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in the paper are by no means definitely proven. sa>-, traffic signals or the emotional state of 
Thej ' weie intended as first approximations the driver. 
only, and no claim was made that they I n his concluding paragraph, Forbes advo-
yielded good I'esults in the region of ti'affic cafes the application of statistical tests of 
congestion. However, they do seem to yield goodness-of-fit to accident theories. This seems 
better results than does the existing exposure to me a rather premature suggestion. I n the 
theory. Foi-bes' calculation suggests that my present rudimentary state of our theories, 
theoretical head-on accident rate is too high much progress must be made before one can 
for traffic of 850 vehicles per hour. But the reasonably hope for a close fit to actual acci-
standard exposure theory would indicate a <ient occurrence. Furthermore, most of our 
rate about 50 percent higher sti l l , if fitted to accident records leave much to be desired, so 
the lower volume data. * a t a negative statistical test might well re-

I t is difficult to understand Forbes' remarks ^ " 1 * ''^'^n fl Perfectly sound theory. This 
, . • u i i i r • u • weakness m the available data is a serious 

about a one-variable theorv (especiallv in , ,. , . j - > • > i i i • i 
. . . ' handicap to studies which would derive rela-

view of his efforts in behalf of the exposure ^j^^^^j^j^^^ j ^ . ^ ^ statistical analvsis of the data, 
theory). To examine the effects of speed and therefore, be more jirofitable to work 
volume IS hardly to deny the importance of ^he development of mathematical models 
cother fators. Speed may well be a major fj-oni what seem to be reasonable a i)riori as-
factor in determining accident rates, but we sumptions, and to be satisfied with rather 
cannot yet measure its effect against that of, modest agreement with the "facts." 

Speed Characteristics on Vertical Curves 
B . A . L E F E V E , Director 

Bureau of Highway Planning, New York Slate Department of Public Works 

T H E R E exist manj- miles of highways built 20, 30, and 40 years ago. These highways are 
obviously not designed for present day speeds. Critical points exist at \'ertical curves 
with restrictive stopping-sight distances. To determine the speed characteristics of to
day's passenger cars, at these points, the New York State Department of Public 
Works, in cooperation with the Bureau of Public Roads, made comprehensive speed 
observations at 20 such locations in New York State. 

Conditions for site selection were: tangent length for at least 1,000 f t . , each side of 
the vertical curve; fu l l approach grade of a gradient to minimize its effect on average 
speed; no marginal influence; no speed zones; free-flowing traffic; traffic in lane adjacent 
to study lane at a minimum; good riding surface; and no-passing line markings where 
the sight distance was 500 f t . or less. Sight distance varied from 150 to 700 f t . 

Field equipment included a constant-speed 20-pen recorder, electrically connected 
to 10 pneumatic detector units, 100 f t . apart. Seven detector units were laid on the 
approach to the vertical curve and three on the leaving grade. Speed for approximately 
100 cars at each site was recorded. Three sight-distance criteria were studied: f rom 
41^ f t . above the pavement to 4 in . ; from 4}-̂  f t . to 2 f t . ; and from 4}-̂  f t . to 4 ^ f t -
above the pavement. 

A t each trap and for each site the following data was compiled and plotted: average 
speed; 85-percent speed; safe speed for the three sight distance criteria (according to 
AASHO policy for nonpassing minimum sight distances based on safe stopping dis
tances); AASHO safe sight distance required for 85-percent speed; the percent of 
drivers exceeding the legal speed l imi t ; and from the cumulative frequency distribu-
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tion curves, the percent of drivers overdriving the safe speed for the three sight dis
tance criteria. 

The average speed of cars near the crest of the vertical curves was taken as the 
average speed of the highways. A l l sites with an average speed of 45 mph. or greater, 
near the crest of the vertical curve, were classified as high-speed two-lane roads and 
those with an average speed near the crest below 45 mph. were classified as normal-
speed two-lane roads. The distribution of speeds near the crest of the vertical curves 
grouped by sight distance and driver performance near the crest of vertical curves for 
the three criteria of measuring sight distance are shown on charts and discussed. The 
AASHO recommended stopping sight distances for various speeds is used as a basis 
for comparison. 

The accident record of the sites is discussed; percentile speeds versus AASHO safe 
speed for minimum sight distances, the relation between the three criteria of measur
ing sight distance grouped for minimum sight distance, and the percentage of drivers 
exceeding the legal speed l imit are shown by charts and discussed. The appendix con
tains supporting field and technical data. 

The summary of findings, applicable to free-moving passenger cars on vertical curves 
where the minimum sight distance is between 150 and 500 f t . , indicate: (1) reduction 
of average speed as drivers approach vertical curves, (2) the relation between operating 
speeds at the crest of vertical curves and the minimum sight distances, (3) practical 
stopping sight-distance requirements on vertical curves for present day traffic and (4) 
the relation of driver performance on vertical curves, in terms of operating speeds, to 
the safe speed as determined by various design standai'ds. 

% Y E A R by year our vast network of high
ways is extended and improved, and car 
manufacturers continue to incorporate modi
fications in vehicle design which wil l enable 
the driver to opei'ate his car with greater 
comfort and safet}- and also at greater speed. 

Much of this safety and comfort, as well 
as speed, furnished by the car manufacturei 
could not be realized without the continuing 
improvements which have been incorporated 
in the highway design and construction 
through the adoption of the present-day 
highway standards. 

These standards have been determined 
after a detailed study of motor-vehicle opera
tion and driver behavior. I n line wi th the 
continued changes in highway construction 
techniques and practice and in motor-car 
design, such standards should be continually 
e.xamined and reexamined for possible im
provements. 

We must constantly ask ourselves, "Do 
drivers actually operate their vehicles in the 
way we think they do when we adopt specific 
design standards? Should these standards 
be modified?" 

I n view of our present-day trend toward 

more powerful engines and increased vehicle 
speeds,' sight distance is and wil l continue 
to be one of the most important factors to 
examine and considei: Consequently, the 
New York State Department of Public Works, 
in cooperation with the Bureau of Public 
Roads, has undertaken studies of passenger-
car speeds where the highwaj- nonpassing 
minimum sight distances, according to pi-es-
ent AASHO policy,^ are substandard. The 
study consisted of a series of observations 
taken since 1950 at 20 locations, at which 
the speeds of vehicles were recorded at several 
points on either side of the crest of selected 
vertical curves. I n 1951, the study was ex
tended to include a series of observations at 
16 locations of speed on horizontal curves of 
various degrees of curvature and supereleva
tion. This report wi l l , however, discuss only 
the former. 

