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ABSTRACT

Since tre fall of 1973 the Research unit ¢f the Denartment of
Transnortation has Seen monitoring navemant wear on the state highwav
system to determing the amount of damage causecd by studded tire
usage. Thnree monitoring sites were estahlished in the northern
regions of the stats on newly constructed secticns of Interstate
Poutes 90 and 287. Two of the sites have bituminous concrete surfaces
with the third having a portland cement ccncrate surface.

Current resulis of the monitoring e“fort indicate that ravement
vear in the wheelpeth areas of the averagz highway in northern 'lew
Jersey has occurred at an annual rate five times greater than would

be expected if studced tires were not ussd. These wear statistics

(3]

substantiate orevicus predictions that the average highway in
studdad tire use areas would require resurfacing after 19 winter
seasons. This critical time period has alreadv passed with the

end of the 1274-75 winter. A rough estirate of the minimum re-
surfacing costs now facing the Denartment for damage accrued on the

state hiaghway system is $56,000,200.
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CACKEGROUND

On June 15, 1865, the New Jersey Division of l"otor Vehicles
authorized orovisional apbnroval for studded tire usaae on the states
highway system. An important stipulation included in the original
regulation stated that studded tire aporoval must also have the
concurrence of the Denartment of Transpertatien. Subsecuently, the
Cepartment began an elahorate evaluation of the overall effect of
allowing studded tires on the state highway systam. Consideration
vas given to a multitude of factors relating to highway safetv and in
particular the anticinated problem of accelerated navement wear. To
obtain wear data a test track was constructed and neriodic denth
measurements taken in wheelnatch areas through several thousand
vehicle nasses. Skid resistance of the test track was also monitored.
A report documenting the Department's findings was then issued in the
fall of 19%66.(1)*

The trends established by the 1956 measurements indicated the
studded tires could cause excessive pavement wear and loss in skid
resistance. These findings were considered sufficiently conclusive
at the time to recommend that all studded tire provisional anprovals
issuaed by the Division of Motor VYehicles be rescinded. Unfortunately,
this recommendation was not accaented by the Tivision of lotor Vehicles.

In the years that followed, many other hichway agencies conducted
extensive studies of studded tire navement damage and the ceneral
effect of studded tire usage on highway safetry. Ferhans the most

comnrehensive of these studies was undertaken by the Ontaric Cepartment

#humhers in oarentaesis denota raferepcas listed 2t the ond 0 the roa-aort,



of Highwavs. As a result of their findings, the Ontaric Provincial
Parliament banned the use of studded tires effective May 1, 1¢71.
Studies conducted br Minnesota and others - including i‘ichican,
“lisconsin, lew York, Pennsylvania, Ohio, Vashirnaton and lowa, were
also instrumental in banning studded tires in several northern
states.

As renorts on these various efforts by other agencies vers
jssued, conies were forwarded to the New Jersev Division of !otor
Vehicles. In spite of this extensive additional datz generally
supnorting a significant net disadvantage to use of studded tires,
Motor Vehicle maintained its position of refusing to effect the
rescinding.

In Hovember 1873 the Denartment of Transpertation initiated a
nrogram to measure the navement wear occurring on llew Jersev hichways.
The fundamental objactive was to obtain sufficient information to
determine the amount of damaae studded tires have actuallv caused
on our route system. To this end, monitoring sites were established
at three separate locations in northern 'ew Jersey. The manner in

vhich the monitoring effort has been conducted and the data gathered

thus far are described in this renort.

VORITORING SITES

Fach of the three sites usad to measure navement wear have heen
established on Interstate Hiaghiays. One site is located in the highlr
urbanized area of Hackensack on Poute I-%7 wvhich at that ooint is a

17 lane, biturminous concraie highwav carrving anrroximately 20,700



(1974 LADT) motor vehicles dailv. A section of Interstate Poute 1-287
in Bound Brook serves as the second site. Poute I-237 at the Bound
Erook Tocation is a € lane bituminous concrete facility handling a
daily traffic volume of 60,000 (1974 RADT) motor vehicles.

