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The objective of this study was to determine 
the relationship between chloride concentra-
tions and stopping distances for various 
driving speeds on snow-covered asphalt pave-
ment. Fields tests were conducted from Jan-
uary to March, 1978 at the Rochester Institute 
of Technology campus in Rochester, N.Y. 
Artificial trafficking was done by one driver 
with a single automobile, so that the factors 
in stopping distance measurement were mini-
mized. Snow samples were collected at 
various points across the road profile after 
artificial trafficking. Approximately 250m1 
of snow was collected for each sample. The 
mercuric nitrate method was used in the de-
termination of chloride concentration. The 
data were used to fit a mathematical model 
which relates the stopping distance and 
chloride concentration. Two of the most im-
portant observations of the study were: for 
an asphalt pavement covered with 5 cm (2 in) 
or less of packed snow and for for driving 
speeds of 48 km/hr (30 mi/hr) or less, there 
is no significant reduction of stopping 
distance when the chloride concentration in 
greater than 1.000 mg/l; also, the mathemati-
cal model developed may be used to determine 
the required chloride concentration based on the 
desired stopping distance at a given driving 
speed. 

The current rates of application of sodium 
chloride for road deicing purposes is generally 
considered excessive and environmental stress 
may result. This study measured the response of 
snow-covered pavement to chloride concentrations 
under conditions similar to those encountered on 
residential streets. The intent was to optimize 
the application rate of deicing chemicals. 

Two testing sites, approximately 0.32 m (0.2 mi) 
of Ward Road, and Parking lot B on the Rochester 
Institute of Technology (RIT) campus, were used. 
Both sites are essentially level. Data were 
collected from January to March, 1978. Results of 
test were used to determine the relationship be-
tween various driving speeds under artificial traf-
ficking conditions at pavement temperatures rang-
ing from _6.10  C to 00  C (21°F to 320F). 

Salt Application Practice at RIT 

The RIT Campus Services Department uses a 
converted dump truck with snow plow in the front 
and salt hopper mounted on the back for winter 
operation. The hopper has an effective capacity 
of 4 tons with a sluice-gate-opening of approxi-
mately 5 cm by 30 cm (2 in by 12 in). During 
salting operations, the slot is always set at this 
opening size. The salt is fed to the slot by 
a conveyor belt operated with an independent en-
gine. The application rate may be controlled by 
a throttle. A spreading disc is attached near 
the slot, to spread the salt, and its distribution 
may be somewhat adjusted by a clutch. The 
normal practice is to spread the salt at full 
throttle, with one pass on 6.71 m (22 ft) of 
road width. A field test at RIT demonstrated 
that the actual spread pattern covered a width 
of 7.92 m (26 ft). This results in deicing chem-
icalg being cast beyond the edge of the road 
and landing on grass and planting areas. 

Campus Services indicated that an average of 
4 tons of rock salt are spread on the 21 km (13 mi) 
of campus roads for each application. This rate 
is equivalent to 85 kg/3.35 rn-lane-km (300 lbs/li 
ft-lane-mi). An actual measuremdnt of the salt 
flow with full throttle in a one minute time in-
terval was 84kg (185.5 lbs). This is equivalent 
to 79 kg/3.35 rn-lane-km (280 lbs/ll ft-lane-mi), 
when the salt truck is driving at the usual op-
erating speed of 32 km/hr (20 mi/hr). A salt 
application rate at 141 kg/lane-km (500 lbs/lane-
mi) is roughly equivalent to 5,000 rng/l of chloride 
concentration as shown in a field test. 

The rock salt used on the RIT campus is stored 
in a heated garage. Laboratory analysis showed 
a stockpile moisture content of 1.47%. Also, two 
sieve analyses were performed, one on an oven-
dried sample, and the other at stockpile moisture 
content. The gradation for both oven-dried. and 
stockpile samples was rather uniform as indicated 
in Figure 1. The chloride content of the rock 
salt was analyzed to be 58.82% compared with a 
chemical reagent sodium salt of 60.65% chloride. 
The difference can be attributed to impurities 
and additives. 
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Approximately 0.32 km (0.2 mi) of Ward Road was 
selected as Testing Site No. 1, because of its 
flatness. The road consists of two 3.35 m (11 ft) 
lanes of dense-graded asphalt concrete pavement with 
a 1/48 (¼ in/ft) crown slope, and it was blocked 
and remained closed during the testing period. 
The data collected at this site were used to 
develop a mathematical model. Parking Lot B 
(Testing Site No. 2) is also a dense-graded asphalt 
concrete pavement. Data collected at this site 
were used to test the mathematical model developed 
for site 1. 

Field Test 

Stopping Distance. In order to minimize the 
factors in stopping distance measurement, Only 
one driver with a single automobile was used in 
the test. The car used was an 8-cylinder Dodge 
Dart with studded rear snow tires. The driving 
speeds were 32, 40, 48, 56, and 64 km/hr (20, 25, 
30, 35, and 40 mi/hr). During each test, artifi-
cial trafficking was made and recorded; then 
brakes were applied as if emergency stops were 
being made; that is, with wheels locked. Also, 
the car was allowed to stop without steering 
correction. The distance was then measured from 
the point of initial braking, marked by a road cone, 
to the point of stopping. 

