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I NTRODUCT I ON 

General 

The concept of " e conomy" has become a concer n to a l l eng i ne er s 

today . W i t h  t he i n cr eas i ng demand for be tter r oads and con cr e t e  

1 

s tructur es, t he eng ineer i s  for ced to sear ch for h i gh -qua l i t y  build ing 

mat er ia l s . Th i s  nat i on's onc e va s t  supply of natura l r e s our c e s  i s  

being rap i d l y  depleted be caus e o f  t h i s  great demand . 

·· Miner a l  aggr'e gates, one such natura l  r esour c e, ar e d e f i ned as 

sma l l  r ocks composed of one or mor e miner al s .  The mone y  needed for 

t he pur chase and p lacement of mineral aggregates is a maj or i t em in 

the cost of highway construct i on .  Because o f  the econom i c  fac t or, i t  

has become nece s sar y  to know t h e  qua l i t y  o f  the mineral aggr e gates used 

in h i ghway cons tr uc t i on . 

Character i s t i c s o f  Aggr egate Degradat i on 

Bot h  the pr oducer and the user ar e concerned w i t h  a chara c t er i s t i c  

o f  a n  aggregate t hat may b e  best descr i bed a s  "dur ab i l i t y . "  I n  a 

broad sense, dur ab i l i t y means the abil i ty o f  the aggr e gate t o  r ema in 

unchanged over a fa i r l y  long per iod of t ime in spite of adve r s e  

natural pr o c e s s e s o r  for ces to wh i ch i t  i s  s ubjected . ( ! )  Durab i l i t y, 

qS i t  applies to mineral aggregates , means the ab i l i t y  t o  r e s i s t  deg-

radat i on . 
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Er i c�s on has de f i ned degradat ion as " A  break i ng down and/or d i s -

integrat ion o f  par t i c l e s  o f  sand , gravel , or s t one , pr imar i l y due t o  

a l t erat ion and subs equent de compo s i t ion o f  their miner a l  c omponen t s , 

acc e l erated by t he a c t i on o f  mixer s ,  mechani cal equ i pment , t ra f f i c  

or t h e  e l emen t s . " (2) Mechan i cal degradat ion i s  t he re sul t  o f  s tock-

pi l i ng , plac ing , and compact ing the aggregate dur ing con s tr uc t ion . 

Such tr a f f i c  c ond i t ions as impact and abras ion may a l s o  caus e mechan-

ical degradat ion . 

Rl.ul s  and Car penter obs erved that the pr inc ipa l  caus e o f  aggre gate 

degrada t i on r e sul ts fr om compact ion or the ro l l ing operat i on dur ing 

c ons truc t i on . ( 3 )  She l burn found as a result o f  his r e s ear ch tha t  a 

b i tuminous coat ing g ive s onl y s l ight protect ion aga i ns t  d egradat i on o f  

the aggregat e s . Some o f  the mor e impor tant resul ts o f  h i s  s tud i e s  on 

the crush ing o f  bitumi nous -coa ted sur face treatment aggrega t e s  under 

compac t i on r o l ler s wer e the fo l l owing:( 4 )  

1. Aggregate s  var y in their res i s tanc e t o  crush ing as measure d 
by under -ro l l er t e s t s  and the Los Ang e l e s  Abras i on t e s t s . 

2. The rate of degradat i on i s  gr eater in sof ter aggr e gate t han 
in har der aggregate and , likewi s e , is gr eater in the l ar ger 

�s ize than i n  the smaller s i ze aggre gat e fr om the s ame 

s our ce . 

3. From a degradat ion v i ewpoint , the use o f  a sma l l er s i ze 
aggr e gate is mor e des irable than a coar se s i ze . 

4 . Par t i c l e  s hape a f fec t s  the amount of degradat ion o f  ag
gregate s  as ev idenced by the fact that crushed grav e l s  
s howed appr ox ima tely 1 . 3 t imes the degradat ion found for 
uncrus he d  g rave l s  from the same sour ce . 



5 .  The degrada t i on o f  aggr egates under cond i ti ons o f  m ix i ng , 
ro l l i ng, and tra f f i c , as we ll as the Los Ange l es abras i on 
mac h ine, appr oaches a Fuller's curve as an ult imate . Th i s  

fac t  s uggests a poss ible tr end towar d longer grad i ng s  and 
appr oa c h ing maximum dens i ty in des ign of s ur face t r eatment 
mixtures . 

McNaughton d i s cover e d  t hat under tra f f i c  loads aggr egate s h i f t  

about and r earrang e t hems elves so that they oc cupy the lea s t  po s s i ble 

s pa ce • . Be caus e of t h i s  par t i c l e  movement, a gr ind i ng e f fe c t  o c curs 

wh i c h  t ends to wear angular a ggr egate--smooth . Th i s  wear i ng o f  the 

aggr egate produces f ines wh i ch f i l l  the vo i ds of the s tr uctur e . 

Usua lly the r e  i s  an i ncr ea s e  in s tr ength o f  the s tructur e a s  the 

. amount o f  f ines pr oduced i ncr eas es; however, there is a loss in 

s tructural s tr ength if mor e f i nes ar e pr oduced than ar e needed t o  

f i l l  t he vo id s . ( 5 )  

Mor e  r e cent l y  Moavenzadeh and Goe tz inve s t i gated aggr egate d e g -

radat ion i n  b i tumi nous mixtur e s, and some o f  the ir conclus i ons ar e a s  

fo l l ows : ( 6 )  

. 1. The grada t i on o f  the mixtur e is the mos t. impor tant fa ctor· 

contr oll i ng degradat ion . Degradat i on decr eas es as t h e  

grada t ion be come s mor e dense . 

t. energy results in an increa s e  i n  2. Incr eas e i n  compac 1ve 

Of the m1·xture regardles s of the form of t h i s  degrada tion 

increase in energy . De gradation i s  mor e  sus cept i bl e  t o  

change in magn i tude o f  load than change in r e pe t i t i on o f  

l oad . 

3 
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3 .  When compar ing t he degradat ion between rounded aggr ega te and 

angu lar aggr e gate, i t  was found that the r ounde d  aggr e gate 

can be expe cted-to pr oduce less degradat i on be caus e t he 

degradat i on r e s u l t ing fr om wear i s  r educed . 

Woolf found t hrough h i s  r e s ear ch that corr e lat i ons be tween the 

loss i n  t he Los Ange l e s  Abras ion test and the s trength of concr e t e  

ind icate that the l ower the per centage of wear, t h e  h i gher t he concr e t e  

str ength . ( 7 ) In 1 9 5 6 , Jumper, Her ber t , and Bear ds l ey found t hat for 

eac h i ncr ement i ncr ea s e  of one per cent in the Los Ang e l e s  Abr a s i on 

tes t, there i s  a decrease i n  compress ive s trength o f  one per cent i n  

the concr ete . C B ) 

Al l r oc k s, when expo s ed for a s uf f i c ient leng th o f  t ime t o  the 

atmos phere , und e r go de cay fr om d i s integrat i on and decompos i t i on, to-

gether r e ferr ed t o  a s  weather i ng . Di s i ntegrat i on i s  the breakdown 

into sma l l  part i c l e s  by the act i on of t he me chanical agent s  o f  de -

nudation , such as r a i n , fr o s t  and wind , a l l  o f  wh i c h  ar e he l pe d  by 

grav i ty . De compos i t i on i s  the br eakdown o f  mineral par t i c l e s  i nto 

I 
new c ompound s by the act i on o f  chemi cal agent s , s uch a s  a c i ds i n  t he 

air , r a i n , and r i ver wat er . ( 9 ) 

In 1 9 47 Me l v i l l e inv e s t i gated weather ing degradat ion o n  Route 
' 

250 near Char l ot t e s v il l e, Virginia. H i s  inves t i gat i on found the 

ex i s tence of a plas t i c  layer, as much a s  one-hal f inch t h i ck a t p lace s, 

be tween the r oad s u� face tr eatment and the under l y ing pavement .  The 
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�urfac e  treatmen t  layer had been in s er v i ce only two y ear s , and t he 

aggr e gate u s ed had pa ssed a l l  r equir ement s o f  t he current V ir g i n i a  

Road Spec i f i cat ions .  Fr om t h i s  finding he concluded t hat t he layer 

of plast i c  f ines had r e s u l ted fr om the wea t her ing of the aggr egate i n  

the surface tr eatment . ( 10 ) 

In 1 9 5 5 , the s tates of Or egon , Was h ing ton , and I daho a l s o  ex

per i enced r oad fa i l ur e s  becau s e  o f  the degradat ion of the aggr egate s  

used . Turner and Wi lson , wor k ing for the Washington Depar tment o f  

Hi ghways , conc luded fr om t h e  r e s u l t s  o f  a petr ogr aph i c  ana lys i s  t hat 

the aggregat e s  stud i e d  wer e  h i ghly a l t er ed and that they had h i gh 

per centages of harmfu l s e condar y  minera l s . Thi s  cond i t i on was a.g gra-

vated by h i gh poro s i ty . ( 1 1 ) 

Lewi s  S cot t , geo l og i s t  for t he Or egon State Highway Depar tment , 

def ine s s e condar y miner a l s  as ''Miner a l s  r e s u l t ing fr om a l t er at i on of 

pr imar y miner a ls . The s e  s e condar y minerals ar e formed as t h e  r e s u l t  

of deep chem i ca l  weather ing o f  i gneous r ock b y  gr ound water , a ir or 

d i s s o lved or gan i c  aci ds . "  The deter i oration o f  the.ro ck var i e s  fr om 

par t i a l  a l terat i on on the s urface or mar g ins of � cr y s t a l  to the c om

plete r ep lacement of a pr imar y miner a l  by a l e s s  s table miner a l  wh i ch 

re tains the shape o f  t he . or i g ina l  cr ystal. (12 ) 

Rhoades and Miel enz noted that s e condary miner a l s  may be intro

duced i n  the form of coat ings , fr ac tur e  f i l l ings , i nter granu l ar cement , 



or s impl y· as new i n t er s t i t ia l  mat er ial d i sper s ed thr oughout the 

rock . ( 13 )  

6 

The de compos i t i on o f  f ine-grained igneous r ock i s  l im i t ed t o  a 

few fam i l ies o f  mi n era l s . The feldspar s , wh i c h  form up t o  6 0  per c ent 

of basa l t s, ar e a l t ered to Kao l in-ty pe c lays and ca l c i t e . The c lays 

ar e uns tab l e  and usua l l y  extr emel y  hydr oppi l i c . Cal c i t e  i s  water 

so l ub l e  and br eaks down r ead i l y . The ir on-bear ing mi nera l s , wh i ch may 

form up t o  50 per cent o f  any one basalt samp l e  and whi ch g iv e  i t  i t s  

dark color , are a l tered t o  l imon i t e , chl or i te , and s er pent ine . Ch l or i t e  

and s er pen t ine ar e h i gh l y  uns tab l e  and break down r ap i d l y  i n t o  c lays . 

L imon i t e , al though more s t able , i s  much weaker s tructur a l l y  t han the 

mineral i t  r e places . ( 1 2 ) 

Minor found from h i s  s t u d i e s  that many rock format i on s,' par t i cular -

l y  Eocene basa l t s , have under gone so much weather ing that they are 

altered t o  montmor i l l on i t e  c lay . When thi s  al t ered r o ck is used in 

highway construc t i on a s  a bas e  or sur fac ing mat er ial , the s e c ondar y 

c lay miner a l , wh i ch has a gr eat a f f in i t y  for water , br eaks d own i nto 

plas t i c  f ines . When the pla s t i c  f ines permeate t he bas e  cour s e , the 

lat ter loses stab i l i ty rap i d l y  and pavement fa i l ur e  soon f o l l ows . 

