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The con ten ts  o f  t h i s  r e p o r t  r e f l e c t  the  

views o f  the au thors  who a r e  r espons ib l e  

f o r  the  f ac t s  and the  accuracy o f  the 

da ta  p resen ted  he re i n .  The con ten ts  do 

n o t  n e c e s s a r i l y  r e f l e c t  the  o f f i c i a l  

views o r  p o l  i c i e s  o f  t he  Federal  Highway 

A d m i n i s t r a t i o n .  Th is  r e p o r t  does n o t  

c o n s t i t u t e  a  s tandard,  s p e c i f i c a t i o n ,  o r  

r e g u l a t i o n .  



SUMMARY 

This r e p o r t  was f i r s t  prepared as a  manual and as a  d i r e c t  response 

t o  I M  21-2-73, issued by FHWA. A f t e r  s t udy ing  I M  21-2-73, i t  was 

decided t h a t  the  con ten t  o f  the I n s t r u c t i o n a l  Memorandum cou ld  be 

subdiv ided i n t o  f o u r  p a r t s  as f o l l o w s :  

1.  A  Sk id  Resistance Inven to ry  

2 .  A Systemat ic  Procedure f o r  the i d e n t i f i c a t i o n  and C o r r e c t i o n  
o f  Hazardous Sk id  Prone Locat ions 

3. An Eva lua t i on  o f  Current  Pavement Design, Cons t ruc t i on  and 
Maintenance P rac t i ces  t o  Prov ide Adequate Sk id  Resistance 
P rope r t i es  f o r  the  Needs o f  T r a f f i c  

4.  An Annual Report  

This r e p o r t  o f f e r s  guide1 ines d i  r ec ted  toward each o f  the  above 

four  p a r t s .  



IMPLEMENTATION 

I n  January, 1974, t he  FHWA D i v i s i o n  O f f i c e  began e n f o r c i n g  t he  l a s t  

paragraph o f  I M  21-2-73. I n  o t h e r  words, the  Texas Highway Department 

began showing p r o o f  t h a t  a su r f ace  would p r o v i d e  l a s t i n g  s k i d  r e s i s t a n c e  

q u a l i t i e s  a t  t he  PSEE stage o f  design. A f t e r  conferences between THD 

and FHWA, an A d m i n i s t r a t i v e  Order was prepared by t he  Design D i v i s i o n  

o u t l i n i n g  s teps i n  us ing  the  B r i t i s h  Wheel o r  o f  us i ng  s k i d  r e s i s t a n c e  

performance da ta  t o  show adequate mater i  a1 p r o p e r t i e s  f o r  s k i d  r es i s tance .  

Th is  r e p o r t  was rev i sed  t o  show the  Pol i s h  Value requ i  rements ou t1  ined 

i n  the  A d m i n i s t r a t i v e  Order, b u t  a procedure f o r  us i ng  s k i d  r e s i s t a n c e  

performance da ta  as documentation has been shown he re in .  

I n  December, 1974, an Admin i s  t r a t i v e  Order prepared by the  Maintenance 

Operat ions D i v i s i o n  was issued which conta ined methods o f  i d e n t i f y i n g  

and c o r r e c t i n g  hazardous s k i d  prone l o c a t i o n s .  The A d m i n i s t r a t i v e  Order 

a l so ,  con ta ined  methods o f  r e p o r t i n g  on the  hazardous s i t e s .  

I t  i s  be1 ieved t h a t  I M  21-2-73, and t h e r e f o r e  t h i s  r e p o r t ,  has been 

implemented w i t h  t he  excep t ion  o f  t he  s k i d  r e s i s t a n c e  i nven to ry  p o r t i o n .  

Guide1 ines f o r  o b t a i n i n g  a s k i d  r es i s tance  i nven to ry  a r e  inc luded  he re in .  
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GUl DELI NES FOR SKI D D l  NG ACC l DENT REDUCTION 

BACKGROUND 

Highway S a f e t y  Program Standard 12, i ssued  by t h e  S e c r e t a r y  o f  T r a n s p o r t a t i o n  

June 27, 1967, i n d i c a t e s  t h a t  eve ry  S t a t e  s h a l l  have a  program o f  highway 

des ign,  c o n s t r u c t i o n  and maintenance t o  improve highway s a f e t y .  L a t e r ,  on May 

3, 1972, t h e  Federa l  Highway A d m i n i s t r a t i o n  i ssued  PPM 21-16. T h i s  PPM c a l l e d  

f o r  among o t h e r  t h i n g s  a  t r a f f i c  reco rds  system w h i c h  c o r r e l a t e s  a c c i d e n t  

e x p e r i e n c e  w i t h  highway da ta .  1 M  21-2-73 da ted  J u l y  19, 1973 p r o v i d e d  b a s i c  

g u i d e l i n e s  f o r  a  S k i d  A c c i d e n t  Reduc t ion  Program. A  copy o f  I M  21-2-73 i s  

i n c l u d e d  i n  t h e  appendix  f o r  a d d i t i o n a l  i n f o r m a t i o n .  I n  response t o  t h e  

above i n f o r m a t i o n  a  g u i d e l i n e  f o r  use i n  Texas f o l l o w s .  T h i s  g u i d e l i n e  con- 

s i s t s  o f  f o u r  i tems wh ich  a r e :  

Chapter 1 .  S k i d  Res is tance  I n v e n t o r y .  

Chapter 2. A Sys temat i c  Procedure f o r  t h e  I d e n t i f i c a t i o n  and C o r r e c t i o n  

o f  Hazardous S k i d  Prone Loca t  i ons .  

Chapter 3.  An E v a l u a t i o n  o f  Cur ren t  Pavement Design,  C o n s t r u c t i o n  and 

Maintenance P r a c t i c e s  t o  p r o v i d e  Adequate S k i d  Res is tance  

P r o p e r t i e s  f o r  t h e  Needs o f  T r a f f i c .  

Chapter 4. Annual Report .  

The i n t e n t  o f  t h i s  gu ide1  i n e  i s  (1)  t o  e s t a b l i s h  a  s y s t e m a t i c  p rocedure  f o r  

f i n d i n g  and c o r r e c t i n g  ( s k i d d i n g )  a c c i d e n t  p rone  s i t e s  and (2)  t o  i n s u r e  an 

adequate, l ong  l a s t i n g  s k i d  r e s i s t a n t  su r face  where s u r f a c e  c o n s t r u c t i o n  i s  

emp 1 oy ed . 

Chapter 1.  S k i d  Res is tance  I n v e n t o r y  

S k i d  T e s t  U n i t s  a r e  a v a i l a b l e  f o r  i n v e n t o r y  purposes and a r e  l o -  

c a t e d  i n  D i s t r i c t  5 (Lubbock),  10 ( ~ y l e r )  and 15 (San A n t o n i o ) .  

A  s t a t e w i d e  i n v e n t o r y  o f  s k i d  r e s i s t a n c e  measurements i s  t o  be 



e s t a b l i s h e d  and i n  opera t ion-  by December 31, 1975. T r a i n i n g  programs f o r  

Test  U n i t  ope ra t i on  and data c o l l e c t i o n  have been o f f e r e d  t o  each D i s t r i c t .  

However, i n f o r m a t i o n  as t o  schedul ing and ope ra t i on  i s  i n  t he  System Skid-R 

Manual a v a i l a b l e  f rom D-10. Approx imate ly  150 t o  200 m i l e s  may be t es ted  

per day a t  a  c o s t  o f  about $1.25 per  s k i d  lane m i l e .  Data p rocess ing  and 

r e p o r t  p r e p a r a t i o n  a r e  an a d d i t i o n a l  cos t  o f  $0.96 per  s k i d  lane m i l e  w i t h  

a  t o t a l  c o s t  o f  $2.21 per  s k i d  lane  m i l e .  I t  i s  recommended t h a t  s tandard 

measurements be ob ta i ned  a t  40 mph us ing  t he  f o l l o w i n g  t a b l e  as a minimum 

t ime schedule. 

TABLE I 

H i ghway 

Class 

SUGGESTED INVENTORY PERIODS 

A DT - 
(each t r a v e l e d  lane) 

Less than 250 250 O r  Greater  

I H Once per  year  Once per  year  
US Once per  2  years  Once pe r  year  
SH, Loops and Spurs Once per  3 years Once per  year 
FM & Park Roads Once per  3  years Once per  year  

Sk id  res i s tance  va lues may be expected t o  be lower a t  h i ghe r  speeds and s i nce  

measurements a r e  t o  be made a t  40 mph, t h e  f o l l o w i n g  i n f o r m a t i o n  may be used 

t o  p r e d i c t  t he  s k i d  r e s i s t a n c e  a t  speeds g r e a t e r  than 40 mph. 

TABLE I I SPEED GRADIENTS FOR SEVERAL PAVEMENT TYPES 

Pavement Type Speed Grad ien t  

Seals o r  Sur face Treatments 
i n  good c o n d i t i o n  

Asphal t i c  Concrete (Usual ) 0.2 SN/MPH 

Flushed Seals o r  Sur face Treatments, 
Consol idated A s p h a l t i c  Concrete and 
new Po r t l and  Cement Concrete w i t h  
Bu r l ap  Drag 

Pol ished Po r t l and  Cement Concrete 



The loss  o f  s k i d  r e s i s t a n c e  ( t h a t  i s  SN o r  S k i d   umber) per  u n i t  o f  i n -  

creased speed i s  known as t h e  speed g rad ien t .  An example us i ng  t he  above 

i n f o rma t i on  would be: 

Assume the  Sk id  Number a t  40 mph i s  47 wh ich  was measured on an as- 

p h a l t i c  concre te  pavement i n  good c o n d i t i o n .  I t  i s  d e s i r e d  t o  

determine t h e  Sk id  Number a t  60 mph. 

SNGO = SNbO - (0.2 X Speed D i f f e r e n t i a l )  = 47 - (0.2 x  20) = 43 

A c t u a l l y , t h e  i n f o rma t i on  i n  Tab le  I I  i s  very  general  i n  n a t u r e  and shou ld  

be used f o r  rank ing  pavements i n  t he  C o r r e c t i o n  p o r t i o n  o f  A  Systemat ic  

Procedure f o r  the  l d e n t i f i c a t i o n  and C o r r e c t i o n  o f  a  Hazardous S k i d  Prone 

Loca t ions  chapter  which f o l l o w s .  No at tempt  shou ld  be made t o  use Table  I I  

i n  p r e d i c t i n g  t he  f r i c t i o n  a v a i l a b l e  t o  a  d r i v e r  i n  n a t u r a l  r a i n f a l l  con- 

d i t i o n s .  For f u r t h e r  i n f o rma t i on  on speed g r a d i e n t  c o n s u l t  t he  appendix. 

Chapter 2. A  Systemat ic  Procedure For The l d e n t i f i c a t i o n  and C o r r e c t i o n  o f  

Hazardous Sk id  Prone Locat  ions.  

I d e n t i f i c a t i o n :  Sk idd ing  acc i den t s  u s u a l l y  occur  on wet pavement. 

However, i t  i s  n o t  easy t o  d e f i n e  a  sk i dd ing  acc i den t  and pres- 

e n t  acc i den t  r e p o r t s  do no t  always i n d i c a t e  t he  s i t u a t i o n  i n  

which a  v e h i c l e  sk i ds  o r  more p a r t i c u l a r l y  where " c o n t r o l - l o s s "  

occur red  i n  t h e  acc iden t  event .  Bu t ,  i t  i s  p o s s i b l e  t o  s tudy 

t h e  acc i den t  records and determine those l o c a t i o n s  which have 

unusua l l y  h i g h  acc i den t  occurrances. There fo re ,  t h e  f o l l o w i n g  

c r i t e r i a  i s  recommended i n  the  s e l e c t i o n  o f  these l o c a t i o n s .  

HAZARDOUS SKID PRONE LOCATIONS 

A. For Spot Loca t ions  

Any one t e n t h  (0.10) m i l e  s e c t i o n  e x h i b i t i n g  3 o r  more wet 

weather acc i den t s  i n  a  one year pe r i od .  



€3. For Long Sec t ions  

(1) Any Cont ro l -Sec t ion  e x h i b i t i n g  2 o r  l e s s  wet weather 

acc iden ts  annua l l y  should n o t  be cons idered.  

(2) A l l  Con t ro l -Sec t ions  e x h i b i t i n g  20 o r  more wet weather 

acc iden ts  annua l l y  should be cons idered w i t h o u t  

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

(3)  For Cont ro l -Sec t ions  hav ing 3 t o  19 wet weather acc iden t s  

annua l l y  t he  Cont ro l  Sec t i on  should be cons idered i f :  

DVM 
a. - 5 3 0 0 0  

WWA 

Where DVM = d a i l y  v e h i c l e  m i l e s  

WWA = number o f  wet weather acc iden t s  and 

b. The Cont ro l -Sec t ion  l e n g t h  i s  t h r e e  t en ths  (0.30) 

M i  l e  o r  more. 

C o r r e c t i o n  Procedures: Each highway acc iden t  l o c a t i o n  i s  unique and c o r r e c t i o n  

procedures a r e  d i f f i c u l t  t o  determine w i t h o u t  a  f u l l  s tudy  by a t r a i n e d  t r a f f i c  

Engineer.  However, the  f o l l o w i n g  recommendations a r e  o f f e r e d  as minimum 

g u i d e l i n e s  f o r  c o r r e c t i v e  ac t i on :  

A. Where the  Sk id  Number i s  found t o  be l ess  than t h a t  number determined 

by t he  procedure g i ven  i n  I M  21-2-73 at tachment,  August 1, 1973, 

"Guide f o r  the  Eva lua t i on  o f  Cur ren t  Pavement P rac t i ces  t o  A t t a i n  

Sk id  Res i s tan t  Q u a l i t i e s " ,  Page4, 3 rd  paragraph ( o r  see NCHRP 

Report  37),  s igns  denot ing  t he  pavement s l i p p e r y  when wet s h a l l  

be p laced i n  an app rop r i a te  manner. 

