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OZET

Bu tez “Tiinel Kazilarinda Olugan Sagliga Zararlt (Solunabilir) Tozun Etidiy” ile ilgili
bir galigmadir.

Tez kapsaminda, Istanbul Biiyiiksehir Belediyesi Istanbul Metrosu Tinel Kazilarnm
yapildigs Taksim, Sisli ve Zincirlikuyu Santiyeleri ile T.K.I. Orta Anadolu Linyitleri
Isletmesi 4207 Nolu Baca Kazisi Sirasinda, Casella 113 A tipi toz ornekleyici ile
olgimler yapilarak toz yogunluklan tespit edilmig ve daha sonra bu toz 6rnekleri
Istanbul Universitesi, Jeoloji Miihendisligi Boliimii, Petrografi Anabilim Dahlinda X-
Ray Cihaz ile analiz edilerek kuvars igerikleri aragtinlmigtir. Bu olgiim ve analizler
vasitastyla kazi igyerlerinin tozluluk durumu belirlenmis ve standartlara uygunlugu
araghnilmigtir.  Ayica gimdiye kadar yapilan aragtirmalarla tespit edilmis olan, tozun
olusum nedenlen ve olusan tozun ortam havasina dagilmasina yol agan faktorlere ait
teoriler de yapilan olgiim ve gozlemler sayesinde bu kaz igyerlerinde incelenmistir.

Calismanmn sonucunda Istanbul Metrosu Taksim Santiyesi ile Sisli Santiyesinin bir
boliimiinde ve T.K.I. Orta Anadolu Linyitleri Isletmesi 4207 Nolu Baca kazisinda
olduk¢a yitksek toz yogunluklan tespit edilmistir. S6z konusu toz yogunluklarna;
Ozellikle havalandirmanin yetersiz olmasmin ve tozu bastirmada su kullanimina 6nem
verilmemesinin yol agtifi anlagtimigtr. Bu iki faktér optimum olarak yerine
getirilmedigi taktirde toz yogunlugu artmaktadir. Diger 6nemli bir faktor ise kazilan
kayacin Ozellikleridir. Aragtirma sirasinda kayag sertlifi arttikga toz olugumunun da
arth@ gozlenmigtir. Ayrica kazi iginin mekanize olarak (kollu galeri agma makinasi
gibi) yapilmasinin da toz olugpumunun artmasina neden oldugu anlagimstir.



RESPIRABLE DUST GENERATION IN TUNNEL EXCAVETIONS

SUMMARY

This theisis is a study related with respirable dust generated during the excavation
works in tunnels.

Healtf and safety of the workers and working place is inevatebly important matter for
the sake of achieving required standarts and high productivity. Among these
requirements, the dust is especially important in excavation works. In this study, the
dust concentrations were measured by utilizing the Gravimetrik Dust Sampler in
which type of MRE Casella 113 A. Samples taken were analyzed and investigate the
occurrence of quartz on X-Ray equipment. As a result of these measurements and
analyses, the dust level of excavation working places was determined to achieve the
required health and safety standarts. Furthermore, the theories at this area were used
to validate with experimental data.

The term “dust” is applied to suspensions of finely divided solid matter in the air.
Instabilitty, coagulation and precipitation are their special characreristics. Dust
includes a wide range of particle sizes of from over 1 mm to under 1 um. (one
thousandth of a milimeter). The size of particles considerably influences their
behavior. Dust particles are usually divided into three classes :

1. Particles greater than 10 um, which settle according to the laws of gravity, i.e.,
with increasing velocity in still air

2. Particles between 0.1 to 10 um, which in still air settle at a constant velocity which
can be calculated by Stoke’s law (the uniform settling velocity depends on particle
size and density, viscosity of the medium, and acceleration due to gravity).

3. Particles between 0.01 and 0.1 um, which do not settle but diffuse in the air and
remain in a colloidal state.

A dust cloud consisting of particles 5 um. in size is not visible to the naked eye. It
cloud not be seen in the strongest beam of light underground, but would appear as
motes in a beam of sunlight.

