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Snow Melting Systemsfor Interlocking Concrete Pavements

Snow melting systemsreduce the fatigue and expenserelated to removing snow. They can reduce the damaging effects of
freeze-thaw cycles, and from the use of de-icing salts experienced by most pavementsin cold climates.

A mobile and ambulatory population requires reductf pedestrian-related accidents. Snow meltirsgesys for pavements can
reduce accidents as well as liability exposure fiojuries due to slipping on ice and snow. Morepgeow melting systems
reduce the fatigue and expense related to rem®viag. In addition, they can reduce the damagirectsfof freeze-thaw cycles,
and of de-icing salts experienced by most pavemerisld climates. The inconvenience of spreadiadaihg salts is eliminated
and interior floor materials are kept cleaner aud longer.

Snow melting systems for interlocking concrete pagets can be used on patios, walkways, residefriisways, building
entrances, sidewalks, crosswalks, and streetscéessful project in downtown Holland, Michigan indés a snow melting system
in three blocks of concrete paver sidewalks antiénasphalt street (see Figure 1). Holland receibesit 75 to 100 inches (190 to
250 cm) of snow each year. By melting the snow 1#i£000 ft2 (15,500 m2) heated pavements redudestréan and vehicular
accidents. They also reduce wear on the pavementibe practically no de-icing salts are needeith&e¢he merchants nor the
city crews remove snow in this area of the businéstsict, and the floors inside the stores aret kéganer.

In addition to exterior applications, heating systeunder concrete pavers have been used in intggas such as around
swimming pools, hot tubs, and saunas. The heatasr@acomfortable, low-slip walking surface ford#ret and it also warms the
room.

Figure 1. A snow meliing spstem under concrete pavers in dovntown
Holland, Michigan has performed well since 1988,
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Edge restraint/cur

Bedding sand 1-1/2 in.
(25 - 40 mm) thick

Compacted aggregate

or stabilized base

to suit traffic and
environmental conditions

Concrete pavers with
sand filled joints

Galvanized welded wire
mesh staked to base
Geotextile as

required by design

Snow melting
pipes or wires
tied to wire mesh

Compacted soil subgrade

Figure 2. Typical componenis of a snow melting syscem for
interiocking concrete pavements.

Types of Systems

Two kinds of systems are used to convey heat tpalvement surface: electric or liquid. Electricteyss use wires to radiate heat.
Generally, electric systems have a lower initiadtcbut a substantial operating cost. They invalseries of control switches,
thermostats, and snow-sensing apparatus. Oneielggstem consists of heat tapes (flat wires) dhuddmatically stop heating
when sufficient energy is released. When they dbelwires automatically allow more heat througénth Liquid systems (also
known as hydronic systems) use a mix of hot watdrethylene or propylene glycol mix in flexible pg They have a higher
initial cost but a lower operating cost. Hot waggstems consist of flexible pipes, pipe manifofisnps, switches, a water heater,
thermostats, and snow sensors. They typicallyaslg boiler that is also used to heat a buildingufe 2 illustrates the typical
components of an interlocking concrete pavemerit wisnow melting system. Snow melting systems gdlgeto not completely
dry the pavement surface. Rather, they melt thevdoavater which drains away. Completely evaporatite water on the
pavement surface is not economically practicalesincequires more energy than for melting snowader. Occasionally, snowfall
or drifting may exceed the heat output of the snwsiting system. While some snow remains, it willlasier to remove due to the
warm pavement surface. Snow melting systems caqrattef new construction or added later. For driagsy pipes or wires can be
placed in the wheel tracks to reduce installatiost However, the remaining snow may require rexhibut blocks the movement
of vehicles. The performance of a snow meltingesysis measured in inches (cm) of snow melted per.hts performance is
based on heat output measured in BTUs (British Mktnits) or watts per square foot (m 2 ) of pagamPerformance depends
on consideration of three overall design factonstks the rate of snowfall. Second is the tempeeaof the snow influenced by
the air temperature. About 90% of all snow fallsheen 35° F (2 C °) and 10 ° F (-12 ° C). On ager, snow falls at about 26 ° H
(-3 ° C). The lower the air temperature, the lemssé the snow. For warmer, wetter, and more demse, snore energy per area of
pavement is required to melt it. Third, wind coratis greatly influence performance of a snow mglsgstem. Strong winds
remove heat from a pavement faster than calm agation of buildings, walls, landscaping, and fenal influence the amount
of wind across a pavement, heat loss, and ultim#tel design and performance of snow melting systé&ate of snow melting
will vary with the application. For example, "Melg 1 in. (25 mm) of snow per hour is usually acabfg for a residence but may
be unacceptable for a sidewalk in front of a stbl@spital entrances and parking ramp inclines nedst free of snow and ice at
all times"(1). Most manufacturers of liquid andate snow melting systems also provide design glinés and/or software to
calculate the BTUs per square foot (watts/m 2 Jiregl to melt a range of snow storms for a givegiaie. The guidelines work
through a series of calculations that considestimv temperature (density), ambient temperatug®xe of the pavement to
wind, and unusual site conditions. They provid@nemendations on the size and spacing of pipesreswequired, as well as the
temperature of the fluid, its rate of flow, or thlectricity required. The Radiant Panel Associafioternet:
http://www.rpainfo.com) provides design guidelifiesliquid snow melt systems. Controls for actimgtihe snow melting system
can include a thermostat in the bedding sand totaiaiits temperature above freezing. Another kihdontrol is located near the
pavement and activates the heating system when snim& falls. Sometimes a low level of heat ismained in the pipes or wires
and is increased by the sensor when snow falls.
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Table 1. Gradation for Crushed

