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•THIS PAPER establishes the state of the art of de-icing chemicals and abrasives for 
winter road maintenance. The paper was prepared to facilitate the application of re­
search results. 

With a comprehensive knowledge of the relevant properties of de-icing chemicals 
and abrasives, the practitioner whose responsibility is to maintain roads in a safe and 
ridable condition at all times at the lowest possible cost can optimize operations to 
achieve objectives by considering the prevai ling environmental conditions and the avail­
ability of funds, materials, equipment, and labor. 

The purpose of de-icing chemicals and abrasives for winter road maintenance is 
(a) to ensure that the roadway is safe, i.e. , to eliminate slippery and hazardous driv­
ing conditions, and (b) to allow an acceptable flow of uninterrupted traffic during peri­
ods of inclement weather. Figure 1 shows the increase in the coefficient of sliding 
friction as ice is being melted by the action of sodium chloride and calcium chloride 
(120). Table 1 gives the decrease in stopping distance of an automobile by sanding the 
pavement surface and by completely melting the ice or snow (wet surface) (136). In 
each example the relation is valid for the conditions that prevailed during the tests. 

The suitability of the various types of chemicals and abrasives is given in Table 2. 
Essentially, the abrasive will provide immediate traction and increase skid resistance, 
whereas chemicals will principally act to control snow and ice conditions by (a) pre­
venting the formation of ice films, (b) weakening the bond between the snow and the 
road surface, (c) melting the fresh snow as it falls, and (d) melting compacted snow 
that remains after plowing. 

PROPERTIES OF DE-ICING CHEMICALS 

A chemical suitable for snow and ice control on roads must (a) lower the freezing 
point of water to normal winter temperatures; (b) melt the snow or ice within a rea­
sonable time interval ; (c) penetrate snow and ice layers and break the bond with the 
pavement; (d) have a nonlubricating effect on the road surface when spread on a dry 
pavement or when in solution; (e) be available in bulk quantities at low cost; (f) be easy 
to store, handle , and spread; (g) not be toxic to people , animals, and plants ; and 
(h) have a minimum damaging influence on metallic structures, pavements, and cloth­
in.g (22, 26, 27, 56}. 

Oftheseveral chemicals and m ix tur es that have been tried (26, 40, 43, 82), calcium 
chloride, sodium chloride, and their mixlures offer, within certainlimitations, the 
best combinations of useful physical pr oper ties and reasonable cost. Other more ex­
pensive chemicals have also been found suitable for use on special conditions. For 
example, a mixture of 75 percent Formamide and 25 percent tripotassium phosphate 
has been proposed for use on runways to reduce stress corrosion of aircrafts (40). 
A composite de-icing agent of urea and calcium formate has been suggested to reduce 
the rate of corrosion of highway structures (43). 

Sodium Chloride 

Sodium chloride is supplied as rock salt, evaporated salt from mines, and solar 
salt by evaporation of seawater (56). The characteristics of sodium chloride are de­
scribed in the standard specifications of ASTM D 632 (94) . The properties of sodium 
chloride are given in Table 3 (56). Sodium chloride with a moisture content of less 
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Figure 1. Effect of de-icing salts on improvement of 
coefficient of sliding friction with time. 
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Table 2. Suitability of chemicals and abrasives. 

Material 

Sodium chloride 

Calcium chloride 

Mixtures of CaCI, 
and NaCl 

Mixtures of abra­
sives and salt 

Abrasives 

Main Purpose 

Melt snow and 
ice 

Melt snow and 
ice 

Melt snow and 
lee 

Increase sliding 
friction imme­
diately 

Increase sliding 
friction imme­
diately 

Suitability for Use 

Very effective above 25 
F; effective between 
15 and 25 F; marginal 
between 10 and 15 F; 
not effective below 10 
F 

Normally used below 10 
F; effective to -20 F; 
marginal between -20 
and -30 F; not effec­
tive below -30 F 

In cold weather (to 0 F) 
when snow and ice 
must be melted in a 
short time 

In very cold weather 
when salt is not effec­
tive or where clean 
plowing is impossible 
if immediate protec­
tion is necessary 

Table 3. Properties of sodium chloride and calcium chloride. 