Dusts can be classified according to their harmful physiological effects. In the section
1 the lists different types of dusts in order of decreasing harm in each category.

To adequately control particulate matter in the mine atmosphere, the following basic
principles of behavior must be understood.

1. Particulate matter, whether liquid or solid, exhibits remarkably similar behavior
when airborne. The following discussion pertains to the properties and control of
solid contaminants, since they are by far the more prevalent in mine air, but the
same principles apply to liquid contaminants.
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Dust particles either pathological or combustible consequence are predominantly
below 10 pm. in size (10 pm = 0.0004 in.). Those below 5 um are classfied by
mine health authorities as respirable dust.

3. Particles larger than 10 pum. are unlikely t1 remain long in suspension in airstreams
unless high velocities are encountered. These particles, however are not of primary
concern.

4. Industrial and mine dusts characteristically have a mean particle size in the range of
0.5t0 3 pum.

5. Chemical activity increases with decreasing particle size.

6. The dust below 10 um. in size, which are of serious consequence in air hygiene,
have no significant weight or inertia and hence can remain suspended indefinitely
in an atmosphere. The expectation that such dusts will “settle out” of the airstream
is wishful thinking.

7. The control of fine dusts (below 10 pm.) that have become airborne reqoires
control of the airstream in which they are suspended. This is the basic concept of
dust control.

Guyagtler (1991), has investigated to form of dust, which is referred to this study in
terms of a dust-producing index, can be quantitatively related to mechanical and
physical rock characteristics. Fine particles of dust constitute both a health hazard and
a nuisance in mines. Thus far, the main methods of dust control used in mines have
focused on reducing the amount of dust alrady in the air. Recently, however,
attention has turned to avoiding dust generation at source. Determining to what
extent rock properties influence dust production would, therefore, be helpful. The
investigations of Giiyagiiler demonsrated that the influence of various factors on dust
fomation shows variation under different conditions. From regression analysis for
individual factors it was concluded that the brittleness : toughness ratio and the
hardness of a rock are the inherent properties that most significantly influence the
dust-producing index. Hardness shows the highest positive correlation coeffient with
the index, the ratio of brittleness to toughness being the most influential factor [7].

Dust is generated and dispersed into the mine air through rock breakage, rock
loading, transportation and unloading, and through the flow of ventilating air. Dust is
produced in all rock-breaking processes. The quantity of potantially airborne dust
produced is related to the quantity rock broken . Rock-cutting processes are
performd by percussion and rotary drills, tunnel-boring machines, and continuous
miners. These machines break rock through a complex process of impact and
fracture. Primarily there are two phases involved cutting the chip and removing it
from the rock face. In the cutting process the production of potentially airborne dust
is inversely related to size of the rock chips. In order to reduce the formation of such
dust, the intensity of the cutting force should be as high as possible and should be
applied to a small area with a greater depth of cut. The design of cutting tools to
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achieve this is complex. The minimum spesific energy consumption in rock breaking
and the minumum spesific dust generation are usually achieved simultaneously. The
chip-removal process in drilling can generate airborne dust. Insufficient clearance or
not enough flushing can produce further breakage of chips, decreaesde cutting speed
and energy loss in the drill rod with increased spesific dust generation.

The handling of the broken rock has a significant effect on the dipersion of the fine
dust in the mine air. Although all fine dust, potentially airborne dust cloud be
dispersed by repeated handling in an airstream, generally this occurs to only a portion
of it. The quantity of dust dispersed in the handling process is determined by :

e The amount of fine dust created in the breaking process
e The extent to which the material is disturbed in handlign
¢ The energy expended to create new breakage

o The kinetic energy imparted to the freshly broken rock particles by the stress relief
in the material briken

e Ambient air velocities

The following hist is demonsrated that the effects of different operations and factors in
mining on dust production;

1. Cutting-Drilling-Blasting : In this process the stress applied must exceed the
ultimate stress, whether confined under pressure as in solid blasting, or open-face
cutting. Under confined comditions the stress may rougly be equal to hardness. So
the production of dust will depend purely on brittleness and the volume of rock
affected. Sharpness of tools means less area to be brought to the failure point, which
may result in less dust. Coal plough thus have an advantage over cutter-loaders in this
respect. In these processes higher rank coals like anthracites may even give rise to
more dust in spite of high hardness.

