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40 G, or that many times an individual's body 
weight.' The factor of safety in these stunts 
would seem to be ample. 

It is important to realize, however, that this 
factor of safety would not be enjoyed by a 
person sitting in the seat of an automobile, 
in the event of a collision. As has been pointed 
out many times before, such persons (especi­
ally those in the right-front seat) continue 
forward at substantially the original velocity, 
until some portion of their body (unfor­
tunately, usuallj' the head) meets up with some 
portion of the car's structure which has al­
ready been greatly decelerated. The resulting 
impact generates forces which are highly 
localized, rather than well-distributed, and 
may be very destructive. 

A chance obsen-ation, made possible by the 
filming of a mishap during another stunt 
demonstration, and which will be analyzed in 
detail in another paper, indicates that the 
impact of the human head on a steering wheel, 
during crash deceleration from a speed of less 
than 30 mph., involved forces certainly not 
less than 50 G, and possibly 100 (7 or more. 

R E COMMEND ATIONb 

Because of the limitations imposed by 
analysis of displacement-time data, in an effort 

' T h e syinbiil G, with a Riven eiiefficient n, is used to 
desiKnate a foi :>e, acting on a given iniuvs, which is n times 
the veiQhf of that ina^ A force ex]>ressed a*. nG will cause 
an acceleration loi deceleration) of n<i in a given mass, 
witli rpsp'̂ ct t'> the coordinate «.y.>»tPin of the agent exert­
ing the f(>rce. 

to derive valid information on the rapidly-
changing decelerations experienced during 
collisions, it is believed that future studies in 
this field should utilize instrumentation which 
will measure deceleration directly. Such in­
strumentation has been developed in recent 
years and could be applied without much 
difficult J- to a problem of this nature. 

The recent development for the Aero jVIedi-
cal Laboratories at Wright-Patterson Air 
Force Base, of an anthropometric dummy, 
designed to simulate the principal physical 
and mechanical characteristics of the human 
body, suggests the possibility of utilizing 
such a dummy in further investigation, to 
enable stud.v of the behavior of the body 
during collisions, and measurement, even on 
an approximate basis, of the impact forces 
sustained bj' it. 
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SYNOPSIS 

A COMPARATIVE study of two tj'pes of no-passing-zone markings was conducted 
during 1949 in cooperation with the Missouri State Highway Department. A 
16.5-mi. section of 20-ft. bituminous pavement on US 66 in south-central Mis­
souri was selected. For approximately half this length, the standard pavement 
marking was applied, i. e., a broken white rcflectorized centorlino and, at the 
no-passing zones, a solid yellow reflectorized barrier line adjacent to the center 
line. On the remaining half (Missouri sj-stem) the yellow-reflectorized barrier 
line was painted in the middle of the driving lane. 

Three general classes of information were obtained. The first was a record of 
speed and transverse jilacement for vehicles api)roaching and traveling through 
a selected single-direction zone on each tj'pc of marking and through a two-di-
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rcction zone of the Missouri design. Speed-placement data were recorded for ap-
pro-ximately 11,500 vehicles. A record was kept of the start and completion points 
for all passings attempted or completed in the direction controlled by the respec­
tive test zones. The third class of data resulted from interviewing 1,005 drivers 
as they left the test section to determine their reactions to the two marking 
))lans. Except for the driver-interview phase of the study, both day and night 
observations were made. Average daily traffic during the period of study was be­
tween 3,500 and 4,000 vehicles, a high percentage of which were vehicles regis­
tered in other states. 

Speeds of approaching vehicles 500 ft. in advance of each of the zones averaged 
slightly over 52 mph. At a point 300 ft. within both the national-standard and 
the Missouri-type zone the average speed level was lower by 2 to 3 mph. The ef­
fect of familiarity may account for the fact that the speed reduction upon enter­
ing the zone was slightly greater for out-of-state drivers at the Missouri zone 
and for Missouri drivers at the standard zone. 

E.xtensive study of the transverse placement data was made to isolate signifi­
cant driver-behavior locations. The studies made 300 ft. within the Missouri 
zone showed that the average transverse placement of all vehicles in the daytime 
was 4 71 ft., measured from center of vehicle (o ceiiterline of pavement. At the 
corresponding point on the standard zone, the placement was 4.73 ft. The dilTor-
pncp is obviously too small to have significance. 

Segregation of the placement information into classes which take into account 
vehicle types and the nearby presence or absence of other vehicles is somewhat 
more revealing. Where a vehicle traversing the zone had met or was to moot an­
other vehicle traveling in the opposite direction within 300 ft., the placement of 
the vehicle in the zone was generally found to he farther from the center line at 
the national-standard zone than at the Missouri-typo zone. Study of the distri­
bution pattern of placements at the test sites 300 ft. within each of the zones indi­
cates that a smaller pro])ortion of the vehicles have placements less than 3.5 or 
4.5 ft. on the national-standard zone than is the case on the Missouri zone. This is 
I)articularlj- true of the wider commercial vehicles. In the day studies, only 1.6 
percent of all commercial vehicles had placements less than 3.5 ft. and 9.7 percent 
had placements less than 4.5 ft. while in the national standard zone. The corre­
sponding values in the Missouri zone were 4.3 percent less than 3.5 ft. from the 
cetiterline and 27.7 percent less than 4 5 ft. from the center line. Results of the 
night studies were similar. In practically all cases, the differences Vjetwecn the 
two systems of marking insofar as placement is concerned is greatest when com­
mercial vehicles or vehicles with opposing traffic are considered. 

The average completion jioint of the passings recorded during the daytime at 
the standard zone was found to be 86 ft. bevond the beginning of the barrier line. 
At the Missouri zone, the average completion jioint was 228 ft. beyond the start 
of the barrier line, an average of 142 ft. more infringement on the no-passing zone. 
The difference at night was not as great, but there was still less overrunning of 
the barrier line at the national-standard zone. 

Roadside interviews were conducted with drivers who had just had an oppor­
tunity to see both tyiies of marking. Drivers were first asked if thej' had noticed 
the two systems of marking no-passing zones and then were asked if they had a 
preference for either one. All liut 66 said they had noticed the two types of mark­
ing. Missouri drivers favored the barrier line ne,\t to the centerline by an insig­
nificant margin 130 to 124, while 21 had no choice; drivers from states bordering 
Missouri expressed a 147 to 115 preference for the barrier line in the center of the 
driving lane, with 12 having no choice; and drivers from all other states voted 227 
to 208 for the location next to the centerline and 21 drivers indicated no prefer­
ence. 

The conclusions drawn are that the measured dilTcrcnces in operating charac­
teristics on the national-standard and the Missouri-tviie no-passing-zone mark­
ing arc, in general, of sniidl magnitude. In the few areas of analysis where dis-
similiarities of some consequence were found, however, the national-standard 
marking appears to enjoy the advantage of potentially safer operation. The 
driving public is not in agreement that either marking is superior to the other. 
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• T H K T W o - L A N i i , two-way highway is the 
wlieel horse of our transportation system. For 
economic reasons, it will un(loul)tedly pei-sist 
as a p()i)ular type, despite the ojjerating haz­
ards inherent in its design. Wuiianted, there­
fore, are the many researches dedicated to 
impiovements in the traffic ('ai)acity, safety, 
and other functional characteristics of this 
most common of all highway types. 

Vcliicle overtaking and passing actions on 
two-lane highways are essential to mainte­
nance of reasonable capacities and necessary 
flexil)ility in traffic flow. Passings can nomially 
bc undertaken by the drivei- at any time he is 
assured that tlie left lane will be free of on­
coming traffic througliout his maneuver. The 
presence of opposing traffic tliat might inter-
fei'e with passing is obvious when sight dis­
tances are adeciuate, but wherever alignment 
changes or other factors introduce a short 
sight-distance condition, the driver has no 
positive assurance that his i)assing can be 
completed without interference. This has led 
to rather general use of the n()-i)assing-zone 
pavement marking which defines the limited 
section throughout whicli i)assing is not safe. 
According to reports of the President's High­
way Safety Conference, 27 state highway de­
partments are reguUirly marking no-passing 
zones, where needed, on more than 70 ])ercent 
of the hard-surfaced mileage under tlieir juris­
diction. The remaining states aie similarly 
marking substantial portions of their mileage, 
and the totals are increasing each year. The 
value of this control measure is now well 
estatilished. 

STANDAUDIZATIOX O F N O - P A S S I N G -

ZONE M A R K I N G S 

Wluit drivers see and understand has a pro­
found effect on their driving actions and reac­
tions and what they do not fully see or under­
stand often bears on their traffic mishaps. 
Much effort lias been directed, therefore, 
toward standardizing all traffic-control devices, 
among them the marking design for no-passing 
zones. Many differences exist among the states. 
Since no-passing zones are locations of expo­
sure to relatively high hazard, it is vitally 
important that all drivei-s quickly and accu­
rately interpret the "line language" of pave­
ment marking. Variations in color, pattern, 
and in location of the barrier line with respect 
to the centerline marking subject motorists to 

possible confusion that may result in abnormal 
behavior or accident. 

