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SUMMARY 

The problem of SKID-RESISTANCE has become increasingly critical. Our 

first basic approach to it.was reviewed in the report entitled Dolomite Study 

(68-003-7760). 

The present supplementaEy report recapitulates the practical elements 

needed f o r  implementing a program of systematic research and surveillance, 

including first of all the essential technical equipment. 
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Int roduc t i on 

I 

Our interim report on skid-resistance under the heading of dolomite 

(Project ff7760) concluded that further tests were required in order to 

develop more .adequate specifications .* 

The purpose of this report is to put together bibliographic data 

on the methods used elsewhere In this country and abroad for conducting 

tests of this kind. 

Two main documents were at our disposal, one of them is the Proceedings 

of the First International Skid Prevention Conference held in Virginia in 

1958, the second one is a collection of papers on slipperiness put out 

by the French Road Research Laboratory under the title of Glissance. 

Most students of slipperiness of roadways underline the fact that 

its complexity is enormous and the number of variables almost endless. 

It is clear that oversimplification will not be of any help and isolating 

a single criterion may be misleading. Whatever we do in this field,there 

will always be an f5f" and a "but"; relativity in this subject is queen. 

A l l  of the many papers thus published speak about friction coefficients. 

But there is little mention of polishing and still less of surface texture. 

The two last mentioned points are the most important, the most critical 

and also the least advanced in this recent technology. 

We are passing by the many discussions on how to measure the coefficient 

of friction of surface courses in the field, because our own solution for 

this particular criterion has already been developed. 

*For ready reference, copies of the two final chapters of the 
DOLOMITE REPORT are inserted at t h e  end of this study. 
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Truly, the most important consideration is time; it is not really 

difficult to obtain a fair initial coefficient of friction; what is 

difficult is to make it hold out under heavy traffic. 

polishability of the aggregates is the most important consideration 

Therefore, 

and this has to be measured. It is done by measuring the coefficient 

of friction before and after an operation of accelerated polishing. 

As to the surface texture, which holds the key to the solution, 

no one so far has developed a clear and practical method for defining it. 

This is the field where the.greatest efforts of imagination and experimenting 

are called for. 

Some of  the technicians remind us of the need to consider also other 

incidental angles such as noise and light reflection, and not just friction. 

The question of noise is a little critical because open surface textures 

are notoriously more resonant than the smooth ones, as we have seen 

ourselves when we installed rumble strips with the deliberate purpose 

of shaking up the driver and sharpening his attention. 

While the general aspects of the question have been dealt with 

in our overall digest of the available literature appended to the dolomite 

project, it may be useful to bring out what is perhaps the most interesting 

advice given at the Virginia Conference by the Virginia delegate. 

mentioned that the highest standards of skid resistance are needed only 

in selected, especially dangerous spots such as intersections, bends 

and some steep gradients. 

He 

This realistic observation places the question 

of cost in a practical light. The lengths and surface areas of those 

peculiar spots are so limited that it is quite possible to treat them 

in the most effective manner whatever the cost. 

I 
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My own accumulated observat ions on t h i s  v i t a l  s u b j e c t  brought out  

an unavoidable f a c t  which we have t o  face a t  t h e  beginning o f  our s tudy:  

In order  t o  avoid skidding we have t o  c r e a t e  f r i c t i o n ,  t h e r e f o r e  wear;  

t h e  r e s u l t  has  t o  be acce lera ted  wear o f  t h e  roadway and of  t h e  t ires.  

Saving l ives  w i l l  b e  expensive,  but  i s  t h i s  no t  worth t h e  p r i c e ?  

This aspec t  o f  t h e  quest ion should b e  brought out t o  t h e  u s e r s  o r  

d r i v e r s :  

be,  t h e  h igher  m u s t  be  t h e  p r i c e  they pay, e i t h e r  i n  l i v e s  o r  i n  investment 

i n  t h e  roadways. 

Mazarin, when he heard o f  people complaining about t a x e s ,  drove i n t o  

t h e  countryside and found they were s inging.  

advisors  and s a i d  "ils c a n t e n t ,  donc i l s  pagaront--they s i n g ,  t h e r e f o r e  

they w i l l  pay". Mazarin was I t a l i a n  born, hence h i s  grammar. 

t h e  more absent-minded' and lacking i n  s e l f - c o n t r o l  they w i l l  

Over t h r e e  hundred years  ago t h e  French Prime M i n i s t e r  

He turned around t o  h i s  

* * * * * * * * * * * * * * *  
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In  a t tack ing  once more t h i s  subjec t  it may be usefu l  f o r  us t o  

r e a l i z e  t h a t  we a r e  far behind many o t h e r  highway departments and research 

organiza t ions .  

the need for t h i s  department t o  develop an up-to-date and properly 

This problem, perhaps more than any o t h e r s ,  b r ings  out  

equipped and endowed apparatus o f  study and experimenting i n  order  t o  

r e a l l y  ge t  hold of our most t r y i n g  problems. 

According t o  a summary Professor  Moyer put  toge ther  f o r  t h e  

Virginia  meeting, t h e  first road-surface f r i c t i o n  tests with t h e  towed 

t r a i l e r  method were made as e a r l y  a s  1924 a t  t h e  Iowa S t a t e  College.  

Moyer himself continued t h i s  research from 1932 onward. St inson & Roberts 

s t a r t e d  t h e i r  series o f , s i m i l a r  tes ts  i n  1933, with s p e c i a l  emphasis on 

t h e  importance of  s l i p p e r i n e s s  on wet sur faces .  A s  far  back as 1938 t h e  

Oregon Highway Department showed how much h igher  i s  t h e  r e s i s t a n c e  o f  

open t e x t u r e s  compared with t h e  dense ones,  n o t  f o r g e t t i n g  t h e  inconveniences 

such as t h e  rumble noise  and t h e  more f requent  s u r f a c e  f a i l u r e s  i n  f r e e z i n g  

condi t ions.  

These are j u s t  some high s p o t s  of  t h e  p a s t  a c t i v i t y  throughout t h e  

country: C a l i f o r n i a ,  Tennessee, General Motors, t h e  Langley Aeronautical  

Lab., t h e  Bureau of Publ ic  Roads, t h e  Michigan Highway Department, t h e  

Port land Cement Association with Corne l l ,  a l l  of these  and o t h e r s  appl ied 

t h e  same towed t ra i le r  tes t  methods, confirming t h e  r e s u l t s  t h a t  had 

been discovered and widening t h e  f i e l d  o f  re ference .  

S imi la r  experiments were made by using t h e  s topping d i s t a n c e  method 

by t h e  highway departments of Vi rg in ia ,  o f  Michigan, North Carol ina and 

Miss i ss ippi ,  as well as t h e  U n i v e r s i t i e s  of  Purdue and Michigan. 
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Besides these  f i e l d  tes ts ,  o ther  t e s t s  were run i n  laborator ies  

w i t h  various improvised instruments. 

general knowledge but the findings obtained t h i s  way remain l e s s  real is t ic ,  

because it is so d i f f i c u l t  t o  dupl icate  the  ac tua l  dr iving conditions 

indoors. 

highway departments of Kentucky and Cal i forn ia ,  the  Crushed Stone 

Association, and the  Universi t ies  of  Minnesota; Tennessee, Purdue and 

Penn S ta t e .  

This work undoubtedly added t o  the  

Among the  researchers which applied these  methods were the  

The l a t e s t  "Highway Research i n  Progress", published by the 

Highway Research Board, l ists  21 projec ts  on sk id  res i s tance  current 

i n  15 states and 27 such p ro jec t s  i n  9 foreign countr ies ,  many of them 

on a considerable sca le .  The time has come when New Jersey w i l l  have 

i n  t h i s  movement on a more ac t ive  sca l e ,  both with f i e l d  
I 

t o  pa r t i c ipa t e  

and laboratory tests. Let the  experience of o thers  show us the  way, 

* * * * * * * * * * * *  

A prac t i ca l  way f o r  acquiring a good background on t h i s  subject  

w i l l  be t o  go back ,to our own f i les  and the  assembled Bibliography. 

I n  these you w i l l  f ind  three  e s sen t i a l  sources: 

1. The first notes on sk id  res i s tance  a r e  i n  the  or ig ina l  fo lder  

(not numbered) put together  by Mr. Van Breemen years ago w i t h  memoranda 

by himself and Mr. Reed. 

I 
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2 .  Next comes our own fo lder  of negot ia t ions with the  Stevens 

I n s t i t u t e  which produced our order f o r  our new skid t ra i le r  (87710). 

3 .  Our dolomite study (t7760). Outside t h e  ac tua l  study on t h e  

N e w  Hope quar r ies  and some re l a t ed  aggregates, t h i s  report  i s  backed up 

by a very broad and complete summazy of a l l  the  da ta  ava i lab le ,  including 

the monumental books on the  1958 Internat ional  Conference on Skid 

Resistance (see our Library) , t he  French study e n t i t l e d  "Glissance", 

(see our Library) and various other  papers w e  discovered (two fo lders ) .  

The present  report  i s  a continuation of t h a t  one, but t h i s  t h e  

we a re  concentrating on t h e  kinds of 

equipment w e  w i l l  have to-acqui re  t o  

* * * * *  

I t  goes without saying t h a t  our 

tests 

carry 

* * *  

tests 

t h a t  are necessary and the  

them out .  

* * * * *  

w i l l  have t o  be b u i l t  around 

desirable  minimm requirements of  skid res i s tance .  

t h i s  subject  i s  the au tho r i t a t ive  Report t37 of t he  National Cooperative 

The la tes t  paper on 

Highway Research Program, of which an abridgement follows; only the  

abridgement not  t h e  summary, which i s  much too  long. 
t 

A sk id  number of 37 i s  recommended as the  tenative minimum requirement 

fox pavement f r i c t i b n  on main rural highways. This number i s  t h a t  measured 

with a sk id  t r a i l e r  i n  accordance with ASTM Method E-274 a t  40 mph i n  the  

most polished t rack of the  road during swmner or f a l l .  For high-speed roads,  

higher sk id  numbers a r e  e x p l i c i t l y  recommended. The recommendations are 

a l so  expressed by the  stopping dis tance method and with portable  testers. 

The recommended requirements a r e  based on the normal needs of  t r a f f i c  

derived from d r ive r  behavior s tud ies ,  and i n  c lose agreement with accident 

s tud ies .  Steps which can be taken and research which is needed t o  reduce 

6 
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skidding accidents and t o  improve t h e - s k i d  res i s tance  of pavements are 

suggested. 

A program of f u r t h e r  research t o  improve the  bas i s  from which more 

d e f i n i t i v e  minimum requirements or standards can be derived is  suggested. 

Another very in t e re s t ing  source of infoxmation on Standards of Skid 

Resistance f o r  roads is t o  be found i n  a Br i t i sh  paper which we  have 

ex t rac ted  'from "Road Research 1964" published by the  Br i t i sh  Ministry of 

Transports (Pages 56 through 6 0 ) .  

passages follow on pages 8, 9 ,  and 10: 

Reproductions of the  most meaningful 

< 
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L I  cnrri‘ Standards of skidding resistmce for  roads. Two surveys have hr- * 
out to test the validity and practicability of the values of sidewak i -  we 1. 

efficient required for different conditions of road layout previously s t l t ~ ~ t r d  “ 

w n e l  .!I 

133 typical road sites representing the suggested categories A. B, *. C wa, 
made by the engineers concerned from roads in Esxx,  Itarrow. 9rl %&set 
Nottinghamshire, Somerset and West Sussex. 

In the first survey the values were tested with the co-operation of I 

highway engineers, covering six different,areas of the country. A I 

1 

To check the proposed values of skidding resistance for rhe \arR!:i- \rtes a 

< -  - - accident records for each site. To give a Sgure of sideway force cotfficient 
to be repreSentatwe of the performance of each site at its lowtst, the skid&- 
rncasuremcntY wrre made during the summer months. The accident recorQ 
were asscwd u m g  the method described elsewhe&g)(~) for comprVing 
frequencq of skidding accidents on short stretches of road. 

I 

qmpariw-n was made of t&e mi#--$ values of rktdciing reststance 41 the ~ 

i 

I 

The rt4 ai!s (Fig. 24) showed that, with one exception (a site classified as 
categon all the sites with significantly high skidding rates (above the 
national Iry road average) had values of sideway force coefficient below the 
figure wrwsted. 

m 
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‘a sites with sqndicoltiy rjoh r*ik mt. 
¶ 

Fig. 24. Distribution of sideway force coeflkknt 
at Category A, B and C sites chosen by a panel of hi-y 

engineers 
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The results indicated therefore that the suggested values werc of the right 
order and that at many of the sites whlcb had been selected the suggested values 
of sideway force coefficient wcrc already k i n g  obtained without d i W t y .  
In two counties all the sites were ahove the suggested standard of skidding 
resistance and all were free of Aidding difficulties. 

in  the second survey stirface treatmen! was carried out at 38 sitm, of which 
21 were classihed as category A sites, 15 as category B sites and two as category 
C sites. A check was kept on the skidding resistance and accident records at 
r h c x  bites before and after treatment for a total period of approximately 7 
years anJ sideway force coeficients were measured annually. 

i 

Ccteqory A sites 

' 0 ,  N. J' 'i * c, 
0 37 

fb) Cateqory B sites 

O f 7  

J 
8 

SIDEWAY FORCE COEFFlCrENl 

I 
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I 1  

I Mean sideway force coefficient 

8 Perantage of wet-road accidents involv- 
Category A i 

1 ingskiddmng 
__I_ - , Mean sideway force coeffrcimt 

I Percentage of wet-road accidents involv- 

I 

C'ategory B I 

ing skidding 

i 

I 

0.37 1 0.41 

I 

68 1 52 

0.37 \ 042 

47 

I 

I 

Unfortunately .{I many of the sites the sideway force coefficients w e n  not 
maintained abobe the desired values for any appreciable length of time. This 
is especially true tor csicgory A sites, where with one exception the values 
had fallen below 0.6 wiihin the first year, and in subsequent years the values 
became eben lower, being below 0.5 in all cases. At most of the category B and C 
sites t t x  ~ ~ ~ 1 c w : a y  force coefficietits were abqve the suggested values of 0.5 and 
0.4 reqwclivcl> in the first year but within about two years the coefficients 
were generally below these values. 

Thr sideway force coefficients and accident records in periods before and 
after rrcatment are compared in Figs. 25 (a) and (b) for category A and B 
site\ rc*pxtively. There is no site in category A with a coefficient greater than 
0.55 L+ hich has a high skidding accident rate (Fig. 25 (a)). Although sites with 
such !iigh coefficients were rather few, the result tends to suggest that a value 
of 0.55 should be adequate to ensure freedom from skidding in wet weather in 
most circumstances. This is supported by evidence in Fig. 24, and a reappraisal 
of the evidence provided by earlier surveys supports this finding; in studies of 
nearly 400 skidding black-spots only one such site (a bend on a fast road) was 
found tn have a sideway force coefficient greater than 0.55. 

For the category El sites (Fig. 25 (b)) a minimum sideway force coefficient 
of 0.45 is desirable, although there i s  little evidence in this survey that values 
as high as 0.5 are necessary. However, there were a number of sites in the earlier 
surveys where coefiicients between 0.49 and 0.5 were associated with frequent 
skidding in the wet, so a chanpe i n  thc level of sideway force coefficient for 
category B does not appear to  he juht icd .  

An over;iII comparison of measurements of sideway force coefficient and 
percentages L I ~  xet-.road accidents involving skidding (Table 27) shows that 
there i s  a grcarcr risk of skidding in accidents at the category A sites than at  the 
category B sites for co&icients of the same order; this demonstrates the need 
for higher coeficients at category A sites. Comparison of data for category A 
sites with those for category B sites suggests that the figure for category A 
sites 3huuld be 0.05 higher. 

Table 27 
Comparison (4' skiddi)i,q resistance and accidents of category A and B 

sites hefore and affer surface treatment 

Some modification to the levels of suggested values of sideway force CO- 
efficient recommended for road surfaces in wet weather are therefore desirable. 
Because of the difficulties of obtaining a sideway force coefficient of 0.6 or 
greater at  category A sites, it appears feasible to lower the minimum value for 
such sites to 0.55 without appreciably increasing the risk of skidding; an 
amendment to the table of values is suggested in Table 28. In other rarpects 
the definition of category A sites appoors to be satisfactory and tfren wama to 
be no difficulty in interpreting results of measurements at  these uta. For 
category B sites the level of 0.5 seems to be of the right order and at  present 
then appears no justification for lowering this value, 

Table 28 
Suggested amendment to table of values of sideway force coeficient 

Rcquucrnent For category A 
-_--. -_ --.-.--\ 

Sideway force 

at 30 miWh 
coefficient Standard represented 

~. .--- 
Generally fulfilling requirements at even the most difficult sites, 

and making it most unlikely that the road will be the scene of 
repeated skidding accidents: in cxcrptional cases a value of 0 6 
m a y  be required 

0 5 5  
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The raw materials to be tested of course will be essentially those 

that are available to us on an economical basis. But it will also be useful 

to include at least some tests of synthetic aggregates of the kind described 

and discussed in NCHRP Report X8. A sununary of that report is also enclosed 

at the end of this report (Appendix 11). 

I 
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American Experience 



"Testing i n  California" by Professor Moyer 
I 

Professor Moyer i s  t h e  ranking, long-standing authori ty  i n  t h i s  

matter. After h i s  i n i t i a l  work a t  the Iowa S ta t e  College i n  1932 he ! 
cmtinued h i s  invest igat ions and by 1958 had spent e ight  years i n  

Cal i fornia  t e s t i n g  and measuring both bituminous and po r t l an t  cement 

surfacings on 300 d i f f e ren t  types,  using t r u c k - t r a i l e r  equipraent. 

He experimented with many types of aggregates; na tura l  sand, crushed 

and oncrushed gravel ,  crushed rock from various limestones, grani te  

and basa l t .  He t r i e d  a l l  p rac t i ca l  sizes from sand s i z e  t o  crushed 

rock, 1 /4  inch t o  one inch maximum f o r  seal coats ,  and 1 / 2  inch t o  

one inch maximum f o r  p lan t  mixes. 

j 

l 
1 
1 

1 
1 
1 

I For determining the coef f ic ien t  of f r i c t i o n  he always applied 
i 
I the Coulomb formula, fa&. For example: f o r  a braking OT f r i c t i o n  

I force of 400 pounds and a load on the wheel of 800 pounds, the 

coef f ic ien t  of f r i c t i o n  f=m o r  0.5. He considered the  method of 

construction, t h e  type and s i z e  of aggregate, the  t r a f f i c  volumes, 

the age of the road, the weathering e f f ec t s .  