Property Sodium Chloride Calcium Chloride 

Eutectic temperature -6 F (-21 C) -59 F (-50.6 C) 
Rate of solution (rate Lower Considerably higher 

of ice melting) 
Ice melting capability More down to 10 F Less 

given unlimited time (-12 F) 

Table 1. Effect of salting and sanding on vehicle 
stopping distance. 

Percentage 
of Road stopping Distance 

Pavement Having Icy 
Condition Condition Feet Meters 

Icy (at 30 F or 
-1 C) 100 

Sanded (at 30 
For -1 C) 38 

Bare, wet 14 

Principal Advantages 

Provides immediate 
traction; salt parti­
cles bore, penetrate, 
and undercut ice layer; 
freezes dry on pave­
ment surfaces; low 
cost 

High rate of solution; 
liberates heat when 
going into solution; 
effect! ve at low tem­
peratures 

High rate of solution; 
effective at low tem­
perature; more stable 
on the road 

Free flowing material; 
no freezing of stock­
piles; abrasives more 
stable on road; quick 
anchoring of abrasive 
to road; skid resistance 
improved immediately 

Skid resistance immedi­
ately improv.ed 

478 143 

183 55 
66 20 

Principal Disadvantages 

Low rate of solution; use­
less at very low tem­
peratures 

Higher cost; melting action 
takes place at ice sur­
face; pavement remains 
wet 

Higher cost; pavement wet 
longer than with NaCl 

Creates spring clean-up 
problems; does not re­
move ice or snow, caus­
ing slipperiness; may 
damage vehicles travel­
ing at high speeds 

As above; easily brushed 
off road by tires 

Moisture attraction Will not attract Will attract moisture 
for solution moisture 

Heat of solution Takes on heat when Liberates heat when 
going into solution going into solution 

Characteristics of the Recrystallizes Remains in solution 
salt in solution 

Cost Lower Two to three times 
that of NaCl 
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than 2 percent can be considered as being dry (36) . There is never a probl em when 
the moisture content is less than 1 percent (78)-:-

Sodium chloride is generally used at temperatures above 10 F (-12 C); at lower 
temperatures, the amount of salt that would be required becomes prohibitively large. 

Because of its weight and relatively slow rate of solution , the individual coarse 
particle of sodium chloride will bore and penetrate the ice surface and eventually 
weaken the bond between the road surface and the layer of ice. This will allow the 
traffic or plow to break up the compacted snow or ice crust and cast it to the side of 
the road (22) . 

Calcium Chloride 

Calcium chloride is supplied in the form of flakes or pellets. Flakes contain 77 to 
80 percent CaCh by weight, the remaining being mainly water or crystallization. Pel­
lets contain approximately 95 percent CaCh by weight (56). Specifications covering 
calcium chloride for snow and ice control on roads are given in ASTM D 98. The prop­
erties of calcium chloride are also given in Table 3. 

Stored calcium chloride must be protected from moisture and the weather. The use 
of calcium chloride is generally limited to temperatures above - 30 F (-34 C). 

The cost of calcium chloride is two to three times that of sodium chloride. How­
ever, due to its rapid rate of solution, less CaCh is wasted during frequent plowing 
operations (42). 

Sodium Chloride and Calcium Chloride Mixtures 

The two chemicals complement each other advantageously. Calcium chloride at­
tracts moisture and dissolves when exposed, thus speeding up its melting action . So­
dium chloride does not absorb moisture but takes on heat as it dissolves. When calcium 
chloride and sodium chloride are combined, the deliquescent calcium chloride supplies 
the triggering action to provide rapid melting action at all temperatures. Its speed of 
action produces a brine that sets off and sustains the melting action of sodium chloride 
over a longer period for prolonged protection (38, 62). 

Experiences of road maintenance organizations h ave shown (Fig . 2) that with de­
creasing temperatures the relative orooortions of CaClo ::rnri N:iC:l in mhrt11rp i::hn11! ct 
tend toward a ratio of 1:1 in lieu of 1:3 -(56, 62, 78). At the end of a storm and at tem­
peratures in the mid-20s, the pavement canb ecleaned in 15 to 20 min after spreading 
of chemical mixture ( 18). 

