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Abstract—Determination of the optimum block size with high 

profitability is one of the significant parameters in designation of the 
building stone mines. The aim of this study was to determine the 
optimum dimensions of building stone blocks in Delichai travertine 
mine of Damavand in Tehran province through combining the 
effective parameters proven in determination of the optimum 
dimensions in building stones such as the spacing of joints and gaps, 
extraction tools constraints with the help of modeling by Gemcom 
software. To this end, following simulation of the topography of the 
mine, the block model was prepared and then in order to use spacing 
joints and discontinuities as a limiting factor, the existing joints set 
was added to the model. Since only one almost horizontal joint set 
with a slope of 5 degrees was available, this factor was effective only 
in determining the optimum height of the block, and thus to 
determine the longitudinal and transverse optimum dimensions of the 
extracted block, the power of available loader in the mine was 
considered as the secondary limiting factor. According to the 
aforementioned factors, the optimal block size in this mine was 
measured as 3.4×4×7 meter. 
 

Keywords—Building stone, optimum block size, Delichai 
Travertine Mine, loader power. 

I. INTRODUCTION 

RAVERTINE has been widely used as flooring and wall 
cladding on buildings since ancient Greece up to now. 

The appropriate physical properties of travertine including 
large holes and stone durability in constructing facades and 
buildings result in that this stone still be widely used [1]. 
Examples of travertine can be found in Heritage Building in 
Magna Graecia [2], in ancient Greece and in ancient Rome in 
particular. The Romans have used travertine in a great many 
well-known buildings throughout the Roman Empire [3]-[8]. 

It is considered as a crucial matter for an investor to be able 
to estimate the average block size that can be produced of ore 
body before any mining operations. If a mining investment is 
made without knowing its block size, then this fact can play as 
a contributing factor in not being cost-effective and this leads 
to mine closure in a short time. Considering this fact, the 
principal step in mining designation is determining the 
appropriate as well as optimum dimensions of stone block that 
has three dimensions of length, width and height. Such 
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dimensions should be determined in a way which provide easy 
and safe block extraction and impose the least mining cost 
economically [9]. 

Among the factors involved in determining the optimum 
size of stone blocks, we can refer to geostructural parameters 
including joints, the spacing of the joints and their relative 
direction, technical parameters such as the mode of 
excavation, quality and its functionalities, cutting machine 
power, the mode of block shaping and its dimensions, and 
economical factors like the cost of repair and maintenance, 
consumer equipment, personnel and energy. But what is more 
important in determining the block dimensions comparing to 
others and what has significant impact on determining the 
optimum size of blocks are the spacing in the joints and size of 
required blocks shape which determines the block width. So 
that block width is better to be fit with the spacing in the joints 
and an integer multiple of the cut stone dimension and the 
block width can be increased to the extent that it does not 
cause any problem in overturning the block after separation to 
be shaped and creating work space for the extraction of the 
next block [10]-[13]. Also, block length can be increased to 
the extent that drilling horizontal holes occur without 
deviation or with very little deviation, that this fact has 
significant correlation with type of excavation machine, its 
capacity, operator skill, and also stone material and its 
structure. This issue plays an important role in designing 
decorative stone (building) mines since hole deviation causes 
drilled hole from different directions do not cut each other at 
one point. So as far as there is not high deviation of hole, 
block length increase can be examined. 

On one hand, the dimensions of appropriate block shapes 
that are in demand of stone cutting factories and increases 
their purchase plays a crucial role in determining the block 
dimensions, so that we can reach the maximum acceptable 
dimension range of industries with the least amount of cutting. 
So most Iranian stone cutting manufacturers believe that their 
requested size is within the framework of (block stone) with 
dimensions of 1 and 1.5 to a maximum of 2 meters. Also the 
levels created on the sides and bottom of the block should be 
to an extent that the cutting machine can cut those [14]. Due to 
the importance of this fact, extensive research has been done 
in this respect that some of them are as follows: 

Using the limiting factor of joints system in 2011, S. Mosch 
et al. studied the optimum block dimensions in several 
different mines and eventually they provided a model to 
determine the optimum size with the help of joint system 
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through analyzing the data obtained from 3D-block software 
[2]. 

