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FOREWORD 
By Staff 

Highway Research Board 

Maintenance engineers wi l l find this report a source document on permanent 
installations and portable equipment used for non-chemical removal of snow and 
ice control. Operation and performance data are reported as an aid to the selec
tion of methods for use at specific sites. In addition to source information, the 
report contains a review of methods developed and in use throughout the country. 
The general theory of heat transmission has been expanded to include embedded 
elements for snow-melting systems, which wil l be helpful in developing design 
criteria. The report wi l l be useful to city engineers and certain industrial firms 
faced with the problem of maintaining snow-free walkways and roadways for 
pedestrian and vehicular traffic. 

I n recent years, highway structures located in certain areas of the country 
have exhibited an alarming amount of concrete deterioration. This deterioration is 
often attributed to the use of deicing chemicals for the purpose of maintaining 
a bare pavement surface during snowfall and icing conditions. Deterioration has 
been observed where deicing chemicals are periodically used throughout the 
winter on facilities which have to be accessible at all times. 

This research study was essentially a review of existing non-chemical methods 
other than snow plows, sweepers, blowers, and other mechanical methods of 
snow removal and ice control. Information has been collected mainly through 
surveys of state highway departments, toll road agencies, industrial firms and 
private companies throughout the country. Data have been compiled through 
on-site visits and appraisal of structure damage. Whenever possible, cost and 
performance data were reported; however, in many instances economic and design 
details were not available. A n extensive literature search was conducted and a 
bibliography compiled. 

The particular significance of the report is that it provides a compilation of 
facts on permanent installations and portable equipment. In permanent installa
tions, both the water pipe and electrical heating element types customarily em
bedded in concrete slabs are discussed in detail. Information on potential applica
tions of electrical and gas-fired infrared heaters is also presented. Other methods 
investigated include covered bridges, electrically conductive road surfaces, snow 
melting pits and bridge deck insulation. 

Research under way in Great Britain and other European countries is 
discussed. I t is noted that electrical heating methods using heated cables in road
way surfaces have had considerable application in Great Britain and Switzerland. 

Inasmuch as snow removal and ice control may be achieved by various 
methods, the National Cooperative Highway Research Program has pursued 
several avenues of research concurrently. These include projects encompassing 
studies for the development of chemical deicing agents which are non-corrosive 
to metals and less damaging to concrete, and evaluation of protective coatings on 
concrete. In addition, methods are being investigated for repairing existing struc
tures as well as protecting new ones. Other areas of research interest relate to 
the measurement of concrete deterioration in existing structures and effective means 



of replacing deteriorated concrete. Ultimately, i t is hoped that research in this 
area wil l provide the basis for improved methods of snow removal and ice control. 

Several suggestions are made pertaining to areas of future research: 

1. Instrumentation and testing of existing and new installations should be 
encouraged as a means of providing complete information for the appraisal of 
operating costs and performance. 

2. Methods of attaining more economical electrical power should be 
developed. 

3. Further investigation of the economics of snow removal and ice control 
should be conducted to identify and quantify benefits gained by such measures. 

4. The potential accident reduction as a result of maintaining a bare surface 
on bridge decks should be determined. 

5. Better records of cost and performance factors relating to current snow 
and ice removal practices should be maintained. 
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NON-CHEMICAL METHODS OF SNOW AND ICE 
CONTROL ON HIGHWAY STRUCTURES 

SUMMARY The investigation of all known potential non-chemical methods for snow and 
ice prevention or removal on highway structures constituted the major objective 
of this research project. The determination of costs of these methods, together 
with an evaluation of their economy in relation to current snow-removal practices 
and related economic losses, was also an important aspect of the complete 
research. 

Investigations disclosed numerous methods and applications of non-chemical 
snow-removal techniques. The primary method employed is embedded heating 
elements. Most of these installations have been on small areas of a few hundred 
square feet generally associated with private residences or commercial establish
ments. Some have been on highway ramps and structures. From the research 
standpoint, the results of the former have not produced all of the values needed 
to determine the feasibility and economy of highway installations. From the same 
standpoint, the latter, unfortunately, have usually been designed to meet some 
immediate exigency, with research seldom, if ever, an objective. This has resulted 
in the lack of many values which were sought. 

Analysis of the design criteria available for known locations revealed a lack 
of established theory on the heating requirements of a highway structure. Con
siderable segmented theory has been developed individually by several experts 
on the heat requirements for snow-melting systems. Chapter One has attempted 
to bring together these data and relate them directly to highway structures. This 
included consideration of heat losses downward through the underside of a bridge 
deck, a major part of the total heat requirement. These losses may be minimized 
through the application of an effective insulation material. 

Analyses of present snow-melting systems—embedded pipes and electrical 
elements, as well as other methods applicable to highway structures—confirmed 
that the non-chemical methods are capable of snow and ice prevention and 
removal. However, the installation and operation of such systems is very expen
sive as compared to the cost of current snow-removal practices. 

Permanent installations, although more expensive, are normally more suit
able than portable equipment. Portable devices presently available are limited in 
their ability to remove snow, and have not proven completely satisfactory during 
field tests. I n addition, snow removal by this equipment is limited to periodic 
maintenance, which does not provide for safe and adequate traction at all times. 

Electrical systems recently installed in New Jersey and Texas by the respec
tive state highway departments provide for a lower design wattage than generally 
used. The wattage values are in general agreement with the recommendations 
in Chapter One. On the basis of limited operating experience, they have per
formed favorably. The data being recorded for these locations wi l l provide an 
additional source f rom which precise design data can be developed as time 
goes on. 

Direct economic savings due to the installation of a snow-melting system 



cannot be determined unless all economic losses due to the accumulation of snow 
and ice on highway structures can be completely defined. 

Road-user benefits are increased by this improved type of snow removal, 
particularly at locations where traffic congestion or other delaying impediments 
cause extreme inconvenience in rerouting and normal maintenance procedures. 

Other direct benefits may be applicable when additional research and analy
ses have disclosed specific factors attributable to bridge-deck deterioration. 

The frequency of accidents occurring on snow- and ice-covered structures 
appears to be considerably higher than on dry surfaces. The elimination of this 
hazard on structures carrying high traffic volumes would result in reduced acci
dents and, consequently, a reduction in economic losses due to accidents. Addi
tional studies to determine the potential accident reduction as a result of heating 
bridge decks are needed i n order to relate these economic savings directly to 
the cost of installation and operation. 

As a result of this project, i t is clearly evident that non-chemical snow 
removal or prevention by snow-melting systems is expensive in relation to usual 
maintenance procedures. However, under certain adverse conditions, a snow-
melting system may be justified. 

Criteria in this report wi l l provide designers with the data necessary to design 
a snow-mehing system at a specific location. Previous research has been sum
marized and provides a basis for additional research. 



CHAPTER ONE 

T H E O R Y 

Although there have been several installations of buried 
pipes and electrical cables to melt snow and ice on high
way bridges, ramps, and pedestrian overpasses, very little 
information is available on the actual operating costs and 
results of these non-chemical systems. With the exception 
of some recent installations in Texas and an experimental 
roadway in Michigan, these systems have not been installed 
for experimental purposes. Rather, they have usually 
been installed to serve some practical exigency such as 
prevention of traffic tie-ups and accidents on steep ramps 
which carry heavy traffic and become particularly hazard
ous under snow and ice conditions. 

Since research has not been an object, records of 
operating data have not been maintained. Known results 
are limited to the fact that the system works, or failed after 
a period of operation. Design calculations have been 
preserved only in the minds of the original designers. 
Designs have been largely empirical; sizes and spacings of 
heating elements have been based on sizes and spacings 
successfully used in other places. 

Consequentiy, there is no adequate theory on which to 
base an experimental design for a given set of operating 
conditions and to determine probable costs in advance. 
Some theory is available, however, from manufacturers' 
literature on systems designed for heating sidewalks and 
other similar applications, and from experimental work 
done by researchers such as T. Napier Adiam (Appendix 
B, 1-49) which is mainly oriented toward non-highway 
applications. 

This chapter draws together available theories on various 
kinds of installations and relates them to the limited 
number of measured values available from highway 
installations. Its purpose is to provide a basis for the 
design of alternative systems to meet a given set of condi
tions and for the determination of probable costs and 
operating results. 

BURIED PIPES AND HEATING CABLES 

The systems most commonly used for the non-chemical 
control of snow and ice in highway-related applications 
are those in which pipes carrying hot fluids or electrical 
heating cables, sometimes in conduits, are buried a few 
inches below the surface of a portiand cement concrete or 
asphalt slab. In all these cases, the way heat is transmitted 
to the surface of the slab is pertinent for calculating both 
the heat available to melt snow and ice under given tem
perature conditions and the heat losses that occur through 
transmission of the heat downward. 

Heat Transmission 
Heat transmission for embedded elements in a concrete 
slab follows an identical pattern both upward and down
ward. In the development of the formula for calculating 
heat losses, the flow downward is considered first. 

Because the theory of heat conductance as generally 

applied deals with the transmission of heat between two 
plane surfaces having different average temperatures, some 
amendment to standard formulas is indicated when the 
heat is being transmitted from what are essentially point 
or line sources to a surface. In some textbooks (1-49) 
the standard heat transmittal equation is modified to the 
extent of using an amended distance between a point or 
line source and a surface. The distance which is commonly 
used may be developed from a reasonable assumption of a 
heat flow pattern, as follows. 

Figure l A shows two pipes or electrical heating ele
ments at spacing 5 buried in a portiand cement concrete 
or asphalt slab and assumed to be transmitting heat down
ward. As the temperature at point C midway between the 
heating elements increases, the heat flow toward C 
diminishes. However, heat flow toward a point on the 
cold surface directly below C may be expected to continue 
at much the same rate. Thus, when temperatures are 
stabilized, the horizontal components of heat flow from 
A and B will be a minimum in the vicinity of the plane 
of the heating elements and a maximum in the vicinity of 
a plane or surface some distance away from the heating 
elements. The diagram of Figure l A approximates the 
progressive scattering effect of heat flow from buried pipes 
and other similar sources. 

In Figure IB, the heat supplied by the two heating ele
ments A and B is assumed to be collected into quadrants 
when temperatures are stabilized. The initial flow is down
ward. The heat then finds its way to the surface at an 
angle delimitated by the spacing of the elements. (Heat 
will not scatter at any angle greater than this since the 
temperature of points at the surface on the adjacent 
areas 5m will be in equilibrium about the central plane 
between the elements.) In this diagram, overlapping heat 
flows have been eliminated by combining the heat supplied 
to different areas at the same relative angles. 

Using the standard equations of heat transmission, the 
amount of heat transmitted between two areas through 
conductance is defined as 

kes 
(1) 

where Q is the quantity of transmitted heat, 0 is the differ
ence in temperature between two areas, S is the mean of 
of the areas, x is the distance between them, and is a 
thermal conductivity constant for the material transmitting 
the heat. The symbol k will represent British thermal unit 
inches per degree Fahrenheit per square foot per hour. 

The value k/x is known as conductance and is given the 
symbol U. The reciprocal of the conductance 1/1/ = x/k 
is called resistance. Resistances through various adjacent 
substances and different temperature gradients are additive 
so that 

u + + — (2) 
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Figure 1. Heat transfer of 
embedded elements. 

As shown in Figure IB, the two heating elements A 
and B are considered to be buried at spacing S and to be 
transmitting heat downward to surface area DE. Heat 
also will be transmitted upward, but this amount of heat is 
not pertinent for these calculations. The total quantity 
of heat transmitted downward by one element, therefore, 
is considered to be Q. The length of the heating elements 
to be considered is 1 f t 

Elements A and B are considered to be transmitting heat 
in approximate quadrants so that the heat transmitted in 
the vertical quadrant by one element is Q^. The heat 
transmitted by the same element in the other two quad
rants together is g — g i which is equivalent to the amount 
of heat produced by two elements and considered to be 
transmitted down from point C midway between the two 
elements. 

The relative amounts of heat and Q—Qi are de
pendent on the actual temperatures occurring at the points 
A (or B) and C. The temperature gradient between A 
and the surface DE is expressed as 0^; between C and the 
surface, 6^. 

I f the heat sources A (or B) and C are considered to 
be transmitting heat downward to planes FG and GH, 
which are equal in area to Sm, and i f the heat then is 
considered to be transmitted to a surface area Sm, as 
shown: 

Q = Qi + (Q-Qi) 
Ri 

(3) 

the resistances and R2 are the same since each is pro
portional to the distance between the source of heat and 
the surface which, in accordance with the assumptions, is 
the same. In each case, this distance, as shown in Figure 
IB, equals a/2 + b/2. 

Substituting, and multiplying by 2/2, Eq. 3 becomes 

2Sm (̂ 1 + e^) (4) 

where (61 + ^2 ) /2 is approximately the average temper
ature difference 6^ between the plane of the elements AB 
and the surface DE. 

Q = 2 - e . (5) 

but 25m = 5, the area bounded by the elements A and 
B which is numerically equal to the element spacing. 
Therefore, 

(6) 

but 

k k \ 2 2 J 2k 

so that Eq. 6 becomes 

Q = 
(a + b)/2 

ke.s 
(7) 



in which 
x= ia + b)/2; 

6A = average temperature difference between the plane 
of the heating elements and the surface: 

S = spacing of the elements; 

k = thermal conductivity constant; and 

Q = amount of heat transmitted downward by one 
element 1 lin f t long. 

Eq. 7 has been found empirically to give good results 
in calculating heat transmission from buried heating ele
ments. Thermal conductivity constants for various sub
stances are given in Table 1. 

HEAT DEMAND FOR SNOW OR ICE MELTING 

The heat of fusion of snow or ice is 144 Btu per lb at 
32 F. This, however, does not fully represent the heat 
required at a highway surface to melt snow and control 
ice formation. 

Adlam found that temperatures of 34 to 35 F are 
required at the surface for adequate melting {1-49) to 
compensate for heat lost at the surface through other than 
the melting process. Part of this heat is lost through evapo
ration of the melted snow or ice, and part through con
ductance and convection in the air adjacent to the surface. 
The latter loss, of course, is considerably increased when 
air temperatures are extremely low or when wind velocities 
are extremely high. There will be an additional heat de
mand to make up for these losses which must be estimated 
to accommodate assumed design conditions. When snow 
is being melted at air temperatures around 32 F in still 
weather, the expected heat loss through evaporation and 
loss to the air will be in the neighborhood of 10 percent of 
the total heat supplied in the average installation of buried 
elements. 

The heat loss through evaporation is not a calculable 
amount since it depends on the rate of evaporation which, 
in turn, is dependent on prevailing atmospheric condi
tions. The forementioned 10 percent of requirements in 
the presence of still air can be used as an adequate allow
ance. If , because of other losses of the total heat supplied, 
the total heat demand is 200 percent of the heat required 
to melt snow, the number of Btu required for evaporation 
losses per pound of snow will be approximately 
2.0 X 144 X 0.10 = 28.8 Btu per lb. 

Heat transferred by convection can be calculated (1-20) 
from 

e» = 11.4 (0.02K + 0.06) (/; - f„) (8) 

in which 

C» = heat transferred by air movement, in Btu per hour 
per sq f t ; 

V = wind velocity, in mph; 

// = water film temperature in deg F assumed at 34 F; 
and 

ta = air temperature in deg F. 

TABLE 1 
CONDUCTIVITY CONSTANTS FOR 
VARIOUS SUBSTANCES 

MATERIAL 
TEMPERATURE 
RANGE (°F) Jt' 

Air 32— 50 0.17 
Concrete (pavement) 0— 50 4.50 
Asphalt (pavement) 0— 50 5.90 
Dry sand 0— 50 2.50 
Earth (average) 0— 50 12.00 
Vermiculite 0—100 0.30 
Rock wool 0—100 0.28 
Water 32—100 4.15 
Ice 11.30 
Snow 1.74 

•Thermal conductivity constant, expressed in Btu inches 
per hour per square foot per degree Fahrenheit. 

Figure 2 gives the results of Eq. 8 for various air temper
atures between 10 F and 32 F and for various wind 
velocities between 0 and 25 mph. 

Heat Losses Downward 
Not all of the heat produced by the heating elements is 
transmitted upward. In an uninsulated slab, a large por
tion of the supplied heat may be lost downward, depending 
on the depth of slab, the temperature at which the heat is 
supplied, the temperature of the air, and the wind velocity. 

To be on the safe side, the lower surface of the slab 
can be assumed to remain at outside air temperatures and 
Eq. 7 can be used to calculate the probable heat losses 
downward. Using this basis to determine intermediate 
slab temperatures during experimental operation of the 
electrical system at Wichita Falls, Texas, these temper
atures (3 in. below the heating elements) were found to 
agree essentially with the measured experimental results. 

Empirical Determination of Heat Demand 
The actual amount of heat emitted by various sizes of 
buried heating elements operating at various temperatures 
has been found to be influenced more by conditions at the 
surface of the slab, such as snow being melted, air temper
ature, and wind velocity, than by conditions at the bottom 
of the slab. This is what would be normally expected, 
inasmuch as the 6/x gradient is much larger at the surface. 

The curves in Figure 3 provide an empirical means of 
determining the amount of heat demanded from buried 
heating elements of various sizes and types at the time 
snow is actually being melted. The amount of heat is 
given in Btu per lineal foot of heating element per degree 
difference in temperature between the heating elements 
and the surface. 

From these curves, if the surface temperature at the time 
snow is being melted (34 F) is given together with the 
total heat requirement and the type and desired temper
ature of the elements, it will be possible to calculate the 
required spacing of the elements. Or, i f the spacing, type 
and diameter of the elements is assumed, the required 
working temperature can be determined. 
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Figure 2. Heat loss by convection. 

Total Heat Required for Ice-Free Pavements 

The total heat required to keep highway pavements rea
sonably free of snow and ice is the sum of the heat 
requirements noted previously; namely, the heat required 
to (a) raise the temperature of the snow to the melting 
point and melt the snow, (b) provide for evaporation losses, 
(c) provide for convection losses at the surface, and (d) pro
vide for heat losses downward. This can be expressed by 

QT = A, (e„ + Qe + QH) +Q. + QL (9) 

in which 

QT = total heat requirement; 
Qm = heat required to melt snow; 
Qe = heat lost through evaporation; 
Ca = heat lost through convection; 
Qg = heat to raise snow temperature to melting point; 
G i = heat losses downward. 

The term ^4, is introduced on the basis of a discussion 
of snow-melting systems by William P. Chapman (1-2). 
Ar is defined as the free-area ratio and equals the area of 
the slab completely free of snow divided by the total area 
of the slab. 

When the free-area ratio .4, is equal to zero, the slab is 
completely covered with snow. When A, is equal to 0.5, 
there is partial coverage. When A^ is equal to 1.0, the 
slab is completely free of snow and ice. 

Figure 4 divides the continental United States into sev
eral snow-melting regions based on general heating-system 
requirements as suggested by Chapman. This does not 
mean that localities within these regions have the same 
general climatic conditions but, instead, that all conditions 
taken together, including expected maximums and mini-
mums, will impose about the same average demand on a 
heating system. 

Table 2 gives general climatological data for a number 
of cities in the United States. The same data for other cities 
can be obtained from the source noted for Table 2. A 
detailed discussion of regional variations, as well as varia
tions within regions, may be found in Chapman's articles. 

Using the data for Trenton, N . J., as an example, it 
may be seen that a typical heating system for Region 
3 should provide for a 16.6-in. maximum snowfall in a 
24-hr period, or approximately 0.69 in. per hr. It should 
be adequate to melt snow at an air temperature of 25.4 F, 
the daily minimum normal temperature since 1921 for a 
typical winter month. The approximate average annual 



time (in hours) the system will be required to be in 
operation may be calculated by the following formula, 
which assumes manual control so as to limit operation 
only to periods of actual melting and periods of possible 
impending snowfall. 

Pj. = 0.33P, -I - 0.12P, (10) 

in which 

PT = total time of operation in equivalent 24-hr days; 
P, = annual mean number of days of 1 in. or more 

snowfall; and 
Pi = annual mean number of days when temperature is 

32 F or below. 

Eq. 10 has given reasonable results when tested against 
the limited amount of data available on the actual average 
operating times of highway installations; however, it re
flects only one of several alternative methods of system 
operation. 

For example, if the system were controlled entirely by 
moisture and temperature devices, it would be in operation 
only i f snow or frost were present to activate the system. 
The average annual hours of operation would be consid
erably less, approaching 24 x 0.46P,. If , on the other 
hand, the system were left to idle at a reduced heat output 
every day when the temperature was below 32 F and 
operated fully only during periods when snow was falling, 
the time of operation in equivalent 24-hr days would be 
equal to P,. 

One of the most difficult determinations in the design 
of a snow-melting system is the desired rate of melting. 
Contrary to what is proposed by some designers, research 
and experience indicates that it is both unnecessary and 
uneconomical to design highway snow-removal systems 
for complete removal of the snow as it falls. 

Because positive and safe vehicle operation is the pri
mary concern in a snow-melting installation, it is only 
necessary to provide for sufficient melting of the snow 
adjacent to the pavement for vehicles to obtain positive 
traction at all times. Otherwise, it is generally necessary 
only to maintain a condition on the heated bridge or ramp 
that is equivalent to conditions on the approaching high
way unless the specific location warrants at all times com
plete removal due to severe traffic difficulties. 

Under heavy traffic conditions, snow accumulations may 
be expected to slush in much the same way as from 
chemical applications. In this case, more heat may be 
required to counteract the mixing effect and provide for 
safe traction, although the action of the traffic itself will 
assist in the clearing and melting process. 

With considerations like these, the Road Research Lab
oratory in Great Britain has found melting rates of 0.6 in. 
per hr to be adequate for several large installations ( I I I -
42). During the first winter of operation of the installa
tion at Klamath Falls, Ore., the capacity of the system (to 
melt the snow completely) was exceeded for several hours 
during a heavy snowfall. This system was designed to 
melt snow at 0.5 in. per hr. During the storm, snow fell 
at the rate of 1V4 in. per hr for 5 hr. At no time did 
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Figure 3. Heat emission per foot of heating element {adapted 
from T. N. Adlam. Snow Melting, 1950, Fig. 9). 

any ice form {1-38), nor did the small amount of slush 
hamper traffic operations. 

In order to obtain an hourly melting rate at various 
geographical locations for design purposes. Table 2 or 
other current climatological data may be used. Using 10 
hours as an average length for a heavy snowstorm, the 
maximum 24-hr snowfall is divided by 10 to obtain the 
required rate of melting per hour for ^4, = 1.0 (snow 
completely melted). 

According to the experience in Great Britain and in 
Oregon, it will not be necessary to design a system for 

= 1 under the heaviest storm conditions. Chapman 
(1-20) has said, "A very light coverage will develop a 
free-area ratio of 0.5, but probably will not reduce traction 
dangerously." Thus, a value of = 0.5 for the heaviest 
storms to be expected normally in any locality may be 
expected to give a conservative estimate of the heating 
requirements for a system which has the capacity to pro
vide safe traffic conditions. 

Example of Calculating Heat Requirements 
Using the climatological data for Trenton, the following 
is an example calculation of the total heat requirements 
for an adequate snow-melting system in that locality, using 
Eq. 9. 

i2m—As previously given, the heat of fusion of snow is 144 
Btu per lb. The maximum rate of snowfall (Table 2) 
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Figure 4. Snow-melting regions (source: William P. Chapman, "Calculating the Heat Requirements of a Snow Melting System," Air Conditioning, Heating and Ventilating, 
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T A B L E 2 

C L I M A T I C CONDITIONS" 

STATE AND CITY 

SNOWFALL MEAN ^ 
HOURLY 

TEMPERATURE 

STATE AND CITY 

MEAN 
SEASONAL 

MAX. I N 
24 HR 

^ " ^ ^ ANNUAL MEAN 
ANNIIAT. MF*N NO. VFI nriTV 
DAYS 1 I N . OR MORE (mph) 32 F & BELOW 

NO. OF DAYS 
mil V " 

0 F & BELOW M I N . 

Alaska, Juneau 91.2 31.0 26 8.3 146 9 21.1 
Arizona, Phoenix Trace 0.6 0 4.4 17 0 34.5 
Arkansas, Little Rock 4.7 11.3 1 9.0 48 0 32.4 
California, Sacramento 0.2 4.0 0 7.3 9 0 36.2 
Colorado, Denver 60.3 19.4 18 9.8 168 7 15.6 
Connecticut, Hartford 54.1 14.3 14 10.8 145 9 18.5 
Delaware, Wilmington 21.3 15.6 6 9.5 102 0 24.7 
Idaho, Boise 20.8 13.0 8 8.9 131 1 19.9 
Illinois, Springfield 18.5 8.0 7 13.3 121 4 19.4 
Indiana, Indianapolis 18.6 6.6 6 11.9 120 4 20.5 
Iowa, Des Moines 33.0 19.8 11 12.3 140 13 13.3 
Kansas, Topeka 22.2 9.3 6 10.7 129 5 18.6 
Kentucky, Louisville 15.7 9.5 5 10.0 94 2 26.2 
Maine, Portland 70.7 21.0 18 9.5 160 15 10.6 
Maryland, Baltimore 21.3 15.5 9 10.8 99 1 25.6 
Massachusetts, Boston 40.2 19.4 10 14.6 94 1 21.6 
Michigan, Lansing 42.4 11.0 13 12.9 152 11 16.6 
Minnesota, Saint Paul 41.2 17.0 13 9.5 154 32 6.5 
Missouri, Saint Louis 17.3 11.2 8 10.0 98 2 23.6 
Montana, Helena 47.9 21.5 14 6.6 182 25 7.5 
Nebraska, Lincoln 34.6 10.4 10 9.9 125 5 15.7 
Nevada, Las Vegas 1.6 5.0 1 6.5 39 0 33.0 
New Hampshire, Concord 61.6 19.0 20 7.3 168 17 8.6 
New Jersey, Trenton 22.4 16.6 7 9.8 89 0 25.4 
New Mexico, Albuquerque 10.5 14.2 4 8.0 113 0 21.8 
New York, Albany 61.2 17.9 15 9.9 145 12 14.0 
North Dakota, Bismarck 37.0 13.5 11 10.2 186 49 —1.8 
Ohio, Columbus 26.2 8.7 8 9.9 122 4 21.6 
Oklahoma, Oklahoma City 9.5 8.4 3 14.8 85 0 27.2 
Oregon, Salem 6.2 10.8 2 8.7 60 0 31.9 
Pennsylvania, Harrisburg 33.2 21.0 9 8.2 106 1 23.6 
Rhode Island, Providence 38.4 18.3 10 11.9 120 2 20.6 
South Dakota, Rapid City 35.2 11.7 11 9.9 169 18 9.1 
Texas, Amarillo 13.8 12.2 4 12.7 111 1 21.6 
Utah, Salt Lake City 51.6 15.4 17 7.4 137 3 17.0 
Vermont, Burlington 69.1 14.5 20 9.9 156 22 8.2 
Virginia, Richmond 12.1 21.6 3 8.1 83 1 28.4 
Washington, Olympia 16.0 13.7 5 7.1 90 0 30.6 
West Virgnia, Charleston 24.0 15.1 8 7.9 97 1 26.5 
Wisconsin, Madison 38.8 10.8 12 10.6 156 20 10.3 
Wyoming, Cheyenne 57.0 16.5 18 14.4 178 10 13.8 

• Developed from "Weather Bureau's Climatological Data," 
No. 13. Based on data through 1960, except where noted. 

" Data for month of January. 
'Normal values (1921-1950) for January ( °F) . 

National Summary, 1961, U.S. Department of Commerce, Vol. 12, 

is 16.6 10 = 1.66 in. per hr. The density of snow 
at the average daily minimum temperature of 25.4 F 
is 3.1 per cu ft. The weight of snow falling per hour 
per square foot equals 1.66 12 x 3.1 = 0.428 lb. 
e „ equals 0.428 x 144 = 61.6 Btu per hr per sq ft. 

Q,—Assume the total heat required (QT) will be twice the 
heat required only to melt the snow. Assume evapora
tion losses of 10 percent. Q, equals 2 x 61.6 X 
0.10 = 12.3 Btu per hr per sq ft. 