A satisfactory mixing operation can be achieved by feeding both salts to a conveyor 
belt and adjusting the hopper gates to obtain the desired proportion (56). The cost of 
mixing varies between 10 and 30 percent of the materials cost (79). -

ABRASIVES 

Abrasives are natural sand, manufactured sand, crushed slag, or cinder. Abrasives 
are generally used to obtain an immediate increase in the skid resistance of a thick mat 
of snow or ice or both. Abrasives are especially useful at very low temperatures when 
de-icing chemicals are not active (5, 7) . The desirable characteristics of abrasives are 
as follows (20): - -

Characteristic 

Great resistance to com­
pression, crushing, im­
pact, and grinding 

Angular shape 

Darkish color 

Uniform grain size 

Benefit 

Resists degradation under the 
action of traffic ; avoids blow­
away; can be recovered in spring 

Provides greater stability; pre-
vents its being blown away 

Absorbs heat to melt itself into 
the surface of ice 

Provides uniform spreading pat­
tern; is less likely to damage 
equipment 



39 

The maximum aggregate size is generally limited to ½ in. because of risk of dam­
age to vehicles and injury to pedestrians (5). Fine particles passing the No. 50 sieve 
should be eliminated because they contribute almost nothing to the increase in skid 
resistance (61). 

To obtaina good skid resistance requires a high rate of application of abrasives. 
Spreading rates varying from 2 to 4 tons per mile on a two-lane highway have proved 
to be effective. Spreading rates below 1 ton per mile were not effective (20). 

Abrasives Treated With De-Icing Chemicals 

Experience has shown that, on heavily traveled highways, untreated abrasives will 
be whipped off the road and that even moderate winds will sweep the material from the 
surface (6). Schneider found that the initial slippery condition could be reestablished 
after only 10 to 15 passes of an automobile traveling at a high speed (20). 

The treatment of an abrasive with about 1/40 of its weight of salt (i.~ 50 to 100 lb 
of salt per ton _of abrasive) will prevent the abrasive particles from forming frozen 
lumps and will help the particles penetrate and anchor themselves to the surface of the 
hard snow or ice. Treatment will stop the abrasive from being swept off by wind or 
traffic. It will also facilitate loading from stockpiles and improve the uniformity of 
distribution by mechanical spreaders (2). The methods of preparation and storage of 
treated abrasives are described elsewhere (~, ~' 24, 56). 

Mixtures of Abrasive and De-Icing Chemicals 

Several organizations have been known to use mixtures of either calcium or sodium 
chloride with abrasives to decrease the slipperiness of the road and to melt the snow 
as the temperature rises. Experience has shown that, to be effective, the mixtures 
should be prepared with coarse-graded rather than fine-graded salt. Coarse salt par­
ticles will penetrate individually into the snow and ice layer without carrying with 
them an appreciable quantity of sand, thus leaving the latter on the surface to fight 
slipperiness (17). If the salt particles are too fine, the salt will soft_en the snow and 
ice surface, thus allowing the abrasive to penetrate the ice layer under the action of 
traffic and to lose its antiskid effect. 

As shown in Figure 3, the melting of snow and ice will be delayed by using a mixture 
of salt and sand (17, 31). Some authors recommend the use at low temperatures of 
coarse salt alone-:-which will initially serve as an abrasive and later activate melting 
when the temperature increases. This will eliminate the cleaning of streets and catch 
basins in the spring (56). 

In a study by the New York State Thruway Authority, it was found that a satisfactory 
mixture for almost all storm conditions was two parts mixed chemicals (1: 3 calcium 
chloride to sodium chloride by weight) and one part abrasives. This mixture was found 
to be nearly as effective in melting action as the chemicals alone and in addition pro­
vides abrasives for skid protection (18). 

FACTORS INFLUENCING THE MELTING RATE OF SNOW AND ICE 

Physical Characteristics of Snow and Ice 

The rate of removal of solid ice and snow is greatly influenced by their physical 
characteristics, particularly density, thickness, and uniformity of the ice or snow 
layer. 