€3. Where t he  Sk id  Number i s  found t o  be l ess  than t h a t  number d e t e r -  

mined by t he  procedure g i ven  i n  I M  21-2-73 at tachment (See A) above 

and t he  highway a rea  meets t he  c r i t e r i a  o f  a  Hazardous Sk id  Prone 

Loca t ion ,  s i gns  denot ing  t h e  pavement s l i p p e r y  when wet  s h a l l  be p laced  

as soon as p o s s i b l e  and remedial su r f ace  t reatment  t o  assure improved 



s k i d  r e s i s t a n c e  s h a l l  be p l a c e d  as soon as  p o s s i b l e .  On o c c a s i o n s  i n  

wh ich  remedia l  t r e a t m e n t  cannot  be accompl ished w i t h  a v a i l a b l e  main tenance 

funds, a  reques t  f o r  a u t h o r i z a t i o n  and f i n a n c e  f o r  a  c o n t r a c t  c o n s t r u c t i o n  

j o b  shou ld  be submi t ted .  Upon a p p r o v a l ,  t h e  usua l  p l a n  p r e p a r a t i o n  p r o -  

cedure  shou ld  be f o l l o w e d .  Where p l a n s  f o r  r e c o n s t r u c t i o n  o f  t h e  s u r -  

f ace  a r e  i n  p r e p a r a t i o n  p r i o r  t o  t h e  t i m e  t h e  highway area i s  no ted  as 

hazardous,  t hese  p l a n s  s h a l l  be c o n s i d e r e d  s u f f i c i e n t  p r e p a r a t i o n  f o r  

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

Chapter  3. An E v a l u a t i o n  o f  C u r r e n t  Pavement Desiqn,  C o n s t r u c t i o n  and Maintenance 

P r a c t i c e s  t o  I n s u r e  Adequate S k i d  Res is tance  P r o ~ e r t i e s  f o r  t h e  

Needs o f  T r a f f i c  

The f o l l o w i n g  recommendations a r e  made as  g u i d e l i n e s  f o r  minimum 

requ i remen ts  f o r  pavement s u r f a c e s  i n  t h e  "B" p o r t i o n  o f  "Cor- 

r e c t i o n s "  i n  Chapter  2  above o r  i n  s u r f a c e s  w h i c h  a r e  r e q u i r e d  

by t h e  Federa l  Highway A d m i n i s t r a t i o n  t o  have s u f f i c i e n t  s k i d  

r e s i s t a n t  p r o p e r t i e s .  

F l e x i b l e  Pavements 

I n c l u d i n g :  1) Sea ls  o r  S u r f a c e  Treatments ,  2)  A s p h a l t i c  Concre tes ,  

3) P l a n t  M ix  Sea ls ,  4) S l u r r y  Sea ls ,  and 5) t h e  Cover Stone used 

i n  S p r i n k l e  Treatments .  These pavement t ypes  s h a l l  a l l  meet e i t h e r  

(A) t h e  L a b o r a t o r y  T e s t s  o r  (B) t h e  F i e l d  Performance T e s t s :  

A. L a b o r a t o r y  T e s t s  

Minimum P o l i s h  Va lue 
f o r  Coarse Aggregate  P resen t  ADT Group ing 

None 0-749 
3 0  750- 1999 
3 3 2000-4999 
3 5  5000-0ve r 
3 5  A1 1 l n t e r s t a t e  

H i  ghways 



B. F i e l d  Performance Tests  

The "Veh ic le  Passes Per Lane" should be c a l c u l a t e d  f o r  t he  expected 

s t r u c t u r a l  l i f e  o f  t he  highway p o r t i o n  t o  be t r ea ted .  I f  t h e  s t r u c t u r a l  

l i f e  can n o t  be p red i c ted ,  i t  i s  suggested t h a t  f i v e  years be used as a  

bas i s  f o r  c a l u l a t i o n .  

The coarse aggregate o f  a  g i ven  source i s  cons idered accep tab le  i f  the  

"Veh ic le  Passes per Lane", expected d u r i n g  the  s t r u c t u r a l  l i f e  o f  t he  

sur face  t o  be placed, y i e l d s  an acceptable SNbO va lue  when compared w i t h  

t he  s k i d  r e s i s t a n c e  performance curve. 

A  s k i d  r e s i s t a n c e  performance curve  may be ob ta ined  by t he  f o l l o w i n g :  

1 .  Ob ta in  t h e  s k i d  number and t he  "Veh ic le  Passes Per Lane" a t  t he  t ime 

pas t  s k i d  t e s t i n g  was performed f o r  any sur face  t ype  i n  which a  

p a r t i c u l a r  source o f  m a t e r i a l  was used. 

2. Obta in  t he  l o g a r i t h m i c  va lue  f o r  the  SN and f o r  t he  "Veh ic le  4 0  

Passes Per Lane" f o r  each p e r i o d i c  t e s t  above. 

3. P l o t  t he  va lues on a r i t h m e t i c  paper s i m i l a r  t o  t he  sample shown on 

page 10. 

4. A t  l e a s t  s i x  p e r i o d i c  t e s t s  must have been performed ( a t  l e a s t  s i x  

p l o t  p o i n t s ) :  t he  t o t a l  range o f  va lues f o r  t he  "Veh ic le  Passes Per 

Lane" must be a t  l e a s t  250,000; and one o f  themeasurements must have 

been measured a f t e r  a t  l e a s t  750,000 "Veh ic le  Passes Per Lane". The 

s i x  p e r i o d i c  t e s t s  a r e  a  minimum number. S ince t he  i n t e n t  o f  F i e l d  

Performance Tests  i s  t o  e s t a b l i s h  t he  average r a t e  o f  p o l i s h  f o r &  

g i ven  source and pavement type,  a  l a r g e  number o f  p e r i o d i c  t e s t s  should 

be used i f  the  data i s  a v a i l a b l e .  T h i r t y  randomly s e l e c t e d  p l o t  p o i n t s  

a r e  g e n e r a l l y  cons idered s u f f i c i e n t  t o  i n d i c a t e  t rends.  



5. A f t e r  p l o t t i n g  t he  va lues,  a  mean l i n e a r  l i n e  should be f i t  through 

the  p l o t  p o i n t s .  Th i s  may be done v i s u a l l y  b u t  p a r t i c u l a r  a t t e n t i o n  

should  be made t o  f i t  the  l i n e  midway between SNq0 p o i n t s  ( v e r t i c a l l y ) .  

The de te rm ina t i on  as t o  t he  a c c e p t a b i l i t y  o f  a  source may be determined 

as f o l l o w s :  

1 .  The expected "Veh i c l e  Passes Per Lane" f o r  t he  s t r u c t u r a l  1 i f e  o f  the  

highway p o r t i o n  t o  be t r e a t e d  (mentioned i n  t he  f i r s t  paragraph o f  

"B F i e l d  Performance ~ e s t s )  should be found on t he  h o r i z o n t a l  a x i s  

o f  t he  p l o t  and a  l i n e  drawn v e r t i c a l l y  t o  i n t e r s e c t  t he  mean l i n e a r  

l i n e  es tab l i shed  i n  "5" above. From t h i s  i n t e r s e c t i o n  p o i n t  a  h o r i z o n t a l  

l i n e  may be drawn t o  i n t e r s e c t  t he  v e r t i c a l  a x i s  and t he  l oga r i t hum 

o f  t he  SN40 va lue  found a t  the  i n t e r s e c t i o n  p o i n t .  The a n t i l o g a r i t h u m  

o f  t he  SNq0 a t  the  i n t e r s e c t i o n  p o i n t  i s  then found and analyzed t o  determine 

i f  t he  source i s  acceptab le .  

2. The source i s  cons idered accep tab le  f o r  use i f  the  SN va l ue  a t  the  
4  0  

i n t e r s e c t i o n  p o i n t  i s  g r e a t e r  than t h a t  found i n  I M  21-2-73 at tachment ,  

August 1 ,  1973, "Guide f o r  the  Eva lua t i on  o f  Cur ren t  Pavement P r a c t i c e s  

t o  A t t a i n  Sk id  Res i s t an t  Qua1 i t i e s " ,  Page 4, Paragraph 3 - f o r  40 mph. 

3. Documentation o f  an accep tab le  source by F i e l d  Performance Tes ts  should be 

s i m i l a r  t o  t he  a t t ached  "Record o f  F i e l d  Performance Sk id  Resistance" 

Sample f o l l o w i n g .  



F igu re  1 
RECORD OF F I ELD PERFORMANCE 

FOR SKID RESISTANCE 

D i s t r i c t  Date Sur fac ing  t o  Occur on Hwy No. 

County Cont ro l  Sec . Job Fed. P r o j .  No. 

A. Mater i a  1 s  Source Being Ana 1 yzed : 

Source Name: 

Locat ion :  

B. Sk id  Resistance In fo rma t ion  

SURFACE TYPE 

Loca t ion  o f  Test  T r a f f i c  Log Log of T r a f f i c  
Sect ion  Tested Date SN40 Per Lane 

SN40 Per Lane 

C.  C a l c u l a t i o n s  

To ta l  Veh ic le  Passes per Lane i n  the  Expected S t r u c t u r a l  L i f e  o f  t h e  Highway 
t o  be Treated (TVPPL) 

1 .  Est imated Years o f  Serv ice  (EYs) = 
2. Present  ADT (PADT) = 
3. Future  ADT a t  t h e  End of the  S t r u c t u r a l  L i f e  (FADT) = 
4. Percent D i s t r i b u t i o n  o f  T r a f f i c  f o r  Most Heav i l y  

Traveled Lane (PDT) = 
PADT+FADT) (PDT) 

TVPPL = ~ ~ ~ ( 3 6 . 5 )  ( TVPPL = 

Log TVPPL = 

Skid Resistance a t  Expected S t r u c t u r a l  L i f e  Log SN40 a t  I n t e r s e c t i o n  

P o i n t  (see a t tached   lot) = 
A n t i l o g  o f  SNbO a t  t h e  l n t e r s e c t i o n  P o i n t  (orSNb0 a t  t h e  End 

o f  t h e  Expected S t r u c t u r a l  ~ i f e )  = 
- 8- 



F i g u r e  2 ( ~ x a m ~ l e )  

ACLII I \U UF r i L ~ L )  t ' tKk0k1V;ANCt 
FOR S K I D  RESISTANCE 

D i s t r i c t  3 0  Date 6 / 6  /74 Sur fac ing  t o  Occur on Hwy No. IH- /OO 
county Z € k  C o n t r o l  #d S z c . 3 8  J o b 3 7  Fed. P r o j .  lo .640&)  

A. M a t e r i a l s  Source Being Analyzed: 

Source Name: J &nd a mdth&u 
Loca t i on : Leu&- - U '  4 Ks'-999 Rmd, 

/o Y d W  ,tid&d4P bC /A, IZ i !bd  

13. Skid  Resistance In fo rma t ion  

SGXFACE TYPE # M & C 

Loca t ion  o f  Test  T r a f f i c  Log Log o f  T r a f f i c  
Sect ion  Tested Date SN40 Per Lane 

v SN40 Per Lane 

s#-g f i  SH-/9 
;to Joe Cr. 5/7{ 48 33, a00 1 . 6 9  4, 52 

st/-% .fwm. Joe Cr. 
b K C R E  6 /73 43 Us/, 700 /, b 3  4'# 6 3' 

T o t a l  V e h i c l e  Passes per Lane i n  the  Expecced S t r u c t u r a l  L i f e  o f  che Hishway 
t o  be Treated (TVPPL) 

Est imated Years o f  Serv ice  (EYs) = 
Present  ADT (PADT) = 
Fu tu re  ADT a t  t he  End o f  the S t r u c t u r a l  L i f e  (FADT) = 
Percent  D i s t r i b u t i o n  o f  T r a f f i c  f o r  Most Heav i l y  
Trave led Lane (PDT) = 

PADT+FADT) (PDT) 
TVPPL = ~YS(365)  ( TVPPL = 

 LO^ TVPPL = 6 , / 3 b  

Skid  Resistance a t  Expected S t r u c t u r a l  L i f e  Log SN a t  I n t e r s e c t i o n  
40 

P o i n t  (See a t tached  p l o t )  = / 5 7  
A n t i l o g  o f  SN a t  the  l n t e r s e c t i o n  P o i n t  ( o r S ~  a t  the End 

40 40 
o f  the Expected S t r u c t u r a l  ~ i f e )  = -q- 37 



EXAMPLE 
FIELD PERFORMCE DATA SAMPLE 

COARSE AGGREGATE MATERIALS SOURCE - J.8Q. MATERIALS-LOB COUNTY 
PAVEMENT TYPE-TYPE 0-HMAC 

LOG.-TOTAL VEHICLE PASSES PER LANE 



R i g i d  Pavements 

The e x i s t i n g  s p e c i f i c a t i o n s  adequate ly  cover  t h e  requ i rements  f o r  o b t a i n i n g  

s k i d  r e s i s t a n t  s u r f a c e s  on P o r t l a n d  Cement Concrete  pavements. R i g i d  pavement 

s h a l l  meet the  f o l l o w i n g  i tems o c c u r r i n g  i n  t h e  Standard S p e c i f i c a t i o n s .  

A. Labora to ry  Tes ts  

Minimum I n s o l u b l e  
Residue Value f o r  
F i n e  Aggregate 

Minimum T e x t u r e  i n  
Inches from 

Sand Patch T e s t  

0.025 - Pavements 

0.035 - B r i d g e  Decks 



Chapter 4. Annual Report 

A r e p o r t  of t h e  highway s a f e t y  improvement program is requ i r ed  

annual ly.  A p a r t  of t h i s  r e p o r t  is t h e  s k i d  acc ident  r educ t ion  

program. Of b a s i c  i n t e r e s t  i n  t h e  annual r e p o r t  f o r  t h e  s k i d  

acc iden t  reduct ion  program is s k i d  prone s i t e s  and t h e  e f f i c i e n c y  

of t rea tment .  The F i e l d  Sa fe ty  Review Team i n  each D i s t r i c t  

should submit i t s  r epor t  t o  t h e  Chairman of t h e  Highway T r a f f i c  

Safe ty  Sect ion f o r  consol ida t ion  and f u r t h e r  submission. The D i s t r i c t  

r epo r t  should be de l ive red  about November of each yea r  and should 

be based on t h e  previous yea r s  d a t a .  

Report Type 1 and Report Type 2 a t t ached  should be used i n  r epo r t ing .  

Report Type 1 w i l l  c o n s i s t  of a s i n g l e  page annual ly .  The r e p o r t  

c o n s i s t s  of  D i s t r i c t  i d e n t i f i c a t i o n  an3 a summary of t h e  number 

of l o c a t i o n s  f o r  bo th  spot  and c o n t r o l  s e c t i o n s .  Since t h e  

acc iden t  r e p o r t  f i l e  f o r  a given year  is no t  completed u n t i l  about 

September of t h e  fol lowing year  t h e  "Current year"  noted  i n  t h e  

r e p o r t ( s )  w i l l  concern the  year  ending about n ine  months e a r l i e r .  

For example, t h e  compiling of t h e  acc ident  information f o r  t h e  

"Current Year" 1973 w i l l  n o t  be completed and a v a i l a b l e  u n t i l  around 

September, 1974. Therefore,  t h e  annual r epo r t  f o r  t h e  "Current 

Year" 1973 would be submitted around November, 1974. 

Report Type 2 should be submitted with r e p o r t  Type 1 bu t  w i l l  

concern t h e  l o c a t i o n s  i n  which c o r r e c t i v e  a c t i o n  was i n i t i a t e d  one 

year  p r i o r  t o  t h e  "Current Year". I n  t h i s  manner t h e  acc iden t  

information a t  l e a s t  one yea r  before  t rea tment  and t h e  acc iden t  

information a t  l e a s t  one yea r  a f t e r  t reatment  can be revea led .  

