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Mr . Robert E .  Johnson 
D i v i s i on Admi n i strator 
Federal Hi ghway Admini strat i on 
330  West Broadway 
Frankfort , Kentucky 40602 

Dear Mr . John son: 

S UB JECT: IMPLEMENTATION STATEMENT 
K YHPR 84-98 - Nat i ve Aggregates for S k id Re s istance 

T h e  KTRP Ab r a s i on Te s t  h a s  been demon strated as  a method to 
d etermine aggregate abbras i venes s .  The KTRP percent loss  resu l ts used 
i n  conjunction with the area between gradat i on curves is be l i eved to 
i nd i cate  relat i ve abra s i v e n e s s  of a group  of d i fferent aggregate 
s ources .  

Comb i n ing resu l ts from the KTRP Abras i on Test with those of  the Los 
A n g e l es Abra s i on Te s t  and the  i n s o l ub l e  res i du e  t e s t  perm i t s  an 
ass essment of performance in skid res i s tant mi xes . 

A correl at i on between KTRP percent l os s  and i n i t i a l  skid number 
cou l d  not be determined at th is time . Research staff i s  of the op i n i on 
a corre l ation may be found between these two var i ab l es by using the 
t ermi n a l  s k i d  number i n st ead of the i n i t i a l  s k i d res i s ta n c e  v a l ue. 
Therefore , continued monitoring of sel ected sect i ons on a l ong term 
bas i s  is recommended, 

The D i v i s i on of Mater i a l s  sh a l l impl ement the p l an wi th the aid of 
KTRP staff, who wi l l  prov ide tra i n ing and as s i s tance as needed, Long­
t erm mo n i tor i n g wi l l  be cooperat i v e effort between KTRP , Pav ement 
M anagement,  and Mater i a l s  D i v i s i on s .  A l l f ie ld  data from mon i toring 
s ha l l be given to KTRP for eva l uation . 
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. 
E XECUTI VE SUMMARY 

M a i n t a i n i ng adeq u a te s k i d  r e s i s t ance  of pavement s u rfaces  i s  a 

c o n cern of h i g hway and transport a t i on off i c i a l s. Unfortuna t e l y ,  

Kentucky aggregates , as a who l e ,  do not exh i b i t  des irab l e  long-term sk id  

res  is  tc.nt qual i t i es.  Hence ,  high qu a l i ty aggregates have been imported 

from outside the state, introduc i ng excessive transportat i on costs.  

O b j e c t i ves  of th i s  st udy were 1 )  to iden t i fy a c t i v e  s o u r c e s  of 

native aggregates with vary i ng h i stories of skid res i stance performance;  

2 )  to e v a l u ate  and  corre l a te  nat i v e  aggregate character i s t i c s, 

p r o c e s s i ng techn iques , and ot h er factors  wi th s k i d  res i stance  and 

s u rfa c e  m i x t u r e  p e r f o r m a n c e ;  a n d  3 )  to  p r o v i d e g u i d e l i n e s  f o r  

imp l ementat i on of research findi ngs .  

F i fty-five aggregate sources were studi ed. Limestone,  sandston e ,  

r i v er  grav e l , and c o n t r o l  agg regates ( gran i t e ,  traproc k ,  a n d  s l ag 

s ources) made up the popu l at i on of test  materia l s ,  

L aboratory test i ng i n c l uded spec i fi c  grav ity and absorption tests, 

Los Ange l es Abras i on Tests , and the Kentucky Transportat ion Research 

Program Abrasion Test .  The KTRP test measures the abrasiveness of an 

aggregate by total i ng the we ight loss  a p lastic  cy l i nder incurs over 

t ime when pl aced in a conta i ner that has a sma l l charge of the aggregate 

be ing eval uated. 

Laboratory resu l ts were ana lyzed for corre l ations among themse l ves 

a nd for corre l a t i on s  wi th  s k i d  number data obta i n ed from pavements  

conta i n i ng aggregates invol ved in the study. No  signifi cant corre l at i on 

cou ld  be found between any of the laboratory res u l ts and fi e ld  sk id  

n umbers.  Th i s  was part i c u l ar ly disturbing wi th reference to the KTRP 

test.  It was thought that it cou l d  be used to adequate ly  pred i ct fi e l d  

s k id performance. However,  pre l im i nary find i ngs  have shown no such 

r e l at i on s h i p .  It i s  rec ommended that the KTRP test be amended to 

p rov ide a more defined we ight loss  over time to attempt to exp l a i n  the 

behav ior of an aggregate' s sk id res i stance over time. 
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The KTRP test does y ie ld  two b its  of va l uab le  informat i on .  When 

f i t t i ng t e s t  data by me ans  of a l e ast  squares approx imat i o n , a 

c umulative we ight loss versus time curve is created. Tak i ng the first 

der i vative of the curve g i ves the time at wh i ch an aggregate begins  to 

l ose its abrasive  qua l i t i e s .  The second der i vative of the curve y ie lds  

the rate of we ight los s  over time, Th i s  dep i cts a s im i lar change in  

s k i d res i s t a n c e  a s s o c i ated wi th chang i ng mater i a l  characte r i s t i c s , 

These res u l ts may be used to compare abrasive behav i or of one aggregate 

to that of another. 
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I NTRODUCTI ON 

L i mestone aggregates are abundant in  Kentucky. Some prob lems have 

b e e n  en c o u n tered w i th the u s e  of l i mestones  i n  asphalt i c  c o n c rete  

surfaces due to po  1 ish  i ng of  the aggregates. Cons i derab 1 e hi story has 

been deve l oped that rel ates sk id res i stant character i st i cs of aspha l t i c  

con crete surfaces with age and/or the accumul at i on of traffic  ( 1 ) .  I n  

many s i tuation s ,  the performance has not been ent i rely sat i sfactory , and 

a s. a resu l t ,  aggregates have been imported for use in skid  res i stant 

surface mi xtures . Imported aggregates used with some degree of success 

i n c l ud e :  

a )  Iron Mounta i n  Traprock, 

b )  B last Furnace Slag ,  and 

c )  Grani te. 

These three aggregates have demonstrated sat i s factory skid  res i stant 

h i stories during the course of the i r  appli cation and are accepted for 

u s e  in Kentucky. Importat i on of aggregates has created some concern 

among tran s portat i on offi c i a l s  and gen erated renewed i n terest  i n  

u t i l ization of nat i ve Kentucky aggregates for skid  res i stant surfaces .  

C urrent procedures to eva l uate s k i d  res i stant surfaces in Kentucky 

h ave invo 1 ved the use of the l ocked-whee 1 trai l er method (ASTM E 27 4 )  

( 2 ) .  Th i s  method of test i ng has been used successfu l ly to eval uate s k i d  

r e s i s t a n c e  of i n - s e r v i c e  pavements. Unfortu nate ly , th i s  approach 

r equ i res c o n s tr u c t i o n  of pavement s e c t i on s  for each  var i a b l e  be i ng 

eva luated . As a res u l t ,  experimentation with native aggregates for sk id  

r e s i s t ant m i xtures  has  been  l i m i t ed be c a u s e  of the av a i l a b i l i ty of 

p r o j e c t s  a n d  t h e  c o s t s  a n d  l i a b i l i t i e s a s s o c i a t e d  w i t h  f i eld  

e xperimentat ion .  There i s  renewed interest in  devel opment of l aboratory 

testing of aggregates and/or mi xtures for eva l uation of skid  res i stance 

p erformance and th i s  study was con ceived with the fo l l owing general 

object ives : 

( 1 )  to ident i fy and tabul ate active  sources of nati ve aggregates 

w i th vary i ng hi stor i cal  skid  res i s tance performance ; 

( 2 )  to eva l uate and corre l ate nat i ve aggregate character i s t i cs , 

proces s i ng techn iques , and other factors wi th skid res i stance 

and surface mi xture performance;  and 

( 3 )  to prov ide guide l i nes for impl emen tat i on of research findings. 
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Forty-eight sources of aggregates considered to have potential 

a pp l ications  as s kid resistant  mix t u r e s  were iden tified . T h o s e  

materia 1 s were compared t o  seven sources used as centro 1 .  Of the 5 5  

s ou r c e s , 4 5  were  K e n t u c ky aggregates  a n d  the  remaining t e n  were 

imported ( see Tab l e  1 ) .  Laboratory eva l uations of samp l es from those 

s ources inc l uded specific gravity , absorption , Los Ange l es abrasion , and 

a modified abrasion test referred to as the KTRP abrasion test ( see 

Appendix A ) . A comprehensive literature review al so was conducted to 

p rovide background information ( see Appendix B) . 

LABORATORY TESTING 

Fifty-five aggregate sampl es were inc l uded for testing . Aggregates 

tested, as shown in Tab l e  1 ,  inc l uded 31 l imestones , 12 river grave l s ,  5 

s l ag s ,  4 s a ndston e s ,  and one samp l e  each of granite , trapro c k , and 

expanded sha 1 e. Forty-five of the aggregate samp 1 es were from Kentuc ky 

quarries and the remaining were from out-of- state sources. 

Samp l es were obtained by the  K e n t u c ky Department of Hig hway s ,  

Division of Materia l s ,  and de l ivered to the Kentuc ky Transportation 

Research Program (KTRP ) in 80- to 100-pound bags .  A dry sieve analysis 

was performed on each sampl e. Different size fractions were then used 

to reconstitute specimens to the proper size -and gradation for tests to 

be performed . The tests in c l uded specific gravity and absorption , Los 

Ange l es Abrasion,  and the KTRP Abrasion Tes t .  In sol ub l e  residue tests 

were performed by the Division of Materia l s .  

S p ecific gr avity and abs orption t e s ting o f  coarse  and fine 

aggregates were performed in accordance with Kentucky Methods KM 64-607 

and KM 64-605,  respective ly.  Resu l ts are summarized in Tab l e  2. The 

Los Angeles Abrasion Test  was performed in accordance with ASTM C-131, 

" Resistance to Abrasion of Sma l l  Size Coarse Aggregate by Use of the Los 

Ange l es Machine" (3 ) . Resul ts  of this testing activity are contained in 

Tabl e  4 .  

T h e  KTRP  Ab r a s ion Te s t  was  c o n c eived to a s s e s s  an  aggregat e ' s 

a brasive and degradation characteristics due to mechanical hand l ing.  

Re s u l ts  of the  KTRP a b rasion tests are con tained in Tab l e  4.  The 

t esting procedure is briefl y  described in the fo l l owing paragraphs.  

A 2 , 000-gram samp l e  obtained in accordance with Kentucky Method KM 

64-60 1 ,  "Sampling of Aggregates for Use as Highway Material s" , is p laced 

4 



TABLE 1.  IDENTIFICATION OF AGGREGATE SOURCES 
========================================================================= 

SAMPLE 
N UMBER 

QUARRY 
NAME 

1 MAYSVILLE MATERIALS 
2 LAKE CITY MINING 
3* AMERICAN MATERIAL 
4 KEN-TENN ( LEONARD ) 
5 HARROD CONCRETE AND STONE 
6 REED CRUSHED STONE 

7 MAYSVILLE MATERIAL 
8 COLUMBUS SAND AND GRAVEL 
9 CUMBERLAND RIVER QUARRY 

1 0* AMERICAN MATERIALS 
1 1  KEN MOR STONE, INC . ( V )  

1 2  ACME STONE CO . 

1 3  ACME STONE CO. 

14  HENDERSON SAND AND GRAVEL 
1 5* IRON MOUNTAIN TRAP ROCK 
1 6  J .  F .  PACE CONSTRUCTION 

C OMPANY 
17  MEDUSA AGGREGATES 
1 8  VULCAN MATERIALS 

1 9* SOUTHERN STONE COMPANY 
20* HECKETT SLAG PRODUCTS 
2 1  J .  F.  PACE CONSTRUCTION 

C OMPANY 
2 2  J .  F .  PACE CONSTRUCTION 

C OMPANY 
2 3* VULCAN MATERIALS 
24  TRI -COUNTY STONE, INC . 

2 5  MONTGOMERY AND COMPANY 
26  GRAYSON COAL AND STONE 

27  GRAYSON COAL AND STONE 

28 WALKER CONSTRUCTION CO . 
29 TRI-COUNTY SAND AND GRAVEL 
30* INTERNATIONAL MILL SERVICE 
3 1  KENTUCKY SOLITE CORPORATION 
32  HOPKINSVILLE STONE CO . 

