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Abstract 

 
This paper presents the analysis and measurements of blast-induced ground vibrations during the 
construction of Istanbul Kağıthane – Piyalepaşa – Dolapdere – Dolmabahçe highway tunnels. These 
tunnels known as T1 and T2 are being constructed by a joint venture group. Within the scope of the 
study, the particle velocities and frequencies associated with 126 shots during the advancement of 
the tunnels were monitored and analyzed by vibration monitors at the test site. During the statistical 
analysis, three different predictor equations widely used in the literature were used to predict peak 
particle velocity (PPV) and the results and comparison of the predictor equations are presented in 
this paper. Finally, the particle velocities and frequency values of all blast events were evaluated 
according to USBM and German DIN 4150 Norms in order to determine the damage risks of the 
neighboring buildings and structures.  
 

Introduction 
Ground vibrations arising from excavation with blasting is one of the fundamental problems in 
mining industry. Depending on the level of the stresses produced from wave motion, they can cause 
damage to buildings structures in the nearby residential properties by causing dynamic stresses that 
exceed the strength of building material or rock material. Thus the level of the ground vibrations 
induced by blasting on building structures and human beings need to be predicted, monitored and 
controlled. Vibration control at blasting operations typically involves designing for, a safe level as 
designated by an industry standard or a regulatory limit, providing an information public relations 
program for local residents prior to blasting, pre-blast inspections and documentation of nearby 
properties, seismographic monitoring (or use of an alternative such as scaled distance), and post blast 
inspection to document changes (Dowding 1985, Kahriman 2004). 
 
The prediction of ground vibration components plays an important role in the minimization of the 
environmental complaints. In recent years, one of the problems encountered by technical personnel 
who are responsible for the excavation with blasting is true or false complaints of people or 
organizations in the neighborhood (Felice 1993; Kahriman et al 2006a).  
 
The number of these kinds of real or psychological disturbances has gradually increased with the 
increase of the population and urbanization. Therefore, economical and safe blasting should seek to 
minimize or even eliminate these kinds of problems. For this reason, one of the key aspects of a good 
blasting is to seek to minimize the environmental impacts. One of the main requirements to be 
achieved through effective blasting design is to determine the maximum amount of explosive per 
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delay for a given distance especially in large blasts and to be able to perform controlled blasting that 
is designed to minimize environmental problems (Johnston and Durucan 1994; Ozer et al. 2007).  
 
The purpose of this research is to examine the environmental problems associated with ground 
vibrations induced by blasting on the basis of the shots fired the construction of Istanbul Kağıthane – 
Piyalepaşa – Dolapdere – Dolmabahçe highway tunnels, and also to compare the results of three 
different vibration equations and to present practical blasting charts based on the most favourable 
vibration prediction equation.  
 

Test Site and Procedure  

Location 
This study was carried out during the construction of Kağıthane – Piyalepaşa – Dolapdere – 
Dolmabahçe highway tunnels in Istanbul city in Turkey. The location and route of the tunnels are 
shown in Figure 1 as satellite image taken from the Google Earth program.  
 

 
 

 
 
The tunnel known as T1 is in the direction from Piyalepaşa to Kağıthane and will be constructed as 2 
lines. The second tunnel known as T2 is in the direction from Kağıthane to Piyalepaşa and will also 
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be constructed as 2 lines. The specifications of tunnels are given in Table 1 and the cross section of 
the tunnels is given in Figure 2 (Kahriman 2006b). 
 

Table 1. The Specifications of The Tunnels 

Tunnel length (m) T1 tunnel:1506 
T2 tunnel:1517  

Max. Tunnel Inclination (%) 2.5  
The number of connection tunnels 6 
Floor width (m) 11.80  
Road width (m) 9.50  
Height (m) 7.33  
Inner Radius (m) 6  
Cross Section Area (m2) 65 
Tunnel lining thickness (cm) 50 

 
 

 
 

Geology 
The underlying geological formations and structure through which the tunnels will be driven were 
defined by with field studies and exploration drilling. The main geological formation is the Thrace 
formation that is mainly composed of shale, sandstone, limestone and siltstone. There are calcite 
veins and andesite dykes in this formation (Kahriman 2006b). 
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Test Procedure 
The measurement of ground vibration induced by blasting was necessary to estimate the potential 
risk of damage to properties and to define the site-specific ground attenuation characteristics 
associated with these tunnels. The parameters of scaled distance (charge quantity per delay and the 
distance between the source and the station) were recorded carefully and the ground vibration 
components were measured for all blast events by using four vibration monitors. The absolute 
distances between shot points and monitor stations were determined by surveying. These vibration 
monitors were placed near to the closest buildings at the surface along the tunnel route.   
 
The blasting pattern, drilling pattern and explosive charges for each shot were designed by blaster 
engineers of the contractors constructing the tunnels. For each blast, the vibrations have been 
measured simultaneously on the surface and for these shots, only necessary quantitative 
measurements and observations have been performed. The information relating to the blasting 
patterns and protocols used by the contractors has been used to derive all the necessary data, (these 
are given in Table 2.)  
 

