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P. G ST F! A CT 

Since tke f a l l  of 1973 t h e  Researcn u n i t  c f  the  Department cf 

Transyortat ion has been monitoring oaveniqt wear on the  s t a t e  nighcay 

sys ten  t o  determine the  amount o f  danage caused by studded t i r e  

usaae. Tnree rnoni t2ri nq si t e s  \!ere es ta5l  i shed i n  t + e  nort!;err: 

reqions of t h e  s t a t ?  on newly constructed s e c t i c n s  o f  I n t e r s t a t e  

Poutes 29 and 287. Tvo o f  t 5 e  s i t e s  have b i t u c i n o u s  concrete surfaces  

w i t h  tSe t h i r d  having a port land cenect concrzte  surface.  

Current r 2 ~ u l t j  of t h e  e i o n i t o r i n q  e'=ort i c d i c a t e  t h a t  pavencnt 

\!ear i n  the  jxheelpzth areas  o f  t k  avereae hic!i\.!a!{ i n  ngrthern '!a: 

J e r s e y  has occurrsd a t  an annual r a t e  f i v p  t i n e s  g r e a t e r  than wou ld  

be exrjected i f  s tud led  t i r e s  :.:erg n o t  us?.ci. These \.:ear s t a t i s t i c s  

s u b s t a n t i a t e  oreviozs pred ic t ions  t h a t  t i e  averaae hiqhvav i n  

studded t i r e  use a r e a s  would requi re  resurfacing a f t e r  13 winter 

seasons.  This c r i t i c a l  t i n e  oeriod has a1read.v Dassed u i t h  t h o  

end of the 1174-75 winter .  A r o u g h  e s t i r 2 t e  o f  t h e  nininun re-  

sur fac ing  c ~ s t s  no;: facing the Cenartnent for danage accrued on the  

s t a t e  hiahway s y s t e ~  i s  556,C33,300. 
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C A C !:G f, 0 U: I D 

On June 1 5 ,  1965, the  r:ew Jersey  %vis ion  o f  Ilotor \!chicles 

authorized ?rovisional ao?roval for studded t i r e  usaae on the  s ts . te  

hiahr.!ay system. 

regula t ion  s t a t e d  t h a t  studded t i r e  anaroval rnust a l s o  have the 

concurrence of the Ce9artnent o f  Transpcrtat ion.  Suk,seauently, the 

Cepartrnent beaan an elaborate  evaluat ion o f  the overa l l  e f f e c t  of  

allov!ing studded t i r e s  on the  s t a t e  high:.:ay s y s t m .  Consideration 

v!as given t o  a multi tude of f a c t o r s  r e l a t i n g  t o  hiphwav safet:] and i n  

p a r t i c u l a r  tile an t ic ina ted  nroblen o f  accalerated navenent war .  

obta in  wear data  a t e s t  t rack  \+as constructed and Deriodic de?th 

nieasurements taken in wheel Datch a r e a s  throuq!i several  thousand 

vehic le  misses. S k i d  r e s i s t a n c e  of the  t e s t  t rack was a l s o  mofijtored. 

P. r e F o r t  documenting the Departnent 's  f indinqs was then issued i n  t h e  

f a l l  of  1$65. (1)+  

An important s t i o u l a t i o n  included i n  the o r i g i n a l  

To 

The trends establ ished by tjc. 1966 neasurements indicated the 

studded t i r e s  could cause excessive pavment wear and loss  i n  skid 

r e s i s t a n c e .  

a t  the time t o  reconnend t h a t  a l l  studded t i r e  provisional anr;rQvals 

issued by the Division o f  Potor '.!chicles 5e rescinded. L'niortuqately, 

t h i s  recormendation \.:as n o t  accsntad by t h e  Pivision o f  : ' o tor  '.'chicles. 

These f indings !:rere considered s u f f i c i e n t l y  conclusive 

I n  the  years  t h a t  fol  lov;ed, many other hiahr.:ay agencies conducted 

ex tens ive  s tudies  of studded t i r e  naveiwr?t damage and the  aeneral  

e f f e c t  o f  studded t i r e  usaae on iiiohvay safet:!. F2r'ians the m s t  

comorehensive of tiles. s t u d i e s   as undertaken b.v tl.e Ontario Z e x r t r x n t  
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of Yigh!!avs. 

Par1 ianent  banned tke use of studded t i r e s  e f f e c t i v e  ''ay 1 ,  1971. 

Studies  conducted b:l i-:innesota and  o thers  - includino I ' ichican, 

Idisconsin, t:ew Yorl:, Penns;flvania, O h i o ,  !.!ashicnton 2nd  I o m ,  were 

a l s o  ins t runenta l  i n  bannin? s t u d d e d  t i r e s  i n  several  northern 

s t a t e s .  

As a r e s u l t  of t h e i r  f i n d i n q s ,  tile Ontaric Provincial  

As renor t s  on these var ious e f f o r t s  b y  other  asrlncies tier;3 

i s s u e d ,  conies \.':ere forwarded t o  the Neb! Jerse:i Division of i.:otor 

Vehicles.  In s n i t e  of  t h i s  extensive a d d i t i o n s 1  da tz  c e n e r a l l y  

sunnor t ins  a s i g n i f i c a n t  ne t  disadvantace t o  use of  stgdcted t i r e s ,  

!Totor '!e!iicle naintair ,ed i t s  pos i t ion  o f  rpfus in?  t o  e f f e c t  the 

r e s c i  ndi n3. 

I n  ilovember 1973 t h e  Dexrtment of T r z n s x r t a t i q n  i n i t i a t e d  a 

nrogram t o  measure the  navlement w a r  occurrir.9 on ! k v :  Jerse:i hic?tiva:ir. 

The  fundamental ob jec t ive  ';:as t o  ob ta in  s u f f i c s e n t  irformatior,  t o  

de te rn ine  the ar;,our:t o f  damacre studded t i r e s  have actuall : /  caused 

on our  route  sys ten .  

a t  t h r e e  separa te  l o c a t i o n s  i n  northern ' k ~  Jerse:l.  