33 HOPKINSVILLE STONE CO.  

34 MAYSVILLE DREDGING 

35  DRAVO CORPORATION 

LOCATION 

MAYSVILLE 
LAKE CITY 
NEW MIAMI, OH 
HICKORY 
FRANKFORT 
GILBERTSVILLE 

MAYSVILLE 
COLUMBUS 
SMITHLAND 
MIDDLETOWN, OH 
OLIVE HILL 

OLIVE HILL 

OL IVE HILL 

HENDERSON 
IRON MOUNTAIN, MO 
GLASGOW 

BARDSTOWN 
ELIZABETHTOWN 

GODWIN, TN 
ASHLAND 
GLASGOW 

GLASGOW 

ENKA , NC 
TOMKINSVILLE 

KNOB  LICK 
WATER GAP 

WATER GAP 

MT. STERLING 
JONESVILLE 
MONROE, OH 
BROOKS 
HOPKINSVILLE 

HOPKINSVILLE 

MAYSVILLE 

GEORGETOWN, PA 

MATERIAL TYPE 

RIVE R GRAVEL 
RIVER GRAVEL 
SLAG 
RIVER GRAVEL 
LIMESTONE 
LIMESTONE 
( FLINTY ) 
RIVER GRAVEL . 
RIVER GRAVEL 
SANDSTONE 
SLAG 
LIMESTONE 
( LEDGE #8 ) 
LIMESTONE 
( LEDGE #9 ) 
LIMESTONE 
( LEDGE #10 ) 
RIVER GRAVEL 
TRAP ROCK 
LIMESTONE 
(LEDGE #3b) 
LIMESTONE 
LIMESTONE 
( LEDGE #6 ) 
SLAG 
SLAG 
LIMESTONE 
( LEDGE #2b) 
LIMESTONE 
(LEDGE #1b)  
GRANITE 
LIMESTONE 
( LEDGE #1a) 
LIMESTONE 
SANDSTONE 
( BROWN ) 
SANDSTONE 
( GRAY ) 
LIMESTONE 
RIVE R GRAVEL 
SLAG 
EXPANDED SHALE 
LIMESTONE 
( LEDGE #8abx) 
LIMESTONE 
( CLASS K) 
RIVER GRAVEL 
( OPEN GRADE ) 
RIVER GRAVEL 

--------------------------------------------------------------------·---
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TABLE 1 .  CONTINUED 
======================================================================== 

SAMPLE QUARRY 
N UMBER NAME LOCATION MATERIAL TYPE 
----------------�-------------------------�-----------------------------

36 ROGERS GROUP INC .  CUMBERLAND GAP ,  TN LIMESTONE 
37 KENTUCKY STONE CO. FRANKLIN LIMESTONE 
38 PORTER BROWN LIMESTONE CO . SPRINGFIELD , TN LIMESTONE 
39 ELKHORN STONE CO . ELKHORN CITY LIMESTONE 
40 BULLITT COUNTY STONE CO . SHEPHERDSVILLE LIMESTONE 
41  KENTUCKY STONE CO .  FLEMINGSBURG LIMESTONE 
42  MARTIN-MARIETTA LOUISVILLE RIVE R GRAVEL 
43  BOONESBORO QUARRIES BOONESBORO LIMESTONE 
44 REED CRUSHED STONE CO . GILBERTSVILLE LIMESTONE 

( NON-FLINTY ) 
45  CUMBERLAND RIVER QUARRY SMITHLAND SANDSTONE 
46 BOONE COUNTY SAND AND GRAVEL BELLEVIEW RIVE R GRAVEL 
47 WARD AND MONTGOMERY LEBANON LIMESTONE 
48 KENTUCKY STONE COMPANY CANTON LIMESTONE 

( LEDGE #8 ) 
49 KENTUCKY STONE COMPANY CANTON LIMESTONE 

( LEDGE #13)  
50  KENTUCKY STONE  COMPANY CANTON LIMESTONE 

( LEDGE #6 ) 
5 1  M & M CONSTRUCTION CO . NEW ALBANY,  IN RIVE R GRAVEL 
5 2  STANDARD SLAG COMPANY CARTER CITY LIMESTONE 
5 3  MEDUSA AGGREGATES PARK CITY LIMESTONE 

( LEDGE #4 ) 
54  KENTUCKY STONE COMPANY BEATTYVILLE LIMESTONE 

( LEDGE #6 ) 
5 5  ELKHORN STONE COMPANY ELKHORN CITY LIMESTONE 

( LEDGE #21 ) 
- - ---------------------------------------------------�------------------
N OTE : *CONTROL AGGREGATES 

i n  a cy l i ndri ca l  metal jar . A section of p lastic  pipe,  for wh ich the 

i n i t i a l  we i ght has been obtai ned , is pl aced in the metal jar wi th the 

a g g r e g a t e. T h e  j ar i s  t h e n  r o t a t e d  on a j a r m i l l  for  1 h o u r .  

Th ereafter , the p lastic  pipe i s  removed from the jar , thorough ly cl eaned 

and we ighed. The p l as t i c  pipe is returned to the metal jar and the 

procedure is repeated aga i n  for another 1-hour cyc l e ,  a 2-hour cycle, 

a nother 2- hour cyc l e ,  and a 14-hour cyc l e. The pl asti c pipe is removed 

from the met a l  jar the  end of each eye 1 e ,  thoroug h l y  c l eaned , and 

weighed. At the end of the last cyc l e ,  the aggregate is removed from 

t h e  me t a l  j ar at , we t s i eved , and dr i ed to  a constant  we i g ht. The 

weight retained on each s i eve i s  recorded to the nearest gram. The 

procedure for the Test  of Aggregate Abras iveness and Degradat i on (KTRP 

Abrasion Te st) i s  ou t l i ned i n  Appendi x  B. 
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TABLE 2. SPECIFIC GRAVITY AND ABSORPTION RESULTS 
= ====================================================================== 

TYPE COARSE AGGREGATE FINE AGGREGATE 
O F  ------------------ - ----- - - -- ------------------------

MATERIAL SSD OD ASG ABS SSD OD ASG ABS 
----------------------------- ----------------- -------------------------

1 -R GRAV 2 . 58 2 , 54 2 . 65 1 . 7  2 . 49 2 . 41 2 . 62 3.3 
2-R GRAV 2 . 24 2 . 08 2 . 49 7 . 9  2 . 29 2 . 1 1  2 .  58 8 . 7  
3-SLAG 2 . 44 2 . 36 2 . 56 3 . 2  2 . 58 2 . 53 2 . 68 2 . 2  
4-R GRAV 2 . 40 2 . 28 2 . 59 5 . 2  2 .  43 2 . 32 2 . 62 5.0 
5 -LSTONE 2 . 69 2 . 68 2 . 72 0 . 5  2 . 69 2 . 68 2 . 70 0 . 3  
6 -LSTONE 2 . 67 2 . 67 2 . 69 0 . 3  2 . 64 2 . 63 2 . 66 0 . 5  
7 -R GRAV 2 . 58 2 . 54 2 . 64 1 . 4  2 . 58 2 .  55 2 . 63 1 . 2  .. 
8-R GRAV 2 . 49 2 . 42 2 .  59 2 . 8  2 . 51 2 . 45 2 . 60 2 . 5  
9 -SSTONE 2 . 50 2 . 46 2 . 56 1 . 6  2 . 55 2 . 53 2 . 58 0.8 

1 0 -SLAG 2 . 36 2 . 25 2 . 54 5 . 0  2 . 55 2 . 47 2 . 69 3. 4 
1 1 -LSTONE 2 . 69 2 . 68 2 .  71 0 . 5  2 . 69 2 . 67 2 .  71  0 . 5  
1 2-LSTONE 2 . 69 2 . 67 2 . 71 0 . 4  2 . 68 2 . 68 2 . 69 0 . 2  
1 3-LSTONE 2 . 67 2 . 66 2 . 70 0 . 7  2 . 67 2 . 65 2 . 70 0 . 8  
1 4-R GRAV 2 . 55 2 . 52 2 . 60 1 . 2  2 . 70 2 . 65 2 . 79 1 . 8 
1 5-T ROCK 2.89 2 . 88 2 . 92 0 . 5  2 . 87 2 , 80 3 . 00 2 . 5  
1 6-LSTONE 2 . 66 2 . 65 2 . 68 0 . 5  2 . 63 2 . 58 2 . 7 1  1 . 8 
1 7  -LSTONE 2 . 69 2 . 65 2 . 78 1 . 8 2 . 73 2 . 7 0  2 . 80 1 . 3  
1 8-LSTONE 2 . 57 2 . 49 2 . 72 3 . 4  2 . 58 2 . 51 2 .  71 2 . 9  
1 9-SLAG 2 . 28 2 . 20 2 . 40 3 . 8  2 . 65 2 . 56 2 . 79 3 . 2  
2 0-SLAG 2 . 50 2 . 46 2 . 56 1 . 6  2 . 59 2 . 53 2.70 2 , 6  
2 1 -LSTONE 2 . 45 2 . 31 2 . 67 5 . 7  2 . 45 2 . 30 2 . 72 6 . 7  
2 2-LSTONE 2 . 52 2 . 42 2 . 69 4 . 3  2 . 70 2 . 60 2 . 88 3 . 7  
23-GRANIT 2 . 70 2 . 69 2 . 71 0 . 4  2 . 69 2 . 69 2 . 7 1  0 . 4  
2 4-LSTONE 2 . 66 2 . 59 2 . 78 2 . 7  2 . 80 2 . 74 2 . 91 2 . 1  
2 5-LSTONE 2 . 67 2 . 66 2 . 70 0 . 5  2 . 67 2 . 66 2 . 68 0 . 3  
26-SSTONE 2 . 41 2 . 28 2.61 5 . 5  2 . 54 2 . 47 2 . 64 2 . 6  
2 7 -SSTONE 2 . 37 2 . 21 2 . 61 6 . 9  2 . 63 2 . 56 2 . 75 2 . 7  
28-LSTONE 2 . 64 2 . 61 2 . 69 1 . 1  2 .  66 2 . 64 2 . 70 0 . 9  
29-R GRAV 2 . 60 2 . 59 2 . 6 2  0 . 5  2 . 58 2 . 57 2 . 59 0 . 4  
30-SLAG 3, 35 3. 29 3 .51  1 . 9  3 . 52 3 .48 3.  63 1 . 2  
3 1 -XSHALE 1 . 49 1 . 34 1 . 58 1 1 . 0  1 . 7 2  1 .  53 1 . 87 1 1 . 9  
32-LSTONE 2 . 40 2 . 26 2 . 63 6 . 2  2 . 45 2 . 30 2 . 70 6 . 4  
33-LSTONE 2 . 69 2 . 68 2 . 70 0 . 3  2 . 65 2 . 58 2 . 79 3 . 0  
34-R GRAV 2 . 58 2 . 53 2 . 67 2 . 0  2 . 49 2 . 40 2 . 64 3 . 8  
35-R GRAV 2 . 55 2 . 47 2 . 68 3. 1 2 . 42 2 . 28 2 .  65 6 . 2  
36-LSTONE 2 . 70 2 . 68 2 . 73 0 . 7  2 . 72 2 . 69 2.  77 1 . 0 
37 -LSTONE 2 . 67 2 . 65 2 . 72 1 . 0  2 .  65 2 . 61 2 . 72 1 . 5  
38-LSTONE 2 . 62 2 . 58 2 . 70 1 . 7  2 . 57 2 . 53 2 . 64 1 . 5  
39-LSTONE 2 . 63 2 .61  2 . 67 0 . 8  2 .  65 2 . 63 2 . 70 1 . 0  
40-LSTONE 2 . 67 2 . 61 2 .  77 2 . 2  2 . 70 2 . 60 2 . 87 3 . 5  
4 1 -LSTONE 2 . 67 2 . 64 2 . 72 1 . 1  2 . 68 2 . 65 2 . 73 1 . 1  
42-R GRAV 2 .65  2 . 60 2 . 73 1 . 8  2 . 65 2 .6 1  2 . 72 1 . 5  
4 3-LSTONE 2 . 71 2 . 69 2 . 75 0 . 8  2 . 72 2 . 69 2 .  77 1 . 0  
44-LSTONE 2 . 66 2 . 64 2 . 70 o . 8  2 . 65 2 . 63 2 . 70 1 . 0  
4 5-SSTONE 2 . 49 2 . 45 2.55 1 . 6  2 . 49 2 . 46 2 . 55 1 . 4 
4 6-R GRAV 2 . 63 2 . 56 2 .  77 3 . 0  2 . 69 2 . 65 2 . 75 1 . 3  
- -------- - ------------------------------------- - ------- ----------------
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TABLE 2 .  CONTINUED 
======================================================================= 

TYPE COARSE AGGREGATE FINE AGGREGATE 
O F  -------------------------- --------------------------

MATERIAL SSD OD ASG ABS SSD OD  ASG ABS 
- - ---------------------------------------------------------------------
47-LSTONE 2 . 67 2 . 64 2 . 73 1 . 3  2 . 57 2 . 54 2 .  62 1 . 1  
48-LSTONE 2 . 68 2 . 67 2 . 70 0 . 4  2 . 67 2 . 65 2 . 71 0 . 8  
49-LSTONE 2 . 68 2 . 66 2 . 70 0 , 6  2 . 65 2 . 64 2 . 68 0 . 5  
5 0-LSTONE 2 . 68 2 . 66 2 . 71 0 , 6  2 . 66 2 . 64 2 . 69 0 . 6  
5 1 -R GRAV 2 . 67 2 . 63 2 . 74 1 . 5  2 . 68 2 . 64 2 . 76 1 . 6  
52-LSTONE 2 . 64 2 . 61 2 . 69 1 . 1  2 . 62 2 . 57 2 . 7 1  1 . 9 
5 3-LSTONE 2 . 64 2 . 62 2 . 67 0 . 7  2 . 70 2 . 67 2 . 76 1 . 3  � 
5 4-LSTONE 2 . 65 2 . 64 2 . 67 0 . 4  2 . 67 2 . 66 2 . 70 0 . 5  
55-LSTONE 2. 67 2 . 66 2 . 68 0 . 3  2 . 67 2 . 66 2 . 70 0 , 6  
------------�----------------------------------------------------------

KEY TO ABBREVIATIONS 
AGGREGATES 

R GRAV --
SLAG - ­

LSTONE - ­
SSTONE - ­
T ROCK - ­
G RANIT - ­
XSHALE --

RIVER GRAVEL 
SLAG 

LIMESTONE 
SANDSTONE 

TRAPROCK 
GRANITE 

EXPANDED SHALE 

SPECIFIC GRAVITY 
AND ABSORPTION TESTS 

SSD -- SATURATED SURFACE DRY 
00 -- OVEN DRY 

ASG -- APPARENT SPECIFIC GRAVITY 
ABS - �  PERCENT ABSORPTION 

The percent weight loss  of the pl astic pipe (KTRP Percent Loss) is 

determined by subtracting the fina l  weight of the pl astic pipe from the 

initial weight, dividing by the initia l weight,  and mu l tip l ying by 100. 