Snow Sampling. Snow samples were collected 
at various points across the road profile after ar-
tificial trafficking. The samples were col-
lected by completely removing the snow on the 
pavement. Approximately 250 ml of snow was taken 
for each sample. The packed snow thickness 
during the testing period ranged from 1 to 5 cm 
(½ to 2 in). 

Laboratory Determination of Chloride Concentration 

The mercuric nitrate method was used in the 
determination of chloride concentration. The 
procedure described in Standard Methods for 
Examination of Water and Wastewater', 14th Ed., 
1975, was followed. 

Study of Test Results 

The field study results at Testing Site No. 1 
are summarized in Table 1. As observed, not enough 
data were collected for driving speeds of 56 and 
64 km/hr (35 and 40 mi/hr). The stopping distances 
for driving speeds of 32, 40 and 48 km/hr (20, 
25, and 30 mi/hr) were plotted against the 
chloride concentrations, as shown in Figure 2, 3, 
and 4, respectively. The data suggested that they 
might fit an assumed mathematical model, which 
was developed and is presented below: 

For SI units: 

S = - 
	(Cllol-  + C2 ) 

5 	
2(Cllog Cl + C2) 	 (1)  

where, 
S = stopping distance in m 
V = driving speed in km/hr 
C1= friction coefficient associated with 

chloride concentration 
C2= friction coefficient for snow or ice 

covered pavement without chloride 
application, herein assumed in the 
range of 0 to 0.10 

C1= average chloride concentration in 
mg/i/lane 

For English units: 

1  
- 30 C1logCl + C2  

where, 
S = stopping distance in ft 
V = driving speed in mi/hr 

Equation 1 is valid when chloride concentration 
is equal to or larger than 1 mg/i. 

The method used in developing the parameter C1  
is mathematically described as: 

Cl,  ± 
1=1 

Cl - 

n 
E 
 (25v2 
	c2),/lo Cl 

1=1 	4.2S C1 = 
	 n 	 (2) 

In which, Si and Cl are field data as shown 
in Table 1 (attached). For a given driving speed 
and an assumed C2  value, the value of C1  can be 
geierated from Equation 2. Once parameter C1  is 
established a series of chloride concentrations 
for a given driving speed is assumed, and the 
corresponding stopping distances are calculated 
from Equation 1. (The RIT computer facilities 
were used for this algorithm). The calculated 
stopping distances and their corresponding chloride 
concentrations are also plotted in Figure 2 through 
4, and the best fit curves are thus generated. 
The coefficients developed are summarized in 
Table 2. 

As observed from the 3 figures, the data fit 
fairly well with the computer calculated curves. 
With a driving speed of 48 km/hr (30 mi/hr) on 
snow-covered pavement and a desired maximum stop-
ping distance of 21 m (70 ft), the salt appli-
cation rate equivalent to a chloride concentra-
tion of 1,000 mg/i is adequate. Also, for a 
driving speed of 40 km/hr (25 mi/hr), a chloride 
concentration of 1,000 mg/i is enough if the 
desired stopping distance is 20 m (65 ft) or 
less. For a driving speed os 32 km/hr (20 mi/hr), 
it is reasonable to say that a stopping distance 
of 15 m (50 ft) or less can be obtained with a 
chloride concentration of no more than 1,000 mg/i. 
For driving speeds of 56 and 64 km/hr (35 and 40 
mi/hr), it is believed that the general trend is 
similar to those driving speeds of 32, 40, and 
48 km/hr (20, 30 and 40 mi/hr), except that 
the stopping distance would be greatly increased. 
In any event, it is not recommended to dr.ive more 
than 48 km/hr (30 mi/hr) in residential area on 
snow-covered pavements. 
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It is further observed that increases in chlor-
ide concentration are more efficient for the higher 
speeds relative to the reduction in stopping 
distance as indicated by the relative slopes of the 
curves for various driving speeds. However, 
considering the driving safety together with the 
environmental impact of chloride pollution, the 
preferred method of reducing stopping distance is to 
reduce driving speed on snow-covered pavement rather 
than to increase the chloride concentration. 

The same field tests were conducted at another 
location in order to observe the reproducibility 
of the developed model. RIT Campus Parking Lot B 
was selected because it is the same kind of pavement 
as that of Testing Site No. 1, and there was accum-
ulated dense packed snow left while the snow on 
other campus roads was already melted. The field 
test results are summarized in Table 3. Data 
collected at Testing Site No. 2 are also plotted on 
Figure 3. It shows that the stopping distance and 
chloride concentration correlate fairly well. 
Although the stopping distances were slightly longer 
than the model, it is due to the fact that the 
snow was left on this testing site for quite a 
long time without plowing and it was densely 
packed with about 1.27 cm (½ in) of ice formation. 

