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INTRODUCTION 

Increased construction costs coupled with the current large 

demand for aggregate materials prompted an investigation by the 

Mineral Industry Research Laboratory to find deposits of shale 

suitable for the manufacture of lightweight aggregate near the 

cities of Anchorage and Fairbanks. This work was conducted under 

the auspices of Master of Science theses far the bacculauriate 

years of 1 9 6 ~ ~ ~  and 1966~~. 

Lightweight concrete aggregate may be defined as any inert 

material, which, when combined with cement, will form a concrete 

of significantly less unit weight and with lower thermal conduc- 

tivity than that produced by incorporating conventional aggregate, 

Lightweight aggregates may be divided into three classes: natural 

aggregates, by-products, and manufactured aggregates, Among the 

natural aggregates are volcanic ash, tuff, scoria, diatomite, 

breccia and vegetable products such as peat, straw and sawdust. 

By-product aggregates include cinders and furnace slags. Manu- 

factured materials include expanded vermiculite, perlite, slag, 

clay, shale and slate. Investigations undertaken by MIRL were 

confined to expanding shales. 

Use - 
Expanded shale is used for nearly all concrete applications. 

These include : 

1. Concrete block 

2, Insulating concrete 



3. S t r u c t u r a l  conc re t e  

4, Precas t  concre te  

5. P r e s t r e s s e d  conc re t e  

6. Thin s h e l l  concre te  c o n s t r u c t i o n  

7. Aggregate f o r  bituminous road  c o n s t r u c t i o n  

8. J e t  p l ane  runways and aprons  

9. Loose i n s u l a t i o n  f i l l  

10. P i e r s  and s u p e r s t r u c t u r e s  o f  b r i dges  and decks 

The i n h e r e n t  advantage of l i gh twe igh t  aggrega te  i s  i t s  low 

u n i t  weight,  A cubic  f o o t  of normal concre te  weighs between 130 

and 160 pounds, while  l i gh twe igh t  aggrega te  concre te  can weigh as 

l i t t l e  as 85 and up t o  110 pounds p e r  cubic  f o o t  with s t r e n g t h s  

comparable t o  t h a t  of normal weight concre te ,  From a s t r u c t u r a l  

s t andpo in t ,  t h e  dead l o a d  o f  normal weight concre te  can be sub- 

s t a n t i a l l y  reduced by u s i n g  l i gh twe igh t  aggrega te  without any 

r educ t i on  i n  i ts l o a d  c a r r y i n g  capac i ty .  Important  s av ings  can 

be r e a l i z e d  from t h e  r educ t i on  of t h e  r e i n f o r c i n g  s t e e l  r e q u i r e d  

i n  h o r i z o n t a l  d a b s ,  beams and g i r d e r s  made from l i gh twe igh t  

aggregate, Fur the r  r educ t i on  i n  c o s t  may be r e a l i z e d  through 

sma l l e r  column s i z e s ,  sma l l e r  f o o t i n g s  o r  founda t ions ,  reduced 

l a t e r a l  l o a d s  f o r  se i smic  design,  s av ings  i n  air cond i t i on ing  and 

h e a t i n g  c o s t s  due t o  b e t t e r  i n s u l a t i n g  q u a l i t i e s ,  and p o s s i b l e  

f l o o r  and wall t h i cknees  r e d u c t i o n s  f o r  f i r e  r e s i s t a n t  r e g u l a t i o n s ,  43 

Savings may a l s o  be r e a l i z e d  due t o  r educ t i on  i n  beam size 

because of lower conc re t e  forming time, A 30% r educ t i on  i n  mass 

weight can r e s u l t  i n  reduced sho r ing  and form cons t ruc t i on  

requirements.  



Desirable Characteristics of Expanded Shales 

The desirable requirements for bloating clays or shales 

include: ( 9 ,  10, 11, 12, 13). 

1. Aggregate Properties 

a. Uniform deposit chemically 

b. Crushing not to produce in excess of 20% minus 

eight mesh fines 

c, Bloating temperature between 1800-2300 degrees 

Fahrenheit 

d. Wide range of bloating 

e. Bulk density of aggregate between 45-75 pounds 

per cubic foot 

f , Absorption 0-18% 

g. Rounded shape to insure good workability 

h. Chemical inertness to insure strength of concrete 

2. Geographic and Geologic properties to insure low production 

costs: 

a. Location close to market 

b. Presence of proper transportation facilities such 

as railroads and highways 

c. Presence of cheap fuel 

d. Sufficient size of deposit to insure several years 

production 

e. Thin overburden 

f. Location above groundwater or presence of proper 

conditions for a drain 



Production of Expanded Shale 

There a r e  basically two d i f f e r e n t  procsseing methods used t o  

produce lightweight sha le  aggregate i n  the United Statee: the 

r o t a r y  k i l n  and t h e  t r a v e l i n g  grate methods. The rotary k i l n  

method i s  used t o  produce by far t h e  g r e a t e r  volume of aggregate,  

due p r i n c i p a l l y  t o  the super ior  q u a l i t i e s  of the  product over 

t h a t  made i n  the  g r a t e  system, 

Two types of aggregate ,  coated and s i n t e r ,  are produced i n  a 

r o t a r y  k i l n .  Coated aggregate i s  produced by hea t ing  c lose ly  

s i zed  sha le  p a r t i c l e s  i n  the  k i l n  u n t i l  t he  p a r t i c l e s  expand t o  

aggregate size; glassy ou te r  coa t ing  is formed during the  process. 

S i n t e r  aggregate is  manufactured by processing l a r g e  diameter sha le  

p a r t i c l e s  with subsequent crushing and gradat ion t o  aggregate 

spec i f i ca t ions .  

The t r a v e l i n g  g r a t e  can produce a s i n t e r  type aggregate. This 

product i s  made by preparing a charge of sha le  and a small amount 

of  coa l  ox coke and passing i t  over an i g n i t i o n  hood on a 

t r a v e l i n g  grate .  The f u e l  i s  i g n i t e d ,  producing the heat  required 

f o r  sha le  expansion. The furnace product  i s  then crushed and 

s i zed  f o r  use i n  concrete. 

The r o t a r y  kiln procersrs has t h e  advantage of production of a 

uniform coated aggregate with low water absorpt ion character-  

i s t i c s .  Maintenance c o s t s  f o r  t h i s  type of k i l n  a r e  genera l ly  low 

and the opera t ing  r e l i a b i l i t y  high. However, i ts disadvantages 

are:  48 

1. Fewer r a w  ma te r i a l s  can be s a t i s f a c t o r i l y  processed. 



2. The initial cost  of a k i l n  (and t h e  i n s t a l l a t i o n  c o s t )  

is  usual ly  high. 

3 .  Unless properly designed and furnished with heat  recu- 

p e r a t i n g  devices and a good cooler ,  the  f u e l  consumption 

of a r o t a r y  k i l n  can be quite high. 

4. The space requirement of a r o t a r y  k i l n  i s  usual ly  g r e a t e r  

than t h a t  of a t r a v e l i n g  grate .  

5, The feed s i z e  range t o  a r o t a r y  k i l n  usua l ly  must be 

qu i t e  narrow. 

Mater ia l s  with a very low bloa t ing  range may be s a t i s f a c t o r -  

ily processed in a t r a v e l i n g  g r a t e  but w i l l  fuse  s ince  t h e  grate 

i s  not inf luenced  by balling of v i s c o u ~  p a r t i c l e s  as i s  t h e  r o t a r y  

k i l n .  Grate products  genera l ly  s u f f e r  from high water absorpt ion,  

poor q u a l i t y  con t ro l ,  and the g r a t e  method has  high maintenance 

coat  and high power consumption. 
48 

Known Alaskan Lightweight Aggregates 

The search f o r  l ightweight  aggregate i n  A l a s k a  i s  not new, 

f o r  s t u d i e s  have been conducted and commercial a t tempts  a t  

production have been made. Although commercial production of 

lightweight aggregate has f a i l e d  i n  the  p a s t  i t  i s  important t h a t  

new methods, depos i t s  and i d e a s  continue t o  be inves t iga ted ,  

s ince  what w a s  not possible t en  years  ago may be poss ib le  today, 

o r  ten years  from now. 

A t  p resent  t h e  l ightweight  aggregate indus t ry  i n  Alaska i s  

nonexistant.  Several  depos i t s  which appear t o  have p o t e n t i a l  f o r  

l ightweight  aggregate production have been s tud ied  by t h e  U. S. 



Geological  ~ u r v a ~ l ~ ,  t h e  U. S. Bureau of Mines 46'55and t h e  

Mineral  Industry Research Laboratory 229 290f t h e  Un ive r s i t y  of 

Alaska, 

Eckhart  and plafker13 sampled and t e s t e d  s h a l e s  and argillite 

from t h e  Kings River ,  Su t t on  and Lawing a r e a s ,  Alaska, concluding 

t h a t  t h e s e  d e p o s i t s  would be s u i t a b l e  f o r  p roduc t ion  of l i g h t -  

weight aggrega te ,  

R e s u l t s  of i n v e s t i g a t i o n s  of 35 d e p o s i t s  o f  clay, s h a l e ,  

a r g i l l i t e ,  l imes tone ,  gypsum and pumice were publ i shed  by t h e  

Bureau of ~ i n e e ~ ~  in 1955. Af te r  p u b l i c a t i o n  of  this r e p o r t ,  

work was conducted by t h e  U. 5 .  Bureau o f  Mines i n  Alaska on 

55 mineral  wool, expanded  hale and l imes tone  . They produced an 

e x c e l l e n t  minera l  wool exper imenta l ly  by mixing equa l  p o r t i o n s  of 

s h a l e  and l imes tone  from d e p o s i t s  near  Cantwell ,  Alaska. Sha le  

d e p o s i t s  t e s t e d  f o r  aggrega te  p roduc t ion  were l o c a t e d  a t  Mile 67, 

Glenn Highway; Mile 16 ,  Matanuska Branch of t h e  Alaska Rai l road ;  

and a r a i l r o a d  c u t  along Ind ian  River ,  166 m i l e s  n o r t h  of 

Anchorage. The first t w o  samples produced f avo rab l e  aggrega te  

c h a r a c t e r i s t i c s .  

Fu ture  of t h e  I n d u s t r x  

Lightweight aggrega tes  a r e  r e l a t i v e l y  new compared t o  many 

other cons t ruc t i on  n a t e r i a l s ,  bu t  t h e i r  u se  i n  t h e  lower 48 s t a t e s  

i s  now we l l  e s t a b l i s h e d  and markets  a r e  i nc r ea s ing .  The i n d u s t r y  

should con t inue  t o  grow as uses for l i gh twe igh t  aggrega te  become 

more d i v e r s i f i e d  and l i gh twe igh t  p roduc t s  become more widely 

accep ted  by t h e  cons t ruc t i on  i ndus t ry .  



Mogt producers i n  the  United S t a t e s  and Canada a r e  member6 

of a c t i v e  organiza t ions  t h a t  a r e  engaged i n  informing a r c h i t e c t s ,  

engineers ,  and the publ ic  of the  p r o p e r t i e s  and uses  of light- 

weight aggregates. 

The major use of expanded sha le  aggregate has  been i n  the  

concrete  block o r  concrete  masonry industry.  Even though the  

block market i s  the  l a r g e s t  user  at  the  present  time, i t  i s  f e l t  

t h a t  t he  s t r u c t u r a l  concrete  market w i l l  continue t o  inc rease  i n  

importance, 

Bloating Mechanism 

Expansion of sha le s  i s  a b loa t ing  process  i n  which two 

condit ions must occur simultaneously, These are (1)  the  ma te r i a l  

must acqui re  a high temperature g lassy  phase with a v i s c o s i t y  high 

enough t o  t r a p  a gas and (2) a gas must be l i b e r a t e d  a t  the  tem- 

pera ture  a t  which the  g lassy  phase i s  produced. The gas produced 

i s  trapped by t h e  viscous g las s ,  causing the  shale t o  b loa t ,  

Utley, Lovell  and spicerz8 have general ized t h e  s t ages  t h a t  

occur when s h a l e s  and clays are h+eeated i n  an oxid iz ing  atmosphere, 

as follows: 

1. Drying and removal of f r e e  water to  200 degrees cent igrade 

2. Absorbed water dehydration period (200-480 degrees 

cent igrade)  

3. Chemically combined water dehydration per iod  (480-700 

degrees centigrade) 

4. Oxidation period--iron, s u l f u r ,  carbon, e t c .  (500-1000 

degrees cent igrade)  



5 .  Dissociation-reduction period--carbonates, s u l f a t e s ,  

f e r r i c  t o  f e r rous  oxides (500-1000 degrees cent igrade ) 

6. V i t r i f i c a t i o n  pe r iod - - f i r s t  glass formation (900-1300 

degrees cent igrade)  

7. Pyroplas t ic  condition--period of b loa t ing  of most c l a y s  

and shales (1150-1320 degrees cent igrade)  

8. Malting period--lose o f  ves i cu la r  s t r u c t u r e  and shape 

(1300-1500 degrees cent igrade ) 

Deposit Locations 

The Alaskan depos i t s  which were t e s t e d  a r e  referred t o  as the  

Sutton, Kings River,  Lawing, Moose Creek, Houston, and E l l i o t t  

Highway deposi ts ,  The Sutton depos i t  was sampled from t h e  road 

cut  a t  Mile 16 on t h e  Sutton Subdivision of t h e  Alaska Railroad, 

The Kings Rives deposi t  was sampled from a road cu t ,  67 mi le s  

nor theas t  of Anchorage, on t h e  Glenn Highway. The Lawing on the 

Anchorage-Seward Highway; which i s  access ib le  from both the  highway 

and t h e  Alaska Railroad, The Moose Creek and Houston depos i t s  are 

l oca ted  i n  t h e  v i c i n i t y  of Moose River and Houston i n  southcent ra l  

Alaska, and were sampled by the  Alaska Sand and Gravel Company, 

Anchorage, Alaska. The E l l i o t t  Highway depoai t s  were sampled from 

road c u t s  at Miles 35, 44.7, 56, and 59, on the Highway between 

Fairbanks and Livengood (see  Figure 1). 