As shown in Figure 4 (38), the density of snow depends mainly on the air temper­
ature during the snowstorm. The snow that a plow fails to remove varies in nature 
from day to day depending on the weather, kind of precipitation, and traffic density 
(120). 
The thickness of ice may vary from a scarcely visible film formed by the precipi­

tation of supercooled fog to a thick layer of ice resulting from the freezing of rain or 
meltwater. Varying thicknesses of ice crust may also build up by freezing rain, by 
rain falling on a cold surface, by freezing of a wet snow surface, or by freezing of a 
thin liquid film formed by pressure exerted by tires against the ice crystals (20). 
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If compaction and bonding of snow to the pavement surface by traffic are to be pre­
vented, an application of salt to the road surface should be made as early as possible 
during the storm or preferably prior to the storm (1, 22, 56). Weak brine left from a 
previous salting tends to free the compacted snow from the road surface (1). 

When a thick layer of ice or compacted snow is bonded to the pavemenCsurface, 
greater quantities of chemicals and a longer period of time are required to remove it 
(56). Field tests indicate that the rate at which both calcium chloride and sodium chlo­
ride will effectively remove ice is inversely proportional to the ice thickness ~-

Type of Chemical 

The characteristics presented earlier are the main factors influencing the amount 
of ice that can be melted by a chemical. Sodium chloride has a slow rate of solution 
and a high eutectic temperature (-6 F or -21 C), whereas calcium chloride is readily 
soluble and has a very low eutectic temperature (-59 F or -51 C). 

When a solid chemical is spread on the ice and while chemical particles are going 
into solution, the resultant melting rate depends on the rate of solution of the chemical 
and the rate of ice solution (22). The rate of solution of the chemical depends on sol­
ubility and grain size. The rate of ice or snow solution into the existing brine depends 
on diffusion of ions from the concentrated portion of the brine to the less concentrated 
portion at the ice or snow contact surface. The rate of diffusion depends on the con­
centration gradient, the mobility of the ion, and the temperature (22). 

Pellets of calcium chloride melt ice more rapidly than flakes. Because pellets 
have a higher concentration of CaCh, they melt about 20 percent more ice than an equal 
weight of flakes (56). 

Field and laboratory studies indicate that a mixture of three parts sodium chloride 
and one part calcium chloride has a much faster melting action than sodium chloride 
alone and will melt a greater quantity of ice than either of the two chemicals alone 
(15, 17, 18, 31, 38). An example is shown in Figure 5 (15). It can be seen that a mixture 
ofcalcium andsodium chloride will melt ice to a greater depth in 2 hours at all tem­
peratures down to -10 F (-23 C) than will either of the two chemicals alone. 

The color of a chemical and impurities may influence the melting action, but the 
importance of these factors is not yet known (56). 

State of De-Icing Chemical 

Chemical de-icing salt can be supplied as either an aqueous solution or a granulated 
solid. An aqueous solution can be used very effectively on thin layers of ice or snow 
as a preventive and maintenance treatment before and during snowstorms (89) and es­
pecially during cold, dry periods (117). Efficiency is greatly improved by a better 
distribution and a closer contact with the pavement (89). Aqueous solutions are not 
suitable for treatment of thick layers of pure ice or hardened or packed snow. 

The effectiveness of granulated de-icing chemicals depends on grading. In general, 
field tests have shown that the finer the salt is, the greater is the melting action because 
of its greater specific area (1). To be efficient, salt for ice and snow removal must be 
composed, on the one hand, of fine particles to initiate fast melting at the surface and, 
on the other hand, of coarse particles to penetrate the ice crust by slow melting and to 
break the bond between the pavement and the ice so that traffic can break up the ice 
sheet and cast it aside. Coarse particles will also act as an abrasive for a limited 
period of time immediately following the application (56). 

Fine powder is undesirable because it is easily removed by traffic. It can also 
form a film of brine on the ice surface and thereby create hazardous traffic conditions. 
Fine powdered salt will cake more easily when left in the spreader or stored for long 
periods of time (56). 

Effect of Concentration 

Variations in the concentration will affect differently the de-icing chemicals (17) as 
shown in Figure 6. When the concentration is increased, more calcium chloride-



Figure 2. Use of mixtures of sodium chloride and oF oc 

calcium chloride at various temperatures. ~ .1 

Figure 3. Mean effect of sand on melting capacity 
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dissolves at a relatively W1iform rate, whereas the rate at which sodium chloride dis­
solves decreases with increasing concentration. At low concentrations, the mean 
melts of all de-icing chemicals do not differ appreciably. As shown in Figure 7, the 
greatest melting efficiency occurs at low concentration (17). 

