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The wear caused by studded tires has been measured on different pave
ment surfaces in Ontario by using a simple photographic method to 
record before-and-after cross-sectional profiles. Results show that, 
with not more than 20 percent of vehicles using studded tires, substan
tial wear has occurred during one winter of moderate-to-heavy traffic. 
Estimates of future pavement wear indicate that a serious problem has 
to be faced for which no lasting and economical repair or preventive 
procedures yet exist. Experience in Europe and North America is re
viewed in an effort to compare any benefits of studded tires with the 
widely reported pavement damage they may cause. The alternative 
courses of action-to restrict the use of studs or to allow their contin
ued use-are considered in the light of the findings. 

•STUDDED TIRES have become increasingly popular during the last few years as an 
aid to winter driving. They afford appreciable improvements in vehicle braking, cor
nering, and traction on ice; limited benefits are experienced on packed snow, but no 
advantages are obtained on bare pavements. studded tires are mostly used on passenger 
cars where they may be fitted on all 4 wheels or, more usually, in North America, on 
the rear wheels only. The studs (between 100 and 150 per tire) are set in the tires with 
about 1/16 in. of the tungsten carbide tip protruding from the tread. Because stud wear 
occurs at approximately the same rate as the tire wear, this projection remains about 
the same throughout the life of the studs. After a few thousand miles of driving, espe
cially on bare pavements, the tips of the studs become beveled and their effectiveness 
diminishes. Few studs are lost from the tire by normal driving, but they may be 
ejected occasionally by violent starting. 

The beneficial action of studs is achieved through their ability to indent the surface 
of ice and packed snow. Unfortunately, they are also capable of cutting and wearing 
away the surface of bare pavements. Furthermore, unlike tire chains, which are only 
used intermittently when actually needed, studded tires are kept on the car throughout 
the winter, and most of the time they are running on clear, dry pavement. 

studded tires originated in Finland in 1959, and from 1962 their use has increased 
rapidly in northern Europe. In Sweden the number of passenger vehicles equipped with 
studs has increased from 15 percent in 1964 to 60 percent in 1968. From 1964 onward, 
unusually severe pavement wear was observed in many northern European countries, 
and considerable work has been carried out to determine the causes and to find more 
wear-resistant pavement surfaces. 

No lasting solution to the problem of wear has so far been found in Europe. In some 
countries the use of studded tires is discouraged by restricting their use or prohibiting 
them; but in others with more severe winter conditions, such as Norway, Sweden, and 
Finland, the wide-scale use of studded tires continues on passenger cars and has ex
tended to trucks and buses. 

Not surprisingly, a similar trend is developing in the northern United states and 
Canada. studs were first introduced to this continent in 1963, and since then their use 
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has increased each winter. In 1968-69, New York, Minnesota, and Manitoba reported 
that 20 to 25 percent of passenger cars were fitted with studded tires, while in Quebec 
and the Maritime Provinces, the figure was 50 percent or more in some locations. Sev
eral states and provinces, including New York, Minnesota, Wisconsin, Michigan, Que
bec, Manitoba, New Brunswick, and Nova Scotia, have recently reported unusual dam
age to pavements ranging from local wear where vehicles stop, start, or turn to more 
general wear on the highway (1) . 

The use of studded tires is permitted in Ontario from October 1 to April 30, provided 
they are fitted to all wheels or both rear wheels; they cannot be used on the front wheels 
only. Their use has increased rapidly on passenger cars though none has, as yet, been 
noticed on heavier vehicles. Surveys of parked vehicles (at the Department of Highways 
headquarters in Toronto) showed that 2 percent of cars were equipped with studded tires 
in 1966-67, 8 percent in 1967-68, and 18 percent in 1968-69. A limited province-wide 
survey made at the end of the winter of 1968-69 revealed that between 2 and 27 percent 
of the vehicles on the roads were using studded tires; the percentage varied with geo
graphical location, and the province-wide average was 14 percent. This growth pattern 
fits those observed in Minnesota and Sweden and indicates that 60 percent of the cars in 
Ontario may be equipped with studded tires by the winter of 1971-72. 

Unusual wear was first observed on the MacDonald Cartier Freeway (Highway 401, 
Toronto Bypass) and in the town of Huntsville after the winter of 1967-68. As a result, 
a program was established to measure and evaluate the effects of studded tires on both 
bituminous and portland cement concrete pavements over the 1968-69 winter period. 

The measurements made indicate that significant wear occurred in Ontario during 
one winter that fits a pattern of wear observed in Germany and from which a procedure 
for predicting future wear was developed (2). By applying the same prediction proce
dure, it is estimated, from the test locations in Ontario, that 1 in. (25 mm) of wear in 
the wheel tracks will occur within 2 to 5 years on the more heavily traveled roads if the 
use of studs continues and increases at the expected rate. Where traffic is lighter the 
wear will take longer to reach serious proportions. In addition to general wear in the 
wheel tracks, more intense local wear is observed wherever vehicles stop, start, or 
turn and painted traffic markings disappear within a few weeks after the onset of winter. 

This presents a serious problem for the safe operation of traffic and the maintenance 
of pavements. If the use of studded tires continues, and increases at the expected rate, 
the question of the extent, type, and cost of remedial treatments and the anticipated life 
of pavements becomes an important consideration. Accordingly, possible methods of 
repairing worn pavements are considered together with a means of providing more 
wear-resistant surfaces. These are itemized and the additional costs that will result 
over the next decade are developed for the Ontario highway system. 

A number of the types of pavement surfaces mentioned in the report may not be gen
erally familiar. A description of their salient features is given in the Appendix. 

PRESENT WEAR 

Method of Measurement 

Most investigators of pavement wear have determined the amount of wear from 
before-and-after measurements of cross sections of the pavement, and elaborate equip
ment has been developed to measure and record individual spot depths along the profile 
®· For the investigation described in this report, a simple, photographic method was 
used that produces a continuous profile and a record of the pavement surface texture 
with a minimum of field work and interruption to traffic flow. 

In this method, a thin wire is stretched above the pavement at a fixed height by a 
supporting frame seated on reference studs countersunk in the pavement surface. The 
studs are located sufficiently clear of the pavement edge, or any cracks, to avoid dif
ferential displacement due to frost heaving. A light-tight box is then placed on the 
pavement over the stretched wire. A single flash picture, which covers a strip of pave
ment about 6 in. wide, is taken from a height of 18 in. by using a camera mounted in the 
top of the box. The flash unit is positioned above and to one side of the wire so that it 
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casts a shadow of the wire on the pavement surface. In order to sharpen the shadow 
and limit the amount of light , the flash is blanked off to a narrow horizontal slit about 
1/16 in. wide . A series of photographs is taken by moving the camera-box along the wire. 
Photographs of the strips of pavement can be repeated at the same location to record 
progression of wear at whatever time intervalis desir ed. Figure 1 shows the appar atus 
ready for use. 

Figure 2 shows an example of the progression of wear in a concrete surface. As 
wear progresses the shadow of the wire moves away from the wire by an amount directly 
propor t ional to the wear on the pavement surface. The error intr oduced by any decr ease 
in elevation of light s ource and camera, as the pavement surface wear s, i s negligible 
because the distance to the light source is very la1·ge compared with the depth of the 
wear. 

For all practical purposes the oblique cross sections provided by a succession of 
shadow lines are a sufficiently accurate means of determining pavement wear. From 
full-size prints or projected slides, the shadow profiles can be measured and used in 
at least 3 different ways. First, the shortest and longest ordinates between the datum 
wire and its shadow on the pavement give, after reduction to datum, the least and the 
greatest profile depth respectively. The differences in these measurements from suc
cessive pictures are measures of the minimum and maximum depths of wear. Second , 
the area between the wire and its shadow can be measured by a planimeter so that the 
average depth of wear in a particular period can be obtained by dividing the area between 
successive shadow lines by the length of the wire, as given by the centimeter graduated 
measuring tape (Fig. 2). Third, by fitting an envelope of appropriate base length touch
ing only the high spots on the shadow profile , a pavement elevation, as might be mea
sured by the foot of a leveling staff, can be obtained. 

Measurements Made 

Measurements of pavement profiles were made in the fall of 1968 and the spring and 
fall of 1969 at 53 locations; 43 of these were on the lanes of a core-collector freeway in 

Figure 1. Photographs being taken of a bituminous pavement worn by studded 
tires (Highway 400, H L 1, 1 year old, AADT 5,200 per lane) . 
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Toronto that carried heavy traffic, and the remainder were on major highways having 
moderate to heavy traffic volumes in southern Ontario. Both bituminous and concrete 
pavements were measured , and significant differences in the type of wear were detected. 

The wear, which occurred during the winter of 1968-69 and corresponding informa
tion on the traffic volumes, is given in Table 1. The 1969 fall measurements at the 
same locations (not reported) indicated that no appreciable wear, due to normal tires, 
occurred during the summer. Each set of measurements reported was taken from a 
single profile across the outer wheel track of the pavement lane concerned. No attempt 
was made to establish repeatability or reproducibility of the measured wear at the 



TABLE 1 

PAVEMENT WEAR MEASUREMENTS 

Pavement Weara 
in Wheel Track 

Pavement Traffic 

I,nc:ation 
J\vgb Mine Ma.xd Age AADT Operating 

Type (yr) Per Lanee Condition 
(mm) (mm) (mm) 

Highway 401, Toronto Bypass west of 
Don Valley Parkway, westbound 
core 

Center Lane 1,89 1.14 2.28 Cone. 9,400 Straight, normal freeway 
Passing 1.34 0.49 2. 28 6,300 driving, maximum 
Driving 0.63 0.00 0.95 4,000 speed 70 mph, core-
Center 2.08 0. 97 3.42 9,400 collector system 
Passing 1.60 0. 49 3.04 6,300 
Driving 0.81 0.49 1.71 4,000 
Center 0.85 0. 49 1.17 9,400 
Passing 0.80 0.49 1.52 6,300 
Driving 0.18 0.00 1.14 4,000 
Center 0.85 0.49 2.09 9,400 
Passing 1.54 0.97 5.32 6,300 
Driving 1.26 0.97 1.52 4,000 
Center 1.36 0. 97 3.15 9,400 
Passing 1.16 0.49 2. 18 6,300 

