide and an average of 1 mile per hour on 
pavements 22 and 26 feet wide. There was a 
somewhat greater tendency under these condi­
tions for the drivers to reduce their speeds with 
a barricade on the shoulder than with a truck 
or passenger car parked on the shoulder. The 
distance that the object was from the pave-
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T A B L E 3 
A V f : R A ( ! E S P E E D S O F A L L P A S S E N G E R C A R S O B S E R V E D D U R I N G S T U D I E S O N T W O - L A N E 

H I G H W A Y S 

T y p e and Position of Objec t on Shoulder 

Shou lder c l ear—normal operat ion 
C a r a t edge of p a v e m e n t 
C a r 3 feet f r o m edge of p a v e m e n t 
C a r 6 feet f r o m edge of p a v e m e n t 
T r u c k at edge of p a v e m e n t 
T r u c k 3 feet f r o m edge of p a v e m e n t . . 
T r u c k 6 feet f r o m edge of p a v e m e n t . . 
B a r r i c a d e at edge of p a v e m e n t 
B a r r i c a d e 3 feet f r o m edge of pavement 
B a r r i c a d e 6 feet f r o m edge of p a v e m e n t 

D a y t i m e N'ighttime 

nt width—feet 

N e a r * F a r t 

mph 

47.1 
45.0 
45.8 
46.5 
40.9 
45.9 
45.3 
42.6 
44.4 
44.3 

tnplt 

42.9 
43.9 
43.2 
44.4 
43.7 
43.9 
43.2 
42.4 
43.3 
42.9 

mph 

45.2 
42.6 
42.5 
41.8 
42.4 
42.4 
43.4 
40.6 
40.7 
39.6 

mph 

43.8 
44.2 
42.9 
43.0 
41.8 
43.4 
44.3 
43.4 
42.1 
42.2 

N e a r F a r 

mph mph 

48.7 
47.0 
49.9 
49.2 
48.0 
48.4 
49.2 
47.1 
48.0 
47.8 

48.9 
48.0 
48.5 
47.6 
48.6 
48.7 
49.1 
47.0 
44.2 
45.2 

N'ear F a 

m ph 

45.9 
45.6 
45.8 
42.9 
44.4 
45.8 
44.6 
42.0 
44.0 
44.6 

mph 

46.1 
45.2 
44.9 
42.1 
44.4 
46.0 
44.3 
43.2 
42.0 
44.9 

N e a r 

mph 

43.1 
40.8 
43.5 
43.7 

41.7 
39.2 
40.7 

F a r : Ne 

mph 

41.1 
41.6 
41.8 
45.0 

44.6 
39.9 
40.6 

m ph 1)1 ph 

46.3 
44.9 

40.6 
42.6 
44.7 

48.0 
43.9 

42.2 
43.9 
44.8 

* N e a r indicates the speeds of vehicles t r a v e l i n g i n the lane a d j a c e n t to the occupied shoulder , 
t F a r indicates the speeds of vehicles t r a v e l i n g in the lane a d j a c e n t to the c lear shoulder . 

T A B L E 4 
A V E R A G E S P E E D S O F A L L C O M M E R C I A L V E H I C L E S O B S E R V E D D U R I N G S T U D I E S O N 

T W O - L A N E H I G H W A Y S 

T y p e and Posit ion of Objec t on Shoulder 

Shoulder c l e a r — n o r m a l operation 
C a r a t edge of p a v e m e n t 
C a r 3 feet f r o m edge of p a v e m e n t 
C a r 6 feet f r o m edge of p a v e m e n t 
T r u c k a t edge of p a v e m e n t 
T r u c k 3 feet f r o m edge of p a v e m e n t . , 
T r u c k 6 feet f r o m edge of p a v e m e n t . . . 
B a r r i c a d e at edge of p a v e m e n t 
B a r r i c a d e 3 feet f r o m edge of p a v e m e n t 
B a r r i c a d e 6 feet f r o m edge of p a v e m e n t 

D a y t i m e Nightt ime 

P a v e ent width—feet 

16 20 22 26 20 22 

N e a r * F a r t N e a r F a r N e a r F a r Near F a r Near F a r Near F a r 

mph mph mph mph mph mph m ph mph mph mph m ph mph 
43.2 38.1 38.5 37.6 40.8 42.4 37.6 39.1 35.6 36.2 
40.8 37.5 37.6 37.2 38.6 42.9 41.7 39.0 35.2 34.6 
42.3 39.7 36.9 38.5 42.9 41.2 37.6 37.4 36.4 37.6 44.2 37.8 
42.4 38.7 34.4 38.5 40.3 42.0 37.8 37.4 37.0 37.7 40.3 41.0 
38.4 37.3 36.9 36.5 40.5 41.6 39.6 40.8 
41.8 41.5 36.9 37.0 42.3 43.3 37.4 38.5 
40.4 35.1 37.8 39.5 42.0 41.9 38. 1 38.3 
40.8 38.0 34.1 36.8 43.4 39.6 37.6 37.6 35.5 40.3 37.6 37.7 
42.3 39.0 35.4 39.1 40.7 41.9 38.0 36.8 31.2 37.2 38.5 37.5 
44.0 40.6 40.4 40.3 41.0 42.5 40.7 34.5 33.8 34.2 36.9 38.9 

* N e a r indicates the speeds of vehicles t rave l ing in the lane a d j a c e n t to the occupied shoulder , 
t F a r indicates the speeds of vehicles t rave l ing in the lane adjacent to the c lear shoulder . 

ment edge, however, made no consistent dif­
ference. 

3. Truck drivers, I'egardless of the lane in 
which they were traveling, were influenced bj-
the shoulder condition even less than passen­
ger car drivers. 

4. The average passenger car driver who 
met anothei' vehicle traveling in the opposite 
direction at the same place on the highway as 
the object was located on the shoulder re­
duced his speed 2.3 miles per hour if in the lane 
adjacent to the occupied shoulder and 1.5 
miles per hour if in the other lane. Under 

these conditions the type of object, its location 
on the shoulder, or the width of pavement 
made httle difference. 

5. On the four-lane highway there was no 
consistent tendency foi' drivers of vehicles in 
either lane under any of the study conditions 
to change their speeds with respect to those 
under normal conditions. 

E F F E C T O F O B J E C T S O N L A T E R A L P O S I T I O N S , 

T W O - L A N E H I G H W A Y S 

Numerous studies have shown that the ef­
fect on driver behavior when any geometric 
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T A B L E 5 

C H A N G E I N A V E R A G E S P E E D S D U E T O A N O B ­
J E C T O N O N E S H O U L D E R O F A T W O - L A N E H I G H -