1 

1 ,  

i 

I 

I .  He compared dry and wet conditions,  angular and rounded aggregates,  

excess asphal t  sur faces ,  plant.-mixed surfaces  and s e a l  coat surfaces ,  

r i b  t read  and smooth t read  tires, passing and t r a f f i c  lanes.  

He does not seem t o  have run systematic t e s t s  on the influence of I 
I 

surface tex ture  but  h e  mentions examples of coarse grained grani tes ,  

1 / 4  inch t o  3/8 of  an inch o r  6 t o  10 millimeters; these harsh,  g r i t t y  

I materials a r e  qu i t e  polish resistant and give excel lent  r e s u l t s .  Their 

c rys ta l  s t ruc tu re  var ies  from hard quartz t o  somewhat s o f t e r  fe ldspar  

and micateous mater ia l s ,  with l i t t l e  polishing. I 

I 
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In the  course of these  extensive tests Moyer a l s o  made notes 

of  o ther  proper t ies  namely t i re  wear, road noise ,  g l a re  and l i g h t  
I 

r e f l ec t ion .  

Zube and Skog of Ca l i fo rn ia  Highways presented t o  t h e  47th HRB 

meeting of  January 1968 a repor t  (t47-21-04) on skid r e s i s t ance  of 

screenings f o r  s e a l  coa ts ,  which includes a method f o r  studying sur face  

tex ture  and p a r t i c l e  shape of the  screenings,  as well as a way of apprais ing t h e i r  

wear and pol i sh  under t raff ic .  

a t  an u n r e a l i s t i c  speed of 2 t o  3 mph only. 

But t h e i r  laboratory pol ishing machine operates  

14 



Indiana Highway Commission 

A r e p o r t  dated December 1964 summarizes t h e  t e s t i n g  methods they 

used over  a pe r iod  of  10 yea r s .  

Seventy separate tes t  s i tes ,  each 1/10 m i l e  long, were marked o f f  

on a tes t  road. A l l  were t e s t e d  f o r  s k i d  r e s i s t a n c e  every s i x  months. 

Each time a t  t h e  same 30 mph speed,  under wet cond i t ions ,  using t h e  

s topping d i s t a n c e  method. Both d i r e c t i o n s  and a l l  f o u r  l anes  were 

measured, observing t h e  e f f e c t s  of t r a f f i c ,  age and season.  The 

temperatures were recorded. 

I t  is noteworthy t h a t  throughout t h i s  series they used only t h e  

s p e c i a l  "Pavement Test Standard T i re"  developed by t h e  ASTM Committee 

E-17 and t h e  Technical Advisory Committee of  t h e  T i r e  and R i m  Associat ion.  

* * * * * * * *  
i 

I 

I n  t h e  meantime we have r ece ived  a l s o  t h e i r  r e p o r t  # 2 1  of November 

1967, which i s  a p rogres s  r e p o r t  i n  t h e i r  s k i d  r e s i s t a n c e  s tudy.  I t  w i l l  

be u s e f u l  t o  consu l t  it i n  our l i b r a r y  because o f  t h e  method they have 

followed i n  organizing and r eco rd ing  those  tests.  These were made semi- 

annual ly ,  i n  t h e  e a r l y  s p r i n g  and f a l l ,  on t h e i r  t e s t  road,  comparing 

f l e x i b l e  and r i g i d  pavements; each one on a seleched spot  from among 

seventy 1/10 mile  t e s t  sites; 16 s i t e s  i n  t he  s p r i n g ,  S i n  t h e  f a l l ;  

2 s k i d s  pe r  s i t e .  The dry tesbs , found t o  be i n s i g n i f i c a n t ,  were discont inued.  

15 
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They aga in  used t h e  pavement t e s t  s tandard t i r e ,  on wet roads,  a t  3 4 . 4  

mph, i n  each lane i n  each d i r e c t i o n ,  using t h e  s topping d i s t a n c e  method. 

I t  was found t h a t  t h e  sand-mix resurfaced f l e x i b l e  su r face  has s h o r t e r  

stopping d i s t a n c e s ;  f o r  both types the o u t e r  lanes have a longer  s topping 

d i s t a n c e ,  but t h i s  d i f f e r e n c e  was more pronounced €or t h e  r i g i d  pavements, 

The f l e x i b l e  type showed pronounced seasonal  v a r i a t i o n s  ( s h o r t e r  s topping 

d i s t a n c e s  i n  March than i n  August). The r e su r fac ing  of  t h e  f l e x i b l e  

pavement made l i t t l e  d i f f e r e n c e .  

4 
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I .  

Michigan S ta t e  Highway Department 

These t e s t s  were run over a period of fourteen months from 1957 

t o  1958. 

pro jec ts  over a length of 2,400 miles; t h i s  included 193 pro jec ts  of 

bituminous aggregates and bituminous concrete. 

Over 4,000 sk id  tests were run on three hundred and t h i r t y  s i x  

They generally wade 4 t o  6 t e s t s  pe r  pro jec t  a t  representat ive 

locat ions,  se lec ted  according t o  the length of the  bui lding pro jec t .  

In each case the average of these t e s t s  gave them the  overal l  sk id  

res i s tance  level  of the pro jec t .  

They used a two-wheeled t r a i l e r .  A l l  t e s t s  were made on wet 

surfaces a t  40 mph, w i t h  only a few a t  20 mph, under an a e r i a l  temperature 

of 40 t o  90 degrees F.  

on separate  lanes ,  i .e. the t r a f f i c  lane and the passing lane. 

They'measured the s l i d ing  coef f ic ien t  of  f r i c t i o n  

In each case t h e y  spec i f ied  the  age of the  pavement, using a wear 

f ac to r  according t o  the following formula: the average da i ly  t r a f f i c  

volume per  lane s ince the construction o f - the  road or sect ion was 

weighted f o r  percentage of commercial ' t r a f f i c  converted t o  i ts  equivalent 

number of passenger cars; t h i s  was multiplied by 1,000 and by the  age of 

the pro jec t  i n  years.  

took the product of the average truck-to-car t i re  contact area r a t i o  and 

For the  equivalent number of passenger cars  they 

the truck-to-car weight pe r  un i t  area r a t i o .  

t h e i r  bituminous concrete t e s t  mixes are shown on the following page. 

Specif icat ions of some of 
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i , Basic  bitumir1,ius mixture clesigri 

C,)dttse aggregate (retained 'Jn No. 10 s ieve)  
Fine aggiegate (pas s ing  K O .  10. retained on No. 200 s ieve)  
Filler (passing No .  200 s i e v e )  
tihphalt Cernent 
hlarzhall stabilit? 

2. ~ < < ' V l 5 l ~ J I l S  i n  Matet ial Specifications 

l ' r i o i -  to 1944 1b44 - 194 8 

A s i 1 ha  1 t Pen. 85-100 Pen. 8 5 - 1 0 0  
(' e m c i i  t 

hl1111~1 at  Limestone dust Limestone dust 
F l l l c ~ r  

c c J a l  be  iuO% pass. 1 / 2  in.  90 
Aggi <,gate 1 5 - 4 5 %  pass .  No.  4 0 -  

(Dept. Spcc.  2OA) 

3 .  .3BC Fine Aggregate, 

Passing No. 4 
Passing N o .  4 retained on  N o .  10 
Passlng N o .  10  retained on No.  4U 
Passing No.  40 retained on No. 80 
Passing No.  80 retained on No.  200 
Passing No.  200 

50-55 percent 
30-35 percent 
5 . 5  -6 percent 
J. J per(-rut _ L  

1500-3c)~10 tb. 

Prn .  60-70 0 1  8 0 - !  
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N e w  York Department of Transportation 

i 

We w i l l  pay f u r t h e r  a t t en t ion  t o  t h e i r  Report 167-3 on sk id  

res i s tance  i n  our last  and concluding chapter on our own requirements 

f o r  ge t t i ng  hold of  t he  skidding problem. 

I t  i s ,  of  a l l  t he  recent  repor t s  I have seen, the  c l ea re s t  and 

by far  the  simplest .  

myself af ter  comparing dozens of s tud ies  made by many researchers during 

I t ' s  conclusions are exact ly  those I have reached 

the last 10 years.  I t  i s  t h e  one report  each one of us should absorb 

and use as a p r a c t i c a l  prototype, of course adapting t h e i r  methods t o  

our own requirements and our own set-up. The main point  is t h a t  t h e i r  

pa t te rn  of work can be applied by ourselves with the  latest methods we know 

o f ,  without having t o  experiment from scra tch ,  without having t o  follow 

a l o t  of bl ind trails. 

of t h e  New Jersey road system without delay,  re f in ing  and improving it 

I t  should enable us t o  organize our surve i l lance  

as we go. 

Two statements taken from t h e  letter of t r ansmi t t a l  which goes 

with the  repor t  bring out t he  e s sen t i a l  guidel ines .  

(a) Measure the  permanent coe f f i c i en t  of f r i c t i o n ,  - af ter  the  

first wearing-in per iod of  t he  road surface is  over: 

consume approximately 5 mil l ion  passes.  

t h i s  per iod w i l l  

(b) Sa t i s fac tory  sk id  res i s tance  is e s s e n t i a l l y  achieved by 

the use of  l a rge r  aggregates with pol i sh  r e s i s t a n t  proper t ies .  

These two poin ts ,  of course, had been previously discovered 

by many researchers  but had never been brought out with the  same c l a r i t y  

19 



and s impl ic i ty .  I t ' s  conciseness, a f t e r  seven years of consecutive 

t e s t s ,  i s  t h e  grea tes t  v i r tue  of  the repor t ,  which has only about s i x  

pages of t e x t .  

A t  the  foot of Page 6 there  i s  a summary of tes t  procedures, 

using the  drag force t r a i l e r .  

Their e s sen t i a l  parameter i s  bituminous pavements (new, i n  

clean condition without excess asphal t ) ,  studying chemistry, 

pol ishing,  tex ture  and mixture. 

They have t o  admit, a s  everybody does, t h a t  there  is a problem 

of cor re la t ion  between the  measurements of t h e  road t e s t i n g  t r a i l e r  

on the  one hand and the  Br i t i sh  portable  pendulum tester for the  

laboratory,  which is  not very prec ise .  

a p rac t i ca l  manner, keeping t h e i r  differences i n  mind. 

But t he  two can be used i n  

20 ' 



Purdue University 
I 1  

There the well known researchers were Mr. Shupe of Kansas and 

I Mr. Lounsbury of Indiana. Their motto was: the qualities of roadways 

are short-lived if they are too easily polished away. 

For determining skid resistance, they used a laboratory skid tester, 

spinning the specimens at 2,500 rpm and forcing a rubber shoe against a 

wet surface. 'The results were expressed in RRV (relative resistance value), 
I 
I Kentucky Rock Asphalt being the reference material (a specimen of K R A  was 

taken as equivalent to RRV = 1 .OO) . I 
In their main polishing tests, they applied mixes with intentionally 

low asphalt content i n  order to bring out the effect of the aggregate. 

For accelerated wear and polishing tests, the procedure was this: 

! At the start, the initial compaction and particle orientation were achieved 

by rolling at 140 degrees F; then came the first wear test (coarse wear) i '  

I 

with quartz as the abrasive; next the fine-polish test, where the abrasive 

was limestone filler; finally another rolling coated the aggregate lightly 

and simulated the seasonal effect. 

For each aggregate they mentioned in their notes its identification 

symbol, its location, megascopic description and petrographic description, 

as well as the chemical analysis (CaC03, MgC03, SiO,). 

In order to demonstrate.the effects of surface structure, namely the 

mixtures of sizes, they showed the composition of the specimens as follows: 

The percentage passing the sieve, the percentage retained in the sieve, 

the gradation number (1 to 5); in this gradation, number 3 was considered a 

standard specimen, numbers 4 and 5 were more dense, numbers 2 and 3 were more 

I open graded; they showed also the asphalt content in percent of the total 

weight of the mixture. 

They made photographs of the test specimens at the completion of the 

coarse-wear cycle. I 
I 2 1  
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S I E V E  

Virginia Highway 
1 

F-1 1 DESLICKING 1 Hz 1-3 F - l  (MOD.) 

They have been very active in this field, in fact at the time .of the 

1958 International Conference they were in the lead. 

In this new series of tests they experimented with: 

This effort 

of supply. Their 

illustrations. 

Twenty-six sources of limestone 
including dolomites, on 1298 sites 

Two sources of siliceous gravel 
on thirty-four sites 

Two sources of trap rocks 
(diabase) on 115 sites 

Four sources of granite 
on 114 sites 

Nine sources of coarse sand 
on 270 sites 

Six coarse sands on 106 sites 

totals up to 

investigated 

nearly 2,000 test sites and some 50 sources 

mixes are detailed in the two following 

N O  I Ye P A S S I N G  I %PASSING I %PASSING I OIoPASSING I %PASSING 
I" I 100 ' I I 1 I 

, 1 /2" I , 100 
3/8" 60- 80 80-100 I00 100 

40-60 50- 70 75-90 85-100 I 100 4 

I0 2 0 - 4 0  35- 5 0  60-00 65-95 95-100 
10 - 25 15-35 I 2 0 - 4 5  40- 95 4 0  

5 -  30 12-30 8 0  3-10 3-15 5-15 I 
' 

,2001 2-10 2-10 2 - 1 0  ' 
A. C .  5 * 0 ./a 6.2?/0 7. 0 Yo 7 2 % 8 . 0  0.0 

2 - 8  ' 
APPRO 

- L --- - . __ 
i 
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A l l  t h e s e  t es t s  were made of course on wet roads; t h e  speed was 

gene ra l ly  40 mph. 

found t h a t  it i s  slow and usable  only on s t r a i g h t  s e c t i o n s  o f  road and 

l e v e l  s i tes .  They a l s o  used f o r  measuring t h e  c o e f f i c i e n t  o f  f r i c t i o n  

a tes t  t r a i l e r  borrowed from General Motors. 

They used t h e  s topping d i s t a n c e  method although they  

I n  each s e r i e s  of tes ts  they measured t h e  f r i c t i o n  cond i t ions  

a t  va r ious  agds of  the road,  but  they gave up t h e i r  attempt t o  ana lyse  

s e p a r a t e l y  t h e  e f f e c t s  of  age and t r a f f i c .  They no t i ced ,  however, t h a t  

i n  p r a c t i c a l l y  every case t h e  road was a t  i ts  worst from t h e  s t andpo in t  

of s l i p p e r i n e s s  a f te r  one yea r  of use and for t h i s  they d i d  not  o f f e r  

any exp lana t ion .  I t  looks l i k e  a process of i n i t i a l  "wearing in". 

O f  p a r t i c u l a r  i n t e r e s t  is t h e i r  attempt t o  s tudy  t h e  effects o f  

s i l i c e o u s  admixtures t o  l imestones as a p r a c t i c a l  compromise which would 

achieve safe r e s u l t s  without t h e  complete e l imina t ion  of l imestone. 

They used f i n e  non-polishing s i l i c a  sands,  g r a v e l s ,  and g r a n i t e  a s  

a d d i t i v e s .  

t e s t e d  mixes with a minimum of  50 percen t ;  f i n a l l y  they t r i e d  va r ious  

amounts up t o  50 pe rcen t ,  g e n e r a l l y  201'25 o r  40/50 p e r c e n t ,  of t h e  t o t a l  

mix, o r  else 100 percent  of  t h e  f i n e  aggregate .  

nine months and 24 months and 48 months. 

- 
A t  first  they  added only up t o  20 o r  25 p e r c e n t ,  then they  

They t e s t e d  them af te r  

Af te r  t h i s ,  they t e s t e d  . add i t ions  o f  nonpolishing coa r se  aggregates  

i n  t h r e e  s p e c i a l  t e s t  s e c t i o n s , t h e  i d e a  being t h a t  a f t e r  one year  o f  heavy 

t r a f f i c  t h e  t i r e s  a r e  mostly i n  con tac t  w i t h  t h e  coarse  p o r t i o n s  of  t h e  

s u r f a c e ;  i n  t h e s e  t e s t s  up t o  50% of t h e  coa r se  was s i l i c e o u s  g rave l  o r  

g r a n i t e ,  while t he  f i n e s  were s t i l l  made up t o  100% of l imestone. They 

1 

I t r i e d  t h e s e  a f t e r  one y e a r  and a f t e r  t h r e e  yea r s  o f  use.  

I 
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In a t h i r d  s e r i e s  of t e s t s ,  a d i f f e r e n t  t e s t  s e c t i o n  was b u i l t  

w i t h  100% o f  non-polishing aggregates  with a l l - l i m e s t o n e  f i n e s .  These 

were t r i e d  a f t e r  s i x  months and a f t e r  one yea r .  

F i n a l l y ,  i n  t h e  f o u r t h  s e r i e s ,  t hey  t r i e d  f i n e  s i l i c a  des l i ck ing  

mixes i n  order t o  s imulate  t h e  well known Kentucky rock a s p h a l t ,  s o - c a l l e d ,  

which i s  a sand-stone.  In  t h i s  series they a l s o  t r e a t e d  very t h i n  top  

courses (8  to '50 p s i )  with a r e l a t i v e l y  low a s p h a l t  c o n t e n t ,  i n  o rde r  t o  

see how lower courses  could be b u i l t  e n t i r e l y  of l imestones,  t o  be 

covered w i t h  t h i n  non-sl ippery s u r f a c e s .  These they t e s t e d  af ter  t h r e e  

months, one y e a r ,  and three y e a r s .  This kind of t r ea tmen t ,  of  cour se ,  

would have t o  be f r e q u i n t l y  renewed i n  heavy t r a f f i c  a r e a s .  



I 
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1 Some Notes From Europe 

Most of these no te s ,bu t  not  a l l  of them,are taken from a gene ra l  

paper by C.  G .  Giles o f  t h e  B r i t i s h  Road Research Laboratory,  one o f  t h e  

l eade r s  i n  t h i s  f i e l d .  