2. Loading-Unloading : Here the production of dust depends mainly on the height of
all. If the height of all is not sufficient to bring the material to crushing point no dust
will be formed even with highly brittle substanceslike antracite. Coaking coals are
worst affected in this process. In such a case uniaxial strength under dynamic
condition is the breaking stress and not the hardness, as the materials are not confined.

3. Crushing-Screening-Preparation : These processes are similar to cutting or drilling
excepting the fact that the material is not confined and as such the pressure required
for crushing is comprehensive strength at a quick rate of loading. As the material will
be necessarily brought to the crushing point, the fundamental force behind the
production of dust is the brittleness.
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4. Mining Method-Support Roof Pressure : Due to roof pressure the coal seam may
be brought to the crushing stress. The same may be induced locally due to improper
mining method and support. Production of dust, therefore, in such a case will depend
on brittleness.

The effects of other factors in mining may be summarized as follows;

Depth : With increase in depth confining pressure increases and as a result the
material becomes less brittle. Similar effect is visible as a result of higher temperature
at greater depths, as brittleness of a substance decreases with increases in temperature,
For this reason inherent dustability characteristic may decrease with depth. But on the
other hand crushing may take place due to pressure at a greater depth.

Dry or Wet Mines : In dry conditions dispersibility is higher, wet conditions have
coagulating effects.

Ventilation : High velocity of air causes more dispersion of dust in the air.

Fight Against Dust : Water or chemical infusion reduces the formation of dust and
dispersal into the mine atmosphere.

The mining system, the context in which it is discussed, and dust sources being
described must be defined to relate equipment design to the need for dust control.
There are two major elements of the mining system that must be differantiated :
The”cutting system,” which 1s defined as the bit-mineral interface where
fragmentation by the cutting tool or bit occurs, and the balance of the mining system,
with all other activities directly supporting the cutting system. The phrase “directly
supporting the cutting system” is intentionally used. This is an extremely important
distinction to remember because, although the cutting tool is one of the cheapest and
most expendable items in the mine, it is the only item in the mine producing a salable
product. In addition, correct or incorret use of the cutting tool will affect all minerals
in the face area, the mining machine, the preparation plant, and the final percentage of
salable product recovered from the mine. Durning product recovery the cutting tool
forced into the coal face creates dust by compressive fractures and tensile failure to
recover a salable product. Major factors affecting this product recovery include coal
characteristics, bit geometry, and bit usage (the way the tool is mounted on and used
by the continuous mining machine, CMM). The following list is summarazied of
primary dust control techniques with rotary drum cutting. This list presents options
currently available for control ling primary dust generation.

e Use lowest possible included tip angle on the bit.
o Use only sharp bits to maintain maximum sump rate.
o Use spacing of two to three times two-thirds the depth of cut.

o Use only enough gage cutters on the end ring to be effective.
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o Change head gearing to reduce drum rpm.
¢ Increase advance rate (sump rate).
e Operators should always crowd machine to just below the stall point.

In summary, cut at maximum depth (maximum sumping or advance rate) at all times,
at minumum rpm, with the fewest possible bits, that have the lowest possible included
tip angle. If this fails, redesign the supporting equipment to use a constant depth
linear cutting system.

Any dust, if present in excessive quantities and inhaled for a sufficiently long time, can
cause physiological damage. Factors determine the harnfulness of any dust are its
composition, particle size, concentratino in mine air, exposure time, and susceptibility
of the exposed individual. These factors are examined in Section 3.