The third monitoring area is located on Interstate Route I-30
in the vicinity of Hope, a rural town in the northwestern part of the
state. At Hope, Poute I-30 is a € lane nortland cement concrete
highwav which carries aporoximately 14,320 (1974 AADT) automobiles
and trucks daily. This section of Route I-30 was constructed in
1973 and monitoring of studded tire navemeni wear was begqun immediately
after its opening to traffic. The surface pavement at the other two
monitoring sites was also new as overlavs had been made just orior

to the initiation of the wear measurements.

MEASURENMENT METHOD FOR PAVEVENT WEAP

Each navement wear site consists of five cross sections nositioned
approximately 25 feet anart in the outside lane, outside wheelpath of
a tancent portion of the highway. Vear measurements were made once
every two months with a depth gauge capable of measuring to the nearest
0.001 of an inch. The gauge was mounted on an aluminum bar used as
a straightedae datum and measurements were made at four inch intervals
across the @hee1path. (See Figure 1) The bar was keved to two
spikes or plugs inserted into the pavement at the center and outer

&

edae of the lane. Elevation measurements ware made on all snpikes to
dotermine their vertical movements with time. The aluminum har was

later imrrovad by edding sunports at either end. These sunnorts
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stabjlize the tar and improve the ease of positioning the bar over the
soikes or plugs.

Average wear measurements vere calculated from the measurements
taken within the actual wheelpath area. The location of the wheel-
path was determnined from painting lines placed across the traffic
Tane. As the lines wore, the actual wheelpath area was verified.

The width of the wheelpath area was generally in the order of 3% inches.

TRAFFIC AND WEAR DATA FOR MONITORING SITES

Table 1, Studded Tire Apnlications, shows the yearly accumulated
studded tire vshicle passes for the wear measurement sections. The
Poute 1-80 (Hcoe) and 1-287 (Bound Brook) traffic data wers calculated
from the 19874 ZADT and previously established studded tire usage
nercentages. 1he Route 1-80 (Hackensack) traffic data were calculated
from traffic counts taken for experimental pavement sections immediately
2ast of this location. A1l calculations for the 1975 data are con-
tained in Apnendix I (calculations for 1674 data were performed in the
same fashion).

Table 2, Pavement lear leasurements, presents the average wheel-
path wear for *he pavement sites monitored. The data for Winter 1973-74
renrasents the neriod Movember 15, 1973 to Aoril 1, 1974 (136 days).
Data for Summer 1974 renresents the neriod Anril 2, 1974 to llovember 14,
1074 (229 days). The llinter 1974-75 data is for the neriod
lovember 15, 12374 to April 1, 1275 (13€ days). The Summer 1275 data
nertains to tne period Aoril 2, 1975 to Hovember 14, 1075 (22€ days).

In each case Zdifferences in cross section depth measuremants between

the start anc =nd of the neriod were comnuted to obtain average wear.
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A statistical analysis was made on Winter 1274-75 wear data to
determine measurement precision. The analysis is contained in
Appendix II. The results of this statistical evaluation indicata that
the 95% confidence level for each value of wheelpath average wear is
+ 0.002 inches.

Everage vear measurements of Table 2 show that greater pavement
wear occurs during the winter studded tire neriod than occurs during
the summer non-studded tire period. Based on traffic data from the
Route I-80 Experimental Pavement Project(2), traffic volumes at the
test sites decrease sliahtly in the winter months as comnared to the
summer months. Since the winter studded tire periods (13€ davs) are
shorter than the summer non-studded tire periods (229 days) and sincs
vinter conditions are least conducive to deformaticn type wear
(rutting in bitumincus pavements) this greater wear during a relatively
Tower volume traffic period is attributed to studded tires.

The data gathered from the monitoring sites has been used to
determine pavement wear rates for both studded and non-studded tires.
Tabie 3, Pavement lear Pate, shows the extrapolated wear per one
million vehicle passes for each tire type. The computation of these
rates is exnlained in Aopendix I. The large wear rate of the concrete
section is believed to be due to the initial wearing of the hroomed
texture surface. The weér rate for studded tires is seen to be rmany
times greater than that for non-studded tires. One can safely
conclude from this data that studded %ires are indeed causino

accelerated wear of llew Jersey navemants.