Fa i lur e i s  char a c terized f i r s t  by long itud ina l  cracks i n  t h e  whee l 

path fol l owed by " al l i gator ing" and fina l l y  by br eak ing o f  the over 

l y i ng f l ex ib l e  pavement into s eparate and d i�t i nct p i eces . ( 1 4 )  



S c o t t  observed that m i c r o s c opi c and f i e l d  data both show tha t 

aggr egate b e l ow one - four th i n ch s i ze ar e ver y sus cept i b l e  t o  d i s -

int egrat i on . He r e c onunended that any aggr egate conta i n i ng mor e than 

35 per cent s e condar y miner a l s  shou l d  not be used in s izes l e s s  than 

thr ee -tour ths i n ch . The l im i t o f  three- four ths i n ch i s  s omewhat 

ar b i t r ar y , but ver y l i t t l e deter i orat ion pas been observed o n  lar ger -
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s i ze d  par t i c l es . ( 12 ) Turner and Wi l son ma de the fo l l owing c or r e lat i on 

be tween the per c entage o f  s e condar y miner a l s  pr es ent and the f i e l d 

per formance o f  an aggr egat e: ( l l ) 

0-203 s econdar y miner a l s  has no e ffect . 

2 0 - 353 s e condar y minerals wi l l  pr oduce s ome fa i lur es . 

3 5 - 1 003 s e condar y minerals wi l l  almos t c er ta i n l y  
cau s e  fai lur e s . 

Mi ca , one of the cons t i t uents of gran i t e s  and s ch i s t s , aggravates 

the degradat i on o f  the aggregates stud i ed . Becaus e  o f  i t s  th i n , 

shee t - l ike s t ructur e , m i ca has very weak bond i ng for c e s . 

Be cau s e  aggr egate degradat i on i s  influenced �y s o  many fac t or s , 

it  can be seen tha t i d en t i f i cat i on o f  the aggregat e pr oper t i e s  wh i ch 

cause degr adat ion i s a very impor tant par t o f  h i ghway eng i neer i ng . 

Hi s tory of Degradat i on Te s t s  

Higgins wa s the f i r s t  to r e cogn ize the need for t e s t s  to meas ur e 

the qual i t y  o f  aggregates used i n  highway cons truc t i on . I n  1 7 80 he 

s tate d , '' I have thoug�t that the sma l l  s tones , whi ch c on s t i tute the 
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grave l chosen for o ur r oads , could not be reduced t o  dus t s o  s oon as 

they. a r e  now by t he heavy c ar r i ages . "  ( 1 5 )  

The f i r s t  a br as i on t e s t  for s tone was deve l ope d i n  1 8 7 0 a t  t he 

Ia.borato ir e d e s  P ont s e t  Chaus s ee s  in Par i s . Deva l , i n  1 8 7 8 , i nvented 

a te st to determ i ne the r e s i s tance of miner a l  aggrega t e s  to a b r as i on . 

It was one of t he fir s t  te s t s  appr oved by. the Amer i can Soc i e t y  for 

Te s t ing and Mat e r i a l s  i n  1 9 08 . ( 1 0 )  

L . W. Page d i d  the f ir s t  h ighway resear ch in t he Un i ted S t a t e s  

a t  Harvard Un i v er s i t y  i n  1 893 . H e  a l s o  intr oduced a t e st f o r  t he 

cement i ng value o f  broken s tone dust and a t e s t  for toughness by the 

Page impa ct mac h i ne . (10) 

As the test i ng o f  aggr egate be came a s tandar d pr a c t i ce , s ever a l  

shor t comings bec ame a ppar ent w i th the Deva l  me t hod. These s ho r t c omings 

led the way to t h e  d eve lopmen t o f  the Los Ange l e s  Ra t t ler ( IAR )  t e s t 

in 1 9 1 6  by the Los Ange l e s  C i t y  Eng ineer's Off i ce. ( 1 0 ) Th i.s t e s t  was 

s imp l e  and r ap i d; and r es ul t s  wer e concor dant w i t h  f i e l d  cond i t i on s  

a s  r e presented by c ir cu l ar t r a c k  tests . ( 1 6 )  F o r  the s e  r ea s on s  t h e  

Amer i can S o c i et y  f o r  Te s t ing a n d  Mater ia l s  adopted the L o s  Ange l e s 

Ratt l er t e s t  a s  the s t andar d Los Ange l e s  Abras i on t e s t  in 1 93 9 . ( 1 7 )  

Gol dbeck observed i n  h i s  r e search that the Los Ange l e s  Ra t t l er 

tes t  c or r e s ponded better w i t h  r oad service r e su l t s  t han e i t her the 

toughne s s  test or the Deva l Abra s i on t e s t . ( 1 8 ) Woo l f  noted t h a t  t her e 

was a d e f i n i te r e la t i on s h i p  between the l o s s  i n  the Los Ange l es Abras ion 
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tes t  and the s ervice r e cor d s  o f  mater ia l s  us ed in c oncr e t e , b ituminous 

const r uc t ion and sur face treatment . ( 7 )  

There have been many a t te mp t s  made to mod ify t he Los Angeles 

Rattler Tes t .  Thes e  modificat ions have been attempted be caus e t h e  

standard t e s .t d e t ermine s  t he abrasive characteris t ic s  o f  dr y aggregate . 

Howeve r ,  t ha t  t e s t  doe s not pr oduce sufficient plas t ic fine s . 

In 195 6 at the Was h ingt on State I n s t itut e of Te chnology , Turner 

and Wilson conducted r e sear ch on mod ifications of the Los Ange l e s  

Rattler t e s t .  They attempted three modificat ions : ( l l ) 

1. The number o f  r evolut ions were doubled. 

2. Dif ferent gradations o f  mater ials were us ed. 

3. The ba f f l e  plate in the drum was rep laced with a concave 

moulding to turn the sample as the drum r evolved. 

The fines pr oduced by these procedures did not appr oach t hose 

fro m  the bal l  mil l t e s t s  in per centage pas s ing the #200 s ieve .  Thes e  

r e s ult s indicated that t here was s til l too much fractur e and not enough 

wear ; there fore , fur ther t e s t s  with this machine w.er e  d is cont inue d� ( ll )  

Ekse and Morr is c onducted resear ch in modifying the Los Ange l e s  

Ratt ler Tes t  a t  the Univer s ity of Was hington in 1 9 5 9. Using s tandar d 

gradings o f  aggregate , they conducted tests with the Los Ang e le s  ma -

chine us ing.no sur char ge of s teel s pheres. By vary ing t he d uration o f  

t he t es t s , they observed the fol l owing: ( l 9 )  

1 .  The r a t e  o f  degrada t ion is high during the fir s t  hour and t hen 
tends to l eve l o f f  as the fine mater ial ac cumulates . 



2 .  S i gnif i ca n t plasticity deve lops in the fine materia l a f te r  
about four hour s o f  abrasion . The fine mater ial t h e n  c on
t i nue s t o  be come mor e plastic as abrasion is continue d . 

3 .  Four h our s o f  abrasion t ime in the mod i fie d t e s t  pr oduces a 
per centage of wear appr oaching t hat i n  the s tandar d Los 
Ang e l e s  Rat t ler t es t . 

1 0  

4 . The per centage o f  wear r e s ulting fr om t he mod i fie d  Los Angel e s  
Rat t l e r  t e s t  is i n  general incr eas ed by about 1 0  per cent i f  
t h e  a ggre gate i s  moist o r  wet rather t han dry . A l s o  t h e  t en 
d e n c y  t o  produce p lastic fines i s  accelerated i n  the cas e o f  
mo i s t  o r  w e t  aggr egate . 

5 .  When abras i on t ime was increas ed to e i ght hour s , it  wa s found 
t hat t he percentage of mat er ial pas sing the #200 s i eve ap
pr oa ches t hat pa s sing the #12 s i eve . 

In 1 9 62 the I daho Depar tment of Highways under the dir e c t i on o f  

H .  L. Day conducted r e s ear ch i n  devel oping a t e s t  to determine aggregate 

qua l ity . A 30 - pound samp le was used in the Los Ang e l e s  abrasi on mach ine 

without using any me tal s pher es . This test appear ed t o  have meri t , 

par ticular ly because the samp le was lar ge and permi t t ed a number o f  

t e s ts t o  be run o n  the de graded a ggr egate . However, this t e s t wa s 

abandoned in favor o f  t he we t abra sion pr ocess using the Dev a l  machine . 

( 2 0) 

S i b ley , wor king for the Wa shington State I n s titute of Te c hno logy 

i n· 1 9 5 8 ,  did fur ther r esear ch in modifying the Los Ang e l e s  Rat t l er 

Tes t . H i s  modific ation consis ted of using a five-pound sampl e  a t  

20 , 000 r evo l utions and using n o  s t eel s pheres . The wear on t h e  material 

W b t  · d 1 1 b al l ow1·ng the mat erial to s lide on the inside as o aine so e y y 

fa ce o f  the drum and t o  be mixed by the action.of the s t e e l  s he l f. 
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Thi s  me thod pr o duced t he same amoun t of f ines as obta ined under f i e l d  

cond i t i ons , but t h e  t ime r equ i r e d  for t he t e s t  was 10 . l  hours . ( 2 1 )  

In 1 9 6 6  Br ee s e , wor k i n g  for the s tate o f  Nevada , c orr e la t e d  t h e  

r esu l t s  o f  s ev er a l  degr adat i on t e s t s  with t h e  hope 6f d eve l o pi ng a new 

tes t . ( 22 ) The t e s t s  h e  s tud i ed wer e the air e lutr i at i on t e s t  d ev i s ed 

by Co l l ins , ( 2 3 )  the j ar mi l l  tes t dev i s ed by Mi nor , ( 1 4 )  t h e  Was h i ng t on 

degradat i on t e s t , ( 2 4 ) and t he Cal i fornia aggregate durab i l i ty t e s t . ( 2 5 ) 

It i s  impor tant t o  note t hat a l l four degradat ion tes�s u s e  a 

s ed imen tat i on ana lys i s  for the f i nes produced . Th i s  s ed imen tat ion 

ana lys i s  i s  ba sed on S t oke's Law wh i ch s tat es that the theor e t i c a l  

ve l o c i ty o f  ver t i ca l  s e t t l i ng can be computed by t h e  fo l l owing 

formula : ( 2 6 )  

v 

wher e : a c c e l erat i on due to gravi ty, cm/s ec/ s e c 
3 

dens i ty o f  set tling par t i cle, gr am/cm 
3 

dens i ty of wa ter , gram/cm 
d iame t er of s e t t l i ng par t icles , 

.
c� 2 

u =
·

dynam i c  v i s cos i ty o f  water , dyne - s ec/cm 

Accor d ing to S t oke's Law , lar ger and mor e den s e  par t i c l e s have 

a fas ter s e t t l ing v e l o c i ty . For t h i s  reas on, coar se-gra i ne d  par t i c l es 

wou l d  pr ov i d e  lower s e d iment he i ghts than f i ne-gra ine d  par t i c l e s . 

In a l l  four d egradat i on tests that Br ee s e  stud ie d , a r epr e s entat ive 

sampl e  of the f i nes pr oduced was pou.� ed into a sand equ ivalen t cy l ind er 

] O f  Sand equiva lent st ock s o lu t i on . The a .ong wi t h  s even mi l l i l i t er s  



wat er l eve l was ad j us t ed to the 15- inch mar k , and the c y l inder wa s 

mixed by inver t ing i t  appr ox ima t e l y  20 t imes i n  35 s e cond s. The 

cy l inder wa s then s e t  as ide for 20 minutes a fter whi c h  the s ediment 

he i gh t  was observe d . The poor er qual i ty aggregates , whi ch pr oduce 

plas t i c  f ines , had a h i gher sed iment he i gh t  than the h i gh qua l i ty 

12 

aggre gat e s . Us ing the l i near r e gression met hod of cor r e la t i on for the 

degradat i on fac t ors and s ed iment he ights of a l l  the t e s t s , Bree s e  found 

that t he Wa s h ington degradation test produced t he h i g h e s t  c o e ff i c ient s  

o f  corr e l a t i on when compar ed wi th t h e  other t e s t s . ( 2 2 )  

Plat t s  and L l oyd s tud i ed s ix degradat i on t e s t s in Alaska . The 

te s t s  t hey s t ud i e d  wer e ( a )  Oregon air degradat i on t e s t, ( b )  Ca l i fo1·n ia 

durab i l i ty t e s t , ( c )  Washing t on degradat ion t e s t, ( d )  Idaho knead ing 

compactor degradation t e s t , ( e )  I daho abras ion degradat i on tes t, and 

( f ) the Alaska degradat i on test . The Wa sh ington degradat i on t e s t  was 

r ecommended for t he fo l l owing reas ons: ( 2 7 ) 

1.  Tes t  r e s ul ts and f i e l d  eva luat ions correla t e  ver y wel l . 

2 .  It has but one numer i cal va lue on wh i ch to base t h e  qua l i ty 

o f  any g iven aggr egate. 