The KTRP Percent Loss is an indicator of an aggregate ' s abrasiveness.  

Gradations of  the aggregate samp 1 e before and after the test are 

p l otted on the same gradation chart. The area between the two curves is 

an indication of the aggregate ' s su sceptibil ity to mechanical breakdown 

( the larger the area, the more breakdown ) .  

The cumu l ative weight loss  of the pl astic pipe at each phase of the 

test is pl otted as a function of time. The rate of change of aggregate 

p o l ishing and the time at which maximum pol ishing is expected to occur 

may be ca l cu l ated by fitting a quadratic curve through the data points 

and taking the first and second derivatives of that equation.  The area 

u nder the fitted l os s  curve a l so is an indication of the aggregate ' s  

abrasiveness ( the l arger the area,  the more abrasive the aggregate) . 

Inso l ub l e  residue test resul ts were obtained from the Division of 

Materia l s  for each of the samp l es for corre l ation with resu lts  of the 

o t h er t e s t s .  T h e  i n s o l u b l e  r e s i d u e  t e s t  is an i n d i c a t or of a n  
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a ggregate' s resistance to pol i sh i ng and is used by some agenc i es for 

a cceptance purposes, 

TEST RESULTS AND DISCUSSION 

S PECIF IC GRAVITY AND ABSORPTION 

A 1 1  sampl es were tested in accordance with KM 64-605-85 (Specifi c 

Gravity and Absorpt i on of F i ne Aggregate) and KM 64-607-79 (Spec ifi c 

Gravity and Absorpt i on of Coarse Aggregates) . Results are summarized i n  

Tabl es 2 a n d  3,  respect ively. N o  rel a t i onsh ips appear to ex ist between 

a pparent spec i f i c  grav i ty and absorp t i o n .  On the  avera ge , control  

sampl es ( s l ags, traprock ,  and gran i te) had the hi ghest apparent specific  

gravity and the sandstones had the lowest apparent specific  gravit ies.  

Absorpt i on characteri st i cs were not as consi stent. Limestones exhibi ted 

t h e  l owest absorp t i on va l u es for both f i n e and co arse aggregates.  

Sandstones had the h i ghest absorpt ive read i ngs of the coarse aggregates 

t ested.  Ri ver grave l s  had t h e  h i g h est absorp t i ons for t h e  f i ne 

aggregates. 

L O S  ANGELES ABRASION TEST 

T h e  Los  A n g e l e s  Abras i on Test was performed on a l l samples to 

d eterm i ne h ow wel l  the aggregates re s i st a repet i t i ve destr u c t i ve 

c h arge . Limestones, as a group, y i e l ded the l owest average percent loss 

( 2 4 . 9  � 9 . 3% l oss) , Sandstones, as wou l d  be expected , had the highest 

average percent l oss ( 6 9 . 4  � 33 . 2% l oss) . The average percent l osses for 

r i ver gravels and con tro l s  were sl ightly greater than for limestones. 

Resu l ts of a l l tests and a breakdown by aggregate type are contai ned in 

Tab l es 4 and 5 , respect ively. 

KTRP ABRASION TEST 

P ercent Loss 

The  KTRP Abras i on Test Perc ent  Loss i s  an i n d i ca tor of the  

a brasiveness of an aggregate. The percent l oss is expressed as the 

d i fference between the i n i t i a l  we ight of a plast i c  cy l i ndri ca l  specimen 

m i nus  its we ight after the test, divided by its i n it ia l  we i ght ,  and 

mu l t ip l i ed by 100.  The hi gher the percent loss, the more abrasive the 

a ggregate and the better its sk i d  resistance potent ia l . Limestones, as a 
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who l e ,  had the h ighest KTRP Abras i on Test  Percent Loss ( 2 . 96 � 0 . 86%) , 

wh i 1 e the contra 1 aggregates had l ower va 1 ues ( l. 64 + 1 .  09% ) . Res u l t s  

for the ent i re data set a s  we l l  as a breakdown by aggregate type are 

s ummari zed in Tab l es 4 and 6 ,  respectively.  

A rea between G radation C urves 

T h e  area between the gradat i on c u rves ( th e  i n i t i a l  and f i n a l  

g radation curves)  i s  a measure of the suscept ib i l ity of an aggregate to 

degradation.  A l arge value suggests the aggregate i s  suscepti b l e  to­

l arge degradat i ons of its mi neral macrostructure and thus wou ld  not be 

considered a good aggregate for use i n  s k i d  res i stant surfaces because 

o f  th i s  breakdown . Areas under the curves were est imated by the Simpson 

approximat i on .  

TABlE 3. SPECIFIC GMVITY A'D ABS6RPTIQ\l: 
GROOPING BY PffiREGA1E TYPE 

========================================================= 

AffiREGA 1E TYPE COAASE PffiREGA1E FINE PffiREGATE 
------------------ ------------------------------------------------------�--
RIVER GRAVELS JlPPARENT 

SPECIFIC RJlNGE 2.49 TO 2.77 2.58 TO 2. 79 
GRAVITY 1£0.N + SOEV 2.65 � 0.08 2.66 � 0.07 

PERCENT R6NGE 0.5 TO 7.9 0.4 TO 8.7 
ABSORPTION I£O.N + SOEV 2.7 � 2.0 3.1 � 2.5 

----------------------------------------------------------------------------
LMSTONES JlPPAAENT 

SPECIFIC R6NGE 2.63 TO 2. 78 2.62 TO 2.91 
GRAVITY 1£0.N + SOEV 2.71 � 0.03 2. 73 � 0.07 

PERCENT R6NGE 0.3 TO 6.2 0.2 TO 6. 7 
ABSORPTIQ\1 1£0.N + SOEV 1.4 � 1.4 1.6 � 1.6 

----------------------------------------------------------------------------
SIWJSTQ\IES APPARENT 

SPECIFIC RlW3E 2.55 TO 2.61 2.55 TO 2.75 
GRAVITY I£O.N + SDEV 2.58 � 0.03 2.63 � 0.09 

PEIUNT RlW3E 1.6 TO 6.9 0.8 TO 2.7 
ABSORPTION I£O.N + SDEV 3.9 � 2.7 1.9 + 0.9 

----------------------------------------------------------------------------
CONOOLS JlPPARENT 

SPECIFIC PANGE 2.40 TO 3.51 2 . 68  TO 3.63 
GRAVITY I£O.N + SDEV 2.74 + 0.38 2.89 + 0.35 

PERCENT RJlNGE 0.4 TO 5.0 0.4 TO 3.4 
ABSORPTION I£O.N � SDEV 2.3 + 1 . 7  2.2 + 1.1 

1 0  



TABLE 4. ABRASI rn lEST f£ll.IL TS 

lYPE LOS PNGELES 
OF ABRASION lEST 

MATERIAL* (% LOSS) 

KTRP JlDJUSTED 
ABRASict4 lEST AA:.A EETh£EN SKID SKID ** 

(% LOSS) GRJlDATION OJRVC:S f'lMPER f'lMPER 
----------------------------------------------------------------------------------------
1-R f'RAV 24.6 1.37 21.9 46 66 
2-R f'RAV 17 .o 2.39 33.5 43 39 
3-SLAG 39.6 1.15 45.0 
4-R f'RAV 19.8 3.62 16.6 42 49 
5-LSTONE 20.4 3.18 20.7 43 61 
6-LSTrnE 16.0 3.68 27.1 43 39 
7-R GAAV 19.2 3,24 10.7 
8-R f'RAV 18.1 2.41 8.6 
9-SSTrnE 40.3 1.17 41.6 

1D-SLAG 39.6 0.50 113.3 44 48 
11-LSTONE 28.2 1.73 26.9 
12-LSmlE 23.0 1.95 40.2 
13-LSTONE 29.7 3.34 35.8 
14-R GAAV 16.6 3.12 5.2 39 31 
15-T RJCK 14.9 3.77 22.7 41 43 
16-LSTONE 19.5  2.98 24.5 
17-LsrrnE 26.2 4.08 40.4 40 35 
18-LSmlE 25.5 2.11 34.2 
19-SLAG 37.5 1.70 71.5 39 37 
2D-SLAG 31.8 0.98 34.0 40 39 
21-LSTONE 37.7 1.44 62.1 
22-LSTrnE 26.7 4. 03 53.1 
23-GRJINIT 29.6 1.16 46.6 47 
24-LST(JIIE 19.9 2.77 39.3 
25-LsrrnE 19.9 3.48 37 .o 
26-SSTONE 97.5 2.07 180.7 
27-SSTONE 98.9 1.79 212.8 
28-LSTONE 30.1 2.75 40.1 47 47 
29-R GAAV 30.5 1.30 19.8 45 45 
30-SLAG 16.4 2.24 18.2 
31-XSHALE 21.4 1.14 33.7 
32-LSTONE 64.5 0.92 l33.4 39 48 
33-LSTONE 18.6 3.76 12.8 39 20 
34-R GAAV 62.5 1.43 11.3 
35-R f'RAV 28.6 1.55 18.7 
36-LSTONE 21.6 3.54 78.2 
37-LSTrnE 27.4 3.70 32.8 
38-LSTrnE 14.4 2. 30 16.3 
39-LSTONE 19.8 3.01 18.4 
4D-LSTrnE 24.3 2.49 27.5 
41-LSTrnE 31.5 2.58 45.7 
42-R f'RAV 20.0 2.74 43.0 45 49 
43-LSTONE 19.8 2.54 21.2 52 57 
44-LSTONE 32.6 2.58 35.1  
45-SS�E 41.0 1.58 12.4 
46-R f'RAV 25.6 1.06 66.5 
4HST(JIIE 29.0 2.45 61.2 
-----------------------------------------------------------------------·----------------
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TABLE 4. CONTHtJED 
= 

TYPE LOS PNGELES KTRP JlUJUSTED 
OF AllRASI{XII TEST AllRASI{XII TEST NV. E£Th£EN SKID SKID *" 

Ml\TERIAL* (% LOSS) (% LOSS) GRADATION CURVES f'lMBER f'lMBER 
----------------------------------------------------------------------------------------
48-LSTONE 
49-LSTONE 
50-LSTONE 
51-R GRA V  
52-LSTONE 
53-LSTONE 
54-LSTONE 
55-LST(XIIE 

NOTE: * R r:PAV -
SLAG­

LSTM­
SST{XIIE -
T RJCK­
GRANIT­
XSHALE -

14.5 
19.7 
17.9 
21.7 
27.8 
27 .o 
21.4 
17.8 

RIVER ffiAVEL 
SLAG 

LIM:STiliE 
SANJSTONE 
mAPROCK 
GRANITE 

EXPANDED SlAl..E 

1.80 7.0 
4.12 16.3 
3.11 15.0 
4.38 41. 1  
4.26 41.5 
3.76 22.2 
3.53 15.2 
3.80 11.2 

River grave l s  exhibited the lowest va l ues (24. 7 + 18. 0 )  whil e  the 

s andstones had the h ighest average area ( 1 1 1 . 9! 99 . 6 ) .  Sandstones have 

l arge gra i n  sizes, and wh en i n divid u a l  grains are  eroded from the  

s andstone partic l e ,  the individual partic l es continue  to abrade .  Thu s ,  

t h e  area between c u rves for sands tones  is n o t  a n  indicator o f  how 

abrasive the aggregate is . Resu lts  of the entire data set al ong with a 

b r e a k d o wn by a g g r e g a t e  ty p e  a r e  a v a i l a b l e  i n  Ta b l e s  4 a n d  6, 

respective ly.  

Derivatives of Percent Loss  Curves 

S m o o t h  c u r v e s  we re  c o n s t r u c t e d  t o  p r o d u c e  a mo re  c o m p l e t e  

description of the abrasive characteristics of the aggregates.  The 

first derivat i ve of th e loss  curve was set equal to zero to compute the 

theoretical time at which the plastic cy l inder used in the test  wou l d  be 

worn away or the time the aggregate becomes polished to the extent it no 

l onger abrades the cy l inder . A short time period indicates the aggregate 

is very abrasive , or the aggregate has polished quick ly  and no l onger 

abrades the cy l inder. When studying the first derivative , some judgment 

must be used. A short time period for a chert wou l d  indicate rapid 

po lishing of the aggregate. For a sandstone, rapid abrasion of the 
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TABLE 5.  LOS ANGELES ABRASION TEST : 
G ROUPING BY AGGREGATE TYPE 

=========================================== 

AGGREGATE TYPE 

RIVER GRAVELS RANGE 

LIMESTONES 

MEAN + SDEV 

RANGE 
MEAN .!. SDEV 

PERCENT LOSS 

16,6 TO 62 . 5  
25 . 3.!. 1 2 . 5  

14. 4 TO 64. 5  
24. 9 + 9 . 3  

-------------------------------------------
SANDSTONES RANGE 

MEAN .!_ SDEV 
40 . 3  TO 98 .9  

69 . 4  .!. 33 . 2  
-------------------------------------------
CONTROLS RANGE  

MEAN + SDEV 
1 4 . 9  TO 39, 6  

29 . 9.!. 1 0 . 4  
-------------------------------------------

TABLE 6. KTRP ABRASION TEST : 
G ROUPING BY AGGREGATE TYPE 

============================================================= 

AGGREGATE TYPE PERCENT LOSS 
AREA BETWEEN 

GRADATION CURVES 
-------------------------------------------------------------
RIVER GRAVELS RANGE 

MEAN + SDEV 
1 . 06 TO 4 .38 
2 .  38 .!. 1 .  06 

5. 2 TO 66 . 5  
24 . 7.!. 18 . 0  

-------------------------------------------------------------
LIMESTONES 

SANDSTONES 

RANGE 
MEAN + SDEV 

RANGE 
MEAN + SDEV 

0 , 92 TO 4.26  
2 . 96.!. 0 . 86 

1 . 17 TO 2 . 07 
1 .  65 .!. o. 38 

7 . 0  TO 133 . 4  
35 . 2  + 24 . 5  

1 2 . 4  TO 2 1 2 . 8  
1 1 1 .  9 .!. 99. 6 

-------------------------------------------------------------
C ONTROLS RANGE 

MEAN .!_ SDEV 
0 , 50 TO 3 .77  

1 .  64  .!. 1 .  09 
18. 2  TO 1 1 3 . 3  

50 . 2.!. 32 . 9  
-------------------------------------------------------------

cyl inder ( a  short time period for the first derivative) indicates the 

aggregate is no l onger skid resistant. 

