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ABSTRACT

One of the usual methods of building breakwaters in Iran is to use rock mass structures. Most of the rocks
in the south of Iran are sedimentary (limestone, sandstone and lomashell). Most of the regulations in present
codes regarding the usage of stone in hydraulic protection structures in other countries are mostly
according to the availability and abundance of igneous rocks, as well as their own specific different
geological conditions, so they have criteria’s that are more suitable for these types of rocks. In 2009, the
regulations for the use of stone in breakwaters and protection structures were prepared to provide a codified
standard for quality control during construction due to the extreme poverty of desirable stones in the south
of Iran. Despite the promulgation of this regulation , the quality of construction in the majority of rock mass
structures is still not favorable, the reasons for which can be attributed to: high abundance of harmful clay
minerals within the range of extractable depth of the existing formations, high heterogeneity in the quality
of the extracted rock, The extension of the life of the constructed structures beyond the initial assumptions
of the design, the insufficiency of the existing standards for medium and long term serviceability, and in
general the dominant effect of mineralogy on the overall performance of sedimentary rocks in rock mass
structures . With regard to the mentioned cases, in this article, a new criterion for the classification of
sedimentary rocks has been proposed.
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1. Introduction

One of the most common methods of building breakwaters and coastal protection structures is the
use of stone mass structures. These structures are one of the best options for the construction of
ports, in addition to the favorable stability and reasonable economic cost if the technical points are
observed. Most of the coastal protection structures built in the south and north of Iran are of rubble
mound type. Due to the extreme poverty of southern Iran in terms of suitable stones, unfortunately,
most of the built structures have suffered premature deterioration, and as a result, their mid-term
and long-term performance is in an aura of uncertainty. In addition to design problems, the main
cause of premature destruction of these structures is the use of weak and unfavorable limestone,
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sandstone, and Loma shell rocks in terms of engineering specifications. Considering the variety of
geological characteristics in different regions, each country has developed regulations and
regulations regarding the construction of marine structures depending on its own conditions. Most
of the marine protection structures built in most parts of Europe and America are made of igneous
rocks, and therefore the standards of regulations compiled in these countries are mainly based on
igneous rocks. If these criteria are applied to the limestone and Loma shell rocks in the south of
Iran, most of these rocks are in the unfavorable category and they cannot be used in any part of the
marine protection structure. For this reason, in 2009, the regulation "Use of stone in breakwaters
and protective structures” [1] was compiled with the support of the Transportation Research
Institute. Despite the compilation of the relevant regulations in the country since 2009 in order to
have the appropriate and codified criteria available for the correct selection of mines and in addition
to continuous quality control of construction sites, there are still no favorable conditions in the
constructions carried out in the south part of Iran. One of the important reasons for the weakness
of the existing structures is the very wide changes in the type and engineering characteristics of the
stones extracted from the existing formations in the stone extraction mines. Despite the favorable
performance of sedimentary rocks in the immersed and the crown zones [2-4], in the rubble mound
sloped areas, where the Armour materials are exposed to continuous dry and wet cycle, damage
types as breakage and fragmentation due to progressive and deep cracks in the Armour and filter
layers and also disintegration and displacement and erosion of the top of the Armour layer are
observed. It seems that a revision of the regulations and standards in guideline "Use of stone in
breakwaters and protection structures” that adopts a stricter process in the process of preliminary
studies and periodic continuous tests is necessary. The revision should improve the quality of the
structures being built and Also, the structures under preliminary studies should work. Illustration
1 shows the various part of a breakwater that’s are:

Zone | - permanently submerged zone below mean low water (MLW)

Zone 11- zone between man low water and mean high water (MHW) with continuous low-intensity
wave action

Zone 111- the zone between MHW and the design extreme water table, which can be heavily attacked
by waves; the frequency of wave attacks decreases moving further up the slope

Zone 1V- the zone above design level, which will experience wave run-up and overtopping [5].
Based on the stated division, various parts of the breakwaters are mentioned.
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Figure 1: exposure zones in coastal structures [5].
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2. Factors Affecting the Performance and Deterioration of Protective Layers in
Marine Structures in the Mid and Long Term