Stone Aggregate Base

ASTM D 2490

Sieve Size

Porcent Passing
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2 in 150 mmj 100
Tin. (3775 mm) 95 to 100
2 in 190 mim 0tod?
A8 i (9.5 mm) 30 tao 70
Mo, 4 475 mmj 35 o 55

Mo 30 (0600 mm) 120 25
Mo, 2000 (0075 mim ) 0tof

Construction Guidelines

Snow melting systems with concrete pavers can bevith three types of bases: concrete, asphaitraeshed stone aggregate.
Concrete and asphalt bases are recommended far aodccrosswalks. While these bases may be useldifeways and
pedestrian applications, a crushed stone aggrégatemay be more cost-effective.
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Heated sidewalk/residential driveway

Heated sidewalkiresidential driveway
on compacted aggregate base

on asphalt or concrete base

Figure 3. Crass sections of a fypical heated interlocking concrete pavement for pedesirian and driveway applications.

Aggregate bases for pedestrian and driveway applications

Subgrade Preparation--ICPI Tech Spec-Zon struction of Interlocking Concrete Pavements should be reviewed with this
technical bulletin, as it offers guidelines for grdde preparation, base materials, and installafitiedding sand and concrete
pavers. Preparation and monitored compaction o$dfilesubgrade and the aggregate base are esgertinf-term performance.
The soil subgrade and base aggregate should beactepto a minimum of 98% standard Proctor dengéy ASTM D 698 (2).
Geotextile is recommended over compacted clay aaifssilty soils. The geotextile separates theegage from the soil, keeping
the base consolidated through long-term change®isture and temperature, as well as freezing laaming. Drain pipes may be
required in slow draining soils, especially undehicular applications.
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Figure 4. The heating system is vied o a wire mesh
anchored into the compacted aggregale hase.

Base materials and preparation--Recommended gradations for aggregate base matar@athose typically used under asphalt
pavements that meet standards published by thk &tate, or provincial departments of transpaotatif no standards exist, the
gradation shown per ASTM D 2498 andard Specification for Graded Aggregate Material for Bases or Subbases for Highways or
Airportsin Table 1 is recommended (3). The minimum thidenef the base should be at least 6 in. (150 mnedestrian areas
and 10 in. (250 mm) for driveways. Thicker baseghose stabilized with cement or asphalt, mayeogired in areas of weak soils
subgrades (California Bearing Ratio > 4), in lownatyareas where the soil drains slowly, or in aasxtreme cold and frost
penetration. The minimum surface tolerance of tragacted base mesh. Figure 3 illustrates a typgs#mbly for a pedestrian or
driveway application. Figure 4 shows a heatingesysfor a residential driveway tied to the wire mdahsome instances, rigid
foam insulation may be required over the base.iffigation is placed under the bedding sand wittesvor pipes in pedestrian
applications only. Insulation is not recommendedéhicular applications due to a high risk of biaglkas well as trapping
moisture above it. Insulation may be required oatée pavements over a high water table, when thgngesystem is operated
manually, or when the perimeter of the heated @r&sge in relation to the total area, as witlrgl sidewalk. The manufacturer of
the heating system should be consulted for speagifidance on insulation thickness, as well as vdr@hwhere to use it. Some
contractors install the wires or pipe into the téphe base without wire mesh. This is accomplishechstalling the pipes or wires
in the last inch (25 mm) or so of compacted basfase. Base material is added and compacted tg bnimlevel of the base to it
final grade. The pipe or wire is exposed and flwith the compacted surface of the base. The abs#neize mesh will facilitate
screeding of the bedding sand.
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Heated crosswalk or street
on asphalt or concrete base

Figure 5. A typical cross section of a heated interlocking concrete
pavement for crosswalks and roads subject to vehiclar trajfic.

Figure 6. Experfenced electrical and plumbing contraciors Figure 7. Screeding bedding sand must be done without
shawld insiall snow meliing sysiems, meving or damaging pipes or wires for melting snow.