In 2014, Hakan and Necdet worked on the quality of block 
lump ore in mine. Using the lines of Scan line, they managed 
to remove the joints system within the lump ore and they 
assessed the quality of lump ore by using core drilling [14]. 
The proportion of determining the quality of block lump ore to 
assess the production capacity of lump ore is expressed with 
%ܦܳܤ ൌ ∑ܵஹଵ௠  The results of studies on selected mines .ܮ/
revealed that BQD is more than 50% in working mines and 
less than 50% in abandoned mines. Then based on the findings 
of research, they managed to design an excavation model 
appropriate for building stones. 

In general, in line with determining the optimum block size 
and studying the amount of changes of block size in a mine, 
the optimum dimensions as well as calculations will be done 
with engineering viewpoint and appropriate recognition of the 
special status of the mine. The dimensions that are considered 
as optimum for the blocks in a mine may change in another 
mine by changing the spacing in the joints, the dimensions of 
cut stone and the quality of machinery and its special 
conditions. The optimum block size for each mine is 
calculated according to certain conditions and parameters of 
the mine. But what is certain is that determining the optimum 
dimensions in building stone mines follows a general process. 

 

 

Fig. 1 (a) Access routes to Delichai travertine mine on Google Earth, (b) Delichai travertine mine and the extracted bench face 
 

In this study, the block model in Gemcom gem software has 
been built by using the effective parameters in determining the 
optimum block dimensions, and the optimum dimensions of 
stone block at Delichai travertine mine has been calculated. 

II. DELICHAI TRAVERTINE MINE 

Delichai Village is located at a distance of 109 kilometers 
from Tehran. The height of this place is 2200 meters above 
sea level. Travertine deposits were explored to provide block 
stone for stone cutting factories in south Tehran. Due to the 
proximity of the mine site to Tehran-Firoozkooh road, the 

costs of building road and transportation has been minimized 
and it can be exploited with the highest economic efficiency 
(Fig. 1) [17]. 

III. GEOLOGICAL FEATURES 

Delichai Travertine mine is located in the South West of 
Delichai River and limestone springs are considered as the 
main source of the deposit. Two parts are recognizable in this 
area in terms of morphology and topography. One part has low 
slopes and is relatively flat that recent sediments such as 
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alluvium and travertine can be seen in it. This part extends in 
North and West and a small part of the East of mine area 

The other part is steep that conglomerate and sandstone can 
be seen in it and this area extends in the Southern district of 
the mine. Mine district is situated in a semi-high area that its 
height from Firoozkooh road surface is about 120 to 150 
meters and its height is about 2,200 meters above sea level. In 
this district three units of alluvium, travertine and 
conglomerates are isocline and almost horizontally on each 
other, in the case that sandstones are located in the form of 
unconformity under the conglomerate. Angular unconformity 
is very steep and close to vertical. The reason of this fact is the 
time difference of sandstone and conglomerate formation. It 
means that there can be seen sedimentation gap from Jurassic 
to Neon in the mine area. All lithology units observed in this 
district from new to old are as follows:  
 Recent sediments (QAL) as alluvium with very loose 

cement related to Quaternary in the north of the mine. 
 Recent travertine (QTR) caused by the limestone springs 

at the time of Quaternary with average slope and 
extension N305/5NE and thickness between 7 up to 15 
meters. 

 Neon Conglomerate (NO) which can be seen as a thick 
layer in the main waterway of the mine and below the 
travertine with outward color of light gray. These 
conglomerates are often made of igneous rock and 
pyroclastic rock connected to each other by relatively 
loose lime cement. 

 Jurassic sandstone (JM) with slope and extension N230 / 
75NW related to Shemshak Formation can be seen in the 
lower level of the central waterway.  

In terms of layering, these sandstones are thin layers and 
they are seen as dark green. In petrography studies it was 
found that the main mineral of stone is quartz and very small 
amount of mica mineral is also seen in it. In this group some 
rocky parts made of andesitic rocks, metamorphic and 
sedimentary components can also be seen [9]. 

IV. METHODOLOGY 

In this study, in order to achieve a three-dimensional model 
of the mine district, first a topographic map was drawn 
through surveying. Then, as shown in Fig. 2, the edge and foot 
of the stairs, roads and the topographical points are completely 
differentiated using GEMCOM GEMS software, and finally 
an appropriate surface has been established on the 
topographical points obtained from the field operations. 