One of the important parameters in determining the service quality of marine structures during their
intended lifetime in the medium and long term is the durability and stability of the protective layers
in these structures. The reduction of the level of stability over time as a result of the chemical
interactions of rock-forming minerals as well as mechanical erosion caused by environmental
conditions is inevitable in marine structures. The main goal of all regulations and guidelines written
so far is to control the range of deterioration and damage within an acceptable range. Deterioration
of the protective layer can occur in the form of wear or rounding of the Armour layer, flaking of
the top of the stone and progressive deterioration of Armour stones layer, the creation of
prematurely growing holes in the stone texture (especially in the area of the rock mass structure
that is exposed to continuous wet and dry cycle i.e Zone 11). Other deterioration forms are: sinking
of the Armour layer in the filter layer due to weak resistance, sinking of the protective layers in the
core where its texture was washed away or is unable to bear the protection layers' weight, settlement
and collapse of the protective layers caused by the settlement or the deterioration of the resistance
of the stones in the immersed part (Zone 1). In addition to the controls of the structural design codes
and Continuous monitoring of the process of extraction and placement and arrangement of these
materials, control of the physical - chemical characteristics of the stones used in rubble mound
structures is very important, especially for sedimentary rocks. Hasanli et al. [7] conducted a study
on the Amur rocks used in the breakwaters of Bushehr province. Based on the research done, it
was found that most of the rocks used are of sedimentary type and based on mechanical and
chemical properties, they cannot be used in breakwaters Armour stone from the point of view of
different standards, while are in practice, depending on the location (immersed or on the rubble
mound slopes i.e., Zone 1l or Zone 111) their functionality is different. Based on the research done,
the existing stones were divided into 6 subgroups: 1- marly limestone which, despite the weakness
in porosity, water absorption and specific gravity, impact value and point load index, have
acceptable results in durability testing. The performance of these rocks in the rubble mound slopes
area and also immersed zone is very bad due to the dissolution and severe deterioration of
resistance, and they have suffered severe wear and weathering. According to the regulation of the
use of stones, the use of these stones with special measures is allowed only for the core. 2- Loma
shell limestone's are weak and very weak in every factors except for the health of the stone. Their
performance is more dependent on the size of the fossil and the cement material between their
particles. Regarding these rocks, fine-grained samples have less erosion compared to coarse-
grained samples. 3- Limestone sandstones, despite having poor mechanical properties, perform
well in immersed (Zone 1) and sloped zones (Zone 11) due to the accumulation of algae, but they
are very prone to fracture and erosion in the upper part of the slope and crown i.e., Zone l1ll. 4-
Crystallized limestone has a favorable performance in immersed and sloped zones (Zone 11), if
there are no seams and cracks. 5- The performance of fossilized limestone is strongly dependent
on the size, density and type of cement materials in them. Despite the favorable performance in the
upper part of the sloped zone area (Zone 111), they have unfavorable performance in the immersed
(Zone 1) and sloped zones (Zone 11) and suffer severe dusting and erosion. If there are large fossils,
the performance of this stone is similar to crystallized limestone and it can be used in all zones. 6-
Calcareous conglomerate stones, if fine-grained, perform much better than coarse-grained
conglomerate stones. In the case of coarse-grained stones, due to the accumulation of algae in the
flooded state, there is not much difference with fine-grained stones. The performance of these
stones is strongly dependent on the size of their constituent particles.
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Table 1: The criteria included in the regulations for the use of stone in breakwaters and protection structures (a)
Limestone and sandstone (b) Loma shell stones.

arameter specification criteria
P s unit E D C B A
water absorption percent >18 12-18 6-12 3-6 <3
physical
parameters
dry density KN/M3 <16 16-18 18-22 22-24 >24
point 5 10 15 20 25
point load index Mpa <1 1-2 2-3 3-4 >4
strength
parameters
unaxial strength Mpa <8 8-20 20-40 40-60 > 60
point 5) 10 15 20 25
Impact Value percent > 45 35-45 20-35 10-20 <10
physical
duribility | duribility index (15 | <80 80-85 85-90 90-95 >95
parameters cycles)
Los Angeles percent > 65 50-65 35-50 25-35 <25
point 5) 10 15 20 25
chemical
duribility sulphate soundness percent >20 16-20 8-16 4-8 <4
parameters
point 5 10 15 20 25
()
arameter specification criteria
P P unit E D c B A
water absorption percent >24 18 -24 12-18 6-12 <6
physical
parameters dry density KN/M3 <15 15-17 17-19 19-21 >21
point 5 10 15 20 25
point load index Mpa <1 1-15 15-2.5 2.5-4 >4
strength
parameters
unaxial strength Mpa <7 7-10 10-25 25-40 >40
point 5 10 15 20 25
Impact Value percent > 60 45 -60 30-45 51-30 <15
physical
duribility | quribility index (15
parameters cycles) percent <65 65-75 75-85 85-90 >90
Los Angeles percent >75 60-75 45-60 30-45 <30
point 5 10 15 20 25
chemical
duribility sulphate soundness percent >22 18-22 14-18 10-14 <10
parameters
point 5 10 15 20 25