One s h e e t  of Report Type 2 should be submitted f o r  each l o c a t i o n .  

11 For example, assuming a Current Year" 1973 where c o r r e c t i v e  



a c t i o n  was i n i t i a t e d  a t  a  l o c a t i o n  i n  February,  1972 t h e  "before  

t rea tment"  a cc iden t  in format ion  should c o n s i s t  o f :  

d a t a  between January  1, 1971 t o  December 31, 1971 
January  1, 1972 t o  t r e a tmen t  d a t e  February 1972.  

A f t e r  t r ea tment  in format ion  should  c o n s i s t  o f :  

d a t a  between Treatment d a t e  February,  1972 t o  December 31,  1972 
January  1, 1973 t o  December 31, 1973. 

Since e x a c t  l o c a t i o n  i s  no t  of  i n t e r e s t ,  t h e  l o c a t i o n s  f o r  any g iven  

y e a r  should be numbered i n  consecu t ive  o r d e r .  The f u l l  l o c a t i o n  

number would be : 

D i s t r i c t  Number - Year Treatment Imposed - Consecut ive  No. 

A b r i e f  d e s c r i p t i o n  of c o r r e c t i v e  a c t i o n  may i n c l u d e  i t ems  such a s  

s i g n i n g ,  s e a l  course  p l aced ,  a s p h a l t i c  c o n c r e t e  o v e r l a y  p l aced ,  

supe re l eva t i on  improved, e t c  . O r ,  c o r r e c t i v e  a c t i o n  may i n c l u d e  

s e v e r a l  i t e m s .  I f  t h e  s u r f a c e  w a s  improved, t h e  b e f o r e  and a f t e r  

s k i d  numbers would b e  of i n t e r e s t .  

On many con t ro l - s ec t i ons  t he  en tF re  l e n g t h  may n o t  r e q u i r e  c o r r e c t i v e  

a c t i o n .  I n  any e v e n t ,  an e s t ima t e  of t h e  percen tage  of l e n g t h  t r e a t e d  

would be  o f  i n t e r e s t .  I f  t h e  information i s  available, an e s t i m a t e  

of t he  c o s t  o f  t r e a tmen t  would be  h e l p f u l  i n  an a n a l y s i s  f o r  f u t u r e  

a c t i o n .  



Figure  4 

Annual Report 

Yearly 

of the  

Skid Accident Reduction Program 

f o r  

D i s t r i c t  No. 

D i s t r i c t  Location 

f o r  

Current Year 19  

Summary 

Number of hazardous spot  l o c a t i o n s  s e l e c t e d  by t h e  computer = 

Number o f  s p o t  l o c a t i o n s  considered hazardous a f t e r  a n a l y s i s  = 

Number of spot  l o c a t i o n s  considered hazardous f o r  which 
c o r r e c t i v e  procedures have been e s t a b l i s h e d  = 

Number of hazardous Control  Sect ions s e l e c t e d  by t h e  computer = . 
Number of Control  Sect ions considered hazardous a f t e r  a n a l y s i s  = 

Number of Control  Sec t ions  considered hazardous f o r  which 
c o r r e c t i v e  procedures have been e s t a b l i s h e d  = 

Comments : 



F i g u r e  5 

Report  

f o r  

Loca t ions  Considered Hazardous 

Two Years  P r i o r  t o  Cur ren t  Year 

Current  Year is 19 

Locat ion Number 
Spot o r  C o n t r o l  S e c t i o n  
( C i r c l e  A p p r o p r i a t e  S i t e  Type) 

Number of Wet Pavement Accidents  Before  Treatment  

3 19 and 
- Be tween - 

3 19- - 
, 19 an d - Between - 19- - 

T o t a l  No. 

Number of Wet Pavement Accidents  A f t e r  Treatment  

Between 9 19 an d  - - 19- - 

Between , 19 and - - , 19- - 

T o t a l  No. 

B r i e f  D e s c r i p t i o n  of C o r r e c t i v e  Action : 

For Cont ro l  S e c t i o n s  s ta te  approximate  p e r c e n t  of l e n g t h  t r e a t e d :  

Comments : 
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U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL HIGHWAY ADMINISTRATION 

WASHINGTON. D.C. 20590 

INSTRUCTIONAL MEMORANDUM 21- 2 -73 
HNG-23 

July 19, 1973 

SUBJECT: Sk id  Accident  Reduct ion Program 

SUPERSEDES: I n s t r u c t i o n a l  Memorandum 21-3-68 d a t e d  A p r i l  29,  1968 

Pavement s k i d  r e s i s t a n c e  i s  one of many e lements  t h a t  need t o  be 
recognized  i n  p r o v i d i n g  a  s a f e  highway. I t  i s  of s u f f i c i e n t  importance 
t h a t  a l l  p r a c t i c a l  measures should be t aken  t o  i n s u r e  t h a t  pavement 
s u r f a c e s  a r e  c o n s t r u c t e d  and main ta ined  w i t h  t h e  b e s t  s k i d  r e s i s t a n c e  
p r o p e r t i e s  t h a t  c a n  f e a s i b l y  be provided and t h a t  s e c t i o n s  o f  pavement 
w i t h  inadequa te  s k i d  r e s i s t a n c e  p r o p e r t i e s  be i d e n t i f i e d  and c o r r e c t e d .  

Highway S a f e t y  Program Standard  12,  i s s u e d  by t h e  S e c r e t a r y  o f  
T r a n s p o r t a t i o n  June 27,  1967, s t a t e s  t h a t  e v e r y  S t a t e  s h a l l  have a  
program o f  highway d e s i g n ,  c o n s t r u c t i o n  and maintenance t o  improve 
highway s a f e t y .  Th is  program s h a l l  p rov ide  t h a t :  "(D.) There a r e  
s t a n d a r d s  f o r  pavement d e s i g n  and c o n s t r u c t i o n  w i t h  s p e c i f i c  
p r o v i s i o n s  f o r  h igh  s k i d  r e s i s t a n c e  q u a l i t i e s ,  and (E.) There i s  
a  program f o r  r e s u r f a c i n g  o r  o t h e r  s u r f a c e  t r e a t m e n t  w i t h  emphasis on 
c o r r e c t i o n  of l o c a t i o n s  o r  s e c t i o n s  o f  s t r e e t s  and highways w i t h  low 
s k i d  r e s i s t a n c e  and h i g h  o r  p o t e n t i a l l y  h i g h  a c c i d e n t  r a t e s  s u s c e p t i b l e  
t o  r e d u c t i o n  by p rov id ing  improved s u r f a c e s . "  I n  response  t o  t h i s  
s t a n d a r d ,  each S t a t e  i s  expec ted  t o  develop a  program t o  r e f l e c t  t h e  
i n d i v i d u a l  needs and c o n d i t i o n s  of t h e  S t a t e ,  b u t  a s  minimum s h a l l  
i n c l u d e  : 

1. An e v a l u a t i o n  of c u r r e n t  pavement d e s i g n ,  c o n s t r u c t i o n  
and maintenance p r a c t i c e s  t o  i n s u r e  t h a t  t h e  s k i d  
r e s i s t a n c e  p r o p e r t i e s  a r e  s u i t a b l e  f o r  t h e  needs  o f  
t r a f f i c .  

2. A s y s t e m a t i c  procedure  f o r  t h e  i d e n t i f i c a t i o n  and 
c o r r e c t i o n  of hazardous  s k i d  prone l o c a t i o n s .  

The s k i d  r e s i s t a n c e  e v a l u a t i o n  f o r  b i tuminous pavements i s  t o  i n c l u d e  
a  d e t e r m i n a t i o n  t h a t  t h e  a g g r e g a t e  used i n  t h e  top  l a y e r  of f u t u r e  
pavements i s  c a p a b l e  of p rov id ing  adequa te  s k i d  r e s i s t a n c e  p r o p e r t i e s ,  
when i n c o r p o r a t e d  i n  t h e  p a r t i c u l a r  mix and t h a t  t h e  mix i s  c a p a b l e  
o f  p rov id ing  s u f f i c i e n t  s t a b i l i t y  t o  i n s u r e  t h e  d u r a b i l i t y  of t h e  
s k i d  r e s i s t a n c e .  The e v a l u a t i o n  f o r  PCC pavements i s  t o  i n c l u d e  a  
d e t e r m i n a t i o n  t h a t  t h e  f i n i s h i n g  p rocedures ,  mix d e s i g n  and a g g r e g a t e  
p rov ide  t h e  i n i t i a l  t e x t u r e  and necessa ry  s u r f a c e  d u r a b i l i t y  t o  i n s u r e  



adequa te  s k i d  r e s i s t a n c e .  M a t e r i a l s  and des igns  r e s u l t i n g  i n  s u r f a c e s  
which have proven t o  be nondurable  w i th  inadequa te  s k i d  r e s i s t a n c e  
p r o p e r t i e s  a r e  n o t  t o  be approved f o r  Fede ra l - a id  p r o j e c t s .  A guide 
f o r  t he  e v a l u a t i o n  of  pavement de s ign ,  c o n s t r u c t i o n  and maintenance 
p r a c t i c e s  i s  a t t a c h e d .  

PPM 21-16,  Highway S a f e t y  Improvement Program, May 3 ,  1972, c a l l s  f o r  
among o t h e r  th ing9  a  t r a f f i c  r e co rds  system which c o r r e l a t e s  a c c i d e n t  
exper ience  w i th  highway d a t a .  These d a t a ,  a long  wi th  a  s p e c i a l  review 
of  wet weather  acc iden t .  and t h e  measurement of pavement f r i c t i o n a l  
c h a r a c t e r i s t i c s  a t  p a r t i c u l a r  l o c a t i o n s ,  should be used i n  de te rmin ing  
t h e  l o c a t i o n s  of s k i d  prone l o c a t i o n s  and needed c o r r e c t i v e  work. 

Sk id  Res i s t ance  Measurement 

I n  o r d e r  t o  f u l l y  unders tand and e v a l u a t e  c u r r e n t  pavement des ign  and t o  
e s t a b l i s h  a l o g i c a l  program f o r  t he  c o r r e c t i o n  of s k i d  prone l o c a t i o n s ,  
i t  i s  e s s e n t i a l  t h a t  each S t a t e  have a  program of making s k i d  r e s i s t a n c e  
measurements. S u f f i c i e n t  measurement da t a  should be a v a i l a b l e  t o  enab l e  
t h e  de s igne r  t o  a c c u r a t e l y  p r e d i c t  t he  s k i d  r e s i s t a n c e  performance of 
a  given pavement mix des ign  u t i l i z i n g  a  p a r t i c u l a r  agg rega t e  o r  
aggrega tes  and c o n s t r u c t e d  accord ing  t o  an  accep ted  procedure .  

A s t a t ewide  inven tory  of s k i d  r e s i s t a n c e  measurements i s  c a l l e d  f o r  by 
t h e  Nat iona l  Emphasis Program of t he  Highway S a f e t y  Program Management 
#Guide i s sued  by t h e  Fede ra l  Highway Adminis t ra t ion .  Th is  i nven to ry  i s  
t o  be e s t a b l i s h e d  and i n  ope ra t i on  by December 31, 1975. , 

The i n i t i a l  de t e rmina t i ons  of s k i d  numbers and s k i d  r e s i s t a n c e  speed 
g r a d i e n t s ,  a s  de sc r i bed  i n  t he  a t t a chmen t ,  should be made on a  s e l e c t e d  
sample of s u r f a c e  r e p r e s e n t a t i v e  of t h e  va r i ous  combinat ions  of mix 
de s igns ,  agg rega t e s  and c o n s t r u c t i o n  procedures  f o r  pavements which 
have been exposed t o  s u f f i c i e n t  t r a f f i c  t o  a l l ow  an a p p r a i s a l  of the  
s k i d  r e s i s t a n c e  performance.  Th i s  in format ion  can then  be used t o  
e s t i m a t e  t h e  c o n d i t i o n  of t he  remaining pavement f o r  similar c o n d i t i o n s  
of s u r f a c i n g  and t r a f f i c ,  and t o  determine probable  c r i t i c a l  l o c a t i o n s .  
Add i t i ona l  s k i d  measurement e f f o r t s  should then be d i r e c t e d  toward 
those  found d e f i c i e n t  i n  t he  i n i t i a l  de te rmina t ion  de sc r i bed  above. 
These de t e rmina t i ons  should be completed a s  an  e a r l y  p a r t  of t h e  above 
i n d i c a t e d  i nven to ry  work. Pavement s u r f a c e s  should be t e s t e d  wi th  a  
s k i d  t r a i l e r  fo l lowing  procedures  o u t l i n e d  i n  ASTM E?74- 70"Standard 
Method of Tes t  f o r  Sk id  Res i s t ance  of Paved Sur faces  Using a  F u l l  S c a l e  
Tire"  o r  w i th  a n  e q u i v a l e n t  dev ice  which w i l l  g i v e  comparab l e  r e s u l t s .  



C o r r e c t i v e  Measures 

A l o c a t i o n  i n  need of a  thorough eng inee r i ng  e v a l u a t i o n  f o r  c o r r e c t i v e  
a c t i o n  may be i d e n t i f i e d  by a  h igh  f requency of wet weather  a c c i d e n t s ,  
by a  low s k i d  number, o r  by a  combination of t h e  two. Once t h e  l o c a t i o n  
i s  i d e n t i f i e d ,  an  examinat ion of t h e  o v e r a l l  geometric c o n d i t i o n s  i n  
t h e  v i c i n i t y  of t h e  a c c i d e n t s  i s  i n  o rde r .  Study should  be g iven  t o  
t h e  a l ignments ,  s i g n i n g ,  g r a d e s ,  d r a inage ,  c r o s s  s e c t i o n  and super -  
e l e v a t i o n ,  s k i d  r e s i s t a n c e ,  o b s t a c l e s ,  t r a f f i c  volume, percen tage  of 
time t h e  pavement i s  we t ,  and t h e  l i k e l i h o o d  of sudden v e h i c u l a r  
maneuvers, Such a  s t udy  w i l l  r e v e a l  d e f i c i e n c i e s  i n  t he  a r e a s  and 
sugges t  a p p r o p r i a t e  c o r r e c t i v e  work. 

Each S t a t e  should s e t  up g e n e r a l  g u i d e l i n e s  based on t h e i r  s p e c i f i c  
c o n d i t i o n s  f o r  t h e  i d e n t i f i c a t i o n  of highway s e c t i o n s  on which a  
thorough eng ineer ing  e v a l u a t i o n  w i l l  be made. Such gu ides  should 
r e f l e c t  t h e  t o t a l  pavement s k i d  c o n d i t i o n s  w i t h i n  t h a t  S t a t e ,  
i nc lud ing  the  a v a i l a b l e  s k i d  r e s i s t a n c e  da t a  and measurement methods, 
and a  p r a c t i c a l  s k i d  r e s i s t a n c e  l e v e l  t h a t  w i l l  i n d i c a t e  those  
s e c t i o n s  w i th  p r i o r i t y  needs f o r  i n c l u s i o n  i n  an e a r l y  c o r r e c t i v e  
program. 

