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SYNOPSIS

In this report some of the problems of smoke evaluation are analysed. The
subject may be divided into three phases: (1) establishing evaluation criteria, (2)
devising instrumentation, and (3) formulating measurement techniques and
standards. The possible evaluation eriteria have becen reviewed and the smoke
criterion selected was the reduction in visibility rather than the annoyance, dis-
comfort, or nuisance aspects. Visibility is shown to be related to brightness
ratios and contrasts. An instrument for measuring brightness ratios and con-
trasts has been designed and a working model has been constructed and cali-
brated. Preliminary field data are shown for several sets of smoke conditions.
The plan for a complete study is outlined together with suggestions for tech-

niques for field measurements and standard definitions.

Smoke emitted by motor vehicles on the
highway has long been recognized as a hazard
to safe operation. It is also one of the prin-
cipal sources of annoyance and discomfort to
vehicle operators, pedestrians and other per-
sons in congested areas. The nuisance aspect
and the effects of smoke on public health are
receiving widespread attention. Many mu-
nicipal, county and other local area smoke
abatement programs have been re-activated
since the end of the war. The smoke reduc-
tion program in the Los Angeles area is note-
worthy in this respect (1).2 The activities of
this city and county group have covered smoke
emitted by highway vehicles as well as other
transportation and industrial smoke sources.
The combination of smoke and fog in the
atmosphere results in an unusually disagree-
able situation commonly termed ‘“smog.” In
some localities and under certain atmospheric
conditions smoke from vehicles contributes a
great deal to the overall “smog” problem.

Since 1939, the California Vehicle Code has
contained Section 673.5 Exhaust Products,
which states, “No motor vehicle shall be oper-
ated in a manner resulting in the escape of
excessive smoke, gas, oil, or fuel residue.”
This statement covers the general desires of
the legislators and public but requires con-

1 Sponsored by The Institute for Transpor-
tation and Traffic Engineering, University of
California, Berkeley, California and The
California Highway Patrol.

? Jtalicized figures in parentheses refer to
list of refercnces at the end of the paper.

siderable interpretation by enforcement agen-
cies relative to the definition of ‘“‘excessive.”

The methods of smoke evaluation that have
been used to regulate industrial smoke, rail-
road engine smoke and marine engine smoke
have been carefully reviewed in order to deter-
mine whether or not these techniques could be
applied to motor vehicle conditions. These
studies resulted in the conclusion that up to
this date there are no smoke evaluation
schemes that are entirely satisfactory for an
enforcement agency to use on the highways.

As a stop-gap measure, a modification of the
Ringelmann Chart (2) technique has been
adopted by the California Highway Patrol.
This method uses a visual comparison between
the vehicle smoke density and a standard
density plate to measure the degree of smok-
ing. Five steps are provided and any smoke
of density corresponding to step No. 2 or
higher is defined as excessive. Details of the
technique are given in Appendix A. Obvi-
ously there are serious limitations to the use
of this method. The present study has been
conducted in order to explore the possibilities
of developing a more satisfactory method to
measure and define motor vehicle smoke.

In order to evaluate the smoke emitted by
vehicles it is necessary to first decide upon the
criteria to be used for measuring the smoke;
second, to devise equipment with which to
make the measurements; and third, to estab-
lish standards for densities of smoke. It has
been the object of this study to consider these
three phases of the problem. To date the
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available criteria for measurements have been
reviewed and a technique has been selected.
A measuring instrument has been designed,
constructed and preliminary calibration and
field data have been taken.

DISCUSSION OF SMOKE EVALUATION

Consideration of the problem as a whole
indicates that there are two fundamental
aspects that need to be differentiated:

1. The reduction in visibility of objects
caused by smoke.

2. The annoyance, discomfort, and damage
caused by the solid or liquid smoke particles.

The reduction in the visibility of objects
caused by smoke particles in the path between
the observer and the object is of paramount

Figure 1. Truck smoke reduces visibility.