1 Tlie average speed of passenger cars in 1951, 23 states re
porting, was 50.2 mph. Half of the passenger-car speeds 
recorded -were in excess of 50 mpli, 14 percent were over 60 
mph. Tliis represents a new high and the first upturn of any 
account since 1948. July 1952 Traffic Speed Trends, Bureau 
of Public Roads. 

2 A Policy on Sight Distance for Highways, .\merican 
Association of State Highway Officials, adopted February 
17, 1940. 
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ST.4.TEMENT O F T H E P R O B L E M 

Abil i ty to see the road for an adequate dis
tance ahead is of the utmost importance in 
the safe and efficient operation of a motor 
vehicle. Vehicle speed is subject to the control 
of drivers whose training varies from almost 
none to practically perfection. With this 
ccmglomeration of drivers whose training, 
temperaments, and judgment differ within 
such a wide range, all occupying and using 
our highways at the same time, i t is quite 
obvious that if the greatest amount of safety 
possible is to be built into our highways, 
they must be so built that the poorest of these 
drivers can see at least far enough ahead, at 
all times, to be able to bring his vehicle to a 
safe stop to avoid striking some unexpected 
object or obstacle on the road ahead of him. 

I n New York, and undoubtedly in most of 
the other states, there now exist many 
hundreds of miles of highways that were 
built 20 , 30 , or even 4 0 years ago and whose 
alignment and grade have not been appreci
ably changed since that time. These highways 
were obviously not designed for present-day 
speeds, since the design standards in use at 
that time were much lower than those now 
used. These highways have many locations 
where sight distance is I'estricted not only 
by vertical curves but by many other condi
tions. I t is, therefore, im])oi'tant to find out 
how drivei's act at these locations of restrictive 
sight distance. I t follows that once this is 
known then something can be done to correct 
dangerous practices on these old roads and 
to i-evise jjresent standards as needed in the 
light of this information. Juflging from the 
pi-esent highway-finance situation as com
pared to the highway needs, i t appears that 
these old highways may be with us for some 
time to come. 

O B J E C T I V E O F .STUDY 

This particular study was conducted to 
determine: (1) the relation between the 
speeds at which drivers of ])assenger cars 
operate near the crest of vertical curves, 
with restricted stopping sight distance, and 
the existing sight distant'e for high-speed 
and normal-speed, two-lane, rural highways: 
( 2 ) the method of measuring sight distance 
to which drivers of passenger cars are most 
likely to govei'n their speeds near the crest 
of vertical curves for high-speed and normal-

speed, two-lane, rural highways; (3 ) necessary 
and practical stopping sight distance require
ments on vertical curves for present-day 
traffic in order to provide safe oj^erating 
conditions on two-lane, rural highways; and 
( 4 ) legal-speed observance. 

S E L E C T I O N O F S I T E S 

The selection of sites was confined to those 
sections of two-lane highways on tangent 
alignment where a vertical curve was, as far 
as practicable, the only factor controlling 
sight distance and having any influence on 
operating speed. Sections of highway with 
long, steep appi-oach grades were avoided, 
since i t is difficult to differentiate between 
the retarding effect of grade and that caused 
by limited sight distance. Five sites of the 20 
studied do show approach grades over 4 per
cent. However, these grades are short and by 
actual test had no apparent effect on average 
speeds observed. Sections of highways on 
horizontal curves or at places where i-oadside 
development, such as gasoline service sta
tions, intersecting roads, and the like, might 
influence speed also were avoided. 

Specifications for the selection of sites are 
listed in the appendix. I n general, ajiproach 
grades varied from a minus 0.6 percent to a 
maximum of a plus 7.8 i)ercent; leaving 
grades from a minus 0.7 percent to a minus 
7.6 jjercent. Sight distances \-aried from 150 
to 7 0 0 f t . Figure 1, shows the general location 
of the sites in central and eastern Xew York 
and Table 3 in the appendix indicates the 
specific location and geometric features of 
the individual sites. Figures 2 to 4 , indicate 
the physical features of typical sites. Note 
the lane markings on each photograph. These 
paint-line lane markings exist on the sites 
as prescribed for vertical curves by the 
Manual of Uniform Traffic Control Devices 
of the New York State Traffic Commission— 
no-passing markings are applied at all loca
tions where the actual sight distance is 5 0 0 
f t . or less measured from 4 ' ^ f t . above the 
pavement to a point i j i f t . above the pave
ment. 

METHODS AND CONDITIONS O F S T U D Y 

Field equipment consisted of an Esterline-
Angus 20-pen recorder, operated at a constant 
speed, electrically connected to 1 0 pneumatic 
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detector units, 100 f t . apart, each consisting 
of a flexible rubber tube laid across the pave
ment with an air switch on each end. 

Usually, seven detector units were laid on 
the approach to the crest of the vertical curve 
and three were on the leaving grade, beyond 
the crest of the vertical curve, in order to 
obtain a complete pattern of the speed of 
each car. 

number of cars observed for each site are 
shown in Table B in the appendix. 

The tubes of the 10 pneumatic detector 
units were fastened across the jjavement, 100 
f t . apart, pi-oviding nine traps. For identifica
t ion purposes the road tubes were numbered 
from 1 to 10. The arrangement of the tubes 
on the study section, provided for Tubes 1 to 
7 on the approach grade and Tubes 8 to 10 on 

€-}J^ y'^m 

992 

Figure 1. Location of sites for vertical-curve study. 

Cars were selected on the basis of substan
tially free or uncontrolled movement in one 
direction through the site. Observations were 
taken when traffic in the opposite direction 
was at a minimum. A t each site, the speeds 
for approximately 100 cars which appeared 
to be moving normally were recorded and 
used. Weather conditions during the obser
vations in no way affected the normal opera
tion of the vehicles so that, insofar as ])ossible, 
variations in speed were due to the restrictive 
sight distances afforded. Time, date, and 

the leaving grade with Tube 7 at the crest of 
the vertical curve. Corresponding pen num
bers of the recorder were connected to t!ie 
air switches at the end of the tubes. 

The field data were recorded on the Ester-
line-Angus recorder. This graphic recorder 
utilized a roll of paper which moved at a 
constant rate of speed and upon which record
ing pens were placed. These pens made con
tinuous lines which when interrupted by the 
passage of a car over the road tubes to which 
the individual pens were electrically con-
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nected, registered the interruptions on the 
chart. Measurement of the hnes between 
interruptions provided the speed data at 
each trap. 

Field stations were estabhshed at the study 
sections to tie in the physical data of the 
sites. I n each instance, Station 10 was lo
cated at Tube 7. 

Flfiurc 2. Site 198: Top, approach grade looking 
west; middle, crest on leaving grade looking 

west; bottom, leaving grade looking east. 