Fede ra l - a id  Fund P a r t i c i p a t i o n  

The c o s t s  t o  provide new o r  r e cons t ruc t ed  pavements wi th  d e s i r a b l e  
s k i d  r e s i s t a n c e  q u a l i t i e s  a r e  e l i g i b l e  i t ems  f o r  Fede ra l - a id  funds 
a s  a p p l i c a b l e  f o r  t h e  sy s  tem concerned. 

Fede ra l - a id  p a r t i c i p a t i o n  i n  work t h a t  i s  j u s t i f i e d  only by s k i d  
r e s i s t a n c e  measurements w i l l  be l i m i t e d  t o  c o r r e c t i v e  t r e a tmen t  of  t he  
pavement s u r f a c e .  Th is  work may c o n s i s t  of grooving p o r t l a n d  cement 
c o n c r e t e  o r  t h e  a d d i t i o n  of a  t h i n  ove r l ay  ( l e s s  than 1-112 inches  i n  
t h i cknes s )  of bituminous m a t e r i a l  s p e c i f i c a l l y  designed t o  p rov ide  t h e  
d e s i r e d  s k i d  r e s i s t a n c e  q u a l i t i e s .  The a d d i t i o n  of minor mod i f i c a t i ons  
t o  t he  pavement c r o s s  s e c t i o n ,  such a s  c o r r e c t i o n s  of d e f i c i e n t  super -  
e l e v a t i o n  may be inc luded .  Work invo lv ing  more e x t e n s i v e  mod i f i c a t i ons  
than  no ted  above w i l l  fo l low t h e  procedures  o u t l i n e d  i n  paragraph 4a 
of PPM 21-16. 

To be e l i g i b l e  f o r  F e d e r a l - a i d ,  t h e  l i n e a r  e x t e n t  of c o r r e c t i v e  work 
should no t  be l e s s  than  500 f e e t  on any l ane  o r  pavement, excep t  t h a t  
such work may be of l e s s  l eng th  a t  i n t e r s e c t i o n s  of c r o s s i n g  highways 
o r  s t r e e t s .  Work on pavements of c r o s s i n g  highways and s t r e e t s  t h a t  
a r e  n o t  a  p a r t  of a  Fede ra l - a id  system may be inc luded  a s  a  p a r t  of 
t h e  Federa l -a id  p r o j e c t  f o r  a  d i s t a n c e  no t  t o  exceed 50 f e e t  beyond 
t he  r i g h t - o f  -way of  t he  Fede ra l - a id  highway. 



Program Repor t s  

I n  accordance  wi th  pa ragraph  6 of  PPM 21-16, each  S t a t e  i s  t o  a n n u a l l y  
e v a l u a t e  i t s  highway s a f e t y  improvement program and p r o v i d e  c o p i e s  of 
a  summary r e p o r t  t o  t h e  F e d e r a l  Highway A d m i n i s t r a t i o n .  The p r o g r e s s  
and t h e  s t a t u s  o f  t h e  S t a t e s '  s k i d  a c c i d e n t  r e d u c t i o n  program on a l l  
F e d e r a l - a i d  system highways shou ld  be  c l e a r l y  i n d i c a t e d .  

The d i v i s i o n  e n g i n e e r  is  expec ted  t o  moni to r  t h e  S t a t e s '  s k i d  r e s i s t a n c e  
improvement program on a  c o n t i n u i n g  b a s i s ,  r ev iewing  i t  f o r  r e a s o n a b l e -  
n e s s  and s e e i n g  t h a t  i t  i s  implemented a t  t h e  e a r l i e s t  p o s s i b l e  d a t e .  
The d i v i s i o n  e n g i n e e r  must be a s s u r e d  t h a t  a l l  f u t u r e  PSbrE's i n v o l v i n g  
s u r f a c e  c o u r s e s  w i l l  p rov ide  f o r  t h e  o b j e c t i v e s  i n c l u d e d  i n  t h i s  
memorandum. 

I Norber t  T. Tiemann 
F e d e r a l  Highway A d m i n i s t r a t o r  

At t a c  hmen t 



Attachment t o  IM 21- 2-73  

GUIDE FOR THE EVALUATION OF CURRENT PAVEMENT PRACTICES 
TO ATTAIN SKID RESISTANT QUALITIES 

Sk id  R e s i s t a n c e  Elements 

A d e s i r a b l e  s u r f a c e ,  from t h e  s a f e t y  s t a n d p o i n t ,  i s  one which: ( a )  
develops  a  l a r g e  amount of f r i c t i o n  between t h e  t i r e  and pavement, (b )  
h a s  s u f f i c i e n t  s u r f a c e  v o i d s  t o  p reven t  b u i l d u p  of wa te r  p r e s s u r e  a t  
t h e  t i re-pavement  i n t e r f a c e  a t  t h e  speed of t r a f f i c ,  and ( c )  i s  c a p a b l e  
o f  r e t a i n i n g  t h e s e  p r o p e r t i e s  under t r a f f i c  and env i ronmenta l  c o n d i t i o n s  
throughout  t h e  l i f e  of t h e  s u r f a c e .  The s i z e ,  shape ,  and  arrangement  
o f  p a r t i c l e s  on t h e  s u r f a c e  a s  w e l l  a s  t h e  s u r f a c e  c h a r a c t e r i s t i c s  o f  
t h e  i n d i v i d u a l  p a r t i c l e s  c o n t r o l  s k i d  r e s i s t a n c e  q u a l i t i e s .  T h e r e f o r e ,  
m a t e r i a l  p r o p e r t i e s ,  mix d e s i g n  and c o n s t r u c t i o n  t e c h n i q u e s  a r e  a l l  
c r i t i c a l  t o  t h e  development o f  a  good s k i d  r e s i s t a n t  s u r f a c e .  

Pavement mix d e s i g n s  and s u r f a c e  f i n i s h e s ,  f o r  b o t h  new c o n s t r u c t i o n  
and r e s u r f a c i n g ,  shou ld  be such a s  t o  p rov ide  a  s u f f i c i e n t l y  h igh  l e v e l  
o f  i n i t i a l  s k i d  r e s i s t a n c e  t o  i n s u r e  adequa te  s k i d  r e s i s t a n c e  p r o p e r t i e s  
a t  t h e  end o f  t h e  l i f e  o f  t h e  s u r f a c i n g ,  a l l o w i n g  f o r  l o s s  i n  s k i d  
r e s i s t a n c e  from t r a f f i c  and a n t i c i p a t e d  l o s s  o f  v o i d s  from c o n s o l i d a t i o n  
o r  wear.  

High t r a f f i c  volumes and t h e  occur rence  of h i g h  p e r c e n t a g e s  of wet 
weather  t ime i n c r e a s e  t h e  p r o b a b i l i t y  o f  a c c i d e n t s  i n v o l v i n g  s k i d d i n g  
and hence j u s t i f y  a d d i t i o n a l  c o s t s  t o  i n s u r e  t h e  p r o v i s i o n  and r e t e n t i o n  
of h i g h  s k i d  r e s i s t a n c e  p r o p e r t i e s .  Only p o l i s h  r e s i s t a n t  a g g r e g a t e s  
c a p a b l e  o f  m a i n t a i n i n g  h i g h  s k i d  r e s i s t a n c e  under  heavy t r a f f i c  volumes, 
and mix des igns  and f i n i s h i n g  p rocedures  which produce adequa te  t e x t u r e  
i n i t i a l l y  and a r e  c a p a b l e  o f  r e s i s t i n g  c o n s o l i d a t i o n  and wear shou ld  be 
used f o r  h i g h  volume r o a d s .  

Roads s e r v i n g  low speed t r a f f i c  ( o p e r a t i n g  speed l e s s  t h a n  40 mph) on 
which t h e r e  a r e  f r e q u e n t  s t o p s  and s e v e r e  c o r n e r i n g  maneuvers,  r e q u i r e  
a  h i g h  l e v e l  of f r i c t i o n  a t  low speeds .  High s k i d  r e s i s t a n c e  a t  h i g h  
speed i s  n o t  s o  impor tan t  on t h e s e  r o a d s .  High speed c o n d i t i o n s  r e q u i r e  
t h e  a v a i l a b i l i t y  of adequa te  f r i c t i o n  a t  h i g h  speed f o r  n e c e s s a r y  
maneuvers. A s u r f a c e  may prov ide  adequate  f r i c t i o n  a t  low s p e e d s ,  y e t  be 
inadequa te  f o r  h i g h  speed c o n d i t i o n s .  Pavement s u r f a c e s ,  t h e r e f o r e ,  
shou ld  be des igned  on t h e  b a s i s  o f  t h e  p r o p e r t i e s  measured a t  t h e  expec ted  
o p e r a t i n g  speeds .  G e n e r a l l y ,  s u r f a c e s  which p r o v i d e  adequa te  f r i c t i o n  
f o r  h i g h  speed c o n d i t i o n s  w i l l  a l s o  be adequa te  f o r  low speed o p e r a t i o n s .  

Adequate s k i d  r e s i s t a n c e  p r o p e r t i e s  f o r  h i g h  speed t r a f f i c  c o n d i t i o n s  
r e q u i r e  b o t h  t h e  p r o v i s i o n  o f  adequa te  f r i c t i o n  and t h e  p r o v i s i o n  o f  
adequa te  d r a i n a g e  channe l s  between t h e  t i r e  and pavement s u r f a c e  o r  



i n t o  t h e  pavement s u r f a c e  under t h e  t i r e  i m p r i n t ,  t o  p r e v e n t  t h e  b u i l d u p  
of e x c e s s i v e  wa te r  p r e s s u r e  a t  h i g h  speed.  Th is  d r a i n a g e  p o t e n t i a l  i s  
recognized  a s  a  n e c e s s a r y  p r o p e r t y  f o r  adequa te  s k i d  r e s i s t a n c e  a t  h i g h  
speed.  The s u b j e c t  i s  d i s c u s s e d  i n  c o n s i d e r a b l e  d e t a i l  i n  NCHRP 
Report  37, " T e n t a t i v e  Sk id  R e s i s t a n c e  Requirements f o r  Main Rura l  
Highways," quoted a s  fo l lows :  

"The r e a l i z a t i o n  t h a t  t h e  s l i p  and s k i d  r e s i s t a n c e  l e v e l  of 
any one pavement s u r f a c e  i s  c h a r a c t e r i z e d  by two, and 
obv ious ly  independen t ,  s u r f a c e  p r o p e r t i e s ,  i s  of g r e a t  
importance t o  t h e  pavement d e s i g n e r ,  t h e  t e s t e r  o p e r a t o r ,  
and t h e  maintenance p e r s o n n e l .  I t  cannot  be overemphasized 
t h a t  a  h i g h  pavement f r i c t i o n  p o t e n t i a l  (produced by a  
g r i t t y  o r  s a n d p a p e r - l i k e  t e x t u r e )  i s  a  necessary--and f o r  
speeds  below, s a y ,  40 mph a  s u f f i c i e n t - - c o n d i t i o n  f o r  
adequa te  s l i p  and s k i d  r e s i s t a n c e  l e v e l s ,  bu t  t h a t  a  h i g h  
f r i c t i o n  and d r a i n a g e  p o t e n t i a l  ( t h e  l a t t e r  produced by 
a g g r e g a t e  w i t h  a  minimum g r a d a t i o n  of 1 /4  i n c h )  i s  needed 
t o  a l s o  a s s u r e  good s l i p  and s k i d  r e s i s t a n c e  a t  h i g h  v e h i c l e  
speeds  ." 

Skid  Number-Speed G r a d i s  - 
Adequate m a c r o t e x t u r e ,  which reduces  t h e  l o s s  i n  s k i d  r e s i s t a n c e  by 
e n a b l i n g  t h e  pavement s u r f a c e  t o  p reven t  t h e  b u i l d u p  of h i g h  wate r  
p r e s s u r e  under t h e  t i r e  i m p r i n t ,  i s  a  n e c e s s a r y  p r o p e r t y  i n  t h e  p rov i -  
s i o n  of good s k i d  r e s i s t a n t  q u a l i t i e s  of a  pavement s u r f a c e  f o r  h i g h  
speed c o n d i t i o n s .  High wet weather  s k i d d i n g  a c c i d e n t  r a t e s  have been 
shown t o  r e s u l t  from inadequa te  macro tex tu re .  

The s k i d  number-speed g r a d i e n t  has  been c o r r e l a t e d  w i t h  t h e  v a r i o u s  
macro tex tu re  measuring procedures  ( sand p a t c h ,  g r e a s e  p a t c h ,  ou t f low 
m e t e r ,  e  t c  . ) . I t  a l s o  i s  a f f e c t e d  by  i n t e r n a l  d ra inage  i n t o  t h e  
pavement s u r f a c e  which might n o t  be i d e n t i f i e d  by t h e s e  p rocedures .  
Speed g r a d i e n t s  measured under a c t u a l  f i e l d  t e s t  c o n d i t i o n s  of speed 
and wate r  l a y e r  t h i c k n e s s  a r e ,  t h e r e f o r e ,  more i n d i c a t i v e  of t h e  t r u e  
p r o p e r t i e s  impor tan t  t o  s k i d  r e s i s t a n c e  than  a r e  t h e  c o n v e n t i o n a l  
macro tex tu re  measur ing p rocedures .  Such speed g r a d i e n t  measurements 
a r e  accomplished by c o n v e n t i o n a l  methods used t o  determine s k i d  
numbers. 

The s k i d  number-speed g r a d i e n t  (G) i s  a  r a t i o  of t h e  change i n  s k i d  
number r e s u l t i n g  from a  change i n  speed t o  t h a t  change i n  speed .  One 
method of d e s c r i b i n g  t h e  g r a d i e n t  i s  by t h e  e q u a t i o n :  

GA-B = SNA-SNB , where A and B a r e  t h e  t e s t  
B -A 

speeds  a t  b ! i i ch  t h e  s k i d  number i s  determined.  



A low g r a d i e n t  a s  determined by t h i s  e q u a t i o n ,  i s  i n d i c a t i v e  o f  l i t t l e  
change i n  s k i d  number w i t h  change i n  apeed. For h i g h  speed o p e r a t i o n  
a  low speed g r a d i e n t  a s  w e l l  a s  a  h i g h  s k i d  number i s  a  d e s i r a b l e  
c h a r a c t e r i s t i c .  

