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r Advisory ENG- 1 7  

From: C. J. F ranc i s ,  D i r ec to r ,  Engineering Divis ion 

Re : ENG - Technical Releases No. 26 and No. 27 

Attached a r e  (1)  Technical  Release No. 26 "The Use of S o i l s  Containing 
More Than 5 Percent  Rock Larger Than The No. 4 Sieve,"  and (2) Technical 
Release No. 27 "Laboratory and F i e l d  Tes t  Procedure f o r  Control  of Densi ty  
and Moisture of Compacted Ear th  Embankments" wi th  i t s  Appendix "Deta i l s  on 
Construct ion Control  Tes ts  f o r  Rocky S o i l s  i n  Compacted Ea r th  Embankments." 

The ma te r i a l  contained i n  t hese  Technical Releases  i s  included i n  National  
Engineering Handbook No. 19, Cons t ruc t ion  Inspec t ion ,  which w i l l  be d i s -  

0 
t r i b u t e d  t o  you soon. Technical  Release No. 26 w i l l  be found in t e r spe r sed  
i n  Chapter 3 .  Technical Release No. 27 and i t s  Appendix a r e  included,  
i n t a c t ,  i n  Chapter 4. 

We a r e  sending them t o  you now, as  a s e p a r a t e ,  f o r  g r e a t e r  ease  of s tudy  
and understanding. 

Because t h e  procedures ou t l i ned  i n  t hese  r e l e a s e s  w i l l  provide more p o s i t i v e  
c o n t r o l  and more p red ic t ab le  r e s u l t s  i n  i n v e s t i g a t i o n ,  design and cons t ruc-  
t i o n ,  we recommend t h e i r  immediate use. These p r i n c i p l e s  have been used on 
some jobs t h i s  p a s t  year and they  should be used on a l l  important jobs by 
cons t ruc t ion  year 1966. The "rock cor rec t ion"  method of determining moisture-  
dens i ty  r e l a t i o n s h i p s  w i l l  be abandoned as  you base your i n v e s t i g a t i o n ,  design 
and cons t ruc t ion  c o n t r o l  on the  procedures ou t l i ned  i n  Technical  Release No. 26. 

Addi t iona l  copies  of TR-26 and TR-27 may be obtained a s  descr ibed  i n  
Engineering Memorandum 20. 
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United S t a t e s  Department of Agr i cu l tu re  Technical  Release No. 27 
S o i l  Conservation Serv ice  February 4 ,  1965 
Engineering Div is ion  

LABORATORY AND FIELD TEST PROCEDURES FOR CONTROL OF DENSITY 
AND MOISTURE OF COMPACTED EARTH EMBANKMENTS 

The purpose of t h i s  t echn ica l  r e l e a s e  is  t o  coord ina te  procedures used 
f o r  c o n t r o l l i n g  moisture and d e n s i t y  of compacted e a r t h  m a t e r i a l s  i n  
labora tory  t e s t i n g  opera t ions  and f i e l d  cons t ruc t ion  c o n t r o l .  

The 

A. 

kinds and d e t a i l s  of t e s t s  vary wi th  k inds  of s o i l  involved. 

Fine-Grained and Non-Gravelly S o i l s  ( l e s s  than  5% rock l a r g e r  
than  No. 4 s i eve )  . 
A l l  l abora tory  and cons t ruc t ion  c o n t r o l  t e s t s  w i l l  be based upon 
t h e  moisture-densi ty  r e l a t i o n s h i p s  of s o i l  processed t o  pass  a 
No. 4 s i eve .  

Compaction requirements w i l l  c a l l  f o r  Compaction Class A c o n t r o l l e d  
t o  a s p e c i f i e d  degree of maximum d e n s i t y  obtained by ASTM Test  
Designat ion D-698 o r  D-1557 - Methods A o r  B.  

D e s i ~ n  va lues  w i l l  g ene ra l ly  be determined by t e s t i n g  s o i l  com- 
pacted t o  t he  s p e c i f i e d  percentage of  maximum d e n s i t y  obtained by 
the  Standard (D-698) compaction t e s t .  Higher compactive e f f o r t s ,  
e.g., Modified compaction, D-1557, may be used t o  determine t h e  
compacted p r o p e r t i e s  of some h ighly  p l a s t i c  (CL and CH) s o i l s .  I n  
such cases ,  des ign  va lues  w i l l  g ene ra l ly  be determined by t e s t i n g  
s o i l  compacted t o  90% of maximum "modified" dens i ty .  

F i e l d  Compaction Control :  The dry  dens i ty  and moisture content  of 
t h e  compacted f i l l  w i l l  be determined by us ing  d e n s i t y  t e s t s  S-2 
(Sand Cone), S-3 (Rubber Bal loon) ,  S-4 (Cal ibra ted  Cyl inder ) ,  S-5 
(Kerosene), and moisture t e s t s  S-10 (Oven) , S-11 (Quick Dry) , 
S-12 (Alcohol),  o r  S-13 (Speedy Moisture Meter) given i n  NEH, 
Sec t ion  19 - Construct ion.  

The degree of compaction of m a t e r i a l  i n  t he  f i l l  i s  determined by 
computing t h e  r a t i o  of  in-place embankment d e n s i t y  t o  maximum 
d e n s i t y  of t he  same m a t e r i a l  determined by moisture-densi ty  t e s t s  
S-6  (Rapid Method), S-7 (ASTM D-698), o r  S-8 (ASTM D-1557) given 
i n  NEH, Sec t ion  19. 

Resul t s  from moisture-densi ty  t e s t s  (S-6, S-7, o r  S-8) prev ious ly  
determined may be used a s  b a s i s  f o r  computing degree of compaction 
i n  t h e  f i l l  provided (a) m a t e r i a l s  t e s t e d  i n  t he  f i l l  a r e  essen-  
t i a l l y  t h e  same, based on s tandard  u n i f i e d  s o i l  c l a s s i f i c a t i o n  
f i e l d  t e s t s ,  a s  those f o r  which moisture-densi ty  curves were 



previous ly  developed & (b) t h e  moisture content  of m a t e r i a l  
t e s t e d  i n  t h e  f i l l  i s  near  optimum and t h e  dens i ty  va lue  determined 
by compacting one mold of ma te r i a l  a t  placement moisture taken from 
t h e  immediate a r e a  of t h e  in-place embankment t e s t  f a l l s  on o r  very  
near  t h e  predetermined moisture-densi ty  curve (using t h e  same pro- 
cedure f o r  both compaction t e s t s ) .  

It is  always advisable  t o  develop moisture-densi ty  curves on t h e  
&& f o r  each kind of ma te r i a l  excavated f o r  use on t h e  f i l l .  S o i l  
masses a r e  t oo  v a r i a b l e  t o  expect t h a t  a l l  m a t e r i a l  excavated from 
a s p e c i f i c  borrow source w i l l  be e x a c t l y  l i k e  t h e  small sample 
t e s t e d  i n  a labora tory .  I f  the  maximum dens i ty  of a job curve var -  
i e s  s i g n i f i c a n t l y  from t h a t  used i n  t he  des ign  of t he  embankment, 
t h i s  f a c t  should be brought t o  the  a t t e n t i o n  of t h e  des ign  engineer  
immediately t o  be  su re  t h e  ma te r i a l  f u l f i l l s  des ign  requirements.  

Many m a t e r i a l s  excavated from s p e c i f i c  borrow sources a r e  v a r i a b l e  
from load t o  load .  Var i a t ions  i n  m a t e r i a l s  may be due t o  s t r a t i f i -  
c a t i o n ,  i r r e g u l a r  topography and depth,  s p o t t y  and i r r e g u l a r  a r e a l  
p a t t e r n s  of depos i t i on  o r  o the r  causes.  I n  such cases ,  complete 
moisture-densi ty  curves should be developed a s  a b a s i s  f o r  com- 
put ing  the  degree of embankment compaction. These compaction t e s t s  

$. should be made us ing  s o i l  taken from the  i m e d i a t e  a r e a  around the  
in-place embankment d e n s i t y  t e s t  excavat ion.  Three o r  more ind i -  
v i d u a l  compaction t e s t  molds w i l l  gene ra l ly  be requi red  t o  de f ine  
the  maximum density-optimum moisture va lues  f o r  each sample. A new 
por t ion  of t h e  sample may be used f o r  determining each po in t  on 
t h e  moisture-densi ty  curve i f  t h i s  i s  more convenient than  re-using 
t h e  same po r t ion  f o r  each po in t  as prescr ibed  i n  Tes t s  S-7 and S-8. 

There w i l l  undoubtedly be many s i t u a t i o n s  where v a r i a t i o n s  i n  bor- 
row material t h a t  appear t o  be s i g n i f i c a n t  w i l l  have l i t t l e  e f f e c t  
upon maximum density-optimum moisture r e l a t i o n s h i p s  and moisture- 
d e n s i t y  curves developed f o r  a number of in-place embankment den- 
s i t y  t e s t  s i t e s  w i l l  be e s s e n t i a l l y  t h e  same. I n  such cases ,  t h e s e  
previous ly  determined moisture-densi ty  curves may serve  a s  a b a s i s  
f o r  u s ing  "one-point" moisture-densi ty  t e s t s  prev ious ly  discussed 
f o r  u se  i n  uniform s o i l s .  

