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J.B. QUEIROZ DE CARVALHO P ro fe s s o r  o f  C iv il E n g in e e r in g , C e n te r  f o r  S c ie n c e  &  T e c h n o lo g y ,  C a m p in a  G ra n d e ,

P a ra ib a , B ra z il

SYNOP SI S Li me  s t a b i l i z a t i o n  o f  s o i l s  h a s  be c o me  a  s t a n d a r d  p r a c t i c e  i n  C i v i l  En g i n e e r i n g .
Al t h o u g h  r e s u l t s  h a v e  b e e n  s a t i s f a c t o r y ,  l i t t l e  i s  kn o wn  a b o u t  t h e  s i g n i f i c a n c e  o f  t h e  s o i l  
c h a r a c t e r i s t i c s  t o  t h e  s t a b i l i z a t i o n  p r o c e s s .  Th e  p u r p o s e  o f  t h i s  s t u d y  wa s  t o  i n v e s t i g a t e  t h e  
i n f l u e n c e  o f  t h e  a mo r p h o u s  c o mp o n e n t s  ( s i l i c o n , a l u m i n i u m  a n d  i r o n )  on  t h e  s t a b i l i z a t i o n  o f  s o i l s  
h e r e  e v a l u a t e d  by 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 s  we l l  a s  t h e  i n f l u e n c e  o f  c e r t a i n  c o m p o s i t i o n a l  
c h a r a c t e r i s t i c s  o f  t h e  s o i l s  on  s t a b i l i z a t i o n .

I NTRODUCTI ON

Fr o m a  c i v i l  e n g i n e e r i n g  p o i n t  o f  v i e w,  
s t a b i l i z a t i o n  i s  g e n e r a l l y  c a r r i e d  o u t  t o  
i mp r o v e  t h e  w o r k a b i l i t y ,  r e d u c e  t h e  p l a s t i c i t y ,  
a n d  i n c r e a s e  t h e  s t r e n g t h  o f  a  s o i l .  Th e  
l i m e - s o i l  r e a c t i o n s  wh i c h  c a u s e  t h e s e  c h a n g e s  
a r e  g e n e r a l l y  a c c e p t e d  a s  b e i n g  d u e  t o  t h e  
r e a c t i o n  o f  t h e  c a l c i u m  i o n s  f r o m t h e  l i m e ,  
wi t h  t h e  s i l i c Qn ( S i )  o r  a l u m i n i u m  ( A l ) ,  o r  
b o t h ,  a n d  p e r h a p s  t h e  i r o n  ( F e ) ,  p r e s e n t  i n  t h e  
s o i l  t o  f o r m c a l c i u m  c o mp o u n d s , ( Qu e i r o z  de  
Ca r v a l h o  a n d  Ca b r e r a ,  1 9 7 9 ) .

A s e a r c h  t h r o u g h  l i t e r a t u r e  r e v e a l e d  t h a t  f e w 
a t t e m p t s  h a v e  b e e n  ma de  t o  i n v e s t i g a t e  t h e  s o i l  
p r o p e r t i e s  r e s p o n s i b l e  f o r  t h e  c h a n g e  i n  t h e  
s e l e c t e d  c h a r a c t e r i s t i c s  o f  t h e  s o i l  d u e  t o  t h e  
a d d i t i o n  o f  l i m e .  F u r t h e r m o r e ,  t h e s e  a t t e m p t s  
c o n s i d e r e d  t h e  s o i l  p r o p e r t i e s ,  i . e . ,  t o t a l  
( S i ) ,  ( Al )  a n d  ( F e )  p r e s e n t  i n  t h e  s o i l  a n d  no  
d i s t i n c t i o n  wa s  ma de  i n  r e g a r d  t o  t h e  p r e s e n c e  
o f  a mo r p h o u s  c o mp o n e n t s  ( S i ,  Al  a n d  p e r h a p s  F e )  
wh i c h  a r e  k n o wn  t o  be  h i g h l y  r e a c t i v e  wi t h  l i m e .