A Subway sign is almost obscured by the
smoke from the truck.

importance in the safe operation of motor
vehicles. The visual sense is responsible for
approximately 85 percent of the brain stimu-
lation relating to body reaction, muscular co-
ordination, and reflex actions that are used in
driving. When perception distances are re-
duced, contrasts changed, and visual acuity
lessened by the scattering and absorption of
light by smoke particles the driving task is
made very much more difficult.

Figure 1 shows a situation where the smoke
from a vehicle has reduced the visibility of a
roadside sign to practically zero. In this case,
the information on the sign indicating the
approach to a subway is important to the safe
operation of the vehicle.

These visual difficulties lead to an immedi-
ate and unfavorable reaction of the driver to
the smoke. A nuisance value of varying de-
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gree is automatically assigned to the particular
situation. If the smoking conditions are pro-
longed as they are at times when following a
badly smoking vehicle or when in a badly con-
gested area that does not have good natural
air circulation, a distinct discomfort may re-
sult. Such discomfort may result from breath-
ing the solid or liquid smoke particles or may
be due to the other toxic gases that result from
the burning of motor vehicle fuel. Motor
vehicle exhaust products contain varying
amounts of the following substances: H:0, CO,
CO,, N, C, 0, S0, acrylic aldehyde, unburned
hydrocarbons, and others.

Of these, only the carbon, liquid water and
unburned hydrocarbons cause smoke. The
CO, S0., and acrylic aldehydes are the only
toxic gases present, but under highway condi-
tions these are not ordinarily present in suffi-
ciently large concentrations to be physio-
logically harmful. Special conditions can
develop, however, where these gases can cause
trouble, but these cases will not be discussed
here. The CO gas is odorless and cannot be
detected except with very sensitive instru-
ments. This leaves the SO, and the acrylic
aldehydes as the principal gases that ‘“‘smell
up” the highway. These gases certainly do
constitute a public nuisance and no doubt
cause discomfort and eye smarting under
“smog” conditions, but ordinarily on the high-
way they are not harmful.

The smoke particles may be annoying in
other ways and may do damage that is harm-
ful and has commercial significance. Deposits
of unburned oil and ‘“‘smudge” can collect on
following vehicles and roadside structures.
This can cause immediate local trouble or long
term damage to vehicles and structures.
These aspects will not be analyzed in this
paper. The references contain discussions of
these problems.

Either the reduction in visibility or the
annoyance aspect of the problem may be con-
sidered to be most important, depending upon
one’s viewpoint and the interest of the person
will influence to a large extent, the method
that is selected to evaluate the smoke. For
instance, in orchard heating a large amount of
“smudge” is generated. The principle com-
plaints have to do with the carbon deposits on
buildings, clothes hanging on lines to dry, ete.
So, the method of evaluation usually consists
of a collection of the soot on a white filter
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paper. The change in reflection is used as a
measure of the smoke. This scheme is obvi-
ously not suitable to highway studies, but the
question is: What measurable quantity should
be used?

Before it is possible to proceed further, it is
necessary to define the limits of the problem.
This was partially accomplished by listing a
set of ground rules as follows:

1. The method of evaluation is to be suit-
able for field use. Laboratory type of equip-
ment and trained personnel should not be
required.

2. The measurements should yield immedi-
ate data on the smoke density. It should not
be necessary to make a measurement and then
have to wait for the completion of a secondary
process or extra task before getting the final
answer.

3. It is not desirable to have a system that
requires the test vehicle to stop.

4. A fixed installation on the highway
should be avoided if possible in order to have
a more flexible system and to eliminate the
possibility of forewarning the vehicle operator.

5. Calibration should be simple and readily
accomplished in the field.

6. Visual comparison methods should be
avoided if possible.

7. The technique should employ a suitable
instrument that can be used in a car following
or approaching another vehicle that is emitting
smoke.