Approximately 100 t o  150 pounds of sha le  were se l ec ted  from 

each area, ca re  being exercised t o  s e l e c t  po r t ions  of sha le  repre- 

sen t ing  var ious  bedding planes.  The deposi t  a t  34.5 mile is  

banded, being composed o f  alternating l a y e r s  of red  and green 



Highway 

Houston 
Deposit 

Scale in Miles 

Fig. I . -- Map of Deposit Locations 



shale. Grab samples of each band were taken. 

LABORATORY INVESTIGATIONS 

Aggregate testing of the shale deposits was patterned after 

5 that published by the U, S, Bureau of Mines, I. C. NO. 8122 . 
These procedures have been used by consulting firms and the Bureau 

as criteria for advancing shales for further testing in rotary 

kilns, 

Laboratory tests designed to evaluate aggregate potential of 

the shales includes: 

1. Drying characteristics 

2. Crushing characteristics 

3. Pelletizing characteristics 

4, Slow-fire characteristics 

5. Expansion properties 

6 Bleb structure 

7. Concrete strength 

8. Concrete thermal conductivity 

Preliminary Expansion Test 

Initial tests were performed on each shale to determine if 

i t  would expand. The material was subjected to a temperature of 

2300 degrees F. and retained in the furnace 10 minutes. The shale 

was considered to adequately expand when 75 percent would float on 

carbon tetrachloride, which has a specific gravity of 1.6. 

Shales from Sutton, Kings River, kwing ,  and the Elliott 



Highway expanded s a t i s f a c t o r i l y ,  Samples from t he  Moose Creek 

and Houston depos i t s  expanded s l i g h t l y  j u s t  p r i o r  t o  fus ing  but 

f a i l e d  t o  meet the  requirement of a s p e c i f i c  g rav i ty  of 1.6. 

The depos i t s  which ind ica ted  favorable  b loa t ing  p r o p e r t i e s  

were subjec ted  t o  f u r t h e r  t e s t i n g  whi le  those t h a t  f a i l e d  t o  

adequately b l o a t  were eliminated, 

Phys ica1 ,Proper t ies  and Crushina Charac , te r i s t ics  

An i n d i c a t i o n  of the  physical  p r o p e r t i e s  and crushing charac- 

t e r i s t i c s  of sha le s  i s  needed t o  provide information f o r  crushing 

and screening c i r c u i t  design. A sha le  which produces excessive 

amounts o f  minus e i g h t  mesh material would r equ i re  s p e c i a l  

screening c i r c u i t s  t o  preclude lllogging" o r  s t i c k i n g  o f  the f i n e s  

i n  a r o t a r y  k i ln .  A sha le  which produces a ~ i z e  cons i s t  of 80% 

p l u s  e igh t  mesh may have the  p r o p e r t i e s  neceseary f o r  the pro- 

duction of a coated aggregate,  i,e., pres ized  p a r t i c l e s  which 

have been bloated t o  aggregate s i z e  and not  crushed a f t e r  b loa t ing ,  

Others may requ i re  t h e  production o f  l a r g e  s i zed  shale p a r t i c l e s  

with subsequent crushing and sizing t o  aggregate gradat ion,  a 

process  which des t roys  t h e  outer v i t r o u s  coa t ing  formed during 

v i t r i f i c a t i o n .  Shales  which produce a large amount of f i n e s  could 

be used provided t h a t  (1) the  cos t  of mining was low enough t o  

allow the f i n e s  t o  be wasted or  (2) pugging and extruding 

machinery a r e  incorporated i n t o  the  p l a n t  c i r c u i t .  

Two grab samples of each of the sha le s  were se l ec ted ,  one 

exposed t o  open a i r  while the other was placed i n  an oven main- 

ta ined  a t  220 degrees Fahrenheit. These were observed a t  intervals 



f o r  a two day per iod  t o  a s c e r t a i n  the  degree of s p l i t t i n g  o r  

spa l l ing ,  i f  any. The remainder of t h e  s h a l e s  w a s  crushed with a 

j a w  crusher adjusted t o  a one inch  closed s a t  and then pu t  through 

a r o l l  crusher at  one-half inch. !CWO r ep resen ta t ive  s p l i t  samples 

of each shale, weighing approximately four pounds each, were 

r e t a i n e d  from the jaw and r o l l  crusher products. These were used 

f o r  screen ana lyses  the r e s u l t s  of which a r e  preaented i n  Tables 1 

through 11, (Appendix). 

The p a r t i c l e s  were observed t o  determine ahape, thickness, 

type of f r a c t u r e  and layers of impur i t i e s  such as sand, sandstone, 

c a l c i t e ,  e tc .  

Further  crushing and screening t e s t s  would be necessary i n  

the event a sha le  was se l ec ted  for commercial production of 

aggregate,  Size d i s t r i b u t i o n s  obtained from cone, impact, and 

toothed r o l l  type crushers  may produce a b e t t e r  size c o n s i s t  f o r  

a p a r t i c u l a r  type product. 

F i r i n a  Testq 

Firing t e s t s  were conducted i n  a Bur re l l  High Temperature 

Furnace, Model 50, capable of obta in ing  a m a x i m u m  temperature of 

2650 degrees Fahrenheit. This furnace i s  heated by non-metallic, 

resis tance-type heating elements with temperature con t ro l l ed  by a 

Brown Pyr-0-Vane Mill ivol tmeter  Cont ro l le r ,  reported t o  be accura te  

t o  p l u s  o r  minue ten degrees Fahrenheit. 

Slow-Fbe Tests  

The slow-fire  t e s t e  were designed t o  give information 



concerning pelletizing properties, indications of the bloating 

range, sticking and melting temperature of the samples, percent 

absorption, expansion, shrinkage and color of the fired specimens. 

Such information is of value for setting limits for quick-fire 

tests and for design criteria for pugging and extruding plants. 

A split sample of each shale was ground to minus 20 mesh. 

One hundred grams of this was made into a plastic mass by mixing 

with demineralized water; the working properties were noted in 

each case. Small briquettes were made from this mixture and 

marked for shrinkage due to drying at 230 degrees Fahrenheit. 

Ten grams of the minus 65 mesh shale were mixed with 100 

cubic centimeters of distilled water for pH determination. A pH 

determination usually permits the identification of a bloating 

material; non-bloaters having a pH of less than five and bloaters 

a pH greater than five. 31 

Pelletizing characteristics for the Elliott Highway shales are 

listed in Table 1, These include color, pH, strength, drying 

shrinkage, water of plasticity, drying requirements and working or 

forming characteristics. Tables 12 through 16, (Appendix) indicate 

pelletizing characteristics for Anchorage vicinity shales. 

Six of the dry briquettes from each shale were placed in the 

Burrel Furnace and the temperature was raised 400 degrees Fahrenheit 

per hour for three hours. The heating rate was then sharply 

increased and briquettes were withdrawn at 1800 d a g r e e ~  Fahrenheit 

and at 100 degree increments until 2400 degrees Fahrenheit or 

melting occurred. The physical properties of color, hardness, 

percent absorption, percent expansion, percent shrinkage, apparent 



TABLE 1 

PELLETIZING CHARACTERISTICS 

Unfired Properties 
C h a r a c t e r i s t i c s  34.5 mile 44.7 mile 76 mile 29 mile 

Color l i g h t  pink- dark grey l i g h t  grey medium 
grey grey 

Strength low low low low 

Drying Shrinkage (%) 2.0 2.5 2 • 5 1.9 

Water of P l a s t i c i t y  0 17.0 18 . o 18.0 17.0 

Drying Temperature 230°F. 230°F. 2 3 0 ~ ~ .  230°F. 

Working o r  Forming poorly  f a i r l y  f a i r l y  f a i r l y  
C h a r a c t e r i s t i c s  p l a s t i c ,  plastic, plastic, plastic, 

poor wet f a i r  wet fa i r  wet fair  wet 
s t r eng th ,  ~ t r e n g t h  ~ t r e n g t h ,  strength, 
g r i t t y  g r i t t y  s l i g h t l y  gritty 

sticky and but  
g r i t t y  sticky 



s p e c i f i c  g r a v i t y  and bulk  s p e c i f i c  g r a v i t y  were determined, These 

are l i s t e d  i n  Table 2 f o r  E l l i o t t  Highway shales and Tables 17 

through 21, (Appendix) f o r  Anchorage v i c i n i t y  sha l e s .  

Quick-Fire T e s t s  

The qu ick- f i re  t e s t s  were designed t o  provide d a t a  necessary 

f o r  es tab l i shment  of temperature  and r e t e n t i o n  time f o r  i n i t i a l  

r o t a r y  k i l n  t e s t i n g .  Samples of  each s h a l e  were fired i n  t h e  

Bur re l  Furnace a t  temperatures  of 1800 through 2300 degrees  

F a h e n h e i t  i n  100 degree increments  o r  u n t i l  over-bloat ing o r  

f u s i n g  occurred,  This procedure produced a s e r i e s  of  sample^ 

r e p r e s e n t a t i v e  of t h e  e n t i r e  b l o a t i n g  range,  

Three s i z e  ranges ,  3/4 x 1/2 i nch ,  1/2 x 1/4 i n c h  and 1/4 

i n c h  x 8 m  of each s h a l e  were eva lua t ed  a t  r e t e n t i o n  times o f  f i v e ,  

t e n  and f i f t e e n  minutes each, This  was necessary  s i n c e  k i l n  f e e d  

is  g e n e r a l l y  composed of approximately these sizes, 

A t  first, approximately 20 grams of  m a t e r i a l  were p laced  i n  

a f i r e  c l ay  s c a r i f y i n g  d i s h  and p u t  i n t o  t h e  furnace.  It w a s  

found t h a t  s p a l l i n g  o r  s p l i t t i n g  occur red  and t h a t  s h a l e  p a r t i c l e s  

o v e r l a i n  by o t h e r s  d i d  n o t  b l o a t ,  The l a t t e r  cond i t i on  w a s  cor- 

rected by using smaller sample weights  t o  i n s u r e  u n i t  coverage of 

t h e  f i r e  c l a y  dish.  S p a l l i n g  was prevented by p rehea t i ng  a l l  

samples t o  600 degrees  Fahrenhe i t ,  

Bulk specific gravity, apparen t  s p e c i f i c  g r a v i t y  and per-  

c en t  abso rp t i on  were ob ta ined  f o r  each qu ick- f i re  t e s t  performed, 

These are l i s t e d  i n  Tables  22 through 27, (Appendix), 



TABLE 2 

SLOW-FIRE PROPERTIES 

Temp. Per cent Per cent Per cent Apparent Bulk 
Sample (OF.) Color Hardness Absorption Expansion Shrinkage Sp.Gr. Sp. Gr . 
34.5 1850 tan h d  ---- ---- ---a ---- -.-- 

1940 tan-brown very hard 12.6 ---- 0.0 2 50 1. 91 
2040 brown s t e e l  hard 10.9 ---- 5 0 2.46 1.98 
2125 dark brown s t e e l  hard 2*3 om-- 8.9 2.26 2.15 
2200 very dk.br. s t e e l  hard 1.0 8.0 expanded 2.08 1.88 
2300 violet-blue vi treous 5.1 40.0 expanded 0.95 0.91 

44.7 1850 whi.te-tan hard 26.7 -I-- 4 . 0 2.15 2.00 
1940 tan very hard 12.1 --.- 4.0 2 37 2 09 
2040 red-tan s t e e l  hard 8 9 .om- 5 • 0 2 37 2.25 
2125 dark brown s t e e l  hard 4.4 ---- 9.0 2-33 2.12 
2200 very dk.br. s t e e l  hard 1.0 4.0 expanded 1.98 1-94 
2300 very dk,br. v i t r eous  2.2 25.0 expanded 1.11 1,08 

56 mile 1850 cream-tan hard 17.1 ---- 1.0 2.56 1.78 
1940 tan very hard 15 6 I--- 2.2 2 57 1.84 
2040 dark tan s t e e l  hard  11.8 .--- 5.0 2.50 1.93 
2125 very dk.br, s t e e l  hard 3 8 om-= 0 . 0 2.16 2 . 02 
2200 very dk.br. s t e e l  hard 2 . 1 30.0 expanded 1.05 1 . 03 
2300 very dk,br. vetreous 2.2 70.0 expanded 0.94 0.92 

59 mile 1850 tan hard 16.1 ---- 1 . 0 2,66 1.86 
1940 tan  very h a r d  13.4 ---- 4.2 2.55 1 . 90 
2040 red-brown s t e e l  hard 10.1 1 0 expanded 2.41 1 . 94 

brown s t e e l  hard 0, 9 5 0 eqanded 1.74 1.71 
2200 dark brown s t e e l  hard 3 0 50 0 expanded 0.98 0.95 
2300 black-brown vitreous melted 70,0(b) expanded melted melted 

a. specimen crumbled when placed i n  furnace 
b. approximate, specimen fused and stuck to crucible 



Bleb and Surface S t ruc tu re  

Examination of b leb  s t r u c t u r e  waa made by c u t t i n g  se l ec ted  

p ieces  of t h e  b loa ted  s h a l e s  with a diamond saw and aubsequent 

observat ion through a binocular  microscope. Good aggregate mate- 

rials have a uniform pore s t r u c t u r e  with few overs ize  blebs. 

Particle shapes and surface coat ing  of t h e  b loa ted  aggregate 

were noted, Rounded o r  nodular shapes a r e  des i red  f o r  good concrete 

aggregate. These genera l ly  r e s u l t  from t he  expansion of clays o r  

sha le s  which have been pulverized,  pugged, extruded, and then f i r ed .  

