DEVELOPMENT OF SANDSTONE RESOURCES OF RAJASTHAN FOR GAINFUL UTILISATION

Dr. S. S. Rathore

Associate Professor and Head, 

Department of Mining Engineering, 

Maharana Pratap University of Agriculture and Technology, Udaipur-313001, India

1.0 INTRODUCTION

India has vast resources of sandstone, which are estimated at around 1000 million tonnes. Sandstone occurs in Rajasthan, Gujarat, Madhya Pradesh, Andhra Pradesh, Tamil Nadu, West Bengal, Orissa, Haryana, Punjab etc. The State of Rajasthan is recognised as major (largest) producer of sandstone of different varieties. Important varieties are Rainbow, Teak, Modak, Kher, Budh, Bansi Pink, Mandana, Dholpur Red, Beige and Jodhpur sandstone. Sandstone found in Rajasthan is of different grains, size, texture and colours. It has the property of being chiseled and dressed into smooth surface or can be carved into various shapes. It is extensively used as roofing and flooring stones, as well as for paving and paneling purposes. It has also used in the form of beams, pillars arches, doors and window sills, wall facings, fence posts and milestone etc. This stone is highly resistant to acids, alkalis and salinity and it provides resistance to thermal variance also and is therefore suitable for construction of building near seashore or as a flooring material and wall facing in chemical industries due to its acid and alkali resistant properties. 

The huge deposits of sandstone in north and northwest of Jodhpur are one of the important sources of dimensional and building stones in the State of Rajasthan. The quarrying of sandstone around Jodhpur has been going on prior to its inhabitation in the year 1459 AD as indicated by the historical buildings. Quarrying started on a small scale in the beginning but over the years as the population grew, quarrying activity increased. Though the stone was used in the construction of buildings since beginning, from 1950's extensive sandstone quarrying started, as Jodhpur sandstone became popular material due to its durability, strength and beauty. This stone is used as the sole building stone in almost all civil works in and around Jodhpur district. There is great demand of this stone in various parts of India and it began to be exported to other countries as stone blocks, stone articles, carved pillars, grills and tiles etc. Recently small cutters have been established to cut the stone to be used as facing. The soft Jodhpur sandstone has a beautiful hue, colour and texture and can be easily chiseled to give a smooth silky appearance.

Quarrying of sandstone around Jodhpur has been established as a major industry in desert region of Rajasthan and is an important source of employment. More than 35000 workers are directly employed for quarrying in about 6000 quarry plots. About the same number of workers are employed for loading, transportation, and dressing and other related construction activities. Nearly 3000 trucks, dumpers, tractors etc are in operation for transportation of mineral and disposal of waste. Although this is the largest industry of the district but the quarrying activities are in unorganised form and owned by small quarry operators. Therefore, scientific development of the quarry is the need of the today for upliftment of the workers by providing proper technique and gainful utilization of natural resources. Therefore, a study was carried out to reduce the waste generation at quarry site by adopting proper extraction technique. 

2.0 SANDSTONE QUARRYING AROUND JODHPUR

Quarrying of sandstone, an important building material, around Jodhpur is well known. Stone-quarrying activity is presently being carried out in about 150 sq. km. area. The Mines and Geology Department has delineated 11961 plots in Jodhpur region. Of these about 6143 quarries have been allotted for quarrying purposes (DMG, 1999). In all working areas for the purpose of quarrying sandstone, deposit have been divided into small size plots of 60 m x 30 m or 60 m x 60 m and sanctioned on rent cum royalty lease basis. Sandstone deposit occurs in two distinct variety (a) splittable and (b) non-splittable.

· Non-splittable sandstone overlies the splittable one and forms the overburden whose thickness varies from place to place, generally between 0.5 to 3 m. This is generally fine-grained conglomertic sandstone known as Gur. The splittable sandstone has different grain sizes and colors. The common colors being red, dark red, light pink, or light flesh.The fine grained light pink colored stone is highly priced .It can be easily dressed and chiseled. It is highly weather resistant stone. The red colored sandstone contains a small percentage of clay micaceous minerals and is therefore less resistant to weathering.