QH—Using the formula for convection losses, QK = 11.4 
(0.02F + 0.06) {t, - / . ) , assuming a mean hourly 

wind velocity of zero and using the daily minimum 
temperature from Table 2, is estimated at 11.4 
(0.02 X 0 -I- 0.06) (34 - 25.4) = 5.9 Btu per hr 
per sq ft. (It is reasonable to assume a wind velocity 
of zero at the time of the daily minimum temperature 
since, with dry snow, any wind would aid in clearing 
the structure; a more conservative estimate of Qi, would 
be obtained by using the mean hourly wind velocity 
of 9.8 mph from Table 2.) 

Q,—The specific heat of snow is 0.5 Btu per lb. The heat 
required, therefore, to raise 0.428 lb of snow from 
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required for an embedded-pipe system. The design can be 
based either on = 1.0 or on = 0.5. It is recom
mended that A^ = 0.5 be used for most design installa
tions because this value provides traction and safety for 
all except the most exceptional circumstances and adequate 
snow removal for all normal circumstances. 

Referring to the previous calculations, an 8-in. element 
spacing was assumed for the calculation of heat losses 
downward. The decision to use embedded pipes to provide 
the required heat output of 107.1 Btu per hr per sq ft for 
the Trenton climatic conditions may result in a different 
pipe spacing requirement. In this case, the heat loss down
ward will have to be recalculated. 

Using the empirical curves for typical heat output from 
embedded elements under snow-melting conditions (Fig. 
3 ) , and assuming %-in. pipe will be used at a 3-in. depth 
of bury in portland cement concrete, it is found that 1.75 
Btu per lin ft of %-in. pipe is given off for each degree 
of difference between the temperature of the pipes and the 
temperature at the road surface. 

Initial calculations based on the use of the VA-in. pipe 
at an operating temperature of 120 F (as used in the 
original example) will indicate a pipe spacing of approxi
mately 20 in. for Trenton's climatic conditions which 
would be wider than desirable. This wide a spacing of 
pipes may result in an insufficient temperature on the 
surface of the slab midway between the pipes. This might 
be counteracted by reducing the pipe diameter to Vi inch, 
but % inch is considered a minimum practical size. 

The other alternative is to use a lower average operating 
temperature for these climatic conditions. This is prac
ticable, inasmuch as systems have been found to operate 
satisfactorily with output temperatures (of the heating 
fluid) as low as 70 F . 

In order to obtain reasonable dimensions for the Tren
ton case, an operating temperature of 100 F will be as
sumed. The downward heat loss may be expected to be 
less at the lower operating temperature. Total heat re
quirements, therefore, may be expected to be less than the 
originally indicated 107.1 Btu per hour per sq ft. How
ever, using this as an initial approximation, the tempera
ture difference between the pipes and the surface will be 
100 - 34 = 66 F (temperature of 34 F at the surface is 
considered to be necessary for adequate melting). 

At this temperature difference, the empirical curves indi
cate that 66 X 1.75 = 115.5 Btu per lin ft of pipe will be 
given off. Thus, 107.1 - 115.5 = 0.93 lin ft of %-in. 
pipe will be required per square foot for the Trenton oper
ating conditions. The pipe, therefore, will need to be 
placed at a spacing of 12 ^ 0.93 = 1 3 . 0 in. 

Since this revises both the initially assumed operating 
temperature of 120 F and the pipe spacing of 8 in., it is 
necessary to recalculate the heat losses downward. Using 
the revised {a+b)/2 temperature gradient, these losses now 
become (4.5) (100 - 25.4) (13.0 - 12) (1 - 7.4) = 
49.2 Btu per hr per lin ft, or (49.2 x 12) - 13.0 = 45.5 
Btu per hr sq ft. Applying this value to the Qj. formula 
for Ar = 0.5, the total heat requirements become 88.1 
Btu per sq ft. 

The lineal feet of pipe per square foot becomes 88.1 
115.5 = 0.76, which is equal to a pipe spacing of 

15.8 in. 
A further calculation as a check will revise this figure 

slightly to a spacing of 16.4 in., but since the difference 
is not sufficient to affect the heat losses, a spacing of 16 in. 
safely may be employed. 

These calculations indicate that there are three major 
variables involved in producing the same heat output from 
embedded pipes: (a) the diameter of the pipes, (b) the 
spacing of the pipes, and (c) the temperature at which 
the pipes are maintained. Different combinations of these 
variables should be considered in cost calculations to deter
mine the most economical installation for any given set of 
climatic conditions. 

The calculated pipe spacing of the %-in. pipe for the 
typical installation in Trenton represents a practical em
bedded-pipe system for which costs of installation and 
operation may be determined. 

A total heated area of 50,000 sq ft, which represents a 
1,250-ft structure with a 40-ft clear-roadway width, will 
be used for calculating the total linear feet of pipe and the 
heating equipment requirements. 

With a spacing of 16 in. center-to-center, 37,500 ft of 
%-in. pipe is required to provide an adequate grid net
work for the heated area. It may be necessary to adjust 
this calculated spacing and length when the lengths of the 
individual grids are determined. Heating, Ventilating and 
Air Conditioning Guide 1959 (1-35) is an excellent source 
of material for design consideration of pipe friction, head 
loss, temperature drop of various heat-transfer fluids, and 
other items which should be incorporated into the actual 
design of a specific embedded-pipe snow-melting system. 
Every principle of fluid mechanics affecting an embedded-
pipe system must be considered to assure a properly de
signed system capable of providing the necessary heat to 
the slab for snow-melting requirements. 

The total heat capacity of the heating plant consists of 
the total requirements for snow melting plus sufficient 
capacity for heating the system and losses from the mains, 
feeders and other sources. The total heat for snow melting 
is 86 Btu per hr per sq ft x 50,000 sq ft = 4,300,000 Btu 
per hr. Assuming a loss from mains, feeders and other 
sources of 10 percent, the total load would be 1.10 x 
4,300,000 = 4,730,000 Btu per hr, the steady operating 
load. To this value must be added the amount of heat 
necessary to heat the heating equipment, pipes and slab 
as rapidly as possible after starting. A 1-ft length of %-in. 
wrought-iron pipe weighs 1.12 lb, so that the total weight 
of the grid coils is 1.12 x 37,500 = 42,000 lb. Approxi
mately 40 percent will be added for the weight of mains, 
feeders, pump, boiler and other equipment, for a total 
weight of metal to be heated of 60,000 lb. The specific 
heat of the metal is 0.114; therefore, the water equivalent 
of the metal is 0.114 x 60,000 = 6,850 lb. 

The 37,500 feet of % -in. pipe has a total water capacity 
of 0.231 lb per ft, or 8,660 lb. A value of 25 percent 
will be used for contents of the mains and connecting 
pipes, for a total of 1.25 x 8,660 = 10,800 lb. An anti-
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freeze solution with a specific gravity of 1.06 increases the 
equivalent in water to 1.06 x 10,800 = 11,450 lb. As
suming a specific heat of 0.84, the water equivalent is 
0.84 X 11,450 = 9,600 lb. 

Allowing for a 75-deg temperature rise (25 F to 100 F ) 
will require 75 x 6,850 = 513,000 Btu for heating the 
metal and 75 x 9,600 = 720,000 Btu for heating the 
liquid. 

It is necessary to calculate the heat required to heat 
the 3 in. of concrete over the pipes. Concrete with a 
density of 145 pcf and specific heat of 0.19 will require 
(50,000 X 3 ^ 12) (145) (0.19) x 9 (temperature rise 
from 25 F to 34 F ) = 3,100,000 Btu. The total amount 
of heat which must be added to heat the system to the 
operating temperature is 513,000 + 720,000 + 3,100,000 
= 4,333,000 Btu. 

Since the required operating load is 4,730,000 Btu per 
hr, there will be a time delay of approximately one hour 
before a system designed specifically for the operational 
load will begin to melt snow. This is a reasonable delay, 
so—with a slight margin of safety—a value of 5,000,000 
Btu per hour will be chosen for system design. This pro
vides a basis for calculating the size of the required heat
ing plant. If a shorter warm-up period were desired, it 
would be necessary to increase the design heat-load 
further. 

From the limited amount of information available on 
actual installation costs of heating systems (notably for 
installations in Chicago, Indiana, and Boston), it is esti
mated that the cost of a heating plant to produce 5,000,000 
Btu per hr would range between $85,000 and $125,000. 
Using the higher cost figure for the circumstance where all 
heating equipment is to be provided at the installation, 
the total cost of the Trenton installation would be 37,500 
lin ft of %-in. pipe (installed) ^ $1.25 = $47,000; cost 
of plant, boilers, feeder pipes, etc., = $125,000; total 
cost - $172,000, which is a cost of $172,000 ^ 50,000 
= $3.44 per sq ft. 

Using the lower figure for the circumstance where steam 
is to be supplied by a commercial manufacturer, the total 
cost would be 37,500 lin ft of %-in. pipe (installed) @ 
$1.25 = $47,000; cost of heat exchangers, surge tanks, 
feeder pipes, etc., $85,000; total cost, = $132,000, 
which is a cost of $132,000 ^ 50,000 = $2.64 per sq 
ft. 

In the design of an actual system, there are many vari
ables to be taken into consideration for maximum economy 
and eflficiency, among which are the following: 

1. Temperature differential between input and output 
liquid temperatures; 

2. Rate of flow in pipes which, coupled with item 1, 
will determine the amount of heat transferred; 

3. Friction losses in the pipe system; and 

4. Provision for expansion of liquid. 

Information for these determinations may be obtained 
from manuals on heating, piping and air conditioning, and 
from Adiam's textbook, Snow Melting. 

Cost of Electrical Heating Cable 

The results of the Texas Highway Department experi
ments on the installation at Wichita Falls are indicative of 
the temperature requirements in a system of embedded 
electrical elements. The following data were reported from 
temperature readings taken at 2:00 A M on January 29, 
1961, during test No. 8 ( I I I - 9 4 ) : spacing of elements for 
test No. 8, 12 in.; weather conditions, no snow, dry deck; 
air temperature, 19 F ; temperature 3 in. below cable, 37.5 
F ; temperature at surface, 34.4 F ; depth of bury, 3 in.; 
and material, portland cement concrete. 

According to the heat-transfer formula, the heat being 
transferred upward per square foot at that time was 

A 0 1 5 4.5 ( 7 . - 34.4) 
e „ • — 0.92 (7 , - 34.4) 

X 4.9 

The heat being transferred downward was 

ed = 4.5-
(.T, - 37.5) 

4.9 
= 0.92 (r„ - 37.5) 

where T,. was the temperature at the heating element in 
both cases. The total amount of heat being supplied 
equaled the wattage input of 15, or 51 Btu, which must 
have been equal to the heat supplied in both directions. 
From this, the temperature of the cable can be calculated 
as follows: 

51 = 0.92 (2T, - 71.9); T, = 64 F 

This is indicative of the temperature obtained at the 
heating elements when 51 Btu per sq ft is supplied under 
a no-snow condition. Since the total heat output is largely 
dependent on the temperature differential between the 
surface and the elements, the indicated differential of 64 
F minus 34 F must be at least doubled if snow is to be 
melted at the rate of heat requirement of the example 
Trenton installation (Q.,. - 107.1 Btu per hr per sq ft) . 
This would mean a temperature of at least 34 -I- 60 = 
94 F at the elements. It would also mean an increase in 
required wattage to approximately double, or 30 w per sq 
ft, when snow is being melted (at the given air tempera
ture of 19 F ) . 

The foregoing calculations show only approximately 
what the temperature and wattage requirements might be 
under actual snow-melting conditions, because the temper
ature differentials used are those in the vertical plane of the 
heating elements. Average temperature differentials be
tween areas at the surface and within the slab would 
undoubtedly produce some change in results. The calcula
tion is also very sensitive to the x gradient value. 

It should also be noted that operating the system at 
higher air temperatures would result in higher tempera
tures on the elements for the same wattage output as heat 
is not drained away as fast. 

Preliminary experimentation by the Texas Highway De
partment for the installation at Amarillo indicated that 
mineral-insulated ( M I ) cable should not be operated at 
temperatures in excess of 137 F to avoid oxidation of the 
cable sheath. 
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With these considerations, therefore, it is considered 
reasonable to design an installation with a cable tempera
ture ranging between 100 F and 130 F . 

At the 120 F temperature initially calculated for the 
Trenton installation, and using a heat output of 0.41 Btu 
per hr per lin ft per degree difference in temperature be
tween the surface and the cable, as given by the curve for 
a '4-in. cable (3-in. bury) in Figure 3, the required length 
of a cable for a heat output of 107.1 Btu per sq ft equals 
107.1 ^ 0.41 (120 - 34) = 3.0 lin ft per sq ft. This gives 
an average spacing of 12 ^ 3 = 4 in. 

Heat losses at the new spacing are calculated to be 67.2 
Btu per hr per sq ft. This revises the total heat require
ment to 109.4 Btu, or 32.0 w, per sq ft. The revised cable 
spacing is still close to 4 in., which is considered satisfac
tory. Thus, for the Trenton example, 150,000 lin ft of 
cable will be required for the assumed 50,000 sq ft of 
deck area. 

The electrical installation must provide a total of 32.0 x 
50,000 ^ 1,000 = 1,600 K V A . Two 750 K V A trans
formers probably would be adequate for this installation. 
The cost of the electrical installation would be in the 
neighborhood of $50,000. 

It is not usual, however, for highway departments to 
provide the transformers. Nevertheless, the provision of 
this equipment and its depreciation at low rates of usage 
materially affect the standby charges by utility companies. 
The economics of this situation deserves consideration 
when an installation is contemplated. A possibility has 
been suggested of using portable transformers which could 
be used during summer months, perhaps, for an air-
conditioning load. The Texas Highway Department has 
purchased its own transformers for the installation at 
Amarillo because of the favorable power rates realized. 

With the cost of the transformers included in the total 
installation costs, these costs for the Trenton example 
would be approximately 150,000 lin ft of No. 14 M I 
cable (installed) @ $0.90 = $135,000; cold conductors, 
operating panels, etc., = $25,000; transformers = $50,000; 
total costs = $210,000, or total installation cost of $4.20 
per sq ft. Without the cost of the transformers, these costs 
would total $160,000, or $3.20 per sq ft. 

Cost of Wire-Mesh Heating Elements 

If wire mesh is to be used instead of mineral-insulated or 
plastic-insulated cable (most installers have preferred 
mineral-insulated electrical resistance cable to the plastic-
insulated cable also available, since the former is believed 
to have better durability under the necessary operating 
temperatures; it would be worthwhile, however, to investi
gate some of the recently improved plastic-insulated 
cables), the cost of the buried heating elements, them
selves, will be substantially reduced. However, cost reduc
tion may be offset to some extent by the higher cost for 
transformers with the necessary taps to reduce voltage to 
the level necessary for successful employment of wire 
mesh. M I cables usually are operated at from 220 v upward. 
Because of the low resistance value of wire mesh, and 
limiting current requirements, it is necessary to provide 
voltage in the range of 40 to 50 v plus means to permit 

T A B L E 3 

T E M P E R A T U R E AND RESISTANCE OF 2- BY 2-FOOT, 
NO. 14 WIRE MESH^ 

SURFACE WIRE 
TEMPERA TEMPERA VOLTS" AMPERES ••OHMS " WATTS 
TURE TURE (per (per (per (per 
(°F) (°F) ft) ft) ft) sqft) 

17 24.6 0.148 9.0 0.0164 13.3 
24 39.4 0.150 9.0 0.0167 13.5 
32 52.2 0.217 12.4 0.0175 26.9 
59 99.2 0.318 163 0.0195 51.9 
76 130.0 0.327 15.8 0.0207 51.6 
89 155.6 0.382 17.5 0.0218 66.7 

•' Adapted from Table 2 of "Studies on the Heating of Bridge 
Decks and Concrete Pavements," by G. S. Paxson, H.R.B. 
Proceedings, 1950, p. 150. 

"These values are for 1 ft of 2- by 2-ft, No. 14 wire mesh 
1 ft in width with bus bars attached to strands in one direction. 

adjustment of the voltage to obtain the required heating 
load. 

According to Britain's Road Research Laboratory (\-42), 
magnetic effects occur when wire mesh is operated under 
alternating currents so as to change resistance values of the 
mesh. These resistances will vary with the particular mesh 
employed and with the temperature of the mesh. Typical 
temperatures and resistances for 14 gage, 2- by 2-in. wire 
mesh are given in Table 3, along with applied voltage, cur
rents and respective power inputs {1-38). 

Because wire-mesh elements are more prone to corro
sion than insulated cables, it is believed that the use of this 
type of element is more suitable under asphaltic or other 
resurface overlays than embedded in portland cement 
concrete. However, buckling problems occur both during 
surface-mat placement and initial heating. These can be 
minimized by proper peg-down procedures and selection 
of a mesh with minimum flexibility and tendency to buckle 
when heated. A black wire mesh of 10 gage, 2- by 6-in., 
purchased in flat sheets has been found most suitable by 
the Metropolitan Toronto Department of Roads. 

In the determination of the operating condition of wire 
mesh as applied to the Trenton conditions. Table 3 indi
cates that 0.218 V per ft of mesh will produce a power 
output slightly less than that required for the total required 
heat load of 31.4 w, or 107.1 Btu, per hr per sq ft. 
However, the temperature of the mesh under snow-melting 
conditions will be less than the 74.6 F given in Table 3. 
The heat required to melt the snow will draw down the 
surface temperature from 45 F which, in turn, will reduce 
the wire temperature. 

At 74.6 F , approximately 40 Btu per hr will be con
ducted upward under the given laboratory conditions. 
Since heat required to be transmitted upward for the 
Trenton installation is approximately 40 Btu (107.1 Btu 
minus heat losses), it appears that the temperature differ
ential occurring at 74.6 F would be satisfactory. In the 
process, the surface could be expected to cool to approxi-
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mately 34 F . Maintaining the same temperature difler-
ential (74.6 F — 45 F ) would reduce the wire 
temperature to approximately 64 F when snow is melted. 
From Table 3, this wire temperature, in fact, will produce 
a sufficiently high surface temperature to melt snow. 
From these considerations, it appears that an installation 
operated at 0.218 v per ft of mesh would produce adequate 
temperatures. 

Heat losses downward at the lower wire temperatures 
would be less than those calculated for mineral-insulated 
cable operating at typical temperatures. Thus, the 26.6 w 
per sq ft at 0.218 v per ft would be adequate. 

A typical installation would use panels of wire mesh 
approximately 100 ft in length and 4 ft in width, with 45 v 
applied to bus bars attached to the longitudinal strands at 
both ends. 

Installation costs for the Trenton example typically 
would be as follows: 50,000 sq ft of 14 gage mesh (g 
$1.00 = $50,000; connectors, operating panels, etc., = 
$25,000; transformers with special taps = $75,000; 
total costs = $150,000. This is an installation cost of 
approximately $3.00 per sq ft. Without the transformers, 
the installation cost would be $1.50 per sq ft. 

PRACTICAL INSTALUTIONS USING EMBEDDED ELEMENTS 

Embedded elements of both the electrical type and pipes 
carrying heated fluids may be installed in several ways: 
(1) embedded in a homogeneous slab; (2) laid on the old 
surface under a surface overlay; (3) laid on a leveling 
course (sand asphalt) under a surface overlay; (4) laid 
on prepared beds (crushed stone, insulating material) 
under the entire surface course of a sidewalk or roadway; 
and (5) installed as in items 1, 2 or 3, but with insulation 
below the slab. Although there are other possibilities, the 
foregoing are in most common use. 

Embedded in Slab 

Pipes usually are attached to reinforcing steel in a portland 
cement concrete slab, or they may be supported by special 
chairs. Bridge structures with a pipe system should be 
designed for the additional dead-load weight of the installa
tion (including fluid content). This has sometimes been 
a factor weighing against pipe installations and favoring 
electrical installations. 

There may be some potential savings in figuring the 
pipes themselves as a partial reduction of reinforcing steel 
but, insofar as is known, there has been no experimentation 
or determination to date on this basis. Indications are the 
"black" wrought-iron pipes are most resistant to corrosion 
than steel pipes (Klamath Falls) . Copper tubing is some
times used. Recommendations on the fabrication of pipe 
systems and specifications may be found in the reference 
material supplementing this report. 

Since corroded pipe systems embedded in a slab are 
particularly difficult to repair, special precautions should 
be taken to minimize corrosion. In general, slabs on a 
roadbed should be separated from underlying strata by 
waterproof membrane (11-76). 

Embedded electrical-resistance cable is often attached 
on the reinforcing steel. Since this cable is also subject 

to corrosion and breakage through water seepage and 
expansion (temperature cracks in the concrete slab have 
been observed to follow the configuration of the heating 
elements in most installations—both electrical elements 
and pipes—that have been in service for several years), 
it is sometimes installed in conduits, Vi-in. cable in a 
Vi-in. conduit being a typical example. This allows with
drawal and replacement of the cable as necessary. Experi
mentation in Texas has indicated that this does not damage 
cable temperatures. This can also be demonstrated 
theoretically. 

A typical temperature for the outside of a Vi-in. con
duit supplying heat, as for the example Trenton installa
tion, would be approximately 100 F . The amount of heat 
transmitted between the cable and the conduit through 
conduction may be calculated from 

Q = 
In ( r j / r i ) 

(11) 

in which 

t2 

k = 

temperature of the cable; 
temperature of the conduit; 
radius of cable = 0.125 in.; 
radius of conduit = 0.250 in.; and 
conductivity constant (air) . 

Noting that Q needs to be approximately 34.4 Btu per 
lin ft per hour (10 w ) , E q . 11 may be solved for f, as 
follows: 

34.4 
2Tr (0.16) Ui - 100) 

0693 
; t, = 124 F 

This is well within the operating capabilities of the cable. 
The heat transmitted by radiation between the cable and 
the conduit as given hy = 8 e S (T^* - T^*) is found to 
be negligible at these temperatures. 

If wire mesh is to be embedded, it is necessary to pour 
the slab to the determined depth to provide a bed for the 
mesh. The pour is completed after the mesh is installed. 

Laid on Old Surface 

Where electrical cables and mesh are laid on the old 
surface, various methods are used for alignment and tack
ing. Special jigs, spacers, and machines are employed with 
the cables to provide the required spacing. Mastics and 
fasteners are used to hold the elements flat and in place. 
Slots or grooves have also been cut into the existing slab 
by special concrete saws to obtain proper alignment and 
spacing. However, this process is no longer in general 
use due to the adequacy of jigs and fasteners and the extra 
expense of cutting the slab. 

An installation similiar to that of wire mesh involves the 
placement of commercially available heating mats. These 
are generally composed of strands or coils of mineral-
insulated or plastic-insulated cables. The theoretical con
siderations contained in this chapter apply equally to these 
mats. They have never been employed in a highway in
stallation, probably because of expense. Their use is 
usually restricted to smaller installations such as sidewalks 
and driveways. 
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Laid on Leveling Course 

Electrical installations on a leveling course, such as sand 
asphalt, under a surface overlay are generally aligned 
and fastened in the same way as on old surfaces. The 
leveling course has a particular advantage in helping to 
keep wire mesh flat and prevent buckling and breakage. 
It also helps to keep out moisture and prevent corrosion. 

It is not considered good policy to lay pipes on the 
intersurface between two slabs (11-75, p. 157) for reason 
of possible corrosion. Therefore, if pipes are to be used 
in conjunction with an asphalt resurface, a dense asphalt 
bed should be provided and the best construction practices 
utilized to insure integration between the bed and the final 
surface layer. 

For large installations, it is no longer considered good 
policy to lay pipes directly on beds of crushed stone, 
gravel, or insulating material and then cover them with 
the entire surface slab (this would apply only to installa
tions on the non-structural portions of ramps). To mini
mize corrosion, the pipes should be embedded in the slab 
with a vapor-barrier membrane between the concrete slab 
and the gravel bed. 

In this type of installation, the heat losses downward 
should be calculated to reflect the influence of the ma
terials under the slab. In calculations of these heat losses, 
it is usual to consider this material as being wet and 
having a conductivity factor of approximately 12. The 
ground temperature is assumed to be 40 F at a depth of 
24 in. The procedure for calculating the losses is essentially 
the same as that subsequently given for calculating losses 
with insulation on the bottom side of a slab (1-49, p. 53). 
These losses will be less than those occurring from an 
uninsulated slab with the lower surface exposed to the air 
temperature. 

EFFECT OF INSULATION 
With regard to the calculations for the example installation 
at Trenton, it is apparent that a large portion of the heat 
provided by embedded electrical cables or pipes will be 
lost downward in a slab with an exposed lower surface. 
A reduction of these losses will result in lower total heat 
requirements and, consequently, lower installation and 
operating costs. Heat losses downward are calculated by 
E q . 1,Q= {k S) ^ X, where k/x = U or conductance. 

Inasmuch as the reciprocal, x/k or resistance, is additive 
for adjacent slab materials, a new value of Qi^ (heat losses 
downward) can be calculated for the assumed conditions 
of the original example where a 1-in. layer of mineral 
wool insulation might be applied to the lower surface. In 
the following formula is the resistance of the concrete 
slab and / { , is the resistance of the mineral wool. 

8/12 (94.6) 

(0.67) (94.6) 

6.6/4.5 + 1/0.28 

= 63.5 5.04 = 12.6 Btu per hr per ft 
1.47 -f 3.57 

12-^-8 X 12.6 = 18.9 Btu per hr per sq ft 

As compared with the losses for the slab in an exposed 
condition, the heat losses downward are reduced 45.6 Btu 

per hr per sq ft, or approximately 70 percent. From this 
reduction of total heat required, it is evident that a sub
stantial saving in installation and operating costs is possi
ble by employing an effective insulation material. 

Several state highway departments are experimenting 
with urethane foam insulation on the underside of bridge 
decks. The primary object of these experiments is to 
reduce the rate of temperature drop in the bridge slab to 
the equivalent rate occurring in approach roadways. Some 
success has been noted, but further tests are being con
ducted. The development of an effective insulative material 
is very desirable, and additional tests need to be per
formed on a structure utilizing an embedded-element 
snow-melting system and a layer of insulation on the 
underside of the deck slab. 

INFRARED APPLICATIONS 

Infrared generators have been used successfully for warm
ing outdoor areas and, in limited applications, for melting 
snow. However, with the exception of one promising but 
untried use (to be covered later in this section), they are 
not considered feasible for major highway installations 
at their present stage of development. Maximum efficiency 
of the units cannot be realized under the conditions of 
highway service. There are also installation and operating 
problems. For these reasons, costs for the usual type of 
application would be inordinately high for any adequate 
installation. 

The usual installation of infrared generators consists of 
a bank of generators mounted overhead with the rays 
directed downward toward the area or object heated. Good 
design usually limits rotation of the units to a maximum 
of 20° to 30° with the horizontal to avoid too much 
dispersion of the rays. The angular rotation of gas-type 
generators is also limited by problems of venting and 
providing draft to the burners, although the reflectors on 
these units can be mounted at extreme angles. 

The intensity of the radiated heat at the center of a 
heated surface is inversely proportional to the square of the 
distance away from the surface (height) for a horizontally 
mounted generator. The change of intensity when the 
generator is rotated is shown in Figure 6A. 

In this case, half the cone of rays is shown rotated 
through an angle 9 with the horizontal. The intensity of 
radiation at the point c, the new position of the centerline 
of the cone of radiation, is proportional to the square of 
the cosine of 6 by the distance rule or, in other words, 

/c h-
— a a COS- 8 = c cos^ 6 
/„ (h/cosey-

Similarly, the intensity of radiation at the point d is 
proportional to 

C0S2 ( a + 0) 

or 

cos= 9 

= c[cos= (a + 9)] 
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The average intensity of radiation on the surface A^ 
equals the average of the intensities at c and d so that 

/^,, = C [cos2 B + cos^ ( a -I- « ) ] 

At the mounting height required for snow-melting pur
poses on highway structures, the angle a is effectively 
limited to about 30° with the present commercial units. 
If the angle 6 (rotation) is also 30° , 

IAV = C [0.75 + 0.25] = 1.00 C 

If the angle of rotation is increased to 4 5 ° , a remaining 
the same, 

/ j , , = C [0.50 -I- 0.07] = 0.57 C 

From this, it may be seen that a change of rotation from 
30° to 45° effectively reduces the average intensity of 
radiation for a large part of the area covered by the rays 
to approximately one-half its original value. 

Even the intensity of the other half of the cone rays, 
as received on the surface, may be reduced as shown in 
Figure 6B if the angle of rotation is greater than the angle 
of spread. 