Th i s  s t u d y  i n v e s t i g a t e s  t h e  s i g n i f i c a n c e  o f  

c e r t a i n  c o m p o s i t i o n a l  c h a r a c t e r i s t i c s  o f  r e d  
t r o p i c a l  s o i l ,  i n  p a r t i c u l a r ,  t h e  a mo r p h o u s  
c o m p o n e n t s ,  r e l a t i v e  t o  t h e  s o i l s  wh e n  
s t a b i l i z e d  wi t h  l i m e .

Me t h o d s  o f  Te s t i n g

Un 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  v a l u e s  o f  t h e  

s o i l s  i n  t h e  n a t u r a l  s t a t e  a n d  a f t e r  t r e a t m e n t  
wi t h  1 . 5 ^ ,  3 - 0 % ,  4 .5 !f  a n d  6 . 0 % h y d r a t e d  
c a l c i t i c  l i me  we r e  o b t a i n e d  on  t r i p l i c a t e  
c y l i n d r i c a l  s a m p l e s ,  5 cm i n  d i a m e t e r  by 5 cm 
i n  h e i g h t ,  s t a t i c a l l y  c o mp a c t e d  u s i n g  a n  e n e r g y  
e q u i v a l e n t  t o  t h e  m o d i f i e d  P r o c t o r .  Th e  
a p p a r a t u s  u s e d  wa s  s i m i l a r  t o  t h a t  u s e d  i n  t h e  
I o wa  S t a t e  Co mp a c t i o n  Ap p a r a t u s  t e s t . Wh e n  
a p p l i c a b l e ,  t h e  s a mp l e s  we r e  c u r e d  i n  a  c u r i n g  
r o o m f o r  28  d a y s  a t  a  t e m p e r a t u r e  o f  22  ± 2 °C .  
S e l e c t e d  e n g i n e e r i n g  p r o p e r t i e s  we r e  d e t e r m i n e d  
u s i n g  t h e  B r i t i s h  S t a n d a r d  BS 1 3 7 7 ,  1 9 7 5 .

Th e  a mo r p h o u s  c o mp o n e n t s  ( S i  a n d  Al )  we r e  
d e t e r m i n e d  u s i n g  t h e  0 . 5 N Na OH b o i l i n g  me t h o d  
d e v e l o p e d  by  Ha s h i m o t o  a n d  J a c k s o n  ( I 9 6 0 ) ,  
wh i l s t  t h e  d e t e r m i n a t i o n  o f  Fe  wa s  ma de  u s i n g  
t h e  d i t h i o n i t e - c i t r a t e  c u m u l a t i v e  d i s s o l u t i o n  
t e c h n i q u e  ( Qu e i r o z  d e  Ca r v a l h o ,  1 9 7 9 ) .

Th e  c h e m i c a l  c o m p o s i t i o n  i n  t e r ms  o f  t o t a l  
e l e m e n t s ,  wa s  d e t e r m i n e d  by  X- r a y  f l u o r e s c e n c e .  
Th e  s t a t i s t i c a l  a n a l y s e s  we r e  p e r f o r m e d  by  
s i m p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  a n d  m u l t i p l e  
l i n e a r  r e g r e s s i o n  a n a l y s i s  u s i n g  a  c o mp u t e r  
p r o g r a mme  c a l l e d  S t a t i s t i c a l  Pa c k a g e  f o r  t h e  
S o c i a l  S c i e n c e s  (SP SS Ve r s i o n  5 . 0 ) .

EXPERI MENTAL WORK 

S o i l s  Te s t e d

Ni n e t e e n  r e d  t r o p i c a l  s o i l s ,  a l s o  k n o wn  a s  
l a t e r i t i c  s o i l s ,  f r o m t h e  s t a t e s  o f  P a r a i b a  a n d  
Pe r n a mb u c o  i n  No r t h e a s t  B r a z i l  we r e  s e l e c t e d  
a n d  u s e d  t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .  Th e  
s i t e s 1 c h a r a c t e r i s t i c s  a r e  f u l l y  d e s c r i b e d  by  
Qu e i r o z  de  Ca r v a l h o  ( 1 9 7 9 ) .

1 To t a l  ( S i ) ,  ( Al )  a n d  ( F e )  r e f e r s  t o  t h e  
c r y s t a l l i n e  p l u s  t h e  a mo r p h o u s  c o n t e n t s .

