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a b s t r a c t

Mines, quarries, and construction sites face blasting environmental problems due to high
level of ground vibrations. This phenomena can cause injury to both human and damage
to structures in the blasting environment. To estimate ground vibration, several empirical
predictors have been established by various researchers, while these predictors are not
commonly enforceable beyond the particular conditions. However, ground vibration pre-
diction is a complicated issue in consequence of the fact that a large number of influential
factors are involved. In this study, a support vector machine (SVM) was applied and devel-
oped to predict ground vibration in blasting operations of Bakhtiari Dam, Iran. To achieve
this aim, 80 blasting works were investigated and results of peak particle velocity (PPV) as
a vibration index, distance from the blast-face and maximum charge per delay were mea-
sured and monitored to utilize in the modeling. To demonstrate applicability of the SVM
model for prediction of PPV, several empirical equations were also employed and the rel-
evant site constants were proposed. In the analyses procedure of this study, 60 datasets
were used for model development and remaining 20 datasets were applied to check the
performance capacity of the developed model. After comparing the results obtained from
SVM and empirical equations, it was found that the SVM method provides higher perfor-
mance capacity in predicting PPV compared to empirical equations.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In blasting operations, only 20–30 percent of the pro-
duced energy is used for fragmentation purposes and the
rest of this energy is wasted to create unwanted blasting
environmental issues like back-break, air-overpressure,

flyrock and ground vibration [1–6]. The wasted energy
exposure creates problems for the workers associated in
the excavation process as well as the local in habitants in
the nearby area [7]. Among environmental impacts of
blasting, ground vibration is considered as one of the
important blasting environmental issues [8]. Although
blasting vibration is short term transient phenomena, the
residents in the vicinity of operations feel that if vibration
continues then its swelling may get damaged [9]. High
ground vibration resulting from blasting has undesirable
effects on the structural integrity, groundwater, and ecol-
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ogy of the nearby area [10]. Therefore, prediction of ground
vibration is a significant criterion for future blasting oper-
ations to minimize the blasting environmental problems.

Normally, ground vibration is recorded in terms of two
different parameters namely peak particle velocity (PPV)
and frequency. Among them, PPV is considered as a vibra-
tion index, which is an important indicator for controlling
the structural damage criteria. Many vibration predictors
have been developed empirically to estimate PPV induced
by blasting. Nevertheless, these methods considered only
limited numbers of effective parameters on PPV whereas,
this phenomenon is also affected by other controllable or
non-controllable parameters [10,11]. As a result, empirical
methods are not accurate enough in many cases, even
though PPV prediction with high degree of accuracy is nec-
essary to estimate the blast safety area [12]. Apart from
that, simple and multiple regression techniques in estimat-
ing PPV have drawn attention [2,13,14]. Nevertheless,
implementing the statistical predictive methods is not reli-
able if new available data are different from the original
ones as the form of the obtained equation needs to be
updated. Aside from that, feasibility of soft computing
techniques like artificial neural network (ANN), fuzzy
interface system (FIS) and neuro-fuzzy system (ANFIS) in
solving geotechnical engineering problems [15–20] and
more specific, for prediction of PPV resulting from blasting
[10,21–23] has been reported in many studies. In the pre-
sent study, support vector machine (SVM) is used to pre-
dict ground vibration resulting from blasting operations
in Bakhtiari Dam, Iran. For the sake of comparison, empir-
ical predictors are also employed to predict PPV.

2. Ground vibration and its effective parameters

When an explosive is detonated in a blast-hole, the
explosive chemical reaction creates some gases with high
pressure. These gases pressure crush the rock adjacent to
the blast-hole. A wave motion is created in the ground by
the strain waves conveyed to the surrounding rocks [24].
Due to various breakage mechanism like, crushing and
radial cracking the strain energy carried out by these strain
waves fragments the rock mass. During the propagation of
the stress wave, high pressure gases extend discontinuities
such as fracture and joint [25]. These waves are identified
as ground vibration.

Two main groups of parameters that affect ground
vibration produced by blasting are included controllable
and uncontrollable parameters. The first group consists of
controllable or blast design parameters like burden, spac-
ing, sub-drilling, blast-hole depth, blast-hole diameter,
number of blast hole, bench height, stemming height and
type and weight of the explosive. Some of the controllable
parameters of blasting are displayed in Fig. 1. Rock mass
properties are considered as uncontrollable blasting
parameters [26,27]. It is essential to optimize blasting
design parameters to decrease ground vibration based on
the properties of rock mass which include rock strength,
density, wave velocity, discontinuity conditions [3,8,10].
In Indian Standard Institute [28], as a vibration index,
PPV is introduced to control the structure damage.

Several empirical equations were developed by some
researchers or institutions to predict the PPV induced by
blasting. There are only two factors namely charge weight
and distance from the blast-face in these equations [28–
30]. Table 1 shows some empirical predictors for predic-
tion of PPV. In this table, W is the maximum charge weight
in kg, D is the distance from the blasting face (m), and K, a,
b and n are the site constants.

In addition to empirical predictors, artificial intelligent
techniques have been extensively-used by several
researchers to predict PPV. Iphar et al. [21] utilized two dif-
ferent methods including simple regression and ANFIS
models to predict PPV. They used 44 PPV values obtained
from blasting operations in Turkey. The results indicated
that the proposed model yields better results compared
to regression analysis. Khandelwal and Singh [33] used
ANN and multivariate regression analysis (MVRA) tech-
niques to predict PPV and frequency. Finally, ANN results
show closer agreement with the measured datasets in
comparison to MVRA prediction. An ANN model with four
input parameters including distance from blast-face,
charge per delay, hole depth and stemming length was
developed by Monjezi et al. [34] to predict PPV. For this
purpose, a number of 182 datasets was measured around
the Kandovan tunnel in Iran. They demonstrated that ANNs
are enforceable tools for prediction of PPV. ANN technique
and empirical equations were utilized by Monjezi et al. [3]
for prediction of PPV. They compared the obtained results
from ANN model with the actual field data obtained from
Shur River Dam in Iran. Finally, they concluded that the
ANN is more accurate technique in predicting PPV in com-
parison with empirical equations. Fisne et al. [35]
employed FIS and regression model in order to estimate
PPV considering some blasting data obtained from Akda-
glar quarry in Turkey. Similar to many studies, they used
the weight of explosive material and distance from
blast-face as model inputs to predict PPV. They found that
FIS model can provide higher performance capacity in pre-
dicting PPV in comparison to statistical model. Hajihassani
et al. [23] proposed a new hybrid of artificial intelligence
model namely imperialist competitive algorithm
(ICA)-ANN for prediction of PPV values obtained from
Harapan Ramai quarry, Malaysia. For comparison purpose,
a pre-developed ANN model was also applied to predict
PPV. It was found that ICA-ANN predictive model can pre-
dict PPV values with higher level of accuracy in compar-
ison to pre-developed ANN approach. Verma and Singh
[36] utilized three models including MVRA, ANN and
SVM to predict PPV induced by blasting. They utilized
results of 137 blasting operations obtained from Chhattis-
garh site, India. They successfully showed that SVM model
can be performed to optimize PPV with greater degree of
confidence due to its robustness compared to other predic-
tive models. In the other study of SVM, Mohamadnejad
et al. [37] investigated the results of ground-vibration
measurements carried out in Masjed-Soleiman dam in
Iran. They used two intelligence techniques namely ANN
and SVM and concluded that the SVM is a more precise
and faster technique than the ANN model. Table 2 shows
several recently-investigations with their performances in
predicting PPV using soft computer techniques.
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