Three sampl es yie l ded very large times in comparison to those of 

the other 52 s amp 1 es .  Those three sources were a 11 1 imes tones .  Average 

val ues for the first derivative and second derivative were computed with 

and without the three 1 imestones for the 1 imestone group on ly and for 

the overa l l  data set . Sandstones displ ayed the shortest average time 

( 2 4 . 7  .!_ 7 . 0  h ou r s )  and t h e  l imestones  with and without  the three 

o u t l iers  had the l o n ge s t  times ( 1 9 5 . 2  .!_ 35 0 . 8  h o u r s  and 48 . 8  + 5 . 6  
hours , respective ly) . Tab l es 7 and 8 inc l ude res u l t s  of the entire 

data set and group by aggregate type. 
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The second derivative of the loss curve is an indicator of the rate 

o f  change  of percent  l o s s  with tim e ,  It a l s o may predict a simi l a r  

change in skid resistance under traffic. A l arge number indicates rapid 

wear of the p l astic cyl inder. As noted previous l y ,  sampl es from three 

l imestone  s o u r c e s  had re s u l t s which were quite different  from t h e  

remaining data. Average va l ues with and without the three out l iers were 

computed. The sandstones , as a group, exhibited the highest average 

change in wear rate ( -33. 6 � - 1 1 . 0 )  whil e  the control aggregates had the 

l owest average change in rate ( - 18 . 6  � -10 . 3 ) . Tabl es 7 and 8 inc l ude 

res u l ts of individua l  aggregates as we l l  as a breakdown by aggregate 

type. 

Th e interpretation of the derivatives is very important. A second 

degree po lynomial was used to describe the percent- l os s  curves : 

Percent Loss = Ax2 + Bx + C,  ( 1 ) 

where A ,  B ,  and C are constants of regres sion . The first derivative is 

d ( percent loss ) ' /dx ' = 2Ax + B .  ( 2 )  

The second derivative is of the fo l l owing form: 

d ( percent loss ) "/dx" = 2A . (3 ) 

A l a rge positive va l u e of B indicates  the  ma terial  is very 

a brasive. A l arge negative va l ue of A indicates the material may not 

remain abrasive very l ong. This may be true for l imestones ,  cherts , and 

h igh silica grave l s .  For sandstones,  it wou l d  mean the cyl inder is 

wearing away rapid l y .  A l arge va l ue for B and a sma l l negative va l ue 

for A means the material is very abrasive and wil l  remain abrasive for a 

1 ong time . 

A l ow val ue of B means the material is not very abrasive. A l arge 

positive va l ue of B indicates an abras ive material .  A smal l negative 

v a l ue  of A wo u l d  mean the  ma t e ria l wo u l d  main tain this va l u e of 

abrasiveness for a l onger time . 
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TABLE 7. EQL!Il.TIONS a= FtRCENT LOSS UJRVES 
= 

TYPE 
SJlMili (F X:Y' (X)=O Y"*104 

NLMPER W.TERIAL EQL!Il.TI(J'.l a= FITTED LOSS UJRVE* (HRS) (G/HR) 
---------------------------------------------------------------------------------------------------

1 RIVER ffift.VEL Y = -o.00063617x2 + 0.05246045X - 60.00196085 41.2 -12.7 
2 RIVER ffift.VEL Y = 0.00036505X2 + 0.03703106X - 0.01382725 WP NPP 

3 SLAG Y = -o.00092839X2 + 0.05286077X - 0,01411753 al.5 -18.6 
4 RIVER ffift.VEL Y = -o.00073066X2 + 0.08150088X - 0.02494597 55.8 -14.6 
5 LIM:ST(J'.IE Y = 0.00101644X2 + 0.07623620X - 0.00947962 fPP NPP 

6 LIM: STONE v = -o.00109474x2 + o.08827438X - o.01695812 40.3 -21.9 
7 RIVER ffiA VEL Y = -o.00122456X2 + 0.08312619X - 0,01588031 33.9 -24.5 
8 RIVER ffift.VEL Y = -o.00152293X2 + 0.07512600X - 0.01912777 24.7 -30.5 
9 SllWST(J'.IE Y = -o.00241186X2 + 0.08390784X + 0.00085591 17.4 -48.2 

10 SLAG Y = -o.00143995X2 + 0.04383166X - 0.00962749 15.2 -28.8 
11 LIM:STONE Y = -o.00028926X2 t 0.05616188X + 0.00350149 97.1 -5.8 
12 LIM:STM Y = -o.00073756X2 + 0.07143011X + 0.00638015 48.4 -14.8 
13 LIM:STONE Y = -o.00338347X2 + 0.16170345X + 0.09768978 23.9 -67.7 
14 RIVER ffift.VEL Y = -o.00093016X2 + 0.07594995X - 0,02122977 40.8 -18.6 
15 TRAPROCK Y = -o.00096435X2 + 0.08789721X - 0,02238848 45.6 -19.3 
16 LIM:ST(J'.IE v = o.00333065x2 + o.00232974X + o.o5698792 fPP li'P 

17 LIIIESTOOE Y = -o.00008276X2 + 0.12175503X + 0.00725166 735.6 -1.7 
18 LIM: STONE Y = 0,00046962X2 + 0.05244836X + 0.00773681 WP NPP 

19 SLAG Y = -o.00166566X2 + 0.08155479X - 0.01040734 24.5 -33.3 
20 SLAG Y = -o.00021514X2 + 0.03159642X - 0,00360575 73.4 -4.3 
21 LIM:STONE Y = -o.00098076X2 + 0.05965509X + 0.01316258 l.l.4 -19.6 
22 LIJIESTONE v = o.ooo38688x2 + o.10083131X + 0.00347571 WP NPP 

23 ffift.NITE Y = -o.00087778X2 + 0.04909824X + 0,00279862 12.0 -17.6 
24 LIM:STONE Y = -o.00028900X2 + 0.05618769X - 0.01617386 97.2 -5.8 
25 LIM: STONE Y = 0.00059458X2 + 0.05324858X - 0.02702280 WP li'P 

26 SLWSTOOE Y = -o.00137611X2 + 0.08384178X + 0.01828270 l.l.5 -27.5 
27 SIVfJSTM Y = -o.00116561X2 + 0.07227703X + 0,02126851 31.0 -23.3 
28 LIJIESTONE Y = 0.00221546X2 + 0.03065659X + 0.00773291 WP WP 

29 RIVER ffiAVEL Y = -o.00100991X2 + 0.05587482X + 0.00971006 27.7 -20.2 
30 SLAG Y = -o.00040796X2 + 0.04936158X - 0.01725627 60.5 -8.2 
31 EXPANJED SW.E Y = 0,00038708X2 + 0.02739562X - 0.01926843 WP NPP 

32 LIM:STONE Y = -o.00171924X2 + 0.05695618X + 0.00591630 16.6 -34.4 
33 LIM::STONE Y = 0. 00066128# + O. 08202999X + 0. 00445847 i'PP NPP 

34 RIVER ffiAVEL Y = -o.00135407X2 + 0.06076252X + 0.02059481 22.4 -27.1 
35 RIVER ffift.VEL Y = -o.00098506X2 + 0.05948125X + 0.00086368 l.l.2 -19.7 
36 LIM: STONE Y = -Q,00008769X2 + 0.08139499X + 0.00773048 464.1 -1.8 

------------------------------------------------------------------------------------------------

1 5  



TAB!.£ 7. OJNTII'UED 
=-

TYPE 
SJlMfi..E OF X:Y' (X)=O Y"*lo4 

NLMIER WITERIAL EQUI\TION OF FITTED LOSS UJRVE* (HRS) (G/HR) 
-------�--------------------------------------------------------------------------------------------

37 LIM:STONE Y = 0.00085915X2 + O.OB193729X + 0.00097862 WP NPP 
38 LIM:STONE Y = -o.00154719X2 + 0.09448306X - 0.00021520 3).5 ·30.9 
39 LIM:STONE Y = 0.00053186X2 + 0.06892125X + 0.01748239 NPP WP 
40 LIM:STONE Y = -o.00134755X2 + 0.0944696X + 0.01322762 35.1 ·27.0 
41 Lir-ESTONE Y = 0,00112514X2 + 0.04655301X + 0.00021740 NPP NPP 

42 RIVER GRAVEL v = o.00002149x2 + o.o7651832X - o.o155485 NPP NPP 
43 LIM:STONE Y = -o.00100943x2 + 0.09225463X + 0.01711877 45.7 -20.2 
44 LIM:STONE Y = 0.00170818X2 + 0.03817527X + 0.00456442 NPP NPP 
45 Sl\MJSTONE Y = -o.00177491X2 + 0.07148274X + 0.00864036 20.1 -35.5 
46 RIVER GRAVEL Y = 0.00074668X2 + 0.01182070X • 0.00124192 WP NPP 
47 LIM: STONE Y = 0.00140858X2 + 0.03531642X + 0.01294888 NPP �pp 
48 LIM:STONE Y = -o.00066648X2 + 0.05716963X + 0.00568197 42.9 -13.3 
49 mt:STONE Y = D.00032889X2 + 0.09840105X • 0.00089793 WP NPP 
50 LIM:STONE Y = -o.00089244X2 + 0.09762832X + 0.00053021 54.7 -17.9 
51 RIVER rAA VEL Y = 0.00046667X2 + 0.09620806X - 0.00605746 WP NPP 
52 LIM:STONE Y = 0.00036061X2 + 0.09898605X + 0.01053189 WP NPP 
53 LIM:STONE Y = -o. 00081763X2 + 0.11803096X + 0, 00277717 72.2 -16.4 
54 LIM:STONE Y = -o.00003714X2 + 0.09573341X • 0.00191356 1288.8 -o.7 
55 LIM:STONE v = o.ooo36664x2 + o.09054403x + o.o1089090 tf'P tf'P 

--------------------------------------------------
NOTE: * X - TIM: AT W1ID1 IIAXIM..M 

P[l_ISHING OF lHE FI.ASTIC 
CYLita:R OCCURS (HaJRS) 

Y • WEIGHT LOSS OF THE FI.ASTIC 
CYLHllER (GRJ!MS) 

NPP - RESULT NJT RffSICALLY 
POSSIBLE 

I NSOL UBLE RESIDUE 

X:Y' (X)=O - mE  FOR FIRST 
DERIVATIVE EQUAL 
lD ZERO (HaJRS) 

Y "*104 • RATE OF D1ANGE OF PERCENT 
\<.EIGHT LOSS OF THE PLASTIC 
CYLINDER WITH TIM: (GRJ!MS PER 
HOUR) 

Insoluble residue tests were performed on all 5 5  samples in 

accordance w i t h  KM- 6 4- 2 2 3 - 8 6  ( Insoluble Residue in Carbo nate 

Ag gregates). According to these tests, the river gravel group, on the 

average, had the best results (85  � 26%) and the limestone group had the 

worst results ( 1 5  � 15%). 
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TABLE 8, CHARACTERI STICS OF LOSS CURVES :  
GROUPING BY AGGREGATE TYPE 

=:================================================================ 
X:Y'(X}=O Y"*10 4 

AGGREGATE TYPE (HRS) (G/HR) 

R I VER  GRAVELS RANGE 
MEAN + SDEV 

22.4  TO 55.8 
34.6 + 11.8 

-12.7 TO -30, 5 
-21.0 + -6.1 

---·--------------------------------------------------------------
L IMESTONES RANGE 

MEAN ..!. SDEV 
16,5 TO 1288,8 

195.2..!. 350.9 
-0,7 TO -67.7 
-18. 7  + -16.7  

----------------------------------------------------�-------------
L IMESTONES [1] RANGE 

MEAN ..!. SDEV 
16.6 TO 97.2 

48.8 + 25.7 
-5.8 TO -67.7 
-22.7 + -15.9 

------------------------------------------------------------------
SANDSTONES RANGE 

MEAN .!. SDEV 
17.4  TO 31.0 

24.8 + 7.0 
-23.3  TO -48.2 
-33.6 + -11.0 

------------------------------------------------------------------
C ONTROLS RANGE 

MEAN ..!. SDEV 
15.2 TO 73.4 

39.4 + 21.2 
-4.3 TO -33.3 
-18.6 + -10.3  

------------------------------------------------------------------
N OTE: X : Y ' ( X}=O - TIME FOR FIRST DERIVATIVE EQUAL TO ZERO (HOURS )  

Y"*104 - RATE OF CHANGE O F  PERCENT WE I GHT LOSS O F  THE 
P LASTIC  PI PE WITH TIME (GRAMS PER HOUR) 

[1] - THREE LIMESTONE DATA POINTS WERE OMITTED 

Th i s  t e s t  i s  performed to determ i n e  the  amo u n t  of i n s o l u b l e  

noncarbonate mater i a l  i n  a carbonate aggregate. The inso lub l e  res idue 

m a t er i a l s  c r e a t e d  f r o m  t h e s e  t e s t s  were  n o t  s i z ed or e x am i n e d  

petrograph ica l ly. Resu lts for individual  sampl es as we l l  as a breakdown 

by aggregate type are conta i ned in Tabl es 9 and 10, respect ively.  