Despite the inconsistency in no-passing-zone 
design mentioned, practically all state and 
local jurisdictions place the banier line a few 
inches to the side of the centerline marking to 
indicate that passing is prohibited from the 
lane on that side of the center line. This is the 
nationally recommended .standard. 

Drastic exceptions to the national standard 
are found in Missouri and Iowa where for a 
numlier of years the liarrier line has been 
positioned in the center of the driving lane 
from which passings are prohibited. This mark­
ing design was first adojited by Missouri to 
facilitate maintenance of a sei'viceable barrier 
line at a point on the roadway where it woukl 
not be subject to the constant grindingand 
abrasive action created by heavy commercial 
tires. On nari'ow pavements, tsiiecialh- those 
with lii) curb, the proljlem of maintaining a 
serviceal)le barrier line neai- the roadway 
center was most pronounced. Phicing the 
barrier line at the center of the driving lane 
Ijroduces the economy of longer effective life 
and in some cases, serviceable characteristics 
have been retained for as k)ng as three years. 
Also given consideration in the Missouri deci­
sion was the relatively greater hazard of plac­
ing lines where the paint-strijjing vehicle has 
to straddle the centerUne ratlier than proceed 
entirely within one lane. 

SITK S E L E C T E D F O R C O M P A R A T I V E S T U D I E S 

To evaluate the effect of the two types of 
no-passing zones on driving practices, the 
Missouri State Highway Department and the 
Bureau of PubUc Roads cooperated in a series 
of special traffic studies in that state during 
the summer of 1949. The highway selected 
was US 66, a principal cross-country route 
with a high proportion of out-of-state traffic. 

A test section l6.5-mi. in length was chosen, 
extending easterly from Lebanon, Missouri,to 
the Laclede-Pulaski county line. The pave­
ment there is a 20-ft. bituminous surfacing 
over old concrete and is flanked In- gravel 
shouldei-s of adequate width. Approximately 
half the section length was marked with the 
national standard no-passing-zone design. The 
remaining mileage was marked in the Missouri 
fashion, with the barrier line located in the 
center of the driving lane. 

The terrain traversed by this portion of US 
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66 is moderately rolling. Xo-passing zones are 
relatively frequent. Traveling westbound 
through the 16.5-mi. section the driver sees 
39 no-passing zones, eastbound he traverses 
36 zones. The aggregate length of no-passing 
zone for westbound travel is 6 mi., eastbound 
it is 5.5 mi. These represent 36.4 percent and 
33.3 percent restrictions on passing for west­
bound and eastbound drivers, respectively. 
Signs leading, "Do X J C oiooi..- Y'̂ l!ow Line 
When In Your Lane" (sec Figure 1̂  are 
placed at intervals of 3 to 5 mi. along the'̂  
route, but none was in the vicinitj^ of the 
zones selected for special study. 

To olitain the uniformity desired in the con­
dition of markings throughout the 16.5 mi., 
the eenterline marking was repainted through­
out as a dashed, reflectorized white line, ^lost 
of the existing reflectorized yellow barrier lines 
in the center of the driving lanes had been 
painted a year or more previous to the study 
and were not too prominent in daylight. These 
lines were totally obliterated with asjihalt 
paint on the 9.2 mi. in the easterly i)ortion of 
the test section and new reflectorized yellow 
barrier lines were painted next to the center-
line marking in accordance with the national 
standard. On the 7.3 mi. in the western i)or-
tion, the existing barrier lines were retraced 
with reflectorized j-ellow paint. 

Two single-direction no-passing zones as 
nearly identical as could be found were 
selected for intensive study, one from the 
eastern, and one from the western portion of 
the test section. These were designated Sites C 
and A, respectively. Site C was 4.5 mi. west 
of the Laclede-Pulaski county Une near the 
middle of the length marked with national 
standard no-passing zones. Figure 2 is a gen­
eral view of Site C . The zone studied is on the 
grade in the background. The location of Site 
A was 4.4 mi. from the east city limits of 
Lebanon, also approximately centered in the 
test length with the Missouri markings. Figure 
3 is a photograph of that site, taken from the 
beginning of the barrier line. The approaches 
at both sites were on tangent ahgnment and 
the sight distance restriction at the no-passing 
zone was caused in both cases by summit ver­
tical curves. The standard used in Missouri 
for this route calls for marking no-passing 
zones at any point where the sight distance, 
measured from points 4.5 ft. above the road 
surface, is less than 800 ft. At each of the two 

study sites the sight distance from the driver's 
eye to the pavement surface at the beginning 
of the barrier line was 550 ft. The zone at 
Site C was marked for westbound traffic and 
the one at Site A for eastbound traffic. At 

uW LINE 

Figure 1. Standard informational sign used at 3- to 5-mi. 
intervals (none near test stations). 

Figure 2. No-passing zone at Site C starts near foot of grade 
in background. 

Site C the grade in the zone was 4.5 percent, 
at Site A, 4.0 percent. 

NATURE OF INFORMATION OBTAINED 

Three types of information were assembled. 
First, and perhaps most significant, was a 



360 TRAFFIC AND OPERATIONS 

vehicle speed and transverse-placement study, 
during which data were obtained for more 
than 11,500 vehicles. Second, the start and 

corded for three different locations in the 
vicinity of each zone, as indicated below and 
in Figure 4. 

F i g u r e 3. S i t e A , looking eas; into no-pass ing zone f rom beginning of barr ier l i n e . 

Si te ' A ' - E o s t b o u n d Z o n a Site "C - Weefcjound Zone 

• r 

1 ^ 
5 % " 

Site " B ' - T w o - w o y Zone 

( 5 p L E G E N D 

6 
( B - E ) LOCATION 

Figin-e 4. S t u d y locations at S i t e s A , B , a n d C . 

finish points were recorded for all passings in 
one direction attempted or completed within 
500 f t . each way from the beginning of the 
barrier line at both the Missouri-standard and 
national-standard zones. The third class of 
data resulted from interviewing approximately 
1,000 drivers as they left the test section. 

Speed and placement data were first re-

Sludy No. Location 

1 500 f t . in advance of the start of the 
barrier line. 

2 At the start of the barrift- U"a°, 
3 300 f t . beyond the atart of the barrier 

line. 
During the course of these studies it was 

decided to experiment with both a dashed 
and soUd extension of the yellow barrier line 
on the approach end. Following Study 3 a 
2o0-ft. dashed extension was painted at both 
sites. Later the dashed extension of the barrier 
line was made solid. Under these two condi­
tions, three additional locations were studied 
at Sites C and A, as follows: 

Siudy No, Location 

4 Same road location as Study 2, but 
with a 200-ft. dashed extension 
of barrier line. 

5 At the approach end of a 200-ft. solid 
extension of barrier line. 

6 Same road location as Studies 2 and 4, 
but with the 200-ft. solid exten­
sion of the barrier line. 

The zones at Sites C and A were both 
single-direction zones, as pre\dously noted. To 
measure the effect of having a no-passing 
zone marked for both directions of travel, in 
which case there is a barrier line at the center 
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of both lanes and a line at the center as well, 
Site B was also chosen for study. This was 
located in the section marked with the Mis­
souri standard zone 6.1 mi. east from the east 
city limits of Lebanon. The general conditions 
at Site B are portraj'ed in Figure 5. 

At each of the study sites observations were 
made between 3 and 6 P . M . and between 8 and 
11 P . M . Speed, transverse placement, and 
classification of vehicle types were obtained 
with the automatic-recording speed-placement 
equipment. This is the same equipment as 
that described in Public Roads'- except that 
adding machines were substituted for the 

of the barrier line facilitated these observa­
tions, particularly at night. Hourly traffic 
volumes by direction were read from trafi&c 
counters throughout the period of study. 

O U T - O F - S T A T E D R I V E R S O N U S 66 

The test section carried a daily traffic vol­
ume averaging between 3,500 and 4,000 
vehicles during the period of the study (June 
30 to July 15, 1949). July 4 fell on a Monday, 
making a long holiday week end, but the 
traffic flow nevertheless was I'emarkably uni­
form throughout the observations. The aver-

F i g u r e 5. Si te B , showing two-direct ion nc -pass ing zone. D r i v e r passing is i n violation. 

graphic recorders to i)roduce a coded record 
on adding machine tape. For vehicles entering 
the no-passing zone, special notation was made 
on the tape if opposing traffic was within 300 
f t . of the observed vehicle at the time its 
placement was recorded. In addition, an ob­
server maintained a record of the start and 
finish of all passings attempted or completed 
by traffic travefing toward the zone within a 
distance of 500 f t . in each dii'ection from the 
approach end of the barrier line. A series of 
posts set at 100-ft. intervals with refiectorized 
stripes, indicating distance from the beginning 

1 N e w T e c h n i q u e s in T r a f f i c B e h a v i o r Studies , b y E . H . 
H o l m e s a n d S. E . R e y m e r e , I'ublic Roads, A p r i l 1940. 

age traffil' for all daytime hours of study on 
the Missouri standard. Site A, was 251 
vehicles per hour and at Site C, 247 vph. 
Corresponding volumes during the night 
studies were 130 vph. at Site A and 150 vph. 
at Site C. The volumes at Site B averaged 
280 vph. in the dayfight hours and 145 vph. 
at night. This relative stability in the traffic-
volume factor lends reUability to the compari­
son of driver practices under the several con­
ditions studied. Table 1 shows the hourly 
variations and the day and night average 
volumes at each site. 
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A detailed classification count made on 
July 5 indicated the following composition: 

V e h i c l e t y p e 

P e r c e n t of T o t a l T r a f f i c 

V e h i c l e t y p e 
D a y 

(3-6 P.M.) 
N i g h t 

(8-11 P.M.) 