1 The general  concensus i s  t h a t  most roads a r e  s k i d  s a f e  i n  a dry I 

cond i t ion ;  t h e r e f o r e ,  a l l  t e s t s  o f  s k i d - r e s i s t a n c e  must be made on wet 

s u r f a c e s .  

which we have seen,  we remember t h a t  when t h e  amount o f  water on t h e  

roadway reaches a cons ide rab le  l e v e l ,  t h e r e  i s  p r a c t i c a l l y  no more f r i c t i o n  

I 

i 

t 

I 
From t h e  American movie p i c t u r e  on hydroplaning o r  acquaplaning, 

I 

I 
1 

and no more adhesion between t h e  t i r e  and t h e  road.  

t h e r e  i s  a r a t h e r  cu r ious  no te  i n  some I t a l i a n  paper  t o  t h e  effect t h a t  

from t h e i r  f i n d i n g s ,  heavy f looding i s  not t h e  most dangerous cond i t ion  

because it washes t h e  road s u r f a c e  c l ean  o f  mud; t h e r e f o r e ,  t hey  say t h a t  

In  t h i s  r e s p e c t ,  
I 

I 
a t t e n t i o n  should be given t o  wet t ing t h e  s u r f a c e  only s l i g h t l y  during 

the  tests.* On t h e  o t h e r  hand, t h e  Bureau o f  Publ ic  Roads r e c e n t l y  

awarded t h e  Cornel l  Aerorputical Laboratory a c o n t r a c t  f o r  i n v e s t i g a t i n g  

t h e  phenomenon of  hydroplaning. 

Many r e sea rche r s  put  t h e  emphasis on t h e  sideway components o f  t h e  

vehicl2s  movements during t h e  p rocess  o f  skidding.  

granted t h a t  it is no t  s u f f i c i e n t  t o  measure t h e  c o e f f i c i e n t  o f  f r i c t i o n  

They t a k e  it f o r  

I i n  t h e  l o n g i t u d i n a l  d i r e c t i o n  p a r a l l e l  t o  t h e  c e n t e r  line of t h e  mad, 
i 
I b u t  a l s o  i n  t h e  t r a n s v e r s e  direction. 
1 

I t  goes without saying t h a t  t h e r e  i s  no such t h i n g  a s  an average 

c o e f f i c i e n t  of f r i c t i o n  f o r  any road, because wear i s  uneven and even t h e  

s h o r t e s t  bad s e c t i o n  of  a gene ra l ly  good road can produce bad acc iden t s .  

Also, t h e  most heav i ly  t r a v e l l e d  lanes  a r e  no t  always the  most s l i p p e r y .  
I * Mr. kTl IaKTawBreemen  remarked i n  a 1958 r e p o r t  t h a t  "pavements a r e  

l i k e l y  t o  be i n  t h e i r  most s l i p p e r y  condi t ion when i t  f i r s t  s t a r t s  
t o  ra in ."  

I 

I 
! 
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The s k i d - r e s i s t a n c e  of &y given spo t  v a r i e s  with i t s  age,  it a l s o  

changes with t h e  seasons,  being gene ra l ly  lowest i n  summer. Therefore ,  

no s i n g l e  measurement o r  s e r i e s  o f  measurements a t  any specific time of 

t h e  year  can be taken as de f in ing  t h e  permanent cond i t ion  o f  t h e  road. 

Na tu ra l ly ,  t he  type of  t r a f f i c  i s  a l l  important i n  any such tes t ;  

not o n l y  t h e  frequency of  pas ses ,  b u t  a l s o  t h e  average and extreme speeds,  

and t h e  types 'of v e h i c l e s .  One s p e c i a l i s t  suggested t h a t  t h e  most 

r e a l i s t i c  d e f i n i t i o n  o f  t h e  usage t o  which a roadway i s  sub jec t ed  would 

be t h e  weight i n  t ons  passing p e r  u n i t  o f  time, i n s t e a d  of simply t h e  

nunber of v e h i c l e s .  

for i n t e g r a t i n g  t ruck  t r a f f i c  with t h e  ordinary passenger car t r a f f i c ,  

i n  o rde r  t o  g e t  c l o s e r  t o  real  wearing cond i t ions .  

Some s t u d e n t s  of t h i s  problem have complex formulas 

The type o f  t i r e  t o  use i n  t h e s e  tes ts ,  whether smooth or t r eaded ,  

i s  s t i l l  c o n t r o v e r s i a l .  

The speed app l i ed  during t h e  t e s t s  of  var ious k inds ,  whenever such 

speeds were being c o n t r o l l e d  by t h e  r e s e a r c h e r s ,  va r i ed  but  was never h igh .  

The general  impression i s  t h a t  t h e  most f r equen t  average is c l o s e  t o  30 mph. 

No one seemed t o  g ive  much a t t e n t i o n  t o  t h e  bituminous b inde r ,  

whose type or q u a l i t y  was no t  thought t o  have any effect  on sk id  prevent ion.  

But ,  t o o  high percentages of it would weaken the surface and n a t u r a l l y  any 

bleeding could be calamitous.  

What t h e  most d e s i r a b l e  l i m i t  o r  allowable minimum should be for t h e  

c o e f f i c i e n t  o f  f r i c t i o n  of a wet roadway seems t o  become more and more 

a r e l a t i v e  concept.  They e s p e c i a l l y  seem t o  r e a l i z e  t h a t  condi t ions o f  use 

as well a s  p r a c t i c a l  p o s s i b i l i t i e s  o f  con t ro l  and expendi ture  would make 

i t  undesirable  t o  spec i fy  one s i n g l e  f i g u r e  for a l l  l o c a t i o n s .  I t  i s  r a t h e r  

suggested t h a t  d i f f e r e n t  values shoulJ  be chosen f o r  heav i ly  used c i t y  

a r e a s  where speeds a r e  l i ini ted and f o r  country roads with l e s s  t r a f f i c  and 

higher  speeds.  
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Gi les  mentioned t h a t  i n  accordance with B r i t i s h  tes ts ,  U-turns 

a r e  over 80 times more l i k e l y  t o  produce repeated skidding acc iden t s  

than s t r a i g h t  s e c t i o n s  o f  a road,  whereas, o t h e r  types o f  layouts  show 

o t h e r  p ropor t ions  of r i s k  i n  t h i s  o rde r :  

g r a d i e n t s  13 times; junc t ions  7 times; s l i g h t  g r a d i e n t s  4 t imes; curves 

i n  general  twice as many times as those o f  s t r a i g h t  s e c t i o n s  of t h e  road. 

The following ;able is an expression of t h e  B r i t i s h  thoughts  on p r a c t i c a l  

sideway f r i c t i o n  c o e f f i c i e n t s .  

sha rp  bends 50 times; s t e e p  
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3UGCLS I E‘L) SIDEWAY FORCE COEFFICIENTS 
- -  ~ 

Type of Site 

I Roundabouts. 
2 .  C u r v e s  wlth radius less than 500 f t .  on fast 

derestr lc ted  roads. 

than.100 yd. 
4 .  Approaches to tra 

A and C.  

Mainly straight roada, with eary gradientr and 

to create  conditions of emergency. 

Some expe r t s  suggest t h a t  t e s t i n g  equipment and s p e c i a l i z e d  personnel  

should be made a v a i l a b l e  t o  c o n t r a c t o r s  and a l l  concerned. 

Another precaution has been recommended, t h e  one o f  organizing a 

.permanent s u r v e i l l a n c e  system because roadways,especial ly  t h e  heavi ly  

t r a v e l l e d  ones,undergo a constant  evo lu t ion .  This sys tem should involve 

not only in spec t ions  and sometimes measureincnts but a l so  t h e  i n v e s t i g a t i o n  
29 
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of the causes of all significant accidents. 

instructions to look out for signs of skidding and to locate the danger 

spots with minute precision. 

The police should have 

. 
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B r i t i s h  Research 
I 

The Road Research Laboratory o f  t h e  United Kingdom has b u i l t  f o r  

i t s e l f  an I n t e r n a t i o n a l  r e p u t a t i o n  second t o  none. They have even been 

t r a i l  b l a z e r s  i n  a number o f  d i r e c t i o n s ,  developing new methods and new 

kinds o f  apparatus  fo r  c o n s t r u c t i v e  s o l u t i o n s .  

They developed an apparatus  for l abo ra to ry  measurement of  t h e  

po l i sh ing  o f  aggregates .  

a rubber wheel, 15l' i n  diameter ,  rubbing a g a i n s t  "chips" ( i . e .  aggregate)  

This  a c c e l e r a t e d  po l i sh ing  machine i s  made o f  

embedded i n  mor t a r ,  w i t h  t h e  use of f i n e  ab ras ive  powders i n  between. 

The r e s u l t  i s  expressed as t h e  "polished s tone  c o e f f i c i e n t " .  

The two photographs and l i s t  o f  d a t a  which follow g ive  more s p e c i f i c  

information on t h i s  machine. 

.i L cl. l c  r a l t d  pol i sh ing  mach ine .  Spec im c n for a c  c c I e r a t e  d pol : 9 hin f i  
t t s t .  
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- E b S €  .'\TL4L D A l A  OF 1 H E  ACCELERATED POLIbHING ,MACHINE 

W n l . r l  C A ~ I  * I  g S p c ~ i m c n s  

Lha nir tt. r 
Wid th  
Sur t . i ce  

1, fin:iori P r e s s l i r e  
r O L d i  N o r c t a l  Load Between the Pneumat i  

T y r e  d r d  the Stone Specime 
T h i s  i s  A r , p ; . e d  1)) Means  of a 

*vr!h a Rat .0  0: 4 : 1 t 

i 

1 5  in. 
l o  in. 
1 314  i n .  
520 r . p . m .  

8 i n .  nominal  
2 in.  nominal 
Smooth (un t r eadcd) ,  b o o  Duri-  

45 l b / s q .  i n .  
lop h a r d n e s s  

8 8  Ihs. 

Mr-rns f o r  Feeding Wate r  to 
5pec imens  a t  Ra te s  up to 20 glrnin 

4. M t a n s  for Feedlng Sand 
f 5 L  - 100 g rade )  to 
i t  a Rate of ! L  2' ' . r .  

5 MF-ans for  Feeding E 
( 100% F i n e r  than 
0. 002 m m )  to th 
a t  a Rate of 2 glrnin 

Further d e t a i l s  on this machine will be  found i n  the later c h a p t e r  

on Equipment Kequired. 
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The RRL a l s o  made ex tens ive  po l i sh ing  t e s t s  on heavi ly  t r a v e l l e d  

roads s e l e c t i n g  s t r a i g h t  s e c t i o n s  as  well a s  bends, where they i n s e r t e d  

t e s t  areas o f  3/8 o f  an inch "chippings" embedded i n  mortar ,  t o  check t h e  

accuracy of t h e  l abora to ry  t es t s ,  i n  wet, p r a c t i c a l  f i e l d  cond i t ions .  

For t h e s e  road tes ts  they used t h e i r  p o r t a b l e  s k i d  r e s i s t a n c e  tes te r ,  t h e  

c o e f f i c i e n t  o f  f r i c t i o n  being then c a l l e d  "skid r e s i s t a n c e  values". 

There was a good c o r r e l a t i o n  between l abora to ry  and road. The 

road tests were r epea ted  a t  i n t e r v a l s  so as t o  follow t h e  evo lu t ion  of  

t h e  p r o j e c t .  

r e s i s t a n c e  on t h e  one hand and t r a f f i c  i n t e n s i t y  on t h e  o t h e r ,  having 

i n s t a l l e d  t h e  same materials simultaneously at  d i f f e r e n t  spots; a l s o  age,  

accounting f o r  t r a f f i c  accumulations with time i n  ind iv idua l  s p o t s ;  

They watched sys t ema t i ca l ly  t h e  r e l a t i o n  between s k i d  

furthermore,  t h e  in f luence  o f  weather and t h e  neatness  of t h e  road, since 

dus t  a c t s  as an a b r a s i v e  and t h e r e  is more o f  i t  af ter  a r a iny  per iod.  

Experimental su r foc ings  were l a i d  on a number of roads,  each tes t  

i n s t a l l a t i o n  comprising a number o f  s e c t i o n s  with a d i f f e r e n t  type of 

aggregate i n  each, as shown i n  t h e  p i c t u r e .  
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* a c t u a l  s tes - - -  --- 1p' 
For each o f  them they  measured t h e  sideway f o r c e  

c o e f f i c i e n t  and the p o l i s h e d  s t o n e  c o e f f i c i e n t .  

road s e c t i o n s  they  chose had a t r a f f i c  between 60,000 

tons  p e r  day and 1,000 t o n s  p e r  day. 

The 

They t e s t e d  h a l f  

inch and one inch-maximum aggrega te s* ,  a f t e r  t h e y  had 

found t h a t  t h e  use  o f  1 /8  inch  "chippings" made l i t t l e  

d i f f e r e n c e .  

i 
I 

1 
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G 1 issance-  French Research 

I I 

The notes  h e r e a f t e r  were s e l e c t e d  from a s e p a r a t e  brochure on 

s l i p p e r i n e s s  i n  t h e  form of  a la rge  c o l l e c t i o n  of s p e c i a l i z e d  papers ,  

put toge ther  by the  French Government Road Research Laboratory, whose 

funct ions a r e  s i m i l a r  t o  those of t h e  B r i t i s h  RRL. 

t o  t h e  d i g e s t - o f  b i b l i o g r a p h i c  material on s k i d  r e s i s t a n c e  we have 

covered t h e  r e s u l t s  of t h e  French s t u d i e s .  

toge ther  s i g n i f i c a n t  information on t h e  types of  tes ts  they have made 

In our  supplement 

This time we w i l l  put  

and the  d e t a i l s  o f  t h e i r  methods of measurement. 

In t h e  f irst  paper,  t h e  only remark concerning us here  refers 

t o  t h e  small pendulum-type instruments f o r  measuring t h e  c o e f f i c i e n t  o f  

f r i c t i o n .  I t  is  n a t u r a l  t h a t  t h i s  type of  instrument should be used i n  

l a b o r a t o r i e s ;  b u t  t h e  authors  of t h i s  paper  mention t h a t  t h e i r  Leroux 

apparatus as well as t h e  B r i t i s h  RRL a r e  a l s o  q u i t e  usefu l  f o r  f i e l d  

tes ts  with freaded t i res  a t  medium speeds,  n o t  exceeding some 35 mph. 

These instruments make it p o s s i b l e  t o  pin-point conveniently t h e  excessively 

s l i p p e r y  a reas  on t h e  roadway. 

I n  t h e  t h i r d  paper ,  they emphasize t h e  importance of  properly 

s e l e c t i n g  t h e  test sites: 

measurements become similar t o  those of  acce lera ted  pol i sh ing .  

pin-point ing of  t h e  tes t  sites is p a r t i c u l a r l y  important f o r  sample 

ins  t a1 1 a t  i ons . 

by using s p o t s  of high i n t e n s i t y  t ra f f ic ,  t h e  

This  

Deta i l s  on t h e  measuring of t h e  gradual p o l i s h i n g  of t h e  road 's  

aggregates is of  p a r t i c u l a r  importance f o r  our  own f u t u r e  research.  The 

French, i n  t h i s  f i e l d  as i n  severa l  o t h e r s ,  have been i n s p i r e d  by t h e  

B r i t i s h  methods, those of Mac Lean and Shergold of  t h e  RRL. 

i n t e r e s t i n g  f o r  t h e  reader  t o  compare t h e  notes  h e r e a f t e r  with t h e  

It' w i l l  be  
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discussion of  t h e  o r i g i n a l  B r i t i s h  methods t h a t  we have given i n  a 

preceding p a r t  o f  t h i s  series. 

The French Road Laboratory i n s t a l l e d  on roadways samples measuring 

10x10~30 cm (approx. 4 x 4 ~ 1 2  i n . ) .  These samples can be removed af ter  

t h e i r  planned exposure t o  t r a f f i c  and then c a r e f u l l y  s tud ied  i n  t h e  

laboratory.  

i n  a t e s t  road, exposed t o  r e g u l a r  t r a f f i c .  

The l i t t l e  p i c t u r e  shows how tes t  samples a r e  i n s t a l l e d  

Samples 

ed Gravel 
1 9 9  

The French a l s o  organized acce lera ted  pol i sh ing  tests i n  t h e  

laboratory.  

o f  roadway material, with an abras ive  i n  between. 

i s  repeatedly measured af ter  prearranged cycles  o f  passes .  

In t h e s e  tests,  rubber  from a tire is rubbed a g a i n s t  a sample 

The f r i c t i o n  c o e f f i c i e n t  

The process  

looks f a s t  and simple.  D i f f e r e n t  mechanical set-ups have been b u i l t  i n  

various European count r ies ,  t h e  most f requent  one being t h e  Manege ( o r  

Manage) : 

and t h e  rubber i s  mounted on another  wheel; i n  t h i s  way, real  t r a f f i c  

condi t ions a r e  approximated, bu t  i n  a more concentrated and even, t h e r e f o r e ,  

"accelerated" manner. 

Samples are mounted on a wheel, between 10 and 20 feet  i n  diameter ,  

I n  view of  t h e  importance o f  t h i s  type of t e s t  f o r  

our own purposes we have w r i t t e n  f o r  f u r t h e r  p a r t i c u l a r s  on how t h e s e  tests 

i h  
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were set-up i n  various countr ies .  

A s  t o  t he  French version i t s e l f ,  another paper i n  t h e i r  book 

describes i t  as an adaptation of  t he  Br i t i sh  measurement method BS812(1N), 

using a 42 cm diameter drum which revolves a t  320 rpm. Fourteen samples 

are mounted on t h e  periphery of t he  drum, i n  such a way t h a t  a f a i r l y  even 

cy l ind r i ca l  surface i s  

following way: F i r s t ,  

then , aluminous cement 

does not  appear on the  

produced. 

aggregate i s  dropped i n t o  a convenient hollow mould; 

is poured i n t o  it, taking care t h a t  h i s  binder 

Each test sample is prepared i n  the  

outer  surface of the  sample. 

A rubber wheel, i n f l a t ed  a t  3.16 kg/cm and revolving f r ee ly ,  i s  

During the  t es t ,  applied against  the  drum with a pressure of 40 kg. 

abrasives a r e  inser ted  between the  t i r e  and the  samples: during the  f i rs t  

three  hours, a s i l i c i o u s  sand w i t h  g ra in  sizes between 0.16 and 0.40 mm; 

during the three  following hours, emery powder of less than 40 u. 

A t  t he  end of the tes t ,  t h e  coef f ic ien t  of  f r i c t i o n  i s  measured 

with the Br i t i sh  pendulum tester.  This coe f f i c i en t  then i s  ca l led  

"accelerated polishing coeff ic ient" ,  i n  order  t o  d i f f e r e n t i a t e  it from t h e  

regular  coe f f i c i en t  before pol ishing.  