Highway 401, Toronto Bypass east of 
A venue Road, eastbowid core 

Center Lane 3.39 1. 94 5.34 Cone. 9,400 Straight, normal freeway 
Passing 3. 97 2.43 6.55 6,300 driving, maximum 
Driving 1.00 0.49 2. 91 4,000 speed 70 mph, core-
Center 2.25 0.49 3.40 9,400 collector system 
Passing 3.83 I. 94 5. 58 6,300 
Driving 1.63 0. 97 3.40 4,000 
Center 3.35 1.14 3.88 9,400 
Passing 3.55 1.14 5.82 6,300 
Driving 1.28 0.00 2.18 4,000 
Center 4.01 2.43 5.34 9,400 
Passing 3.57 2. 91 6.55 6,300 
Driving 1.65 0.49 3.40 4,000 
Center 2.33 0.97 4. 12 9,400 
Passing 2.60 1.14 3.88 6,300 

Highway 401, Toronto Bypass east of 
Spadina Expressway, eastbound 
core 

Driving Lane 1.12 0.49 1. 94 Cone. 3 4,000 Straight , normal freeway 
Center 3.04 1.14 3.64 9,400 driving, maximum 
Passing 3.35 1. 94 4.85 6,300 speed 70 mph, core-
Driving 1.15 0.49 2.43 4,000 collector system 
Center 3.03 1. 94 3. 88 9,400 
Passing 2.94 1. 94 4.37 6,300 
Driving 1.47 0.00 2. 91 4,000 
Center 2.55 0.49 3.40 9,400 
Passing 3.89 2.43 6.06 6,300 
Driving 1.44 0.97 1.94 4,000 
Center 2.02 o. 97 4.12 9,400 
Passing 4.46 2.43 5.82 6,300 
Driving 1.23 0.49 1.94 4,000 
Center 2. 63 0.97 4.85 9,400 
Passing 3.49 2. 49 4.37 6,300 

Highway 11B, Huntsville, near 5.40 0. 97 7.28 HL4 4,000 City traffic in business 
junction with Highway 527, section, maximum 
southbound lane speed 30 mph 

Highway 11B, Huntsville, between 
King and West Streets 

Southbound lane 5.34 0. 97 8.25 HL4 y 4,900 City traffic, maximum 
Northbound lane 4.89 0.49 8.73 4,900 speed 30 mph 

Highway 126, London, at junction 1.45 0.00 6. 79 HL3 2,800 Curve, exit ramp, 
with Highway 401, northwest 1.46 0.00 2.67 single lane rec. 
ramp, northbound lane 1.06 0.00 4.61 speed 50 mph 

Highway 401, London, east of 1.18 0.00 2.43 HLl 2 6,500 Straight, normal freeway 
Highway 126, eastbound driving 2.18 0.00 4.85 driving, maximum 
lane 1.84 0.00 3.40 speed 70 mph, 4-iane 

1.88 0.00 3.88 controlled access 
1.52 0.00 2.91 

Highway 400, Barrie, north Of 1. 97 0.24 5.09 HLl 5,200 Straight, normal fr eeway 
junction with Highway 89, 2.17 0.24 4.85 driving, maximum 
southbound driving lane speed 70 mph, 4-lane 

controlled access 

aThe range between minimum and maximum dept~ o1 we:a, t.li 1r\tht:ative of the relative wear rtt.h,1.:.n1;11 of lho dirfvr tn1 ~ i,ponents in the r,ntrment sur-
face. For example, a srNII range indicates even and un!fOf'm W~;Jr resistance of both the co1nw nvnrega te brlll mnu lx \.'lhHo a substantial r~~ indicates 
that differential wear is occurring, usually where a hard coarse aggregate is embedded in a softer matrix 

bAvbtogo ,Jup1h of t)l\'aMem wc,(u 11 1h0 thlckn~s, or on imng1na,i; unifotm layer th:,t \'IQtlld be occu1m.-d by lhij 1otnl volumQ ol ,11.i tttrial rcoafse riggre-
va1a nrwf m1111rb:, , cmovod from lho p,1~01001 w1f'4ce durlrllJ Iha period at I rrltf in uu.unKJn. II Is iln lndlc.110f• ot lhe ov1."f:dl :imount oJ '''"' oc;cu"ing, 

cMlnl!num tfotHh e r wtar 1, the- DfUltSI dllfc, i:ncl'l ln clov-~lkm bctwcc., 1tw 2 upf>e• a.m1r1lopvt, lilting lhft helrora,,'11'1d llltar ptollt"ti. II ~rn::r'.t.illv lndk:otas 
L.hti CX U:m l ,o whlt:h 1h11 mo~t w~.'1,Mlllill Dnl C:Olnr)On<tl'U or lhD JJ:IYIHf'lertl s.orfnaa !u"M.@lly 1ha c;oarae IIUQ(egD lej hw, been WVlll ~Id C',O(UtJpond.t lo lhll 
pavement elevation ca rry ing traffic. 

dMaximum depth of wear is the greatest difference in elevation between the 2 lower envelopes fitting the before ,and-after profile. It generally indicates 
1ljfi·,ucn1 to whlt.h 1hc Jeoi1 wt-111Me1l1Uml cc,mp,otMml of tho pavemcn1 surf111co ju;;1,111ll v 1ho rm11r•,c1 h:ts IK'WI v:om. 

°T, fhc volumf11 huive b!N.'f1 1obul11tQd p(:'r 111100 ho glvo 1hc number ol P4UCI QI vi!hlcle,: cw-er tho um loc,nlon,J on 1his bltsls: Highw,1,; 401 Toronto 
Bvr~u. ~lull! cooou: Hiuhwav 118 11un1i vl ll ,:,-, ¼ 1n1.1I AMT: JH,.#,w"'i 1101 lohd°", or•d IUghw.lV 40() Oarrkt. J6 pu,cen t total AAOT . AADT Un-
eluding commercial vehicles) is given in Table 2. 
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same spot. The uniformity of the wear along the pavements can, however, be judged 
where more than one reading is given for the same highway, lane, and traffic volume. 
In these cases, measuring stations were located some distance apart to represent the 
sections of highway concerned. 

Visual Observations of Unusual Wear 

Figures 1 and 3 show the extent of concentrated wear in the wheel tracks that has 
already occurred widely on bituminous and concrete pavements subjected to heavy traffic 
in Ontario. Marked local damage of the type shown in Figure 4 has also occurred in 
many locations where vehicles stop, start, or turn. 

One of the most obvious signs that unusual wear is occurring is the general loss of 
painted traffic lines, often in the first weeks of winter, and particularly on curves. 
Other examples of unexpected wear were that longitudinal grooves, cut ¼ in. deep in 
concrete pavement to improve skid resistance, were worn completely away in the wheel 
tracks on curves, and thin bituminous overlays were worn through to the underlying 
material in some locations in one winter. In other locations the comparatively heavily 
broomed surface texture, formed in new concrete pavement to provide skid resistance, 
was worn away during the first winter (Fig. 5). This suggests that where such rapid 
wear occurs no reliance can be placed on surface texturing as a means of imparting 
long-term skid resistance to concrete pavements, and also that it is pointless to apply 
linseed oil to enhance scaling resistance. 

Though often striking at first sight, none of the damage noticed had yet reached a 
critical stage. 

Figure 3. Studded tire wear on concrete pavement 
(Highway 17, Oueensway, Ottawa, 6 years old, AADT 

10,000 per lane). 

Additional Test Track Experiments 

Rotary traffic simulators that had been 
used in another investigation were modified 
so that they could be run with a load of 
1,000 lb on each wheel. Studded tires were 
fitted on 2 of the simulators to compare 
the wear on portland cement and bituminous 
concrete surfaces with that caused by snow 
tires on the other simulators that were not 
equipped with studs. 

Very rapid wear was caused by the 
studded tires. The wear, both to the pave
ment surface (Fig. 2) and to the studs, was 
not of the same nature as that occurring 
on the highway. There appeared to be 3 
main reasons for this: The studs followed 
each other in exactly the same tracks, 
there was some wheel bounce, and there 
was a constant scuffing action due to the 
lack of toe-in or camber of the test wheels. 
The pavement wear recorded for the un
studded tires was so small as to be negli
gible. The results of these tests were of 
little real value except to draw attention 
to the need to align the wheels in small
diameter traffic simulators to ensure true 
rolling action. 

Discussion of Findings 

Depending on the location and volume 
of traffic, the average wear in the wheel 
tracks during one winter (5 months probable 
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Figure 4. Localized wear at an intersection where vehicles stop, start, and turn. 

use of studded tires) ranged from 1.32 mm on an interchange ramp at London with 2,800 
vehicles per day to 5.40 mm at Huntsville with 4,000 vehicles per day; both of these were 
asphalt pavements. On the concrete pavement of the Toronto Bypass, the wear in the 
wheel tracks ranged from 1.13 mm in the driving lane to 2.67 mm in the passing lane 
with between 4,000 and 9,400 vehicles using each lane per day. Though the test locations 
were few in number and were on highways that carry substantial traffic and are bare 
most of the winter, the results indicate that significant wear can occur on both bitu
minous and concrete paved lanes where the average annual daily traffic (AADT) is as 
low as 2,000 passenger cars with probably no more than 20 percent of these vehicles 
equipped with studded tires. 

Increased wear occurs with increased traffic volume and at locations where vehicles 
are required to change speed or direction. In the town of Huntsville, wear increased 
very noticeably where vehicles stopped and started at traffic lights, turned at inter
sections, or started on a grade. On the Toronto Bypass, which has a core-collector 
system providing at least 6 lanes in each direction, wear is generally greater in the 
passing lanes than in the center lanes, even though traffic is lighter. No facts are 
available to explain this observation, but it is possible that more cars with studded tires 
use the passing lanes than the other lanes. 

Except where turning movements occur, wear due to studded tires is invariably con
centrated in the wheel tracks. This rutting of the pavement is potentially serious be
cause of its effects on the control of vehicle direction. Surface drainage is also im
paired, and this leads to ponding, splashing or icy patches, and an increased risk of 
skidding. Early loss of surface texture on concrete pavements rapidly reduces their 
skid resistance. 

Two basic approaches have been used to compare wear on different pavements and 
to evaluate the results from test track experiments. The first, as used in this report, 
is to compare average depths of wear in the wheel tracks. The justification for this is 
that the point at which pavement surfaces will generally become unserviceable is likely 
to be dictated by the depth of these ruts. On the other hand, in comparisons of wheel 
track wear with more general wear that may occur across the whole pavement, or with 
that on test tracks where the studded tire passes cover only a comparatively narrow 
band, the conversion of the average depth of wear into a figure representative of the 
amount of material removed has considerable merit. A procedure for this has been in
troduced by Anderson of the National Swedish Road Research Institute (7) in which the 
specific wear (S.P.S.) is calculated as the amount of material in metric t ons that would 
be worn away by one million vehicle-kilometers (the vehicles being equipped with studded 
tires on all wheels). Rosengren (5) has reviewed most published European and North 
American data on studded tire wear and has calculated the average depth of wear in the 
wheel tracks for one million vehicle passes and the S.P.S. values. 