· The entire deposit is laminated. Thickness between two cleavage planes varies from 0.6 to 15 m. The splittablity of stone is decided by the presence of bedding plane, whose separation decides the thickness of the slabs, which are used in roof. Whenever bedding planes are uneven, the slabs obtained from the blocks become unsplittable.

· Vertical joints are the other weakness planes, which traversed throughout the field. The distance between such joints varies from 0.6 m to 60 m . These vertical joints are mostly perpendicular to bedding planes. Advantage is taken of the presence of such planes in quarrying.

· Compressive strength of stone varies from 40 to 120 MPa. The fine and medium grained varieties of sandstone offer more strength and durability than the coarse grained ones.

2.1 Conventional Extraction Practices in Sandstone Quarry

The overburden in this area is in the form of non-splittable sandstone with several variations (Called “Gul” in local language) having thickness from 6 to 8 m. The overburden is removed mainly by blasting using ANFO, ordinary detonators and safety fuse with small diameter Jackhammer holes (34 to 42 mm).  Some times large diameter holes (115 mm) are also used for removal of overburden. Radar under the control of Ministry of Defence, GOI, is situated in the vicinity of sandstone quarries, thus, large diameter holes blasting is restricted for removal of overburden.

Mining of sandstone is carried out manually by drilling Jackhammer holes of 15 to 25 cm depth in vertical as well as horizontal direction. The blocks of 3 to 3.60 m length, 0.45 m height and 0.60 m width are extracted for making the roof slabs. Thereafter, blocks are splitted in roof slabs, ashler (block) and brick.

Roof slab: The extracted blocks are splitted into roof slabs of 3.00 m, 3.30 m, 3.60 m length, 0.25 m, 0.30 m width and 7.5 cm & 10 cm thickness. These roof slabs are made from splittable sandstone in horizontal plane. The conventional extraction of slabs in sandstone quarries is illustrated in Figure 1.
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Figure 1. Conventional extraction technique of sandstone slabs

At bottom of the block, natural weak planes are generally taken as the base but for creating the free face in vertical plane, slotted holes (115 mm diameter) are used upto a depth of horizontal weak plane. Slot drilling is costly and thus, it can be replaced by making the slot with blasting at 30% cost.

Block (Ashler): These bocks are processed in the wheel cutter or gangsaw.  The blocks of 1.80 m to 2.40 m length, 0.60 m width and 0.45 m thickness are used in processing plants. These blocks should be free from horizontal weak planes.

Building stone: These are prepared from the non-blockable sandstone in the size of 0.30 m cube.

Blast details in sandstone: A circular hole was drilled to create the free faces in the splittable sandstone. The details of block and charging of hole is shown in Figure 2 and 3.
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Figure 2. Position of blasthole and cracks developed after blasting
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Figure 3. Charging of single blasthole with gunpowder

Details of charging of hole

Hole diameter
= 62 mm

Hole depth 
= 1.20 m

Explosive used  = 2.5 kg gunpowder

Block volume = 37.076 cu.m. or 100 tonnes
(Size, Av. length = 6.20 m, Av. width = 4.60 m and Av. height = 1.30 m)

Recovery of material

Block (Ashlet) = 74 tonnes (Sale price = Rs  1200/ cu m. and total recovery is 30 cu. m.)

Brick = 20 tonnes (sale price = Rs 120/ tonne)

Waste material = 6 tonnes

The above described practice is used for creating the free faces but has disadvantage due to damages in the insitu strata. Therefore, proper extraction technique is required to  reduce the waste generation.

