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S t u d y  o f  t h e  O c c u r r e n c e  a n d  E f f e c t s  o f  O r g a n i c  M a t t e r  i n  R e l a ­

t i o n  t o  t h e  S t a b i l i z a t i o n  o f  S o i l s  w i t h  C e m e n t

Étude de la présence et des effets des matières organiques dans la stabilisation du sol par les 
ciments

by D . J. M a c l e a n , B.Sc ., A . Inst. P., 

and

P. T . Sh e r w o o d , B.Sc ., A .R .I.C . R oad  R esearch L aborato ry , D epartm en t o f  Scientific and Industria l R esearch, 

H arm ondsw orth , England

Sum m ary

A study has been made of the occurence and effects of soil 
organic matter that interferes with the hardening of cement- 
stabilized soil. It is shown that the pedological classification can 
be used for estimating the depth of surface soil that contains 
active organic matter ; this depth ranges from 0 to 5 feet in Great 
Britain depending to which one of the five major soil groups the 
soil profile belongs. A " transition zone ” was found to occur 
between zones of high and low organic activity, and calcium 
chloride was effective in overcoming the effect of organic matter 
only with soils from this zone.

By extracting and fractionating the organic matter in a soil 
from a podzol profile it was shown that the organic compounds 
that effect the hardening of cement were concentrated in a fraction 
that was rich in compounds of the hydroxy-quinone type.

The effect of organic matter is known to be closely associated 
with its ability to combine with calcium ions liberated by the 
hydrating cement. A test based on the measurement of the amount 
of calcium absorbed by the soil was found to be satisfactory for 
sandy soils but unsuitable for clay soils due to the difficulty of 
separating the amounts of calcium removed respectively by the 
clay fraction and by the organic matter. A generally satisfactory 
test for detecting the presence of active organic matter was found 
to be to measure the pH of a soil-cement paste during the early 
stages of hydration. The normal hardening of soil-cement did 
not occur when the pH of the soil-cement paste fell below 12*0 
in the conditions of test. This effect was reflected in a relation 
that was obtained between the pH of the soil and the unconfined 
compressive strength of the cement-stabilized soil. Alkaline soils 
were found to be generally more suitable for stabilization than 
acidic soils.

Introduction

In Great Britain the suitability of soils for stabilization 
with Portland cement is determined largely by their freedom 
from those forms of organic matter that are able to interfere 
with the normal hydration of the cement. Research has been 

carried out :
(/) To determine the soil conditions and depths below 

the ground surface in which such active organic 

matter is present.
(//) To obtain a better understanding of the chemical 

reaction by which organic matter interferes with the 
hydration of cement and to identify the types of 
compound responsible.

(i/7) To develop a diagnostic test for soils containing active 

organic matter.

Som m aire

Les auteurs ont étudié les conditions dans lesquelles on ren­
contre dans le sol des matières organiques qui s’opposent au 
durcissement du sol stabilisé au ciment et les effets qu’elles pro­
duisent. Ils démontrent qu’on peut se servir de la classification 
pédologique pour estimer la profondeur du sol superficiel qui 
contient des matières organiques actives ; en Grande-Bretagne 
cette profondeur varie entre 0 et 5 ft., selon le groupe auquel 
appartient le profil du sol (il y a cinq groupes principaux).

Il y a entre les zones de haute et basse activité organique une 
“ zone de transition ” ; le chlorure de calcium peut s'opposer 
à l’effet des matières organiques dans les sols de cette zone 
seulement.

L’extraction et le fractionnement des matières organiques d’un 
sol avec un profil podzolique ont démontré que les composés orga­
niques qui influencent le durcissement du ciment étaient concen­
trés dans la fraction riche en composés du type hydroxy-quinone.

On sait que l’effet des matières organiques est intimement lié 
avec leur capacité de se combiner avec les ions de calcium, libé­
rés par le ciment en cours de prise. On a constaté qu’un essai basé 
sur la mesure de la quantité de calcium absorbé par le sol convient 
aux sols sableux mais pas aux sols argileux, à cause de la difficulté 
de séparer la quantité du calcium enlevé par l’argile et par les 
matières organiques lors du fractionnement.

Un essai en général satisfaisant pour démontrer la présence des 
matières organiques actives, est la mesure du pH d’une pâte de 
sol-ciment pendant les premières phases de l’hydratation. Le 
durcissement normal du sol-ciment ne se produit pas quand le 
pH de la pâte de sol-ciment descend au-dessous de 12,0 dans les 
conditions de l’essai. Cet effet se reflète dans le rapport obtenu 
entre le pH du sol et la résistance à la compression sans contrainte 
latérale du sol-ciment. On a constaté que, en général, la stabilisa­
tion convient mieux aux sols alcalins qu’aux sols acides.