Profile and sight distances for each site 
were obtained in the field. Three sight dis
tance criteria were studied: f rom 4^^ f t . above 
the pavement to a 4-in. object, the standard 
for a small object on the pavement; f rom 4J.^ 
f t . to a 2-ft. object, the height of a normal tail 
light; and from 43^ f t . to a ^M-ii. object, the 
height of an apjjroaching oi- leading car. 

Figui'e 5 shows the layout of detector units, 
pavement markings, and sight distance 
studied. 

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

The Individual Site Analysis 

The following pi-oceduie was followed in 
the tabulation and analysis of data for each 
of the twenty sites observed. 

Speed Data. The speeds for each passenger 
car at each trap weie listed, as measured f rom 
the Esteiline-Angus charts. From this listing 
the data (Table 1) for the plotting of the 
cinnulative frequency dis{ribution of free 
speeds at each trap (Fig. 6) was compiled. 

Figure 3. Site 394: Top, approach grade look
ing east: middle, approach grade looking 

east: bottom, leaving grade looking west. 

The avei-age speed at each trap was computed 
arithmetically and plotted on a chart (Fig. 8). 
From the speed-disti'ibution curves the per
cent of cars traveling over 50 mph. and the 
85-percentile speed, respectively, at each trap, 
was determined and registered on the chart 
(Fig. 8). 

Field Data. The profile taken on the center-
line of pavement, of the observation site, 
was plotted on the chart (Fig. 8) together 
wi th the values for the three sight-distance 
criteria, as measured in the field: 4,^ f t . to a 
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4-in. object, 4)^ f t . to a 2-ft . object and 4J^ 
f t . to a ^M-ii. object. 

(SIfl/e Stopping Distances [AASHO Stand
ards). The safe stopijing distan(^es, used for 
the various speeds obsei ved, were based on 
the AASHO standards. Thus, the safe sto|)ping 
distances for 30, 40, 50, (50, and 70 mph. are 
192, 275, 368, 484, and 614 f t . , respectively. 
For intermediate speeds, a curvilinear intei-

Flfture 4. Site 29J: Top, leaving tirade looking 
north; middle, crest on approach grade look
ing north; bottom, approach grade looking 

north. 

polation was used (Fig. 7). Tliese distances 
are those recommended l)y the AASHO as 
nonpassing minimum sight distances, using 
the 4-in. object as the criteria for measuring 
sight distance. 

Related Data. The safe speed, at each trap, 
for each of the sight distance criteria, was 
determined by relating the respective sight 
distance measured at the trap, as stopping 
sight di.stance to the corresj^onding speed 
from Figure 7. These points were plotted on 

Figure 8 and are represented by the safe-
speed curves. 

The percentage of drivere of passenger 
cars exceeding the speed from which they 
could stop before reaching an object after i t 
comes into view was termed j^ercent over
driving. The percent overdriving, at each t iap 
for each of the sight distance critera, was de
termined by taking the respective safe speed, 
at the trap, from the safe-speed curves and 
entering the cumulative frecjuency-distribu
tion speed curve for the trap and talking off 
the i)eicentage of cars e.xceeding that s|)eed. 
Likewise, similar percentages were deteiniinefl 

f I 
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Figure 5. Sketch typical site showing layout of detec
tor units, pavement markings, and sight distances 

studied. 

for inteimediate points l)etween the traps, 
at each station, by using the safe speed as 
related to the stopping sight distance at the 
station and finding the average percent of 
cars exceeding tliis safe s|)eed, on tlie two 
adjacent cumulative frequencj'-distribution 
curves of speeds. These percentages were 
plotted on the chart shown in Figure 8 and 
are represented by the percent-ovei-(hiving 
curves. 

Sight distance reciuired for 85-pei'cent si^eed 
(AASHO Standards), at each traj), was 
determined by entering the cumulative-
frequency distribution curve of speeds for 
the trap, taking off the speed of 85 percent 
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of the cars and relating this speed to the 
corresponding AASHO safe stopping distance 
from Figui-e 7. These points were plotted on 
the chart in Figure 8 and are represented by 

SPEEfi 

S P E E D - MILES PER HOUR 

Figure 6. Cumulative frequency distribution of free 
speeds at one trap. 
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Figure 7. AASHO safe stopping distance for speeds* 

the curve labeled, "Sight distance i-equired 
for 85-percent speed (AASHO Standards)." 

The information shown graphically, for each 
site furnishes a basis for composite analysis 
of the data. 

M E T H O D S O F A N A L Y S I S 

The data obtained at the different study 
locations, which have been illustrated by 
Figure 8, were combined so that driver be
havior for similar situations involving vertical 
curves could be analj'zed. The results of the 
analysis of the speed data at all ptiints along 
the approach to each vertical curve indicated 
that the most-critical place on the curve, when 
considei'ed in relation to the speed of the 
passenger cars, is at the point of minimum 
sight distance, or within about 100 f t . of this 
point in each case. Table A (appendix) shows 
the speed characteristics of the drivers to
gether with other information for the most 
critical point at each study location. 

Based on the combined data, the following 
anah'ses were made to obtain information 
which is vital to an understanding of driver 
behavior on vertical curves and which is, 
therefore, useful for the proper design of high
ways: (1) relation between minimum sight 
distances when measured to different heights 
of objects on the road; (2) decrease in vehicle 
speeds as a vertical curve is approached; (3) 
distribution of speeds near the crest of verti
cal curves as i-elated to the minimum sight 
distance; (4) driver performance near crest 
of vertical curves as related to safe stopping 
distances on high-speed and normal-siieed 
two-lane highways; (5) relation between driver 
performance and safe performance as deter
mined by various standards; and (6) accident 
histoi'y at study locations. 

The physical characteristics of each site 
and some of the speed data ai'e shown by 
Table 2. Roads on which the average speed 
was 45 m\t\\. or more at the critical ))oint 
approaching the crest have been called high
speed roads for purposes of analysis, and other 
roads where average speeds were below 45 
mph. have been called normal-speed roads. 
I n interpreting the results of the analysis, i t 
is pertinent that the highways on which study 
sites were selected also included other hori
zontal and vertical curves with minimum 
sight distances corresponding to the minimum 
sight distances at the vertical curves which 
were included in the study. The other vertical 
curves, some of which were even more critical, 
were omitted from the study because they 
did not meet the specifications which liad 
been established for the selection of the study 
sites. Manv of them had horizontal cui'ves I 



L E F E V E : V E R T I C A L C U R V E S 403 

in combination wdth the vertical curves which 
would have increased the number of variables 
involved and made i t practically impossible 
to segregate the effect of vertical sight dis
tance restriction from the others. 

between sight distances and object heights 
as shown by Figure 9. 

I t is, of course, possible to establish the 
relation between sight distance measured to 
various heights of objects when the profile is 
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Figure 8. Typical data obtained at each site location. 

