
HICHIGAN 
STATE HIGHWAY DEPARTMENT 

Charles H. Ziegler 
State Highway Commissioner 

MICHIGAN'S EXPERIMENT 
IN 

SNOW AND ICE RE!{OVAL ON HIGIDIAYS 
BY. BAJJIANT HEAT 

Winter Season 1950-1951 
Performance and Cost 

Cooperative Research Project between 
the Michigan State Highway Department 

and Detroit Public Lighting Commission 

HighV~ay Research Project 36 G-3(7) 
Progress Report No. 4 · 

Research Laboratory 
Testing ancl Research Division 

Report No. 165 
December 14, 1951 



MICHIGAN'S EXPERH!ENT IN SNOW AND ICE 
REMOVAL BY RADIANT HEAT 

Performance and Cost Data for S~eason 1950-1951 

This is the fourth progress report on the Michigan experiment in snow and 
' ' . 

ice removal on highways by radiant heat. It is the purpo.se of this report to 

present performance and cost information for the lvinter season of 1950-1951. 

As in the season of 1949-1950, the season of 1950-1951 was representative of 

a normal winter in the Detroit area; however, temperature :.·ecords show that the 

average air temperature lmder operating conditions for 1950-1951 was slightly 

lower than that for 1949-1950, and considerably lower than that for 1948-1949. 

This is reflected in the higher energy consumption for the 1950-1951 season, 

General Performance 

The heating system was put into operation on November 23, 1950. The last 

operation period ended March 21, 1951. The severity of the past winter is re-

fleeted not only in operating cost, but also in oyerating difficulties encoun-

tered, Total operating hours for the 1950-1951 season were 926,35 hours, as 

compared to 548.70 for 1949-1950 and 506.59 for 1948-1949, Average air temper-

ature during operation'.periods for 1950-1951 was 25° F., as compared to 280 F, 

and 31° F., respectively., for the previous seasons, The total snowfall for the 

1950-1951 season was approximately the same as for the 1949-1950 season, The 

operating cost of the system per hour for 1950-1951 jumped to $2,02, as compared 

to $1,89 and $1,;31, respectively, for the other seasons, 

For the first time since the installation was made, transverse cracks in 

the bit~minous concrete pavement opened to such an extent that the heating ele-

ment wires broke on different occasions. In some cases, these transverse cracks 

in the surface were as much as 3/8 inch in width, and ran the full width of the 

pavement, The broken elements were repaired by removing a section of the surface 



and attaching a piece of wire between the broken ends of the element, leaving 

enough slack to provide for future movement of the pavement. Figure 1 is a 

schematic diagram .showing the position of breaks and date of occurrence, No 

breaks have occurred to date in the concrete section, 

During this season, there were several prolonged snow periods which illus

trate clearly the added burden imposed on the heating system when installed on 

a flat roadway with no provision for r~pid runoff of melt water, On such occa

sions, when the snow falls intermittently for several days, the heating system 

is required not only to melt the normal snowfall and the slush thrown onto the 

heated strips from adjacent unmelted lanes by passing vehicles, but also to 

maintain the resultant layer of water at above-freezing temperature, thus neces

sitating that the system be energized for a considerably longer period, If the 

. heating system were installed on an inclined raodway, the melt vm ter would drain 

off immediately and the system would turn "OFF" much sooner, with a considerable 

saving in cost of operation. 

Complete operative cost data for the 1950-1951 winter season, furnished by 

the Detroit Public Lighting Commission, will be found in Table I. In Table II, 

there have been compiled comparative operative data, by months, for the three 

winter seasons of 1948-49, 1949-50, and 1950-51, A~ditional comparative opera

tive information including the three winter seasons has been summarized also 

in Table III, 

A brief account of the performance of the system throughout the major 

storms follows, 

November 23 and 24, 1950: Snowfall started in the early morning of November 

23 and continued lightly all day, with temperatures around +12° F, to +15° F, 

Roads were covered with packed snow. The heating elements in the concrete section 

were not working, but the bituminous section was clear, 
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HEATING PADS IN t J a' L I WATER BOARD M.H. 

_BITUMINOUS PAVEMENT 

DATE 

11-24-50 

12-26-50 

1-14-SI 

1-21-51 

1-27-SI 

NOT TO SCALE 

NOTE:-
At points fl & 4 also #3 & 5 where breaks occurred on two occe.sions, the second break was beyond previously repaired ares .• 
All repairs to heating elements were checked for uniform current distribution by measuring the current in each wire of the 
element prior to resurfacing. The additional seo.tions of heating element installed at points of fracture were prO"Irided 
with slack to prevent breaks due to separation of fractured pavement. 
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TABLE 1 

SUNM.ARY OF oPERATING DATA .AND COSTS FOR SEASON 19.50-51 

DATA :ru:RJ.\"ISHED BY DETROIT PUBLIC LIGHTING COMMISSIQ!! 