NOTE: 

a) New Concrete Pavement, Showing Transverse Wire-Bl'Oom 
Texturing to Improve Skid Rcsistnnce 

b) Concrete Pavement After One Winter's Wcc:1r 
(i11itial s111/ace texture /Jas bee11 removed by wear) 

c) Concrete Pavement 3 yrs. Old 
(uniform wear is pl'ocecding) 

Tlie e:rnmples s/101v11 are ,wt repeated plrntograplis of tlie sa1111: locario11, /ml tl!e c·o11crete (11 e11cl1 case, 

Jws 11,e :wme mix proporfio11s aud co1110(11s soft ,:oorse rrggregMe AADT = 9,400 per lo11e 

Figure 5. Uniform wear on concrete pavements (Highway 401, Toronto Bypass). 
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The wear occurring in Ontario can be compared with that currently occurring in 
Sweden as reviewed by Keyser (1) and elsewhere :ir1 northern Europe as re.viewed by 
Rosengren (5). In Sweden, in the city of Stockholm wear on streets subjected to heavy 
traffic has exceeded an average of 12.55 mm, and contractors will not guarantee sur
facings for longer than 3 years. In Finland the average wear on the most common types 
of pavement during the winter of 1968-69 was 2.3 mm where 85 percent of passenger 
cars, 46 percent of trucks, and 47 percent of buses were equipped with studs. This 
wear was typical of straight sections of 2-lane pavements having an AADT of 4,000 and 
maintained bare over a 6-month period of stud use. Maximum wear in the wheel tracks 
was 1.5 to 2.0 times the average wear, and at intersections maximum wear was 4 times 
the average wear on straight sections. In Norway the average wear during each of the 
last 2 winters, on the full lane width of roads in Oslo, has been 5 mm with local rutting 
to a depth of 10 mm. This wear was caused by 60 to 70 percent of passenger cars and 
20 percent of heavy trucks having studded tires. Under these conditions the life of 
pavement surface courses is found to be 3 to 5 years rather than the 8 to 10 years pre
viously experienced. 

From photographs shown in Figures 5, 6, and 7 and the data given in Table 1 for the 
ranges between the minimum and maximum depth of wear, it is evident that 2 distinct 
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a) General View 

b) Ligl1tly Worn Area Outside Wheel-Track, Showing Loss of Surface Texture 

c) Wear in Wheel-Track, Showing Differential Wear between Hard 
Coarse Aggregate aml Softer Matrjx 

,,· 

"· 

Figure 6. Differential wear after one winter on concrete pavement containing a 
hard aggregate (experimental pavement, Highway 401, Toronto Bypass, AADT 

9,400 per lane). 

types of pavement wear may occur in Ontario, depending on the wear resistance of the 
coarse aggregate as compared with that of the matrix in which it is embedded. 

The first type of wear is shown in Figure 5 (concrete pavement) and Figure 7a (bitu
minous pavement). The aggregate in these cases is a soft limestone, and the wear is 
uniform across the surface; there are no hills and valleys on the shadow profile, and 
the difference between minimum and maximum wear is very small. The 1-year-old 
concrete pavement (Fig. 5b), the 3-year-old concrete pavement (Fig. 5c), and the 5-
year-old bituminous pavement (Fig. 7a) all show similar uniform wear, which may be 
expected to continue at a uniform rate. 

The second type of wear is shown in Figure 6 (concrete pavement) and Figure 7b and 
c (bituminous pavement). The coarse aggregate in the 3 cases shown was hard and 
fracture-resistant trap (basalt) or other igneous rock. In the case of the younger pave
ments, Figure 6c (concrete) and 7b (bituminous), the wear cycle has just started. The 
beginnings of hills and valleys can be seen on the shadow profile, but as yet there is no 
great difference between the minimum and maximum wear. Figure 7c, however, shows 
a much older bituminous pavement containing hard aggregate. The development of 



a) Unifonn Wear - Soft Aggregate 
(Ramp, Hwy 401 to Hwy 126 London, AADT 2,800 per lane) 

(HL3, 5 years old) 

b) Initial Wear - Hard Aggregate 
(Hwy 400 South of Barrie, AADT 5,700 per lane) 

(HL 1, 1 year old) 

c) HL4 Showing Differential Wear - Hard Aggregate 
( Hwy 11 B Huntsville, AADT 4,900 per lane) 

(HL4, 9 years old) 

Figure 7. Wear on bituminous pavements, showing the effect of hardness of 
the coarse aggregate. 
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valleys is visible where the softer matrix has been worn away, and the protruding hard 
aggregate is quite evident at the left end of the shadow line. This is reflected in large 
differences between the measured minimum and maximum depths of wear. Toward the 
right end of the shadow profile, a third stage of the wear cycle is apparent. In this area 
the matrix is relatively flat and depressed, and there is evidence that coarse particles 
have been dislodged. 

As long as the wear-resistant coarse aggregate remains in place it supports the ve
hicle tires, so that the studs will eventually be unable to reach and remove further ma
terial. With time, however, the coarse aggregate particles are loosened and dislodged 
by the impact of tires (and studs) and the undercutting of the supporting matrix. When 
this occurs, there is an abrupt local jump in the recorded wear of the pavement. 

It is important to establish if these observations are unique or if others have reached 
similar conclusions because they greatly influence the estimation of pavement service 
life and the choice of future surfacings. 

Differential wear in bituminous concretes with subsequent loosening and loss of 
coarse aggregate particles has been reported by Hultala in Finland (fil. Anderson et al.(1) 
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in Sweden have observed that the matrix is relatively more susceptible to wear dur
ing the early stages, and once this is worn away the pressure of the studs is taken up 
mainly by the large size fraction of the aggregate. Peffekoven (~ in Holland, who studied 
the effect of hardness of the coarse aggregate as an independent variable, concluded that 
hardness of the aggregate had an overriding influence on wear resistance when compared 
with other properties of a bituminous mixture. On many surfaces higher initial wear 
rates were observed with the rate of wear later slowing down ( 6, 7, 8), but the general 
dependence of total wear on the number of stud passes, found earlier by Wehner (~, 
was not disputed. 

Confirmation of these findings under highway conditions and the nature of the studded 
tire wear with the types of materials and mixes in use in North America must await 
further experimental work and long-term measurements. Meanwhile, the number of 
passes of studded tires that may be expected to occur has been taken as the governing 
criteria in predicting future wear on existing pavements. 

PREDICTION OF FUTURE WEAR 

Although the percentage of vehicles presently using studded tires in Ontario, and the 
resulting damage, is much less than that reported by others, a substantial amount of 
pavement wear has been observed, and it is necessary to predict future wear in order 
to estimate what effect this may have on maintenance requirements in the years to 
come. 

Wehner (~ has reported a linear relationship between the depth of pavement wear 
and the number of passes of studded tires (the latter being obtained from the AADT and 
the percentage of vehicles with studs). It is of interest to compare the wear actually 
measured on the Ontario pavements with calculated estimates of wear, based on Wehner's 
work. 

Table 2 gives the average depth of wear measured at the test locations and the wear 
calculated by Wehner's method for similar traffic conditions and varying percentages 
of studded tires. The measured wear, in each case, falls within one standard deviation 
(approximately 25 percent) of that predicted by calculation for 15 percent studded tires. 
Although the exact percentage of vehicles with studded tires passing over the test loca
tions is not known, the survey data indicate that it is probably close to 15 percent. 

This close correlation justifies using the same relationship to extrapolate the mea
sured wear for one winter to predict future wear on the same pavements. In order to 
compare the different test locations, the time to produce 1 in. (25 mm) of wear has been 
calculated. The results are shown in Figure 8 for each test site for 3 different assumed 
future levels of studded tire use. The assumption thought to be the most probable one 
is that the use of studded tires will increase from 15 percent (1968-69) to 35 percent 
(1969-70) to 50 percent (1970-71) to 60 percent (1971-72) with no subsequent increase, 
while the traffic volume also increases by 5 percent each year. This assumption fits 
the extrapolation of the Ontario and Minnesota growth curves for studded tire use and 
coincides with increases that have already occurred in succeeding winters in Scandinavia. 

If this assumption is correct, then 1 in. (25 mm) of the surfaces of both bituminous 
and portland cement concrete pavement will be worn away in the wheel tracks within 2 
to 5 years at the heavier trafficked locations. This prediction appears to match the 
wear occurring in countries such as Norway, Sweden, and Finland as documented in the 
previous section of this report. 

In order to monitor the predictions, rate of wear measurement will be continued each 
spring and fall at the locations reported. In addition, many other measuring stations 
have been installed in order to provide better representation of pavement types and ages, 
traffic volumes, and environmental conditions in southern Ontario. 