Investigation of soil conditions in which active organic m atter

is present

Since the pedological classification of a soil profile is related 
to the chemical composition of the surface layers of soil, an 
investigation was made to determine whether the interference 
with the hardening of soil-cement was related to the type of 
profile from which the soil was obtained. In Great Britain 
the principal pedological groups are the pozdols, brown earths, 
gleys and calcareous. A number of profile samples were obtai­
ned from each group and the compressive strengths of cylindr­
ical specimens at an age of 7 days were determined according 
to the British Standard procedure ( B r i t i s h  S t a n d a r d s  I n s t i ­

t u t i o n ,  1957) for each sample when stabilized with 10 per 
cent of ordinary Portland cement. The results of this inves­
tigation showed that although the relations between the
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s t r e n g t h  o f  s o i l - c e me n t  a n d  s a m p l e  d e p t h  d i f f e r e d  a s  b e t we e n  

d i f f e r e n t  p r o f i l e s  i n  t h e  s a m e  p e d o l o g i c a l  g r o u p ,  t h e  d i f f e r e n c e s  

we r e  m u c h  g r e a t e r  f o r  t h e  r e l a t i o n s  f o r  p r o f i l e s  t a k e n  f r o m  t h e  

d i f f e r e n t  p e d o l o g i c a l  g r o u p s .  Ty p i c a l  r e s u l t s  f o r  e a c h  g r o u p  

( F i g .  1 )  s h o w  t h a t  s a t i s f a c t o r y  h a r d e n i n g  o f  t h e  s o i l - c e me n t  

( d e f i n e d  h e r e  a s  a  m i n i m u m  c o m p r e s s i v e  s t r e n g t h  a t  7  d a y s  

o f  2 5 0  l b . / s q .  i n . )  w a s  o b t a i n e d  f o r  a l l  d e p t h s  i n  t h e  h i g h  b a s e  

s t a t u s  (a l k a l i n e )  b r o w n  e a r t h  p r o f i l e  a n d  a t  a l l  e x c e p t  a t  t h e  

s u r f a c e  f o r  t h e  c a l c a r e o u s  p r o f i l e . Wi t h  t h e  l o w b a s e  s t a t u s  

(a c i d i c )  b r o w n  e a r t h ,  g l e y  a n d  p o d z o l  p r o f i l e s , o n  t h e  o t h e r  

h a n d ,  s a t i s f a c t o r y  s o i l - c e me n t  s t r e n g t h s  we r e  o b t a i n e d  o n l y  

wi t h  s a m p l e s  t a k e n  f r o m  s o m e  d e p t h  r a n g i n g  f r o m  15  i n . 

wi t h  t h e  g l e y  t o  a s  m u c h  a s  3  f t . o r  m o r e  wi t h  t h e  l o w  b a s e  

s t a t u s  b r o w n  e a r t h  a n d  p o d z o l .  T h e s e  r e s u l t s  a r e  o f  p a r t i c u l a r  

s i g n i f i c a n c e  i n  r e l a t i o n  t o  mi x- i n - p l a c e  c o n s t r u c t i o n ,  f o r  w h i c h  

it  i s  p o s s i b l e  t o  p r e d i c t  f r o m  a  k n o w l e d g e  o f  t h e  p e d o l o g i c a l  

g r o u p  t h e  p r o b a b l e  d e p t h  a t  w h i c h  s o i l  c h e m i c a l l y  s u i t a b l e  

f o r  c e m e n t  s t a b i l i z a t i o n  wi l l  b e  l o c a t e d .

Fi g .  1 Ty p i c a l  s t r e ngt h- de p t h  r e l a t i ons  f o r  s oi l s  f r o m  f o u r  

m a j o r  soi l  g r o u p s .

Re l a t i o n  t y p e  e n t r e  l a  r é s i s t a nc e  et  l a  p r o f o n d e u r  d u  s ol  

p o u r  q u a t r e  d e s  p r i n c i p a u x  g r o u p e s  d e  s ol s .

UNCONFINED COMPRESSIVE STRENGTH -  lb / sq.in.

F i g .  2  St r e n g t h - de p t h  r e l a t i on  a f t e r  di f f e r ent  i n t e r va l s  o f  t i me  

f o r  s oi l s  f r o m  p o d z o l  a n d  g l e y  pr of i l e s  s t a bi l i ze d 

wi t h  10  pe r  c e n t  o f  o r d i n a r y  Po r t l a n d  c e me n t .

Ra p p o r t  e n t r e  l a  p r o f o n d e u r  et  l a  r é s i s t a nc e  à  d e s  i nt e r ­

va l l e s  d e  t e m p s  di f f é r ent s  p o u r  d e s  s ol s  d e s  g r o u p e s  

p o d z o l  et  g l e y  s t abi l i s és  a v e c  10  p o u r  c e n t  d e  c i me n t  

Po r t l a n d .

