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Abstract 
D e m a n d f o r c o n s t r u c t i o n sand r a p i d l y increases d u e to speedy d e v e l o p m e n t 
projects g o i n g o n a l l o v e r the c o u n t r y . U n t i l the recent past the sand r e q u i r e m e n t 
w a s f u l f i l l e d m a i n l y b y r i v e r sand. H o w e v e r d u e to scarcity of r i v e r sand a n d 
r e s t r i c t i o n of r i v e r sand m i n i n g d u e to negat ive e n v i r o n m e n t effects, increased 
a t t e n t i o n w a s rece ived to f i n d suitable a l ternat ives . I n a d d i t i o n to sea sand m i n i n g 
p o s s i b i l i t y of p r o d u c i n g m a n u f a c t u r e sand f r o m sui table rocks , recycled aggregates 
a n d c r u s h waste glass w e r e c a r r i e d o u t b y m a n y research g r o u p s . T h i s s t u d y w a s 
carr ied o u t to f i n d the s u i t a b i l i t y of large scale q u a r t z i t e rocks occur at Ra jawaka o f f 
Ba langoda area f o r p r o d u c i n g m a n u f a c t u r e d sand i n the i n d u s t r i a l scale. Sieve 
analysis , cube tests a n d s l u m p tests c a r r i e d o u t s h o w e d tha t m a n u f a c t u r e d sand 
p r o d u c e d f r o m q u a r t z i t e rocks of the area reach r e q u i r e d s t r e n g t h for concrete. 

Keywords: Concrete , Cube test. D i g i t a l E l e v a t i o n M o d e l , Sand 

1. Introduction 
D e m a n d f o r the r a w mater ia ls of 
concretes is increased d a y b y d a y 
because of the speedy d e v e l o p m e n t 
projects g o i n g o n a l l over the c o u n t r y . 
A g o o d q u a l i t y concrete is p r o d u c e d 
b y care fu l m i x i n g of cement , f i n e a n d 
coarse aggregates, w a t e r a n d 
a d m i x t u r e s as needed to o b t a i n a n 
o p t i m u m q u a l i t y a n d e c o n o m y [6] . 
U n t i l the recent past, r e q u i r e m e n t of 
c o n s t r u c t i o n sand (f ine aggregates) 
w a s f u l f i l l e d b y r i v e r sand w h i c h is n o 
m o r e v i a b l e t o extract because i t is 
b e c o m i n g a scarce m a t e r i a l [5] . Sand 
m i n i n g f r o m r i v e r s has reached a stage 
w h e r e i t is d e s t r o y i n g o u r r ivers , so i t 
is b e i n g d i s c o u r a g e d b y e n v i r o n m e n t a l ' 
author i t ies . 

The r i v e r sand remains the m a i n 
source of sand f o r c o n s t r u c t i o n 
i n d u s t r y i n Sr i L a n k a [ 3 ] . The m a i n 
cause of concern is the n o n r e n e w a b l e 
n a t u r e of n a t u r a l sand a n d the 
c o r r e s p o n d i n g increas ing d e m a n d of 
c o n s t r u c t i o n i n d u s t r y . A s a result , i t 
has been n o t i c e d the over e x p l o i t a t i o n 
of r i v e r sand caus ing serious 
e n v i r o n m e n t a l p r o b l e m s . 

Sr i L a n k a consists of v a r i o u s k i n d of 
m i n e r a l resources w h i c h can be used 
as a n a l ternat ive f o r r i v e r sand [2] . The 
e f for t to f i n d such n e w economic 
m i n e r a l deposits or ore bodies is 
essential f o r the d e v e l o p m e n t of 
c o n s t r u c t i o n i n d u s t r y [4] . 
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A systematic s t u d y to analyze the 
v i a b i l i t y of these deposits f o r a 
m a n u f a c t u r e d sand project w i l l be 
benef i ted economica l ly a n d 
e n v i r o n m e n t a l l y to the c o u n t r y . 