These ground rules and the consideration of
the operating hazards involved in motor
vehicle operation seemed to point to the visi-
bility aspect of the problem as the one to
examine critically for possible evaluation
techniques. This was done and the following
possible schemes of evaluating visibility con-
ditions were considered:

1. Photographic methods—A number of
photographs have been taken from following
and approaching cars. Movies and still pic-
tures have been made. This technique is very
useful for exploratory work and research, but
is not practical for enforcement use because of
the time delay in processing the film, the skill
required of the operators, the possibilities of
“doctoring” the film, and the cost.

2. Light transmission measurements—This
method is very satisfactory for stationary
engines or for fixed installations along a high-
way. Attachment devices can be designed
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for use on moving vehicles, but would require
that the vehicles be stopped and made the
subject of a test with the operator aware of
the check-up. This method has been fairly
well developed by Professor Schweitzer (3)(5)
and others (4), but it is not considered to be a
practical enforcement method.

3. Direct sampling of the exhaust to obtain
the size and quantity of smoke particles. This
method could employ the principle of (a) col-
lection by filtering or (b) the use of electro-
static precipitation. These principles are
useful as laboratory or fixed installation
techniques, but are not suitable for the pur-
pose in mind.

4. Brightness Ratio measurements—Meas-
urements of the brightness of objects, clouds,
sky and other portions of the visual field, can
be made from a moving vehicle without in any
way interfering with the object vehicle. Visi-
bility and brightness ratios can be correlated
on a scientific basis. This principle would
satisfy the ground rules B, C, D and G, but it
remained to be investigated whether or not
the remaining conditions could be satisfied.

An instrument capable of measuring bright-
ness and, therefore, brightness ratios, is avail-
able in the form of a visual comparison device.
This commercial instrument (The Luckiesh-
Taylor Brightness Meter) requires a stationary
mount and a trained operator in order to get
consistent results. Serious troubles are en-
countered in color mis-matches and the rapid
changes that occur in the smoke patch. It is
not, therefore, suitable for general use.

DESIGN OF THE INSTRUMENT

Since there were no suitable instruments
available, the second phase of the study has
been to design and construct an instrument
capable of evaluating the desired brightness
quantities,

Analysis of the problem shows that the re-
duction in visibility can be correlated to the
change in brightness of an object after the
smoke is introduced in the visual path.

The quantities that are necessary are the
initial brightness of the object, B,, the bright-
ness of the same object with intermediate
smoke, B,, the background brightness of the
object without smoke, B, the background
brightness of the object with smoke, B,,, and
the adaptation brightness of the eye, Ba.
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These quantities permit the brightness ratio
and contrast to be calculated as:

BS
Brightness Ratio = —and

the brightness contrast to be calculated as:

B, — By,
B

A

O = without smoke—

with smoke

Bs = Bbs
Cs =
or B

A

The brightness ratios and contrasts of ob-
jects with and without smoke can then be
correlated in terms of threshold seeing or in

 BRIGHTNESS RATIO

Figure 2. Smoke Seen Against a Uniform
Background. This is a suitable location for
measurements.

terms of acceptable values established by sta-
tistical means in order to fix defining values for
tolerable, objectionable and excessive amounts
of smoke.

After a field survey, it was observed that
conditions could almost always be found along
a highway where the smoke could be observed
against a uniform or nearly uniform back-
ground. Thus, in Figure 2, the same truck
observed in Figure 1 is seen a few hundred
yards farther down the road with the smoke
silhouetted against a uniform sky background.
Measurements of the sky brightness on each
side of the smoke patch and the smoke bright-
ness will give the desired brightness ratio.
This can then be used to evaluate the reduc-
tion in brightness of other objects that are
obscured by the same smoke.

