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SUMMARY 

ANALYSIS OF ENVIRONMENTAL EFFECTS AND VIBRATION INDUCED BY 

CAUTIOUS BLASTING DURING THE EXCAVATION OF MAYA-YILSAN KARTAL 

PROJECT 

 

 

With the help of flourishing economy, improving technology and increase in population, 

especially since year 2000, urbanization has shown great progress in   Turkish Republic and as a 

natural cause to this effect, construction sector has been the flag holder of this achievement. 

With the improvement of the construction sector, we can witness improvements as bright as 

This improvement, which takes 

place in both city infrastructure and transportation, has been causing positive effects on 

 welfare. Our city whose population has grown more than 14 million people has been 

looking for a solution to chronic stage traffic problem by implementations like subway, 

tramway and metrobus. Constructions of new subway lines and drawbridges have been accepted 

as positive improvements on the long road to solution.  

 

Nowadays shopping need has been satisfied by going to shopping malls contrary to the previous 

times when we shop from groceries and boutiques.  Shopping malls has been considered as 

indispensable for metropols and popping up quite quickly. In Maya-Yilsan project, which will 

be constructed in 2015, a shopping mall and a residence is planned to be built. In the horizontal 

construction phase of the project, it has been has been assessed in the soil research phase that    

30 m deep ground excavation is needed to be performed. The excavation area has a sand stone 

layer. It has been assessed that using excavators with rock breaker apparatus in order to perform 

excavation is not feasible and has been decided that performing cautious blasting is a more 

feasible option. However, since there exists D-100 motorway and two buildings caused question 

marks about the security of the blasting decision. Construction company has reached the 

explosive engineering association and requested assistance in order to clarify that the vibration 

levels of the cautious blasting procedures that they were going to performed will not exceed the 

urban vibration levels. 

 

 



 

xv 
 

This thesis examines the blasting operations carried out between the dates 23.03.2015-

30.04.2015 in the excavation area focusing upon the vibrations induced by blasting and the 

effects of blasting on the residential structures. The Peak Particle Velocity (PPV) and frequency 

were measured. During the 23 controlled blasting operations conducted, the vibrations were 

recorded by means of various technical apparatuses. By relating the vibration records to the 

scaled distance calculated on the basis of the explosive weights per delay, the ground 

 

 

In this study, first, a comprehensive review of the literature to investigate the general 

information is conducted. The importance of drilling and blasting, mechanism of fragmentation 

by blasting and environmental effects of  blasting are present in chapter 2. 

 

Materials and methods used in the study are explained in the chapter 3. Information of working 

site, information of blasting patterns, vibration measurements and evaluations and risk analysis 

of blasting operations are present in chapter 4. Finally, you will reach the results in chapter 5. 
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ucu 

tirebilmektir. ( Kaya 

 

 

 

  

 

 

ve 
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2. GENEL KISIMLAR 

2.1.   

2.1.1. Delme-  

 

 

 

kaya 

 

 

2.1.2.  

 

2.1.2.1. Sila  

 

 



4 

 

 

 

 

   . Daha 

 

2.1.2.2.  

 

larak 

bambudan 

-1279 tarihleri 

 

tir. Barut ilk olarak 1320 

  

  

 

2.1.2.  

 

  zordu. Wi

mniyetli fitili 

 

F



5 

 

 

 Nitrogliserin 

yemlemesinde 

 

karabarut

devam etti.  

 

 1920 

 di  

olan maden cevherinin sanayiye, 

   

 

2.1.3.  

-

e 

 

 

 

b. Maden Arama Faaliyetleri 

 Sismik aramalar 

 Yarma  

  

 Arama kuyu ve galeri 
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 Rezervin ve yan  

 

  

  

   

  

  

 

 Ham madde temini 

  

  

  

  

  

  

  

  

  

 

 Sismik aramalar 
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 kesimi 

 

 Tahrip ve imha faaliyetleri 

  

  

  

 

  

  

 lemleri 

  

  

  

  

 

2.2.  

 

2.2.1. Delme-  

 

sinden 

makine ile kamyonlara 
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per

ezlikten gelecektir. 

 

 

 

 
2.  

 

 

 

ve bununla beraber maliyet 

 
 
  
  
  
  

 e  

Nihai  
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2.   

 

 

 

 

inde bir saniyenin 

 (Bilgin, 

1986). 