This s t u d y is c a r r i e d o u t to analyze the 
v i a b i l i t y of u s i n g Q u a r t z i t e as 
m a n u f a c t u r e d sand w h i c h is f o u n d i n 
large quant i t ies at Ra jawaka of f 
Balangoda area w h i c h are c u r r e n t l y 
no t used for any p r o d u c t i o n . 
P r e l i m i n a r y studies i n the area a r o u n d 
Rajawaka s h o w larger deposits of 
quar tz i te located a r o u n d the area. 
A n a l y s i s of th i s s t u d y w a s m a i n l y 
based o n f i e l d w o r k f o l l o w e d b y 
several l a b o r a t o r y tes t ing . 

2. Methodology 

2.1 Preliminary Planriing 
O v e r a l l s t u d y w a s p l a n n e d to c a r r y 
o u t i n t w o m a i n steps; 

• Q u a n t i f y i n g the Q u a r t z i t e depos i t 
located at Ra jawaka of f 
Ba langoda area. 

• A n a l y z i n g the s u i t a b i l i t y of 
Q u a r t z i t e ro c k f o r m a n u f a c t u r e d 
sand f o u n d at Ra jawaka of f 
Ba langoda A r e a . 

i f f ' 

V 
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N 

Figure 1 - Sampling location map 
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2.2 Site Selection and Fieldwork 
A reconnaissance geologica l s u r v e y of 
Ra jawaka of f Ba langoda area w a s 
c a r r i e d o u t to locate the q u a r t z i t e 
deposits . S a m p l i n g locat ions w e r e 
selected a r o u n d the s t u d y area 
c o n s i d e r i n g the extent of the q u a r t z i t e 
depos i t a n d accessibil i ty. 

T e n representat ive samples of 
a p p r o x i m a t e l y 5 k g each w e r e col lected 
f r o m the area of interest . G l o b a l 
P o s i t i o n i n g Sys tem (GPS) w a s used to 
locate a n d d e t e r m i n e co-ordinates of 
sample locat ions . 

T a b l e 1- Coordinates of s a m p l i n g 
points 

Locat ion 
E a s t i n g 

(m) 
N o r t h i n g 

(m) 
L I 202309 156846 
L 2 202331 156887 
L3 202347 156896 
L 4 202355 156899 
L5 202376 156908 
L 6 202392 156915 
L 7 202545 156925 
L8 202490 156582 
L 9 203048 156914 

L I O 203059 156912 
L l l 203067 156911 
L12 203081 156908 
L13 203099 156912 
L14 203110 156911 
L15 199403 157866 
L16 199459 157813 
L17 199485 154822 
L18 199470 157789 
L19 199149 157580 
L20 199169 157580 
L 2 1 199194 157547 

2.3 Sample Preparation 
Samples w e r e cleaned p r i o r to 
c r u s h i n g process to r e m o v e i m p u r i t i e s 
present at the i r edges. T h e n samples 
w e r e c rushed a n d g r o u n d u s i n g 

l a b o r a t o r y Jaw Crusher . Samples that 
doesn ' t satisfy the part ic le size cr i ter ia 
b y c r u s h i n g u s i n g Jaw Crusher w e r e 
i n t r o d u c e d to Cone Crusher to check 
w h e t h e r i t can be c rushed to the range 
u s i n g Cone Crusher . 

2.4 Sample Analysis 

2.4.1 Determination of Particle 
Size Distribution of Crushed 
Sand 
Particle size d i s t r i b u t i o n of c rushed 
sand w a s m e a s u r e d u s i n g s tandard 
size sives, a n d later c o m p a r e d w i t h the 
A S T M C33 s t a n d a r d . 

2.4.2 Preparation of Manufactured 
Sand with Suitable Particle 
Distribution 
D i f f e r e n t par t i c le sizes w e r e collected 
separately f r o m the s i e v i n g a n d they 
w e r e a d d e d a c c o r d i n g to the r e q u i r e d 
r a t i o . T h e n sample w a s m i x e d i n the 
Bal l M i l l f o r better m i x i n g . F ina l ly , t w o 
sieve analysis w e r e carr ied o u t to 
c o n f i r m w h e t h e r the s t a n d a r d size 
d i s t r i b u t i o n w a s achieved. 