Long i r r e g u l a r  p a r t i c l e s  are l e s s  des i r ab le  for concrete aggregate 

aa they reduce the workabi l i ty  of concrete and decrease the  u l t imate  

obtainable  s t rength .  The mount  of i r r e g u l a r  particles can o f t en  

be reduced by proper crushing techniques which tend t o  produce 

cubic p a r t i c l e s .  P l a t e  1 shows bleb s t r u c t u r e  f o r  an E l l i o t  High- 

way sha le ,  Note the  outer  v i t r e o u s  l aye r  i n d i c a t i n g  the  degree of 

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

Evaluation of L i a h t w e i ~ h t  Aagreaate i n  Concrete 

Tes ts  were designed t o  give an ind ica t ion  of the  concrete  

making p r o p e r t i e s  of each sha le  l ightweight  aggregate,  These 

provide f u r t h e r  i n d i c a t i o n s  as t o  the  f e a s i b i l i t y  of expensive 

r o t a r y  k i l n  t e s t i n g  of  a deposi t  and provide criteria which may 

help a commercial company s e l e c t  a p a r t i c u l a r  deposi t  for such 

inves t iga t ions ,  

S u f f i c i e n t  aggregate was expanded from each of t h e  expanding 

shales t o  make concrete  for compression and thermal conduct ivi ty  

tests. Expansion w a s  achieved i n  a l a r g e  electric k i l n  



Plate One 



manufactured by Smith Engineering Company. It i s  capable of 

a t t a i n i n g  a temperature of 2300 degrees Fahrenheit  f o r  shor t  

per iods  of time. Ki ln  temperdture i s  con t ro l l ed  by a Model J L  

Gardsman Ind ica t ing  Pyrometric Cont ro l le r ,  manufactured by West 

Instrument Corporation. 

The l a r g e  i n s i d e  diameter of the  k i l n  easily accomodated the  

6 x 4 x 10 inch  f i r e  c l ay  d ishes  used f o r  sha le  bloat ing.  It has 

the  disadvantage of a 100 degree Fahrenheit  temperature drop 

during i n s e r t i o n  of the  sha le  t o  t he  k i ln .  This necess i t a t ed  

c a l i b r a t i o n  of b loa t ing  temperature and time t o  obta in  the  dens i ty  

requi red  of t h e  expanded aggregate. An average dens i ty  o f  1.50 

was attempted by t h i s  process  f o r  each shale .  

Three d i f f e r e n t  s i z e  ranges were processed f o r  each ahale ,  

3/4 x 1/2 inch ,  1/2 x 1/4 inch and 1/4 inch x 8m, Enough sha le  t o  

cover the  bottom of  t he  fire clay d i sh  w a s  preheated t o  500 degrees 

Fahrenheit  and then placed i n  the  k i l n  f o r  the  requi red  l eng th  of 

time t o  produce a dens i ty  of approximately 1.50. The bloated 

shale was then screened t o  produce 3/4 inch  x 4m, 4m x am, 8m x 

16m, 16m x 30m, 3 0 m  x 5 0 m ,  5 0 m  x l O O m  and lOOm x 9, U. S. Standard 

s i ze  f r ac t ions .  

Aggregate gradation was prepared i n  accordance with one 

se l ec ted  by the  U, S, Bureau of Reclamation f o r  t e s t i n g  Haydite 

32 expanded sha le ,  as c i t e d  by Hamlin and Templin . The t e s t  

specimens were made with equal volumes of coarse and f i n e  aggregate,  

Unit weight of coarse and f i n e  aggregate was determined by the  

A s T M ~ ~  Method C j j O  f o r  dry loose  u n i t  neighta.  Combined aggregate 

weights were a l s o  obtained by t h i s  method, 



Fineness modulus of the aggregate used was determined in 

accordance with ASTM'~ Method 0125. The f ineness  modulus of an 

aggregate ia the sum of the  cumulative percentages retained i n  the 

s ieve  a n a l y s i s  divided by 100, when the following Tyler screens  

a r e  used: 100, 48, 28, 14, 8, 4, 3/8 inch,  3/4 inch, 1 1/2 i nch  

and coarser ,  i f  required, with each succeeding sieve having an 

opening double that of the preceding screen. The combined fineness 

of the  coarse and f i n e  aggregate i s  computed by tak ing , ,a  d i r e c t  

proport ion of the  f ineness  modulus of each and the  q u a n t i t i s a  of 

each: 

where 

M = Fineness modulus combined aggregate 
Mf = Fineness modulus fine aggregate 
Mc = Fineness modulus coarse aggregate 
%F = Weight percent f i n e  aggregate 
%C = Weight percent  coarse aggregate 

Proportions of cement t o  aggregate were selected t o  yield 

mixtures containing six sacks of  cement per  cubic yard of  con- 

c r e t e  f o r  the  E l l i o t t  Highway sha le s ,  and seven sacks f o r  Kings 

River,  Lawing and Sut ton aggregates.  The method of calculating 

t he  weight of cement t o  obta in  ~ i x  sacks concrete was based upon 

that r epor t ed  by the  American Concrete 1nstitute31t. Specimens 

from Sutton,  Lawing and Kings River were based upon a mixture of 

800 grams Type I Port land cement and 1200 grams aggregate,  I n  

order  t o  insure uniformity between batches,  the following mix 

procedures were adapted f o r  the  E l l i o t t  Highway shales, 

1. The coarse aggregate (3/4 i n c h  x 4m) w a s  thoroughly 

mixed with the fine aggregate (4m x 9 ) .  



2. The combined aggregate and cement were mixed dry. 

3, Water was added i n  small increments u n t i l  good work- 

a b i l i t y  was obtained. 

4. The batch mix w a s  tamped i n t o  two inch  molds. 

5. One 1 x 6 x 6 inch  mold was f i l l e d  and tamped, 

6. The concrete  was allowed t o  s e t  f o r  24 hours, and was 

then removed from the  molds. 

7. Curing was then accomplished i n  moisture cans for seven 

and 28 days. 

8. Bulk density and percent  absorption were obtained at  

28 days. 

Concrete mix s p e c i f i c a t i o n s  are l i s t e d  i n  Tablea 28 through 

31, ( ~ ~ ~ e n d i x ) .  These give gradat ion unit weight, and f ineness  

modulus of the coarse and f i n e  aggregate as w e l l  as character-  

i s t i c s  of the  combined aggregate f o r  the  E l l i o t t  Highway shales .  

The following procedure was used f o r  the Anchorage v i c i n i t y  

shales: (1) t h e  aggregate w a s  sized according t o  Table 3, (2) t he  

coarse aggregate (m.742 + 4 mesh) was mixed with s u f f i c i e n t  

water t o  wet the  p a r t i c l e  sur faces ,  ( 3 )  t he  cement and fine 

aggregate (-4 mesh) were mixed dry, (4 )  the  coarse and f i n e  

ma te r i a l s  ware mixed, and (5) enough water was added t o  obta in  

good workabili ty.  The batch was then tamped i n t o  3, 2 inch  cube 

molds f o r  s t r e n g t h  t e s t s ,  and 2, 6 inch  by 6 inch  by 1 inch  molds 

f o r  thermal conduct iv i ty  t e s t s .  The concrete was allowed t o  s e t  

for 6 hours before i t  w a s  removed from t h e  molds and s to red  

overnight under wet towels. The 2 inch  cubes were than cured i n  

an auto-clave f o r  3 hours a t  422 degrees Fahrenheit and 300 p s i  



TABLE 3 

SCREEN ANALYSIS OF AGGREGATE FOR CONCRETE M I X  

OF ANCHORAGE V I C I N I T Y  

SHALES 

Cumulative Weight 
U, S, Standard Screen Per Cent 

Weight 
Passed Retained Per Cent Retained Passed 



steam pressure.  

Conpressive S t r e n ~ t h  Tests 

Compressive s t r eng th  t e s t s  of the  two inch  cubes from the  

E l l i o t t  Highway were performed a t  seven days and a t  28 days with 

an e l e c t r i c a l l y  operated hydraul ic  p r e s s  manufactured by S o i l t e s t  

under the  t r a d e  name "Versa-Testerf1. The load  w a s  appl ied  a t  a 

constant  r a t e  of 60 pounds per  square inch  per  second u n t i l  

f a i l u r e  occurred. These values give i n d i c a t i o n s  of the  s t r eng th  

and bonding p r o p e r t i e s  of the  aggregate i n  concrete. Speci f i -  

ca t ions  f o r  concrete block r equ i re  a minimum compreesive s t r e n g t h  

of 1000 pounds per  square inch  and s t r u c t u r a l  concrete a minimum 

of 2500 pounds per  square inch. 

A load  r a t e  of 0.035 inches  per  minute was used f o r  the  

Anchorage v i c i n i t y  concrete specimens. Compressive s t r eng th ,  

dens i ty  and percent  absorpt ion a r e  l i s t e d  i n  Table 4. 

Thermal Conduc t i v i  ts Test 

The apparatus  used t o  measure thermal conduct ivi ty  was con- 

4 s t r u c t e d  t o  meet the s p e c i f i c a t i o n s  of ASTM C 177-45 . A guarded 

hot plate w a s  constructed with t h e  guard thermosta t ica l ly  con- 

t r o l l e d  and temperatures measured by thermocouples. The i n t e r i o r  

p l a t e  was made of 1/4 i nch  aluminum and measured 4 inches  by 

4 inches. The guard p l a t e  was also constructed of 1/4 inch  alu- 

minum and extended 2 inches  beyond t h e  c e n t r a l  p l a t e .  The guard 

and c e n t r a l  p l a t e  were separated by a 1/8 inch  air gap. Thermo- 

couples were mounted i n  the  p l a t e  and the  guard. The hea t ing  



TABLE 4 

COMPRESSION STRENGTH TEST 

~bs./~t .3 
Sample Density 7 Day(~si ) 28 Day(~si ) Strength,psi* * 

Sutton 1 75 15 I- - -  

Sutton 2 73 28 
Sutton 3 76 32 

Kings River 1 69.85 ---- 
Kings River 2 68.48 
Kings River 3 66.62 

Average 

Sut ton 74.93. --.-- 

Kings River 68.32 
Lawing 72 96 

34.5 mile 113.3 2900 

44.7 mile 94.5 1925 

56 m i l e  9405 1775 

59 mile 98.1 2425 

* Air voids due to difficulty of tamping large aggregate in 
2 x 2 inch mold. 

* *  Cured by auto-clnvs f o r  3 hours at 42z°F, 300 psi steam pressure. 



element used w a s  nichrome wire. The guard and p l a t e  were encased 

in 1 to 2 inches of polyurethane expanded foam i n s u l a t i o n ,  

leaving an opening f o r  t h e  t e s t  aample. A 6 i n c h  by 6 inch  by 1 

inch  test sample is  accommodated on the  hot p l a t e s ;  a water 

cooled heat sink r e s t s  on t he  sample, ( ~ f ~ u r e  2). 

Other i tems of equipment used with t h e  hot plates were (1)  

a vol tage r egu la to r  t o  maintain constant  vol tage,  (2) two 

va r i acs  t o  con t ro l  t he  p l a t e  temperatures,  (3)  a va r i ab le  r e s i s t o r ,  

operated by a thermosta t ica l ly  con t ro l l ed  r e l a y ,  t o  reduce the  

power inpu t  t o  the  guard p l a t e ,  (4)  a wattmeter t o  measure the  

c e n t r a l  p l a t e  power, ( 5 )  esn i c e  ba th  f o r  a temperature re ference ,  

and ( 6 )  a m i l l i v o l t  potentiometer t o  measure the thermocouple 

temperatures,  ( ~ i g u r e s  3 and 4). 

The t e s t  samples were cut  and ground t o  an accura te  th5ck- 

ness of 1 inch,  dried,  and weighed t o  determine s p e c i f i c  gravity, 

Each sample t o  be t e s t e d  was placed i n  the  apparatus  and the  hot 

p l a t e  vol tage s e t  t o  the des i r ed  l e v e l ,  The guard p l a t e  and the  

thermostat  were adjusted t o  the  temperature o f  t h e  h o t  plate 

and the  system was allowed t o  stabilize. After  s t a b i l i z a t i o n  

the  temperature drop between the  hot and coa l  p l a t e s  was re- 

corded. The thermal conduct ivi ty  i n  B.T.U. per  hour per square 

foo t  of p l a t e  a r e a  per  degree F, per  foo t  of sample thickness  

w a s  ca l cu la t ed  by the  formula: 4 

where : 



k = thermal conduct ivi ty i n  B.T.U./IL../Sq, Ft./Deg. F./Ft. 
Q = B.T.U. per hour (watts times 3.413) 
L = thickness of t e s t  sample in f e e t  
A = f la t  s u r f a c e  of hot p l a t e  i n  square  fee t  
tl = temperature of  hot p la t e  i n  degrees F. 
t 2  = temperature of  coo l  p l a t e  i n  degrees F. 

The results of  the thermal conduc t iv i t y  test are listed in 

Table 5, 
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TABLE 5 

THERMAL CONDUCTIVITY 

k factor 
Sam2le run  1 run 2 

Sutton 

Kings Rdver 

Cork, Chipboard 0.34 0.37 

34.5 m i l e  shale 6.76 6.61 

44.7 mile shale 7.26 7.18 

56 mile shale 6.56 6.54 

59 mile shale 6.59 6.48 



ANALYSIS OF TESTING 

Pre l iminary  Expansion Tests 

Pre l iminary  t e s t s  as descr ibed  were necessary  i n  o rder  t o  

r e j e c t  s h a l e s  which do n o t  expand from f u r t h e r  t e s t i n g .  A check 

o f  t h e  34.5 mile  sample which was r e p o r t e d  as non-bloating 

shale 20'29 e ~ t a b l i s h e d  t h a t  t h i s  s h a l e  d i d  produce a product  of 

such d e n s i t y  t o  warrent further testing. Shale  samples from 

Sut ton ,  Lawing and Kings River expanded s a t i s f a c t o r i l y .  Sarnples 

from Houston and Moose Creek d id  not and f u r t h e r  t e s t i n g  o f  

t he se  s h a l e s  w a s  stopped. 

Drying C h a r a c t e r i s t i c s  

Each s h a l e  was observed under cond i t i ons  of room tempera- 

t u r e  and a t  200 degrees Fahrenheit. No evidence of s p a l l i n g  o r  

splitting occurred. S p l i t t i n g  d i d  occur ,  however, f o r  a l l  s h a l e s  

t e s t e d  when p laced  i n  a furnace above 1800 degrees  Fahrenhe i t  

wi thout  p rehea t ing .  Since a r o t a r y  k i l n  f i r s t  drys ,  then  b l o a t s  

suddenly,  i t  i s  be l i eved  t h a t  each of  the  fou r  s h a l e s  success-  

f u l l y  p a s s  t h e  d ry ing  t e s t s .  