Pneumonconiosis can be defined as the accumulation of dust in the lungs and the
reaction of lung tissue to the presence of that dust. Coal workers’ pneumonconiosis is
caused by inhalation and retention of coal mine dust. Silica (SiO, ) dust causes the
lung disease known as silicosis. Centuries before the Christian era, Hippocrates wrote
of a lung disease common to those who mined in hard rock. He was obviously
discussing silicosis. Other ancient writings indicate the Egyptians were aware of this
malady. Silicosis among hardrock miners was certainly described by Agricola in his
De Re Metallica published in 1956. The medical community in Europe and the U.S.
recognized the silica health hazard in the early 1900s. They were concernd about the
health hazard of sandblasting in polishin shops, the efficiency of exhaust systems, and
the necessity to protect the sandblasters again the dust hazard. Sandblasting, hardrock
mining, and drilling are equally hazardous occupations. Winslow, a professor of
public health at Yale School of Medicine, recommended in 1919 a dust level below 21
mg/m’® of air and the use of a positive pressure helmet an respirator. The U.S.
Department of Labor described the need for personal respiratory protection in 1939 :
“prevention of silicosis consists of preventing silica dust from getting into the air that
workers breathe.” In 1966 the American Conference of Government Industrial
Hygienists (ACGIH) made a recommendation on allowable silica levels in the work
place atmosphere. In 1972 Cralled reported that “silicosis remains a serious
occupational disease throughout the world.” The ACGIH establishes TLV-TWA
(threshold limit values/time-weighted average) values for dusts which are for
illustration purposes only, since the current standarts of ACGIH as reported in their
annual publications may change. The dust standarts of different countries illustrate
the variety of ways in which dust concentration may be measured. Some of these
atandarts are listed in Section 5.

Three main categories of instrumuents are used in underground mines to measure
concentration of respirable dust in mine atmosphere. These are (1) gravimetrin dust
samplers, (2) short-term dust monitors, and (3) instruments for particle-size
measurements. As the name implies, gravimetric sampling is carried out for the
assessment of dust concentrations by mass. Gravimetric sampling consists basically of
two steps : first, the collection of a representative portion of the dust from the air, and
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second, the assessment of the collected material by determination of its mass and
analysis by X-Ray diffractions or chemical means.

In this investigation, MRE Gravimetric Dust Sampler Was used during the
measurements. The technique of the measurements device and working principlies
was described in Section 6. The samples of accumulated dust was analyzed by X-Ray
diffractometer. It has shown that the dust samples does not contain any quartz
contents.

It was observed that the dust threshold value is higher than the standart values in Sigli-
Taksim field of work and the Middle Anatolia Lignits Enterprise. These high value
dust was occured owing to the insufficient ventilation and lake of water sprays. The
other important factor is the properties of broken rocks. During this research, it was
observed that if the hardness of rock increases, the production of dust increases too.
In addition to these, mechanized excavation causes increament on the dust generation.

XVI



BOLUM 1 GIRIS

Toz, maden ve tag ocaklarinda ve tinel yapiminda delme, kazma, lagim atma,
doldurma, bosaltma, tagima gibi islemlerde igyeri havasina yayilan, havada asih olarak

kalan kémiir, maden cevherleri ve kayag pargaciklar olarak tammlanmaktadir [1].

Partikilllerin boyutu onlann hava igerisindeki davraniglan iizerinde oldukga etkilidir.

Toz partikiillerini genel olarak ti¢ sinifa ayirmak mamkiindiir :

1. Gravite kanunlarina gore, durgun hava igerisinde artan bir hizla ¢oken 10

pm’den biiyiik partikiller.

2. Stoke kanununa gore hesab: yapilabilen, sabit bir hizda ¢oken 0.1 ile 10
pum. arasindaki partikaller. Burada tniform ¢okme hizi; partikiil boyutu ve

yogunluguna, ortamin viskozitesine ve graviteden dolay1 ivmeye baghdir.

3. Cokmeyen, ancak havaya difiize olan ve askida kalan 0.01 ile 0.1 pm.
arasindaki partikiiller.

5 um. boyutundaki partikiilleri igeren bir toz bulutu giplak gozle gorilemez. Ir
taneler ise zorlukla fark edilerek goriigii azalttiklar gibi rahatsizlik da yaratirlar [2].