3.0 EXPERIMENTAL WORK IN SANDSTONE QUARRY 

For development of proper extraction technique, experimental work was carried out with various blasting methods to improve the recovery of saleable product. The site of sandstone formation selected was uniform and only one cubic block of 300 mm size before blast was collected and subsequently cores were obtained from these in the laboratory for determination of geo-mechanical properties. After carrying out blasting, cubical block was collected from the separated block. Sample blocks were finally extracted by drilling the holes at close interval in horizontal and vertical direction and thereafter separation was effected by feather and wedge. Thereafter, these extracted blocks were brought to the sandstone cutter. A perpendicular cut was provided in the sample block to visually detect the crack generation pattern, in order to precisely locate the coring points in the laboratory subsequently.  In the laboratory, cores of 42 mm diameter were obtained from the sample block at a distance of 20 mm, 80 mm and 140 mm to determine the related geo-mechanical properties in the laboratory. 

Use of Blasthole Liners

The following types of blasthole linhers were used:

-Slitted pipe lining (a) Mild Steel (b) PVC and (c) Paper Tube

The M.S. pipe of 30 mm outer diameter and 1.5 mm wall thickness was cut along the length and thereafter used in the blasthole to protect the damages in the extracted block and remaining rock. 

Blasthole lining of PVC pipe (poly-vinyl chloride) (30 mm outer diameter and 2 mm wall thickness) was also, similarly, cut along the length and placed inside the blast hole (Bhandari and Rathore, 2002).

Sandstone being inexpensive, hence, needs inexpensive liners. Hard paper pipes and slitted cardboards are the waste of packing material and explosive boxes & available free of cost and hence, they were used. The slitted cardboard (paper tube) liner is illustrated in Figure4. The cardboard liners were made in circular shape in the field manually and not much skill was required.


[image: image4]
Figure 4. Slitted cardboard (paper tube) liner

Blasting Procedure

Blasting with various explosives like detonating cord, NG-based cartridge and ANFO with variation of quantity was tried. Trial blasts were mainly carried out with detonating cord placed in blast holes. The blast holes were either left unstemmed or were stemmed full column with water or sand. Detonating cord was used as an explosive with a knot (tied at the end of the detonating cord) before inserting it in each hole (Rathore and Bhandari, 2005). Thereafter, initiation of blast was done. The patterns of the conventional and notched blast holes are illustrated in Figure 5 & 6.

 The loading of explosive charge (detonating cord) in conventional blasting and in notched blast hole are given in Figure 4 and 5 respectively.
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Figure 5 Detonating cord with cardboard lining.
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The blast results of the experiments are given if following Table 1 and 2.

Table 1. Circular hole blast result in sandstone

	Blast

No.
	No.

of holes
	Blast hole dimensions (m)
	Exp.

used
	Stemming

material/

blast hole

liner
	Blast results



	
	
	Depth
	Spacing
	Burden
	
	
	

	SS-01
	04
	0.50
	0.30
	0.62
	30 g/m

D-cord
	Wet sand
	Fine crack was developed between hole no.2 & 3 and no unwanted visible crack.

No movement of extracted block due

to absence of weak plane at bottom

of holes.

	SS-02
	04
	0.75
	0.30
	0.63
	30 g/m

D-cord
	Wet sand +

M.S. pipe
	Block separated and no visible

unwanted damages.

M.S. pipes damaged.

	SS-03
	04
	0.93
	0.30
	0.62
	30 g/m

D-cord
	Wet sand + PVC pipe
	Crack was developed in desired direction and natural weak planes were opened & PVC pipes damaged

	SS-04
	04
	0.51
	0.30
	0.61
	30 g/m

D-cord
	Dry sand + cardboard tube
	Fine crack was developed in desired direction.