These considerations prevent low side mounting of the 
present commercial units from effectively covering a wide 
bridge deck. Furthermore, when infrared rays are spread 
over wide areas in outdoor installations, the effect of wind 
and temperature serves to dissipate further the intensity 
of heat available to melt snow. Also there are problems 
with wind tending to cool down or blow out the generators. 

Highway structures, particularly, are subject to low 
temperatures and high wind velocities. Even with an over
head installation, engineering personnel of the Perfection 
Division of the Hupp Corporation of Cleveland, Ohio, 
have estimated that as many as thirty 48,000-Btu units, 
mounted at 16 ft 4 in. in an overhead installation, 
would be required to provide enough heat (ap
proximately 100 Btu per sq ft) to melt snow and 
take care of losses on a 100- x 54-ft area. If the units were 
mounted at 23 ft, 70 would be required. At a burner cost 
of $450 increased by 100 percent for the installation, the 
total installation cost would be $5.00 per sq ft in the 
former case and $11.50 in the latter. 

In addition, the units are effective only when they can 
be turned on in time to preheat the deck. Otherwise, the 
snow will reflect the rays, cutting down considerably the 
amount of heat transmitted to the snow. Also, a complex 
overhead structure is needed to support the units directly 
over the roadway. This consideration led to the investiga
tion of other possible methods of mounting the units (on 
side supports, for example) but, for reasons already given, 
these have not proven feasible. 

It is possible that additional research in this area will 
lead to the production of suitable special units or reflectors 
which could be mounted at the side along bridge railings 
or in the curbs. Aluminum reflectors apparently can divert 
the rays in an effective manner without too great a heat 
loss. Contacts with manufacturers of infrared equipment 
(Charlson Products, Inc., Van Dorn Infra-Red; Perfection 
Division of Hupp Corporation; Fostoria-Wakefield Cor
poration) have confirmed these conclusions. 

(B) 

Pigure 6. Effect of rotation on heat intensity. 

Other Applications 

A unique method of heating a bridge deck which appears 
to have considerable potential has been suggested by the 
staff of Charlson Products, Baltimore, Md., manufacturer's 
representative of Van Dorn Infra-Red units. This is to 
use the same gas burners found in infrared units as a 
source of heat in an enclosure on the underside of the 
deck. As far as is known, there has never been an installa
tion of this type. However, from a theoretical standpoint, 
it would appear that the installation costs would be consid
erably less than for an equivalent electrical or embedded-
pipe system. Operating costs also would appear to be less. 

Figure 7 is a diagram of such a system. The burners 
(without reflectors) are mounted below the deck in a light 
aluminum enclosure just deep enough to accommodate 
their installation and the required feed system. This 
enclosure is covered with insulation to prevent loss of heat; 
the necessary ventilating details will need to be worked 
out. To prevent overheating the concrete deck and to 
provide an even distribution of heat, pads of insulating 
material are fastened to the deck directly above the 
burners. Al l details of the installation will need to be 
worked out through experimentation and with the advice 
of experts. 
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Figure 7. Proposed infrared 
heating system. 

If, as in the Trenton example, 42 Btu are required per 
hour per square foot at the slab surface to melt snow at 
a rate of = 0.5, this heat would be transmitted through 
the slab in accordance with 

ke Sm k Ob - '<) Sm 
Q = 

X X 

in which 

= bottom surface temperature; 
tg = top surface temperature (34 F to melt snow). 

Thus, 42 = 4.5 (t^ - 34) - 9; therefore, t,, = 118 F . 
For the dimensions shown in Figure 7, the total heat 

required at surface = 42 x 5,000 (sq ft) = 210,000 Btu 
per hr. At a 25 F air temperature, heat lost from the insu
lated box (k = 0.28) = 0.28 (118 - 25) - 2 X 5,750 (sq 
ft) = 75,000 Btu per hr. Assume additional losses due to 
venting = 20 percent output = 70,000 Btu per hr. There
fore, the total heat required from burners is 355,000 Btu 
per hr. 

This is the amount of heat needed when the system is 
at "steady state," after initial warm-up. The initial heat 
required to heat the slab may be determined as follows: 
Q = volume x density x specific heat x temperature 
rise = (5,000 x 0.75) x 145 x 0.19 x 9 = 930,000 Btu. 

Since the effective heat transmitted upward is 210,000 
Btu per hour, the time lag to heat the slab would be 
930 210 = 41/2 hr. To obtain a more reasonable time 
lag of perhaps IVi hr, more burners must be added. This 
will require 4.5 ^ 1.5 = 3 times as many burners, but the 

additional burners need to operate only during the first 
1V2 hr. 

If 50,000-Btu (input) burners are used at an efficiency 
of 60 percent, the effective output of each burner will be 
0.6 X 50,000 = 30,000 Btu per hr. It is estimated that this 
amount of efficiency would be realized since conducted 
heat will be utilized to a large extent along with radiated 
heat. The number of burners required for the steady state, 
therefore, is 355,000 - 30,000 or approximately 12 burn
ers. However, initial heating will require 36 burners for 
\V2 hr. After this time, 24 of them can be shut off. 
Twelve burners would continue to operate for the storm's 
duration. 

In order to equalize the heat at the bottom surface and 
prevent a high "spot" heating which might damage the 
concrete, pads of insulating material may be fastened to 
the underside of the deck (k for mineral wool = 0.28) 
directly above the burners. If experimentation suggests 
that spot temperatures at approximately 500 F might re
sult if the burners were only 12 in. from the surface, the 
thickness of the insulating pads can be calculated by 

Q 
kes 

or 
kes 

Q 

In this case, x = 0.28 (500 - 118) 42 = 2.5 in. 
The cost of this kind of installation would appear to be 

very low compared with the cost of other installations, 
since the burners alone can be purchased at approximately 
$70 each without reflectors. Air supply and venting will 



19 

undoubtedly create problems. However, these should not 
be difficult to solve since radiant heat units like these are 
already used in ovens where similar problems of supply 
and venting occur under much more rigorous operating 
conditions. There would be a question of whether to use 
the box enclosure as a giant reflector for the infrared rays. 
Aluminum would be most suitable for the box because 
of its relatively light weight, which would result in less 
deadweight load. 

Probable operating characteristics and costs may be 
inferred approximately from the following considerations. 
If 24 hr of steady snowfall is considered a maximum storm 
for design purposes, it would be required to operate all 
36 units on the example structure for a period of IV2 
hr to obtain initial heat. Twenty-four of these units could 
then be cut off, with the 12 remaining units providing 
steady heat for the 24-hr period. The 50,000-Btu burners, 
therefore, would operate a total of (36 x 1.5) + (12 x 
24) = 342 burner hours. Each 50,000-Btu burner con
sumes approximately 0.548 gal of propane gas per hour. 
The total consumption for the ISVi-hi period, therefore, 
would be 342 x 0.548 = 188 gal of propane gas. The 
cost of this gas is approximately $0.12 per gal, so that 
total operating cost would equal 188 x 0.12 = $22.56. 
Spread over ISVz hr, this represents a cost of $0,884 per 
hr, or 0.884 - 5 = $0,177 per hr per sq ft. 

This is a reasonable operating cost when compared with 
other installations. Also, this type of installation would be 
suitable for rural structures where power lines are not 
immediately available. It appears to merit experimental 
research, and it is therefore recommended that these ideas 
be tested further. This research could be conducted in two 
stages: 

1. Build a slab of relatively small dimensions (25 by 
10 ft) in open air where snow conditions are expected. 
Instrument the slab with appropriate temperature-reading 
devices. Construct an installation under the slab, working 
out details. Test. 

2. If successful, apply the installation to a field struc
ture. Conduct further tests. 

It may be considered more practical to construct the trial 
installation directly on a small structure such as an ele
vated walkway or a bridge. 

ACTIVATING METHODS 

In addition to the actual design of a snow-melting system, 
the method of operation and activation must be considered 
in order to obtain efficient and economical operation. The 
two pipes of activation are as follows: 

1. Manual controls: (a) continuous operation through
out the winter; (b) continuous operation during freezing 
periods; (c) operation after snow forecast and prior to 
snowfall; and (d) operation during snowfall only. 

2. Automatic controls: (a) snow collector and weigh
ing device; (b) suspended plate control; (c) photoelectric 
cell; (d) temperature thermostat; and (e) moisture de
tectors and temperature thermostats. 

There are many adaptations and variations of automatic 
controls for operating snow-melting systems during snow
fall. One of the simplest devices consists of a tray for 
collecting the snow as it falls. As the weight increases, 
a switch is closed, starting the system. However, this 
device may require an accumulation of an inch or more 
before activation. 

A more sensitive device consists of a plate very sensi
tive to slight variations in weight and protected from the 
effect of wind velocities. A thermostat is included for 
selecting a temperature above which the system will not 
operate even if the plate is tripped by heavy rainfall or out
side foreign matter. Both devices and a photoelectric cell 
are discussed at length by Adlam (1-49). 

More recent developments in automatic controls have 
also incorporated a combination of moisture indicators and 
temperature thermostats, which reduce operating cost con
siderably since the snow-melting system is activated only 
during periods of actual moisture accumulation and po
tential freezing. Although additional devices may be 
available, three automatic control devices were found 
during this research: 

1. Sleet and Ice Detector. An alarm or control system, 
this device is manufactured by Hygrodynamics, Inc., Silver 
Spring, Md., and is presently in successful operation on the 
D E W Line (distant early warning radar network) detecting 
icing conditions on towers, antennas and similar structures. 
In the Washington, D. C , area, a unit is in operation 
controlling the heated pedestrian ramps on a major high
way structure. Normally mounted on a pole above ground 
level, the control reacts when atmospheric conditions 
favor ice formation but before ice forms. 

2. Kar-Trol Ice, Snow and Frost Detector. Originally 
designed by Signal Company, Inc., Houston, Texas, to 
activate "ice on road" signs, this device was incorporated 
into the control system of the Amarillo overpass. The 
moisture-sensing element is mounted flush with the pave
ment surface so the moisture being measured will be the 
actual moisture on the roadway surface. The temperature 
element is buried on the slab surface and indicates the 
actual slab surface temperature. 

3. Snow Detector. The Rails Company, manufacturers 
of maintenance and signal equipment for railroads, devel
oped this unit for detecting snow, freezing rain, hail or ice 
conditions, and drifting snow. Gas or electric switch 
heaters are operated by this control only when conditions 
warrant, and can be deactivated, provided snow conditions 
are eliminated, after a preset time cycle. 

The Road Research Laboratory of Great Britain, in its 
search for efficient and economical means of snow and ice 
prevention and removal, has developed an automatic con
trol system which is under patent by the National Research 
and Development Corporation (Price, Hogbin and King, 
"Improvements in Predicting Ice Conditions on Road and 
Like Surfaces," specification for patent application No. 
18523/61, May 23, 1961). As with the automatic controls 
described above, operation is regulated by a moisture de
tector and temperature thermostat. Moisture is detected 
by two electrodes, embedded in the road surface, measur-
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ing the insulation resistance between them. Accumulation 
of a water film is detected by a fall in resistance. A 
separate detector pad equipped with a heater also is used 
to detect frost or dry snow, a major problem in Great 
Britain. The frost, or layer of dry snow, is melted 
sufficiently to activate the moisture indicator. 

Activation of automatic control devices may be delayed 
under certain conditions when the air temperatures fall 
at a rate faster than the sensing devices can record. How
ever, operation of the controls to turn the heating system 
off after the slab is cleared of snow and ice is equally as 
important, if not more so, than initial activation. 

Automatic moisture and temperature control units result 
in fewer hours of operation and reduced costs. Therefore, 
it is recommended that all future snow-melting systems 
incorporate some type of automatic control system, unless 
continuous operation or manual supervision is desired. 
The extra expense for these units is small when compared 
to the total investment, and omission hardly can be 
justified. 

SUMMARY OF THEORY 

The data presented in this chapter have drawn together 
all theory and research relative to snow melting conducted 
by researchers in previous years. These data have been 
combined and expanded into one usable method for design

ing a snow-melting system applicable to highway struc
tures. The steps controlling the design of the snow-melting 
system are as follows: 

1. Calculate the required heat at the roadway slab 
surface. 

2. Calculate the heat losses downward. 
3. Select alternative systems. 
4. Estimate installation costs. 

As a basis for comparison, these steps were applied to 
the more common embedded heating elements—pipes, 
insulated cables and wire mesh. The effect of insulation 
material on the underside of the heated deck was also 
analyzed and a basis provided for calculating the reduc
tion of total heat requirements. 

Operating methods and automatic control devices for 
efficient and economical operation of snow-melting sys
tems were enumerated and described. 

Applications of infrared heating units presently available 
were analyzed. Although the present design of these units 
is not especially suited to highway structures, manufactur
ers may be able to develop more suitable units through the 
use of special reflectors. A potential application using 
infrared generators as a heat source in an enclosure be
neath the deck was analyzed and appears to merit addi
tional study and experimentation. 

CHAPTER TWO 

EMBEDDED PIPES 

HISTORY 

The use of embedded pipes as an instrument in the problem 
of snow removal from surfaces subject to pedestrian and 
vehicular traffic began without any advance planning or 
design computations. Nevertheless, it proved that snow 
removal could be achieved by means other than a shovel 
and a strong back. 

Snow removal by the embedded-pipe method was first 
considered when it was noticed that snow failed to ac
cumulate or was readily melted at locations where heating 
pipes were buried close to the surface of a sidewalk or 
paved area, or where the heating pipes of a central heating 
plant were placed below the ground surface along the 
basement walls. In some instances where the heating pipes 
were closely spaced beneath a sidewalk leading from a 
building to another area, the result was a very effective 
snow-removal system. 

These accidental snow-removal systems naturally led 
the maintenance engineer, and other personnel concerned 
with the problem of snow removal, to see the great 
potential offered by this method. 

One of the oldest known designed snow-melting systems 
was developed in 1925 (11-25) when a public utility 
company installed steam pipes under sidewalks on two 

sides of its building and manually admitted steam under 
low pressure into the network of pipes when snow or ice 
removal was desired. Other private companies with a 
central steam-heating system also experimented with snow 
removal from sidewalks, driveways, and other small areas. 
All of these early installations were satisfactory to a degree, 
but it soon became apparent that many problems of design 
and operation had to be solved before this method of snow 
removal would be completely adequate. 

The major problem in the adaptation of embedded 
pipes as an effective means of snow removal is the avail
ability of an adequate amount of economical power. 
Initial installations utilized steam or heat sources that were 
already available for heating or other purposes. However, 
embedded-pipe systems for highways usually require spe
cial installations to provide an adequate heat source to 
heat the circulating heat-transfer fluid and the economy of 
these installations must be justified exclusively on the basis 
of snow-melting efficiency, benefits and costs. 

MAJOR INSTALLATIONS 

One of the earliest embedded-pipe snow-melting systems 
involving a highway roadway or structure ( I I - /20) 
utilized a unique power source for heating the circulating 
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fluid. In 1948 and 1949, the Oregon State Highway De
partment installed an embedded-pipe snow-melting sys
tem under the roadway of the 4-lane Dalles-California 
highway where it enters Klamath Falls and passes under 
the Southern Pacific Railway viaduct. The gradient at 
this point is 8 percent and traffic-handling problems are 
complicated further by the presence of an irrigation ditch, 
300 ft down the road, which must be crossed. 

The excessive gradient could have been lowered only by 
changing the elevation of the viaduct, which was not 
practical because of the adjacent station and railway 
yards, or by lowering the canal. Any changes in the canal 
would have been very costly and the value of adjoining 
property would have decreased. Accordingly, the decision 
was made to retain the 8 percent gradient and to install 
a snow-melting system to lessen or eliminate the hazard 
of snow and ice. 

The area around Klamath Falls is underlaid by a strata 
carrying a large volume of hot mineral water which had 
been used for several years for the heating of residences, 
public buildings and industrial plants. This natural supply 
of hot water, which is maintained at a temperature of 
approximately 180 F , was an ideal solution to the problem 
of supplying an adequate and economical power source to 
heat transfer fluid in an embedded-pipe system. 

Through previous experience with the natural hot 
mineral water, it was decided that it would be impractical 
to use the mineral water itself as the circulating fluid 
because of the corrosive effect of the minerals in the 
solution when exposed to air and also because of a 
tendency to deposit a coating inside the pipes. Once the 
pipes were embedded beneath the concrete roadway, any 
repair or replacement would involve a major and costly 
project. Therefore, it was decided to use the hot mineral 
water as a heat source for a heat exchanger and to circu
late a solution of antifreeze and water through the em
bedded pipe grids. 

A 420-ft well was drilled into the strata and a sufficient 
amount of natural hot water was made available for heat
ing the circulating fluid. The heat exchanger consists of 
two 2-in. pipes carrying the return fluid down into the 
well to be reheated after it has circulated through the pipes 
in the roadway, and a 1-in. pipe carrying the heated anti
freeze and water solution out of the well and back into the 
pipe grid. 

Only two pumps are necessary to keep this entire snow-
melting system in operation: one to circulate the solution 
of antifreeze and water through the heat-transfer cycle, 
and the other to remove a sufficient amount of the mineral 
water from the well to maintain its temperature. Orig
inally, natural pressure was sufficient to exhaust the cooled 
well-water but this pressure has decreased through the 
years. The only operating costs involved are the cost of 
electricity to operate the pumps and the small costs of 
maintenance and replenishment of leaked or evaporated 
antifreeze solution. 

The piping grid beneath the pavement consists of %-m. 
black wrought-iron pipe spaced at 18-in. centers 3 in. 
below the surface and arranged in 14 panels 30 ft long. 

Each grid panel is a closed circuit which ties into a 2-in. 
header pipe 400 ft long running parallel to the roadway. 
The depth of bury and the spacing of the pipe were based 
on melting snow at the rate of Vi-in. per hr, or 37.4 Btu 
per sq ft of surface per hour. This theoretical Btu require
ment was increased 10 percent to allow for heat losses 
downward, which results in a heat demand of 41 Btu per 
sq ft of surface per hour. 

Another early snow-melting system was the Raymond 
E . Baldwin Bridge, a toll facility, at Old Saybrook, Conn. 
(11-69). In 1948, an 82- by 36-ft area on the lanes of 
the toll collection booths was equipped with an embedded-
pipe system. The piping network consisted of lV4-in. 
wrought-iron pipe, spaced on 12-in. centers and embedded 
2 to 6 in. below the surface. The heat-transfer fluid of 
antifreeze and water was supplied at 130 F through a 3-in. 
pipe and returned to the boiler at 120 F through a 2-in. 
pipe for heating and recirculation. Performance data are 
not available for this installation. Operation has been 
discontinued due to pipe failure and other difficulties. 

More recent snow-melting systems involving highway 
roadways, ramps and structures are: the New York Port 
Authority's bus terminal in 1950, Boston's John F . Fitz
gerald Expressway in 1954, the Indiana Toll Road in 1957 
and the Chicago Calumet Skyway Bridge in 1958. The 
latter two installations are located at the toll collection 
plazas of these facilities. A light-weight oil is used in both 
instances as the heat-transfer fluid. After circulation 
through the pipe network placed under the roadway sur
face, it is returned and reheated by means of boilers 
located under the toll booths. 

On the Indiana Toll Road, the toll lanes, with an area 
of approximately 2,500 sq ft each have a grid network 
of %-in. pipe, spaced 12 in. apart and 3 in. below the 
slab. The use of a serpentine-type coil network was con
sidered, but a grid-type network was selected because of 
the pumping heads involved. The lanes of the toll plaza 
of the Chicago Calumet Skyway Bridge are underlaid with 
a combination grid and serpentine network of welded 
carbon-steel pipes. Grid coils have lV4-in. headers and 
%-in. laterals. Continuous coils of lV4-in. pipe are used 
in irregular areas. Pipes as large as 8 in. are used in the 
supply system. 

The ramps serving the New York Port Authority bus 
terminal are underlaid with grids of black pipe circulating 
a heat-transfer oil which is energized by a heat exchanger 
powered by commercial steam. The operation has been 
successful for several years. 

The John F . Fitzgerald Expressway, formerly known 
as the Boston Aerial Highway or the Central Artery, has 
14 ramps leading to the elevated highway equipped with 
an embedded-pipe snow-melting system. The total heated 
area of all the ramps is approximately 168,000 sq ft. 
More than 200 tons of 1-in. wrought-iron pipe, spaced on 
12-in. centers, were welded into 10- by 22-ft grids and 
arranged in series. Each ramp or pair of ramps has its 
own snow-melting system with a pump, heat exchanger 
and pipe units. An aqueous solution of 60 percent ethy
lene glycol is passed through a heat exchanger, which is 
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heated by commercial steam supplied by the Boston Edison 
Company, prior to circulation through the pipe network of 
the ramps. 

MINOR INSTALLATIONS 

Other embedded-pipe snow-melting systems have been in
stalled in recent years on minor facilities such as private 
and commercial sidewalks, private driveways and drives, 
and ramps leading to loading areas and emergency en
trances. When any area serving pedestrian and vehicular 
traffic is subject to snowfall and icing conditions, the po
tential for a snow-melting system is present. 

In some instances where the facility must be accessible 
during all types of climatic conditions, the economic 
savings of labor, equipment and operating manpower off
set the entire cost of the snow-melting system. Often the 
people involved are willing to pay a little extra for the 
convenience of a snow- and ice-free surface under all con
ditions, even though removal could be accomplished more 
economically by conventional methods. Large department 
stores and other retail facilities partially justify the extra 
cost of providing a surface-clear sidewalk by considering 
this a customer generator, with increased sales due to the 
convenience provided. 

Enterprises using such systems include the Best & Com
pany store, and the C I T Finance building in New York 
City, and the William Penn Hotel in Pittsburgh, Pa. 
Other examples are the ramps leading to the Minnesota 
Department of Highways office building in St. Paul, a 
private driveway in Winchester, Mass., a 700-ft private 
drive serving several residences in Coshocton, Ohio, the 
ramps leading to the pedestrian overpasses on Kenilworth 
Avenue in Washington, D. C , and the driveways serving 
the emergency entrances of several hospitals. 

These installations are but a few of the total number 
installed and in operation. Since they involve small heated 
areas, as compared to a highway roadway or structure, 
they offer very little in new design data or methods that 
have not been incorporated into current highway embed
ded-pipe snow-melting systems. 

Since a compact heat exchanger or heating system can 
be installed to heat the heat-transfer fluid, an embedded-
pipe snow-melting system need not be restricted to loca
tions where an abundant power source is available. Com
mercial steam power can be utilized when available, or 
oil-fired boilers may be installed. 

Although areas like Klamath Falls with a natural supply 
of heat are uncommon, there may be a possibility of 
tapping other sources of "idle" heat such as that inherent 
in, or which could be produced from, some industrial 
wastes. 

EXPERIMENTAL SYSTEMS 

High-Temperature Liquids 

An experimental application of embedded-pipe snow-melt
ing systems was designed and installed at Loring Air Force 
Base in Limestone, Me., in 1955, and tests were conducted 
during the following two winters (11-76, 11-750, 11-757). 
The purpose of this installation was to evaluate the per

formance of high-temperature liquid snow-melting systems 
in Portland cement concrete and bituminous concrete air
craft runways and to obtain information required to design 
more economical snow-melting systems. 

Heating coils were installed in a 15-in. thick portland 
cement concrete slab and in a 4-in. thick bituminous con
crete shoulder to simulate actual runways. Two types of 
heating fluids, oil and triglycol, were circulated at tempera
tures up to 350 F in coils spaced from 9 in. to 7 ft apart 
and at coil depths from 4 to 10 in. below the surface. A 
variety of coil arrangements were installed and several 
types of reinforcing steel and mesh were incorporated to 
determine effective means of preventing cracking. Over 
200 thermocouples were buried in the slab and the ground 
to permit studies of temperature variations and the flow 
and storage of heat. 

After two seasons of testing, this type of embedded-pipe 
snow-melting system continued to operate satisfactorily, 
and test data indicated favorable results could be attained 
with high-temperature fluids and wide spacing of the pipes. 
The concrete surface underlaid with coils 6 or 7 in. below 
the surface showed no more tendency to develop cracks 
than areas without heating coils, except that some areas 
which may have been poured with an excess of water in 
the mixture showed a tendency to develop cracks. How
ever, these locations did not show cracks where the coils 
were 9 in. or more below the surface. The use of additives, 
which permit the placement of concrete with a minimum 
of water, was apparently beneficial. 

Although the use of high-temperature fluids appears 
readily adaptable to large areas of concrete pavement hav
ing a base beneath, this method is less adaptable to high
way structures due to the depth of bury necessary to 
prevent cracking and the wide spacing necessary for 
economy. The rapid heat losses from the thin concrete 
sections could easily result in lack of snow removal on the 
surface midway between pipes. Greater heat losses down
ward further complicate the problem. Adlam (1-49) 
describes some experiments with high-temperature fluids 
using insulation to disperse heat evenly. Further experi
mentation may develop a practical application for highway 
structures. Potential cost savings might be realized as a 
result of the lesser amount of pipe required and reduced 
dead-weight loadings. 

Plastic Pipes 

Embedded plastic pipes circulating a solution of hot water 
are being tested in Odense, Denmark. Insufficient data are 
available at this time for any evaluation. 

COSTS 

One of the primary considerations in determining whether 
a snow-melting system is practical for a specific location 
is that of economics, or costs. The total cost of any snow-
melting installation consists of the initial installation costs 
and the annual operating and maintenance costs. The 
overall costs incurred depend on the geographic location 
and the degree of snow removal desired for a particular 
facility. 
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In general, the operating costs of an embedded-pipe sys
tem will be found less than those of an equivalent system 
of embedded electrical elements, while the installation 
costs are generally comparable. 

As previously noted, the degree of snow removal con
trols the pipe size and spacing. Design criteria and eco
nomics also determine the pipe material and heat-transfer 
fluid to be used in the embedded-pipe snow-melting system. 
The heating plant or method of heating the heat-transfer 
fluid depends on the size of the area to be served and 
also on the availability of a large supply of commercial 
power. Usually the heat-transfer fluid is heated directly 
by a heat exchanger fired by steam or a boiler fired by fuel 
oil or natural gas. Therefore, the initial costs of installa
tion may vary considerably, depending on the factors con
trolling operational costs, the type of materials selected, 
and the method of heating the transfer fluid (see Table 4 ) . 

The heating system in Klamath Falls, Ore., covering a 
total of 21,372 sq ft, was installed at a total price of 
$18,700, or $0.87 per sq ft. This price included all piping, 
labor, and equipment necessary to heat and circulate the 
heat-transfer fluid through the embedded pipes in the 
pavement. 

As a comparison, based on contract bid prices, the 
average cost of the complete mechanical installation, less 
the necessary electrical wiring, for the lanes of the toll 
plazas on the Indiana Toll Road was $4.23 per sq ft of 
snow-melting area (11-81). 

The complete installation costs of the snow-melting 
system on the ramps of Boston's John F . Fitzgerald Ex
pressway totaled $600,000, for an average of $3.57 per 
sq ft. Since the transfer fluid is heated by steam from a 
public utility company, no installation costs of burners 
or equipment for direct heating of the heat exchanger 
are included in the latter unit cost. 

The effect of the costs of heating equipment—burners, 
boilers, heat exchangers and necessary controls—^may be 
readily understood by comparing the unit installation costs 
at other locations with the low unit cost incurred at 
Klamath Falls, where this equipment was not necessary. 
This lower cost of installation also prevails in small com
mercial installations where the necessary heating equip
ment is already in place. 

From cost records, the unit cost of installation for an 
embedded-pipe snow-melting system varies from approxi
mately $1.00 to $4.25 per sq ft, with an average cost of 
$4.00 per sq ft for a completely self-contained unit 
(Table 4 ) . 

Obtaining accurate records of installation cost or at
tempting to estimate these costs is extremely difficult; 
accurate costs of annual operation are still more varied 
and, therefore, almost impossible to estimate. 