B. Coarse-Grained S o i l s  - Group I. Gravel ly and s tony s o i l s  (more 
than  5% l a r g e r  than  No. 4 s ieve)  w i t h  hard, durable  rock. 

1. Sub-Group IA -- S o i l s  with more than  65% pass ing  No. 4 s i e v e  
( 35% rock) . 

Design and cons t ruc t ion  c o n t r o l  t e s t s  w i l l  be based upon 
moisture-densi ty  r e l a t i o n s h i p s  of t h e  f i l l  matrix (minus No. 4 
o r  314" f r a c t i o n ) .  The f i l l  mat r ix  is  def ined  a s  t h a t  f r a c t i o n  
of t he  s o i l - r o c k  mixture having a maximum s i z e  equal  t o  t h a t  
used i n  t h e  compaction test method. 



Compaction requirements w i l l  c a l l  f o r  Compaction Class  A con- 
t r o l l e d  t o  a s p e c i f i e d  degree of maximum d e n s i t y  obtained by 
performing ASTM Tes t  Designation D-698 o r  D-1557. 

Design va lues  w i l l  g ene ra l ly  be determined by t e s t i n g  the  f i l l  
mat r ix  compacted t o  95% of maximum Standard dens i ty  (D-698). 
When i t  i s  d e s i r a b l e  t o  ob ta in  d i f f e r e n t  engineering p rope r t i e s ,  
h igher  compactive e f f o r t s  may be used. 

F i e l d  Compaction Control :  The in-place d e n s i t y  and moisture 
content  of t he  compacted f i l l  w i l l  genera l ly  be determined 
according t o  Tes t  S-2, A l t e rna t e  A, NEH, Sec t ion  19. 

The moist weight and volume of t h e  t o t a l  sample w i l l  be d e t e r -  
mined, a f t e r  which t h e  t o t a l  sample w i l l  be screened o r  washed 
through a No. 4 o r  314" s i e v e ,  depending on t h e  method used. 
The moisture content  should be determined on a r e p r e s e n t a t i v e  
sample of t h e  f i l l  matr ix .  The moist weight and volume of t he  
rock i s  determined. The volume of t h e  rock should be measured 
by displacement i n  a siphon can o r  a graduated cy l inde r .  
D e t a i l s  on sepa ra t ing  and measuring t h e  volume of t h e  rock a r e  
covered i n  Appendix I. The weight of moist rock should be 
deducted from the  t o t a l  moist  weight of sample and the  volume 
of rock deducted from the  t o t a l  volume of sample, a f t e r  which 
t h e  approximate moist weight,  volume, and moist dens i tv  0.f t he  
f i l l  matr ix  can be computed. The dry  d e n s i t y  of t h e  f i l l  mat r ix  
i s  then  computed, us ing  the  moist d e n s i t y  and moisture content  
va lues .  

The degree of compaction w i l l  be computed as t h e  r a t i o  of i n -  
p lace  dry  dens i ty  t o  maximum dry  dens i ty  obtained by performing 
s p e c i f i e d  t e s t s  on t h e  f i l l  mat r ix  taken from and immediately 
around the  in-place dens i ty  t e s t  excavat ion.  A s  discussed under 
Fine-Grained S o i l s ,  P a r t  A,  if t h e  E i l l  mat r ix  of t h e  s o i l s  
from a s p e c i f i c  borrow source i s  unirorm i n  g rada t ion  and com- 
p o s i t i o n ,  comparison of r e s u l t s  from one compacted mold o r  
specimen wi th  a complete compaction curve previously developed 
may be adequate t o  d e f i n e  the  maximum compacted d e n s i t y  f o r  
t h a t  p a r t i c u l a r  t e s t .  

2. Sub-Group IB -- Gravel ly and s tony s o i l s  wi th  65% t o  35% 
passing No. 4 s i e v e  (35% t o  65% hard,  durable  rock) .  

a .  Laboratory t e s t s  and des ign  va lues .  
Tes t s  on t h e  minus 314-inch f r a c t i o n  of t h e  so i l - rock  
ma te r i a l  w i l l  genera l ly  be used a s  t h e  b a s i s  f o r  des ign  
when a l l  borrow ma te r i a l s  have about t h e  same g rada t ion  
c h a r a c t e r i s t i c s  i n  t he  f r a c t i o n  passing t h e  314-inch s i e v e  
and the  t o t a l  ma te r i a l  conta ins  l e s s  than  35% rock l a r g e r  
than 314-inch s i z e .  



Laboratory t e s t s  w i l l  genera l ly  be performed on specimens 
of the  minus 314-inch f r a c t i o n  compacted t o  95% of maximum 
dens i ty  obtained by ASTM D-698, Method C o r  D .  When i t  
becomes d e s i r a b l e  t o  ob ta in  d i f f e r e n t  engineering p r o p e r t i e s ,  
higher  compactive e f f o r t  may be used. 

Mass dens i ty  may be used a s  t he  b a s i s  f o r  degin t e s t s  when 
proposed borrow ma te r i a l s  a r e  q u i t e  v a r i a b l e  i n  t he  grada- 
t i o n  of t he  minus 314-inch f r a c t i o n ,  o r  have more than 35% 
l a r g e r  than  314-inch. I n  such cases ,  l abo ra to ry  t e s t s  w i l l  
be performed on ma te r i a l s  passing the  l - inch  o r  3-inch 
s i eve  compacted t o  an  a r b i t r a r y  base dens i ty  of t he  mass 
w i th  varying amounts of rock. The base dens i ty  of t h e  mass 
w i l l  g ene ra l ly  be e s t a b l i s h e d  a s  95% of maximum dens i ty  of 
t he  minus No. 4 f r a c t i o n  compacted by ASTM D-698 and 
ad jus ted  f o r  40% rock.  

When cons iderable  v a r i a t i o n  i n  the  rock content  of borrow 
ma te r i a l s  i s  ind ica t ed  by i n v e s t i g a t i o n s ,  t he  des ign  should 
be based on t h e  c h a r a c t e r i s t i c s  of t he  ma te r i a l  i n  the  l e a s t  
d e s i r a b l e  cond i t i on  of rock content .  S p e c i f i c a t i o n s  can 
then c a l l  f o r  random f i l l  from the  s p e c i f i e d  borrow sources.  

b . F i e l d  compact ion  c o n t r o l .  --- 
Care i n  s e l e c t i n g  and judging a r e p r e s e n t a t i v e  s i t e  f o r  in -  
p lace  dens i ty  t e s t s  i s  very important wi th  these  types of 
ma te r i a l s .  D e t a i l s  on t h i s  sub jec t  a r e  covered i n  Appen- 
d i x  I .  

When Class  A compaction i s  s p e c i f i e d ,  in-place dens i ty  
t e s t s  w i l l  be made i n  accordance wi th  Tes t  S-2 (ASTM D-1556, 
Sand Cone), NEH, Sec t ion  19, o r  by us ing  p l a s t i c  l i n i n g  and 
water t o  measure the  volume of t he  t e s t  hole  a s  descr ibed 
i n  Appendix I. The moist weight and volume of t h e  t o t a l  
sample w i l l  be determined, a f t e r  which the  t o t a l  sample w i l l  
be screened through a 314-inch s i eve .  The moisture content  
should be determined on a r ep re sen ta t ive  sample of t h e  minus 
314-inch f r a c t i o n .  The moist weight and volume of t he  rock 
l a r g e r  than  314-inch w i l l  be determined and sub t r ac t ed  from 
va lues  f o r  t he  t o t a l  sample. The p re fe r r ed  method of d e t e r -  
mining the  volume of p lus  314-inch rock i s  t o  measure d i s -  
placement i n  a siphon can o r  graduated c y l i n d e r .  This 
method may not  be p r a c t i c a l  when t h e  p lus  314-inch rock 
exceeds 3 inches t o  4 inches i n  diameter .  When t h e  rock is  
uniform i n  composition, t he  volume of rock may be computed 
by d iv id ing  t h e  clrlwei~ht of rock by t h e  bulk  dens i ty  of 
t he  rock, a s  given i n  labora tory  r e p o r t s  o r  determined by 
Tes t  S-15, NEH, Sec t ion  19. 

The maximum dens i ty  of t he  minus 314-inch f r a c t i o n  should 
be determined by Test  Nos. 8 o r  9, NEH, Sec t ion  19 (ASTM Test 
D-698 o r  D-1557, Method D) on ma te r i a l  taken from and immedi- 
a t e l y  around t h e  in -p l ace  dens i ty  t e s t  excavation. >. 



e t c  .) . 

When compaction of t h e  f i l l  i s  con t ro l l ed  by the  s p e c i f i c a -  
t i o n  of t he  type of equipment and the  number of passes  per  
l i f t ,  s u f f i c i e n t  dens i ty  t e s t s  should be made t o  i n su re  
t h a t  t he  s p e c i f i e d  compaction methods o b t a i n  t h e  des i r ed  
r e s u l t s .  In-p lace  d e n s i t y  t e s t s  w i l l  be performed by the  
same procedures descr ibed  f o r  c o n t r o l  of Class  A compaction. 
Control  w i l l  u sua l ly  be based on de termina t ion  of t h e  den- 
s i t y  of the  f i l l  mat r ix  (minus 3/4-inch f r a c t i o n ) .  Determi- 
n a t i o n  of mass dens i ty  may s u f f i c e  f o r  checking t h e  condi- 
t i o n  of random f i l l  from s e l e c t e d  borrow sources.  