 

Deleme-



10 

 

maya 

 

 

Delme-Patlatma faaliyeti; 

faaliyeti 

 

 

2.2.1.1.Delme  

Delme, delme-patlatma faaliyetinin 

 

 

 

 

 

2.2.1.1.1.  

 

 

 

2.2.1.1.1. 1. Dik delik delme, 

1.  

2.  

3.  

4. Delme  

5.  

6.  
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delmenin 

  

 

2.2.1.1.1.2 e: 

 

1.  

2.  

3.  

 

mevcuttur. 

 

 

2.2.1.1.2.Delik Delme E  

 

 

 

 

 

 

 

 

 

edilmelidir. 

oradan 

 toz 

 verimsiz 

 malzemenin 



12 

 

 

 

  

2.2.1.1.2.1.  

 Delik 

 

 

 

 

 

 

 

 

6.  

 

 

 

  

 

 

 

2.2.1.1.2.2.  

 

 

 

 

r 

  Basamak (ayna) 

 

-  

-  

 

 

 inch 
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inch olarak kabul edersek 3.6 inch delik 

 

 

 

2.2.1.1.2.3.  

 

 

 -

 deliklerde, delik 

 edilmeden delinen 

 

 

  

  

 

1.  

2.  

3.  

4.  

5. Makinadan kaynaklanan hatalar, 

6.  

 

 

 durumun 

 

 

1.   

2.      

                                   1000 

 verir. 

 uzak bir 

 

 

Tablo 2.1    
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-  

 

 

Ayna Boyu (m) 

 

 

Sapma (cm) 

mm) 

 

7 7,5 27 31 

8 8,5 30 34 

9 9,5 33 37 

10 11 38 42 

11 12 41 45 

12 13 44 47 

13 14 47 51 

14 15 50 53 

15 16 53 56 

16 17,5 57 61 

17 18,5 60 64 

18 19,5 63 67 

19 20,5 66 70 

20 21,5 70 73 

21 23 74 78 

22 24 77 80 

23 25 80 83 

24 26 83 87 

 

Tablo2.  

 

 

 

 

e fazla  
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Delik Boyu 

(m) 

 

 

 

 

 

 

 

 

 

 

7 12 24 37 419 61 

8 14 28 42 56 70 

9 16 31 47 63 79 

10 17 35 52 70 87 

11 19 38 58 77 96 

12 21 42 63 84 105 

13 23 45 68 91 114 

14 24 49 73 95 122 

15 26 52 79 105 131 

16 28 56 84 112 140 

17 30 59 89 119 149 

18 31 63 94 126 157 

19 33 66 100 133 166 

20 35 70 105 144 175 

21 37 73 110 147 184 

22 38 77 115 154 192 

23 40 80 121 161 201 

24 42 84 126 168 210 

 

Tablo 2.2.  

 

 

gerekenler: 

1.  

2.  

3. ol edilmelidir. 

4.  

5.  

ol  

6.  
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Genel olarak; 

1.  

2.  

3.  

 

 

4.  

 

2.2.1.2. Patlatma 

 

 bir 

 ve 

 

a diyoruz. 

 

 

 

 

 

 

e emniyet ve ekonomiyi getirir. 

 

1.  Kontrol Edilemeyen Parametreler, 

2.  Kontrol Edilebilen Parametreler.  

 

2.2.1.2.1. Kontrol Edilemeyen Parametreler 

 

Kontrol edilmeye  olarak 

 

olmayan parametrelerdir. Kontrol edilemeyen parametrelerin genel olarak her 

 

 

 gelir. Kontrol edilemeyen 

 

1.  

2.  
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3.  

4.   

 

2.2.1.2.1.1. Jeolojisi 

 

Patlatma  

 

getirebilir.  

1.  

2.  

3. Homojenlik, 

4. Sertlik, 

5. Mukavemet, 

6.  

7.  

 

 

1. Delme sistemlerinin belirlenmesinde, 

2.  

3.  

4.  