Tozlar, fizyolojik etkilere gére de smiflandinlabilir. Boyle bir siniflamaya asagida yer
verilmigtir,
e Solunum sistemine zarar veren (fibrojenik) tozlar

e Silis (5102)

o Silikatlar (talk, asbest, mika)

® Berlyum cevheri tozlan



e Metal tozlan
e Kalay
® Demir

e Komir

e Kanserojen Tozlar (kansere direkt etkisi olan tozlar)
e Radon
® Asbest
® Arsenik

e Zehirleyici Tozlar
® Arsenik
e Kursun
¢ Uranyum
® Nikel
e Tungsten

o Gimiig

e Radyoaktif Tozlar
¢ Uranyum

o Toryum

e Alerjik Tozlar
e Kiregtas
® Jips

e Kaolin

e Notr Tozlar (zararh etkist gok az veya yok)



Her turli toz, eger yeterli miktarda mevcut ve yeterince uzun bir siire solunuyorsa,
fizyolojik hasara sebep olabilir. Tozlanin zararliigin belirleyen faktorler, o tozun
kompozisyonu, tane boyutu, ocak havasindaki konsantrasyonu, etkilenme siiresi ve

kigisel duyarhiliktir . Bu konu daha sonra detayl olarak incelenecektir.

Ocak  havasindaki partikiler maddeleri kontrol edebilmek i¢in, onlanin hava
igerisindeki davramg 6zelliklerini iy1 anlamak gerekir [3].

1. Kati ya da siv1 partikiiler maddeler oldukga benzer davranglar gésterir.
Ocak veya tiinel havasinda daha ¢ok kati partikiiller hikim siirer. Bu
nedenle asagida bu partikillerin 6zelliklen verilmigtir. Ancak aym 6zellik
ya da prensipler siv1 partikiiller i¢in de gegerlidir

)

Patalojik sonuglar doguran ve yanabilir toz partikiilleri, 6zellikle 10 um.’nin
altinda olanlardir.

3. 10 um.’den biiyiik partikiillerin, yiiksek hizlar s6z konusu olmadikga, hava

igerisinde uzun siire askida kalmasi miimkiin degildir.

4. Endiistriyel ve ocak tozlari ortalama 0.5 ile 3 pum. arasinda bir boyuta
sahiptir.

5. Kimyasal aktiviteleri partikiil boyutu azaldikga artar.

6. 10 um.’nin altindaki tozlar onemli bir agirliga ve atalete sahip degildir.
Bundan dolay1 atmosferde uzun siire askida kalabilirler.

Hava igerisinde askida bulunan tozlarin kontrolu, askida bulunduklar havanin
kentrolunu-gerektirir. Bu, toz kontrolunun temel prensibidir [2 - 4].



BOLUM 2 TOZ OLUSUMUNU ETKILEYEN FAKTORLER

Yeraltinda olusan tozlann zararh etkilerini azaltmak igin ¢ahgilan yerlerdeki ocak
havasinin toz igerifini azaltmak gerekir. Yani toz konsantrasyonu miisade edilebilir
miktardan fazla olmamalidir. Tozla miicadele, bugiine kadar daha ziyade toz
olustuktan sonra bunlanin g¢ahiyma yerinden uzaklagtinlmasi, deZisik yontemlerle
bastinlmasi, belirli yerde izole edilmesi veya konsantrasyonu azaltmak yolu ile
yapilmaktaydi. Ancak son zamanlarda tozla miicadele, toz daha olusmadan,
olugsmasina mani olacak sekilde yapilmaktadir. Bunun igin de kayaglarin tozlanabilme

ozelliklen 6nem kazanmaktadir.

Tozun olusumunda degisik etkenlerin gesith etkilerinin oldugu agiktir. Bu etkenlerin
analizi, olusacak olan tozun miktarim tahmin edebilmede veya olusacak tozu formiile
edebilme agisindan onemlidir. Bu etkenler kayag ozellikleri (mekanik, fiziksel vs.),

¢evre kosullan ve tozu olusturan iglemler olarak siralanabilir.