REPAIR AND PREVENTION OF DAMAGE 

If the use of studded tires continues and intensifies, then economical ways must be 
found for repairing the damage and preventing, or reducing, it on new highways. Ex
perience in restoring pavement surfaces in Ontario is essentially limited to resurfacing 



TABLE 2 

PROJECTED PAVEMENT WEAR BY STUDDED TIRES, ACTUAL WEAR AND ESTIMATED WEAR, WINTER 1968-1969 

Measured Weara Wear 
Calculated Wear Estimatee Traffic Pavement 

(mm) (mm) Location Winter ADT Adjusted ADT Maneu-
for Wehner's 

Percent Days Type Age AADT Minb MaxC Avgd Mean -a Percent of Studs Used ver -"1 AADT 2- Lane Graph 

ighway 401 
Driving lane 

Don Valley Cone. 1 4,000 Straight 0.37 1.33 o. 72 0. 7 0, 4 0,8 70 4,500 10 120 
Avenue Road 3 1-way 0.49 2. 97 1.39 0.8 o. 5 1.1 10 150 

I lane 
Spadina Expressway 3 0.49 2.23 1,28 0.9 0. 7 1.3 12 150 

Avg 1.13 1.2 0,8 1.6 15 150 
1.6 1.1 2.1 20 150 

Center lane 
Don Valley I 9,400 Straight 0.81 2.53 1.35 1.5 1.1 1. 9 70 10,700 10 120 
Avenue Road 3 1-way 1.40 4.42 3.07 I. 9 1.3 2.4 10 150 

l lane 
Spadina Expressway 3 1.10 3. 98 2. 65 2.3 1,6 2. 9 12 150 

Avg 2.36 2.8 2.0 3.6 15 150 
3. 7 2. 7 4.8 20 150 

Passing lane 
7,100 10 120 Don Valley I 6,300 Straight o. 59 2.87 1.29 0.9 o. 7 u 70 

Avenue Road 3 I-way 1. 91 5.68 3.10 1.2 0.8 I, 7 10 150 
I lane 

Spadina Expressway 3 2.25 5.09 3.63 1.5 o. 9 2. 1 12 150 
Avg 2.67 1. 9 1.2 2. 7 15 150 

2. 5 1.6 3.6 20 150 

ighway 11B, Huntsville, Asphalt 5 8,000 Braking 0.97 7.28 5.40 2.8 2.1 3. 7 90 5,800 +25 per- 10 120 
near junction with HL4 2-way (city 3.7 2. 7 4. 7 cent for city 10 150 
Highway 527 2 lanes traffic) 4.5 3.2 5.8 traffic = 7,300 12 150 

5. 7 4.0 6.9 15 150 
6. 5 4. 5 7.9 17 150 
7. 7 5.3 9,3 20 150 

ighway llB, Huntsville, Asphalt 9 9,800 Braking o. 74 8.49 5,34 3.6 2.5 4. 9 90 7,100 + 25 per- 10 120 
:Jetween King St. and HL4 2-way (city 4. 5 3.2 6.3 cent for city 10 150 
West St. 2 lanes traffic) 5. 5 3. 9 7. 7 traffic = 9,000 12 150 

6.8 4. 8 8.8 15 150 
7. 7 5.5 10.0 17 150 
9.1 6.4 11.6 20 150 

ighway 126, London, Asphalt 2,800 Curve 0.00 4.69 1.32 0.5 0.3 o. 7 70 3,000 10 120 
junction with Highway HL3 1-way o. 7 0.4 1.0 10 150 
401, northwest ramp I lane 0.8 0.5 1.1 12 150 

0.9 o. 7 1.1 15 150 
1.1 0.8 1.4 17 150 
1.3 0.9 I. 7 20 150 

ighway 401, London, Asphalt 18,700 Straight 0.00 3.49 1.72 0.8 0.5 0.9 70 5,300 10 120 
eastbound, east of HLI 2-way 0.9 0. 7 1.2 10 150 
Highway 126 4 lanes 1.1 0.8 1. 5 12 150 

1.3 o. 9 1. 7 15 150 
1.6 1.1 2. 0 17 150 
1. 9 1.3 2.4 20 150 

ighway 400, Barrie, Asphalt 15,000 Straight 0.24 4. 92 2.07 0.8 0.5 0. 8 70 5,400 10 120 
southbound, north of HLl 2-way 0.9 0. 7 1.2 10 150 
junction with High- 4 lanes 1.1 0.8 1.5 12 150 
way 89 1.3 o. 9 1.7 15 150 

1.6 1.1 2.0 17 150 
1. 9 1.3 2A 20 150 

he range between minimum and maximum depth of wear is indicative of the relative wear resistan~e of the different components in the pavement surface , For example, a small range indicates even and 
1iform wear resistance of both the coarse a.9gregate and matrix while a substantial range indicates that differential wear is occurring, usually where a hard coarse aggregate is embedded in a softer matrix. 
verage depth of pavement wear is the thickness of an imaginary uniform layer that would be occupied by the total value of material (coarse aggregate and matrix) removed from the pavement surface 
Jring the period of time in question . It is an indicator of the overall amount of wear occurring, 
linimum depth of wear is the greatest difference in elevation between the 2 upper envelopes fitting the before-and-after profiles. It generally indicates the extent to which the most wear-resistant com-
>nent of the pavement iUrface (usually the coarse aggregate) has been worn and corresponds to the pavement elevation carrying traffic. 
aximum depth of wear is the greatest difference in elevation between the 2 lower envelopes fitting the before-and-after profile. It generally indicates the extent to which the least wear-resistant com-
Jnent of the pavement surface (usually the matrix) has been worn. 
ased on Wehner (2J using correction factors suggested by Wehner for 20 percent commercial vehicles without studs, lower winter traffic volumes, duration of ice and snow cover, and actual traffic 
test track passes of studded tires, 
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with a bituminous overlay. This technique is not applicable, without modification, to 
repair of damage caused by studded tires, for the following reasons: 

1. If conventional materials are used, the resurfacing will wear out in the same 
short period of time (much of the locally available aggregate in southern Ontario is de
rived from relatively soft sedimentary rocks; harder igneous rocks predominate further 
north). 

2. Wear is likely to be localized in the wheel tracks, possibly only in one lane. The 
whole width of a road, or even lane, may not require resurfacing. No economical way 
of repairing this kind of longitudinal rutting is yet available. 

3. Concrete patching of worn wheel tracks on a concrete pavement would be difficult 
and expensive and would cause serious delays to traffic. It is unlikely, however, that a 
concrete pavement repaired by filling the rutted wheel paths with asphaltic material 
would be acceptable. 

Furthermore there is little local or other North American experience on which to draw 
for the improved wear-resistant surfacing materials that will be required for use on 
both repair work and new construction, and for ways of providing more lasting traffic 
markings on pavements. In Europe, however, considerable experimental work has al
ready been carried out. From a review of European findings and those apparent so far 
in the Ontario investigation, a reasonably clear idea can be gained of what may be re
quired. Consequently, several trial sections of pavement and traffic markings have 
been laid to evaluate some of the alternative materials that might resist the wearing ef
fects of the prevailing studded tire traffic. 

Wear-Resistant Pavement Surfaces 

Although stud damage to pavements seemingly cannot be entirely prevented, it might 
be reduced if more wear- resistant surfaces could be developed and used in both repair 
work and new construction. The properties required to produce these surfaces in bitu
minous pavements have so far only been investigated to a limited extent, mostly in 
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Europe and mainly under simulated wear conditions, although some field trials have 
been undertaken. For conventional densely graded bituminous mixes, there appears 
to be general agreement that both increased stone content and hardness significantly 
improve wear resistance (~, ~' 1, .§., _0. _Some correlation is indicated between wear 
resistance and the Los Angeles abrasion loss of the coarse aggregate (fil. The influence 
of binder content and viscosity is less clear. One investigation @ found that higher 
asphalt content increased wear in the long run, whereas penetration grade had little 
effect. Findings to the contrary have, however, been reported in Finland and Norway 
(Q.). The reasons for this may be in the masking effects of other properties in different 
mixes and in the test conditions, principally temperature, which has a considerable in
fluence on wear rates (~, ~. fil. Different sources of asphalt cement and fine aggregate 
appear to have little independent effect on wear resistance (.!!). In addition to the prop
erties for good wear resistance already mentioned, one or more of these European in
vestigations have reported the following as being important: good adhesion of the asphalt 
cement to the stone (by using additives if necessary), resistance of the coarse aggregate 
particles to fracture, high stability of the matrix, and proper compaction with a close 
surface texture. 

Some special types of bituminous mixtures, such as Gussasphalt (~, 1, _!!, m and sand 
asphalt mixes, meeting the requirements of the British specification B. S. 594 (~, 1, .§_, 
9), appear to provide better wear resistance than the conventional ones , especially when 
surface treated with hard chippings (1, fil. Generally, wear resistance is increased 
with increasing stone or chip size up to at least ½ in. (8). The best wear resistance of 
all appears to be given by stone-filled sand asphalt mixes (B. S. 594) into which pre
coated hard chippings are hot-rolled. This type of stone-filled sand asphalt is similar 
to, in most respects, and is sometimes otherwise known as, Topeka mix. 

Properly designed and laid surface treatments using hard chippings have shown good 
wear resistance comparable to that of hot-mix pavements until raveling occurs (§). 
However, slurry seals and thin bituminous overlays have worn very rapidly, probably 
due to the small grain size of the aggregate (fil. 

From these findings and those mentioned earlier in this report, it appears that the 
best known way, at present, of improving the wear resistance of bituminous pavements 
is to incorporate the maximum amount of the hardest available aggregate in the surface, 
both because it has superior wear resistance and because any form of surface treatment 
makes the best use of what may be quite expensive hard aggregates. Type B. S. 594 hot
rolled asphalt with precoated, hard, wear-resistant chippings is potentially very ad
vantageous for both repair work and new construction. 

The wear resistance of concrete pavements has been included in some European in
vestigations (~, ~' .!Q), but the work has not been as extensive as that on bituminous 
pavements. Orbom (lQ) in Sweden found that increased coarse aggregate content, con
solidation by vibration, and use of water-reducing admixtures all improved wear re
sistance, while he found no correlation between wear and cement content or the shape 
or petrographic properties of the coarse aggregate particles. However, all of the con
cretes he studied contained 1.·elatively hard aggregates . This may also account for the 
relatively good wear resistance of conc1·ete pavements reported by Wehner (ID in 
Germany and Thurmann-Moe (9) in Norway. The latter, however, reported consider
able variability that he attributed to nonuniformity during construction. The first year's 
performance on the Ontario trial sections of uniformly high quality pavement concrete, 
containing hard trap rock coarse aggregate, reported in the next section appears to con
firm that, to improve resistance to stud wear, the maximum amount of the hardest 
available coarse aggregate should be used. 

Experimental Wear-Resistant Concrete and Bituminous 
Surfaces and Traffic Markings 

In order to evaluate some of the more promising wear-resistant surfaces that might 
be used in Ontario and to study the effects of stud wear on skid resistance, trial sec
tions have been included in 2 recently built pavements. Limited experiments under road 
conditions have also been started to find more permanent lane marking systems. Infor
mation on performance is not yet available for the traffic markings, or the bituminous 
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sections; and a trial concrete pavement has only been opened to traffic for one year. In 
spite of this, some features of these experiments may be worth brief mention. 

Fourteen experimental concrete sections, each 250 ft long and 1 lane wide, were 
constructed in the fall of 1968. They are located in the westbound lanes of the Mac
Donald Cartier Freeway (Toronto Bypass) at Dixon Road and are thus subjected to sim
ilar heavy traffic as that at the test locations on this highway on which wear was reported 
earlier in the paper. In the test sections the normal fine aggregate was successively 
replaced up to 100 percent with a high silica sand with 3 types of coarse aggregate, 
dolomitic limestone, blast furnace slag, and trap rock. On special sections blends of 
coarse aggregate were tried or carborundum grit was incorporated in the surface during 
finishing. 