(b)
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3. The Necessity of Revision of the Criteria of Classification by Considering the
Constructive Minerals

Providing a classification system that considers the physical properties and the durability index of
the stone and at the same time can provide more appropriate and reliable results would be very
effective in avoidance of wasting time and money [10]. Fahimi Far and Soroush [11] regarding the
durability index of the method proposed by Franklin and Chandra, which was proposed in 1972, is
a very suitable index to show the sensitivity of the stone to successive wetting and drying and
effects. They suggested that it is the chemistry of water, which actually shows the resistance of the
stone against the wetting and drying process. The higher the value of this index, the rate of erosion,
dissolution and crushing of stone against weathering is less. They reported that performing this test
on rocks is necessary to place them in the body or the edges of the stone (tensile or fracture area or
crown). Another one of The indices that can be used to classify stones are Gamble's 1971 durability
index. Tohidi et al. [10] investigated the effect of Franklin's first cycle and Gamble's second cycle
Chandra Vesicle on the stones used in the breakwater. In fact, Franklin and Chandra's proposed
method in order to perform the durability and dynamic penetration test, the accuracy of the obtained
results has been sacrificed for the speed of the test. Despite its useful and practical results, the use
of these tests has not been included in the scoring and classification process of the regulations for
the use of stone in breakwaters. The approach of the regulation is based on limiting the number of
tests to a minimum and at the same time getting the best possible result based on a codified scoring
index according to the rocks and formations in the country. Despite all these considerations,
sedimentary rocks show different behaviors depending on their location in the rock mass structure
due to their specific chemical structure and also the harsh environment used in the sea.

Depuy [12] has divided stone durability tests into three categories: physical, mechanical and
simulation. Fuchs et al. [13] expanded this classification and added several tests to determine the
evaluation of rocks along with lithological and mineralogical tests. The proposed process in the
regulations for the use of stone in breakwaters is also based on the research of Depuy and Fuchs et
al., who have added a scoring system to group stones quantitatively. An important point in the
division of these researchers is to simulate the environment of the placement of the stones in order
to find out how they function in a specific environment. It is obvious that each stone would show
different behaviors according to the environmental conditions and the loads imposed on it. The
importance of this is doubled in the case of sedimentary rocks with high chemical activity. Due to
the harsh conditions of the marine environment, the presence of salts, chlorites and sulfates in the
sea water and the application of static and dynamic loads with a wide range of differences, the
simulation of the constructed stones in each zone is very important. It seems that the proposed
classification tests regarding sedimentary rocks (limestone, lomashell) in the regulations for the
"use of rock in breakwaters", for the purpose of classification and assignment to rocks, regarding
the modeling of conditions real is not enough and especially the obtained numbers and grades are
higher than the real performance of the stones. Table 1a and b shows the criteria included in the
regulations for the use of stone in breakwaters and protection structures for Limestone, sandstone
and Lomashell stones. As it is explicitly mentioned in the introduction of the guideline that if the
other current standards system of similar regulations regarding the sedimentary rocks in Iran, the
majority of these rocks Despite of their good performance, included in the category of unusable
materials, but in the opinion of the author, the proposed evaluation system in the guideline is still
deficient in terms of tests for modeling. Considering the wide variety of sedimentary rocks in terms
of physical - chemical properties in the south of Iran and also the difference in the behavior of
rocks (immersed or rubble mound slope), it seems that it should be reconsidered in the system of
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ranking and classification regarding the adequacy of stones used in coastal protection structures.
According to the regulation guideline, due to the lack of a systematic relationship between chemical
durability and other stone properties, this parameter has been included in the ranking
independently. However, all the mechanical properties and durability of the stone are a function of
the chemical durability, in other words, the type and properties of the minerals that make up the
stone. It is especially important that the deterioration of sedimentary rocks occurs when the
mechanical properties of the rock deteriorate due to the presence of seams and chemical
interactions. The stone used in marine structures may appear to be in a good condition in the short
and med-term due to various reasons such as small seams and voids, but as soon as the progressive
deterioration begins, the rate of stone destruction will decrease. It suddenly increases at a high
speed and the stone undergoes internal decay in a short period of time. In real operations in the
workshop and mine environment; it is practically not possible to separate and categorize stones for
consumption only in the Zone 1 areas or Zone 1l and Zone 111 areas. Hypothetically, if this separation
was possible, the definition of three different criteria would be assumed for each zone. With regard
to these cases, the factor determining the criteria for classification and scoring is the worst
condition, which is being in the Zone 1l, and despite the results of the research conducted on the
positive performance of these types of sedimentary rocks in the immersed zone (Zone 1), the
consideration of this issue will be misleading and will lead to over-quantity results in the initial
estimates of extraction mines, and also continuous quality assessment controls. The service life of
most of the stone-mass structures is considered between 20 and 40 years depending on the type of
function. While in practice, they expect to serve twice these values with the least amount of repairs.