F u r t h e r  t es t s  we r e  m a d e  i n  wh i c h  t h e  s t r e n g t h /a g e  r e l a t i o n s  

we r e  d e t e r m i n e d  f o r  c y l i n d r i c a l  s p e c i m e n s  m a d e  b y  s t a b i l i z i n g  

wi t h  1 0  p e r  c e n t  o f  P o r t l a n d  c e m e n t  s o i l  s a m p l e s  t a k e n  f r o m  

d i f f e r e n t  d e p t h s  i n  a  n u m b e r  o f  s o i l  p r o f i l e s . F i g .  2 ,  w h i c h  

s h o w s  t h e  r e s u l t s  f o r  a  g l e y  a n d  a  p o d z o l  p r o f i l e ,  i l l us t r a t e s  

t w o  g e n e r a l  f i n d i n g s .  F i r s t ,  s o i l s  wh i c h  f a i l e d  t o  h a r d e n  a f t e r

7  d a y s  a l s o  f a i l e d  t o  r e a c h  a  s a t i s f a c t o r y  s t r e n g t h  a f t e r  4 2  

d a y s  a n d  s e c o n d l y ,  s o i l s  i m m e d i a t e l y  a b o v e  t h o s e  w h i c h  

g a v e  s a t i s f a c t o r y  s o i l - c e me n t  s t r e n g t h s ,  h a d  l o w s o i l - c e me n t  

s t r e n g t h s  a t  7  d a y s  b u t  s a t i s f a c t o r y  s t r e n g t h s  a t  4 2  d a y s .  I n  

F i g .  2  t h i s “  t r a n s i t i o n  z o n e  ” ,  a s  i t  h a s  b e e n  d e s c r i b e d ,  o c c u r r e d  

a r o u n d  a  d e p t h  o f  1 6  i n .  i n  t h e  g l e y  p r o f i l e  a n d  a  d e p t h  o f  

2 2  i n .  i n  t h e  p o d z o l  p r o f i l e .

I t  i s  we l l  k n o w n  t h a t  t h e  u s e  o f  c a l c i u m  c h l o r i d e  a s  a  s e c o n ­

d a r y  a d d i t i v e  wi t h  P o r t l a n d  c e m e n t  s o m e t i m e s  e n a b l e s  s a t i s ­

f a c t o r y  h a r d e n i n g  t o  b e  o b t a i n e d  wi t h  o r g a n i c  s o i l s . E x p e r ­

i m e n t s  we r e  m a d e  t o  d e t e r m i n e  t h e  e f f ec t  o n  t h e  s t r e n g t h  o f

s p e c i m e n s  m a d e  f r o m  p r o f i l e  s a m p l e s  s t a b i l i z e d  wi t h  1 0  p e r  

c e n t  o f  P o r t l a n d  c e m e n t  o f  a d m i x i n g  1 a n d  2  p e r  c e n t  o f  

c a l c i u m  c h l o r i d e .  Ot h e r  t e s t s  we r e  m a d e  t o  d e t e r m i n e  t h e  

e f f e c t  o f  i n c r e a s i n g  t h e  c e m e n t  c o n t e n t  f r o m  1 0  t o  15  p e r  c e n t .  

F o r  s o i l s  w h i c h  d i d  n o t  h a r d e n  wi t h  1 0  p e r  c e n t  o f  c e m e n t  

e v e n  a f t e r  4 2  d a y s  n o  i n c r e a s e  i n  s t r e n g t h  w a s  o b t a i n e d  wi t h  

e i t h e r  t r e a t m e n t ,  b u t  f o r  s o i l s  f r o m  t h e  t r a n s i t i o n  z o n e  a d e ­

q u a t e  s o i l - c e me n t  s t r e n g t h  a t  7  d a y s  we r e  o b t a i n e d  b y  e i t h e r  

t h e  a d d i t i o n  o f  t h e  c a l c i u m  c h l o r i d e  o r  t h e  i n c r e a s e  i n  c e m e n t  

c o n t e n t .  T h i s  i n d i c a t e s  t h a t  c a l c i u m  c h l o r i d e  i s  o f  v a l u e  f o r  

i m p r o v i n g  t h e  c e m e n t  s t a b i l i za t i o n  o f  o r g a n i c  s o i l s  o n l y  f r o m  

a  l i mi t e d  p a r t  o f  t h e  s o i l  p r o f i l e , wh e r e  i t s  f u n c t i o n  a p p e a r s  

t o  b e  t h a t  o f  a c c e l e r a t i n g  t h e  r e a c t i o n  o f  t h e  c e m e n t .  I n  a n o ­

t h e r  e x p e r i m e n t  i t  w a s  s h o w n  t h a t  2  p e r  c e n t  o f  h y d r a t e d  l i m e  

h a d  n o  e f f e c t  i n  i m p r o v i n g  t h e  s t r e n g t h  o f  s o i l - c e me n t  i r r e s ­

p e c t i v e  o f  t h e  p o s i t i o n  i n  t h e  p r o f i l e  f r o m  wh i c h  t h e  s o i l  

wa s  t a k e n .

High  b ase 

s t at u s 

(Bu n n y .  N o t t s )

U N CO N FIN ED  C O M PRESSIV E ST REN G T H  O F A 10- 1 SO IL  C EM EN T  M IXT URE 

AT A N  A G E O F SEV EN  DAYS -  Ib / sq i n .