3 .  Sub-Group I C  -- Stony and rocky s o i l s  with l e s s  than 35% pass- 
ing No. 4  s i e v e  ( > 6 5 %  hard,  durable  rock l a r g e r  than  No. 4  
s i eve )  . 
Type of equipment and number of passes  per  l i f t  w i l l  be spec i -  
f i e d  f o r  c o n t r o l  of compaction of t hese  ma te r i a l s .  Occasional 
in-place d e n s i t y  t e s t s  may be requi red  t o  c o r r e l a t e  equipment 
performance i n  va r ious  ma te r i a l s .  Such t e s t s  w i l l  r e q u i r e  
determinat ions of mass dens i ty .  

C. Coarse-Grained S o i l s  - Group 11. Rocky and s tony m a t e r i a l s  wi th  
moderately durable  rock (hard s h a l e ,  s i l t s t o n e ,  sandstone, s c h i s t ,  

Excavation and compacting processes ,  inc luding  moisture-densi ty  
t e s t s  (D-698 o r  D-1557) change t h e  g rada t ion  of t hese  m a t e r i a l s .  
The rock f r a c t i o n  i s  hard enough, however, t o  al low phys ica l  s i ev ing  
of va r ious  s i zed  f r a c t i o n s  without f u r t h e r  breakdown. 

I n s o f a r  a s  poss ib l e ,  l abora tory  t e s t i n g ,  des ign  va lues  and compac- 
t i o n  c o n t r o l  of t hese  ma te r i a l s  should be based on c h a r a c t e r i s t i c s  
of samples taken from t e s t  f i l l s .  The breakdown c h a r a c t e r i s t i c s  
should c e r t a i n l y  be known p r i o r  t o  t e s t i n g  and des ign  f o r  a l l  moder- 
a t e  t o  high hazard o r  important s t r u c t u r e s  involving use of these  
m a t e r i a l s .  

P red ic t ions  of breakdown w i l l  be made on t h e  b a s i s  of s p e c i a l  labor-  
a t o r y  t e s t s  and c o r r e l a t i o n  s t u d i e s  when d a t a  from cons t ruc ted  
embankments o r  t e s t  f i l l s  a r e  not  a v a i l a b l e .  (Figure 1 and Table 1.)  

1. Sub-Group IIA -- 65% o r  more passing No, 4  s i e v e  a f t e r  compac- 
t ion.  

Laboratory t e s t s  and des ign  va lues .  
Design va lues  w i l l  be determined by t e s t i n g  the  minus No. 4 
f r a c t i o n  when breakdown r e s u l t s  i n  compacted m a t e r i a l  wi th  l e s s  
than  35% rock (p lus  No. 4 )  o r  when t h i s  h igh  degree of break- . 
down is  requi red  t o  secure  adequate s t r eng th ,  impermeabili ty o r  
o t h e r  engineer ing  p r o p e r t i e s .  



Laboratory t e s t s  w i l l  be conducted on samples processed t o  pass  
a No. 4 s i e v e  wi th  a l l  p a r t i c l e  s i z e s  represented i n  t he  mix- 
t u r e .  Test: specimens w i l l  genera l ly  be compacted t o  95% of max- 
imum dens i ty  obtained by Test  ASTM D-698, Method A,  o r  90% of 
maximum dens i ty  obtained by Tes t  D-1557, Method A. 

Compaction requirements w i l l  g ene ra l ly  c a l l  f o r  Compaction 
Class  A con t ro l l ed  t o  a spec i f i ed  degree of maxidm dens i ty  
obtained by s p e c i f i e d  t e s t  method. They may a l s o  c a l l  f o r  com- 
pacted ma te r i a l  t o  have a c e r t a i n  breakdown a s :  65% o r  more 
passing No. 4 s i eve .  

F i e ld  compaction c o n t r o l .  
In-place dens i ty  w i l l  be determined us ing  Tes t s  S-2, S-3, S-4, 
o r  S - 5 ,  NEH, Sec t ion  19, with Tes t  S-2 gene ra l ly  prefer red .  The 
t e s t  sample should be separated on a No. 4 s i eve .  Mater ia l  
l a r g e r  than  No. 4 s i e v e  should be cleaned a s  wel l  a s  poss ib l e  
without  washing (see  Appendix I). The moist weight and volume 
of ma te r i a l  l a r g e r  than  the  No. 4 s i eve  w i l l  be determined and 
subt rac ted  from the  t o t a l  moist  weight and volume of t h e  t e s t  
sample. 

Volume measurements of t h e  rock f r a c t i o n  by water displacement 
w i l l  r equ i r e  soaking the  rock t o  s a t u r a t i o n  p r i o r  t o  measure- 
ment i f  i t  i s  no t  a l r eady  near  s a t u r a t i o n .  

Volume measurements of rocks t h a t  d i s i n t e g r a t e  when soaked i n  
water should be made by (a)  s u b s t i t u t i n g  kerosene o r  d i e s e l  f u e l  
f o r  water a s  a displacement l i q u i d  i n  Tes t  S-5, NEH, Sec t ion  19, 
o r  (b) determining the  moist bulk d e n s i t y  of s eve ra l  l a r g e r  
p ieces  o r  rock represent ing  t h e  e n t i r e  rock f r a c t i o n  by Tes t  
S-15, Method B ,  NEH, Sec t ion  19. 

Addi t iona l  i n s t r u c t i o n s  f o r  measuring the  volume of moderately 
durable  rocks a r e  included i n  Appendix I. 

When moist bu lk  dens i ty  of i nd iv idua l  rocks i s  used t o  compute 
t h e  t o t a l  volume of rock,  i t  must be determined t h a t  t he  mois- 
t u r e  con ten t s  a r e  comparable f o r  t h e  rock i n  t h e  test sample 
and rock used f o r  t h e  bulk d e n s i t y  t e s t s .  I n  such cases ,  t he  
t o t a l  volume of rock i n  t he  sample would be computed a s :  
Moist weight of rock divided by moist bulk d e n s i t y  of rock. I f  
var ious  kinds of rock occur i n  t h e  t e s t  sample o r  i f  t he  mois- 
t u r e  content  of t h e  rocks is v a r i a b l e ,  a l l  rocks i n  t he  t e s t  
sample and i n  t he  bulk dens i ty  de te rmina t ion  should be d r i e d  
and the bulk dens i ty  computed on the  b a s i s  of d ry  weights.  

Maximum dens i ty  va lues  t o  be used i n  computing the  degree of 
embankment compaction should be determined by performing t h e  
spec i f i ed  Tes t  D-698 o r  D-1557 (Method A o r  B) on m a t e r i a l  pass- 
ing a No. 4 s i e v e  co l l ec t ed  from and immediately around t h e  in-  
p lace  dens i ty  excavat ion.  



2. Sub-Group IIB -- 65-35% pass ing  No. 4  s i e v e  a f t e r  compaction 
(35-65% moderately durable  rock l a r g e r  than  No. 4 s i e v e  a f t e r  
compact ion) . 
Laboratory t e s t s ,  des ign  va lues  and compaction c o n t r o l  should 
be based on c h a r a c t e r i s t i c s  of ma te r i a l s  compacted i n  t e s t  f i l l s  
whenever poss ib l e .  Proposed use  of t hese  m a t e r i a l s  i n  c r i t i c a l  
s e c t i o n s  of any s t r u c t u r e  w i l l  r e q u i r e  t e s t  f i l l  information 
p r i o r  t o  t e s t i n g  and design.  

The long-time weathering and s t a b i l i t y  c h a r a c t e r i s t i c s  must be 
considered i n  e s t a b l i s h i n g  des ipn  va lues  and placement recom- 
mendations f o r  a l l  ma te r i a l s  conta in ing  more than  35% non- 
durable  rock. 

When Class  A compaction is  s p e c i f i e d ,  l abora tory  t e s t s  and con- 
s t r u c t i o n  c o n t r o l  w i l l  be based upon mass d e n s i t y .  

Laboratory t e s t s  and design va lues .  
Laboratory t e s t s  and des ign  va lues  w i l l  be based upon maximum 
dens i ty  of t h e  minus No. 4  f r a c t i o n  ad jus ted  f o r  40% plus  No. 4 
with  varying percentages of rock. A s  an example, shear  and 
permeabi l i ty  t e s t s  might be performed on samples of t h e  mass 
passing 1-inch o r  3-inch s i eves  and graded according t o  labora-  
t o r y  breakdown t e s t s  (Figure 1 ) .  A l l  t e s t  specimens would be 
compacted t o  a  s p e c i f i e d  base dens i ty  equal  t o  s p e c i f i e d  per-  
centage of maximum modified (D-1557) d e n s i t y  of t h e  minus N o .  4  
f r a c t i o n  ad jus ted  f o r  40% rock.  D i f f e ren t  amounts of rock would 
be added t o  each s e t  of t e s t  specimens. For  example: (a) The 
maximum modified d e n s i t y  of t h e  minus No. 4 f r a c t i o n  of a s h a l e  
sample might be 105 p .c . f  . , (b) 90% of maximum modified 
~d = 95 p .c . f . ,  (c) assuming a  bulk d e n s i t y  of t h e  s h a l e  a t  
140 p .c . f . ,  t h e  a d j u s t e d ~ d  of t h e  mass wi th  40% rock would be 
108 p.c . f ,  and (d) a l l  t e s t  specimens would be compacted t o  a 
mass dens i ty  of 108 p.c . f .  wi th  one s e t  conta in ing  35%, one 
s e t  SO%, and another  s e t  65% rock of uniform grada t ion  between 
t h e  No. 4  s i z e  and maximum s i z e  t o  be t e s t e d .  