The French researchers  note  t h a t  t h i s  kind of t es t  cannot reproduce 

the  exact wearing conditions encountered on the  roads, where some crushing 

of the  road surface occurs, and the  nature  and quant i ty  of dust  vary grea t ly .  

They consider a "polishing coef f ic ien t"  lower than 0.35 as bad, and of over 

0.45 as good. 

Another paper i n  the  French series deals  i n  more d e t a i l  with the  

evaluation of t he  geometric roughness* of the  roadway, which i s  of paramount 

importance for e f fec t ive  sk id  control .  

have gathered a l l  the  ava i lab le  material produced by o ther  researchers ,  

The French engineers,  who seem t o  

*Surface Texture 
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emphasize t h e  fact t h a t  very l i t t l e  headway has  been made i n  t h i s  f i e l d .  

From a l l  we have seen ou r se lves  i n  t h e  many reports we have examined 

from a number o f  sources ,  t h e  methods used so far have a l l  been p r i m i t i v e  

and no t  s u f f i c i e n t l y  s i g n i f i c a n t ;  t h e  d e f i n i t i o n s  themselves are s t i l l  

q u i t e  p r i m i t i v e .  

t o  them i n  t h e  following series: 

The French r e p o r t  reviewed t h e  seve ra l  approaches known 

Some i n v e s t i g a t o r s  have spread sand over  t h e  t e s t  s u r f a c e  and 

est imated t h e  mean depth o f  t h e  i n t e r s t i c e s  by measuring t h e  volume o f  

t h e  sand. 

Others took an imprint  o f  t h e  road s u r f a c e  a f t e r  f irst  inking t h e  

tops o f  t h e  p r o t r u s i o n s ,  then p res s ing  a s h e e t  of  paper on to  them, t h u s  

producing a map o f  t h e  peaks and v a l l e y s ;  i n  t h i s  manner, t hey  determined 

t h e  area of t h e  v a l l e y s  o r  cana l s  f o r  water evacuat ion,  t h e  r e l a t i v e  

bearing s u r f a c e  of t h e  peaks and t h e  depths  of  t h e  v a l l e y s .  

The French Road Laboratory i t s e l f  h a s  s t a r t e d  experimenting with 

r e p l i c a s  o f  t h e  t e s t  a r e a s  using S i l a s t e n e  t o  make moulds o f  t h e  roadways. 

These  they in t end  t o  ana lyse  

characterist ics and t h e i r  s i g n i f i c a n c e  for s k i d  con t ro l .  

approach has s t i l l  t o  be developed. 

f o r  determining t h e  micro-roughness 

Th i s  promising 

The depth and v a l l e y s  are a l s o  s t u d i e d  with t h e  help of a s t e reograph ic  

process  developed i n  England.' I t  i s  intended t o  draw an enlarged p r o f i l e  

of  t h e  h i l l s  and d a l e s  and measure them. Attempts w i l l  be made t o  d e f i n e  

t h e  a n g u l a r i t y  o f  t h e  aggregates  with t h e  h e l p  of t h i s  method, which i s  

a l s o  used i n  Denmark and Germany as well as i n  Russia.  

Other methods - o j t i c a l  o r  e l e c t r i c a l  - are a l s o  under cons ide ra t ion  

f o r  producing o v e r a l l  e v a l u a t i o n s ,  but have not  been used a s  y e t .  

Other kinds of processes  produce p r o f i l e s  o f  c ros s - sec t ions .  In  one 

of them, a sample of t h e  t op  course is sawn; t h e  s e c t i o n  i s  photographed 



and enlarged fo r  d e t a i l  study. 

a lso prepared i n  t h i s  way. 

drops mult iple  needles over the  tes t  area; the  l i n e  of the needle tops 

i s  photographed, ou t l in ing  the  p r o f i l e  (Texas A&M College has one of these) .  

There i s  a s imi l a r  instrument with only one needle,  inspired by Russian 

researchers,  present ly  being perfected by the  French laboratory.  

an e lec t ronic  assembly,'coupled with the  wheel, follows the  curves of t he  

p ro f i l e  and reproduces them i n  grea t ly  amplified form; t h i s  very prec ise  

Micro-profiles of aggregate gra ins  are 
I 

In another method of t h i s  group, an instrument 

F ina l ly ,  

i ndus t r i a l  process has not been used f o r  road-making purposes as y e t ,  but 

it seems t o  be a useful  indicat ion.  

The r e s u l t s  of  these various attempts t o  grasp the  nature and p r a c t i c a l  

usefulness of the surface tex ture  d i f f e r  considerably from one laboratory . 

t o  t he  o ther ;  no concensus on optimal procedures and cha rac t e r i s t i c s  has 

been worked out as  ye t  and the  f i e l d  remains wide open. 

reproduced hereaf te r  give 

The four  graphs 

an idea of  t h e  prevai l ing t rends.  

The first one represents  t h e  re la t ionships  between the  depth of  t h e  

roughness, the  width of the  i n t e r s t i c e s  and the  r e l a t i v e  bearing surface.  

The second one combines the  coef f ic ien t  of adhesion (with treaded tires on 

a dry surface) with the  depth of roughness a t  two d i f f e ren t  speeds. 

t h i rd  one relates the  same two cha rac t e r i s t i c s  a t  35 mph and smooth tires, 

but it compares wet and dry conditions. 

of f r i c t i o n  on a wet surface a t  35 mph is shown together with the  g ra in  

sizes of the  aggregates. 

The 

In the  fourth one, the  coe f f i c i en t  

& 
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I t  seems t h a t  the sk id  res i s tance  grows with roughness up t o  a 1 

cer ta in  optimum of the  order  of 2 t o  4 millimeters of grain size. The 

decrease, pas t  t h i s  optimum, may be due t o  the decrease of the number 

of surface contact points .  

t h a t  we really have the  problem i n  hand. 

Much more research is needed before we know 

* * * * * * * * * *  

The French Road Research Laboratory, which seems t o  be organized 

on a very broad and highly s c i e n t i f i c  bas i s  with considerable a t ten t ion  

t o  theory and mathematics, has sen t  us a great  deal of information including 

most recent ly  a considerable amount of bibl iographical  da ta  on the  research 

done a l l  over Europe on pol ishing machines and pol ishing tests on spec ia l  

road t racks .  They have a large bas ic  running pro jec t  for t h e  purpose of 

developing the best  possible  pol ishing machine after studying and t ry ing  

out a l l  the  o ther  designs and methods used by others .  

I 

Unfortunately, 

as a l l  such research p ro jec t s ,  t h i s  one w i l l  take t i m e ,  probably more 

than we can afford t o  wait .  We are sure  t o  be kept informed by them. 
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Latest  Br i t i sh  Report 

This most recent study by Mrs. Sabey of t he  RRL reached us after 

our report  had been completed. 

o r ig ina l  abstract :  

I t ' s  scope i s  bes t  expressed i n  the 

Past work has indicated t h a t  on wet roads the r a t e  of 

decrease of skidding res i s tance  with speed is largely dependent 

on the coarseness of the road surface texture .  On smooth, f ine-  

grained surfaces  the coef f ic ien t  decreases rapidly wi th  speed, 

but on coarse-textured surfaces  the decrease is much less rapid.  

Tests have now been car r ied  out t o  examine more closely 

the way i n  which coef f ic ien ts  decrease with speed up t o  80 

m i l q h  and t o  attempt t o  f ind a quant i ta t ive  measure of surface 

tex ture  which w i l l  ind ica te  the rate of  fa l l  i n  coef f ic ien t  

with speed. 

examined: 

"texture depth" can be obtained, and a new stereophotogrammetric 

Two techniques of measuring tex ture  have been 

the "sand-patch" method from which a measure of 

technique which records the surface p r o f i l e .  

A s t a t i s t i c a l  cor re la t ion  has been obtained between the  

percentage decrease i n  coef f ic ien t  between 30 and 80 mile/h and 

the tex ture  depth, which measures the  coarseness of tex ture .  

Recommendations for texture-depth requirements f o r  fast roads 

a re  given: t o  r e s t r i c t  the decrease t o  less than about 25 

per  cent ,  a tex ture  depth of more than 0.025 i n .  appears 

necessary. A b e t t e r  cor re la t ion  with percentage decrease in  

coef f ic ien t  is  obtained by a measure of the surface p r o f i l e  

(the "prof i le  ra t io")  which takes i n t o  account the shape of 

project ions i n  t h e  surface.  

(end of quotation) 
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For measuring skid res i s tance  they used both t h e i r  sideway-force 

machine and t h e i r  small braking-force t r a i l e r ,  a t  30 t o  80 mph; with 

smooth t i r e s ,  because these a re  more closely re la ted  t o  the most 

s ign i f i can t  accident r i s k s .  

For surface- texture  measurements they applied the  sand-patch method 

t o  obtain tex ture  depth and the stereocamera t o  obtain surface p ro f i l e s .  

With t h a t  sand-patch method they ac tua l ly  measure the average depth of 

the hollows i n  the surface below t h e  general level  of the  peaks. This 

appears t o  be the  method described by the French Laboratory (see Page 38 

above paragraph 2 ) .  

The experience of the RRL has shown t h a t  a t  medium speeds the value 

of the f r i c t i o n  coef f ic ien t  ')I" largely depends on the very-fine-scale 

texture  (micro-structure) of the surface ( i ts  small-scale sharp edges) , 

not on the size of the eas i ly  v i s ib l e  a spe r i t i e s  (macro-structure). 

The l a t t e r  becomes important a t  high speeds. 

The proportions of hollows and a spe r i t i e s  do not character ize  

these conditions clearly enough because the  effect iveness  of t he  surface 

roughness - par t i cu la r ly  a t  high speeds - depends on the  shape and 

angular i ty  of the project ions.  

stereophotogrammetric method a l so  described by the  French Laboratory 

This is why the  RRL put t o  use the new 

(page 38 above, paragraph 5). They assess "the p r o f i l e  

the r a t i o  of the length of t h e  p r o f i l e  t o  the length of 

ra t io"  i .e.  

the basel ine.  
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Actual Percentage 
decrease decrease .-..- >-__ --.L 

0. 10 33 . 
0. 10 
0. 12 

26 
43 

On bituminous s u r f a c e s  they 

Texture 
depth Profile 
(0.001 in) ratio 

28 I. 030 
1. 065 31  
1.032 26 

braking-force tes ts .  Some of  t h e  

0. 08 

I Measured braking force 
coefficient at: 

Site no. 

0. 30 
0. 38 0. 28 
0. 28 0. 16 
0. 38 0. 30 

5 A  
6 A  
7 A  
8 A  - 2 1  I 24 

I 0.25 
10 A 0. 39 
11 A 10 .27  , 0.38 12 A 

9 A  

made 74 sideway-force tests and 84 

r e s u l t s  appear i n  t h e  following t a b l e :  

0. 15 

0. 25 

-- . - __ 
Decrease in coefficient 
between 30 and 80 mile/h 

0. 10 
0. 12 
0. 06 
0. 13 

40 . so 1.034 

34 

31 19 c 

22 24 - 
28 1.032 

I t  i s  i n t e r e s t i n g  t o  re la te  t h e  d i f f e r e n c e  of  c o e f f i c i e n t s  a t  t h e  

two test speeds with t h e  s e v e r a l  t e x t u r e  dep ths ,  as well as t h e  p r o f i l e  

r a t i o s .  

w i l l  b e  t h e  d e s i r a b l e  i r r e g u l a r i t y  o f  t h e  p r o f i l e .  

For t h e  l a t t e r ,  t h e  h i g h e r  t h e  f i g u r e  is  t h e  more pronounced 

Although t h i s  new dual method has  not  y e t  passed t h e  experimental  

s t a g e ,  it looks l i k e  an element o f  p rogres s  worth t r y i n g .  

lead t h e  ERL t o  two conclusions:  

I t  has  a l r eady  

(1) Very l a r g e  decrease's i n  t h e y  c o e f f i c i e n t  between 30 and 80 mph 

can be expected when t h e  t e x t u r e  depth is less than 0.010; however h i g h p  

i s  a t  30 mph. 

(2 )  In o r d e r  t o  r e s t r i c t  t h e  decrease o f y  t o  25% i t  appears t h a t ,  

on average,  t e x t u r e  depths g r e a t e r  than 0.025 inch are d e s i r a b l e .  

complete judgment can be app l i ed  if t h e  " p r o f i l e  r a t i o "  i s  taken i n t o  account.  

A more 



Highway Research Board - National Cooperative Highway Research Program 

I 
Their  Report #7 of 1964 shows t h i s  p i c t u r e  of a t e x t u r e  meter 

I 

i developed by F.  1-1. Scrivner  of the  Texas Transportat ion I n s t i t u t e  

and W .  Ronald Hudson of t h e  Texas Highway Department with t h i s  comment: I 

The t e x t u r e  meter developed by 
Scr ivner  and Hudson gives a measure 
of the micro r e l i e f  of  t h e  pavement 
by means of a s e r i e s  of prongs which 
g ives  an ind ica t ion  of  t h e  indenta t ions  
and s u r f a c e  roughness of t h e  pavement. 
The t e x t u r e  meter w a s  developed pr imar i ly  
f o r  use on f l e x i b l e  pavements, b u t  was 
a l s o  used on o t h e r  pavements. 

The instrument was presented a t  t h e  January 1964 meeting of t h e  

HRB i n  a paper  summarized as follows i n  the HRB a b s t r a c t :  

Use of t h e  CHLOE p r o f i l m t e r  i n  Texas ind ica ted  t h a t  t h i s  device 

f o r  measuring road roughness tends t o  rank pavements having a coarse 

t e x t u r e d  sur face  too  low on t h e  s e r v i c e a b i l i t y  s a a l e .  To o f f s e t  t h i s  
1 
I 

tendency, a hand operated device f o r  measuring coarseness of t e x t u r e  I 
was developed, and a term for t e x t u r a l  roughness was added t o  t h e  AASl10 

Road Test  formula for the  s e r v i c e a b i l i t y  index. 

t h e  new term was evaluated by ana lys i s  of t h e  s u b j e c t i v e  r a t i n g s  given 

I 

The c o e f f i c i e n t  of 
I 

I 
43 f l e x i b l e  pavements by a 12-man panel of highway engineers .  
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Canadian Department of  Highways 

Report #46 of 1964 on Skid Resistance 

A very good and useful  synopsis o f  t h e  e n t i r e  subjec t .  

Regarding our present  preoccupation with t e s t ing  methods they i n d i c a t e  

t h a t  f o r  t h e  determination of  f r i c t i o n  values  t h e  first I n t e r n a t i o n a l  Skid 

Prevention Conference gave preference t o  t h e  c o e f f i c i e n t  of s l i d i n g  

f r i c t i o n  ( s t ra ight -ahead  locked-wheel braking) over t h e  sideways f r i c t i o n .  

I n  our a m  d i g e s t  of French experience,  t h e  same conclusion was found, 

t h e  argmont; being t h a t  with modern high speeds t h e  prevalence of  t h e  

forward mamaturn is  overwhelming. 

They point out  t h a t  t h e  c o r r e l a t i o n  of many d i f f e r e n t  methods of 

I measurement hor been found d i f f i c u l t ,  with some concordance but  much 

unevenness. We w i l l  have t o  see how our new sk id  t r a i l e r  f i ts  i n t o  t h i s  

p i c t u r e ,  so t h a t  f u l l  comparisons with o u t s i d e  s t u d i e s  remain poss ib le .  

They give t h e  following d e s c r i p t i o n  of t h e  B r i t i s h  acce lera ted  wear 

machine : 

The apparatus  c o n s i s t s  of a pneumatic- t i red wheel 
i n  contact  with another  wheel; on t h e  f l a t  per iphery 
o f  t h e  second wheel small specimens o f  chipping-sized 
s tones  se t  i n  cement mortar  are mounted. The second 
wheel is driven .by an e lec t r ic  motor, while load i s  
appl ied t o  t h e  pneumatic- t i red wheel using a l e v e r  
arm. This apparatus  i s  used t o  a t t a i n  t r a f f i c - s i m u l a t e d  
wear of  aggregate specimens, i n  t h e  presence of s u i t a b l e  
abrasive powder. 



The Canadian l ist  of  f a c t o r s  t o  be considered i n  t h e  course of  

t e s t i n g  i s  u s e f u l :  I 
Tire  v a r i a b l e s  such as  s i ze ,  load,  pressure ,  t r e a d  
p a t t e r n ,  composition, temperature;  braking force  
v a r i a b l e s  such a s  uniformity between wheels, 
uniformity during a p p l i c a t i o n ,  number of wheels , 
weight s h i f t ;  covering on t h e  s u r f a c e  such as 
o i l ,  d i r t ,  p a i n t ,  ice ,  snow, t h e  amount of water;  
d e f e c t s  such a s  roughness, r a v e l l i n g  , bleeding,  
f a u l t e d  j o i n t s ,  extruded j o i n t  seal , r u t t i n g  , 
patching;  a l s o  ambient and pavement temperatures.  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

In ad&tfon t o  t h e  problems of measurements, t h e  C.D.H.  s tud ied  

o t h e r  aspects of s l i p p e r i n e s s .  

s u b s t a n t i a l l y  from but  supplement those we gathered a t  o t h e r  sources.  

P a r t i c u l a r l y  i n t e r e s t i n g  a r e  t h e i r  d a t a  on minimum requirements f o r  

Thei r  conclusions do not  d i f f e r  i 

- i 
I safe roadways (P. 2 7 / 2 8 ) ,  on p r a c t i c e  s tandards adopted o u t s i d e  of 

i 
New Jersey (P. 28) ,  on a c t u a l  condi t ions  i n  numerous loca t ions  (P. 29) ,  

I 

1 

I 

I 

and on t h e  a n t i - s k i d  values  of aggregates (Canadian page # p.  34/35). 

O f  t h e  pol i sh ing  effect o f  t r a f f i c  on roadways they f i n d  t h a t  

it i s  t h e  work of f i n e  abras ive  p a r t i c l e s  found i n  t h e  road scum which 

become imbedded i n  t h e  t i r e  t r e a d s .  