2 0 0  4 0 0  6 0 0  __________ 2 0 0 _______ 4 0 0 _______ 6 0 0
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acidify eitroct with HCL

SOIL
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eluted with.-
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10;I Acetone-woter Distilled 
mixture woter N/ a NoOH

Precipitóte : HUMIC ACID FRACTION

Extraction with 
ocidified olcohol

Eitroct 
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I
Residue : FRACTION I 

- Precipitóte : FRACTION II

Concentrate by evaporation 
add benzene ond filter

FRACTION HI 
Eitracl with elher

_____ I______

Filtrate (fats) rejected

Residue
Extraction with ethyl acetate

Cooled
I

Solid deposit Solution Solid deposit Solution

FRACTION A FRACTION b FRACTION C FRACTION D FRACTION ffla FRACTION ID b FRACTION IDf. FRACTION Hid

Residue
I

Extraction with dioion

I- - - - - - - - 1
Solution Residue

FRACTION IHe FRACTION IIIf

Fig. 3 Procedure for extracting and fractionating soil organic matter.

Processus d’extraction et de fractionnement de la matière organique contenue dans le sol.

Requirement for diagnostic test for active component o f soil 

organic m atter

In  spite of the usefulness of the pedological system of classi­
fication it would clearly be an advantage to have a reliable 
diagnostic test for soils containing active organic matter.

M easurement of the total amount of organic matter present 
is only of limited value since, although it has been shown that 

British soils that have organic contents in excess of 2 per cent 
are unsuitable for stabilization with soils containing less than 
2 per cent of organic matter it is the type rather than the total 
amount of organic matter which influences the hydration of 

cement. Research has therefore been directed to the develop­
ment of such a test, and this has involved investigations to 

determine the types of organic compound responsible for the 
interference with the hardening of cement and to obtain a better 
understanding of the chemical reactions that take place. It 
was anticipated that a knowledge either of the type of com­
pound or of the type of reaction would provide a good indica­
tion of the form of diagnostic test required.

Separation and identification o f the active component o f soil 

organic m atter

The first line of approach was studied by Dr. V. Arkley at 
the R oad Research Laboratory. He used the procedure for 
extracting and fractionating soil organic matter shown sche­
matically in Fig. 3. The soil chosen for study was taken from 
the horizon in a podzol profile known to contain the highest 
proportion of active organic matter. The proportions of 
each fraction of the organic matter separated from this soil 
are shown in Table I.

It was found that extraction with sodium hydroxide removed 
approximately 60 per cent of the organic matter present 
and that the organic matter remaining had no effect on the 
hardening of the cement. The effect of the fractions isolated 
from the soil on the setting of ordinary Portland cement was 
established by mixing them with an organic-free sand, and

determining the compressive strength a t an age of 7 days of 

the organic-contaminated sand when stabilized with 10 per 
cent of Portland cement.

The results (Table I) showed that most of the fractions 
extracted reduced the strength obtained with cement-stabi­
lized organic-free sand but that fraction II I  d  was the most 
active and was probably chiefly responsible for the low 
strengths obtained when this soil was stabilized with cement. 
It is of course probable that in the organic matter contained 
in other soils some of the other fractions might be more 
active.

A more detailed study was made of this fraction with the 
object of determining its chemical constitution. The main 
conclusion was that the active component comprised a group 
of chemical compounds having molecular structures which 
had one portion of their structure that was common to all, 
but which differed structually in other respects. Evidence 
was obtained that the common portion of the structure 
resembled that of compounds of the hydroxy-quinone type. 

Hydroxy-quinones are known to form complexes with metal 
ions such as those of calcium and, as is discussed later in 
this paper, this property is believed to be the cause of the 
activity of certain organic compounds towards cement.

Investigation o f the calcium absorption capacity o f soils

In the search for a diagnostic test based on the reaction 
between organic matter and cement, consideration was first 
given to the fact that interference with the hardening of cement 
is invariably associated with the ability of the active organic 
matter to form compounds with calcium. An investigation 
was therefore carried out to determine whether it was possible 
to detect the presence of active organic matter by measuring 
the amount of calcium that is immobilized by soil. This is 
called here the calcium absorption capacity and is determined 
by finding the amount of calcium removed fom a saturated 

solution of calcium hydroxide when it is shaken up with the 
soil.
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Co m p o s i t i o n  o f  o r g a n i c  ma t t e r  e xt r a c t e d  f r o m  t he  soi l  

a n d  t h e  ef fec t  o f  t he  f r a c t i ons  o n  t he  h a r d e n i n g  o f  c e me n t

Fraction

Percentage o f  each 

fraction present Amount 

added to 10:1 

sand-cement 

mixtures 

( % )

Compressive 

strength 

reduction o f  
sand-cement 

mixtures 

( %)

in soil 
organic 

matter 

extracted

in the soil

To t a l  f u l v i c

a c i d 25 0- 3 0- 5 30

A 5 0 0 6 0- 2 20

1 0 5 0

B 5 0 0 7 0 1 10

1 0 100

C 2 0 0 2 0- 05 15

1 0 100

D 13 0 1 5 0 1 20

1 0 100

To t a l  h u m i c

a c i d 75 0- 9 1- 3 75

I 26 0- 32 1 0 12

11 25 0- 30 1 0 10

I I I  a- f 24 0- 28 1 0 80

I I I  a 2 0 0 2 0- 25 0

0- 5 100

I I I  b 1 0 0 1 0- 25 0

0- 5 100

I I I  c 2 0 0 2 0- 25 30

0- 5 100

I I I  d 7 0 0 9 0- 25 85

0- 5 100

I I I  e 9 0 1 0 0- 25 2 0

0- 5 100

I I I  f 3 0 0 3 0- 25 15

0- 5 15

T h e  c a l c i u m  a b s o r p t i o n  c a p a c i t y  o f  4 5  s o i l s  w a s  m e a s u r e d  