F i e l d  compaction c o n t r o l .  
In-place d e n s i t y  w i l l  g ene ra l ly  be determined us ing  Tes t  S-2 ,  
NEH, Sec t ion  19, o r  t h e  p l a s t i c  l i n e r  method. I n s t r u c t i o n s  f o r  
s epa ra t ing  and measuring the  volume of rock when s i z e  separa-  
t i o n s  a r e  requi red  a r e  given i n  Appendix I. 

Compaction requirements may c a l l  f o r  minimum mass d e n s i t y  
r ega rd l e s s  of amount of rock o r  they may c a l l  f o r  s p e c i f i c  mass 
d e n s i t i e s  f o r  vary ing  rock contents .  I n  t he  l a t t e r  ca se ,  it 
would be necessary t o  determine the  percentage by dry  weight of 
p lus  No. 4  m a t e r i a l  f o r  each in-place dens i ty  t e s t .  

Moisture t e s t s  on these  ma te r i a l s  may r e q u i r e  s p e c i a l  methods 
d iscussed  i n  Appendix I. 



3. Sub-Group IIC -- Less than 35% passing No. 4 sieve after com- 
paction ( > 65% moderately durable rock) . 
Laboratory tests and design values. 
Laboratory tests will not generally be performed on these mater- 
ials. Design values will be based on results of tests on 
similar materials adjusted for rock contents greater than 65%, 
on field evaluation of actual performance in constructed fills, 
and on published data for large-scale field and laboratory tests. 

The long-time weathering and durability characteristics of 
these materials are extremely important in establishing design 
and placement recommendations. 

Field compaction control. 
Compaction control tests will not generally be performed on 
these materials and compaction requirements will be based on 
specification of method of placement. 

D. Group 111. Gravelly and stony soils containing soft, non-durable 
rock. 

The rock fractions of these materials are so soft and break down 
so easily that it is impossible to make a physical separation of 
various sizes. 

Laboratory tests and construction control will be based on mass 
density. It is important, however, that information be submitted 
with laboratory samples stating that size separations will not be 
feasible for construction control of these materials. Unless the 
testing facility is informed that such separations are not possible 
for construction control, laboratory tests and design values might 
be based erroneously on size separations that cannot be made on 
the job. 

Laboratory tests and design values. 
Design values for these materials will involve a series of labora- 
tory tests based on moisture-density relationships of material pro- 
cessed to pass No. 4 sieve. Individual test samples will be 
synthesized by the addition of varying amounts (20% to 40%) of 
plus No. 4 material. 

Field compaction control. 
Compaction requirements will call for a minimum mass density. In- 
place density will be determined by Tests S-2, S-3, S-4, or S-5, 
NEH, Section 19. 



O K L A E I W  SHALES: CWARISON OF LABORATORY BREAKDOWN W I T K  FOURCHE MALINE TEST FILL CORES 

XS- a s  U. a DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

GRAIN SIZE DISTRIBUTION GRAPH 
P r o j e c t  Locat ion - 

FINES I SAND I .- GRAVEL 1 
D E S I G N  D A T A  - - - -  - - - . a " -  

- - - - o  - 
5 %  ; s  - - ., 0 f o r  6 "  .s - , .  a ? q  g 

? ?  " .  
o  0 - 0  d d  d o  o -  - r. 

. -  D m  - 0  - - - - -  - -  - -  - -  - - - 0 2  2 5 5 
N 

Sieve N o .  X Parsing 
I 

I 0  

Sample No. Name 90 

1. 64W2408 DesMoines 2.10 2- 
2. 2409 Woodford 1.76 3+ 85 

3. 2410 Savanna 80 

4. 2411 
5. 2412 Cloud Chief 1.70 2- 13  
6. 2413 Doxe y 2.11 2+ 8.5 70 

7. Test F i l l  Atoka 
a * .z 

Laboratory compaction & breakdown t e s t  consis ts  of Modified 60 .? 
f 

e f f o r t  on minus 14" material  with standard gradation i n  
a % 

6" d i m .  x 4.6" mold a t  natural  moisture. ,. 
50 

I 

Bulk 
Test Embanlanent Treatment Gs - 
Fourche Maline #1 2.10 \\NN\\ Coarsest gradation = 6 passes 

Grid Roller 
Finest  gradation = 2-3 passes Grid 

3-5 passes 
Sheepsfoot 

Fourche Maline #3 1.94 h%yLfl 4" l i f t ,  1 grid,  1 disc,  5 g r i d  

$J Ehbadment Cores 
Abs 7d Mass 7d < #4 - 

; E 2, ! q i j g t :  ?. - 9 q 2 t e s g -  1 ? : : 9 : : 4 9  
o  O d  d d d d d  

o  o  0 o o o o -  
D o  o  0 o o o o o  

Grain Size In Millimeters 

Std. Gradation used 
f o r  laboratory break- 
down t e s t  resu l t ing  
i n  Curves 1, 2, 3, 4, 
5 ,  6, 7.  

. . . , . . . * " 0 ""'0, d d  d  d d d d  * * " O C D  

Figure No. 1 





U. S. DEPARWENT OF AGRICULTURE 
SOIL dONSERVATION SERVICE 

- 
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No. 
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Boggy #24 

@ray Mod. hard I &e&s easy I I 
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TABLE 1 - CHARACTERISTICS OF OKLAHCMA SHALES USED FOR C(EIPARIS0N OF LABORATORY 
BIEKDNN TEST RESULTS AND TEST FILL BREAKDCW RESULTS 
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Comp Test ( a )  Natural Moisture; standard Gradation, 100$ < 1-1/2", 6 8  < 3/k1', 32% < #. 
Cmp. Test ( b )  Test ( a )  Sample with Absorbed Water. 
Cconp. Test ( c )  Special  Gradation; 100$ < 1-1/2", 0% < 3/k1'. 



1 / APPENDIX I- 

D e t a i l s  on Construct ion Control Tes t s  f o r  Rocky S o i l s  
i n  Compacted E a r t h  F i l l s  

Methods and equipment requi red  f o r  moisture- 'density (compaction) con- 
t r o l  t e s t s  i n  rocky s o i l s  vary  from those o r d i n a r i l y  used f o r  f i ne -  
grained s o i l s .  

Such f a c t o r s  as t h e  s e l e c t i o n  and p repa ra t ion  of a r e p r e s e n t a t i v e  t e s t  
s i t e ,  t he  dimensions of t h e  c o n t r o l  t e s t  ho le ,  t h e  type  and s i z e  of 
equipment used t o  measure t h e  volume of t h e  t e s t  ho le ,  sample s i z e s  
needed f o r  moisture determinat ions a r e  a l l  a f f e c t e d  by t h e  amount of 
rock,  t h e  kind of rock (durable  o r  non-durable),  and t h e  s i z e  of rock 
i n  t he  compacted embankment t o  be t e s t e d .  

I. Tes t  S i t e  Se l ec t ion .  

The s i t e  s e l e c t e d  f o r  an in-place dens i ty  t e s t  i n  rocky s o i l s  should 
r ep re sen t  average s o i l  and rock condi t ions  f o r  a p a r t i c u l a r  zone o r  
l i f t  of f i l l  o r  borrow source. 

A s i t e  conta in ing  occas iona l  rocks l a r g e r  than  normally encountered 
would not  be r ep re sen ta t ive .  Randomly occurr ing  rocks two t o  t h ree  
t imes l a r g e r  than  t h e  maximum s i z e  of t he  major p o r t i o n  of embank- 
ment m a t e r i a l  being t e s t e d  should gene ra l ly  be considered a s  non- 
r ep re sen ta t ive .  This  i s  p a r t i c u l a r l y  t r u e  when dea l ing  wi th  many 
of t h e  f i n e  g r a v e l l y  t i l l s  and al luviums conta in ing  l e s s  than  35% 
rock wi th  occas iona l  cobbles .  For compacted m a t e r i a l s  wi th  mass 
d e n s i t i e s  of 110 t o  125 p.c . f .  and rock d e n s i t i e s  of 120 t o  140 
p.c.f . ,  one 5-inch diameter rock would be equiva len t  t o  about 35% 
of t h e  t o t a l  sample from a t e s t  hole  6 inches i n  diameter  x 8 inches 
deep. I f  a l l  o t h e r  rock i n  t he  sample is  2 inches o r  l e s s  i n  d i m -  
e t e r ,  a 5-inch diameter  rock i s  obviously not  r ep re sen ta t ive  of t h e  
rock f r a c t i o n .  S imi l a r ly ,  a 2-inch rock may produce misleading 
r e s u l t s  i n  a d e n s i t y  t e s t  sample of m a t e r i a l  conta in ing  up t o  65% 
rock which otherwise passes  the  1/2-inch s i e v e .  

When random ove r s i ze  rocks a r e  encountered i n  a t e s t ,  a new s i t e  
should be s e l e c t e d  o r  t h e  weight and volume of t h e  ove r s i ze  rock 
deducted from t h e  t o t a l  weight and volume of t h e  t e s t  sample. Prop- 
e r  no ta t ions  should be en tered  i n  t he  d e n s i t y  t e s t  records  when 
adjustments i n  weight and volume a r e  made f o r  ove r s i ze  rock. 