TEST RESULTS AND DI SCUSSI ON

Ex t e n s i v e  s t a t i s t i c a l  a n a l y s e s  we r e  c a r r i e d  o u t  
i n  o r d e r  t o  f i n d  a l l  p o s s i b l e  r e l a t i o n s h i p s  
b e t we e n  t h e  s o i l  p r o p e r t i e s  ( Ta b l e  I  a n d  Ta b l e  
I I )  a n d  t h e  e f f e c t  o f  l i me  o n  t h e  s o i l s  h e r e  
e v a l u a t e d  by  t h e  c h a n g e  i n  u n c o n f i n e d  c o mp r e s ­

s i v e  s t r e n g t h  ( UC S ) ,  i . e . ,  t h e  l i me  r e a c t i v i t y  
(LR)  p a r a m e t e r  (Th o mp s o n , 1 9 6 6 ) .  Th e  r e s u l t s  
o b t a i n e d  f r o m t h e  s i m p l e  l i n e a r  r e g r e s s i o n  
a n a l y s i s  s h o we d  t h a t  t h e  c o r r e l a t i o n  c o e f ­

f i c i e n t s  (R)  /  l e v e l  o f  s i g n i f i c a n c e  ( S )  
b e t we e n  LR a n d  c l a y  s i z e  c o n t e n t ,  l i q u i d  l i m i t ,  
p l a s t i c  l i m i t ,  r e l a t i v e  d e n s i t y ,  we r e  0 . 4 3 / 0 . 0 6 ,  
0 . 3 0 / 0 . 3 0 ,  - 0 . 1 4 / 0 . 6 4 ,  - 0 . 0 4 / 0 . 8 7  wi t h  d e g r e e s
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Co mp a c t i o n  a n d  S t r e n g t h  Ch a r a c t e r i s t i c s  

Na t u r a l  S o i l  Li me  Tr e a t e d  S o i l

S o i l
Sy mb o l

Re l a t i v e

De n s i t y

Li q u i d  P l a s t i c  S a n d / S i l t /  
Li m i t  Li m i t  Cl a y  

% 1 1

y d (m a x .

k N/m 3

v ,%

s f o r
Y d

(m a x . )

UCS,

k Pa

y d ( m a x . 

k N/m 3

w,%

\ f o r

;  Y d

( m a x . )

UCS,

k Pa

Li me

Re a c t i v J

k Pa

J PA 2 . 9 9 No n - P l a s t i c 7 9 / 1 4 / 7 1 8 . 7 4 1 0 . 3 5 29 0 1 8 . 6 4 1 0 . 5 0 1 2 1 0 9 20

J PM 3 . 1 0 3 3 . 8  2 0 . 4 6 0 / 1 2 / 2 8 1 9 . 8 9 1 3 . 2 0 1 8 0 0 1 9 . 0 6 1 6 . 5 0 5 3 90 3590
J PB 3 . 0 4 No n - P l a s t i c 8 1 / 1 0 / 9 1 8 . 2 5 7 . 7 0 1 0 0 1 8 . 4 3 1 0 . 1 0 510 410
CT 2 . 94 2 2 . 9  1 7 . 1 6 8 / 2 0 / 1 2 1 9 . 4 4 1 3 . 8 5 41 0 1 8 . 6 7 1 5 . 3 5 1 1 40 730
Al 2 . 9 5 3 5 . 3  2 4 . 9 5 0 / 2 0 / 3 0 1 8 . 0 3 1 7 . 3 5 1 5 5 0 1 7 . 7 7 1 8 . 5 5 2 0 5 0 5 0 0

Al l 3 . 0 9 2 8 . 0  1 7 . 6 6 5 / 1 8 / 1 7 1 9 . 4 3 1 4 . 2 0 510 1 7 . 5 3 1 7 . 2 5 1 6 0 0 1 0 9 0
SI A 2 . 9 5 2 3 . 8  1 8 . 6 6 6 / 1 8 / 1 6 1 9 . 4 1 1 1 . 0 0 550 1 8 . 8 1 1 4 . 7 0 590 40
SI B 2 . 9 2 No n - P l a s t i c 8 6 / 7 / 7 1 8 . 3 6 4 . 8 0 80 1 9 . 1 2 6 . 7 5 210 130
S I I 2 . 7 2 2 5 . 7  2 0 . 9 5 6 / 2 0 / 2 4 1 9 . 4 3 1 0 . 2 5 800 1 8 . 9 8 1 1 . 3 5 2 9 6 0 21 6 0
NF 3 . 0 5 2 7 . 1  1 8 . 2 6 8 / 1 9 / 1 3 2 0 . 2 1 1 3 . 3 0 5 0 0 1 9 . 2 8 1 5 . 2 5 990 490