Hourly operational costs of any system can be esti
mated, but annual costs depend on climatic conditions and 
the method and extent of operation (Table 4 ) . Some 
systems are designed to operate at a minimum heat output 
continuously during the months of snowfall and icing 
conditions. The installation of Klamath Falls is operated 
this way, mainly because the transfer fluid can be heated 

T A B L E 4 
INSTALLATION AND OPERATING COSTS FOR 
E M B E D D E D PIPES 

LOCATION 

NATURAL PURCHASED COMPLETE 
HOT STEAM HEATING 
SPRINGS POWER PLANT 

(a) INSTALLATION COST 

(per sqft): 
Klamath Falls, Ore. 0.87 
John F . Fitzgerald 3.57 

Expressway 
Chicago Calumet 3.75 

Skyway Bridge 
Indiana Toll Road 4.23 

(b) OPERATING COST 
(annual cost 
per sq ft): 

Klamath Falls, Ore. 0.028 
John F . Fitzgerald 0.133 

Expressway 
Chicago Calumet Not 

Skyway Bridge available 
Indiana Toll Road 0.022 " 

' Estimated during design. 

at no cost and the only cost of operation is that of elec
tricity to operate the pumps circulating the fluid. 

During the period of 1959 to 1962, the average annual 
operating cost for the Klamath Falls system was $0,028 
per sq ft, of which more than one-half was for antifreeze 
to recharge the heat-transfer fluid. Since this system was 
installed in 1949, the only maintenance cost incurred was 
in 1959 when it was necessary to replace the pipes and 
valves leading into the natural hot well. 

The average annual operating cost of the embedded-pipe 
system on the ramps of the John F . Fitzgerald Expressway 
is $0,133 per sq ft. This cost includes the purchase of 
steam from a commercial source. Maintenance and repair 
costs are not included in the foregoing figures for either 
the Boston or Klamath Falls installation. Operating costs 
have not been available for other highway or highway-
related installations since these generally have not been 
separated in accounting practices. 

Average annual operating costs of the smaller installa
tions for sidewalks and private driveways are not usually 
available since the heating plant often is a part of the 
heating facilities already available for other purposes. 

PROBLEMS 
After consideration of the theoretical aspects of an em
bedded-pipe snow-melting system and review of major 
installations that are in operation, the next question is: 
What problems or difficulties are associated with the in
stallation and operation of such systems? 

Embedded-pipe systems are not generally adaptable to 
existing highway structures. A n overlay of material on 
an existing structure to provide sufficient depth of bury 
for pipes poses structural problems. Usually, it is necessary 
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to restrict the use of this type of system to new structures, 
which should be specially designed for the additional 
deadload. 

The process of embedding heating pipes into an existing 
facility involves complete bridge-deck replacement and 
other structural modifications, due to the extra weight of 
the pipes. The pipe diameters normally used for embedded 
systems are too large for an adequate cover to be provided 
by a bituminous overlay. 

The problem of pipe placement is especially critical 
since any mistakes or errors are encased in concrete and 
not easily corrected. 

The primary difficulty of repairing pipe leakage or 
replacing deteriorated pipes is not the actual repair or 
replacement, although this does involve ripping out the 
concrete at the defective point and replacement after 
pipe repair. The critical problem is locating the damage 
to the pipe grid within a specific area. Without sufficient 
control valves to isolate sections of the grid, it is almost 
impossible to locate points of damage and leakage eco
nomically with current methods. 

The Massachusetts Department of Public Works, main
taining authority for the heated ramps on the John F . 
Fitzgerald Expressway, has experienced severe difficulties 
in attempting to locate trouble areas. When leakage is 
noted, it is necessary to discontinue service to the entire 
ramp, because the only control valve is on the main feeder 
leading from the pump house. 

The Massachusetts authorities have attempted several 
methods of detection, including pumping several million 
gallons of water through the defective ramp grid, but 
without any notable success. Consultants have experi
mented with water-level indicators in an effort to determine 
the elevation of the failure on the ramps. 

One method which proved fairly successful involved 
tracing radioactive materials. This was done under con
tract by a firm specially authorized to use these materials. 
A radioactive material was injected into the circulating 
fluid, and the flow through the pipes was traced with a 
Geiger counter. The damaged area was located when the 
flow of radioactive material spread over a large area and 
deviated from the normal pattern through the pipes. The 
high cost of radioactive material limits the economical use 
of this method. 

Another method, which utilizes sound detection equip
ment, has been recommended recently to the Massachu
setts authorities. The manufacturers of this equipment 
claim that their device will detect a difference in sound 
between the uninterrupted flow of water through the pipe 
and the flow through a damaged area in the pipe. 

The ramps of the Port of New York Authority's bus 
terminal are provided with several cut-off valves so small 
areas of the system may be bypassed when difficulties 
occur. This partially solves the problem of detection in 
that the trouble is confined to a small area. 

None of these methods is completely satisfactory, and 
some method of fast and economical detection is necessary 
for an embedded-pipe system. 

The only absolute, and economical, method of solving 
the problem of pipe-failure location is that of eliminating 

all pipe failure. This requires careful and conscientious 
design, installation and selection of materials. 

During the initial design of an embedded-pipe snow-
melting system, it is necessary to select a pipe material and 
a heat-transfer fluid in accordance with the design Btu 
requirements of the system, as well as a combination which 
will be non-reactive. If an aqueous solution is selected for 
the heat-transfer fluid, a rust-inhibitor additive will be 
necessary to control interior corrosion. Caution must be 
exercised in the selection of the pipe material to prevent 
chemical reaction if a petroleum-base fluid is used. 

Corrosion can also occur from the exterior of the pipes 
if extreme caution is not exercised during placement and 
installation of the pipes. The pipes should be completely 
encased in the slab material and located in a manner to 
prevent galvanic corrosion or electrolysis caused by the 
flow of electrical current, which is generated by contact 
of dissimilar metals immersed in an electrolyte. The pre
vention of corrosion by electrolysis is a critical area of 
design and pipe placement for an embedded-pipe system. 
This is particularly evident at the location where the grid 
connects to the feeder or supply line outside the slab. A 
large percentage of pipe failures occurs at this point, pri
marily due to poor design and location. 

Whenever it is necessary for the pipe grid to cross 
expansion joints in the slab, some type of waterproof 
expansion sleeve must be provided for expansion and con
traction of the pipes without breaking. Otherwise, the 
pipes will be subjected to undue stress and failures will 
occur. 

The pipe should be embedded in the slab at a sufficient 
depth so that no damage will result from the vehicular 
traffic traveling over the heated slab. This is particularly 
critical when a piping of copper or other soft material 
is used. 

The maintenance of an embedded-pipe snow-melting 
system, exclusive of pipe repair, consists primarily of 
keeping the system supplied with an adequate amount of 
heat-transfer fluid. The system for heating the heat-trans
fer fluid must be kept operative, as well as all pipes and 
valves leading to the grid in the slab. Routine preventive 
maintenance, together with good design and construction, 
will minimize major repair and maintenance requirements. 

PERFORMANCE 

The performance of an embedded-pipe snow-melting sys
tem which is properly designed, installed and maintained 
is highly satisfactory. 

If the system is not operated continuously, sufficient 
time must be allowed for slab warm-up before any snow 
removal can be accomplished. One method of eliminating 
this delay in snow removal, which is often practiced, is 
the immediate operation of the system at low or "idle" 
heat whenever the climatic conditions are favorable for 
snowfall or icing conditions. 

Even though an embedded-pipe system may be under-
designed for a severe snowfall, or if operation prior to the 
snowfall is delayed, prompt operation when the snow starts 
to fall will usually provide a sufficient amount of heat at 
the surface to prevent the adhesion of snow or ice. Even 
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with some snow on the surface, traction is maintained 
until the system attains operating temperature. 

It is not necessary for the roadway surface to be com
pletely dry and moisture-free at all times for the system to 
be successful. The resulting conditions vary according to 
initial design criteria. 

The heated pavement in Klamath Falls has remained 
completely free of any accumulation of snow or ice during 
its operation, and within a short time after the precipita
tion stops the pavement is completely dry. The ramps 

leading to the John F . Fitzgerald Expressway have also 
remained accessible during periods of heavy snowfall and 
icing conditions. In contrast, similar facilities in these 
areas without snow-melting systems have proved hazardous 
and often impassable. 

Favorable results of sidewalk and private-drive installa
tions are another indication that snow removal and pre
vention can be accomplished by a properly designed, in
stalled and maintained embedded-pipe snow-removal 
system. 

CHAPTER THREE 

EMBEDDED ELECTRICAL ELEMENTS 

HISTORY 

After the initial discovery of snow melting by embedded 
pipe radiant heat, the next phase in the development and 
research of this method was the adaption of other radiant 
heating systems for snow removal. 

Electricity as a means of radiant heating offers many 
advantages of installation, operation, and maintenance over 
heat-transfer fluids. Therefore, it is not surprising that 
electrical radiant heating elements have been used for 
many recent tests and installations. Initial success with 
small commercial and private installations for sidewalks, 
driveways, and other critical areas has led to larger and 
more complex installations. 

WIRE MESH REINFORCEMENT 

Michigan State Highway Department 

The earliest known electrical system for melting snow on 
a highway subject to vehicular traffic was developed in 
1948, when the Michigan State Highway Department ini
tiated a cooperative research project with the Detroit 
Public Lighting Commission. The location of the test 
was a divided highway, Michigan 102, at the west limits 
of Ferndale (lU-48) involving one roadway of portland 
cement concrete and another of bituminous surface. 

In each roadway, 500-ft test sections were installed by 
welding electrodes to the ends of 98-ft sections of standard 
2-in. sidewalk reinforcing mesh. Each section, 18 in. 
wide, was embedded 1 in. under the surface of the road
way for each wheel track. The system was designed to 
operate on 50 w per sq ft of heating element but, in order 
to produce the desired melting condition during the experi
ment, it was necessary to adjust the system to 62 w for the 
bituminous section and 52 w for the concrete section. 

Although numerous breaks occurred in the heating 
grids, the experimental operation continued until 1956. 
The Detroit Public Lighting Commission concluded that 
the breaks were caused by moisture seeping into the cracks 

of the slab and causing corrosion of the wire mesh. The 
bituminous section developed 56 breaks during the 8 
years of service, as compared to 10 for the portland 
cement concrete section. 

As a result of the experiment the testing agencies con
cluded that snow and ice can be removed by radiant heat
ing, utilizing electrified wire mesh as the heating element. 
However, the amount of grid breakage was taken to indi
cate a deficiency in the type of reinforcing mesh employed 
since this mesh deteriorated rapidly when cracks in the 
slab allowed moisture to penetrate to the grids. 

Although the heating elements lack insulation in this 
type of installation, pedestrians are not endangered by 
electrical shock because the elements carry no more than 
65 volts and are embedded IV2 in. below the surface. 

Oregon State Highway Department 

Another early installation utilizing a low-voltage system of 
welded galvanized-steel wire mesh was installed in Salem, 
Ore., around 1953. Strips of 18-, 24- and 30-in. widths of 
mesh were laid 2 to 3 in. apart on the concrete surface 
and covered with a V/i-in. bituminous overlay. 

The system operated at 40 v after the primary power 
was reduced by a 250 K V A transformer owned by the 
State Highway Department. The installation at Marion 
Street (Fig. 8) covered an approach ramp and approxi
mately one-half the length of the overpass structure, for a 
total of 18,720 sq ft. The heating grid never did function 
as designed due to initial breakage of sections of the wire 
mesh at the time of installation. 

After 1 or 2 years of operation, the bituminous mat 
was severely broken up, resulting in further damage to 
the wire-mesh heating elements. Attempts were made to 
repair the damage by welding the mesh, and an additional 
IVi-m. overlay was placed over the surface around 1957. 

Fairly satisfactory operation was achieved until 1960, 
when it was observed that the heat available was insuffi
cient for proper snow removal. After intensive investiga-
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tion of the heating system and of the repairs necessary, it 
was decided in 1962 to discontinue any further operation. 

Great Britain 

Great Britain operates many electrical snow-melting sys
tems on its roadways and structures, but of the 80 or more 
installations recently designed and installed by the Road 
Research Laboratory, only four employ the low-voltage or 
wire-mesh system. 

In explaining the limited use of the low-voltage (wire-
mesh) systems, the Laboratory cited such contributing 
factors as the extra initial cost of transformers, the engi
neering difficulties involved in the placement of the neces
sary transformers close enough to the heating elements 
without employing long lengths of feeder cable, and the 
high voltage losses which occur with the use of these long 
feeder cables. In addition, it is difficult to determine the 
impedance of the wire mesh and, therefore, the usual 
procedure is to install transformers having a number of 
secondary tappings to permit adjustment of the voltage 
to obtain the required heating load. 

However, the low-voltage system is safer to operate than 
the higher-voltage systems required for resistance cables. 
Also, the lack of insulation on the heating elements reduces 
the danger of damage by paving machines and the possi
bility of damage to the insulating material through the 
use of high-temperature bituminous resurfacing materials. 
But these few advantages are overshadowed by design 
difficulties and the resultant damage when these elements 
are subjected to moisture entering the slab from surface 
cracks. 

Figure 8. Wire mesh heating elements, Marion Street, Salem, 
Oregon: (a) electrodes connecting wire mesh to leads; (b) 
installed wire mesh. 

Canada 

Recent experiments by the Metropolitan Toronto Depart
ment of Roads using wire mesh have proven very success
ful. After experimenting with various size mesh on the 
ramps of the F . G . Gardiner Expressway in Toronto, 2-
by 6-in. No. 10 galvanized black wire mesh was selected 
as being the most suitable for use with thin asphaltic 
overlays. 

The wire mesh is purchased in flat sheets and embedded 
in mastic asphalt with asphaltic concrete being installed 
as the wearing surface. As a result of experimenting with 
different heat outputs, indications are that 30 w per sq ft 
is necessary to melt snow and 45 w per sq ft will take 
care of practically any situation. 

Annual operating costs approximate $0.45 per sq ft in 
Toronto, which has an average snowfall of 70 in, 

INSULATED HEATING CABLES 

Salem, Oregon 

The difficulties associated with the use of reinforcement-
mesh and low-voltage systems have usually resulted in the 
use of insulated resistance cable on facilities recently 
equipped with snow-melting systems. But without proper 
design, good construction procedures, and correct opera
tion, these heating cables can prove as troublesome as 
some of the low-voltage systems. 

An excellent example of this is another structure in 
Salem, Ore., located at Center Street. Approximately 
12,450 sq ft of ramp and structure surface area were 
heated by embedding V4-in. lead-covered resistance cable 
in the concrete roadway at a depth of 2 in. The spacing 
of the heating cables varied from 4'/2 to I V i in. with the 
closer spacing under the wheel tracks. The system oper
ated at 240 V for a total of 150 K V A . 

Some automatic control was exercised by a temperature 
thermostat for activating the system when the slab tem
perature reached 36 F . The initial power of 12 w per sq ft 
was increased to 48 w per sq ft in the wheel tracks when 
the temperature reached 32 F . However, when the air 
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Figure 9. Insulated heating cables, Center Street, Salem, Oregon—damaged cables within slab (courtesy of Oregon State High
way Department). 

temperature dropped rapidly, it was necessary to activate 
the, higher voltage beneath the wheel tracks manually in 
order to prevent snow and ice f rom accumulating before 
the temperature of the slab dropped sufficiently for auto
matic activation. 

This heating system was installed at approximately the 
same time as the Marion Street installation, around 1953, 
and operated fair ly satisfactorily until 1960, when some 
damage to the heating elements was noted. 

In 1962, after complete inspection of the heating in
stallation, it was necessary to discontinue operation (Fig. 9). 
A large number of cables had burned off and failed where 
the connection was made to the feeder cable and brought 
down through the slab. Inferior splices that were not 
completely waterproof allowed water to penetrate the as
bestos insulation and soak upward into the insulation, 
causing the conductor to short to the cable. This caused 
damage to the cable within the slab, making new splices 
impossible without extensive concrete removal. Af t e r 
further investigation, it was learned that this type of heat
ing cable does not carry a " U L " approval for installation 

in bulk quantities and that its installation encased in con
crete is prohibited by some states. 

This installation is a good example of problem areas 
in the design and construction of an embedded heating-
cable installation. Carefully selected materials and sound 
waterproof junctions are a necessity if the system is to 
give satisfactory results over a long period of time. As 
in the case of embedded pipes, repairs are difficult and 
costly, often prohibitive, once the concrete is placed. 

Aberdeen, South Dakota 

Another early highway installation using insulated heating 
cable was a structure in Aberdeen, S. Dak. Nelex cable, 
% - i n . diameter, was embedded beneath the wheel tracks 
of all four traffic lanes, 1 VA in . below the surface on 5-in. 
centers. The total heated area of the wheel tracks on the 
viaduct was 15,275 sq f t , wi th a design wattage of 30 w 
per sq f t . 

The bridge department of the South Dakota Department 
of Highways, designers of this installation, indicated that 
the initial design was for ice prevention and reduction of 
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skid properties of the deck, not complete snow removal. 
Af t e r final installation in 1959-60, operation and mainte
nance of the structure were turned over to the city of 
Aberdeen. 

A f t e r intensive operation during the winter of 1960-61, 
the city decided to use conventional methods of snow 
removal instead of the electrical deicing system. City 
personnel indicated that the system wi l l melt light snow
fa l l , sleet or frost and result in more passable conditions, 
but that a V4-'m. snowfall or more wi l l not melt—over 
the entire deck area ( i t is believed that this is what is 
implied in a letter f r o m city personnel, since there have 
been other indications that heavier snows do melt in the 
wheel tracks.) Costs of operation were found to be 
excessive. Other observers indicated the possibility that 
too much has been expected of the system in view of the 
design limitations and that this has resulted in uneco
nomical operation. I n addition, it is claimed that the 
system has been left in operation after snow and ice con
ditions have ceased. A n unusual situation where two elec
trical power companies supply different parts of the system 
at different power rates further complicates the cost 
picture. 

Wichita Falls, Texas 

Recent years have seen an increased interest in the use of 
electrical heating cables for snow and ice removal, par
ticularly at locations where winter conditions present a 
hazard to vehicular traffic. Recognizing the difficulties 
involved in repair and replacement of damaged heating 
cables, some designs have specified that the elements be 
installed inside conduits embedded in the concrete slab. 
Conduits are embedded during construction and the heat
ing cables pulled through afterward. 

A n installation employing electrical cables encased in 
conduits is located on dual structures on US 287 at the 
city limits of Wichita Falls, Texas. This is a research 
project being conducted by the district office wi th the 
approval of the research and development committee of 
the Texas Highway Department. The installation was com
pleted in January 1962, and tests without traffic were 
started. 

Each bridge, 120 f t long and 40 f t wide, contains elec
trical cable of a No. 19 A W G solid nickel-chromium alloy, 
wrapped wi th glass yarn and insulated wi th silicone rubber. 
The heating cable, which has a 0.18-in. outside diameter, 
is protected by >/2 - in . inside diameter metallic tubing. The 
elements have a maximum rated energy output of 10 w 
per l in f t ( I I I - 9 5 ) . 

Cable spacing, depth of bury, and slab thickness are 
factors being investigated on this project. I n order to vary 
the average wattage per square foot at the deck surface, 
three different cable spacings were installed on each struc
ture: 6 in . , 8 in. , and 12 in. (center-to-center). W i t h 
provision fo r operation of half the cables, additional spac
ings of 16 in. and 24 in . can be obtained. Each structure 
is separated into the three areas (Fig. 10) : (1) east one-
third, heating cables spaced at 8-in. intervals; (2) center 
one-third, heating cables spaced at 6-in. intervals; and 
(3) west one-third, heating cables spaced at 12-in. inter

vals. W i t h these cable spacings, the wattage per square 
foot can be varied manually f r o m 5 w (24-in. spacing) to 
20 w (6-in. spacing). 

Two depths of bury were provided for the heating 
cables. On the north structure, the conduit was placed on 
top of the reinforcement, giving a depth of bury of ap
proximately 1 in . The conduit was placed under the 
reinforcement on the south structure, for a depth of bury 
of approximately 3 in. 

Each structure is of the continuous-slab span concrete 
type, with a variable slab thickness f rom 30 in . to 14 in . 

The various design conditions contained in this installa
tion allow detailed investigation using various combina
tions of spacing, depth of bury and slab thickness. Be
cause snow and ice conditions are sporadic, several seasons 
of operation may be necessary before sufficient data are 
tabulated and analyzed to use as design criteria. 

The test results recorded f r o m the past two seasons of 
operation are too limited for any definite conclusions, but 
it is apparent that the slab thickness is an important factor 
in the effective distribution of heat at the slab surface. 
For the same cable spacing, higher surface temperatures 
wi l l be obtained on a thick deck than for a thin one. This 
is in keeping wi th theoretical considerations which would 
indicate less heat loss downward in the thicker slab. 

Amarillo, Texas 

The northern part of Texas is subject to severe sleet and 
icing conditions on an infrequent basis. These conditions 
create more of a traffic hazard there than in northern 
states where motorists are used to frequent icing conditions 
and heavy snowfall during the winter season. This may 
be the reason that the Texas Highway Department is one 
of the leaders in the research of non-chemical methods for 
the prevention and removal of snow and ice accumulations. 

The most recent installation by the Texas Highway De
partment employing electrical cable in conduits was com
pleted in February 1963 at Amari l lo for a dovratown 
overpass which spans five tracks of the Fort Wor th and 
Denver Railway, six tracks of the Chicago, Rock Island 
and Pacific Railroad Company, two city streets and the 
Burlington Station of the Fort Worth and Denver Railway. 
Approach grades of 7 percent on the viaduct and lack of 
service railroad crossings at grade would immobilize the 
12,000 vehicles per day using this faci l i ty without some 
continuous method of snow and ice prevention ( I I I - 9 7 ) . 

Design criteria specified heating the structure fo r average 
snow and icing conditions, wi th provision for handling 
extreme conditions. These criteria were satisfied by in 
stalling mineral-insulated cable, encased in conduits, at 
1-ft intervals across 21 f t of the heated width, and at 6-in. 
intervals for the additional 10 f t of heated width (Fig. 11) . 

These spacings, together wi th the appropriate cable 
lengths for the roadway and structure, provide 17.5 w 
and 12.5 w per sq f t for the bridge deck and the approach 
slabs, respectively. The closer spacing of the 10-ft lanes 
increases the output to 35 and 25 w per sq f t for an 
estimated snowfall melting rate of 1 in. per hr at 28 F . 
The average depth of bury below the slab surface is 1 in . 
throughout the heated length of 1,472 f t , or 45,632 sq f t . 
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The city of Amar i l lo wi l l control, operate, and maintain 
the heating system and also supply the power, which wi l l 
be delivered by Southwestern Public Service Company at 
the transformer station located near the center of the 
system. The transformer station consists of a 3-pole 
structure wi th three platform-mounted 333 K V A , 13,000 
volts to 120/240 volts, single-phase, 60-cycle trans
formers. W i t h all circuits in operation, more than 1,000 
k w per hr w i l l be drawn. 

The automatic control system incorporates temperature 
and moisture detectors, mounted flush wi th the surface 
of the bridge deck, which relay the electrical information 
of weather conditions to the control panel mounted on the 
railing of the bridge. When predetermined and pre-set 
weather condition combinations occur which are expected 
to produce icing conditions, the heating system is activated. 
Manual operation may be exercised either to preheat the 
slab when severe weather conditions are anticipated or to 
take care of sudden storms and drops in temperature. 

Nineteen temperature sensors are mounted in the over

pass slabs and the approach slabs and are connected to 
automatic recorders fo r research studies of the slab and air 
temperatures. Readings w i l l be taken before, during, and 
after snowstorms and icing conditions, wi th various com
binations of the circuits in operation. Although the sys
tem was in limited operation early in 1963, insufficient 
data were obtained fo r any evaluation. 

Newark, New Jersey 

Other major highway installations using heating cable fo r 
snow and ice prevention and removal have been designed 
and constructed without encasing the cable in conduit. 
This approach to electrical snow melting is being used and 
tested by the New Jersey State Highway Department on 
the approaches and deck of the Passaic River Bridge on 
US 1 and US 9 in Newark. 

The bridge approach rises at a 3 percent grade and 
carries an average daily traffic volume of 50,000 vehicles. 
Trucks constitute 40 percent of the A D T , and any icy or 
slippery conditions create a severe traffic hazard. These 
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Figure 11. Insulated heating cables, Amarillo, Texas. 

conditions, plus the availability of power at the structure 
(used to operate the draw span), prompted the highway 
officials to install an electrical deicing system in conjunc
tion wi th a resurfacing project. Although some experi
mental design characteristics were incorporated, the 
primary purpose was to establish a functional snow-melting 
system for this location ( I I M 9 ) . 

The heated roadway and structure section covers an 
area of 16,800 sq f t , two 10-ft traffic lanes, 840 f t long. 
A single copper conductor cable, magnesium oxide M I , 
was chosen to produce the desired output of 30 w and 
40 w per sq f t on the roadway and bridge sections, respec
tively. The cable was laid longitudinally (Fig. 12) at 
4yKi-in. intervals on the approach roadway and 3%-in . 
intervals on the bridge deck. 

Placement was made directly on a I V i - i n . coarse-aggre
gate leveling course of bituminous concrete, and sealing 
compound was used to tack the cables in position to avoid 
any movement during the hand placement of a V2 - in. layer 
of sand-mix asphalt and follow-up rolling by a 10-ton 
roller. The final VA-in. layer of asphalt was laid by pav
ing machinery in the normal manner. Dur ing the final 
compaction and rolling processes, there was no tendency 
fo r the cable to buckle or become displaced. 

A f t e r two years in place, there is no evidence of spalling 
or separation of the cable f r o m the asphaltic overlay, but 
i t would be premature to state definitely that this w i l l not 
occur. However, the preliminary success wi th embedding 
electrical heating cables during a resurfacing project is 
most encouraging in the search fo r a snow-melting system 

that can be installed on an existing structure. Operational 
results of the Passaic River Bridge system may be found 
elsewhere i n this report. 

Teterboro, New Jersey 

The initial success of the installation on the Passaic River 
Bridge has prompted the New Jersey State Highway De
partment to include plans for a similar heating-cable 
installation in conjunction wi th a new construction project 
on US 46 and US 17 in the boroughs of Hosbrouck 
Heights and Teterboro. The construction schedule calls 
for completion of the cable installation by the contractor 
in the early spring of 1964. Personnel of the bureau of 
electrical operations of the Highway Department wi l l 
install electrical facilities and connections to feed the 
heating installation. The power and necessary transformers 
are supplied by a local uti l i ty company. 

The project consists of two ramps and an overpass 
structure. Number 13 M I cable is attached to the reinforc
ing steel in the structure at spacings varying f rom 4Vi to 
VA in. , fo r a total heated area of 2,875 sq f t . Number 
14 M I cable, spaced at 4Vi in. on Ramp B and 5 in . on 
Ramp A , is attached to the roadway surface prior to the 
laying of the wearing course. The combined areas o f the 
ramps, together wi th the structure, total 17,975 sq f t . 

The size and spacing of the heating cable and the length 
of heating units are designed for approximately 40 w per 
sq f t , based on the successful results at the Passaic River 
Bridge. 
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Figure 12. Insulated heating cables, Passaic River Bridge, New Jersey. 

Lubbock, Texas 

Another method of embedding electrical cables during a 
resurfacing project is being tested in Texas. Early in 
1963, a portion of the Panhandle and Santa Fe Railway 
overpass on Loop 289 in Lubbock was made the location 
for a test snow-melting installation at no cost to the 
Highway Department (Fig. 13). 

The Terrazzite Corporation of San Antonio, in conjunc
tion wi th the Nelson Manufacturing Company of Tulsa, 
Okla., installed heating cables in three sections measuring 
7 by 14 f t . The cables were laid at intervals of 3 in. on 
the deck, which was first coated wi th a polyester primer, 
and then were covered wi th a mixture of Terrazzite l iquid 
and granite aggregate at % - to % - i n . depths. Cable lengths 
of 90, 100, and 120 f t were connected for varying heat 
output: (a) 90-ft lengths connected to 120 v for 10 w per 
sq f t ; (b) 100-ft lengths connected to 240 v fo r 30 w per 
sq f t ; and (c) 120-ft lengths connected to 240 v fo r 20 w 
per sq f t . 

Two thermocouples were placed in each section, one 
next to the heating cable and one centered between the 
heating elements. Init ial tests conducted after installation 
are too limited for appraisal, but additional tests are 
planned for a complete evaluation. 

Toll Facilities 

The potential fo r non-chemical methods of snow preven
tion and removal on toll roads exceeds that on other types 
of highways. Without exception, to l l roads are heavy 
traffic routes and can be considered critical locations 
worthy of the bare maintenance policy at all times. 