'!'ABLE 3 

DETAILS OF TEST SECTIONS OF WEAR AND SKID-RESISTANT BITUMINOUS PAVEMENTS 

Type of Mix 

HLl with increasing stone 
contents 

TR and TRS only, no 
intermediate sand 

HLl as above but with 
SS and TRS 

As Mix 7, 8, and 9 but 
reversing the ratio of 
SS:TRS 

HLl using SS and filler 

Asbestos filler mixes 

S ½ in. maximum size 
and regular fine 
aggregate 

As Mix 18, 19, and 20 
with the addition of TRS 

Crusher run hard 
metallurgical slag 
mixes 3/, in. (2 types) 

Carpet seal with reduced 
fines content 

standard HL3 mix using 
limestone coarse aggre-
gate for comparison of 
wear 

Standard HLl with sur-
face treatment using 
precoated TR chips 

Gussasphalt with rolled-
in precoated TR chips 

B. S. 594 stone mix and 
precoated TR 

B. S, 594 stone mix and 
precoated S 

B. S. 594 sand carpet 
and precoated TR 

Mix 
No. 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 

18 
19 
20 

21 
22 
23 

24 
25 

26 

27 

28 

29 

30 

31 

32 

Stone 
Percent Weight of 

Aggregate 

Filler 
Percent Weight of 

Aggregate 

Mixes Placed 

40 TR 
50 TR 
60 TR 

40 TR 
50 TR 
60 TR 

40 TR 
50 TR 
60 TR 

40 TR 
50 TR 
60 TR 

40 TR Limeslone 7 
50 TR ~ 
60 TR 2 

45 TR Asbestos 2 
45 TR 2 

30 S 
40 S 
50 S 

30 S 
40 S 
50 S 

Slag 1 
Slag 2 

30 TR 

40 LS 

Mixes Planned But Not Yet Placed 

40 TR 

27 12 

27 12 

0 16 

Fine Aggregate 
Percent Weight to 
Make 100 Percent 
Weight Aggregate 

LSS and local 
sand 

TRS 

SS and TRS 
1:2 

SS and TRS 
2 :1 

ss 

TRS 
TRS and sand 

1:1 

LSS and sand 

LSS and sand 
and TRS 2:1 

70 TRS 

LSS and sand 

LSS and sand 

61 

61 

84 

Asphalt 
Percent Weight of 

Mix 

5.6 
5.2 
4.9 

4.5 
4.3 
4.0 

4.8 
4.3 
4.3 

6.2 
5.3 
4. 7 

5.5 
5.2 
4. 7 

7.0 
7.0 

7. 0 
6. 8 
6.5 

6.4 
6.2 
6.2 

6.5 
5. 6 

6.0 

6.0 

5.6 

9.3 

9. 3 

11.3 

Note: Each section is approximately 300 ft long. Smalt areas of precoated chippil')gS were tried with standard H L3 mix (trap-rock chips) and H L 1 (Sinopal 
chips) to establish relative wear of chips, but not skid resistance. Abbreviations are TR a trap-rock, LS"" limestone, TRS "'trap-rock screenings, LSS = 
limestone screenings, S = Sinopa~, and SS = silica sand. 
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After one winter's exposure to studded tire traffic, the high silica sand sections have 
worn as much as those containing the softer, normal sands, thus exposing the coarse 
aggregate to wear. The carborundum grit surface treatment was removed in a few days 
by traffic and must be regarded as completely ineffective. Those sections containing 
trap-rock have, however, displayed excellent wear resistance. As shown in Figure 6, 
the surrounding matrix has been removed by studs and the coarse aggregate particles 
now stand exposed and proud. One result of this is that the pavement, after one winter, 
gave the best skid resistance of any recorded on concrete in Ontario (skid numbers by 
ASTM trailer 52 at 30 mph, 37 at 60 mph). It remains to be seen whether these bene
fits are maintained or whether the aggregate particles become dislodged by traffic. 

Outline details of the experimental sections of bituminous pavement are given in 
Table 3. The sections were laid in the late fall of 1969 on Highway 400 northbound 
driving lane, north of King Side Road some 25 miles from Toronto. These test sections 
are expected to receive similar exposure to studded tires as that at the test locations 
on the same highway whose wear was reported earlier. Certain sections including, un
fortunately, the B. S. 594 hot-rolled asphalt could not be completed due to the onset of 
winter and problems with materials. It is intended to lay these in the spring of 1970. 

Three different approaches have been tried to find more permanent types of traffic 
markings. Forty-thousand linear feet of broken centerline thermoplastic markings 
were laid on approximately 23 miles of existing bituminous and concrete pavements 
subjected to heavy traffic. On new construction, Sinopal, a hard, white, synthetic ag
gregate with excellent light reflectance, has been incorporated in the pavement surface 
where lane markings were required. On both new construction and existing pavements, 
longitudinal saw cuts about ¾ in. apart and ¼ in. deep have been made and the strips 
painted. By first grooving the pavement it is hoped to protect the paint in the cuts be
low road level and provide breaks in the water film to render the painted strips visible 
on wet nights. 

Possible Remedial Measures 

Table 4 gives some alternative repair methods, improved wear-resistant surfaces, 
and traffic markings together with their estimated cost per 2-lane mile. The costs are 
representative only and are based on work at prevailing prices in one area (Hamilton 
District) using currently available methods and equipment. A dominant influence on the 
costs is the haul distance for the hard coarse aggregate required. In the representative 
case used, this is about 200 miles (trap-rock from Havelock or Marmara). Doubling 
the haul would increase the surfacing costs quoted by about 15 percent. 

Experiments are being made in Norway (2), Sweden (.±), and probably elsewhere into 
economical and practical methods of repairing only the worn wheel tracks. However, 
until the technique and equipment for doing this are ready for every day use it appears 
that full width resurfacing and local patching will be used to repair damage to existing 
pavements. 

IDENTIFICATION OF INCREASED COSTS 

The 4 main sources of increased costs due to the continued use of studded tires ap
pear to be the following: 

1. The cost of using improved wear-resistant concrete and bituminous surfaces on 
new construction; 

2. The cost of using improved wear-resistant materials in the normal resurfacing 
program; 

3. The additional costs arising from the increase in the resurfacing program due to 
the use of studs, and extra patching where vehicles stop, start, or turn; and 

4. The cost of more wear-resistant traffic markings for both existing pavements 
and new construction. 

At this time it is not possible to accurately estimate the increased costs for each of 
these items for individual projects. However, to estimate additional costs, we can as-
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Item 

10 

11 

12 

13 

TABLE 4 

TYPES OF WEAR-RESISTING SURFACES AND TRAFFIC MARKINGS WITH ESTIMATED COSTS 

Description 

Repair work-bituminous pavements 

Burning out and patching wheel tracks only with HLl 
Burning out and patching- wheel tracks only with HLl containing 20 percent 

additional trap-rock 
Burning out and patching wheel tracks only with sand asphalt followed by 

surface treating full width of pavement with hot precoatect trap-rock chips 
Resurfacing full pavement width (including filling in wheel tracks) with 1 ¼ in. HLl 
Resurfacing full pavement width (including filling in wheel tracks) with 11/4 in. HLl 

containing 20 percent additional trap-rock 
Resurfacing full pavement width (including filling in wheel tracks) with 1 in. sand 

asphalt (B, S. 594) with ½ in. hot precoated trap-rock chips rolled into surface 

Repair work-concrete pavements 
(Items 4, 5, and 6 are applicable) 

Existing pavements-traffic markings 

Thermoplastic or sawed and painted grooved lines 

New construction-traffic markings 

Built-in Sinopal white lines 

New construction-bituminous pavements 

Using HLl containing 20 percent additional trap-rock in place of HL3 in surface 
courses 

Using 1 in. sand asphalt (B. S. 594) with½ in, precoated trap-rock chips in place 
of HLl surface courses 

Using 1 in. sand asphalt (B. S. 594) with ½ in. precoated trap-rock chips in place 
of HL3 surface courses 

Using HL3 in place of HLl surface courses but surface treating with trap-rock 
chips 

New construction-concrete pavements 

Using trap-rock coarse aggregate in the top 3 in. of pavement slab in place of local 
aggregates 

Total Cost Per 
2-Lane Mile 

($) 

14,000 

14,800 

20,200 
12,300 

12,800 

11,000 

300 

1,000 

Additional 
Cost Per 

2-Lane Mile 
($) 

+2,400 

-800 

+500 

+4,600 

+3,000 

Note: Items 4, -S-, and 6 would require raising of the shoulders (and possibly manholes, catch basins, curb, and gutter) at an additional cost to those shown for 
these items of approximately £1,000 per 2-lane mile Estimates for items 1, 2, and 3 are based on the prevailing process for relatively small volumes of 
work . Development of suitable mechanical equipment to produce the high volume production that would be required in the future should result in a 
considerable reduction in these costs . 

sign representative costs given in Table 4 and extend them against the planned construc
tion and maintenance programs for future years and the amount of existing highways 
likely to become worn by studs. 

Approach Used and Assumptions Made for Estimating Purposes 

Many assumptions have been made in considering the economic implications of the 
wear caused by studded tires. These are as follows. 

1. General pavement wear in northern Ontario is unlikely to be substantial because 
traffic volumes are low, pavements are snow-covered for a longer time, and the local 
aggregates used in pavements are mostly of hard igneous rock that provides a fairly 
wear-resistant surface. Therefore, except for traffic markings, only southern Ontario, 
south of Sudbury-North Bay but including Highway 17 to Sault Ste. Marie, is considered 
in this report. 

2. Within southern Ontario all King's Highways, both existing and planned, on which 
the AADT is less than 2,000 vehicles, have been excluded. (King's Highways in Ontario 
are those under the direct jurisdiction of the provincial government. Other highways 
are in county, city, town, or township systems. Such highways are collectively referred 
to as municipal roads and streets, and their construction and maintenance is partly sub
sidized by the provincial government.) It is unlikely, on the basis of experience to date, 
that the general wear that will occur with low traffic volumes will be such as to require 
premature resurfacing or to warrant provision of improved wear-resistant surfaces for 
new construction. Isolated areas at stop signs, traffic lights, intersections and so 
steep grades may, however, require patching because of stud damage. 
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3. The traffic figures used are based on 1967 surveys, which are the latest avail
able. No account is taken of any subsequent increase in traffic in classifying the vari
ous mileages of highways according to traffic volume, but a 5 percent per annum in
crease in traffic has been taken into account, together with the anticipated increase in 
the percentage of use of studded tires, in predicting future wear. 