  

 

2.2.1.2.1.2.  Fiziksel K  

 

 

 

 Burada 

 

 

2.2.1.2.1.3. eteorolojik  

 

 

 rahat 

 uygun 

 sistemlerinin 
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etkileyebilir ve   

2.2.1.2.1.4 Su Seviyesi 

 

 

imsiz patlatma 

 zaman 

 patlatmalar 

 ve bu 

 

 

 

 

 

kontrol edilebilen parametre   

 

2.2.1.2.2. Kontrol Edilebilen Parametreler 

 

 %100 

 

 d  delik geometrisi, d  

d  b  dip delgi, d  s  A  

yemleme ve yeri, b  p  a

 p  

 

 

 

 

 

madde ve a    

 

2.2.1.2.2.1.  
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sonra E -

  O

-  

 

 

Yin  

 

 

  

 

2.2.1.2.2.2. Sistemlerinin S  

 

 ve 

  sistemlerinin 

 

 

  

 

 

tasarlamak gerektirir  

 

 dikkat 

e  

 

-25) 
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SD

 

 

 

 

SD =(D W)  

 

D W; bir patlatmada gecikme 

 

skind vd 1980, Nicholls vd 1971). 

 

PPV = k. (SD) -  

 

PPV k

k 

bulunabilmektedir. 

 

d 1996, Kahriman 2000). 
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2.3. 2   

 

 

 

 

 

 

 

 

 

  

  

  

  

 

 

  

 i statik elektrik arzlanarak 

 

  

 

 

  

  

 

 

 Elektrik  

 

2.3.3. nlemleri 

 

 Delik   

  derinlikte 

 

  

 Delik delme i  
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 ap ya da plast  

  emin 

 

 Daima primer   

  delik dibine  

 arj i  dikkat 

edilmelidir. 

 . 

  

 Patlatma evre  

 

2.3.4.  

 

  patlatma 

 

  

 Pat  tahrip 

 

 

  

  

 

 

2.3.5.   

 

  

  

 Ele  

ate   

  

   

 Manyeto/manyeto kol tirecek personelin 

 

 Emni  
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2.3.6. Patlatmadan Sonraki Emniyet Tedbirleri 

 

  

  

  mekanik ise 

60 dakika beklenecektir. 

 ontrol ed

madde var ise pat

 

  

    

 

 

2.4.  

 

-

geri k
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. Patlatmad  

 

1988, Ash 1990, Konya ve Walter 1990, Rustan 1990, Singh 1993, Jimeno vd. 1995).  

 



25 

 

(elastisite ve makasl

e 

 

 

 

 

(Blair ve Spathis 1982, ISRM 1992, Jimeno vd. 

 

 

 (

modellenmektedir (Davies vd. 1964, Attewell vd. 1965, Ambrayes 1968, Nicholls 1971, ISI 
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 Shoop ve Daemen 1983, Birch ve Chaffer 1983, Ghosh ve 

Daemen 1983, Gupta vd. 1987, Gupta vd. 1988, Arpaz 2000, Bilgin 2005, Ak 2006, 

Khandelwal ve Singh 2009, Arpaz vd. 

 

 

 

 

  

 

 

 

 modelleri 

 vd. 2010, 

e Ataei 2010, Alvarez-Vigil vd. 2012). Khandelwal ve Singh 

 

 

nede  

 

 

 

 parametrelerinin 

Maya-

Projesinde  tir. 

 

e
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patlatma ka

meydana gelmektedir. Bu davalar sonucunda bazen 

durdurmas

 

 

. 

. 

 

 Her ne 

 

 

ine uygun standartlar, 

 (Arpaz, 2000). 
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2.4.1.  

  

reaksiyon  

   

savrulabilir. Savrulan

olabili

istenmemektedir (OSMRE, Federal Regulations, 2004). 

 

 

 

 

L=260 x d 2/3                                      (1)  

 

Lin = Maksimum  

 

 

 

 
2/3                                                             (2) 

 

  

boyutu 

inch) 

 
2/3 

 

  

  

 500-1000 m  
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- ktedir. (T. 
 

 

 

 

 

 

 

 

 

 

 En az delik ayna mesafes

 

  

 

 kadar 

akine ve ekipmanlara hasar vermekte veya yaralanma ile neticelenen kazalara yol 

  

2.4.2. Toz Emisyonu 

 

Patlatma ile 

eknik 

 

 

makine ve ekipmanlar

sorundur . 
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2.4.3.  

 

edilebilen  

Kontrol edilebilen  

  edilemeyen 

  Company, 

1987). 

 

Office of Surface Mining - 

817-

2003). 

 

Bu yollar; 

  

 

  

 

  

 

 rv.Yoi:: Frekans-  

 

olarak 

 

 

2.4.3.1  . Yol) 

 

Bu yolla (30CFR Section 816.67(d)(2)(i)), 

T de verilen 

patlatma  
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[mm/sn.] 