SYS'l$."f IN OPERATION C<JNCRETE SECTION :BI'I'UMINOUS SECTION PRECIPITATION 
Time •oN• En=gy Cost Energy Coat Snovfall Water Av~rage 

Consumed P.r..c. Consumed P.L.C. Sleet Equivalent Mean at :From To Hr; }fin. JOO! llat• Kill! Ee.te Inches Inches Site-°F 

NOV00ER 

9:00 p.m. ll-23-50 4:40 p.m. 11-24-50 19 : 40 1040 1060 0.4 o.tz 14 2:1S a.m. 11-25-50 12:00 noon 11-28-.50 ~ !!.§.@. ~ !!.&. hll 22 

Novembel" Totals 101 : 28 5660 $125.9.) 7120 $150~6.5 8.4 1.2.5 

DECEMBER 

11:5.5 p.m. 12- 1-50 11:40 a.m. 12- 2-.50 11 : 4.5 ''460 520 0.1 0.51 34 4:25 p.m. 12- 7-50 Z:JO p.m.. 12- 8-.50 22 : 1.5 820 920 0.2 1.47 21 8:05p.m. 12- 9-50 4:20 a.m. 12-10-.50 8 : 35 460 520 0.1 o.ot 30 J:JO a,m. 12-ll-50 8:2j p.m. 12-14-.50 88 :55 2880 J760 1.0 0,07 26 1:18 a.m. 12-15-50 1:10 p.ro.. 12-16-50 J5 ' 52 1740 2000 0.9 0,04 27 1:07 a.m. 12-22-50 6:05 p.m. 12-22-50· 16 : 58 1040 840 1.0 0.10 29 11:27 p.m. 12-2~-50 7:30a.m. 12-25-50 8 : OJ 580 680 T T 17 11:2) P .• m. 12-25-50 l:JO p.m. 12-28-50 ~ 4860 = hl o.u 10 

December Totals 254 : JO 12840 $247.48 15150 $286o58 6.5 1.91 

JANUARY 

10:04 a.m. 1- 7-51 2:)8 p.m. 1- 7-51 4 : )4 240 220 O.J 0,02 19 ):40 a.m. 1- 8-51 10:JJ a.m. 1- 8-51 6 '5J 360 )20 0.1 0,01 20 6:15 p.m. 1-14-51 1:10 a,m, 1-16-91 JO : 45 1500 2000 3.8 0,27 Jl 2:18 a,!ll, 1-21-51 1:15 p.m. 1-21-.51 10 : 57 580 600 0.3 0,03 18 10:15 a.m. l-23-51 11:10 a.m. 1-24-51 24 :55 1280 1530 2.7 0.16 29 7:00p.m. 1-2.5-51 10:50 a.m. 1-26-51 15 :50 800 Boo 0.3 o.o3 22 11:25 p.m. 1-26-51 10:45 a.m. 1-J0-51 83 : 20 ~ 3660 hl Q.dZ 15 
J e.n1.J.al7 To tab 177 : 14 7740 $161.)1 91)0 $184.68 12.4 0.79 

FEBRUARY 

5:JO a.m. 1-31-51 5:JO p.m. 2- 4-51 108 : 00 7640 7440 5.2 0.29 11 12:15 a.m. 2- 5-51 5:45p.m. 2- 8-51 89 : 30 4160 J720 1.5 o.42 24 1:40 p.m. 2- 9-51 10:25 a.m. 2-15-51 140 : 25 ')420 WQ. !!d. £.&. 25 

February Totals 337 : 55 17220 $)21.6) 16)60 $J07 .09 7.4 1.)8 

MARCH 

12:07 a,rn, J- 1-51 8:00 a,m, J--1-51 7 ' 5J 240 280 T o.u 34 11:05 p.m. J- 2-.51 12:40 p.m, J- J-51 lJ : 3.5 J40 )80 " o.Js 34 7:10a.m. J- 9-51 8:05 a.m. 3- 9-51 0 : 55 - - T T 22 10:01 a.m. J-14-51 10:)5 a.m. 3-14-51 0 : )4 - - 0.2 o.46 JJ .5:15a.m. J-19-51 l:JO a.m. J-21-51 32 : 15 ...22£. 1200 .w_ Q& 25 