Table 3
Pavement Wear Rate

(Year/1,000,000 Vehicle Passes)

Studded Tire Non-Studded Tire
Wear Rate* Vehicle Year Rate
Yinter Winter Summer Summer
Location 1073-74 1674-75 1974 1875
Rt. I1-80 (bit.) N.313 0.318 2.0 £0.00n8
FHackensack
Pt. I-80 (conc.) 0.590 n.4c7 0.012 0.007
Hone
Rt. I-287 0.336 0.3C7 0.001 0.006

Bound Brook

*Winter studded tire wear rates are based on winter wear measurements
corrected for wear that might be attributable to non-studded tire
use. Pavement wear data for summer months had to be used to effect
the corrections. This aporoach should be adequate for the concrete
site but in all probability, resulted in slightly lower than actual
wear rates (studded tire) being reported for the bituminous sites.



EFFECTS OF PAVEENT VEAR

Since vehicle nlacement in a traffic lane tends to be relatively

10

constant, the avrasive action of studded tires on the pavement surface

is concentrated in the narrow wheelpath areas. This action creates

a trough-like pattern in the pavement. Eventually the troughs can

hecome so deep that they rcse a major hazard to driving safetv. The

wheelpath ruts begin to interfere with steering control during lane

changes. llater retained in the troughs in wet weather permits tire

hydronlaning and the associated loss of braking and steering control.

Visibility during such periods also suffers as nassing vehicles cause

water splash to adjacent lanes.

To combat these hazards at some point the pavement must Le re-
surfaced. The general consensus among highway engineers is that
resurfacing becomes an ébso?ute necessity when the average denth of
vear in the wheelpath reaches 1/2 inch. Figure 2 illustrates the
usual condition of the wheelpath when resurfacing is required.

In the soring of 1974 the Department's Research Division
prepared for budgeting purpcoses an estimate of funds required for
a major nrogram to rehabilitate studded tire damaced pavements on
the state highway system. Bv that time studded tires had been in
legal use in New Jersey feor nine successive winters.

The Research Division determined that in northern and central
areas of the state where studs were cenerally used, an average
highway navement would mos% likely reach the critical 1/2 inch of
rut wear after 17 winter seasons. It then predicted that by the
end of the 10674-75 winter nearly one half of the state highvay

system would actually recuire resurfzzing to correct studded tirz
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*Fiqure taken from January 1975 report on studded tire wear nrepared by Iowa State Niahway Conmission.



damage. A minimum of $56,000,007 was estimated as teing needed for
this resurfacing program if private contractors were used. The
price tag was considered very conservative as it did not include
costs for shoulder elevation adjustments, inlet raisings, and re-
striping. Additionally, no attempt was made to include the funding
needs for the county and municioal roads which make up more than
a0% of the total road mileage in tew Jersey.

The various factors considered in Research's anpraisal of pave-
ment damage are highlighted in fnpendix III which is a copy of
internal correspondence betwsen the Pesearch and !aintenance units.

In arriving at their cost estimate, Department researchers
elected not to use the wear data from the three monitoring sites as
only one winter of measurements had been gathered by that time.
Instead they based their assessments on wear rates recorded by the
Province of Ontario for pavements with materials similar to those
used in Hew Jersey. The Canadian data were not anplied directly
but rodified to correct for traffic differences betveen New Jerssy an
Ontario. However, in spite of the corrections, there were admitiedly
some reservations concerning the apnlicability of the Ontario
information. Fortunately, with much more data nov being available
from the lew Jersey monitorina sites, the aporooriatensss of the
Ontario wear rates can be checked.