Table 2: The general applied design parameters of the Tunnels 
 

Parameters Description 
Excavation Method NATM 
Opening Cut V-Cut 
Number of Holes Per Round 50 
Hole Diameter, d (mm) 51 
Hole Length, H (m) 2 
Spacing, S (m) 0,8 - 1 
Advance Per Round (m) 1,8 
Type of the Blasting Agent Emulite – T 
Type of the Detonator Exel MS, Exel LP 
Total number of Detonators 50 

 

Measurement Results 

During the construction of Istanbul Kağıthane – Piyalepaşa – Dolapdere – Dolmabahçe highway 
tunnels, 250 events were recorded from the 126 shots fired in different times. The list of the shots are 
as follows: 33 shots at Kağıthane T1 Tunnel, 80 shots at Kağıthane T2 Tunnel, 12 shots at Piyalepaşa 
T1 Tunnel and 1 shot at Piyalepaşa T2 Tunnel. 

An example of the results of ground vibration measurements and data are given in Table 3. 
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Table 3: Some of the results of ground vibration measurements 
 

Peak Particle 
Velocity (PPV)

Frequency  
(f) 
 

Air 
Blast 

Total 
Charge 

Max. Charge 
Per  Delay (Wd) 

Distance
(R) Location Date 

mm/s Hz dB kg kg m 
10.08.2006 2,79 64 124,9 28 1,7 146,62 
30.08.2006 0,64 100 119,4 40 1,4 178,24 
05.09.2006 0,51 57 114,2 40 1,2 197,21 
12.09.2006 0,64 100 119,9 46 1,4 216,16 
11.10.2006 3,56 100 104,9 45 1,8 78,29 
28.10.2006 5,33 100 104,9 30 1,4 70,08 
07.11.2006 3,17 100 107,5 47 1,8 64,79 

Kağıthane 
T1 

16.11.2006 3,17 100 95,9 52 1,6 70,62 
12.08.2006 2,16 57 125,6 20 1,2 66,05 
25.08.2006 3,94 57 130,9 15 1 34,31 
30.08.2006 1,02 100 125,6 15 1 64,31 
16.09.2006 2,92 85 127,4 15 0,9 57,58 
28.01.1900 0,64 39 130,1 40 1,2 173,05 
12.10.2006 1,14 100 104,2 30 1,2 60,54 
13.10.2006 4,19 73 100,0 30 1,4 87,79 
20.11.2006 2,54 100 98,8 30 1,2 83,18 
25.11.2006 4,95 100 104,2 40 1,6 91,81 
06.12.2006 3,56 100 104,9 40 1,6 87,36 

Kağıthane 
T2 

09.12.2006 6,10 85 106,0 45 1,8 89,31 
04.09.2006 9,91 64 119,9 40 1,2 54,63 
09.09.2006 7,24 73 119,7 40 1,2 63,55 
13.09.2006 2,03 100 109,9 15 0,9 82,58 

Piyalepaşa 
T1 

16.09.2006 1,14 85 132,0 15 0,8 125,61 
16.09.2006 5,46 51 119,4 30 0,9 72,96 
16.09.2006 1,14 57,00 130,80 30 0,9 175,56 Piyalepaşa 

T2 
16.09.2006 3,94 85 117,1 30 0,9 61,55 

 

The Analysis of the Measurement Results 
When statistical analysis techniques were applied to blast vibration data pairs, peak particle velocity 
and scaled distance give a site specific velocity attenuation equation. Statistically, a sufficient 
number of blasts (at least 30 events) have to be measured so that enough data can be gathered to 
develop a similar formula. In this study, enough data sets have been obtained in accordance with the 
statistical rule of thumb (Kahriman et al. 2006a). 
 
For ppv predictions, a number of predictors are proposed in the literature by different researchers 
(Khandelwal and Singh, 2007). In this study, three of them were selected (Table 4) to be used in this 
study. It should be noted that in this table, ppv is the peak particles velocity (mm/s), Wd the 
maximum charge per delay (kg), R the distance between blast location to vibration monitoring point 
(m), and K and β the site constants, which can be determined by multiple regression analysis. 
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Table 4: The Prediction Equations (Khandelwal and Singh, 2007) 

Name of predictor equation Equations 

USBM (Duvall and Fogelson, 1962) 
β−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= 2/1

dW
RKppv  

Ambraseys–Hendron (1968) 
β−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= 3/1

dW
RKppv  

Langefors–Kihlstrom (1978) 
β

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
= 3/2R

W
Kppv d  

 
These data pairs with respect to predictors were subjected to regression analysis. During this 
analysis, it should be noted that Scaled distance (SD) represents the term in the parenthesis for all 
predictor equations. In order to find the site constants, namely K and β, the graph between the 
recorded ppv values and SD were plotted for all predictor equations and these graphics are given in 
Figure 3, 4, 5, respectively. 
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The site constants for these tunnels and predictor equations obtained from the regression analyses are 
summarized in Table 5.   
 