The brightness ratio measurements of the
smoke against a uniform background yield the
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same data that would be obtained by trans-

smoke
Bsky
mission factor. Thus these data can be
correlated with usual density specifications
such as 20, 40, 60 percent smoke, etc. The
principle advantage of this method is that a
secondary light source is not required and the
defining smoke densities can be adjusted to
take the background brightness into account.

mission measurements for =1 — trans-

Figure 3

The basis for the design of a physical bright-
ness meter for this study is outlined as follows:

Brightness of a luminous surface S (Fig. 3)
at a point O on the source in the direction OP
is defined as follows:

dl
B = i (6))]
de = dS cos 6
B = brightness in luminous flux/steradian
X area
I = intensity in luminous flux/steradian
S = area

¢ = projected area in the direction OP

0 denotes the angle between the direction
OP and the normal N of the luminous element
dS and do the area of the projection of the ele-
ment dS upon a plane normal to OP.

If the medium were absorbing, the relative
visibility of S would vary with the position of
the observer’s eye along OP in a fixed direc-
tion. The brightness contrast between S and
its immediate background measured at the
source, S, then would not describe properly
the variations of relative visibility.

We shall show how brightness measure-
ments can still account for relative visibility
when the concept is extended to a point in the
field along the line OP.

From Figure 3 the flux d?F emitted by dS
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and contained in the solid angle, d may be
expressed as:

B(dS cos 8)(ds cos ¢) where: r = dis-
2 tance between

O and P

d?’F =

But-

deo = dS cos 8

’-2
Thus:

F
d—=dEp=Bcos¢dw
ds

Denoting by dE, the normal component of
the illumination at P we obtain:

dE, = Bdw
and:
dE,
B = 2
T @

If the medium is non-absorbing, that is if
no flux is “lost” on its way from S to s, we may
conclude from (2) that the brightness of a
luminous source, S, can be defined as the nor-
mal component of illumination at the point,
P, produced by source, 8, per unit solid angle
at P.

Equation (1) has meaning only if S is a
light-emitting surface and fails for volume
distributed light-sources as sky, clouds, etec.
Equation (2) has meaning for any light source
and defines the actual conditions at the ob-
server’s eye.

Method of Measurement—We would like to
measure the average brightness over a solid
angle at a point P where the observer’s eye is
assumed to be located. The average Bright-
ness, B, over « is defined as:

w

Bw=—1dew ®)

But:
dE"

dw

B =

and substituting in (3) we get:

Bw = lf dEn (4)
©Je
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Formula (4) can be interpreted as follows:

Take a point P and an infinitesimal surface
ds thru P whose normal n is contained within
a solid angle « about P, (Fig. 4).

Measure the normal illumination dE. on
this surface by allowing only a small cone of
flux dw, whose axis is perpendicular to ds, to
strike it; dE, will be equal to that flux divided
by ds. Repeat the process by rotating ds
about P for all possible directions of its normal
within w; the sum of all the corresponding dE,,
measurements is equal to the average bright-
ness at P times the solid angle, w.

Figure 5

Since a point is well approximated by a
spherical surface of infinitesimal radius, for-
mula (4) suggests the following scheme (Fig.
5):

If the internal surface of the cone of apex at
P is perfectly absorbing (that is black), all the
rays but the radial ones will be absorbed and
the illumination at P will approximately be:

E, = f dE,

In order to register the amount of light inci-
dent at P, the surface s can be made of a sensi-
tive cell provided with a corrective filter.
Obviously the surface of the cell should have
the shape of a spherical casket. Since such a
form is not generally available, it can be sub-
stituted by a plane surface provided it is small
enough to reduce the loss in accuracy due to
the deviations caused by the cosine law.
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An instrument using the above design con-
siderations will give the average brightness for
the solid angle of the acceptance cone. In
order to obtain data for use in computing
brightness ratios and contrasts it is necessary
to have the acceptance cone as small as pos-
sible. In the tentative design a cone apex
plane angle of one degree has been selected.
It may be desirable to reduce this angle still
further to an ultimate limit that as yet has not
been determined. A cone angle of one degree
will include a circular area approximately 1.7
ft. in diameter 100 ft. ahead of the observer.
This would seem to be a practical size for
smoke studies. Furthermore an angle of this
size corresponds to the approximate size of the
foveal region of the eye so that it should be
possible to correlate instrument readings with
visibility data.