A typical relationship between the application concentration of de-icing chemicals 
and the quantity of ice melted during a given time is shown in Figure 8, which indicates 
that a maximum total melt occurs for each reaction time and that a concentration in 
excess of this maximum would be truly wasteful (17). 

Two undesirable phenomena can be observed when either too much or too little 
chemical is used (27). In the first case, the excess salt does not undergo reaction, 
and, in the secondcase, the ice is not completely melted. Schneider suggests use of 
the eutectic properties of the salt so that the prevailing temperature need not be taken 
into account and the melting will take place ::it m:1xim11m speed. 

Effect of Time of Solution 

In general, the longer the de-icing chemical is permitted to act, the greater the 
amount of melt is. The rate of melting by chloride is initially rapid , followed by a 
subsequent slowdown. With sodium chloride, the rate is initially slow and then in­
creases, and a time could be reached when the rate with sodium chloride equals or be­
comes greater than tnat with calcium chloride (14, 15, 31) . As shown in Figure 9, the 
exact comparison depends on temperature (15). -In practice, when it is possible to 
permit a relatively longer reaction time a saving on chemical is possible (17). 

Effect of Temperatur e 

The temperature of the pavement is the principal factor influencing the amount of 
chemical required and the associated rate of melting (22, 56). The phase diagram 
(Fig. 10) indicates that the amount of chemical required tomelt a given quantity of ice 
increases almost linearly with decreasing temperature. A typical relationship between 
reaction temperature and amount of ice melted is shown in Figure 11. It is interesting 
to note that the rate of melting increases rather rapidly with increasing temperature 
for each of the reaction times studied. In addition, as the reaction time increases, 
the effect of increasing temperature also becomes more pronounced (17). 

Effect of Weather Conditions 

As the pavement receives radiant heat from the sun, melting is accelerated and 
smaller amounts of chemical are required. Radiant heat from the sun can cause the 
pavement temperature to be as high as 10 F (6 C) higher than the surrounding air (56). 

If chemicals are applied to roads during periods of strong winds and drifting snow, 
they will cause the snow to stick to the pavement, whereas an untreated surface may 
be swept clean by the wind. 

Pavement temperatures are lower in shaded areas, and, consequently, greater 
quantities of chemical should be applied at such locations. The rate of ice melting 
may be decreased by factors such as evaporation, radiation due to clear skies at night, 
and prior cold periods (56). 

Effect of Humidity 

Calcium chloride melts ice at a faster rate partly because of its moisture-attracting 
ability. The presence of moisture initiates the ice-melting process. Calcium chloride 
will attract moisture easily at a relative humidity of 46 to 60 percent and at tempera­
tures of 15 to 32 F (-9 to 0 C) (16). 

Effect of Type of Road Surface 

The melting process is more rapid on concrete surfaces than on asphalt surfaces 
(27) because a concrete surface gives up the necessary heat more rapidly (Fig. 12). 
However, asphalt pavements absorb more of the sun's radiation than do concrete, snow, 



Figure 6. Effect of chemical concentration on mean 
total melt. 
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Figure 8. Effect of concentration on total melt. 
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Figure 7. Effect of concentration on unit yield. 
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or ice surfaces. This phenomenon is demonstrated by the sometimes rapid disappear­
ance of snow adjacent to bare pavement areas. 

Effect of Topography 

The topographic environmental conditions most likely to favor ice formation are 
those that screen the road surface from the sun: The more prolonged is the screening, 
the greater is the potential danger. The comparative screening effect at different sites 
can be assessed by determining the mean daily duration of direct sunshine available to 
the road surface under clear skies (77). The effect of "screened areas" could be min­
imized at the design stage of road construction by a design giving the side slopes the 
lowest possible gradient. 

Effect of Traffic 

Traffic helps in the removal of snow and ice by exerting pressure on the pavement 
where the melting system is at near equilibrium conditions. An increase in pressure 
will lower the melting point of ice and increase the rate of heat transfer to the melting 
system (1). Traffic also supplies heat from the automobile and tire friction (38), and 
it mixes the chemicals with the snow and breaks up ice layers that have been weakened 
by salt (56). Traffic aids the mechanical formation of slush, which is readily removed 
from thepavement surface by additional traffic (1). 

