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Abstract

Two important constituents of the concrete that is commonly used in engineering constructions, 
are the portland cement and a silicious aggregates. Alkali aggregate reaction causes concrete 
cracking that results in significant damage to the concrete structures. There are two types of alkali 
aggregate reactions, the alkali-silica reaction and the alkali-carbonate reaction, depending on 
the presence of certain silicious or carbonate aggregates respectively, in concrete. The former is 
most common. Product of the reaction is a gel that absorbs water and increases in volume and 
the swelling pressure ruptures the aggregate particles and causings cracks. Some strained quartz 
may cause a deleterious alkali-silica reaction if present in sufficient amounts in concrete aggregate. 
Petrographic techniques help in study of deleterious constituents, including the strained quartz 
which is a constituent of many rock aggregates used in engineering constructions, and for 
identification of microscopic features indicating deformation and alteration.

Introduction

Petrographic studies can be applied to study 
the mineralogy and texture of the aggregate 
rocks, the de le terious constituents, to 
understand the nature and degree of strain 
in quartz w hich fo rm s an im portant 
constituent of the various aggregate materials 
used in engineering constructions, and for 
iden tifica tion  of m ic ro scop ic  features 
indicating deformation and alteration.

Strain quartz studies

In rocks that are subjected to brittle-ductile 
deformation, the orientation of optic axis in 
plastically deformed quartz crystals differ by 
a few degrees in different parts of a single 
crystal. This results in progressive or wavy 
extinction as the crystal is rotated between 
crossed N icols and this is a feature that 
indicates the presence of strain in such 
quartz grains. In recent years the study of 
nature and degree of strain in quartz has 
attained importance as an engineering

geological applications in the field of large 
scale constructions! Alkali-silica reaction is 
the most common form of alkali aggregate 
reaction and results from the presence of 
certain siliceous aggregates in the concrete 
which are found in some granites, gneisses, 
vo lcan ic rocks, greyw ackes, arg illites, 
phyllites, hornfels, tuffs, and s iliceous 
limestones (Grattan and Mitchell, 2002). 
Som e stra ined  quartz may cause  a 
deleterious alkali-silica reaction if present as 
a constituent of concrete aggregate in 
sufficient amounts (Sudhindra et al., 1987). 
The criterion for reactive strained quartz is 
suggested to be more than 20% strained 
quartz with an average undulatory extinction 
angle greater than 15° (Buck, 1983). Shape 
of a grain changes due to strain. During the 
course of deformation at low confining 
pressures the rocks will “fracture" due to 
brittle deformation, while at higher confining 
pressures the rock responds by “flow” due to 
ductile deformation (Hibbard, 1995).
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F o r  s t r a i n  q u a r t z  d e t e r m i n a t i o n  c r u s h e d  

m a t e r i a l  o f  a  p a r t i c u l a r  m e s h  s i z e  o r  a  r o c k  

t h i n  s e c t i o n  c a n  b e  s t u d i e d .  T h e  s t r a i n  

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

i s  d e t e r m i n e d  t o  d e r i v e  d a t a  o n  s t r a i n  q u a r t z .

F e a t u r e s  i n d i c a t i n g  d e f o r m a t i o n :  B r e c c i a t i o n ,  

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

d i s p l a c e d  c l e a v a g e  a n d  t w i n  l a m e l l a e  a r e  

s o m e  o f  t h e  v e r y  c h a r a c t e r i s t i c  f e a t u r e s  

r e s u l t i n g  d u e  t o  b r i t t l e  d e f o r m a t i o n .  C l o s e l y  

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

a r e  n o t i c e d  o n  m i c r o s c o p i c  s c a l e .  T y p i c a l  

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

d e f o r m a t i o n  a r e  p r o g r e s s i v e  e x t i n c t i o n  ( F i g .

1 a  &1 b ) ,  d e v e l o p m e n t  o f  d e f o r m a t i o n  l a m e l l a e

Fig. 1a & 1b 
quartz

Fig.2 a  : D e fo rm at ion  lam el lae  in quartz

i  V

Fig. 2 b : Po lygon ised  quartz  gra in . Indiv idual sub 
gra ins sh o w  serra ted  gra in  boundar ies  and  w a v y  
extinction. T he se  m ore  o r  less strain  free crysta ls  
are fo rm ed  due  to recrysta l l isat ion

Progress ive  ext inct ion in de fo rm ed
Fig. 3 : D eve lo p m e n t  of quartz  r ibbons ind icat ing 
in tense  duc t i le  d e fo rm a t io n



( F i g .  2 a )  a n d  q u a r t z  r i b b o n s  ( F i g . 3 ) ,  n e o b l a s t  

d e v e l o p m e n t  a n d  p o l y g o n i s a t i o n  ( F i g .  2 b ) .

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

S r i p a d a s a g a r  P r o j e c t ,  A n d h r a  P r a d e s h  

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

l a m e l l a e  in  p l a g i o c l a s e  a n d  s t r e t c h e d  q u a r t z  

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

t h a t  t h e  r o c k  i s  s u b j e c t e d  t o  i n t e n s e  

d e f o r m a t i o n  ( S e s h a  S a i  a n d  C h a k r a b o r t y ,  

2 0 0 7 ) .  D e f o r m a t i o n  b a n d s  a n d  d e f o r m a t i o n  

l a m e l l a e  i n  q u a r t z  r e s u l t  d u e  t o  

i n t r a c r y s t a l l i n e  s t r a i n  ( H i b b a r d ,  1 9 9 5 ) .  