J I 2 . 8 6 No n - P l a s t i c 5 8 / 3 2 / 1 0 1 9 . 0 1 1 0 . 1 0 520 1 8 . 5 1 1 3 . 8 0 1 1 40 620

J I I 3 . 1 6 No n - P l a s t i c 7 6 / 1 5 / 9 2 0 . 3 8 1 2 . 3 5 200 2 0 . 0 6 1 2 . 1 0 780 580

TI 2 . 7 5 3 0 . 4  2 2 . 2 4 8 / 3 0 / 2 2 1 7 . 9 8 1 3 . 9 5 1 2 6 0 1 7 . 4 7 1 5 . 4 0 3 2 2 0 I 9 6 0
T i l 2 . 8 2 3 2 . 4  2 4 . 6 4 1 / 2 8 / 3 1 1 7 . 1 9 1 6 . 6 0 12 80 1 6 . 8 7 1 6 . 8 5 1 7 50 470
RC 2 . 8 1 3 2 . 9  1 9 . 0 6 0 / 1 0 / 3 0 1 8 . 8 0 1 2 . 8 0 890 1 8 . 4 3 1 4 . 4 0 25 9 0 17 0 0

USM 2 . 6 9 3 3 . 8  2 3 . 2 4 6 / 2 0 / 3 4 1 7 . 0 8 1 7 . 3 0 1 8 5 0 1 6 . 7 7 1 8 . 4 0 2 1 0 0 250

SB 2 . 6 9 2 9 . 4  1 7 . 5 4 9 / 1 3 / 3 8 1 8 . 7 9 1 2 . 5 0 19 20 1 8 . 1 5 1 3 . 4 5 3910 19 9 0
PH 2 .  80 2 6 . 8  2 2 . 7 6 4 / 1 5 / 2 1 1 7 . 9 2 1 4 . 3 0 11 10 1 7 . 4 2 1 6 . 5 0 840 0 0 00

SM 2 . 9 9 3 4 . 0  2 5 . 4 5 8 / 1 9 / 2 3 1 8 . 8 1 1 5 . 3 0 940 1 8 . 2 9 17 . 1 0 2 4 9 0 15 5 0

y d (m a x . ) / «  = Ma xi mum Dr y  Un i t  We i g h t / Co r r e s p o n d i n g  Mo i s t u r e 1 Co n t e n t

UCS = Un c o n f i n e d 1 Co m p r e s s i v e S t r e n g t h

Ta b l e  I  - S e l e c t e d  E n g i n e e r i n g P r o p e r t i e s  o f S o i l s  S t u d i e d

To t a l  /  Amo r p h o u s  Co n t e n t ,  %

S o i l

Sy mb o l
p H,

u n i t s

CEC,

m e q /
1 0 0g

Or g a n i c

Ma t t e r

%

S i 0 2

%

a i 2 o 3

%

F e 2 °3

%

J PA 5 . 2 8 . 6 2 0 . 1 5 3 6 . 0 4 / 2 . 8 1 3 5 . 8 8 / 3 . 1 0 6 . 2 3 / 0 . 2 2

J PM 5 . 3 8 . 9 4 0 . 0 7 3 5 . 3 2 / 1 0 . 9 1 3 0 . 0 0 / 7 . 9 7 1 3 . 8 5 / 0 . 8 5

J PB 4 . 9 1 8 . 2 0 0 . 1 9 2 2 . 8 0 / 6 . 7 1 2 1 . 8 4 / 6 . 1 1 3 6 . 9 6 / 1 . 0 6

CT 5 . 2 7 . 1 1 0 . 1 0 3 8 . 4 0 / 7 . 8 4 3 4 . 2 0 / 4 . 1 2 9 . 8 5 / 0 . 3 1

Al 4 . 7 6 . 2 3 0 . 2 3 3 7 . 4 0 / 8 . 1 1 3 4 . 1 6 / 6 . 9 5 9 . 3 1 / 0 . 2 1