The amount o f  i n c r e a s e  i n  speed  g r a d i e n t  w i t h  t r a f f i c  usage i s  a n  
i n d i c a t i o n  o f  t h e  e x t e n t  of mix c o n s o l i d a t i o n  f o r  b i tuminous s u r f a c e s  
and o f  c o a r s e  t e x t u r e  wear f o r  PCC pavement, Thus, knowledge of t h e  
behav ior  of t h e  speed g r a d i e n t  and s k i d  number under  t r a f f i c  exposure  
p e r m i t s  a n  e v a l u a t i o n  of t h e  r a t e  and cause  of d e t e r i o r a t i o n  o f  s u r -  
f a c e  s k i d  r e s i s t a n c e  p r o p e r t i e s  of v a r i o u s  combinat ions  o f  a g g r e g a t e ,  
mix d e s i g n  and c o n s t r u c t i o n .  

The t r e a d  on t h e  s t a n d a r d  t i r e  used on most s k i d  t r a i l e r s  p r o v i d e s  some 
d r a i n a g e  channe l s  f o r  w a t e r  between t h e  t i r e  and t h e  pavement s u r f a c e .  
A t i r e  w i t h  l e s s  t r e a d  than t h e  s t a n d a r d  t i r e  would s u f f e r  a  l a r g e r  l o s s  
i n  s k i d  r e s i s t a n c e  a t  h i g h e r  speeds  than  t h e  s t a n d a r d  t i r e  on a  wet 
s u r f a c e  w i t h  a  h igh g r a d i e n t .  However, t h i s  same t i r e  c o u l d  r e t a i n  t h e  
same s k i d  r e s i s t a n c e  as t h e  s t a n d a r d  t i r e  on a  s u r f a c e  w i t h  a  low 
g r a d i e n t .  A s  a n  example, d a t a  from a  c o r r e l a t i o n  s t u d y  i n d i c a t e s  t h a t  
a  r e l a t i v e l y  dense g raded  s u r f a c e  w i t h  a  s k i d  number o f  40 measured a t  
40 mph, w i t h  a  s t a n d a r d  ASTM t i r e  and a  speed g r a d i e n t  from 40 t o  50 mph 
of .4 would p rov ide  a  s k i d  number of on ly  27  t o  a  smooth t i r e  a t  50 mph. 
An open graded s u r f a c e  w i t h  a  g r a d i e n t  from 40 t o  50 mph of .15 and t h e  
same s k i d  number o f  40 measured a t  40 mph w i t h  a  s t a n d a r d  ASTM t i re  
would p rov ide  a  s k i d  number of 38 t o  a  smooth t i r e  a t  50 mph. Th is  
i l l u s t r a t e s  t h e  l a r g e  d i f f e r e n c e  i n  f r i c t i o n  a v a i l a b l e  t o  a  v e h i c l e  
t i r e  under a c t u a l  o p e r a t i n g  c o n d i t i o n s  t h a t  c o u l d  occur  f o r  two pave- 
ment s u r f a c e s  w i t h  t h e  same s k i d  number a s  measured by t h e  s t a n d a r d  
procedure  b u t  w i t h  d i f f e r e n t  s u r f a c e  v o i d  p r o p e r t i e s  a s  i n d i c a t e d  by 
t h e  speed g r a d i e n t ,  The d i f f e r e n c e  a t  h i g h e r  speeds  would be much 
l a r g e r  t h a n  t h e  e l e v e n  (38  minus 2 7 )  s k i d  numbers a t  50 mph. T h i s  i s  
a  m a t t e r  o f  g r e a t  importance i n  c o n s i d e r a t i o n  o f  t h e  l a r g e  number o f  
v e h i c l e s  invo lved  i n  s k i d d i n g  a c c i d e n t s  which have low t r e a d  dep th  o r  
which a r e  t r a v e l i n g  a t  h i g h e r  speeds .  

Skid  numbers should d e s i r a b l y  be measured a t  t h e  p o s t e d  speed l i m i t  
o r  a  maximum of 7 0  mph. When a v a i l a b l e  equipment cannot  be  o p e r a t e d  a t  
t h e  pos ted  speed ,  measurements made a t  lower speeds  may be used w i t h  
t h e  a c t u a l  speed g r a d i e n t  determined , f r  t h e  p a r t i c u l a r  pavement 
s u r f a c e  t o  e s t i m a t e  t h e  s k i d  number f o r  h i g h e r  speed.  

A ~ g r e g a t e  , Mixes and C o n s t r u c t i o n  Methods -- 
Only g r a d a t i o n s ,  mixes and c o n s t r u c t i o n  methods s p e c i f i c a l l y  d i r e c t e d  
toward s k i d  r e s i s t a n c e  p r o p e r t i e s  shou ld  be  used f o r  pavement s u r f a c e s .  
T h e r e f o r e ,  c u r r e n t  pavement s p e c i f i c a t i o n s ,  a v a i l a b l e  m a t e r i a l s ,  mix 
des igns  and c o n s t r u c t i o n  methods should be examined t o  determine i f  t h e  



r e s u l t i n g  pavement s u r f a c e s  p rov ide  and main ta in  proper  s k i d  r e s i s t a n c e  
p r o p e r t i e s .  Th is  examinat ion should  i nc lude  t h e  de t e rmina t i on  of t h e  
f r i c t i o n a l ,  p o l i s h i n g  and d u r a b i l i t y  c h a r a c t e r i s t i c s  of s u r f a c e  cou r se  
a g g r e g a t e s ,  mixes and f i n i s h i n g  procedures .  Such t e s t s  a s  t h e  i n s o l u b l e  
r e s i d u e  t e s t  (ASTM method proposed) and t h e  a c c e l e r a t e d  p o l i s h i n g  t e s t  
( B r i t i s h  s t a n d a r d  method) a r e  a v a i l a b l e  t o  determine p o l i s h i n g  
c h a r a c t e r i s t i c s  of agg rega t e s  i n  t h e  l a b o r a t o r y .  Tes t  methods such a s  
t h e  ou t f low me te r ,  sand pa tch  t e s t ,  s t e r e o  photo i n t e r p r e t a t i o n  and 
measurements such a s  s k i d  numbers and speed g r a d i e n t s  a r e  a v a i l a b l e  t o  
e v a l u a t e  t h e  s k i d  r e s i s t a n c e  of completed pavements. 

S u f f i c i e n t  da t a  should  be developed by l a b o r a t o r y  t e s t i n g  c o r r e l a t e d  
w i t h  f i e l d  t e s t s  o r  by f i e l d  t e s t s  a l o n e  t o  enab l e  t h e  de s igne r  t o  
adequa t e ly  p rede te rmine  t h e  s k i d  r e s i s t a n c e  p r o p e r t i e s ,  i nc lud ing  t h e  
l o s s  of s k i d  r e s i s t a n c e  from t r a f f i c  and t h e  change i n  speed g r a d i e n t  
throughout  t h e  de s ign  l i f e  of t h e  s u r f a c i n g .  The de t e rmina t i on  of 
d u r a b i l i t y  of t h e  pavement s k i d  r e s i s t a n c e  p r o p e r t i e s ,  t h e  p r e d i c t i o n  
of l o s s  of t h e  s k i d  r e s i s t a n c e  due t o  p o l i s h i n g  under  t r a f f i c ,  and l o s s  
of s u r f a c e  vo id s  and t e x t u r e  depth w i l l  r e q u i r e  measurement d a t a  c o l l e c t e d  
over  a  s i g n i f i c a n t  time pe r i od .  However, r e a sonab l e  e s t i m a t e s ,  s u f f i -  
c i e n t  f o r  a n  e v a l u a t i o n  of p r e s e n t l y  used s u r f a c e s  can be  ob t a ined  by 
measuring p r o p e r t i e s  of r e c e n t l y  c o n s t r u c t e d  s u r f a c e s  and of s u r f a c e s  
of s i m i l a r  de s ign  which have been exposed t o  l a r g e  numbers of v e h i c l e  
pa s se s .  The l o s s  i n  s k i d  number and t he  i n c r e a s e  i n  speed g r a d i e n t  
f o r  t h e  e s t ima t ed  volume of t r a f f i c  ob t a ined  i n  t h i s  way can  be 
assumed t o  be r e p r e s e n t a t i v e  of t h e  range i n  va lue s  t o  be expec ted  f o r  
t h e  combinat ion of a g g r e g a t c m i x  de s ign  and c o n s t r u c t i o n  t e s t e d .  

NCHRP Report  37 e s t a b l i s h e s  a  r a t i o n a l e  f o r  development of a  set  of 
minimum recommended s k i d  numbers (SN) f o r  u se  i n  t h e  de t e rmina t i on  of 
t h e  need f o r  c o r r e c t i o n  of e x i s t i n g  pavement s u r f a c e s  and a r e  n o t  
in tended  f o r  use i n  des ign .  The de s igne r  should a t t emp t  t o  a t t a i n  t h e  
b e s t  s k i d  r e s i s t a n c e  p r o p e r t i e s  t h a t  can  f e a s i b l y  be provided and 
main ta ined  throughout  t he  l i f e  of t h e  pavement r a t h e r  t han  minimum 
a c c e p t a b l e  va lue s .  Designs of s u r f a c e s  which do n o t  p rov ide  s a t i s f a c t o r y  
s k i d  numbers w i t h  cor responding  low speed g r a d i e n t s  a t  t h e  complet ion of 
c o n s t r u c t i o n  should be reviewed and nece s sa ry  mod i f i c a t i ons  made f o r  
f u t u r e  work. 

Skidding p o t e n t i a l  i s  a  f u n c t i o n  of t r a f f i c  volume and t h e  amount of 
time t h e  pavement s u r f a c e  i s  wet a s  w e l l  a s  t h e  speed of t r a f f i c  and 
pavement s k i d  r e s i s t a n c e .  The r e t e n t i o n  of h igh  s k i d  numbers and low 
speed g r a d i e n t s  throughout  t h e  l i f e  of t h e  pavement becomes e s s e n t i a l  
f o r  c o n d i t i o n s  of h igh  t r a f f i c  volume and h igh  pe r cen t  of wet pavement 
t ime . 



E s t i m a t e  of Pavement Wear 

D e s i r a b l y ,  d a t a  on pavement wear shou ld  be o b t a i n e d  under  t r a f f i c  c o n d i t i o n s  
f o r  each  combinat ion of d e s i g n  mix,  a g g r e g a t e  t y p e  and f i n i s h i n g  procedure  
employed. F igure  1 shows examples o f  d a t a  f o r  two mixes ,  p l o t t e d  on log-  
l o g  c o o r d i n a t e s  t o  produce a  s t r a i g h t  l i n e  r e l a t i o n .  The s l o p e  o f  t h e  - 
l i n e  i n  l o g  c o o r d i n a t e s  i s  t h e  "wear f a c t o r y  'K.'" For  t h e  two s c a l e s  
shown, t h e  s l o p e  may be measured d i r e c t l y .  The s t e e p e r  s l o p e  l i n e  
shows a  pavement mix which wears r a p i d l y  and i s  s u i t a b l e  o n l y  f o r  low 
volume r o a d s .  The o t h e r  c u r v e  shows a  mix which wears  s lowly  a s  i s  
d e s i r a b l e  on h igh  volume freeways.  The wear f a c t o r  (K) i s  c a l c u l a t e d  by 
t h e  fo l lowing  e q u a t i o n :  

K = Log (SN1) - (SN2) Where SN1 = I n i t i a l  s k i d  number 
SN2 = F i n a l  s k i d  number 
VP1 = V e h i c l e  p a s s e s  a t  SN1 
VP2 = Vehic le  p a s s e s  a t  SN2 

The d e t e r m i n a t i o n  o f  t h e  wear f a c t o r  f o r  a  p a r t i c u l a r  mix d e s i g n  w i t h  a  
p a r t i c u l a r  a g g r e g a t e  and f i n i s h i n g  procedure  w i l l  e n a b l e  an  e s t i m a t e  t o  
be  made of t h e  p e r i o d  u n t i l  r e s u r f a c i n g  w i l l  be needed f o r  e x i s t i n g  
pavements o f  t h a t  p a r t i c u l a r  d e s i g n .  For  new c o n s t r u c t i o n ,  wear f a c t o r s  
developed from mixes o f  t h e  t y p e  t o  be c o n s t r u c t e d ,  w i t h  t h e  p a r t i c u l a r  
a g g r e g a t e  under  c o n s i d e r a t i o n  w i l l  i n d i c a t e  t h e  s u i t a b i l i t y  o f  t h e  
pavement s u r f a c e  f o r  t h e  p a r t i c u l a r  c o n d i t i o n s .  

I n  g e n e r a l ,  mixes shou ld  be des igned  s o  t h a t  l o s s e s  i n  s k i d  r e s i s t a n c e  
dur ing  t h e  d e s i g n  l i f e  do n o t  exceed abou t  f i f t e e n  s k i d  numbers. For  
h igh  volume t r a f f i c  c o n d i t i o n s ,  i t  i s  d e s i r a b l e  t o  u s e  mix d e s i g n s  and  
a g g r e g a t e s  which w i l l  r e s u l t  i n  wear f a c t o r s  below .05. Condi t ions  o f  
h i g h  t r a f f i c  volumes, h i g h  o p e r a t i n g  speeds  and l a r g e  p e r c e n t  of wet 
weather  t ime w i l l  j u s t i f y  t h e  p r o v i s i o n  o f  h i g h e r  s k i d  r e s i s t a n c e  and 
lower wear f a c t o r s  t h a t  r e s u l t  i n  b e t t e r  r e t e n t i o n  o f  h i g h  s k i d  
r e s i s t a n c e .  Low t r a f f i c  volumes,  and s m a l l  p e r c e n t  o f  wet wea ther  t ime 
may j u s t i f y  t h e  a l lowance of a  h i g h e r  wear f a c t o r  and a  p o s s i b l e  
subsequent  l o s s  o f  s k i d  r e s i s t a n c e .  However, p o l i s h i n g  has  been f o ~ n d  
t o  be l e s s  s e v e r e  f o r  a  g i v e n  number of p a s s e s  s p r e a d  over  a  number of 
y e a r s  t h a n  i t . i s  f o r  t h e  same number o f  p a s s e s  o c c u r r i n g  i n  one y e a r .  
T h e r e f o r e ,  a n  a g g r e g a t e  which would p o l i s h  r a p i d l y  under  heavy t r a f f i c  
volumes may prov ide  a  r e l a t i v e l y  h igh  l e v e l  of s k i d  r e s i s t a n c e  
throughout  t h e  l i f e  of t h e  s u r f a c e  on a  low t r a f f i c  volume r o a d ,  

The wear f a c t o r  as used  h e r e  i s  a n  i n d i c a t o r  o f  t h e  l o s s  o f  ekid r e s i s t a n c e  
o f  t h e  t o t a l  mix w i t h  t r a f f i c  exposure  and w i l l  be a f f e c t e d  by t h e  
p r o p e r t i e s  o f  t h e  t o t a l  mix r a t h e r  t h a n  t h e  a g g r e g a t e  a l o n e .  Wear f a c t o r  
i s  a l s o  dependent on t h e  speed a t  which t h e  s k i d  number i s  measured. A 
s t a b l e  mix o r  a  d u r a b l e  s u r f a c e  which does n o t  c o n s o l i d a t e  o r  wear under  
t r a f f i c  w i l l  e x h i b i t  a  much b e t t e r  wear f a c t o r  a t  h i g h  speeds  because  
o f  i t s  a b i l i t y  t o  r e t a i n  i t s  i n i t i a l  speed g r a d i e n t  and i t s  r e s i s t a n c e  
t o  f l u s h i n g .  
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FIGURE I -  PAVEMENT WEAR (POL ISH)  C U R V E S  



The use of studded t i r e s  causes  a  very  r a p i d  l o s s  of  su r f ace  t e x t u r e  and 
r e s u l t s  i n  a  high wear f a c t o r .  Frequent su r f ace  c o r r e c t i v e  work may be 
necessary  t o  r e t a i n  adequate  t e x t u r e  where l a r g e  volumes of s tudded 
t i r e  t r a f f i c  occur. . 