H o w e v e r  in  p o l y g o n i s e d  q u a r t z  i n d i v i d u a l  s u b  

g r a i n s  s h o w  s e r r a t e d  g r a i n  b o u n d a r i e s  a n d  

w a v y  e x t i n c t i o n .  T h e s e  a r e  m o r e  o r  l e s s  

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

r e c r y s t a l l i s a t i o n .

Alteration features

A l t e r a t i o n  p h e n o m e n o n  t h a t  h a s  t o  b e  

r e c o r d e d  i n  g r a n i t i c  a g g r e g a t e s  i s  

s e r i c i t i s a t i o n  a n d  k a o l i n i s a t i o n .  In  g r a n i t i c  

r o c k  f e l d s p a r  is  o n e  o f  t h e  e s s e n t i a l  m i n e r a l .  

A t  t h e  i n i t i a l  s t a g e  o f  a l t e r a t i o n  f e l d s p a r  ( K -  

f e l d s p a r  a n d  /  o r  s o d i c  p l a g i o c l a s e )  is  p a r t i a l l y  

a l t e r e d  t o  s e r i c i t e  -  a  h y d r o u s  K - A I  s i l i c a t e  

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

f e l d s p a r  is  a l t e r e d  t o  k a o l i n .

Alkali-carbonate reaction

In  a l k a l i - c a r b o n a t e  r e a c t i o n ,  c e r t a i n  d o l o m i t i c  

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

i o n s  in  t h e  c e m e n t  ( o r  o t h e r  s o u r c e s  s u c h  

a s  d e - i c i n g  s a l t s )  a n d  c a u s e  s w e l l i n g .  T h e  

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

c o n c r e t e  t o  e x p a n d  a n d  c r a c k  ( G r a t t a n  a n d  

M i t c h e l l ,  2 0 0 2 ) .  S t a i n i n g  t e s t  c a r r i e d o u t  o n  

c o r e  s a m p l e s  p e r t a i n i n g  t o  P u l i c h i n t a l a  D a m  

s i t e ,  A n d h r a  P r a d e s h  i n d i c a t e d  t h e  p r e s e n c e  

o f  c a l c i t e  a n d  f e r r o n - c a l c i t e  ( B h a t t a c h a r j e e  

a n d  S e s h a  S a i ,  2 0 0 6 ) .  L i m e s t o n e  a g g r e g a t e s  

m a y  b e  s u s c e p t i b l e  e i t h e r  t o  a l k a l i - s i l i c a  

r e a c t i o n  o r  a l k a l i -  c a r b o n a t e  r e a c t i o n  o r  a  

c o m b i n a t i o n  o f  t h e  t w o  ( G r a t t e n  a n d  M i t c h e l l ,  

2 0 0 2 ) .  P r e s e n c e  o f  c a r b o n a t e  m i n e r a l s  is  t o  

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

a c t i v i t y .

Other deleterious constituents

P r e s e n c e  o f  m i n e r a l s  l i k e  m i c a ,  a l t e r e d  

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

a g g r e g a t e  l i k e  c h e r t ,  a n d  i r o n  o x i d e  m a t e r i a l  

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

a n d  s p e c i f i e d  in  t e r m s  o f  m o d a l  p r o p o r t i o n s  

in  t h e  r o c k  m a t e r i a l ,  s i n c e ,  t h e s e  a r e  

c o n s i d e r e d  t o  b e  d e l e t e r i o u s .  R e c e n t  s t u d y  

o f  a  q u a r t z  a r e n i t e  f r o m  M a c h e r l a  a r e a ,  

A n d h r a  P r a d e s h ,  i n d i c a t e d  t h e  p r e s e n c e  o f  

7  %  c h e r t  a n d  ~  8%  i r o n  o x i d e  m a t e r i a l  ( S e s h a  

S a i ,  2 0 0 8 ) .

Discussions

W i t h  t h e  a d v a n c e m e n t  in  c o n c r e t e  t e c h n o l o g y  

i t  i s  i m p o r t a n t  t o  m a k e  in  d e p t h  s t u d y  i n t o  

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

d e g r e e  o f  d e f o r m a t i o n  a n d  a l t e r a t i o n  o f  t h e  

r o c k  m a t e r i a l  u s e d  a s  a g g r e g a t e  i n  

e n g i n e e r i n g  c o n s t r u c t i o n s .  F o r  t h i s  p u r p o s e  

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

m a t e r i a l  q u a r r y  is  t o  b e  c a r r i e d  o u t  s o  t h a t  

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

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

s i l i c a  a g g r e g a t e .  W i t h  f u r t h e r  r e s e a r c h  f o r  

p r e v e n t i o n  o f  c o n c r e t e  d e t e r i o r a t i o n  a i d e d  b y  

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

s t u d i e s ,  i t  w i l l  b e  p o s s i b l e  t o  t a k e  m o r e  

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

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

d u e  t o  a l k a l i  a g g r e g a t e  r e a c t i o n .
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