Al l 5 . 1 1 5 . 2 2 0 . 2 7 3 5 - 5 0 / 9 . 6 9 3 4 . 0 6 / 5 . 8 9 8 . 8 2 / 0 . 6 2

SI A 4 . 8 2 2 . 2 1 0 . 6 2 3 6 . 1 4 / 2 . 0 8 3 1 . 2 0 / 3 . 2 8 7 . 9 8 / 3 . 1 8

S I B 4 . 7 1 6 . 1 0 0 . 0 7 3 1 . 9 8 / 4 . 1 3 2 0 . 2 5 / 3 . 9 7 3 0 . 3 7 / 0 . 6 3

S I I 5 . 1 9 . 9 0 0 . 1 1 3 9 . 8 2 / 1 1 . 2 9 3 4 . 3 5 / 7 . 5 6 6 . 5 2 / 0 . 0 9

NF 5 . 4 7 . 3 1 0 . 5 7 3 5 . 0 6 / 8 . 3 1 3 0 . 8 6 / 7 . 0 2 1 3 - 5 6 / 0 . 4 8

J I 6 . 1 1 1 . 3 9 0 . 1 0 3 3 - 5 6 / 5 . 0 2 2 8 . 5 4 / 6 . 1 1 1 8 . 1 0 / 0 . 3 1

J I I 5 . 0 9 . 1 1 0 . 1 7 2 6 . 6 4 / 6 . 6 9 2 0 . 7 6 / 4 . 0 7 3 4 . 8 8 / 0 . 6 0

TI 6 . 1 7 . 3 1 0 . 2 7 3 9 . 1 4 / 8 . 1 2 3 2 . 1 8 / 6 . 9 8 1 0 . 8 2 / 0 . 3 6

T I I 4 . 7 1 0 . 1 1 0 . 3 3 3 1 . 3 8 / 4 . 6 8 2 7 . 4 8 / 4 . 0 2 1 8 . 3 1 / 0 . 7 8

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

USM 4 . 6 9 . 3 9 0 . 3 0 4 0 . 2 8 / 3 . 7 1 3 4 . 9 6 / 4 . 4 1 4 . 1 8 / 0 . 1 3

SB 5 . 1 7 . 1 0 0 . 0 6 4 2 . 0 2 / 8 . 1 9 3 5 . 5 0 / 6 . 8 4 4 . 8 7 / 0 . 0 7

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

SM 5 . 1 1 6 . 3 0 0 . 1 5 3 4 . 0 4 / 7 . 9 8 3 0 . 7 6 / 6 . 4 8 8 . 9 7 / 1 . 0 1

C o r r . C o e f f . 0 . 3 1 - 0 .3 8 - 0 .4 9 0 . 4 6 / 0 . 7 9 0 . 4 3 / 0 . 6 9 0 . 1 2 / - 0 . 3 1

S i g n i f i c a n c e 0 . 2 2 0 . 1 1 0 . 0 3 0 . 0 5 / 0 . 0 0 0 1 0 . 0 7 / 0 . 0 0 0 1 0 . 6 2 / 0 . 1 9

De g .F r e e d o m 17 17 17 1 7 / 1 7 1 7 / 1 7 1 7 / 1 7

CEC = Ca t i o n  Ex c h a n g e  Ca p a c i t y

Ta b l e  I I  -  S e l e c t e d  Ch e m i c a l  P r o p e r t i e s  & Th e i r  Re l a t i o n s h i p s  Wi t h  Li me  Re a c t i v i t y
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o f  f r e e d o m (DF )  e q u a l  t o  1 7 , 1 2 ,  1 2 ,  17 r e s p e c t ­

i v e l y .  Th e  d r y  u n i t  we i g h t s  a n d  m o i s t u r e  c o n ­
t e n t s  we r e  c o r r e l a t e d  a t  t h e  l e v e l  o f  0 . 2 4  a n d  