3 .  A l t hough s im i lar to the Ca l i fornia durab i lity t e s t , i t  

pr ov ided mor e cons i s tent results . 

Mathi owe t z , in 1968, mod i f i ed the Los Ange les Ra t t l er t e s t t o  

inc l ude we t abras i on, lo s s  determined b y  a s i eve i n  t h e  aggre gate 

sieve ser i e s  and a sed iment h e i gh t  test us ing an acr y l i c  P l ex i glas 
' 



cy l inder, . 6 inches i n  d i ameter by 25 i nches h igh. Some o f  h i s  con-

c l us ions were t h e s e : ( 2 8 ) 

I. The mod i f i e d  Los Ange l e s  Rat t l er t e s t  appear s t o  b e  as 
re l ia b l e  as the Was h ington degradation test in d e t er m i n i n g  
unsa t i s fa c t ory aggregates . 
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2 . I t  i s  n ot n e c e s sary t o  s i eve out t he coarse par t i c l e s  before 
sed imenta t i on s i nce these set t l e  out very rap i d ly and have 
minor e f f e c t s  on the s e t t l ement of t he fines . 

3 . The mod i f i e d  Los Ang e l es Rat t l er t�s t  doe s not produce as 
many p l a st i c  f i ne s  a s  the Wash i ngt on degradat ion t es t . How
ever , it prov ides comparable sed iment he i ght s .  

I n  1 9 7 0  Sm i t h  c ompared the mod i f i ed Los Angel es Ra t t ler t e s t  

proposed by Mat h i owe tz ( 2 8 ) wi t h  t h e  standar d Lo s Ange les Rat t l er 

tes t, the Wa s h i n g t on d e grada t i on test , and the petrograph i c  ana ly s i s. 

The fol l owing are s ome o f  h i s  conc lus i ons : ( 2 9 ) 

1 . The mod i f i ed Los Ang e l e s  Rat t l er te s t  i s  re l ia b l e  for d i s 
t ingui s h i ng between des irable and unde s ir ab l e  a g gregates and , 
there fore , cou l d  pos s i b ly replace the s tandar d  Los Ang e l es 
tes t , t h e  Wash ington degr adat ion t e s t , and the p e t r o graphic 
ana lys i s . 

2 .  The Wa s h i ngton d egradat ion test do es not appear to d egrade 
l ightwe ight aggregate as mu ch as t he mod i f i e d  Los Ang e l e s  

Rat t l er tes t .  

3 .  The mod i f i ed Lo s Ang e l e s  Rat t ler t e s t  compared w i t h  the 
pe trograp h i c  analys i s  better than did the Wash ington deg -

4 . 

5 . 

269641 

radat i on t e s t. 

The mod if i ed Los Ange l e s  tes t res u l t s  can be reproduced t o  
wi t h i n  t h e  t e ntat ive l im i t s  o f  ± one percent a bras i on l o s s  
and ± 1.2 5 i nches i n  t h e  s ediment height . 

The advantage s o f  the mod i f ied Los Ange les Rat t l er t e s t  are 

the s e: 
a. Sample pre parat i on i s  s imple and quick. 
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b .  Tota l t ime t o  per f orm the test i s  usua l l y  l e s s  t han one 
man-hour . 
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c. The t e s t  sampl e  is f ive t ime s as lar ge as the Was h ington 
d egradat ion t e s t  sample . Th i s  lar ger samp l e  i n c r eases 
the probab i l i t y  o f  obta ining more r e pr es entat ive r e s u l ts . 

S ince 1 9 3 6  a l l  ag gregates to be used in cons truct i on on Bur eau 

o f  Rec lamat i on pro j e c t s  have be en examined and ana l yzed petrogr aph i ca l l y  

a s  a par t o f  t h e  bas i s  for the ir sel ect ion . The petrograph ic exam i -

na t ion i s  per formed n o t  only t o  determine the potent ial degree o f  

r eac t i v i t y  o f  t h e  aggr e gat es but also t o  establ i s h  the i r  phy s i ca l  

qua l i t y . ( 3 0 )  The Cor ps o f  Eng ineers has used petrograph i c  ana l y s i s  

in the i r  wor k s ince be for e 1 940 . ( 31 )  The Amer i can Soc i e t y  for Tes t i ng 

and Mate r i a l s  i n  1 9 5 4 adop t ed a s tandar d pr oce dur e  for t h e  Pe t rographi c  

Examinat i on o f  Aggr e gat e s  for Concrete . ( 17 - 2 3 3 ) The o b j e c t ions· t o  th e 

pe trogr aph i c  exam i nat ion are tha t it is t ime-consumi ng, that i t  r equir e s 

the s erv i ce s  o f  a trai ned petrograph i c  exper t and that i t  i s  not adapt -

abl e  to f i e l d  laborator y use. 

Obje c t ives o f  Inve s t igat ion 

The o b j e c t ives of t h i s  inves t i ga t ion wer e : 

1 . To compare the mod i f i e d  Los Angeles Ratt ler t e s t  pr opo s e d  by 

Ma th iowe t z wi t h  the s tandar d Los Angeles Rat t l er t e s t, the 

Wa s h i ngton degr adat ion test, and the pe trograph i c  ana l y s i s ,  

us ing a " C" gradat ion o f  t h e  aggregat e .  



. 2. To ident i fy miner a l s  wh ich may cause r oad fa i l ures . 

15 

3. To determine the r e pr oduc ib i l i t y of the mod i f i e d  Los Ange les 

Rat t ler per cent loss and sed iment heights us i ng " C" gradat i on . 
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MATER IALS AND TEST I NG PROCEDURES 

Aggregates Tes t e d  

I n  thi s  s tudy aggr ega t e  tes t s  were conduc ted on 60 s amp l e s  fur 

n i s hed by the Nat i onal For e s t s  in Reg ion 1 .  The se samp l e s  were ob

tained from the s ta t e s  of Montana , I daho , and Washing ton , and cons i s ted 

of crushed basalt , s i l t st one , quar t z i t e , grani te , granodior i t e , s c hi s t , 

or gne i s s .  Petrogr aph i c  analys i s  was used to determine t h e  maj or 

mineral s or rocks t hat composed 5 1  o f  the 60 samples tes ted , and the 

resu l t s  of t hi s  analy s i s  ar e l i s ted in TABLE 1 .  Add i t ional crush ing 

of the s amples was ne c e s sar y in or der to obtain a " C" gradat ion for 

the mod i f i e d  Los Ange l es Rat t l er test . 

Ol d and New Was hi ngton Degradat i on Te s t s  

The procedure for t h e  Was hington degradat ion tes t i s  as fol lows : 

(24) 

The mater ial to be t e s ted s hould be crushed to pas s  t he 1 /2 - inch 

s ieve , was hed over a #1 0 s i eve and dr ied to constant we i gh t .  Make up 

samples graded as f o l lows : 

1 /2" - 1 /  4" 

1/4" - u. s. #1 0 

500 grams 

500 grams 

Pla ce sample in a 7 1 /2-inch diameter by 6- inch h igh p l a s t i c  

cani s ter ( Tupper War e ) , add 200 c c  water , cover t ight l y , and place in 
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a Ty l er Por tab l e  S i eve Shaker . ( So i l te s t  #CL-300, s u i tably 

motor i zed t o  prov ide a g i tat ion descr ibed be low . ) 

Run s haker for 20 minutes at 300±5 os c i l lat ions per minute w i t h  

a 1 3/4- inch throw o n  t he c am .  A t  the conc lus ion of the shak i ng t ime , 

empt y  the cann i s t er into ne s ted #10 and #200 s i eve s , placed i n  a funne l , 

over a 500 ml graduate to catch al l water . Was h  out the canni s t er 

and c ont inue t o  wash the aggregate w i t h  fr e s h  water unt i l  the graduate 

i s  f i l l e d  to t he 500 ml mar k . Caut ion: water adher ing to t he aggre 

gate may dra in 50-100 ml after washing has been s toppe d . 

Pour 7 ml o f  sand equ i valent s tock solut i on into a s and equ i va l en t  

c y l inder . Br i ng a l l s o l i d s  in the was h  water into s uspens i on by capping 

the graduat e wi th the pa lm o f  the hand and turn the c y l inder ups i de 

down and r i ght s i de up as rap i d l y  as pos s i b l e  about 10 t ime s . Imme 

d ia t e l y  pour the l i qui d  into the sand equ iva lent cy l inder to t he 15-

inch mar k  and inser t t he rubber s t opper in the c y l inder . 

Mix the contents o f  the sand equival ent cyl inder by a l t er na t e l y  

t urning the c y l inder ups i de down and r ight s ide UP., a l l owing t he bubble 

to traver se compl ete l y  from end to end . Repea t t h i s  cyc l e  20 t imes in 

about 35 s e conds . 

At the concl us i on o f  the m ix ing t ime , place the c y l inder on the 

.table , remove the s topper and s tar t the t imer . After 20 m inutes , r ead 

and r ecor d  the he ight o f  t he sed iment column to the near es t 0.1 inch . 
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The on l y  d i f ference be tween the old and the new Washington d eg -

rada t i on t e s t  i s  that i n  t h e  o l d  test the aggr egate r e t a i ned o n  the 

# 1 0  and the #20 0  s ieves is p laced in the oven un t i l  dry . A f t e r  dr y -

ing , t h e  aggr egate i s  s ieved and the we ight s r e ta ined on the s e  s i eves 

are r e c or d ed . Loss t hr ough each s i eve is determined by subtrac t i on 

from t he or i g ina l we i ght and r ecor ded to the near est gram . 

Cal culat i on o f  the Washi ngton Degrada t i on Fa ctor i s  as f o l l ows : (24 )  

O l d  formula 

D lo.3 ( 1 . 00 - L2oo ) + 0 . 7 (
G

- 0 . 4H ;l 1 00 

t_=. L 1 0 6 +0 . 6H :_j 
Wher e: o l d  Wash i ngton Degradat i on Fa c tor 

= he i ght of sed iment ( f l oe ) in t ube 
grams l ost thr ough #2 00 s i eve 
grams lost through #1 0 s i eve . 

Th i s  formula g i ves a we i ght of 30 per cent to the rat i o  o f  the l os s 

through the #20 0  and the #10 s i eves, and a we ight of 70 per cent t o  the 

qual ity of the f i ne s  as determined by the c l eanne ss por t i on of the t e s t . 

New formul a  

D ( 
15 - H 

) 100 
15 +1 . 7 5 H  

Wher e: D 
H 

new Washington Degrada t i on Factor 
he i ght o f  sed iment ( f loe ) i n  tube 

h. formula 1·s based ent ir ely on s e d iment he i ght . As can be s een, t 1s 

range from 0 to 100, h igh va lues 
In both formulas the values may 

The formulas were adJ·us ted to place doubt fu l be i ng the bes t mater ia l s . 
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mate r i a l s  at about the mi dpo int o n  t h e  s cale . Reg i on 1 ,  U. S .  For e s t  

Serv i ce , ha s s e t  the minimum pas s i ng Was h ington Degrada t ion Fac tor a t  

25 f o r  r oad s urfac i ng aggr e gates. 