The data of Table 3 provides the specific means for checking the
adequacy of Research's previous wear assessments. Onlv the statistic

for the bituminous sites are usable, however, as vear recorded thus

12
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far at the concrete site has been limited to the surface finish. In
a concrete pavement the roughened surface finish (0.3 inch in
average depth on llew Jersey highways) wears at a much higher rate
than the rest of the pavement and such rates would be inappropriate
for predicting long term wear. For the bituminous sites, Table 2 on
nage 8 indicates average wear rates of aporoximate 0.320 inches/
miilion vehicle passes for studded tires* and C.205 inches/millicn
vehicle passes for non-studded tires. These wear statistics are
used below to determine the amount of wear that has occurred ner
year on the average highway in central and northern lav Jersey.

Knovn Information:

Studded Tire Mear Pate = 0.320 inch/108 vehicles

Non-Studded Tire Wear Rate = 0.005 inch/]i‘3 vehicles

13

Averaae Dailv Traffic Per Lane (Period 1965-1975) = 170 vehicles/lare

Average 'lumber of Days Per Year Studded Tires Yere in Use (Period
10€5-1975) = 160 days/year

Average Percentage of Vehicles in Central and torthern HNew Jersey
Equioed with Studded Tires During Winter {Period 12€5-19075) = 14%
(current nercentage about 18%)

*formally, the studded tire wear rates recorded for the bituminous
sites would also be corsidered too preliminary for direct use in
predicting long term wear. Research investications nerformed bv
the Minnesota DOT indicates the wear rate for the first one to
two hundred thousand studded tire passes is about twice that fer
the exceedinaly larger number of subseauent vehicle passes neeced
to produce 1/2 inch of wheelnath wear. Thus, it would seem that
estimates of accrued studded tire damage should he based on 1/2
the rate values of Table 3. A countering effect exists, however,
in that the rutting occurring on our monitoring sites has been
nredominately from vehicles equined with the newer controlled
nrotrusion studs(4). These studs have bean found to produce 3%
to 527 less wear than the older tvne studs{5) that were sold ¥
2 out of 10 years that studded tires have been in lecal use in
hew Jersev. The direct apolication of the wear rates of Table 3
is therefore considered apnropriate for astimating gccurulated
studded tire damage on our hichiavs.
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Calculation of Averaae Annual lear:

Average Annual Year = Vinter lear Due to Studded Tires + Winter
‘'ear Due to 'lon-Studded Tires + Summer VWear Due to Non-Stucdded
Tires

Average Annual Wear = 0.320 x 160 x 5400 x 2.14 +
106

0.00

106

x 160 x 5400 x 0.85 +

(8]

0.005 x (365-160) x 5400 = 0.03¢ + 2.004 + 0.

10€

= 1,049 inches/year

The preczeeding calculations indicate that our bituminous pave-
ments in northern lew Jersey have been wearing at a rate five times
creater than would be expected if studded tires were not used
[2.04S versus 0.010). Further, the specific wear rate of 0.227
inches/vear 2stablishes that these pavements would have reached the
critical 1/Z inch of mean rut wear after a 1ittle mors than 12
vears of tra®fic. This is essentially the same lencth of time
creviously nredicted for all pavement'types using the Ontario wear
measurements (In Ontario bituminous and concrete pavement

exhibited thz same wear rates). It follows then that the wear

ri

ct

25 recorcsd for the Denar

ct

ment's menitorina sites surnort the

validity of “essarch's orior estimate of a minimum of SGE,007,70°

9]
w

ing needed after the 1974-75 winter tn correct studded tire
Zzmace on thz state hichway systenm.
Tne aczual impact of this renair Bil1, as well as, the associatad
ife sxnectz-cy of onlv ten vears for a navement's surface can best
‘

~zanmraciet=t b considering vhat navermant duratility would Lave

sezn ycithou® studded tires. I <tuds had not been mermitied an
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winter tires, the averaqge HNew Jersey highway in our northern and
central regions should have lasted about 19 years before reauiring
its first resurfacing, with subseauent resurfacings being needed
at 10 to 12 year intervals. This 12 vear figure is based on past
resurfacing schedules (12 vears for bituminous ravement and 30
vears for concrete navements) and information concerning the pavement
make uo of the state highway svstem (apnroximately €79 of the system
with bituminous concrete surfaces, 40% with portland cement concrete
surface). Consideration of these factors, indicates that much of
the estimated $56,000,000 in renair costs actuallv represents public
funds which never would have been required, at anv timz, i1f studded
tires had not been legalized in 'iew Jersey.