The very small angular opening imposes
instrument design problems because of the
small amount of light flux that can be received
by the cell. Three designs have been investi-
gated that involve (1) a phototube and d.c.
amplifier, (2) an electron multiplier tube and
optical system and (3) an electron multiplier
tube and shielding cone. At the present time
type (3) seems to have the most promise be-
cause of its simplicity and high sensitivity
without the necessity of conventional ampli-
fiers. The experimental instruments based
upon these design principles are shown in the
accompanying photographs (See Figure 6).
Photograph A shows the device that utilizes a
phototube and d.c. amplifier. Photograph B
shows the instrument that uses the electron
multiplier tube. The latter instrument can be
used with an optical collecting lens or with a
set of baffles to shield the instrument to a 1
deg. field.

The circuit for the device shown in Photo-
graph B is given in Figure 7.

The circuit consists of 10 identical stages
with 5000-2, 2-watt rheostats each, which
allows the voltage per stage to vary from 90 v.
to 135 v.

A 50ua microammeter, M1, in series with a
5-megohm resistor is used as a voltmeter and
allows the voltage to be measured across each
stage whether the tube is operating or not.

A microammeter, M2, of same range as the
preceding one is connected between the anode
and dynode No. 9 and gives an indication of
the amount of light incident on the cathode
(No. 11).
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Description of the Double Switch: The two
rotating wheels A and A’ are connected by a
central axis thru O and O’, which causes them
to rotate together. The conducting rims r
and r’ are continuously in contact with the
fixed poles b and b’. Contact poles ¢ and ¢’
are fixed to r and r’ and consequently make
corresponding contact with 11 and 1, 1 and 2,

1

B. Photomultiplier Tube and Shielding
Cylinder
Figure 6. Physical Brightness Meters

ete. In this way, the current flowing through
“M1” multiplied by 5 X 10¢ gives the voltage
across any two successive terminals, i.e.; No.
11 and No. 1 or No. 1 and No. 2 and so on.

Calibration—TFigure 8, illustrates the design
features and the arrangement of the apparatus
during calibration.

The intensity of the point-source was main-
tained constant at 150 candlepower and de-
creased to a lower value by shielding it from
the cell with a neutral filter having a trans-
mission factor of 0.0418.

Since the source has approximately the di-
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mensions of a point, the illumination of the
cell is equivalent to [.dE. of formula (4).
Hence:

E=£s=./‘dEn
r w

1}k

9
2
g -

138 v

—

0-50 pa
(-]

e ad

Figure 7. Circuit Diagram—931 A Brightness
Meter.

931 A TUBE

12 — 0,22 CIRCULAR | (
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show the initial calibration. The value of
sensitivity obtained from the slope of the
graph:

¢ = 0.18 X 10-3 lumens per sq. ft. per ua is
rather large since no correction filter was used
on the phototube. Moreover with the 931 A
the sensitivity curve is almost linear. This is
a very satisfactory result.

DISCUSSION AND USE OF THE
BRIGHTNESS METER

The design considerations outlined in the
preceding sections have been built into the
meter shown schematically in Figure 8. This
instrument has been used for a limited number
of field evaluations. The actual field tests
that have been made, reveal that the present
design gives the measurements that are wanted
but it is not as portable and flexible as is de-
sired. There are a few features such as range
changing filters and better sights that are
necessary. The design is now being refined to
incorporate the minor changes that have been
found desirable.

Trial runs were made with the instruments
using trucking equipment furnished by one of
our local transportation companies. The set-
up of equipment was as shown in Figure 10.
The physical brightness meter and a visual
brightness meter were used for comparative
purposes. Observers also made a visual
appraisal of the smoke conditions using the
Ringelmann Chart method and personal evalu-
ations. Brightness measurements were made

NEUTRAL FILTER

SHIELDING BAFFLES

rt l 3
STANDARD LAMP-

Figure 8

and

Since E differs from B only by a constant
factor, the current of the tube can be plotted
against E for the sake of simplicity. The
plotted data on the enclosed graph, Figure 9,

of the sky background and the smoke patch,
using both instruments. These data are shown
in Table 1.