No other visible cracks were seen

	SS-05
	04
	0.52
	0.30
	0.63
	30 g/m

D-cord
	Water filler
	The crack developed in desired direction and extracted block broken in 3 pieces

Several cracks developed in remaining rock

	SS-06
	04
	0.54
	0.30
	0.61
	30 g/m

D-cord
	Cardboard with Air
	No crack in desired direction

Along the bottom line block was lifted

	SS-11
	01
	0.60
	crater
	-
	30 g/m

D-cord
	Wet sand stemming
	Several cracks were formed varying length from 0.07m to o.35m


Observations: Circular hole blasting was carried out by detonating cord and providing M.S. pipe, PVC pipe and cardboard liners. As a result, no visible damages were observed in extracted blocks and remaining rock. However, damages were observed in water filled blasts in extracted block and remaining rock.

Table 2. Notched hole blast result in sandstone 

Notching depth: 200 mm in all the blast

	Blast No.
	No. of holes
	Blast hole dimensions (m)
	Exp.siused
	Notching /Stemming material
	Blast results

	
	
	Depth
	Spacing
	Burden
	
	
	

	SS-07
	04


	0.50
	0.30
	0.62
	30 g/m

D-cord
	Notching + water
	Crack was developed and extracted block broken in two pieces

	SS-08
	04
	1.05
	0.30
	0.61
	20 g/m

D-cord
	Notching + water
	Block was separated &gone for a distance of  0.30 m.

Unwanted cracks developed along hole no.1,2 and 3.



	SS-09
	04
	0.45
	0.31
	0.62
	10 g/m

D-cord
	Notching + water
	Smooth crack was developed 

No unwanted visible crack.



	SS-10
	04
	0.70
	0.32
	0.61
	30 g/m

D-cord
	Notching + cardboard liner + sand
	Fine crack was developed




Observations
In notched holes, blasting was carried out by using detonating cord and water as filler in the holes. As a result, damages were observed higher in 30 g/m detonating cord as compared to 20 g/m detonating cord. However macro crack in desired direction was developed and no visible unwanted cracks were observed by using 10 g/m detonating cord. In notched hole with cardboard liners, no damages were observed.

Determination of P-wave Velocity

The ultrasonic wave velocity equipment has been used in the laboratory for determination of P-wave velocity. The application of ultrasonic testing to rock is confined to the measurement of velocity of relatively low frequency pulses passing through the rock. In general higher the velocity, higher the quality of rock or less damages in the rock in the form of micro level to macro level fracturing. It can be theoretically proved that the velocity of a pulse of longitudinal ultrasonic vibrations in an elastic solid can be given by the following equation:



E (1-()


V = ( -----------------------



ρ (1+() (1-2 ()

Where,
V = P-wave velocity (km/s)


E = modulus of elasticity


ρ = density of rock (g/cu.cm.)


( = Poisson’s ratio

The P-wave velocity is measured with ultrasonic equipment for assessing the quality of rock. In this apparatus, pulses are generated and accurately measure the time of their transmissions through the rock. The distance, which the pulses travel in the rock, is also measured to calculate the pulse velocity. The P-wave velocity determined of various types of core samples is given in Table 3. 

Table 3. P-wave velocity determination of Jodhpur sandstone core samples


(Core diameter = 42 mm)

	Sl. No.
	Experiment No.
	Location of sample from hole (m)
	P-wave velocity (km/s)
	% reduction in P-wave

	1
	
	-
	5.95
	-

	2
	SS-01(1)

SS-01(2)

SS-01(3)
	0.02

0.08

0.14
	5.69

5.72

5.80
	4.37

3.86

2.52

	3
	SS-02(1)

SS-02(2)

SS-02(3)
	0.02

0.08

0.14
	5.75

5.82

5.86
	3.36

2.18

1.51

	4
	SS-03(1)

SS-03(2)

SS-03(3)
	0.02

0.08

0.14
	5.78

5.75

5.76
	2.86

3.36

3.19

	5
	SS-04(1)

SS-04(2)

SS-04(3)
	0.02

0.08

0.14
	5.64

5.97

6.02
	5.21

3.36

1.18

	6
	SS-05(1)

SS-05(2)