Another concern regardinc the excessive wear from s:tudded tire
usage is in the area of pavemznt skid resistance. The Denartment
is under a mandate from the Fedesral Government to take steos to
insure that an adecuate level of skid resistance is beira develoned
and maintained on the highway system. In portland cement concrete,
an efficient means of achieving good initial skid resistance has
been to form a roughened surface texture in the concrete while it is
nlastic. Unfortunately, with winter anplications of studded tires
this texture on the average roadwav is totally removed in wheelnath

areas after less than one vear of traffic. Mithout studs the skid
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resistant texture would be expected to last some 4 vears.* A somevhat
similar problem occurs with bituminous pavements. The Department
has developed a high skid resistant bituminous mixturs which it
began to use on a large scale basis during the summer of 1975.
Hovever, this new mixture produces a very pervious pavement surface
that apparently has much less resistance to wear than the Denartment's
standard, high density mixtures. Thus, a very promising means of
imoroving motorist safety may be thwarted by the adverse effects
of studded tires.

The current consequences of past decisions to allow use of
studded tires are indeed very real and have to some deqgree been
quantified in this report. It is difficult, however, to speculate

with any justifiable confidence as to what the Denartment might expect

*Using the concrete pavement wear rates of Table 3 and considering a
texture depth of 0.08 inches and a current average daily traffic
volume per lane of 5700 with an 18% studded tire usage durina 13€
days per year,the following establishes the time needed to eliminate
the anti-skid properties of the surface texture:

With Studs:
Time = 0.08 0.545 x 136 x 5700 x .12 + 7.010 x 136 x
106 106
5700 x 0.8¢ = 0.03 = [§ vears
0.10

'ithout Studs:

"

Time = 0.08 0.010 x 365 x 570

106

]

(]

.08 = 4 vears
n.02
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in the future. The fact that present controlled protrusion studs are
less abrasive to pavements than past stud tynes definately offers
some hope for lower repair costs in the future. Also, thers is the
possibility that the new "winter radial” type tires with their
imoroved rubber compounds will displace studs as the public's desired
winter driving traction aide. Unfortunately, if a significant amount
of stud wusage still continues these mitigating effects may be
completely countered by reduced wear resistance of our bituminous

surfacings.
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Appendix I
Traffic Data for Studded Tire

Wear Measurement Sites

Route I1-80 (bituminous) Hackensack

A. MWinter Studded Tire Vear Rate
Traffic data obtained from Route [-80, Station 2-1-10, experi-
mental test sections.
Qutside eastbound lane .... 463¢ automobiles ver day
1974 percentage of studded tire vehicles 16.7%
4536 veh/day x 0.1€7 stud. veh/day = 774 stud. venh/day
136 days for studded tires x stud veh/dav = 105,250 vehicles

Studded tire wear rate ner million vehicle passes:

TOTAL WINTER WINTER MEAR DUE TO
VEAR - HOPMAL TIRES
STUDDED TIPE WEAR RATE = X 106
NUMBER OF STUDDED TIRE PASSES
0.738 - (138 (1-0.167) 0.00¢
2 ~
= 22 X 166 = 0.318"

105,250

B. Summer Hon-studded Tire VWear Rate

SUMMER WEAR

nUMBER OF VEHICLE PASSES

]



Poute I-30 (concrete) Hope

A. \linter Studded Tire Wear Rate
Traffic data obtained from 1974 AADT for this route near Hone.
Cne way AADT = 7,400
Outside lane 26%
7,400 x 0.26% = 1,924 auto &% trucks/day outside lane
Automobile per dav 70%
1,924 x 0.70 = 1,347 vehicles/day
1974 percentage of studded tire vehicles 19.3%
1347 vehicles/day x 0.193 = 260 studded vehicles/day

136 days for studded tires x 260 studded vehicles = 35,352
studded vehicles

Studded tire wear rate per million vehicle passes:

0.019 - (135)  (1-0.193) £.003
- x 10% = ¢0.497"
35,350

B. Summer Yon-studded tire Wear Rate

= 7 x 106 =0.007"
440,600

Poute I-287 {bituminous) Bound Brook

A. ilinter Studded Tire Wear Rate
Traffic data obtained from 1274 AADT for this route near
Bound Brook.
One way AADT 30,000 vehicles
Qutsice lane 267
39,000 x 0.26 = 7,200 vehicles in outside lane

futomatiles ner dav 707



w
.