1/ Appendix t o  Technical  Release No. 27, t i t l e d  "Laboratory and .F ie ld  
Tes t  Procedures f o r  Control  of Density and Moisture of Compacted 
E a r t h  Embankments ." 



The amount of rock i n  a d e n s i t y  t e s t  sample should r ep re sen t  
average condi t ions .  A s i t e  conta in ing  5% t o  10% rock would 
hard ly  be r ep re sen ta t ive  when most of t he  s o i l  being used con ta ins  
25% t o  35% rock. 

11. Tes t  Hole Volume Measurements. 

The s i z e  of t e s t  ho le  and t h e  type of equipment used t o  measure 
t h e  volume of ma te r i a l  removed vary  wi th  the  amount of rock and 
t h e  maximum s i z e  of rock.  

Table A - I ,  a t t ached ,  shows recommended minimum volumes and dimen- 
s ions  of in-place d e n s i t y  t e s t  ho les  f o r  varying s i z e s  of rocky 
m a t e r i a l s .  Test  hole  dimensions inc lude  top  width, bottom width, 
and depth.  Bottom width dimensions a r e  included s ince  i t  i s  d i f -  
f i c u l t  t o  excavate t e s t  ho les  wi th  v e r t i c a l  s i d e  wa l l s  i n  rocky 
s o i l s .  

Methods f o r  measuring t e s t  hole  volumes a r e  i d e n t i f i e d  i n  
Table A - I .  The Sand Cone Method (NEH, Sec t ion  19 - Test  S-2) 
us ing  ccnes 6.5 inches and 12 inches i n  diameter  gene ra l ly  works 
we l l  f o r  ma te r i a l s  wi th  maximum s i z e  rocks up t o  4 inches i n  
diameter .  

For very  rocky m a t e r i a l s  wi th  p a r t i c l e  s i z e s  l a r g e r  than  4 inches 
i n  diameter ,  the  p l i a b l e  l iner -water  volume method i s  recommended. 
This  method involves f i t t i n g  a t h i n  rubber o r  polyethylene shee t  
l i n e r  i n t o  the  t e s t  ho le  and measuring t h e  volume of water 
requi red  t o  f i l l  t he  l i n e d  hole .  P l a s t i c  drop shee t s  c l a s s i f i e d  
as No. 4 and 0.004 gauge a v a i l a b l e  i n  most p a i n t  and hardware 
s t o r e s  work we l l  f o r  t h i s  t e s t .  The p l a s t i c  s h e e t s  should be t h i n  
enough t o  con fom t o  su r f ace  i r r e g u l a r i t i e s  i n  t h e  t e s t  ho le ,  y e t  
s tu rdy  enough t o  r e s i s t  puncture by sharp  rocks. 

A. Tes t  S i t e  P repa ra t ion  and Measurement of Surface I r r egu la r i t i e s .  

Any in-place d e n s i t y  t e s t  s i t e  should be as l e v e l  and smooth 
a s  p r a c t i c a b l e .  Surface i r r e g u l a r i t i e s  gene ra l ly  e x i s t ,  
however, when t e s t i n g  rocky s o i l s .  

1. Sand Cone ~ e t h o d  

I n  us ing  a sand cone f o r  d e n s i t y  t e s t s ,  a base p l a t e  may 
o r  may not  be used. I n  e i t h e r  ca se ,  t h e  t a r e  weight of 
sand necessary t o  f i l l  the  cone i s  gene ra l ly  determined 
f o r  each c a l i b r a t e d  l o t  of sand and then  used a s  a s tand-  
a rd  weight i n  subsequent t e s t s .  When su r f ace  i r r e g u l a r i -  
t i e s  e x i s t  a t  t h e  l o c a t i o n  of t he  in-place d e n s i t y  t e s t ,  
t h e  s tandard weight of sand t o  f i l l  t h e  cone, a s  pre- 
v ious ly  determined on a plane su r f ace ,  w i l l  no t  be app l i -  
cab le .  Using a s tandard c o r r e c t i o n  f o r  amount of sand t o  
f i l l  t h e  cone w i l l  r e s u l t  i n  a volume l e s s  than  t r u e  



volume of m a t e r i a l  removed (h igher  d e n s i t y  than  t r u e )  
when rocks extend above the  su r f ace  of t h e  plane t o  be 
excavated. A volume g r e a t e r  than  t r u e  volume of m a t e r i a l  
removed (lower dens i ty  than  t r u e )  w i l l  r e s u l t  when holes  
and inden ta t ions  occur on t h e  su r f ace  of t he  plane t o  be 
excavated o r  when t h e  base p l a t e  i s  no t  f l u s h  wi th  the  sur -  
face  and sand moves i n t o  any annular  space between base 
p l a t e  and t e s t  su r f ace .  

Whenever t he  su r f ace  cannot be prepared i n  a l e v e l  plane,  
a t e s t  should be run on t h e  t e s t  s i t e  before  t he  hole  is  
excavated t o  determine t h e  amount of sand necessary t o  
f i l l  t he  cone and su r f ace  i r r e g u l a r i t i e s  - ASTM D-1556, 
Note 7 .  

2. P l a s t i c  Liner  Method 

The same p o t e n t i a l  e r r o r  i n  volume measurements on i r r e g -  
u l a r  su r f aces  e x i s t s  when us ing  t h e  p l a s t i c  l i n e r  and 
water  method. 

The fol lowing procedure is  recommended when t h e  su r f ace  of 
, the t e s t  l o c a t i o n  cannot be prepared i n  a l e v e l  plane.  

a .  A template  made of metal  (prefer red)  o r  wood, square 
o r  round, and varying i n  s i z e  from 24 inches t o  72 
inches x 2 inches t o  6 inches high should be f i rmly  
sea ted  over t he  t e s t  l o c a t i o n  i n  a s  l e v e l  p o s i t i o n  a s  
poss ib l e .  Rocks immediately under t he  edges of t h e  
template  should be removed without  d i s t u r b i n g  t h e  
surrounding s o i l  and d iscarded  from t h e  t e s t .  

b. F i t  t he  p l a s t i c  l i n e r  i n s i d e  t h e  template ,  t ak ing  c a r e  
t o  e l imina te  a l l  f o l d s  i n  t h e  p l a s t i c ,  t o  f i t  i t  
snugly i n t o  the  co rne r s  of a square template  and t o  
l i n e  any c a v i t i e s  a long t h e  edge of t he  template  
r e s u l t i n g  from removal of rocks i n  t he  s e a t i n g  process .  

c .  Measure and record t h e  amount of water  requi red  t o  
f i l l  t he  template  t o  a po in t  of overflow o r  some a r b i -  
t r a r y  l e v e l  measured by hook gauge o r  o t h e r  accu ra t e  
means. It is  gene ra l ly  e a s i e r  t o  weigh t h e  water  
involved than  measure volumetr ica l ly .  

d .  Remove t h e  water  and p l a s t i c  l i n e r  and proceed with 
the  t e s t .  A t  l e a s t  p a r t  of t h e  water should be 
removed before  a t tempt ing  t o  l i f t  out  t h e  l i n e r .  

B.  Tes t  Hole Excavation. 

Care should be exerc ised  i n  excavat ing and prepar ing  the  hole  
f o r  in-place d e n s i t y  measurements. 



The top  dimension of t he  hole  should be t h e  same dimension a s  
t he  hole  i n  t he  sand cone base p l a t e  o r  l i n e r  template .  

The s i d e s  of t he  hole  should be a s  smooth a s  poss ib l e .  Rocks 
and s tones  pro t ruding  from t h e  s i d e s  may prevent  the  sand o r  
w a t e r f i l l e d  p l a s t i c  from completely f i l l i n g  a l l  voids under 
and around t h e  rocks. This  i s  p a r t i c u l a r l y  t r u e  when the  
s tones  a r e  f l a t  o r  angular  and o r i en t ed  a t  r i g h t  angles  o r  
ob l ique ly  downward t o  t he  v e r t i c a l  a x i s  of t h e  hole .  I n  such 
cases ,  i t  i s  gene ra l ly  b e t t e r  t o  remove t h e  s tone  from the  
s i d e  of t he  hole  than t o  leave it i n  p lace .  When a s tone  is  
removed from t h e  s i d e  of t h e  hole ,  t he  r e s u l t a n t  c a v i t y  
should be enlarged and f l a r e d  t o  al low f r e e  and f u l l  occu- 
pancy by sand o r  l i n e r .  

The bottom of t he  hole  should be dished o r  cupped a s  much a s  
poss ib l e .  

C .  Volume Measurements. 

Extreme c a r e  should be exerc ised  i n  making and recording a l l  
measurements of weight and volume. Small e r r o r s  i n  any mea- 
surement a r e  accumulative and become s i g n i f i c a n t  when con- 
ve r t ed  t o  u n i t s  of pounds per  cubic  f o o t .  

The procedure f o r  measuring t h e  volume of m a t e r i a l  removed 
from the  d e n s i t y  t e s t  excavat ion wi th  sand cone i s  we l l  cov- 
e red  i n  t he  Construct ion Handbook and i n  ASTM D-1556. 