Missour i passenger cars 34.5 34.0 
F o r e i g n passenger cars 45.5 23.3 
S ing l e -un i t t r u c k s , i n ­

c l u d i n g panels a n d 
p i c k - u p s 11.1 8 3 

T r u c k combinat ions 7.8 32 6 
B u s s e s 1 1 1.8 

100 0 100.0 

Of principal interest is the high percentage of 
foreign passenger-car traffic, particularly in 
the daylight hours, and the large proportion 
of tmck combinations at night. The proximity 
of the holiday undoubtedly accounted in some 
measure for both conditions, but other obser­
vations on this route have consistently shown 
relatively large jiercentages of foreign passen­
ger and night-time commercial traffic. 

D R I V I N G S P E E D S I N N O - P A S S I N G Z O N E 

The information obtained on traffic speeds 
indicates also that operating conditions at the 
two principal test sites were substantially 
similar. The daj-time speed at Site A averaged 
52.5 mph. for vehicles approaching the no-
passing zone, and at Site C the average speed 
was 52.3 mph. Within the no-passing zone, 
vehicles averaged 50.1 mph. at Site A and 
50.4 mph. at Site C. The slight decrease in 
speed is accounted for at least in part by the 
grade of approximately 4 percent that vehicles 
ascended in passing through the zone. Night­
time speeds were slightly lower but followed 
the same general pattern of deci-easing slightly 
upon entering the no-passing zone. 

At Site B, where only a single study within 
the two-direction zone was made, speeds were 
found to be about the same as at Sites A and 
C. The daj-time average was 48.4 mph. for 
eastbound and 47.6 mph. for westbound 
traffic during daylight hours. Corresponding 
night speeds were 45.3 and 49.4 mph. 

The difference in the effect of the two bar­
rier-line locations on the driving speeds of 
in-state and out-of-state vehicles is of some 
importance in appraising the no-passing-zone 
designs. Table 2 shows that out-of-state 
drivers travel at a slightly higher average 
speed than Missouri drivers on the approach 

to both types of no-passing zones but tend 
generally to reduce their speed more than 
Missouri drivers as they travel through the 

T A B L E 1 
H O U R L Y T R A F F I C V O L U M E S A T S T U D Y S I T E S 

D i r e c t i o n 
of T r a v e l 

P . M . H o u r s (day ) | P .M. H o u r s (night) 

3-4 

S i te A-1 
W e s t b o u n d 
E a s t b o u n d 
T o t a l 

115 
182 
297 

S i t e A-2 
Wes tbound 
E a s t b o u n d 
T o t a l 

125 
123 
2481 

S i te A - 3 
W e s t b o u n d 
E a s t b o u n d 
T o t a l 

' i i o l 

S i te A-4 
W e s t b o u n d 
E a s t b o u n d 
T o t a l 

125 
1191 
244 

S i te A - 5 
Wes tbound 
E a s t b o u n d 
T o t a l 

I 125 
, 111 

S i te A - 6 
W e s t b o u n d 
E a s t b o u n d 
T o t a l 

I 128 
I 117 

245 

S i te B 
W e s t b o u n d 
E a s t b o u n d 
T o t a l 

S i te C-1 
l^es tbound 
E a s t b o u n d 

4-5 
' D a y , 

6 - 6 | a v e i - 8-9 
age 

128 
186, 
314' 

101' 115 I 82 
1431 170 I 64, 
244' 285 146' 

132 

265' 

15?! 138 I 67 
102 119 ' 72 
259| 257 139 

I 
109i 109 I 71 
n o ' 118 I 87 
219| 227 I 158 

-10|10-11 

54 45 
102 92 
156l 137 

— I 
311 66 
72 50 

103 116 

I 
SSI 55 
66' SO 

121; 105 

121! 92 113 
1031 1291 117 
224' 221. 230 

5I •3 
I 75 60, 48 
I 133 122' 121 

I I 
1171 121, 121 
130' 1281 123 
2471 2491 244 

, 92 65 83 
I 51 79 49 
I 143' 144| 132 

7' 134 I 
I 

154; 119, 130 
280 266 264 

I I 

2OO1 148 162 
122 99 117 
3221 247 279 

60 61 78 
I 50 79 37 

110 140| 115 

91 7S| 72 
65 60 72 

156| 135| 144 

100! 1()6| 113 
IO3I 120' 110 

I 87 
69 

I 
56, 69 
53 51 

N i g h t 
a v e r ­
age 

60 
86 

146 

54 
65 

119 

60 
68 

128 

64 
61 

125 

SO 
60 

140 

67 
55 

122 

79 
66 

145 

71 
57 

T o t a l 238 2031 2261 223 1S6 looj 120 128 

S i te C - 2 
W e s t b o u n d 
E a s t b o u n d 
T o t a l 

130 
122 
252 

131 150' 
130' 115 
261' 265' 

137 
122 
259 

123 
77 

200 

148 
97 

245 

156 
84 

240 

142 
86 

228 

S i te C - 3 
W e s t b o u n d 
E a s t b o u n d 
T o t a l 

160 
126 
286 

1 1 
183| 1701 
159' 172' 
3421 3421 

171 
1S2 
323 

119 
83 

202 

801 
58, 

138| 

72 
68 

140 

90 
70 

160 

S i te C - 4 
Wes tbound 
E a s t b o u n d 
T o t a l 

120 
131 
251 

12l | 112' 
135 136 
256, 248, 

118 
134 
252 

82 
52 

134 

86 j 
57 

143; 

84 
55 

139 

84 
55 

139 

S i te C - S 
Westbound 
E a s t b o u n d 
T o t a l 

132 
106 
238 

96i 83' 
115, 771 
211 160^ 

104 
99 

203 

95 
47 

142 

52I 
571 

109 

83 
62 

145 

77 
55 

132 

S i te C - 6 
W e s t b o u n d 
E a s t b o u n d 
T o t a l 

122 
120 
242 

1 ! 

105, 97i 
I27I IO3I 
232 200' 

108 
117 
225 

58 
42 

100 

1 
731 
51 

1241 

52 
62 

114 

61 
52 

113 

zone. The one exception is the case of out-of-
state drivers in the national standard zone at 
night where their average speed actually in­
creased 0.9 mph. 
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Perhaps of most significance is the fact that 
in every instance the speed change occurring 
as vehicles travel into the no-passing zone is 
greater both day and night for Missouri 
drivers at the national standard zone than for 
the same drivers at the Missouri zone. Simi­
larly, the speed of out-of-state drivers con­
sistently shows greater change at the Missouri 

T A B L E 2 
R E L A T I V E E F P E C T O F T W O B A R R I E R - L I N E 

L O C A T I O N S O N S P E E D O F D R I V E R S 
_y 

Missouri S t a n d a r d N a t i o n a l S t a n d a r d 

Passenger-car s g 
D r i v e r s s = s » a 

S •§s 
c 
g 

& « 5 c & 1 
• I " a is " 

D a y 
Missour i 

mph. mph. mph. mph. mph. mph. 

D a y 
Missour i 52.8 51.6 - 1 2 52.8 50.0 - 2 8 
Out-of -s tate 53 g 50 1 - 3 . 7 52.9 49.6 - 3 . 3 

N i g h t 
Alisiaouri 49.1 48.9 - 0 . 2 48 5 47.2 - 1 . 3 
O u t of-state 50.2 47.8 - 2 4 49.2 50.1 -1-0.9 

E F F E C T O F M A R K I N G S O N V E H I C L E P L A C E M E N T 

The lateral position of vehicles on the road­
way is one of the most accurate indications of 
the differences in traffic operation caused bj-
varying the barrier-line location. Extensive 
study of the placement data has been made 
to isolate significant driver-behavior charac­
teristics associated with the two types of 
marking. The dimension used to identify 
vehicle placement is the distance in feet from 
the centerline of the roadway to the center of 
the vehicle. 