Design of Bituminous Sur faces  - -- -- 
For h igh  speed o p e r a t i o n s ,  bituminous s u r f a c e s  w i th  a  r e l a t i v e l y  h igh  
percentage of l a r g e r  s i z e  aggregate  (+ 114 inch  s i eve )  a r e  r equ i r ed  t o  
provide t he  necessary  su r f ace  vo ids .  Voids a r e  c r e a t e d  by the  provis ion  
of a  high percentage of one-sized coa r se  aggrega te .  A r educ t ion  i n  
t he  percentage of t h e  one-sized aggrega te  e i t h e r  by an i nc rease  i n  t h e  
percentage of m a t e r i a l  sma l l e r  than the  one-sized aggrega te  o r  by an 
i nc rease  i n  t h e  percentage of m a t e r i a l  l a r g e r  than the  one-sized 
aggrega te  w i l l  r e s u l t  i n  a  r educ t ion  i n  s u r f a c e  vo ids .  On su r f aces  
which have the  necessary vo ids  f o r  high speed ope ra t i ons  t h e  t i r e  of 
a  v e h i c l e  w i l l  be p r imar i l y  i n  c o n t a c t  wi th  t he  coa r se  aggrega te .  The 
f r i c t i o n a l  p r o p e r t i e s  of t he  coa r se  aggregate  w i l l ,  t h e r e f o r e ,  determine 
the  s k i d  r e s i s t a n c e  p r o p e r t i e s  of a  p roper ly  designed s u r f a c e  f o r  h igh  
speed t r a f f i c .  When small  s i z e  m a t e r i a l  i s  i nco rpo ra t ed  i n  t h e  mix, t h e  
r e l a t i v e  a r e a  of coa r se  aggrega te  a t  t h e  pavement s u r f a c e  which i s  i n  
c o n t a c t  wi th  t he  t i r e  i s  reduced, which w i l l  r e s u l t  i n  a l o s s  of e f f e c -  
t i v e n e s s  of t he  s k i d  r e s i s t a n c e  p r o p e r t i e s  of t h e  coa r se  aggrega te .  
Mixes capable  of r e s i s t i n g  conso l ida t ion  under t r a f f i c  a r e  necessary  
t o  prevent  l o s s  i n  s k i d  r e s i s t a n c e .  Consol ida t ion  f u r t h e r  reduces t h e  
su r f ace  a r e a  of t h e  coa r se  aggrega te  exposed, and i n c r e a s e s  t h e  l o s s  
of  coa r se  t e x t u r e .  Mixes w i th  adequate su r f ace  vo ids  and high r e s i s t a n c e  t o  
conso l ida t ion ,  o r  wi th  s u f f i c i e n t  i n i t i a l  vo ids  t o  r o l e r a t e  conso l ida t ion  
without  de t r imen ta l  e f f e c t s  on s k i d  r e s i s t a n c e  and t e x t u r e ,  normally 
r e q u i r e  e i t h e r  a  high propor t ion  of one-sized c o a r s e  aggrega te  o r  an 
a s p h a l t  con ten t  t h a t  i s  so  low t h a t  t h e  mix may have poor d u r a b i l i t y .  
A su r f ace  course  composed of  a s  l a r g e  an amount of h igh  q u a l i t y  one- 
s i zed  coa r se  aggrega te  a s  i s  f e a s i b l e ,  t h e r e f o r e ,  i s  d e s i r a b l e  f o r  
high speed, h igh  t r a f f i c  volume cond i t i ons .  

Very good s u r f a c e  void and s k i d  r e s i s t a n c e  p r o p e r t i e s  can be achieved 
with a  p l a n t  mixed s u r f a c e  cou r se ,  us ing  a l a r g e  percentage (about 60 
percent )  of  one-sized coa r se  aggrega te  (318 t o  No. 4  s i e v e )  l i m i t i n g  
t h e  amount of m a t e r i a l  on t h e  sma l l e r  s i e v e  s i z e s  (maximum about  
15 percent  minus No. 8  s i e v e )  and a  h igh  a s p h a l t  con ten t  (6-7 pe rcen t ) .  
These s u r f a c e s ,  known as open graded p l a n t  mix s u r f a c e  c o u r s e s ,  a l s o  
have supe r io r  r i d i n g  q u a l i t i e s  and g r e a t l y  reduce spray  from t r u c k  
and automobile tires t h a t  o b s t r u c t  t h e  v i s i o n  of pass ing  v e h i c l e s .  

The use of a  s u b s t a n t i a l  percentage of l a r g e  s i z e  aggrega te  (314 inch 
o r  l a r g e r )  o r  a  s u r f a c e  t rea tment  (ch ip  s e a l )  may produce the  des i r ed  
su r f ace  voids  bu t  may r e s u l t  i n  ob j ec t i onab le  r i d i n g  and n o i s e  
q u a l i t i e s .  



The p r o p e r t i e s  r e q u i r e d  f o r  good s k i d  r e s i s t a n c e  a t  t he  s u r f a c e  may be  
d i s t i n c t  from, and i n  t h e  c a s e  of  high vo ids ,  may be d i r e c t l y  opposed 
t o  t hose  d e s i r e d  i n  t h e  s t r u c t u r a l  m a t .  S p e c i f i c  des igns  and s p e c i f i c a -  
t i o n s  f o r  s u r f a c e  courses  independent of t h e  s t r u c t u r a l  requirements  
of  t he  m a t  a r e ,  t h e r e f o r e ,  r equ i r ed .  The uae of r e l a t i v e l y  small 
q u a n t i t i e s  of h igh  q u a l i t y  m a t e r i a l  s p e c i f i c a l l y  chosen f o r  s u r f a c e  
c o n d i t i o n s  i s  f e a s i b l e  and should be  p rac t i ced .  

The use  of s p e c i a l  agg rega t e s ,  even though cons iderab ly  more expensive 
than  l o c a l l y  a v a i l a b l e  n a t u r a l  m a t e r i a l s ,  may be necessary  t o  produce t h e  
needed s k i d  r e s i s t a n c e  q u a l i t i e s .  The u s e  of  r e l a t i v e l y  small amounts 
of high q u a l i t y  m a t e r i a l  i n  a  t h i n  s u r f a c e  course  may be c o s t  
e f f e c t i v e  p a r t i c u l a r l y  a t  c r i t i c a l  highway l o c a t i o n s  and t h e  u s e  o f  
t he se  su r f aces  a s  p a r t  of  i n i t i a l  c o n s t r u c t i o n  i s  encouraged. 

Design of  Po r t l and  Cement Concrete Sur faces  - 
Transverse t e x t u r i n g  provides  t h e  necessary  f r i c t i o n a l  q u a l i t y  f o r  t h e  
f r equen t  s eve re  d e c e l e r a t i o n s  r equ i r ed  by low speed t r a f f i c  (ope ra t i ng  
speed l e s s  than  40 mph). 

Longi tud ina l  grooving,  while  n o t  n e c e s s a r i l y  producing a  l a r g e  i n c r e a s e  
i n  s k i d  r e s i s t a n c e  es  c o i l ~ e ~ l t i o n a l l y  measured, has  been very  e f f e c t i v e  
i n  reducing h igh  speed acc iden t s  w i th  very  dramatic r educ t ions  ob ta ined  
on curves  wi th  high i n i t i a l  w e t  weather acc iden t  r a t e s .  Longi tud ina l  
grooving has  a l s o  been e f f e c t i v e  i n  acc iden t  r educ t ion  on tangent  
s e c t i o n s .  This  sugges ts  t h a t  l o n g i t u d i n a l  t e x t u r i n g  may provide  high 
f r i c t i o n  perpendicu la r  t o  t h e  d i r e c t i o n  of t r a v e l  (which would n o t  be 
i n d i c a t e d  by convent iona l  s k i d  t e s t i n g  procedures)  enabl ing  r e t e n t i o n  
of  v e h i c l e  d i r e c t i o n a l  c o n t r o l .  Transverse t e x t u r i n g  w i l l  produce 
h ighe r  s k i d  numbers than  l o n g i t u d i n a l  t e x t u r i n g  a s  measured by t h e  s k i d  
t r a i l e r  f o r  a  given amount of t e x t u r e .  This  may n o t ,  however, neces-  
s a r i l y  i n d i c a t e  a  b e t t e r  o r  equ iva l en t  f r i c t i o n  cond i t i on  a s  r e l a t e d  t o  
acc iden t s .  The a b i l i t y  of e i t h e r  l o n g i t u d i n a l  o r  t r ansve r se  t e x t u r i n g  
t o  prevent  water  p r e s su re  bu i ldup  between the  t i r e  and t h e  wet pavement 
su r f ace  a s  i n d i c a t e d  by t h e  speed g r a d i e n t  w i l l  depend on t h e  t e x t u r e  
depth and t h e  width and number of impressions.  The "large" drainage 
channels  provided by e i t h e r  l o n g i t u d i n a l  o r  t r ansve r se  grooving a r e  
very  e f f e c t i v e  i n  t h i s  r e s p e c t .  This  drainage a b i l i t y  a t  l e a s t  
p a r t i a l l y  exp la in s  t he  e f f e c t i v e n e s s  of grooving i n  acc iden t  reduc t ion .  
Transverse t e x t u r i n g  a i d s  i n  s u r f a c e  runoff  r e s u l t i n g  i n  less wet 
pavement t ime. Combinations of l o n g i t u d i n a l  and t r ansve r se  t e x t u r i n g  
of s u f f i c i e n t  depth and width t o  provide adequate  drainage both from 
between t h e  t ire and pavement s u r f a c e  and from t h e  pavement s u r f a c e  
i t s e l f  provide t h e  most d e s i r a b l e  s u r f a c e  f o r  h igh  speed cond i t i ons .  
Approaches t o  a t -grade  i n t e r s e c t i o n s  on h igh  speed f a c i l i t i e s ,  o r  o t h e r  



s p e c i a l  condi t ions  r equ i r ing  severe  braking from h igh  speed may r e q u i r e  
heavy t r ansve r se  t e x t u r i n g ,  combinations of l o n g i t u d i n a l  and t r ansve r se  
t e x t u r i n g  o r  o the r  s p e c i a l  t rea tment .  

The i n c l u s i o n  of a  good s k i d  r e s i s t a n t  aggrega te  (ha rd ,  sha rp  p a r t i c l e s )  
and a  low water cement r a t i o  a t  t h e  su r f ace  a r e  e s s e n t i a l  f o r  good s k i d  
r e s i s t a n c e  and d u r a b i l i t y .  Overworking of t h e  su r f ace  and t h e  a d d i t i o n  
of water i n  t h e  f i n i s h i n g  ope ra t i on  w i l l  reduce d u r a b i l i t y  and should 
n o t  be al lowed.  When eva lua t ing  the  adequacy of t h e  su r f ace  f o r  t h e  
design per iod  the  p red i c t ed  l o s s  i n  s k i d  r e s i s t a n c e  and t e x t u r e  depth ,  
based on a n t i c i p a t e d  t r a f f i c  and t h e  su r f ace  d u r a b i l i t y ,  should be 
cons idered .  

I n  a  po r t l and  cement conc re t e  pavement s u r f a c e ,  t he  necessary  s u r f a c e  
voids  must be i n i t i a l l y  produced by proper t ex tu r ing .  A p o s i t i v e  
t e x t u r i n g  method, capable  of c o n s i s t e n t l y  producing t e x t u r e s  of known 
q u a l i t y  should be s p e c i f i e d .  Wire brooming i s  more c o n s i s t e n t  i n  
producing p o s i t i v e  t e x t u r e  than i s  t h e  bu r l ap  drag.  However, t h e  sharp  
p ro j ec t i ons  produced a r e  s u b j e c t  t o  r a p i d  wear under t r a f f i c  e s p e c i a l l y  
i f  t h e  su r f ace  d u r a b i l i t y  i s  poor. Grooves produced i n  t h e  p l a s t i c  
conc re t e  by f l u t e d  f l o a t s  and combs have been r epo r t ed  t o  be more 
r e s i s t a n t  t o  wear than the  f i n e r  t e x t u r e s  produced by t h e  bu r l ap  o r  broom. 

The s k i d  r e s i s t a n c e  p r o p e r t i e s  of t he  su r f ace  w i l l  depend on t h e  coa r se  
aggregate  i n  t h e  mix when t h e  s u r f a c e  t e x t u r e  has worn away. The ek id  
r e s i s t a n c e  q u a l i t i e s  of t h e  coa r se  aggregate  e r e ,  t h e r e f o r e ,  important  
un l e s s  t he  s u r f a c e  i s  c o r r e c t e d  by grooving o r  over lay ing  before  t h e  
l o s s  of s u r f a c e  mor ta r  occurs .  



APPENDIX B 

COMMENTS ON THE 

SKID RESISTANCE INVENTORY 



Skid Resis tance Inventory 

Speed Gradient : 

The information shown i n  Table I1 was developed from d a t a  i n  Research Report 
138-2 "Macro - Texture, F r i c t i o n ,  Cross Slope and Wheel Track Depression 
Measurements on 41 Typical Texas Highway ~avemen t s"  and from unreported d a t a  
co l l ec t ed  on highly pol ished P.C. concrete  pavements. There a r e  two b a s i c  
f a c t s  known about the speed gradient  o r  l o s s  i n  SN with increase  i n  speed. 
F i r s t ,  the h igher  the f r i c t i o n  of a su r face  (say high sk id  numbers a t  20 mph) 
the g r e a t e r  the reduct ion i n  sk id  number values a s  speed inc reases .  Second, 
small speed gradients  a r e  genera l ly  found where su r faces  with l a r g e  t e x t u r e  
occur (or  on those with good i n t e r n a l  drainage a s  i n  P lan t  Mix S e a l s ) .  I n  
c lose  s tudy exceptions t o  the two b a s i c  f a c t s  occur t o  the  e x t e n t  t h a t  t he re  
i s  no exac t ing  method of p r e d i c t i n g  the  speed g rad ien t .  It i s  poss ib l e  t o  
measure the sk id  number a t  var ious  speeds but  i n  t h e  survey t e s t i n g  proposed, 
the t e s t  cos t  increases  propor t ional ly  with each pass  of t he  t e s t  veh ic l e .  
Also, research  i n  Texas i n d i c a t e s  t h e  speed gradient  of the  s tandard t e s t s  
does not  p r e d i c t  the speed g rad ien t s  found i n  heavy (s imulated)  r a i n f a l l .  
Figure I shows the r e l a t i o n s h i p  found. In  each case t h e  speed g rad ien t s  f o r  
both s tandard t e s t  and heavy r a i n f a l l  was c o l l e c t e d  using the  same t r a i l e r  
but  i n  two of the  po in t s  a new sk id  t e s t  u n i t  was used t o  c o l l e c t  d a t a .  The 
d a t a  was obtained on Research P ro jec t  2-6-79-141. 