:.i!iich the monitoring e f f o r t  h a s  been cgnducted and the  da ta  oat!ier?d 

thus f a r  a r e  described i n  t h i s  r e n o r t .  

To t h i s  end, rronitcring s i t e s  !:era es tab l i shed  
-. i n ?  canner i n  

IO!:Iil)F?I i!C: S 1 TES 

Each of the three  s i t e s  used t o  rneisure czven?r,t vear have been 

e s t a b l i s h e d  on I n t e r s t a t e  t!icjh\:?ys. 

u r b z n i z z d  area of t!ackensack on ?oute I -??  ~ ' i j c h  s t  t h a t  m i n t  i s  a 

ln ,  l a n e ,  h i  tur3nous concrete  !?iqhmv c a r r v i y  a??rroxinatel:/ ??,73r) 

One s i t e  i s  located ir, t h e  hicn l : . '  
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(1974 i . A D T )  motor  vehic les  d a i l y .  

i n  3ou.d Erook serves  as the second s i t e .  P.oute 1-287 a t  the Sound 

Erook l o c a t i o n  i s  a 6 lane bituminous concrete f a c i l i t y  handlinc a 

d a i l y  t r a f f i c  volune of 6 C , O O O  (1974 F.PDT) notor  vehic les .  

P. sec t ion  of I n t e r s t a t e  2orrte I-2E7 

- .  
i n ?  t h i r d  rnor?itorincj arga i s  located on I n t e r s t a t e  qoute I-2C 

i n  t h 2  v i c i n i t y  o f  tio?e, a rural  t o m  i n  the  northrestern Dart o f  the 

s t a t e .  P , t  IJooe, k u t e  1-32 i s  a 6 lane qortland cement concrete 

!iiqh\:a:/ \.:hich c a r r i e s  approximately 14,3?cI (1074 FAD?) autonobiles 

a n d  t r u c k s  d a i l y .  This sec t ion  o f  Route I - X  was constructed i n  

1973 ar,d noni t o r i n ?  of studded t i r e  m v m o n t  \!ear !%!as beaun i v w l i a ' e l y  

a f t e r  i t s  ooeninc t o  t r a f f i c .  The sur face  oavenent a t  the o t h e r  tw 

monitorina s i t e s  \;as a l s o  new as overlays had Seen made j u s t  c r i o r  

t o  t h e  i n i t i a t i o n  o f  the wear txasurenents .  

E P. S U I? E ? E ilT I.'E?YO @ FO !? F !..V E: 1 E ! iT !a! E k P. 

Ezch pavement bear s i t e  c o n s i s t s  o f  f i v e  c ross  sect ions nositiclned 

.- 

approxiza te ly  25 f e e t  a n a r t  i n  the outs ide  lane ,  ou ts ide  vheelpath of 

a tanzent  port ion o f  t h e  highwa:]. 

every t1::o months v : i t h  a depth gauge capable o f  measuring t o  the  neares t  

O.OG1 o f  an inch.  

a s t r z i g h t e d a e  datum and rneasurenents \.:ere made a t  four  inch i n t e r v a l s  

across  t h e  e:heelpath. (See Figure 1 )  The bar was !:e.ved t o  t\:o 

snikes  or p l u g s  i n s e r t e d  i n t o  the Favernent a t  t h e  center  and outer  

edce Q =  tile lane .  

dnter-i  ne t h e i r  v e r t i c a l  movenpnts v i  t i  t i n e .  I he a1 uninum tsr m s  

l a t e r  i a rmvrd  b:.? zddinc s u m o r t s  a t  e i t h c r  end. Tllesc sut3,ngrts 

\*!ear measurements v!ere made once 

The gauge was mounted on an aluminum bar used as  

Elevation measurements w r e  nade on  a l l  sc ikes  t o  
- 



0 Q a 
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s t a b i l i z e  the kar  and  improve the ease of posit ioning the b a r  over the 

sDikes or plugs. 

Average ':;ear measurements k:ere calculated from the  measurements 

taken within t!,e actual wheelpath a rea .  The loca t ion  o f  the b!heel- 

o a t h  was detemined from Dainting l i n e s  olaced across  the t r a f f i c  

lane.  As the l i nes  :.:ore, the actual wheelpath area :.:as ve r i f i ed .  

The v i i d t h  o f  tie wtieelpath area was genera1l:i i n  tCie order of 35 inches. 

T R A F F I C  m e  !.!EAR DATA FOP, I I O N I T O R I I I G  SITES 

TaS1 e 1 ,  Studded Ti re  Applications, shows t he  yearl:! accumulated 

studded t i w  v?!iicle passes f o r  the wear measurement sec t iocs .  The 

?cute 1-33 (,LicTe) and 1-287 (Bound Brook) t r a f f i c  data w r e  calculated 

from the 1C74 ;ADT a n d  vreviously establ ished studded t i r e  usaqe 

oerc2ntages. , h e  2oute 1-80 (Rackensack) t r a f f i c  data  were calculated 

from t r a f f i c  counts taken f o r  exxrimental  paverent sect ions i m e d i a t e l y  

e3st  o f  t h i s  loca t ion .  All calculat ions f o r  the 1975 data a r e  con- 

tained i n  ;.Dqe:dix I (calculat ions f o r  1974 data w r e  performed i n  the 

- 

same fssh ion) .  

Tab1 e 2 ,  ?avenent Rear lleasurenentr , presents the  averaae wheel - 

~ a t l i  \.:ear f o r  the  Davernent s i t e s  monitored. The data fo r  Winter 1?73-7? 

rew-escnts the ?eriod r.lovember 1 5 ,  1973 t o  Aoril 1 ,  1374 (136 davs) .  

k t a  f c r  S u s ~ e r  1974 renresents the noriod A,vi l  2 ,  l??Z t o  !!ovwber 1 4 .  