March To tals 55 : 12 1570 $ 37.58 1860 $ 44.10 5-7 1.41 

Season Totals 926 : 21 450JO $89J.9J 49620 $973.10 l+o.I.J. 6.74 25 

'" Control temperatures fluctuate :t 1° F, of values given in Table I, 
Concrete section control set to operate between J6-J8 degrees F, 
Bituminous section control set to operate between 50-55 degrees F. This higher setting was necessary to 

compensate for position of control bulb in relation to surface. The bu.lb had become displaced closer 
to heating element and further from surface, 

Average Temperature of 
Pavement a.t Control Point• 
Concrete Bi tuminoue 

'• 'F 

36 36 
29 49 

36 44 
J8 46 
36 41 
35 53 
36 SJ 
J4 52 
30 J8 
35 2J 

J9 53 
31 36 
36 51 
35 53 
J8 52 
J5 47 
23 50 

27 40 
36 48 
26 41 

37 53 
39 53 
Jl 52 
)6 No Record 
J4 52 

I 

I 

! 
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TAiiiJil II 

Sill~fARY OF OPERATING TH!E, :ENERGY CONSUMETION, AND WEATHER COHDITIONS 

WINT:ER SEASONS 1948-49, 1949-50, AND 1950-51 

Time 11QNII - Hours 
KWH Consumption 

Month 1948-49 1949-50 1950-51 
1948-49 1949-50 1950-51 Cone. As ph. Cone. As ph. Ccnc. As ph. 

November o.oo 66.7 101.5 0 0 1980 2280 5660 7120 

December 79.65 8).55 254.5 2)90 2180 2080 2780 12840 15150 

January 190.9) 116.50 177.23 5010 5600 4400 5200 7740 91)0 

Februar;t 142.01 140,01 ))7.92 3540 )770 8560 7960 17220 16)60 

March 94.00 122.69 55.20 2670 )470 4840 4860 1570 1860 

April o.oo 19.25 o.oo 0 0 920 680 0 0 

Total 506.59 548.'/0 926.)5 1)810 15020 22780 2)860 450JO lf9620 

WEATHER CONDITIONS DURING OPEPJLTIONS 

1948 - 1949 1949 - 1950 1950 - 1951 
Month Snowfall, Water, Mean Air Snowfall, We.ter, Mean Air Snowfall, Water, Mean Air 

Inches Equiv. Temp., op Inches Eq_uiv. Tem"P., OF Inches Eqniv. Temp., OF 

No·...-ember - - - 4.5 0.76 )2 8,4 1.25 18 

December 0.50 o.49'~ )8 4.7 0,48 )) 6.5 1.91 24 

January 4.6 o. <6 )5 9.2 0.71 )0 12.4 0.79 34· 

February J,l 0.)9 25 12.6 2.29 25 7.4 1,J8 20 

Varch 2.1 o.n 25 9.6 0,81 24 5.7 1.41 )0 

April -- - - 0.4 o.4o 26 - - --- - --

Total 10,J 1.25 41,0 5.45 40,4 6.74 

Av&. Temp. )1 Ave. Temp, 28 Ave. Temp. 25 
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A nnowfall,of i inch was recorded at 8:00 a,m, on November 24, Temperature 

between the hours of 12:00 midnight and 8:00 a,m, .of November 24 ranged from 

40 F, to 5o F, The heating elements on both sections were working, but due 

to extremely low temperatures, the lanes 1vere covered by a J-inch ice ridge, 

with water at the contact between ice and road surface, At these low tempera-

tures, the melt waters were frozen into an ice ridge, A light snow started 

again about 10:00 p.m. on the 24th, 

November 25, 26, 27, and 28, 1950: A total of .8 inches of snow fell in this 

period, Air temperatures ranging from so F. to 29° F., with an average of 220 F., 

were recorded, The heating elements worked very well throughout the period, keep-

ing the sections clear except when de-icing chemicals were applied to adjacent 

l~nes, This caused slush, which was splashed onto the heated sections, causing 

added load, This condition cannot be avoided on this particular installation, 

Very little ice build-up was experienced at the ends of heated sections, 

December 7 and 8, 1950: Rain turning to snow and ice fell during this 

period, The streets were icy; mean air temperature was around 210 F, The heat-

ing elements dried the pavement in the wheel tracks, 

December 9 to 15, 1950: Mostly light snow flurries prevailed throughout 

this period, with temperatures ranging from 22° F. to 27° F, Heating elements 

kept tracks clear of ice and snow, Slight ice build-up occurred along edges and 

ends of heated stri'ps, See Figure 2, 

December 22, 1950: Snowfall of l inch was recorded, resulting in ice on 

pavement, Temperature was around J20 F, The heating elements worked satisfac-

torily; wheel tracks were clear, except for slush splash, 

December 26 to 28, 1950: Snowfall of 4 inches fell on December 26, between 

1:00 a,m, and 9:JO a,m,, with air temperatures around 10° F, !!eating elements 

kept pavement bare, but a two-inch ice ridge developed on the sides of heated areas, 
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January 14 and 15. 1951: Snowfall started at 6:00 p,m. on January 14, and 

ended.at 10:00 a.m •. January 15, resulting in a 4-inch depth. Air temperature 

was around 290 F •. The heated areas were free of ice and snow, but were wet. 