0-91,44 0-91,44 

91,74-1524 25,4 

>1524,30 19,05 

 

 

 

2.4. Mesafe (II. Yol) 

 

 

 

 

SD = DW-0,5 

 

 

 

 

 

Iftl//[m| 

 

 

SD= DAV"5 

[ft/ib0'5] 

 

 

 

11b] // [kg] 

100//30,48 
 

SD = 50 

0-300 ft / 

0-90 m 

4,0// 1,8140 
 

150//45,72  9,0//4,08 i 5 

200 // 60,96  16,0//7,2576 

250 // 76,20  25,0// 11.3375 

300//91,44  36,0// 16,3260 

400// 121,92 

SD = 55 

301-5000 ft/ 

91-1500 m 

53 // 24,0355 
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600// 182,88  119//53,9665 

800 // 243,84  212//96,1420 

1000//304,80  331 //150,1085 

2000 // 609,60  1322//599,527 

4000// 1219,20  5290//2399,0 i 5 

5500// 1676,40 

SD = 65 

>5001ft/ 

>1501m 

7160//3247,612 

6000// 1828,80  8521 //3864,273 

10000 // 3048,00  23700 // 10747.950 

 
Tablo 2.3  
 
 
2.4.3.3 D . Yol) 

 

Marlock, 1987). 

 

2.4.3.4 Frekans-  

 

Bu yolla (30CFR Section 816.67(d)(4)(i)), Maksimum Pa

d

verilmekte ve 2  in./sn'lik (50,8 mm/  . (OSMRE, 

Federal Regulations, 2004). 
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Nu (kg) 
/ Gecikme 

(kg) 
 

 
mesafesi 

(m) 
 

  Hava 
 

(db)/ 
Frekans 

(Hz) 
 

Enine  Boyuna Maksimum 

1 6436/256,4 350 2,03/10 1,65/10 2,67/8 2,67 3,22 120/41 
2 10640/512,8 135 19,4/34 17,9/37 22,5/43 22,5 28,3 140/30 
3 8820 / 512,8 255 1,52/17 1,90/43 1,90/37 1,90 2,35 125/6 
4 8256/512,8 210 11,2/15 12,7/16 11,3/14 12,7 14,8 128/5 

 
Tablo 2.4. Frekans-  
 

2.  

 

ncerelerde 

 

 

ullarda etkin 

olabilmektedir (Hoek ve Bray,1991). 

 

2.  
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dB PSI  

180 3,00 Binalarda Hasar 

170 0,95  

160 0,30  

150 0,095  

140 0,030  

Seviye 

128 0,0070 Emniyetli Seviye 

120 0,0030  

 

 

110 0,00095  

100 0,00030  

90 0,00095 8 Saatlik  

80 0,00030  

 

Tablo 2.5.   
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 (Dowding, 

1985). 

0

20
P
PLogdB          (2.25.) 
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P0 
-6 Pa veya 2.9x 10-9 2) 

 

 

 (Hoek ve Bray,1991). 

 

2.32.

duyulabi

 

 

0.333) ile 

 mesafeyle ili  

 

 (Kahriman, 2003). 

 

 

 

 

)1(6,1801205603,0 RWN   (r=0,93)    (2.27.) 

 

 

 

R  : Mesafe (m) 
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2.  

 

 

 

 

 

  

  

  

  

 

 

  

 -10 cm kum 

 (Hoek ve Bray, 1991). 

 

 

 

 

2.4.5.1. Patlatma Hasar Kriterleri 

 

nda ifade 

edilebilir. 

 

 

parametrelerin analizi. 
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. 

 

 

 

kriteri (1957). 

 

(1971). 

(1977).  

 

 

 

i  

 

alan hasar kriteri tahmini (1980). 

i  

 

 

 

 

i. R

(1987).  
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 limiti, 

 

 

 

 

 

 

krit  

 

2.4.5.1  

 
2.A2 

 

 

2.4.5.1  

 

 (Thoenen ve Windes, 

1942). 

 

001,007,0
100

0143,0
3 2

deCA        (2.28.) 

 

Burada; 

 

 

 

 



40 

 

 

ekmektedir. Genlik 

-1 g ikaz edici ve 

 

 

2.4.5.1  

 

hasar kriterleri Tablo 2 t  

22 faER           (2.29.) 