The effect of traffic on snow removal depends greatly on the free water content of 
the snow (113). This effect can be seen in the following: 

Free Water 
Content (percent} 

<15 
15-30 
30 
>30 

Effect 

Compaction of snow into ice crust 
Snow stays in a soft loose state 
Adhesion of snow to tire 
Slush is easily removed by traffic 

Note that only about 30 to 50 percent of the ice needs to be melted for traffic having 
a density of more than 30 vehicles per hour to cast the slush away from the pavement 
surface (J_, 14, .!1_, ~.!). 

Effect of Width of Application 

In general, it was found that, for a given amount of salt, the rate of melting is 
greater when salt is applied in narrow strips. However, the amount of snow melted 
over a period of time is the same regardless of the width of application. An advantage 
of concentrated spreading is early exposure of a portion of road surface to the sun 
with the resulting absorption of heat and consequently increased melting rate (1). After 
a road is plowed, chemicals are usually applied on the middle third of the pavement 
(24, 28, 31) over a 1- to 3-ft narrow strip (17, 53, 59). However, when chemicals are 
spread before a snowfall or freezing rain, theyshould be applied uniformly over about 
15 ft of road (53). 

Time of Application 

The most important factor contributing to the success of a salt treatment for snow 
clearing is timing (7). De-icing work in the first 30 min of a storm can be significant 
(22). A small amount of chemical mixed with loose snow will melt some of the snow. 
The wet, almost granular snow that results will not be packed by traffic and can be 
easily removed by plows. About 15 percent of the snow must be melted to preserve it 
in this loose state. 

Combined Effects 

The interaction of factors influencing the rate of melt was, for the most part, found 
to be highly significant (17). Therefore, no single variable could be considered 



separately; i.e., the effect of each variable on the rate of melt is only valid at some 
fixed levels of other variables. 

EFFICIENT SNOW AND ICE CONTROL BY USE OF CHEMICALS 
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For efficient snow and ice control; it is necessary (a) to determine the optimum de­
sired service level at which costs to the user (in terms of losses arising from acci­
dents, delays, and immobilization) and to government (i.e., maintenance costs) are at 
a minimum and (b) to establish the type of organization required for a control system 
that will yield maximum effectiveness at minimum cost. 

The system should encompass purchasing and storage methods, types and number 
of machines, and types and quantity of de-icing compounds and abrasives to be used. 
It should also give personnel qualification and training programs, application proce­
dures and methods, standards for minimum performance, and methods for control of 
operation costs and quality of service. 

RATE OF APPLICATION OF DE-ICING CHEMICALS 

Because no two storms are alike, no single set of standards can be written for 
spreading rates to satisfy all storm conditions. As a general rule, chemicals should 
be applied only in quantities sufficient to produce a 30 percent melt condition within a 
maximum of 30 min for light traffic conditions (113,120). With this amount and in­
creasing traffic, the time of solution will decrease accordingly . An adequate spreader 
should have a feeder capable of spreading chemicals at a rate ranging between 200 and 
3,000 lb/ lane with a precision of 50 lb (63). 

Main roads and arteries carrying a daily vehicular traffic of 1,000 or more generally 
require bare pavement conditions; this involves snowplowing, spreading of different 
combinations of chemicals and abrasives, and removal of partially melted snow and 
ice (24). 

Quantities of chemicals recommended for ice control and snow removal are given 
in various reports (1, 5, 20, 24, 31, 38, 53, 56, 59, 63, 78,113,120). The given rates for 
application of chemicals (Table 4) are generally valid for a solution time of less than 
30 min. References are given by subject area in the following listing: 

1. Objectives, 3, 22, 25, 46, 56, 61, 76, 106, 120, 136; 
2. Detection and sensing system, 83, 85, 86, 87, 106, 133; 
3. Classification and properties of snow and ice, 8, 20, 23, 32, 38, 45, 65, 133; 
4. Sodium chloride, 15, 20, 22, 25, 56, 94, 115, 117; 
5. Calcium chloride, 13, 15, 20, 49, 56, 63, 75, 89, 96, 116; 
6. Sodium and calcium chloride mixtures, 14, 15, 28, 31, 36, 54, 56, 62, 79, 120; 
7. Treated and untreated abrasives, 2, 5, 6, 7, 17, 20, 54, 61; 
8. Other chemicals, 26, 27, 40, 43, 95; 
9. Comparative tests, 14, 17, 26, 30, 31, 82, 106, 117; 