2.1 Kayag Ozellikleri

Her maddenin aym kosullar altinda esit miktarda toz olugturmadig agiktir. Baz
maddeler kolaylikla toz olugtururlar (kok komiiri, tebesir gibi), bazilan ise zorlukla
toz meydana getirirler (linyit gibi). Bunun nedeni her maddenin 6zelliklerinin farkli

olmasindandir.

Tozlanabilme karakteristifine iligkin olarak kayanin mekanik ve fiziksel
ozelliklerinden; sertlik, gevreklik, darbe dayanimi, ufalanabilirlik gibi bityiikliikklerden
bazilann de@isik aragtirmalara konu olmustur. Yapilan aragtirmalar gevrekliZin
tozlanabilmede 6nemli bir etken oldugunu ve bu 6zelligin artmasinin, toz olusumunun
artmasina neden oldugunu gostermigtir. Dier 6nemli bir 6zellik ise kayalann sertlik
derecesidir. Sertlifin artmasi ile birlikte olugan toz miktanida artmaktadir. Aynca sert



kayalann herhangi bir islem sonucu olusturduklart tozlann ¢ogunlugunun tane
buyiikliigi 0-10 um. arasi olmaktadir (6zellikle delme isleminde). Bu konuda tortul
kayaglar iizerinde yapilan bir aragtirmada kayaclann tozlanabilirliginin gevreklik,

darbe dayanimu ve sertlik cinsinden ifade edilebilecegi gosterilmistir [ 5, 6 .

Giiyagiler [7], toz olugumunda kayaglanin fiziksel ve mekanik ozelliklerinin etkisini
saptamak igin aragrmalar yapmistir. Bunun igin Zonguldak Komiir Havzasindan
alinan kayaglar iizerinde laboratuvar deneyleri gergeklestiriimistir. Toz kaynag olarak
ise delme iglemi segilmistir. Toz olusum indeksi (dust-producing index) ve dogal
kayag ozellikleri arasindaki iliskiyi saptamak igin kullamlan analitik teknik ise
bilgisayar destekli multiple regresyon teknigidir.

Deneyler i¢in dort tiir kumtagi, iki tiir kil ve konglomera olmak lizere yedi tiir

sedimanter kayag numunesi kullanidmugtir. Bu numunelerin petrografik isimleri ve
delme islemi sirasinda olusan toz konsantrasyonlan Tablo 2.1°de verilmistir.

Tablo 2.1 Delme Islemi Sirasinda Olusan Toz Konsantrasyonlar [7]

Numune No Petrografik Isim Konsantrasyon

(mg/m®)
1 Litaranit 133.30
2 Feldispath Litaranit 1 130.20
3 Litik Arkoz 140.10
4 Feldipath Litaranit 2 115.00
5 Seyl 1 150.55
6 Seyl 2 147.60
7 Konglomera 182.40




Deneylerde olgiilen kayag 6zellikleri gevreklik (brittleness), tokluk (toughness), basing
(compressive) ve gekme (tensile) dayanimlan, sertlik (hardness), 6zgil agirlik (spesific
gravity) ve ogitilebilirliktir (hardgrove index). Kayaglarin bu 6zellikleri Tablo 2.2°de

verilmigtir.

Burada kullanilan regresyon analizi iki basamaktan olugmaktadir. Birinci basamakta
toz olusum indeksi ve kayaglarin cesitli mekanik ve fiziksel biyiikliikleri arasindaki
iligki saptanmaya ¢aligilmigtir. Bu biiyiikliikler arasindaki korelasyon katsayilart Tablo
2.3°de mevecuttur.  Ozellikle sertlik ve gevreklik/tokluk (brittleness/toughness)
oramnin en yiiksek korelasyonu verdigi gézlenmigtir (Tablo 2.4).