A 2-inch ice ridge formed on the sides of the heated areas, See Figure 3. 

January 21, 1951: A snowfall of one inch occurred· at air temperature of 

about 100 F. Heating elements kept tracks clear, but wet, 

January 26 and 28, 1951: About four inches of snow fell between 9:00p.m., 

January 26, and 5:00 a,m,, January 28, at an air temperature of about 150 F, The 

snow came so fast that it froze on the heated sections. By 9:00 a,m, on January 

28, the heated areas were clear, but wet, Ridges of ice three to four inches 

thick formed between and at outer edges of heat\)d areas. This is. the heaviest 

ice-ridge formation noted so far in the experiment, 

January 31 to February 4, 1951: Heavy 4-inch snowfall occurred between 

2:00 p,m,, January 31, and 8:00 a,m., February 1, The average air temperature 

was 11o F, By 4:00p.m., February l, the. roads were very slippery and conditions 

were too much for the heating elements during the peak of the storm, However, 

at 8:00 a,m,, Februaryl, the inside tracks of both heated sections were clear. 

The outside tracks, in both cases, were covered with slush thrown there by pass-

ing vehicles, Ends of heated areas had a 2-inch ice ridge, See Figures 4 and 5, 

February 5 to 8, 1951: This was a period of light snowfall, rain, and 

sleet, Air temperature averaged 24° F. The heating elements kept tracks free of 

ice and snow. 



TABLE III 

S~~y OF COMPARATIVE OPERATING DATA FOR THREE SEASONS 

1948 - 1949 1949 - 1950 1950 - 1951 

Total Time "ON" 

Total KWH Consumption 

Concrete section 

Asphalt section 

Total Cost (DPLC rate) 

Concrete section 

Asphalt section 

' 

506.59 hrs, 548.70 hrs, 

28830 kwh 46640 kwh 

13810 kwh 22780 kwh 

15020 kwh 23860 kwh 

$663.42 $1,041,02 

$319.66 

$343.76 

$ 507,24 

$ 533.78 

Energy Consumption p6r 500-ft, Section per Hour of Operation 

Concrete section 

Asphalt section 

Percent difference 

27,.3 kwh 

29,7 kwh 

8.8 

41.5 kwh 

43.5 kwh 

4,8 

926,.35 hrs, 

94650 kwh 

4503C kwh 

49620 kwh 

$1,867.03 

$ 89.3.93 

;p 973.10 

48,6 kwh 

5.3.6 kwh 

10,.3 

Energy Consumed per 500-'ft, Section per Hr. per Sq. Ft. of Heating Surface 

Concrete section 18,4 watts 27.9 watts 32.7 watts 

Asphalt section 20,0 watts 29,.3 watts 36.1 watts 

Cost per 500-ft, Section per Hour of Operation 

Concrete section $ 0,6.3 $ 0.92 $ 0,97 

Asphalt section $ 0,68 $ 0.97 $ 1.05 

Cost of System per Hr. of Operation $ 1,.31 $ 1.89 $ 2,02 

Total snowfall 10,.3 inches 41,0 inches 40,4 inches 
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FIGURE 3. VIEW SHOWING TYPICAL ICE BUILD-UP ADJACENT TO ~ 
HEATED AREAS. RIDGES ON BITUMINOUS SECTION- 2 INCHES HIGH.,. 

STORM 1/15/51 

FIGURE 4. VIEW SHOWING INSIDE TRACK ON CONCRETE SECTION 
COVERED BY SLUSH FROM ADJACENT LANE. OUTSIDE TRACK IN 
~ FOREGROUND IS CLEAR. STORM 2/1/.51 
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FIGURE 2. VIEW OF CONCRETE 
HEATED SECTION, SHOWING WIDTH 
OF MELTED AREA AT EXTREME 
WEST END, AND TRACKING OF WATER 
. NTO ADJACENT UNHEATE;D PAVEMENT. 

STORM 12/15/50 