1074 ( ? ? a  l a y s ) .  The !!inter 1974-75 data i s  f o r  the oeriod 

iloventler 1 5 ,  1274 t o  A y i l  1 , 1975  (13E days) .  i he Summer 1975 d a t a  

?er ta i r ,s  t o  tr,e period April 2 ,  1375 to  :!ovenher l d ,  1075  ( 2 2 c  days).  

i n  eaci: Case ? i f fe rences  i n  cross sect ign d e n t h  neasurcwnt;  betvceen 

Y ~ P  s t ? r t  3 1 1  2nd of  the neriod w r e  comnute-? t o  obtain sveraao ':!ear. 

- 
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* D a t a  f o r  CC ca::s o x  s t u d 3 4  !:car a s  ?avencr?t \:as resur'aceci earl.! i n  

t h e  1 ?73-7? :!inter qer icd.  

T a b l e  3 

2 a v p r ?  p : !,'car "e z s u rere  n t s 

Z .  I-C? ( b i t . )  
i '?. c! :e  I! s a c !: 

P t .  I-3n ( c o n . )  
! 'O"?  
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A s t a t i s t i c a l  analysis v!as made on !?linter 1274-75 weir d a t a  t o  

determine measurenent precision. The analysis i s  contained i n  

ADpendix 11. The resu l t s  o f  t h i s  s t a t i s t i c a l  evaluation indicate t h a t  

the 95% confidence level for each value of  \.!heelpath averaoe wear i s  

- + 0.532 inches. 

Averaoe wear measurements o f  Table 2 show t h a t  areater  pavement 

v:ear occurs durina the winter studded t i r e  period t h a n  occurs during 

the summer non-studded t i r e  period. Eased on t r a f f i c  d a t a  frog tile 

Route 1-89 Experimental Pavement Project(Z) ,  t r a f f i c  volumes a t  the 

t e s t  s i t e s  decrease s l i a h t l y  in the \:inter montns a s  conoared t o  the 

surnner r;lont!is. Since the \.!inter studded t i r e  periods (136 da:/s) are 

shor te r  t h a n  the sumer  non-studded t i r e  periods ( 2 2 9  da:ys) and since 

winter conditions are  l e a s t  conducive t o  deformation tyoe wear 

( ru t t i ng  i n  bituminous pavsnents) t h i s  greater  wear durinq a re la t ive ly  

1ov:er volume t r a f f i c  period i s  a t t r ibuted t o  studded t i r e s .  

The d a t a  pathered fron the monitoring s i t e s  has been used t o  

determine gavement wear ra tes  for  bot' l  studded and  non-studded t i r e s .  

Table 3 ,  Pavement \.!ear Pate, shoes tf.e extrapolated brear per one 

mil l ion vehicle passes for  each t i r e  type. 

r a t e s  i s  exnlained i n  Apendix I .  

sect ion i s  believed t o  be due t o  t h e  i n i t i a l  wezrino c~f the brooncd 

texture  surfac?. The ';:ear ra te  for  studded t i r e s  i s  seen t o  ba can:! 

times grea te r  t h a n  t h a t  f o r  non-studded t i r e s .  

conclude from t h i s  d a t a  t 5 a t  studded t i r e s  are  indeed causin? 

acc.1 erated ::par o f  flev Jcrsey navewnts . 

The comDutation o f  these 

T+e large wear r a t e  of the concretc 

Ope can safely 
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Location 

R t .  1-20 ( b i t . )  
Eackensack 

R t .  1-80 (conc.)  
Hone 

E t .  1-287 
Bound Erook 

Table 3 

Pavement !&!ear Rate 

(!#!ear/l ,000 ,OCO Vehicle Passes) 

Studded Tire Non-Studded T i  r e  
\!ear Rate* Vehicle !$!ear Rate 

!.!inter 1.1 i n t e r Summer Summer 
1973-74 1974-75 1974 1975 

0.313 n.312 c .  001 0. C?8 

0.590 0.4G7 0.012 9.007 

0.336 0.3C7 0.001 3.036 

*Winter studded t i r e  wear r a t e s  a re  based on winter wear measurements 
corrected f o r  vear t ha t  n ight  be a t t r i bu tab le  t o  non-studded t i r e  
use. Pavement vear data f o r  summer months had to  be used to  e f f e c t  
the  correct ions.  This apwoach should be adequate f o r  the concrete 
s i t e  b u t  i n  a l l  probabi l i ty ,  resulted in  s l i g h t l y  lower than actual 
w a r  r a t e s  (studded t i r e )  being reported f o r  the bituminous s i t e s .  



EFFECTS OF PAYE"EI4T \!EAR 

Since vehicle nlacenent i n  a t r a f f i c  1;ine tends t o  he re la t ive ly  

constant ,  t!ie abrasive action of  stgdded t i r e s  on the pavement surface 

i s  concentrated i n  the narro:: wheelpath areas .  This action creates  

a trough-like Dattern in t'7e Davenent. 

become so deeo t h a t  the;l c c s c  a major 5azard  t o  d r i v i n g  safety.  

r.!heeloatii ru t s  begin t o  in te r fe re  with steering control d u r i n g  lane 

changes. \*later retained i n  the trouahs i n  ve t  mather  permits t i r e  

hydroFlaning a n d  the associated loss o f  braking a n d  steering control .  

V i s ib i l i t y  d u r i n g  such periods also suffers  as gassinq vehicles cause 

water splash t o  adjacent lznes.  

Eventually the troughs can 

Tile 

To cogbat these hazards a t  some Doint t h e  yvement must be r2- 

surfaced. The general consensus among highxay enaineers i s  t h z t  

resurfacing becomes an abscllute necessity when the a erage dent5 of 

wear i n  the  nheelpath reaches 1 /3  inch. 

usual condition of the wheel p a t h  when resurfacing i s  r2quired. 