Crushing C h a r a c t e r i s t i c s  

Stage crush ing  of t h e  shales through j a w  and r o l l  c r u s h e r s  

e s t a b l i s h e d  t h a t  a l l  s h a l e s  t e s t e d  contained l e s s  than  20% minus 

eight mesh material, averag ing  c l o s e  t o  10%. The samples tested 

had been exposed t o  t h e  weather,  i n d i c a t i n g  t h a t  c rush ing  prop- 

e r t i e s  may improve wi th  t h e  depth of depos i t .  Other t ypes  of 



crushers  are generally more s u i t a b l e  f o r  size reduct ion o f  p l a t y  

mater ia l  and t e s t s  wi th  these probably would establish even 

b e t t e r  crushing c h a r a c t e r i s t i c s .  

Slow-Firina Tests 

The slow-fire t e s t s  provide information which is necessary 

f o r  design of a p e l l e t i z i n g  c i r c u i t  i n  the  event excess f i n e s  

a r e  t o  be recovered and manufactured. 34.5 mile sha le  had poor 

working o r  forming chmacteristics as d id  the  Lawing sha le ,  

while the  r e s t  of the  sha le s  were f a i r l y  p l a s t i c  and had fair 

wet ~ t r e n g t h .  These designations are admittedly vague but were 

developed by comparisons with a clay sample which has  "good" 

working c h a r a c t e r i s t i c s ,  A temperature of 2300 degrees 

Fahrenheit  was needed to produce a bloated product of 34.5 mile 

shale.  At t h i s  temperature, the outer  coa t ing  of t h e  p e l l e t  was 

fused and s tuck  s t rong ly  t o  the  f i r e  clay dish ,  A temperature 

of 2300 degrees Fahrenheit  was a l s o  requi red  f o r  44.7 mile sha le  

expansion t o  a dens i ty  less than 1.60, Density o f  1.60 i s  con- 

s ide red  the  maximum allowable f o r  l igh tweight  aggregate,  since 

d e n s i t i e s  i n  excess of t h i s  would exceed maximum u n i t  weighta 

32 f o r  aggregates as s p e c i f i e d  by ASTM Standards . Sutton, Kings 
River, Lawing, 56 mile and 59 m i l e  shales produced exce l l en t  

bloats a t  2200 degrees Fahrenheit. A temperature s l i g h t l y  l e s s  

than t h i s  would produce a s a t i s f a c t o r y  aggregate densi ty ,  

The apparent s p e c i f i c  g rav i ty ,  bulk s p e c i f i c  g rav i ty  and 

percent  absorpt ion were computed by the  following formulas: 41 



Apparent s p e c i f i c  g rav i ty  = A/A-C 

Bulk s p e c i f i c  grav i ty  = A/&C 

Absorption percent  = B-A/A x 100 

where : 

A = weight i n  grams of oven d r i ed  aggregate 
B = weight i n  grams of saturated surface dr i ed  aggregate 
C = weight i n  grams of sa tu ra t ed  aggregate (24 hour soak 

suspended i n  water) 

A surface dry condition was obtained by b l o t t i n g  the  aggre- 

ga te  p a r t i c l e s  with absorbent paper. Weighing w a s  accomplished 

using a s c a l e  accura te  t o  0.1 grams, Suspended weights were 

measured u t i l i z i n g  a pan balance with wire cage suspended i n  

water a t t ached  t o  i t .  

Expansion and shrinkage da ta  were ca l cu la t ed  from changes 

i n  length of the  p e l l e t s .  Expaneion of the  b loa ted  p e l l e t s  ranged 

from 25% for 44.7 mile sha le  t o  70% for 56 and 59 mile shales. 

34.5 sha le  had a 40% expansion a t  2300 degrees Fahrenheit. 

Percent absorpt ion for each shale was high a t  1800 degrees 

Fahrenheit ,  decreasing t o  a minimum at bloating temperatures with 

the  formation of a non-pervious ou te r  coa t ing  on each p e l l e t .  

This value waa extremely low f o r  each shale .  

Quick-Fire Tes ts  

An evalua t ion  of quick-f i re  tests i s  b e s t  accomplished by 

cons t ruc t ing  density-time temperature curves. By doing so, 

sha lee  which have an i r r a t i c  b l o a t ,  o r  shor t  expansion range, can 

be r e a d i l y  detected. An extremely shor t  b loa t ing  range w i l l  

r e s u l t  i n  a non-uniform r o t a r y  k i l n  product due t o  d i f f i c u l t y  of 



kiln control, On the other hand, an excessively long expansion 

time may require a kiln of such length as to be economically 

unfeasible . 
Temperature-density curves, Figures 1 through 4, (Appendix) 

were constructed from laboratory test data for each shale sample, 

An example curve is presented as Figure 5, 

ASTM Specifications Cj31/64T, C332-61 and 033064~~~ require 

unit weight6 of 55 to 70 pounds per cubic foot. The actual 

density of aggregate particles to meet these requirements varies 

with packing, maximum permissible densities being not far from 

1.25 for coarse aggregate and 1.60 for fine aggregate41. A range 

of 1.0 and 1.60 was arbitrarily selected for evaluation of the 

bloating range meeting aggregate specifications. 

34.5 mile shale requires a bloating time of 15 minutes to 

reach a maximum density of 1.2 for 3/4 x 1/2 inch s izes .  This is 

the minimum density obtainable, as 1/2 x 1/4 inch and 1/4 inch 

x 8m particles begin to fuse, thereby losing gas as the time of 

bloating increases beyond five minutes. At this density (1.2) 

the particles have a sticky outside coating and could cause 

problems in rotary kiln production of aggregate. It was found 

that a bloating temperature of 2100 degrees Fahrenheit for ten 

minutes could be used for all size ranges without producing 

appreciable sticking of the aggregate. This results in a 

product having a density range of approximately 1.4 for coarse 

particles, to 1.7 for fines. 

The 34.5 mile shale is banded with alternate layers of 

red and green shale. Previous tests with this sample were 
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composed of a mixture of t he  two layers. Density curves of each 

of the  bands a r e  presented as Figure la,  (Appendix) of the  1/2 x 

1/4 i nch  s i z e  f r ac t ion .  Examination of these  curves shows l i t t l e  

d i f fe rence  i n  the  expansion c h a r a c t e r i s t i c s  of each. 

A b loa t ing  range of about 85 degrees Fahrenheit  is all t h a t  

could be expected from t h i s  sha le ,  Further  temperature inc reases  

would produce a l i g h t e r  product,  but  not without s t ick ing .  The 

shale aggregate produced has an exceedingly low water absorpt ion 

percent ,  This may be observed i n  Table 22, (Appendix). 

Quick-fire c h a r a c t e r i s t i c s  f o r  44.7 mile sha le  are sxcel- 

lent, A b loa t ing  range of  between 75 degrees Fahrenheit  and 160 

degrees Fahrenheit  i s  poss ib le ,  depending upon the  time se l ec ted  

f o r  expansion. Minimum d e n s i t i e s  f o r  a l l  sizes of k i l n  feed were 

poss ib le  a t  r e t e n t i o n  t imes of f i v e ,  t en  and f i f t e e n  minutes, No 

s t i c k i n g  was noted f o r  p a r t i c l e s  having a dens i ty  of g rea te r  than 

1.0. 

The presence of  banding, o r  fore ign  substances i n  t h e  

sample, w a s  no t  found. The f a c t  t h a t  t he  expansion curves a r e  

very smooth i n d i c a t e s  t h a t  t h e  shale sample i s  of uniform compo- 

s i t i o n .  Percent water absorpt ion of t h e  aggregate may be 

observed i n  Table 24, (Appendix). Throughout each quick-f i re  

tes t ,  a coated aggregate with low water absorpt ion i s  poss ib le  

w i th  t h i s  shale .  

Expansion curves f o r  56 mile sha le  are qu i t e  e r r a t i c  i n  

the  3/4 x 1/2 inch  and 1/2 x 1/4 inch  f r ac t ions .  The 1/4 inch  x 

8m f r a c t i o n  produces a smooth dens i ty  change versus temperature 

f o r  f i v e  and t en  minutes r e t e n t i o n  t imes and a steep curve f o r  



15 minute re ten t ion .  This i s  bel ieved due t o  t h e  extremely shor t  

b loa t ing  range, i n  the order  of approximately 45 t o  70 degrees 

Fahrenheit ,  depending upon s i z e  of aggregate and time used f o r  

expansion. This sha le  could cause problems i n  r o t a r y  k i l n  pro- 

duct ion due t o  this shor t  range. The sample used f o r  t h e  tests 

was weathered and had been exposed t o  surface drainage. It is  

qu i t e  poss ib le  t h a t  a b e t t e r  density-temperature range could be 

produced by s e l e c t i n g  an unexposed sample. 

Percent absorpt ion o f  t h i s  shale at  l ightweight  dens i ty  i~ 

good, on the  order  of 5-6%. Aggregate shape tends  t o  be qu i t e  

round, a proper ty  not too o f t en  a s soc ia t ed  with sha le  aggregate. 

The b loa t ing  range f o r  59 mile sha le  ranges from 45 t o  75 

degrees Fahrenheit. Bloating occurs at  r e l a t i v e l y  low ternpera- 

t u r e s  as may be observed from Figurea 3 and 4, (Appendix). Aggre- 

ga te  shapes were genera l ly  angular with a few percentage o f  spheri-  

c a l  pieces.  Water absorpt ion,  Table 14,  (Appendix) was genera l ly  

low. This shale has exce l l en t  quick-f i re  p r o p e r t i e s  i n d i c a t i n g  

t h a t  a range of l ightweight  aggregate weights could be produced. 

Expansion curves for the Anchorage v i c i n i t y  s h a l e s  are 

presented as averages of the  size gradat ion products.  Note t h a t  

3 these  curves are expressed i n  pounds/ft r a t h e r  than density.  

These curves were compared t o  a standard commercial b loa t ing  

sha le  presented by Hamlin and Templin. The weights a r e  a c t u a l  

weights as determined by l abora to ry  procedures and do not  repre-  

sent aggregate density as obtained by t h e  ASTM conta iner  method. 

The comparison i s  s t a t e d  by Mr. Loskamp as "being s i g n i f i c a n t  i n  

the  por t ion  below 80 pounds per  cubic foot." 



Shales  from the Sutton and Kings River depoei t s  were found 

to be somewhat b e t t e r  than the  s tandard i n  t h e  s i g n i f i c a n t  

port ion.  The Lawing shale did  not  compare favorably with the  

s tandard due t o  the  presence of r e f r a c t o r y  material which did not 

bloat .  This sha le  d id  compare favorably,  however, after removal 

of the nonbloating product. 

Analysis of Blab S t ruc tu re  

Samples represent ing  t h e  e n t i r e  temperature range f o r  each 

sha le  were cu t  with a diamond saw t o  enable examination of veaicu- 

lar  s t ruc tu re .   photograph^ of s e l e c t e d  samplea of the  E l l i o t t  

Highway ahales are presented as P l a t e  1. Formation, size and 

shape of  the ves i cu la r  s t r u c t u r e  were observed, Each s h a l e  had 

uniform ves icu la r  s t r u c t u r e  i n  the  aggregate range, tending t o  

overdevelop as temperatures were increased  beyond t h e  dens i ty  

required f o r  l igh tweight  aggregate. 

Compressive Strenath 

No attempt was made t o  eva lua te  concrete s t r e n g t h  versus 

dens i ty  of aggregate produced. These studies and many o t h e r s  

would have t o  be performed on r o t a r y  k i l n  produced aggregate and 

such information may o r  may not conform t o  the information given 

here. These t e s t s  a r e ,  then, an i n d i c a t i o n  t h a t  t h e  b loa ted  sha le  

could produce requi red  s t r e n g t h s  f o r  l ightweight  aggregate. A l l  

sha le s  tested suggest s t r eng th  c a p a b i l i t i e s  s u i t a b l e  f o r  t he  

manufacture of  concrete. 



Concrete Thermal Conduct ivi ty  Teats 

These t e s t s  i n d i c a t e  t h a t  the s h a l e s  produced concre te  

with a thermal conduc t iv i t y  of a t  least two-thi rds  t h a t  of normal 

weight concrete .  These va lues  are approximate as good thermal  

conduc t iv i t y  could n o t  be ob ta ined  t o  accurately check the  cali- 

b r a t i o n  of t he  appa ra tu s  used, Corkboard, composed o f  cork 

particles pressed t oge the r ,  was used f o r  c a l i b r a t i o n ,  Solid 

cork has a value of near 0.27; a va lue  of 0.37 was obta ined  wi th  

the  corkboard used. This  va lue  was considered c l o s e  enough for 

round comparison of s h a l e  aggregate va lues  wi th  thoae of normal 

concrete .  



CONCLUSIONS 

The r e s u l t s  of the prelininary tests performed indicate 

that shale d e p o s i t s  from 44.7 and 59 mile on the Elliott Highway, 

and t h e  Su t ton  and Kings River shales, near Anchorage, may be 

s u i t a b l e  f o r  p roduc t ion  of lightweight aggregate. These shales 

should be sampled systematically and tested under commercial 

condi t ions .  