Tablo 2.2 Kayag Numunelerinin Ozellikleri [7]

‘Numune | Gevreklik | Tokluk Basing Cekme Sertlik | Ogit. Ozgiil
No Dayammi | Dayanim Indeksi | Agirhk
(B),% | (D)MNm/m’ |(C),MPa [(T),MPa | (H) | (H) | (W)

1 86.15 6.83 101.69 7.56 43.89 | 51.46 2.64

2 84.26 5.51 85.65 7.32 43.00 | 50.08 2.56

3 84.94 7.52 87.49 7.13 4493 | 49.61 2.59

4 86.78 5.76 104.32 7.40 41.75 | 72.86 2.66

5 86.91 433 11.73 7.83 4633 | 11349 | 2.54

6 86.54 444 104.18 7.47 4536 | 11020 | 2.58

7 85.64 3.86 78.10 6.04 57.57 | 53.26 2.64




Tablo 2.3 Korelasyon Katsayis1 Matrisi [7]
DI B/D H B D HI w C/T

DI 1.0000

B/D 0.7208 { 1.0000

H 0.9517 | 0.6833 | 1.0000

B 0.1145 | 0.3644 | -0.0469 | 1.0000

D -0.6072 | -0.9844 | -0.5751 | -0.3501 | 1.0000

HI 0.0749 | 0.5418 | -0.1091 | 0.7255 | -0.5615 | 1.000

w -0.0851 | -0.1706 | 0.1691 | 0.1994 | 0.2005 | -0.467 | 1.000

C/T 0.1042 | 03762 | -0.0724 | 0.9982 | -0.3686 | 0.760 | 0.155 | 1.000
Tablo 2.4 Degiskenlerin Korelasyon Katsayilar [7]

DI B/D H

DI 1.00000

B/D 0.72078 1.00000

H 0.95168 0.68327 1.00000

Regresyon analizinin ikinci basama@inda ise, en az hata ile, korelasyon katsayilan
yiksek olan degiskenler ile toz olusum indeksi arasindaki iliski bir egitlik ya da
denklem haline getirilmeye caligilmustir. Yapilan analizler, degigkenlerin normal
dagihm gosterdifini ve lineer bir denklemin burada uygun olacagini gostermigtir.

DI =-28.083 + 6.956

+3.458H




Bu denklemdeki notasyon agagidaki gibidir:

DI : Toz olusum indeksi (dust-producing index)
B : Gevreklik (brittleness)

D : Tokluk (toughness)

H: Sertlik (hardness)

Bu esitlifin grafiksel gosterimi ise Sekil 2.1°de verilmigtir. Bu grafikte Y ekseninde
toz olugum indeksi, X ekseninde ise farkh sertlik deZerleri igin gevreklik/tokluk oram

mevceuttur.

Giiyagiilerin toz olusumunda degisik faktorlerin etkisini kanitlayan bu aragtirmasi
degisik kosullar altindaki defigimi gosterir. Regresyon analizinden, toz olusum
indeksini etkileyen en onemli parametrelerin “sertlik” ve “gevreklik/tokluk” oram
oldugu sonucuna vanimigtir. Nitekim, “DI - H” ve “DI - B/D” buyiikliklen arasinda

sirastyla r = 0.95168, r = 0.72078 ile temsil edilen korelasyonlarn varligi, bunu

dogrulamaktadir [7, 8].
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2.1.1 Toz Miktarina Kayag¢ veya Mineral Cinsinin Etkisi :

Belirli mineral ve kayaglarin tiretimde fazla miktarda toz meydana getirdigi hakkinda
bir fikre sahip olmak i¢in agagidaki hususlara dikkat etmek gerekir.

Lastik, plastelin ve cam olmak tizere ii¢ adet madde alip, tozun bunlarla pargalanmasi
tecritbesini ele alam. Lastik ve plastelinde buna imkan olmamaktadir; camda ise
bunu zamanla toz haline getirmek mimkiindiir. Bu 6rnek, mineraller veya kayaglar
ne kadar elastik ve plastik olursa, pargalama sirasinda o kadar az toz meydana
geldigini gostermektedir. Kuvars gibi kolay kirlan mineraller fazla toz meydana
getirirler.

