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Table 1. Productivity of diamond wire cutting for two types of building stone containing marbles and granites

(Ahmadi, 2016)
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Fig. 1. The primary zoning of Mahallat-Hajiabad travertine mine to 18 areas on the Google Earth image
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Fig. 2. Rose diagram of joints at zone 8E in the Hajiabad travertine mine
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Fig. 5. Perpendicular boreholes and cutting of various faces of stone block using diamond wire cutting method,
schematically (Ahmadi, 2008)
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Table 2. Investigating the status of performance and productivity of diamond wire cutters used at the zones S8E
and 8W of Mahallat-Hajiabad travertine mine during 45 working days
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Abstract

In the present study, productivity was determined as one of the most important evaluation
criteria for the building stone to cut the different faces of travertine using the diamond wire
cutting method. For this purpose, measurements were carried out in two zones named 8E and
8W in the northern region of Mahallat, Hajiabad travertine located in the Markazi Province.
These zones were selected because of their greater similarity in terms of geological
conditions, physical and mechanical properties of the stone, quarrying facilities, machinery
and equipment. In order to achieve the objective, structural studies as joint study were first
carried out as a joint study through field observations of fractures, drawing rose diagrams
and analyzing them. Then, the productivity of electro deposited type diamond wire cutting
was measured on seven blocks in two cutting panels of the 8E zone and 13 blocks in three
cutting panels of the 8W zone over a period of 45 working days was measured. The results
of the research indicate that the average productivities are 7.09 and 5.71 square meters per
hour for the 8E and 8W zones, respectively and the overall average value for the 8E and 8W
zones is 6.4 square meters per hour. Based on these results, although the average productivity
level in these zones is acceptable, but well below the ideal level (18 square meters per hour).
Therefore, the productivity in this area needs to be increased.

Keywords: Productivity, Dimension stone, Travertine, Diamond wire cutting, Mahallat-
Hajiabad.

Introduction

Nowadays, the diamond wire cutting method is considered the most appropriate in the stone
industry compared to other dimension stone quarry methods due to its advantages containing
relatively high flexibility, great compatibility with environment, relatively high energy efficiency
and no damage to stone. However, the performance of various wire cutters is different depending
on their type and material as well as the kind of building stone.

In the present study, productivity was determined as one of the most important evaluation criteria
for the building stone to cut the different faces of travertine using the diamond wire cutting
method. Productivity is defined as the cutting area by the wire in square meters per hour. For this
purpose, measurements were carried out in two zones named 8E and 8W in the northern region
of Mahallat-Hajiabad travertine located in the Markazi Province. The reason for selecting these
zones was their greater similarity in terms of geological conditions, physical and mechanical
properties of the stone, quarrying facilities, machinery and equipment. Hajiabad travertine quarry,
as the largest travertine mine in the Markazi province, is located in the southwest of Mahallat city
and five kilometers from Mahallat-Khomein road. This district has a relatively mild hill-axis
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morphology and is located between the foothills and plain. In the Hajiabad travertine district, six
types of stratified rock units have been distinguished: one sandstone unit, Eocene shale and marl
units, two lower and upper Quaternary conglomerate units, and three travertine units with
quarrying ability. Currently, the region includes 11 zones named 6E, 6W, 8E, 8W, S3, L10, 1, 12,
14,15 and 17.

Materials and methods
To achieve the goal, structural studies as joint study were initially conducted through field
observations of fractures, drawing rose diagrams, and analyzing them. Based on the results of this
approach, dimensions of mining blocks are designed and implemented in the general directions
of main joints in the region. This task, on the one hand, facilitates and increases the speed of stone
block cutting, and on the other hand, prevents the stone block from breaking in the primary or
subsequent stages of cutting, and as a result, the productivity increases.
Afterward, the productivity of electro deposited type diamond wire cutting employed for seven
blocks in two cutting panels of the zone 8E and 13 blocks in three cutting panels in the zone 8W
during a period of 45 working days was measured. In general, from statistically viewpoint in this
study, the number of five cutting panels, 20 blocks and 96 cubes (part of a block) has been
carefully investigated.

Results and discussion
The results of the research indicate that the highest value of cube cutting productivity equals 19.87
square meters per hour, belonging to cube No. 1 of block No. 553 from cutting panel No. 3 in
zone 8W while the lowest value equals 2.72 square meters per hour corresponds to cube No. 3 of
block No. 550 from cutting panel No. 1 in zone 8W. On average, the back cutting efficiency for
two zones 8E and 8W, overall is equal to 7.33 square meters per hour, which is relatively
favorable.
In general, the average productivities of cube cutting are 7.09 and 5.71 square meters per hour for
zones 8E and 8W, respectively as well as the overall average value for zones 8E and 8W is 6.4
square meters per hour. In other words, the average productivity of cube cutting in zone 8E is
more favorable than 8W. Based on these results, although the average productivity level in these
zones is acceptable, it falls significantly short of the ideal value (18 square meters per hour).
Therefore, the productivity in this region needs to be increased.

Conclusion

Although, currently in most of quarries in Iran, diamond wire cutting method is used for building
stone quarrying, but in the various parts of this process, through correct selection of equipment,
devices, machines and cutting direction, increasing of efficiency and productivity possible. By
continuing the research, determining the appropriate parameters and employing new technologies
to quarry building stones with the diamond wire cutting method, the productivity can be increased
significantly. Undoubtedly, optimizing the parameters of diamond wire cutting and using modern
equipment will reduce stone waste, preserve the environment and increase the productivity in the
quarry process of building stones.
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