Shales from 34.5 and 56 mile, Moose Creek, and H o u ~ t o n  

should  be  tested further p r i o r  t o  t h e i r  adap t ion  as shale 

aggregate, 
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TABLE I 

SCREE8 ANALYSIS OF RAW MATERIAL* 

Size Crushed ma te r i a l ,  per cent weight 

+ 3/4 inch - 3/4 i n c h  + 1/2 i n c h  - 1/2 inch + 1/4 inch  - 1/4 i n c h  + 8-mesh - 8-mesh 

+ 3/4 inch  - 3/4 i n c h  + 1/2 i nch  - 1/2 i n c h  + 1/4 inch - 1/4 i n c h  + 8-mesh - 8 - m e ~ h  

+ 3/4 i n c h  - 3 / 4  inch * 1 / 2  inch  - 1/2 i n c h  * 1/4 i n c h  - 1/11 i nch  + 8-raesh - 8-mesh 

+ 3 / 4  i n c h  - 3/4 inch  * 1/2 i n c h  - 1/2 i n c h  + 1/4 inch  - 1/4 inch  + 8-mesh - i - m e ~ h  

+ 3/4 inch  - 3/45 inch + 1/2 inch  - 1/2 inch c 1/4 inch  - l /4  i n c h  + 8-mesh - 8-mesh 
I 
I *Tyler Mesh 

Sut ton  # 1 
air  dry 

Su t ton  #2 
air  dry 

Sutton #3 
air dry 

Sut ton  #4 
air  dry  

Su t ton  #5 
air dry 

Sutton #l 
oven dry 

Sut ton  #2 
oven dry 

Sut ton #3 
oven dry  

Sut ton  #4 
oven d r y  

Sut ton  #5 
oven dry 



TABLE I1 

Size Cruehed material, per cen t  weight 

Kings River #1 
air  dry 

+ 3/4 i n c h  14.2 - 3/4 inch  + 1/2 i nch  37.1 - 1/2 inch + 1/4 inch 32.4 - 1/4 inch + 8-mesh 10.8 
-8-mesh 5.5 

+ 3/4 inch  
-3/4 inch + 1/2 inch  - 1/2 i n c h  + 1/4 inch  - 1/4 inch + 8-mesh 
-8-mesh 

+ 3/4 inch  - 3/4 i n c h  + 1/2 inch - 1/2 i n c h  + 1/4 i n c h  - 1/4 inch  + 8-mesh 
-8-mesh 

+ 3/4 inch - 3/4 inch + 1/2 inch 
-1/2 i n c h  + 1/4 inch  - 1/4 i n c h  + 8-mesh 
-8-mesh 

+ 3/4 5nch - 3/4 i n c h  + 1/2 inch - 1/2 i n c h  + 1/4 inch - 1/4 inch + 8-mesh - 8-mesh , 

Kings River #2 
air  dry 

Kings River #3 
a i r  dry 

Kings River #4 
air dry 

Kings River #5 
air dry 

Kings River #l 
oven dry 

Kings River #2 
oven dry 

Kings River #3 
oven dry 

Kings River #4 
oven dry 

Kings River #5 
oven dry 



TABLE I I1 

- 

Size Crushed material, per cent  weight 

+ 3/4 i n c h  - 3/4 i n c h  + 1/2 i n c h  - 1/2 inch + 1/4 inch  - 1/4 inch + 8-mesh - 8-mesh 

+ 3/4 i n c h  - 3/4 i n c h  + 1/2 inch - 1/2 i n c h  + 1/4 i n c h  - 1/4 inch + 8-mesh - 8-mesh 

+ 3/4 inch - 3/4 inch + 1/2 inch  - 1/2 i n c h  + 1/4 inch - 1/4 i n c h  + 8-mesh - 8-mesh 

+ 3/4 i n c h  - 3/4 inch + 1/2 inch  - 1/2 inch  + 1/4 inch - 1/4 i nch  + 8-mesh - 8-mesh 

+ 3 / k  inch - 3/4 inch  + 1/2 inch  - 1/2 inch + 1/4 inch 
I - 1/4 inch * 8-mesh - 8-mesh 

Lawing #l 
air dry 

Lawing #2 
a i r  dry 

Lawing #3 
air dry 

Lawing #4 
ai r  dry 

Lawing #5 
air dry 

Lawing #l 
oven dry 

Lawing #2 
oven dry 

Lawing #3 
oven dry 

Lawing #4 
oven dry 

Lawing #5 
oven dry 



TABLE IV 

SCREEN ANALYSES, JAW CRUSHW PRODUCT, FOR 

34.5 MILE SHALE* 

Minus One Inch  Closed Set, Test No. 1 

Mesh Weight Per cent Cumulative Per cent 
On - Pass - On (ar.1 On - On Pass - 

Pan 
T o t a l s  

Minus One Inch Closed Set, Test No, 2 

Mesh 
On - P a s s  - 

1 I' 
3/4 I I 

3/4" 
1/2 " 

1/2" 
1/4" 

1/4" 
8m 

8m 
Pan 

T o t a l s  

Weight Per cent  Cumulative Per cent 
On ( a r e >  On On - Pass - 

* Tyler Mesh 



TABLE V 

SCREEN ANALYSES, ROLL CRUSHER PRODUCT, FOR 

34.5 MILE SIULE 

One-Half Inch Roll Set, Test No. 1 

Mesh Weight Per cent 
On - Pass - On ( ~ r . 1  On 

Pan 
Totals 

One-Half Inch Roll Set. Test No. 2 

Mesh 
On -xz - Weight Per cent  

on (pr.1 on 

Pan 
T o t a l s  

Cumulative Per cent 
On - Pass - 

Cumulative Per cent  
On - Pass - 



TABLE VI 

SCREEN ANALYSES, JAW CRUSHE2 PRODUCT, FOR 

44.7 MILE SHALE 

Minus One Inch Closed S e t ,  Test No.1 

Mesh 
On - Pass - 

Pan 
Tota l s  

Weight 
On (gr.1 

Per cent Cumulative Per cent 
On On - - Pass 

Minus One Inch Closed Set, Test No, 2 

Mesh 
on - - Pass 

1/2 
l/4It 

1/4 
8m 

Bm 
Pan 

T o t a l s  

Weight 
On (,go) 

Per cent Cumulative Per cent  
On On - Pass - 



TABLE VII 

SCREEN ANALYSES, ROLL CRUSHER PRODUCT, FOR 

44.7 MILE SHALE 

One-Half Inch R o l l  Set, T e s t  No. 1 

Mesh Weight Per cent 
621 - Pass - On (~r.) On 

Pan 
T o t a l s  

One-Half Inch Roll Set, Test No.2 

Weight 
On (m.1 

Per cent  
On - 

Pan 
T o t a l s  

Cumulative Per cen t  
On -  pas^ - 

Cumulative Per cent 
On - Pass - 



TABLE V I I I  

SCREEN ANALYSES, JAW CRUSHER PRODUCT, FOR 

56 MILE SHALE 

Minus One Inch Closed Set, Test Noel 

Mesh Weight Per cent Cumulative Per cent 
On - Pass - On (gr, On - On - Pass 

Pan 
T o t a l s  

Minus One Inch Closed Set, Test No, 2 

Mesh 
On - Pass - 

1 It 
3/4" 

3/4 " 
1/2 " 

1/2" 
1/411 

1/4" 
8m 

8m 
Pan 

Totals 

Weight Per cent Cumulative Per cent 
On (gr.1 On - On - Pass 



TABLE IX 

SCREEN ANALYSES, ROLL CRUSHEIi PRODUCT, FOR 

56 MILE SHALE 

he-Half Inch Roll S e t ,  Test No.1 

Mesh Weight Per cent 
On - Pass - on (gr.1 On 

Pan 
Totals 

Cumulative Per cant  
On - Paes - 

One-Half Inch R o l l  S e t ,  Test No.2 

Mesh 
On - Pass - Weight 

On (gr.1 

~ -- 

Pan 
Totals 

Per cent 
On 

Cumulative Per cent 
O n  - Pass - 



TABLE X 

SCREEN ANALYSES, JAW CRUSHER PRODUCT, FOR 

59 MILE SHALE 

Minus One Inch Closed Set, Test No.1 

Mesh 
V - - ass 

1/2" 
i/4I1 

1/411 
8m 

8m 

pan Totals  

Weight Per cent Cumulative Per cent 
On (~r*;l On - On - Pass 

Minus One Inch Closed S e t ,  Test No. 2 

Mersh Weight Per cent 
On - - Pass On (ar.> On - 

Pan 
Totals  

10.8 - 
LOO. 0 

Cumulative Per cent 
On - - ,  pass 



TABLE XI 

SCREEN ANALYSES, ROLL CRUSHER PRODUCT, FOR 

59 MILE SH4LE 

One-Half Inch Roll S e t ,  Tes t  No. 1 

Mesh Weight Per cent Cumulative Per cent 
"Dn On (~r. On - On - Pass - P a s s  - 

 on^-Half Inch Roll Set, Test No.2 

Mash 
On - Pass - Weight Per cent Cumulative Per cent 

On ( ~ r . 1  on - On - Pass 

Pan 
T o t a l s  



TABLE X I 1  

PELLETIZING CHARACTEXISTICS 

Sut t on Sutton &',ton Sut ton  Sut ton Sut  t on  
C h a r a c t e r i s t i c s  #1 air dry $1 oven d r y  #2 air dry #2 oven dry #3 air dry #3 Oven dry 

- - - 

Color 

PE 

St reng th  

Gray-brown 

8.1 

Fai r  

Gray-brown 

8.25 

Fair  

Gray- b r  own 

8 7 
Fair 

Gray-'or own 

8.5 
Fai r  

Gray-brown 

8 3 
F a i r  

2.5 

26 

None 

Gray-brown 

8.4 
F a i r  

Per cent  drying 
shrinkage 

Per cent water 
f o r  p l a s t i c i t y  

Drying 
requirements  

Working o r  forming 
c h a r a c t e r i s t i c s  

None None None None None 

Fair Fair 

plasticity, 
moderate 
working, 
s l i g h t l y  
p i t  t y  

F a i r  

p l a s t i c i t y  
moderate 
working, 
slightly 
gritty 

F a i r  

plasticity , 
moderate 
working, 
s l i g h t l y  
g r i t t y  

Fair F a i r  

p l a s t i c i t y ,  
moderate 
working, 
s l i g h t l y  
g r i t t y  

p l a s t i c i t y ,  
moderate 
working, 
s l i g h t l y  
g r i t t y  

p l a s t i c i t y  , 
moderat e  
working, 
s l i g h t l y  
g r i t t y  



Sutton Sutton Sut ton Sutton Kings River Kings River 
Characteristics #4 air dry i% o n  y #5 a i r  dry #5 oven dry #I a i r  dry #1 oven dry 

Color 

P= 
Strength 

Per cent drying 
shrinkage 

Per cent water 
for plas t ic i ty  

Drying 
requirements 

Working or forming 
characteristics 

Gray-br own 

8.8 
Fair 

None 

F a i r  
p las t ic i ty ,  
moderate 
working, 
slightly 
gritty 

Gray-brown 

8.6  
Fair 

3 0 

24 

None 

Fair 
p las t ic i ty ,  
moderate 
working, 
slightly 
gr i t ty  

Gray-brown 

8.45 

Fair 

None 

Fair 
plas t i c i ty ,  
moderate 
working, 
s l i g h t l y  
gritty 

Gray-brown 

8 . 55 
Fair 

25 

None 

Fair 
plas t i c i ty ,  
moderate 
working, 
s l i gh t ly  
gritty 

Gray-brown 

9 1 
Low 

None 

Sl ight  
p las t ic i ty ,  
shopt 
working, 
grit ty  

Gray-brown 

8.85 
Low 

2.4 

23 

None 

Sl ight  
p la s t i c i ty ,  
short 
working, 
gritty 



TABLE XIV 

PELLETIZING CEARACTXRISTICS 

Kings River Kings River Kings River Kings River Kings River Kings River  
C h a r a c t e r i s t i c s  #2 air dry #2 oven dry #3 a i r  dry #3 oven dry #4 air dry #4 oven dry 

Color 

pH 

St rength  

Per cen t  drying 
shrinkage 

Per cen t  water 
f o r  p l a s t i c i t y  

Drying 
requirements 

Working or  forming 
c h a r a c t e r i s t i c s  

Gray-br own 

9.0 
Low 

Gray-br o m  

8*75 
Low 

Gray-brown 

9 2 

Low 

Gray-brown 

8 5 
Low Low Low 

23 

None None None None None None 

S l i g h t  
p l a s t i c i t y ,  
s h o r t  
working, 
gritty 

S l i g h t  
plasf i c i t y ,  
short 
working, 

S l i g h t  
p l a s t i c i t y  
s h o r t  
working, 
g r i t t y  

S l i g h t  
p l a s t i c i t y ,  
s h o r t  
working, 
gritty 

S l i g h t  
p l a s t i c i t y ,  
s h o r t  
working, 
g r i t t y  

S l i g h t  
p l a s t i c i t y ,  
short 
working, 
g r i t t y  g r i t t y  



TABLE XV 

PELLETIZING CHARACTERISTICS 

Kings River Kings R i v e r  Lawing Lawing Lawing Lawing 
C h a r a c t e r i s t i c s  #5 air d r y  #5 oven dry #l a i r  dry #l oven dry #2 air  dry #2 oven dry 

Color 

PK 
Strength  Low Low Very low Very low Very low Very low 

Per cen t  d ry ing  
shrinkage 2 0 2 . 2 1.0 0.8 1 0 0.7' 

Per cen t  water 
f o r  plas t ic i ty  23 

Drying 
requirements None 

Working o r  forming 
ckarac t e r i s t i c s  Slight 

p l a s t i c i t y ,  
s h o r t  
working, 
g r i t t y  

None None None None None 

S l i g h t  Not Not Mot Not 
plasticity, p l a s t i c ,  p l a s t i c ,  p l a s t i c ,  p l a s t i c ,  
s h o r t  s h o r t  s h o r t  short short 
working, working, working, working, working, 
g r i t t y  g r i t t y  g r i t t y  g r i t t y  g r i t t y  



TABLE XVI 

Lawing Lawing Lawing Lawing Lawing Lawing 
C h a r a c t e r i s t i c s  #3 air dry #3 oven dry #4 air d r y  #4 oven dry #5 air dry #5 oven dry 

Color 

pH 

Strength 

Per cen t  d ry ing  
shrinkage 

Per ~ e n t  water 
for p l a s t i c i t y  

Drying 
r e  quir emen t s 

Working or forming 
c h a r a c t e r i s t i c s  

Si lver-gray 

8.4 
Very low 

Si lver-gray 

8.7 
Very low 

Si lver -gray  

8.5 
Very low 

Si lver-gray 

8 . 95 
Very low 

Si lver-gray 

9.0 
Very l o w  Very low 

21 

None None None None None 

Not 
p l a s t i c ,  
shor t  
working, 
gritty 

Not 
p l a s t i c ,  
s h o r t  
working, 
g r i t t y  

Not 
p l a s t i c ,  
s h o r t  
working, 
g r i t t y  

Not 
p l a s t i c ,  
s h o r t  
working, 
gritty 

Not 
p l a s t i c ,  
s h o r t  
working, 
g r i t t y  

Not 
p l a s t i c ,  
s h o r t  
working, 
g r i t t y  



TABLE XVII 

SLOW-FIRE PROPERTIES 

Pemp . Absorption Shrinkage Apparent 
Sample Deg. F. Color Hardness per cent  per cent sp.gr. 