Since the ob jec t  of obta in ing  speed gradient  information i s  t o  rank pavements 
a s  t o  the f r i c t i o n  l e v e l  a v a i l a b l e  t o  the  d r i v e r  a t  high speeds i n  d r iv ing  
condit ions during r a i n f a l l  o r  wet weather and i t  is  impossible t o  p r e d i c t  
the f r i c t i o n  i n  these  condi t ions ,  t he  recommendations have been made t o  
measure sk id  r e s i s t a n c e  a t  only 40 mph. 

It i s  dangerous t o  use Skid Numbers t o  p r e d i c t  t h e  a c t u a l  f r i c t i o n  a v a i l a b l e  
t o  any given vehic le .  In a very general  na tu re  i t  i s  known t h a t  c e r t a i n  
highways wi th  low SN40 values a r e  acc ident  prone i n  wet cond i t ions .  Also, 
when the SN40 i s  improved the  acc idents  a r e  reduced, but  when t h e  SN40 value 
again begins t o  lower the  acc idents  begin t o  inc rease .  On c e r t a i n  o t h e r  
highways, when s i m i l a r  su r face  improvements a r e  made the  acc ident  h i s t o r y  
is no t  improved. Even though acc ident  reduct ion with improved SN40 values 
is  much more p reva len t ,  c l o s e r  s tudy is  a n a t u r a l  r eac t ion .  This  s tudy 
revea ls  d i f f e r e n t  veh ic l e s  and e spec ia l ly  d i f f e r e n t  manuevers r equ i re  v a s t l y  
d i f f e r e n t  f r i c t i o n  l e v e l s .  Also, many f a c t o r s  a f f e c t  t he  f r i c t i o n  a v a i l a b l e  
t o  a veh ic l e  on a given su r face .  The brochure "About The Skid T r a i l e r "  a v a i l a b l e  
i n  each D i s t r i c t  o f f e r s  a complete understanding of t h e  complexity of t he  
problem than is a v a i l a b l e  i n  the  present  space. It w i l l  never be poss ib l e  
t o  p red ic t  the  f r i c t i o n  a v a i l a b l e  t o  a veh ic l e  i n  any given acc ident  event  
because i t  w i l l  be impossible  t o  exac t ly  dup l i ca t e  t h e  manuever performed, 
weather condi t ions  which e x i s t e d ,  e t c .  



STUDY OF SPEED GRADIENTS FOUND IN 
STANDARD TESTS V:S SPEED GRADIETS 
FOUND IN HEAVY (3to 5 in./hr.) SIMULATED 
RAINFALL 

@ -DENOTES TESTS OBTAINED WlTH 
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A Sys temat ic  Procedure  For t h e  I d e n t i f i c a t i o n  and Cor r ec t i on  

o f  Hazardous Skid Prone 

Loca t ions  

I d e n t i f i c a t i o n  

The c r i t e r i a  found i n  t h e  I d e n t i f i c a t i o n  p o r t i o n  o f  t h e  above I t e m  was based 
on s t u d i e s  of exce s s ive  w e t  wea ther  a c c i d e n t  rates, b u t  t h e  c r i t e r i a  are 
in tended  on ly  as a gu ide .  In format ion  concerning t h e  l o c a t i o n s  mentioned 
above w i l l  be forwarded t o  t h e  D i s t r i c t s  invo lved  annua l l y  about  September 
and i t  may be no ted  t h a t  s e v e r a l  o f  t h e  l o c a t i o n s  s e l e c t e d  may b e  based  on 
i n fo rma t ion  i n  which o v e r  one y e a r  ha s  e l ap sed  s i n c e  t h e  a c c i d e n t  e v e n t ( s ) .  
Experience h a s  shown t h a t  many of t h e  s e c t i o n s  o r  hazardous l o c a t i o n s  have 
been improved by t h e  t i m e  t h e  above in format ion  can b e  forwarded t o  t h e  
D i s t r i c t  O f f i c e  concerned. The recommendations i nc luded  h e r e i n  are n o t  
des igned  t o  nega t e  f i e l d  improvements which can be  accomplished b e f o r e  annua l  
a c c i d e n t  in format ion  can be  forwarded b u t  as an a d d i t i o n a l  a i d  t o  de te rmine  
those  l o c a t i o n s  which have been over looked.  

Experience has  a l s o  shown t h a t  t h e  s e l e c t i o n  of hazardous l o c a t i o n s  by a 
method which u t i l i z e s  numbers o f  a c c i d e n t s  o f t e n  c o n t a i n  a c c i d e n t s  which 
might be termed "unusual acc iden ts" .  These a c c i d e n t s  are h e a v i l y  dependent 
on d r i v e r  e r r o r  o r  an unusual  even t  such as an animal i n  t h e  t r a v e l  way. 
A t  c e r t a i n  t imes  t h e s e  unusual  even t s  c l u s t e r  a t  one  l o c a t i o n  g i v i n g  a 
f a l s e  i n d i c a t i o n  of a hazardous l o c a t i o n  f o r  wet wea ther  d r i v i n g .  For 
t h i s  reason  a r e p o r t  showing a s u m a r y  of each a c c i d e n t  f o r  t h e  l o c a t i o n  
s e l e c t e d  ( f o r  t h e  y e a r  i n  q u e s t i o n )  w i l l  a l s o  be forwarded t o  t h e  D i s t r i c t s .  

Control  l o s s  o r  a sk idd ing  type  a c c i d e n t  on w e t  roads  are b e l i e v e d  t o  b e  
c l o s e l y  a s s o c i a t e d  w i t h  w e t  weather  s i n g l e  v e h i c l e  a c c i d e n t s  and o c c a s i o n a l l y  
w i th  m u l t i v e h i c l e  a c c i d e n t s  where one v e h i c l e  ha s  l o s t  c o n t r o l  and caused 
o t h e r  v e h i c l e s  t o  become involved .  On r u r a l  highways, h igh  speeds  are 
involved on most occas ions .  Hor izon ta l  curves  o r  maneuvers r e q u i r i n g  
co rne r ing  o r  t u r n i n g  appear  t o  b e  p a r t i c u l a r l y  s u s c e p t a b l e  t o  sk idd ing  a c c i d e n t s .  
On h i g h l y  developed urban roadways wi th  numerous i n t e r s e c t i o n s  i t  i s  d i f f i c u l t  
t o  assess t h e  pavement s u r f a c e  because of t h e  high p r o b a b i l i t y  of d r i v e r  
e r r o r ,  however, a braked v e h i c l e  r e q u i r e s  much more s u r f  a c e  f r i c t i o n  than  
a v e h i c l e  r o l l i n g  i n  a s t r a i g h t  pa th .  Also ,  r a p i d  p o l i s h  o r  qu ick  l o s s  of 
a v a i l a b l e  f r i c t i o n  may b e  expected i n  t h e  a r e a  n e a r  i n t e r s e c t i o n s .  

Most v e h i c l e  s k i d s  on wet pavement show s k i d  marks which are w h i t e  o r  
l i g h t e r  i n  c o l o r  than  t h e  sur rounding  pavement. The l i g h t e r  marks are ve ry  
n o t i c e a b l e  on pavement shou lde r s  and a t  many sites t h e  e n t i r e  p a t h  of  t h e  
sk idd ing  v e h i c l e  may be t r a c e d .  It is  b e l i e v e d  t h a t  t h e  w a t e r  o r  s team e scap ing  
between t h e  t i r e  and pavement s cou r s  o r  c l e a n s  t h e  s u r f a c e ,  l e a v i n g  t h e  s k i d  
mark. The s k i d  marks on shou lde r s  a r e  v i s i b l e  f o r '  a week and many t i m e s  rrmch 
l onge r .  C l u s t e r s  of t h e s e  s k i d  marks on a given roadway area a r e  an i n d i c a t i o n  
of a hazardous l o c a t i o n  and even though t h e  a c c i d e n t s  which occu r r ed  p r i o r  
may n o t  have been r e p o r t e d ,  more s e r i o u s  a c c i d e n t s  a r e  eminent .  



Correct ion 

L i t t l e  in format ion  has  been developed which shows the  b e n e f i t  of c o r r e c t i v e  
ac t ion .  However, acc ident  records  of two Texas D i s t r i c t s  over a pe r iod  of 
e igh teen  months before  and a f t e r  s u r f a c e  r e v i s i o n  a r e  shown i n  Table 1 1 1 - C .  
The 362.85 miles  s t u d i e d  a r e  e s s e n t i a l l y  a l l  highway s e c t i o n s  r e su r f aced  
i n  two D i s t r i c t s  i n  t h e  yea r s  1970 and 1971. It i s  be l i eved  t h a t  s e v e r a l  of 
the  highway s e c t i o n s  were resur faced  f o r  s t r u c t u r a l  reasons r a t h e r  than a s  a 
cure f o r  s l i c k  pavement problems. Note t h e  n i n t h  i tem. - Range of SN40 Value 
Increases  Found On Sect ions Studied shows nega t ive  va lues  on some highway 
types.  This i n d i c a t e s  t h e  f r i c t i o n  was h igher  before  r e su r f ac ing  than a f t e r  
r e su r f ac ing .  When t h i s  event  occurred ,  t h e  be fo re  r e su r f ac ing  v a l u e  was 
usua l ly  extremely high which poss ib ly  i n d i c a t e s  r e su r f ac ing  f o r  s t r u c t u r a l  
reasons.  

The b e n e f i t  o r  o v e r a l l  improvement i n  wet acc iden t s  is  good wi th  a 40 percent  
improvement i n  a l l  wet weather acc iden t s  and a 49 percent  improvement i n  
wet weather s i n g l e  v e h i c l e  acc iden t s  when t h e  average SN40 va lue  was inc reased  
about 16. And i tem which should not  be overlooked i s  t h e  t e n t h  (and e leventh)  
i tem. Of t h e  Farm t o  Market highway Sec t ions  s tud ied ,  22 o r  61.96 of 127.18 
miles  had no wet weather acc iden t s  e i t h e r  be fo re  o r  a f t e r  r e s u r f a c i n g .  This 
po in t s  t o  a t  l e a s t  two f a c t s :  (1) Because a highway has a low SN40 does no t  
n e c e s s a r i l y  i n d i c a t e  a high acc ident  s i t u a t i o n  and (2) funding f o r  r e s u r f a c i n g  
due t o  acc iden t  prevent ion i s  probably b e t t e r  used on t h e  h ighe r  c l a s s  (o r  
the heav i ly  t r ave l ed )  highways. O r ,  where wet weather acc iden t s  ( e s p e c i a l l y  
s i n g l e  v e h i c l e  acc iden t s )  - a r e  occurr ing  on a given a r e a  of highway, a 
improvement i n  s u r f a c e  f r i c t i o n  i n d i c a t e s  s i g n i f i c a n t  acc ident  r educ t ion .  
S t a t ed  d i f f e r e n t l y ,  f o r  a given amount of funding a v a i l a b l e  f o r  improvement, 
the  g r e a t e s t  improvement i n  acc ident  reduct ion  w i l l  be a t  t h e  l o c a t i o n s  where 
the  g r e a t e s t  numbers of acc iden t s  a r e  occurr ing .  

The f r i c t i o n  developed between t h e  t i r e  and pavement is  t h e  f a c t o r  which 
allows a v e h i c l e  t o  perform any given manuever. Therefore,  a s u r f a c e  t h a t  
has  a low SN40 va lue  is p o t e n t i a l l y  hazardous i n  w e t  weather.  The t r a v e l i n g  
p u b l i c  should be s o  informed. 



TABLE I I I - C  

BEFORE AND AFTER WET PAVEMENT 

ACCIDENT INFORMATION 

ITEM 

CORRESPONDING TO SURFACE MAINTENANCE 

IMPROVEMENTS 

A l l  Highways I H  US SH FM 
& 

Loops 

To t a l  Length S tud i e s  ( m i )  362.85 42.11 74.18 119.38 127.18 

To t a l  Wet Accidents  Before  194 7 4 3 6 6 7 1 7  
Surf ace  Maintenance 

To t a l  Wet Accidents  A f t e r  116 3 8 3 1 3 8 9 
Surf ace  Maintenance 

T o t a l  Wet Accidents ,  Percen t  40 49 14 4 3 4 7 
Decrease - O r  Improvement 

Wet S ing l e  Vehicle  Accidents  105 4 4 19 33 9 
Before Surf a ce  Maintenance 

Wet S ing l e  Vehic le  Accidents  4 9 2 0 9 15 5 
A f t e r  Surf a ce  Maintenance 

Wet S i n g l e  Vehic le  Accidents  5 3 5 0 5 3 5 5 4 4 
Percent  Decrease-Or Improve- 
ment 

Average SN40 I n c r e a s e  16 2 3 10 15 16  

Range of SN40 I n c r e a s e s  -9 t o  31 1 5  t o  31 3 t o  20 -3 t o  25 -9 t o  27  
Found On Sec t i ons  S tud ied  

Number Of Sec t i ons  On Which 31 0 1 8 22 
N o  Wet Accidents  Occurred 
E i t h e r  Before  O r  A f t e r  
Maintenance 

Length O f  Sec t ions  On Which 90.45 0 3.33 25.16 61.96 
No Wet Acc idents  Occurred 
E i t h e r  Before O r  A f t e r  
Maintenance 



APPENDIX D 

Comments on 

An Evalua t ion  o f  Cur ren t  Pavement Design,  

Cons t ruc t ion  and Maintenance P r a c t i c e s  

To Provide Adequate Skid R e s i s t a n c e  

P r o p e r t i e s  For t h e  Needs Of T r a f f i c  



An Evaluat ion of Current Pavement Design, 

Construct ion and Maintenance P r a c t i c e s  To Provide 

Adequate Skid Res is tance  P r o p e r t i e s  For t h e  Needs 

of T r a f f i c  

The recommendations shown i n  t h e  above i t e m  of t h e  manual a r e  be l i eved  t o  
be sound and based on a  l a r g e  amount of exper ience .  The Po l i sh  Value has  
been used s p o r a d i c a l l y  throughout t h e  s t a t e  and has had s e r i o u s  se tbacks  
because,  i n i t i a l l y ,  Po l i sh  Values were recommended which were too  low. 
The t r a n s i t i o n  between research  t o  implementation r e s u l t e d  i n  t h e  purchase 
of a  new po r t ab l e  f r i c t i o n  t e s t e r  and t h e  c o r r e l a t i o n  between new and o l d  
f r i c t i o n  t e s t e r s  revealed a  equa t ion  which aga in  changed t h e  P o l i s h  Value 
recommended. Data based on t h e  research  va lues  had been forwarded t o  t h e  
D i s t r i c t s  i n  an at tempt  t o  make con t r ac to r s  knowledgeable of  t h e  t e s t  and 
m a t e r i a l s  s o  t h a t  aggregate  c o s t s  would not  be adverse ly  a f f e c t e d .  The 
changes i n  va lues  caused the u se r  t o  be wary. However, t h e  B r i t i s h  Wheel 
Test  Cons is ten t ly  produces va lues  which can be c o r r e l a t e d  t h e  SN40 va lues  
found wi th  t he  s k i d  t r a i l e r  on o l d e r ,  h igh ly  t r a f f i c k e d ,  f l e x i b l e  pavement 
s u r f a c e s  where t he  same aggrega te  was used. 