4. Certain assumptions, based on the measured and predicted wear reported earlier, 
must be made as to the life of existing pavements under different traffic intensities as 
follows: 

a. Wear will be independent of the type of pavement surfacing over the long term. 
b. General wear in the wheel tracks to a depth of 1 in. will establish the time at 

which a pavement requires resurfacing to restore safe operation and satisfactory cross 
drainage . This is taken as the average life-span for the pavement concerned. 

c. All existing pavements are considered initially to be in a new and unworn con
dition. This assumption is obviously untrue, but it will be shown later that an adjust
ment can be made to take into account normal resurfacing work for pavements that are 
already near the end of their service lives for reasons of presently occurring deteriora
tion with time and traffic rather than studded tire wear. 

d. Local variations in traffic operating conditions and in the percentage of studs 
in use will probably mean that some pavements will have shorter life-spans than the 
average for the group, and others will have longer. Accordingly, it has been assumed 
that 25 percent of the pavements in each group will require resurfacing 1 year before 
the average and that 25 percent will require resurfacing 1 year after the average life
span year. 

e. Under the stated percentage of studded tire use and traffic volumes the av
erage life-span of present pavement surfaces will be as follows : 

Percent of 
Passenger Vehicles AADT Average 

With Studded 2-Lane 2-Way Life-Span 
Winter Snow Tires (thousands) (yr) 

1969-70 35 2 to 6 8 
1970-71 50 6 to 10 5 
1971-72 60 10 and more 3 

It is assumed that no increase in studded tire use will occur after 1971-72. The life
spans are generally between one-half and one-fourth of those that would normally be 
expected from pavements in Ontario. 

5. The improved wear-resistant surfacings, which will be used for repair work and 
new construction, will achieve half the life that would be expected from present pave
ment surfaces not subjected to studded tire wear. 

6. Detailed information on traffic volumes and future construction programs of the 
type used in making predictions for the King's Highway system is not available for mu
nicipal roads and streets. Accordingly, the municipal situation is treated separately 
and the predictions are derived by prorating the results developed for the King's 
Highways. 

7. The use of more wear-resistant surfaces for new construction and for resurfac
ing and patching work will start as soon as possible in the 1970 construction season. A 
change from the present method of painted traffic markings to a more durable one will 
commence next year. 

8. Estimates are carried through to fiscal year 1978-79 because the following year 
(1979-80) is the year in which the cycle of repair work might be expected to start over 
again (see assumption 5). 

9. It is estimated from data given in Table 4 that the cost of resurfacing a worn 
pavement will be $13,000 per 2-lane mile (shouldering work included), the additional 
cost of providing improved wear-resistant bituminous pavements will be $2,000 per 2-
lane mile , the additional cost of providing improved wear-resistant concrete pavements 
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will be $3,000 per 2-lane mile, the additional cost of more permanent traffic markings 
for existing pavements will be $300 per 2-lane mile, and the additional cost of more 
permanent traffic markings on new construction will be $1,000 per 2-lane mile. 

10. In preparing the estimates of additional costs that follow in the next section of 
the report, we made a breakdown of the construction and maintenance programs and 
the mileage of highway involved in terms of traffic volume and the number of lanes of 
pavement for each district into which the provincial highway system is divided for ad
ministrative purposes. However, in this report only the summary totals for the whole 
system in southern Ontario are given for each item in terms of the 2-lane equivalent 
miles of highway involved. 

ADDITIONAL COSTS OF PROVIDING IMPROVED WEAR RESISTANCE 
ON KING'S HIGHWAYS ONLY 

Forecast of Added Costs on New Construction 

The cost of providing improved wear-resistant surfaces for bituminous pavement, 
and for concrete pavement is given in Table 5. The additional cost is directly related 
to the volume of construction each year, and in only one year is it likely to exceed 
$0. 75 million. This should be viewed in relation to a total cost of new construction 
each year, which may approach $200 million of which pavement costs are in the region 
of $20 million. It should not be overlooked that a secondary benefit of improved wear
resistant surfaces would be to generally improve skid resistance. 

Table 5 also gives the additional costs of providing more permanent traffic mark
ings on new construction. These costs are directly related to the volume of construc
tion in any one year and are very preliminary because the success of the experimental 
markings described earlier and their cost for volume production are not yet known. 

Forecast of Added Costs to the Normal 
Resurfacing Program 

Table 5 (Item 3) gives the mileage of pavement scheduled for resurfacing to meet 
normal wear and tear. In the future it is assumed that this resurfacing, averaging 
about 200 miles per annum, should incorporate more wear-resistant materials. The 
additional cost of this in the peak year is $532,000. 

In addition, about 120 equivalent 2-lane miles of pavement are patched in short sec
tions each year at a cost of $1,450,000. The cost of this maintenance patching would be 
increased by $240,000 per year if more wear-resistant surfaces were provided. Again, 
as on new construction, this expenditure would also provide better skid resistance. 

Forecast of Added Costs for Traffic Markings 
on Existing Highways 

Painted traffic markings, particularly centerlines and stop lines at intersections, 
are being worn away by studded tires within a few weeks after the onset of winter. Be
cause repainting is not possible until spring, longer lasting materials must be used in 
both northern and southern Ontario. 

The present cost of centerline painting is approximately $30 per 2-lane mile of pave
ment for a total cost of about $600,000 per yearon the King's Highway system. Thermo
plastic markings last longer but cost between 10 and 15 times more than paint. If during 
a 3-year period it becomes necessary to convert all existing paint markings to thermo
plastic, the additional cost, after deducting the cost of painting, is given in Table 5 
(Item 4). 

Because thermoplastic centerline markings do not receive the concentration of wear 
that occurs in the wheel tracks, their life is expected to be 5 years. Therefore, from 
1975-76 onward these markings would require renewing, over a 3-year cycle, at $1 
million per year. 

The total cost of more permanent markings for existing pavements, 1970-71 to 1977-
78, is $4.8 million. 



TABLE 5 

ESTIMATED ADDITIONAL COSTS OF IMPROVED WEAR-RESISTANT SURFACES AND 
TRAFFIC MARIGNGS FOR NEW CONSTRUCTION AND MAINTENANCE WORK ON 

KING'S HIGHWAYS ONLY 

Item Year Miles Value Additional Costs 

1. New construction of 1970-71 226,4 8,297 453 
bituminous pavementsa 1971-72 283.1 11,072 566 

1972-73 280.8 10,506 562 
1973-74 219,6 7,874 439 
1974-75 250.ob 9,ooob 500b 

2, New construction of 1970-71 51. 7 5,687 155 
concrete pavementsc 1971-72 19,6 2,156 59 

1972-73 97. 6 10,736 293 
1973-74 81.9 9,009 246 
1974-75 75. od 7,5ood 225d 

3. Normal resurfacing 1970-71 174.5 6,305 349 
program e (not including 1971-72 224.0 7,622 448 
mileages of resurfacing 1972-73 265. 9 9,051 532 
due to stud wear) 1973-74 174.5 5,815 349 

1974-75 200.of 7,ooof 4001 

4. More permanent pave- 1970-71 10,000 600 800 
ment traffic markings 1971-72 10,000 600 600 
on existing roadsg 1972-73 10,000 600 400 

1973-74 
1974-75 

5. More permanent pave- 1970-71 278 278 

:e:~!r~:~~t~~~~~Ks 1971-72 302 302 
1972-73 378 378 
1973-74 302 302 
1974-75 325i 325i 

3Miles = 2-lane miles; value = pavement costs only in thousands of dollars; and additional costs are in thousands of 
dollars and are b-:ised on $2,000 per 2-lane mile to provide improved went-t,;r,h,toni surfaces. 

bFull extent of nC\Y'COnstructlon for bituminous pavements is not yet progmmmed. In the estimation of overall costs 
from 1974-75 onward. it is assumed that the construction program will continue at about 250 miles per year, Thus 
for the years 1975-76, 1976-77, 1977-78, and 1978-79 , the relevant figures are 250 for miles, $9 million for value, 
and $500,000 for additional costs. 

cMiles = 2-lane miles; value .. pavement costs only in thousands of dollars; and additional costs are in thousands of 
dollars and are b~ on $3,000 per 2-lane mile to provide improve<I vmr,resistant surface,. 

dFull extent of new con,trucUoo for concrete pavements is not y,n progre.mmed . In tha a1tlmation of overall costs 
from 1974-75 onward, it is as<iumed that the construction program will continue at about 75 miles per year. Thus 
for the years 1975-76, 1976-77, 1977-78, and 1978-79, the relevant figures are 75 for miles, $7,5 million for value, 
and $225,000 for additional costsw 

eMiles = 2-lane miles; value= pavement costs only in thousands of dollars; additional costs are in thousands of 
dollars and are based on $2,000 per 2-lane mile to provide improved wear-resistant surfaces; and $240,000 per 
year in addition to that shown added in final estimate to cover additional cost of improved wear-resistant surfaces 
in m11 nutn11nce patching work. 

1Full oXtml of normal resurfacing is not yet programmed, In the estimation of overall costs from 1974-75 onward, 
it is assumed that the resurfacing program will continue at about 200 miles per year. Thus for the years 1975-76, 
1976-77, 1977-78, and 1978-79, the relevant figures are 200 for miles, $7 million for value, and $400,000 for 
additional costs. 

9Total mileage-lane marking; value= $30 per mile, painted twice per year, in thousands of dollars; additional 
costs are in thousands of dollars and are based on conversion to more lasting marking during 3-vear period at 10 
times the value of existing system (deduction made for proportion of painted markings no longer required each 
yi5i1.r); and renewal of markings starts 1975-76 aml cont inues over subsequent 2 years a t rmn.u111I cost of $1 millionT 

hT01i11I miles of new construction of bituminoul 1u1d concrete as in II~ land 2; no valuQ OU~ hed to traffic 
markings that will not now be required; and additional costs are in thousands of dollars and are based on miles 
of new construction each year times $1,000 per mileT 

iFull extent of new construction is not yet programmed, In estimation of overall costs from 1974-75 onward, it is 
assumed that construction program will continue at about 325 miles per year. Thus for 1975-76, 1976-77, 
1977-78, and 1978-79, the relevant figures are 325 for miles, $1,000 for value, and $325,000 for additional costs. 