Sutton 1800 Red-tan Crumbly 18.3 2.0 2.2 
1 2000 Red-br Hard 6.2 5.3. 2.2 
a i r  2100 Red-bl Stee l  hard 3.1 Expanded 1.9 
dry 2200 Black S t e e l h a r d  0.8 Expanded 1.1 

2300 Black Vitreous Fused Expanded Melted 

Sutton 1800 Red-tan Crumbly 16.1 2.2 2.2 
#1 2000 Red-br Hard 9.5 5.5 2.2 
oven 2100 Red-bl Stee l  hard 1.6 Expanded 1.7 
dry 2200 Black S t ee l  hard 0.4 Expanded 1.2 

2300 Black Vitreous Fused Expanded Melted 

Sutton 1800 Red-tan Crumbly 18.2 2.2 2.2 
2 2000 Red-br Hard 7.7 5.7 2 . 0 
air 2100 Red-bl Stee l  hard 3*1 Expanded 1 • 7 
dry 2200 Black S t ee l  hard 1 7 Expanded 1.1 

2300 Black Vitreous Fused Expanded Melted 
- . - - - - . . - 

Sutton 1800 Red-tan Crumbly 16.9 2.1 2.1 
#2 2000 Red-br Hard 7.0 5.2 2.1 
oven 2100 Red-bl S t ee l  hard 6.5 Expwde d 1.9 
dry 2200 Black S t e e l h a r d  0.8 Expanded 1.1 

2300 Black Vitreous Fused Expanded Melted 

Sutton 1800 Red-tan Crumbly 15.9 1.8 2.2 
#3 2000 Red-br Hard 12,3 6.2 2.2 
a i r  2100 Red-bl Steel hard 4.9 Expanded 1.9 
dry 2200 Black S t e e l h a r d  0 3 Expanded 1.0 

2300 Black Vitreous Fused Expanded Melted 
. . .- . - - -- - -- 

Sutton 1800 Red-tan Crumbly 12.9 2.1 2.2 
#3 2000 Red-br Hard 1 2  3 4.4 2.1 
oven 2100 Red-bl S t ee l  hard 1.5 Expanded 1.9 
dry 2200 Black Stee l  hard 0.4 Expanded l,l 

2300 Black Vitreous Fused Expanded Melted 



TABLE XVIII 

SLOW-FIRE PROPERTIES 

Temp. Absorption Shrinkage Apparent 
Sample Deg. F. Color Hardness per cent per cent sp. gr. 

Sutton 1.800 Red-tan Crumbly 15.2 1.8 2 3 
#4 2000 Red-br Hard 9 - 2  5 2 2.1 
a i r  2100 Red-bl Stee l  hard 4.5 Expanded 1.9 
dry 2200 Black S tee l  hard 1.6 Expanded 1 . 1 

2300 Black Vitreous Fused Expanded Melted 

Sutton 1800 Red-tan Crumbly 16.7 2.0 2.2 
#1+ 2000 Red-br Hard lOe5 5 1 2*2 
oven 2100 Red-bl Stee l  hard 5 4 1 Expanded 1.9 
dry 2200 Black S tee l  hard 0.4 Expanded 1.2 

2300 Black V i t r e o u ~  Fused Expanded Melted 
--- 

Sutton 1800 Red-tan Crumbly 13.6 2 3 2,4 
#5 2000 Red-br Hard 7.7 6 • 3 2.2 
a i r  2100 Red-bl S t ee l  hard 3 a l  Expanded 1.9 
dry 2200 Black Steel hard 0.8 Expanded 1.2 

2300 Black Vitreous Fused Expanded Melted 

Sutton 1800 Red-tan Crumbly 16.4 2-5 2.2 
#5 2000 Red-br Hard 15 0 6*5 2.2 
oven 2100 Red-bl S t ee l  hard 6.3 Expanded 2.0 
dry 2200 Black Steel hard 0.6 Expanded 1.1 

2300 Black Vitreous Fused Expanded Melted 

Kings 1800 Tan Crumbly 19.3 1,O 2 3 
River 2000 Brown Hard 13.1 7.1 2.1 
#l 2100 B1-br S tee l  hard 3 3 Expanded 1.7 
air 2200 Bl-br Steel hard 5 0 Expanded 1.1 
dry 2300 Black Vitreous Fused Expanded Melted 

- - - -  

Kings 1800 Tan Crumbly 17e2 1.2 2.2 
River 2000 Brawn Hard 12.7 6.6 2.1 
#1 2100 Bl-br S t ee l  hard 1.8 Expanded 1 .6 
oven 2200 B1-br Stee l  hard 0.0 Expanded 1.1 
dry 2300 Black Vitreous Fused Expanded Melted 



TABLE XIX 

SLOW-FIRE PROPEZTIES 

Temp. Apsorption Shrinkage Apparent 
Sample Deg. F. Color Hardness per  cent  per  cent  sp.gr. 

Kings 1800 Tan Crumbly 17.7 1.5 2 • 3 
River 2000 Brown Hard 11.5 6.0 2.2 

#2 2100 B1-br S t e e l h a r d  3-2  Expanded 1.7 
air  2200 1 Stee l  hard 0.9 Expanded 1.0 
dry 2300 Black Vitreous Fused Expanded Melted 

- - - - - . . . . 

Kings 1800 Tan Crumbly 16.6 0.9 2.2 
River  2000 Brown Hard 10. 9 7 • 1 2 . 1 

#2 2100 B1-br Steel hard 3 a Z  Expanded 1.8 
oven 2200 Bl-br Steel hard 2.3 Expanded 1 . 2 
dry 2300 Black Vitreous Fused Expanded Melted 

Kings 1800 Tan Crumbly 17.7 1.0 2.4 
River 2000 Brown Hard 7.4 6.8 2.1 

#3 2100 El-br Steel hard 2.8 Expanded 1.8 
air 2200 B1-br S t e e l  hard 2.9 Expanded 1.2 
dry 2300 Black Vit reous  Fused Expanded Melted 

Kings 1800 Tan Crumbly 17.2 2.0 2.1 
River 2000 Brown Hard 12.5 5.8 2.1 

#3 2100 B1-br Steel  hard 3 4 Expanded 1.7 
oven 2200 El-br Steel 1.6 Expanded lal 
dry 2300 Black Vitreous Fused Expanded Melted 

King6 1800 Tan Crumbly 18.3 1.2 2.2 
River 2000 Brown Hard 14.8 7.2 2.1 

#4 2100 Bl-br S t e e l h a r d  3.3 Expan de d 1 • 5 
air  2200 B1-br S t e e l  hard 0.0 Expanded 1.1 
dry 2300 Black Vi t reous  Fused Expanded Melted 

- - - - - . . . . . .  - - - - 

Kings 1800 Tan Crumbly 17.7 0.8 2.1 
River 2000 Brown Hard 10.8 6.8 2.0 

#4 2100 B1-br S t e e l  hard 4,6 Expanded 1.7 
oven 2200 B1-br S t e e l  hard 1.7 Expan de d 1.1 
dry 2300 Black Vitreous Fused Expanded Melted 



TABLE XX 

SLOW-FIRE PROPEEZTIES 

Temp. Absorption Shrinkage Apparent 
Sample Deg. F. Color Hardness pe r  cent per cent sp.gr. 

Rings 1800 Tan Crumbly 17.2 1.0 2.2 
River 2000 Brown Hard 14.8 5.9 2.0 

#5 2100 Bl-br S t e e l  hard 3.3 Expanded 1.5 
air  2200 BI-br S t e e l  hard 0.8 Expanded I. 0 
dry 2300 Black Vitreous Fused Expanded Melted 

- - -- - - -- 

Kings 1800 Tan Crumbly 15 a 6 1.0 2.1 
River 2000 Brown Hard 9.7 7.0 1 9 

#5 2100 B1-br S t e e l  hard 2 • 9 Expanded 10 7 
oven 2200 Bl-br Steelhard 1.0 Expanded 0.9 
dry 2300 Black Vitreous Fused Expanded Melted 

Lawing 1800 Tan Crumbly 16.0 0.5 2.1 
1 2000 Brown Crumbly 20.6 Eqanded 1 . 9 
air 2100 B1-br Hard 13.6 Expanded 1.5 
dry 2200 B1-br S t e e l  hard 4.6 Expanded 0.8 

2300 Black Vitreous Fused Expanded Melted 

Lawing 1800 Tan Crumbly 16.7 1.0 2.1 
#l 2000 Brown Crumbly 20.1 Expanded 2.0 
oven 2100 Bl-br Hard 11.9 Expanded 1.6 
dry 2200 Bl-br S t e e l  hard 1.5 Expanded 0.8 

2300 Black Vitreous Fused Expanded Melted 
- -- - 

Lawing 1800 Tan Crumbly 18.8 0.9 1 9 
#2 2000 Brown Crumbly 21.4 Expanded 1.8 
a i r  2100 Bl-br Hard 15.4 Expanded 1.7 
dry 2200 Bl-br Steel  hard 6.7 Expanded 1 2 

2300 Black Vitreoua Fused Expanded Melted 

Lawing 1800 Tan Crumbly 19.4 0.5 1 . 9 
#2 2000 Brown Crumbly 21.4 Expanded 1.8 
oven 2100 131-br Hard 18.0 Expanded 1.7 
dry 2200 B1-br S t e e l  hard 6.5 Expanded 1.2 

2300 Brown Vitreous Fused Expanded Melted 



TABLE XXI 

SLOW-FIRE PROPERTIES 

Temp. Absorption Shrinkage Apparent 
Sample Deg. F. Color  Hardness per cent per cent sp.gr. 

Lawing 1800 Tan Crumbly 21.5 0.6 2.0 
3 2000 Brown Crumbly 21 5 Expanded 2.0 
air 2100 B1-br Hard 16.2 Expmded 1.7 
dry 2200 B1-br S t e e l h a r d  4.7 Expanded 1 3 

2300 Black Vitreous Fused Expanded Mel-bed 
- . - - - .. - -- . . . - - -- - 

Lawing 1800 Tan Crumbly 16.4 0.9 2.0 
3 2000 Brown Crumbly 18.3 Expanded 2.0 
oven 2100 B1-br Hard 12. 3 Expanded 1.6 
dry 2200 B1-br S t ee l  hard 7.8 Expanded 1.1 

2300 Black Vitreous Fused Expanded Melted 
-- - ---- - -- 

Lawing 1800 Tan Crumbly 18.6 1.0 2.2 
#4 2000 Brown Crumbly 17.5 Expanded 1 9 
air 2100 B1-br Hard 12.5 Expanded 1.6 
dry 2200 B1-br S t e e l  hard 1.6  Expanded 1.0 

2300 Black Vitreous Fused Expanded Melted 

Lawing 1800 Tan Crumbly 1'7.5 1.0 2.0 
#4 2000 Brown Crumbly 18.6 Expanded 1.9 
oven 2100 B1-br Hard 16.1 Expanded 1.5 
dry 2200 B1-br Steel  hard 6.0 Expanded 1.1 

2300 Black Vitreous Fused Expanded Melted 
- . - - . . - - - - - 

Lawing 1800 Tan Crumbly 14.7 0.8 2 2 
#5 2000 Brown Crumbly 16.2 Expmdsd 2.0 
air 2100 Bi-br Hard 11.0 Expanded 1.7 
dry 2200 B1-br S t ee l  hard 1 5 Expanded 1.1 

2300 Black Vitreous Fused Expanded Melted 

Lawing 1800 Tan Crumbly 21.5 0.8 2.1 
#5 2000 Brown Crumbly 22.4 Expanded 1 • 9 
oven 2100 B1-br Hard 21.2 Expanded 1.8 
dry 2200 B1-br S t ee l  hard 7.5 Expmde d 1.3 

2300 Black Vitreous Fused Expanded Melted 



TABLE XXII 

QUICK-FIRING TEST 

34.5 MILE SHALE 

Size 3/4 x 1/2 i nch  

SAMPLE NO. 1 SAMPLE NO. 2 
w 

Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
(OF. ) Sp.Gr. Sp.Gr. Absorption Sp.&. Sp.Gr. Absorption 

Retention time 5 minutes 

Retention time 10 minutes 

Retention time 15 minutes 

1850 2.53 2.59 0.88 2.75 2.81 0.68 
1940 2.39 2.42 0.54 2.48 2.53 0.91 
2040 1.79 1.84 1.67 1-72 1.73 1.62 
2125 1,24 1.28 2.56 1-40 1.43 1 37 
2200 0.98 1.02 1.89 1.00 1.00 0.00 
2300 fused fused 



TABLE XXII (cont.) 

QUICK-FIRING TEST 

34.5 MILE SHALF, 

Size 1/2 x 1/4 inch 

SAMPLE NO. 1 SAMPLE NO. 2 
Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
(OF,) Sp.Cr. Sp,Gr. Absorption Sp.Gr. Sp.Gr. Absorption 

Retention time 5 minutes 

Retention time 10 minutes 

Retention time 19 minutes 

1850 2.62 2.70 1 12 2.70 2.71 0.37 
1940 2.16 2.21 0.94 1.78 2.22 1 . 25 
2040 1.80 1.80 0.00 1.68 1.79 2.35 
2125 1.40 1.41 1,70 1.51 1.55 1.61 
2200 1.32 1.36 1.82 1.44 1.47 1 72 
2300 fused fused 



T A B U  XXII (cont.)  