2.4.3 Preparation of Mix Design 
for Concrete Casting 
For the p u r p o s e of m a k i n g concrete, 
w e selected grade as M 2 0 w h i c h has 
r a t i o b e t w e e n cement, f ine a n d coarse 
aggregates as 1:2:4. For h igher 
accuracy v o l u m e r a t i o w a s conver ted 
to w e i g h t a n d w e i g h t s w e r e taken. 
R e q u i r e d w a t e r r a t i o w a s taken f r o m 
the tes t ing s tandards . 

2.4.4 Determination of the 
Strength of the Concretes Casted 
using Manufactured Sand 
This step w a s c a r r i e d o u t to f i n d the 
s t r e n g t h of concrete cubes casted u s i n g 
m a n u f a c t u r e d sand b y p e r f o r m i n g the 
cube test. I t w a s consisted b y t w o m a i n 
steps; cas t ing of concrete cubes a n d 
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tes t ing of cubes. M a n u f a c t u r e d a n d 
m i x e d sand p r e p a r e d i n l a b o r a t o r y 
earlier w a s used i n cas t ing concrete 
cubes. Then , those casted cubes w e r e 
tested after 7,14 a n d 28 days . 

2.4.5 Determining the Workability 
of Concrete (Slump Test) 
S l u m p Test is g i v i n g an idea a b o u t the 
w o r k a b i l i t y of concrete t h u s here w e 
used i t fo r the d e t e r m i n i n g the 
w o r k a b i l i t y a n d f o U o w a b i l i t y of 
concrete m a d e w i t h m a n u f a c t u r e d 
sand. I t w a s carr ied o u t a c c o r d i n g to 
A S T M C143 s t a n d a r d . 

2.4.6 Quantifying the Available 
Quartzite Deposit at Rajawaka off 
Balangoda Area 
This was c a r r i e d o u t to r o u g h l y 
estimate the avai lable q u a n t i t y of 
Qua r tz i t e at Rajawaka area b y 
d e v e l o p i n g a d i g i t a l m o d e l u s i n g 
available c o n t o u r maps . For l o c a t i n g 
quartz i te deposits , 1:10000 geologica l 
maps w e r e used a n d shape fi les 
d e v e l o p e d u s i n g that w e r e o v e r l a p p e d 
w i t h c o n t o u r maps i n o r d e r to d e v e l o p 
D i g i t a l E l e v a t i o n M o d e l . 

3. Results and Discussion 

3.1 Determination of Particle Size 
Distribution of Crushed Sand 

Figure 2 - Particle size analys is of 
sample 1 
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Figure 3 - Particle s ize analys is of 
sample 2 
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Figure 4 - Particle s ize analys is of 
sample 3 

A v a i l a b l e l a b o r a t o r y i n s t r u m e n t s w e r e 
used to g r i n d Q u a r t z i t e samples w h i c h 
w e r e t a k e n f r o m Ra jawaka area to 
achieve suitable par t i c l e size range f o r 
concrete m i x t u r e s . H o w e v e r , as the 
avai lab le i n s t r u m e n t s c o u l d n ' t 
p r o d u c e r e q u i r e d range of part ic les , 
t w o o p t i o n s w e r e cons idered ; 