The procedure f o r  t he  p l a s t i c  l i n e r  method i s  a s  fol lows:  

1. Sea t  template  and l i n e r  on su r f ace  t o  be t e s t e d .  I f  sur -  
face  i s  no t  smooth and l e v e l ,  determine amount of water 
t o  f i l l  t h e  template  t o  overflowing o r  t o  a predetermined 
l e v e l  on t h e  template .  

2.  Excavate hole  w i th in  conf ines  of t he  template .  Save and 
weigh m a t e r i a l  removed from the  excavat ion.  

3 .  F i t  t h e  p l a s t i c  l i n e r  i n t o  the  hole  a s  snugly and evenly 
a s  poss ib l e .  This  can b e s t  be done by working the  l i n e r  
aga ins t  t h e  s i d e s  of t he  hole  a s  it i s  f i l l e d  wi th  water .  

4 .  Determine amount of water necessary t o  f i l l  t he  hole  and 
template  t o  overflowing o r  t o  t he  same l e v e l  a s  used t o  
determine i n i t i a l  t a r e  f o r  su r f ace  i r r e g u l a r i t i e s  (Step 1 )  . 
Water measurements w i l l  g ene ra l ly  be made i n  pounds ( t o  
t he  nea re s t  0.01 l b . ) ,  grams o r  cubic  cent imeters .  Check 
t h e  hole  t o  be su re  t he  p l a s t i c  d id  no t  l eak  a f t e r  empty- 
ing and removing t h e  l i n e r .  I f  l eaks  have occurred,  t he  
volume measurement must be repea ted .  



5. The volume of ma te r i a l  removed from t h e  t e s t  hole  w i l l  be 
equiva len t  t o  t he  t o t a l  volume of water used t o  f i l l  the  
hole  and template l e s s  t he  volume used t o  f i l l  the tem- 
p l a t e  on the  su r f ace  of t h e  ground ( t a r e )  a s :  

Volume i n  cu. f t .  = (Total  pounds water - t a r e  pounds 
water)  x 0.01603 

= (Tota l  grams o r  c . c .  water - t a r e  
grams o r  C.C. water)  x 0.0000353 

Other conversion f a c t o r s  which may be u s e f u l  a r e :  

1 ga l lon  water  @ 62' F. = 8.337 l b s .  
= 0.13368 cu. f t .  
= 3785.4 cu. cen t imeters  

1 pound (avoirdupois) water  = 0.01603 cu. f t .  
=453.6 grams o r  cu ,  cen t s .  

1 cu. cen t .  (c .c .) = 1 gram water  = 0.0000353 cu. f t  . 
1 cu. f t .  water  = 62.4 l b s .  

Screening and Separa t ing  Coarse and Fine  F rac t ions  when i t  i s  
Necessary. to  Determine the  Amount of Rock Larger  than  a No. 4 o r  
a 314-inch Sieve.  

Methods used t o  s epa ra t e  t he  f i n e  and coarse  f r a c t i o n s  w i l l  vary 
wi th  t h e  na tu re  of t he  rock. 

A. Hard Rock wi th  Low Absorption ( < 5 % )  Capacity.  

When a l l  rock i n  a sample has low absorp t ion  capac i ty ,  s i z e  
s epa ra t ions  may be made by washing t h e  e n t i r e  sample on t h e  
s p e c i f i e d  s i zed  s i e v e  (No. 4, 3/4-inch, e t c . ) .  

Representa t ive  samples of t h e  f i n e r  f r a c t i o n  should be co l -  
l e c t e d  f o r  moisture determinat ions before  t h e  washing process .  

Absorption c a p a c i t i e s  of s e v e r a l  samples of rock should be 
determined p r i o r  t o  a c t u a l  t e s t i n g  opera t ions  t o  be su re  t h a t  
low absorp t ion  ma te r i a l s  a r e  involved. Absorption capac i ty  
may be determined i n  t he  fol lowing manner: 

1. Soak rock specimens i n  c l e a r  water  f o r  a t  l e a s t  24 hours .  

2. Remove specimen from water  and remove a l l  su r f ace  water  
by b l o t t i n g  and p a t t i n g  wi th  absorbent  paper .  

3. Weigh s a t u r a t e d ,  su r f ace  dry  specimens. 



4. Oven dry specimens t o  cons tan t  weight.  This  may r equ i r e  
24 hours o r  longer .  

5. Compute % absorp t ion  a s :  

Net weight - dry  weight 
Dry weight 

B.  Rock wi th  Moderate t o  High ( > 5%) Absorption Capacity (Some 
Hard Rock, Shale ,  Sandstone, Chalk, e t c . )  and Mixtures of 
Rock wi th  Var iab le  Absorption Capaci t ies .  

When these  m a t e r i a l s  form the  rock f r a c t i o n  of samples t o  be 
separa ted  on the  No. 4 o r  314-inch s i eve ,  t he  sample should 
not  be washed through t h e  sepa ra t ing  s i eve .  Absorption of -- 
water  by the  rock dur ing  t h e  washing process  r e s u l t s  i n  e r ron-  
eous va lues  f o r  moist weight of rock.  

The fol lowing methods a r e  recommended: 

1. Mate r i a l s  wi th  Low P l a s t i c i t y  F ines  (SW, SP, GW, GP, SM, 
GM) 

a .  Determine moist weight of t h e  t o t a l  sample. Ex t r ac t  
a r e p r e s e n t a t i v e  sample of t h e  f i n e r  f r a c t i o n  (minus 
No. 4 o r  minus 314-inch) f o r  moisture determinat ion.  
This  may r e q u i r e  pre l iminary  screening  of a po r t ion  
of t he  sample before  processing t h e  e n t i r e  sample. 

b. Sieve the  t o t a l  sample on t h e  s p e c i f i e d  s i eve  (No. 4 
o r  314-inch) brushing and rubbing a s  much s o i l  from 
each rock a s  pos-sible.  

c .  Determine the  moist weight of t h e  brushed rock. 

d .  Determine t h e  volume of brushed rock by measuring the  
displacement i n  a siphon can  o r  graduated cy l inde r  a s  
descr ibed  i n  a succeeding sec t ion .  

e .  Compute t h e  moist weight and volume of t h e  f i n e r  f r a c -  
t i o n  (minus No. 4 o r  minus 314-inch) by s u b t r a c t i n g  
the  moist weight of rock from the  t o t a l  moist  weight 
of sample and t h e  volume of rock from the  t o t a l  vo l -  
ume of t he  sample. 

f .  Determine t h e  oven dry  weight of t h e l r o c k  i f  percent  
of rock by weight i s  requi red .  



2 .  Ma te r i a l s  w i th  P l a s t i c  F ines  (SC, GC).  

When i t  is impossible t o  c l e a n  t h e  rock by rubbing and 
brushing,  t h e  procedure should be a s  fol lows:  

a .  Determine moist weight of t h e  t o t a l  sample. 

b .  Ex t r ac t  a r ep re sen ta t ive  sample of t h e  f i n e r  f r a c t i o n  
f o r  moisture determinat ion.  

c .  Screen the  e n t i r e  sample on t h e  prescr ibed  .s ieve,  rub- 
bing and brushing a s  much s o i l  a s  poss ib l e  from the  
rocks.  

d .  Determine the  moist weight of t h e  brushed rock (p lus  
adhering s o i l )  . 

e .  Wash t h e  rock a s  c l e a n  a s  poss ib l e .  

f .  Determine t h e  weight of washed rock. 

g .  Measure the  volume of washed rock. 

h.  Compute the  weight of moist s o i l  adhering t o  t h e  
rock = [ (d) - ( f ) ]  . Add t h i s  weight t o  t he  moist 
weight of f i n e  f r a c t i o n  separa ted  on the  s i e v e  i n  
s t e p  ( c ) ,  thus  g iv ing  the  t o t a l  moist  weight of f i n e  
f r a c t i o n  = [ (a) - (d) + [ (d) - ( f )  1 . 

i. Determine the  dry weight of rock i f  t h e  percentage of 
rock by weight i s  requi red .  

Note: When l a rge  samples (12-inch sand cone o r  p l a s -  - 
t i c  l i n e r  t e s t )  a r e  involved, i t  may be e a s i e r  t o  per-  
form t h e  s i ev ing  opera t ions  a f t e r  drying t h e  e n t i r e  
sample. I n  such cases ,  a r ep re sen ta t ive  sample of 
t he  f i n e r  f r a c t i o n  should be e x t r a c t e d  f o r  moisture 
de te rmina t ion  before  drying the  remainder of t h e  
ma te r i a l .  

I V .  Volume Measurement of t h e  Rock F rac t ion .  

The fol lowing methods a r e  recommended f o r  measuring the  volume of 
any po r t ion  of t he  rock f r a c t i o n  ( l a r g e r  than  the  No. 4 s i e v e ,  
l a r g e r  than  314-inch, e t c . ) .  It should be noted t h a t  rocks with 
moderate t o  high absorp t ion  ( > 5 % )  should be s a t u r a t e d  before  
volume measurements by l i q u i d  displacement a r e  made. 

A .  Siphon Can o r  Other Overflow Volumeasure. 

This  method involves a d i r e c t  measurement of t he  volume of 
l i q u i d  d isp laced  through an  overflow p ipe  when a sample is  
completely immersed i n  t he  measuring device .  



Figure  A-I-a i l l u s t r a t e s  two types of siphon cans used f o r  
displacement measurements. 