A n additional traffic hazard is created by the presence of 
to l l collection plazas, since the motorist must reduce his 
turnpike speed, of 50 to 80 mph, and come to a complete 

stop at these plazas. N o snow, ice or slippery conditions 
can be tolerated at these locations, and the turnpike 
authorities are constantly seeking improved methods for 
positive, reliable snow and ice control. 

During construction of tol l roads in the Chicago area 
in 1958, the Illinois State Tol l Highway Commission pro
vided f o r electrical snow-melting systems through most of 
the tol l collection plazas. The systems covered 103 lanes, 
for a total heated area of 82,400 sq f t . 

Number 19 A W G , nickel-chromium alloy wire wi th 
silicone rubber insulation, was attached by plastic tape 
to 5- by 8-ft wire-mesh mats and installed prior to place
ment of the concrete. The heating cables were embedded 
2 in. below the slab surface and at 6-in. intervals to pro
vide a design melting rate of 20 w per sq f t . 

Af t e r two or three seasons of unsatisfactory operation, 
it was concluded that the heating elements were not capa
ble of carrying enough power to melt the snow below a 
temperature of 28 F. Through general observations, turn
pike authorities have estimated that at least 50 w per sq f t 
would be required for complete snow removal at this loca
tion. 

The Port of New York Authori ty, during a recent mod
ernization and enlargement of facilities at its bus terminal, 
incorporated an electrical snow-removal system in the 
ramps leading to the upper levels of the 3-deck parking 
area and in the concrete deck adjacent to the entrance 
f r o m an outside ramp (outside ramps are served by an 
embedded-pipe snow-melting system). 

The purpose for the heated entrance is to melt any 
snow or slush tracked into the area by incoming buses or 
blown in by winds. T w o N o . 18 mineral-insulated heating 
cables are spaced at 6-in. intervals to provide 40 w per 
sq f t of heated area. A t the entrance, the cables are em-
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Figure 13. Insulated heating cables under thin overlay, Lub
bock, Texas: (a) electrical leads to control panel; (b) cables in 
place being covered with Terrazzite compound (courtesy of 
Texas Highway Department). 

bedded 2 in. deep in a 4-in. thick steel-reinforced concrete 
wearing surface poured on top of % - i n . thick waterproof
ing tar board on the old 8-in. slab. This construction pro
vides more than 10 in. of insulation material. 

The ramps between the auto decks are constructed of 
a 4-in. steel-reinforced, lightweight concrete slab. The 
cables are placed on top of the slab and covered by a 
I V i - i n . wearing surface of asphalt ( I I I - 2 6 ) . 

Snow removal has been satisfactory at this installation, 
but some failure of the electrical elements has occurred. 

These are the major electrical snow-melting systems in 
volving highways, structures and related facilities presently 
or previously in operation in the United States. Numerous 
installations have also been made involving smaller outdoor 
facilities such as sidewalks, driveways and loading ramps. 
These small installations fol low the same general design 
and construction techniques employed on the larger 
facilities. 

Great Britain 

The Road Research Laboratory, Department of Scientific 
and Industrial Research, of Great Britain has been experi
menting with, and installing, electrical deicing systems for 
several years. 

Correspondence with the Director of Road Research 
has indicated that there are about 80 installations now in 
operation, or in the planning or construction phase, in the 
United Kingdom, and that most of these installations use 
insulated resistive cables for the heating elements. Only 
four installations use reinforcement mesh since their re
search has indicated that an insulated resistance cable is 
more suitable for electrical snow-melting and deicing 
(111-42). 

The first experimental electrically heated road built by 
the Road Research Laboratory was constructed about 7 
years ago at Harmondsworth, Middlesex, to provide data 
for the design of road-heating systems to prevent ice and 
frost formation. I t was operated for several winters with 
a range of heat outputs. As a result of this experimenta
tion, an output of 9 w per sq f t was found sufficient to 
prevent the formation of ice and frost even under the most 
severe weather conditions occurring at this location. 

Af ter initial testing, several large installations were con
structed according to the Laboratory's designs. They were 
fu l ly instrumented to measure the current consumption, 
the temperature at various levels in the road and the 
amount of heat flowing in various directions. These 
measurements are still being made and wi l l provide addi
tional data for estimating the wattage output per square 
foot for varying weather conditions. 

Some of the larger installation in place are a 870-kw 
installation at the Mound in Edinburgh; a 560-kw installa
tion at Slough, Bucks, on an undulating road with several 
bridges, completed in 1959; a 360-kw installation at Hook 
on the Kingston bypass, which heats the ramps leading 
to an underpass, completed in 1960; a 1,700-kw installa
tion on the Hammersmith Flyover, designed to obtain 
information on the heat required on long viaducts, com
pleted in 1962; and a small bridge-deck installation at 
Basildon New Town, Essex, completed in 1962. 

To avoid potential damage to the heating cables f r o m 
paving machinery, the cables were laid in grooves cut in 
the base course by machinery for the first experimental in
stallation. The surface material, then was placed over the 
cables without any resultant damage. As this method 
proved slow and expensive, the cables were placed on 
the base in the next experimental installation, and then 
were covered with a % - i n . layer of sand asphah put down 
by hand, followed by compaction with a light roller. The 
wearing course was laid by the customary road-finishing 
machine and compacted with an iron roller. 

The grid spacing of the heating cables usually averages 
6 in. center-to-center, to provide 9 to 10 w per sq f t for a 
heated roadway surface. On structures or bridge decks, 
this heat output is increased to 13 w per sq f t to counter
act the increased loss of heat f rom the bottom of the slab 
exposed to the air surface. Each heating circuit is con
nected to a 240-v main; the cable length is usually about 
500 f t . A n automatic temperature and moisture control 
system, devised by the Road Research Laboratory, acti
vates the deicing systems when the temperature of the road 
surface falls below 3 C and moisture is present on the 
surface. 



Figure 14. Thermal surface lining heating system, Goldach Bridge, Lake Constance, Switzerland: (a) plastic grid mat and 
removed unit, showing heating cables and protector around cable connection: (b) left bridge section with thermal lining in
stalled (feeder cables extend out of plastic mat) and right bridge section with synthetic resin applied (courtesy of Cofitec Est.). 

Electrical road-heating systems in the United Kingdom 
normally are supplied on an off-peak demand, permitting 
current to be used f rom 7:00 P M to 7:00 A M , wi th an 
additional boost f r om 12:00 NOON to 4:30 P M . With a 
thermostat setting of 3 C, this allows the current to be 
turned on in the early morning hours, when the tempera
ture may be dropping, and enables sufficient heat to be 
stored in the surface for warming purposes before the 
effects of thermal radiation f rom the sun occur. This sup
ply of current has proven reasonably satisfactory for use 
in Great Britain. 

In all of the installations of the Road Research Labora
tory, the operating costs where thermostats and moisture 
control are used have not exceeded 25.6d. per sq yd 
($0.0569 per sq f t ) per winter (based on the value of 
I d . = $0.02; current rate Id . = $0,012). The installa
tion at Slough has operated for three winters at an aver
age cost of l i d . per sq yd ($0.0244 per sq f t ) . For a 
2-yr period, a figure of 8.2d. per sq yd ($0.0182 per sq f t ) 
per winter was obtained at the Hook underpass. I t is 
estimated that the moisture-controlling device results in a 
70 percent saving of current over that required by a 
temperature control only. 

The costs of installation for the major snow-melting sys
tems range f rom 37s. to 52s. per sq yd ($1.00 to $1.41 
per sq f t ) of heated surface area (based on the value of 
Is. = $0,243; current rate Is. = $0.14) and include part 
of the cost of arranging for power supply at the site. The 
policy of the electricity board involved determines the ex
tent of payment for making the power available. The 
actual construction costs, including the necessary electrical 
controls, have ranged f rom 27s. to 35s. per sq yd ($0.73 to 
$0.95 per sq f t ) . A n average cost of installation is 40s. 
per sq yd ($1.08 per sq f t ) , including charges made by the 
electricity boards to bring power to the sites. 

Switzerland 

A more recent heating installation in Switzerland entails 
plastic heating cables which are held in place by a plastic 

lattice-type mat. This method has been developed by 
Cofitec Est. of Vaduz, Liechtenstein (data and photo
graphs provided by Clark Hartwell, 681 F i f t h Avenue, 
New York , New York, associated with Cofitec Est.), and 
has performed well under severe testing conditions. 

As shown in Figure 14a the heating cables are held in 
place by a mat of individual interlocking units. A base 
layer of synthetic resin is applied to the surface slab before 
placing the mat. The voids in the lattice mat are filled 
with a quartz mortar, and the entire heating system cov
ered with a thin layer of the mortar (Fig. 14b). 

The quartz mortar and plastic mat have been subjected 
to 6 years of testing on an airport runway without any 
evidence of damage. Additional tests were conducted by 
the Official Swiss Materials Testing Laboratories. No 
drawbacks to this system were reported. 

According to available data, the cost for this system is 
comparable with other electrical systems. A potential 
reduction in operating costs may be possible due to the 
thin surface covering and fast warm-up. This generally 
would eliminate the necessity for pre-heating. Further 
investigation seems desirable for a possible experimental 
installation in the United States. 

COSTS 

Economics, or costs, are a major factor in the selection 
and operation of a successful electrical snow-melting sys
tem. Although Great Britain is not subject to extreme 
winter conditions, over the past few years several miles 
of heated roadways and bridge decks have been con
structed and operated with satisfactory results. This can 
be done only i f costs of installation and operation are 
reasonable. 

The costs of installation and operation depend on many 
variables which complicate the problem of estimating 
average costs without knowledge of the specifics for each 
location. The major controlling factors are (1) design 
criteria—removal rate and type of electrical elements; 
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TABLE 5 
INSTALLATION A N D OPERATING COSTS FOR EMBEDDED ELECTRICAL ELEMENTS 

I N S T A L L A T I O N C O S T (per S q f t ) O P E R A T I N G C O S T (per hr per 1,000 sq f t ) 

L O C A T I O N 

W I R E M E S H 

R E I N F O R C E M E N T 

L E S S C O S T O F 

T R A N S F O R M E R S 

R E S I S T A N C E C A B L E 

L E S S C O S T O F 

T R A N S F O R M E R S 

W I T H C O S T O F 

T R A N S F O R M E R S W I R E M E S H 

Michigan Test Section 
Salem, Ore. 
Wichita Falls, Texas 
Amarillo, Texas 
Passaic River Bridge, N.J. 
Proposed Installation, N.J. 
Chicago Tollway 
Aberdeen. S. Dak. 

$0.83 
1.00 $2.33 

1.48 

1.56 
2.97 " 

$0.71 ' 
0.21' 

$2.39' 

6.06 
4.90 

R E S I S T A N C E C A B L E 

$0.17" 
0.50-1.00" 
0.14 
2.60 
3.65 ' 

Not available 
Not available 

" Average asphalt and concrete section. 
" Based on 110 operating hours. 
° Includes demand charges for utility-owned transformers. 
'' Low bid price, average cost for roadway and structure. 
'Estimated, winter months. 

(2) power location—additional power supply required at 
site; (3 ) method of operation—continuous, manual, and 
automatic; (4) power rates—demand charge and con
sumption charge. Only through a favorable combination 
of these factors can an economical snow-melting system be 
constructed and operated. 

The initial design can result in a saving of material and 
labor costs, or it can substantially increase the installation 
costs wi th no real increase in efficiency of operation. Cau
tion must be exercised to assure that the system is designed 
to f u l f i l l its objective, and that i t is not over- or under-
designed. 

I f it is desired to maintain the surface dry and free 
f r o m snow and ice under all conditions, weather data for 
the specific location must be investigated, with the extreme 
conditions controlling the design heat-output per square 
foot. However, i f some accumulation of snow and slush 
can be tolerated, as long as the surface bond is broken, 
a smaller heat output can be specified. 

Many installations have been designed to melt all the 
snow as i t falls; therefore, the cost of installation and 
operation have been extremely high. I n some instances, 
costs have been reduced by heating only the wheel tracks, 
but this results in possible hazardous conditions when icy 
edges f o r m along the clear wheel tracks. 

The one factor which accounts for a large part of the 
installation cost is the provision of electrical power at the 
site, i f i t is not already available. Unless excess or unused 
seasonable power is present at the location for the snow-
melting system, installation costs usually are doubled over 
the normal cost fo r electrical cable, control equipment, 
and labor. The cost of making available 750 to 1000 K V A 
is very high, and usually must be provided by the organi
zation using the installation, either initially as an installa
tion cost or by increased power demand charges by the 
uti l i ty company. 

I n addition to the costs of making the power available, 
high operating costs are another drawback to the wide
spread use o f electrical power f o r snow-melting purposes. 
Operating costs vary wi th the individual ut i l i ty companies, 
but usually include a demand charge plus an energy 
charge. 

The demand charge is a monthly rate based on the maxi
mum power required during a fixed time period (usually 
15 to 30 minutes) for the month. This charge usually is 
$1.50 to $2.00 per kw. The energy charge is based on 
the actual consumption during the month or other pay
ment period. Commercial energy charges generally range 
f r o m \Vi to 2Vi cents per kw hr, depending on total 
kilowatt-hour consumption. 

Although the usual method o f operation is manual, wi th 
a preheat period prior to snowfall, it is possible to operate 
an electrical snow-melting system by automatic temper
ature and moisture controls for increased efficiency and 
lower operating costs. 

Another possibility which would tend to equalize the 
demand and energy charge and reduce high demand 
charges is a continuous operation at low wattage output 
wi th provision fo r increased power at critical or heavy 
snowfall periods. Undoubtedly, the reduced demand 
charges would not be sufficient to offset the increased en
ergy charges. However, there would be greater inherent 
safety in this kind o f operation. 

Table 5 gives the wide range of installation and operat
ing costs for highway installations involving electrical 
deicing or snow-melting systems. These costs are taken 
f r o m ordinary records, and may not represent the same 
items of expenditure in every case. Many agencies have 
not kept complete data on the cost of electrical equipment 
and supplying power where the heated area was small 
or the test was considered experimental. 

The use of reinforcement mesh apparently results in 
lower initial installation costs than the use of resistance 
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cable (Table 5 ) . This is to be expected. On the other 
hand, operating costs for the mesh may be expected to be 
higher because of the special transformer equipment 
needed and higher resulting demand charges. I n each of 
these cases the ut i l i ty company owns the transformers. 

I n Salem, Ore., the opposite was true: all o f the trans
formers were owned by the operating agency. I n this 
case, the operating costs should probably be comparable 
fo r equivalent power outputs. The higher operating cost 
of the wire mesh in Salem may be the result of using 
more power to compensate fo r broken grids, or possibly the 
inclusion of annual maintenance and repair costs. 

The high installation costs experienced by the Illinois 
State To l l Highway Commission and the South Dakota 
Department of Highways apparently include all associated 
costs f o r complete installation. Again, these costs are 
heavily dependent on the availability of power and the 
cost of supplying it at the site. 

The Wichita Falls installation, which was designed to 
maintain the bridge roadway clear of ice as long as the 
approach roadway does not freeze over, was constructed 
wi th heat outputs of 5, 10 and 20 w per sq f t at an average 
installation cost o f $1.48 per sq f t . A transformer station 
fo r supplying the necessary power was not included i n this 
unit cost. 

As a comparison, installation costs including the cost of 
three 333 K V A transformers fo r the Amar i l lo snow-
melting project were as follows: 

Heat Output (per sq ft) 

35 watts 
25 
17.5 
12.5 

Cost (per sq f t ) 

$3.96 
2.83 
1.98 
1.41 

The cost per square foot increases f o r higher wattage 
requirements; therefore, i t is particularly important that the 
correct design wattages be chosen for electrical snow-
melting systems. 

Several arrangements o f heat intensity are available f o r 
the Amari l lo installation, but data are insufficient fo r 
evaluation and operating cost comparison. W i t h maximum 
heat intensity and a rate of 6.6 mills per kw, the operating 
cost is $6.53 per hr, or an average o f $0,142 per hr per 
1,000 sq f t , as compared to $0.50 to $1.00 per hr per 
1,000 sq f t fo r the Wichita Falls installation. 

The favorable cost at the Amari l lo installation is due to 
city operation and reduced power rates. The power is 
supplied by the ut i l i ty company at the flat rates normally 
charged to the city, which eliminates special demand 
charges and results in substantially lower operating costs. 
The automatic temperature and moisture detector installed 
on the structure is also an aid in obtaining economy and 
increased efficiency. The greatest advantage of this device, 
according to district personnel, is that the system turns of f 
promptly after the pavement has dried or the temperature 
has risen. 

The installation costs fo r the heated portion of the 
ramp and structure on US 1 and US 9 over the Passaic 

River in Newark do not include costs of the transformers 
and other service equipment, inasmuch as these were 
already available. Costs of construction averaged $1.56 
per sq f t fo r the 16,800-sq f t area. I t has been estimated 
by highway personnel that additional installations of this 
type could be constructed at a cost of $2.20 per sq f t , 
including all necessary transformers and power equipment. 

However, these estimated values appear to be low, since 
a project recently let fo r contract i n New Jersey shows a 
bid price of $2.48 and $5.57 per sq f t fo r a 15,100-sq f t 
roadway and a 2,875-sq f t bridge, respectively. Again, 
these unit costs do not include transformers and other 
electrical facilities fo r supplying power at the site. 

I n general, an average cost of installation, less power 
equipment, fo r electrical installations appears to range 
f r o m $2.50 to $3.00 per sq f t . This cost is representative 
of a heat intensity of approximately 40 w per f t and aver
age conditions. Power-equipment costs increase this cost 
to the neighborhood of $4.00 to $5.00 per sq f t under 
average conditions. 

Installation costs of electrical snow-melting systems 
compare favorably wi th those of embedded pipes when 
transformers are excluded, which is the case when the 
ut i l i ty companies maintain ownership o f the transformers. 
However, operating costs, including the demand charges, 
which must be paid one way or another to compensate fo r 
depreciation and low usage rates of this equipment, are 
considerably higher than fo r embedded pipes. This is one 
of the major reasons why electrical snow-melting systems 
are not in more general use. 

PROBLEMS 

The problems and difficulties associated wi th the installa
tion of electrical elements are similar to those fo r em
bedded pipes, and, in some instances, are even greater in 
number. Although the fact that electrical elements can be 
incorporated wi th a resurfacing project makes their use 
more attractive, i t also creates more difficulty in placement. 

When small-diameter heating cables are installed during 
resurfacing of the roadway surface, the use of heavy con
struction equipment makes i t necessary to hand-place some 
of the resurfacing material over the elements to avoid 
damage by the machines. I f efficient use is made of the 
labor forces available, this manual operation does not 
greatly increase the cost of the original resurfacing con
tract. During the actual placement and finishing processes, 
the equipment should not be operated in such a manner 
as to induce a large amount of heat in one concentrated 
area where the cables are in place. The expansion of the 
heating elements i n one location could cause displacement 
and even permanent damage to the elements. Similar 
problems arise wi th the use of wire mesh reinforcement. 

A l l connections and splices of the heating cables to the 
cold leads and power supply should be completely insu
lated and waterproofed to avoid shorts and other electrical 
failures. The lack of waterproof splices was a major con
tributing factor in the failure of the resistance cable 
installation at Salem. 

A l l of the problems of embedding pipe i n the slab 
apply when conduit is used as an avenue for the electrical 
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heating elements. A damaged or corroded conduit offers 
no protection and may hasten deterioration or cause an 
electrical failure. Because of the increased diameter, con
duit normally may be employed only w i t h new construc
tion, not resurfacing. 

I n new construction, the heating elements or cables are 
either attached to the reinforcing network in grids o f 
predetermined lengths, widths and spacings prior to con
crete placement, or mats of the correct lengths, width and 
cable spacing are formed f r o m the heating elements and 
then placed prior to the final 1V4 or 2 in . of concrete. 

I f the elements are placed prior to any concrete, ex
treme caution must be exercised during placement and 
vibration of the concrete so as to avoid any damage or 
dislocation of the heating elements. The spacing of the 
elements must allow adequate clearance for proper con
crete placement and manipulation. 

I f the alternative method of placement is employed, the 
time delay between pouring the two "layers" should be 
limited to a minimum interval in order to be assured of 
obtaining a monolithic slab. I n addition to the necessity 
for maximum structural slab strength, a complete bond 
between the two lifts is also important to prevent any 
movement which would result in cable damage and to 
prevent moisture entering between the construction joints 
to accelerate cable deterioration. 

Wi th good construction practices, an electrical system 
apparently wi l l give many years of satisfactory service 
with minimum maintenance costs. 

PERFORMANCE 
Although most experience wi th electrical snow-melting 
systems has been on small or partially heated structure 
areas, sufficient observations and calculations have been 
made to assure the feasibility of removing snow and ice 
on highway structures by electrical methods where addi
tional costs can be warranted. 

This was evident as early as the experiment wi th 500-ft 
test sections conducted by the Michigan State Highway 
Department f r o m 1948 to 1956. Although the wire mesh 
used as the heating element in this installation was un
satisfactory, other types of wire mesh and improved con

struction practices in later experiments have indicated that 
this k ind of element can be employed wi th satisfactory 
results. The developing use of insulated resistance cables 
has also contributed to the feasibility of electrical installa
tions. 

The two heated structures in Salem performed effec
tively for 5 or 6 years, but in 1962 extensive damage to 
the heating elements required operation to be discontinued. 
During the period of operation, snow and ice were re
moved at a very favorable rate of approximately $0.02 
per sq f t per season, or $0,002 per sq f t per in. snowfall. 

Early observations of the heated viaduct in Aberdeen, 
S. Dak., indicate that the system performs according to 
its design and removes snow and ice f r o m the wheel 
tracks, providing increased traction. The system does 
not remove accumulations of snow f r o m the entire deck 
and has other limitations of a system where only wheel 
tracks are heated. However, it should not be judged un
satisfactory on a basis for which it was not designed. 

The installations in Texas and the one in Newark have 
not been in operation long enough for complete evalua
tion, but initial results are favorable and indicate that 
design requirements w i l l be fulf i l led. N o apparent major 
slab cracking or other deterioration has occurred as a 
result of cable embedment. Wi th limited snowfall after 
installation, these systems removed all snow as it fel l on 
the slab surfaces. 

Recently, the Passaic River Bridge performed very well 
under adverse conditions. Because of an omission by 
operating personnel, the system was not properly activated 
unti l a layer of snow had accumulated. Af t e r proper ac
tivation, the system removed the packed layer and attained 
a bare pavement while snow continued to fa l l . This indi
cated that the system is capable of melting the snow as i t 
falls, and wi l l allow no accumulation i f properly energized 
at the beginning of the snowfall. 

Electrical snow-melting systems have proved effective, 
but not necessarily economical, f r o m the limited installa
tions in place. When an installation is cited as ineffective 
and "below standard," it may be due to improper manual 
operation or because the system was expected to exceed 
its design limitations. 

C H A P T E R F O U R 

INFRARED HEAT 

One of the newest concepts in heating, infrared rays, is 
actually as old as the earth, fo r it is the infrared rays of 
the sun, and their effect, which make the earth habitable. 
Infrared rays are electromagnetic waves identical (except 
in wave length) to light.waves: rays that travel at the 
speed of light, pass through the air without warming it, 
but heat the object toward which they are directed. They 

are subject to reflection and refraction according to the 
laws of optics. This enables infrared rays to be concen
trated exactly where they are needed and wanted, and to 
heat only the object toward which they are directed. 

A n y hot surface emits infrared waves, but the important 
fact is that the length of the waves and their frequency 
vary according to the temperature of the object emitting 
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TABLE 6 

RADIATION D A T A ' 

R A D I A N T S O U R C E 

S P E C T R A L D I S T R I B . 
O F E N E R G Y AT M A X . T E M P . 
I N W A V E - L E N G T H SPANS ( / l ) 

R E D 
B R I G H T N E S S (Btu per hr P E R C E N T A G E 
T E M P E R A T U R E per sq f t ) 0.75-2/1 2-3/t 3-4/i 4-5/i 5-6/1 6-16/1 1.5-16.0/1 

T O T A L 

N O R M A L 
RADIATION 

P E R C E N T O F T O T A L 
R A D I A T E D E N E R G Y A B S O R B E D 

1 -MM T H I C K 

HsO F I L M C O N C R E T E 

2.7-6.0,1 

Ceramic tile, gas atmos 1,675 29,920 14.6 25.3 20.0 14.7 6.7 18.7 95.50 41.40 
pheric burner 

Metallic screen, gas 1,595 32,600 14.1 28.2 21.2 14.0 8.5 14.0 95.90 41.70 
atmospheric burner 

Industrial integral reflector 3,160 24,280 59.2 26.9 4.6 2.8 1.9 4.6 59.00 9.28 
lamp (250-w) 

Translucent quartz lamp 3,000 40,560 52.5 22.9 6.5 6.6 3.3 8.2 62.00 16.28 
(500-w) 

Translucent quartz tube 1,600 23,640 12.6 21.2 17.4 16.0 11.4 21.4 94.50 44.80 
(750-w) 

Adapted from American Gas Association Laboratories' Research Bulletin 92. 

them. Researchers in heat-treating processes have found 
that some processes are accomplished better wi th long 
waves, others wi th short waves. The industrial applications 
of the various infrared wave lengths strive for efficiency 
and economy in generating heat for thousands of pro
cesses. 

Although any fuel , including wood, coal or oi l , may be 
used as a source of heat generation fo r infrared rays, the 
two principal sources are electricity and gas. Theories that 
led to the development of infrared devices originated early 
in this century, and invention of such devices came before 
Wor ld War I . But infrared heating wi th gas did not 
develop rapidly unti l 1956, when a German, Gunther 
Schwank, developed a ceramic face, gas-fired burner. I t 
consisted of a series of rectangular-shaped ceramic tiles, 
about 54-in. thick and pierced wi th hundreds of small 
holes. A i r and gas are mixed in a chamber with the burner 
and then ignited within the holes of the ceramic face to 
create a high temperature and become an efficient incan
descent radiator o f infrared waves or energy. 

The success of the Schwank burner encouraged other 
manufacturers to enter the field and to develop other gas-
fired burners utilizing porous ceramic bodies, pierced 
ceramic bases, or a fine wire mesh. Electrical elements, 
including infrared lamps, radiant rods, quartz lamps and 
quartz tubes, have also been used as heat generators for 
infrared rays. 

I n addition to the varying wave lengths of the rays 
emitted f r o m the various infrared sources, the absorption 
wave length of the material to be heated is a major factor. 
The relationship o f the emitted wave lengths and the ab
sorption wave lengths should be studied prior to selection 
of the heat source for the generation of infrared waves. 
The major absorption wave lengths of concrete range 
f r o m 2.7 to 6.0/i (microns) and a 1-mm thick water f i lm 
has a spread of 1.5 to 16.0/i ( I V - 7 ) . 

Radiation and absorption data for electrical and gas-
fired infrared heaters were obtained experimentally by the 
American Gas Association Laboratories during a recent 

research project ( I V - i ) . Table 6 gives radiation data fo r 
the various units. 

The largest percentage of the wave lengths produced by 
electrical infrared units fa l l in the shorter length groups, 
except for the translucent quartz tube, which has charac
teristics similar to gas burners. However, although the 
quality of the energy emitted by the quartz tube is similar 
to the gas-generated energy, the total normal radiation is 
lower than that o f gas-fired generators at equivalent tem
peratures. 

The absorption of these rays by a 1-mm thick water 
f i l m or concrete is also given in Table 6. Concrete and 
water are normally involved in any snow prevention or 
removal system. Infrared rays can prevent the accumula
tion of snow, but after a layer has covered the surface 
the reflective properties of snow render the system useless 
for removal. Therefore, it is necessary to energize the 
system prior to actual snowfall in order to build up a 
reservoir of heat in the slab and prevent accumulation. 

Infrared units, both electrical and gas-fired, have been 
used successfully in the prevention of snow accumulation. 
Not all units can be used outdoors because of the effect on 
the units of moisture and wind associated wi th snow 
accumulation. 

A t the present time, the only practical electrical infrared 
unit, according to manufacturers, is the quartz lamp wi th 
a tungsten filament. Because of its low coefficient of 
thermal expansion, the quartz enclosure is not subject to 
thermal shock, and water may be sprayed on the lamp 
while it is operating without causing damage. However, 
only 16 percent o f the radiated energy would be absorbed 
by a concrete slab (Table 6 ) . 