CORRELATIONS 

A l arge number of corre l at i ons were performed . Li near , quadrat i c ,  

and cub i c  mode l s  of analyses were used to obta i n  the best  corre l at i on of 

t h e  data s e t . A c omp l ete  l is t i n g  o f  a l l corre l a t i on s  that were 

performed al ong with regres s ion coeff i c i ents is  contai ned in Tab l e  11. 

Corre l a t i ons  have  been grou ped i n to three categor i e s : 1) L o s  

Ange 1 e s  Abra s i on Test  resul ts versus KTRP Abras i on Test  res u l t s  ( for 

examp l e ,  KTRP Percent Los s  versus  Area between Gradation Curves) , 2) 

KTRP Abras i on Te st resu l ts versus  sk id number (F igure 1), and 3) KTRP 

Abrasion Test resu l ts versus skid  number adjusted for pavement age and 

traffic accumu l at i on ( F i gure 2). 
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Figure 1. Skid Number versus KTRP Percent Loss 
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TABLE 9. INSOLUBlE ffSI DUE ffSUL TS 

TYPE 
OF 

MATERI JIJ...* 

1-R GlAV 
2 -R GlAV 
3-SLAG 
4-R GlAV 
5-I.ST!X'iE 
6-LST!M 
7-R GlAV 
8-R GlAV 
9-SSTONE 

1D-SLAG 
11-LSTONE 
12 -LSTONE 
13-LSTllJE 
14-R GlAV 
15-T IU:K 
16-LSTONE 
17 -LST!X'iE 
18-LST(JJE 
19-SLAG 
2D-SLAG 
2 1-LSTM 
22-LSTONE 
2 3-GR!I/IIIT 
2 4-LSTCl'JE 
2 5-LSTllJE 
2 6-SSmJE 
2 7-SSTONE 
28-l.STG'iE 

INSOLUBlE 
ffSI OUE 

(PERCENT) 

96 
100 
41 
95 
2 

22 
96 
96 
99 
39 
14 
8 

2 7  
94 
83 
23 
0 

47 
57 
54 
23 
23 
94 
32 

8 
97 
13 
1 

S<IO 
N..MffR 

46 
43 

42 
43 
43 

4 4  

39 
41 

40 

39 
40 

47 

47 

JlJlJUSTED 
SKID 

N..MffR 

66 
39 

49 
61 
39 

48 

31 
43 

35 

37 
39 

47 

47 

TYPE 
OF 

�TERI JIJ...* 

29-R GlA V  
3D-S LAG  
31-XSHJIJ...E 
32-I.ST!X'iE 
33-LST!M 
34-R GlAV 
35-R GlAV 
36-LSTM 
37-LSTONE 
38-LSTONE 
39-LSTllJE 
lkl-LSmJE 
41-LSTO'JE 
42 -R GlAV 
43-LSTllJE 
44-LSTQ'JE 
45-SSTONE 
4 6-R GlAV 
47-LSTQ'JE 
4 8-LSTQ'JE 
49-LSTONE 
50-LSTONE 
51-R GlAV 
52-LSTONE 
53-LSTONE 
54-LSTOOE 
55-LSTOOE 

INSOLUBlE 
ffSI OUE 

(PERCENT )  

100 
45 
98 
15 
10 
97 
88 
3 
1 

71 
10 
7 
1 

33 
10 
8 

99 
27 
15 
19 
14 
16 
93 
9 

14 
6 

19 

SKID 
NlM'ER 

45 

39 
39 

45 
52 

JlJlJUSTED 
SKID 

N..MffR 

45 

48 
20 

49 
57 

_ _ __________________________ , ___________ _ 
NOTE: *R GlAV -

SLAG -
LSTONE­
SSTQ'JE -
T IU:K -
GR!I/IIIT -
XSHI\1£ -

RIVER GAA\EL 
!'LAG 

LIM:STONE 
SJ!NOSTONE 
TRAPROCK 
GR!I/IIITE 

EXPANDED SHAl£ 

** Skid rurtJers a:ljusted for age of paveren t (Figure 6, Pg 9, "Skid Resistance Stud ies 
in Kentucky (An OVerview - 1974)," Research Report 399, Division of Research, 
Kentucky Oepartrren t of Transportatioo , Septamer 1974. 

L i near , quadrat i c ,  and cub i c  mode l s  of fit  were appl i ed in a l l  

c orrelation analyses . Other mode l s  such as semi- log and log- l og al so 

were used. In those tr ial s ,  however , corre l at i on coeffici ents produced 

were lower than their previous  counterparts. Res u l t s  of semi- l og and 

l og- l og fittings have not been tabul ated. 
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TABLE 10.  INSOLUBLE RESIDUE : 
GROUPING BY AGGREGATE TYPE 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

A GGREGATE TYPE 

R I VE R  GRAVELS RANGE 
MEAN + SDEV 

L IMESTONES RANGE 
MEAN + SDEV 

SANDSTONES RANGE 

CONTROLS 

MEAN + SDEV 

RANGE 
MEAN + SDEV 

INSOLUBLE RES I DUE 
( PERCENT) 

27 TO 100 
85 + 26 

0 TO 71 
15 + 1 5  

1 3  T O  99 
77 + 42 

39 TO 94 
59 + 21 

The corre l at i ons ind i cated l i ttle  if any ev i dence of a re lat ions h i p  

b etween 1 )  abras i on var i b l es, 2 )  abrasion var i b l es and sk i d  number , and 

3 )  abras i on var i b l es and adjusted sk i d  number. There are many factors 

that may expl a i n  the lack of evi dent re l a t i onsh i ps :  

1 )  i nadequate number of sources for each aggregate group, 

2 )  too few variab les taken i nto account to adequately des cribe 

the aggregates' phy s i c a l  character i st i cs ,  

3 )  only 19 s k i d  test secti ons matched the 55 aggregate sources 

u sed in the study, 

4 )  test sect i ons had s im i l ar sk i d  numbers , 

5 )  a l l  test sect i ons were re l at i ve ly new chrono l og i ca l ly but have 

v ariab le  leve l s  of traffic  accumulat i on, 

6 )  an absence of a sk i d  h i story for the test sec t i ons , and 

7 )  var iab le  mi xture des igns .  

Four types of aggregate were tested as  part of th i s  study. There 

were 31 1 i mes tone sources , 12 ri ver grave 1 sources , 7 contra 1 sources 

( co n s i sting of 5 s l a g sources , 1 traprock  sour c e ,  and 1 gran i t e  

sources) , and 4 sandstone sources . Wi th the pos s i b l e  exception of the 

l i mestone  gro u p ,  there were not  s u ff i c i ent  samp l e s i n  any group  to 

prov ide an ind i cat i on of a rel a t i on s h i p  between var i b l e s .  
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TABLE 11. CO�LATI(}J M\1RIX 
============================================================ 

ENTIRE RIVER 
co�Tirn VARIABlES 

MOOEL 
OF FIT DATA SET GRI\VELS LIM:STONES SllMJSTDNES CrnTRDLS 

---------------------------------------------------------

KTRP 1\PMSI(}J (% LOSS) 
vs LOS JlfaLES 1\PMSI(}J 
(% LOSS) 

LINEAR 
QUI\DRATIC 
UJBIC 

0. 166486 
o.:m196 
0.309110 

0.236605 
0.445724 
0.514511 

0.207830 
0.252235 
0.380126 

0.710B09 
0.927772 

N:D* 

0.683741 
0.778774 
0.932414 

_____ .. ______________________________________ _ 
AREA lNJER LOSS QJRVE LINEAR 
VS KTRP 1\PMSI(}J (% LOSS) QUADRATIC 

CUBIC 

0.742128 
0.745489 
0.752031 

0.822299 
0.833033 
0.883236 

0.649213 
0.658505 
0.662842 

0.662199 
0.929763 

N:D 

0.814712 
0.815379 
0.853841 

----------------------------------------------�-------

KTRP APMSirn (% LOSS) vs 
AREA lETh£EN ffiADATI(}J 
CURVES 

LIN:AR 
W!IDRATIC 
QJBIC 

0.088920 
0. 101898 
0. 124247 

0.016025 
0.063982 
0.441486 

0. 140357 
0. 191171 
0.193284 

0.546309 
0.550166 

�ED 

0.385463 
0.458611 
0.628072 

-------·-------- -------------------------

LOS JlNGELES ABRASI(}J 
(% LOSS) vs {liD, f£1'W£EN 
GRADATION CURVES 

LIN:AR 
QUADRATIC 
CUBIC 

0.695515 
0.745372 
0.748063 

0.019081 
0.024822 
0.113753 

0. 703534 
0.729821 
0.805589 

0.970723 
0.970726 

fED 

0.553026 
0.814402 
0.866765 

-------------------------------------------------------------·-----------------------------------------
AREA LNDER LOSS CURVE 
VS {liD, f£1'W£EN ffiADATI(}J 
CURVES 

LINEAR 
QUADRATIC 
CUBIC 

0.033995 
0.045887 
0.069580 

0.017115 
0. 179857 
0. 574691 

0. 117610 
0. 131560 
0. 131565 

0.713492 
0.896303 

NED 

0. 161516 
0.165125 
0,420502 

---------------------------------------------------

KTRP ABRASION (% LOSS) 
vs INSOLUBLE IBIDUE 

SKID N..MifR vs AREA 
BEThi:EN ffiADATI rn CURVES 

LINEAR 0.117693 0.041881 
QUADRATIC 0. 175842 0.167243 
CLiliC 0.190566 0. 180310 

0.066436 
0.068966 
0.069905 

0.068015 
0.805113 

N:D 

0.188667 
0.362381 
0.651499 

----·-------·---------------
LINEAR 0,037351 0.160433 
QUADRATIC 0.077981 0.361185 
CUBIC 0.095212 0.600550 

0.135753 
0. 171047 
0.378111 

N:D 
f'fD 
N:D 

0.042009 
0.045836 
0.460836 

------------------ -------------------------
SKID N..MifR vs 
Y ' (X ) = O  

LINEAR 
QUADRATIC 
CUBIC 

0.055661 
0.057476 
0.163114 

0.287964 
0.331661 
0.331683 

0.134104 
0.750652 

N:D 

0.195425 
0.195519 
0.200948 

--------------------------------------------

LOS 1¥-JGELES 1\PMSION 
(% LOSS) vs INSOLUBLE 
RESIDUE 

LINEAR 
QUADRATIC 
CUBIC 

0.009462 
0.013508 
0.032736 

0.009989 
0.021745 
0.024109 

0.028783 
0.040661 
0.044839 

0.371305 
0.999938 

N:D 

0. 183808 
0.229240 
0.286151 

-------------------------------------

AREA lN.IER LOSS CURVE 
vs INSOLUBLE RESIDUE 

LINEAR 
QUADRATIC 
CUBIC 

0.154699 
0.205561 
0.219292 

0.029700 
0��961 
0.371408 

0.025299 
0.038964 
0.038976 

0.039030 
0.975773 

t-ED 

0.200718 
0.422401 
0.711317 

---------------------------------------

AREA lETh£EN ffiADATirn 
CURVES vs INSOLUBLE 
RESIDUE 

LINEAR 
QUADRATIC 
CUBIC 

0.011207 
0.023085 
0.027769 

0.609447 
0.657409 
0.675276 

0.011518 
0. 016366 
0.027116 

0.478264 
0.985692 

t-ED 

0. 120580 
0.226303 
0.236587 

---------------------------------------------------

y I (X) = 0 VS INSOLUBLE 
RESIDUE 

LIN:AR 
QUADRATIC 
CUBIC 

0.140449 
0,289537 
0.425517 

0.021308 
0.243729 
0.482973 

0.052960 
0.002834 
0. 126900 

0.375304 
0.974446 

t-ED 

0.000007 
0.269180 
0.312421 

---------------------------------------------------------... 
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TABLE 11. CONTittJED 
====================================================== 

MOOEL ENTIRE RIVER 
CORRELATION VARIABLES OF FIT nt\TA SET GPAI£LS LIM:STIMS SANDSTONES CONTIUS 
�:(�j-;1o4 -�-------�IN:AR ---o�i%--'M284·-n--o.-1.2o�7 o.4n�--- o.oowiO 
INSOLUBLE RESHXJE QJI\DRATIC 0.007707 0.028802 0. 167228 0, 774'197 0.007563 

CUBIC 0.201927 0.226155 0.172305 t-fO 0.104930 
---------------------- ·----------------. SKID l'i.MBER vs KTRP 
ABRASION (% LOSS) 

WEAR 
QJI\DRATIC 
CUBIC 

0.046686 
0.227541 
0.235632 

0.589013 
0.590102 
0.683380 

0.010057 
0.735169 
0,900445 

N:D 
N:D 
N:D 

0.114749 
0. 194454 
0.297145 

------------------------------�-----AllJUSTED S<ID l'i.MBER LII'fAR 
vs KTRP ABRASION (% LOSS) CUADRA TIC 

CUBIC 
-----· SKID l'i.MBER vs 
LOS JINGELES ABRASION 
(% LOSS) 

------LIN:AR 
QJI\DRATIC 
CUBIC 

0.100149 0.187308 
0.178743 0.300853 
0. 194412 0.376861 

0.236061 
0.542390 
0.547869 

0.047560 
0.486497 
0.501018 

----------------------0.001768 0.312396 
0.028941 0.582208 
0.075754 0.735963 

0.120'199 
0. 164460 
0.166108 

N:D 
N:D 
N:D 

0.001796 
0.08lll9 
0.954370 

-----------------·-------------------AllJUSTED S<IO N.MlER vs 
LOS �G:LES JlllAASI� 
(% LOSS) 