• A d d i n g r e q u i r e d size r i v e r sand 

to m a n u f a c t u r e d sand , a n d 

achieve par t i c le size d i s t r i b u t i o n 

• Col lec t d i f f e r e n t par t i c le sizes 

separately a n d m i x i n g t h e m i n 

correct p r o p o r t i o n s 

First one w a s rejected as ca lcula t ions 
s h o w e d tha t r e q u i r e m e n t of large 
a m o u n t of r i v e r sand f o r m i x i n g w h i c h 
makes the samples n o t representat ive 
as samples w o n ' t e x h i b i t ac tua l 
p r o p e r t i e s of m a n u f a c t u r e d sand. 
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3.2 Preparation of Manufactured 
Sand with Suitable Particle 
Distribution 
D i f f e r e n t par t i c l e sizes w e r e separated 
a n d m i x e d i n r e q u i r e d rat ios to 
achieve suitable par t i c l e size 
d i s t r i b u t i o n for concretes. Sieve 
analysis w a s d o n e f o r t w o m i x e d sand 
part ic les i n o r d e r to c o n f i r m w h e t h e r 
t h e y are w i t h i n r e q u i r e d par t i c l e size 
range. 

T a b l e 2- Weights of different particle 
sizes 

Particle Size 
( m m ) 

W e i g h t (g) 

4.75 1150.2 
2.36 4025.9 
1.18 8051.8 
0.6 7239 
0.3 4888.5 

0.15 2895 

P j A l r n u M R l M l 

Figure 5 - M i x e d sand, sample 1 

Figure 6 - M i x e d sand. Sample 2 
M i x e d s a n d exhibit the required 
particle size distribution for 
concrete manufacturing. 

3.3 Determination of the Strength 
of the Concrete Cubes Casted 
using Manufactured Sand 

T a b l e 2 - Resul ts of cube test 
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Compar i son B e t w e e n obta ined s t rength & Required Strength 

28 Days 

14 Days 

7 Days 
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I HcquirDd ! i t rcngth 
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S t r e n g t t i (MPa( 

Figure 7 - C o m p a r i s o n between obtained strength a n d required strength 

C o m p a r e d to above s t a n d a r d casted 
cubes i n the s t u d y o b t a i n e d r e q u i r e d 
s t rength w i t h i n 7 days, h o w e v e r n o t 
u p to the m a r k w i t h i n other t w o 
durat ions . F o l l o w i n g reasons w e r e 
considered as r o o t causes; 

• I m p r o p e r c o m p a c t i o n d u e to 
i m g r o u n d e d edges of sand part ic les . 

•Change i n i n h e r e n t proper t ies 
quartz i te d u r i n g c r u s h i n g d u e to 
compress ion c o m p a r e d to i n h e r e n t 
propert ies of r i v e r sand. Expert ise 
prefer Ver t i ca l Shaft I m p a c t Crusher 
t h a n Jaw Crusher for th is p u r p o s e . 

•Less eff ic iency of used m i x i n g 
machine w h i c h l e d to i m p r o p e r 
m i x i n g . 

3.4 Determining the Workability 
of Concrete (Slump Test) 

Table 3 - S l u m p test results 
Sample Height of the Average 

No cone (mm) (mm) 
1 182 
2 175 178 
3 177 
4 190 
5 183 186.67 
6 187 

Results of the s l u m p test s h o w s 
w o r k a b i l i t y (ease to f l o w ) of m a d e 
concrete is b i t lesser t h a n the r e q u i r e d 
values a c c o r d i n g to the A S T M C143 
s t a n d a r d . L i t e r a t u r e s h o w that size 
a n d shape of the aggregates m a k e 
i m p a c t s o n the w o r k a b i l i t y of concrete; 
tha t w o u l d be the m a j o r reason f o r th is 
because w e c o u l d n ' t achieve r e q u i r e d 
shape u s i n g avai lab le i n s t r u m e n t s . 
A l s o , i m p r o p e r m i x i n g of the avai lab le 
m a c h i n e can lead f o r th i s . 