Concerning t h e  amount of  wet t ing requi red  t o  reduce t h e  sk id  

r e s i s t a n c e  o f  a sur face  t o  i t s  minimum value,  t h e y  have t h i s  t o  r e p o r t :  

B r i t i s h  i n v e s t i g a t o r s  have found t h a t  a 0.025 mm 
t h i c k  water f i l m  i s  s u f f i c i e n t  t o  abrupt ly  reduce 
t h e  sk id  r e s i s t a n c e  o f  a pavement; f u r t h e r  reduct ion 
occurs  as t h e  f i l m  th ickness  i s  increased t o  about 
0 .5  mm; and a d d i t i o n a l  water apparent ly  has  no 
f u r t h e r  e f f e c t .  According t o  I t a l i a n  experience,  

! 
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very slight wetting is needed only to obtain 
minimm measurements, such as a 0.06 mm water 
film on dusty roads. 
indicated that about 85-908 of the total 
reduction is achieved by merely wiping the 
test surface with a moderately wet cloth, and 
94-98% by a water film thickness of 0.1 nun; 
the minimum value is reached at a film thickness 
of about 1.0 mm, and the addition of more water 
results in a slight increase of measured skid 
resistance. Utilizing a test-car at a speed of 
60 mph, American investigators found further 
reduction in skid resistance on the "too much 
water" side. 
f i l m  thickness of 0.75 mm, 0.2 at 5.0 mm, and 
0.15 nun, at 7.5 mm. These results were explained 
by "tireplaning", a phenomenon which involves the 
tires skid over the water surface much as skis 
skim over the surface in aquaplaning. Although, 
the test results reported in the literature are 
not i+ornplete agreement, it is obvious that the 
degree of wetting is to be specified, at least 
within broad limits, in order to obtain reproducible, 
and preferably minimum, skid resistance measurements. 

Canadian tests have 

Typical measurements were 0.4 at a 

For further details, see our research library 
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I n t e r n a t i o n a l  Road Congresses 

Rio de J a n e i r o ,  1959 - The following e x t r a c t s  and d i g e s t s  w i l l  b e  o f  i n t e r e s t :  

General Meeting, speech by D r .  A .  R .  Lee ( L 1 . K . ) :  

I would l i ke  now t o  r e f e r  t o  t h e  no te  dea l ing  
w i t h  t h e  skidding r e s i s t a n c e  o f  the s u r f a c e ;  and i n  
consider ing sk idd ing  r e s i s t a n c e  of  bitumen s u r f a c i n g ,  
a t t e n t i o n  must always b e  given t o  the  tendency of t h e  
exposed s tone t o  p o l i s h  under t h e  a c t i o n  o f  t r a f f i c .  
This property is t h e  one d e c i s i v e  f a c t o r  i n  coated 
macadam su r fac ing ;  i n  dense su r fac ings  i t  c o n t r i b u t e s  
i t s  e f fec t ,  t o g e t h e r  with t h a t  of  t h e  dense mortar.  
The t e s t  we have developed i n  Great B r i t i a n  t o  measure 
t h e  po l i shed  s t o n e  c o e f f i c i e n t  o f  any s tone  gives  
r e s u l t s  t h a t  c o r r e l a t e  wel l  with t h e  behaviour of t h e  
road. 
acc iden t s  a r e  o c c u g n g ,  t h e  t es t  w i l l  t e l l  him whether 
s tone  can be used i n  a given road s u r f a c i n g  which w i l l  
have less tendency t o  p o l i s h  than t h e  s t o n e  a l r eady  
t h e r e .  The use of a b e t t e r  s tone  w i l l  t end  t o  reduce 
the  acc iden t s  due t o  skidding.  
e s s e n t i a l  f o r  he lp ing  t h e  engineer  t o  select  a s t o n e  
for use i n  a s u r f a c i n g  t h a t  is  r equ i r ed  t o  reduce 
sk idd ing  acc iden t s  and we s t r o n g l y  recommend i t s  
adoption. The po l i shed  s tone  c o e f f i c i e n t  i s  a 
p rope r ty  o f  t h e  s tone .  I t  can be  measured with a 
s a t i s f a c t o r y  degree of accuracy and it i s  cons t an t  
f o r  each p a r t i c u l a r  s tone .  
i n  a s p e c i f i c a t i o n  as a means o f  de f in ing  t h e  p rope r ty  
o f  t h e  s t o n e  t h a t  is necessary for any p a r t i c u l a r  s i t e .  
The minimum requirement f o r  any p a r t i c u l a r  s i t e  can 
be a s ses sed  by t h e  highway engineer  on t h e  b a s i s  o f  
t he  knowledge he w i l l  soon acqu i re  when he uses t h e  
t e s t .  I sugges t ,  M r .  Chairman, t h a t  a conclusion 
should be added t o  t h e  r epor t  t h a t  t h i s  t e s t  be 
adopted ‘ i n t e r n a t i o n a l l y  . 

When an eng inee r  has  a road on which sk idd ing  

A t es t  o f  this kind is 

I t  can t h e r e f o r e  be  used 
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i Committee on S l i p p e r i n e s s ,  speech by Mr. Vanneufville (French) : , 

i 
I 
1 
I 

I t  is a l s o  necessa ry ,  I fee l ,  t o  draw a t t e n t i o n  
t o  t h e  importance of  t h i s  problem. 
escaped your n o t i c e  t h a t  a p e r f e c t l y  smooth and 
thoroughly sound road may be  more dangerous, i f  i t  
is  s l i p p e r y ,  than a road o f  less s a t i s f a c t o r y  q u a l i t y .  
Consequently, from t h e  p o i n t  o f  view of  s a f e t y ,  and 
t h a t  is t h e  problem we a l l  have i n  mind, you have only 
t o  cons ide r  t h e  number of acc iden t s  t h a t  occur  i n  
every country i n  t h e  world,  t o  r e a l i z e  t h a t  no e f f o r t  
must be spa red  t o  ensure road s a f e t y .  

I t  w i l l  not  have 

This cons ide ra t ion  c l e a r l y  demonstrates t h a t  t h e  
problem of t h e  appearance of  t h e  road s u r f a c i n g  is q u i t e  
as important as t h e  ques t ion  of  t h e  foundations and 
behaviour of t h e  road. 

A good summary was given a t  t h e  Rio meeting of  t h e  1958 Skid 

Prevention Conference held i n  V i r g i n i a ,  which we discussed i n  our  

Dolomite r e p o r t ( P r o j e c t  N7760).  I t  was s t a t e d  i n  Rio t h a t  considerable  

a t t e n t i o n  had been p a i d  irt  t h e  Vi rg in i a  meeting t o  t h e  p o l i s h i n g  of 

r a a d  s t o n e s ,  a key a spec t  o f  t h e  problem. Another po in t  o f  emphasis 

was t h a t  t h e  c o r r e l a t i o n  between t h e  s e v e r a l  f r i c t i o n  measuring machines 

had been found very poor;  i t  had been recognized t h a t  such c o r r e l a t i o n  

was "a b a s i c  f a c t o r  i n  the prvblem of  s l i p p e r i n e s s  which i s  i n c r e a s i n g  

i n  se r iousness  i n  a l l  coun t r i e s . "  

I 
I 
i 
i 

The German d e l e g a t e ,  P ro fes so r  Wehner, i n s i s t e d  on t h e  need for 

t e s t i n g  t h e  seve ra l  "wheel t r a c k s " ,  which vary g r e a t l y  on any road. 
I 

i 
I 
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Mr. Brudal , the  representat ive from Norway, i n  r e l a t i n g  loca l  

experiments, concludes t h a t  ''a very high coef f ic ien t  of f r i c t i o n  may 

be obtained when the surface has a somewhat rough-looking tex ture ,  

and when a t  the same time each of the stones has a r ea l  sand-paper 

texture .  But such surfaces  may cause a very high wear of the  ca r  

tires, especial ly  a t  high speeds." He a l so  added t h i s  comment on 

grain sizes : "measurements seem t o  ind ica te  t h a t  asphal t ic  concretes 

w i t h  a good smooth grading curve, containing a l l  p a r t i c l e  sizes, 

as well as coarse sand and f ine  gravel,  a re  superior  t o  those with 

a gap-graded aggregate. 

Mr. Giles ,  the prize-winning Br i t i sh  s p e c i a l i s t ,  i n s i s t e d  on 
! 

thoroughness of t e s t i n g  and recording: 

record over the e n t i r e  length of the s t r e t c h  of road. 

carrying out t e s t s ,  it is our prac t i ce  t o  quote not only the  mean 

"Our machines give a continuous 

When we are 

f igure ,  but a l so  the highest  value and the  lowest value which a re  

found on any s t r e t c h ;  it has the advantage of pinpointing a t t en t ion  

on the most s l ippery  s t r e t c h  of the  road. 

20.1 on e i t h e r  s i d e  of the  mean value certainly needs at tent ion."  

agreed with the Norwegian delegate on the importance of 

Any var ia t ion  greater than 

He 

bui lding not only coarse-scale roughness i n t o  the  road, but  a l so  

f ine-scale  project ions.  

"is of the order of 0.170 inch (4.31 nun) or less". H e  recommended t o  

"The c r i t i c a l  sca le  of project ions" ,  he s a i d ,  

watch the  Norwegian experiments t ha t  a r e  trykng t o  define more precisely 

the optimum texture  pa t te rn .  
I 

52 



On our subject the  congress concluded i ts  work with two b r i e f  

recommendations : 

It is desirable  to continue with the  s tudies  

Th e skidding 
fo r  the purpose of es tabl ishing the minimum coeff ic ient  
of f r i c t ion  t o  apply on the projects .  
res is tance of a road surface is substant ia l ly  affected 
by the resistance of the aggregates t o  polishing under 
t r a f f i c  action. 

. I  

Rome 1964 

Sixty-five nations were represented at  t h i s  r e e m t  internat ional  

meeting w i t h  500 reporters producing 137 technical and economic papers; 

each of the ten committees issued a general report  on its specialized 

discussions. 

The fourth c o d t t e e ,  i n  charge of "surface qua l i t i e s  of pavementst1, 

actual ly  functioned as the "technical committee on s l ipperiness ."  The 

or ig ina l  report  by J. G. Smith of Groat Bri t ian is not i t s e l f  avai lable ,  

but i t s  discussion brought out some noteworthy remarks. 

An excellent correlation w 8 s  established between the French 

Leroux apparatus and the pendulum of the  Bri t ish RRL, making it possible 

t o  convert the Leroux values in to  the RRL skid-resistance values, a good 

agreement w a s  observed between the two scales .  

, 53 



The accelerated pol ishing tes t  developed i n  England as B.S. 812, 

1960, is  regular ly  car r ied  out a l s o  i n  France, but the value of i t s  

f ind ings . i s  in te rpre ted ,  i n  each instance,  i n  the  l i g h t  of the  s p e c i f i c  

loca l  conditions : 

I t  has been found t h a t  t he  geological 
i den t i f i ca t ion  of  an aggregate i s  not s u f f i c i e n t  
and t h a t  it must be supplemented by the  determination 
of i t s  petrographic cha rac t e r i s t i c s  under the  microscope 
and by t e s t s  of micro-hardness which enable a b e t t e r  
understanding of the  pol ishing phenomenon t o  be o.btained, 
f i r s t l y ,  by considering the  difference i n  the hardness 
of the const i tuent  minerals which govern the  depth of 
the  hollows and, secondly, by examining the  d i s t r ibu t ion  
of the hard p a r t s  and the  s o f t  pa r t s .  

The French Road Laboratory recommended t h a t  e f f o r t s  be made t o  

advance the  knowledge on skid-resis tance a t  high speeds (up t o  120 mph) 

and t o  develop high skid-resis tance surfacings f o r  such speeds. 

A Bri t i sh  repor te r  a l so  i n s i s t e d  on the  "phenomenal increase" 

of t r a f f i c  - i n  volume, speed and weight; the  aggregates therefore  

pol i sh  f a s t e r  and the  danger of  skidding grows. 

s a i d  t o  be near  perfect ion.  "It  is important", they say ,  "to have a 

The Br i t i sh  tests a re  

rugous sur face  with coarse s tone protruding upwards, t o  give good 

drainage and t o  avoid acquaplaning. 

recent road surfaces  i n  England by superimposing 3/4 inch pre-coated 

chippings i n t o  low stone content asphalt ."  

This has been achieved i n  

Two sets of conclusions were drawn up by two committees of the  !me 

Congress. While they do not concern the  l imited o b j e c t  of t h i s  repor t ,  

they are such useful summeries on skid-resis tance t h a t  we attached them 

as Appendix 111. 
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I i E Q U I P X E H T  B E Q U I B E D  

bsr 1. Jo D o  T. 



EQUIPMENT REQUIRED BY NEW JERSEY DEPARTMENT OF TRANSPORTATION 

It goes without saying that if we can invent new rethods and develop 

new instruments to implement them, so much the better. 

want to save time and get the urgent program underway, the following is 

a minimum proposal of acquisition of the essential types of equipment 

developed outside of New Jersey: 

But as long as we 

1. Friction: 

(a) field tests: our Stevens trailer, based on ASM standards, is expected - - - - - -  
to becao available before long. 

relationship between its empirical SN neasurrents and the scientific 

coefficient of friction. 

It will be advisable to fornulate a clear 

The excerpts hereafter describe a calibration machine for skid testers, 

developed in Sweden, which we may want to consider later on. 

(vii) Sweden 
. .  . . . . . .. . , 

Institute can be calibrated by this equipment. " 

- -  
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Fig. 2.12. General view of the Swedkh calibration machine, seen from the 
rear. Note the hydraulic jach which moves the small platform. 

The equipment (Figs 7 1. 2 13. 2 14) consists of a horizontally ar- 
ranged, movable platform 7 he test vehicle (Skiddonleter BV.8 in Figs. 
2.12, 2.13 and 2 141 I F  p lxcd  on thls platform and the draw ha t  eye is 
locked to  the platform at  thc correct level (Fig. 2.12). The test wheel rests 
o n  a \eparate small plattixm supported on ball bearings (about 30. 
1; in. dia.). The small platform 14 hor 
the equipment by d circular cpring dyii 
(Fig. 2.14) and stands on a precision u 
is seen in FIS. 2.13. A hydraulic jack i 
which in turn moves the test vehicle. T 
to slip and the corresponding resista 
by the spring dynamometer. The dy 
reading on the weighing-machine is then co-ordinated with the record5 
simultaneously obtained from the test vehicle. By incrcdsinp the pressure 
i n  the hydraulic jack by suitablc steps a complete set ot calibration data is 
obtained 

' The adcantages uhicli this type of calibration equipment offers are 
obvious. Huwecer, as  the test vehicles of the Institute 
efficient of t riction not only a t  locked N heel but also d 
correction for the carying test wheel radii :it different speeds 1 %  necessary 

I 

Fig. 2.13. General view of the Swedish calib 
front. C'ote the dial of the precision weighing madrine in the 

e n  from the 

bachcrnund. 
- -  ~ . . . . .- .. . - .  . . 
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Fig. 2.14. Detail of the device for reading the horirontal force. 

. '  d 

(from Report of the Tokyo World Road Congress 1967) 

Another interesting device is the gauge for measuring the depth o f  . 

the water film made i n  Great Britain (RRL) and easy t o  adapt. 

I 

1 

Mcosurcvimt of ,M'ater Depths 

1.i:. 5.1. Stepped gaugc for nieawring depth of water filni. 



Figs. 5.4 and 5.5 show two  simple devlces that have been made at  the 
Road Research Laboratory for thc purpose. The stepped gauge bhown in 
Platc 5.4 15 placed in a n  upright positton on the betted surface and when it 
is lifted single drops of water arc retained on the steps which have made 
contact with the water. This simple device is quite reliable on smooth or 
fine-textured surfaces but is more difficult to use successfully on the rough 
coarse-textured surfaces. Plate 5.5 shows another gauge using the same 
principle, but here the set screws can be adjusted individually as required 

on a continuous moving chart. 
. -  

Fig. 5.5. Adjustable stepped gauge for d n g  depth of water film. 

(fram R e p o r t  of the Tokyo World Road Congress 1967) 

r n  



(b) laboratory tests:  needed, a s ta t ic ,  though portable  t e s t e r  - - - - - - - - -  i 
of the  pendulum type, o r  some o ther  kind of instrument serving the  same 

purpose. To be used f o r  systematic f r i c t i o n  tests in  the laboratory,  

including the  polishing tes ts ;  a l so  f o r  f i e l d  tests f o r  pinpointing danger 

spots.  

The American suppl ier  of t he  Br i t i sh  portable  pendulum t e s t e r  quotes 

Copy a pr ice  of $795 on 9-6-67; del ivery 12  days from Chicago warehouse. 

of t h e i r  l e a f l e t  i s  enclosed; a l s o  o ther  p i c tu re s  of the same instrument, a s  

used by the S ta t e  Roads Commission of Maryland. I t  is in  wide used in  t h i s  

country and abroad. 

d e t a i l s  on the  handling of f i e l d  measurements. 

A report  j u s t  a r r ived  from Georgia highway gives minute 

A cross-section, taken from 

an ASTM a r t i c l e ,  is  a l so  enclosed. 

We have a l s o  a copy of the  Br i t i sh  road note (27 (1964) w i t h  

ins t ruc t ions  f o r  using the Br i t i sh  portable  pendulum tester. 

i s  one f i l e  with the bas ic  documents f o r  t h i s  repor t .  

This booklet I 

The Br i t i sh  pendulum tester can a l so  be supplied with a spec ia l  

, s l i d e r  and scale f o r  monitoring aggregate pol i sh  (see Penn-State Report 

(11 Page 42, paragraph 2 ) .  

by M r .  Kmer  has made some modifications which we may o r  may not consider 

f o r  our own use. Also see the  same Report 111 Pages 1, 2, 3, & 4. 

The tes t  team a t  Penn State University headed 

. 
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Skldding is a contributing factor in a high poreentap of automobile and vehicular acci- 

rlkk road surface can make this condrtlon worse. A new testing device mwkcted by 
Sdkest, Incorporated qnd deslgnd to aecur.tely dd . rmlne  the "skidabillty" of I road 

dents in thlr country each year. M a t  skidding is u u s d  by ice, water or dl slick prosent 
on a driving surface. in I good many other instances, however, an extremely smooth or 

1 S K I D  R E S I S T A N C E  T E S T I N G  

<.- -- ,. 
. - -  ex -A % , 

@The portable unit is mmovod from ib m y .  
ing case, rssemhled and levelled. 

A pendulum-like testing arm with a special 
"shoe" on the end is adjusted 10 the proper 
height. This is usually so that the shoe comer 
in contact with the surface to be tts(ad, but 
not enough to prevent it from passin8 through 

@The road surface to be tested is then wetted 

I I 

an arc. 

with water u h the rubber slider mounted on 
the underside of the pendulum shoe. This ir 
to npmduce tbc condition of raia or wet 
prvuncnt, the condition m01t conducive to 
&idding. 