LINEAR 
CUADRA TIC 
CUBIC 

0.016245 
0.023740 
0.128538 

0.025342 0.024110 
0.320901 0.030783 
0,905181 0.077168 

0.000762 
0.014173 
0.999889 

----------------·----- ------·------
AllJUSTED S<ID N..MBER vs 
AREA EElWEEN ffiADATION 
CURVES 

LIN:AR 
QUADRATIC 
CUBIC 

SKID N..MIER vs INSOLUBLE LIN:AR 
RESIDUE QUADRATIC 

CUBIC 

0.007364 O.()i2968 0.022407 N:D 0.124672 
0.007677 0.356057 0.034306 t-fO 0.331874 
0.079535 0,572691 0,527117 NED 0.555343 

--------·---0.000719 0.030512 0.009750 t-fO 0.167797 
O.()i7638 0.258766 0.023656 t-fD 0.974927 
0.132500 0.912873 0.241104 t-fO 0.'197977 

----------------· ·--·------·--·--- -----AlllUSTED S<ID l'i.MBER vs 
INSOLUBLE RESIDUE 

LIN:AR 
QUADRATIC 
CUBIC 

0.002812 0.010502 0.028122 t-fO 0.032705 
0.021937 0.012313 0.028375 t-fO 0.928948 
0.024198 0.574837 0.042525 t-fO 0.9896'19 

-----------------·---·---· y I (X) = 0 VS INSOLUBLE 
RESIDUE [1] 

LINEAR 0. 119137 0.021308 0.017190 0,375304 0.000007 
QUADRATIC 0.127883 0.243729 0.047601 0.974446 0.269180 
CUBIC 0.131001 0.482973 0.083981 N:D 0.312421 

---------------· ------·----
----------

Y"(X) * 104 vs INSOLUBLE LINEAR 0.017145 0.028411 0.048011 0.411663 0.000710 
RESIDUE [1] QUADRATIC 0.022003 0.028802 0.058423 0.774997 0.007563 

CUBIC 0.051930 0.226155 0.059800 N:D 0.104930 
------------------·--------------·---·----------
Y ' (X) = 0 ys 
Y"(X) * 111' 

LINEAR 0,214226 0.611987 0.257354 0,875088 0.779766 
QUADRATIC 0.317948 0.635802 0,547525 0,928731 0.884267 
CUBIC 0.495650 0.657076 0, 713130 N:D 0,888309 

--------------------------· Y ' (X )  = 0 xs 
Y"(X)  * 111' [1] 

LIN:AR 
QUADRATIC 
CUBIC 

0.478878 
0.549451 
0.555082 

0.611987 
0.635802 
0.657076 

0.477256 
0.832407 
0,850586 

0.875088 
0.928731 

t-ED 

0.779766 
0.884267 
0.888309 

-----------------·--·------------------
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TABLE 11. COOINUED 
= 

MOOa ENTIRE 
CORRELATI (l>J VARIABLES OF FIT Qll.TA SET GRAI£LS LIM:STONES SIINDSTONES CDNrnJLS 
-------
LOS PNGELES ABRASIOO LINEAR 0.022933 0.272683 0.013244 0.976670 0.328084 
(% LOSS) vs Y' (X) = 0 Q.li\DRATIC 0.039235 0.461004 0.018527 0.998026 0.697994 

CUBIC 0.111578 0.588314 0. 101174 N:D 0.894469 
---
LOS PNGElfS A8RASI(l>J LINEAR 0.120054 0.272683 0. 106999 0.976670 0.328084 
(% LOSS) vs Y ' (X )  = 0 [1] Q.li\DRATIC 0.202558 0.461004 0.524324 0.998026 0.697994 

CUBIC 0.203584 0.588314 0.780321 N:D 0.894469 
----
LOS PNGELES A8RASI(l>J LINEAR 0.076900 0.089874 0.005149 0.761445 0.236121 
(% LOSS) vs Y"(X) * 104 Q.li\DRATIC 0.120561 0.104807 0.093259 0.884497 0.295997 

CUBIC 0. 152890 0.375812 0.275132 t'ED 0.423591 
---

LOS PNGELES ABRASI (l>J LINEAR 0.060416 0.089874 0.001220 0.761445 0.236121 
(% LOSS) vs Y"(X) * 1o4 Q.li\[JRATIC 0.120816 0.104807 0. 113269 0.884497 0.295997 
[1] CUBIC 0.138386 0.375812 0.310131 l'f.D 0.423591 

-- --
ADJUSTED 9<ID lt.Mf£R vs LINEAR 0.105281 0.012750 0.432205 N:D 0.236432 

Y ' (X )  � 0 Q.li\DRATIC 0.106052 0.012780 0.454378 �ED 0.240699 
CUBIC 0.126888 0,028417 N:D t'ED 0.378396 

SKID N..M!EJ vs LINEAR 0.000095 0.047479 0.000000 t£J 0.000446 
Y"(X) * 1 Q.liiDRATIC 0.315864 0.437384 0.647189 �D 0.479618 

Cl.lliC 0.353418 0.787574 N:D N:D 0.500000 

ADJUSTED �ID rtMilER VS UttAR 0.014870 0. 194380 0.298645 t'ED 0.006740 
Y"(X) * 1 Q.li\DRATIC 0,079567 0.752707 0.411853 �D 0.555358 

CUBIC 0. 142407 0.902861 ti:D t'ED 0.809262 
--- --

SKID N..M!ER VS WEAR 0.005415 0,287964 0.710853 ti:D 0.195425 
Y ' (X )  = 0 [2] Q.li\DRATIC 0. 115653 0.331661 1.000000 N:D 0.195519 

CUBIC 0.116951 0.331683 N:D N:D 0.200948 

ADJUSTED 9<ID N...MBER vs LINEAR 0,003940 0.012750 0.030100 t'ED 0.236432 
Y ' (X) = O  [2] Q.li\DRATIC 0,028692 0.012780 1.000000 ti:D 0.240699 

CUBIC 0.116814 0.028417 N:D ti:D 0.378396 

SKID N..MBEJ vs WEAR 0.019759 0.047479 0.651174 ti:D 0.000446 
Y"(X) * 1 [2] Q.li\DRATIC 0.289489 0.437384 1.000000 N:D 0.479618 

Cl.lliC 0.317129 0.787574 N:D ti:D 0.500000 

ADJUSTED �ID rtMEER vs UttAR 0.002252 0. 194380 0.012115 N:D 0.006740 

Y"(X )  * 1 [2] Q.li\DRATIC 0.014774 0.752707 1.000000 N:D 0.555358 
CUBIC 0.060140 0.902861 N:D N:D 0.809262 

----
N01E: *NED • INSUFFICIENT Qll.TA 1D FERFORM CORRELATI(l>J 

(1 ) - THREE LIM:STONE Qll.TA RJINTS W:RE EXCLUDED FRCf.1 THE CORRELATI(l>J 
(2 ) • ONE LIM:STONE [ILITA RJINT Wl.S EXCLUDED FroM THE CORRELATION 
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P hy s i c a l  c h a r a c t e r i s t i c s s u c h  as gra i n  s i z e ,  pore s i ze , and 

permeabi l i ty were not cons idered when attempting to find a re l ationship  

b etween aggregate type and sk id  res i stance.  These were not cons ide  red 

b ecause tests for those three parameters were not performed . 

S k id data were ava i l ab l e  for on ly 19 section s .  Correlations cannot 

be consi dered to prov i de an adequate characteri zat i on of how var i ous  

abras i on var i b l es re l ate to  sk id  number. Most test sect i on s  had simi l ar 

s k id numbers , and in the absence of vari ab i l i ty in s k i d  numbers , there 

i s  l i tt l e  chance to detect a mean i ngful correl at i on coeff i c i ent .  

D I SCUSS ION 

Data obtai ned dur i ng th i s  study cou l d  best be used to compare the 

abras ive behav i or of one aggregate re lative to another . Al l aggregates 

that are tested cou l d  be compared to a control aggregate (gran i t e ,  for 

e xamp l e) . Howe v e r ,  the  d i fferent ty pes of aggregates behave very 

d i fferently and compar i ng a 1 1  aggregates to one contra 1 may not y i e l d  

s ign i fi cantly meani ngful informat ion .  It  is  suggested that performance 

of each aggregate wi thin  an aggregate group be compared to performances 

of other aggregates with in that same group or a contra 1 wi thin  that 

g ro u p .  For examp l e ,  compare the behav i or of a l l sands tones  to a 

" contra 1 "  sandstone. The "centro 1 "  aggregate wau l  d be one i n  wh i ch 

e xper i ence has indi cated field  performance to be good . 

The wei ght- l os s  curve from the KTRP Abras i on Test  i s  the best too l 

t o  u s e  i n  c ompar i ng aggregates . Th ere  are two numbers that may be 

obtai ned from that curve that are useful in mak i ng th i s  compari son . The 

f i rst number i s  the percent we i ght loss  at the end of the test .  Th i s  

may be used to compare one aggregate to another. 

The second number is the fi rst deri vat ive of the wei ght l os s  curve 

as defi ned by Equat i on 2. When th i s  equation is set equal  to zero and X 

( i n hours) i s  determined,  th i s  is  the time ( theoret ica l ly) at wh ich  the 

aggregate i s  no l onger abrad i ng the cy l i nder ( i . e . ,  the aggregate i s  

c omp l ete ly  po l i s h e d ) , Th i s  number co u l d  be converted t o  number of 

theoret i ca l  wheel passes in the f ie ld  that wou l d  cause po l i s h i ng of the 

a g g r e g a t e  to s u c h  a n  e x t e n t  i t  wo u l d  be v o i d  o f  s k i d  r e s i s t a n t  

attri butes . I f  an average speed and an average tire pr i nt l ength were 

a s s umed , the amo u n t  of t i me each  wheel  i s  on the pa v ement cou l d  be 

c a l c u l ated . That time div ided i nto X ,  wou l d  y i e l d  the expected number 
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of wheel passes wherei n  compl ete po l i sh i ng of the aggregate wou l d  be 

expected . Equation 4 descr i bes th i s  re l at i ons h i p :  

WP = X/ ( 1 . 467S/L ) (4 )  

where WP  = expected whee 1 passes to maximum po 1 i sh i ng , 
X = time i n  hours at wh ich the first derivative of Equat i on 2 

equ a l s  zero , 
S = assumed average traff i c  speed in mi les  per hour , and 
L = assumed l ength of t i re pr i nt in feet. 

Therefore , an est imate of the sk i d-res i stant l i fe of an aggregate may be 

made i n  terms of wheel passes.  

C ONCLUS I ONS AND RECOMMENDATIONS 

T e s t  data i n d i cated  con s i derab l e  var i a b i l i ty between s amp l e s .  

F u rt h er ana l y s es i n d i cated  var i ab i l i ty ex i s t ed to a s i m i l a r degree 

w i th i n  each  spec i f i c  aggregate ca tegory : l i meston e s , sandsto nes , 

t raprocks , gran i tes , and river grave l s .  Th i s  observat i on was genera l ly 

c on s i s t ent  for a l l  t e s t s  b u t  wa s part i c u l ar l y  apparent for the  two 

a bras i on tests ( KTRP and Los Ange l es ) . It was conc l uded that res u l t s  of 

abras i on tests cannot be di rectly rel ated to aggregate type.  It  was 

s pecul ated that the KTRP Abras i on Test  may have prov ided better res u l t s  

h ad the per i od of testing been extended beyond the 20 hours used in th i s  

s tudy. A test i ng per i od of 48 hours wou l d  have prov i ded more defi n i tive 

i nformat i on re l ative  to abras i on character i st i cs and aggregate type. 

One add i t i on a 1 read i ng between 4 and 20  hours a 1 so shou l d  have been 

obtai ned to better define the shape of the curve. Corre l at i ons al so 

were attempted to  r e l ate  ASTM E 274 s k i d  numbers w i th re s u l t s of 

l aboratory a n a l y s e s . I n  s ummary , there does not appear to  be a 

s i gn i fi cant corre l at i on of sk id  number versus abras ion for any of the 

aggregates tested. Th i s  i n c l udes corre l at i ons for control samp l es , 

w h i ch have been prov i d i ng sat i sfactory sk id res i s tance performance . It 

i s  genera l l y con c l uded  that other va r i ab l es s u c h  as dens i ty of the  

m ixture, asphal t content ,  surface texture , and aggregate gradation may 

h ave as s i g n i f i c ant  an i n f l u e n c e  on s k i d  res i s tance  performance  as 

abras ion characteristics  of the aggregates used in  the mixture . Another 

i n teres t i n g observat i o n r e l ates  to the corre l a t i on s  of s k i d  number 
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v er s u s  age a n d / o r  tota l number of veh i c l e  pa s s e s . Exper i e n c e  ( 1 )  

i nd i cates  t h e  ex i s t e n c e  of s u c h  re l a t i onsh i p s .  Th i s  co u l d  not  be 

r es o l ved ; h owever , i t  wa s noted that ages were s i m i l a r for those  

p rojects  where  aggregate data  and fi e l d  s k i d  res i s tance  data  we re 

a v a i l ab l e ,  I t  i s  s p e c u l ated that  add i t i on a l  s k i d  te s t i n g  of those  

projects may provide add i t i ona l information that cou l d  u l timately lead 

t o  a c o r r e l a t i o n  b e t w e e n  s k i d n u m b e r  a n d  a g g r e g a t e  a b r a s i o n 

character i s t i c s .  