7.800 vehicles x 0.79 = 5,460 automobile/day

1974 Percentage of studded tire vehicles 14.0:

5,460 automobiles x 0.14 = 7€4 studded vehicles/day

136 days for studded tires x 764 = 103,9C0 studded vehicles

Studded tire wear rate per million vehicle passes:

—
w
D

0.037 - (£32) (1-0.150) e.0l0

w2

x 106 = n.3o7n

— 1N
O/
w

, 850

Surmer lNon-Studded tire lear PRate

0.C12



APPENDIX T1

Determination of Precision of tear !'easurement

To investigate the pracision of the depth gauge operator and
wear measuring system, a statistical analysis was made of wear
measurements taken at the same cross sections, three times in the
same dav. Eleven different cross sections were used for the
statistical evaluation. The first set of measurements were
arbitrarily considered the base readings to compare with the other
two qrouns of measurements. The second group of measurements were
made without moving the datum bar from its position during the first
group of measurements. Any differences between these two grouns
thus represents the error associated with the denth gauge and
operator. Tne third groun of measurements were made after removing
the bar, and renlacing it. Any difference between the base readings
and the third groun therefore represents the error associated with
the gauge, operator and the replacement of the har, i.e. the com-
plete measurement procedure. The variability of the compnlete
procedure is used to determine a precision statement to be used for
future field measurements.

Statistical Evaluation of the Difference Between Data Crouns 1 % 2
{variability of gauge and operator only)

The average difference in measurements between grouns was
calculated as:




and the standard deviation {(individuals) was calculated to be:
2 2
= —-\=X
Obiff.=J-§——§———£-—l
N{(N-—1)
This evaluation will not be carried further due to the Timited

= 0,0053

application of this test of the particular measurement procedure.

Statistical Evaluation of the Differences Between Data Grouns 1 & 3
(variability of the comnlete measurement Drocess)

The average differences in measurements between groups was

calculated to be:
T piff,= ———— = 0.000594 inches

and the standard deviation (individuals) was calculated to be:

=P - 302
0_D;'_ff,= NP 0.0073 inches
L\(u - 1)

The standard error of the mean was calculated to be:
O piff.
0‘)-{ Diff. = m— = 0.00082 inches

v

JA

Before develoning the precision statement, it is necessaryv to

confirm that no unwanted or unexplained comronent of variance was
present in these measurements. This is done by checking that the
difference between the Groun 1 and Groun 3 readings is, on the
average, zero (or not significantly different from zero). For a

E

t-test of the mean of these differences against zero,

XL
I
03z
in which
X = mean difference
A = 0 (for this test)

q
|

standard error of the mean



(D]
[$2]

from the data N =78
X = 0.000594 irches
0 = 0.0073 inches

Ox = 4N = 0.00032 inches
and then t =0.72
For N=78 and a two-tailed significance level of ©5%, the critical value
of f = 1.99. Since this is greater than the calculated value of
t = 0.72, it is concluded that the mean difference of 0.0005%4 inches
is not significantly different from zero and we can now nroceed to
develop the precision statement for future measurements.
The nrecision statement for the average wheelpath wear at a

narticular site is given by:

- to

X I

in which X = average vear (averace difference between orevious
and present readings) at that site

+ = student t, two tailed, 95% level

d' = standard deviation_ associated with complete
measurement process (0.0073 from Group 1 & 3
data)

N = number of vheelnath measurements

for the Derartment's three monitoring sites, the nrecisicn statemants
can be calculated as follows:

1.99 x 0.0073

Route I-30, Hackensack: o) i = j: 0.0019 inches
39
, 1.98 x 0.0073
Route 1-80, Hooe: of = 1 0.0023 inches
y38
Poute I1-227, Bound Brook: 1.99 x 0.0073 +
olf = 1 0.0019 inches

V55



When the number of wheelpath measurements is between annroximately
47 and 60, the precision statement (at the 95% confidence level) for
average wheelnath wear will be very close to + 0.002 inches. This

vaiuz2 is judced to be satisfactory for any future measurements.
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4 . Materials & Apniied Mcchanies
- X Tlesearch
Pavercnt Damace from Studdad Tire Usaga paTe _dune 18, 1974

Cn savers] occasions we have discussed the problem of ctudded tire induced
damage to Wew Jeorsey roadways. The gravity of the problem is such that
Rescarch, acting farcuch the Cermissiorer's office, hac several times requsstad
Motor Vehiicics to rescind thz regulat +hich all stucded tire usz. Insuice
of what miant be considered over i 0 Sunnort the reguast, dotor
Vei 23 maintained its oositien m ﬁﬁmnﬂ a rescincing.,  The
a usal camz this soring clied Director Yaddingion
i from Minnesota, Catzrio ccumantine the lzck of
al safety benefits to the g swudded tires.
this continuine opvositicn from the ifotor Vehicies Rurea Y
at the Department must fegin to think mmsho:ﬁﬂz ¢T bud mme
ement renadiiitation work neccssitated by studded tire dame
most suhstantial manifestation of this damage is the wzar
elvaths, It has hesn stated by mary experts in the fia2lg
ruv ¢epths reacn 172 inch the p red to de
rance of wet weatliar accident na larinc er
in ihz ruts. The extent to vhi faw Je D ts pav ahfed=le
inch waar level and the asscciatad cost of corvecting the ioit,
ty, can only be roughly estimated.

t tony wvg._mram has unfertunztely not maintained any formal
survey of Ghealpath vear since the legalization of studdad tire use. A tost
track study no:gcnﬂma ov Pesearch in 1985 did vield some wear data hut the
severa nature of that study prevents such informetion from being used for
nreCise u«maénﬂw:m of Tong term wear levels. Wheelpath damage data from other
sources must be used for moﬁgsuﬁd:u purposes until 2 pave vement monitouring prosvan
now being initiated by Research is fully operetional.

In vace highway agencies have conducted ctudisc of paverent <omace
asiecia ded tire use. Perhans the moct compranansive of thase studiasz
have he ertaken by the Ontarie Nepartment of Hichwavs, My etaff ana T
peErsonng that there is sufficient evidence to consider a fair amount cf
Onterio! applicable to Hew Jersey pavemants. -
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- Discussiens with the Ontaric researchars indicated that Ontario and Mew Jersey
“use anproximately the same tyoe ¢f aspialtic and partiand cement in their road
construction. There are also similarities in the type of a;jregates used. The
coarse anu fine aggregates in the wearing surface of most of Hew Jersey highways
are reletively hard and extremeiy durable. Although many of Ontario's pavements

Care constructad with soft limestcne aggregates, Ontario alsc has a substaniial

number of ravements with the harder agoregates, such as traorock and si]ica

-sand. Consoq Lently under like studdsd tire use, cne would expect these latter

pavements ard these in New Jdersey to exhibit similar wear craracter1st1cs.