The Was h ington Degradat i on Fa ctor s wer e  de termine d at the Mat�r ials 

Tes t i ng Labor ator y, Un i t ed S tates For e s t  Serv i c e , Regi on 1 ,  Miss oula , 

Mon tana . The sed iment h e i g h t s  for the Washington degradat i on t e s t , 

wh i ch wer e  not furn i s hed , wer e  cal culated by Smi th ( 2 9) and t h i s  wr i t er 

us ing the new formula . These data ar e shown in TABLE 2 .  

S tandar d Los Angele s  Rat tler Tes t  for " C" Graded Aggr egates 

The s tandar d Los Ange l es Rat tler test pr ocedur e  ac cord ing to t he 

Amer i can S o c i e t y  for Tes t i ng and Mater ials i s  as fo llows : ( l7-9 2 ) 

The t e s t  sample shall cons i s t  of clean aggr egat e r epr esentat ive 

o f the mat er ial be i ng tested , and oven dr i ed to sub s tan t i al l y  cons tant 

we i ght. The we i g h t  of the samp l e  pr ior to test ing shall be r ec or de d  

t o  the near e s t  gram . Use a " C" graded mater ial . Th i s  cons i s t s  of 2 5 00 

grams of ma t er ia l  pa s s ing the 3/8- inch s i eve and reta ined on the No . 3 

( 1/ 4 - inch) s i eve plus 2500 grams pas s i ng the No . 3 s i ev e  and r e ta ined 

on the No .  4 ( 4 . 76-mm) s i eve . The abras ive char ge cons i s t s of e i gh t  

st eel s pher es hav ing a total we ight of 3 3 30±20 grams. 

The t e s t  s ample and t he abras ive char ge shall be p laced i n  the 

Los Ange l e s  Rat tler t e s t ing ma chine and the drum r otat e d  a t  a speed 

of 30 t o 3 3  r evolutions per minute for 50 0 r evolut ions . After the 
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pr e s cr i bed number o f  r evo l u t i ons , the mat er i a l  sha l l  be d i s c har ged 

fr om the machine and s i eved on a #12 s i eve . The mater ial coar s er than 

the #12 s i eve sha l l  be wa shed, oven dr ied to s ubs tant ial l y  c on s tant 

we ight, and we ighed t o  the near est gram . The d i f ference between the 

or i g inal we ight and the f i na l we ight of the t est samp l e  s ha ll be ex

pr e s s ed as a per centage of the or i gina l  we i ght . Th i s  value i s  normally 

thought of as the Los Ang e l es Rattler numb er or per cent l o s s . 

These va lues may range fr om 0 to 1 00, the lower val ues r epr e s en t

ing the better mater ials . A max imum pass i ng number for the s tandar d 

Los Ange les Ratt l er t e s t  has been spe c i f ied as 40 for sur face cour ses 

and s ur face tr eatment . A maximum pas s i ng number of 5 0  has been e s 

tab l i shed for concr ete and ba se cours es for concrete pav ement s . ( 1 7 )  

A l l the standar d Los Angeles Ra t t l er numbers wer e determined b y  

th i s  wr i t er at the C iv i l  Eng ineer ing Laborator y , South Dakota Sta t e  

Uni versit y , Br ook i ng s, South Dakota . TABLE 3 i n c lude s  the s e  values . 

Mod i f i e d Lo s Ange l e s  Rat t l er Test for "C" Graded �ggr ega t e s  

The fo l l owing i s  the mod i f ied Los Ange les Rat t le r  t e st procedure 

used in th is study : 

1. Pr epare t he samp l e  in the same manner as r equ ired for the 

standard Los Ange l es Rat tler tes t us ing " C" grad i ng . 

2 . Place the t e s t  samp le and the abras ive charge into the Los 

Ange l e s  tes t i ng mach i ne . Rotate the machine for 5 00 



-r evo l ut i ons w i th the aggregate dry . Add 1 0 00 m l  o f  water 

and r otate for 250 add i t i onal r evolut i ons . A f l at r ub ber 

gas ket was cemen ted to the cover o f  the mach i n e  to r ender 

it watert i ght . 
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3 .  Wash the ent i r e  contents o f  the mach ine i nto a lar ge pan 

p laced beneath the ma ch ine . Then, wash the ent i r e  con tents 

o f  the pan i n t o  the lar ge graduate d cy l inder pr ev i ous l y  pr e

par ed with 25 ml o f  sand equivalent stock s o l ut ion . The 

c ylinder us e d  i s  constr ucted o f  acr y l i c  Plex i g las, 6 inche s  

in d iame t er b y  25 inches high . (See F i gur e 1 )  

4 .  After i n i t ial s e tt l ing o f  the part i c l es , adj ust the water i n  

the cy l inder to the 20- inch mark b y  add ing o r  dr a i n i ng water . 

Cap the graduated c y l i nder and mix by invert ing fr o m  end to 

end 2 0  t ime s within 30 seconds. Suspend a ther mometer at the 

1 0-inch mar k in the solut i on and a l l ow the f l o e  to s ett l e  i n  

a n  ar ea not s ub j e c t  to d ir ect sunl ight . 

5. A fter 2 0  minutes r ead the water temperatur e to the near e st 

O . l  o f  a degr e e  cent i grade and r ecor d the sed iment h e i ght to 

the near e s t  0 . 1 inch . 

6 . Wash the ent ir e  contents of the cy l inder over a # 3 0  s i eve 

and dr y the portion reta ined on the s i eve to c onstant we i ght . 
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7. S ieve t he dr y par t  over a #16 s i eve and we igh the amount 

retained . Subtract t h i s  weight from the or i g inal we ight and 

cal culate t he per centage loss . 

8. The mod i f i ed Los Angeles Rat t l er number s ha l l  b e  expres s ed 

as such : per cent l os s /sed iment height . 

The maximum pa s s ing l o s s es i n  per cent for the mod i f ied Los Angel es 

Rat t l er t e s t  ar e the same as was prev ious ly des cr i bed for · t h e  s ta ndard 

Los Angele s  Rat t ler tes t . The max imum pas s ing s ed iment hei ght was 

chosen to be 1 3 . 0  inches as recommended by Smi th . ( 2 9 )  The s ed iment 

height corr e c t i on curves , developed by Smi th , wer e used i n  th i s  t es t . 

( 29 )  TABLE 3 conta ins the resul t s  of the mod i f ied Los Angel e s  Rat t l er 

Tes t  as determined by t h i s  wr i t er . 

Petrograph ic Exami nation of Aggregates 

Pe trograph i c  examina t i on o f  aggregate is a v i s ual ana l ys i s  o f  the 

mat er ia l in terms o f  both l i thology and proper t ies o f  the i nd iv i dual 

par t i c l es . The r elat ive abundance of spec i f i c  types o f  rocks and 

mineral s  is e s tab l i shed by this examination . Phys 1cal and chem i ca l  

proper t i es s uch a s  par t i c l e  shape , sur face texture , por e chara c ter i s 

t i cs , hardnes s , and potent ial alkal i reac t iv i ty ar e determined ; a l s o  

the pr e s ence of con tami nat ing s ubstances i s  es tab l i s hed . ( 1 7 -2 3 3) 

Dr. Donal d  w. Hyndman , at the Un iver s i ty of Montana , per formed 

the petrograph i c  ana l y s i s  on 51 of the 60 sampl es tes t ed . ( 32 )  
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Samp l e  Nos . 30 4 0, 3041, 3052, 3111, 3112, 3 1 1 3, 3 1 1 4, 3 1 42, a n d  3225 

wer e not ava i labl e  for thi s  ana l ys i s . The maj or miner a l s  or r o cks 

that c ompos ed each of the 51 samp l e s tested are r ecor ded in TAB LE  1 .  

Dr. Hyn.dman a l s o  'determined i f  the aggr egat e samples wer e accep table 

as road aggr egates; and those that fai l ed ar e l i s t ed in TABLE 4 .  
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D I SCUSS ION OF TEST RESULTS 

The ma in o bjective o f  thi s  study was to determine whether the 

mod i f ie d  Lo s Ange l e s  Ratt l er test , s ing ly , can ident i fy l ow qua l ity 

aggr egates wh i ch now r equ i r es the standar d Los Ange l e s  Ratt l er test , 

·the Wash ington degradat i on te st , and a petr ograph i c  ana l ys i s . The 

following shows how the r e su lts fr om the mod if ied Los Ang eles Ratt ler 

test c ompar e d  with the r e su lts of the other thr ee tests . 

A r ank -d i f fer ence method o f  corre lat i on ( 3 3 )  wa s appl i e d  to the 

results of thr e e  of the four tests . It cou l d  not be appl i e d  to the 

petrograph i c  analy s i s  r esults becaus e the spe c imens wer e not g iven a 

numer i ca l  va l ue under th i s  exam inat i on . For the rank-d i f fer ence 

cor r e lat i on , the r e s u lts o f  the thr ee tests wer e ranke d in ord er fr om 

high qua l ity to low qua l ity aggregate s .  (See TABLE 5 )  The s ed iment 

hei ght and per c ent Jos s  portions of the mod i f ied Los Ange l e s  Rattl er 

test for both " B" and " C" gradat i ons were us ed in th i s  corr e l at i on . 

The c or r e lat i on coe f f i c i ent , p ,  was 0.968 between the stan dar d 

IAR test and mod i f ie d  IAR test us ing the "C" gradat i on o f  the aggregate .  

The c oe f f i c i ent was 0.871 for these same two tests us ing the " B" gra

dat ion . Both o f  the se coe f f i c ients ar e quite h i gh and , ther e for e , 

si gn i f i cant . It i s  thought that the 1000 m l  of water used in the mod i

f ied Los Ange l e s  Rattler test caused enough additiona l degradat i on to 

offs et the use of the #16 ( 1.19-mm) s i eve instead of the #12 



. (1.68 mm )  s i eve, wh i ch is used in the standard Los Ange l e s  Ra ttler 

t est . 

26 

The corre lat i on coe f f i c i ent between the mod ified IAR s ed iment 

he ight, " C" gradat i on , and th e Wash ington degradation test was 0.773. 

However, betwee n t he mod i f i e d  IAR sed iment he i ght, " B" grad ation , and 

the Was h i ngton d egrada t i on te s t , a 0.709 coef f i c ient was o bta ine d . It 

i s  thought that the add i t iona l 250 revolut i ons o f  the dry aggr egat e 

dur ing the test ing o f  the " C" gradat ion of the samp l e s  may exp l a i n  

why the r e  i s  a h i gher corr e lat ion be tween the "C" gradat i on than t h e  

"B" gradat i on when b o t h  are compar ed t o  the Was h ington degradat i on 

t est . S ince the mod i f ie d  IAR t est includes abras ion and impact to 

pr oduce p last i c  f ine s , the se addit i onal r evolut i ons t hr ough add it i ona l 

abras ive and impact for ces , may have produced the nec es sar y  i n crease 

in p last i c  fine s to give the " C" gradation tes t  a clos er c or r e l at i on 

with the Wa shington degradat i on test . It was noted that 46 of the 51 

sampl es compar e d  s howed a h i gher sed iment he ight for the " C" gradat i on 

than the ''F' grada t ion ,  wh i c h  again may be explained by the addit i ona l 

250 r evo lut i ons i n  the " C" gradation tests . A corre lat i on c o eff i c i ent 

�f 0.771 was obta ined for the compar ison be tween the mod ifi e d  IAR 

sed iment he ight , " C" gradat ion test, and the mod ified IAR s e d iment 

he i ght, " B" gradat i on test . A coefficient of 0.829 was found between 

the mod if ied Li\R per cent l o s s , " C" gradation test , and the mod ified 
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IAR. per cent los s, " B" gradat1· on te s t . Th ese corr elat i ons ar e a l s o  

qui t e  substant i a l . 

The standard IAR t e s t  y i e lded on ly one spec imen h i gher and 58 

s pe c imens l ower in per cent losses than the modi f i ed IAR test . Ther e 

was an average d i f fer ence o f  5. 61 per cent abras ion l o s s  betwe en the 

two t e s t s . It wa s fe l t  that th i s  large d i f fer ence between the per cent 

l o s s e s  r e s u lted from the 250 add itiona l r evolut i ons of the mod i f i ed 

IAR t est . 