QUICK-FIRING TEST 

34.5 MILE SHALE 

Size 1/4 x -1/8 inch 

SAMPU NO. 1 SAMPLE NO. 2 
Temp, Bulk Apparent Per cent  Bulk Apparent Per cent  
(OF= Sp. Gr. Sp.Gr. Absorption Sp.Gr. Sp.Gr. Absorption 

Retention time 5 minutes 

1850 2.50 2.69 2.86 2.61 2.76 2.12 
1940 2.64 2.64 0.00 2.54 2.54 0 00 
2040 2.38 2.38 0.00 2.38 2.38 0.00 
2125 1.28 1.32 2.00 1.74 1.80 1.85 
2200 1.46 1.47 2.00 1 3 3  1.38 2.27 
2300 fused fused 

Retention time 10 minutes 

Retention time 15 minutes 

1850 2.69 2.69 0.00 2.68 2.68 o . 00 
1940 2.50 2.50 0.00 2.69 2.69 0.00 
2040 2.00 2.00 0.00 2.27 2,27 0 00 
2125 1.57 1.57 0.00 1.56 1.59 1.43 
2200 1.41 1.44 1.61 1.53 1.57 1.52 
2300 fused fused 



TABLE XXIII 

QUICK-FIRING TEST 

44.7 MILE S U L E  

Size 3/4 x 1/2 inch 

SAMPLE NO. 1 SAMPLE NO. 2 
Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
(OF.) Sp.Gr. Sp.Gr. Absorption Sp.Gr. S p . b .  Absorption 

Retention time 5 minutes 

1850 2.55 2.68 1.86 2.34 2.62 3.00 
1940 2.32 2.55 3.80 2.09 2.37 5.60 
2040 1.54 1.82 9.80 1.98 2.21 5.10 
2125 0.99 1.20 16. go 1.2 1.61 15 lo 
2200 0.62 0.69 17.50 0.85 1.00 18.00 
2300 fused fused 

Retention time 10 minutes 

Retention time 15 minutes 



TABLE XXIIT (cont.) 

QUICK-FIRING TEST 

44.7 MILE SHALE 

Si,ze 1/2 x 1/4 inch 

SAMPLE NO. 1 SAMPLE NO. 2 
Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
(PF.) Sp.Gr. Sp.Gr. Absorption Sp.Gtr. Sp.Gr. Absorption 

Retention time 5 minutes 

2.32 2.57 4.20 2.29 2.46 4.40 
lsso 1940 2.18 2.42 4.60 2.22 2-40 3 • 33 
2040 1.88 2.15 6.70 1.42 2.78 14.10 
2125 0.91 1.08 17.00 0.99 1.20 18.30 
2200 0.68 0.77 18.20 0.76 0.84 12-90 
2300 0.67 0.68 17.60 fused 

Retenbion time 10 minutes 

Retention time 15 minutes 



TABLE XXIII (cont.) 

QUICK-FIRING TEST 

44.7 MILE SEfALE 

S i ze  1/4 x 1/8 inch 

SAMPLE NO. 1 SAMPLE NO. 2 

Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
(OF.) Sp.Gr. Sp.Gr. Absorption Sp,Gr. Sp.Gr. Absorption 

Retention time 5 minutes 

1850 2.00 3.00 3.80 2.25 2.57 5.60 
1940 2.40 2.40 0.00 1 9  2.37 4.00 
2040 1.95 2.26 4*50 2.24 2.33 3.50 
2125 1.2 1.42 7.40 2.24 1.43 10.00 
2200 0.72 0.74 4.30 0.79 0.91 14.20 
,2300 fused 0.69 0.78 16.00 

Retention time 10 minutes 

Retention time 15 minutes 



TABLE XXIV 

QUICK FIRING TEST 

56 MILE SHALE 

SAMPLE NO. 1 SAMPLE NO. 2 

Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
(OF. ) Sp.Gr, Sp. Gr. Ab~orption Sp.Gr. Sp.Gr. Absorption w 

Retention time 5 minutes 

1850 2.37 2*81 6.67 2.46 2.63 2.65 
1940 2.47 2.54 1.26 2.00 2.30 6 52 
2040 1.98 2.08 2.41 1.00 1,ll 10.00 
2125 0.92 0.99 2.78 0.93 1.00 5.00 
2200 0.55 0.59 9.68 0.36 0.38 17.57 
2300 fumed 

Retention time 10 minutes 

1850 2.20 2.59 6.82 2.36 2.68 5.05 
1940 1.71 1.91 6.12 1.60 1.82 7 • 49 
2040 1.35 1.44 4.84 1.36 1.45 4.52 
2125 0.49 0.52 8.16 0.37 0.38 8*57 
220O* 0.33 0.36 25.92 fused 
2300 fused fused 

Retention time 15 minutes 

2040 0.65 0.67 3.64 0.60 0.62 3.66 
2125 0.52 0.54 8.00 0.50 0.57 8.25 
2200 fused fused 
2300 fused fused 



TABLE XXIV  (cont . ) 
QUICK FIRING TEST 

56 MILE SHAIZ 

Size 1/2 x 1/4 inch 

SAMPm NO. 1 SAMPZrE NO. 2 

Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
(OF. ) SprGr. Sp. Gr. Absorption Sp.Gr. Sp.Gr. Absorption 

Retention time 5 minutes 

2040 1.70 1.75 1.79 1.12 1.21 5.08 
2125 0.81 0.86 7.25 0.94 1.00 5.88 
2200 0.92 0.95 5.50 0.52 0.55 10.45 
2300 fused fused 

Retention time LO minutes 

2040 0.69 0.67 11.11 1.22 1.39 10.26 
2125 0.44 0.45 6 go 0.75 0.79 6.78 
2200* 9.46 0.50 16.12 fused 
2300 fuaed fused 

Retention time 15 minutes 

1850 2.27 2.50 4.00 2.37 2.73 5.63 
1940 1.72 1.83 2.13 1.18 1.26 7.22 
2040 0.77 0.81 6.25 1.09 1.20 8.33 
2125 0.42 0.47 7.90 0.29 0.30 7.69 
2200 fused fused 
2300 fused fused 



TABLE XXIV (cont . )  

QUICK-FIRING rnST 

56 MILE S U L E  

Size 1/4 x 1/8 inch 

SAMPLE NO. 1 SAMPLE NO. 2 I 

Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
(PF. ) Sp.Gr. Sp,Gr. Absorption Sp.Gr. Sp,Gr. Absorption 

Retention time 5 minutes 

1850 3.00 3.00 0.00 2.86 2.86 0.00 
1940 2.35 2.47 2 13 2.07 2.23 3.45 
2040 1.45 1.57 5.45 1.46 1.58 5.26 
2125 0.86 0.90 5.26 0.80 0.84 4.92 
2200* 0.46 0.47 4.06 0.54 0.55 4.76 
2300 f ursed fused 

- - - - - - - - - - - - - . - 

Retention time 10 minutes 

2125 0.50 0.60 33.33 0051 0.53 9 09 
2200 051 0.58 25.00 fused 
2300 fused fused 

Retention time 15 minutes 

1850 2.32 2.44 2.27 2.58 2.91 4.48 
1940 1.74 1.90 5.08 1.78 1.88 5 lo 
2040 0.80 0.84 5.40 1.20 1.29 4.76 
2125 0.67 0.69 4.22 0 6  0.64 6.52 
2200 fused fused 
2300 fused fused 



TABLE XXV 

QUICK-FIRING TEST 

59 MILE SHALE 

Size 3/4 x 1/2 inch 

SAMPLE NO 1 SAMPLE NO. 2 
Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
( OF. ) Sp. Gr . Sp. Gr. Absorption Sp. Gr  , Sp. Gr , Absorption 

Retention time 5 minutes 

Retention t i m e  10 minutes 

1850 2.29 2.61 5.32 2.28 2.60 5.33 
1940 1.21 1.38 10.30 1.40 1.55 7.14 
2040 1.00 1.11 10.13 0073 0.77 7-59 
2125* 0.35 0.36 11 30 0.48 0.50 6.25 
2200* 0.90 1.08 18.51 fused 
2300 fused fused 

Retention time 15 minutes 

1850 2.52 2.43 5.88 2.48 2.53 0,80 
1940 1.22 1.33 6.55 1.20 1.31 6-54 
2040 0.65 0.71 12.50 
2125* 0.58 0.62 12.19 
2200 fused 
2300 fused  



TABLE XXV (cont.) 

QUICK-FIRING TEST 

59 MILE SHALE 

Size 1/2 x 1/4 inch 

SAMPLE NO. 1 SAMPLE NO* 2 

Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
(OF.) Sp.Gr. Sp.Gr. Absorption Sp.Gr. Sp.Gr. Absorption 

Retention time 5 minutes 

1850 2.48 2.68 2.98 2.56 2.81 3.39 
194-0 2.11 2.39 5-45 2.15 2.45 5 . 63 
2040 0.75 0.83 11.63 1.38 1.50 5.55 
2125 0~73 0.80 8.33 0.87 0.95 5.00 
2200 fused 0.42 0.48 2.14 
2300 fused fused 

Retention time 10 minutes 

1850 2,41 2.60 3.08 2.41 2.60 3.08 
1940 1.05 1.17 10.00 1.26 1.36 5.56 
2040 0.59 0.64 14.75 O,76 0.79 5.71 
2125* 0.27 0.29 21 70 0,3p 0.41 17.65 
2200 * 0.82 1.08 28.60 fused 
2300 fused fused 

Retention time 15 minutes 

1850 2.29 2.45 1.23 1.35 1.40 2.86 
1940 1.06 1.12 5.26 0.85 0.92 8.57 
2040* 0.34 0.35 7.69 0.54 0.55 3.70 
2125* 0.39 0.41 9.67 fused 
2200 fused fused 
2300 fused fused 



TABLE XXV (cont.) 

QUICK-FIRING TEST 

59 MILE SHALE 

Size 1/4 x 1/8 i nch  

SAMPLE NO. 1 SAMPLE NO. 2 

Temp. Bulk Apparent Per cent Bulk Apparent Per cent 
(OF. ) Sp.Gr. Sp.Gr. Absorption Sp.Gr. Sp.Gr. Abeorption 

Retention time 5 minutes 

1940 1.95 2.28 7 31 2.10 2.33 4.76 
2040 0,65 0.72 15.30 1.22 1.31 5-26 
2125 0.49 0.71 18.20 0.58 0.61 9 09 
2200 fused 0.59 0.67 20 00 

Retention time 10 minutes 

1850 2.36 2.60 3 85 2.40 2.53 3.74 
1940 1.50 1.67 6.67 1.56 1.65 3.57 
2040 0.63 0.65 2.63 0.87 0.95 9.09 
2125* 0.64 0.75 11 . 11 0.44 0.61 25.00 
2200* 0.80 1.00 25 00 fused 
2300 fused fused 

Retention time 15 minutes 

1850 2.32 2.52 3.44 2.00 2.00 0.00 
1940 1.54 1.70 5.88 1.71 1.71 0.00 
2404* 0.56 0.59 7.69 0.49 0.39 50 00 
2125* 0.74 0.78 7.14 fused 
2200 fused fused 
2300 fused fueed 



TABLE XXVI 

QUICK FIRING TEST 

Su t t on #l Air Dry Kings River 
#5 A i r  Dry Lawiag #3 Air dry 

T e m ~  . 
~ e &  Weighf Abaorp tion Weighf Absorption Weigh3 Absorption 
F. Lb/ft per cant Lb/ft per cent Lb/ft per cent 

Size -+mesh +8-mesh Retention 5 mine 

2100  used ---- Fused ---- 65 5 8.1 
Retention 10 min. 

1800 136.0 4.1 144.1 3.7 146.0 4*2 
7 

1900 78.6 5-2 104.2 543 112 9 9.2 
2000 41.8 4.3 42.4 6.8 73.6 10.2 
2100 Fused ---- Fused --- Fused --I.. 

Retention 15 min. 
1800 134.2 4. 5 137 3 2.3 148 5 4.0 
1900 73.0 6.1 88.6 6.8 121 . 1 10.0 
2000 39 • 3 5.6 48.3 6.3 83.6 9.5 

Size m.525 in +3-mesh Retention 5 min. 

1800 135.4 5 5 166 . 6 2.8 160.4 4.3 
1900 94.2 9 • 3 144.1 40 7 157.2 5 • 9 
2000 54.7 8,s 56.2 7.5 57.4 11 • 1 
2100 26.8 10.3 34.3 10.9 71.8 9.0 

Retention 10 min. 
1800 126.7 7.9 145.4 3.8 158.5 3 0 

2100 Fused ---- Fused --- Fused ---- 
Retention 15 min. 

1 

1800 117.3 5.7 146.0 4.5 159.7 5.8 
1900 56.8 8.3 85.5 7.6 144.8 8.6 
2000 28.1 11.0 33 . 1 8.1 57.4 11 3 

Size -.742 in +,525 in Retention 5 rain. 

1800 164.1 3.8 16100 3.0 176.6 5 3 
1900 135.4 4.2 130.4 6.3 162.2 7.4 
2000 57.4 5.3 69.3 8.1 101.7 11.2 
2100 35.6 5.4 Fused --- 75.5 13.3 

Retention LO mAn. 
1800 156.6 4.1 146.6 3.1 172.2 5.3 

2100 Fueed -I-- Fused --- Fused ---- 
Retention 15 min, 

1800 145.4 2*9 167.9 3.4 174.1 6.4 
1900 101.6 3 3 84.2 8.4 134.8 9 . 2 
2000 33.1 7.0 33 1 9.8 64.9 7.7 



TABLE XXVI (cont.) 

Sutton #l Oven Pry Kinga River Lawing #3 Oven Dry 
Temp. 

#5 Oven Dry 

D ~ ~ .  Weighfi Absorption Weighf Absorption Weigh3 Absorption 
F. Lb/ft per cent Lb/ft per cent Lb/ft per cent 

Size  -3-mesh +8-mesh Retention 5 min. 