Table 5: The site constants and prediction equations 
 

Name of Predictor Equation Equations r 

USBM (Duvall and Fogelson, 1962) PPV=890 (R/W1/2)-1,38 0,71 

Ambraseys–Hendron (1968) PPV=1022(R/W1/3)-1,40 0,71 

Langefors–Kihlstrom (1978) PPV=87,3 (√W/R2/3)2,672 0,60 
 
 
The highest correlation coefficient value was obtained from USBM and Ambraseys–Hendron 
prediction equations. USBM prediction equation was accepted as preferred attenuation formula 
relating to the blasting operations carried out for the construction of the tunnels mainly due to the 
fact that USBM equation is most widely used equation in the literature to predict ppv.  Therefore this 
equation was used in the preparation of the practical blasting charts used by the blasting engineers in 
the construction of these tunnels.  
 
These Practical blasting charts based on the USBM attenuation formula were used to estimate the 
likely peak particle velocity associated with any given maximum charge per delay at a set distance 
from the location of the shot to the monitoring location. In the first chart (see Figure 6) the 
relationship between peak particle velocity, maximum charge amount per delay and distance (R) is 
shown. 
 
As an example by using this chart, for 10 kg charge per delay at a distance of 100 m, the likely peak 
particle velocity is estimated to be 4.5 mm/s. 
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In the second chart (see Figure 7) which also relates the maximum charge amount per delay, the peak 
particle velocity and distance (R), it should be noted that the values of ppv lines is based on the 
threshold damage limits of the USBM and DIN 4150 norms. As an example by using this chart, a 
maximum charge per delay is estimated as 4 kg at the 3 mm/s ppv level at a distance of 100 m.  
 

 
 
Going forward it is intended that these charts should be used as a practical guide for blasting 
operations in the future blasting operations carried out in association with the construction of these 
tunnels. 

Copyright © 2008 International Society of Explosives Engineers

2008G Volume 1 - Evaluation of Ground Vibration Induced by Blasting During the Excavation of a Transportation Tunnel in Istanbul Metropolis 8 of 12



The Damage Risk Evaluation of the Shots  
The particle velocities and frequency values of all blast events were evaluated according to the 
German DIN 4150 and USBM Norms in order to determine the damage risks of the neighboring 
buildings and structures. However, during this evaluation, threshold damage limit was based on the 
conservative German DIN 4150 Norm by taking all the negative conditions into consideration. This 
norm states 3 mm/sec peak particle velocity as a threshold damage limit for old structure and 
buildings. 
 
The graphic of measured maximum particle velocity versus frequency values of all events recorded 
at T1 and T2 tunnels according to DIN 4150 are given in Figure 8. This figure shows that some PPV 
values recorded at Piyalepaşa T1 tunnel exceeded first damage limit of DIN 4150 norm which was 
developed for historical buildings. However, all recorded ppv values did not exceeded second 
damage limit which was developed for concrete buildings. 
 

 
 
The graph relating the measured peak particle velocity versus frequency values of all events recorded 
at T1 and T2 tunnels according to USBM Norm are given in Figure 9. This figure shows that all PPV 
values recorded at both tunnels did not exceed the damage limit of USBM norm. 
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The distribution of frequencies of recorded events is given in Figure 10. As it can be seen from this 
Figure, most of the frequencies recorded (97.6 %), were greater than 31 Hz. This situation will 
reduce the risk of induced resonance of the structures many of which have a natural frequency of 5-
10 Hz. 
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Conclusion 
Increasingly, environmental issues arisen from blasting restrict both mining and civil engineering 
operations. Thus monitoring the shots and measurements of ground vibration are extremely 
important to reduce or eliminate environmental problems. Since the peak particle velocity is still the 
most common single ground descriptor for regulating blast designs, the statistically derived site 
factors from the commonly used empirical relationship between peak particle velocity and scaled 
distance were established for Istanbul Kağıthane – Piyalepaşa – Dolapdere – Dolmabahçe highway 
tunnels. 
 
Within the scope of this project, an extensive research study was carried out at these tunnels. The 
recorded events were evaluated by using three scaled distance approaches, namely USBM, 
Ambraseys–Hendron and Langefors–Kihlstrom. According to the results of the evaluation, the 
highest statistical correlation between ppv and SD was obtained from the USBM and Ambraseys–
Hendron approaches. On balance the, USBM equation was proposed for use at this site when 
considering future blasting activities due to the fact that USBM equation is the most widely used in 
the literature. 
 
Practical Blasting Charts specific to this site were prepared and presented in this study.  These charts 
were based on the proposed equation. The engineer in the charge of designing blasts can thus design 
future blasts at this site by utilizing this charts to determine or estimate peak particle velocities and 
associated maximum charge amount per delay for any given distance between a blast and a 
monitoring location.  
 
Finally, it is thought that these charts can be used as a practical guide for blasting operations in the 
future at these tunnels. 
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