A compilation of the average placements of 
vehicles, segregated by day and night and by 
vehicle type for each study site, is given in 
Table 3. As previously indicated, Sites A and 
B have the barrier line in the center of the 
driving lane, and Site C has the barrier line 
next to the centerline marking. Site B is the 
two-direction zone, Site A is marked only for 
eastbound traffic, and Site C only for west­
bound. Since Sites A and C are almost iden­
tical in physical conditions, traffic volume and 

T . i B L E 3 
A V E R A G E D I S T A N C E F R O M C E N T E R O F V E H I C L E T O C E N T E R L I N E O F R O A D W A Y 

D a y N i g h t 

S t u d y Site MiHSoun F o r e i g n S ingle - T r u c k Missour i Fore ign S ingle - T r u c k 
passenger passenger u n i t c o m b i ­ T o t a l passenger passenger u n i t c o m b i ­ T o t a l 

cars cars t r u c k s nat ions cars caiB t r u c k s nat ions 

f t . / I . f t . f l . f l . f l . f l . f t . f t . f t . 
X-1 5 08 5 10 5 33 5 15 5 10 4 61 4 67 4 90 4 90 4.70 
C-1 4 16 4 04 4 50 4 60 4 22 3 89 3 82 3 90 4 57 4 09 

A-2 4 34 4 19 4 92 4 92 4 34 4 37 3 90 4 20 4 45 4.21 
C - 2 4 23 4 07 4 43 4 71 4 21 4 18 4 22 4 56 4 76 4.29 

A-3 4 73 4 61 4 99 4 80 4 71 4 28 4 71 4 20 4 70 4 57 
C - 3 4 73 4 61 5 29 5 29 4 73 4 60 4 90 4 50 5 04 4.62 

A-4 4 37 4 13 4 68 4 78 4 33 4 20 4 09 4 60 4 57 4.28 
C - 4 4 16 4 01 4 62 5 03 4 30 4 18 4 04 4 74 4 97 4.45 

A - 5 4 29 4 08 4 55 4 71 4 25 3 89 4 08 4 10 4 31 4.10 
C - 5 4 19 3 69 4 35 4 57 4 03 4 07 3 88 4 40 4 56 4 20 

A - 6 4 52 4 29 4 84 4 73 4 48 4 22 4 21 4 60 4 40 4 30 
C - 6 4 49 4 20 5 05 4 96 4 90 4 57 4 05 4 80 4 86 4.54 

B - E 4 70 4 70 4 65 4 90 4 73 4 66 4 68 4 90 4 80 4 68 
B - W 4 42 4 23 4 62 4 60 4 32 4 28 4 27 4 45 4 54 4.28 

zone than at the national zone. The difference 
between the reaction of Missouri and foreign-
vehicle operators is greater on the Missouri 
standard than on the national standard. This 
finding seems logical because Missouri drivers 
in general would be more familiar with the 
widely used national standard than other 
drivers are with the ^Missouri marking. 

normal speed, the placement of vehicles 
traveling in the single direction controlled by 
the respective zones has been selected for 
analysis. 

The values shown in Table 3, therefore, per­
tain to vehicles traveling eastbound at Site A, 
westbound at Site C and for each direction 
separately at Site B. The few vehicles using 



3()4 TRAFFIC AXD OPERATIOXS 

the left lane for iiassing in violation of the 
markings at the several study sites have been 
omitted from the placement summaries and 
are treated separately in the section of the 
report dealing with driver obedience to the 
no-passing zones. 

The relatively close agreement between the 
average placement values at Locations 2, 3, 4, 
and 6 on the Missouri and national-standard 
zones is a feature of Table 3. These four loca­
tions are either within the no-passing zone or 
at the approach end of the normal barrier 
line, as indicated earlier. Location 5 is at the 
approach end of the extended barrier line and 
Location 1 is 500 f t . in advance of the no-
passing zone. 

T A B L E 4 
S T A N D A R D D E V I A T I O N S O K L A T E R A L 

P L A C E M E N T O F P A S S E N G E R C A R S 

I Misflouri a n d F o r e i g n Passenger C a r s 

S t u d y 
S i t e 

S t u d y 
S i t e F r e e 

m o v i n g 

W i t h 
oppos ing 

traff ic 
A l l o the is T o t a l 

A-1 
C-1 

0.9063 
1.1385 

0 7989 
1.1261 

0.8443 
1.6160 

0.8511 
1.3260 

A - 2 
C - 2 

0 7611 
1.2147 

0.7376 
0.8481 

0.7366 
1.0524 

0.7521 
1.0671 

A - 3 
C - 3 

0.7994 
0.8943 

0.9290 
0.7715 

0.6962 
0.8777 

0 8085 
0.8921 

A-4 
C - 4 

0 7150 
0 9442 

0.7461 
0.7998 

0.6997 
1.0899 

0.7367 
1.0318 

A - 5 
C - 5 

0.7516 
1.1995 

0.6782 
0.8727 

0.7658 
1.0444 

0 7754 
1.0253 

A - 6 
C - 6 

0 9203 
0.9834 

0.6349 
0.9101 

0.7815 
0.8770 

0 7796 
0.9128 

At this latter point, the average lateral 
position of all vehicles difPei-s 0.88 f t . on the 
two sj-stems in the day study and 0.61 f t . at 
night, and in both cases, the distance from 
the roadway centerline is greater at the 
Missouri standard zone. The observations at 
Site A-1 were made July 4 when the weather 
was partly cloudy with light showers and the 
traffic volume was higher than normal. Site 
A-1 was also slightly liej-ond the crest of a 
vertical curve for eastbound drivers who had 
just left another no-passing zone about 150 f t . 
before their vehicle placement was recorded. 
Location 1 at Site C, by contrast, was on a 
nearly flat section and the nearest no-passing 
zone for westbound drivers in advance of the 
study site was approximately j mi. to the 
east. This range in conditions is the suspected 

cause of the differences between the two 
values. 

At Site B, the horizontal alignment on the 
approaches to the observation point varied 
sUghtly. Eastbound traffic entered the zone on 
tangent aUgnment, while westbound traffic 
entered on a curve to the left, which condition 
is beUeved to account for westbound average 
placements being consistently closer to the 
centerline at Site B-W than at B-E. No 
physical or other differences that might influ­
ence vehicle paths were evident at any of the 
other study locations at Sites A and C. 

As will be seen from Table 3, the difference 
in the average placement values for the two 
no-passing zone designs is least at Sites A-3 
and C-3. In the daj'time, the average place­
ment of all vehicles , within the Missouri zone 
is 4.71 f t . , measured from center of vehicle to 
roadway centerline, and on the national stand­
ard it is 4.73 f t . The corresponding night 
values are 4.57 and 4.62 f t . This is at a point 
300 f t . within each of the test zones, which is 
certainly one of the more critical locations. 

The data in Table 3 include vehicles moving 
through the test zones singly, in groups and 
with and without traffic in the opposing lane. 
To study these several movement categories 
independently, the total traffic through the 
test zones was classified into three groups: (1) 
free-moving, vehicles at least 6 sec. behind 
any other vehicle traveling in the same direc­
tion and are not within 300 f t . of any vehicle 
traveling in the opposite direction; (2) with 
opposing traffic, vehicles that are within 300 
f t . of a vehicle traveling in the opposite direc­
tion, and (3) all others, vehicles not in the two 
above classes, except those that are in the left 
lane to pass. 

Because of the marked similarity in average 
placements, all passenger-car data from the 
daytime studies were segregated into these 
three categories and standard deviations com­
puted for each of the comparative studies. 
Table 4 shows that with a single exception, 
namely passenger cars with opposing traffic in 
the national standard zone, Site C-3, the dis­
persion of placements is greater on the national 
standard marking than it is on the Missouri 
marking. 

I t might be expected that the placement 
distribution of those vehicles with opposing 
traffic would always show less dispersion than 
does the distribution for vehicles in the other 
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two movement classifications due to the im­
minent danger of colliding head-on with 
vehicles in the left lane. At all but one of the 
studies on the national standard, this was 
true, but at three of the six studies at the 
Missouri zone, the dispei-sion was greater than 
for one of the otlier movement classifications. 
In other words, all passenger-car drivers when 
using the national zone showed somewhat less 
precision in following a central path than 
when traversing the ^lissouri zone. Neverthe­
less, the presence of opposing traffic increased 
the tendencv of drivers on the national mark-

into either type of zone, a definite shift to the 
right occurs in the vehicle path. This shift 
ranged from about 0.3 f t . to 0.75 f t . over the 
300-ft. section. In the daj-time, the amount of 
the shift is greater on the national standard 
zone, and at night, i t is greater on the ]\Iis-
souri zone. The net difference between the 
average placement within the two zones, how­
ever, was less than 0.05 ft . , either day or 
night. I t will be seen that under all conditions 
the maximum lateral shift between Locations 
2 and 3 occurred when oncoming traffic was in 
the left lane. 

THE MISSOURI STANDARD 

• . • . 
5.09 ALL PASSENGER CARS 4.26 
4.94' F R E E MOVING PASSENGER CARS 4.28' 
5.23' PASSENGER CARS WITH OPPOSING TRAFFIC 4.42' 

4.67' 
4.57; 
5.02 

( E D 
T H E NATIONAL S T A N D A R D 

•: • ' i l i V . i W r i - i - H f 

4.09' ALL PASSENGER CARS 4.13' 4.64' 
3.72' FREE MOVING PASSENGER CARS 4.08' 4 .52 
4.24' PASSENGER CARS WITH OPPOSING TRAFFIC 4 .37 ' 5.1 I 

Figure 6 . Distance f rom center of vehicle to centerline of roadway for vehicles entering no passing zones during daytime 

ing to follow a central path more than on the 
Missouri design. Furthermore, the precision 
with which the central path was followed on 
the national standard was slightly superior to 
that found on the Missouri marking when 
passenger cars were 300 f t . into the zone and 
faced with traffic in the opjjosite lane. 