The Washington d egradat i on test has pr oven its r e l iab i l ity in 

detect ing those aggrega tes wh i ch pr oduce plast i c  f ines . I t i s  thought 

that the mod i f i ed Los Ange les Rattler te st may be as r e l i ab l e , s ince 

both tests us e a s ed imentat i on ana lys is . A po lynomial r e gr es s i on 

cor r e lat i on (34) was used be tween the Wash ing ton degradat ion s ed iment 

he ight and the modif i ed Los Ange les Ratt ler sed iment he i ght . I t  wa s 

2 observed that the parabo l i c  equat i on, Y = -0. 322 -0. 146 +0. 047X , pro -

v ided the best ind ex o f  corr e lat ion, i = 0. 798, a s  i s  s hown b y  the l ine 

in FIGURE 2. E ighteen s pec imens fai led the mod i f ied IAR s ed iment 

he ight ana ly s i s , but only f i fteen fa i led the Washi ngton d egradation 

sed iment he i ght ana l ys i s . The Wash ington degradat i on test r e l i es en-

t ire l y  on the s ed iment he i ght analys is . 

Of t 1 te sted' .22 Pa ssed al l four te s t s , 7 fa i l ed the 
he 60 samp es 

standard Los Ange l es Rattler test, 14 fa i l ed the per cent loss por t ion 

of the mod i f ied Los Ange les Ratt ler test, 18 fai led the s ed iment 
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he i gh t  por t i on o f  the mod i f i ed Los Angeles Rat t l er te s t , 1 5  fai l e d  the 

Was hing ton degradat ion t es t , and 1 2  fa i led the pe trograph i c  ana l y s i s  

a s  can b e  seen i n  TABLE 4 .  

I f  t he mod i f i ed Los Ange l e s  Rat t ler t e s t  had been us ed i n  place 

of t he other t hree t e s t s , onl y four s pec imens (2076 , 2 080 , 2096 , and 

2 5 61 )  would have pas s ed the mod i f ied LAR tes t , but fa i l ed one of the 

other three t e s t s . Sampl e  Nos . 2 076 and 2080 fai l ed only the petro

graph i c  anal ys i s . Sampl e  No . 2096 fai l ed only the Wash ing t on deg 

radat i on t e s t ; however ,  this fa i lure may be expla ined by the fact that 

the Wash ing ton degradat i on t e s t was run on an a l t ernate samp l e  fr om t he 

same sour ce . Sampl e  No . 2 561 fai l ed both the petrograph i c  anal y s i s  

and Wash ington degradat ion t e s t , but pas sed the mod i f ie d  LAR te s t . 

Thi s  sampl e was i n  t he " uns ur e" range because it had a sed iment h e i ght 

o f  1 3 . 0 i nches and per cent l o s s  factor of 35 . The adopted s pe c i f i 

cat ions o f  the mod i f i ed I.AR t e s t  fa i l ed 1 0  samples t hat n o  o ther t e s t 

termed a s  fa i l ing . Of these sampl es , four fa i l ed the per cent los s por 

t ion and s ix fa i l ed the sed iment he i ght por t ion of the mod i f i e d  LAR 

t es t . The add i t i ona l f ine mat er ial pr oduced by the extra 2 50 r evolu

t ions may explain why t he mod i f ied LAR test fa i l ed the s e  1 0  s pe c imens . 

The mod i f i e d  Los Ange l e s  Rat t l er test compar ed bet t er w i th the 

petrograph i c  ana l y s i s  results than did the Washington degradat i on t e s t . 

The petrograph i c  ana l ys i s  fa i l ed f ive samples that had pas sed t he 
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Was hing ton degradat ion t e s t compar ed to only three s amp l e s  pa s s e d  by · 
the mod i f ied Los Ange l e s  Ratt ler te s t . 

The mod i f ied Los Ange l e s  Rat t l er tes t fai l ed by per cent los s a l l  ' . ' 

the s pec imens that had fa i l ed the s tandar d Lo s Ange l e s  Ra t t l er te st . 

I t  a l s o  fai led s even ad d i t i ona l samp les that the s tandar d IAR t e s t  had 

not fa i led . The s e  add i t ional fai lur es may have resul ted because o f  the 

wat er pr e s ent and/or to the extra 250 revo lut ions in the mod i f i ed t e s t . 

Samp l e  Nos . 1 8 8 7 , 2 76 0 , and 3225 fai led both the mod i f i e d  Los 

Ange l e s  Rat t l er te s t  and the Wa sh ington degradat ion t e s t . Ba s e d  upon 

thes e  te s t s , it i s  bel i eved tha t  the se spec imens woul d  have a l s o  fai led 

the pe trograp h i c  analy s i s  had they been avai lable for exami nat ion . 

I gneous or me tamorph i c  rocks such as pegmat i te , apl i t e , gne i s s , 

grani t e , or s c h i s t  wer e the mai n  rocks to fai l , by per c ent l o s s , the 

s tandar d and mod i f ie d  Los Ange les Rat tler tests . The pr imar y mineral s 

compos ing these i gneous and me tamor phi c  rocks ar e quar t z , pla g i o c la s e , 

mus cov i te ,  and or t hoc lase . These minerals belong to the mi ca and 

fe ldspar gr oups of s i l i cate mineral s .  I t  was obs erved that the aggr e -

gates whi c h  s e t t led qu i ckly dur ing t h e  sed imentat ion ana l y s i s  of t h e  

mod i f ied IA R  test were fr om t h e  m i ca and feldspar groups o f  m ineral s .  

The s e d imentar y rocks that were found unsui table by both the 

modi f ied !AR test and the Was h ington degradat ion test we re pr imar i l y  

l imes tone ,  s ha l e , s and s tone , and s i l t s tone . The pr imary minera l s 
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wh i ch composed these sed imentary rocks wer e quar t z , cal c i t e , i l l i t e , 

and or thoc las e . The s e  aggregates pr oduc ed a large amoun t  o f  plas t i c  

f ines dur ing the te s t ing . Al l but two o f  the 1 2  spe c imens wh i ch had 

s ed iment he i gh t s  above 1 4 . 0  i nches in the mod i fied IAR t e s t  c onta ined 

two or more miner a l s  common i n  sed imentar y rocks . 

I t  i s  o f  inter e s t  to no te that Sample Nos . 2 1 48 and 2 5 8 4 , both 

composed o f  quar t z i t e , had extr eme l y  h igh s ed iment he i gh t s , 1 9 . 1  and 

1 7. 3  inche s r e s pe c t ive l y . Th i s  large amount of plas t i c  f in e s  may be 

expla ined for Sampl e  No . 2 1 48 by the fac t that i t  conta i ne d  a few 

paral l e l  ve ins o f  shal e . Sample No . 2 5 8 4  d i d  not conta i n  any miner a l s  

connnon to sed imentar y r ocks , and the reason for the h igh s e d iment 

he i ght i s  unknown . 

A s tr ong advantage o f  us i ng the 500 revolut ions with the aggre gate 

dry plus 250 r evo lut ions with wa ter added i s  that the ent ir e s tandar d 

Los Ange l e s  Rat t l er test i s  a par t of the modi f i ed Los Ange l e s  Rat t l er 

tes t .  When an aggr egate i s  to be tested , the s tandar d IAR t e s t  can be 

run on the sample f ir s t . I f  the aggregate fa i l s  the s tandar d IAR t es t , 

the mod i f i e d  IAR tes t ne ed not be run . However , i f  the aggregate pas s es 

the s tandar d  IAR te s t , the mod i fied IAR te s t  can then be run on the 

sample .  Th i s pr ocedur e i s  not pos s i ble if on ly 250 revolut i on s  o f  the 

dry aggre gate ar e used before the we t por t ion of the mod i f i ed IAR t est 

i s run .  
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To determine the r epr oduc i b i l i ty o f  the mod i f i e d  Los Ang e l e s  

Rat t l er tes t , 10 samp l e s  were r un twi ce . I t  was found that the s ed i 

men t h e i ght c ould b e  r epr oduced t o  an average o f � 1.75 inche s wi th a 

range fr om 0 t o  4 . 6 i nches . The 1 0  samp les t e s t ed var i e d  by an av erage 

of 3 . 2  per cent abras i on l o s s  with a range fr om 0 to 14 p er c e nt . Sam

p l e  No . 2 563 ( 1977) had two cans of aggr egate for t e s t ing . and upon 

inspe c t i on it was d i s covered that each can contained a d i f f er ent t ype 

of r o ck with appar ent l y  d i ff erent miner al compos i t i ons . Th i s  d i s c over y 

exp l ains why there was s uch a lar ge d i f fer ence in r epr odu c t i on o f  t h i s 

samp l e . Exc l ud ing Sampl e  No . 2 5 6 3 , i t  wa s found that the s e d iment 

he i ght could be repr oduced to an av erage o f  ± 1 .43 inches wi th a r ange 

fr om O to 3 . 7 inche s . The abra s i on loss cou ld be r epr oduced t o  an 

average of 2 per cent wi th a range from 0 to 5 per cent . The above s hows 

tha t the mod i f i e d  IAR t e s t  can be r easonably repr oduced . 

S inc e 5000 grams i s  used i n  the mod i fied Lo s Ange l es Ra t t l er t e s t 

whi l e on l y  1000 grams i s  used in the Wash ington degradat i on t e s t, the 

resul t s  o f  the mod i f ie d  IAR t e s t  shoul d  be mor e r epr es entat i ve o f  the 

qua l i t y  o f  t he aggregat e . Be t t er r epr oduc i bi l i ty i s  norma l l y  ach i e ved 

us ing a l ar ger s ampl e .  
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CONCLUS IONS AND ADVANTAGES 

Conclus i ons 

Thi s  r e s ear ch s tudy has led to the fol lowing conc lus i on s : 

1 .  The mod i f i ed Los Ange les Rat t ler t e s t  us ing c la s s  C graded 

aggregate i s  r e l iab l e  in d i s t ingui s hing be tween h i gh qua l i t y  

and l ow qua l i ty aggregates and , therefore , could pos s i b l y  re

plac e  the s tandar d Los Ange les Ratt ler test , t he Was h ing ton 

degradat i on t es t , and the petr ograph i c  examina t i on .  

2 .  A mor e favorab l e  compar i son was noted be tween the mod i f i e d  

Los Ang e l e s  Ratt l er t e s t  and t h e  petr ograph i c  ana l ys i s  t han 

be tween t he Was h ington degradat ion test and the pe trographic 

ana l y s i s . 

3 .  The 250 add i t i onal revo lut ions us ed in the " C" grada t i on 

t e s t s  g i v e s  the mod i f i ed Los Ange les Ratt ler tes t  a better 

compar i s on w i t h  the resul t s  of the Wash ington d egrada t ion 

t es t . 

4 . I t  i s  conf irme d that the mi cas and feldspar s are the pr imar y 

m iner a l s  tha t  cause degradat ion . 

5 .  Bas ed upon 10 samples , t he mod i f ied Los Ang e l e s  Rat t l er te s t  

can b e  reproduced wi thi n the l imi t s  o f  ±1 . 43 inche s i n  the 

s e d imen t he i ght and ±2 percent abras ion los s . 
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6 .  A corre lat ion coe f f i c i ent of 0 . 968 was found between the 

s tandar d Los Ange l e s  Ratt ler test and the mod i f i ed Los Ang e l e s  

Ra t t ler t e s t . A coe f f i c i ent o f  0 . 7 9 8  was obta ined be tween the 

mod i f i ed Los Ang e l e s  Rat t l er test sed iment he ight and the 

Wash ington degradat ion test sediment he i ght . 