W A Y C O M P A R E D W I T H N O R M A L S P E E D S 
.'^U passenger cars t r a v e l i n g in lane a d j a c e n t to the 

c lear shoulder 

T A B L E 6 
C H A N G E I N A V E R A G E S P E E D S D U E T O A N O B ­

J E C T O N O N E S H O U L D E R O F A T W O - L A N E H I G H -
W A Y C O M P A R E D W I T H N O R M A L S P E E D S 
.\11 commerc ia l vehicles t r a v e l i n g in lane a d j a c e n t 

to the c lear shoulder 

T y p e of 
Objec t on 

Dis tance 
to 

Objec t 
from 

Pavement W i d t h — F e e t 
T y p e of 

Objec t on 

Dis tance 
to 

Objec t 
from 

Pavement W i d t h — F e e t 

Shoulder P a v e ­
ment 
E d g e 15* 2 0 2 2 2 6 

.Aver­
age 

Shoulder P a v e ­
ment 
E d g e 1 6 ' 2 0 2 2 2 6 

A v e r ­
age 

C a r 

feet 

0 
3 
6 

mph 

1 . 0 
0 . 3 
1 . 5 

mph 

0 . 4 
- 0 . 9 
- 0 . 8 

m ph 

- 0 . 9 
- 0 . 4 
- 1 . 3 

mph 

- 0 . 9 
- 1 . 2 
- 4 . 0 

m ph 

- 0 . 1 
- 0 . 6 
- 1 . 2 

C a r 

feel 

0 
3 
6 

mph 

- 0 . 6 
1 . 6 
0 . 6 

mph 

- 0 . 4 
0 . 9 
0 . 9 

mph 

0 . 5 
- 1 . 2 
- 0 . 4 

mph 

- 0 . 1 
- 1 . 7 
- 1 . 7 

mph 

- 0 . 2 
- 0 . 1 
- 0 . 2 

T r u c k 0 
3 
6 

0 . 8 
1 . 0 
0 . 3 

- 2 . 0 
- 0 . 4 

0 . 5 

- 0 . 3 
- 0 . 2 

0 . 2 

- 1 . 7 
- 0 . 1 
- 1 . 8 

- 0 . 8 
0 . 1 

- 0 . 2 

T r u c k 0 
3 
6 

- 0 . 8 
2 . 6 

- 3 . 0 

- 1 . 1 
- 0 . 6 
- 1 . 9 

- 0 . 8 
0 . 9 

- 0 . 5 

1 . 7 
- 0 . 6 
- 0 . 8 

- 0 . 3 
- 0 . 6 

- 1 . 6 

B a r r i c a d e 0 
3 
6 

- 0 . 5 
0 . 4 
0 

- 0 . 4 
- 1 . " 
- 1 . 6 

- 1 . 9 
- 4 . 7 
- 3 . 7 

- 2 . 9 
- 4 . 1 
- 1 . 2 

- 1 . 4 
- 2 . 5 
- 1 . 6 

B a r r i c a d e 0 
3 
6 

- 0 . 1 
0 . 9 
2 . 5 

- 0 . 8 
1 . 5 
2 . 7 

- 2 . 8 
- 0 . 5 

0 . 1 

- 1 . 5 
- 2 . 3 
- 4 . 6 

- 1 . 3 
- 0 . 1 

0 . 2 

0 . 5 - 0 . 8 - 1 . 5 - 2 . 0 - 0 . 9 . \verage change . . . 0 . 4 0 . 1 - 0 . 6 - 1 . 3 - 0 . 3 

B y t y p e of object on shoulder B y t y p e of object on shoulder 

C a r 0 . 9 - 0 . 4 - 0 . 9 - 2 . 0 - 0 . 6 

T r u c k 0 . 7 - 0 . 6 - 0 . 1 - 1 . 2 - 0 . 3 

B a r r i c a d e 0 - 1 . 2 - 3 . 4 - 2 . 7 - 1 . 8 

C a r 0 5 0 5 - 0 . 4 - 1 . 2 - 0 . 2 
T r u c k - 0 4 - 1 . 2 - 0 . 1 0 . 1 - 0 . 4 
B a r r i c a d e 1 1 1 .1 - 1 . 1 - 2 . 8 - 0 . 4 

B y dis tance object was f r o m pt ivement edge B y d i s tance object was f r o m p a v e m e n t edge 

0 feet 0 . 4 
0 . 6 
0 . 6 

- 0 7 - 1 . 0 
- 1 . 8 

- 1 . 8 - 0 . 8 0 feet - 0 . 5 - 0 . 8 - 1 . 0 0 - 0 . 6 

3 feet 
0 . 4 
0 . 6 
0 . 6 

- 1 . 0 
- 0 . 6 

- 1 . 0 
- 1 . 8 - 1 . 8 - 1 . 0 3 feet 1 .7 0 . 6 - 0 . 3 - 1 . 5 0 . 1 

6 feet 

0 . 4 
0 . 6 
0 . 6 

- 1 . 0 
- 0 . 6 - 1 . 6 - 2 . 3 - 1 . 0 6 feet 0 0 . 6 - 0 . 3 - 2 . 4 - 0 . 5 

• 16 feet of Por t land cement concrete w i t h 2-foot b i t u m i ­
nous shoulders . 

* 16 feet of P o r t l a n d cement concrete w i t h 2-foot b i t u m i ­
nous shoulders . 

feature of the cross section of a highway is 
changed will generally be reflected in a change 
in the lateral position of the vehicles. For this 
purpose, lateral positions have usually been a 
more definite criterion than vehicle speeds or 
any other characteristic of driver behavior 
that can be measured. 

Neither the parked car, truck, nor barricade 
had any effect on the lateral position of ve­
hicles traveling in a traffic lane which was not 
adjacent to the shoulder on which the.se ob­
jects were located. The differences between the 
lateral positions of the vehicles in this lane 
under normal conditions and when the ob­
jects were located on the shoulder are shown 
by table 12. In nearly all cases the values in 
this table, representing the change in lateral 
positions, are 0.3 of a foot or less, the precision 
to which the lateral positions were measured. 
They have no consistent tendency to be 
larger or smaller for the narrower sui faces than 

for the wider surfaces or for one type or loca­
tion of object than for another type or location 
of object. 

The objects on the shoulder did, howevei', 
have a very definite effect on the latei'al posi­
tions of vehicles traveling in the lane adjacent 
to the shoulder on which the objects were 
parked, as shown by table 13. This table also 
shows that the changes in the lateral positions 
due to an object on the shoulder were greater 
for the narrow surfaces than for the wider 
ones, and that they were greater the closer the 
objects on the shoulder were to the pavement 
edge. 

The type of object, however, had no consis­
tent effect on the results. An analysis of the 
clearances between vehicles when meeting on 
the two-lane highways also showed that there 
was relatively little difference between the re­
sults obtained with either the car, the truck, or 
the barricade. For this reason, the following 



460 T R A F F I C AND OPEKATIONS 

T A B L E 7 
C H A N O E I N A V E R A G E S P E E D S D U E T O A N O B ­

J E C T O N O N E S H O U L D E R O F A T W O - L A N E H I G H ­
W A Y C O M P A R E D W I T H N O R M A L S P E E D S 

A l l passenger curs t r a v e l i n g i n lane a d j a c e n t to the 
occupied shoulder 

T A B L E 8 
C H A N G E I N A V E R A G E S P E E D S D U E T O A N O B ­

J E C T O N O N E S H O U L D E R O F A T W O - L A N E H I G H -
W A Y C O M P A R E D W I T H N O R M A L S P E E D S 

A l l c o m m e r c i a l vehicles t r a v e l i n g i n lane a d j a c e n t 
to the occupied shou lder 