I n  the  spring of 1974 the Departwnt 's  Research Division 

Prepared f o r  budgeting pur?oses a n  estimate o f  funds required for  

a major program t o  r ehab i l i t a t e  studded t i r e  darnaged pavements on 

the s t a t e  highv:ay systen.  9;' t h a t  time studded t i r e s  had beer, i n  

leeal  use in  r.lev: Jersey fc r  nine successive \.:inters. 

Ficure 2 i l  us t ra tes  the 

The Research Division dotemined t h a t  i n  northern and centrzl 

areas o f  the s t a t e  where studs ?!ere conerally used, a n  average 

highway 3avenent would m o s t  l i ke ly  re?ch t h o  c r i t i c a l  1 / 2  inch of 

rut wear a f t e r  I ?  winter seasons. I t  then Dredictei t h a t  by the 

end o f  the 1974-75 winter nearly one i i a l i  o f  the s t a t e  h i g h ' a y  

systen v : w l d  actual ly  r e x i r e  resurfzzicg t o  correct studded t 'r? 
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damage. 

t h i s  resurfacing crogran i f  Drivate contractors !.rere used. 

pr ice  t a g  VES considered very conservative as i t  d i d  n o t  include 

costs  f o r  shoulder elevation adjustments, i n l e t  ra i s ings ,  a n d  re- 

s t r iDing.  

needs fo r  the county and municioal roads which R a k e  U P  more t h a n  

9%; of  the to t a l  road mileage i n  ilev! Jersey. 

A minimum o f  550,00'3,0t'? vas estimated as k i n a  needed f o r  

The 

Additionally, no atternpt k!as made t o  include the f u n d i n g  

The various fac tors  considered i n  Fesearch's anoraisal o f  pave- 

ment damage are  highlighted i n  h?er;dix 111 which i s  a copy of 

internal correspondence between the Pesearch and :lainter,ance uni t s .  

I n  a r r iv ins  a t  t he i r  cost  estir iate,  Deoartment researchers 

elected n o t  t o  use the wear d a t a  from the three motiitorinq s i t e s  as 

only one \.!inter o f  measurements had been gathered by t h a t  time. 

Instead they based the i r  assessments o n  vear ra tes  recorded b:/ t?? 

Province of Ontario for  pavements v ! i t h  materials simi 1 zr t o  t h o s 2  

used i n  !lev: Jersey. 

b u t  modified t o  correct f o r  t r a f f i c  differences betr:een Flew Jerse.v a n d  

On ta r io .  

some reservations concerning the a p n l  icabil ity o f  the Ontario 

i nformation. 

from the t:ev Jersey moni to r ina  s i t e s ,  the aovoDriateness oc the 

Ontario 'wear ra tes  can be checked. 

The Canadian d a t a  were no t  aml i ed  d i r ec t ly  

Flowever, i n  sp i t e  of the corrections,  there were admi t t ed ly  

Fortunately , w i t h  much more d a t a  nov be; n u  a v a i  1 ah1 E! 

The d a t a  of Table 3 provides the soecif ic  me.ins fo r  checkin? the 

adequacy o f  Research's previous wear assessments. 

f o r  the bituminous s i t e s  are  usable,  hovwer, as \.!ear recorded t h u s  

C n l v  the s t a t i s t i c s  
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fa r  a t  the concrete s i t e  has been lirnited t o  the surface f i n i s j .  In 

a concrete pavement the roughened surface f in i sh  ( 5 . 3  inch i n  

average de?th on !lev/ Jersey hig!i:.:ays) kcears a t  a much higher ra te  

t ! ian the r e s t  o f  the pavement a n d  such ra tes  would be inapDrozriate 

for predicting long te rn  xear.  

nage 8 

For the bituminous s i t e s ,  Table 3 on 

indicates  average v!ear ra tes  of  aonroxinate ?.32r! inches1 

mill ion vehicle ?asses f o r  studded t i r e s *  and @.!?Go5 inches/millicn 

v e ~ i c l e  x i s s e s  fo r  non-studded t i r e s .  These !:ear s t a t i s t i c s  a re  

used below t o  determine the anount o f  w a r  t h a t  has occurred per 

year on the average high$;!ay i n  c m t r a l  arld Rorthern ':Y: Jersey. 

K n o w  I nforna t i  on : 

Studded Tire  !.!ear Rate = 9 . 3 2  i r -cb/1QE ve'iicles 

2on-Studded Tire \*!car Pate = @.C?5 inchl l? '  vehicles 

Rveraae Cailv Traf f ic  Per Lane (Period 19€5-1975! = ZCnC! vehicles/ lare  

Average '!umber o f  Days Per Year Studded Tires  !:'ere i n  l'se (Period 
1 %5-1075) = 160 days/year 

Average Percentage o f  Vehicles i n  Central and  ilorthern r!ev Jersey 
Eauioed \ : i t h  Studded Tires During \#!inter (Period 1?E5-1975) = I!." 
(current oercentage about 18Z) 

*;:orrnally, the studded t i r e  piear r a t e s  recorded for  the bituminous 
s i t e s  v:ould a l s o  be considered t o o  Drelininarv for  d i r ec t  use i n  
Dredictina l o n g  term wear. Research investioations >erforwd t,.'.' 
the  i'innesota DOT indicates the vear r a t e  fo r  t3e " r s t  cne t o  
t k r o  hundred thousand studded t i r e  liasses i s  a b o u t  :\:ice t h a t  f c r  
t5e exceedingly larger number of subsequent ve5iclP Dasses needed 
t o  produce 1 / 2  inch of vheelDath wear. T h u s ,  i t  would  seem t h a t  
estimates of accrued studded t i r e  damage should 5e h s e d  on 1 / ?  
the  r a t e  values o f  Table 3. A countering e f f ec t  e x i s t s ,  hov!evc-r, 
in  t h a t  the ru t t ing  occurring OR o u r  monitorina s i t e s  has heen 
Dredoninately from vehicles equiwd with the nev:er controlled 
orotrusion s tuds(4) .  
t:, 57.'  l e s s  wear t h a n  tt;e older tvne s t u d s ( 5 )  t h a t  w r e  sold f2r 
2 o u t  o f  19 years t h a t  studded t i r e s  have been. i n  l y a l  use i.: 
! ; n ~  Jersey.  The d i r ec t  aool ic i t ion o f  t3e  :.!ear r2tes  o f  Table 3 
i s  t!+ercforcl considered annroDriate for ristimatino accunulatcd 
studded t i r e  damage on o u r  hic!n:?ivs. 