In this study, the optimum block size is determined using 
block modeling in software, apply the limiting environmental 
factors, and mathematical calculations of limit equilibrium. 
One of the most influential factors in the accuracy of 
estimating the optimum block size is the size of the blocks 
used in the block model. The reduction in the size of the block 
to a certain extent causes increase in accuracy and then, the 
reduction of block dimensions only causes an increase in 
calculation extent. However, the significant fact to be 
considered is that the rapid decrease in block dimensions 
results in the increase in estimation error. To facilitate the 

work, the block dimensions are considered 1×3×5. These 
dimensions are obtained by experimental adaptation of various 
block dimensions with topographical condition of mine stairs 
through trial and error after implementing several stages of 
testing and modeling in software that based on the 
aforementioned dimensions, the most logical mode is between 
block model and topographical condition of the mine. 

 

 

Fig. 2 Three-dimensional model of mine district; as seen in the 
figure, the mine has three extraction steps. Also, the blue lines 

represent roads, green lines represent stair edge, red lines represent 
the foot of the stairs and green points are the topographical points of 

the region 
 
In Delichai building stone mine, three kind of travertine 

exist with different densities and colors of dark brown, bright 
or white and beige. Dark brown color with a density of 2.38 
grams per cubic meters depot in the tailings dam due to lack of 
proper market. Beige and bright colors with densities of 2.45 
and 2.66 grams per cubic meters are in the next level of 
importance in terms of quality and good market sales due to 
the demand situation in the building stone market recently that 
accordingly only bright color has proper sale market and so 
beige color also depot in the mine. 

The mine in the created model is divided into three colors: 
red, blue and green that in Fig. 3 the three-dimensional view 
and in Fig. 4 its two-dimensional plan is shown. Accordingly, 
bright or white travertine in height of 1245 to 1257 is in blue, 
beige kind in height of 1257 to 1270 is in red and brown kind 
in height of 1270 to about 1286 is in green in the created 
model (Figs. 3 and 4). 

According to geological and geomechanical data, the mine 
has one original and effective horizontal joint set and an 
extensive vertical discontinuity along the entire mine. 
Therefore, the horizontal joint set with a slope of 
approximately 5° to the horizontal was considered as the block 
limiting factor in height and vertical discontinuity extended in 
the total range of deposit was also applied in the model due to 
the impact on the exceeded stone crushing amount at the 
intersection points with the horizontal joint set. By applying 
the horizontal joint set in the block model it is specified that 
the optimum block size can be increased up to 7 meter in 
height in the extraction stage and also there is not the 
extraction possibility of appropriate size block at the 
intersection points of horizontal discontinuity with vertical 
joint set due to the excessive rise of crushing amount and 
therefore these areas should be forbore.  
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Fig. 3 The created block model of the mine 
 

 

Fig. 4 Mine stairs are shown with color separation by block model 
 

 

Fig. 5 Far view of the intersection of horizontal joint and vertical 
joint set with faces along with the block model 

 

 

Fig. 6 Near view of the intersection of horizontal joint and vertical 
joint set with faces along with the block model 

 
In Figs. 5 and 6, two far and near views of extracted bench 

face after applying the discontinuities are shown. 

  

Fig. 7 Block view while being released 
 
In longitudinal and transverse direction due to the lack of 

vertical joint set openly, there will no possibility of using this 
factor. Hence, to address this problem another limiting factor 
should be considered. For this purpose the used loader power 
in the mine which shoulders the duty of pushing the stone 
blocks after extraction and the loader administrative 
constraints in the field of longitudinal and transverse block 
dimensions that it can afford to do it have been considered. 

V. LOADER POWER AND ITS IMPACT ON BLOCK DIMENSION 

After cutting off the block surface, it will be overturned due 
to its shape and creating the work space for the next block 
extraction. While overturning the block, as shown in Fig. 7, 
the resultant vector of the block weight will be out of the 
block surface in equilibrium and it is much more difficult in 
very wide blocks. Thus increasing the width of the block is 
possible to the extent that it does not cause any problem in 
overturning the block and the power of available loader in the 
mine should be considered. 

As previously mentioned, in order to obtain the longitudinal 
and transverse optimum block dimensions in Delichai mine, 
there is no possibility of using discontinuities as limiting 
factor. Therefore, the limiting factor in this dimension is 
determined through the following calculations based on the 
loader driving force and supportive resistant agents during the 
pushing operation of the extracted blocks. It should be noted 
that the used loader in the mine is of Komatsu WA800 type 
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with a bucket volume of 10.5 cubic meters and it has the 
nominal ability to horizontally push the stone block with a 
weigh of about 61 tons. 