It seems that the current economic criterion is at best only in the short and med-term. It should also
be taken into account that in case of the need for major repair and replacement of important
hydraulic structures such as strategic commercial or military ports, the consequences and costs of
taking them out of service, even partially or completely, are unimaginable.

It is necessary to reconsider the criteria presented in the regulations for the use of stone with regard
to the following issues: Considering the high abundance of harmful clay minerals in the extractable
depth range of the existing formations , the effect of scale in the samples taken for the tests , the
high heterogeneity in the quality of the stone extracted from the borrow mines even in a small
range , the impossibility of separation Materials for use in a specific front, the usual design process
in the design of rock mass hydraulic structures, the extension of the operational life of the structures
built or under construction beyond the initial assumptions of the design , the consequences and the
exorbitant cost of repairing and maintaining these structures in case of minor defects, and in short,
the inadequacy of existing standards in the medium and long term and in general the dominant
effect of mineralogy on the overall performance of sedimentary rocks in rock mass structures. The
new criteria should consider the mineralogy and petrology of sedimentary stones as the main
parameter in the gradation and classification process and also as emphasized by Jalali et al and
Nasehi [3-4], consider a combination of tests for evaluation and simulation of the behavior of stones
in real field. It seems that beyond all the stated deficiencies, the main weakness of the published
guideline and also other existing codes and standards, is the neglection of the simulation of the
sedimentary stone as a result of complexities that exist as a result of their mineralogy and their
chemical activity in various cases and times.
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Table 2: New proposed tables for the classification and classification of sedimentary rocks in the south of the
country (a) Limestone and sandstone (b) Loma shell rocks (c) The range of points for the classification of rocks
based on the obtained points