These studs have been found t o  Droduce 3? 
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Calculation c f  Average Annual !.!ear: 

Averaae P,nnuzl !,'ear = \! inter !-!ear Cue t o  Studded Tires  + !*!inter 
!,'ear Cue t o  'lon-Studded Tires  + Surmer \!ear Due t o  ::on-Studded 
I i r e s  - .  

Average Annual \,!ear = 0.32r3 x 160 x 5409 x 5.14 + 
106 

O.C?5  x 150 x 5430 x 2.35 + 

= 9 .  C43 i ncies/>fear 

The prszeeding calculat ions ind ica te  t h a t  ou r  5ituninous Fave- 

-2n ts  i n  nor:hern ::ew Jersey have been xearing a t  a r a t e  f i v e  t i nes  

c r e a t e r  than \ioula be expected i f  studded t i r e s  riere not used 

(".CCG vers;;s 9.319). Further ,  the soec i f ic  :./ear r a t e  o f  3.2:: 

i iches/year  t s t ah l  ishes t h a t  these gaver,ents r!ould ';ave reached t3e 

c r i t i c a l  l / f  inch of mean rut war a f t e r  a l i t t l e  nor? t f ian  13 

:i?ars o f  t ra ' f ic .  

zreviously r red ic ted  fo r  a l l  navement 'types using the Ontario w a r  

wasurewent; 

This i s  e s sen t i a l ly  the same l e q t h  of t i r s  

( I n  Ontario bituminous and concrete pavement 

Exhibited t?,e sane \-tear r a t e s ) .  I t  follo\.!s then t h a t  the w a r  

r 3 t e s  r x a r C f d  for the Denartnent's moni t9rinc s i t e s  suP3or-t tile 

*:slidit!/ c f  r e s i a r c 5 ' s  nr ior  estimate o f  a nininum o f  25F,O?C,:?? 

> ? i n 0  needei a i t c r  t!w 1?7C-75 !iir!ter t 3  correct  s t 5 d d e d  t i r ?  
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\.:inter t i r e s ,  the average New Jersey highway i n  our  nort$ern and 

cEntra1 regions should have l z s i e d  a b o u t  19 years before roquirin? 

i t s  f i r s t  resurfacing,  with suhequent  resurfacings beir,p needed 

a t  10 t o  1 2  year i n t e rva l s .  

resurfacing schedul e s  (1  2 years fo r  b i  turninous cavensnt and  32 

years  f o r  concrete navernents ) a n d  information concernin? the pavenent 

make u 3  of the s t a t e  h i g h m y  s y t e n  (apnroxinately 675:' of the  system 

\.!it3 bituminous concrnte surfzce,  4% with nortland cerent concrete 

su r face ) .  

the estimated $56,00C,OCO i n  r e x i i r  cos ts  ac tua l ly  represents public 

f u c d s  which nev2r \mid have been required,  a t  any t i n s ,  i f  studded 

t i r e s  had not Seen legal ized i n  ':ew Jersey. 

This 1 2  year f igure  i s  based 01; p a s t  

Consideration of  these f ac to r s ,  indicates  t h a t  muc'7 of 

Another concern reaardi n: the excessive w a r  from studdead t i r e  

usage i s  in the area of paver.:rt skid res i s tance .  

i s  u n d e r  a mandate from the Fndsral Government t o  take s t e ~ s  t o  

insure  t h a t  an adequate level o f  skid rcsis tance i s  heir.? develo& 

and  maintained' on the highway system.. In portland cenent concrete,  

an e f f i c i e n t  means of achieving 99od i n i t i a l  s k i d  r e s i s t a rce  has 

been t o  form a roughened silrfzce tex ture  i n  the concrete 1;:hile i t  i s  

c l a s t i c .  

t h i s  tex ture  on the average r336v:a:.t i s  t o t a l l y  renoved i n  !,:heel3cth 

2re3s a f t e r  l e s s  than one year of t r a f f i c .  I,!ithout studs ti:? skid 

T!le geqartnent 

Ynfortunately, w i t h  !.!inter a?pl ica t icns  o f  studded t i r e s  



r e s i s t an t  texture would be exDected t o  l a s t  some 4 vears.* A sonc\!hat 

s imilar  problem occurs w i t h  bituninous Davements. 

has developed a high skid res i s tan t  bituminous mixtur? \which i t  

began t o  use on a large scale  basis during the summer o f  1975. 

However, t h i s  nev: mixture produces a very pervious pavement surface 

t h a t  aooarently has much l e s s  res is tance t o  w a r  t h a n  thie Denartreqt's 

standard, high density mixtures. Thus, a very Dronising neans o f  

imorov inq  motorist safety may he thwarted by the adverse e f f ec t s  

o f  studded t i r e s .  