T y p e of 
Objec t on 
Shoulder 

Di s tance 
to 

Objec t 
from 

P a v e ­
ment 
E d g e 

Pavement W i d t h — F e e t 
T y p e of 

Objec t on 

Di s tance 
to 

Objec t 
from 

Pavement W i d t h — F e e t 
T y p e of 

Objec t on 
Shoulder 

Di s tance 
to 

Objec t 
from 

P a v e ­
ment 
E d g e 16* 20 22 26 A v e r ­

age 

Shoulder P a v e ­
ment 
E d g e 16* 20 22 26 A v e r ­

age 

C a r 

feel 

0 
3 
6 

mph 

- 2 . 1 
- 1 . 3 
- 0 . 6 

mph 

- 2 . 6 
- 2 . 7 
- 3 . 4 

mph 

- 1 . 7 
1.2 
0.6 

mph 

- 0 . 3 
- 0 . 1 
- 3 . 0 

mph 

- 1 . 7 
- 0 . 7 
- 1 . 6 

C a r 

feel 

0 
3 
6 

mph 

- 2 . 4 
- 0 . 9 
- 0 . 8 

mph 

- 0 . 9 
- 1 . 6 
- 4 . 1 

mph 

- 2 . 2 
2.1 

- 0 . 6 

mph 

4.1 
0 
0.2 

mph 

- 0 . 4 
- 0 . 1 
- 1 . 3 

T r u c k 0 
3 
6 

- 6 . 2 
- 1 . 2 
- 1 . 8 

- 2 . 8 
- 2 . 8 
- 1 . 8 

- 0 . 7 
- 0 . 3 

0 .6 

- 1 . 6 
- 0 . 1 
- 1 . 3 

- 2 . 8 
- 1 . 1 
- 1 . 1 

T r u c k 0 
3 
6 

- 4 . 8 
- 1 . 4 
- 2 . 8 

- 1 . 6 
- 1 . 6 
- 0 . 7 

- 0 . 3 
1.6 
1.2 

2.0 
- 0 . 2 

0 .6 

- 1 . 2 
- 0 . 4 
- 0 . 4 

B a r r i c a d e 0 
3 
6 

- 4 . 5 
- 2 . 7 
- 2 . 8 

- 4 . 6 
- 4 . 5 
- 5 . 6 

- 1 . 6 
- 0 . 7 
- 0 . 9 

- 3 . 9 
- 1 . 9 
- 1 . 3 

- 3 . 6 
- 2 . 4 
- 2 . 6 

B a r r i c a d e 0 
3 
6 

- 2 . 8 
- 0 . 9 

0.8 

- 4 . 4 
- 3 . 1 

1.9 

2.6 
- 0 . 1 

0.2 

0 
0.4 
3.1 

- 1 . 2 
- 0 . 9 

1.5 

A v e r a g e change. . , - 2 . 6 - 3 . 4 - 0 . 4 - 1 . 5 - 2 . 0 . \ verage change . . , - 1 . 8 - 1 . 8 0.5 1.1 - 0 . 5 

B y t y p e of object on shoulder B y t y p e of o b j e c t on shoulder 

C a r - 1 . 3 - 2 . 9 0 - 1 . 1 - 1 . 3 C a r — 1 4 —2 2 0 2 1.4 
0.8 
1.2 

- 0 . 6 
- 0 . 7 
- 0 . 2 

T r u c k - 3 . 1 - 2 . 6 - 0 . 2 - 1 . 0 - 1 . 7 T r u c k - 3 ^ 0 
- 1 . 0 

J 3 0^8 
0.9 

1.4 
0.8 
1.2 

- 0 . 6 
- 0 . 7 
- 0 . 2 B a r r i c a d e - 3 . 3 - 4 . 9 - 1 . 1 - 2 . 4 —2.9 B a r r i c a d e 

- 3 ^ 0 
- 1 . 0 J g 

0^8 
0.9 

1.4 
0.8 
1.2 

- 0 . 6 
- 0 . 7 
- 0 . 2 - 2 . 4 

- 3 ^ 0 
- 1 . 0 

0^8 
0.9 

1.4 
0.8 
1.2 

- 0 . 6 
- 0 . 7 
- 0 . 2 

B y d i s tance objec t was f r o m p a v e m e n t edge B y d i s tance object was f r o m p a v e m e n t edge 

0 feet - 4 . 3 - 3 . 3 - 1 . 3 - 1 . 9 - 2 . 7 0 feet —3.3 2,3 0 2.0 
0.1 

- 0 . 9 
- 0 . 5 
- 0 . 1 

;i feet - 1 . 7 - 3 . 3 0.1 - 0 . 7 - 1 . 4 3 feet - K l 
- 0 . 9 

-2^1 
- 1 . 0 

0 2.0 
0.1 

- 0 . 9 
- 0 . 5 
- 0 . 1 6 feet - 1 . 7 - 3 . 6 0 - 1 . 9 - 1 . 8 6 feet 

- K l 
- 0 . 9 

-2^1 
- 1 . 0 

1.2 
0.3 

2.0 
0.1 

- 0 . 9 
- 0 . 5 
- 0 . 1 - 3 . 6 0 

- K l 
- 0 . 9 

-2^1 
- 1 . 0 

1.2 
0.3 1.3 

- 0 . 9 
- 0 . 5 
- 0 . 1 

* 16 feet of P o r t l a n d c e m e n t concrete w i t h 2-foot b i t u m i ­
nous shou lders . 

* 16 feet of Por t land cement concrete w i t h 2-foot b i t u m i ­
nous shoulders . 

graphs for two-lane roads which show the ef­
fect that an object parked on a shoulder has on 
the lateral position of a vehicle traveling in 
the adjacent lane are applicable when the 
parked object is either a car, truck, or barri­
cade. 

The change in the lateral position of passen­
ger cars caused by a vehicle or barricade being 
parked on the shoulder adjacent to the traffic 
lane in which the passenger car was traveling 
is shown by figure 3, Similar information is 
shown for commercial vehicles by figure 4. 
The change in the lateral positions in these and 
all subsequent figures is shown in terms of the 
movement to the left of the position that the 
vehicle occupied under normal conditions. In 
other words, it is the distance that the average 
vehicle, of a certain group of vehicles, shifted 
its position toward the centerhne of the high­
way and away from the shoulder due to the 
vehicle or barricade which was parked on the 
shoulder. 

The drivers of free-moving passenger cars, 
or those drivers who were not influenced by 
the presence of other traffic on the highway, 
made the greatest shift toward the centerline 
and aŵ ay from their normal position due to 
the objects on the right-hand shoulder, 
whereas the drivers of passenger ears who were 
meeting a truck or bus at the same time that 
they were adjacent to the vehicle or barricade 
parked on the shoulder made the smallest 
change from their normal paths. Under this 
latter condition, however, the movement to 
the left was 1 foot when the object was 
parked at the edge of a 13-foot lane and 2.5 
feet when the object was at the edge of an 
8-foot lane. The only drivers that did not 
change their lateral positions due to the ob­
jects on the shoulders were those who met 
commercial vehicles when the objects were 6 
feet from the edge of the pavement. 

The objects on the shoulders generally 
caused the trucks to veer farther than passen-
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T A B L E 9 
C H A N G E I N A V E R A G E S P E E D S D U E T O A N O B -
, J E C T O N O N E S H O U L D E R O F A T W O - L A N E H I G H -

W A Y C O M P A R E D W I T H N O R M A L S P E E D S 
Passenger cars t r a v e l i n g in lane a d j a c e n t to tl ie 

c lear shoulder a n d meet ing other vehic les 

T y p e of 
Objec t on 
Shoulder 

Distance 
to 

Object 
from 

P a v e ­
ment 
E d g e 

feel 

0 
3 
(i 

Pavement W i d t h — F e e t 

A v e r a g e change. 