1800 137.3 201 161.0 4.5 157.2 2.9 
1900 103.6 3.7 112.3 8eO 117 9 7.8 
2000 101.7 0.6 58.0 16.1 86.7 8.2 
2100 75 .5 2.0 Fused ---- 50.5 12 5 

Retention LO min. 
1800 133.7 3 8 147.0 5 6 152-3 5.1 
1900 82.4 6.0 91.1 10.8 111,l 10.9 
2000 43.1 5 8 36.8 11.1 6 ~ ~ 4  11 1 
2100 Fused --- Fused -a-m Fused ---- 

Retention 15 a n .  
1800 124.8 4.7 144.1 4,4 132 3 7.1 
1900 77.4 4*4 83.6 7 3 104~8 10 1 
2000 46.2 5.7 38.7 11.1 63.6 8.6 

Size -.525 in.  +mesh Retention 5 min. 
1 00 1 5  2 2 161 5.7 
1900 ~ 2 0 ~ 4  3.7 132.9 5.3 146. o 8.4 
2000 83.6 2 . 2 61.2 4.8 101.7 14.4 
2100 54.3 3.2 33.1 12.6 53.7 13.5 

Retention 10 min. 
1800 140.4 2.8 148.5 5.3 161.6 4.8 

2100 Fused --- Fused --..I- 59.9 10.7 
Heteation 15 min. 

1800 134.8 148.5 5.5 152.9 7.4 
1900 79.9 2; 89.9 8.9 124.2 8.6 
2000 59 • 9 4.2 24.3 14.2 68.0 12.7 

Size  -,742 in .  +.525 in .  Retention 5 min. 

1800 151.6 147.9 5.1 168.5 4.0 
1900 105.5 2; 121.1 3.0 147.3 4.3 
2000 89.9 7.8 78.6 8.0 93.0 9.7 
2100 Fused --- Fused ---- 65.5 11.3 

Retention 10 min. 
IS00 133.5 7.4 163 5 3 8 169 • 7 8.2 
1900 84.9 7.9 116.7 6.7 117.3 8.0 
2000 29.3, 11.9 34.3 8.8 46.2 9.3 
2100 Fused ll.ll Fused -I-- Fused I.*LCI 

Retention 15 min. 
1800 143.5 5.9 150.4 2.4 149.1 4.2 
1900 71.8 8.2 85.5 5.8 122~9 6.6 
2000 37.4 8.6 39.9 8.8 54.9 lo,? 
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TABLE XXVII 

Sut ton #5 Air Dry 
Kings River Lawing #2 Air Pry 
#2 Air Dry 

T e m ~  . * 
Deg. Weigh3 Absorption Weighf; Absorption Weigh3 Absorption 
I?. Lb/ft per cent Lb/ft per cent Lb/ft per cent 

Size -3-mesh Retention 5 min. 

1800 151.6 3.1 170.4 1.8 167.9 1.6 
1900 129.8 3.8 122.9 4.1 139 2 5.5 
2000 88.6 2 9 68.0 111.7 7.3 
2100 64.9 4. o 49.9 7 5 log. 2 8,6 

Retention 10 min. 
1800 152.3 1.1 170.0 2 • 0 157.9 3.1 
1900 11014 1.7 111.1 12.3 137.9 4.4 
2000 75.5 2 3 59.3 6.7 89.9 6 . 3 
2100 Fused .I-m Fused ---- Fused ---- 

Retention 15 min. 
1800 141.0 3.3 163.5 0.8 156 00 T* 5 
1900 106.7 2.6 96.1 2.8 143-5 6 • 6 
2000 64,g 19 2 43.1 7 o 78.0 10.7 

Size -.525 in. c3-mesh Retention 5 min. 

1800 152.3 3 0 164.7 2.7 162.2 2.5 
1900 100.5 3 0 123.6 5.9 154.8 7.4 
2000 70.5 6.8 68.0 10.2 84.9 9 1 
2100 31.8 6 . 4 36.8 8.9 69.3 g . o 

Retention LO mia. 
1800 138.5 4.2 162.9 1.6 164.1 4.8 
1900 71.8 5.6 82.4 6.9 145.4 6.0 
2000 56.8 4.5 36.8 8.9 103.0 7.0 
2100 Fused ---- Fused ---- Fused ---- 

Retention 15 rnin. 
1800 126.7 4.4 147 3 5.5 157.2 6.4 
1900 72.4 5.6 77.4 6.4 132.9 6.1 
2000 45.6 15 0 33.1 8.1 49.9 9.4 

Size -.742 in. +.525 in. Retention 5 min 

1800 137.9 4.7 166.6 3.3 161 6 4.7 
1900 140.2 6.4 134.2 6 .3  145.4 7.4 
2000 61.2 6.1 64.9 9.1 98.6 12.8 
2100 28.1 9.7 30.0 15 3 72.4 8.7 

Retention 10 min. 
1800 122.9 6.4 1-51 0 160.4 6 5 
1900 74.3 3 5 93 6 ;I; 130.4 8.7 
2000 31.2 6.3 36.8 10.0 70.5 11.3 
2100 Fused ---- Fused ---- Fused I.L1- 

Retention 15 min. 
1800 116.7 4. 9 139 8 4.4 148 5 5.2 
1900 71.8 4.0 82.4 6.0 121.7 9.8 
2000 25.0 9 2 24.3 13.0 69.3 13 . 4 



T A B U  XXVII (cont.) 

Sutton #5 Oven Dry Kings River 
#2 Oven Dry Lawing #2 Oven Dry 

Temp. 

~ e &  Weigh3 Absorption L i g h f  Absorption Weighf Absorption 
F. Lb/ft per cent Lb/ft per cent Lb/ft per cent 

- - - - 

Size -3-mesh +8-mesh Retention 5 min. 
1800 157.9 4.2 156 6 6.0 151 6 5 l 6 
1900 138.5 3.7 137 3 7.8 146.6 8.0 
2000 81.7 1 9 72.4 0.7 105.5 11.5 
2100 51*2 4.9 Fused --.-I 63.6 15.2 

Retention 10 min. 
1800 137.3 4.0 151.6 5.9 143.5 7.1 
1900 86.1 9 • 1 111.1 11.3, 135 4 8.7 
2000 56.7 7.4 45.6 11.0 84.9 12.4 
2100 Fused ---- Fused ---- Fused -I-I 

Retention 15 min. 
1800 131.1 3.2 145.4 3 1 150.4 9 • 0 
1900 83.6 8.4 94.8 3.1 139.8 9.6 
2000 58.7 7 2 4307 9.1 84.9 12.4 

Size m.525 in. s3-mesh Retention 5 min. 

1800 154.8 2.6 164.7 1.8 166.0 1.8 
1900 107.3 4.7 113.6 2. 5 155.4 10.7 
2000 51.2 6.8 38.7 6 3 106.1 3.9 - 
2100 33.7 7.5 26.8 13.3 53.7 10*3 

Retention 10 min. 
1600 144.8 2.1 152 3 2.0 159.1 3.6 
1900 89.2 1.9 92.4 5.0 155.4 6.9 
2000 29.3 5.2 33.7 9.6 99.8 8.7 
2100 Fused ---- Fuaed ----. Fused ---.- 

Retention 15 mia. 
1600 134.2 2.3 136 7 0.7 156 6 405 
1900 71.8 4.3 83 16 2.6 86.1 6.5 
2000 31.2 7.3 28.7 6,o 78.6 6 . 5 

Size -0742 in. +.525 in. Retention 5 min. 
1800 141.6 5.7 162.9 4.4 167.9 5.8 
1900 116.7 6.0 124~8 7.5 161.6 7.0 
2000 48.7 4,O 57*4 11 5 79.3 9.7 
2100 27 5 7 1 33.7 11 5 51.2 13.8 

Retention 10 min. 
1800 144.8 6.3 166.0 3.0 161.6 4.5 
1900 84.9 8.3 120.4 8 • 7 127.9 9-6 
2000 27.5 8,4 27.5 9.3 76.8 8-8 
2100 Fused -I-L Fused ---.- Fused ---- 

Retention 15 min. 
1600 134.2 5.2 159.7 5.8 168.5 5.5 
1900 75.5 5.7 108.6 7.6 137.9 8.8 
2000 25.0 7 O 41.2 7.6 36.8 13.0 



TABLE VXIf I 

CONCRETE MIX SPECIFICATIONS, 34.5 MILE SHAZE; 

Coarse Aaarepate: 

Mesh 
Retained Passed 

3/4" 
3/4" 

3/8 
3/8" 

4m 
4m 

Totals 
Unit Weight Loose 
Fineness Modulus 

Weight Per cent 
(Pounds ) - On 

0.0 

- I 
2.00 100.0 

Dry= 54.0 pounds per cubic 
= 6.0 

$mulative Per Cent 
Retained Passed 

0.0 
100.0 

50.0 
50.0 

100 . 0 
0.0 

foot 

Mesh Weight Per cent Cumulati~e Per Cent 
Retained Pasmd (Pounds) - On Retained Passed 

4m 0.00 0.0 
4m 100.0 

8m 0.25 10.0 10.0 
8m 90.0 

16m 0.50 20.0 30 0 
16m 70.0 

3Om 0.62 25.0 33 0 
30m 45.0 

50m 0.57 23 O 78. o 
50m 22.0 

100m 0.32 15.0 91 0 
loom 9.0 

P a  0.23 9.0 100.0 
Pan - - 0.0 

Totals 2 50 100.0 
Unit Weight Loose Dry= 69.5 pounds per cubic foot 
Fineness Modulus = 3.64 

Combined A a ~ r e ~ a t e :  

Unit Weight Loose Drys 77.1 pounds per cubic foot 
Fineness Modulus = 4.68 
Six Sack 
Equivalent Concrete= 1.21 pounds 

Water Required s23O milliliters 



TABLE XXIX 

CONCRETE MIX SPECIFICATIONS, 44.7 MILE SHALE 

Coarse Aa~reaate,:  

Mesh 
Retained Passed 

3/4" 
3/41t 

3/8 " 

3/8 " 
4m 

4m 
Totals  
Unit Weight Looae 
Fineness Modulus 

Weight Per cent Cumulative Per cent 
( Pounds ) On Retained Passed - 

Dry= 39.37 pounds per cubic foot 
= 6.00 

Fine Aggregate: 

Mesh Weight Per cent Cumulative Per cent 
Retained Passed (pounds ) On Retained Passed 

4 m  0.0 0.0 
4m 100eo 

8m 0.25 10.0 10.0 
8m 90.0 

16m 0.50 20.0 30.0 
16m 70.0 

30m 0.62 25 0 55.0 
30m 45.0 

Tom O* 57 a3 o 78.0 
50m 22.0 

l O O m  0.32 13.0 91.0 
loom 9.0 

Pan 0.23 9.0 100.0 
Pan - - oeo 

Totalls 2*50 100.0 
Unit Weight Loose Dry= 60.32 pounds per cubic foot 
Fineness Modulus = 3.64 

Combined Aaareaate: 

Unit  Weight Loose Dry= 62,4 pounds per cubic foot 
Fineness Modulus = 4.82 
Six  Sack 

Equivalent Concrete= 1.38 pounds 
Water Re qui re  d =520 m i l l i l i t e r s  



CONCRETE MIX SPECIFICATIOMS, 56 MILE SHALE 

Mesh Weight Per cent Cumulative Per cent 
Retained Passed (pounds ) 011 I Retained Passed 

3/4" 0.00 0.0 0.0 
3/4" 100.0 

3/8 It 0.75 50.0 50.0 
3/8 " 50.0 

4m 0.75 50.0 100 . 0 
4m - - 0.0 

To tale 21 50 100.0 
Unit Weight Loose Dry= 40.13 pounds per cubic foot 
Fineness Modulus = 6.00 

Fine A ~ ~ r e ~ a t e :  

Mesh Weight Per cent Cumulative Per cept 
Retained Passed (pounds On Retained Paseed * 

4m 100.0 
8 m  0. 25 10. O 10.0 

8m 90.0 
16m 0.50 20.0 30.0 

16m 70.0 
30m 0.62 25 o 55.0 

3Om 45.0 
5Om 0. 57 23.0 78.0 

50m 22.0 
lOOm 0.32 13.0 91 0 

loom 9.0 
Pan 0.23 9.0 100.0 

Pan - - 
Totals 2.50 100.0 
Unit Weight Loose Dry= 66.67 pounds per cubic foot 
Fineness Modulus = 3.68 

Combined A~areaate: 

Unit Weight Loose Dry= 62.4 pounds per cubic foot 
Fineness Modulus = 5-97 
Six Sack 
Equivalent Concrete= 1.30 pounds 

Water Required =557 milliliters 



TABLE XXXI 

CONCRETE MIX SPECIFICATIONS, 59 MILE SHALE 

Coarse Amreffate: 

Mesh Weight Per cent Cumulative Per c.ent 
Retained Paeaed -- (Pounds ) Oxl Retained Passed 

3/4" 0.00 0.0 0.0 
3/411 100.0 

3/8 It 0.82 50.0 50.0 
3/8 " 50.0 

4m 0.82 100.0 100.0 
4m - - 0.0 

Totals 1.64 150.0 
Unit Weight Loose Dry= 49.2 pounds per cubic foot 
Fineness Modulus = 6.00 

Fine A ~ ~ r e ~ a t e :  

Mesh Weight Per cent Cumulative Per cent 
Retained Passed (pounds) On Retained Passed 

4m 0.00 0.0 
4m 100.0 

8m 0. 25 10.0 LO . o 
8m 90.0 

16m 0.50 20.0 30.0 
16m 70.0 

3Om 0.62 25.0 55.0 
3Om 45.0 

50m 0.57 23 O 78.0 
5om 22.0 

lOOm 0.32 13.0 91.0 
loom 9.0 

P m  0.23 9.0 100 • 0 
Pan - -----I------ 

0.0 
Totals 2.50 100 . 0 
Unit Weight Loose Dry= 75.9 pounds per cubic foot 
Fineness Modulus = 3.64 

Combined A~~regate: 

Unit Weight Loose Dry= 65.8 pounds per cubic foot 
Fineness Modulus = 4.58 
Six sack 
Equivalent Concrete= 1.31 pounds 

Water Required =400milliliters 
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