The Deaartnent 

The current consequences o f  past decisions t o  a l lor :  use of  

studded t i r e s  a re  ndeed very real and have t o  sore degree been 

quantified in t h i s  regort .  I t  i s  d i f f i c u l t ,  however, t o  speculate 

w i t h  any  j u s t i f i a b  e confidence as t o  \.:hat the Denartmwt m i g h t  expect 

*!Jsina the concrete pavement wear ra tes  of  Table 3 a n d  considerjng a 
texture  deoth o f  9.08 inches and a current average da i ly  t r a f f i c  
volune per lane o f  5700 with an 18;: studded t i r e  usalle d u r i n o  136 
d a y s  per year,the following establis9es the time nee-fed t o  eliminate 
t;7e a n t i  -skid properties of the surface texture:  

/ V i t h  Studs: 

Time = 0.98 0.545 x 135 x 5700 x .18 + 9.910 x 136 x /.- 1 %  

57Y x C . 8 6  = C?.?? = .E years - 
9.10 

!.!i t h o u  t Studs : 
/ 

Time = 3.08 / 0.01@ x 365 x 570 

= - 0.93 = 4 years 
n.32 
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in the fu ture .  The f a c t  t h a t  present controlled Drotrusion studs are 

l e s s  abrasive t o  Davements t h a n  oast stud tjraes definately of fe rs  

some hope for lover repa i r  costs in  the future .  Also, thers  i s  t+s 

Dossibi l i ty  t h a t  the new "winter r ad ia l "  type t i r e s  w i t h  t !?eir  

irnoroved rubber compounds wi l l  displace studs as the Dublic's desired 

\.:inter driving t rac t ion  aide.  Unfortunately, i f  a s ign i f icant  a r o u n t  

o f  stud usage s t i l l  continues these rn i t i aa t ina  e f fec ts  may be 

connl e t e ly  countered by reduced wear res is tance of our  S i  turi nous 

surfacings.  
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Appendix I 

T r a f f i c  Data f o r  Studded T i r e  

blear tkasurement S i t e s  

- Route 1-89 (bi tuminous)  Kackensack 

A .  blinter Studded T i r e  I!ozr Rate 

T r a f f i c  d a t a  obtained from Route 1-89, S t a t i o n  2 - l - l Q y  exoer i -  

mental t e s t  s e c t i o n s .  

Outside eastbound l a n e  .... 4636 automobiles oer  day 

197"- percentage o f  studded t i  r e  vehic les  10.7:; 

4636 vehlday x 0.167 s t u d .  vehlday = 774 s t u d .  vehlday 

136 days f o r  s t u d d e d  t i r e s  x s t u d  veh/day = 105,250 vehic les  

S t u d d e d  t i r e  wear r a t e  oer  m i l l i o n  vehic le  Dasses: 

TOTAL !.!IrlTER I.JIr:TE? !*!EAR D:'E TO 
\!EAR - 1409:;PL TIRES 

STUDPED T I P E  \,,'EAR RATE = x lQ5 

iiU!-TEEP. OF STUDDED TI?! PASSES 

0.938 - (T) 136 (1-9.167) 0.170F. 
- X 1 6  = C.313" - 2 9  

B .  Summer iion-studded T i r e  lJ!ear Fate  

S U! " 1 E R Is! E!"; F1 - - x lCf 
:iL"'SEF! OF !'EHICLE PASSES 



Route I-% (concre te )  Hooe 

A .  \.:inter Studded T i r e  \.!ear Rate 

T r a f f i c  data  obtained from 1974 AADT for  this route  near Hooe. 

One way AADT = 7,400 

g u t s i d e  lane  267! 

7,400 x 0.26:; = 1,924 auto 8 t ruckslday outs ide  lane 

h t o m o b i l e  per day 70% 

1,924 x 9.70 = 1,347 vehicles/day 

1974 percentage o f  studded t i r e  vehicles  19.35 

1347 vehicleslday x 0.133 = 250 studded vehicles/day 

135 days f o r  studded t i r e s  x 252 studded vebicles  = 35,35? 
studded vehicles  

S tudded  t i r e  wear ra te  per mi l l ion  vehic le  ?asses :  
1 3 F  3.019 - (  2) 229 (1-0.193) C.OC3 

- - x 1cF' = C.497" 
35,350 

B. Sumer !Ion-studded t i r e  Wear Rate 

440,600 

!?oute 1-237 (bituminous) Eound Brook 

A.  !!inter Studded T i r e  \*/ear !!ate 

T r a f f i c  data  obtained from 1$74  AP,l)T f o r  t 3 i s  route near 

eound  Crook. 

One v:ay AADT 30,9130 vehicles  

Puts ide lane  26: 

3 3 , Q X  x 0.26 = 7,?312 vehicles  i n  outs ide  lane 

.".utom)tiles rJer 6 2 v  7 Y  



7,293 vehicles x C.79 = 5,4EQ autonobil e/day 

1973 Percentage o f  studded t i  r e  vehicl es  14.  '3:: 

5,463 automobiles x 9.14 = 7E4 studded vehicles/day 

136 days f o r  studded t i r e s  x 764 = l P 3 , Y O  studded vehicles 

Studded t i r e  v:ear r a t e  Der mil l ion vehicle Dasses: 

133,923 

2.  Sumer [!on-Studded t i r e  \!ear Rate 



A P P E N D I X  I1 

~ Petermination o f  Precision of blear lleasurenent 

To invest igate  the orecision of the depth gauge operator and 

v!ear measuring system, a s t a t i s t i c a l  analysis \!as made of wear 

msasuremcnts taken a t  the  same cross sect ions,  three t ines  in  the 

same day .  

s t a t i s t i c a l  evaluation. i he f i r s t  s e t  of measurements were 

a r b i t r a r i l y  considered the base readings t o  comoare w i t h  the other 

tr!o grouns o f  measurements. The second g r o u p  o f  neasurenents were 

made without moving the d a t u m  bar  from i t s  p o s i t i o n  durin? the  f i r s t  

g r o u p  o f  measurements. 

t h s  represents the e r ro r  associated with the denth gauge and  

operator.  

the b a r ,  a n d  replacing i t .  

a n d  t h e  th i rd  grou? therefore represents the e r ror  associated w i t h  

the  gauge, operator and the  realacement o f  the b a r ,  i . e .  the corn- 

o l e t e  measurement procedure. 

procedure i s  used t o  determine a precisior! statement t o  he used for  

fu ture  f i e ld  measurenents. 