Figures 6 and 7 show additional compara­
tive data on passenger-car driver practices at 
the two test zones, under day and night con­
ditions. As previously explained, the place­
ments at Site A-1 appear to have been influ­
enced by local factors and probably should 
not be compared witli those for Site C-1 for 
that reason. However, after vehicles reached 
the end of the barrier line and traveled 300 f t . 

Figures 8 through 11 permit more detailed 
examination of the placement distributions of 
this important class of traffic at these two 
points. Passenger care at the beginning of the 
national standard barrier line tended to have 
a more sprawling distribution pattern than at 
the jNIissouri standard. This was trae both 
day and night. Within the zone, the distribu­
tion of placements was more compact. For 
both day and night operation within the zone 
and on either tj-pe of marking, about three 
fourths of all passenger cars were driven with 
their centers in the range of 3.6 to 5.5 f t . from 
the roadway centerline. 

A measure of the relative effectiveness of 
the two barrier-line locations in inducing 
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THE MISSOURI STANDARD 

* 32i-

4 . 6 3 ' A L L PASSENGER CARS 
4 . 6 1 ' F R E E MOVING PASSENGER CARS 
5 . 0 8 ' PASSENGER CARS WITH OPPOSING T R A F F I C 

4 . * 0 ' 

4 12' 

4 . 1 5 ' 

4 5 2 ' 
4 . 4 5 ' 
4 . 8 3 ' 

THE NATIONAL STANDARD 

3 . 8 4 ' A L L PASSENGER CARS 
4 . 1 0 ' F R E E MOVING PASSENGER CARS 
4 . 0 7 ' P A S S E N G E R CARS WITH OPPOSING TRAFFIC 

F i j u r e 7. Distance f r o m center line of vehicle to roadway centerline for vehicles entering no passing zone at night. 

4 . 2 0 ' 
4 . 1 7 ' 
4 . 4 8 ' 

4 5 4 ' 
4 4 5 ' 
4 9 2 ' 

DAYTIME 
SYSTEM COMPARISONS DAYTIME 

SYSTEM COMPARISONS 
A - Z 

c-z m r m 

ALL PASSEN6ER CARS 
WITH 0PP0SIN6 TRAFFIC ALL nSSENSER CARS 

WITH OPPOSING TRAFFIC 

u 20 

wmmm 
FEET t VEHICLE TO i ROADWAY - FEET 

Figure 8. 
4 VEHICLE TO t ROADWAY 

Figure 10. 

NIGHTTIME 
SYSTEM COMPARISONS 

A - Z 

z QDID 
ALL PASSENGER CARS 

WITH OPPOSING TRAFFIC 

mmm 
U 20 

4 9 2 ' 

2 3 4 9 6 r 
f . VEHICLE TO ROADWAY - FEET 

Figure 9. 

NIGHTTIME 
SYSTEM COMPARISONS 

ALL PASSENGER CARS 
WITH OPPOSING TRAFFIC 0 - 3 n i n n . 

Z 3 4 9 S 7 
t . VEHICLE TO t . ROADWAY - FEET 

Figure 11. 
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vehicle drivers to stay a proper distance from 
the centerline while traversing a no-passing 
section appears in Table 5. Regardless of light 
conditions, vehicle type, or the class of vehicle 
movement, the proportion of vehicles with 
placements less than 4.5 f t . from the roadway 
center at the national standard zone was, with 
several minor exceptions, smaller than on the 
Missouri zone. Taken as a whole, the propor­
tion within 3.5 f t . of the centerline was slightly 
smaller on the Missouri standard, but in the 
significant class of vehicles with opposing 
traffic, the national standard showed marked 
superiority in the daj'time results and was 
substantially the same as the Missouri stand­
ard at night. A lower percentage of commercial 
vehicles, in every case, was found within 3.5 

ally true where the barrier line is located next 
to the centerUne. Previous studies have indi­
cated that on the typical roadway section 
removed from a no-passing zone, drivers follow 
a path closer to the centerline at night. That 
finding is verified by the data obtained in this 
study at Sites A-1 and C-1. 

From Table 6 it is evident that the Mis­
souri no-passing-zone marking offers no effec­
tive deterrent to this practice. By comparison, 
the studies on the national zone show that the 
average placement at night closely approxi­
mates the daj'time position. In some instances, 
the average night driver is even slightly far­
ther away from the centerUne than the average 
daytime driver. At all six study sites compared, 
the difference between day and night place-

T A B L E 5 

E F F E C T O F B A R R I E R - L I N E L O C A T I O N O N P L A C E M E N T A N D P E R C E N T A C I E O F V E H I C L E S T R A V E L I N G 
L E S S T H A N 3 .5 A N D 4 S F T . F R O . M R O A D W A Y C E N T E R W H I L E I N Z O N E 

Passenger C a r s C o m m e r c i a l Vel i ic les A l l Veh ic l e s 

M o v e m e n t 
C las s i f i ca t ion 

Average 
p lacement 

P e r c e n t 
less t h a n 

3.5 f t . 

Percent 
less t h a n 

4.5 f t . 

A v e r a g e 
p lacement 

P e r c e n t 
less t h a n 

3.5 f t . 

P e r c e n t 
less t h a n 

4.5 f t . 

. \ verage 
p lacement 

P e r c e n t 
less t h a n 

3.5 f t . 

P e r c e n t 
less t l i a n 

4.5 f t . 

Mo. N a t l . Mo. N a t l . Mo. N a t l . M o . N a t l . Mo. N a t l . Mo. N a t l . Mo. N a t l . Mo. N a t l . M o . N a t l . 

D a y 
F r e e m o v i n g 
W i t h oppos. traff ic 
W\ others 

4.57 
5.02 
4.57 

4.52 
5.11 
4.56 

lO.S 
8.2 
S.O 

13 1 
2 9» 

12.2 

48 7 
26.6 
49.4 

49 2 
20 6" 
45.4" 

4 85 
4.85 
5.06 

5.09 
5 71 
5 37 

11.8 
0 
0 

3.7" 
0» 
0» 

35.3 
28.6 
18.8 

11.1" 
0» 

7 . 4 » 

4.62 
4.98 
4.64 

4 62 
5.18 
4 65 

10.8 
6.4 
4.3 

11.4 
2 . 6 ' 

10.8 

46.3 
27.0 
45 2 

42 9» 
18 4 ' 
4 1 . 0 ' 

T o t a l 4 67 4.64 7.6 10.9 44.2 42.3" 4 92 5.29 4.3 1 .6 ' 27.7 9 . 7 ' 4.71 4 73 7.0 9.7 41.3 37 9 ' 

N i g h t 
F r e e m o v i n g 
W i t h oppos. traff ic 
A l l others 

4.45 
4 83 
4.43 

4.45 
4.92 
4 43 

13 8 
5.2 

11.9 

11 9" 
7 2 

19.1 

62.1 
31 6 
57 1 

56.6" 
30.9" 
52.4" 

4 51 
4 90 
4.48 

5.02 
5 02 
4 81 

7 1 
4 7 

17 4 

0» 
0» 

12.0" 

50.0 
33 3 
52 2 

9 . r 
8 3» 

40 0" 

4 46 
4 86 
4.45 

4.53 
4 94 
4.52 

11.6 
5 0 

13 8 

10 4" 
5 6 

17.5 

58.1 
32.5 
55 3 

5 0 . 6 ' 
2 5 . 9 ' 
49 5» 

T o t a l 4 52 4.64 11 1 13.8 53 4 49 4» 4.64 4 91 10.3 6 3" 44 8 25 0» 4 57 4.62 10 7 12.3 49.9 44 7 ' 

' Ident i f i es comparab le percentages tha t are lower (or equal ) where barr ier l ine is next to center l ine (nat ional s t a n d a r d ) . 

or 4.5 f t . of the centerline on the national 
standard and the average placement, both day 
and night in that zone, averaged approxi-
matelj- 0.3 f t . farther from the pavement 
center. 

Night time is known to be the critical 
period for many traffic-control devices. Con-
sequentl}', special attention has been devoted 
to day and night comparisons at the two 
barrier-Une locations. Data for study of the 
differences between average placements of all 
vehicles day and night are pi-esented in Table 
6. Where the barrier line was located in the 
center of the driving lane, the average place­
ment at night was consistently nearer the 
roadway center than the daj'time average, as 
can be seen from the predominance of minus 
signs in the first column. This is not as gener-

ment averages on the national standard mark­
ing was either less than on the Missouri 
standard or was such as to provide greater 
clearance from the centerline at night than in 
the daj'time. With the ever-present hazard of 
sideswipe collisions on narrow pavements, 
where center-of-the-lane barrier-fine marking 
is contended to be most applicable, this find­
ing is worthy of attention. 