16* 20 22 26 
A v e r ­
age 

m ph m ph mph mph m ph 

2.1 - 0 . 3 - 0 . 2 - 1 . 5 0 
- 2 . 3 - 1 . 1 0 - 4 . 4 - 2 . 0 

1.4 - 2 . 0 0.5 - 5 . 9 - 1 . 5 

1.7 - 2 . 7 1.3 - 3 . 6 - c . s 
- 0 . 1 - 1 . 9 - 0 . 5 - 1 . 6 - 1 . 0 

0.4 - 1 . 0 3.2 - 4 . 3 - 0 . 4 

- 0 . 9 - 1 . 5 0.4 - 5 . 5 - 1 . 9 
0.4 - 4 . 3 - 4 . 6 - 5 . 7 - 3 . 6 

- 1 . 1 - 2 . 0 - 2 . 5 - 5 . 3 - 2 . 7 

0.2 - 1 . 9 - 0 . 3 - 4 . 2 - 1 . 5 

B y t y p e of objec t on shoulder 

C a r 
T r u c k 
B a r r i c a d e - 2 . 2 

- 3 . 9 
- 3 . 2 
- 5 . 5 

B y d is tance object was f r o m p a v e m e n t edge 

0 feet 
3 feet 
6 feet. 

1.0 
- 0 . 7 

0.2 

- 1 . 5 
- 2 . 4 
- 1 . 7 

0.6 
- 1 . 7 
- 0 . 4 

- 3 . 5 
- 3 . 9 
- 5 . 2 

- 0 . 9 
- 2 . 2 
- 1 . 6 

T . \ B L E 10 
C H A N G E I N A V E R A G E S P E E D S D U E T O A N O B -

. l E C T O N O N E S H O U L D E R O F A T W O - L A N E H I G H ­
W A Y C O M P A R E D W I T H N O R M A L S P E E D S 

Passenger c a r s t r a v e l i n g i n lane a d j a c e n t to the 
occupied shoulder a n d meet ing other vehic les 

* 16 feet of P o r t l a n d c e m e n t concrete w i t h 2-foot b i t u m i ­
nous shoulders . 

ger cars from their normal paths. (Figures 3 
and 4.) There were, however, some exceptions 
such as the effect on free-moving vehicles when 
the objects were either 3 or 6 feet from the 
surface. Under these conditions, the passenger 
cars veered away from the objects more than 
did the trucks. 

Clearance Between Vehicles 

Two-lane roafls carrying two-directional 
traffic should be of sufficient width to provide 
adequate clearance between the bodies of ve­
hicles traveling in opposite directions when 
they meet. The results of previous studies have 
shown that 3 feet is the minimum desirable 
lateral clearance for this condition and that 
clearances of less than 3 feet occur infrequently 
on two-lane roads with 12-foot traffic lanes 
and adequate shoulders. This study .shows, 
however, that when an object such as a car, a 
truck, or a barricade was parked on one shoul-

T y p e of 
Objec t on 
Shoulder 

C a r 

B a r r i c a d e 

Distance 
to 

Object 
from 

P a v e ­
ment 
E d g e 

Pavement Width—Feet 

A v e r a g e change . 

16* 20 22 26 A v e r ­
16* 

age 

m ph mph fH ph HI ph mph 

- 5 . 6 - 2 . 6 - 3 . 3 - 2 . 0 - 3 . 4 
0.1 - 1 . 5 1.5 0 0 
0.6 - 3 . 0 - 1 . 9 - 4 . 3 - 2 . 2 

- 5 . 5 - 1 . 5 - 2 . 0 - 1 . 9 —2. 7 
- 1 . 8 - 3 . 5 - 1 . 6 - 1 . 4 - 2 . 1 
- 1 . 3 - 3 . 7 - 3 . 2 - 1 . 1 - 2 . 3 

- 6 . 8 - 2 . 9 - 2 . 0 - 5 . 1 - 4 . 2 
- 2 . 5 - 3 . 2 - 2 . 5 - 1 . 4 - 2 . 4 
- 0 . 1 - 3 . 0 - 2 . 0 - 1 . 8 - 1 . 7 

- 2 . 6 - 2 . 8 - 1 . 7 - 2 . 1 - 2 . 3 

B y t y p e of objec t on .shoulder 

- 1 . 2 C a r - 1 . 6 - 2 . 4 - 1 . 2 - 2 . 1 - 1 . 9 
- 0 . 7 T r u c k - 2 . 9 - 2 . 9 - 2 . 3 - 1 . 5 1 - 2 . 4 
- 2 . 7 B a r r i c a d e , - 3 . 1 - 3 . 0 - 2 . 2 - 2 . 8 j - 2 . 8 

B y d i s tance object was f r o m p a v e m e n t edge 

0 feet - 6 . 0 - 2 . 3 - 2 . 4 - 3 . 0 - 3 . 4 
3 feet - 1 . 4 - 2 . 7 - 0 . 9 - 0 . 9 - 1 . 5 
6 feet - 0 . 3 - 3 . 2 - 2 . 4 - 2 . 4 - 2 . 1 

* 16 feet of P o r t l a n d cement concrete w i th 2-foot b i t u m i ­
nous s l ioulders , 

der at the edge of a two-lane road with a 24-
foot surface, 30 percent of the passenger cars 
had a clearance of 3 feet or less as they met 
other passenger ears (figure 5). On surfaces 
with 11-foot traffic lanes the corresponding 
figure is 46 percent. Surfaces with ti-affic 
lanes 8 feet wide are obviously too narrow for 
modern vehicles and speeds since 56 percent 
of the meetings of passenger cars took place 
with clearances of 3 feet or less although the 
average clearance exceeded 3 feet under nor­
mal conditions when the shouldei's were 
clear. Placing a car, a truck, or a barricade on 
one of the shoulders, however, increased this 
percentage from 56 to 94 percent and decreased 
the average clearance between vehicles from 
3.2 feet to 1.3 feet (figure 5). 

Figure 6, which is similar to figure 5, shows 
clearances between bodies of passenger cars 
and trucks as they met. In figure 6 the average 
clearances are less and the percentage of ve­
hicles with clearances of 3 feet or less are 
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T A B L E 11 
C H A N G E I N A V E R A G E S P E E D S D U E T O A N O B -

. J E C T O N T H E S H O U L D E R O F A F O U R - L A N E 
D I V I D E D H I G H W A Y 

Vo lumes less t h a n 2.000 vehic les per hour in the 
two lanes 

L e f t L a n e R i g h t L a n e 
T y p e and Position of 
Object on Shoulder 

Pass . C o m m . 
Object on Shoulder 

Pass . C o m m . Pass . C o m m . 
cars vehicles cars vehicles 

mph mph mph mph 
C a r a t p a v e m e n t edge , . 0.1 1.9 - 0 . 7 0 
C a r 3 feet f r o m pave­

- 0 . 7 

m e n t edge 0.4 - 0 . 9 - 1 . 1 - 0 . 4 
C a r 6 feet f r o m pave­

- 0 . 4 

m e n t edge 0.7 1.3 - 1 . 1 - 1 . 3 

T r u c k at p a v e m e n t edge - 0 . 5 1.5 - 0 . 4 - 1 . 3 
T r u c k 3 feet f r o m pave­