R E L A T I O N B E T W E E N MINIMUM S I G H T D I S T A N C E S 
AT V E R T I C A L C U R V E S W H E N M E A S U R E D 

TO D I F F E R E N T H E I G H T S O F O B J E C T S 
ON T H E ROAD 

For the proper interpretation of driver per-
foi-mance on vertical curves, i t is necessary to 
establish the relation between minimum sight 
distances when measured to objects of differ
ent heights located on the road surface. A t 
each of the sites included in this study, sight 
distances along the vertical curve were meas
ured from 4 ' ^ f t . (the height of a driver's 
eyes) to objects 4 in. , 2 f t . , and 4 ' ^ f t . high 
located on the surface of the road. These 
data were then used to establish the relation 

known. Also, for a given vertical curve the 
relation wil l always be constant as long as a 
drivei-'s eye and the object are on a uniform 
vertical curve. I n this study, however, the 
relations between the different height objects 
as shown by Figure 9 are for conditions on 
existing curves that were not necessarily 
designed according to present-day standards. 
Figure 9 shows, for example, that on a vertical 
curve where the minimum sight distance 
measured to a 4-in. object is 200 f t . , the sight 
distance measured to a 2-ft. object would be 
275 f t . , and the sight distance measured to a 
41 ^ - f t . object would be 345 f t . Using the 
AASHO standards for safe stopping distance 
as shown by Figure 7, a sight distance of 200 
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f t . is safe foi- a speed of 31 mph,, a sight dis
tance of 275 f t . is safe for 40 mph., and a 
sight distance of 345 f t . is safe for 48 mpl i . 
Therefore, if it is necessary for safety to come 
to a stop after a 4-in. object comes into view, 
the maximum safe speed is 31 mph. on a \'er-
tical curve with a minimum sight distance of 
200 f t . as measured to a 4-in. object. 

I f , however, it is assumed that i t is not 
necessary to be able to stop for objects less 
than 2 f t . high aftei- they first come into view, 
40 mph. is the safe speed on tlie same vertical 
cur\'e. Similai-1.\-, if i t is not necessary to come 
to a stop for any object less than f t . high 

Figure 9. Relation between minimum sight distances 
when measured to different heights of objects on 

the road. 

after i t fii'st comes into view, 48 mph. would 
be the safe speed on this vertical curve. I t 
therefore follows that the safe speed on the 
curve could either be 31, 40, or 48 mph., 
dei)ending on the criterion used for a safe 
condition. 

D E C R P : A . S I I ; I N SPJiKDS AS A V K R T I C . A L C U R V E 
I S A P P R O A C H E D 

One would noi'mally expect drivers travel
ing at high s])eeds to slow down on vertical 
curves where sight distances are as short as 
those included in this study. This was con
sistently the case at the study locations, al-

thougli in some cases the reduction in speed 
was not as great as one would expect. 

The a\'erage decrease in speed as related 
to sight distance at the vai'ious vertical curves 
is shown by Figure 10. On an average, where 
the minimum sight distance was 150 f t . , 
drivers decrease their speed 6 mph. before 
reae^hing the point of minimum sight distance. 
W'here the minimum sight distance was 400 
f t . , the average deci-ease in speed was only 
2 mph. Separate analyses for the high-speed 
I'oads and the normal-speed I'oads showed 
that the decrease in speed varied with the 
normal approach speeds, there being about the 
same ])ei'centage reduction in both cases as 
has been previously explained. 

There were five sites where the aj)]) roach 
grades were over 4 pei cent (Table 2), and other 
sites where the ai^proach to the vertical curve 

JI6HT DISTANCE TO 4" OtJtCT Uti» CItesf OF VEI»TlC»L COBV( - F I I T 

Figure 10. Decrease in speed as vertical curve is ap
proached. 

was about level. A comparison of the reduc
tion in speed for these two conditions indicates 
that the i-eduction in speed was not a direct 
result of the grade, there being about the same 
reduction in speed for vertical curves where 
the approach was level as where the ap])roach 
was on an appreciable grade. From this analy
sis, i t is evident that di'ivers do reduce their 
speeds as they approach vertical curves with 
short sight distances. The magnitude of the 
reduction in speed, however, is not as great 
as is necessary to provide entirely safe operat
ing conditions, as will be discussed later. 

D I S T R I B U T I O N OF S P E E D S N E A R T H E C R E S T O F 
V E R T I C A L C U R V E S AS R E L A T E D TO T H E 

MINIMUM S I G H T D I S T A N C E 

I t has been shown that average speeds of 
vehicles decrease as the point of minimum 
sight distance on a vertical curve is ap
proached. On an average, there is also a greater 
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decrease in speed on approaching the vertical 
curves with the shorter sight distances than 
on the other vertical curves where the sight 
distances are somewhat longer. I n an effort 
to determine whether the decreases in average 
speeds as observed were sufficient to com
pensate for the short sight distances at the 
vertical curves, the speed distributions at the 
critical points on the curves have been re
lated to the minimum sight distances as 
shown by Figure 11. 

For Figure 11, 20 sites were first divided 
into two groups, the one group being roads 
whei'e the speeds near the crest of the curve 
averaged less than 45 mph. and the other 
group roads where speeds near the crest of the 
curve were at least 45 mph. The first group, 

HISH SPEED l-LANE ROADS 
*VE«*GE SPEED OVEP 45 MPM 

O 4.S-FO0T OBJECT 
rWS£D ON ttSHa STOfVim 

DrSUfKCSJ 

D16TRIBUT10H OF SPEEDS HEAR WEST 
Of VERTICAL CURVES , 1 

Figure 11. Distribution of speeds near crest of vertical 
curves. 

as previously indicated, has been termed 
normal-speed roads, whereas the second group 
has been termed high-speed roads. Wi th in 
these two groups, sites with critical points of 
similar minimum sight distances, as measured 
to a 4-in. object, were combined and the sight 
distances averaged for each combination. 
There resulted a total of seven different sight 
distance groups, four groups for the normal-
speed roads and three groups for the high
speed roads. The cumulative distribution of 
passenger-car speeds, at the critical point for 
each site was tabulated and summarized for 
each sight-distance group and plotted in 
Figure 11. 

Figure 11 shows that there is no consistent 
relation between the speed distributions and 
the minimum sight distance at the vertical 

curves, although there is some tendency for 
the higher speeds to occur at locations with 
the longer minimum sight distances. I n 
general, the speed distributions, regardless 
of minimum sight distance, have the same 
general pattern. These patterns are similar 
to the normal speed distribution patterns at 
locations where sight distances are not re
stricted. 