0 . 7 1  f o r  R v a l u e s  o f  0 . 2 9  a n d  0 . 0 9  r e s p e c t i v e l y .  
Ta b l e  I I  s h o ws  t h e  v a l u e s  o f  R,  S a n d  DF f o r  
c e r t a i n  c h e m i c a l  p r o p e r t i e s .  As  o b s e r v e d  f r o m  
t h e  a b o v e  e x a m p l e s  a n d  Ta b l e  I I ,  t h e  R v a l u e s  
a r e  t o o  l o w,  a n d  t h e  S v a l u e s  a r e  t o o  h i g h  t o  
wa r r a n t  a n y  r e l a t i o n s h i p  b e t we e n  LR a n d  t h o s e  
s o i l  p r o p e r t i e s ; n e v e r t h e l e s s , h i g h l y  s i g n i f i ­

c a n t  c o r r e l a t i o n s  we r e  f o u n d  b e t we e n  t h e  
a mo r p h o u s  c o mp o n e n t s  s i l i c a  a n d  a l u m i n a  a n d  LR.

Th e  f o l l o wi n g  we r e  t h e  b e s t  e q u a t i o n s  o b t a i n e d  
by t h e  s i m p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  u s i n g  
t wo - t a i l e d  t e s t .

Y = 7 3 6 . 2 1  X1 -  57- 53

R= 0 . 7 9  S = 0 . 0 0 0 1  DF=17

Y = 8 8 0 . 9 2  X2 -  2 7 . 8 5

( 1 )

( 2 '
R = 0 . 6 9  S = 0 . 0 0 0 1  'DF=17

Wh e r e : Y = l i me  r e a c t i v i t y ,  k Pa

Xl ’ ^2  = P e r c e n t a 6 e s  of-  a mo r p h o u s  
s i l i c a  a n d  a l u m i n a

Th e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  wa s  d o n e  by  
u s i n g  t h e  s t e p wi s e  me t h o d  i n c o r p o r a t e d  i n  t h e  
SPSS- 5 c o mp u t e r  p r o g r a mme . Th e  f i r s t  s t e p  
s e l e c t e d  t h e  s i n g l e  s o i l  p r o p e r t y  wh i c h  wa s  t h e  
b e s t  p r e d i c t o r .  Th e  s u b s e q u e n t  s t e p s  b r o u g h t  
t o  t h e  p r e d i c t i o n  e q u a t i o n ,  t h e  s o i l  p r o p e r t y  
wh i c h  ma de  a  s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  
e q u a t i o n .  By t h i s  me t h o d  a n d  c o n s i d e r i n g  t h e  
v a r i a t i o n s  o f  t h e  me t h o d  a n d  t h e  s o i l  p r o p e r ­

t i e s ,  t h e  m u l t i p l e  c o r r e l a t i o n  a n a l y s i s  
r e v e a l e d  t h a t  t h e  a mo r p h o u s  s i l i c a  c o n t e n t  wa s  
by f a r  t h e  mos t  s i g n i f i c a n t  s o i l  p r o p e r t y  t o  
t h e  l i m e - s o i l  i n t e r a c t i o n .  I f  t h e  2 n d ,  3r d  a n d  
4t h  mos t  s i g n i f i c a n t  s o i l  p r o p e r t i e s  we r e  
b r o u g h t  t o  t h e  e q u a t i o n ,  t h e i r  c o n t r i b u t i o n  wa s  
c o n s i d e r e d  i n s i g n i f i c a n t .  Th e  f o l l o wi n g  e q u a ­

t i o n  e x p r e s s e s  t h e  r e l a t i o n s h i p  b e t we e n  LR a n d  
t h e  f o u r  mo s t  s i g n i f i c a n t  s o i l  p r o p e r t i e s :

Y = 1 3 9 7 . 4  X1 -  9 4 5 . 5  X2 + 9 5 . 4  (j j ) 