parameter specification criteria remarks
unit E D C B A
After performing 5 cycles of sodium
water absorption percent >18 12-18 6-12 3-6 <3 (magnesium) sulfate and washing and
physical drying the samples
parameters
dry density KN/M3 <16 16-18 18-22 22-25 >25 -
point 5 10 i3 20 25
After performing 5 cycles of sodium
point load index Mpa <1 1-2 2-3 3-4 >4 (magnesium) sulfate and washing and
strength drying the samples
parameters After performing 5 cycles of sodium
unaxial strength Mpa <8 8-20 20-40 40-60 > 60 (magnesium) sulfate and washing and
drying the samples
point 25 5 10 15 20
After performing 5 cycles of sodium
Impact Value percent >45 35-45 20-35 10-20 <10 (magnesium) sulfate and washing and
drying the samples
chemical and | g ribility index (15 After performing 5 cycles of sodium
physical ctgi:les) ( percent <80 80-85 85-90 90-95 >95 (magnesium) sulfate and washing and
P drying the samples
duribili
Yy Los Angeles percent > 65 50-65 35-50 25-35 <25 saturated state
parameters
sulphate soundness percent >18 14-18 8-14 4-8 <4 10 cycles
sulphate soundness percent >20 15-20 10-15 5-10 <5 15 cycles
point 5 15 20 25 30
mart Relatively dense
Cal yl' Li Jand limestone, Dense limestone, | Sandstone with | If there is a suspicion of the presence of
il sandstone qitn | limestore well cemented | siliceous cement, | harmful clay minerals, itis necessary to
Mineralogy and petrology limestone or moderate sandstone and fine-| and dense crystallized perform the tests of aqueous alcohol,
sandstone with | cementation grained limestone limestone and ethylene glycol and electronic
3 destructive sandstone dolomite microscope
poor cementation "
limestone
point 3 5 15 20 25
(a)
T criteria
arameter | specification - remarks
P pe unit E D c B A
After performing 5 cycles of sodium
water absorption percent >24 18-24 12-18 6-12 <6 (magnesium) sulfate and washing and
physical drying the samples
parameters
dry density KN/M3 <15 15-17 17-19 19-21 >21
point 5 10 15 20 25
After performing 5 cycles of sodium
point load index Mpa <1 1-15 15-25 2.5-4 >4 (magnesium) sulfate and washing and
strength drying the samples
parameters After performing 5 cycles of sodium
unaxial strength Mpa <7 7-10 10-25 25-40 >40 (magnesium) sulfate and washing and
drying the samples
point 25 5 10 15 20
After performing 5 cycles of sodium
Impact Value percent >60 45 -60 30-45 51-30 <15 (magnesium) sulfate and washing and
drying the samples
chemical and ibility i After performing 5 cycles of sodium
ribility index (1
physical duribility index (15 percent <65 65-75 75-85 85-90 >90 (magnesium) sulfate and washing and
ySlce cycles) drying the samples
duribility ving ki
parameters Los Angeles percent >75 60-75 45-60 30-45 <30 saturated state
sulphate soundness percent >22 18-22 14-18 10-14 <10 10 cycles
sulphate soundness percent >25 20-25 15-20 12-15 <12 15 cycles
point 5 15 20 25 30
Lumashell rock | Lomashell
with coarse rock with Relatively dense Dense fine- :;mel ICSI: S::ic:;lz Ozﬁ?rszzz:ce ::07
texture and medium lomashell rock  |grained lomashell | Lomashell stone Y g 4
Mineralogy and petrology weak texture and | with traces of withstrong | with lime cement perform the tests of aqueous alcofol,
cementationwith | weak |surface weathering| cement bond ethylene ?lfﬂ:c’;d electronic
marl minerals | cementation Pe
point 3 5 10 18 25
classification excellent good medium weak very weak
grades domain | g0 - 100 60- 80 40 - 60 20 - 40 <20

(©)
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In the research conducted by Jalali et al and Nasehi [3, 4] the mineralogy and petrology of the
stones were considered in the gradation system with 25% weight. In the regulation for simplifying
the evaluation process, the rock type and mineralogy part was removed from the scoring system
and only chemical durability with an effect of 25% of the total weight was applied in the scoring
system. In the proposed system, according to the mentioned issues, the mineralogical part and the
type of stone are considered as a part of the 4 main divisions with a weight percentage of 25%.
Regarding the parameters of physical and chemical durability, two tests of 5 and 10 cycles of
magnesium sulfate were considered, and the effective weight percentage of this part has increased
to 30% of the total weight of the scoring system. Reducing the weight percentage of resistance
parameters from 25 to 20% and instead adding 5% to the total weight of chemical and physical
durability does not in any way mean to reduce the importance of these factors. It should be noted
that due to the importance of chemical reactions in sedimentary rocks, for simulating and
considering the long-term serviceability, tests includes water absorption (ASTM C127), index
point load (ASTM D5731), uniaxial resistance (ASTM D2938), impact value (BS 812-112) and
durability index (ASTM D4644) tests are performed with both the "regulations for the use of stone"
procedure and also the proposed table with the conditions listed in the table. Then the obtained
results are compared and interpreted by competent experts in this field for accurate engineering
evaluation. In order to perform the mentioned tests, all the samples are subjected to the mentioned
tests after 5 cycles of sodium sulfate (according to ASTM D5240). Considering 5 cycles of sodium
sulfate is in order to simulate the conditions of Armour stones in the zone 11 and 111 of the rubble
mound structure. Also, the Los Angeles test is performed in the saturated state of the rock in the
new proposed table. For a small percentage of small-grained limestone sedimentary rocks with
high density, rock saturation may not be practically possible. Table 2a and b illustrate the new
proposed tables for the classification and classification of sedimentary rocks in the south of the
country for Limestone, sandstone and Lomashell rocks. Table 2c shows the range of points for the
classification of rocks based on the obtained points.