F i na l ly ,  i t  was conc l uded that , wh i l e  the KTRP Abras i on Test  dici 

n ot prov i de a defi n i tive  correlation between sk id  number and aggregate 

type , the KTRP test was a good referee test  for compari son of aggregate 

s ources in terms of re l at i ve abras i veness .  The area between gradation 

c urves appears to be more indi cative of an aggregates abso l ute abras ion 

r es i stance than the KTRP Percent Los s .  It  appeared the KTRP Abras i on 

Test was more indi cative of the abras i ve effects of the aggregate on an 

o b j e c t ;  t h e  L o s  Ange l e s  Abra s i on Te s t  was more i nd i cat i v e  of an 

aggregates impact res i stance .  It therefore is recommended that the KTRP 

A b r a s i on Te s t  be i n c l ud ed in the  aggregate te s t i n g  program for the  

D i v i s i on of  Mater i a l s .  The KTRP Abras i on Test  res u l t s  cou l d  provide an 

add i t i onal i ndex for aggregate qua l i ty .  

Conti nued mon i toring of f i e l d  sect i ons where aggregates from th i s  

s tudy have been used i s  recommended. Th i s  effort shou l d  be coord i nated 

by KTRP, D i v i s ion of Mater i a l s ,  and Pavement Management staffs. It i s  

ant i c i pated l ong-term mon i toring may prov i de informat i on concern i ng 

mature sk id  numbers that may rel ate more appropri ately with the KTRP 

Abras i on Test  res u l t s  than the sk id  numbers for earl i er test per i od s  

that have been used i n  th i s  study. 

I t  i s  d i s a p po i n t i ng that d ef i n i t i v e  corre l a t i on s  co u l d  not be 

d evel oped . Intu i t ive ly ,  it is  opi ned that continued mon i tor ing of the 

t est sect i ons may eventual ly provide ins ight into some of the observed 

i ncon s i stenc ies . It shou l d  be noted that prob l ems assoc i ated with the 

c orre 1 at i on s  of aggregate proper t i es w i t h s k i d  numbers prevented 

e xpa n s i on of th i s  s t udy to addr ess  the  abras i on character i s t i c s  of 

m ixtures.  Add i t i ona l ly ,  test ing of surface mixtures us i ng a Br i t i sh 

Portab l e  Tester and/or a mod i f i ed shear box was abandoned because of the 

l ack of good corre l at i ons between KTRP Abras i on Tes t  resu l ts and sk id  

n umbers.  
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PROPOSED 

Kentucky Method 

TEST OF AGGREGATE ABRASI VENESS AND DEGRADATION 

1 .  SCOPE 

1 . 1  Th i s  method covers determi nation of the abrasi veness of an­

aggregate and the degradat i on of an aggregate due to me chan i ca 1 

h and l i ng .  

2 .  APPARATUS 

2 . 1  Si eves A nest of s ix  s i eves and pan ( 1 12 i nch , 3/8 inch , 

No . 4 ,  No . 8 ,  No . 16 ,  and No.  200) conforming to AASHTO M92 .  

2 . 2  P l as t i c  Pi pe - A p last ic  pipe  conforming to S l ope Indi cator , 

I n c .  Cata l og Number P IN 5 1 1 0 1 1 00 h a v i n g  a l ength  eq u a l  to 2 . 5  

i nches and an external d iameter of 2 . 75 inches.  The p last ic  p ipe 

s ha l l  have rough edges sanded and be thorough ly  c l eaned , 

2 . 3  Scales  or Ba l ances - One sca l e  hav i ng a 1 00-gram capacity and 

reso l u t i on of 0 . 0001 gram, Another sca l e  ( for aggregate) hav ing a 

3 , 000-gram capac i ty and res o l u t i on of 1 gram. 

2 . 4  Cast Metal Cy l i nd r i ca l  Jar - Jar is to be open at one end , 

1 . 35 feet in hei ght and hav ing an ou tside d iameter of 8 , 65 i nches . 

The wa l l  th i ckness of the jar sha l l  be approximately 0 , 30 inch.  A 

l i d sha l l  be provided for the jar and a pos i t ive seal between the 

j ar and l id shal l be obta i ned by use of a rubber gasket. 

2 . 5  Jar Mi l l  - The jar mi l l  shal l con s i s t  of hori zontal , rubber 

encased rods spaced l atera l ly to support and rotate the jar . The 

j ar mi l l  sha l l  be geared or dri ven to rotate the jar at 7 2  +/- 2 

RPM.  
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2 . 6  D ry i ng S t o v e  or O v e n  - An oven capa b l e  of ma i n t a i n i n g a 

con stant temperature of 230 +/· 9°F ( 1 1 0  +/- 5°C ) . 

2 . 7  M e c h a n i c a l  S h a k e r - G i l s o n a n d  Ro t a p  s h a k e r s  a r e  

s at i s'factory . 

2 . 8  Samp l e  Spl i tter 

3 ,  SAMPLE 

3 . 1  Sampl es shal l be obtai ned in accordance with Kentucky Method 

64-601 .  Us i ng the s i eves des ignated under 2 . 1 ,  perform a dry si eve 

analys i s  in ac cordance with Kentucky Method 64-602. The min imum 

s ampl e we i ght sha l l be 2 , 000 grams.  

4 .  PROCEDURE 

4 . 1  Wash the aggregate retai ned on the No . -1 6  through the 1 /2-

i nch s i eves . Dry the aggregate to a constant we ight. We igh the 

mater i a l  reta i n ed on each  s i e ve and record the we i g h t to the  

n earest gram. 

4 . 2  We i gh the  2 , 7 5 - i n c h  p l a s t i c  p i pe s ec t i o n  to the neares t 

0 . 00 0 1  gram.  The p i pe mu s t  be  c l ean at t h e  t i me of we i g h i n g ,  

C l eaning i s  to be accompl i shed us ing soap and water on ly.  After 

c l ean i n g ,  do not  hand l e  the  p i pe wi th bare h a n d s - - u s e  c l ean 

p l astic  or rubber g l oves or c l ean metal tongs.  

4.3  C l ean the i n s i de of the cy l i ndrical  meta l  jar  and check the 

r ubber gasket to be sure it is in good cond i t i on and wi l l  prov ide a 

pos it ive sea l .  

4 . 4  With the jar i n  an upright pos i t i on ,  insert the pipe section 

i nto the jar. 
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4 . 5  P l ace the washed aggregate retained on the No . - 1 6  through the 

1 /2- inch  s i eves and the materi a l  reta i ned on the No . -200 s i eve into 

the jar. Check to make sure that al l we i ghts have been recorded. 

4 . 6  P l ace the rubber gasket on the jar , cover with the l i d ,  and 

s ecure tightly.  Check to make sure the jar is l eakproof. 

4. 7 P l ace the jar on the jar mi l l  and rotate for 1 hour .  At the 

end of 1 hour of rotat i on ,  turn the jar mi l l  off,  remove the l i d. 

f rom t h e  j a r  w i t h  the  j a r  i n  an u p r i g h t  pos i t i o n .  Remo ve t h e  

p l as t i c  pipe from the jar , tapp ing the pipe to be sure aggregate 

part i c l es and/or debr i s  rema i n  in the jar and are not removed with 

the p last ic  pipe.  

4 . 8  C l ean the p i pe as des i gnated in  4 . 2  and  we i g h  to nearest  

0 . 0001 gram. 

4 . 9  Repeat steps 4 . 4 ,  4 . 6 ,  4. 7 ,  and 4 .8 .  A repeat of 4. 5 i s  not 

i nd i cated s i nce the aggregate was not removed during the i n i t i a l  

s tep 4 .  7 .  

4 . 1 0  Repeat steps 4. 4 ,  4 . 6 ,  4 . 7 ,  and 4 . 8 ;  except th i s  time al l ow 

j ar mi l l  to run for 2 h ours . 

4 . 1 1  Repeat step 4. 10 .  

4 . 12 Repeat step 4 . 1 0 ,  except al l ow jar  mi l l  to run for 6 hours.  

4 . 13 Repeat step 4 . 1 2 .  

4 . 1 4  Repeat step 4. 13 , except al l ow jar mi l l  to run for 3 0  hours . 

4 . 15 Remove the aggregate from the jar and pl ace in  the nest of 

s i eves des ignated under 2 . 1 .  Pl ace the si eves i n  the mechan ical  

s haker. A min imum of  5 mi nutes sha 1 1  be req u i red for mechan i ca  1 

s i ev ing • .  Remove the si eves from the mechan i ca l  shaker at th e end of 

that period. 
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4 . 1 6  The  i n s i de of the  j a r  s h a l l  be thoroug h l y  wa s h ed . Th e 

aggregate sha l l be wet washed after the remnants of the jar are 

poured over i nto the nest of s i eves . 

4 . 17 Dry the  aggregate re t a i ned on each s i eve to a c o n s t a n t  

weight. Record the we ight of the aggregate retai ned on each s i eve 

to the nearest gram. If there is any di fference in the total samp l e  

weight before and after the tes t ,  i t  sha l l  be assumed to be mi n u s-

200 mater ia l  and recorded as such .  

5 ,  PLOTS 

5 . 1 P l ot  the grada t i on s  before and after the  test  on the  same 

c h a r t .  The  area between the  two curves  i s  an i n d i c a t i o n  of the 

s uscept i b i l i ty of the aggregate to mechan i ca l  breakdown ( the l arger 

the area , the more breakdown ) .  

5 .2  By p lotting the cumul ative we ight loss of  the plast i c  pipe at 

e ach  p h a s e  of the  te s t ,  a c umu l a t i v e  we i g h t  l o s s  c u r v e  may be  

derived. From th i s  curve , the rate of  pol i sh ing and the time at 

wh ich the maximum po l i s h i ng occurs may be ca l cu l ated from a fi tted 

quadrat ic  curve us ing data from the test. 

6 ,  CALCULAT I ONS 

6 . 1  Th e percent  we i g h t l o s s  of the p l a s t i c  p i pe i s  c a l l ed t h e  

Percent Los s .  It  i s  ca l cu l ated as 

i n i t i al we ight - final  we i ght 
Percent Loss = - - - - ---- - - ------ - - - - - - - - ---- - x 100.  

i n i t i a l  we i ght 

6 , 2  The area between the two gradat i on curves may be determined 

by use of a p l animeter. 
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6 . 3  To determine the first derivat i ve of the cumu l at i ve we i ght 

1 oss curve , an equat i on that descri bes the curve must  be obtai ned 

u s i ng polynomial  regress i on techniques , wh ich may be obtai ned from 

a stati st i cs handbook. Once th i s  equation is deri ved , the first 

derivat ive of the curve may be computed cal c u l u s .  

6 . 4  The second der i vative is  determined by tak i ng the der i vative 

o f  the first deri vat i v e .  

7 .  PRECAUTI ONS 

7 . 1  Be sure to never hand l e  the c l eaned pipe with bare hands - ­

use rubber or p lastic  g l oves or c l ean metal tongs . 

8 .  REPORT 

8 , 1 Report percent loss  to the nearest hundredth of a percent .  

8 . 2  R e p o r t  t h e  a r e a  b e t w e e n  t h e  g r a d a t i o n c u r v e s  as  a 

d imen s i on l ess un i t  to the nearest tenth . 

8 , 3  Re port the  t im e  at wh i c h  the ma ximum p o l i s h i n g o f  the 

a ggregate occurs ( i . e . ,  the first deri vat ive of the fi tted curve 

s et equal  to zero) to the nearest hundredth of an hou r .  

8 , 4  Re port the  rate of c h a n g e  o f  po l i s h i ng ( i . e . , the  second 

derivat ive of the fi tted curve) to the nearest tenth of a gram per 

h our.  

APPROVED ---------

D i rector 

D i v i s i on of Materi a l s  

DATE 

34  



APPENDIX B 

ANNOTATIVE BIBLIOGRAPHY 

3 5  



" TW O  L A B O RA T O R Y  ME T H O D S  F O R  E V A L U A T I N G S K I D  RE S I S T A N C E  

PROPERTIES OF AGGREGATES" 

M u l l i n ,  W. G . ; Dah i r ,  S. H .  M. ; and Barnes ,  B. D. ; Research Record 376 ,  

H i ghway Research Board , Was h i ngton , D . C . ; 1971 . 

C i rcu lar  Track Method: Pavement sampl es are pl aced in a c i rcu l ar track 

and subjected to wear from sma l l-d iameter pneumati c  ti res . No abras i ve 

or  water i s  used , Sk i d  res i stance va l ues were determined by BPT. 

Jar Mi l l  Method:  Coarse aggregates were po l i shed in a jar mi l l  1o1i th a 

charge of fl i nt pebbl e s .  Pavement sampl es made of the po l i shed aggregate 

were tested by expos i ng a number of sampl es of the same aggregate for 

d i fferent amounts of time to estimate a wear-time curve. 

Resu l ts :  For the eight aggregates being compared , both the jar mi l l  

method and c i rcul ar track method produced the same rat i ng of aggregate 

for s k i d  res i s tance character i s t i c s .  BPN va l ues of worn aggregate were 

h igher for the jar mi l l  method than for c i rcul ar track method, However , 

there were no corre l at i ons between percentage wear loss and termi nal  

s k i d  r e s i s t a n c e  after we a r .  Th e l a c k  of these corre l at i on s  s eems to 

e l imi nate the pos s i b i l i ty of u s i ng a wear loss  test as  a means of pre· 

eva luating aggregates for sk id  res i stance. 

" SEASONAL VARIATI O N S  I N  THE S K I D  RE S I STANCE OF PAVEME NTS I N  

KENTUCKY"  

Burchet t ,  J .  L . ; and Ri zenberg s ,  R. L . ; Res earch Report 532 , Di v i s i on of 

Research , Kentucky Department of Transportat ion , Lexi ngton , Kentucky ; 

November 1979.  