a n d  p l o t t e d  a g a i n s t  t h e  u n c o n f i n e d  c o m p r e s s i v e  s t r e n g t h s  a t  

a n  a g e  o f  7  d a y s  o f  t h e  s o i l s  w h e n  s t a b i l i ze d  wi t h  1 0  p e r  c e n t  

o f  o r d i n a r y  P o r t l a n d  c e m e n t .  T h e  r e s u l t s  (F i g .  4 )  f o r  t h e  

2 5  s a n d y  s o i l s  ( c o n t a i n i n g  l e s s  t h a n  10  p e r  c e n t  o f  ma t e r i a l  

p a s s i n g  t h e  B . S .  N o .  2 0 0  s i e v e )  t h a t  we r e  s t u d i e d  s h o w e d  t h a t , 

wh e r e  t h e  c a l c i u m  a b s o r p t i o n  c a p a c i t y  o f  t h e  s o i l  e x c e e d e d  

8 0  m g  o f  c a l c i u m / 1 0 0  g  o f  s o i l , t h e  u n c o n f i n e d  c o m p r e s s i v e  

s t r e n g t h  a t  7  d a y s  w a s  i n v a r i a b l y  b e l o w  1 0 0  l b . / s q .  i n .  Wh e n  

t h e  c a l c i u m  a b s o r p t i o n  c a p a c i t y  w a s  l o we r  t h a n  8 0  m o s t  o f  

t h e  s a m p l e s  g a v e  s t r e n g t h s  g r e a t e r  t h a n  2 5 0  l b . / s q .  i n .  a t  7  d a y s .  

Ho w e v e r ,  wi t h  t h e  s o i l s  h a v i n g  a  s i g n i f i c a n t  c l a y  f r a c t i o n  n o  

r e l a t i o n  w a s  f o u n d  b e t we e n  t h e  c a l c i u m  a b s o r p t i o n  v a l u e  

a n d  t h e  s t r e n g t h  o f  s o i l - c e me n t . I t  w a s  c l e a r  t h a t  i n  t h i s  c a s e  

a b s o r p t i o n  o f  c a l c i u m  b y  t h e  c l a y  f r a c t i o n  d u e  t o  a  bas e -  

e x c h a n g e  r e a c t i o n  w a s  t a k i n g  p l a c e  i n  a d d i t i o n  t o  t h e  a b s o r p ­

t i o n  o f  c a l c i u m  b y  o r g a n i c  m a t t e r  a n d  t h a t  t h e  f o r m e r  e f f e c t  

h a d  n o  s i g n i f i c a n t  e f f e c t  o n  t h e  h a r d e n i n g  o f  t h e  s o i l - c e me n t . 

A n  a t t e m p t  w a s  t h e r e f o r e  m a d e  t o  d e v e l o p  a  m e t h o d  f o r  

c o r r e c t i n g  f o r  t h e  a b s o r p t i o n  o f  c a l c i u m  b y  t h e  c l a y  f r a c t i o n .  

T h i s  c o n s i s t e d  o f  m e a s u r i n g  t h e  c a l c i u m  a b s o r p t i o n  c a p a c i t y  

o f  t h e  s o i l  b e f o r e  a n d  a f t e r  t r e a t m e n t  wi t h  3 0  p e r  c e n t  h y d r o ­

g e n  p e r o x i d e .  T r e a t m e n t  o f  t h e  s o i l  wi t h  h y d r o g e n  p e r o x i d e  

f o l l o we d  b y  wa s h i n g  wi t h  wa t e r  r e m o v e s  m o s t  o f  t h e  o r g a n i c  

m a t t e r  a n d  i t  w a s  h o p e d  t h a t  t h e  d i f f e r e n c e  i n  t h e  c a l c i u m  

a b s o r p t i o n  b e f o r e  a n d  a f t e r  t h i s  t r e a t m e n t  w o u l d  g i v e  a  me a -
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C A L C IU M  A BSO R PT IO N  -  m g  Ca/ l O O  g r a m s  o f  d r y  so i l

Fi g .  4  Va r i a t i o n  o f  u n c o n f i n e d  c o m p r e s s i v e  s t r e ng t h  o f  s a nd-  

c e m e n t  wi t h  t h e  c a l c i u m a b s o r p t i o n  o f  t h e  s a n d  

(c e m e n t  c o n t e n t  =  10 pe r  c e n t ).

Va r i a t i o n  d e  l a  r é s i s t a nc e  à  l a  c o m p r e s s i o n  s i m p l e  d u  

s a bl e - c i me nt  a v e c  l e  t a u x  d ’a b s o r p t i o n  d u  c a l c i u m 

p a r  l e  s a b l e .

s u r e  o f  t h e  a b s o r p t i o n  c a p a c i t y  o f  t h e  o r g a n i c  m a t t e r  a l o n e .