Eleven d i f fe ren t  cross sections were used fo r  the 
- 

An:! differences betvieen these two grouos 

The t!iird g r o u ?  of  measurements were made a f t e r  removina 

A n y  d i f ference between the base readings 

R 

The variability of  the comle te  

S t a t i s t i c a l  Evaluation o f  the 3 f f e r e n c e  Eet:.:een P a t a  Croucs 1 7 2 
F ia r iab i  1 i t y  of gauge and operator o n l y )  

The average difference i n  measurements between arou3s ~.GS 

calculated a s :  

z ( X ,  - X * )  
= -0.0014 INCHES - - - 

N * DIFF. 



and the  standard deviation (individuals) bias calculated t o  be:  

This evaluation will  n o t  be carried fur ther  due t o  the limited 

appl icat ion of t h i s  t e s t  o f  the oar t icular  measurement procedure. 

S t a t i s t i c a l  Evaluation o f  the  DSfferences ajetween Oata Grouqs 1 & 3 
( v a r i  a b i  1 i t y  o f  the connl e t e  measurenent orocess) 

The average differences i n  measurements betwen groups ‘::as 

calculated t o  be: 
- r q -  X,) 
s Diff .= = 0.000594 i nches  

N 

and  the standard deviation (individuals) \:as calculated t o  be: 

(3- Diff. - - /= = 0.0073 i nches  

The standard e r ro r  o f  the mean V I Z S  calculated t o  be: 
0 D i f f .  

4iT 
= 0.00082 inches  - - 

‘Z Diff. 

Eefore develooing the wecision s ta tenent ,  i t  i s  necessarv t o  

confirm t h a t  no unwanted or unexnlained comzonent o f  variance \:as 

present in  these measurements. 

differecce betbieen the  Grour, 1 and Group 3 readings i s ,  on the  

average, zero (or n o t  s ian i f icant ly  d i f fe ren t  from zero) .  

This i s  done by checking t h a t  the 

For a 

t - t e z t  of the rean of these differences a g a i n s t  zero,  
- 
X - - Y  t =  
cz 

i t :  vhich 



from the d a t a  N = 73 

X = 0.990594 ir,ches 

(J = C.0073 inchzs 

- 

= O/m = 0.33C32 inches 

a n d  then t = 0.72 

For t!=78 and a two-tailed sianificance level of ?5?, the c r i t i ca l  value 

o f  t = 1 . 9 9 .  Since th i s  i s  Greater that;  the calculated value o f  

t = 0.72, i t  i s  concluded t h a t  the mean difference o f  0.090594 inches 

i s  n o t  s ignificantly different from zero and  we can no\! nroceed t o  

develop the precision statement for future measurements. 

The ?recision statement for the average \!heelpath wear a t  a 

?ar t icular  s i t e  i s  given by: 

- in which x = averaqe \:'ear (average difference Set!!een r,revious 
and nresent readinas) a t  t h a t  s i t e  

t = student t , two ta i led ,  950; level 

= standard deviation.associated with conolete 
measurenent process ( 3 . 9 7 3  from Group 1 8 3 
d a t a )  

N = number of viheelgath neasurements 

for t h e  Dccartmnt's three moni tor inq  s i t e s ,  the Qrecisicn statemer?ts 

can he ca l  culatrld a s  f o l  lo!n!s: 

1.99 x 0.0073 
R I ? u ~ ?  1 - 3 ,  Hackensack: 0 5 = - t 0.0019 inches 

J59 
!?out? I-32, RODe: t 1 .99  x 0.0073 

= - 0.0023 inches t 0 ,  rn 
C o u t e  1 - 2 7 ,  Eound Brook:  1 . 9 9  e 0.0073 

t = ? 0.0019 inches 0 -  rn 



\!hen the number of  wheel D a t h  measurements i s  between agnroximatel v 

a? a n d  6’3, the precision statement ( a t  the 955 confidence leve l )  for 

average wheelnath wear v!ill be very close t o  - + O.?n2 inches. 

v a - i i 3  i s  juciced t o  be satisfactory for  any future measurements. 

Th’s 
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i I Disczssicns w i t h  the  On ta r io  resc2rchcrs indicated tha t  Ontario am! Eex Jersey 
' ' use aqarw.<aa te ly  t h 2  same t ;q c.7 aspkal t ic  am! p s r t ; a n d  cenent i n  t h e i r  :cad , !  

/ constrcc:: cn. 
\ c o a r s e  and f i n e  sggreaates i n  the m a r i n g  surface of rnost o f  ;!ev J2rs.y highxays 
zre re?zt<\!sl;t h i i rd  and extren:eiy duraj le .  A1 tiioug!i sany of  Ofitario's pavEcx , t s  : z r e  construi tzd v;i t h  s o f t  1 in2stcne agcjregates, Ontario a1 sc has a substanti  a1 

! nurnber of  Fswsents  vlith thc harder a g 9 r e g a t s ,  such as traDrocl: ar,d s i l i c a  
ssnd. 
pawnsfits  zr,d t i i c e  i n  k~ j e rsey  t o  exhib i t  s imi la r  v:ear cha rac t e r i s t i c s .  

There ar2 a1 so sir,< 1 ari ~ i -  .-J i n  the t y p  of  aygregates uscd. Tiie 

Co;??qcently?, under l i k e  studded t i r e  use, m e  xould expect these l a t t e r  

Bazcd 02 t!:? prc-ceding r a t iona le ,  the 1969 Cn ta r io  repor t  (Pavement I812ar Cue t o  
Studded  T i x c  2nd Ecmornic Consequences i n  Cntario - Hi$xJa;! Research Record 331) 
on sttrildc? ti i-5 c!mage \:as revielwd t o  ex t r ac t  v:ear n c a s u r c i x t s  f o r  k r d  sg?r2garc 
pa;?emmts. 1~~~~ nieasurements w2rc based on 2 s i x  m o n t h  per ::zar studded t i r s  L!saGc 
which i s  c?;uivalcnt t o  the use period t h a t  has przdoritiated f n  tiew J e r s q  s ince 
st!idd.?d t i r s s  !!ere first legal ized.  I n  the 1969 repor t  the hard a g g r q a t e  r o a d s ,  
chs rac t e r i z ra  S y  a mean AADT of E22.3 per lane and an aver$$ studdca t i r e  use 
percenta:. of 1 4  percent, j7z.d average wear r a t e s  of  -1i-43 per year.  