Three points have also been plotted on each 
of the speed distribution curves of Figure 11. 
The first point, a solid circle, represents the 
average speed. The second point, an open 
circle, represents the safe speed for the particu
lar sight-distance condition, assuming that i t 
is necessary for passenger cars to be able to 
stop for a 4-in, object after i t first comes into 
view. The third point, an open square, repre
sents the safe speed for the particular sight 
distance condition, assuming that i t is not 
necessary for passenger cars to be able to 
stop for an object less than 4>^ f t . high after 
i t first comes into view. I t maj- be observed 
that for most of the sight-distance conditions, 
a high percentage of the drivers exceeded the 
safe speed as determined by the sight dis
tance to a 4-in. object, and in two cases about 
50 percent of tlie drivers e.xceeded tlie safe 
speed as determined by the sight distance to a 
4 } ^ - f t . object. I t may also be observed that 
the average speed near the crest of the cui've, 
as well as the speed-distribution pattern, 
bears no definite relation to the minimum 
sight distance. This confirms the observations 
made fi'om Figure 10. 

Using related information f rom Figures 9 
and 11, Table 3 was comjHled. This table 
shows, for both the high-speed and normal-
speed roads, that 98 percent of the drivers 
exceed the speed from which they could stop 
before reaching a 4-in. object after i t comes 
into view when the sight distance is less than 
200 f t . ; wi th a sight distance of 300 f t . , about 
half of the drivers exceed the speed as de
termined by AASHO standards. A sight dis
tance of about 400 f t . , on main rural highways, 
is needed before driver behavior conforms 
with the AASHO standards. 

D R I V E R P E R F O R M A N C E N E A R C R E S T O F 
V E R T I C A L C U R V E S AS R E L A T K D TO 

S A F E STOPPING D I S T A N C E S 

Since i t has been found from tlie previous 
analyses that minimum sight distances at 
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vertical curves bear no direct relation to the 
speeds at which drivers operate their vehicles, 
i t is of interest to determine the percentage 
of drivers that exceed safe speeds on vertical 
curves, based on various criteria for determin
ing safe speeds. I t is also of interest to de
termine what criteria, if any, are used by 
drivers in governing their speeds on vertical 
curves. Foi- this purpose, the data for the 20 
study sites were classified into two groups 
corresponding to the same groups used for 
the high- and the noimal-speed roads. Driver 
performance was then expressed in terms of 
the percentage of drivers unable to stop be
fore reaching objects of various heights as 
the objects first came into view. Figure 12 
shows this information for high-speed roads, 

T A B L E 3 

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

D I S T A N C E S N E A R T H E C R E S T O F 
V E R T I C A L C U R V E S 

Sight Distance in 
Feet Measured to 

4" Object 

High speed roads: 
195 
240 
410 

Normal speed roads: 
16S 
230 
272 
405 

Speed, mph. Percent Exceeding 
Speed 

When Sight Distance is Measured to 

4" 2' 41.4' I 4" I 2' I 41/2' 
Ob- Ob- Ob- ': Ob- I Ob- 1 Ob
ject I ject ject I ject I ject ; ject 

30.3 
35.8 
53.7 

26 .0 
34.6 
39.7 
53.3 

38.3 
44 .5 
65.2 

33.4 
44.0 
50 .0 
04.5 

45 .5 9S .0 
53.7 93.3 
73.0 23.0 

40.1 
52 .0 
58.0 
72.7 

83.9 
54.2 
11.3 

86.0 
54.2 

1.5 

79.3 
39 .0 
10.5 

0 

55 .3 
14.8 

0 

51.0 
9 .3 
0 
0 

whereas Figure 13 shows the same infoima-
for low-speed roads. 

Considering fii'st the high-speed roads, i t 
may be seen from Figure 12 that on vertical 
curves where the minimum sight distance is 
300 f t . as measured to a 4-in. object, 69 percent 
of the drivers would be unable to stop before 
reaching a 4-in. object after i t first came into 
view in case this became necessary' to avoid 
an accident. Likewise at this same location, 
20 percent of the drivers could not have 
stopped before reaching a 2-ft. object after i t 
first came into view. A l l but 3 percent of the 
drivers, however, could have stojiped their 
vehicles before reaching a 4 ' ^ - f t . object after 
i t first came into view. These percentages 
are based on the AASHO standards for stop
ping distances from various speeds. 

Figure 13 shows the driver performance on 
normal-speed roads in a manner similar to 
Figure 12 for high-speed roads. On vertical 
curves where the minimum sight distance is 
300 f t . as measured to a 4-in. object, the per
centage of drivers that would be unable to 
stop before reaching a 4-in., 2-ft. or 4 } ^ - f t . 
object would be 41, 5, and 0, respectively. 

PUFORMANCC HC*R CREST 
VERTICAL CURVES 

SIGHT OlSTAWt IM FEET MEASURED FBOM OPIVEP'S ErE TO * 4-IHCM OaJECT 

Figure 12. Driver performance near crest of vertical 
curves on high-speed, two-lane roads. 

PCRFORHANCE NEAR CREST 
VERTICAL CURVES 

SIGHT DISTANCE IN EEET ME»SURED FROM DRIVER'S EYE TO 

Figure 13. Driver performance near crest of vertical 
curves on normal-speed, two-lane roads. 

I n order to accommodate 85 percent of the 
drivers on high-speed, two-lane roads, the 
minimum sight distance measured to a 4-in. 
object must be 425 f t . , and when using a 2-ft. 
object as the criterion for sight, the minimum 
sight distance measured to a 4-in. object must 
be ap])roximately 315 f t . , and when using a 
a 4J>^-ft. object as the criterion for sight, the 
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minimum sight distance measured to a 4-in. 
object must be approximately 250 f t . 

Similarh-, to accommodate 85 percent of 
the drivers on noimal-speed, 2-lane roads, 
where the average speeds under normal con
ditions do not exceed 45 mph., minimum sight 
distances measured to a 4-in. object, must be 
360 f t . if the driver is to stop before reaching a 
4-in. object after i t first comes into view, 265 
f t . if he is to stop before reaching a 2-ft. ob
ject after i t first comes into view, and 210 f t . 
if he is to stop before reaching a 4>^-ft. object 
after i t first comes into view. 

Whether or not a driver should be able to 
stop his vehicle before reaching either a 4-in., 
2-ft., or 4 } ^ - f t . object after i t first comes into 
view can be determined only by the accident 
experience at vertical curves with shorter 

tion, the driver performance has been com
bined for all 20 sites studied. 

I t wi l l be noticed that there are three scales 
for the sight distance as measured to the 
three heights of object. The driver performance 
in miles per hour on the ordinate is plotted 
against sight distance to a 4-in. object on the 
abscissa. The relative sight distance shown 
by the three sets of figui'es on the abscissa 
wei'e taken from Figure 9. 