MR=0 . 8 2  F c a l . = 1 6 . 4 6  F c r i . = 6 . 2 3

S i g n i f i c a n c e  o f  Amo r p h o u s  Ma t e r i a l s  t o  Ll me-  

S o i l  Re a c t i o n s

Th e  l i m e - s o i l  r e a c t i o n  t a k e s  p l a c e  wi t h  t h e  

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

S i  a n d  Al  (a n d  p e r h a p s  F e )  f r o m t h e  s o i l  t o  

f o r m c a l c i u m  c e m e n t i c e o u s  c o mp o u n d s . Th e  

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

m i n e r a l  p r e s e n t  i n  t h e  s o i l .  Th e  h i g h  p H s y s ­

t e m c r e a t e d  b y  t h e  a d d i t i o n  o f  l i m e ,  a t t a c k s  

a n d  d i s s o l v e s  t h e  c l a y  m i n e r a l  wh i c h  i n  t u r n  

l i b e r a t e s  S i  a n d  A l . Th e  d i s s o l u t i o n  i s  a  

f u n c t i o n  o f  i t s  d e g r e e  o f  c r y s t a l l i n i t y . Th e  

l e s s  c r y s t a l l i n e  t h e  c l a y  m i n e r a l ,  t h e  e a s i e r  

t h e  S i / Al  w i l l  b e  a v a i l a b l e  f o r  r e a c t i o n .  I f  

t h e r e  i s  a mo r p h o u s  S i  a n d / o r  Al  i n  t h e  s o i l ,  

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

a s  t h e y  a r e  h i g h l y  r e a c t i v e  c o mp a r e d  wi t h  t h e  

S i / Al  f r o m t h e  c l a y  m i n e r a l .  Th e  b e h a v i o u r  o f  

Fe  t o  t h e  l i m e - s o i l  r e a c t i o n  i s  n o t  y e t  f u l l y  

c l e a r  o r  u n d e r s t o o d .  Al t h o u g h  t h e r e  a r e  

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

o f  Fe  t o  t h e  l i m e - s o i l  i n t e r a c t i o n ,  Nwa k a nma  

( 1 9 7 9 )  s h o we d  t h a t  t h e  r e a c t i o n  l i me - Fe  c a n  

o c c u r ,  h o we v e r ,  d u e  t o  t h e  v a l u e s  o f  v o l u me s  

o f  Ca - Fe  c o mp o u n d  f o r me d  a n d  p r e s e n t e d  by  h i m ,  

i t  c a n  b e  c o n c l u d e d  t h a t  t h e  Ca  t e n d s  t o  r e a c t  

f i r s t  wi t h  S i  a n d / o r  Al .

CONCLUSI ONS:

Th e  r e s u l t s  o b t a i n e d  r e v e a l e d  t h a t  t h e r e  wa s  

no r e l a t i o n s h i p  b e t we e n  l i m e  r e a c t i v i t y  a n d  

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

At t e r b e r g  l i m i t s  a n d  c h e m i c a l  e l e m e n t s  i n  t e r ms  

o f  t o t a l  c o n t e n t s .

Th i s  s t u d y  i s o l a t e d  t h e  s i l i c a  a mo r p h o u s  

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

t h e  mos t  s i g n i f i c a n t  s o i l  p r o p e r t i e s  t o  t h e  

l i m e - s o i l  r e a c t i o n .

Y = 1 0 7 5 . 8  Xj  ̂ + 1 3 2 . 9  X2 + 1 5 6 . 3  X3 +

5 1 1 . 7  Xjj -  2 3 4 7 . 6  ( 3 )

MR=0. 8 9  F c a l . = 1 3 . 9 9  F c r i . = 5 . 0 4

Wh e r e : Y,  X^ a n d  X2 —  p r e v i o u s l y  d e f i n e d

X,  = > o f  t o t a l  a l u m i n a  i n  

t h e  c l a y  s i z e  f r a c t i o n

X^ = p H, u n i t s

F c a l .  a n d  F c r i . = F s t a t i s t i c a l ,  

c a l c u l a t e d  a n d  c r i t i c a l  ( 1 % 

l e v e l  o f  s i g n i f i c a n c e )

MR = m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t

I f  o n l y  t h e  a mo r p h o u s  s i l i c a  c o n t e n t  wa s  c o n ­

s i d e r e d ,  t h e  MR = 0 . 7 9 .  Wh e n  t h e  2n d  mos t  

s i g n i f i c a n t  s o i l  p r o p e r t y  ( t  o f  a mo r p h o u s  

a l u m i n a )  wa s  a d d e d ,  MR = 0 . 8 2 .  Co n s i d e r i n g  t h e  

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

p r e d i c t i o n  e q u a t i o n  f o u n d  wa s :
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