@Next, the pendulum is re lead  #) that it 
slides across tbe pavement aa it compktes its 
m. As the pendulum passes through an arc, 
it  carries with it a movable marker which,will 

mark on a w l e  the highest point in the pen- 
dulum arc. Tbe height of the arc is directly 
affected by the amount of "skidability" in- 
herent in the wetted pavement being tested. 
The more skidability in the road surface, the 
higher the arc: the less skidability, the lower 
the arc. The pointer reading on the scale 
measures the resistance to skidding.of the sur- 
face being tested. The scale is graduated from 
0 to 150. .7 

J 7,' I 

H T - 1 2 0  PORTABLE SKID-RESISTANCE TESTER 
A new portable instrumnl that measurea the &id rdatancc of 

surface has k e n  introduced by Soilteat, Inc. ThM llcw device, called 
the Portable Skid-Redruot Tester. dver a ample direct terdiag of 
the frictional co-ellkient between a atidding t i re and a road rurfacc. 
The instrument waa developed by the Bntiah Rood Besurch Lpbora- 
tory. The new test instrument consists of a pcndulum arm with a 
spring-loaded rubber slider om the foot of the pendulum. It can be 
used on both nrt  roads and those with camber ar gradient. 

The portable skid-resistant w t e r  1s placed on the portion of the 
road to be tested, levelled, and the height of the center of suspension 
of the pendulum adjusted by 8 system of acrewa to a Axed value 
which is read on a special gauge. The pendulum is then released 

from the horizontal position and swings freely until the rubber slider 
meeta @ wrface being tested. The slider moves over the surface for 
a &ed distance, slowing the pendulum down. A frictionally-con- 
strained pointer affixed to the pendulum arm measures the highest 
point in the pendulum arc. The position of the pointer is then read 
on I measuring arc graduated from 0 to ISO. The pointer reading 
measure8 the resistance to skldding of the surface being tested. 

HT-120 Portable Skid Resistance Tester. 
HT-122 Replacement Main Test Slide. 
Shipping weight: 86 pounds N r t  weight. Testrr with rase. 71 pounds 

Tester only, 33 pounds 

" 
h l c 8 8  and S oclflutlom arm Subject to Ch8ng8 

All prim. 8rm f .O.& Ctk.so .  Illlnol$. For mxport shlpmont 8dd 7% 
for axport pachIng 8nd inland hight. 

mrt n r m r s r w A r r w s  IN ALL coulllurs 

8UBSIOlARY CLNCO INSTRUMENTS COW. 
1711 WEST NORTH AVENUE, C H I C A W ,  ILLINOIS 60639, U.9.A. 

Toiophono: Aroa Cod. 312 - 772-6400 
Cobl.: Sdhort Chbcogo T ~ h t y p ~ :  31 2-222- 
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c-Crnter of owing 

( Contact potn oi  
\ 

l l tder Surtace of 
road Slop lo Itmot wtwa d 

rno-t of slider 

The British RRL Pendulum Tester 

From an article in ASTM publication No. 326 of 1959 
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11. Pol i shabi l i ty :  

The t e s t ing  process w i l l  use the  above-mentioned portable  tester 

f o r  measuring f r i c t i o n  before and a f t e r  polishing, developing first the 

"skid-resistance value" ( the o r ig ina l  coef f ic ien t  of f r i c t i o n ) ,  then the  

"polished-stone coeff ic ient"  ( the  coef f ic ien t  of f r i c t i o n  after pol ishing) .  

The polishing i tself  w i l l  have t o  be done by some accelerated po l i sh ing  

apparatus, probably of a drum o r  wheel type. 

t h i s  purpose seems t o  have been widely agreed upon, but precise  d e t a i l s  are 

hard t o  get .  

The general  type of equipment f o r  

We have wr i t ten  f o r  pa r t i cu la r s  i n  order  t o  locate  a source 

of supply, or else obtain s u f f i c i e n t  data  f o r  malting our own machine (or  have 

it made by a qua l i f i ed  shop), with t h e  benef i t  of outs ide experience. 

In  our summary on the  French work i n  the f i e l d  of skid res i s tance  we 

h8ve already mentioned the polishing machine they take so much time t o  

develop - too much f o r  us t o  wait. 

Georgia sent us 2 1  drawings and 5 photos, plus  a b r i e f  report  and 

letter on the  machine they have used themselves. But s ince they have no 

assembly drawings and t h e i r  photographs are not clear enough, t h e i r  mater ia l  

is not fmpediately appl icable  for our purpose. 

The pic ture  which follows is token from Penn S ta t e  report  X 1 1  of J u l y  

1966, made i n  cooperation with the  Pennsylvania Department of Highways under 

t he  s igna ture  of H. W. Kumer. I t  i s  the  report  we mentioned above. 
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FIG. 30. Rota ry  W e a r  Machine,  Layou t .  ( P e t e )  
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I The relative motion between the loaded tire tread and pavement provides . 

the mechanism of polishing and wear, and reproduces the actual mechanism duo 

to traffic action on highway pavemonts. The convex curvature of the drum 

surface is the only departure from the actual kinematic conditions in the 

field. The use of a polishing agent is one means of accelerating the wear- 

polish process, which would normally take years in the field. In the usual 

application of the test, the test tire has a smooth running band to prevent 

the breaking and tearing of aggregate caused by profiled tires. 

agent is introduced so as to accelerate the polish-wear process. 

coefficient approaches a constant value, the polishing process may be regarded 

A polishing 

When the 

as complete. 

One of the latest reports we succeeded in discovering is the one by Now - 
- York Dqart~ent of Transportation. 

of pitminous Surfac'es, mentioned above. 

polishing wheel as well as of the British portable tester. 

practically everybody in this field of research used that portable .tester 

i n  spite of it's lh i t8t ions .  

figwa I which shows the correlation of the BPT and the New York State' $kid 

tnifor (40 mph) . 

It is their X67-3, called Skid Resistance 

On page 8 appear pictures of their 

As mentioned already, 

v ,  . 

The size of those limitations ahears on 
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NEW YORK STATE SKID TRAILER 
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This leaves us with t h e  B r i t i s h  model, which has  been i n  use over  

t he re  f o r  some ten yea r s  and has a l s o  been copied or  app l i ed  i n  va r ious  

o t h e r  c o u n t r i e s  i n  Europe. We mentioned it be fo re :  on pages 31/32 f r o m  

t h e  d i r e c t  B r i t i s h  source,  on page 37 from French d a t a ,  and on page 46 

v i a  Canada. 

Laboratory's  P e r i o d i c a l  b u l l e t i n  c a l l e d  La Technique Routiere  which we 

have i n  our r e sea rch  l i b r a r y  (volume 4,  No.1, page 15) .  

I t  i s  a l s o  c i t e d  and desc r ibed  i n  t h e  Belgian Road Research 

The B r i t i s h  "Accelerated wear machine", as they  ca l l  i t ,  has  been 

b r i e f l y  desc r ibed  on pages 31 through 32 above. I t  i s  shown i n  t h e  p i c t u r e  

and d e s c r i p t i v e  t e x t  t h a t  fol low.  The b lue  p r i n t s  have j u s t  a r r i v e d .  
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(4) New accelerated wear machine 
An accelerated wear machine, in which concrete specimens are attached 

to a rotating wheel and subjected to wear from two road \\heels that are  
held In contact with the specimens, has been designed and made a t  the 
l,ahor.ih1r> I iic i i iL iLhi i i i  I\ K I  bo that ~ l i r  r o d  v.Iieels have an angle 01 
scutf m i t h  thc specimen uheel'of 2 and they are tensioned together to 
give a corit'ict pi-cs>ure o f  55 Ib.,'sq. in .  bet%een the road wheels and the 
yxciinens. Thc specimen\ <ire first Norn and then polkhed by feeding iq 
. in tl,r.ty\< ~ V ~ I I L T ~ A I  hctween (we o f  the tyrc\ and the \peamen surfaces. 
A natural sand graded between 7 a n d l 4  B.S. mesh sizes is used for wear 
and is fed i n  onto the dry specimens for 25 hours after which the blocks 
are polished for 5 hours by using a fine air floated emery flour powder fed 
onto the specimens which are wetted. The sand is fed in a t  a rate of 
2,000 gms./hour and the powder at a rate of 250 gms./hour. At various 
times during test the surface texture depth of the specimens is measured 
by the sand-patch m nce" of their surfaces by 
the portable tester. 

Results already o b  ut with the machine have 
established that the 
preTent available to t 

A programme of 
ITNY design and the type of aggregate on the life of both wire brushed 
surfaces and ur faces  grooved with specially designed rubber tined units. 

(from the Report on t h e  Tokyo World Road Congress 1367) 

I 
" I 

i 
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111. Surface Texture: 

The survey made i n  France (see page 38 above) has brought out t h e  

grea t  va r i e ty  of  attempts made f o r  solving t h i s  problem, none of  which seemed 

t o  be p r a c t i c a l  and up-to-date. The most f requent ly  mentioned system 

(by the  Br i t i sh ,  t he  French, and others)  for defining and representing 

sur facr  t ex tu re  i s  the  sand-patch method, a very simple device which anyone can 

dupl icate  by h i s  own means; it i s  both cumbersome and pr imit ive.  

But we have ample information on the  l i t t l e  t ex tu re  meter developed 

i n  Texas (see page 46 above). 

A photo and a general  descr ip t ion  follow on the  next page: 

I t  seems t o  be p r a c t i c a l  and cos ts  only $650. 

I '  



Cat. No.  870 TEXT-UR-METER (T-1 



- -. 

1' GENERAL SPECIFICATIONS - Sturdy and accurately 
with cast- in  handle which accepts  aluminum extension 
-__-__- -- 

_. . 

machined aluminum alloy body 
handle for  operation f rom con- 

venient standing position. A dial  indicator guard protects  the easi ly  r e a d  AD Group 
I11 jeweled Dia l  Indicator furnished with revolution counter.  Dial reads  . 00 1 p e r  divi- 
sion; 100 divisions per  revolution; .250-in. total  t ravel .  6 x 1 l- in.  cl ip-board for  
tes t  data f o r m s  is attached to the body. Highly flexible and stretch re s i s t an t  cord 
and ample supply of replacement  cord is furnished. Replaceable fixed end re ference  
pins a r e  10-in. apa r t  and both a r e  -31 16-in. dia.  s tandard hardened,  copper plated 
and blackened dial  indicator contact points with 3/ 16-in. radius  of the i r  face.  The ' 

b r a s s  probes a r e  fitted with replaceable hardened, copper plated and blackened s t ee l  
contact points with a . 0 3  l - in .  point radius ,  The probe contact points a r e  .625-in. / 

apa r t  when used  as a 15 probe unit a n d .  3125 in.  a p a r t  when used as a 29 probe unit. 
A dust sealgd, rugged molded-f . a t b c h e  case ,  complete with 
equipment holding f ixtures  and r f i le ,  is supplied for  t ranspor ta -  
tion and s torage .  Furnished with ng b a r  of aluminum 3/4x2x12-in. 
complete with pat tern of accura te  l e s  for over-a l l  checking of the 
unit. Operating and Serv ice  Manual specimen r epor t  and c u r r e n t  pro-  
cedure of Texas  Transportat ion Institute is included. .. * .  

- .  I 

Figure 4. The texturemeter applied to a laboratory 
specimen of asphaltlc. concrete,' Road sud.a 
dial  readings ranging from zero to about 100 
of an inch. (Taw) 

I 
i 
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The larger  photo of 870-TEXT-UR-METER is  taken from Technical Report 

No. 1 by the  Texas Transportation I n s t i t u t e ,  dated May 1963. Mt. 

Huff, Chief Design Engineer of the Texas Highway Department, wrote 

last October as follows: 

The most e f fec t ive  use of t h i s  instrument i s  t o  take a 
large sample of several  readings over the  surface i n  
question. This sample should be larger  on open textured 
pavements. I t  i s  believed tha t  Mr. Scrivner uses approxi- 
mately 20 readings on penetration o r  surface treatments. 
The r e s u l t s  are meaningful since small closed textured 
surfaces (concrete paving) r e s u l t  i n  low readings and large 
open textured pavements-result i n  large readings (around 
100 thousands of  an inch), but the  reading of the  small, 
closed-textured surfaces w i l l  be less meaningful because of 
the  probe spacing. 
8s possible a f t e r  placement. 
end of t h e  probes (and possibly the  probes themselves) 
penetrate i n t o  an asphal t ic  material  depending on the  
viscous properties a t  t h e  points of contact. 

The instrument should be read as quickly 
This i s  because the  %tops" at each 

A pr.ctic.1 toxture camera was developed by the Bri t ish.  q e i r  
own description follows, taken from t h e i r  Road Note No. 27: 

i 
' i  
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A SIMPLE CAMERA UNIT FOR RECORDING 
ROAD SURFACE TEXTURES 

Rcqui rcments details of surface texture, and the source 
Methods of photographing road surfaces of the flash sufficiently distant to give 

have been describcd elsewhere(*) but the reasonably uniform illumination. (Ideally 
camera units used arc not suitable for use the direction of the incident light should 
by a skidding team. Such a team requires be more oblique, but this requires a much 
a relatively small unit which a n  be more distant source.(*)) 
carried in one piece in a car or light van, With this arrangement, PF14 flash 
IS easily transportable from one section bulbs were used in combination with a 
to an adjacent section of road, and is slow panchromatic film or plate, the 
quick and easy to operate. The unit camera lens being set at an aperture of 
described in this Appendix fulfils these f16 with a fixed focus. With this setting 
requirements and, although some of the the depth of focus is about If iq., which 
highquality finish of the photographs pro- is sufficient to accommodate unevenness 
duced by the more elaborate apparatas is and roughness in the road surface. The 
lost, the reproduction obtained is quite flash gun was mounted on a hinged door 
satisfactory for record purposes. to facilitate replacement of the flash 

bulbs. Each photograph can be identified 
Description of apparatus by marking with crayon a trdelyte rule, 

The camera unit, which is shown in which is. also engraved with a scale in 
Plate 4, consists of a 4-plate camera with inches: this rule is placed directly on the 
an alternative 120 roil-film back adapter. road surkx. 
mounted vertically with its focusing plate In operation the camera is set on the 
2 f t  10 in. from the road surface, and with wad surface, the identification rule set in 
a synchronized Rash gun mounted within position, a flash bulb inserted in the gun, 
the same busing. The camera used had a the camcra shutter set, the door closed 
13.5-cm. f4.5 lens, permitting a .coverage and the trigger fired. Thus the time taken 
of 12 in. x 16 in. on the f-plate size to obtain a permanent record of the sur- 
photograph, or 9 in.x 13 in. on the face, showing all the details of texture 
120-size negative. To illuminate this area and general appearance required, occupies 
the flash bulb is located midway along one only a few seconds at each site. Standard 
of the longer sides of the box at  a distance conditions of illumination ensure it fair 
of 20 in. and 55" from the wtre, as camparison between different surfaces. 
indicated in Fig. 2. This position was Typical photographs showing the range 
found by experiment to be the bist, having in textur'e (taken on PanX 120 film) are 
regard to the essential requirement that thhose shown in Plate 2 Experience has 
the overall dimfnsions of the unit should shown that in wet weather the road may 
be as small as possible: the direction of the be dried with a sponge and rag and a 
flash is suficicntly oblique to show up msonablu photograph sUll obtained. 

' 
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There is also the much more involved method of Stereophotogrammetry 

of textures developed by the British Ministry of Transport. We are 

reproducing hereafter the text taken from their booklet “Road Research 

No, 27, 196411, published in 1966: 

Measurement of road surface texture. In connexion with studies of surface 
toxture rquiremcnts for good skidding resistance, a 

oped. ”ha advantage of this mothod is &at it gives a recurd of the shpe of 
projections in the road, wherrrw tho ‘sond.prtch’ aad toxturc printing mathods 

suricrce ‘bxturc do not. Kncllltadgt of tho dhrpaor angu&rity of the 

fwm deformation Iosses in the rubber ofa tyrc trerd. This stem mcthod should 
therefore have particular apphation in aswssing surface r c ~ m n  rapiremenu 
for high-speed toads. 

The camera usadfortaking the Ptereophotographs, illustrated in Phtc 2 (B), is 
8 singb~cns plate camera with a IOLmm f a  length ~ms. Stem Bre 
obtained by shifting the Camera unit I tixed distance on its base. The c i s  at 
8 &ad dirtancod30 cm from the r o d  surface and the camera shiR is 8 cm. 
Thb stdace is illuminated by a Btcady light source and time exposures em made 
Vringaa aperture aff.11. An at# ofaTvprollimately 5 in by 4 in is cowrod, md 
&e depth offocus of i~Otly0 in wlnitdd that on tho majority of mad sutfkcso 
both hills and wlkys are in focas. Stermpairs of two surfacer a n  shown in 
m8ta 3. 

Tht pdik ia bbrhrgd by ~ ~ t a s  ofthe colzlparatot shown in Plate 
4 (A). McaaurrmcoCr rue ma&& the dative ~ O E ~  pointr at 
tfS0-h intcrvds don8 a tino on the surface with theaid d r  psrrltox bar, aad 

we mamW on punched tape. Sections of pta&s mcp#Hdd from the 

-which records the surface pro5k of ugatf 

impoctant in determining tbc contribwioa to friction adsing 

. 
-” 8 t e p p i m c B o W p M h ~  in Fig& 31. llmearmibtarted pr- tbo vertical 

d * w - € y q t i T n e a * -  and mdi* of 
W&s ma adFun(s tb r m x i m a t d y  I [la in. ”be p r o w  iedicdrt the l.rg~? I‘ 
scakraaebdew Ot the road rurfacx, not its microtoxtnre (state of polish); for * 

W purpose an P C C U ~ ~ C Y  of the wder of I/lOOO in would be nquirad 

79 



i 
I 

I 
1 

I 
I 
i 

1 

I 
I 

I 
I 

I I 

I 
I 
I 

! 
1 
7 

I 
1 

I 
I 

I 

I 

I 

i 

1 
1 
I 

I 

I 

[ 

j 

i 

I 

Different techniques of assessing the profile are being explored; one simple 
measure, already used, is the ratio of the length of the distorted profile to the 
length of the baseline. This ratio correlates with the texture depth of the surface 
measured by the 'sand-patch' techniques (see Fig. 32). - - 

I 

w 

TEXrUllE DEPTH (0001 h ) "SAH,-PAlCH' MTHOD)  

Fa. 32. Comparison of measurements of the ratio 
of length of profile to baseline obtained with the 
stereocamera and texture depth measured by the 

'sand-patch' method 
.. 