I n v e s t i g a t i o n s  s h o w e d ,  h o w e v e r ,  t h a t  t h e  c a l c i u m  a b s o r p ­

t i o n  c a p a c i t y  o f  s o m e  s o i l s  a f t e r  t r e a t m e n t  wi t h  p e r o x i d e  w a s  

g r e a t e r  t h a n  i t  h a d  b e e n  b e f o r e  p r e t r e a t m e n t .  T h e  r e s u l t s  

o b t a i n e d  f o r  t h e  s o i l s  f r o m  o n e  s o i l  p r o f i l e  a r e  g i v e n  i n  F i g .  5 ,  

wh i l e  F i g .  6  g i v e s  t h e  c l a y  c o n t e n t s  a n d  o r g a n i c  c o n t e n t s  o f  

t h e  s a m e  s o i l s . T h i s  i n c r e a s e  i n  c a l c i u m  a b s o r p t i o n  c a p a c i t y  

a f t e r  p r e t r e a t m e n t  wi t h  p e r o x i d e  c o u l d  b e  d u e  p a r t l y  t o  t h e  

i n c o m p l e t e  r e m o v a l  o f  o r g a n i c  c o m p o u n d s  b y  t r e a t m e n t  wi t h  

h y d r o g e n  p e r o x i d e  f o l l o we d  b y  wa s h i n g  wi t h  wa t e r .  T h e  

o r g a n i c  m a t t e r  r e m a i n i n g  c o u l d  a c q u i r e ,  a s  a  r e s u l t  o f  o x i d a ­

t i o n ,  a  g r e a t e r  a f f i n i t y  f o r  c a l c i u m  t h a n  b e f o r e  t r e a t m e n t  

wi t h  p e r o x i d e .  An o t h e r  p o s s i b i l i t y  i s  t h a t  t h e  c l a y  a n d  o r g a n i c  

ma t t e r  p r e s e n t  i n  a  s o i l  a r e  p a r t i a l l y  b o u n d ,  a n d  r e m o v a l

C A L C IU M  A BSO R PT IO N  C A PA C IT Y  -  m g  C a W l O O g  so i l

F i g .  5 Va r i a t i o n  wi t h  d e p t h  o f  t he  c a l c i u m a b s o r p t i o n  c a p a c i t y  

o f  s oi l s  f r o m  a  p o d z o l  p r of i l e .

Va r i a t i o n  d u  p o u v o i r  d ' a b s o r p t i o n  d u  c a l c a i r e  p a r  u n  

s ol  d u  g r o u p e  p o d z o l .
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Fi g . 6  Va r i a t i o n  wi t h  d e p t h  o f  t he  c l a y  c o n t e n t  a n d  o r g a n i c  

c o n t e n t  o f  s oi l s  f r o m  a  p o d z o l  pr of i l e .

Va r i a t i o n  a v e c  l a  p r o f o n d e u r  d e  l a  t e n e u r  e n  a r gi l e  et  

e n  ma t i è r e s  o r g a n i q u e s  d e  s o l s  d u  g r o u p e  p o d z o l .

o f  t h e  o r g a n i c  p a r t  o f  t h e  c l a y - o r g a n i c  m a t t e r  c o m p l e x  w o u l d  

l e a v e  p o s i t i o n s  o n  t h e  c l a y  p a r t i c l e  t h a t  a r e  a b l e  t o  a c c o m m o ­

d a t e  e x t r a  c a t i o n s .  I t  i s  p o s s i b l e  t h a t  b o t h  t h e s e  e f f e c t s  c o m b i n e  

t o g e t h e r  t o  p r o d u c e  t h e  i n c r e a s e  i n  c a l c i u m  a b s o r p t i o n  c a p a c i t y  

t h a t  w a s  n o t e d .

I t  w a s  c o n c l u d e d  t h a t  a  t e s t  f o r  t h e  c a l c i u m  a b s o r p t i o n  

c a p a c i t y  o f  s o i l  w a s  l i mi t e d  i n  i t s  a p p l i c a t i o n  a s  a  d i a g n o s t i c  

t es t  f o r  t h e  p r e s e n c e  o f  a c t i v e  o r g a n i c  m a t t e r  t o  s o i l s  f r e e  f r o m  a  

c l a y  f r a c t i o n .

Effect of the pH of soil-cement mixtures on the unconfined 

compressive strength

Be c a u s e  o f  t h e  s e r i o u s  l i mi t a t i o n  o f  t h e  c a l c i u m  a b s o r p t i o n  

t e s t , a t t e n t i o n  w a s  d i r e c t e d  t o  t h e  p o s s i b i l i t y  o f  u s i n g ,  a s  t h e  

b a s i s  f o r  a  d i a g n o s t i c  t e s t , t h e  r e d u c t i o n  i n  t h e  p H  o f  soi l -  

c e m e n t  d u e  t o  t h e  p r e s e n c e  o f  o r g a n i c  m a t t e r  i n  s o i l . T h e  

r e d u c t i o n  i n  p H  r e s u l t s  f r o m  t h e  a b s o r p t i o n  o f  c a l c i u m  f r o m  

t h e  c e m e n t  b y  t h e  a c t i v e  o r g a n i c  m a t t e r .  Ac c o r d i n g  t o  F o r -  

s e n  ( 1 9 3 8 )  t h e  e f f e c t  o f  t h e  r e d u c e d  p H  is t o  c a u s e  t h e  p r e c i p i ­

t a t i o n  o f  a n  a l u mi n a - s i l i c a  ge l  o v e r  t h e  c e m e n t  p a r t i c l e s , t h u s  

i n h i b i t i n g  t h e  n o r m a l  h a r d e n i n g  p r o c e s s .