D R I V E R O B E D I E N C E T O N O - P A S S I N G -

Z O N E M A R K I N G S 

The information recorded on driver com-
pUance with the various types of no-passing-
zone markings shows that passings are fre­
quently completed after the barrier fine is 
reached. This may reflect an attitude that the 
completion of passings is permissible bej'ond 
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T A B L E 6 
U I l - F K R K N C E I N DAY A N D N I G H T L A T E R A L 

P L A C E M E N T V A L U E S 

S t u d y 
Site 

B a r r i e r L i n e L o c a t i o n 
M o v e m e n t 

Clasbi f icat ion 

F r e e m o v i n g 
W i t h opposing traff ic 
.\11 otl iers 

T o t a l 

F r e e m o v i n g 
W i t h opposing traff ic 
A l l others 

T o t a l 

F r e e m o v i n g 
W i t h opposing traff ic 
A l l others 

T o t a l 

I'ree m o v i n g 
W i t h opposing traff ic 
A l l others 

T o t a l 

I'ree m o v i n g 
W i t h opposing traff ic 
A H others 

T o t a l 

F r e e m o v i n g 
W i t h opposing traff ic 
A l l others 

T o t a l 

C e n t e r N e x t to 
of lane center l ine 

Ft. " Ft. 

- 34 -I-.30 
- . 1 3 - 06 
- . 5 4 - 50 

- 40 - . 1 3 

- 16 -I-.14 
- . 0 5 4-.13 
- . 1 6 - . 0 1 

- . 1 3 4-.08 

- . 1 6 - 09 
- . 1 2 - . 2 4 
- . 1 0 - . 1 3 

- 14 - . 1 1 

- OS + . 4 3 
- 03 -I-.23 
-1- 02 4- . 10 

- 05 + 16 

- . 1 7 -1- 35 
- . 0 6 + 25 
- . 3 5 + 01 

- 15 + .17 

- 2 3 + .14 
+ 18 + 29 
- . 2 7 - . 1 3 

- . 1 8 + 04 

Note- M i n u s s ign ( - ) indicates n ight p lacement was 
closer to r o a d w a y center l ine t h a n d a y p lacement ; p lus s ign 
( + ) indicates n ight p lacement was far ther a w a y . 

the beginning of the barrier line and not that 
the maneuver must be completed before 
reaching it . Whatever the typical driver's 
reasoning, the average return point of pass 
completions observed in the vicinity of both 
the Missouri standard and the national stand­
ard zones in this study was beyond the start 
of the barrier line. 

Table 7 is a compilation of the comparative 
obedience data. The average point of comple­
tion is calculated from the beginning of the 
normal length barrier line or, in the case of the 
extended zones, from the start of the extended 
barrier line. 

In general, the completion point is consider­
ably farther into the no-passing zone when 
the barrier line is located in the center of the 
driving lane. For the normal zone, the average 
is 228 f t . in the day study and 202 f t . at 
night, as compared with 86 f t . and 172 f t . , 
respectively, on the national standard design. 
No great difference is evident between ̂ Mis-
souri and out-of-state drivers in the daytime 
results but at night, the latter do not observe 
either barrier line as well as do the local 
drivers. 

On the extended zones, roughly the same 
pattern of compliance exists. The additional 
200 f t . of length on the advance end of the 
barrier lines apparently serve only to increase 

T A B L E 7 
E F F E C T O F B A R R I E R - L I N E L O C A T I O N O N D R I V E R O B S E R V A N C E O F N O - P A S S I N C J Z O N E S 

N o r m a l length zones 

Pass ings C o m p l e t e d i n V i c i n i t y of N o - P a « s i n g Zones b y 

Missour i d r i v e r s O u t - o f - S t a t e d r i v e r s A l l d r i v e r s 
B a r r i e i L i n e L o c a t i o n 

1 N u m b e r of 
, passings 
1 observed 

. \verage 
complet ion 

point*^ 

N u m b e r of 
passings 

observed 

. \ verage 
c o m p l e t K m 

point" 

N u m b e r of 
passings 
o b s e r v e d 

A v e r a g e 
comple t ion 

I)Oint* 

f t . f l / ( . 

D a y 
C e n t e r of d r i v i n g lane 
N e x t to center l ine 

1 20 
1 28 

230 
66 

37 
86 

227 
93 

57 
114 

228 
86 

N i R h t 
C e n t e r of d r i v i n g lane 
N e x t to center l ine 1 " 

1 31 

160 
87 

7 
33 

286 
252 

21 
64 

202 
172 

E x t e n d e d zones 

D a y 
C e n t e r of d r i v i n g lane 
N e x t to center l ine 

1 23 
, 33 

404 
280 

48 
58 

406 
342 

69 
91 

405 
320 

N i g h t 
C e n t e r of d r i v i n g lane 
N e x t to center l ine 

' 11 
1 7 

413 
307 

9 
16 

528 
341 

20 
23 

465 
1 330 

» Average complet ion point is the d is tance t r a v e l e d into the no-pass ing zone before r e t u r n i n g to the r ight lane . 
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the infringement on the no-passing zones by 
approximately the same amount. 

•The data in Table 7 indicate that the num­
ber of passings recorded was somewhat greater 
during the studies on the national standard 
zone. Aside from the eflects of alignment and 
traffic volume which, as previouslj- stated, 
were closely comparable, the sight-distance 
conditions leading to the test sites may have 
had a relation to the actual frequency of pass­
ings recorded. The mile immediately west of 
Site A has 0.3 mi. of eastbound no-passing 
zones while the mile east of Site C, by com­
parison, has 0.45 mi. of westbound no-passing 
zones. This more severe restriction of sight 
distance available for passing over the mileage 
approaching Site C from the east may account 
for the somewhat greater number of passings 
recorded at that location. The difference be­
tween the average position of the pass com­
pletion points on the two types of barrier line 
marking, however, seems more likely to be re­
lated to the difference in barrier-line location 
than to the factor just mentioned. 

When the barrier line is located in the center 
of the driving lane, it is frequently obscured in 
part or totally by vehicles on the road ahead. 
Figure 12 has been constructed to show the 
comparative conditions of view from the 
driver's seat when trailing the vehicle ahead 
at various distances. I t assumes that the 
vehicle ahead is in nomial position on a 20-ft. 
pavement and that the approach to the no-
passing zone is on tangent alignment. The 
driver sees the Missouri-type barrier line onlj^ 
by looking under or through the vehicle 
ahead, and for all practical purposes his maxi­
mum notice of the beginning of the barrier 
line is the distance between him and the rear 
of the vehicle ahead. The overtaking and pass­
ing studies conducted by the Bureau of Public 
Roads indicate that the average passing 
vehicle is ai)proximately oh f t . behind the car 
ahead when it starts into the left lane to pass. 

With the barrier fine next to the centerline, 
the driver can see to a varj^ng extent around 
the side of the vehicle ahead and his advance 
view of the barrier fine is considerably longer. 
If he moves laterally toward the center of the 
roadwaj' from his normal jiosition, preparatory 
to passing, his view of the barrier line next to 
the centerline increases rapidly, as indicated 
by Figure 12. 

Under other conditions of alignment, the 

comparative distances at which barrier lines 
at the two locations could be seen will differ, 
of course, but there is little doubt that the 
advantage in driver viewing distance will re­
main with the national standard in the 
majority of instances. The lack of advance 
view is believed to be a factor in the relatively 
poorer observance found at the ^Missouri zone. 

E F F E C T O N V E H I C L E P L A C E M E N T S O F 

E X T E N D I N G B . ^ R R I E R L I N E S 

As reported previously, the barrier Unes 
were extended to see if this disadvantage of 
short advance view of the no-passing zone 
could be overcome. The 200-ft. dashed and 
solid extensions of the barrier lines did not 
materially change the average location on the 
road where passings were completed, but they 
did influence the average placement of vehicles 
entering the zones. Table 8 presents the aver­
age placements obtained at each zone for three 
conditions, viz., the normal length zone, the 
zone extended at the advance end with a 200-
f t . dashed line, and the zone extended with a 
200-ft. solid line. All three studies were made 
at the beginning of the normal length barrier 
line in the two test zones. 

The dashed extension on the Missouri zone 
made no appreciable difference in the average 
day or night placement. On the national 
standard with the dashed extension, however, 
the average position of vehicles with opposing 
traffic was 0.33 f t . farther away from the 
roadway center in the day study and 0.43 f t . 
farther away at night. 

On the solid extensi(m, the vehicles with 
opposing traffic again were affected the most. 
No great difference was found on the Missouri 
zone in the daytime but at night, this class of 
vehicles averaged 0.36 f t . farther away from 
the centerline. On the national .standard the 
difference was still greater. The placement re­
sults with the solid line extension show that 
vehicles use a path ajipreciably farther to the 
right than they do with no extension or with 
only a dashed line extension, and that a 
greater effect generally was caused on the 
national standard than on the Missouri zone. 