' 3L t t -E  4 

(A) Comparator for obi<tining surface prclfilcs from sicrcop.tlr\ 

(B) Camera used for stereo photography of road surfaces 
PLATE 2 (ell 3 pictures iron the %ti& RRL) 
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( t i )  Bi/imeti mricnilum 

(h)  f i t ie  cold risphalt 

Sierco photographs of two road surfaces 

Also see the ir  RRL report LR 57 of 1967, dealing in  depth with t h i s  

subject ( i n  OUT l ibrary).  Even in  its country of origin,  t h i s  method 

is  s t i l l  i n  its infancy. 

the time when we have gained more experience i n  t h i s  f i e l d ,  and the 

British too have refined the ir s .  

The use of i t  would best be deferred unt i l  
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The r e p o r t  on t h e  Tokyo m e e t i n g  o f  t h e  World Road Congress - in --- 

1967 g i v e s  two summaries o f  German a n d  French  methods .  

d i f f e r  e s s e n t i a l l y  from t h o s e  d e s c r i b e d  above. 

They d o  not 

(1111 Chief methods used 
( 11 Method used in Cermanv I' 

owers of sulphur and 
e niould of the road 
as a liquid rnlneral oil 

the same wd! t o  obtain il 
urface are required. 

and enlargements made f o r  

(b) Mallrod ilwi,q ( I  profr/o,qrc/ph 

'I I < ~ L \  ot l 8 f i  
needles, 0.6 mm. in diameter, free t o  move verticnlly as thc) L o r i I ~ ) r i i i  to t h c  
road surface. The curve formed hy the ltnc of needic poiii[\ tbliich h,id 
been raised is photographed to show the profile of the  I m d  w i  f'icc 

This operation which caii be carried out very cjuickl! FI\C'\ r e \ u l i \  
accurate to better than 1 mrn 

The results are analysed following the principles laid doun in  thc spccl- 
fication of Standard DIN 4762. 

Two series, five each of profiles, are generally made i n  1\41> perpendiculnr 
directions so as to obtain a representative mean value o f  the surf,icc 
texture. 

Another apparatus was constructed rccciitly consi\tiiip 

\ 

82 



the.@ 

rc 

Tlic I00 inn1 Icngth I F  dn id td  into t i \ (> CC~IIJI 1, 11 1 1  I I w I ~ I ~ T I  on 
I, + , I ~ L I :  K,, 0 1  uliiL1i i l i c  c i h ) t c  npei,ition I \  rc'pc:ircd TIiih e i \ c \  ~ I i c  11 

I!lt ( \ ' I \  I< kpll l .  11"i- I ~ b I  1 1 1 1 ~ ~ 1  

Tt ic opciLitiori I \  rtpe,itcd t t )  crht'iin ihc i i i ca in  \,IIIIC\ K,,,. K ,, R,,, 
In  lhi4 u,iy set o f  crilut'\ I ~ i ~ e  ohtCtiiicd ~ l i L i r x t ~ i i ~ i i i g  [ t i c  I ugo\ i t \  .ii 

various stcps The reprewnt,+ti\c c'ui\s c'in thcn h t  ch.ir,icieri\ct\ ni'itlic- 
maticall) ver> easily 

(b)  Use of niuu/c/.\ 
I n  a similar \cay to uhat lici\ becii done iii Cjcrii)Giii\ c i ~ ~ J  Crc'it U r i i d i i i  

moulds of the road surfacc hakc dl\a heen iii,idc. H> ii.ing ,I mntc i tn l  s i t 1 1  
a silicon base it was possible to di\pente w i t h  a freeing agent t o  uithdi,i\\ 
the mould (thus giving a mould of greater fidelit!) m d  i n  par l iCUld l  to get 
a mould showing the "counter-reliefs". On the o t l i c i  hmd l io i \e ic r .  t l i c  
negatrke mould IS too flexible to btdnd up to  dirscl Itie'i\uicnicnt ,ind Li 

positive mould has to be made 
The methods of analysis which are used are the sdme as for the Lerm'iii 

method except that the enlargement is obtained using a profile prolector 
apparatus This method is accurate to 0.01 mm. (0.004 in ) 

Akin to this method which the Centre National dc la Recherche 
Scientifique (C.N.R.S.) developed IS one which enables an analysis to be 
made. by means of replicas, of the surface conditions and their importance 
to slud resistance. This method giving an accuracy to the order of a micron 
i s  now coming into use with some slight changes for certain r o d s  
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The Tokyo Report Concludes: 

I 

C onclusion 

of research but also wlth a 

recording the  coarse ele- 
measurement of the very 

. . . . . . . . . . . . . . . . . . . . . . . .  

I 

! Without going into more sophisticated or doubtful solutions that 

would take too much preparatory tine, we could very well combine the 

little British texture camera and the Texas texture meter to obtain for 

each test site and each test sample visual and measured characteristics. 

These would enable us to compare the actual surface structure patterns 

with the real and the desirable resistance characteristics. 
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With the simple equipment out l ined above we should be able t o  tack le ,  

without delay, t h e  l i fe-saving task of control l ing the skid res i s tance  

of our roads, a l s o  without excessive expenditure and e f f o r t .  

do l l a r s  were included i n  September 1967 i n  the  Division's budget request f o r  

spec ia l  equipment t o  cover tho cost  of the  Pendulum Tester  and the  pol ishing 

machine. 

Five thousand 

In the meantime we can prepare our l o g i s t i c s ,  along the  l i nes  he rea f t e r :  

1. Order t h e  e s s e n t i a l  equipment and gather  the team of men t o  

handle it. 

2 .  Define our skidding performance c r i t e r i a  f o r  bituminous surfaces  

as  well as for the  mater ia l s  t o  use. 

3. Organize our t es t  pa t te rns  for  pavement diagnosis and remedial 

p rescr ip t ions .  

4. Review and tes t  the  raw materials ava i lab le  t o  us on an economical 

bas i s .  

5 .  Survey the accident s t a t i s t i c s  t o  locate  the danger spots ,  and prepare 

the  program of ac tua l  tests. 

6 .  Set up a permanent system of surve i l lance  and control ,  for the  

fu ture  detect ion of c r i t i c a l  zones. 

85 



Excerpts from Dolomite Report (7760) t 

R E C O M M E N D A T  I O N S  

& 

B I B L I O G R A P H Y  

APPENDIX I 
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F 

I 

. R E C O M M E N D A T I O N S  
----.-- ---- 

Until a more advanced investitation of the problem of d o l o m i t i c  

aggregates for bituminous surface courses can be achievtJ, i t  would + 
best for the Dcpartntent to be guided in its practical operstions by *ht 

findinqs of carpiled case study data. Yore specifically, e x t e n s i v e  

yearly skid test comparisons should be conducted on selected main-lit?e 

and intersection pavements to aid in the development of suitable i n t e r i v  

specifications and rchieve desirable pavement ‘skid resistance characteristics. 

But the more important approach concerns the farther future, t o  be 
-I-_---- - 

prepared through 8 broader rab. &re refined program of systematic re3earcbI, 

involving much emre means and equipment then this Division can command a: 

the present time. Here is a first listing of essential items for such a 

continuing study into the effects of wearing course aggreqater on main-line 

pavements and intersections: 

(I) A study in depth of the slimeeriness indexes of all b l t m i n o u q  -- ----__-- 

pavements, with the assistance of the skid-testing apparatus being c ~ m e n t l v  

designed by the Stevens Institute of Technology. These testr  could ‘ P r t n  a s  

soon as the apparatus becomes available. 

(2) A petrographic malysis of quality control samples from a! : 

approved and potential sources, in order to determine if any !,art 1:. ar 

mineral assemblage will produce a more skid-resistant s u r f a c e .  Thiq. a n a l r 5 i s  

I may also make it possible to forecast behaviour patterns for variou5 a g x r + h i a t e s  

I 

prior to their use in pavements. 
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The conduction of these analyses i n  our laborator ies  would require 

I 

I 

I 

i 

the purchase of nmerous pieces of new equipment f o r  thin-sect ion analyses,  

X-ray d i f f r ac t ions ,  etc. An undertaking of t h i s  magnitude would require 

considerable investment i n  m e y ,  time and t ra ined personnel. I t  might, 

therefore ,  be 10 it done by qual i f ied  outs ide agencies.  

a b i l i t y  of various aggregates I n  

order  t o  determine the  of of o i l  drippings upon the penctrabilit\* of 

als,  thereby creat ing a continuously 

lubric8ted surf8cs whicb 

water Onto its surface. 

ecom slippery with the  introduction of 

s from coarse aggregates i n  order 

t o  deterrrine the vnkous sand-grained and l a rger -s ized  

the  d i s t r ibu t ion  of  these particles 

i n  t h e  residue. We are awaiting further information on t h i s  item fro@ the 

Cnuhod Stone Association. 

(5) I t  is  extremely d i f f i c u l t  t o  analyze t r a f f i c  accident data  w i t h  

the  present  system of reporting. 

t he  S t a t e  would be ex t re ra ly  he lpfu l  i n  i so l a t ing  alledgedly s l ippery  and 

high-8cCidmt arau fo r  the purposes of fu ture  investigation. 

The use of new milepost markers throughout 

I 
I 
” I 

I 

88 



As a preparation to this study-in-dolomites, an extensive search 

was made in a broad field of publications, visualitinR t h e  problem apa 

the wider backRround OC national (and some international) experience. 

This 90-page digest of some two dozen papers can be made availab 

whenever needed. In the meantime, the condensation which follows will 

nst 

e 

give 

a ready perspective of the major trends the investigation has brought o u t .  

- - - - - 
The already long history ef ”. the struggle against the danger of skidding 

J A , .  

has entered a n w ,  more docfsive phase after the First International Skid 

Resistance Conference of 1958. 

The reason for this upsurge - which had been indeed the drivinp force 

interrupted growth of the problem itself. behind that conference - is t 
Its nature was clearly defined t R  papers published in 1965 by the Pennsylvania 

Department of Highways and the British Ministry of Transport. 

In Pennsylvania, skidding is the primary c a w e  in 35 to 40# of all 

highway accidents. In Great Britain, 4L# of the wet surface accidents involve 

skidding. Pennsylvania shows that from 1950 to 1960, the averaue speed of 

automobile tnvel has increased by ll#, requiring a 23% increase in the 

frictional coupling between tire and road; this demand rises proportionally 

to the squm of the sped. 

mile of road has grown by 48.51 with a like increase in the rate at which 

the pavement surface is polished. 

At the same time, traffic density on t h e  average 
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The Pennsylvania researchers see the roots  of the skid-resis tance problem 

i n  t r a v e l  speed, the  frequency of the vehiculer polishing ac t ion ,  the decrease 

of the f r i c t i o n  coeff ic ient  with speed, and the  tendency of  aggregates t o  

p o l i s h .  

A par t i cu la r ly  s ign i f i can t  warning came from V i r g i n i a  where i n  three 

areas ,  using limestone as  t h e  primary aggregate mater ia l ,  the  frequency o f  

skidding accidents was almost double t h a t  of other  areas  of tha t  s t a t e .  

But, as a paper fmr Kentucky puts  it, "8n aggregate t h a t  i s  perfect  f o r  

a l l  s i t ua t ions  does not exist. 

requiresents  of a given sittamtian, then t o  f ind  a product t o  f i t  t h a t  s i tua t ion" .  

Most researchers rer1irr t h a t  the  causes f o r  accidents are much more 

I t  i s  thorefore necessary t o  &fine the  

cFplcx than t h e  m influrncr of deculeration produced i n  the vehicle  by 

t h e  pavement surface after brake appl icat ion.  

shown that surface improvswnt prcrduced sharp reductions of accidents ;  h k h  

Nonetheless, experience has 

accident rates increased as t h e  coefficient of f r i c t i o n  decreased. - --.----- 

Bri t i sh  i n v e s t i j p t i m s  led t o  the  conclusion t h a t  the  nmber of - wet-road -- 

skidding accidents could be  reduced by 801 by resurfacing - the  .- "accident 

black-spots" w i t h  materials - containing pol i sh- res i s tan t  -.-_- - 3 I t e g a t e s .  -- -L-- 

None of t he  twenty-nine p q e n  and a r t i c l e s  we consulted for  the pumoses 

of t h i s  study dea l t  i n  depth with dolomites as such. 

s ign i f icant  indicat ions on widely rc8t tered simultaneous e f f o r t s  and on the 

trends they generate. 

They l e f t ,  however, 

--- 
3 Limestones i n  general c a b  out of many skid-resi tance experiments, as 

a problm. 

roadway surface courses, but there  is a general agreement tha t  t h e y  a r e  not 

No one suggests t o  eliminate e n t i r e l y  the  use of limestones in 

t o  be used indiscriminately.  A separate a r t i c l e  by W .  A .  Goodwin of the  

, National Highway Research Council sugqests t h a t  s tud ies  and tests w i l l  

eventually lead t o  t h e  s e l ec t ive  use of limestone i n  surface mixtures. 
.. 

I - --- 

90 



A f ac t  t h a t  bothered many researchers i s  tha t  t h e  cha rac t e r i s t i c s  of 

t h e  limestones vary enoraously from one quarry t o  t h e  o ther .  Very few only 

can be used s a t i s f a c t o r i l y  a l l  by themselves, most of them are  too s l ippery .  

Some can be rendered "adequate" by blending w i t h  sk id- res i s tan t  f i n e s .  

No one has succeeded so far i n  es tabl ishing simple, c lear-cut  

charac te r i s t ics  of limestones t h a t  would simplify the select ion o f  t h e  usuable 

types. 

content (CaC03). 

res i s tance  bec8ure it produc+ gmater uni fomi ty .  

c m e  out b e t t e r  then t h e  ujotitfaf the  limestones with low or  no magnesim 

Skid res i s tance  seams t o  be lower i n  limestones w i t h  higher carbonate 

On the  o ther  hand, chemical pur i ty  promotes lower skid 

Sme of the dolomites 

content. 

Among t h e  limostones, t h e  r e l a t ive ly  best  r e s u l t s  were obtained on 

specimens with co8rser grab s t ~ t u r e s  and p a r t i c l e s  of d i f f e ren t  hardnesses. 

In most of t he  papersr t he  pr incfp te  of mixed petrology - emerges as h i q h l y  

e f fec t ive .  What t h e  experts  mean is th8 t  a mineral assemblaRe of great ly  

varying wear chracteristics will abrade unevenly and i n  t h i s  way perpetuate 

the non-smoothness of t he  roadway. 

Mort of t he  authors i n s i s t  on t h i s  point ,  including the B r i t i s h  who 

emphasize the  need f o r  keeping t h e  rod  surface in  a nonskidding condition 

by providing an e f fec t ive  mmposite s t ruc ture  of the  aggregates,  n m e l y  

"coarse grains  f o r  high speeds and sharpness of grains  f o r  low speeds". 

In order to  obtain ''8 I8rger grain structure f o r  h i g h  speeds ' ,  t h e y  have 

used "~08 ted  chips r o l l e d  i n t o  t h e  surface" a t  t h e  r a t e  o f  1 ton per  100 t o  

, 

130 square yards .  

they favor a c rys t a l l i ne  inter locking grain s t ruc ture  as happens i n  some 

do loa i t i c  limestones; they a l so  mention dense-graded mixtures i n  which wear 

gradually exposes the  coarse ingredients .  

Purdue a l so  shows uniformity of tex ture  as a weakness; 

.+ 
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This pr inc ip le  of surface renewal was a l so  found by Virginia i n  gneiss,  

which combines coarseness of g r a i n  with inherently uneven hardness, producing 

d i f f e r e n t i a l  wear, therefore  renewed abrasiveness. 

\ 

The supei ior i ty  of s i l i c i o u s  sands ( the  "natural" beinu somewhat 

superior t o  the "crushed"), of t r a p  rock, slag and quafzite for  skid res i s tance  

seems t o  be well es tabl ished,  even as an ind i rec t  e f f e c t :  self-generaqed hard 

f i n e s  roughen-up t h e  pavement under t r a f f i c ,  thus perpetuating i t s  skld 

res i s tance .  These materials are a l s o  useful as a prac t ica l  p a l l i a t i v e  i n  t h e  

form of a temporary thin cover @f sand-asphalt mix over the ex is t ing  roadway. 

I t  should be noted, howwe$* t h a t  s i l i c i o u s  mater ia ls ,  functioninq as 

nonskid a b i x t u r e s ,  are useful only in sand-si te  grains not i n  very f ine  fonn. 

In other words, hardness alone is not s u f f i c i e n t ,  di f ferences in hardness do 

the  job. 

and t h a t  small changes in my 

- - 

I t  uas 8 1 s O  menti addi t ions beyond 50% seem t o  be unwarranted 

e l i t t l e  e f f e c t .  

ggregates i s  a problem i n  i t s e l f ,  t o  which The optham grain si 

no one has produced a spec i f ic  solut ion.  A consensus, however, appears t o  

have developed on l imi t ing  the  rputimm dimensions: 

grain sizes would speed up the  polishing process. 

i t  i s  h e l d  tha t  too large 

No one seemed t o  think t h a t  t he  type of b i t m e n  used i n  surface mixtures 

made any difference.  There i s ,  however, the  phenomenon o f  f lushing,  t h a t  is, 

bleeding of t he  b i tminous  binder up onto the surface.  I t s  n a t u r e  w a s  no t  

c l a r i f i e d ,  but i t  did not seen t o  be re l8 ted  t o  the skid resis tance c i \ a r i c t e r i s t i c s  

of t he  aggregates. 

In rost researcher 's  r epor t s ,  special  a t ten t ion  i s  qiven to t h e  "special" 

spots -- curves and crossings - -  where the  roadway i s  subjected t o  t h e  nost 

intensive polishing ac t ion ,  where therefore  a maximum a t ten t ion  h a s  t o  h e  

given t o  keeping the coef f ic ien t  of f r i c t i o n  a t  a sa fe  level .  
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According t o  t h e  paper Mr. J .  C .  Reed of t h e  N e w  Jersey Department 

I f  I of Transportat ion wrote i n  1956,”sl ipperiness  is an elusive subjec t .  

a l l  t h e  v a r i a b l e s  could be formul i ted ,  t h e  problem 

nothing being a l l  white o r  a l l  b lack ,  t h e  shade of 

subject  is r a t h e r  gray. From a l l  t h e  many reports 

been examined on t h i s  s u b j e c t ,  it i s  apparent t h a t  

chanRed much i n  t h e  last  tFn years. I /  

c o u l d  be ~ n l v e d .  Aut 

s1ip;~eri r :ess  as a 

and papers t h a t  have 

t h i s  shactinq bas not  

To sum up the s u m m y ,  with t h i s  specific problem in mind, t h e  aapers --- 

do not supply any s p e c i f i c  guidance on which t o  base dec is ions  on dolomite.  