The almost horizontal curves for driver 
performance indicate a slight decrease in 
speed with a reduction in the minimum sight 
distance. However, the reduction in speed 
does not ajjproach the reduction which would 
be necessaiy to comph' with safe operation 
regardless of the standard used as a criterion 
for safe operation. 

T.-VBLE 4 
D R I V E R P E R F O R M A N C E N E A R C R E S T O F 

V E R T I C A L C U R V E S 

Percentage of Drivers that Could Not 
Stop Before Reaching Object (Based 

on AASHO Stopping Distance) 
Sight Distance in 
Feet Measured to 

4" Object High-Speed Roads, i 
Height of Object 

Normal-Speed 
Roads, Height 

of Object 

4' 2' m' 4" 2' 

200 98 82 45 92 56 20 
300 69 20 3 41 5 0 
400 21 1 0 7 0 0 

Minimum sight dis
tance, in feet. 
measured to 4* 
object needed to 

accommodate 
85% of drivers . . 425 315 250 360 265 210 

sight distances than those listed in the above 
paragraph. Since there is such a large per
centage of drivers exceeding safe speeds re
gardless of the critei'ion which is used, vertical 
curves with short sight distances must either 
have high accident rates or the possibility of 
a driver having to stop at such a location is 
very remote. 

Table 4 summarizes this data as i t appears 
on Figures 12 and 13. 

R E L A T I O N B E T W E E N D R I V E R P E R F O R M A N C E 

AND S A F E P E R F O R M A N C E AS D E T E R M I N E D 

B Y V A R I O U S .ST.ANDARDS 

To illustrate further the relation between 
driver performance and safe performance as 
determined by various standards, Figure 14 
has been prepared. I n this figure, for simplifica-

iwire 4 
TaOlTOC 0M> 

•S iro >4B SOO C40 Tao flOB(T0 41^aM 
SIGHT DISTANCE NEAR CREST OF VERTICAL CURVE - F E E J 

Figure 14. Driver performance as related to safe perfor
mance as determined by various standards. 

Apparently drivers do not believe that 
critical situations wil l occur at vertical curves 
which require them to come to a stop or they 
believe they can stop in a much shorter dis
tance than the distance which is actually 
required. 

I f critical situations do arise at vertical 
curves which might require a driver to come 
to a stop as an object comes into view, a 
minimum sight distance of approximate^' 
325 f t . is required for the speed at which the 
average driver travels on a main rural high
way, a sight distance of approximately 400 f t . 
is required to meet the needs of 85 percent of 
the drivers, a sight distance of approximately 
425 f t . is required to meet the needs of 90 per
cent of the drivers, and a sight distance of 
approximately 470 f t . is required to meet the 
needs of 95 percent of the drivers. I n other 
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words, sight distances of less than 500 f t . to a 
4-in. object on vertical curves hav-e no place 
in modern highway design, except possibly on 

do not decrease their speed appreciabh* when 
confronted with restrictive sight distance on 
vertical curves. The inference is that drivers 

T A B L E 5 
A C C I D E N T H I S T O R Y AT V E R T I C A L C U R V E S O B S E R V E D 

Site No. Report Period No. Cars 
Damages 

Date of Description of Accident Site No. Jrom-to Involved P.D. 
Cars 

P . L 
Persons 

Accident Description of Accident 

193 1943-1952 1 
2 
2 
1 

1 
2 
2 
1 

1 
2 

1 

July 47 
Aug. 48 
Apr. 50 
Feb. 52 

Lost control, hit telephone pole 
Side swiped car coming from drive 
Side swiped car in passing 
Ijost control. Wet pavement 

194 1943-1952 2 
2 

2 
2 3 

July 48 
Sept. 50 

Collided head-on in passing 
Collided head-on in iiassing 

195 1943-1952 2 2 5 Sept. 50 Collided head-on in passing 

196 None 

197 1943-1952 2 
1 
1 
2 
2 
2 
2 

2 
1 
1 
2 
2 
2 
2 

1 

Sept. 43 
Sept. 46 
Apr. 47 
Jan. 51 
.Jan. 51 
Dec. 51 
Dee. 51 

Collided with car turning left 
Lost control, hit telephone pole 
Lost control. Blow out 
Side swiped car in passing 
Collided head-on in passing 
C'ollided head-on in passing 
Collided head-on in passing 

198 1943-1952 2 2 1 June 49 Collided with oncoming car turning 
right 

Collided with car turning left 2 2 Nov. 51 

Collided with oncoming car turning 
right 

Collided with car turning left 

1-9-13 None 

291 1947-1952 1 
1 

1 
1 

1 No record Lost control 
Lost control 

292 1947-1952 2 2 2 No record Ran into rear end of car ahead 

293 1947-1952 2 
1 

2 
1 

1 No record Ran into rear end of car ahead 
Lost control 

294 None 

.•!91 None 

393 1947-1952 2 2 1 1951 Ran into rear end of car ahead 

394 1947-1952 2 2 1 1948 Collided head-on in passing 

395 None 

991 1938-1952 2 
3 
2 
1 

2 
3 
2 
1 

3 
1 

Dec. 38 
Feb. 40 
.Ian. 49 
Oct. 50 

Side swiped car in passing 
Skidded on slippery pavement 
Collided head-on in passing 
Lost control, hit tree 

992 1938-1952 2 
1 
2 
2 

2 
1 
2 
2 

4 

1 

July 39 
.\ug. 40 
Nov. 40 
Mar. 50 

Collided with car tiu'ning left 
Lost control, hit tree 
Collided head-on in passing 
Ran into rear end of car ahead 

993 None 

994 None 

995 1938-1952 2 
2 

2 
2 

I"eb. 40 
Jan. 41 

Skidded on slippery l>avement 
Side swiped car backing out of drive 

local or mountainous roads where the desired 
speeds are normally lower. 

.ACCIDENT H I S T O R Y AT S T U D Y L O C A T I O N S 

From the foregoing analyses, i t is apparent 
that the majority of drivers of passenger cars 

either do not realize that critical situations 
may occur at vertical curves which wil l re
quire them to come to a stop or they believe 
they can stop in a much shorter distance than 
is actually required. I n any event, they are 
taking chances on roadway and traffic condi-
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tions affected by the limited sight distances 
afforded by the vertical curves. 

A measure of the type and degree of the 
risks taken by drivers is reflected, in part, by 
the accident history at the sites studied. A l l 
available records of accidents for the sites of 
this study were collected and compiled in 
summar}^ form as shown in Table 5. The 
periods covered in this compilation vary 
from 6 to 14 yr. for the individual sites. 
Thirty-three accidents were recorded at 13 
of the sites involving property damage to 58 
vehicles and personal in jury to 29 individuals. 
There were no recorded accidents for seven 
of the sites. I t appears f rom an analysis of the 
types of accidents that overdriving was one 
of the principal factors in the majority of the 
accidents. 