Static equilibrium was used in this method. First, according 
to Newton's first relation, the loader driving force is equal to: 

 
1)(  F ൌ ma 

 
To obtain the amount of force that the loader can enter the 

stone, this formula is used. However, the friction force of the 
loader wheel with the ground should be considered in the 
relation as one of the resistance force against movement: 

 
(2)  F െ F୩୪ ൌ ma 

 
However, the friction force of the loader wheel with the 

ground has also a relation: 
 

(3)  F୩୪ ൌ μN 
 
So, to obtain the resistance force against the movement of 

the loader friction, the coefficient of the friction force of the 
loader wheel with the ground is needed. This coefficient will 
equal to 0.6 regarding the relation proposed by Steffen Müller 
in 2003 to obtain the coefficient of the friction force of the 
loader wheel with the ground [18] and the loader weight with 
regard to the loader type used in the mine is also obtained 
from the machine catalog [19]: 

 
F୩୪ ൌ 0.6ൈ99410ൈ10 (4) 

   

F୩୪ ൌ 59646	0	KN (5) 
 
Now the loader acceleration should be calculated to help 

determine the amount of force that the loader enters the stone. 
According to the device catalog, loader speed using first gear 
will reach up to 7 kilometers per hour. So, knowing this fact, 
the time of reaching from complete cessation rate (0 
kilometers per hour) up to the final speed in this gear using the 
timer at the mine site was calculate and accordingly a time 
about 4 seconds was obtained. So using the following relation 
we have:  

 
(6) 

a ൌ
v
t
ൌ

7
4ൈ3.6

ൌ 0.48	 Km hଶൗ 	 

 
Thus, the driving force without considering the friction equals 
to: 
 
F ൌ 99410ൈ0.48ൈ10 ൌ 477160.8	KN (7) 

 
And finally, with regard to the calculated items, the loader 

power is equal to: 
 

F െ 596460 ൌ 477160.8 (8) 
   

F ൌ 1073620.8		KN (9) 
 

However, due to the friction force between the loader and 
the stone block, there will be: 

 
ܨ  (10) ൌ  ௞௥ܨ

  
ܨ  (11) ൌ  ௥ߤݒߩ

  
(12) 1073620.8 ൌ 2260ൈܽൈܾൈ7ൈ0.5ൈ10 

  
(13) 13.57 ൌ ܽൈܾ 

 
The friction coefficient between travertine stone and the 

ground was considered 0.5 [20]. However, given that the stone 
cutting factory does not have the possibility of cutting stone 
with width and length more than 1.7 and 2 meters, the values 
of a and b must be a multiple of these numbers. Thus for this 
purpose and according to equation 11, the amount of a is 
considered 3.4 meters and the amount of b according to 
relation 7 is considered 4 meters. 

Finally, considering the performed calculations and the 
height limiting factor, the proposed dimension to optimize the 
extracted block shape was determined 7×4×3.4m. 

VI.  CONCLUSION 

In this study, the optimum dimension of the extracted block 
was obtained through exploring the joint system and gaps as 
well as considering the machines power used in the mine. 
Using Gemcom Gems software, the block model was made 
considering the existed structural characteristics in the study 
area including horizontal and vertical joint set and the vertical 
extended discontinuities and the extracted block dimensions 
were obtained. But due to the small amount of joints in this 
mine, only the stair height was gained through this method and 
then the length and width was determined with the help of 
loader power. Based on this research, it can be said that 
determining the optimum block dimensions in the building 
stone mines is possible through an engineering approach in 
each mine according to the specific conditions of the mine and 
also the ability of its machines and it follows a general trend. 
In other words, it can be used for the stone mines that are 
extracted by this method. Regarding that the final shape 
dimensions of the manufacturer required product is considered 
as the most significant factor in determining the optimum 
block dimensions, so the extracted block dimension should be 
considered in such a way that the appropriate block shape 
required by the stone cutting factory is achieved. In this case, 
the cutting amount for shaping is minimized and ultimately, 
the cost of extraction will reach the lowest. Therefore, only the 
extracted block dimension will not be the cost reduction 
factor, but the dimension ratio of the extracted block 
dimension to the shaped block dimension will have the main 
impact. In this mine due to the loader ability, the optimum 
dimension of the required shapes and the main block 
dimensions are considered 3.4 × 4 × 7 meter. 
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