Limestones i n  general are not e l imina ted ,  but  it appears c l e a r l y  t h a t  

s e l e c t i v e n e s s  plus admixtums are more important w i t h  l imestones than w i t b  

most noncarbonates. With regards t o  t h i s  s e l e c t i v e n e s s ,  durably skid r e s i s t a n t  

t e x t u r e  comes out  as the  most c o n s t r u c t i v e  angle;  it i s  obtained by means o f  

d e l i b e r a t e l y  b u i l t - i n  d i f f e r e n t i a t i o n  of g r a i n  s t r u c t u r e  w i t h  i n t e n t i o n a l l y  

-- 

uneven wear. 

A consensus of  o u t s i d e  s p e c i a l i s t s  makes i t  c l e a r  t h a t  t h e  e s s e n t i a l  

d i f f i c u l t y  i s  not i n  t h e  designing of a road surface endowed w i t h  an i n s t a n t  

skid-resistant c h a r a c t e r ,  but  i n  i t s  capac i ty  t o  s tay  tkat  way u n d e r  continuous 

use. 

roadway and to  i t s  replacement by a composite course ,  i .  mix combinin?, 

minerals with 8ppreciablc  d i f f e r e n c e s  i n  t h e i r  propert ies  o f  wear. of  

p o l i s h a b i l i t y  and of a n g u l a r i t y  of g r a i n .  

This  reasoning points t o  t h e  avoidance o f  a monolvthic bituminous 
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A??ENDIX 11 

i 

SYNTHETIC AGGREGATES FOR HIGHWAY CONSTRUCTION 

BY 

SUMMARY 

Report No, 8 of NCHRP 

Grcatcr activity in highway and other construction has speeded thc rate at which 
high-quality aggregates are consumed. This situation, coupled with an unbalanced 
gcographical distribution of deposits, has created a supply problem in some areas, 
and many more areas are expected to encounter the problem in the futurr. 

To compensate for the shortage or high cost of aggregates, less commonly used 
materials, such as shell and scoria, are being substituted in highway construction. 
Stabilized soils are also being substituted for aggregate in bases and subbases. 
Another approach to the problem is to use synthetic rather than naturally occurring 
aggregates. 

A study was made to identify existing and potential materials suitable for 
producing synthetic aggregates, to conceive new methods of producing such aggre- 
gates, and to evaluate the present and future prospects for their use in highway 
construction. A large number of existing and potential synthetic aggrcgatcs were 
identified. Several manufactured or by-product materials, such as lightweight 
aggregates and blast-furnace slag, currently arc used as aggregates; other by-product 
or waste materials that- might be used after minor mechanical processing include 
a number of ceramic wastes, various industrial slags and clinkers, demolition wastes, 
and scrap iron or steel. The study considered potential methods for producing new 
synthetic aggregates - by sintering or fusing such fine-grained natural material as 
sand, clay, or soil, or such waste materials as steel-furnacc dusts or mining unstes; 
or by chemical or thermochemical processing of mixturcc such as thow of \;inti and 
lime or fly ash and lime.. 

Synthetic aggregates offer a possible alternative to importing natural apgi cgatcs 
from other areas. The present worth of synthetic aggregates for highwa). L.onstruc- 
tion thus depends on specific economic factors in the locality suffering an aggregate 
shortage. In time, when the aggregate shortage become5 more widr.prc,iJ ;mi the 
importing of naturai aggregates becomes too extensive and costly 10 hc i i  mind  
practice, synthetic aggregates may provide a feasible solution to thc p ro l -h i .  The 
most significant development for the future is likely to he either the use ,)[ job-site 
materials for making synthetic aggregates in versatile and portable proics>ing equip- 
ment or the establishment of a widespread synthetic aggegatc industry Lvhich 
processes widely available materials such a s  clays and shales. Anoiticr p c h d d i t y ,  
the development of new highway systems requiring I r h w r  quantitic, of agpegates, 
should not be overlooked. 

It is not too carly to start planning. dc~,cIopiiig. ;md cvalu;rting jr>b-site 
ni;ittrials for making synthctic aggregatck v. i t t i  vcrsiitilc and portahlc. processing 
equipnicnt. and largc-scale processing of widcl) ; I \  ail;ible matcrinl\ Guch ; I \  clays 
and shales. 
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CON CL I :S LONS A h  I) R t.CO .MA1 L N D \ T I  OhS 

he progress which has bcen niadc 
characterised b) the intcrc\t and 

by all who are concerned in  \tudlc\ 
example by the increasing number 
s meetings, and contributing to I t s  
in the establishment in June. 1960. 

and Materials (A.S.T.M.) of a 
nown as Committee 

re be regarded as ;L 
complicated nature of the skidding 

the vehicle and tyre designer, to 
cerned with aircraft performance 

and runways, as well as to the Highway Engneer. As now constituted, the 
Committee is fortunate to have amone i t5  menher\  repreqcnt;ltl\e\ of 
these direrent interests who are able to combine their efforts in order to 
contribute towards satisfactory technical solutions, where these w e  to be 
t ound, or towards a better understanding of the problems. 

This increasing scate 
reflection of the rather 

Quite a lot remains to be done before the Committee is i n  ;t position to 
discharge the terms of reference for which it was established. Nevertheless, 
it i <  pleasing to report previous congress and the present 
\ )ne  the co-operation bers of the Coinrnittee has had a 
,ignificant effect on varims q important to current practice. It is 
with this in mind that the Committee has attempted to give the summaries 
of  present knowledge and practice to be found in Sections 2 and 3 of this 
report. Other more recent devckopments of practical importance will be 
tound among those 5 .  On the other hand the descrip- 
t ions and discussion Section 4 will have been of more 
direct interest to the s of skidding resistance measure- 
rnent. 

From the increasing number of correlation and other testa carried out it 

( 1 )  the principal meth in use for studying the skid-resiqting 
properties of roads- bi used successfully to discriminate betHeen 
surfaces which arc satisfactory and those which are undesirably 

(2) In the light of present knowledge there is no clear indication that 
any one of the alternative methods of measurement is to be pre- 
ferred to the others. Indeed for the ultimate solution it may be 
necessary to apply a combination of the different methods of 
measurements. and also the different test machines, rather than a 
single one to obtain a complete picture of the “non-skid” properties 
of a wet surface. 

(3)  Whatever method of test is used Some background data based on a 
survey of existing roads catried out with the chosen method would 
seem to be indispensable. A correlation with accident records is 
especially important. Only with this kind of knowledge can satis- 
factory standards of skidding resistance be established which are 
appropriate for the method of test to be employed. 

! \  bee apparent .- 

slippery. 
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(4) I n  thi \  connection, the Coiniiiittee wish to emphasise once more the 
importance, and the great value to all systematic work. on skidding 
qesistance problems, of police accident reports which gibe for all 
accidents a clear statement on whether or not skidding occurred. and 
whether the road surface was dry, wet or icy. 

5 )  In developing any test method specid attention must be ~ ~ e i i  to 
st‘indordising the tread properties of the test tyre\ to he enipllr}etl 
!.on1 the. poin t \  of \ leu of resilience. !i.irdnc\\ and thc picv:n e o r  
absence ot a pattern. With this in rniiid, the Coniinittct‘ icg‘irJ\ t h e  
estabhshinent of a specification for \uit&le standard te\( I \  ie ‘ind 
for the necesury means of checking t h e  propcrtm A\ tbiic c \ t  ii\ 
most iniport‘int and immediate future ta\ks. 

( 6 )  The problem of the best technique for watering thc tcqt hurf‘tcc I\ 
ecially where tests are coiitcinpl,itcd 
/h. or more. 

construction the essential step\ which will 
on of satisfactorily non-skid roads are .- 

00% an aggregate or chippings f i r  the surface l‘ilt‘r n i t h  :t 
tory reistance to polishing. This can now be done b i i ~ t h  the 
Laboratory tests for resistance to polishing. ( 2 )  to  choose 

content, WprfOBPttions of the other constituents of the 
ishing techmque s o  that the chosen 

in the surfaceand constitute the main 
oughout the life of the road surface. 

(8) Progress has been made in understanding some of the cifects of 
weather and traffic’ on the skid-resisting propertie\ of wet surfaces. 
All road surfaces must be expected to show changes in “non- 
skid” properties when wet throughout their hfe. hut at the present 
time these can only be followed b) direct measurement. rather than 
predicted by any simple rule based on observations of ~hcather and 
traffic. 

(9) Where systematic testing is carried out, it is strongly rewniniended 
thnt to assist in the interpretation of results regular iiit‘:wreiiicnts 
should also be made on sonic [)pica1 surfaces s o  t h a t  [lit current 
pattern of seasonal variations i n  slipperiness can bc f ~ ~ l l o u  cd, and 
an approximate allowance made for its effects. 

(10) Moreover, since the skidding resistance of a surfuu \arks  with 
speed, with tyre properties, with the effects of wear due t o  differences 
in the distribution of traffic a . l  I so on, it must be recognized that 
generally speaking its pert‘ormance can rarely be represented by it 
single value of coefficient. When test results are presented it is 
desirable that they include: the value of the mean coefficient; the 
value of the minimum coefficient, and a guide to its location on the 
surface tested; a measure of the scatter of results about the mean 
value (the standard.deviation for example); and an indication of the 
texture of the surface. 

(1 1) Ice and snow bring special probleins of slipperiness, and, as far as 
the Highway Engineer is concerned, such treatments as “gritting”. 
“salting” or “water-sanding” at present appear to ofTer the only 
feasible and effective remedial techniques. 
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Suiniiiari\lng al l  that has been said in this report. and attempting to 
t‘orccast the lines which the Committee’s future work inight follow, the 

up these final concluuons, would 
wy superficial appearances to the 
hich have been brought to light by 

em of slipperiness do  not represent any 
iple; indeed at the preterit time the 

Committee’s most important role should be to resist any suggestions of 
discouragement at some of the complexities of the problerri which have 
been revealed, rather than seeking to act as an arbiter between any oppos- 
ing points of view; only in the light of further patient and persistent studies 
is a way likely to be found by which some of the existing points of difficulty 
can be resobed. In this r e s w t  a wide field of study remains open to 
workers on skidding problems and the Committee looks forward with 
confidence to the time when their efforts will be crowned with success. 

i 

i 
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AP?ENDIX 111-5 

A l l 0  NAL ASSOC I AT 10 

41. Improvemutt in the mistance to skidding on various kinds 
of roads; change d e r  the action of traffic. climate and the 
age of the mad. 

Improvement of the riding qualities d the diffmnt types d 
roads: changes under the adion of traffic climate and thc 
age of the road. 

Progress made in the measurement of resistance to slidding. 

P m g ~  made in tha mcasumncnt of riding quality. 

Icy mads, analyds d the phenomenon. rancdies and pal- 
liativea 

GENERAL REPORT 
bY 

J .  G. SMlTH. M.I.C.E., M.1.Mun.E.. 
Chief Highway Engineer, Ministry of Transport. 

GREAT BRITAIN 
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Dealing with the  I I L C  parts of the question i n  order, 

4.1. (a) In order 1 0  iriiprove resistance to shiddinp ttieic n i c i h t  he a 
thorough undcrstanding of the various factor5 invoi[cii Moct 
countries h a w  therefore laid stress on the systciwt:: .ice t imu- 

of d d t n  from road testr. often on expenrnt.nrall> yrmirod 

influence of time of year is evident from the c ld lca l  
variation from minimum resistance in summer rising t o  .i maxi- 
muni resistance in winter. Tests of skid resistance n iub t  not 
therefore be considered in isolation but in relation to ~iinimer 
conditions ( in  the Northern hemisphere) when resist;iii~e is 
lowest. 

(c) The use of high hysteresis rubber in tyres is an advantage in 
reducing the risk of skidding on slippery surfaces. Problems 
however then arise in the dissipation of heat within the tyre. 

the aggregate and SO 
h with some surfaces 
the wheel tracks with 

a 

(b) 

of wear. 

(f) The intluence of increased vehicular speed is chiefly to reduce 
the resistance to skidding The rate of reduction can be lessened 
by maintaining a terturecl surface This is of great importance 
on high speed motornays and on airfields. 

(6) The influcnctt of de9rt.e o f  wetting and cleanliness of the surface 
is evident. Both (iernxiny and Swerlen report on this aspect 
but the driver skids on il road which is not prepared for quan- 
titative tests of this type. 

( h )  There arc interesting rcports from Norway on the continued 
experience of epoxy resinisaid treatment of roads there and 
from Poland on treatment of airfields that could have appli- 
cations to road works. 

4.2. (a )  Evenness of the surface of the roads ib a qualit) of great im- 
portance with the increasing mileage of rnotorv.dqs where 
sustained high speeds occur. 

(b) Changes under traffic are attributed to deformation of the sur- 
face or base layers. The Belgian report on the construction 
of concrete roads particularly notes the importance of base 
layers. efticient coqrstruction of joints and relation of reinforce- 

urface contributes mate- 
no@ in the British report on 
Belgian report on concrete with 

appropriate recommendations. 
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4.3. (a) The attention given to research on the factors influencing skid- 
ding at high speeds is a marked reflection of the increasing 
use of motorways. 

t countries report work at speeds of u p  to 80 km. /hr  
m.p.h.1 with emphasis on experience on airfield kork to 

lum type) is now in general use in 
. An interesting comparative test of 
the former and this perhaps could 
more effective interchange of data 

ntries. Some work on these lines also 

conditions of tests te.g. tyre pres- 
ttern, speed. use of clean surfaces 

many countries including Germany, 

in many countries to appre- 
icle specds now current. 

an physical measurement of 
use of accident records (often 

however f o d h d  by measurements) and in the German and 
British correlations of light reflection and skid resistance 

4.4. (a) The general use of straight edges in measurement of evenness 
as a determination of riding quality is often tedious. Mobile 
developments of the straight edge to speed u'p measurements 
are in hand and modification$ of the American Roughness In- 
dicator are reported by many countries as the basic tool for 
assessment of riding quality. 

(b) The British report describes a multi-wheel straight edge type 
device to limit discrepancies between a standard straight edgc 
and the two-wheeled mobile variation of this. 

(c) There is an interesting reference from Japan to the use of 
acceleration meters to assess riding comfort. 

(d) There is clearly a need for continued development in this field 
emphasised by the reports from Belgium and Germany as to 
the difficulties in determining the base for measurement. 

4.5. (a) The marked influence of geographical location in the attention 
given to this work is evident. 

(b) Attention is particularly concentrated on the problems of glazed 
(or black) ice and development of an automatic warning device 
in France is particularly noted. 

(c) There is a concentration of effort on known points of frequent 
icing illustrated by the German use of permanent signs, in 
Japan by a permanent de-icing spray installation and in Great 
Britain by use of electrical heating for positions of danger. 

(d) It is agreed generally that grit or sand alone is ineffective under 
moderate or heavy traffic. The method in general use in North 
Sweden of sealing in grit with a water spray in freezing condi- 
tions is a notable exception. 

(e) Where chemical de-icing agents are used there is agreement on 
the effectiveness of salt and mechanical spreading is described 
in several reports. 

(f) Where salt is used there, is agreement on the advantages of 
pre-salting. the need for dective meteorological forecasts and 
a considered plan for action in adverse conditions with efficient 
communications. 101 
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Conclusions 
At the end of each cection of the report a series ofconclusioi~\ Iiris been 

given summarising the main points which in the opinion of [tic (’owniittee 
emerge from the topics which have been considered. In this section ot the 
Report on the other hand an attempt will be made to bring togr‘tticr the 
main developments and points of View which in the Cornniittcc’\ opinion 
merit the special attentio ngress. These may be s u i i i i i i m s e d  as 
follow‘s: 

(1) With the increasi of vehicles, problem5 ot  Aitlciing 
resistance at high speeds ing much greater importarice 3 hese 
problems are receiving a t ten th  in an increasing number o f  couiitries 
and it is clear that they raise a number of new problems and intensi f )  old 
ones. 

(2) One comequence of this work is that it throws new iniporidiicc on 
to the surface texture of roads and the pattern and resilience properties of 
tyre treads. 

(3) As a result increasing attention is being given to the study of 
methods for surface texture measurement and to the development of new 

r high speed studies. 

speed studies tend to emphasise the numerical differences i n  
alues obtained with a side-slipping wheel, a locked wheel and a 

to give the peak coefficient value. Much more work is 
inter-relation of t hese different coefficient values before a 
n the optimum test method will be possible. 

igh speed investigations have also thrown into prominence the 
t effect of the thickness of the water film on friction values at 

high speed. This has great practical significance as well aspresenting serious 
n the execution and standardisation of measurements at high 

s question of water depth comes into particular prominence in 
connection with the phenomenon of “aquaplaning” to which increasing 
attention is now being given. Theoretically this may occur on roads at  
quite moderate speeds although experiments show that it is in fact rather 
difficult to produce in practice. Nevertheless it 4 a very real effect which 
can, and no doubt does, occur from time to time. 

(7) In the preoccupation with high speed studies the fact should not 
be lost sight of, that good progress is being made in unifying the measure- 
ments made at lower speeds, and with the laying down of guide Iincs for 
the interpretation of their results. The present report gi\c\ detail) of such 
developments in connection with locked wheel braking tests and the 
previous one gave similar information for sideuay force t eds  

% 

(8) Attention IS drawn t o  the section on “Conlidence Ilniits” Lrhich 
must, however. be taken Into account in  interpreting results of‘ measure- 
ments. 

(9) The task of standardimg test conditions has btxoriie more  dlficult 
in recent years because of the rapld development in tyre t r c d  cornpo~ition 
and properties. Test results illustrating this problein a r c  yken In the 
report and at the present time it would appear that no stmple wlution 
offers itself. In its future work the Committee will give further study to this 
problem. 

(10) Finally the development of studded tyres represents an important 
new approach to the problem of dealing with slippermess on roads covered 
withace and snow. This is particularly so since, when these conditions 
occur ft is not possible for the highway authoritieb to provide other 
rem& measures simultaneously on every section of road. It is hoped 
that tht account of recent research on this subject, which is given in the 
report, will be of value to highway authorities and others in estimating 
the usefulness of this development. 
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