The truck equipment used for these tests
was in very good condition and it was difficult
to cause the engines to smoke. The measure-
ments indicated that the instrument had ade-
quate sensitivity and gave results that are in
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approximate agreement with visual appraisals.
The visual appraisals are very hard to make.
The density is very hard to judge with the
Ringelmann Chart and the brightness fields
are different in color in the visual brightness
meter. The physical brightness meter read-
ings are taken from the dial of a meter and are
readily obtained.

The device was then taken on the road for
actual field use. The first series of readings

ENAREEY

CALIBRATION OF
PHYSICAL BRIGHTNESS METER

931 A PHOTOMULTIPLIER TUBE

30 7/
/'”

20 3
E /
z VOLTAGE PER STAGE | |
= =100 V. |
= VOLTAGE PER 9-10
& = 100 V. —
«
30 WITHOUT _CORRECTION —|—|

FILTER

/ SENSITIVITY = 9E T

=0.8 LUM. / FT2x 1073

/

0 | 2 3 ) s 6 7
E- (ILLUMINATION IN LUMENS /FT2x 163)

Figure 9

were made on random truck traffic along U. S.
Highway 50 between Oakland and Stockton,
California. Readings were first made from a
stationary car parked along the road near the
bottom of Pergola Hill. Typical readings are
shown in Table 2.

The measurements made from a stationary
car cover several densities of smoke measured
against a clear blue sky. The readings clearly
differentiate between very light, light and
heavy smoking.

The observer car was next operated in a
normal manner along the highway. Smoke
measurements were made on following and
approaching vehicles as these vehicles were
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encountered. A list of typical results are
shown in Table 3.

Table 3 gives data on moving vehicles oper-
ating under actual roadway conditions. Read-
ings could not be taken with the visual bright-
ness meter (Luckiesh-Taylor) because of the
movement of the observer vehicle. Readings
were readily made with the physical brightness
meter for both sky background and uniform
hillside backgrounds. It may be noted that
the brightness ratios are the same whether a
high level (sky) background or a low level (hill-
side) background is used. The only condition
imposed is that the background shall be ap-
proximately uniform.

Figure 10. Trial Run Using Physical Bright-
ness Meter and Visual Brightness Meter to
Measure Smoke.

These results indicate that brightness meas-
urements can be readily made using any one
of a number of observation methods. The

“brightness measurements can be correlated

with visibility conditions by making a compre-
hensive survey of actual brightn8ss values of
highway smoking conditions together with vis-
ual appraisalsof each situation. A set defining
of brightness ratios can then be established
for several ranges of background brightness.
Such definitions can cover smoke densities
that may be described as (1) tolerable, (2)
objectionable, and (3) excessive. More steps
may be established if they are considered nec-
essary.

The data that are available at present are
not sufficiently complete to permit the defining
conditions to be established but these data are
being accumulated and should be available in
the near future. As soon as sufficient infor-
mation is on hand, it is proposed that tentative
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TABLE 1

STATIONARY TESTS—CONTROLLED SMOKING

|
|

Visual Brightness Meter

Physical Brightness Meter

Ringelmann |

Conditions Chart Readings ! S%oke %ky |
Bs Bgxy Br. Ratio Me%er Mei'er Br. Ratio
Read. Read.
Clint | Cfint i
Vehicle Idling Approx. 1 2.8 3.2 .87 18 21 .86
(very light smoke) (20% density) I (13% den.) ‘ (14% den.)
Approx. ¢ load Approx 2 | 12 16 .75
(brakes set) %) I I (25% den.)
(light black smoke) |
|
(light black smoke) Approx 2 2.6 3.2 .75 6 ‘ 9 .67
(40%) (25% den.) ! I (33% den )
TABLE 2