7 .  A cor r e la t ion coe f f i c i ent o f  0 . 7 71 was obta ined betwe e n  the 

mod i f ied IAR s ed imen t height , " C" gradat ion tes t , and the 

mod i f i ed !AR s ed iment he ight , -- " B" gradat ion t e s t . A coe f f i -

c ient o f  0 . 829 was obta ined be tween the mod i f i ed IA R  per cent 

loss , " C" gradat ion t e s t , and the mod i f i ed IAR per cent l o s s , 

" B" gradat ion t e s t . 

Advantages 

Advantages o f  the mod i f i e d  Los Ange les Rattl er t e s t  are : 

1 . Te st ing t ime usua l l y  requires about one man-hour . 

2 .  S ince the s tandar d IAR t e s t  is a par t o f  the mod i f i ed IAR 

tes t , the s tandar d test can be run f ir s t  on a samp l e . I f  

the sample fai l s  the s tandar d test , the mod i f i e d  t e s t  need 

not be run . However , i f  the sampl e pas ses the s tandar d 

tes t , the modi f i ed t e s t  can then be fini shed on the aggregate 

sampl e .  

3 . Becaus e t he te s t ing sample i s  f ive t imes lar ger t4an the 

Was h ington degradat ion t es t  sampl e ,  ther e i s  a greater 

pr obab i l i t y  of obtaining more representat ive resul t s . 
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APPEND IX 



Sampl e  
No . 

1801 

1 805 

1 88 7  

1 909 

1 92 2 

1 9 5 3  

TABLE 1 

PETROGRAPH I C EXAMI NATI ON OF AGGREGATES 

Per centage o f  Maj or 
Roc ks or Miner als 

35 
30 
30 

5 

5 2  
2 8  
1 0  
1 0  

62 

3 0  

4 
3 
1 

5 0  
45 

3 
2 

3 3  

3 3  

3 3  

UNAVA I IAB LE 

Type o f  Maj or 
Rocks or Mine ra l s  

quar t z  
plagioc la s e ( a l b i te ) 
or tho c la s e  
car bona t e ( d o l om i t e ) 

mus cov i t e  
quar t z , p l a g i o c lase 
b iot i t e  
car bonate 

g lass ( dens e l y  c louded 
wi th i lmen i t e ) 
plag i oc la s e ( fe l d s par ) 
labrador i t e  
ch lor ophae i t e  
o l ivine 
bowl ing i t e 

quar t z , f e l d s par 
chlor i te 
ca l c i t e  
mus cov i t e  

ca l c i te - c ement e d  
quar t z  s i l t s t one 
soft , non-cal car eous 
mar oon s ha l e  
moder ate l y  s o ft s ha le 
to s i l t s tone 

4 0  



Sample 
No . 

1 9 5 9  

1 9 6 0  

2022 

2 02 6 

2074 

2 075 

TAB LE  1 ( Cont i nued ) 

Per centage o f  Ma j or 
Rocks or Mi nera l s  

4 0  

40 
1 5  

3 
2 

40 

40 
15 

3 
2 

60 
40 

maj or 
maj or 
minor 
mi nor 
mi nor 

45 
45 

3 
3 
3 
1 

65 

1 0  
7 
7 
5 

Type o f  Ma j or 
Ro cks or Minera l s  

plag i o c las e ( b y t own i t e : 
ver y  high i n  Ca ) 
glas s ( h i g h  S i02 ) 
aug i t e  
magne t i t e  or i lmen i t e 
bowl i ng i t e  

plag i o c la s e ( b y t own i t e : 
ver y h igh i n  Ca ) 
glass ( h i g h  S i 02 ) 
aug i t e  
magnet i t e  or i lmen i t e  
bowl ing i t e  

quar t z i t e  
granod i or i t e  

ca l c i te 
quar t z  

4 1  

cher t y , e la s t i c  l ime s tone 
non -cal car eous quar t z i t e  
non-cal car eous angular 
basalt 

quar t z  
p lagio c la s e ( a l b i t e ) 
ortho c la s e  
biot i t e  
act i no l i t e  
epidote 

soda amph i bo l e ( s ome 
hornb lende c or es ) 
quar t z  
plag ioclase 
or tho c la s e  
epidote 



Sampl e  

No . 

2076 

2079 

2080 

2094 

TABLE 1 ( Cont i nued ) 

Per centage o f  Ma j or 

Rocks or Miner a l s  

3 
1 
1 
1 

.40 
30 
1 7  

5 
5 
3 
2 

62 
2 6  

5 
5 
1 
1 

42 
1 5  
1 3  
1 0  

8 
4 
2 
2 
2 
2 

36 
2 9  
2 1 
1 4  

Type o f  Ma j or 

Rocks or Minera l s  

i l emi t e  

s phene 
b iot i te 
apa t i te 

plag i o c l as e ( a l b i t e ) 
act i not i t e ( motted ) 
hornbl ende 
alka l e -amphi bo l e  

epidote 
i lmeni te 
quar tz 

quar tz 
car bonate 
i l l i  te 
p lag ioclase 

42 

chlor i t e  
hemat i te ( f ine l y  d i v i ded , 
r ed 

quar tz s i lt s tone 
quar t z i te 
cal c - s i l i cat e gne i s s  
dolom i t e  
ar g,i l l i  t e  
( l euco ) gran i t e  
pyroxen i t e  
por phyr i t i c vo l can i c  
l imes tone 
rus ty l imes tone 

s c h i s t  to gne i s s  
s c h i s t  

apl i t -e  
pegmat i t e  



Sampl e  
No . 

2 0 9 6  

2 12 2  

2 12 3  

2124 

2 12 5 

2 1 3 7 

TABLE 1 ( Cont inued ) 

Per c en tage o f  Ma j or 
Rocks or Miner a l s  

4 5  
2 1  
1 5  
1 0  

9 

7 6  

12 
12 

5 2  
2 2  
2 2  

3 
1 

60 
1 3  
1 3  

6 
6 
2 . 

100 

72 
1 4 
1 4 

79 
1 7 

4 

Type o f  Ma j or 
Rocks or Mi nera l s  

sand s tone 
s i l t s tone 
amph i bo l i t e  
ar g i l l i t e 

4 3  

a s s or ted cher t , gran i t e  
vol can i c  

quar t z i t e --moder a t e l y  
fine-gra ined 
quar t z i t e - - f ine grained 
vol can i c  r oc k  

p lag i o c l a s e  
quar t z  
or tho c lase and m i cr o c l ine 
b i ot i te 
mus cov i t e  

. gne i s s  
quar t z  
arnph i bo l i te 
s ch i s t  
fe l d s par 
a l tered arnph i bo l i t e  

basa l t ( 8 0 p lag i o c la s e , 
1 0  aug i te , 7 o l ivine , 
3 magne t i t e ) 

quar t z i t e  
bedqed cher t 
andes i t e  

ca lc-s i l i cate r oc k  
d i ops i d e -b i ot i t e 
quar t z  gne i s s  
apl i t e  



Sampl e  
No . 

2 1 3 8  

2 1 39 

2 1 41 

2 1 42 

2 1 44 

2 1 45 

TAB LE 1 ( Cont inued ) 

Per c entage o f  Ma j or 
Rocks or Mi nerals 

3 8  

3 1  

3 1  

3 9  

2 5  

1 1  
9 

8 

8 

42 
35 
20 

3 

52 
35 

9 
4 

38 

2 3  
1 5  

8 

8 
8 

5 5  

2 0  

1 6  

9 

Type o f  Ma j or 
Rocks or Miner a l s  

b io t i te-ac t i no l i t e 
quar t z  gne i s s  
quar t z i t e  
pegmat i t e -apl i t e  

rhyol i t e  
biot i te -hornb l ende 
gran i t e  
mica granod i or i t e  
pegmat i te 
cal c - s i l i cat e r o ck 
m i s c e l lane ous 

plag i oc lase 
or tho c lase per th i t e 
quar t z  
b i ot i t e  

quar t z i te 
d iops i de -quar t z-

4 4  

f eldspar -b i o t i t e  gne i s s  
apl i te 
mus cov i t e -b io t i t e 
feldspar -quar t z - s ch i s t 

d iops i de - fe l d s par 
quar t z i  te 
quar t z  d i or i t e  
feldspa t h i c  quar t z i te 
b i ot i t e -mus cov i t e  s ch i s t  
vein quar t z  
b iot i t e  dac i t e  

d iops i d e  qua r t zo f e l d 
spa th i c  gne i s s  
b iot ite quar t zo f e l d 
spath i c  gne i s s  
pegmat i t e  
meta vo l cani c 



Sample 
No . 

2 1 48 

2 1 8 0 

2 1 8 1  

2 1 82 

2 1 8 3  

2 1 8 7  

2222 

TABLE 1 ( Cont inued ) 

Per centage o f  Maj or 
Rocks or Minerals 

100 

100 

82 
8 
3 
3 
2 
2 

4 8  
35 
12 

5 

45 

40 
10 

5 

50 
1 6  
1 3  

9 
5 
5 
2 

60 
20 
20 

Type o f  Ma j or 
Rocks or Minera l s  

45 

quar t z i te ( no t h i n  s e c t i on) 

p ink l imey s ha l e ( no t h i n  
s e c t i on 

plag i o c lase ( l abrador i t e ) 
aug i te 
bowl ing i te 
magnet i t e  
o l ivine 
cal c i t e  

plag i o c las e ( l abrad or ite ) 
br own g la s s  
aug i t e  
magnet i t e 

g las s , char ge� w i t h  
fine opaques 
plag i oc lase ( labrador i t e ) 
aug ite 
ol ivine 

ar gi l l i t e  
quar t z-r i c h  s i l t s t one 
s i l t s tone 
sandy -s i l t y ar g i l l i t e  
phy l l i t i c  s i l t s t one 
sand s tone 
quar t z i te 

quar t z i t e 
dolomi te -quar t z  s i l t s t one 
b iot ite -quar tz o fe l d 
s pat h i c  gne i s s  



Samp le 
No . 

2 5 1 6  
( 222 1 )  

2555 
( 1 996 ) 

2556 
( 2 220 ) 

2557 
( 20 1 3 )  

2561 
( 2 1 36 )  

TABLE 1 ( Cont inued ) 

Per c entage of Maj or 
Rocks or Minerals 

55 

27 

9 

9 

67 
20 

8 
5 

38 
32 
2 7  

3 

45 
2 1  

1 7  
1 1  

3 
3 

5 9  

1 5 

12 
8 
4 
2 

Type o f  Maj or 
Rocks or Minera l s  

s er i c i t e -quar t z  
s i lt s tone 
do lom i t i c  s er i c i t e -
quar t z  s i l t s t one 
l imon i t i c  ser i c i te -
quar t z  s i l t s tone 
quar t z i t e  

quar t z  
muscov i t e  
feldspar 
b iot i t e  

a l t ered gran i t e  
arkos i c  s i l t s t one 
por phyr i t i c  r hyo l i t e  
quar t z  

granod i or i te 

4 6  

d i ops i de-plag i o c la s e -
quar t z  gne i s s  
l eucogr an i te 
other i gneous r ocks 
quar t z i t e  
b io�i te-hor nb l ende 
dior ite 

p lag iocla s e ( a l t e r e d  t o  

a l  bite ) 
b i ot i te ( a l tered t o  
chlor ite and s phene ) 

hornbl ende 
quar tz 
ser i c i t e  
calc ite 



Sampl e  

No . 

2 5 62 
( 2 1 4 3 ) 

2 5 6 3  
( 1 9 7 7 ) 

2584 
( 2 1 8 6 ) 

2 635 
( 1 927 ) 

2756 
C l 92 8 )  

2757 

C l 8 32 )  

2758 
( 208 5 ) 

TAB LE  1 ( Cont inued ) 

Per c en tage of Maj or 
Rocks or Minerals 

5 0  
3 0  
1 3  

6 
1 

5 0  
2 5  
1 5  
1 0  

100 

65 
25 

5 
2 
2 
1 

45 
30 
24 

1 

52 
28 
1 0 
10 

38 
32 
22 

3 
3 
1 
1 

Type o f  Maj or 
Ro cks or Mi nera l s  

4 7  

quar t z  
plag i o c la s e ( ol igocla se ) 
or thoc la s e -m i c r o c l ine 
biot i te 
mus cov i t e  

plag ioclase 
quar t z  
hornbl ende 
b iot i t e  

quar t z i te ( no t h i n  
sect ion ) 

san i d ine 
quar t z  
granophyre 
plag i o c la s e ( o l igoc lase ) 
hornb l ende 
bi ot i te 

or tho c las e per t h i t e  
quar t z  
plag ioclas e ( a l b i t e ) 
l imRn � t e  

muscov i t e  
quar t z -plag i o c la s e  
biot ite 
car bonat e  

dac i t e ( vo l can i c  r ock ) 
quar t z  s i l t s t on e  
granod ior i t e  
rhyo l i  t e  
amph ibol i t e 
quar t zof eld spa th i c  gne i s s  

cher t 



Samp l e  
No . 