The electrical infrared unit emitting rays w i th the 
largest favorable absorptive properties is the quartz tube 
wi th a nichrome wire filament. The quartz tube has the 
same thermal shock characteristics as the quartz lamp 
but, because of the lower operating temperature, the manu
facturers recommended that it be shielded f r o m direct wind 
to maintain maximum efficiency. Therefore, the manu-
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facturers recommend the use of the quartz lamp for snow 
and ice control. 

The gas-fired infrared burners radiate about 70 percent 
of their energy wi th in the wave-length span f r o m 2 to 6 
and about 40 percent f r om 2.7 to 6.0 / i . This wave-length 
span is i n the same range as the absorption wave length o f 
concrete. Thus, a greater percentage of the radiated energy 
f r o m gas-fired burners falls into this range than f r o m 
electrical generators, wi th the exception of the translucent 
quartz tube. 

About 95 percent of the energy emitted f r o m gas-fired 
and quartz-tube generators falls in the 1.5 to 16.0-;a 
span, which is the absorption range fo r a 1-mm thick film 
of water. The quality of the energy emitted f r o m the 
atmospheric gas-fired burners is similar fo r both ceramic 
and wire-mesh surface combustion. 

Electrical and gas-fired infrared equipment manufac
turers were contacted in an effort to determine i f suitable 
equipment is available fo r use as a snow-prevention system 
on highway structures. Although generators o f both types 
have been used successfully outdoors fo r heating, thawing 
and keeping sidewalks clear of snow and ice, there has been 
no installation of the magnitude required for a bridge deck. 

Several commercial and industrial firms are using both 
electrical and gas-fired infrared units in f ront of display 
windows. These units, mounted in an area which shields 
them f r o m the wind, serve to warm the window shopper 
and to heat the sidewalk slab sufficiently to prevent snow 
accumulation. 

A t least 50 percent or more of the rays emitted by these 
units are of the "near" infrared wave-length group which 
approach the visible light spectrum. Therefore, supple
mental lighting is an extra benefit derived f rom this type 
of infrared heating by the commercial firms. However, 
this is not a benefit when the prime object is the prevention 
of snow accumulation. I n this case, the infrared units 
should generate the maximum percentage of their rays in 
the " far" wave-length group fo r greater efficiency. 

Some of the major railroad companies are using modi
fied gas-fired infrared generators to prevent freezing of 
track switches in remote locations which must be kept open 
under all weather conditions. "Sentinel" heaters, manu
factured by the Perfection Division of Hupp Corporation, 
wi th extended reflectors fo r the desired heat-distribution 
pattern, have been used successfully at these locations. A 
moisture-temperature electronic control activates the infra
red generators at the first indication of snow or ice, and 
operation of the generators continues until the storm 
terminates. 

Other features of the Sentinel units include a motor and 
blower to pressurize the case against wind and an electric 
reigaition pi lot coil that automatically reignites the gen
erators should they become extinguished. A l l of these 
features result i n an automatic snow-prevention system 
capable of operating under fa i r ly severe conditions. 

On request, the Perfection Division of Hupp Corpora
tion conducted a preliminary evaluation of gas-fired 
infrared heaters fo r snow control on highway structures, 
based on a required output of 100 Btu per hr per sq f t at 
the surface of the deck slab. 

Several placement locations on the structure were sug
gested to Perfection Division fo r review (Fig. 15). I t 
seemed desirable to place the units along the curbs or 
guardrails at a lower mounting height and transmit the 
infrared rays at an angle to the deck surface. This location 
eliminates the problem of vertical clearance f o r units 
mounted directly over the roadway, and also permits more 
surface coverage when vehicles are traveling close together. 
However, even wi th special reflection devices, the evalua
tion showed that a large portion of the infrared output 
energy would be wasted. 

Another difficulty associated wi th a lower placement, as 
i n Figure 15A or 15B, is adequate horizontal clearance 
to provide safety fo r combustible materials in vehicles 
which might become stalled on the structure. As the angle 
of placement f rom the horizontal is increased, the distance 
the rays must travel to reach the roadway surface is i n 
creased, and the area covered is increased, which reduces 
the heat intensity per unit area fo r each generator. 

For these reasons, the ini t ial evaluation did not recom
mend placement other than directly over the roadway sur
face to be heated. 

ESTIMATED COSTS 
Init ial evaluation and cost estimates were performed fo r 
a typical 2-lane structure and a typical 4-lane structure, 
each 100 f t long and having minimum vertical clearance 
of 16 f t 4 in . A 2-lane structure with 30-ft clear roadway 
width (curb-to-curb) would require 18 heater units 
mounted overhead at the min imum vertical clearance, or 
40 units wi th a 23-ft vertical clearance, to provide 100 
Btu at the roadway surface (Fig. 16). The 23-ft height 
was used to provide additional safety for trucks which 
may become stalled directly beneath the heaters. 

A unit price of $440.00 (f.o.b. Cleveland, Ohio) for 
each heater unit, and an estimated cost for labor and 
installation, were used to estimate an average cost of in 
stallation, as follows: 

1. Wi th a 16-foot 4-in. vertical clearance 
a. 18 units at $440.00 = $ 7,920 
b. Labor and installation 

estimated at 100 percent = 7,920 

Total cost = $15,840 
Area = 30 by 100 f t = 3,000 sq f t 
Cost per sq f t = $ 5.28 

2. Wi th a 23-ft vertical clearance 
a. 40 units at $440.00 = $17,600 
b. Labor and installation 

estimated at 100 percent = 17,600 

Total cost = $35,200 
Area = 3,000 sq f t 
Cost per sq f t = $ 1 1 . 7 3 

These calculations show that the unit cost per square foot 
increases rapidly as the mounting height is increased. 

Operating costs can be estimated f r o m the gas con
sumption rate, but different prices for propane or natural 
gas at different locations affect the actual cost. Each of 
the Sentinel units is rated at 48,000 Btu per hr. A t an 
approximate production of 1,000 Btu per cu f t of natural 
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B. 

Mounted Along Handrail 

Mounted Along Edge of Structure 

1 5 - 0 

Figure 15. Potential infrared 
applications, 2-lane and 4-lane 
structures. Mounted Over Roadway 

gas, each unit consumes 48 cu f t of gas per hr. Usmg 
approximate gas costs of $0.70 per 1,000 cu f t , an operat
ing cost of $0,201 and $0,488 per 1,000 sq f t per hr is 
obtained for the two vertical clearances, respectively. 

Calculations were also made for a 4-lane structure with 
a 54-ft clear roadway width. I n this case, 30 or 70 units 
would be required, depending on the mounting height 
(Fig. 17). Estimated installation costs are as follows: 

1. W i t h a 16-ft, 4-in. vertical clearance 
a. 30 units at $440.00 
b. Labor and installation 

estimated at 100 percent 

Total cost 
Area = 54 by 100 f t = 5,400 sq f t 
Cost per sq f t 

2. W i t h a 23-ft vertical clearance 
a. 70 units at $440.00 
b. Labor and installation 

estimated at 100 percent 

Total cost 
Area = 5,400 sq f t 
Cost per sq f t 

= $13,200 

= 13,200 

= $26,400 

4.89 

$30,800 

30,800 

$61,600 

20 20 20 20 20 

A Two-lone S t r u c t u r e - - left 4 i n Vert icol Cleoronce 

1^ 
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B T w o - l o n e S t r u c t u r e - - 2 3 f t Vertical Cleoronce 

11.41 Figure 16. Required infrared units, 2-lane structure. 
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Figure 17. Required infrared units, 4-lane structure. 

Operating costs would be $0,187 and $0,434 per 1,000 
sq f t per hr for the two vertical clearances. 

EVALUATION 
The foregoing estimated installation and operating costs 
are based on existing equipment offered by the gas-fired 
infrared manufacturers. Through the use of reflectors and 

modifications on the generators, it is possible that more 
economical units could be designed specifically fo r high
way and similar purposes that would allow mounting other 
than directly overhead. Units or reflectors mounted in 
curbs might be a possibility. 

One definite advantage of gas-fired infrared generators is 
the ability to have a reasonably small and economical 
power source at a rural location not served by electricity. 
The power plant would consist only of tanks of propane 
gas, which are available in various sizes. I n large muni
cipal locations, natural gas is usually available at reason
able cost compared to the cost of providing large electrical 
transformer stations. 

Although electrical infrared generators have been used 
successfully fo r spot heating outdoors to prevent snow 
accumulation, the majority of these units have been 
mounted at a height too low for adequate highway 
clearance. 

The potential of infrared heating for snow prevention 
on highway structures appears to be promising, particu
larly i f a reflectorized system can be developed to elimi
nate overhead mounting. Aluminum is a very good 
reflector of infrared. I t would be efficient, f r om the stand
point of heat losses, to apply heat directly to the surface 
of a road or structure without having to heat a surface 
course in depth. However, such a reflectorized system 
must provide for the quality of the infrared rays within 
the wave-length group readily absorbed by concrete or 
other surfacing material. This may not be technically 
feasible. Experimental research is indicated in these areas. 

I n addition to the evaluation by the Perfection Division 
of Hupp Corporation, much assistance and guidance in 
this research has been provided by the staff of Charlson 
Products, Inc. (representative for Van Dorn Infra-Red) , 
Fostoria-Wakefield Corporation and other infrared manu
facturers. 

C H A P T E R F I V E 

OTHER METHODS FOR PERMANENT INSTALLATIONS 

Permanent snow-removal and snow-prevention systems 
offer a distinct advantage in that they always are available 
when needed. However, they have a disadvantage i n that 
the equipment and materials are usually available for use 
at one location only. This increases the capital investment 
necessary for snow removal, unless parts of the system 
can be utilized for other purposes. 

In some locations the cost of permanent installations can 
be offset by road-user benefits, lower maintenance costs 
and freedom f rom possible damage due to repeated chemi
cal applications. 

COVERED STRUCTURES 
One of the first types o f permanent installation capable o f 
preventing snow accumulation was the early covered 
bridge whose design was influenced partially by struc
tural stability requirements of the times. Modern struc-
ural design provides stability without need of covered 
structures. However, consideration might be given to the 
use of covers over structures fo r the purpose of controlling 
snow and ice. 

Light-weight plastics and other translucent materials are 
being used increasingly as protective coverings and domes 
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for outdoor areas. Plastic shells and light aluminum 
frameworks offer a possible solution to the highway struc
ture snow and ice problem. This solution might prove 
relatively inexpensive, since initial installation would be the 
major cost. 

However, there are disadvantages which make considera
tion of bridge covers impractical: problems of snow load 
on top of the cover, lighting and visibility, vertical clear
ance, appearance, and wind-blown snows entering the 
open ends of the structures. Although the idea has a 
certain appeal, a feasible and practical design has yet to 
be worked out. 

ELECTRICALLY CONDUCTIVE ROAD SURFACES 

A method recently tested in Great Britain involved the 
addition of graphite to asphalt surfacing material to make 
the wearing surface sufficiently electrically conductive to 
generate heat at outputs of up to 20 w per sq f t without 
the use of a metal heating grid. Electric current was sup
plied to the asphalt by metallic electrodes embedded in the 
base course and covered with the conductive asphalt. 

The power output is related to the dimensions and 
properties of the material by 

Power output (per unit area) = ( — 5 ^ ) y I 
\ L / \ D / 

where V is the voltage across the electrodes spaced at a 
distance L, T is the thickness of the conductive asphalt 
and D is the specific resistance of the asphalt, which de
pends on its composition ( I I I - 7 6 ) . 

The Road Research Laboratory constructed two test 
sections on a roadway subject to vehicular traffic and 
conducted a series of tests to determine the feasibility of 
this method. Data obtained f rom these tests showed that 
the electrical resistance, as measured between the elec
trodes cast in the base course, had increased three or four 
times in 2 years. 

For reasons of safety, the maximum permissible voltage 
that may be used along the roadway surface is 12.5 v 
per 6-ft length. The difficulties involved in supplying the 
required power at low initial voltage l imit the use of this 
method. The increased resistance is believed to be caused 
by the formation of very small cracks inside the asphaltic 
material. The perfection of this method would greatly 
decrease the cost of installation of a snow-melting system. 

ELECTRICALLY CONDUCTIVE MATS 

A method currently being tested by Johns-Manville Prod
ucts Corporation (Fig. 18) involves electrical heater 
panels or mats made f rom a conductive layer tightly 
bonded between resin-filled asbestos sheets. A n interesting 
feature of this system is that the heat is distributed uni
formly across the heated area instead of being a series of 
line sources as in the case with heating cables or embedded 
pipes. 

Although this system is in the early stages of develop
ment and testing, and conclusive data are not available, the 
initial results appear favorable. Test panels operating at 
40 w per sq f t have removed successfully more than one 
inch of snow accumulation in less than two hours and 

Figure 18. Johns-Manville lest section. 

kept the panels free f rom additional accumulation. On this 
basis it appears that the panels could be operated at a 
lower wattage output resulting in lower operating costs. 

The potential of this system to reduce operating costs 
merits additional tests conducted under traffic conditions. 

MELTING PITS 

In a metropolitan or heavily populated area, snow disposal 
is often as critical a problem as snow removal. Af t e r the 
snow and ice have been removed f r o m the streets and 
structures by mechanical methods, maintenance forces 
have to haul it to a dumping area, when one is available. 
I n localities where areas for dumping snow are at a 
premium, some municipalities are constructing permanent 
melting pits to provide adequate snow disposal without 
requiring long hauls. 

A typical stationary or permanent snow-melting installa
tion consists of a melting pit with burners permanently 
mounted inside and auxiliary equipment located in an 
adjacent building. Snow can easily be plowed or dumped 
into the pit which is normally located at lower than ground 
level and equipped with a drainage outlet to storm sewers. 

Thermal snow melters, manufactured by Thermal Re
search and Engineering Corporation and originally de
veloped by Esso Research and Engineering Company, 
utilize a technique of "submerged combustion." This is 
made possible by the use of a high-velocity oil burner or 
gas burner, which, according to design data, is capable of 
releasing over 10,600,000 Btu per hr per cu f t of combus
tion space. 

The burners fire downward, directing the hot combus
tion gases through a stainless steel tube immersed below 
the water level in the pit. By combining several burners, 
the capacity of these installations can be increased f rom 
5 to 40 tons per hr for a single burner to 500 tons per hr 
for combinations. Diesel oi l , kerosene, jet fuel. No . 2 oil 
or any conventional gas at 3-lb pressure may be used as a 
fuel for these burners. 

Permanent snow-melting pits, although they may be 
very practical for parking areas and heavily traveled 
streets in municipal areas, are not a solution to the prob-
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lem of snow removal or prevention on highway structures. 
The snow and ice accumulation must still be removed by 
conventional maintenance equipment and there is usually 
an area immediately available for snow disposal. 

Economic evaluations and cost comparisons performed 
by the manufacturers show that snow melting by portable 
snow-melters or in adjacent stationary melting pits is more 
economical than snow-hauling to distant dumping areas. 

BRIDGE-DECK INSUUTION 
Several state highway departments are continuing to ex
periment wi th bridge-deck insulation to prevent frosting 
and freezing of the surface slab prior to freezing of the 
adjacent roadway surface. The Barrett Division of All ied 
Chemical Corporation conducted a series of tests starting 
in 1960 in cooperation with the New Jersey State High
way Department. Wisconsin, New York , Illinois, Mis
souri, Massachusetts, Texas, Kentucky, West Virginia, 
Colorado, and other states have conducted or plan to 
conduct similar tests using urethane foam insulation. 

The purpose of these tests is to determine the effective
ness of the insulation material in retarding the rate of 
drop in temperature at the deck surface to a rate equal 
to, or less than, the rate at the adjacent roadway surface. 
The insulation w i l l not prevent or remove the accumula
tion of snow, but any method of equalizing the condition 
of adjacent slabs is desirable in reducing hazards. In addi
tion, the number of freeze-thaw cycles and chemical ap
plications could be reduced. 

Urethane foam compounds are composed of isocyanates 
and polyether polyols mixed together wi th other reac-
tants to f o r m a l iquid that can be sprayed on a surface, 
resulting in a foaming reaction that produces f r o m Vi 
to 1 in. of solid insulation material. The liquid compound 
must be applied under ideal conditions. These include a 
dry surface for application and temperatures generally 
over 80 F. When properly applied, the resulting insula
tion is waterproof, self-extinguishing i f ignited, and has 
a density of 2.0 to 3.0 pcf. 

Some installation costs have ranged f rom $0.50 to $0.75 
per sq f t , but costs increase rapidly due to delays caused 
by equipment breakdown and adverse weather conditions. 

Some researchers have installed thermocouples in the 
insulated slab and adjacent uninsulated sections to measure 
and compare temperatures in an effort to determine the 
effectiveness of the urethane foam insulation. Although 
some of the installations have been in place 2 to 3 years. 

none of the research has provided definite conclusions 
concerning the effectiveness of the insulation. 

Many factors, including the severity of the temperature 
and the duration of the cold period, affect the tempera
tures in the bridge and roadway slab. There has been 
some indication that the slab temperatures on an insulated 
bridge deck tend to fa l l slower than on an adjacent un
insulated bridge deck, but also that the temperature rises 
slower. This may result in differential icing on the other 
end of the freezing period cycle. Thus, some of the effects 
resulting f rom bridge-deck insulation may not be desir
able. More complete experimental data are required to 
determine whether or not the cost of urethane foam ap
plication is warranted by the benefits of equalizing icing 
conditions. 

Although urethane foam may not prove to be practically 
beneficial in this respect, it is certain that similar applica
tions would be beneficial where heating systems are em
ployed. The theoretical considerations show how heat 
losses downward can be reduced materially by the pro
pitious use of insulating material. 

OTHER METHODS 
Other permanent installations have been suggested for 
various locations using heated compressed air, wi th an 
arrangement of ducts to either melt or blow the snow 
f r o m the slab surface. 

A combination snow-removal and fog-dispersal system 
is recorded by Paul Ludwig Geiringer under U . S. Patent 
2,570,226, October 9, 1951. The system consists of an 
embedded-pipe system combined with heaters and blowers 
for the dual purpose of snow-removal and fog-dispersal. 

Another system utilizing hot air is patented by Assen 
Jordanoff, U . S. Patent 2,634,659, A p r i l 14, 1953. I t is 
designed to prevent the accumulation of snow on runways, 
roads and other slab surfaces. A resilient conduit is at
tached flush to the slab surface and compressed air is 
forced through nozzles or perforations in the conduit to 
prevent snow accumulation. 

No snow-melting installations using compressed air are 
known to have been constructed. The disadvantages of 
this method are numerous, and even partial failure renders 
the system totally useless and hazardous. The nozzles or 
jets are subject to clogging by slush and debris. Only 
"dry" snow can be prevented f rom accumulating. Heated 
air would tend to partially melt any snow accumulation, 
wi th possible refreezing occurring. 

C H A P T E R S I X 

PORTABLE EQUIPMENT 

THERMAL METHOD 

Portable snow-melting or snow-removal equipment offers 
the advantage of providing snow removal for many loca

tions. However, the disadvantage of this method is that 
it permits snow to accumulate unti l the melting or removal 
equipment is available for operation at the particular 
location. 
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Several patents are held for snow-melting machines using 
the principle of a melting vat and a heat source. The 
Thermal Research and Engineering Corporation manufac
tures several models of mobile snow-melters similar to the 
Thermal stationary models. 

These mobile melters have the melting tank, burner, 
controls, fuel tank, and auxiliary equipment mounted on 
a trailer that can be easily moved f r o m site to site. Front-
end loaders, conveyors and snow-blowers are used as load
ing equipment after the snow has been piled or windrowed. 
The melting units may be towed down the roadway sur
face, continuously melting the snow as i t is loaded into 
the melter and draining the water through an outlet hose 
either into a nearby sewer, or directly on the street i f 
temperatures are favorable. 

Cost surveys and economic evaluations performed by 
Thermal Research and Engineering Corporation show 
favorable cost comparisons for thermal disposal as opposed 
to hauling. These costs do not include normal mainte
nance necessary to remove or windrow the snow f r o m the 
roadway. As wi th stationary melting pits, portable melters 
are applicable only for disposal ( V I - 4 i ) . 

Design variations of portable snow-disposal units include 
adaptations of various heating units, impeller blades fo r 
forced agitation, brine to prevent the drain water f r o m 
freezing, and self-propelled units that pick up the snow 
directly f r o m the windrow or roadway surface without 
supplemental loading equipment. 

Several large municipalities are testing various makes 
and models of the available units, since snow storage is 
often a critical problem in these areas. The only sig
nificant application of mobile snow-melting equipment to 
snow removal or prevention on highway structures would 
appear to be in urban areas or on long structures or 
depressed roadways where windrow storage space is at a 
premium. 

Snow and ice removal in place by thermal methods has 
been tested repeatedly by various agencies and manufac
turers over the years. Although there are many variations 
of this method, they may be divided into two categories: 
(1) removal by direct flame or heated attachments, and 
(2) removal by heated compressed air or air blasts. 

The "Ice Jet" utilizes both heat and forced air as a 
method of snow removal. Page-Littleford Corporation 
developed this device, which consists primarily of a modi
fied turbo-jet engine mounted horizontally on a steerable 
two-wheel trailer that is pushed ahead of a fuel-supply 
truck. The direction of the jet blast is controlled hy-
draulically by manipulating a stainless-steel nozzle. 

Init ial performance tests of this device by mili tary 
agencies have shown it to be unsatisfactory. The residue of 
ice or water is not completely removed and the visibility of 
the driver and the operator of the unit is restricted because 
of swirling snow and steam ( V I - 4 5 ) . 

Other variations of the jet-engine removal device include 
a modification fo r weed burning, chemical spraying, and 
drying which would enable the snow-removal equipment 
to be used a greater percentage of the time. Turbo-
Dynamics, Inc. and Mobile Jet Dispersals, L td . have de
veloped units operating on the foregoing principles. 

I n place of the jet engine as a heat source, other ex
perimental applications have employed infrared units, a 
distributor head of direct flame and other devices to 
transfer heat to the roadway slab. On portable units, o i l 
or gas normally is used as the heat source or is employed 
to operate a portable generator to provide electrical power. 

These machines generally have not proven successful; 
even though some do melt all of the snow and ice, there 
still is the problem of refreeze f r o m the meltwater. Many 
methods have been used in an attempt to remove this 
water, but additional heat, warm air, brooms and even 
squeegees have not been successful at any reasonable for
ward speed of the removal equipment. Another difficulty 
associated wi th this type of removal is the danger of 
damaging the pavement surface i f the heat is concentrated 
in one location too long. 

A unique application patented by Arthur A . Owen and 
Samuel B. Musgrave, U.S. Patent 1,012,904, December 
26, 1911, consists of a sweeper wi th heated brushes to 
assist in snow removal and to prevent snow or ice accumu
lation on the brushes. 

Other devices include equipment designed to melt the 
surface accumulation sufficiently to embed sand or other 
abrasives to provide adequate traction. The Schorling H o t 
Sander, tested by the Canadian Central Experimental and 
Proving Establishment, operated on this principle. The 
operation was slow and the sand did not adhere properly 
to the ice. The Sicard Water Flusher, which sprays a 
thin layer of water onto the icy roadway surface prior 
to applying a layer of sand, was also tested and performed 
favorably. The purpose of these devices is to provide 
traction; they do not assist in snow removal ( V I - i 6 ) . 

NON-THERMAL 
Various non-thermal or mechanical devices were used fo r 
snow and ice removal f r o m highways, roads and streets 
even before the invention of the motor vehicle. Plows, 
scrapers, blowers, brooms, and shovels are designed to re
move snow once it has accumulated. 

The greatest difficulty associated wi th mechanical snow 
removal is that of breaking the surface bond between the 
roadway slab and the snow or ice layer. Unless this bond 
is broken, the roadway wi l l retain a layer of slippery 
material that necessitates abrasive or chemical treatment. 

N o attempt wi l l be made to enumerate the standard 
pieces of snow-removal equipment currently in use by 
state highway departments and other agencies responsible 
for snow removal f r o m traffic routes. This equipment is 
numerous and varied in design. 

Although, in general, mechanical equipment is capable 
of removing unconsolidated snow readily, i t is usually 
not efficient in the removal of compacted snow or ice. 
I t has a further disadvantage of being hard on surfaces not 
flush with the roadway, such as curbs and medians. These 
faults have led to research to develop improved equipment 
or, i n some cases, supplemental equipment. 

Included in this equipment are snowplows using hard 
rubber blades (employed successfully in Great Br i t a in ) , 
scrapers, chisels, crushers, rollers, disks and "air blasters" 
using finely crushed particles of ice as the abrasive ma
terial. Most of the latter equipment produces a surface 
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more receptive to retention of sand or other abrasives, but 
has not proved successful for complete snow and ice 
removal. 

Breaking the surface bond can be done wi th varying 
degrees of effectiveness by thermal heat, pressure, or 
chemicals. The use of ultrasonics, or high-speed sound 
waves, for breaking the ice-to-pavement bond was sug
gested as an area of study by the A r m y Engineer Research 
and Development Laboratories (\l-46). 

Ultrasonics are being used in industry fo r many pur
poses, including testing fo r flaws in solid materials and 
cleaning, but library research and contact w i th mil i tary 
agencies disclosed no applications or research directly 
applicable to snow and ice removal on highway-type sur
faces. A device utilizing ultrasonics that could break the 
surface bond without damaging the surface would have a 
definite potential in solving the problem of effective snow 
and ice removal. 

CHAPTER SEVEN 

CURRENT SNOW-REMOVAL COSTS AND DAMAGE 

CURRENT SNOW-REMOVAL COSTS 

Forty-two state highway departments wi th snow-removal 
problems were contacted through correspondence request
ing data on non-chemical methods, current chemical costs 
of snow removal, and structural damage costs that might 
be attributed to chemical applications. Replies were re
ceived f r o m 39 states, but chemical and current snow-
removal cost data were meager. (The problem of chemical 
costs and related structural damage is being researched 
specifically under other National Cooperative Highway 
Research Program projects. However, i t was considered 
necessary to explore this area also in order to make cost 
comparisons relating to non-chemical methods.) 

The chemicals most commonly used by agencies respon
sible fo r the removal of snow and ice f r o m highway, road 
and street systems are sodium chloride (NaCl) and calcium 
chloride ( C a C L ) . Sand, cinders, and other abrasive ma
terials often are mixed wi th the chemicals to provide 
immediate relief f r o m the slipperiness of the pavement 
and to assist vehicles in gaining traction. The chemicals 
are available i n various gradations of coarse, medium, fine, 
fllake, or pellet. 

The cost per ton varies considerably, depending on the 
distance f r o m the source material and the method of 
shipping. Sodium chloride costs range f r o m $5.40 to 
$21.00 per ton bulk delivered, and f r o m $13.88 to $23.60 
per ton bagged. Costs f o r calcium chloride are consid
erably higher, ranging f r o m $26.00 to $68.00 per ton 
(Tab l e? ) . 

Under certain conditions, many agencies are using a 
mixture of both, together wi th abrasives, to achieve maxi
mum efficiency and economy. 

N o attempt w i l l be made in this report to enumerate 
costs of other chemicals being used on an experimental 
basis. Chemical and other snow-removal costs used in this 
report are calculated on a current basis. 

Chemical costs involve more than the purchase price of 
the material. Once the quantities and combinations of 
chemicals and abrasives are determined, special spreading 
equipment is necessary fo r rapid and effective application. 

TABLE 7 

COST PER TON OF SODIUM CHLORIDE A N D 
CALCIUM CHLORIDE 

NaCI CaCL 
STATE ($) ($) 

Arkansas 19.50 51.20 
Connecticut 13.00 35.00 
Kansas 8.28 58.25 
Michigan 5.40 26.00 

13.88° 32.00 -
Missouri 15.00 50.00 
Montana 21.00' 68.00 
Nebraska 13.00-14.00 50.00-60.00 

17.00-18.00° — 
New Hampshire 14.00 — 
New Jersey 12.00 42.00 
North Dakota 21.00 62.20 
Texas 18.36 — 
Washington 16.00 36.00 
Pennsylvania Turnpike 13.00 38.00 
Richmond-Petersburg Turnpike 15.60 38.00 

23.60° 40.80 " 

" Bagged. 

This equipment must be carefully maintained throughout 
snow- and ice-removal operations, and be properly stored 
during the summer months to prevent undue depreciation. 