As the outlook for the futui-e indicates 
higher-powered passenger cars and increased 
speeds, adequate sight distance for safe 
driving conditions should be provided in new 
design to reasonably meet this anticipated 
speed demand. I f i t becomes necessary to 
design for less than that speed, proper signing 
and pavement markings should be used. 

The limited accident data indicate that 
design and uniform pavement markings alone 
wil l not solve the problem of maximum high
way safety. I n addition, drivers must exercise 
good judgment consistent with existing high
way facilities. 

SUMMARY O F F I N D I N G S 

The findings in this report are based on 
driver-performance data recorded for free-
moving passenger cars at the sites of 20 vertical 
curves on 2-lane, rural highways in New York. 
The findings are applicable to curves where 
the minimum sight distance is between 150 
and 500 f t . The following are the major find
ings: 

1. As drivers approach vertical curves with 
short sight distances, they invariably reduce 
their speeds to some extent. The reduction 
in speed, however, is far less than that re
quired to provide safe operating conditions, 
regardless of the criterion used for determin
ing safe conditions. Apparently, the drivers 
feel that the reduction in speed is greater than 
i t actually is, or individual drivers so seldom 
encounter criticsil situations on vertical curves 
that they are not aware of the hazard in
volved. 

2. No consistent relation exists between 

operating speeds at the crest of vertical curves 
and the minimum sight distances. The speeds 
at the vertical curves, regardless of the sight 
distance, are apparently governed by the 
normal speeds on the highway. 

3. A minimum sight distance of 400 f t . to 
a 4-in. object is necessary to accommodate 
the driving habits of 85 percent of the drivers. 
Corresponding sight distances to accommodate 
90 and 95 percent of the drivers are 425 and 
470 f t . respectively. (This is based on present 
AASHO standards for safe stopping distances 
from various speeds.) 

4. Driver performance on vertical curves 
in terms of operating speeds bears no rela
tion to the safe speed as determined b j ' vari
ous design standards. 
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A P P E N D I X A 

Definitions 

The definitions used for the various terms 
in this study are the same as presented in the 
Highway Capacity Manual and the American 
Association of State Highway Officials' Policy 
on Sight Distance for Highways as they per
tain to passenger cars. 

Speed. The rate of movement of passenger 
cars expressed in miles per hour. 

Average Speed. The average of the speeds 
of all passenger cars at a specified point on a 
given roadway, during a specified period of 
time. 

Design Speed. A speed selected for purposes 
of design and correlation of those features of 
a highway, such as curvature, superelevation, 
sight distance, upon which the safe operation 
of passenger cars is dependent. I t is the high
est continuous speed at which individual 
passenger cars can travel wi th safety upon a 
highway, when weather conditions are favor
able, traffic density is low, and the design 



L E F E V E : V E R T I C A L C U R V E S 411 

features of the highway are the governing 
conditions for safetj'. 

85-Percentile Speed. The speed which 15 
percent of the passenger cars exceed. 

Legal Speed. The maximum speed permitted 
by law—50 mph. in Xew York State. 

Safe Speed to 4-in. Object (AASHO Stand
ards). The maximum speed at any point on 
the roadway which wi l l provide safe stopping 
distance as measured by the nonpassing 
minimum sight distance at the point on the 
highway wi th vision approximately 4 f t . 6 in . 
above the pavement to an object 4-in. above 
the pavement. 

Safe Speed to 2-ft. Object. Same as above 
except nonpassing minimum sight distance 
is measured to an object 2 f t . above the pave
ment. 

»Sa/e Speed to 4}i-ft- Object. Same as above 
except nonpassing minimum sight distance 
is measured to an object 4 } ^ f t . above the 
pavement. 

Percent Overdriving. The percentage of 
drivers of passenger cars exceeding the speed 
f rom which they could stop, as measured by 
the AASHO standards for vehicle stopping 
distance, before reaching an object after i t 
comes into view. 

Sight Distance. The length of roadway visible 
to the driver of a passenger car at any point 
on the roadway when the view is unobstructed 
by traffic. 

Stopping Sight Distance. The distance re
quired by a driver of a passenger car, traveling 
at a given speed, to bring his car to a stop af
ter an object on the roadway becomes visible. 

Restricted Stopping Sight Distance. A sight 
distance shorter than the stopping sight dis
tance for the design speed. 

Safe Stopping Distance to a 4--in. Object 
[AASHO Standards). The distance required 
by a driver of a passenger car, traveling at a 
given speed, and whose eye is assumed to be 
4.5 f t . above the pavement surface, to bring 
his car to a stop, after an object 4 in. above 
the pavement becomes visible. Same as 
AASHO Nonpassing Min imum Sight Dis
tance. 

Sight Distance Required for So-percent Speed 
{AASHO Standard). The sight distance neces
sary to accommodate 85 percent of the 
passenger cars, in the sample, safely, accord
ing to AASHO standards for safe stopping 
distance. 

AASHO Nonpassing Minimum Sight Dis

tance. Nonpassing minimum sight distance 
is the sum of two distances: (1) the distance 
traversed by a vehicle f rom the instant the 
stationary object is visible to the instant the 
brakes are applied and (2) the distance re
quired to stop a vehicle after the brakes are 
applied. The first of these two distances de
pends upon the speed of the vehicle and the 
sum of the perception time and the brake 
reaction time of the operator. The second dis
tance depends on the speed of the vehicle, the 
characteristics and condition of brakes, tires 
and pavement surface, and the aUgnment and 
the grade of the highway. The sum of these 
two distances traversed to stop the vehicle is 
the safe stopping distance and therefore the 
nonpassing minimum sight distance. The 
factors adopted by the AASHO for perception 
and brake reaction time and braking distance 
computations to arrive at the approved non-
passing minimum sight distances for assumed 
design speeds, are listed in their policy. When 
using the 4-in. object as the criteria for meas
uring sight distance, these approved minimum 
sight distances are the basis for the AASHO 
nonpassing-minimum-sight-distance curve as 
shown in Figure 7. 

A P P E N D I X B 
Specifications for Location of Sites 

I n the estabUshment of each site for speed 
observance on vertical curves, the following 
roadway requirements were met: 

1. Alignment. Vertical curve on tangent. 
2. Grade. Approach grade on tangent 

length with a minimum of 1,000 f t . to the 
point of vertical intersection and of gradient 
to minimize effect on speed. 