Conclusions 

on the basis of the findings from this inves-
tigation, the following conclusions are drawn: 

It has been demonstrated that the chloride 
concentration is related to stopping distance and 
driving speed on snow-covered pavement. 

No significant reduction of stopping dis-
tance is obtained when the chloride concentra-
tion is higher than 1,000 mg/i/lane at a driving 
speed of 48 km/hr L30 mi/hr) or less on a pavement 
covered with packed snow of5 cm (2 in) or less. 

There is no significant effect on the es-
tablished relationship between the chloride 
concentration and stopping distance when the 
pavement temperature is between -6.10C and 0°C 
(21°F and 320F). 

The required salt application rate expressed 
as an equivalent of chloride concentration should 
be dictated by the desired stopping distance for 
a certain driving speed. 

From inspection of Figures 2, 3 and 4, it is 
obvious that the most efficient manner to reduce 
stopping distance on snow-covered paveisents is a 
reduction in driving speed rather than an increase 
in chloride concentration. 

Recommendations 

Based on the results of this investigation the 
following future studies are recommended: 

The study, under the same controlled con-
ditions, should be repeated in the coming winter to 
improve the established mathematical model. 

Snowtires without studs should also be used, 
to determine their effect. 

The friction measurement device, developed 
by the U.S. Army Cold Regions Research and En-
gineering laboratory, should also be used for 
correlation in the above mentioned studies. 

If possible, pavement temperatures be-
tween -6.60C and -17.70C (20°F and 0°F) should be 
studied separately in order to establish the tem-
perature effect. The vant Hoff - Arrehenius 
model can be tried in simulation of the temperature 

effect. 

Table 1. Summary of field test results at testing 
site No. 1 - Ward Road. 

V 	 Si 
	 Cli. 

Driving Average Stopping 
	Average Cl 

Speed 	Distance 
	 Concentration 

per 3.35 m-lane (11 
ft) mg/i 

km/hr mi/hr 	is 	ft 

32 20 8.2 27.0 5523 
32 20 9.1 30.0 979 

32 20 8.8 29.0 454 

32 20 11.6 38.0 73 

32 20 14.9 49.0 49 

40 25 12.8 42.0 2776 

40 25 11.9 39.0 5523 

40 25 10.1 33.0 2656 

40 25 7.9 25.7 705 

40 25 13.6 44.5 890 

40 25 14.8 48.5 1792 

40 25 18.9 62.0 467 

40 25 19.5 64.5 580 

40 25 15.9 52.0 49 

40 25 18.9 62.0 96 

48 30 16.5 54.0 2776 

48 30 16.5 54.0 5523 
48 30 16.3 53.3 2656 
48 30 14.0 46.0 705 

48 30 20.3 66.5 489 
48 30 20.3 66.5 550 

48 30 20.7 68.0 491 

48 30 18.8 61.5 644 

48 30 19.7 64.5 49 
48 30 21.0 69.0 96 

56 35 23.3 76.5 2776 

56 35 25.3 83.0 73 
56 35 26.7 87.5 49 

64 40 26.8 88.0 5523 
64 40 18.9 62.0 2656 
64 40 19.8 65.0 705 

Table 2. Friction coefficients at various driving 
speeds. 

C1  

V = 32 km/hr 	V = 40 km/hr 	V = 48 km/hr C2 
(20 mi/hr) 	(25 mi/hr) 	(30 mi/hr) 

0.161 	 0.170 	 0.187 	0.00 

0.140 	 0.152 	 0.168 	0.05 

0.119 	 0.133 	 0.150 	0.10 

Table 3. Summary of field test results at testing 
site No. 2 - Parking Lot B.  
Driving 	Average Stopping Average Cl 
Speed 	 Distance 	 Concentration 

per 3.35m-lane 
(11 ft) , mg/i 

km/hr mi/hr m 	ft 

40 25 11.6 38.0 5094 

40 25 11.6 38.0 5094 

40 25 11.3 37.0 2744 

40 25 12.8 42.0 2744 

40 25 13.7 45.0 3924 

40 25 11.0 36.0 3924 
40 25 14.0 46.0 3924 
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Figure 1. Sieve analysis of rock salt. 
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Figure 2. Relationship between average chloride 
concentration per 3.35 rn-lane (11 ft) and .stop-
ping distance at driving speed of 32 km/hr (20 
rni/hr). 
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Figure 3. Relationship between average chloride 
concentration per 3.35 rn-lane (11 ft) and stopping 
distance at driving speed of 40 km/hr (25 rni/hr). 
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Figure 4. Relationship between average chloride 
concentration per 3.35 rn-lane (11 ft) and stop-
ping distance at driving speed of 48 km/hr (30 
mi/hr). 
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The salt application rates, their distri-, 
bution pattern as affected by wind, and the chloride 
concentration should be studied in as much 
detail as possible so that the optimum range of 
application rates can be narrowed. 

Winter driving speed in residential areas 
on snow-covered pavement is recommended to be 
no more than 48km/hr (30 mi/hr). 
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