Kayacin yapist da ayri bir 6énem tagir. Sert kristalize kuvars, marn, §ist veya ince taneli
olan bagka bir kayaci pargalarsak, ince taneli pargaciklan birbirine g¢ok siki baglanmig
kayaclarin kolayca pargalandify ve fazla miktarda toz meydana getirdifi gorikir.
Baz kayaglar el ile ufalanacak derecede ince taneli ve yumusaktirlar. Iri taneli kuvars
pargalan yumusak bir kayag icinde iseler (kil, kalsit veya jips gibi), kaz1 sirasinda

degismeden kalirlar ve meydana gelen toz igerisinde pek az ince kuvars tozu bulunur.

Minerallerin dilinimlere aynlabilmesi de 6nemli bir faktordiir. Dilinimli mineraller
(feldispat gibi) dilinim yiizeylerine paralel olarak pargalamr ve dilinimsiz minerallere
nazaran daha iri taneli toz meydana getirirler.

Fazla ince toz meydana getiren kayaglara silisli baglayici maddesi olan kumtaslan,
konglomeralar, kuvarsitler, silisli sistler, gnays, porfir ve graniti 6mek olarak
verebiliriz. Ayrica ganglarinda kuvars ihtiva eden cevherler de bu gruba girerler.

Cesitli Komiir ocaklaninda yapilan aragtirmalarda (6rnegin Ruhr Havzas: tagkomiir
ocaklan) olusum sekli ve kémiir damanmn yizeyine dik gatlaklarin toz olusumunda
etkili oldugu gorilmistir. Catlaklar ne kadar fazla ise, komir o kadar fazla
paralanmakta ve havada siispansiyon halinde kalabilen komir tozu meydana

gelmektedir [9].
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2.2 Cevre Kogullan

Olusan toz miktarinda g¢evre kosullarinin etkisinin olduk¢a onemli bir yeri vardir.
Derinlik, sicaklik, tabaka basinci, ocagin kuru veya nemli olmas: ve havalandirmanin

etkisi gevre kosullan olarak siralandirilabilir.

Derinlik arttikca gevre basinci artar ve bunun sonucu olarak maddenin gevrekligi
azalir. Aym etki yiiksek sicakliktan dolayr da goriilebilir ve maddenin gevrekligi
sicaklik arttikca azalir. Bu nedenle zararhi tozlanabilirlik derinlik arttikga azalabilir.
Sicakhifin artipt aym zamanda o kayacin mukavemetinin azalmasina da neden
olacaktir. Kayacin veya gevrenin nemliligi ise olusan tozun havaya kanigmasim degisik
yonlerden azaltacaktir.  Ancak kayacin nemlilifi aym zamanda o kayacin
mukavemetini azaltacaktir.

Havalandirmamn etkisi ise, hava hizinin ¢ok fazla oldugu hallerde ¢okmiis tozun
havaya karigmasm kolaylagtiracak yonde olacaktir.

Bazi arastirmacilar, gevre kosullarinin, kayacin mekanik ve fiziksel ozelliklerine
etkileri nedeni ile kayacin bu ozellikleri ile beraber diistinilmesi gerekliligini ileri
stirmiiglerdir [6, 10].

2.3 Toz Olusturan Islemler ve Yeralti Toz Kaynaklan

Uretim igin gerekli olan islemlerin hemen hemen hepsi toz olugturmaktadir. Delme,
kesme, kirma, Ogitme, patlatma, yiikleme, bogaltma toz olusturan islemlerin
bashicalandir. Delme isleminde ug, kaya yiizeyine devamh uygulanan basma ve
burmamin etkisi ile ileriye dofru hareket eder. Ilerleme mekanizmasi kisaca
makaslaria ve sirtiinme islemleri ile ilgilidir. Ilerleyen ucun makaslama haraketi kaya
parcaciklan olusturduklan halde siirtiinme ug¢ ve kaya arasinda agimmaya neden olur.
Bagka bir deyisle, uygulanan kuvvet kayamn mukavemetinden fazladir. Durum
kesme, patlatma iglerinde de aymadur.