- 0 . 4 

m e n t edge - 0 . 6 0.7 3.0 3.0 
T r u c k 6 feet f rom pave­

m e n t edge - 3 . 5 - 2 . 7 0.6 1.0 

B a r r i c a d e at p a v e m e n t 
edge - 0 . 9 - 1 . 1 0 - 0 . 8 

B a r r i c a d e 3 feet f rom 
- 0 . 8 

p a v e m e n t edge - 1 . 0 - 1 . 1 1.6 0.5 
B a r r i c a d e 6 feet f r o m 

p a v e m e n t edge - 2 . 0 - 3 . 4 0.4 1.2 

. \verage change - 0 . 8 - 0 . 4 0.2 0 .2 

B y t y p e of object on shoulder 

C a r 1 0.4 0 8 - 1 . 0 - 0 6 
T r u c k - 1 . 5 - 0 2 1.1 0 9 
B a r r i c a d e - 1 . 3 - 1 9 0.7 0 3 

B y d is tance object was f r o m p a v e m e n t edge 

0 feet 
3 feet 
6 feet 

- 0 . 4 0 .8 - 0 4 - 0 7 
- 0 . 4 - 0 . 4 1 2 1 0 
- 1 . 6 - 1 . 6 0 0 3 

greater than in figure 5. This is to be e.xpected 
because trucks are wider than passenger cars. 

Objects on Shoulder Cause Crossing of Centerline 

The average position of both passenger cars 
and trucks under normal conditions is to the 
right of the centerline of a two-lane two-di­
rectional pavement even though it is only 16 
feet wide. Figures 7A through 7H show, how­
ever, that when a car, a truck, or a barricade 
was placed on one shoulder next to the edge of 
a 16 or 20-foot pavement, vehicles which nor­
mally traveled entirely in the lane adjacent to 
the occupied shoulder, encroached on the lane 
used by oncoming traffic. This was the case 
even in the face of oncoming traffic on a 16-
foot surface with the result that oncoming 
traffic was forced to use the other shoulder. 
(Figure 7B) 

When the objects were 6 feet from the edge 
of the pavement, regardless of the pavement 
width, they caused little change in the lateral 
positions of the vehicles (figures 7A through 
7H). As an object on the shoulder was brought 
closer than 6 feet from the edge of the pave­
ment, there was an increasing effect on the 
lateral positions with a decrease in the dis­
tance the object was from the edge. This is 
true for all pavement widths but applies to a 
greater degree on the narrower than on the 
wider two-lane pavements. This is further i l -

T A B L E 12 
C H A N G E I N L A T E R A L P O S I T I O N O F V E H I C L E S D U E T O A N O B J E C T O N O N E S H O U L D E R O F 

A i v v u - L A N E H I G H W A Y 
Vehic les t r a v e l i n g in lane a d j a c e n t to c lear shoulder 

Pavement Width , 
feet 

Dis tance Object Was from E d g e of P a v e m e n t 

0 feet 3 feet 6 feet 

T y p e of object 

C a r T k . B a r r i ­
cade A v g . C a r T k . B a r r i ­

cade A v g . C a r T k . B a r r i ­
cade A v g . 

Increased distance from shoulder on which object was placed—feet 

F]ffect on passenger cars 

16 
20 
22 
26 

0.1 
- 0 . 3 
- 0 . 1 
- 0 . 2 

0.2 
- 0 . 2 

0.4 
0.1 

0.1 
- 0 . 2 

0.2 
0.3 

0.1 
- 0 . 2 
- 0 , 2 
- 0 . 1 

0.1 
- 0 . 6 
- 0 . 1 

0 

0.1 
- 0 . 3 

0.1 
- 0 . 1 

- 0 . 2 
- 0 . 3 

0.1 
0.3 

0 
- 0 . 4 

0 
0.1 

C . l 
- 0 . 6 
- 0 . 1 

0 

0.2 
- 0 . 3 

0.1 
0 

- 0 . 1 
- 0 . 4 

0.1 
0.2 

0.1 
- 0 . 4 

0 
0.1 

E f f e c t on t r u c k s a n d buses 

16 
20 
22 
26 

0.6 
0.2 

- 0 . 3 
- 0 . 1 

0.4 
0 
0.2 
0.3 

0.4 
- 0 . 1 

0.1 
0.4 

0.5 
0 
0 
0.3 

0.3 
- 0 . 1 
- 0 . 2 
- 0 . 2 

0.1 
- 0 . 1 
- 0 . 1 

0 

0 
- 0 . 4 
- 0 . 2 

0 

0.1 
- 0 . 2 
- 0 . 2 
- 0 . 1 

0.4 
- 0 . 2 
- 0 . 3 
- 0 . 1 

0.1 
- 0 . 2 

0 
0.1 

- 0 . 1 
- 0 . 2 
- 0 . 1 

0.1 

0.1 
- 0 . 2 
- 0 . 1 

0 
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T A B L E 13 
C H A N G E I N L A T E R A L P O S I T I O N O F V E H I C L E S D U E T O A N O B J E C T O N O N E S H O U L D E R O F 

A T W O - L A N E H I G H W A Y 
Vehic les t r a v e l i n g in lane a d j a c e n t to occupied shoulder 

Pavement W i d t h , 
feet 

Dis tance Objec t Was from E d g e of Pavement 

0 feet ^ feet 6 feet 

T y p e of object 

C a r T k . B a r r i ­
cade A v g . C a r T k . B a r r i ­

cade A v g . C a r T k . B a r r i ­
cade A v g . 

Increased distance from shoulder on which object was placed—feet 

E f f e c t on passenger cars 

16 3,0 3,7 3 4 3.4 1.3 1.3 0.9 1 2 0.6 0.6 0,1 0,4 
20 2,1 2.6 2 1 2.3 0.4 1.1 0.4 0 6 0.3 C . l 0,2 0.2 
22 2,6 2.8 2 0 2 .5 1.0 1.5 0.9 1 1 0.5 0.7 0,2 0.5 
26 1,0 1.7 1 6 1.4 0.6 0.8 0.6 0 6 0.3 0.6 0 0.3 

E f f e c t on t r u c k s a n d buses 

16 3,4 3.9 3 8 3.7 0.8 1.4 1.1 1 1 C.4 0.6 0,6 0.5 
20 2,4 3.0 2 2 2.5 0.7 1.2 0.5 0 8 0.3 0.1 0,3 0.2 
22 2,6 3.0 2 3 2.6 1.0 1.6 0.9 1 2 0.5 0.7 0,7 0.6 
26 1,2 1.9 1 8 1.6 0.7 0.9 0.8 0 8 0.3 0,8 0,4 0.6 

F R E E MOVING PASSENGER CARS 
ALL PASSENGER CARS 

( P A S S I N G V E H I C L E S E X C L U D E D ) 

m I 
O 

< 
2 
g 0 
z 
u. 

o 
H 
l i . 