STATIONARY CAR—RANDOM MOVING TRUCKS

Visual Brightness Meter | : .
Ringelmann (Luckiesh-Tayl:)r) | Physical Brightness Meter
Condition hart
Readings | gmoke Br. | Sky Br. Br. Smoke | Sky Br,
(C/in?) (C/in2) Ratio T I Br. Ratio
1. Observer car facing east at | less than 1 (20%) 1.9? 2.9 .66 40 48 .83
Pergola—very light smoke (34%) (17%)
—truck and trailer loaded
—about 150 ft away.
2. Same as 1 but about 300 ft. | less than 1 (20%) 38 44 .86
away. (14%)
3 Facing west—at Dublin— | about 3 (60%) 9 27 .37
heavy smoke—tank truck (63%)
4, Same as 3—light smoke about 2 (40%) 25 37 .67
33%)
5 Facing east—at Pergola— | about 3 (60%) 9 2.5 .36 10 23 .43
heavy smoke—large van (64%) (67%)
(tractor, semi-trailer and
trailer)
6. Same as 5—truck farther | about 3 (60%) 11 20 .55
away (45%)
TABLE 3
MOVING OBSERVER CAR—RANDOM MOVING TRUCKS
* Physical Brightness Meter
.e Ringelmann
Condition
n&m"’ Smoke Backlground Br. Smoke
Br. r. Ratio Density
%
1. Light smoke -2 25 36 72 28
8ky background (20%-40%)

2 Brown hill background (20%-40%) 12 18 .87 33

3 Brown hill background o~40%) 8 12 .87 33

4. Brown hill background (20%,-40%) 9 13 .69 31

5. Sky background (20%-407%) 30 4“4 .68 32

6. Sky background (209,-40%) 38 50 .76 24

7. Sky background (20%-40%) 20 35 .57 43

8. Moderately heavy smoke 2-3 25 45 .55 45

Sky background (40%-60%,)

9 Sky background (40%,-60%5) 20 40 .50 50
10, Hall background (40%,-60%) 12 25 .48 52
11. Hall background (40%,-60%) 15 32 47 53
12, Hiil background (40%-60%) 13 30 .43 57
13. Heavy smoke 34 7 20 .20 80

Sky background (60%-80%)
14. Sky background (60%: o) 12 25 .48 52
15. Hull background (60%-80%) 5 10 .50 50
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defining values for highway smoke will be
established on the basis of the measurable
brightness ratios.

TABLE 4
Background| Brightness Smoke Smoke
Brightness® tio Density Definition
¢. per sq. in. percent
2.0t03.5 | 1.0 t00.75 25 or less tolerable
0.74 t0 0.60 26-40 objectionable
0.59 to 0.0 41 or more excessive

& The limits at other background brightnesses will have
to be evaluated also.

The defining conditions could be presented
as in Table 4.

An enforcement agency could adopt such a
standard set of defining conditions or it could
change the limits to suit its particular situa-
tion. The method is available, the instrument
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details have been worked out and the basis for
defining smoke density is outlined. It ishoped
that this preliminary study may be helpful in
smoke evaluation and control.
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APPENDIX A

CALIFORNIA HIGHWAY PATROL
HEADQUARTERS GENERAL
ORDER NO. 5184

TO: ALL MEMBERS OF THE CALI-
FORNIA HIGHWAY PATROL

*RE: SMOKE ENFORCEMENT—REFER-
ENCE SECTION 673.5

Supplementing Headquarters General Order
%518

The Ringelmann type smoke chart has been
adopted by the United States Bureau of Mines,
and numerous cities, counties and political sub-
divisions within the United States and abroad.
There are numerous court cases on record to
establish the validity of the method and to
provide precedents for court decisions.

1. Effective immediately the Ringelmann
Chart with five standardized density steps
shall be used in evaluating the conditions of
excessive smoke, gas, oil or fuel residue to
determine when excessive smoking of motor
vehicles occurs.

2. A motor vehicle shall be considered to be
emitting “‘excessive’’ smoke, gas, oil or fuel
residue if on visual comparison for a reasonable
period the exhaust products have a density
that is equal to or greater than No. 2 (40%)
on the Ringelmann chart.