Baced on tha preceding rationale, the 1869 Ontario report (Pavement Mear Due to
Studded Tires and Economic Consecusnces in Cntario - Highway Research Record 331)
on stuuded tlri demage was reviewed to extract wear neasurements for hard agaregate
pavements. lear measurements were based on 2 six month per year studded tirs usage
hhTCh is cauivalent to the use period that has nredominated in Hew Jersey since
tuddad tires were first tegalized. In the 1969 report the nard aggragate roads,
characterized by a mean AADT of 6209 per lane and an average studded tire use
percentagz of 14 percent, had averags wear rates of 1:43 pcr year. A research
sampling of parking Tots and selected rcutes in central and northern Hew Jersey

©indicatas that during the 1373-72 winter from 15 to 20 percont of autos in this

" State were equipnred with studded tires. The 14 percent figure for the Ontario
“rouies vould seem a good approximation of the overall use percentage for iew

Jersey during the p°r1od from 1965 to the present. New Jersey's average par
Tene BADT duns ng this same peried was aporeximately 5400 for the state highway
systen.

bove cited similarities and the fact that pavement w2ar is a

Considering tha a
linsar fun tion of vehicle passes, the wear data for Qntario can He appliad 1o
this Stats by merely accounting for the differences in mean AADT's. Accordingly,
the averacz wear rate for iLew Jersey highways due to studdsd tire use should te
anproximate 1.25 mm per year (1.43 x 5400/6200). On this basis it is apparent
that the ¢yvical state hianway will have reached the criticel 1/2 inch rut depth
after ten {10) yzars of winter use of studded tires. By the enu of the 1674-7C
winter Ha. Jersey roads will have been subjected to that 10 years of studded tire
traffic. f ccerdingly, a substantial number of miles of rozdway will then be in
need of rehabi '1taulon. '

The total janz miles of excessively rutted, studded tire worn pavement actually
warranting repair work by the 1975 construction season can b2 estimated. Frowm

Dapartmant records we Pnou the statz highway lane miles in 1955 was 5398, Since

e

that iime it is rzasoneble %o assumz the Uenartment has annually rosurfacze in inz
order of 220 lans miles of that original ravemant P1Teage. It follows that ihb
nunber of lane miles passessing the same wearing surface since 1965 should be 4,193
\599u - 1229). Howevar, appreximately one-ihird of this roadiway ﬂ11°agf falls

within thz southern peri of the State (“eglun 4) where stud usage, in all probability
15 well bolow that for the remainder cf New Jersey. Therefore the best estimate of

the total lane miles of the state system requxrunc renair of studdad tire wear £anige
is 2,800 (2/3 x 4,198).
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The cost to rehabilitate the damaged pavemant can be established by assuming a
narticuler method of repair. For bituminous concrete veuring surfaces, it is
1ikely that a2 3/4 inch surface mitling followed by a 1 inch bitumirous ovarlay
tould pe an annropr’gte metnod. For portland cenent concrete surfuces, the
repair technique would proaab1“ 52 the placement of two one inch 1ifts of
bituminous concrete, with the first 1ift cerving as a leveling courses. On a
per square yard basis the two ranair methods should have very nearly the sama
total cost. If repmairs were accormolisned by contract an in place cost of about
$25/ton would incur for bitumincus concrete during 1975; a materials cost of
approximately $15/ton would prebably characterize repair via maintenance fcrces.

Based on thz nrecedirg, aSSUNGVnC“S and considering an in place weight of bituminous
concrete of 130 ]JS/!L . each lanz mile of studded tire damaged pavemant vould cost
the Derartment in 1675 approximate]v 520,009 to renhabilitate by contract and
$12,500 (excluding lator) with i%s own maintenance personnel. If the total mileaage
of state highiays exhibiting excassive wheelpath wear wsre upgraded during 1975,

it is estimated that the overall cost wouid be 55 million dollars by contract anc
33.5 millien by maintenaiice operations. These are, to say the least, large sums

of monay and vet are rot all inclusive as they exclude costs for shoulder elavation
adjustments, inlet raisings, and resbr1p1ng « - .

The above data does not possess the degree of exactness I would like to provide.
However, 1 trust it is sufficient for vour staff to begin planning for the
substantial renair effort ghead, As our new program of moniteoring pavement wear
baqins to vield pertinent information I will attempt to sharpen our predicticns.
Until that tima, I would be most willing to discuss the details of what is now

being offered.
\-én,h_,zlz ( [///Y

Kenneth C. Affefton

KCA:kar
cc: 1%, Carbalic
K. Rosser
J. Freidenrich
D. Y. Guynn
J. Schuvier
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