2 
l iJ 

^ 

OBJECT 3 

NT 

1 ° " ' " ' '"^ ' - r o r P A V r . r 

1 

PASSENGER CARS MEETING OTHER 
PASSENGER CARS 

OBJECT 3 EEET FROM Ff)f E OF PAVEME NT 

BJECT « FEET FROM EOOE OF P.VFurL 

1 1 1 1 

Vr 

" ' • ' t C T .1 r r 

OBJECT « FE 

" ' • ' t C T .1 r r 

OBJECT « FE 

" FROM 

ET FROM EOC 

! ? ° r PAVFU, 

E o r PAVEME 

NT 

NT 

! 1 1 

PASSENGER CARS MEETING TRUCKS 
OR BUSSES 

-

OBJECT B FECT FROM EDGE OF P* 

HT 

WEMENT CNO 

IT 

C H A N G E ) 

LANE WIDTH - F E E T 
F i f t u r c 3. E f f e c t o f o b j e c t s o n t h e l a t e r a l p o s i t i o n o f p a s s e n g e r c a r s t r a v e l i n g I n l a n e a d j a c e n t t o o c c u p i e d s h o u l d e r . 
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DBJECr 3 FEET FROM EDGE OF 

F R E E M O V I N G T R U C K S A N D B U S S E S 

T R U C K S A N D B U S S E S M E E T I N G P A S S E N G E R C A R S 

_ 0 . . i c , . r r r r r , o „ „ r . f n , „ | 

LANE WIDTH - F E E T 

F i g u r e 4. E f f e c t o f o b j e c t s o n t h e l a t e r a l p o s i t i o n of 

t r u c k s a n d b u s e s t r a v e l i n g I n l a n e a d j a c e n t t o o c c u ­

p i e d s h o u l d e r . 

lustrated by the graph at the top of figure 8 
which combines the information in figures 3 
and 4 in a somewhat different form to repre­
sent average traffic conditions during the 
study periods on the two-lane roads. 

The graph at the top of figure 8 shows the 
change in lateral positions which the objects 
caused. When an object was 6 or more feet 
from the pavement edge, the distance between 
a vehicle in the traffic stream and the pave­
ment edge was increased by 0.4 of a foot if the 
traffic lanes were 8 feet wide and about 0.25 of 
a foot if the lanes were 13 feet wide. These 
correspond to only 5 percent and 2 percent, 
respectively, of the lane widths, as shown by 
the graph at the bottom of figure 8. From 
these figures and from the shape of the curves 
on figure 8, i t can be concluded that, for all 
practical purposes, objects 6 or more feet from 

L A N E WIDTH - F E E T 

F i g u r e 5 . C l e a r a n c e s b e t w e e n b o d i e s of p a s s e n g e r i 

w h e n m e e t i n g . 

L A N E WIDTH - F E E T 

F i g u r e 6. C l e a r a n c e s b e t w e e n b o d i e s w h e n p a s s e n g e r 

c a r s m e e t t r u c k s o r b u s e s . 
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F R E E MOVING P A S S E N G E R C A R S 

NO O B J E C T A L O N G T H I S S H O U L O E B 

F R E E MOVING T R U C K S 

N O O B J E C T A L O N G T H I S S H O U L D E R 

E D G E or P A V E M E N T - ' R I G H T W H E E L S 

L E F T W H E E L S 

1 ^ 
C E N T E R or P A V E M E N T - j 

L E F T W H E E L S 

R I G H T W H E E L S 

E D G E OF P A V E M E N T ^ 

LANE FARTHEST FROM O B J E C T 

LANE NEAREST O B J E C T 

EDGE OF P A V E M E N T - ' 

R I G H T W H E E L S " 

L E F T W H E E L S 

C E N T E R O F P A V E M E N T ^ 

L E F T W H E E L S 

R I G H T W H E E L S 
^ 0 

EDGE or P A V E M E N T - x 

F i g u r e 

. N O R M A L P O S I T I O N 0 2 < • N O R M A L P O S I T I O N 

DISTANCE O B J E C T WAS FROM PAVEMENT EDGE - F E E T 

LEGEND - TYPE OF O B J E C T 

C A R T R U C K B A R R I C A D E 

7 A . A v e r a g e p o s i t i o n o f f r e e m o v i n g v e h i c l e s o n a 16 - foo t c o n c r e t e p a v e m e n t w i t h v a r i o u s o b j e c t s o n t h e 

s h o u l d e r . 

P A S S E N G E R CARS M E E T I N G O T H E R 

P A S S E N G E R C A R S 

NO O B J E C T A L O N G T H I S S H O U L D E R 

E D G E OF P A V E M E N T -

R I G H T W H E E L S 

PASS. CARS 

L E F T W H E E L S 

C E N T E R or P A V E M E N T 

L E F T W H E E L S 

PASS CARS 

R I G H T W H E E L S 

E D G E OF P A V E M E N T - . ^ 

PASSENGER CARS M E E T I N G 

T R U C K S 

N O O B J E C T A L O N G T H I S S H O U L D E R 

E D G E OF P A V E M E N T - , 

R I G H T W H E E L S 

LANE FARTHEST FROM O B J E C T 

LANE NEAREST O B J E C T 

A N O R M A L P O S I T I O N 0 2 4 

DISTANCE O B J E C T WAS FROM PAVEMENT EDGE - F E E T 

LEGEND - TYPE OF O B J E C T 

C A R T R U C K 

TRUCKS 

L E F T W H E E L S 

C E N T E R O F P A V E M E N T 

3 ^ r 
L E F T W H E E L S 

PASS. CARS 

R I G H T W H E E L S 

E D G E O F P A V E . M E N T - ^ ^ 

• N O R M A L P O S I T I O N 

B A R R I C A D E 

F i g u r e 7 B . A v e r a g e p o s i t i o n of v e h i c l e s m e e t i n g o t h e r v e h i c l e s o n a 16 - foo t c o n c r e t e p a v e m e n t w i t h v a r i o u s o b j e c t s 

o n t h e s h o u l d e r . 



466 T R A F F I C AND OPERATIONS 

F R E E MOVING P A S S E N G E R CARS 
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C A R T R U C K B A R R I C A D E 

6 N O R M A L P O S I T I O N 

F i g u r e 7 C . A v e r a g e p o s i t i o n o f f r e e m o v i n g v e h i c l e s o n a 2 0 . f o o t c o n c r e t e p a v e m e n t w i t h v a r i o u s o b j e c t s o n t h e 

s h o u l d e r . 
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NO O B J E C T A L O N G T H I S S H O U L D E R 

E D G E O F PAVEMENT 
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PASS. CARS 

L E F T W H E E L S 

C E N T E R _OF P A V E M C N T ' i , 

L E F T W H E E L S ^ 

PASS CARS 

R I G H T W H E E L S 

• ^ f U 

E D G E OF R A V E M E N T > 

PASSENGER C A R S M E E T I N G 

T R U C K S 

NO O B J E C T A L O N C T H I S S H O U L D E R 

E D G E OF P A V E M E N T ' ' 

LANE FARTHEST FROM O B J E C T 

LANE N E A R E S T O B J E C T 

4 a N O R M A L P O S I T I O N 0 

DISTANCE O B J E C T WAS FROM PAVEMENT EDGE - F E E T 

LEGEND - TYPE OF O B J E C T 

C A R T R U C K B A R R I C A D E 

TRUCKS 

L E F T W H E E L S 

C E N T E R or P A V E M E N T ^ 

L E F T W H E E L S 

PASS. CARS 

R I G H T W H E E L S 

^ ^ 
E D G E O F P A V E M E N T . . 