SS-05(3)
	0.02

0.08

0.14
	3.83

4.34

4.67
	35.63

27.06

21.51

	7
	SS-06(1)

SS-06(2)

SS-06(3)
	0.02

0.08

0.14
	6.14

6.44

6.48
	3.19

8.23

8.90

	8
	SS-07(1)

SS-07(2)

SS-07(3)
	0.02

0.08

0.14
	4.28

5.00

5.09
	28.06

15.97

14.45

	9
	SS-08(1)

SS-08(2)

SS-08(3)
	0.02

0.08

0.14
	5.20

5.46

5.94
	12.60

8.23

0.17

	10
	SS-09(1)

SS-09(2)

SS-09(3)
	0.02

0.08

0.14
	5.72

5.77

5.76
	3.86

0.67

0.34

	11
	SS-10(1)

SS-10(2)

SS-10(3)
	0.02

0.08

0.14
	5.76

5.91

5.93
	3.19

0.67

0.34

	12
	SS-11(1)

SS-11(2)

SS-11(3)


	0.02

0.08

0.14
	5.48

6.36

6.38
	7.90

6.89

7.23


-SS-BB, P-wave velocity measured before blast

-All other P-wave velocity measured after blast

4.0 RESULT AND DISCUSSIONS 

On the basis of study carried out in the sandstone quarry and in the laboratory, P-wave velocity has been evaluated to determine the damages with different techniques. 
P-wave velocity

The P-wave velocity of the core recovered was determined from the sample blocks SS-01 to SS-11 and incorporated in Table 3. The comparative presentation of P-wave velocity of core samples is illustrated in Figures 7 and 8. M.S. pipe, PVC pipe and cardboard liners were used in experiment No. SS-02, SS-03 and SS-04. As a result, reduction in P-wave velocity varies between 1.18% to 5.21% in cores collected at distance of 0.02 m, 0.08 m and 0.14 m from blast hole. Thus, negligible damages were observed. However, damages with same explosive charge in water filled holes in blast No. SS-05 & SS-07 were more, as indicated by reduction in P-wave velocity. In experiment No. SS-05, reduction in P-wave velocity was observed from 21.51% to 35.63% with 30 g/m detonating cord. However, in experiment No. SS-07, 20 g/m detonating cord in notched hole was used and reduction in P-wave velocity was observed 28.06% adjacent the blasthole and 14.45% at 0.14 m distance. In experiment No. 06, cardboard liners were used in circular holes and as a result, reduction in P-wave velocity ranging from 3.19% to 8.90% was noticed. Thus, very little damages were observed using cardboard liners.

In experiment No.09, 10 g/m detonating cord in notched hole was used in water filled hole. As a result, reduction in P-wave velocity was varying between 3.03 to 3.86%. Thus, small damages were observed.

In experiment No. SS-10, dry sand and cardboard liners were used with 30 g/m detonating cord in notched hole and P-wave velocity reduction was only 3.19%, 0.67% and 0.34% at 0.02 m, 0.08 m and 0.14 m distance from blast hole respectively. Thus, cardboard liners were most effective and also controlled the damages in extracted block and remaining rock.
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Figure 7. Comparative study of P-wave velocity in Jodhpur sandstone with constant explosive charge
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Figure 8. Comparative study of P-wave velocity in Jodhpur sandstone with varying explosive charge

CONCLUSIONS

1. The blasting operations carried out presently for extraction of sandstone slabs and blocks creates unwanted damages in the useful good quality sandstone. Thus, the recovery of saleable product is very low and huge quantity of waste is generated.

2. For extraction of crack free sandstone slabs and blocks, controlled blasting practices are required. Therefore, economically viable blast hole notching technique is the most suitable for extraction of sandstone.

3. Presently, notching was carried out by stopping the rotation of the jackhammer, but a suitable appropriate tool should be developed to use by small quarry operators.

4. Non-splittable sandstone is presently extracted as waste overburden but that can be recovered in the form of blocks to make the valuable product. 
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