I n addition, snow- and ice-removal operations are not 
restricted to a normal working day or to a 40-hr week, 
but are conducted on an around-the-clock basis to provide 
maximum safety fo r motorists. Also, i t is frequently 
necessary to have men and equipment patrol facilities 
whenever hazardous conditions threaten to develop at 
particularly dangerous locations, such as on curves, steep 
grades or structures. The additional men and longer work
ing days wi th increased pay rates for overtime required by 
these current methods add to the cost. 

A number of state highway departments maintain a 
bare-pavement policy, which further increases the cost. 
Also, the specific problem of preventing differential freez-



45 

ing on structures requires immediate, or occasionally ad
vanced, application of chemicals or abrasives. I n addition, 
unless all snow and ice deposits are removed f r o m the 
decks of the structures during melting periods, the accu
mulation w i l l refreeze and require further chemical or 
abrasive treatments. 

Dur ing the winter of 1961-62, the Connecticut State 
Highway Department conducted a series of tests using 
sodium chloride and mixtures of calcium chloride. The 
purpose of these tests was to determine the relative effec
tiveness of the different applications. Table 3 in Appendix 
B of Connecticut Research Report 2 ( V I I - Z J ) gives the 
results of the tests, together wi th costs on a comparative 
2-lane-mile basis. Costs were broken down as in Table 8. 
They include all contingent direct costs associated wi th 
the removal of snow by chemical methods, including the 
cost of regular snow-removal equipment. 

Despite the responses f r o m most of the 42 states wi th 
snow-removal problems, i t was possible to develop costs 
of snow removal using chemicals on a per mile basis in 
only a few of these states. These costs, which were directly 
stated in some cases or could reasonably be inferred in 
others, are summarized in Tables 9 and 10. Although 
many other states gave total costs, either overall or fo r 
chemical applications, these were related only to the total 
miles of the state system. I t would appear f r o m the low 
values of cost per mile that the road systems could not 
have been treated in their entirety. In some cases, i t was 
difficult to determine what items of work were included. 

I n order to make some approximate comparisons be
tween snow-removal costs by ordinary methods, includ
ing chemicals, and snow-removal costs by non-chemical 
methods, it has been necessary to relate all of these costs 
to a single given set of climatic conditions. There is an 
insufficient number of non-chemical installations where 
complete cost data have been recorded to make actual 
comparisons in different environments. 

I n accordance wi th theory developed f r o m research find
ings, typical installations of different types have been de
signed fo r the environmental conditions in the Trenton, 
N . J. area. I n a determination of the costs of ordinary 
ehemical methods in this general environment, two sources 
of data are available. The first source is the New Jersey 
State Highway Department, which was asked to furnish 
costs. The total costs of snow removal in New Jersey, in
cluding chemical applications and all other direct regular 
costs, are approximately $900 per 2-lane mile (Table 9 ) . 
The costs of the applied chemicals alone are $250 per 
mile (Table 10). 

The other source of data is Connecticut, which is geo
graphically close to New Jersey and in a similar climatic 
environment. The figures reported for Connecticut are 
derived f r o m special research on limited test sections where 
all direct snow-removal costs have been carefully recorded. 
These data are limited to one season. However, they are 
the only thoroughly defined data available. Accordingly, 
the Connecticut experimental costs per 2-lane mile—$890 
total, including $285 for chemicals and abrasives (Table 8) 
— w i l l be used for approximate cost comparisons in the 
Trenton area. 

TABLE 8 

TYPICAL SNOW REMOVAL COST PER 2-LANE M I L E ' 

ITEM CaCls AND NaCl NaCl 

NaCl $134.70 $ 127.08 
CaCL 93.40 — 
Sand 57.23 142.65 
Labor 349.79 408.28 
Equipment 173.77 218.76 
Sand pickup 81.49 124.60 

Total $890.38 $1,021.37 

' As shown in Table 3, Appendix B ( V I I - ; 5 ) . 

TABLE 9 

A N N U A L SNOW REMOVAL COSTS PER M I L E 
USING CHEMICALS 

INTERSTATE 
2-1 ANE OR URBAN 

STATE HIGHWAYS TOLL ROADS EXPRESSWAY 

Connecticut" $ 890.00 
Illinois 516 00 $ 871.00 $7,900.00 
Maryland 528.00 
New Hampshire 611.00 
New Jersey 900.00 " 
New York 1,400.00 
Vermont 1,000 00 

•' Result of research findings, 1961-62. 
Assuming 10 percent overhead. 

'• New York Thruway Authority. 

TABLE 10 

A N N U A L COST PER MILE OF CHEMICALS ONLY 

INTERSTATE 
2-LANE OR 

STATE HIGHWAYS TOLL ROAOS 

Connecticut $175.00 
New Hampshire 364.00 
New Jersey 250.00 
Pennsylvania" 
Virginia " 

$722.00 Pennsylvania" 
Virginia " 440.00 

" Toll road. 
^ Richmond-Petersburg Turnpike. 

I n applying average roadway costs like these to struc
tures, the Chief Highway Engineer of the Illinois Depart
ment of Public Works and Buildings has suggested that 
additional work necessary to control and remove snow 
f rom structures should also be considered. Factors in 
volved are as follows: 

1. Patrolling the structures to detect icing conditions 
which often occur prior to roadway icing. 

2. Additional number of chemical and abrasive treat
ments. 
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3. Extra labor and equipment to transport windrowed 
snow f r o m the structure. 

4. Time wasted through traffic tie-ups on structures, 
especially in urban situations. 

Since there has been no research or recording of costs 
to determine the actual increase in work involved, a factor 
of two times the roadway snow-removal costs has been 
selected arbitrarily for approximate cost comparisons. 
On this basis, the annual cost for snow removal in the 
Trenton area on a 2-lane structure 1,250 f t long would 
be 2.0 X $890 x 1,250 ^ 5.280 = $420.00, or approxi
mately $14.00 per 1,000 sq f t . 

For actual cost comparison with a proposed snow-melt
ing system, the responsible agency should use its own 
snow-removal costs, increased to allow for contingencies 
associated with snow removal f rom structures. 

CHEMICAL DAMAGE 

Replies f r o m state highway departments contacted for 
information on structural damage that might be attributed 
to deicing chemicals did not provide any conclusive data 
for computing economic savings in cases where chemicals 
would not be required; that is, on heated roadway or 
bridge sections. 

I t is true that premature structural damage, scaling and 
other surface deterioration is occurring on highway struc
tures. But the results of studies to date do not reveal any 
definite correlation with the use of chemicals for snow 
removal. I t is the judgment of many highway officials 
that chemicals are a contributing factor, particularly in 
the case of new concrete. However, there may be other 
equally significant factors. 

As an example of research being performed, several 
state highway departments (including New Jersey, Michi 
gan, California, Texas, Maine, Vermont, Minnesota, I l l i 
nois, Ohio, Virginia, Kansas and Missouri) currently are 
participating in a Cooperative Bridge Deck Survey, along 
with the Portland Cement Association and the U.S. Bureau 
of Public Roads. 

Repair or replacement of damaged concrete is extremely 
expensive. Costs range as high as 30 times the original 
cost on a volume basis, depending on the depth and extent 
of damaged material or the need for complete replace
ment. 

For example, deck replacement cost for a IVi-'m. slab 
on the New Jersey Turnpike was reported at $360 per 
cu yd ( V I I - i 5 ) , or approximately $83.33 per sq f t . These 
high costs were partially due to the accelerated basis on 
which the contract was awarded and the fact that costs 
were included for demolition and new reinforcing steel. 
This is possibly an extreme example, but it is indicative 
of the high costs of work that may be involved. Bid 
prices for deck patching were $8.90 per sq f t for coal-tar 
epoxy resin patches and $8.50 per sq f t for non-shrinking 
concrete patches. 

Costs for deck replacement that are probably more 
typical have been furnished by the New Hampshire De
partment of Public Works and Highways (Table 11). 

Table 12, f r om the same source, shows typical costs fo r 
deck patching. Average costs per square foot are $6.35 
and $4.25, respectively. 

Engineers in both of the forementioned slates indicate 
an inability to attribute such repairs solely to the use of 
deicing chemicals. 

Figure 19 is a typical example of deterioration where 
no deicing chemicals have been applied on the structure; 
Figure 20 exemplifies deterioration on structures chemi
cally treated. These illustrations show the problem con
fronting research agencies investigating the causes of con
crete deterioration. 

There is still a substantial need for research in this 
area. A concerted effort involving all facets of design, 
construction, materials and maintenance undoubtedly 
would be profitable in helping to solve this very expen
sive highway maintenance problem. 

Under the circumstances, it has not been possible to 
determine the potential cost of any structural damage that 
may be due to chemical applications so as to calculate 
possible savings f rom non-chemical snow- and ice-removal 
systems. 

Figure 19. Deterioration in absence of chemicals: (a) curb-
deterioration: (b) handrail erosion. 



47 

Figure 20. Deterioration where chemicals were used: (a) 
4-in. hole in deck; (b) exposed reinforcing steel. 

TABLE 11 

DECK REPLACEMENT COSTS " 

DECK AREA COST 
LOCATION (Sqft) (per sq ft) 

Concord, south end bridge 14,000 $5.35 
Portsmouth Memorial Bridge 17,000 5.85 
Lebanon, junction US 4 and US 4A 11,100 9.90 
Franklin, US 3, Pemigewasset River 11,800 6.70 
Groveton, US 3 4,200 2.20 
Cornish, N H 12 1,700 2.06 
Troy—Marlboro, N H 12 3,300 7.00 

° Furnished by New Hampshire Department of Public Works 
and Highways. 

TABLE 12 

DECK PATCHING COSTS' 

DECK AREA COST 
LOCATION (sqft) (per sq ft) 

Woodsville, N.H.—Wells River, Vt. 6,200 $5.15 
Littleton, N.H.—Waterford, Vt. 13,400 3.23 
Croydon, N .H . 10 910 4.40 
Hanover, N.H.—Norwich, Vt. 8,300 4.35 
Danbury 1,700 4.35 

" Furnished by New Hampshire Department of Pubhc Works 
and Highways. 

CHAPTER EIGHT 

COST COMPARISON: 
NON-CHEMICAL METHODS VERSUS CURRENT METHODS 

SNOW-MELTING SYSTEM COSTS 

Non-chemical snow-prevention and removal systems are 
expensive but may be warranted in certain locations be
cause of special traffic or safety considerations. Total 
costs of a snow-melting system include installation and 
operating costs. Certain maintenance costs are also 
involved since the system must be turned on and off, or 
checked continuously in the case of full- t ime or automatic 
operation. Unless the system breaks down, the work in 
volved is not extensive and is usually made part of a 
maintenance patrolman's regular duties. Well-designed 

systems should not be subject to breakdown, as many 
existing installations demonstrate, and should last for years 
with very little special maintenance. 

Because of the anticipated low order of maintenance 
cost, as well as the roughness of the cost approximations, 
these costs wi l l not be considered in the cost comparisons 
in this chapter. 

The operating costs and times reflect the method of 
operating the system. When the example system for 
Trenton is operated only during periods of actual snowfall 
or frost at = 0.5, the annual hours of operation total 



48 

77. However, i f the same system is operated continuously 
throughout the winter season during all periods of sub-
freezing temperatures, the operating hours increase to 312. 
Effective values between these two times would result i f the 
system is operated at idle during all subfreezing periods and 
at f u l l load during the snow falls. 

As a un i fo rm basis fo r comparing costs of different 
non-chemical methods wi th chemical or more usual 
methods, the calculated examples of different types of 
installations are based on a fixed set of climatic conditions 
as found in the Trenton area. Installation costs for these 
systems have already been determined, as follows. 

Embedded Pipes 

1. Complete Heating Plant 
a. Installation costs (g $3.44 per sq f t ; prorated 

annual cost* = $0,172 per sq f t . 
b. Annual operating costs; 77 hours @ $0.20 per 

1,000 sq f t = $0,015 per sq f t . 
Total Annual Costs (a) - I - (b) = $0,187 per sq f t . 

2. Utility-Furnished Steam 
a. Installation costs @ $2.64 per sq f t ; prorated 

annual cost = $0.132 per sq f t . 
b. Annual operating costs; 77 hours @ $0.75 per 

hr per 1,000 sq f t = $0,058 per sq f t . 
Total Annual Costs (a) - I - (b) = $0,190 per sq f t . 

Operating costs for these systems are based on the two 
types of operation in general use. Average experience costs 
are fo r these types of operation in the Trenton area. In 
Case 1, a complete heating plant is owned by the operating 
agency. I n Case 2, steam is purchased commercially f r o m 
a central supplier to power the heat exchanger. 

Embedded Electrical Elements 

1. Resistance Cable (ut i l i ty company owns trans
formers) 
a. Installation costs @ $3.20 per sq f t ; prorated 

annual cost = $0,160 per sq f t . 
b. Annual operating costs; 77 hours @ $4.00 per 

hr per 1,000 sq f t = $0,308 per sq f t . 
Total Annual Costs (a) - I - (b) = $0,468 per sq f t . 

2. Resistance Cable (operating agency owns trans
formers) 
a. Installation costs @ $4.20 per sq f t ; prorated 

annual cost = $0,210 per sq f t . 
b. Annual operating costs; 77 hours @. $2.60 per 

hr per 1,000 sq f t = $0,200 per sq f t . 
Total Annual Costs (a) + (b) = $0,410 per sq f t . 

3. Reinforcement Wire Mesh (operating agency owns 
transformers) 
a. Installation costs @. 3.00 per sq f t ; prorated 

annual cost = $0,150 per sq f t . 
b. Annual operating costs; 77 hours (g $1.00 per 

hr per 1,000 sq f t = $0,077 per sq f t . 
Total Annual Costs (a) + (b) = $0,227 per sq f t . 

* Based on an assumed structure life of 20 years before 
major repairs. There are insufficient data to determine life 
expectancy more closely. Thus, any investment analysis would 
be meaningless. 

The electrical resistance cable costs reflect two different 
situations: (1) the transformers and necessary equipment 
are furnished by the ut i l i ty company, or (2) they are 
installed as part of the snow-removal equipment by the 
highway department. 

The power rates include demand charges and are based 
on average experience costs in New Jersey. For a cost 
comparison in a different locality, prevailing power rates, 
including demand and other charges must be determined. 
The local power-rate structure can mean the difference 
between a practical or impractical (even economical) 
installation. Power company demand charges, which are 
occasioned at least partially by the expected depreciation 
of capital equipment (transformers) and the low per
centage of use, are often the most significant factor. 

Annual snow-removal costs per thousand square feet fo r 
the various methods considered, as well as current removal 
costs, are shown in Figure 21 . The cost of snow removal 
by normal chemical methods in the New Jersey area ap
proximates $14.00 per 1,000 sq f t , as compared to a high 
of $468.00 per 1,000 sq f t fo r an electrical snow-melting 
system. I n other words, i t costs about 33 times more to 
install and operate an electrical snow-melting system than 
to control snow and ice by normal methods. 

The cost of an embedded-pipe system is considerably 
lower than an electrical system, but even these systems cost 
about 14 times more than current removal systems. The 
major difference in cost between an embedded-pipe system 
and an electrical-element system is in the cost of operation, 
as shown in the foregoing comparisons. While installation 
costs for the two types of systems are comparable, the 
expense of electrical power exceeds the cost of heat-
transfer methods for most localities. Demand charges are 
largely responsible fo r the high operating cost of the 

8 300 

I 

Snow-Removal Method 

Figure 21. Snow-removal costs based on example installation, 
Trenton, New Jersey. 
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electrical installations. I f these could be eliminated, the 
cost of the electrical installations would fa l l i n line w i th 
the costs of the embedded-pipe systems under most power 
rate structures. 

Electrical installations using wire mesh as the heating 
element approximate the cost of embedded-pipe systems 
when the operating agency owns the transformers. Most 
installations of this type in the United States have been 
unsatisfactory, although the Municipali ty of Metropolitan 
Toronto Department of Roads has achieved good results 
on portions of the F. G. Gardiner Expressway, using a 
nongalvanized black wire mesh. 

Factors other than installation and operating costs must 
be evaluated when any of these systems are under con
sideration. The availability of the required power and 
the type of construction may be controlling factors in the 
selection of the most appropriate type of snow-melting 
system. Generally, the selection of embedded-pipe systems 
is restricted to new construction, while electrical cables or 
mesh are often installed beneath surface overlays, although 
they are equally suitable for new construction. 

The costs of the example installations as developed fo r 
Trenton may be compared with the costs experienced on 
actual highway installations as given on each type of 
installation. Unfortunately, there has been an insufficient 
number of installations (and costs have not been separately 
recorded in every case) to develop meaningful summaries 
on an average-cost basis. 

OTHER COSTS AND BENEFITS 

The cost comparisons illustrate that snow-melting systems 
are expensive in relation to current snow-removal prac
tices. However, it must be decided i f current methods 
provide the best possible service and maximum protection 
to the huge investment in the national highway system, 
both rural and urban. 

Snow-melting systems have been justified for critical 
locations where traffic delays and accidents during icy 
conditions on heavily traveled highways are intolerable. 
Other factors mitigating the high-investment cost of snow-
melting systems analyzed in this research are summarized 
in the fol lowing paragraphs. 

Chemical Damage 

The subject of chemical damage to structures has been 
discussed because deicing chemicals are normally asso
ciated wi th concrete deterioration that theoretically could 
be prevented by the installation of a heating system. 
However, the results of research in this area remain in
conclusive. Some damage may be properly attributed to 
chemicals, but i t is doubtful that all damage could be 
prevented by using non-chemical methods of snow and 
ice control. 

More research is definitely needed to determine any 
savings that might be realized by the installation of a 
heating system. I f a portion of the damage could be 
eliminated or retarded through the installation and opera
t ion of an effective snow-melting system, potential savings 
could be considerable. The replacement and repair costs 
of $83.33 and $8.90 per sq f t , respectively, experienced on 

the New Jersey Turnpike would pay for annual installa
tion and operating costs of approximately $0.47 per sq f t 
for many years. 

Road-User Benefits 

The benefits and economic savings to the highway user 
through a snow- and ice-free surface are readily apparent, 
particularly on heavily traveled arterial routes. 

Maintaining a bare pavement policy is practiced by most 
state highway departments, at considerable cost. 

A study recently conducted by the Ohio Department of 
Highways and the Ohio State University ( V I I I - 6 ) to de
velop comparisons between winter maintenance costs and 
the benefits derived f rom these costs showed a 2.2 ratio 
of benefit to cost. Only part of the user benefits were 
considered, and none of the non-user benefits. But every 
dollar spent for improved winter maintenance resulted in 
a savings of more than two. 

Snow-melting systems in heavy-traffic situations wi l l be 
found to increase these benefits greatly, as shown by ex
perience in Amari l lo , Texas and New Jersey. One traffic 
tie-up can produce major consequences. One of these 
consequences, other than direct user inconvenience, is the 
inability to get ordinary snow-removal equipment, as well 
as other types of service vehicles, on the structure. This 
situation existed on the approach ramp at the west end of 
the Passaic River Bridge in New Jersey. I n Amari l lo , re
routing the estimated 12,000 A D T during icy conditions 
on the long viaduct would have involved many difficulties 
in maintaining arterial traffic. 

Selective use of snow-melting systems on steep ramps 
and other approaches to expressways in Toronto, Canada, 
has been cited by the authorities as very desirable. W i t h 
a snow- and ice-free ramp, the maintenance vehicles are 
able to patrol the major route at a faster rate. 

Many similar situations exist at locations that cannot 
afford to have traffic stalled or delayed. A n investigation 
and appraisal of conditions at these locations might easily 
find justification for installing a snow-melting system f r o m 
a monetary standpoint alone. 

High Cost of Accidents 

Analyses of accident data f rom state highway departments 
and other sources reveal that the accident rate per vehicle-
mile is higher during winter months and periods when the 
roadway surface is covered with snow or ice. 

Figure 22 shows the monthly accident rate per 100 
miUion vehicle-miles of travel in Virginia during 1962 on 
the rural primary system. Although the average monthly 
accident rate is 343 per 100 mil l ion vehicle-miles, the 
rate during November, December and January generally is 
higher, showing a peak rate of 590 in December. During 
1962, approximately 11.9 percent of the total accidents on 
the rural primary system in Virginia occurred while snow 
or ice was on the roadway system. 

Additional accident data given in Table 13 illustrate a 
percentage range f r o m 7.3 to 17.6 for accidents occurring 
on snowy and icy surfaces. Although these statistics are 
meaningless in themselves (when consideration is given 
to the short period of time icy conditions are allowed to 
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Average = 343 

June 

Figure 22. Monthly trend of 
accident rate {source: Summary 
of Accident Data on Rural 
Primary and Interstate Systems. 
Virginia Department of High
ways, 1962). 

TABLE 13 
ACCIDENTS ON SNOW A N D ICE SURFACES 

STATE 

ANNUAL 

TOTAL 

ACCIDENTS (1962) 

SNOWY OR ICY 
SURFACES 

SNOWY OR ICY 
ACCIDENTS (%) 

Indiana 38,793 6,819 17.6 
Kansas 31,630 3,614 11.4 
Maryland 61,868 4,541 7.3 
Virginia * 28,827 3,433 11.9 

TABLE 14 
ACCIDENTS ON COLORADO STATE HIGHWAY 
STRUCTURES 

' On rural primary highways only. 

exist on highways under present normal maintenance prac
tices), i t may reasonably be inferred that the icy condi
tions in these cases have been a primary contributing 
factor to the cause of accidents. 

Accident recording procedures used by the majority of 
highway departments do not distinguish accidents occur
ring on structures f r o m those occurring on the roadway. 
However, information received f r o m highway agencies 
that do have accident data available on structures indi
cates that snow and ice accumulations are a significant 
cause of accidents. 

For example, data f r o m the Colorado Department of 
Highways (Table 14) show 128 accidents occurring during 
1961 on structures having snowy and icy conditions, com
pared wi th 521 total accidents occurring on structures 
during the same period. Partial data fo r the first 11 
months of 1963 f r o m the Minnesota Department of 
Highways attributed 29 of the 94 accidents occurring on 
structures to snowy and icy surfaces. This indicates that 

REPORTED ACCIDENTS ON STRUCTURES, 1961 

SNOWY 
MONTH AND ICY WET DRY TOTAL 

January 11 4 17 32 
February 22 2 19 43 
March 8 2 15 25 
April 13 6 20 39 
May 3 4 15 22 
June 1 3 22 26 
July — 15 42 57 
August — 7 26 33 
September 1 13 37 51 
October 19 4 33 56 
November 32 6 43 81 
December 18 3 35 56 
Total 128 ~69 324 521 

up to one-quarter of the accidents occurring on structures 
in states wi th ice and snow conditions may be primarily 
due to these conditions. 

The results of accident research conducted in Indiana 
on two sections of Interstate highway, totaling approxi
mately 60 miles, are given in Table 15. Of the total 318 
accidents, 34 (10.7 percent) occurred on snowy and icy 
structure surfaces. Although complete data are available 
fp r only 1 year, records fo r 1963 through October con
firm the theory that icy structures are a significant cause 
of accidents: wi th two winter months remaining, 2.5 and 
8.2 percent of the accidents, respectively, occurred on icy 
structures on the two highway sections. 
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TABLE 15 
I N D I A N A INTERSTATE ACCIDENT RESEARCH 

ICY AND SNOWY STRUCTURES 
PERCENT 

PER- PROP- OF TOTAL ON 
1962 SONAL ERTY SNOWY AND ICY 

ROUTE TOTAL FATAL INJURY DAMAGE TOTAL STRUCTURES 

1-65 131 0 3 11 14 10.7 
1-80 187 1 4 15 20 10.7 
Total 318 1 7 26 34 10.7 

I t is apparent that snow-melting systems are an acci
dent prevention device, although accident research was 

undertaken too late during this project to determine values 
of cost savings due to the elimination of accidents caused 
by snowy and icy conditions on structures. Significantly, 
the prevention of only one fatality—at the National Safety 
Council's average economic loss value of $31,500—could 
pay the installation and operating cost fo r an entire season 
of a 50,000-sq f t snow-melting system placed at an acci
dent-prone location. 

Several state highway departments, recognizing the 
hazards present on highway structures, are revising their 
recording procedures to obtain additional accident data 
breakdown. Eventually data w i l l be available to aid in 
determining actual savings that might be realized as a 
result of heating accident-prone highway structures. 

CHAPTER NINE 

NEEDED RESEARCH 

During this research project and in conjunction wi th analy
sis of the criteria necessary fo r an adequate snow-melting 
system, both fo r effectiveness and for economic justifica
tion, additional areas of research seem warranted. These 
may be grouped as follows: (1 ) existing snow-melting in 
stallations, (2 ) potential applications, and (3) economic 
benefits. 

EXISTING SNOW-MELTING INSTALLATIONS 

Although the primary purpose o f the major highway snow-
melting systems presently in operation is to relieve 
immediate needs, accurate operating data and costs could 
be maintained at l i t t le extra expense. 

Additional temperature sensing devices, particularly f o r 
the heating elements and at the surfaces on the top and 
the bottom of the slab, could be installed and additional 
analyses of heat losses performed. I n conjunction wi th 
the recording of slab temperatures for the determination 
of heat losses f r o m the underside of a bridge deck, a layer 
of insulative material applied to a section on the underside 
of the bridge deck would permit an appraisal of its effect. 

These procedures can be employed on heating installa
tions presently in place on structures. They are sum
marized as fol lows: 

1. Record complete operating data, including operating 
and maintenance costs, hours of activation and snowfall, 
complete climatological data and amount of snow removal. 

2. Install additional temperature sensors and obtain 
temperatures at the heating element, top and bottom of 
bridge deck and midway between the heating elements. 

3. Insulate a section on the underside of a bridge deck 
equipped wi th heating elements and record data as in 
1 and 2. 

These data would enable designers to verify by exact 
experimentation the compilation of data appearing i n 
Chapter One and f r o m other sources of theory. A com
plete appraisal f r o m this basis possibly might lead to more 
economical designs. 

POTENTIAL APPLICATIONS 

Testing of potential applications of heating devices is 
especially important, since the cost o f any completely auto
matic snow-removal system is very high compared to 
normal snow maintenance. 

The practical method of testing these new or unique 
devices or applications seems to be on test slabs simulating 
bridge-deck conditions. A n alternative would be on small 
structures, located in different geographic areas, under 
actual traffic conditions. 

Some of the applications and devices to be tested are 
the fol lowing: 

1. Heated enclosure under bridge decks, using infrared 
devices as a source of heat; 

2. Infrared heat, using combinations o f reflectors; 
3. Black wire mesh; 
4. Thermal surface lining, using quartz mortar filler 

as the wearing surface; 
5. Solid conductor mats suitable fo r area heating; 
6. Various plastic-coated heating cables and preformed 

mats suitable for use wi th thin asphaltic overlays; and 
7. Plastic pipes for heat-transfer liquids. 

Item 1 appears to have particular potential as a more 
economical and universally applicable system than those 
presently employed. 
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Although some of the other applications have proven 
successful in other countries and on minor installations, 
the need still exists fo r experimentation combined wi th 
comprehensive analyses for existing snow-melting systems. 

The experimentation and testing of existing and future 
installations should incorporate different methods of acti
vation and operation for a complete appraisal of the most 
economical operating techniques. These include automatic 
temperature and moisture controls, as well as continuous 

operation wi th a low heat input and increased heat during 
actual snowfall. 

Although i t does not altogether fit under the heading o f 
potential applications, there is a real need for research into 
methods of obtaining more beneficial electrical power 
rates than are usually available for electrical installations. 
Building up heat reserves during off-peak hours to tide the 
system over peak hours and the use of portable trans
formers are two possibilities. 
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Average Annual Operating Costs/ft^: 

Period of Operation: 

18. Abstract Identif ication 

19. Other Identif ication: _ 

Abstract Identification: JZ^'-^f) , ^'•3 

Remarks: Remarks: 
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PESMANENT INSTALLATIONS INFORMATION SHEET PERMANENT INSTALLATIONS INFORMATION SHEET 

19. 