, sampling c f  p a r k i n g  l o t s  and selected rcutes  i n  central  and nortiiern Me:, J ? s s ~ y  ' 
. ,  indicat2s  , c h a t  durins the 1373-74 !:inter from 15 t o  20 perccnt o f  autos ir: t h i s  

S t a t e  pier? q v i ? F e d  k: i th  studded t i r e s .  The 1 4  percent fi9r;re for the Ontario 
rotiics l;:CziC! s~ern a good aFproxirmtion of t h?  overall  use jx rccn tay  f o r  f.!?!:; 
Jersey dc; ; . ' y  the period from 1965 t o  the pr?sent.  k z  Je r sey ' s  3verage per 
1 m c  !.!:.fJ7. tzri R S  t h i  s z m e  pericd !:'Ps a p r c x i n a t e l y  5430 for the s t a t e  h i  c~ / i ' -~y  
sys tern. 

Considzr i r , ,? tj?? above c i t ed  s j n i l a r i t i e s  and the f a c t  t h a t  Fzvenent wear i s  a 
l i n z r  f u c c t i o n  o f  ve!iiclc passes, the ?!ear data f o r  Ontzr io  can 52 a p l i e r l  t s  
t h i s  Stat: by mr:rely accounting for tile differences i n  nean IADT's. 
the  avcrc?? 1;'2dr r a t e  f o r  I h !  Jersey highxays due t o  s tuddx !  t i r e  us2  siiotild 2.2 
approxiiiiE',c 1 .?5 nz~ pe!. year  (1.43 x 543C/G250). On this Zasis i t  i s  a @ a ~ - e f i t  
t h a t  the t;,yical s t a t e  hig:-say r;lill ha-tc rzachzd t he  c r i t i c z l  1/2 inch rut der/t!i 
a f t e r  t e r ~  ( % : G )  yrars of n in t e r  u;e of studdcd t i r ? s .  
winter fk,; 3zrsc;r roads krill have been suSjected t o  t h a t  10 years o f  studckr'; t i r e  
t r a f f i c .  
need o f  rilhz?hi'l i t a t i o n .  

! I - .  . 

A resesrc!i 

. .  

Accoi-,5ingl:J, 

!?!I tk  eiiC of t k  1274-75 

f-.ccc?djtigly, a substant ia l  nunber of miles of  road ray  wil l  then '39 i n  

_- 
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The cost t o  rebabi l i ta t2  i h 2  3anaged pavcmsnt can bs established by a s s m i r i g  a 
parti cu ls r  niethod ~f rcr)ai r. 
l’kely t t , a t  a 3/11 inch surface r:il!ing f o l l c w d  by a 1 inch biturnirous ovsr1z.y 
would be an apropr- ia te  method. 
repair  technique i:ould probably 52 the placensnt o f  Vi!o one inch l i f t s  o f  
Sitminous cc)ncreL-,c, ; : i t h  the f i r s t  l i f t  serving as a levzling course. 
per square yard basis t h e  t ~ o  rc?2<r methods should have very nearly t h e  s;x,t 
t o t a l  cost. I f  re?airs  w r 2  accxzi ished by contract an i n  placz cost  ~f aboz!: 
$25/ ton would incur for  b i tmicc3s  concretc d u r i n g  1’175; a materials cost  c f  
approxiFatcly $1 5 / t o n  !.;auld prckz:t.?y charzcterize repair  via maintenance icr-ces ,  

For ‘ri t u a i n o u s  cclncrete wezri n2  surf?.ces, i t i j 

Fcr portland c e x n t  concrete surfclces , ti12 

C)n a 

Based on tbe ?reced’~S,assum~ticn~ and ccxiderf:g i!-~ i n  place w i g h t  o f  S ’ t r i i  t?OaiS 
c o n c x t c  of 1513 1Ss/ft’, E Z C ~  ?ar:z a i l ?  of s tudded  t i r e  d a m g c d  p z x m n t  v ~ i i i d  C G S ~  
t he  DeFar’nent i:n 1575 approxirnztcly S2O,CC9 t o  rehabi l i ta t2  by contract 2nd 
$12,%?c) (exclccding 1aLor) :.:it5 i t s  c!::,:n naintsnance persocnel. I f  the t o t a l  mileaqe 
o f  s t a t e  higii;:ays exhibiting ~ . x ~ s . r i v e  wheel p a t h  wear w r e  uparaaed d u r i n g  iZ75, 
i t  i s  <stir?.atcri t h a t  the overaii cost wouid be 55 million dol lars  by contrcct  a:-,< 
33.5  millioii ;:J mintEnaiice operitisiis. These ar2, t o  say the l ez s t ,  l a rsz  S ~ : X  
o f  n~fii:! and y e t  are  raot  a l l  inclusive as th2y exc3udc css t s  f o r  shoulder e l e v s t i ~ n  
adjust :a i ts ,  i n l e t  raising;, a n d  restriping. 

The abow d a t a  doer riot possess t h z  degree o f  exactness I v!ould l i k e  t o  provide .  
Kowexr, I t i - us t  i t  i s  slrfficient for :!ow s t a f f  t o  beoin p l a n n i q  for  t h e  
suSstzn3aI i.c;;ai:- e f f o r t  ahsat]. AS our ne’;: program of aoni tr,r!’ng pavenent :.:es:* 
begirs t o  !lie15 pertinent j n f c r m t i o n  I y i i  11 attempt t o  sharpen our predict’cns. 
U n t i l  ti1z.t t iw,  1 wculd be nost  +filling t o  discuss the detai l5  o f  okat i s  n w  
b e i n g  offered. 
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