6 N O R M A L P O S I T I O N 

F i g u r e 7 D . A v e r a g e p o s i t i o n of v e h i c l e s m e e t i n g o t h e r v e h i c l e s o n a 20- foot c o n c r e t e p a v e m e n t w i t h v a r i o u s o b j e c t s 

o n t h e s h o u l d e r . 



F R E E MOVING PASSENGER CARS 

NO O B J E C T ALONG THIS SHOULDER 

F R E E MOVING T R U C K S 

NO O B J E C T ALONG THIS SHOULDER 

E06E OF PAVEMENT^ 

RIGHT WHEELS 

LEFT WHEELS 

CENTER OF PAVEMENT 

' * 0 
LEFT WHEELS 

RIGHT WHEELS 

EDGE OF PAVEMENT 

LANE FARTHEST FROM O B J E C T 

LANE NEAREST O B J E C T 

EDGE OF PAVEMENT.' 

RIGHT WHEELS 

LEFT WHEELS 
if ^ 

CENTER OF PAVEMENT 

LEFT WHEELS 

RIGHT WHEELS 

EDGE OF PAVEMENT 
4 a NORMAL POSITION D 2 4 

DISTANCE O B J E C T WAS FROM PAVEMENT EDGE - F E E T 

LEGEND - TYPE OF O B J E C T 
CAR TRUCK BARRICADE 

6 NORMAL POSITION 

F I g u r e 7 E . A v e r a g e p o s i t i o n of f ree m o v i n g v e h i c l e s o n a 22- foot c o n c r e t e p a v e m e n t w i t h v a r i o u s o b j e c t s o n t h e 
s h o u l d e r . 

PASSENGER C A R S M E E T I N G O T H E R 
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NO OBJECT ALONG THIS SHOULDER 

EDGE OF PAVEMENT'' I 

RIGHT WHEELS 

PASS. CARS 

LEFT WHEELS 

CENTER OF PAVEMENT^ 

LEFT WHEELS H 
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RIGHT WHEELS 
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EDGE OF PAVEMENT> 

P A S S E N G E R CARS M E E T I N G 
T R U C K S 

NO O B J E C T ALONG THIS SHOULDER 

EDGE OF PAVEMENT-' 

LANE FARTHEST FROM O B J E C T 

LANE NEAREST O B J E C T 

RIGHT WHEELS 

TRUCKS 

LEFT WHEELS 

CENTER OF PAVEMENT 

WHEELS 

PASS. CARS 

RIGHT WHEELS 

^ ^ 

EDGE OF PAVEMENT 
4 6 NORMAL POSITION 0 2 4 

DISTANCE O B J E C T WAS FROM PAVEMENT EDGE - F E E T 

LEGEND - TYPE OF O B J E C T 

CAR TRUCK BARRICADE 

6 NORMAL POSITION 

F i g u r e 7r . A v e r a g e p o s i t i o n of v e h i c l e s m e e t i n g o t h e r v e h i c l e s o n a 22 - foo t c o n c r e t e p a v e m e n t w i t h v a r i o u s o b j e c t s 
o n t h e s h o u l d e r . 
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CDCE or PAVEMENT-' | 

RIGHT WHEELS 

LEFT WHEELS 

CENTER or PAVEMENT 

LEFT WHEELS 

RIGHT WHEELS 

EDGE OF PAVEMENT 

F R E E MOVING T R U C K S 

NO O B J E C T ALONG THIS SHOULOtR 
EDiE OF PAVEMENT^ 

LANE FARTHEST FROM O B J E C T 

LANE NEAREST O B J E C T 

RIGHT WHEELS 

LEFT WHEELS 

CENTER OF PAVEMENT 

LEFT WHEELS 

RIGHT WHEELS 

EDGE OF PAVEMENT 
4 e NORMAL POSITION 0 2 4 

DISTANCE O B J E C T WAS FROM PAVEMENT EDGE - F E E T 

LEGEND - TYPE OF O B J E C T 
CAR TRUCK BARRICADE 

• NORMAL POSITION 

F i g u r e 7 G . A v e r a g e p o s i t i o n o f f r e e m o v i n g v e i i i c l e s o n a 26 - foo t b i t u m i n o u s p a v e m e n t w i t l i v a r i o u s o b j e c t s o n 
t l i e s t i o u l d e r . 

the edge of the pavement of a two-lane road of 
any width have an insignificant effect on 
driver behavior. The effect of an object at the 
edge of a two-lane surface of any width is 
very significant and especially so for the nar­
rower surfaces. Regardless of the surface 
width, however, an object 2 feet from the edge 
has only half the effect of an object at the edge 
of the surface. 

E F F E C T O F G U J E C T S O N L A T E R A L I ' O S I T I O N S , 

F O U R - L A N E H I G H W A Y S 

The traffic volumes on the four-lane facility 
included in this study varied from 1,000 to 
over 3,500 vehicles per hour in one direction of 
travel. I t is interesting to see how the normal 
pattern of vehicle placements on this highway 
varied with traffic volumes. This is shown by 
figures 9 and 10. As the volume increased, fig­
ure 9 shows that passenger cars in the right 
lane, on an average, traveled closer to the 

shoulder and those in the left lane ti'aveled 
closer to the median. Furthermore, the average 
lateral position and hourly volume are linearly 
related. Similar results were obtained for com­
mercial vehicles (figure 10). 

In order to eliminate the effect of volume 
and to obtain only the effect of the objects on 
vehicle placement, comparisons of placement 
values were made at the same hourly volume. 
For this purpose it was necessary to draw-
graphs showing average placements against 
the recorded volumes. The desired data were 
thus obtained for each 500-vehicle-pei-hour 
increment within the range of observed vol­
umes. 

Traffic in Left Lane Unaffected by Object on 
Shoulder 

Table 14 shows the effect that the objects 
placed on the shoulder had on the lateral posi­
tion of vehicles travefing in the left lane. The 
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t a n c e s o b j e c t w a s f r o m p a v e m e n t e d g e b y l a n e w i d t h s 
( w e i g h t e d f o r t r a f f i c c o n s i s t i n g o f 10 p e r c e n t c o m m e r ­
c i a l v e h i c l e s d u r i n g v o l u m e s o f 200 t o 400 v e h i c l e s p e r 

h o u r ) . 
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T A B L E 14 
C H A N G E I N L A T E R A L ' P O S I T I O N O F V E H I C L E S D U E T O A N O B J E C T O N O N E S H O U L D E R O F 

A F O U R - L A N E H I G H W A Y 
Vehic les t r a v e l i n g i n left lane 

T o t a l Hour ly 
Volume, 

v p h 

Dis tance Objec t was from Pavement E d g e 

0 feet 3 feet 

T y p e of object 

C a r T k . B a r r i ­
cade A v g . C a r T k . B a r r i ­

cade A v g . C a r T k . B a r r i ­
cade A v g . 