ADDITIONAL COSTS OF RESURFACING AND PATCHING WORK 
ARISING EXCLUSIVELY FROM STUDDED TIRE WEAR 

ON KING'S HIGHWAYS ONLY 

Amount of Existing Pavement Susceptible 
to Prematm·e Wear 

73 

The King's Highway system contains 10,000 route miles of pavement. Of this mileage, 
4,236 miles in southern Ontario have traffic volumes greater than 2,000 AADT and are 
considered susceptible to premature wear by the continued use of studded tires. A 
breakdown of this mileage in terms of equivalent 2-lane miles for each of the 3 levels 
of traffic volume considered in this report is as follows: 
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AADT 
(thousands) 

2 to 6 
6 to 10 
10 and more 

Average Life-Span 

8 
5 
3 

2-Lane Miles 

3,087 
1,141 

997 

Estimate of the Cost of Repairs Made 
Necessary by stud Wear 

Table 6 (Item 1) gives a forecast of the cost of repairs necessitated by stud wear on 
the mileages of pavements shown in the preceding tabulation for each year through to 
the 1978 construction season. This is the time at which the last 25 percent of the group 
with the lowest traffic volume will be worn to the point where resurfacing will be nec
essary. None of the more heavily traveled pavements that have been resurfaced L'l 
earlier years nor any of the new pavements built with improved wear-resistant sur
faces should yet require repair. It must be expected, however, that some of these at 
6 or 7 years of age will need repair the following year, thus recommencing the cycle 
in 1979-80. 

Costs increase rapidly in later years, when a large mileage of the more lightly 
traveled pavements are expected to become worn, to a peak of $20 million in 1977-78. 
Though additional costs are lower in the earlier years, much of the work is on heavily 
traveled roads, such as the Toronto Bypass, and includes pavement which, at the time 
of writing, is newly laid. 

Forecast of the Added Cost Due to Stud Wear 

Table 5 (Item 3) gives the normal resurfacing program, both capital and ordinary, 
through to 1973-74 with projections for the following 5 years for highways in southern 
Ontario with AADT greater than 2,000. Total costs and the additional cost of providing 
an improved wear-resistant surface are given. 

The mileage of this resurfacing is that which would be required for normal reasons 
(such as deterioration due to normal traffic), but it naturally includes many of the same 

TABLE 6 

ESTIMATED TOTAL COSTS OF RESURFACING DUE TO STUDDED TIRE WEAR 
ON ElOSTING PAVEMENTS OF KING'S HIGHWAYS ONLY 

Item 

1. Estimated cost of resurfacing pave
ments worn by studded tlres x 
$1,00od (no allowance made for 
resurfacing required for other 
reasons) 

2. Additional costs of resurfacing 
pavements due to wolll' by studded 
tlr s 0 (allowance mnde for re
surfacing required by normal 
deterioration) 

Year 

1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 

1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76! 
1976-771 

1977-781 
1978-7gf 

Amount 

0 
3,237 
6,482 
6,951 
7,420 
3,710 

10,029 
20,067 
10,038 

1a 

2,268 
2, 912 
3,456 
2,271 
2,600 
2,600 
2,600 
2,600 
2,600 

Ub Differencec 

0 0 
3,237 +325 
6,482 +3 ,026 
6,951 +4,680 
7,420 +4,820 
3,710 +l, 110 

10,029 7,429 
20,067 17,467 
10,038 7,438 

aEstimated cost of surface course for mileage of pavement given in Table 5 (Item 3) programmed for resurfacing due to 
nottn.til wear (2-lane equivalent mllNQO x 13) in 1hctualnds of dollars. 

bEsdn1oued cost of surface courl-6 lor mileage of p:1v11mant having traffic volumes greater than 2,000 AADT, as tabulated 
earlier, requiring resurfacing due to studded tire wear (2-lane equivalent mileage x 13) in thousands of dollars. 

cEstimated additional costs where shown plus cost of resurfacing for studded tire wear over and above resurfacing 
prof)"il-mmed for olhcr reasons. 

dEl'J>Ol1ditures for (:a(h of the 3 pavement groups having AADT greater than 2,000, as tabulated earlier, are distributed 
25, 50, and 25 percent QbOul Iha financial year cor',e$QC'1dln9 to average llfo.-tpan. 

8Contingency item of $500,000 IJer year added for 1ocal tuilchlng required bv st udded tire wear at locations where 
vehicles stop, start, or turn, but wtu!fe lull resurfacing of hlghway is no1 required. 

fEstimated costs of resurfacing progtRJTI based on continuooco of praoram at about the level of preceding years. 
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pavements that would be prematurely worn out by studs. The true additional cost of 
work required because of the continued use of studded tires must be found by difference 
as given in Table 6 (Item 2). 

The values in Table 6 (Item 2) have been derived from Table 6 (Item 1) and Table 5 
(Item 3). They are approximate because there is no certainty that "normal" wearing 
out of a pavement will coincide with the accelerated wearing out due to studded tires. 
Three factors, however, tend to increase the accuracy of this forecast: 

1. In the first 2 or 3 fiscal years, "normal" resurfacing predominates, except on 
heavily traveled roads in one area; 

2. Toward the end of the period, little normal resurfacing is, as yet, specifically 
scheduled, and the need to resurface highways worn by studs can be taken into account 
as one factor in deciding on the program; and 

3. Over the middle of the period, adjustments will be possible in the resurfacing 
program as the extent and location of the worn pavements become apparent, so that, 
wherever possible, resurfacing of pavements to overcome both "normal" deficiencies 
and studded tire wear can be undertaken at the same time. 

Total Additional Costs of Resurfacing 
and Patching Work 

To arrive at the overall estimated additional costs of resurfacing and patching re
quired because of studded tire wear, we have included the following items in Table 7: 

1. The cost of the additional resurfacing due to studded tire wear over and above 
the normal resurfacing program (i.e., Table 6, Item 2); 

2. The cost of providing improved wear-resistant surfaces for the normal resur
facing program (Table 5, Item 3); 

3. The patching costs on a contingency basis of local areas where vehicles stop, 
start, or turn but where general resurfacing of the highway is not necessary (this can
not be accurately estimated; however, it is expected to be substantial, and $500,000 
per year has been included from 1971-72 onward); and 

4. The cost of providing improved wear-resistant surfaces in maintenance patching 
each year ($240,000 per year). 

ADDITIONAL COSTS ON MUNICIPAL ROADS AND STREETS 

Because of the lack of data on municipal roads and streets in Ontario, only a broad 
estimate of the added costs resulting from the continued use of studded tires can be 
made on the basis of prorating the additional costs to either overall expenditures on 

TABLE 7 

ESTIMATE OF ADDITIONAL COSTS OF DEPARTMENT AND MUNICIPAL NEW CONSTRUCTION AND MAINTENANCE WORK DUE 
TO THE CONTINUED USE OF STUDDED TIRES 

Department of Highways Municipalities 

Financial Year 
New Pn.vemcnt Resurfacing and Trnlflc ~~~.f:::iro~:1 Ret urfMing and Traffic 
Conslrucllonn Patchingb M'arklngc Total 

PA!ching• Mnrklng:1 Total 

1970-71 608,000 589,000 1,078,000 2,275,000 458,000 470,000 1,078,000 2,006,000 
1971-72 625,000 1,533,000 902,000 3,060,000 469,000 1,226,000 902,000 2,597,000 
1972-73 855,000 4,298,000 778,000 5,931,000 641,000 3,438,000 778,000 4,857,000 
1973-74 683,000 5,769,000 302,000 6,754,000 512,000 4,615,000 302,000 5,429,000 
1974-75 625,000g 5,960,000g 325,000g 6,910,000 469,000 4,768,000 325,000 5,562,000 
1975-76 625,00W 2,250,ooog 1,325,ooog 4,200,000 469,000 1,800,000 1,325,000 3,594,000 
1976-77 625,ooog 8,569,000g 1,325,000g 10,519,000 469,000 6,855,000 1,325,000 8,649,000 
1977-78 625,ooog 18,607,000g 1,325,00W 20,557,000 469,000 14,886,000 1,325,000 16,680,000 
1978-79 625,ooog 8,578,000g 325.ooog 9,528,000 469,000 6,860,000 325,000 7,654,000 

Total 5,896,000 56,153,000 7,685,000 69,734,000 4,425,000 44,918,000 7,685,000 57,028,000 

11Com 1ak1!n from T.tii l'Jh;i S [ltc-mi I und 2) tncJudo bOth conct11h1 nnd bituminous p3ft'rnl!!nt!J. 
bcon, t,akGri fron1 "Oiff1mmcm .. ' colunin Tnl111hlo 6111nm 21 r,lus- addi t!ono.l eons of providing more wear-resistant surJa.cM for the normal resurfacing program (Table 5, Item 3), 
C'Addh!on.it cmt of provklln; 11'10((! l)tlrtt.anem 1r.-.rn~ rn.ukff\U• fo, be th 1-.fw p.,vemenH arid nxisting ones (Table 5, llttm, 4 and 5). 
tl-r11k.c,n ,;n: 16 ~ct:nl of c-o~re9Pofldl~ Klr~'t Hl9hwttiy fl~1.JrM~ 
eT111ke1, as 80 f)(rcent of correspondl,ig King's Highway figures. 
f·Tal::en as lOO percent of corrt!Q:ioolJ1ng King's Highway figures , 
gEstimated figure based on continuance of department's construction and resurfacing program at about the level of preceding years. 

Grand 
Total 

4,281,000 
5,657,000 

10,788,000 
12,183,000 
12,472,000 

7,794,000 
19,168,000 
37,237,000 
17,182.000 

126,762,000 
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new construction or the mileage of existing pavement likely to need resurfacing. The 
additional costs resulting from the items below are given in Table 7 by fiscal year. 

Forecast of Added Costs on New Construction 

The capital expenditure on new road construction by the municipalities and the De
partment of Highways in 1967-68 was as follows: 

Facility 

King's Highways 
County roads 
City and town streets 
Metro roads 

Expenditure 
(millions of dollars) 

159 
47a 
40 
31 

alncludes development roads. 

Township roads are disregarded because few, if any, of these roads will carry 
heavy traffic volumes and require improved wear-resistant surfaces. The expenditure 
by municipalities on new construction is, therefore, about 75 percent of that spent on 
the King's Highways. It is assumed that their added costs will be in the same propor
tion, and for estimating purposes a figure of 75 percent of the increased costs to the 
Department of Highways in any year has been used. 