Asphalt and concrete bases for vehicular applications

For areas subject to constant vehicular traffihysag crosswalks or roads, wires or pipes shoujgldzed in a concrete slab or in
asphalt (rather than on top of these materialsk Will protect the pipes or wires from damage tluevheel loads. Bedding sand
and pavers are placed over them. Figure 5 illletrattypical construction assembly. Asphalt or oetecpavement materials and
thicknesses should be designed to local stand@indsmanufacturer of the snow melting system camigeoadditional guidance on
the location and detailing of wires or pipes intedpor concrete. Generally, they are placed withenconcrete slab with a
minimum 2 in. (50 mm) clearance from the top antidm. For asphalt, the pipes are located at leB&tih. (40 mm) below the
bottom of the asphalt layer. Asphalt has a lowet transfer rate than concrete so asphalt maynequre costly, closer spacing
of the pipes or wires. When using an asphalt ociia base, drainage of excess water in the beddimg) is recommended.
Drainage can be achieved by weep holes throughahement and base at the lowest points. These $lodesd be 2 in. (50 mm)
in diameter and covered with geotextile to prevess of bedding sand into them.
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Table 2. Grading Requirements for Bedding Sand

ASTM C 33 or CSA A23.1-94

Siove Size Percent Passing  Sieve Size  Percent Passing

9.5 mm 100 10 mm 100

175 mm 85 to 100 Smm 95 o 100
2365 mm 25 1o 100 2.5 mm A0 1o 100
178 mm G0 to B85 125 mm 50 to 00
0EO0 mim 20 to &0 0,630 mm 26 to Bh
0,300 mm 0to 30 0315 mm 10 to 35
0150 mm 2o 10 060 mm 240 10

075 mm 0o 075 mm 0o

Layout of the heating system

After receiving consultation and design recommeiodatfrom the manufacturer, the installation ofimgror pipe should be done
by an electrical and/or plumbing contractor expesesl with installing these systems (Figure 6). ifistalled system should be
testedbefor e placing sand or pavers over it. Liquid systemsutchbave their pipes filled and placed under presguior to placing
asphalt or concrete over them. The wires are géypa@thicker than 3/4 in. (19 mm). Pipes can viargiameter from 1/2 in. (13
mm) to 1 in. (25 mm) depending on the area to lagdieand system flow requirements. Reference 7iges\design and
installation guidelines for hydronic pipe and efiectvire systems.

Bedding sand--Normally, a consistently thick layer between 1t&/2 in. (25 to 40 mm) is recommended under agrgpavers.
With snow melt systems, up to 2 in. (50 mm) (befmmpaction) of bedding sand may be required t@cand protect the wires
or pipes. The gradation of the bedding sand shoadorm to ASTM C 33 (3) or CSA A23.1-94 (5) aswindn Table 2.
Limestone screenings or stone dust should not ée as they often have material passing smallertti@iNo. 200 (0.075 mm)
sieve. This fine material slows the drainage oftibdding sand layer. The bedding should be moistvetreeded but not
saturated. Screed bars (for screeding bedding sdtialeed to be carefully placed so as to notudisior damage the pipe or wires
during screeding of the bedding sand. (See Figgrall7pavers should be compacted, their jointedIwith sand and compacted
again at the end of each day. If the paver indiatidakes more than one day, the screeded beddimg) should not extend more
than a few feet (1 m) beyond the edge of the op¢teim at the end of each day. If there is a chafhcain, this area should be
covered with a waterproof covering to prevent thdding sand from becoming saturated. If the bedsiémgl is exposed to rain, it
will become saturated and will have to be replameléft to dry for many days. Saturated beddingdsarimpossible to compact
effectively and often requires removal. This will bery difficult and time-consuming since the pipesvires will slow bedding
sand removal considerably.

Figure 8 Spreading joint sand aver the installed Figure 9. Final compaction of the pavers and senling of
cancrete pavers. the sand into the joinis.

Concrete paver s--Concrete pavers should meet the requirementgrimgth and durability in ASTM C 936 (6) or CSA AR3

(8). For pedestrian and residential driveway ajgitins, 2 3/8 in. (60 mm) thick pavers are recormaeenand 3 1/8 in. (80 mm)
thick for vehicular uses. Once the bedding samstieeded smooth, place the pavers in the presdabed) pattern. All pavers
should be constrained by edge restraif@®l Tech Spec 3?Edge Restraints for Interlocking Concrete Pavements offers guidance
on the selection and application of edge restrdantall applications. The concrete pavers shoelddmpacted into the bedding
sand with a 75-100 Hz plate compactor having ammimn centrifugal compactive force of 5,000 Ibf (22)kBedding sand is then
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spread across the surface of the pavers. A fimat sy be used to fill the joints that conformshe grading requirements of
ASTM C 144 (9) or CSA A179 (10). In either case jhint sand should be dry so that it easily ertteggoints between the
pavers. The concrete pavers are then compacted agaisand swept into the joints between them thaif are completely full.
Figures 8 and 9 show spreading the joint sand leadinal compaction of the pavers. Excess sanenmwved. Check with the
manufacturers of snow melting systems to see #fngdes and sealers can be applied with no adveiesetsefo the pipes or wires.
For additional guidance on the selection of clesiaed sealers, sé€PI Tech Soec 5-Cleaning and Sealing Interlocking Concrete
Pavements-A Maintenance Guide. The minimum recommended slope of the finishedepant surface should be 2%. Water shoul
not drain onto other pavements where it might colded freeze.
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resulting from the use of Tech Spec Technical Bulletins. Professional assistance should be sought with respect to the design,
specifications and construction of each project.
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