T o  f i n d  wh e t h e r  t h e r e  w a s  a  r e l a t i o n  b e t we e n  t h e  u n c o n ­

f i n e d  c o m p r e s s i v e  s t r e n g t h  o f  a  c e me n t - s t a b i l i ze d  s o i l  a n d  i t s  

p H  v a l u e ,  s a m p l e s  o f  c e me n t - s t a b i l i ze d  s o i l  we r e  t a k e n

i m m e d i a t e l y  a f t e r  t h e  d e t e r m i n a t i o n  o f  t h e  u n c o n f i n e d  c o m ­

p r e s s i v e  s t r e n g t h  t e s t , a n d  t h e  p H  v a l u e s  o f  s u s p e n s i o n s  o f  t he  

s o i l - c e me n t  i n  wa t e r  we r e  m e a s u r e d .  T h e  r e l a t i o n  o b t a i n e d  

s h o w e d  t h a t  s o i l - c e me n t  wi t h  s t r e n g t h s  g r e a t e r  t h a n  2 5 0  l b . / s q .  

i n .  a t  a n  a g e  o f  7  d a y s  i n v a r i a b l y  h a d  p H  v a l u e s  a b o v e  12- 0, 

wh i l e  s o i l - c e me n t  n o t  a t t a i n i n g  a  p H  v a l u e  o f  12- 0 h a d  s t r e n g t h s  

b e l o w  t h i s  v a l u e .  Ho w e v e r ,  t h e  r e l a t i o n  w a s  l i mi t e d  b y  t h e  

f a c t  t h a t  s e v e r a l  s o i l - c e me n t  m i x t u r e s  wi t h  s t r e n g t h s  b e l o w 

2 5 0  l b . / s q .  a l s o  h a d  p H  v a l u e s  a b o v e  1 - 20.

T h e  d e t e r m i n a t i o n  o f  t h e  p H  o f  a  h a r d e n e d  s o i l - c e me n t  

d o e s  n o t  a f f o r d  a  r a p i d  m e a n s  o f  d e t e r m i n i n g  t h e  p r e s e n c e  o f  

a c t i v e  o r g a n i c  m a t t e r  i n  s o i l s ,  a n d  f u r t h e r  i n v e s t i g a t i o n s  we r e  

t h e r e f o r e  m a d e  t o  d e t e r m i n e  wh e t h e r  t h e  p H  o f  t h e  soi l -  

c e m e n t  i n  t h e  e a r l y  s t a g e s  o f  h y d r a t i o n  w a s  r e l a t e d  t o  t h e  

h a r d e n i n g  p r o c e s s .

T h e  f a c t o r s , a p a r t  f r o m  t h o s e  u n d e r  i n v e s t i g a t i o n ,  w h i c h  

m i g h t  b e  e x p e c t e d  t o  a f f e c t  t h e  p H  a  s o i l - c e me n t  m i x t u r e  a r e  :

( a )  T i m e ;

( b )  T e m p e r a t u r e ;

( c )  Mo i s t u r e  c o n t e n t ;

( d )  C e m e n t  c o n t e n t .

T h e  e f f e c t  o f  e a c h  o f  t h e s e  f a c t o r s  w a s  i n v e s t i g a t e d  a n d  it  

w a s  f o u n d  t h a t  t h e  p H  d e c r e a s e d  wi t h  i n c r e a s e  i n  t e m p e r a t u r e  

a n d  m o i s t u r e  c o n t e n t  a n d  i n c r e a s e d  wi t h  i n c r e a s e  i n  t i m e  a n d  

c e m e n t  c o n t e n t  ( F i g s .  7  a-d).

T h e  e f f e c t  o f  v a r i a t i o n s  i n  t e m p e r a t u r e  i n  t h e  r a n g e  15- 25° C  

i n  wh i c h  p H  m e a s u r e m e n t s  a r e  n o r m a l l y  m a d e  w a s  s u f f i c i e n t l y  

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

u n i m p o r t a n t  p r o v i d e d  t h e r e  w a s  n o t  t o o  m u c h  wa t e r  p r e s e n t  

t o  c a u s e  d i l u t i o n  e f f e c t s . T h e  m o s t  c o n s i s t e n t  r e s u l t s  we r e  

o b t a i n e d  w h e n  s uf f i c i e n t  wa t e r  w a s  a d d e d  t o  t h e  s o i l - c e me n t  

t o  f o r m  a  t h i c k  p a s t e .