Forecast of Added Costs for Resurfacing 
and Patching Work 

The comparative mileages of existing pavement (1968) are as follows: 

Route-Miles 
Miles of Carrying 

Miles of High-Class More Than 
Total Concrete Bituminous 2,000 AADT 

Facility Mileage Pavement Pavement in 1967 

King's Highways 10,001.5 394.8 7,987.7 4,236.0 
County roads 9,319.0 39.7 3,140.3 1,000.0 
City and town streets 11,728.0 539.0 4,753.7 2,400.0 
Metro roads 369.7 21.2 341.4 350.0 

Townships have been disregarded because few, if any, of their roads were carrying 
high traffic volumes. It is estimated, therefore, that about 3,750 miles of municipal 
roads with AADT of over 2,000 are likely to be affected by premature wear due to 
studded tires, compared to 4,236.0 miles of King's Highways. The municipal mileage 
is 89 percent of the provincial highway mileage that will be similarly affected. It is 
assumed, therefore, that additional costs of resurfacing and patching work to munici
palities will be 90 percent of those occurring to the province in any year. 

Forecast of Added Costs for Traffic Marking 

Finally, because of the greater amount of traffic marking generally required on mu
nicipal roads in urban areas to indicate stop streets, pedestrian crossings, and the 
like, 100 percent of the corresponding department's figure has been used in preparing 
the estimate. 

OVERALL ESTIMATE OF ADDITIONAL COSTS 

Table 7 gives a summary of the additional cost for both department and municipal 
work that may be expected to arise from the continued and increased use of studded tires 
in Ontario. 
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The costs involved are considerable, quickly rising in the early 1970's to over $6 
million per year on the King's Highways where the more heavily traveled roads will 
require resurfacing and reaching peak figures of $10 and $20 million in 1976-77 and 
1977-78, reflecting the very large mileage of the more lightly traveled roads, which 
will by then have become worn to a point requiring repair. Costs of providing traffic 
markings will show an immediate increase next year if more permanent marking ma
terials are brought into use on existing pavements, and a peak of over $1 million per 
year will be reached in the mid-1970's when these markings will need replacement. 
The increased costs for new construction will remain relatively stable unless the pro
gram of work is increased or reduced in future years. The costs for municipal work 
reflect similar trends because they are prorated from those for the King's Highway 
system. 

Total additional costs amount to close to $127 million during the next 9 years. Ne
glecting any increase in the present budget or decline in the value of the dollar, the 
cost of studded tire wear could amount to about 3 percent of the total expenditure on 
highways in the province of Ontario during this period. 

By the winter of 1971-72 the number of cars registered in Ontario and fitted with 
studs may exceed 1,500,000 if no action is taken to restrict the use of studded tires. 
The estimated additional costs due to studs in the following financial year is just over 
$10,750,000; this amounts to about $7 per car per year. 

The estimates outlined here are, of necessity, very approximate, but they indicate 
the general order of the additional costs that will arise during the next few years if the 
use of studded tires is allowed to increase freely. 

CONCLUSIONS 

The use of studded tires on about 15 to 20 percent of passenger vehicles in Ontario 
caused significant pavement wear on both concrete and bituminous pavements during 1 
winter. 

The rate of wear and type of wear are related to characteristics of the pavement 
surface. Of these, the hardness of the coarse aggregate appears to be the most sig
nificant. 

The rate of wear is directly related to the volume of traffic and the percentage of 
vehicles with studs; significant wear may be expected with time even where traffic vol
umes are as low as 2,000 AADT. 

The wear is concentrated in the wheel tracks on the open highway and elsewhere at 
locations where vehicles stop, start, or turn. Painted traffic markings are worn away 
within a few weeks. 

Projections of present wear into future wear indicate that the problems will assume 
serious proportions within the next 2 to 3 years if the use of studded tires continues 
and increases at the anticipated rate of 60 percent within this period. One inch of wear 
in the wheel tracks (which because of its likely effect on pavement drainage and the safe 
operation of vehicles has been arbitrarily selected as the criterion for resurfacing worn 
pavements) is likely by that time on heavily trafficked roads. Subsequently, roads 
carrying lower traffic volumes will be progressively affected by wear. 

It is indicated that improved wear resistance in both concrete and bituminous pave
ments is most easily and cheaply obtained by incorporating the greatest possible amount 
of the hardest available aggregate in the immediate pavement surface. 

Restoring pavements worn by studded tires will require either use of conventional 
resurfacing and patching methods or use of newly developed repair techniques on a large 
scale. At present resurfacing of the full pavement width by using improved wear
resistant surfacing materials appears to be the only known and satisfactory method of 
remedying general wheel track wear. 

If the use of studded tires continues and increases, widespread resurfacing and ad
ditional patching will be required at considerable cost. Estimates developed for 4,236 
route miles of King's Highways and 3,750 miles of municipal roads and streets in south
ern Ontario that are likely to be affected place these additional costs at $100 million 
spread over the next 9 years. 
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It is unlikely that any measures that can be taken to improve the wear resistance of 
pavement surfaces will give them a life under studded tire use equivalent to that pro
vided by present surfaces not subject to stud wear. Resurfacing is, therefore, likely 
to need repeating at frequent intervals. 

The introduction of improved wear-resistant surfaces and traffic markings on new 
construction to delay the need for resurfacing because of wear will increase pavement 
construction costs in the order of 5 percent, which may not be intolerable when the 
secondary benefits of the improved safety provided by the better skid resistance of the 
pavements and visibility of traffic markings are taken into account. Total additional 
costs for these items for highways in southern Ontario is estimated at $27 million 
spread over the next 9 years. 

Against the additional costs due to wear, estimated at $12 7 million during the next 
9 years, any benefits, as outlined elsewhere W, of studded tires as an aid to winter 
driving must be offset. 

Research and development work is urgently required into the following aspects of the 
studded tire problem: (a) other repair methods than full width resurfacing; (b) the de
velopment of wear-resistant pavement surfaces; (c) the development of more permanent 
pavement traffic marking systems; and (d) alternative traction and directional control 
aids for vehicles operating under winter conditions, that, unlike tire studs or chains, 
do not damage pavement surfaces. In relation to the whole problem of safe and con
venient operation of vehicles on the highway in winter, the last of these items is of most 
potential benefit. 
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Appendix 

DESCRIPTION OF PAVEMENT SURFACES 
REFERRED TO IN THE REPORT 

In the text, tables and figures of the report, various 
types of pavement surfaces in use in Ontario and 
elsewhere are referred to. The following identifies 
these surfaces and briefly describes their salient 
characteristics. 

CONCRETE 

Portland cement concrete containing 569 lbs. of Type 
I cement and about 50 percent coarse aggregate (by 
weight of total batch), nominal maximum size I½ in., 
Slump 1½ in. to 2 in., Air Content 4½ to 6 percent. 
Pavement surface finished with a long wheel based 
transverse float and cured with wet burlap, plastic 
sheet or white pigmented membrane, the last of these 
being the most common on recently constructed 
pavement. Pavements constructed between 1961 and 
1968 received an application of linseed oil. Those 
constructed before and after these dates did not. 
Longitudinal burlap drag texturing applied prior to the 
Fall, 1968; pavements subsequently constructed 
received a transverse broom finish . 

BITUMINOUS 

Three types of hot-laid bituminous concrete surface 
courses are in general use in Ontario. All are laid and 
compacted by conventional means. 

H.L.l. 

Used on major heavily trafficked highways only. 
Contains 40 to 50 percent quarried trap-rock coarse 
aggregate (by weight of the total aggregate fraction) 
I 00 percent passing ½ in. graded down to 3/16 in. 
Asphalt content 5 to 7 percent usually 85-100 
penetration grade in the south and central part of 
southern Ontario and 150-200 penetration grade in the 
north and eastern parts. Local sand used as fine 
aggregate w_hich may be augmented by quarrie_d 
screenings to correct grading deficiencies. Mineral filler 
only used on rare occasions. 

H.L.3. 

Used on highways with moderate traffic. Mix 
characteristics similar to H.L. 1. except that the coarse 
aggregate is a crushed material from commercially 
operated gravel pits or quarries. Many of these sources 
in Southern Ontario contain relatively soft sedimentary 
materials. 

H.L.4. 

Used on highways with moderate to light traffic. 
Designed to make use of as many local roadside sandy 
gravel pits as possible. Maximum size of coarse aggregate 
fraction S/8 in. with wide grading tolerance that permits 
stone contents between 33 and 60 percent . Asphalt 
content 4.5 to 7 percent, same grades as H.L.1. In 

central and northern Ontario the parent aggregate rock 
is usually hard igneous, in the more southerly parts 
softer materials predominate. 

B.S 594 Hot-Rolled Asphalt 

Widely used on roads with heavy traffic in Britain. 
Essentially a sand-asphalt mix which may be stone 
filled. Stone content may range from O to 55 percent. 
Examples of typical mixes are: 

PERCENTAGE av WEIGHT OF TOTAL MIX IB.S 694 1960) 

STONE RETAINED FILLER 
U.S. NO. B 

r ASPHALT 
CEMENT• I PASS NO. 200 JsAND 

Send I I 174.7 Carpet 11.3 14.0 

Stone 
126 !all paulno )I kl,) I I 166,7 Filled 9.3 11.0 

"' Asphaf t•umenr um ally S0-60 p enetratlDn grade bu t IJS-1 00:Jometim es un:d. 

U.S. SIEVE SIZES NO. a NO. 30 NO. 70 NO. 200 

Sand Percent Passing by 
G•IHliog Wol,,, , 95-100 50-100 5-58 0-3 

Where the stone content is less than 45 percent 
pre-coated hot aggregate chippings are usually spread on 
the surface of the pavement mat immediately behind 
the initial roller and are then rolled in flush with the 
surface during final compaction. Chippings, usually of a 
superior stone having good wear and skid resistant 
properties are pre-coated hot with asphalt cement and 
mineral filler and then stockpiled prior to use. 
Depending on the size of chipping two spreading rates 
are used-¾ in. - 70 to 130 sq.yds./ton, ½ in. 100 to 160 
sq.yds./ton. Uniform distribution is extremely 
important. 

Topeka Mixes 

A stone filled sheet-asphalt in more common use many 
years ago as a wearing course. Usually contained about 
25 percent coarse aggregate all passing ½ in. graded 
down in a typical example to 11 percent passing No. 
200, asphalt content 9 - IO percent and would 
correspond almost exactly to a B.S 594 stone filled 
sand-asphalt mix of the same stone content. 

Gussasphalt 

An asphalt mastic surface course used mainly in West 
Germany composed of filler , ordinary asphalt and 
Trinidad Lake Asphalt, heated and mixed together for a 
period of several hours. 
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