2 75 9  
( 2 1 40 )  

2 7 60 
( 1 444 ) 

2761 
( 1 79 8 ) 

3040 

3041 

3052 

3l l l  

31 12 

31 1 3  

3 1 1 4 

3142 

322 5 

TABLE 1 ( Cont i nued ) 

Per c entage o f  Maj or 
Rocks or Miner a l s  

35 
25 
20 

20 

1 00 

40 
40 
20 

NA* 

NA* 

NA* 

NA* 

NA* 

NA* 

NA* 

NA* 

NA* 

*Unava i la b l e  for examinat ion 

Type o f  Maj or 
Rocks or Minera l s  

plag i o c la s e  
ol ivine 
g las s choked wi t h  
opaque s 
aug i te 

arg i l l i te ( rnaroon ) 

gran i t i c  

4 8  

s i l t s tone ( fe l d s pa t h i c )  
s i lt s t one ( shal e y ) 

NA* 

NA* 

NA* 

NA* 

NA* 

NA* 

NA* 

NA* 

NA* 



4 9  

TABLE 2 

OLD AND NEW WASHI NGTON 

DEGRADAT I ON .TEST RESULTS 

Was h i ng t on Was h ington 
Samp l e  Sed iment He i ght Degradat i on Fa ctor 1 D 

No . i n  i nches Ol d New 

1 80 1  1 . 3  78 79 

1 805 9 . 3  2 4  1 8  

1 8 8 7  12 . 1  2 9  8 

1 909 2 . 7  3 8  5 3  

1 922 2 . 4  65 6 6  

1 9 5 3  1 2 . 8  5 6 

1 9 5 9  1 .  7 7 6  7 4  

1 9 60 2 . 2  74 6 8  

2 02 2  NA * *  NA * *  NA* *  

2 02 6 4 . 9  52 4 3  

2074 1 . 1  59 82 

2075 0 . 5  78 9 1  

2076 3 . 8  58 5 2  

2079 1 3 . 8  2 4  3 

2 . 7  68 62 
2080 

2 . 4  67 66 
2094 

* *Tes t r e s u l t s  unava i lab l e  



5 0  

TAB LE 2 ( Cont i nued ) 

Wa shi ng fon Was h ington 
Sampl e  Sed iment He i ght Degradat i on Fac tor 2 D 

i n  i n ches Ol d New 

2 0 9 6 ( 2 5 8 3 ) 8 . 7 * 3 1 *  2 1 *  

2 12 2  1 . 0  8 5  8 4  

2 1 2 3  2 . 0  7 6  7 0  

2 1 2 4  1 . 3  7 7  7 9  

2 12 5  1 . 8  75 7 3  

2 12 6  1 1 . 4 2 8  1 1  

2 1 37 1 . 6  75 75 

2 1 3 8 1 . 0  75 8 4  

2 1 39 0 . 4  65 9 ·3  

2 14 1  0 . 9  88 85 

2 1 42 1 . 2 8 3  8 1  

2 1 4 4  1 . 1  78 82 

2 1 45 2 . 7  eo · 5 3  

2 1 48 1 3 . 5 1 0  4 

2 1 80 1 0 . 9  7 3  1 2  

2 1 8 1  1 . 4  76 78 

2 1 82 0 . 7  8 1 8 8  

2 1 8 3  0 . 9 82 8 5  

*Obtained fr om d i f fer ent samp l e  ( number in par enthes i s )  but same sour ce . 



Samp l e  
No . 

2 1 8 7  

2222 

2 5 1 6  

2 5 5 5 ( 1 9 9 6 ) 

2 5 5 6 ( 2 2 2 0 ) 

2 5 5 7 ( 2 0 1 3 )  

2 5 6 1  

2 5 62 

2 5 6 3  

2 5 8 4  

2 6 35 

2 7 5 6  

. 2 7 5 7  

2 7 5 8  

2 7 5 9  

2 760 

2 7 6 1  

3040 

TABLE 2 ( Cont inued ) 

Wa s h i ng tori 
Sed iment He i ght 

in i nches 

1 1 . 8 

2 . 8  

4 . 2  

2 . 8  

1 . 5  

2 . 8  

8 . 2  

1 0 . 1 

1 . 6  

1 1 . 5 

5 . 9  

2 . 4  

5 . 0  

1 . 8  

2 . 0  

1 3 . 5  

1 3 . 5  

4 . 1 

Was h ington 
Degradat i on Fa c t or , D 

Old New 

2 6  9 

68 6 1  

5 1  48 

6 9 *  6 1  

7 7* 7 7  

73* 6 1  

38 2 3  

52 1 5  

7 6  7 5  

2 2  1 0  

5 5  3 6  

6 8  6 6  

4 8  42 

7 1  7 3  

7 1  7 0  

1 9  4 

1 5  4 

NA* *  4 9  

5 1  

*Obta ined from sampl e ( number in par enthe s i s ) but same sour ce . 
d i f ferent 



52 

TABLE 2 ( Cont inued ) 

Was h i ngton Was h i ng t on 
Samp le Sed iment He ight De.gradat i on Fa c tor 2 D 

i n  i nches Old New 

3041 4 . 1 NA * *  4 9  

3052 7 . 4  NA* *  2 7  

3 1 1 1  5 . 7  NA * *  37 

3 1 12 6 . 2  NA * *  34 

3 1 1 3  NA* *  NA * *  43 

31 1 4  7 . 1 NA* *  2 9  

3 1 42 4 . 7 NA * *  4 4  

322 5  8 . 4  NA* *  2 2  

**Tes t re s ul t s  unavai lab l e 



Sample 
No . 

1 801 

1 805 

1887 

1 909 

1922 

1 9 5 3  

1 9 5 9  

1 9 6 0  

202 2  

2 02 6 

2 07 4  

2075 

207 6 

2079 

2080 

2094 

209 6 

TAB LE 3 . 

STANDARD AND MOD I F I ED 

LOS ANGE LES RATTLER ( LAR )  TE ST RESU LTS 

Standar d 
I.AR No . 

2 6  

2 2  

2 0  

2 0  

1 7  

2 2  

2 2  

1 9  

2 4  

2 7  

1 6  

2 1  

1 9  

1 8  

2 1  

4 1  

2 8  

Mod i f ied 
LAR No . 

30 

29 

29 

2 4  

2 3  

3 1  

2 6  

2 4  

30 

34 

20 

24 

24 

27 

28 

4 7 

38 

Mod i f i e d  IAR 
Sed iment He i gh t  
i n  i nche s @ 2 0  C 

7 . 8  

1 6 . 1  

1 6 . 9  

1 0 . 5  

1 1 . 0  

1 8 . 0  

9 . 0  

7 . 7  

8 . 4  

1 4 . 0  

9 . 5  

5 . 8  

9 . 4  

1 4 . 6  

1 1 . 5  

1 0 . 3 

12 . 8 

5 3  



5 4  

TABLE 3 ( Cont inue d )  

Mod i f i e d  IA R  

Samp l e  Standar d Mod i f i e d  Sed iment He ight 
No . LAR No . IAR No . in inches @ 2 0  c 

2 1 22 2 4  28 9 . 4  

2 12 3  48 5 3  9 . 9  

2 12 4  2 9  35 9 . 2  

2 1 2 5  2 0  2 7  9 . 5  

212 6 2 1  2 7  1 4 . 2  

2 1 3 7  3 9  4 6  1 0 . 1  

2 1 38 4 0  4 4  1 0 . 5  

2 1 3 9 22 27 7 . 9  

2 1 4 1 7 7  7 3  9 . 4  

2 1 42 49 55 7 . 9  

2 1 4 4 3 3  4 0  1 0 . 3  

2 1 45 1 4  1 9  8 . 8  

2 1 48 2 9  4 3  1 9 . l  

2 1 80 2 5  3 1  1 6 . 3  

2 18 1  22 9 . 0 
1 7  

2 1 82 2 0  2 5  i o . 4  

3 3  7 . 1 
2 1 8 3  2 8  

2 1  1 4 . 1  
2 187 1 5  

2 5  12 . 4  
2222 2 1  



5 5  

TABLE 3 ( Cont i nue d ) 

Mod i f i e d  LAR 

Sampl e  Standar d Mod i f i ed Sed iment He ight 
No . LAR No . lAR No . in i nche s @ 2 0  C 

2 5 1 6  3 0  4 1  1 5 . 6  

2555 2 0  2 7  9 . 7  

2556 33  39 1 1 . 9 

2 5 5 7  3 4  4 6  6 . 9 

2 5 6 1  3 0  35 1 3 . 0  

2 5 62 5 6  5 8  9 . 7  

2 5 6 3  37 44 9 . 3  

2584 20 26 1 7 . 3  

2 635 2 1  2 6  1 1 . 9  

2 7 5 6  3 7  4 1  1 0 . 0  

2757 37 46 1 1 . 7 

2758 24 29 1 0 . 9  

2 7 5 9  1 7  20 7 . 3  

2760 2 4  32 1 8 . 2 

2 761 32 1 5 . 0 
2 5  

3040 32 1 0 . 8  
2 8  

65 1 0 . 0 
-3041 59 

30 1 3 . 4  
3052 2 3  

30 1 4 . 6  
311 1 2 3  



Samp le 
No . 

3 1 12 

3 1 1 3  

3 1 1 4  

3 1 42 

3225 

Standar d 
I.AR No . 

2 5  

2 0  

6 1  

1 9  

TABLE 3 ( Cont i nued ) 

Mod i f i ed 
IAR No . 

31  

Mod i f i e d  I.A R  

Sed iment He i ght 
i n  inche s  @ 2 0  C 

1 5 . 0 . 