Frequent measurements of skid res i s tance were made on 20 pavements in 

K e n t u c k y .  Pr i n c i pa l  a n a l y ses  i n vo l v ed re l a t i n g  changes in s k i d  

resi stance to time and re lat ing sk id res i stance to temperature,  average 

antecedent temperatures , and average ra infa l l ,  

When test sect i ons at the same l ocat i on were compared , the magn itude of 

the annual variation in s k i d  res i s tance was strongly associ ated with 
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v o l ume of traffi c .  The lowest s k i d  numbers during the year for portl and 

c ement concrete and sand-as pha l t  pavements occurred in ear ly  to mid­

August.  The l ower skid  number for Cl a.ss I surfaces occurred in l ate 

August  to early September. Simi l ar i ty of the annual prec i p i tat i on and 

t emperature  cyc l e  wi th the an n u a l  var i at i on s  in s k i d  re s i s t a n c e  of 

p avements suggested that both prec i p i tation and temperature affected 

s k i d  r e s i s t a n c e .  Corre l a t i on s  b etwe en changes  in s k i d  number and 

t emperature  s ug g e s ted t h at the  an n u a l  changes in  s k i d  re s i s t ance  

r e s u l ted from a reaction of the surface to temperature over a few week s . ­

Measurements of sk i d  res i stance i n  Ken tucky shou l d  be obtai ned between 

t h e  f i r st  o f  J u l y  and the m i d d l e  of November because  me a s u rements  

obtained wi th i n  that per iod wi l l  not di ffer by more than than 4 SN. 

"SKID  NUMBER AND SPEED GRAD IENTS ON HI GHWAY SURFACES" 

M a h o n e ,  D .  C . ;  Re s earch  Re cord 6 0 2 ,  Tr a n s por tat i on Re s earch  Bo ard , 

Was h i ngton , D . C . ; 1976, 

T h ree major factors  _ that i n f l u e n c e  the s k i d  number (SN ) and sp eed 

grad i ent ( G )  were stud i ed :  t ire tread depth , water fi lm ,  and pavement 

s urface texture. 

Tread depths of 0.  87 , a .  71 , 0 .  56,  0.  40 , 0.  24 em, and ba l d ,  a 1 ong with 

water f i l m  th i cknesses of 0. 04, 0 , 0 5 ,  0 . 08 ,  and 0 . 10 em were tested at 

s peeds of 48. 3 ,  64. 4 ,  80. 5 ,  96 .6 ,  and 1 1 2 . 6  km/ h .  For each combination 

o f  cond it ions , five sk id  res i stance measurements were made at each s i te 

f or each speed, The author fee l s  the data show the same general trend s 

that wou l d  be expected wi th treaded t i res and the normal water output 

requi red by ASTM E 274·70. 

" SK I D  RESISTANCE OF BITUMINOUS-PAVEMENT TEST SECTI ONS : TORONTO 

B Y-PASS PROJECT" 

Rye l l ,  J. ; Cork i l l ,  J. T. ; and Musgrove , G. R. ; Research Record 7 1 2 ,  

Transportat i on Research Board , Wa s h i ngto� . D . C . ; 1979. 
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T h e  obj e c t i v e  of the  p r o j e c t  was to determ i ne t h e  mo s t  s u i t a b l e  

b i t um i n o u s  s u rface- co u r s e  m i x t u r e  for fu t u re sh ort- and l ong-term 

p r o g r am s  t o  i m p r o v e  t h e  d r i v i n g q u a l i ty ,  a n d  e s p e c i a l l y  s k i d  

res i stanc e ,  of the pavement . In the first phase of pavement improvement 

on the Toronto By-Pas s ,  an open-graded bitum inous surface- course mixture 

w a s  u s ed t h a t  c o n t a i n ed t r a p r o c k  a g g r e g a t e s . S k i d- r e s i s t a n c e  

measurements and noise  characterist ics  of th i s  mi xture are in c l uded in 

t h e  report . Seven teen m i x t u r e s  were e v a l uated in s i n g l e- c o u r s e  

t h i cknesses of 25 o r  3 8  mm .  S i x  test sections con s i s ted of Hll mixture s­

i n  wh i ch the coarse aggregate content was progres s i vely increased to 

o bta i n  a greater dens i ty of stone part i c l es at the surface. Four test 

s ections contai ned mod i fi ed Hll mixtures , s i nce s ·l ag coarse aggregates 

were used in p l ace of the traprock.  Two sect ions were described as 

s an d- as p h a l t  m i xtu res  that  u s ed traprock  s c r e en i n gs as the  f i n e  

aggregate. Four sect i ons con s i s ted of open- graded mixtures des igned for 

h igh permeabi l i ty to fac i l i tate rapid  drai nage of surface water into,  

a nd l atera l ly through , the surface- course layer . /l. fin a 1 test section 

c on s i s t ed o f  a mas t i c-ty p e  m i x t u r e  based on the  German G u s saspha l t  

t echno logy and modi fi ed so the mater i a l  cou l d  be mixed and p l aced by 

convent ional  hot-mix p l ant and pav i ng equ i pment. 

*Al most a l l the bitum i nous mixtures tested had better sk id  res i s tance 

than the ex i st i ng smooth , po l i shed concrete. 

* I n i t i a l  target sk id numbers need to be rai sed because a l l mixes were 

character ized by a dec l i ne in sk id res i stance during the first four 

y ears . 

*Th i s  dec l i ne was caused by the coarse-aggregate part i c l es be i ng pressed 

i nto the matrix  under wheel loads .  

* I n  the dr i v ing lane , the bituminous mixtures that prov ided recommended 

s k i d  v a l u e s  were d e n s e- graded m i x t u r e s  wi th  both coarse  and f i n e  

aggregates that con s i sted of traprock ,  steel s l ag ,  or b l ast furnace 

s l ag ,  and open-graded mixtu res that contai ned coarse and fine traprock 

aggregates with h igh stone contents . 

* For passing  lanes , most bituminous mixtures are adequate. 

*Sand mixtures are _ good on ly  for low-speed traffi c .  

*Bl ast furnace and steel s l ag prov ide better s k i d  res i stance i n  dense­

graded bitum inous mixtures than traprock aggregate. 
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*Open-graded surface- course mixtures are qu i eter than adjacent section s  

o f  smooth , pol i shed concrete. 

*Th i s  test was geared toward heavy traffic  vo l umes .  

b i tum i nous mi xtures may lead to di fferent resu lts  on 

t raff i c  or l ower maximum speed l im i ts . 

The performance of 

h i ghways with less  

"SYNTHETIC AGGREGATES FOR SKID-RES ISTANT SURFACE COURSES" 

An derson , D. A. ; Henry , J. J . ; Research Record , Transportation Research. 

Board , Wa sh i ngton , D . C . ; 1979. 

S k i d r es i s tance  i s  c o n t ro l l ed by both the m i c r otexture and the 

mac rotexture  of the pav ement s u r f a c e ,  Macrotexture is contro l l ed 

pri ncipal ly  by the gradat i on of the aggregate , whereas mi crotexture i s  

contro l l ed by the properties of the ind i v i dual aggregate part i c l es . The 

comb i ned effect of macrotexture and microtexture in determining the sk id  

n umber at any speed has been defi ned in previous research and may be 

u s ed to  e s t imate the  poten t i a l  s k i d  re s i s ta n c e  of new or untr i ed 

a g gregates  before t h e i r  d e s i g n  or  man u f a c t u r e .  S k i d  res i s ta n t  

aggregates a l s o  must  be res i stant to wear and po l i sh i n g .  Th i s  may be 

d on e  by a vari ety of �Jays l i sted in the report. 

"PRED ICTION OF PAVEMENT SKID RESI STANCE FROM LABORATORY TESTS" 

M u l l en ,  W .  G . ; Re search  Re cord 5 2 3 ,  Tr an s portat i on Re s e arch Bo ard , 

Wash i ngton , D . C . ; 1974. 

L a b o r at ory test  u s ed on m i x e s :  North  C a ro l i n a  State sma l l  whee l  

c i rc u l ar track 

Laboratory test for fr i ct i on :  Br it ish  portab l e  tester ASTM 303 

Good  corre l at i on between BPT and sk i d  t r a i l e r  both i n  f i e l d  and 

l aboratory. Al l ows tran s l ation of laboratory fr i ct i on measurements into 

s k i d  trai l er sk id  numbers at ve l oc i ties from 20  to 50  mph . 

From f i e l d- l aboratory wear corre lation stud i es , a method was devel oped 

whereby an upper l im i t  on f ie ld  po l i sh may be pred i cted for dense- and 
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o pen-graded mixtures based on c ircu l ar track res u l t s .  Th i s  pred i c t i on 

m et h od a l l ows  for t h e  pre- e v a l u a t i on of mixes  for f i e l d  p o l  i s h  

res i stance adequacy before construction .  

"DESIGN ,  CONSTRUCTI ON ,  AND PERFORMANCE OF  ASPHALT FRICTION COURSES" 

Kandhal , P.  S . ; Brunner, R.  J . ; and Ni chol s ,  T.  H . ; Research Record 659,  

Transportation Research Board , Wash i ngton , D . C . ;  1977. 

Du ring 1 969·197 1 ,  eight test pavements of open-graded asphalt fr i ct i on 

c o u r s e s  w e r e  c o n s t r u c t e d  i n  Pe n n sy l va n i a .  D e t a i l s  o f  d e s i g n ,  

constructi on , and performance of these pavements are di scussed .  Four 

test pavements incorporat i ng two aggregate types and control sect i ons of 

d ense-graded bitumi nous surface were constructed in 1974. The asphalt  

fr ict ion courses were des i gned accord i ng to  FHWA procedure mod i f i ed in 

terms of aspha l t  mixing v i scos i t i es . Inter im data obtained suggest a 

min imum ai r void content of 25 percent i s  necessary to ma i ntai n the 

des ired permeab i l i ty after a decrease in most pavements from traffic  

act i on and c l ogging by debr i s .  A h ig h ly sk id  res i stant gravel aggregate 

was used in the asph a l t  fri c t i on course and in the dense-graded surface 

course.  After 1 . 5  years , the sk id  speed grad i ent of both pavements i s  

a lmost equa l  and approaches 0. 45. In th e case of do l omite aggregate 

( m e d i um s k i d r e s i s t a n c e ) , t h e  a s p h a l t  fr i c t i o n c o u r s e  h a d  a 

s ubstantia l ly l ower speed grad i ent compared to the dense-graded surface 

course.  

"SKID RESISTANCE OF PAVEMENTS" 

R i zenbergs,  R. L. ; Burchett,  J. L . ; and Nap i e r ,  C. T. ; Research Report 

347,  D i v i s i on of Research , Department of Hi ghway s ,  September 1974. 

St andard pavement types and experimental surfaces on roads throughout 

K e n t u c ky we re e va l u ated in terms of s k i d  res i s tance  and effects of 

t raff i c ,  wear ,  and po l i sh i ng .  Fr i c t i on verses speed grad i ents and the 

r e l a t i o n s h i p s between l o c k ed wheel  and i n c i p i ent  fr i c t i on were 

d etermined, 
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A s-pha l t ic concrete was s ign i f i cantly more sk id  res i stant on interstates 

a nd par kway s than on two- l a n e  road s .  Ro a dway ge omet r i  c s ,  traff i c  

c h a r a c t e r i s t i c s ,  and c o n s t r u c t i on pra c t i ce s  were thought  to  be  

contributing factors . 

Portl and cement concrete pavements retai ned h i gh sk id  res i stance during 

e a r l y  l i fe to about two mi l l i on veh i c l e  p a s s e s , Lo s s  of texture  

acce lerated by studded t ires , exposed coarse aggregates that po l i sh more 

read i ly than the sand-cement matr ix.  PCC pavements conta i n i ng do l om i t i c­

g l ac i a l  gravel were more s l i ppery than pavements conta i n i ng a vari ety of 

l imestones . 

Sa nd- aspha l t  surfaces , composed of not less  than 50  percent quartz and a 

s ig n i fi cant percentage of l imestone sand,  did  not exh i b i t  the des i red 

l evel  of fri ct i on . Several experimental sand-aspha l ts wi thout l imestone 

s and showed improved sk id  res i s tance , but were judged not to be suitab l e  

f o r  d e s l  i c k i n g  purposes  o n  roadway s ca rry i n g  h i gh- s peed traff i c .  

F u rther deve l opment of th i n- 1  ayered asphalt  surfaces conta i n ing hard , 

angu l ar s i l i c a  sands and other aggregate types recognized for the i r  high 

s k id res i stance properties ho l d  promise .  

" S K I D  RE S I STANCE G U I D E L I N E S  F O R  SURFACE  IMPROVE MENTS O N  TEXAS 

H I GHWAYS" 

McCu l l ough ,  B. F . ; and Han k i ns , K. D . ; Research Record 131 , H i ghway 

Research Board , Wa shington , D . C . ; 1966. 

Th i s  report by the Texas H i ghway Department addresses sk id  res i s tance 

v a 1 ues as min imum safety va 1 ues and goa 1 s for highway safety . The data 

were from 517  rural sect i ons of randomly sel ected hi ghways .  The study , 

wh i ch began i n  1963 , l ed to sel ect ions of sk id  numbers of 0 . 4  and 0 . 3  

for tes t i ng ve l oc i t i es of 2 0  and 5 0  mph , respectively,  for guide l i nes 

for con s ideri ng surface improvements . Sk i d  res i stance va l ues of 0 . 3 1  

a n d  0 . 24 a t  20  and 5 0  mph , respect i ve ly ,  were recommended as mi n imum 

va l ues.  
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