 

 

f : Frekans 

 Hasar Tahmini 

 3.0 Hasar yok 

3.0  6.0  

 6.0 Hasar var 

 

 

 

1949-

 

 

2.4.5.1  

 

Langefors Tablo 

2  
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 Hasar Tahmini 

 2.8 Hasar yok 

4.3  

6.3  

 9.1 Ciddi  

 

 

 

2.4.5.1  

 

 

Tablo 2  

 

 Hasar Tahmini 

 2 Hasar yok 

2  4  

 4  

  

 

2.4.5.1  

 

olarak      2.34. te 

 (Arpaz, 2000). 
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2.6.  

Bu nomogramda; 

 

 

belirtmektedir.  

etmektedir. 

r. 
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2.4.5.1  

 

Tablo 2.7.  . 

 

 Hasar Tahmini 

 2 Hasar yok 

2  4  

4  7  

 7  

Tablo 2.9  

2.4.5.1  

 

Canmet 

Tablo 2.8.  

 

  
 

 

Evler  2 

Yeni bir binadaki beton bloklar  8 

Muhafaza borulu sondaj delikleri  15 

Mekanik ekipman; pompalar, 

 
 40 

 

prefabrik metal binalar  
60 

Tablo 2.10  

 

2.4.5.1  

s
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RI 8507 

 

 

  

 

tahribat  

 

W). 

seviyeleri 0.08- -

 

 40 

 

 

 

 

lir.  

 

 

olmayabilir.  

 

verme 

 

 

2.35.). Fakat hem hareketi 
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2.7.  

 

2.4.5.1  

 

gane 

 (OSM, 1983).  

1. Metod
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Tablo 2

mesafe 

Tablo 2

 

 
 

Ft M (SD) 

0  300 0  90 50 

301  5000 91  1500 55 

5001 1500 65 

 

Tablo 2.11  

 

2.  

Tablo 2

del

 

 

 

  

Ft M  mm/s 

0  300 0  90 1.25 31.75 

301  5000 91  1500 1.00 25.40 

5001 1500 0.75 19.05 

Tablo 2.12

(OSM,1983) 
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3.  

2.36.) 

ektedir. 

 

 

2.8.  (OSM,1983) 

onik 

l etmektedir. OSM 

2.36 daki 
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2.4.5.1.11. DIN 4150 Alman Normu 

 

Tablo 2 2.37 e 

belirlemektedir (Schillinger, 2006). 

 

Frekans 

(Hz) 

leri 

(mm/s) 
 

(0-10) 3 Eski Bina 

(0-10) 5  

(0-10) 20  

(10-50) (3-8) Eski Bina 

(10-50) (5-15)  

(10-50) (20-40)  

(50-100) (8-10) Eski Bina 

(50-100) (15-20)  

(50-100) (40-50)  

 

 

2.9 a  

-

2.38. -
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2.9. DIN 4150 Alman Normu (Schillinger, 2006) 

 

2.10. White Mini-Seis  

2.4.5.1  
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 . 

 

2.4.5.1  

 

 

tdk FFFvV 0          (2.30.) 

 

Burada v0 Tablo2.12), 

Fk Tablo 2.13), 

Fd  

Ft Tablo 2.14.). 

 

Zemin V0 (mm/s) 

 18 

 35 

Gran  70 

 

 

 

  Fb 

1  1,70 

2  1,20 

3 Standart oturma evler 1,00 

4 
 

0,65 

5  0,50 

Tablo 2.15.  
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 Ft 

 1,0 

 0,75-1,0 

Tablo 2.16  

 

2.4.5.1  

 

-

seviyelerini verir. Makul derecelerde i

Tablo 2   

 

 

 

4  15 Hz  

Konut ve hafif ticari 

binalar   

binalar 
 

 

Tablo 2.17.  
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2.11. -   

 

2.4.5.1  

 

Tablo 2  

 

 
 (Hz) 

< 8 Hz 8  25 Hz > 25 Hz 

 

 5 10 15 

 10 20 25 

 2 5 10 

sahibine ait binalar 

 10 15 25 

 15 25 50 

 

Tablo 2.18

2008) 



53 

 

 

2.12.  

 

2.13.  