3. A supply of Ringelmann charts for the
Patrol Officers is being forwarded. The in-
structions for the use of these charts are printed
thereon, and in addition thereto the following
items should also be considered.

CALIFORNIA HIGHWAY PATROL
SMOKE CHART

RINGELMANN TYPE
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INSTRUCTIONS
.. 1. The scale should be held at arm’s length at which
distance the dots in the scale wall blend into uniform shades.
2, Then compare the smoke (as seen through the hole)
with the chart, determuming the shade in the chart most
nearly corresponding to the shade or density of the smoke.
3. A moror vechicle shall be considered to be emitting
“'excessive” smoke, gas, ol or fuel residue if on visual com~
parison for 2 ble period the exh products have 2
density thac is equal to or greater than No. 2 (40%) on
the Ringelmann chart.
Observer should not be less than 100 feet nor more
than 500 feet from the vehicle,
Observer should avoid looking
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a. Do not use in a moving vehicle unless two
men are in the car; it is not practical or
safe to attempt to drive and use the chart
simultaneously.

b. Care should be exercised in noting the
distance that the obscrvation is made and
other variables which may affect the
accuracy of the reading.

¢. The readings should only be taken in
daylight hours, and during periods of
good visibility.

d. Concentrate upon the serious violators
first. As experience is gained and as

TRAFFIC AND OPERATIONS

conditions on the road improve the less
serious cases can be investigated.
¢. On any notice of arrest or warning issued
note under ‘‘violation’’ the density num-
ber appearing on the Ringelmann Chart.
Example : Excessive Smoke—Reading No.
3 on Ringelmann Chart.
**New Material E. Raymonp Caro, Chief
California Highway Patrol
APPROVED:
Epcar E. LasrroN
Director of Motor Vehicles
Sacramento, California
April 23, 1947

WEAVING TRAFFIC

RavpH L. FisHER, Engineer of Design, New Jersey State Highway Department

SYNOPSIS

Cross weaving may ocecur on any type of highway or its connections and is a
result of the convergence and relatively nearby divergence of traffic streams.

The section of the roadway in which eross weaving takes place is commonly
known as a weaving arca.

A weaving area can be constructed for but a fraction of the cost of an equivalent
grade separated facility.

For successful operation of & weaving ares, the speeds of the several traffic
streams must be nearly equal. Uniformity of operating speeds can be achieved
only when the three main elements of a weaving section are properly propor-
tioned for the volume of traffic to be handled. A change in any one of these
elements would alter the speed of the traffic streams, reduce the capacity, and
affect the overall operation.

The threc main elements of a weaving section arc: (1) the angle of approach,
(2) the width, and (3) the length.

The angle of approach affects the speed of the entering traffic, the angle of
weaving, and the place of weaving.

The width of the weaving section must be sufficient to allow the traffic that is
to weave to spread out laterally, thus ereating the necessary gaps between ve-
hicles and allowing weaving to take place throughout the length and width of
the weaving section. This width must also be sufficient to carry the through
traffic at each side without interference to the weaving vehicles.

More data are needed before determination can be made for the proper com-
bination of length, width, and angle of approach for various volumes and speeds
of traffic. The data available seem to indicate that if the maximum length is
more than 900 ft. traffic streams tend to travel side by side, resulting in a forced
weaving near the end of the weaving section.

Weaving has been defined as ‘“The act per-
formed by a vehicle in moving obliquely from
one lane to an adjacent lane, thus crossing the
path of other vehicles moving in the same
direction.”

Cross weaving is the converging at an ob-
lique angle of separate traffic streams moving
in the same general direction so that the

streams cross each other in the weaving area
and then diverge in separate traffic streams,

Cross weaving occurs whenever traffic
streams come together and then separate.
This may occur on all types of highways.
For example, as shown in Figure 1, a divided
highway may have an outer connection at one
interchange and an inner connection at the