R O A D S I D E I N T E R V I E W S 

The Missouri State Highway Department, 
using the i)ostcard-(iuestionnaire technique, 
has solicited driver reaction to their no-pass­
ing-zone markings on several occasions. One 
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of these surveys made a few years ago, in 
which almost 12,000 cards were passed out to 
motorists and 3,063 were returned, indicated 

stopped all outbound traffic and confronted 
drivers with these questions: (1) Did you 
notice the two different systems of marking 
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BARRIER LINE NEXT TO CENTERLINE 

BARRIER LINE IN CENTER OF DRIVING 
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BARRIER LINE IN CENTER OF DRIVING 
LANE 
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1 1 
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LATERAL DISTANCE FROM DRIVER'S EYE TO ROADWAY CENTERLINE - FEET 

Figure 12. 

a 2§ to 1 preference for locating the barrier 
line in the center of the driving lane. 

As a check on this finding, and to eliminate 
bias caused by motorists who were intrigued 
by novel traffic controls responding in greater 
numbers than those not so interested, a 100-
percent sample of driver reaction was obtained 
as a phase of the study. Interviewers stationed 
at the extremities of the 16.5-mi. test section 

no-passing zones? (2) Do you have a preference 
for either system? (3) Which sj-stem does 
your state use? 

The state of registration of the vehicle was 
also noted on the interview form. Station A 
adjoined the national standard, and Station 
B the Missouri standard. 

A summary of the returns from the 1,005 
drivers interviewed appears as Table 9. Replies 
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T A B L E 8 
E F F E C T O N A V E R A G E P L A C E M E N T O F E X T E N D I N G Z O N E W I T H 2 0 0 - F T . D A S H E D A N D 

S O U D B A R R I E R L I N E S 
Missour i S t a n d a r d 

M o v e m e n t C las s i f i ca t ion N o r m a l Zone 
S t u d y 2 

D a s h E x t e n s i o n 1 S o l i d E x t e n s i o n 
S t u d y 4 ! S t u d y 6 

M o v e m e n t C las s i f i ca t ion N o r m a l Zone 
S t u d y 2 

A v e r a g e 
p lacement 

C h a n g e f r o m . Average 
n o r m a l 1 p lacement 

C h a n g e f r o m 
n o r m a l 

D a y 
A l l vehic les 
F r e e m o v i n g 
W i t h opposing traff ic 

f t . 

4.34 
4.36 
4.53 

/ ( . 

4.33 
4.28 
4.58 

/ ( . 1 / ( . 
- . 0 1 ' 4.48 
- . 0 8 - 1 4.43 
-f-.05 1 4.66 

/ ( . 
+ .14 
+ .07 
+ . 1 3 

N i g h t 
A H vehicles 
F r e e m o v i n g 
W i t h opposing traff ic 

4.21 4 28 
4.20 1 4.20 
4.48 4 65 

-I-.07 
0 

+ .07 

4.30 
4.20 
4.84 

+ .09 
0 

+ .36 

N a t i o n a l S t a n d a r d 

D a y 
A l l vehicles 
F r e e m o v i n g . . 
W i t h oppos ing traff ic . 

I 

4.21 4.30 
4.14 1 3 92 
4.42 1 4.75 

+ .09 
- . 2 2 
+ 33 

4.50 
4.29 
4.81 

+ .29 
+ . 1 5 
+ .39 

N i g h t 
A l l vehic les 
F r e e m o v i n g 
W i t h opposing traff ic 

4.29 \ 4 45 
4.28 1 4.35 
4.55 I 4.98 

+ 16 
+ .07 
+ .43 

4.54 
4.43 
5.10 

+ .25 
+ .15 
+ 55 

Note : M i n u s s ign ( - ) indicates p lacement w i t h das l ied or so l id extension of barr ier hne was closer to r o a d w a y center l ine 
t h a n w i t h n o r m a l length of barr ier h n e ; p lus s ign ( + ) indicates p lacement was far ther f r o m center l ine . 

T A B L E 9 
S U M M A R Y O F D R I V E R Q U E S T I O N N A I R E 

S t a t i o n A — E a s t b o u n d d r i v e r s on U S 66 a t the L a c I e d e - P u l a s k i C o u n t y l ine 
F r i d a y , J u l y 15, 1949, to S a t u r d a y , J u l y 16, 1949 

S t a t i o n B — W e s t b o u n d d r i v e r s on U S 66 one mi l e east of L e b a n o n , Mis sour i , c i t y U m i t s 
T u e s d a y , J u l y 12, 1949, to T h u r s d a y , J u l y 14, 1949 

1. D i d y o u notice t l ie two dif ferent s y s t e m s of m a r k i n g " N o - p a s s m g zones"? 

D r i v e r s f r o m Missour i D r i v e r s f r o m I l l ino i s , K a n s a s , 
O k l a h o m a , a n d A r k a n s a s D r i v e r s f r o m O t h e r States 

S t a t i o n Y e s N o 
1 

Y e s N o 1 

A 126 158 10 1 
B 135 9 1 101 5 1 
A - B 261 14 1 299 15 1 

Y e s 

192 
227 
419 

N o 

17 
20 
37 

2. D i d y o u h a v e a preference for e i t l ier s y s t e m ' 

D r i v e r s f r o m Missour i 

Y e l l o w l ine 

D r i v e r s f r o m I l h n o i s , K a n s a s , 
O k l a h o m a , a n d A r k a n s a s 

Y e l l o w l ine 

D r i v e r s f r o m O t h e r States 

Y e l l o w l ine 
S t a t i o n 

C e n t e r of 
d r i v i n g l a n e 

N e x t to the 
center l ine 

N o 
choice C e n t e r of , 

d r i v i n g lane 1 
N e x t to the 
center l ine 

N o , 
choice , 

1 
C e n t e r of 

d r i v i n g lane 
N e x t to the 
center l ine 

N o 
choice 

A 67 8 
1 

85 73 
10 1 76 122 11 

B 88 63 13 62 42 2 , 132 105 10 
21 A - B 124 130 21 147 ' 115 12 208 227 
10 
21 

3. W i n c h s y s t e m does y o u r State use? 

D r i v e r s f r o m I l l ino i s , K a n s a s , O k l a h o m a , a n d A r k a n s a s D r i v e r s f r o m O t h e r States 

S t a t i o n Missour i 1 Nat i tma l | O t h e r 
1-

1 D o not k n o w | Mis sour i N a t n m a l O t h e r D o not k n o w 

A 2 159 ' 3 ' 4 2 202 2 3 
B 3 1 100 ' 0 1 3 1 9 225 3 10 
A - B 5 1 259 1 3 

1 ' 1 
11 427 5 13 
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were segregated by drivers of vehicles regis­
tered in Missouri, states bordering Missouri, 
and all other states to isolate the factor of 
familiarity. More than 93 percent of all drivers 
who had traveled over the test section stated 
that they had noticed the two tj-pes of mark­
ings. As shown by the reply to the third ques­
tion, practically every out-of-state driver knew 
also that his state placed the barrier line next 
to the centerUne. 

WTien asked for an expression of preference, 
Missouri drivers, border-state drivere, and 
other drivere were all quite evenly divided 
between the two systems. Neither interview-
station was within sight of a no-passing-zone 
marking, but drivers tended to favor the 
marking standard they had more recently 
seen. Missouri drivere at Station A, for exam­
ple, who had just seen about 9 mi. of the na­
tional standard marking, showed a 67 to 56 
preference for having the barrier line next to 
the centerhne, while Missouri drivere at 
Station B, who had just passed about 7J mi. 
of the Missouri standard, voted 68 to 63 for 
having the barrier line at the center of the 
driving lane. 

S U M M A R Y 

The findings of this special study of no-pass­
ing-zone marking designs are, of necessity, 
based on observation and analysis of traffic 
performance in a state where only one marking 
design generally prevails. That one design, 
which prescribes the position of the barrier 
line at the center of the driving lane, rather 
than next to the centerUne, is the exception 
rather than the rule among the states. Tlie 
operating experience from which this report 
has been prepared may not, therefore, be pre­
cisely representative of the performance that 
would be found if the situation were revereed 
and the Missouri design were in widespread 
use. To the extent possible, the effects of 
famiUarity have been explored and discussed 
so that this factor and the principal data will 
appear in their proper relation. 

The major results derived from comparative 
study of vehicles travereing the two types of 
no-passing-zone marking are as follows: 

1. Average operating speeds 500 f t . in ad­
vance of the no-passing zones compared were 
almost identical, and slightly over 52 mph. for 
vehicles proceeding toward the zone. At a 
point 300 f t . within each of tlie zones the 

general average speed level was lower bj^ 2 to 
3 mph., and the greater decreases occurred 
with out-of-state drivere on the Missouri tj-pe 
marking and with Missouri drivers on the 
national standard marking. The difference be­
tween the Missouri and the out-of-state 
drivers' reaction to the zone, measured in 
terms of that speed change, was larger at the 
Missouri zone, probably because Missouri 
drivere are better acquainted with the conven­
tional barrier-line location than out-of-state 
drivers are with the center-of-the-lane position 
used throughout Missouri. 