3. Rural. A n open highwa}^ 
4. No impediments. No speed zones under 

50 mph. 
5. Good riding surface, 
6. No access roads within 1,000 f t . of site. 
7. Free-flowing traffic. 
8. Min imum traffic in opposite direction of 

observations. 

A P P E N D I X C 
Sampling Accuracy 

Generally speaking, sample calculations of 
the arithmetic mean of a group of obser\'ed 
speeds requires only 50 to 100 observations to 
assure dependable and accurate results. How
ever, the important consideration in sampling 
regardless of size is to find the single value 
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representative of the group of samples. This 
may be the arithmetic mean, the median, or 
the mode. From inspection of the speed dis
tribution curve of a group of samples, the value 
which is most representative of the group ma j ' 
be selected as evidenced by the tendency of 
the other samples to group around i t . 

The scattering of the samples varied in 
each test of the study. This tendency towai-d 
scattering of the data is recognized by cal
culating an average value which is an estimate 
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Overdriving 50 mph (AM Traps) 

P i i 
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! 37% 

29 to 70 mph . 1 26% 

24% 

27 to 60 mph 29% 

25 to 60 mph . 

30 to 65 mpTT^ 19% 

. ..-27 to 65 mph:' 

f.:,'. 27 to 70 iriphTl 17% 

25% 

28To~60 mph p g j ^ i 25% 

24 to 60 mph 9% 

26 to 60 mph 6% 

29 to 62 mph 8% 

27 10 60 mph 9% 

3% 

16% 

I " I 

B 7 to 66mpt3 

g27 to 68 mph"i 

•ESS] 23 to 61 mph 6% 
^ 2 6 to 64 mphW 17% 

626 to 60mphi 12% 

M 2 3 to 70 m p t m 20% 

High-speed roads, mph. . -
Normal-speed roads, mph.. 

Average 
Speed 

46.8 
41.7 

Standard ' Standard 
i Deviation Error 

0.31 
0.21 

There are only 4.8 chances in 100 that the 
true average speed differs by 0.62 mph.(two 
standard errors) f rom the sample average. 

T A B L E A 

D.ATA A T C R I T I C A L P O I N T S N E A R C R E S T O F 
V E R T I C A L C U R V E S 

Figure A. Legal-speed observance. 

of the so-called true value (in this study, the 
average value for speed of all traffic). The 
computed arithmetic mean of the samples 
was used as an estimate of the true average 
speed. The standard deviation is used as a 
measure of the scatterings to determine the 
adequac^y of the samples. 

The method of estimating standard devia
tion and sample error was applied to the ob
servations grouped according to average speed 
near the crest of the vei-tical curves foi' high
speed and normal-speed roads with the fol
lowing results: 

Sight Dis Driver Performance 

Site tance Meas Safe S])eed, mph. 
Site ured to 4- Speed 

Inch Object 
Speed 

Average 85% 90% 95% 

2-9-2 150 24 44.6 51.4 53.5 56.2 
9-9-5 160 25.4 39.7 47.3 48.6 50.9 
3-9-3 170 26.8 46.3 54.7 57.0 60.0 
1-9-5 190 29.5 37.8 44.2 46.0 49.6 
2-9-4 205 31.5 46.5 53.5 55.2 57.2 
3-9-1 210 32.2 48.0 53.5 55.0 57.2 
2-9-1 225 34.0 45.1 52.1 54.0 56.4 
2-9-3 225 34.0 43.5 49.3 51.1 53.6 
9-9-1 225 34.0 44.6 51.7 53.5 55.7 
1-9-8 235 35.2 39.6 46.6 48.6 51.2 
1-9-13 235 35.2 41.6 49.6 52.0 55.5 
1-9-7 255 37.7 40.3 45.6 48.2 52.5 
3-9-4 255 37.7 47.7 54.8 56.5 69.5 
1-9-3 260 38.3 39.8 46.3 48.6 52.5 
9-9-2 275 40.1 40.2 45.9 47.7 50.5 
1-9-6 300 42.8 44.4 51.0 52.4 64.5 
9-9-3 310 44.0 49.6 56.6 58.1 60.0 
9-9-4 360 49.0 42.9 51.8 54.0 57.0 
1-9-4 610 62.0 46.4 55.2 57.7 61.6 
3-9-5 450 57.2 44.6 51.0 52.8 56.6 

T A B L E B 

D.ATA O N S A M P L E S 

District, 
Project, 

Site 

1-9-3 
1-9-4 
1-9-6 
1-9-6 
1-9-7 
1-9-8 
1-9-13 

Date and Time of Sampling 

Sat., Oct. 7, 12:45 P.M. 4:45 P.M. 
Tues., Aug. 15, 11:30 P.M. 3:20 P.M. 
Thurs., Aug. 24, 11:30 A.M. 3:30 P.M. 
Wed., Aug. 23, 2:30 P..M. 3:50 P.M. 
Wed., Aug. 23, 10:00 A.M. 12:30 P.M. 
Thurs., Aug. 17, 1:40 P..M. 4::S6 P.M. 
Tues., Aug. 22, 8:30 .A.M. 3:45 P.M. 

2-9-1 ' Wed., Sept. 6, 9:30 A.M. 5:15 P.M. 
and 

Sat., Sept. 30, 3:30 P.M. 5:15 P.M. 
2-9-2 I Tues., Aug. 29, 3:10 P.M. 6:40 P.M. 

and 
Wed., Aug. 30, 10:50 A.M. 2:60 P.M. 

2-9-3 Tues., Sept. 5, 3:.30 P.M. 5:30 P.M. 
2-9-4 Mon., Aug. 28, 12:15 Noon 2:30 P.M. 

and 
Tues., Aug. 29, 9:30 A.M. 10:50 A.M. 

3-9-1 
3-9-3 
3-9-4 
3-9-5 

M<m., Oct. 2, 10:30 A.M. 1:30 P.M. 
Fr i . , Sept. 29, 1:00 P.M. 6:00 P.M. 
Wed., Sept. 27, 9:50 A.M. 3:50 P.M. 
Wed., Oct. 18, 12:15 P.M. 3:30 P.M. 

9-9-1 Mon., Sept. 18, 11:00 A.M. 2: 15 P.M. 
9-9-2 Mon., Sept. 18, 4:00 P.M. 6:20 P.M. 
9-9-3 Wed., Sept. 20, 2:30 P.M. 6:10 P.M. 
9-9-4 I Wed., Sei>t. 20, 8:45 A.M. 12:15 P.M. 
9_9-.5 I Tues., Sept. 21, 10:30 A.M. 3:30 P.M. 

No. of 
Sam
ples 

90 
110 
100 
128 
100 
103 
91 

161 

103 
108 

142 
107 
100 
100 

101 
100 
103 
121 
100 

Total I 2166 
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