Likewise cons iderab le  experience has been accumulated by agenc ies  using 
the In so lub le  Residue t e s t .  Many s t a t e s  use t h e  t e s t  i n  connect ion wi th  
the s k i d  r e s i s t a n c e  c h a r a c t e r i s t i c s  of t h e  coarse  aggrega te  i n  f l e x i b l e  
pavements . 
Also, the "Sand Patch'' t e x t u r e  t e s t  has  been used f o r  some time and 
e s p e c i a l l y  on b r idge  decks.  Research on wet weather acc iden t s  shows 
t e x t u r e  t o  be even more important  than t h e  Skid Number. It i s  p o s t u l a t e d  
t h a t  t h i s  i s  because t h e  acc iden t s  s t u d i e d  were i n  r u r a l  l o c a t i o n s ,  mainly 
a t  high speed and the  Skid Number was ob ta ined  i n  a  s tandard  t e s t  a t  a  
lower speed. 

The recommended gu ide l ines  a r e  no t  t he  u l t ima te .  B a s i c a l l y ,  t h e  
recommendations i n d i c a t e  a l l  su r f aces  on a l l  highways p o l i s h  s i m i l a r l y .  
I n  r e a l i t y ,  many s u r f a c e s  do not  r ece ive  s u f f i c i e n t  t r a f f i c  t o  p o l i s h  
to  t h e i r  lowest  ex t remi ty  when cons ider ing  the  s t r u c t u r a l  l i f e  of t h e  
su r f ace .  For t h i s  reason,  t h e  r a t e  of p o l i s h  o r  t h e  l o s s  i n  Skid 
Number wi th  increased  t r a f f i c  a p p l i c a t i o n s  is  needed. The r a t e  of 
p o l i s h  may be used i n  conjunct ion wi th  t he  es t imated  t r a f f i c  a p p l i c a t i o n s  
t o  be i ncu r r ed  i n  t he  s t r u c t r u a l  l i f e  t o  determine t h e  expected S ~ O  
value a t  t h a t  t ime. The expected SN40 va lue  may be analysed t o  determine 
i f  the  s k i d  r e s i s t a n c e  i s  s t i l l  s u f f i c i e n t .  Table IV-D shows informat ion  
of the r a t e  of p o l i s h  on s e v e r a l  pavement and m a t e r i a l  types .  The 
d a t a  shown i n  t h e  t a b l e  was ob ta ined  by determining t h e  average SN40 
va lue  from t h e  s u r f a c e  of s e v e r a l  hundred cons t ruc t ion  jobs.  The t a b l e  
shows the genera l  g rada t ion  f o r  t h e  pavement types ,  s e v e r a l  aggrega te  
types ,  the  number of s e c t i o n s  o r  cons t ruc t ion  jobs s tud i ed  f o r  each 
pavement-aggregate type,  t he  logari thum va lue  f o r  the average SN40 va lue  
a t  1000 t r a f f i c  a p p l i c a t i o n s  wi th  number i n  pa ren thes i s  being t h e  S ~ O  
va lue ,  t he  logar i thm of t h e  average SN40 va lue  a t  t e n  m i l l i o n  t r a f f i c  
a p p l i c a t i o n s ,  and t h e  K va lue  o r  r a t e  of p o l i s h .  



TABLE IV -D  

RATE OF POLISH OF SEVERAL PAVEMENT AND MATERIAL TYPES 

Grade Aggregate Type Number Log SN40 Log sN40 K 
o r  Pavement Sec t ions  @ 1000 @ 10  Mi l l i on  (Slope of 

Type S tudied  Appl ica t ions  Appl ica t ions  Log P l o t )  

Sea l s  and Surf ace  Treatments 
1 I ron  S lag  26 1.85 (71) 1.55 (35) 0.075 
2 I ron  Slag 9 3 1.85 (71) 1.60 (40) 0.063 
3 I r o n  Slag 199 1.85 (71) 1.60 (40) 0.063 

1 S i l i c i o u s  3 7 1.65 (45) 1.37 (23) 0.070 
2 S i l i c i o u s  184 1.65 (45) 1 .43 (27) 0.055 
3 S i l i c i o u s  225 1.64 (44) 1.45 (28) 0.048 
4 S i l i c i o u s  11 1.64 (44) 1.45 (28) 0.048 

1 Limes tone  35 1.80 (63) 1.37 (24) 0 . lo8  
2 Limes tone 30 1.80 (63) 1.39 (25) 0.103 
3 Limes tone 3 9 1 .81  (65) 1.42 (26) 0.098 

3 Lightweight  9 1.85 (71) 1.62 (42) 0.058 

Aspha l t i c  Concrete 
C I r o n  Slag 6 0 1 .81  (65) 1.62 (42) 0.048 
D I r o n  S lag  8 1.66 (46) 1 .58 (38) 0.020 

C S i l i c i o u s  
D S i l i c i o u s  

C Limes tone 36 1.65 (45) 1 .50 (32) 0.038 
D Limes t one  15  1.65 (45) 1.45 (28) 0.050 
F Limes tone 3 1.60 (40) 1.52 (33) 0.020 

Cold Mix Limestone Rock Asphalt  6 1.77 (59) 1 .62 (42) 0.038 

Po r t l and  Cement Concrete 
CRCP I ron  S lag  11 1.67 (47) 1.59 (39) 0.020 
CRCP S i l i c i o u s  42 1.69 (49) 1.60 (40) 0.023 
J o i n t e d  S i l i c i o u s  18  1.68 (48) 1.58 (38) 0.025 

Equation Format 

Log SN40 = Log S N ~ O  @ 1000 T r a f f i c  Appl ica t ions  -K (Log T r a f f i c  Appl ica t ions  - 3) 

(DATA I N  T H I S  TABLE I S  NOT RECOMMENDED FOR USE) 



The equat ion a t  t he  bottom of t h e  t a b l e  i n d i c a t e s  one method of determining 
the expected SN40 va lue  a f t e r  any number of t r a f f i c  a p p l i c a t i o n s  g r e a t e r  
than 1000. To use t he  equat ion t h r e e  i tems a r e  needed, (1)  t h e  i n i t i a l  
a s  cons t ruc ted  SN40 va lue  o r  t h e  SN40 va lue  a t  1000 t r a f f i c  a p p l i c a t i o n s ;  
(2) the  r a t e  of p o l i s h  of a  given pavement - aggrega te  type shown a s  K 
i n  t he  t a b l e ;  and (3) t h e  es t imated  number of t r a f f i c  a p p l i c a t i o n s  a t  t h e  
time of su r f ace  maintenance o r  r e v i s i o n .  Each needed i t em may be ob ta ined  
from the  t a b l e  f o r  t h e  pavement-aggregate type i n  q u e s t i o n ,  wi th  t h e  
except ion  of t h e  es t imated  t r a f f i c  i n  i t em 3 ,  which should be  based on 
the  t o t a l  t r a f f i c  over  t h e  s u r f a c e  r a t h e r  than t h e  p e r  l a n e  t r a f f i c .  

Figure 8 shows a  t y p i c a l  p l o t  from which t h e  in format ion  i n  t h e  t a b l e  was 
der ived.  A p l o t  of t h e  SN40 va lue  v : s  t r a f f i c  a p p l i c a t i o n s  f o r  any given 
su r f ace  gene ra l l y  shows a  r ap id  p o l i s h  o r  l o s s  i n  SN40 v a l u e s ,  i n i t i a l l y  
and then  a  g radua l ly  decreas ing  SN40 va lue  l o s s ,  r evea l ing  a  curved p l o t  
r a t h e r  than a  l i n e a r  p l o t .  Therefore ,  a  l i n e a r  p l o t  may be ob ta ined  by 
using log-log paper o r  us ing  logar i thmic  numbers on an a r i t h m e t i c  paper  
such a s  t he  example shown i n  Figure 8. The d a t a  f o r  Figure 8 was ob ta ined  
from determining the  average SN40 va lue  from the  s u r f a c e  of approximately 
184 d i f f e r e n t  cons t ruc t ion  jobs which used a  Grade 2 s i l i c i o u s  aggrega te  
i n  a  su r f ace  t reatment  o r  s e a l .  When cons ider ing  t h e  SN40 v a l u e s ,  n o t e  t h e  
a n t i l o g  of  1.0 i s  10  and t h e  a n t i l o g  of 2.0 i s  100. I n  o t h e r  words a  l a r g e  
amount of d a t a  s c a t t e r  i s  ev iden t .  For t h i s  reason the  information shown 
i n  Table IV-D i s  no t  recommended f o r  use.  The d a t a  and equa t ion  format 
i n  the t a b l e  does show a method which may be u t i l i z e d  i n  the  f u t u r e .  

Experience and theory  i n d i c a t e s  t he  s c a t t e r  shown i n  Figure 8 i s  due t o  
a t  l e a s t  two f a c t o r s ,  (1) t h e  v a r i a t i o n  i n  m a t e r i a l s  found i n  a  gene ra l  
aggregate  type and (2) t h e  v a r i a t i o n  i n  su r f aces  found between (and wi th in )  
cons t ruc t ion  jobs .  

The B r i t i s h  Wheel t e s t  has  shown each source con ta in s  aggrega te  wi th  unique 
po l i sh  c h a r a c t e r i s t i c s  which can be g r e a t l y  d i f f e r e n t  between sources .  
There i s  a l s o  v a r i a t i o n  w i t h i n  the  source p i t .  Therefore ,  cons id2rab le  
v a r i a t i o n  i n  t he  p o l i s h  c h a r a c t e r i s t i c s  could be found when cons ider ing  
a  genera l  aggregate  type due t o  t h e  source encountered. 

The second f a c t o r ,  cons t ruc t ion  v a r i a t i o n ,  i s  obvious f o r  a  s u r f a c e  
t reatment  o r  s e a l  because i t  is  easy t o  v i s u a l i z e  aggrega te  s t r i p p i n g  
o r  s u r f a c e  f l u sh ing .  However, even new a s p h a l t i c  concre tes  wi th  t h e  same 
m a t e r i a l ,  p laced by the  same laydown machine have been measured which 
e x h i b i t  s k i d  r e s i s t a n c e  va lues  varying a s  m c h  a s  30 s k i d  numbers. It 
is pos tu l a t ed  t h a t  t h i s  extreme v a r i a t i o n  can be expla ined  wi th  t e x t u r e  
measurements, even though t h i s  p o s t u l a t i o n  i s  r e in fo rced  on ly  by v i s u a l  
observa t ion  and has  no t  been proven wi th  tests .  

Therefore ,  i t  is  poss ib l e  t o  o b t a i n  b e t t e r  and usable  d a t a  by s tudying  
the sk id  r e s i s t a n c e  performance of an i nd iv idua l  su r f ace .  The performance 
h i s t o r y  is  developed by making pe r iod i c  s k i d  t e s t s  on t h e  i n d i v i d u a l  
su r f ace  i n  ques t ion .  The s k i d  r e s i s t a n c e  inventory  which is  r equ i r ed  
w i l l  f a c i l i t a t e  t h i s  process  i f  s u f f i c i e n t  records  a r e  maintained on 
each su r f ace  t e s t e d .  This  record system has been e s t a b l i s h e d  which w i l l  
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be exp la ined  i n  o t h e r  p u b l i c a t i o n s .  However, i t  w i l l  be p o s s i b l e  a f t e r  a  few 
years o f  i nven to ry  t o  submit  documental performance records o f  any pavement- 
aggregate type - source which has been p laced i n  t he  D i s t r i c t .  P o l i s h  r a t e s  
and expected v a r i a t i o n  i n  p o l i s h  r a t e  can be e s t a b l i s h e d  by us ing  methods 
s i m i l a r  t o  t h a t  shown i n  Table IV -D .  I t  i s  a l s o  p o s t u l a t e d  t h a t  the  r a t e  o f  
p o l i s h  found w i t h  the  SN p e r i o d i c  measurements on any g i ven  source can be 
c o r r e l a t e d  w i t h  the  r a t e 4 8 f  p o l i s h  found w i t h  t he  B r i t i s h  Wheel Test .  The 
i n i t i a l  f r i c t i o n  va lue  o f  a  specimen(s) and t h e  f i n a l  p o l i s h  va lue  found w i t h  
the B r i t i s h  Wheel Tes t  e s t a b l i s h  a  p o l i s h  r a t e  when used i n  an equat ion  s i m i l a r  
t o  t h a t  i n  Table I V - D .  I t  i s  be l i eved  t h a t  a  c o r r e l a t i o n  o f  t he  two p o l i s h  
ra tes  w i l l  a l l o w  the D i s t r i c t  and c o n t r a c t o r  t o  s e l e c t  even a  new aggregate 
and pavement which w i l l  p rov ide  a  s k i d  r e s i s t a n t  su r f ace  a t  minimum cos t .  

Research i s  a l s o  s tudy ing  a  mehtod o f  p r e d i c t i n g  t he  s k i d  r es i s tance  o f  an 
a s p h a l t i c  concre te  pavement by ex tend ing  the  p resen t  mix  des ign procedure. 
Based on a  s tereo-photographic  method o f  de te rmin ing  s k i d  r es i s tance  from 
t e x t u r e  developed i n  Canada, the  procedure uses t he  p o l i s h  va lue  t o  es t ima te  
coarse aggregate t ex tu re ;  i n s o l u b l e  res idue  t o  es t ima te  i n te rmed ia te  aggregate 
t e x t u r e  and f i n e  aggregate durabi  1 i t y ;  aggregate g rada t  i o n  t o  es t ima te  the  
l a r g e  sca le  t ex tu re ;  and a s p h a l t i c  con ten t  t o  es t ima te  t he  l a r g e  s c a l e  t e x t u r e  
durabi  1 i t y .  
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