2. A remarkable similarity existed between 
the average placement obtained in comparable 
studies at the two sites for all locations at or 
beyond the start of the barrier line. The least 
difference between average placements at com­
parable locations in the two zones was at a 
point 300 f t . beyond the beginning of the 
barrier line. Here, on the Missouri marking, 
the average placement of all vehicles expressed 
in terms of the distance from vehicle center to 
roadway center, was 4.71 f t . in the day study 
and 4.57 f t . at night. Corresponding values 
for the national standard zone were 4.73 f t . 
and 4.62 f t . 

At the two-direction no-passing zone marked 
with the Missouri design, the average place­
ment for the direction with a tangent approach 
was 4.73 f t . in the daytime and 4.68 f t . at 
night. For the opposite direction, the respec­
tive values were 4.32 f t . and 4.28 f t . , indicat­
ing only a small difference between average 
placements on the one-direction and the two-
direction zones. 

3. The average placement of vehicles 300 f t . 
within both types of no-passing zones was 
from 0.3 to 0.75 f t . farther from the centerline 
than for vehicles at the beginning of the bar­
rier line. The maximum differences occurred 
when opposing traffic was in the left lane. At 
both types of zones, about three fourths of all 
passenger cars traveled with their centers in 
tlie range of 3.6 to 5.5 f t . of the centerline, 
wlien actually within the zone. 

4. Detailed analysis of the placement-dis­
tribution pattern shows interesting differences 
between the results obtained at the two test 
zones. On the national standard, vehicle paths 
were somewhat more widely dispereed than on 
the Missouri zone. Statistical measures of dis­
persion for the placement data show that 
passenger cars, for example, did not generally 
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follow a central path as precisely on the na­
tional standard as on the Missouri zone. How­
ever, i t is significant that less dispersion in 
vehicle placements occurred within the na­
tional standard zone than the Missouri zone 
when oncoming traffic was in the opposing 
lane. 

5. Regardless of light condition, vehicle 
tj'pe, or class of vehicle movement, the per­
centage of vehicles with their centers within 
4.5 f t . of the centerUne of the pavement was, 
with a few minor exceptions, less at a point 300 
f t . within the national standard zone than at 
the corresponding location marked with the 
^Missouri design. The percentage of vehicles 
that had placements of 3.5 f t . or less was a 
Uttle lower in the Missouri zone when all 
classes of vehicle movement were considered 
together. However, a much smaller percentage 
of the vehicles with opposing traffic on the 
national standard had placements in this range 
than on the Missouri standard during the day. 
At night the corresponding percentages were 
approximately equal. Without exception, fewer 
commercial vehicles were centered within 3.5 
or 4.5 f t . of the roadway center. Their average 
placement was also farther from the centerline, 
5.29 f t . on the national standard as compared 
with 4.92 f t . on the Missouri zone in the daj'­
time, and 4.91 f t . as compared with 4.64 f t . at 
night. 

6. Study of the difference between day-and 
night-placement data at all comparable sites 
reveals that the night averages were generally 
closer to the daj-time averages where the bar­
rier line was placed next to the centerUne. At 
a number of the studies on the national 
standard marking, the night placement actu­
ally averaged slightlj- farther to the right at 
night than in the daj-time. This did not occur 
at anv of the studies on the ^Missouri zone. 

7. The average driver completing a passing 
maneuver in the vicinitv of the test zones 
overran or violated the Missouri no-passing 
marking bj ' 228 f t . in the daj'time as compared 
with 86 f t . on the standard zone. At night the 
difference was not as great, but the national-
standard zone was still shown more respect. 
Extension of the barrier Une at the advance 
end with dashed or solid lines resulted in 
lengthening the average violations roughlj- by 
the amount of the extension, but the extended 
barrier lines seemed to encourage drivers to 
drive somewhat fsirther from the centerline as 

thej' approached the zone. This effect also was 
more pronounced where the barrier Une was 
next to the centerUne. The driver's advance 
view of the beginning of a barrier line located 
in the center of the lane was definitely ham­
pered bj ' the geometric Umitations involved as 
vehicles trailed one another on the approach 
to the zone. This factor could easily have been 
responsible for the relatively poorer observance 
recorded at the ^Missouri zone. 

8. A 100-percent sample of drivers inter­
viewed immediately after traveling 8 or 9 mi. 
over each type of marking indicated that their 
preference was far from being one-sided. Of 
the 1,005 drivers questioned, 479 preferred 
the Missouri design; 472 preferred the national 
standard; and 54 had no choice. The expression 
of Missouri drivers alone was 130 to 124 for 
placing the barrier line next to the centerUne, 
while 21 stated they had no preference. The 
survey revealed too that over 93 percent of 
the drivere had noticed the two tj-pes of 
marking, and that most out-of-state drivers 
were aware that their state placed the barrier 
Une adjacent to the centerline, which is the 
location recommended in the Manual on Uni­
form Traffic Control Devices. 

C O N C L U S I O N S 

Based on the data collected and analj'zed 
for this report, the following conclusions are 
offered: 

1. Some of the traffic-operation characteris­
tics on the two marking sj'stems do not appear 
to differ greatly. Speed values vary onlj' 
sUghtly and drivei-s not familiar with a i)ar-
ticular sj'stem display only smaU differences 
in their speed characteristics at the two zones. 
However, in an analj'sis of the more critical 
conditions for transverse placement, particu-
larlj' those cases invoK'ing vehicles traveling 
into a no-passing zone in the face of oncoming 
traffic and those involving the wider vehicles 
in the commercial class, the findings show that 
although the differences in placement are 
small, the advantage is quite consistently with 
the standard marking design. Drivers of the 
vehicles in these categories are significantly 
farther awaj' laterallj' from potential head-on 
colUsions and sideswipe accidents. 

2. The average lateral placement of vehicles 
at night resembles rather closely the daj'time 
condition on the national standard zone. In 
the Missouri zone, the d i f erence Iwtween day 
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and night operation is somewhat more marked, pleting passings is greater at the locations 
I t is of interest to note that in each of the six where the barrier line is in the middle of the 
comparative studies on the Missouri zone, the driving lane, and on this count also, the na-
average vehicle was closer to the centerline at tional standard shows superiority, 
night than during the day. On the national 4. Direct interview of a representative sam-
standard zone, the night placement for the pie of driver opinion, consisting of 1,005 
average vehicle was, in four of the six studies, motorists who had just left the test section, 
farther from the centerline than the day place- reveals no decisive preference for either type 
ment. In the remaining two studies, the differ- of marking. This is as true for Missouri 
ence between the day and night placement drivers as for drivers from states bordering 
was less than in the corresponding studies on Missouri and for drivers from other states, 
the Missouri zone. 5. Even though some slight improvement in 

3. Since observance of no-passing zone placement occurs when the barrier line is ex-
marking is very largely a voluntary matter, tended with a dashed or solid line, driver 
the extent to which drivers comply is a sig- observance of the extended zone is poor, and 
nificant measure of the effectiveness of the this cannot be termed an effective means of 
markings. The average infringement on the bettering operating conditions, regardless of 
no-passing zone area by drivers observed com- the type of no-passing zone. 

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

LAWRENCE E . GEORGE, Oregon State Highway Department 

SYNOPSIS 

GENERAL characteristics of left-turning passenger vehicles have proved to be of 
current interest to those connected with geometric design. The study locations 
chosen provided two basic conditions; namely, 90-deg. alignment of the vehicle 
to the intersecting road, and a zero vehicular speed at the beginning of the turn. 
Data collection was made by a photographic method. Both rural and urban lo­
cations were chosen tor the study. 

The wider range of turning speeds was found to occur at the urban location. 
The 85 percentile value at the urban location was found to be 21.4 mph., while at 
the rural location the 85 percentile value was 16.9 mph. 

The maximum acceptable side friction factors displayed a reflection of the 
speed characteristics in that the frequency distribution curves were of the same 
general shape as those for speed. This suggested that the minimum radii occur­
ring within each speed group must remain nearly constant for the range of speeds 
observed at each intersection. It is of importance to note that of the total sample 
onlj- one third of the drivers used a side friction factor lower than or equal to the 
generally accepted comfortable value of 0.16. 

The paths of the left-turning vehicles could not be expressed mathematically 
as second- or third-degree equations. Both the front and rear wheel paths took 
the form of a transitional spiral. Front and rear wheel paths blended from transi­
tional spirals at either end of the turn into a central circular arc. The minimum 
turning radii were found to occur within the first 30 deg. of the 90-deg. directional 
change. In all cases the shorter-radii transitional curves were at the beginning of 
the turn, with the longer-radii transitional curves occurring at the end of the 
turn. 

A correlation of turning paths with speed groups at each intersection proved 
that the shape of the turning paths remained approximately constant for speed 
groupings at each intersection. However, comparing similar speed groups at 
both intersections revealed a difference in the geometric shape of the turning 
path. This precluded any attempt to make a general formulation that would en­
able prediction of turning paths on the basis of speed. 