Conducting tests based on the regulations of the code "stone application in breakwaters" and
preparing a technical report requires a period of approximately one month. According to the new
proposed procedure, the cost of the tests as well as the time of performing the tests would be
increased. Considering the importance of the results in the stage of preliminary studies and in order
to check the technical adequacy of the mine or to perform periodical quality control tests, the risen
time and cost is not important compared to the cost of the probable damages related to insufficient
investigations. Although it is necessary to perform all these tests according to the proposed table
in addition to the general procedure of tests to check the adequacy of the mine for stone extraction
or a sudden change in the type and quality of the stone during exploitation; but in the periodical
quality control stage of materials, a number of the mentioned tests can be used only on a case - by
- case basis according to the opinion of the quality control engineers. According to the proposed
table, only the stones that are in the excellent and good category can be used as Armour or filter
stones. Use of stones Medium and lower is not allowed for Armour or Filter. Stones that fall into
the medium category can only be used as cores by considering engineering judgment. However, if
there are no suitable mines around the desired project, other solutions such as the use of concrete
Armour should be considered, and in any case, engineering judgment cannot be used for the use of
stones that have grades less than good in the projects. Due to the long process (sometimes a month)
from sampling to receiving reports, the depot of extractive stones must be done separately in the
mine or workshop according to the time of extraction, so that in case of non-satisfactory results
they should be prevented for usage in the hydraulic structure. According to this issue, preferably,
the collection of filter and Armour materials (especially Armour) should be from the material depot
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in the workshop or mine and not as a direct discharge from the mine, so that it be possible to check
the technical specifications in detail.

4. Conclusions

Considering the high abundance of smectite clays in the extractable depth range of the existing
formations , considering the scale effect of the samples taken for the tests , the high heterogeneity
in the quality of the stone extracted from the borrow pits even in a small range , the impossibility
of separation Materials for use in a specific front, the usual design process in the design of rock
mass hydraulic structures, the extension of the operational life of the structures built or under
construction beyond the initial assumptions of the design , the consequences and the exorbitant
cost of repairing and maintaining these structures in case of minor defects . And basically, the
inadequacy of existing standards in the medium and long term and in general the dominant effect
of mineralogy on the overall performance of sedimentary rocks in rock mass structures, it is
necessary to reconsider the criteria presented in the regulations for the use of stone. The new criteria
should consider the mineralogy and petrology of sedimentary stones as the main parameter in the
gradation and classification process and also consider a combination of tests for evaluation and
simulation of the behavior of stones in the real field. With regard to the mentioned issues, in this
article, a new criterion for the classification of sedimentary rocks has been proposed. In the
proposed system, according to the mentioned reasons, the mineralogical part and the petrology of
the stone is considered as a part of the 4 main divisions with a weight percentage of 25%. Regarding
the parameters of physical and chemical durability, according to Considering two tests of 5 and 10
cycles of magnesium sulfate, the effective weight percentage of this part has risen to 30% of the
total weight of the gradation system. Considering the importance of chemical reactions in
sedimentary rocks and also the consideration of the long-term serviceability with minimum
maintenance cost, the tests including water absorption, point load index and uniaxial strength,
impact value and durability index, are performed with both the "regulations for the use of stone™
procedure and also the proposed table with the conditions listed in the table. Then the obtained
results are compared and interpreted by competent experts in this field for accurate engineering
evaluation. In order to perform the mentioned tests, all the samples are subjected to the mentioned
tests after 5 cycles of sodium (magnesium) sulfate. 5 cycles of sodium sulfate (according to ASTM
D5240) are performed in order to simulate the conditions of the Armour stones in the zone 11 of the
rubble mound structure. In the new proposed table, the Los Angeles wear test is performed in the
saturated state of the rock if possible. Only in the case of obtaining the appropriate points based on
the presented table and in addition, the stone's sufficiency from the mineralogical point of view,
the permission to exploit the mine, especially for Armour and filter stone, will be issued. Due to
the wide changes during the mining of sedimentary rocks in the existing constructions in the south
of the country in terms of physical-chemical characteristics and even the type of minerals,
continuous monitoring and supervision of the extraction process in the final quality of the
construction of stone mass structures is of great importance.
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