T h e  e f f e c t  o f  c e m e n t  c o n t e n t  a n d  t i m e  we r e  t o o  l a r g e  t o  b e  

i g n o r e d  a n d  t h e s e  f a c t o r s  we r e  s t a n d a r d i z e d  b y  u s i n g  a  c e m e n t  

c o n t e n t  o f  1 0  p e r  c e n t  t h r o u g h o u t  a n d  b y  t a k i n g  t h e  p H  v a l u e  

o f  t h e  s o i l - c e me n t  p a s t e  e x a c t l y  15  m i n u t e s  a f t e r  t h e  a d d i t i o n  

o f  wa t e r .

T o  d e t e r m i n e  wh e t h e r  a  r e l a t i o n  e x i s t e d  b e t we e n  t h e  p H  

o f  a  s o i l - c e me n t  p a s t e  a t  a n  a g e  o f  1 5  m i n u t e s  a n d  t h e  u n c o n ­

f i n e d  c o m p r e s s i v e  s t r e n g t h  a t  a n  a g e  o f  7  d a y s ,  8 0  s o i l s  we r e  

t a k e n  r e p r e s e n t i n g  al l  t h e  m a j o r  p e d o l o g i c a l  s o i l  g r o u p s  f o u n d  

i n  Gr e a t  Br i t a i n  a n d  v a r y i n g  i n  t e x t u r e  f r o m  s a n d s  t o  h e a v y  

c l a y s .  T h e  u n c o n f i n e d  c o m p r e s s i v e  s t r e n g t h s  o f  t h e s e  s o i l s  

w h e n  s t a b i l i z e d  wi t h  1 0  p e r  c e n t  o f  o r d i n a r y  P o r t l a n d  c e m e n t  

we r e  d e t e r m i n e d  a n d  t h e  p H  o f  t h e  s o i l - c e me n t  m i x t u r e s  (p r e ­

p a r e d  b y  we i g h i n g  o u t  2 5  g  o f  s o i l ,  2*5  g  o f  c e m e n t  a n d  a d d i n g

(a) E ffect of tem perature (b) E ffect of tim e (c) E ffect of m oisture content (d) Effect of cernent content

Fi g .  7  Ef f e c t  o f  t e mp e r a t u r e , t i me , mo i s t u r e  c o n t e n t  a n d  c e r ne n t  c o n t e n t  o n  t he  p H  o f  soi l  c e r ne nt  mi x t u r e s .

Ef f e t  d e  l a  t e mp é r a t u r e , d u  t e mp s ,  d e  l a  t e n e u r  e n  e a u  et  e n  c i me n t  s u r  l e p H  d e  mé l a n g e s  s ol - c i ment .
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F i g .  9  Ef f e c t  o f  soi l  p H  v a l u e  o n  t h e  u n c o n f i n e d  c o mp r e s s i v e  s t r e ng t h  o f  s o i l - c e me nt  mi x t u r e s  c o n t a i n i n g  10 p e r  c e n t  o f  o r d i n a r y  

Po r t l a n d  c e me n t .

Ei f e t  d u  p H  d u  s ol  s u r  l a  r é s i s t a nc e  à  l a  c o m p r e s s i o n  s i mp l e  d e  mé l a n g e s  s o l - c i me nt  à  10 p o u r  c e n t  d e  c i me n t  P o r t l a n d .
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sufficient water to make a thick paste) was measured exactly 
15 minutes after the addition of the water. The relation obtai­
ned between the unconfined compressive strength of the soil- 

cement and the pH  value is shown in Fig. 8.
Assuming that adequate hardening of cement-stabilized 

soil is defined by a  minimum unconfined compressive strength 
of 250 lb./sq. in. at an age of 7 days, then Fig. 8 shows that of 
the 40 soil-cement mixtures with pH  values after 15 minutes 
o f 12*0 or greater, 34 would be considered as satisfactory for 
use. The remaining six were mixtures made from soils from 
the transition zone, and these hardened satisfactorily after 
42 days. All soil-cement mixtures with pH values below 12-0 
would be regarded as unsatisfactory since they all had uncon­
fined compressive strengths of less than 250 lb./sq. in. at 7 days 
and, in fact, 80 per cent of them had strengths of less than 
100 lb./sq. in. The test seems therefore to be a reliable method 
of indicating whether or not the soil contains active organic 
m atter that interferes with the normal hardening of the 
cement.

The pH ultimately reached by soil-cement is influenced by 

the pH  and the buffering capacity of the natural soil. A rela­

tion should therefore exist between the pH  of the soil and 
the unconfined compressive strength of the cement-stabilized 

soil mixture. In Fig. 9 the pH — unconfined compressive 
strength relation for nearly 200 soils shows this to be the case. 
Soil pH values above 7-0 were nearly always associated with 
unconfined compressive strengths of soil-cement greater than 
250 lb./sq. in., but for soil pH values below 7*0, however, both 
high and low soil-cement strengths were obtained.

The work described in this paper was carried out as part of 
the programme of the Road Research Board of the Department 
of Scientific and Industrial Research, United Kingdom. The 
paper is presented by permission of the Director of Road 
Research.
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