The Type I device has t he  o u t l e t  of t h e  s iphon tube a t  a 
lower e l e v a t i o n  than  t h e  i n l e t .  The siphon tube d r a i n s  com- 
p l e t e l y  a t  t h e  end of each measurement and must be re-primed 
f o r  each t e s t .  When t h e  volume of specimen t o  be measured i s  
not  s u f f i c i e n t  t o  a c t i v a t e  t h e  siphon, non-absorbent a r t i c l e s  
of known volume can be introduced wi th  t h e  specimen. Be sure  
t o  s u b t r a c t  t he  known volume from the  t o t a l  volume d isp laced  
f o r  n e t  volume of specimen being measured. 

The Type I1 device  has t h e  o u t l e t  end of t h e  siphon tube a t  a 
h igher  e l e v a t i o n  than  t h e  i n l e t ' e n d .  The siphon tube r e t a i n s  
i t s  "prime" and does not  d r a i n  out  a t  t he  end of each measure- 
ment. When opera t ing  proper ly ,  t h i s  type of siphon can  i s  
very  s e n s i t i v e  and i s  a c t i v a t e d  a s  soon a s  any ob jec t  i s  
i n s e r t e d  f o r  measurement. 

Care should be exerc ised  i n  making t h e  Type I device t o  be 
su re  t h a t  (a)  t h e  end of t h e  siphon tube placed i n s i d e  the  
can is  c u t  square and placed i n  a plane p a r a l l e l  wi th  t h e  bot-  
tom of t he  can,  and (b) t h e  i n l e t  end of t h e  siphon tube i s  
reamed and f i l e d  t o  a sharp  edge. Correct  pos i t i on ing  and 
condi t ion ing  of t h e  i n l e t  end of t h e  s iphon tube is l e s s  c r i t -  
i c a l  f o r  t h e  Type I1 can bu t  t h e  o u t l e t  end should be reamed 
and f i l e d  f o r  t h i s  type.  Small diameter  tub ing  ( <  318 inch 
i .d . )  should be used f o r  t h e  Type I1 can  s i n c e  proper opera- 
t i o n  depends on r e t a i n i n g  t h e  "prime" i n  t h e  siphon tube.  
Larger  diameter  tubing can be used f o r  t he  Type I can. The 
curved s e c t i o n  of the siphon tube f o r  bo th  types of can should 
be round wi th  e s s e n t i a l l y  t h e  same diameter  as the  remainder 
of t h e  tube.  The b a f f l e  around the  o u t l e t  of t h e  s iphon tube 
i s  p a r t i c u l a r l y  he lp fu l  i n  dampening t h e  water  turbulence 
caused by immersion of t he  specimen i n  t h e  Type I can. 

Siphon cans should be placed i n  a l e v e l  p o s i t i o n  on a s o l i d  
base when used f o r  volume measurements. The a c t i o n  and accu- 
racy of t h e  device  should be checked s e v e r a l  times before  use  
by measuring the  displacement from a non-absorbent a r t i c l e  of 
known volume. 

The s iphon can should always be f i l l e d  above the  siphon tube 
and allowed t o  d r a i n  before  volume measurem&nts a r e  made. 

Ou t l e t  tubes o t h e r  than  a siphon tube can  be used t o  measure 
d isp laced  overflow. S t r a i g h t  o u t i e t  tubes do have some d i s -  
advantages i n  t h a t  t he  l a s t  of t he  overflow may d r i b b l e  out  
f o r  s e v e r a l  seconds (flow through a proper ly  cons t ruc ted  
siphon w i l l  s t o p  i n s t a n t l y  when water  l e v e l  i n  t h e  can reaches 
t h a t  of t h e  s iphon i n l e t )  ana the  l i p  of water  formed by sur -  
face  t ens ion  a t  the  i n l e t  of t he  tube may vary  from t e s t  t o  
t e s t .  



B . Direc t  Reading Volume Measurements. 

The volume of l i q u i d  d isp laced  by rock specimen can be d e t e r -  
mined by recording t h e  water l e v e l  i n  a  cy l inde r  o r  o t h e r  con- 
t a i n e r  before  and a f t e r  indnersing t h e  specimen. D i rec t  
readings i n  cubic  cent imeters  w i l l  be obtained by us ing  a  
graduated cy l inde r .  

Displaced volume can be measured i n  any con ta ine r  by marking 
the  con ta ine r ,  f i r s t ,  a t  t he  i n i t i a l  water l e v e l  without  
specimen and, secondly, a f t e r  submerging t h e  specimen and 
then  measuring o r  weighing the  amount of l i q u i d  requi red  t o  
f i l l  t h e  con ta ine r  between t h e  two marks. F igure  A-I-b shows 
one method of volume measurement i n  an  ungraduated con ta ine r .  

C .  Volume measurements of moderately durable  (Group 11)  rocks 
t h a t  d i s i n t e g r a t e  when soaked i n  water  can be made us ing  t h e  
siphon can  o r  c y l i n d e r  method wi th  kerosene o r  d i e s e l  f u e l  
i n s t ead  of water  as the  displacement l i q u i d .  

D.  Volume measurements of rocks o r  o t h e r  m a t e r i a l s  ( s o i l  c lods)  
t h a t  d i s i n t e g r a t e  when immersed i n  water  can  be made by wax- 
ing  the  specimen and then  measuring water  displacement i n  a  
siphon can o t  graduated cy l inde r  a s  follows: 

1. Clean and brush a l l  s o i l  and loose  p a r t i c l e s  from the  
specimen. 

2. Determine weight of each specimen (genera l ly  i n  grams). 

3.  Waterproof each specimen by c a r e f u l l y  coa t ing  wi th  melted 
wax. 

Note: Waterproof f i s h  l i n e  o r  l a d i e s '  nylon h a i r  n e t s  - 
may be used t o  make c r a d l e s  f o r  innnersing t h e  specimens 
i n  wax. High mel t ing  po in t  wax (mixture of bees '  wax and 
pa ra f f in )  provide a  more uniform coa t ing  than  ord inary  
p a r a f f i n .  The temperature of t h e  melted wax should be 
j u s t  above t h e  melt ing po in t  when the  specimen i s  
immersed. I f  t h e  wax is  too  hot ,  i t  r e a d i l y  pene t r a t e s  
i n t o  the  pores of t he  specimen. Two o r  more i m e r s i o n s  
i n  wax may be requi red  t o  completely waterproof t h e  spec i -  
mens. 

4. Weigh each waxed specimen (gene ra l ly  i n  grams). 

5. Determine the  volume of each waxed specimen (genera l ly  i n  
cubic  cent imeters )  . 

6. S t r i p  t h e  wax from each specimen and determine t h e  mois- 
t u r e  content .  



Determine t h e  s p e c i f i c  g r a v i t y  of t he  wax used t o  water- 
proof t h e  specimens. This  may be done by molding o r  
trimming specimens of t h e  wax i n t o  e a s i l y  measured forms, 
weighing t h e  specimens and accu ra t e ly  measuring t h e  dimen- 
s ions  of t he  specimens. It may a l s o  be done by measuring 
the  water  d i sp laced  by a known weight of wax. Submerging 
the  wax specimen f o r  displacement measurements may be done 
by weighting t h e  specimen wi th  an impervious a r t i c l e  of 
known volume. 

8. Compute t h e  volume of wax coa t ing  t h e  specimen as :  
weight of wax divided by s p e c i f i c  g r a v i t y  of wax. 

Vol. wax = 
W t .  of waxed specimen (4) - w t .  of unwaxed spec.  (2) 

Gs of wax 

9. Compute the  volume of t e s t  specimen as :  

Vol. of rock = Tota l  volume of waxed specimen (5) - 
vo l .  of wax (7) 

10. Form SCS-543, NEH, Sect ion  19, may be used t o  record 
d a t a  f o r  t h i s  t e s t .  

V .  Moisture Determinations. 

ASTM D-1556 and NEH, Sect ion  19, provide t h e  fol lowing guides f o r  
minimum amounts of ma te r i a l  requi red  f o r  moisture de te rmina t ions :  

Max. S i z e  P a r t i c l e s  Sample Required 
i n  T o t a l  Sample f o r  Moisture Grams 

Large samples of m a t e r i a l  (50 l b s .  o r  more) a r e  excavated f o r  in -  
p lace  dens i ty  t e s t s  on embankments with rock l a r g e r  than  2 inches.  
Se l ec t ing  a r e p r e s e n t a t i v e  sample f o r  moisture de te rmina t ions  on 
such m a t e r i a l s  i s  no problem i f  d e n s i t y  c o n t r o l  i s  based on t h e  
minus No. 4 o r  t he  minus 314-inch f r a c t i o n s .  The sample i s  sepa- 
r a t e d  on t h e  s p e c i f i e d  s i e v e  and moisture content  determined on a 
po r t ion  of t h e  f i n e r  ma te r i a l .  The moisture content  of t he  rock 
l a r g e r  than  t h e  dens i ty  c o n t r o l  f r a c t i o n  i s  no t  requi red  when 
volume of overs ize  rock i s  measured. 

However, s e l e c t i n g  a po r t ion  of t he  t o t a l  sample t h a t  w i l l  r epre-  
s e n t  t h e  moisture content  of t h e  mass i s  very  d i f f i c u l t  when 
these  l a rge  samples a r e  involved. This  i s  p a r t i c u l a r l y  t r u e  when 



mate r i a l s  con ta in  rock of v a r i a b l e  composition and moisture 
absorp t ion  c h a r a c t e r i s t i c s .  