10. Specifications, 63, 64, 94, 111, 112, 115, 116; 
11. Sampling and Testing, 14, 45, 64, 72, 106, 120; 
12. Factors influencing the rate of melting, 1, 14, 17, 27, 56, 76, 77, 106, 120, 

133; 
13. Storage, handling, and mixing, 15, 20, 24, 31, 48, 71, 73, 114, 123, 132; 
14. Snow and ice control, 7, 17, 20, 27, 29, 37, 42, 90, 118, 125, 126; 
15. Rate of application, 1, 5, 7, 17, 24, 27, 31, 56, 120; 
16. Recommended practice, 7, 17, 53, 59, 62, 74, 76, 80, 110, 130, 138; 
17. Effect of salt on environment, 52, 67, 81, 102, 104, 119, 124, 139; 
18. Effect of salt on materials and structures, 9, 11, 21, 41, 43, 47, 91, 92, 106; 

1The original manuscript contained an appendix available in Xerox form at cost of reproduction and handling 
from the Highway Research Board . When ordering, refer to XS-43, Highway Research Record 425. 
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Figure 11. Effect of mean temperature on mean total melt. 
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Figure 12. Effect of surface type on time to thaw ice 
crusts with sodium chloride. 
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Table 4. Recommended application rates for de-icing salts. 

Rate of Application (lb/mile of two-lane road) 

Before Snowfall or To Melt 1 In. 
Air Temperature Freezing R:tln of Loose Snow 

2 5 F or higher in shade 200 to 400 lb of NaCl 1,000 lb NaCl or 
or 20 to 2 5 F in sun or 200 to 400 lb of 600 lh nf 1: 3 
and on warm pavement 1: 3 mixture of CaCI, mixture 

and NaCl if NaCl is 
removed by wind or 
traffic 

25 F and higher il tem- 200 to 400 lb of NaCl 1,500 to 2,000 lb 
perature is falling, 20 or 200 to 400 lb of NaCl or 1,200 lb 
to 2 5 F in shade, or 1:3 mixture of CaCI, of 1: 3 mixture 
10 to 20 F in sun or on and NaCl if NaCl is 
warmer pavement removed by wind or 

traffic 
20 to 25 F with falling 250 to 500 lb NaCl of 1,500 lb of 1:3 

temperature, 10 to 20 1:3 mixture mixture 
F in shade, or O to 10 
F in sun or on warmer 
pavement 

Below 10 F in shade No application No application 

Editor's Note: Although at onetime, to avoid snowplowing during a snowfall, chemicals 
were applied alone, Committee A3E04 no longer recommends this practice in light of 
current knowledge ot the ettects of high concentration levels on the environment~ 

Removal of Thin Thick Crust of Hard-
Crusts After Plowing Packed Snow and Ice 

300 lb NaCl or 150 lb 600 lb NaCl or 300 lb 
of 1: ~ rri..J.xt1 .re of 1:3 m.itl1.!re 

300 to 500 lb NaCl or 600 to 1,000 lb NaCl 
300 lb of 1:3 mixture or 600 lb of 1:3 

mixture 

500 lb of 1: 3 mixture 1,000 lb of 1:3 mix-
ture 

600 lb of 1: 3 mixture 1,200 lb of 1: 3 mix-
lure 
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19. Effect of salt on soils and vegetation, 12, 33, 58, 97, 99, 100, 121, 134, 140; 
20. Effect of salt on corrosion and inhibitors, 9, 10, 19, 25, 34, 42, 43, 44, 51, 

55, 60, 68, 69, 82, 105, 106; 
21. Cost analysis and economics, 7, 42, 46, 125, 127, 131, 138; 
22. Nonchemical methods, 35, 70, 93, 108; and 
23. General, 4, 22, 37, 38, 46, 50, 56, 66, 73, 74, 76, 79, 88, 93, 106, 107, 109, 

112, 122, 127, 128, 129, 135. 
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