UNABLE TO OBTA I N  SUFF I C I ENT SAl'vlPLE 

24 1 4 . 2  

63 8 . 5  

2 4  1 4 . 2  

5 6  



TABLE 4 

COMPARI SON OF DEGRADATION TESTS 

Pas s ed Al l 

Four Te s t s  

1 8 0 1  2 1 3 9 

1 9 09 2 1 4 5  

1 9 2 2  2 1 8 1  

1 9 5 9  2 1 8 2  

1 9 6 0  2 1 8 3  

2022 * *  2 2 2 2 

2 0 7 4  2 5 5 5  

2 0 7 5  2 5 5 6  

2 12 2  2 7 5 8  

2 1 2 4  2 7 5 9  

2 1 2 5  3040* 

Fa i led Standar d 

Los Ange l es 

Rat t l er Tes t  

2 0 9 4  

2 1 2 3  

2 1 4 1  

2 1 42 

2 5 62 

3 0 4 1 *  

3 1 42 * 

. Fa i l ed Mod i f ied Los 
Ange les Rat t l er Tes t  By 

3 Loss Sed iment He ight 

2 0 9 4  1 8 0 5  

2 12 3  1 8 8 7 * 

2 1 3 7  1 9 5 3  

2 1 3 8  202 6 

2 1 4 1  2 0 7 9  

2 1 42 2 12 6  

2 1 48 2 1 48 

2 5 5 7  2 1 8 0  

2 5 62 2 1 8 7  

2 5 6 3  2 5 1 6  

2 7 5 6  2 5 8 4 

2 7 5 7  2 7 6 0  

3041 * 2 7 6 1  

3 1 42 *  3 0 5 2 * 

3 1 1 1 * 

3 1 1 2 * 

3 1 1 4 * 

3 2 2 5 * 

* Petrograph i c  Analys i s  Unavai lable 

** Washington Degradat ion Tes t  Unava i lab le 

Fa i led 

Was hington 

Degradat ion Te s t  

1 8 0 5  

1 8 8 7* 

1 9 5 3  

2 0 7 9  

2 0 9 6  

2 12 6  

2 1 48 

2 1 8 0  

2 1 8 7  

2 5 6 1· 

2 5 62 

2 5 8 4  

2 7 60 

2 7 6 1 

32 2 5 * 

Fa i led 
Petrographi c  

Analys i s  

1 8 0 5  

1 9 5 3  

2 0 7 6  

2 0 7 9  

2 0 8 0  

2 0 9 4  

2 1 8 0  

2 1 8 7  

2 5 6 1  

2 7 5 6  

2 7 5 7  

2 7 6 1  

CJl 
-..J 



TABLE 5 

RANK D I FFERENCE CORREIATIONS 

S tandar d Los . Ange l e s  Mod i f ied Los Ange l e s  Mod i f ied Los Angeles Was hington 

Sample Rat t ler Tes t  Rat t ler Te s t  Rat t ler Te s t - Sediment He ight Degradat i on 

Number " C" Grad ing " B" Grad ing " C" Grad ing " B" Grad ing " C" Grading " B" Grad ing Tes t 

1 8 0 1  3 6 . 0  5 2 . 0  2 9 . 0  3 4 . 5  5 . 0  2 . 5  1 1 . 5 

1 8 0 5  2 1 . 0  3 5 . 5  2 4 . 0  4 4 . 0  4 7 . 0  4 5 . 0  4 7 . 0 

1 8 8 7  1 4 . 0  9 . 5  2 6 . 0  8 . 5 · 5 5 . 0  5 6 . 0  5 3 . 0  

1 9 0 9  1 4 . 0  9 . 5  9 . 5  6 . 0  2 9 . 5 · 7 . 0  2 7 . 0  

1 9 2 2  4 . 5  5 . 0  6 . 0  2 . 5  3 3  • . 0 1 2 . 5 2 4 . 0  

1 9 5 3  2 5 . 0  1 4 . 5  3 3 . 0  1 4 . 0  5 7 . 0  49 . 5  5 4 . 0  

1 9 5 9  2 5 . 0  1 4 . 5  1 6 . 0  1 4 . 0 .  1 3 . 0  2 . 5  1 7 . 0  

1 9 60 9 . 0  2 0 . 5  9 . 5  8 . 5  4 . 0  1 8 . 0  22 . 0  

2022 3 0 . 0  NA* 2 9 . 0  1 9 . 0  8 . 0  1 . 0  NA* 

202 6 3 8 . 0  32 . 0  39 . 0  3 7 . 0  4 3 . 0  4 1 . 0  3 7 . 0  

2074 2 . 5  1 . 0  2 . 5  1 . 0  1 9 . 5  1 6 . 0  8 . 5  
(JI 
00 

2075 2 1 . 0  1 7 . 5  9 . 5  1 4 . 0  1 . 0  9 . 0  2 . 0  

* Sample Unava i lable for Tes t  



TABLE 5 

RANK D IFFERENCE CORREIATIONS 

St andard Los Ang e l e s  Mod i fied Los Angeles Mod i f ied Los Angeles Wash ington · 

Sampl e  Ratt l er Tes t  Rat t l er Te s t  Rat t l er Tes t -Sed iment He i ght Degradat ion 

Number " C" Gr ad ing " B" Grading " C" Grading " B" Grad ing " C" Grad ing " B" Grading Te s t  

207 6  9 . 0 2 . 5  9 . 5 4 . 5  1 7 . 0  5 . 0 32 . 0  

2079 6 . 5 20 . 5  20 . 0  1 4 . 0  4 8 . 5 5 5 . 0  58. 0 

2080 2 1 . 0  9 . 5 2 4 . 0  19 . 0  35 . 0  2 8 . 5 27 . 0  

2094 53 . 0  53 . 0  53 . 0  53 . 5  2 7 . 0  33 . 5  2 4 . 0  

209 6 37 . 0  43 . 5  42 . 0  42 . 0  40 . 0  39 . 0  4 6 . 0  

2 122 30 . 0  20 . 5  2 4 . 0  2 7 . 0  1 7 . 0  42 . 0  6 .5 

2 123 5 4 . 0  55 . 0  54 . 0  55 . 0  23 . 0  23 . 0  20 . 5  

2 124 42 . 0  43 .5 40 .5 40 . 0  1 4 . 0  19 . 0  1 1 . 5  

2 125 1 4 . 0  23 . 0  20 . 0  19 . 0  19 . 5  5 . 0  1 8 . 5 \ 
2 12 6  2 1 . 0  2 5 . 0  20 . 0  2 7 . 0  45 . 0  53 . 5  50 . 0  

2 137 5 1 . 0  4 6 . 5  51 . 5  4 6 . 5  2 6 . 0  1 7 . 0  15 . 5  

(J1 

2 138 52 . 0  4 8 . 5 49 . 5  4 6 .5 
(!) 

29 . 5  32 . 0  6 . 5  



TABLE 5 

RANK DIFFERENCE CORRELATIONS 

Standard Los ·  Angeles Mod i f ied Los Angeles Mod i f ied Los Angeles Was hington 

Sample Rat t l er Te s t  Rat t ler Tes t  Ra t t ler Te s t -Sediment He ight Degradat ion 

Number " C" Grading " B" Grading " C" Grad ing " B" Gr ading " C" Grad ing " B" Grad ing Tes t  

2 1 3 9 2 5 . 0  2 . 5  2 0 . 0  8 . 5  6 . 5  1 4 . 5  1 . 0  

2 1 4 1  5 9 . 0  5 9 . 0  5 9 . 0  6 0 . 0  1 7 . 0  3 3 . 5  4 . 5  

2 1 42 5 5 . 0  5 7 . 0  5 5 . 0  5 7 . 0  \ 6 . 5  2 1 . 5 1 0 . 0  

2 1 44 4 6 . 0  45 . 0  4 6 . 0  5 2 . 0  3 4 . 0  2 0 . 0  8 . 5  

2 1 45 1 .  0 4 8 . 5  1 . 0  4 9 . 5  1 1 . 5 3 5 . 5  2 7 . 0  , 
2 1 4 8  42 . 0  2 7 . 5  4 7 . 0  39 . 0  5 9 . 0  6 0 . 0  5 6 . 0  

2 1 8 0  3 3 . 0  3 5 . 5  3 3 . 0  3 8 . 0  5 4 . 0  5 8 . 0  49 . 0  

2 1 8 1  6 . 5 1 4 . 5  4 . 5  1 4 . 0  1 1 . 5  9 . 0  1 3 . 0  

2 1 82 1 4 . 0  2 5 . 0  1 3 . 0  2 2 . 5  2 8 . 0  1 2 . 5  3 . 0  

2 1 8 3  3 9 . 5  3 8 . 0  3 8 . 0  42 . 0  2 . 0  9 . 0  4 . 5 

2 1 8 7  2 . 5  9 . 5  4 . 5  1 4 . 0  5 0 . 0  5 7 . 0  52 . 0  

m 
0 

2 222 1 8 . 0  9 . 5  1 4 . 0  22 . 5  39 . 0  3 5 . 5  3 0 . 0  



TABLE 5 

RANK DI FFERENCE CORREIATI ONS 

Standar d Los · Ang el es Modi f i ed Los Ange l e s  Mod i f ied Los Angeles Washington 

Sample Ratt ler Tes t  Ratt ler Te st Rat t l er Tes t -Sed iment He ight Degradat ion 

Number " C" Grad ing " B" Grad i ng " C" Gr ad ing " B" Grad i ng " C" Grad ing " B" Grad ing Tes t  

2 5 1 6  42 . 0  4 1 . 0  44 . 0  4 6 . 5  5 3 . 0  5 2 . 0  3 5 . 0  

2 5 5 5  1 4 . 0  2 5 . 0  2 0 . 0  22 . 5  2 1 . 5  5 . 0  3 0 . 0  

2 5 5 6  4 5 . 0  39 . 5  4 3 . 0  3 4 . 5  3 7 . 5  2 4 . 0  1 4 . 0  

2 5 5 7  4 7 . 0  5 0 . 5  48 . 0  49 . 5  1 0 . 0  2 1 . 5  3 0 . 0  

2 5 6 1  4 4 . 0  4 6 . 5  4 0 . 5  4 6 . 5  4 1 . 0  3 7 . 0  44 . 0  

2 5 62 5 6 . 0  5 8 . 0  5 6 . 0  5 8 . 0  2 1 . 5  3 0 . 5  4 8 . 0  

2 5 6 3 49 . 0  32 . 0  49 . 5  3 4 . 5  1 5 . 0  3 7 . 5  1 5 . 5  

2 5 8 4  1 4 . 0  20 . 5  1 6 . 0  2 7 . 0  5 6 . 0  5 9 . 0  5 1 . 0  

2 6 3 5  2 1 . 0  2 7 . 5  1 6 . 0  22 . 5  3 7 . 5  3 0 . 5  40 . 0  

2 7 5 6  49 . 0  5 4 . 0  45 . 0  5 1 . 0  2 4 . 5  2 7 . 0  2 4 . 0  

2 7 5 7  49 . 0  5 0 . 5  5 1 . 5  5 3 . 5 3 6 . 0  4 0 . 0  3 8 . 0  

2 7 5 8  3 5 . 0  3 5 . 5  2 9 . 0  3 1 . 0  3 1 . 5 2 5 . 0  1 8 . 5  

m 
I-' 



TABLE 5 

RANK DIFFERENCE CORREIATI ONS 

Standar d  Los
.

Ange les Mod i f ied L-0s Ange les Mod i f ied Los Ange les Was h i ngton 

Sample Rat t ler Te s t  Rat t l er Te s t  Rat t l er Tes t -Sediment He ight Degradat ion 

Number " C" Gr ad ing " B" Grading " C" Grad ing " B" Grad ing " C" Grad ing " B" Grad ing Tes t  

2 7 5 9  4 . 5 9 . 5  2 . 5  4 . 5  3 . 0  1 4 . 5  2 0 . 5  

2 7 6 0 3 0 . 0  5 . 0  3 6 . 0  8 . 5  5 8 . 0  5 1 . 0  5 6 . 0  

2 7 6 1  3 3 . 0  3 9 . 5  3 6 . 0  42 . 0  5 1 . 5 4 6 . 5  5 6 . 0 

3040 3 9 . 5  42 . 0  3 6 . 0  3 4 . 5  3 1 . 5  48 . 0  3 3 . 5  

3 0 4 1  5 7 . 0  5 . 0  5 8 . 0  5 6 . 0  2 4 . 5  2 6 . 0  3 3 . 5  

3052 2 7 . 5  2 9 . 5  2 9 . 0  2 7 . 0  42 . 0  4 3 . 0  4 3 . 0  

3 1 1 1  2 7 . 5  3 5 . 5  2 9 . 0  2 7 . 0  48 . 5  49 . 5  3 9 . 0  

3 1 1 2 3 3 . 0  2 9 . 5  3 3 . 0  3 1 . 0  5 1 . 5  4 6 . 5  4 1 . 0  

3 1 1 3  NA* 32 . 0  NA* 3 1 . 0  NA* 4 4 . 0  NA* 

3 1 1 4  1 4 . 0 1 7 . 5  9 . 5  2 . 5  4 5 . 0  1 1 . 0  42 . 0  

3 1 42 5 8 . 0  5 6 . 0  5 7 . 0  5 9 . 0  9 . 0  2 8 . 5  3 6 . 0  

322 5 9 . 0  1 4 . 5  9 . 5  1 4 . 0  45 . 0  3 7 . 5  45 . 0  en 

*Unable to Obtain Sample 
[\j 
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