The fol lowing a l t e r n a t e  procedures and precaut ions  a r e  recom- 
mended f o r  moisture determinat ions of t h e  mass on ma te r i a l s  with 
more than  35% rock wi th  maximum s i z e s  l a r g e r  than  2 inches.  

A .  Drying t h e  e n t i r e  sample taken from t h e  t e s t  excavat ion i s  
t he  p re fe r r ed  method f o r  moisture de te rmina t ions .  Type and 
s i z e  of drying equipment and time involved f o r  t e s t i n g  l i m i t  
t h e  p r a c t i c a b i l i t y  of t h i s  method. 

B. When dry ing  t h e  e n t i r e  sample i s  no t  p r a c t i c a l ,  t he  sample 
should be separa ted  a t  some a r b i t r a r y  s i z e  and moisture d e t e r -  
mined f o r  a p o r t i o n  of t he  f i n e r  f r a c t i o n  and f o r  a  p o r t i o n  
o r  t h e  e n t i r e  c o a r s e r  f r a c t i o n .  The problem i n  t r y i n g  t o  
r ep re sen t  t h e  moisture content  of t h e  mass by drying a po r t ion  
of t he  t o t a l  mass a r i s e s  from the  d i f f i c u l t y  i n  s p l i t t i n g  out  
a  small sample t h a t  t r u l y  r ep re sen t s  t h e  g rada t ion  of t h e  
t o t a l  sample, e s p e c i a l l y  when rock s i z e s  range from 114 inch  
up t o  4 inches t o  6 inches o r  l a r g e r .  A b e t t e r  representa-  
t i o n  of t h e  smal le r  s i z e s  can be made by sepa ra t ing  t h e  sam- 
p l e  on a  1-inch o r  2-inch s i e v e  and determining the  moisture 
content  of 500 t o  1000 grams of t h i s  f r a c t i o n .  I f  t h e  rock 
i n  t he  coa r se r  f r a c t i o n  i s  uniform i n  composition and hard- 
ness ,  a  po r t ion  of the  coarse  f r a c t i o n  could be used f o r  
moisture determinat ions.  The e n t i r e  coarse  f r a c t i o n  should 
be d r i e d  when d i f f e r e n t  kinds of rock a r e  present  i n  the  
sample. 

C .  More than  t h e  normal l eng th  of time w i l l  be requi red  t o  d ry  
coarse  f r a c t i o n s  wi th  hard rocks 1 inch  o r  l a r g e r  i n  s i z e  and 
any coarse  f r a c t i o n s  conta in ing  porous s h a l e ,  cha lk ,  sand- 
s tone  and t h e  l i k e ,  

V I .  Example Computations. 

The fol lowing s imp l i f i ed  examples w i l l  i l l u s t r a t e  computations of 
in-place d e n s i t y  and moisture.  

A .  Embankment ma te r i a l  has 35% t o  50% rock (p lus  No. 4) wi th  
maximum s i z e  of 4 inches.  Rock c o n s i s t s  of mixed q u a r t z i t e ,  
conglomerate and hard sandstone. S p e c i f i c a t i o n s  c a l l  f o r  
compaction c o n t r o l  on minus 314-inch f r a c t i o n .  

Volume Determination - 12-inch sand cone 

(1) W t .  of sand t o  f i l l  cone ( i n  place)  = 5.0 l b s .  

(2) W t .  of sand t o  f i l l  hole  + cone, = 45.0 l b s .  

(3) Net w t .  of sand f o r  volume measurement= 
(2) - ( I )  = 40 l b s .  



(4) Bulk density of test sand = 100 1bs.Icu. ft. 

(5) Volume of test hole = (3) + (4) = 0.40 cu. ft. 

Moisture-Density Determinations 

(6) Total weight moist material = 60.00 lbs. 

(7) Moist wt. of +3/4" fraction = 15.00 lbs. 

(8) Volume of +3/4" fraction = 0.10 cu. ft. 
(measured) 

(9) Volume of -314" fraction = (5) - (8) = 0.30 cu. ft. 

(10) ~oist wt. of -314" fraction = (6) - (7)= 45.0 lbs. 

(11) % Moisture of :3/4" from 500 gr.sample = 15% 

(12) Dry wt. of -314" fraction = 

[(lo) + (1 + g)] = 39.13 lbs. 
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(13) rd of -314" fraction = (12) + (9) = 130.4 1bs.lft. 

Note: Moisture content and dry weight of +3/4" fraction not - 
required as specification based on -314" and volume of 
+3/4" measured. 

B. Same embankment and material as Example "A" but specifica- 
tions call for compaction control on mass. 

Volume Determination 

1, 2, 3, 4, 5 - Same as Example "A"; Volume of test hole = 
0.40 cu. ft. 

Moisture-Density Determinations 

(6) Total moist weight = 60.00 lbs. 

(7) Moist wt. of +3/4" fraction (sample 
split for better representation of 
moisture content) = 15.00 lbs. 

(8) Volume of +3/4" fraction = 0.10 cu. ft. 
(measured) 

(9) Volume, of -314" fraction = (5) - (8) = 0.30 cu. ft . 
(10) Moist wt. of -314" fraction = (6) - (7)= 45.00 lbs. 



(11) % Moisture of -314" fraction 

(12) Dry wt. of -314" fraction = 

= 15.00% (from 
500 gr. sample) 

= 39.13 lbs. 

(13) Wt. dry of +3/4" fraction (Entire 
+3/4" fraction dried due to 
variance in rock) = 13.55 lbs. 

(14) Total dry wt. mass = (12) + (13) = 52.68 lbs. 

= 131.7 1bs.lft. 3 (15) rd mass = (14) + (5) 

(17) % of +3/411 material = (13) + (14) x 100 = 25.7% 

C. Embankment material-has 35%-60% rock with maximum size of 
6 inches. Rock consists of hard granite and gneiss. Speci- 
fications call for compaction control on the mass. 

Volume Determinations - 30" Template & Plastic Sheet 

(1) Wt. of water to fill template before 
excavation = 62.40 lbs. 

(2) Wt. of water to fill template after 
excavation = 187.20 lbs. 

(3) Net wt. water for excavation = 
(2) - (1) = 124.80 lbs. 

(4) Vol. of excavated material = 
[(3) + 62.41 = 2.00 cu. ft. 

Moisture-Density Determinations 

(5) Total moist wt. material excavated = 303.0 lbs. 
(Material separated on 1" sieve for moisture 
determination) 

(6) Moist wt. of +I" fraction = 116.50 lbs. 

(7) Moist wt. of -1" fraction = (5) -(6) = 186.50 lbs. 

(8) Moist wt. of portion of +I" fraction 
(sample can be split due to uniformity 
of rock) = 10.00 lbs. 

(9) Dry wt. of portion of +I" fraction = 9.61 lbs. 



(10) % Moisture of +Ift f r a c t i o n  = 

(11) Dry w t .  of t o t a l  +Iff f r a c t i o n  = - - 

(12) Moist w t .  of po r t ion  of -1" f r a c t i o n  
(sample s p l i t )  

(13) Dry w t .  of po r t ion  of -1" f r a c t i o n  

(14) % Moisture of -1" f r a c t i o n  = 

(15) Dry w t .  of t o t a l  -1" f r a c t i o n  = 

(16) To ta l  d ry  w t .  = (11) + (15) 

(17) y ,  mass ( t o t a l )  = (16) + (4) 

(18) % Moisture of mass = 

= 111.96 l b s .  

= 5.52 l b s .  

= 5;16 l b s .  

= 174.30 l b s .  

= 286.26 l b s .  

= 143.1 l b s . / f t .  
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Table A - I  - In-Place Density Tes t  Spec i f i ca t ions  

S o i l  
Group 

- 

% 
Rock 

(+ No. 4) 

Maximum 
P a r t i c l e  
S i ze  i n  

Mass 
Diameter 

2" 

In-Place Density Tes t s  

Test  Hole 
Volume 
Cu. F t .  

Tes t  Hole Dimensions Compaction 
Control  Met hod TOP 

I n .  
Bottom 

I n .  
Depth 

I n .  

- No. 4 
I A 

I I A  

I B  
I I B  

I C  
I I C  

4 

8  

4  

8  

12 t o  18 

24 

Var iab le  

Var iab le  

Var iab le  

Var iab le  

4  

6%" sand cone 

- No. 4  12" sand cone 

6%" sand cone 
Group I B  gener- 
a l l y  c o n t r o l l e d  
on -314" o r  
mass 

12" sand cone 
12" template & 
p l a s t i c  l i n e r  

Group I I B  
gene ra l ly  con- 
t r o l l e d  on 
mas S 

24" t o  30" 
template  wi th  
p l a s t i c  l i n e r  

48" template w/ 
p l a s t i c  l i n e r  

Mass & Method 12" sand cone 
12" template w l  
p l a s t i c  l i n e r  

Mass & Method 

Mass & Method 

Mass & Method 

30" template w/ 
p l a s t i c  l i n e r  

48" template w/ 
p l a s t i c  l i n e r  

72" template  w/ 
p l a s t i c  l i n e r  

6y '  sand cone Mass 
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6. MEASUREMENT OF D/SPLACEMENT /A/ UN- GRADUATED CYUNDER. 

FIGURE A-1: METHODS OF ME4SURING VOLUME OF 