Geographic Location: / e ^ ^ . Z^e.7^y^/i^. y4/fcyOto^ 

Date Instal lat ion: 

1. Geographic Location: y^-yoZ. Z7e,7<^>^ /t/,o/(rv<,y7 

2. Date Instal lat ion: /P^ & 

3. Type Instal lat ion: ^/^f^/'-^J,^^ U^^re. / i / v s / i ^M»^y-ee^<t^y^ 

4. Type Structure: ^OO ̂ r< /?ovt/ ^<fs/^ S&c/<n/* 

3. Type Instal lat ion: £A>c,in,/>^y U / , ^ Mes^ 

4. Type Structure: .^OO ^n^, /^OQi/uM i^ -r*»s/^ se.o^^»rr 

5. Type Surface: >^t.»yyx>gouS 

6. Average Spacing: - ? ^ . c a w ^ g / ^ ^ei^ - /'eyy7. sAry^ u/Ata/ii^ 6. Average Spacing: .2/^. ea^A^s y»,^s/i -•/•8y>^ sAr^M ^a.^av/^ >^<u>/>^y^c^s. 

5. Type Surface: / ^ / - y ^ ^ / y g ^ ^^/rrAyr-^ Conc-yTa,3^i 

7. Distance from Roadway Surface: / 

8. Type/Size of Heating Element: '^^^ ^ 9c^v e. j,o/L^y.^m.^ M,^e yr,*sX 

9. Area Heated ( f t^) : X^(00 

Power Source: £ ^ / ^ / ^ > ^ ComyC^o/^y^ 10. 

11. Method of Activating: ^l/rry^y-n^t^/-A y^yf&r^osy^r^ 

12. Method of Transfer: C//y/^'/y uyy^ff.s Q y a ^ 7'y'9y»sy^of-y7y&/'S 

13. Design Fouer Consumption (watts/ft^): ^ ̂  

irface: 

O.S3 

7. 

8. 

9. 

10. 

Distance from Roadway Surface: •>». 

Type/Size of Heating Element: - ^ ^ V ^ ^ g c y ^ ^ p ^ ^ ^ g a ^ ^ ^ ^ ^ ^e.s<^ 

Area Heated ( f t^) : /.fOO 

Power Source: C^^y/ii^i/^ Co^j^Vr/^^i^ 

11. Method of Activating: 7e, 7^ 

12. Method of Transfer: C/Z/^'/y uiy^/ngs vyrc^ />-9^jeya/-j^a^s 

13. Design Pm;er Consumption (watts/ft^): 

14. Temperature Maintained at Surface: 3 6 r^o 

15. Instal lat ion Costs/ft^: ^O. 

16. Average Annual Operating Costs/ft^: 

17. Period of Operation: / ^ ^ & — /'P'^C 

14. Temperature Maintained at Surface: 36 T^o •9-£>'y^ 

15. Instal lat ion Costs/ft^: <0. S3 

16. Average Annual Operating Costs/fC^: ^3 

18. Abstract Identif ication: -ZST 9j 3 ^ 

17. Period of Operation: / P ^ 8 -^'^.^^ 

18. Abstract Identification: ^ g 

Other Identif ication: AC/? / ^ a c J ^ 3 f. 6-- 3<.7ij / ^ ^ a j j ^ ^ • / ^ ^ ^ • y ^ ' g x ^ ^ . IS other Identif ication: /^/Z /'r^foc/ 36 & - /}-o^^s <»^</ /^^yn/ /^tj^o,^. 

Remarks: 

- ' ^ e - e '^-A.^A^ 

Remarks: 

See. 
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PERMANENT INSTALLATIONS INFOBMATION SHEET 

1. Geographic Location: AAerrra^ >5>^ SoAtm Oye^a/-^ 

2. Date Instal lat ion: / ^ ^ 2 . 

3. Type Instal lat ion: 

4. Type Structure: 7-^ O j / X A^^ -e. 

5. Type Surface: ^o/>g^a>g o^e~^ uo'^y'A ^Ak Acr. AyAryM^Ttii-S <3v*^y 

6. Average Spacing: 3 C&yrj^y^^ /rf7e-JF/^ 

11 

12 

Distance from Hoadvay Surface: 

8. Type/Size of Heating Element: " ^ ^ ^ ^oo^f. ^ < » ^ g x > ^ j» a a ^ /-yy & 

9. Area Heated ( f t^) : AS_, 7^ Q 

10. Power Source: ^ ^ X ^ J ^ Coyr^^e.^^^^^j^i J ? f e ^ - o t t . ^ a ^ T^^v^J-j^^^ ay-^'i 

Method of Activating: A/<r^ua 7 Oy^p^ ^'^yr,^^Ay-ojA^y-^ AA.i>y^f>syoy 

Method of Transfer: ^/i.c^f^yci)'/^ <^^>4^ 9^0^ T'^'o^ c / ^ ^ ^ 

Design Poi/er Consumption (watts/ft^) : /.^A^^_^O/CT^-j/^n-y ^y- iv/(e<iy ̂ y^c^j^xj 13 

14 

15 

16. Average Annual Operating Costs/ft^: _ 

17. Period of Operation: 7^^P. - C 7L. 

Temperature Maintained at Surface: 
i4A 

Instal lat ion Costs/ft^: <^ O 

18. Abstract Identification: 

19. Other Identif ication: Oi7-J^/Ae.-yy:^j>ec/^ay> oyic/ Car/'es.eMt/ayfc^e.. 

Remarks: 
yt7uyr7^ya^S d>/^<f/^^ yy, /^AA uuyye. ^^yy'^J 7,9 eye. :A,y-c-<i.t/ 

yrt^/yfuo^ 

- J 
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PERMANENT INSTALLATIONS INFOSMATION SHEET 

/Jetuol spacas 

• 6 e îml tp«c»t -
1 13. Design POT?er Consumption ( w a t t s / f t ^ ) : ^{y^Mar>-X u,ifa^A^.^J ^3. ^^ai^u^e^') 

1. Geographic Location: Ck^T^y- ^^^^79^ C V - e o o^y 

Date I n s t a l l a t i o n : 

3. Type I n s t a l l a t i o n : ^^/kr-.A^yco/' /ye^/^y^i, C:„^/{ts 

4. Type Structure: 3^/^. /i>y^yo^^ 

5. Type Surface: C e ^ g y ^ •/ Cpyycy-^/A 

6. Average Spacing: yy-,.— 

Distance from Roadway Surface: 2yi^. 

Type/Size of Heating Element: ^ yyr- /!»9a^cecfA^tkaAy-le.Sy'sAoy^iza. u^yy-t>^ 

9. Area Heated ( f t ^ ) : /J^^ 

10. Power Source: ^i^'-Z^'/'^y 00/3^.00/>^\y' 

11. Method of Activating: 7i^j&e.y-9J^<y/-<3^ //^a^^as/^j^ 

12. Method of Transfer: 

15. 

16. 

17. 

18. 

19. 

Temperature Maintained at Surface: _ 

In s t a l l a t i o n Costs/ft^: 2..33 

Average Annual Operating Costs/ft^: 

Period of Operation: 

IKS ' 

Abstract I d e n t i f i c a t i o n : 

other I d e n t i f i c a t i o n : g*9--Jx><g - •/^rj^cge^g/? y / y ^ <ra/-/^e.s^ona4^c^, . 

Remarks: 
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1. Geographic Location: JZ^^/^rOy S (C/^,c^^e>) 7i^yi^<t>\^ 

2. Date I n s t a l l a t i o n : 

3. Type I n s t a l l a t i o n : ^/ejc^i^y-^e-y/^ ^ ' y ^ x ^ . S 

U. Type S t r u c t u r e : 7 i / / y c ^ / ^ /^oy^^^ 

5. Type Surface: /^/^/^/7Q^ ^e^/i^e-yr^Z' (^o/3rc./-«^/--0' 

6 . Average Spacing: ^ • / y . ce-^/er- ce.^/^/-

7. Distance from Roadway Surface: 

8. Type/Size of Heating Element: ^ C6<i<!'c/ o^,'e//9/<i'Sj^<!^ go i/g^/ig/^ 

9. Area Heated ( f t ^ ) : <S-?^ 4-00 C /o^y&S <S> S O O ^ T ' ^ ^ J 

Power Source: C^//A/^>^ Carny^^^y 10 

1 1 . Method of A c t i v a t i n g : 

12. Method of T r a n s f e r : 

13. Design Power Consumption ( w a t t s / f t ^ ) : ^ ^ 

14. Temperature Maintained a t Surface: 

15. I n s t a l l a t i o n C o s t s / f t ^ : O ^ 

16. Average Annual Operating C o s t s / f t ^ : ° ' ^ ^ 

17. Period of Operation: 

18. Abstract I d e n t i f i c a t i o n : 

19. Other I d e n t i f i c a t i o n : Ce>r-/^s^orto^,ic. &. 

Remarks: 
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PEKMANENT INSTALLATIONS INFORMATION SHEET 

4 ^ ' - 0' 

zz--<y 

E.jkf / 3 9 ' - 0 ' Hot SecTiorxs 

•* 
--

1. Geographic Location: ^^<^yf7^e^. v J ^ c ^ / ^ •/g^/^o;>^c 

2. Date I n s t a l l a t i o n : / — ^9^60 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

16. 

17. 

18. 

19. 

3. Type I n s t a l l a t i o n : ^ y ^ o-a^ y ' g.gx^ X ^ t ^ ^ ^ ^ ^ Co'^yjt^ 

4. Type Structure: y^Sy^ — ^/'^•^•e^ oi/^e^-^gJC-jg.S-

Type Surface: '^<jr^i^e^«.///^ go^cy-ay<g. 

Average Spacing: (g^ g--C Ai^yraaH^ OocA i^Aa ay//-9c^ 

Distance from Roadway Surface: ^ 

Type/Size of Heating Element: yl^^jc ^o^y^ 

Area Heated ( f t ^ ) : 

Power Source: c o ^ ^ p ^ ^ ^ j 

Method of Activating: /1^9y7t^o ^ 

12. Method of Transfer: X ^ - g . g j ^ ^ ^ a ^ ^9^^^ <S ^•^O i^c/ys 

13. Design Pouer Consumption ( w a t t s / f t ^ ) : 

14. 

15. 

Temperature Maintained at Surface: '~' 

In s t a l l a t i o n Costs/ft^: Cy>ya/ .^^e-a ^ 

Average Annual Operating Costs/ft^: 

Period of Operation: yP/^a 

Abstract I d e n t i f i c a t i o n : ^ - ^ y 

Other Identification:^^.>Tg5.ew7«»^^A w/y^ t>y<>^^^»x^g*^ 9^ ^^J^M^^/^j^y 

Remarks: 

^•^^ COS As ou&^e. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

PmaVNENT INSTALLATIONS INFOSMATION SHEET 
(See Figure 12.) 

Geographic Location:/jssQfC /^/v^f /^5g/-P»t^./, US: //S'.jlitunr^. AtJ. 

Date Installation: /9 6 / 

Type Installation: £/ec//'^e^9/ /^v/^«r CQ^/AS 

Type Structure: P^O J ^ , j6y^f^t& OjPjO^oocA /-otg/i^jiy 

Type Surface: ^y)/(^m^jVniyS c:of7cy-e.ya. r>^vex-/^l• 

Average Spacing: ^ yyx CO'^^^ g e y y ^ C ^ 

Distance from Roadway Surface: ^ ^yp, 

Type/Size of Heating Element: ^ ^4- ^09/^^9 CoAy(e. 

Area Heated (ft^) : ^ ^ ^ O O 
Power Source: ^^jvS^orT>rTe^s 

Method of Activating: A/v^tyy/ 

Method of Transfer: 3A>^S'».. a -u//^e.^e'*J*^r <S>^^ix^ 3r . 600 /< 

Design Po\7er Consumption (watts/ft^): 30 

Temperature Maintained at Surface: 
Installation Costs/ft^: /^S'C) C^ess ^^^sy^^^a^jsj 

Average Annual Operating Costs/ft^: 

Period of Operation: ̂ ^6/ -/^e.se^7^ 

Abstract Identification: 

other Identification: tP/y-j,Xe--/-.»^ge^a/y <r n caz-z'Sy^^g^/^c^, 

1. 

2. 

3. 

A. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

PERMANENT INSTALLATIONS INFORMATION SHEET 
(See Figure 12.) 

Geographic Location: 

Date Installation: / 

Type Installation: £/sc-^/VC<>/ /^f/in« CvA/ks 

Type Structure: /3o j^. seci^m/, ^^ye/ro. s^o^ 

Type Surface: ^yJ^frry/^afS conc^^e. ouet-/o 

Average Spacing: 3 ^ Ce/vi^/- T^o Ce^j^^ 

Distance from Roadway Surface: 2. 

Type/Size of Heating Element: ^£ A^JT yier/^^^ C9^y^ 

Area Heated (ft^) : £00 

Power Source: 7y^yrs-j^of/>r«yrs 

Method of Activating: A/o/^O'Q'/ 

Method of Transfer: 3j:>j(o.sa.^^ ~i4y,f-A^uJay& i/o^><S &(30^\/A 

Design Pm/er Consumption (watts/ft^): 4- O 

Temperature Maintained at Surface: 

Installation Costs/ft^: y. S'(> ^^ess '^a^S:/^o^^g^-g 

Average Annual Operating Costs/ft^: / & 

Period of Operation: 
-37 Abstract Identification: 

Other Identification: Ofr-syye.-yyrjit:'ecf<vy, tymo/ g»^/^.^.o»4.»e -a. 

Remarks: Remarks: 

c»/7 /?7aM /y,r, oy syro^ /"e^ /iotyy. 

OS 
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PERMANENT INSTALLATIONS INFORMATION SHEET 
(See Figure 10.) 

1. Geographic Location: U^C/^^'?^ Te-X 1. 

PERMANENT INSTALLATIONS INFORMATION SHEET 
(See Figure 11.) 

Geographic Location: ^ g>S 
2. Date Installation: 

3. Type Installation: ^/ec./^/-rcoy y^^g^C-^y C i , ^ / ^ ^ C l m / u / / 

k. Type Structure: Z - p / X ou»^A'9S^eS 

5. Type Surface: /'or//<t„e/ gTe^^-.^^ 

Z. Date Installation: 

3. Type Installation: ^ S 4 c ? ^ c ^ > / ^ X^g.r<v^o C<,^j4. (Tayiis/cJy j ^ 

4. Type Structure: ^t/g^Vc? »-S^ 

<9 
5. 

6. 

Type Surface: /^/''/j^^o^ g e ^ f c ^ y ^ Co^Cj^-t^-e^ 

Average Spacing: '^^fe^ej <@ 6^j^. • - ? X f e ^ ! j C ? <<2 6. Average Spacing: 

7. Distance from Roadway Surface: ^/1>i. .SJ^^^^T^) Jyjz. <<5B, sA:,ai) 7. Distance from Roadway Surface: 

8. Type/Size of Heating Element: 

9. Area Heated ( f t ^ ) : 3600 fe^^^ jX>-t.../<.^<a. j 

10. Power Source: 

14. Temperature Maintained at Surface: 

15. Installation Costs/ft^: 

16. Average Annual Operating Costs/ft^: 

17. Period of Operation: / f j ^ / ^ — /'y-^Se.^ 

^ It 

18. Abstract Identification: 

19. Other Identification: 0/f-J,/^<i. -.»^^^c^a/T " ^ ' ^ gô T̂5L̂ .g..̂ «»fev.̂ ..g, 

8. Type/Size of Heating Element: O ^ Z ^ '>f/<r^^^ o ^ y ^ a ^ ^ / * / ^ '^"•^yp, 

9. 

10. 

11. Method of Activating: ,^9^^o / a^r^ Ze^a^^^A,^-^. J^e^m e,s?^9 ?^ 11. 

12. Method of Transfer: ^ j^^vse. a ^ / i ^ qjP «^ (9o • a / ^ ^ 12. 

13. Design Power Consumption (watts/ft^): O 13. 

• 14. 

Area Heated ( f t ^ ) : ^ - C S S O 

Power Source: O/^f/il^^i^ Co/irj^vyz^ 

Method of Activating: j^o/^/n<>/^fC /j/o^s^l-y-e. *^a^ 7&'^A>e/^/^r-a. Co^rl^ty^ 

Method of Transfer: /T^^T^A - 333 /tfy-j/l 7>e/*Sj^^^e^ 

Design Power Consumption (watts/ft^): /'o.^es Si J2. & 

Temperature Maintained at Surface: " 

15. Installation Costs/ft^: 2, 3 9 

. 16. Average Annual Operating Costs/ft^: 

.17. Period of Operation: ^ 

. 18. Abstract Identification: 

, 19. Other Identification: -J>>^-y^>gge/>^.,» oyte^Co^^^^^p/aji/c-e^ 

Remarks: Remarks: 
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APPENDIX B 

BIBLIOGRAPHY 

Library research has made a significant contribution to Project 
6-2. Much time has been devoted to exploring all possible 
sources of information, and great care has been given to the 
task of reviewing available sources of pertinent information. 
Entries in the Bibliography have been grouped according to 
chapters. For example, a source dealing with damage caused 
by the employment of a current method of snow removal is 
entered in the Bibliography under the heading, " V I L Current 
Snow-Removal Costs and Damage." Within each grouping, 
entries are arranged alphabetically by source. Entries marked 
with an asterisk were abstracted; these abstracts were submitted 
as part of the supporting data not appearing in this report. 

I . THEORY 

1. "Calculating the Heat Requirements of a Snow Melting 
System," by William P. Chapman. Air Conditioning, 
Heating and Ventilating, Vol. 53, Nos. 9-12, Sept.-Dec. 
1956, and Vol. 54, Nos. 1-7, Jan.-July 1957. 

*2. "Calculating the Heat Requirements of a Snow Melt
ing System," (Summary and concluding article in series 
of 12) by William P. Chapman. Air Conditioning, 
Heating and Ventilating, Vol. 54, No. 8, Aug. 1957, 
pp. 81-96. 

3. "Snow Melting System Hydraulics," by William P. 
Chapman. Air Conditioning, Heating and Ventilating, 
Vol. 52, No. 11, Nov. 1955, pp. 77-82. 

4. "Pavement Heating Found Satisfactory by Other Juris
dictions." American Bridge, Tunnel and Turnpike Asso
ciation, Quarterly Toll Review, April 1957, p. 20. 

5. "Northeast Conference on Urban Snow Removal, Pro
ceedings." Research Proposal, American Public Works 
Association, 1962. 

6. "Heated Highways Satisfactory." Better Roads, Vol. 25, 
No. 4, Apri l 1955, pp. 40, 42. 

7. "Atomic Power Appraised—Civil Engineers' Role in 
Reducing Costs," by C. V. Roseberry. Civil Engineer, 
Jan. 1957, p. 30. 

8. "Solar Energy, the Solar Furnace and the Civil Engi
neer," by Boyd C. Ringo. Ci'viV Engineer, Apri l 1959, 
p. 229. 

9. "Winter Warning: Wrong De-icers Can Harm Con
crete." CiviV Engineering, Vol. 33, No. 12, Dec. 1963, 
p. 93. 

*10. "A Sign of Incompetence?" by H . Wayne Culver. Con
sulting Engineer, Feb. 1962, p. 113. 

11. "Snow Melting Systems." Consumers' Research Bulle
tin. Vol. 37, No. 1, Jan. 1956, p. 27. 

12. "Urban Snow Removal Conference, Synopsis." Govern
ment of the District of Columbia, March 1961. 

13. "Snow Melting Study." Engineering News-Record, 
Vol. 154, No. 16, April 21, 1955, p. 29. 

*I4. "Snow Melting Systems: Their Design, Installation, 
and Operation." Engineering News-Record, Vol. 141, 
Sept. 30, 1948, pp. 62-64. 

15. "Evaluation of Snow, Ice, and Slush Removal and 
Disposal Equipment for Washington International Air
port," by John Aleo. Federal Aviation Agency, Evalu
ation Division, Systems Research and Development 

Service, Final Report, Project No. 445-2-2V, July 1962, 
53 pp. 

16. "The Removal or Prevention of Snow, Ice and Debris," 
by Townsend Engineered Products. Federal Aviation 
Agency, Bureau of Research and Development, Report 
No. 472, Project No. OAI-8121, March 18, 1960, 
176 pp. 

*17. "Melt the Snow OflF Your Driveway—Electrically," by 
James R. Maher. General Electric Review, Vol. 61, 
No. 6, Nov. 1958, pp. 39-42. 

18. "Data on Snow Melting Systems," by T. W. Reynolds, 
Heating and Ventilating, Vol . 49, No. 9, Sept. 1952, 
pp. 84-86. 

19. "Design Conditions for Snow Melting," by William P. 
Chapman. Heating and Ventilating, Vol . 49, No. 11, 
Nov. 1952, pp. 88-91. 

20. "Design of Snow Melting Systems," by William P. 
Chapman. Heating and Ventilating, Vol. 49, No. 4, 
Apr i l 1952, pp. 96-102. 

21. "Questions Often Asked About Snow Melting." Heating 
and Ventilating, Vol. 48, No. 11, Nov. 1951, p. 67. 

22. "Snow Melting System Practice and Design," by J. L . 
McKinley. Heating and Ventilating, Vol . 49, No. 8, 
Aug. 1952, pp. 85-86. 

*23. "What's New That's Unusual," by T. W. Reynolds. 
Heating and Ventilating, Vol. 49, No. 12, Dec. 1952, 
pp. 100-104. 

24. "Are Thermal Stresses a Problem in Snow Melting 
Systems?" by William P. Chapman. Heating, Piping & 
Air Conditioning, Vol. 27, No. 6, June 1955, pp. 92-95. 

'*25. "Are Thermal Stresses a Problem in Snow Melting 
Systems?" by William P. Chapman. Heating, Piping & 
Air Conditioning, Vol. 27, No. 8, Aug. 1955, pp. 
104-107. 

26. "Give Data for Design of Snow Melting Systems." 
Heating, Piping & Air Conditioning, Dec. 1950, p. 186. 

27. "Heat Requirements of Snow Melting Systems," by 
William P. Chapman and Samuel Katunich. Heating, 
Piping & Air Conditioning, Vol. 28, No. 2, Feb. 1956, 
pp. 149-153. 

28. "Here's Experience Report on Big Snow Melting Sys
tem." Heating, Piping & Air Conditioning, Vol . 23, 
No. 8, Aug. 1951, pp. 94-95. 

29. "How Design Snow Melting Coils?" Heating, Piping & 
Air Conditioning, VoL 18, Sept. 1946, pp. 101-102. 

*30. "How to Design and Install Snow Melting Systems," 
by F. F. Stevenson. Heating, Piping & Air Conditioning, 
Vol. 28, No. 1, Jan. 1956, pp. 168-175. 

31. "How to Design, Install, and Operate Snow MeUing 
Systems," by Paul S. Park. Heating, Piping & Air Con
ditioning, Vol. 20, No. 12, Dec. 1948, pp. 71-75. 

32. "How to Design Snow Melting Coils," by Paul S. Park. 
Heating, Piping & Air Conditioning, Vol. 19, No. 1, 
Jan. 1947, p. 97. 

33. "Should Airport Runways Have Snow Mehing?" Heat
ing, Piping & Air Conditioning, Vol . 28, No. 5, May 
1956, p. 118. 

*34. "Solar Heat Pump Beats Handicaps," by Philip Sporn 
and E. R. Ambrose. Heating, Piping & Air Condi
tioning, Vol. 28, No. 3, Mar. 1956, p. 108. 

35. "Snow Melting." Heating, Ventilating and Air Condi
tioning Guide 1959, American Society of Heating and 
Air Conditioning Engineers, Vol. 37, Chapter 49, pp. 
671-680. 
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I . THEORY (continued) 

36. Motorist of Future Wil l Drive on Heated Highways 
in Winter," by Warren Van Dyke. Highway Builder, 
Vol. 16, No. 2, March-April 1937, p. 30. 

37. "Hot Roads." Highway Highlights, National Highway 
Users Conference, March 1961, pp. 5, 20. 

38. "Studies on the Heating of Bridge Decks and Concrete 
Pavements," by Glenn S. Paxson. Highway Research 
Board, Proceedings, 1950, pp. 143-152. 

39. "Ice Removal Presents Its Problems Too." Journal of 
the American Society of Heating, Refrigerating and 
Air Conditioning Engineers, Vol. 2, No. 12, Dec. 1960, 
pp. 53-54, 89. 

*40. 'Transient Temperatures Around Heating Pipes Main
tained at Constant Temperature." Journal of Applied 
Physics. Vol. 17, Dec. 1946, pp. 1076-81. 

*41. "Fuel Cells." Mechanical Engineer, Vol. 83, Oct. 1961, 
pp. 66-67. 

*42. "Study of Possible Use of Nuclear Reactor Waste 
Materials for Snow and Ice Removal." University of 
Minnesota, Progress Report No. 4, Dec. 18, 1961. 

•43. "Study of Possible Use of Nuclear Reactor Waste 
Materials for Snow and Ice Removal." University of 
Minnesota, Final Report, rev. Jan. 8, 1963. 

44. National Research Council Bibliography No. 8, by 
Bonny G. White, Division of Building Research, 
Ottawa, Canada, 1954. 

45. Practice and Theory of Radiant Heating, by R. M . 
Starbuck. R. M . Starbuck and Sons, Inc., 1st ed., 1949, 
252 pp. 

46. "Snow and Ice Control by Heated Pavements," by John 
S. Flockhart. Public Works Congress, Proceedings, 
1949, pp. 261-266. 

47. "Snow Problems Melt Away." Safety Maintenance, 
Vol. 114, No. 6, Dec. 1957, p. 25. 

48. "Two Types of Automatic Snow Removal Systems." 
Safety Maintenance, Vol. 120, Dec. 1960, pp. 11-12. 

*49. Snow Melting, by Thomas Napier Adlam. Industrial 
Press, N . Y., 1950, 224 pp. 

*50. "Design of Snow Melting Systems," (Dimensionering 
av Snosmaltningsanlaggningar) by Per Borghult. Text 
in Swedish. Tidskrift for Varme, Ventilations-, Sanitets-
och Kylteknik, Vol. 31, No. 8, Aug. I960, pp. 247-256; 
English summary, p. 257. 

51. Bibliography on Snow, Ice and Permafrost, Snow, Ice 
and Permafrost Research Establishment, Corps of 
Engineers, U.S. Army, Report No. 12, Vols. 1-15, 
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APPENDIX C 

PROJECT STATEMENT (Project 6-2) 

Research Project Title 

Non-Chemical Methods for Preventing or Removing Snow 
and Ice Accumulations on Highway Structures. 

General Problem Area 6 

Highway Structure Protection and Snow and Ice Removal. 

Research Problem Statement 
Present chemical methods for removing snow and ice from 
highway structures are often destructive to the structures 
and result in substantial economic loss. Non-chemical 
means for preventing or removing snow and ice accumula
tions are possible. The costs of these means and their 
relation to the present economic losses due to current 
practices have not been accurately evaluated. 

Objective 

1. To suggest and evaluate non-chemical means for 
preventing or removing snow and ice accumulation on 
highway structures. 

2. To collect data or prepare estimates concerning the 
installational and operational costs of such methods as 
well as those of current methods. 

3. To prepare estimates concerning the economic losses 
due to the deterioration of highway structures resulting 
from current snow and ice removal practices. 

This should be a non-experimental project. 

Funds Available: $25,000. 

Completion Time: 1 Year 

RESEARCH PLAN 

The research plan for this project consisted of four major 
phases: 

\. A library search was conducted to analyze previous 
research by other agencies relative to non-chemical 
methods for preventing or removing snow and ice accu
mulations which might have application to highway struc
tures. Information pertaining to chemical methods, and 
resultant damage to structures, was also sought. 

2. A canvass was made of state highway departments 
and other agencies faced with similar problems of snow 
and ice accumulation on structures in order to secure 
further information. Information was sought from foreign 
countries. The Office of Research and Development of 
the U.S. Bureau of Public Roads, agencies of the Depart
ment of the Army charged with transportation engineering 
or airfield maintenance and the Federal Aviation Agency 
are examples of sources contacted. Also, other agencies 

or commercial organizations that might have developed 
devices or equipment applicable to the problem were con
tacted. Additionally, promising new devices and tech
niques not yet fully developed, such as self-contained 
energy units or fuel cells, were investigated to determine 
their potential in the area of snow and ice removal. 

3. The information compiled in items 1 and 2 was 
evaluated, and trips were arranged to make on-site investi
gations of the most promising methods and devices. First
hand appraisals of structure damage caused by chemical 
methods of snow and ice removal were also conducted. 

4. The most practical devices and equipment were 
evaluated. Complete costs of procurement, installation 
and operation were determined. Costs of chemical methods 
and resultant damage were compared. Evaluations and 
recommendations were made as to the most practical and 
economical methods of controlling snow and ice accumu
lations on highway sturctures by non-chemical means. 
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