3.5 Quantifying the Available 
Quartzite Deposit at Rajawaka off 
Balangoda Area 
D e v e l o p e d d i g i t a l e l e v a t i o n m o d e l 
u s i n g 1:10,000 d i g i t a l m a p s of 
Ra jawaka area w a s used f o r the r o u g h 
q u a n t i f i c a t i o n of the avai lable 
quar t z i t e . I n i t i a l l y m o d e l gave the 
v o l u m e b y k e e p i n g the baseline t o the 
sea l eve l t h e n i t w a s c h a n g e d t o the 
base l i n e to the e l e v a t i o n of Ra jawaka 
area 5 0 3 m f o r c a l c u l a t i o n . 
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Figure 8 - D E M developed for 
R a j a w a k a off Balangoda 

N 

Figure 9 - Q u a n t i f i e d DEM 

A p p r o x i m a t e v o l u m e of q u a r t z i t e 
presence at Ra jawaka o f f Ba langoda 
area is 847,854,954 m3. 
H o w e v e r , th is w a s o n l y a r o u g h 
e s t i m a t i o n w i t h f e w d r a w backs w h i c h 
are discussed b e l o w . 

• T h o u g h s o f t w a r e take the q u a r t z i t e 
b o d y as a v e r t i c a l p r i s m shape 

e lement , ac tual q u a r t z i t e layer 
present at the area is n o t ver t i ca l , i t 
d i p s i n to n o r t h w e s t d i r e c t i o n . 
Hence , there is a p o t e n t i a l of actual 
q u a n t i t y d i f f e r i n g f r o m est imated 
v a l u e . 

• Borehole l o g g i n g is i m p o r t a n t to 
accurately measure the actual extend 
of the depos i t whereas c o n s i d e r i n g 
the extent u p to e levat ion of 
Ra jawaka area can lead to i m p r o p e r 
e s t i m a t i o n . 

4. Conclusions 
The s t u d y is focused o n the Rajawaka 
of f Ba langoda area tha t is s i tuated i n 
R a t h n a p u r a d i s t r i c t at Sabaragamuwa 
p r o v i n c e . E v e n t h o u g h the sieve 
analysis of sand m a d e f r o m Q u a r t z i t e 
does n o t l i e w i t h i n r e q u i r e d range, the 
q u a l i t a t i v e analysis of the deposits 
s h o w s tha t compress ive s t rength a n d 
w o r k a b i l i t y of concrete m a d e b y 
m a n u f a c t u r e d sand is q u i t e suff ic ient 
for c o n s t r u c t i o n purposes . L o w 
i m p u r i t y l eve l a n d less dust 
g e n e r a t i o n i m p l i e s the u s e r - f r i e n d l y 
p r o d u c t i o n process. Q u a n t i t a t i v e 
analysis s h o w s tha t there is e n o u g h 
q u a r t z i t e present f o r economical 
ex t rac t ion . L o c a t i n g q u a r r y i n such 
r u r a l c o n d i t i o n can be expected to 
resul t i n lesser issues as q u a r t z p lants 
are i d e n t i f i e d as one of indus t r ies w i t h 
serious issue i n p o p u l a t e d zones, so 
m i n i n g license can be a p p r o v e d w i t h 
lesser e f for t . Labor i n t e n s i t y of the area 
can be a n advantage f o r the s t a r t u p of 
a m a n u f a c t u r i n g process. A l l these 
characteristics m a k e the deposi t 
sui table f o r m a n u f a c t u r i n g sand for 
c o n s t r u c t i o n i n d u s t r y . 
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5. Recommendations 
• Fur ther studies are r e q u i r e d to 

analyze the d i s t r i b u t i o n of 
Q u a r t z i t e b o d y w i t h h i g h e r 
accuracy. 

• V e r t i c a l shaft i m p e l l o r can be 
used as p o w e r f u l i n s t r u m e n t for 
lab sample preparat ions w h i c h 
w i l l d r i v e part ic les to be i n 
r e q u i r e d shape. 

• Fur ther studies s h o u l d be c a r r i e d 
o u t to d e t e r m i n e the strengths of 
cubes u s i n g other m i x i n g designs; 
M 1 5 , M 2 5 , M 3 0 . 

• A n a l y s i s s h o u l d be done to f i n d 
o u t the i m p u r i t y leve l a n d effects 
f r o m those i m p u r i t i e s to the 
s t rength of the concrete casted 
u s i n g m a n u f a c t u r e d sand. 
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