2.4.5.1  

Tablo 2  

 

 
 

4  8 Hz 8  30 Hz 30  100 Hz 

Konut 8 12 15 

Hassas 6 9 12 

 4 6 9 

Tablo 2.19  
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2.4.5.1  

 

 

 

04/06/2010 tarihli 27601 

nda 

5-a maddesinde, 

iyette bulunulan alanlardaki 

Tablo 2

 

(Anon, 2010). 

 
 

-mm/s) 

1 5 

4-10 19 

30-100 50 

Tablo 2.20

 

 

1 Hz- - 

. 

 

2.5.  

 

 

tahmin form

olan, saha 

i ile saha 
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gerekli olan saha sabitlerinin tes

 2004) 
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3.  

3.1.   

 

YILSAN  olan AVM ve Rezidans

temel  

-30.04.2015 ta
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mesafeyle logaritmik olarak 

 

 

 

 

 

 

 

 

(Instantel, 1993) 
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3.4. I  

(Instantel, 1993) 
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4. BULGULAR 

 

 tesis 

D-

 TURKCELL 

 

-
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-

 

 

 

 

 

 

 

 

 

Nitro) 

 
 

 

 6437 m / s 

 121400 atm 

  

 1,20 gr. / cm3 

  

Patlama Entalpisi 4433 Kj / Kg 
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zeminde ya  

 

 

 

Variable Processing Summary 

 
Variables 

Dependent Independent 
ppv sd 

Number of Positive Values 46 46 
Number of Zeros 0 0 
Number of Negative Values 0 0 
Number of Missing User-Missing 0 0 
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Values System-Missing 0 0 

 

 

 

 

 
Model Summary 

R R Square 
Adjusted R 

Square Std. Error of the Estimate 
,707 ,500 ,488 ,543 

The independent variable is sd. 

                                                             
 
 
 
 
 

Coefficients 

 
Unstandardized 

Coefficients 
Standardized 
Coefficients 

t Sig. B Std. Error Beta 
logsd -,994 ,150 -,707 -6,631 ,000 
(Constant) 2,274 ,214  10,632 ,000 

 
 

 

 

 
 

 
PPV=187,757*SD-0,994  r=0,707 
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Model Summary 
Model 

R R Square Adjusted R Square 
Std. Error of the 

Estimate 

dimension0 

1 1,000a ,999 ,999 ,00667783 

 
a. Predictors: (Constant), logsd 
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Coefficientsa 
Model Unstandardized 

Coefficients 
Standardized 
Coefficients 

t Sig. B Std. Error Beta 
1 (Constant) 2,763 ,006  456,755 ,000 

logsd -,996 ,004 -1,000 -235,052 ,000 

 
a. Dependent Variable: 95% UCL for logppv with logsd from CURVEFIT, MOD_3 LINEAR 

 
 

 
 
PPV=579,43*SD-0,996   
 
 

 
 

 
 

 
 

 PPV=187,757*SD-0,994  r=0,707 
 

 PPV=579,43*SD-0,996  r=1 
 
 

 

ortalama 
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 K  

Korelasyon Kat

(r) 

Zemin 

(Toprak ve Kaya) 

Enine (PVT) 354 -1,353 0,707 

(PVV) 
695,02 -1,489 0,83 

Boyuna 

(PVL) 
153,46 -1,076 0,59 

Maksimum 

 

657,66 -1,434 0,85 

 

Enine (PVT) 6,12 -0,099 0,04 

(PVV) 
17,06 -0,161 0,06 

Boyuna 

(PVL) 
8,65 -0,004 0,002 

Maksimum 

 

14,12 -0,048 0,02 

Genel 

(Zemin ve 

 

Enine (PVT) 40,36 -0,592 0,26 

(PVV) 
95,5 -0,793 0,34 

Boyuna 

(PVL) 
34,2 -0,523 0,26 

Maksimum 

 

85,11 -0,711 0,33 
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5  

Maya-  

k gelecekte 

 

 

23 bilgiler tir. 

Elde edilen 

ve  

 

-

 

 

 

 

(ankraj, f
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n istatiksel analizler neticesinde birbiriyle en 

uyumlu olan  toprak ya da kaya zeminlerde o  

 tahmin 

 verilerin istatiksel analizinde 

 (r=0,707)  patlatmalarda 

 

 

Alman DIN 

4150 

 

 

 Fakat, Alman DIN 4150 

 arlar elemine edilebilecektir. 

 

An  
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