Increased distance from shoulder on which object was placed—feet 

E f f e c t on passenger cars 

1,000 0.1 0.1 0.2 0.2 0 0 1 - 0 . 1 0 0.2 - 0 . 1 0 0 
1,500 0.1 0.1 0.1 0.1 0 0 1 - 0 . 1 0 0.1 - 0 . 1 0 0 
2,000 0.1 0.1 0 0.1 0.1 0 1 - 0 . 1 0 0.1 - 0 . 1 - c . l 0 
2,500 0.1 0 0 0 0.1 0 1 - 0 . 1 0 0.1 - 0 . 1 - 0 . 1 0 
3,000 0 0 - 0 . 1 0 - 0 . 1 0 1 - 0 . 1 - 0 . 1 0 - 0 . 2 - 0 . 1 - 0 . 1 
3,500 - 0 0 - 0 . 2 - 0 . 1 - 0 . 2 0 1 - 0 . 2 - 0 . 1 0 - 0 . 2 - 0 . 1 - 0 . 1 

A l l 0.1 0.1 0 0 - 0 . 1 0 1 - 0 . 1 0 0.1 - 0 . 1 - 0 . 1 0 

E f f e c t on t r u c k s a n d buses 

B e l o w 2000 - 0 . 2 0.2 - 0 . 8 - 0 . 2 0 0.1 0.2 0.1 0.3 0.2 0.3 0.2 
2000 a n d over 0.4 - 0 . 1 0 0.1 0.5 0.4 0 0.3 0.4 0.3 0.5 0.4 

A l l 0.1 0.1 - 0 . 4 C 0.2 0.2 0.1 0.2 0.3 0.2 0.4 0.3 

T A B L E 15 
C H A N G E I N L A T E R A L P O S I T I O N O F V E H I C L E S 

D U E T O A N O B J E C T O N O N E S H O U L D E R 
O F A F O U R - L A N E H I G H W A Y 

Veh ic l e s t r a v e l i n g i n r ight lane 

Dis tance Object Was from P a v e m e n t E d g e 

0 feet 

T y p e of object 

C a r T k . 
B a r ­

r i ­
cade 

C a r T k . B a r r i ­
cade 

C a r T k . B a r r i ­
cade 

Increased distance from shoulder on which object 
was placed—feet 

E f f e c t on passenger cars 

1,000 
1,500 
2,000 
2,500 
3,000 
3,500 

A l l 

0.9 1.1 0.4 0.4 0.7 0.2 0.2 0 - 0 . 1 
0.9 1.1 0.4 0.4 0.6 0.2 0.2 0 - 0 . 1 
0.9 1.0 0.6 0.4 0.4 0.2 0.2 0.1 0 
0.8 1.0 0.5 0.4 0.3 0.2 0.2 0.1 0 
0.9 0.9 0 .5 0.4 0.2 0.2 0.2 0.1 0 
0 .8 0.9 0.5 0.3 0.1 0.2 0.1 0.2 0 

0.9 1.0 0.5 0.4 0.4 0.2 0.2 0.1 0 

E f f e c t on t r u c k s a n d buses 

1,000 1.0 1.1 0.4 0.1 0.6 0 0.2 0 - 0 . 1 
1,500 1.0 1.1 0.4 0.1 0.5 0 0.1 0 - 0 . 1 
2,000 0.9 1.0 0.4 0.1 0.3 0 0 0.1 - 0 . 1 
2,500 0.9 0.9 0.4 0.1 0.2 - 0 . 1 0 0.1 - 0 . 1 
3,000 0.8 0.8 0.4 0.1 0.1 - 0 . 1 - 0 . 1 0.2 - 0 . 1 
3,500 0.8 0.7 0.4 0.1 0 - 0 . 1 - 0 . 2 0.2 - 0 . 1 

A l l 0.9 0.9 0.4 0.1 0.3 - 0 . 1 0 0.1 - 0 . 1 

figures in the table are the differences between 
the lateral positions during normal conditions 
and those while an object was on the shoulder. 
I t can readily be seen that neither the type of 
object nor the distance that the object was 
from the pavement had any significant effect 
on lateral positions of passenger cars traveling 
in the left lane. Very few commercial vehicles 
traveled in the left lane. A detailed analysis of 
the effect of objects on these vehicles, there­
fore, could not be made. The Umited data, 
however, do indicate that trucks in the left 
lane of a four-lane highway were also unaf­
fected by objects placed on the shoulder. 

Vehicles in Right Lane Veer Away from Objects 
on Shoulder 

Objects on the shoulder do affect the lateral 
positions of vehicles traveling in the right lane 
of a four-lane divided highway. The differ­
ences between the lateral positions of vehicles 
during normal conditions and those while an 
object was on the shoulder are shown by table 
15. A truck parked at the edge of the pavement 
or 3 feet away had a slightly greater effect on 
traffic than a parked car when the total hourly 
volume was 1,500 or less. Generally, however, 
the effect of the truck was about the same as 
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that of the ear. A barricade placed on the 
shoulder had considerably less effect both on 
passenger cars and commercial vehicles than a 
parked car or truck under all volume condi­
tions. 

When the total hourly volume in both traf­
fic lanes was 1,000 vehicles per hour, passenger 
cars in the right lane traveled about a foot far­
ther from the edge of the pavement when a 
truck or a car was parked at the ijavement 
edge than when no object was on the shoulder. 
As the traffic volume increased, the effect of 
the parked truck or car decreased slightly. 

A barricade at the edge of the surface had 
only about half the effect of a parked truck or 
car in causing passenger cars in the right-hand 
lane to veer away from the shoulder. Objects 
on the shoulder but 3 feet from the j^avement 
edge had only half the effect as the same ob­
jects placed at the pavement edge. Any of the 
three objects placed 6 feet from the pavement 
edge had almost a negligible effect on passen­
ger cars travefing in the right-hand lane. 

During low traffic volumes, commercial ve­
hicles travefing in the right-hand lane were 
affected to approximately the same extent as 
passenger cars by objects at the pavement 
edge. At the higher volumes, the effect on com­
mercial vehicles was slightly less than the ef­
fect on passenger cars. The lateral positions 
of commercial vehicles were not influenced 
by a barricade placed either 3 or 6 feet from 
the pavement or by a truck or car parked 6 
feet from the pavement. 

Although the lateral positions of vehicles in 
the right-hand lane were affected by objects 
on the shoulder, the objects did not cause a 

change in the distribution of traffic between 
the two lanes. The objects on the shoulder did, 
however, cause an increase in the percentage 
of commercial vehicles that straddled the lane 
line. 

C O N C L U S I O N S 

From studies of driver behavior with and 
without objects on two-lane and on four-lane 
divided highways it may be concluded that: 

1. Vehicle speeds were affected little if at 
all by objects on the shoulder during light to 
moderate traffic volumes. This confirms ear­
lier studies of speeds on narrow pavements and 
at narrow bridges and other obstructions. 

2. Objects parked on one shoulder affected 
the lateral position of only those vehicles 
traveling in the lane adjacent to the occupied 
shoulder. The effect was greatest when the ob­
ject on the shoulder was at the pavement 
edge, and diminished rapidly with an increase 
in the distance that the object was located 
from the edge of the pavement. 

3. The narrower the pavement, the greater 
was the shift of traffic to the left or away from 
the object on the shoulder. On a two-lane high­
way with a 16-foot surface, the shift was 3.3 
feet, and on one with a 24-foot surface the 
shift was 1.8 feet. 

4. A car, a truck, or a barricade parked on 
the shoulder had about the same effect on the 
lateral positions of vehicles on two-lane high­
ways. On the four-lane highway a truck had 
about the same effect as a car, but a barricade 
caused a lateral movement about one-half as 
great as the car or truck. 




