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Abstract Ground vibrations induced by blasting in the cement quarries are one of the fundamental

problems in the quarrying industry and may cause severe damage to the nearby utilities and pipe-

lines. Therefore, a vibration control study plays an important role in the minimization of environ-

mental effects of blasting in quarries. The current paper presents the influence of the quarry blasts at

the National Cement Company (NCC) on the two oil pipelines of SUMED Company southeast of

Helwan City, by measuring the ground vibrations in terms of Peak Particle Velocity (PPV). The

seismic refraction for compressional waves deduced from the shallow seismic survey and the shear

wave velocity obtained from the Multi channel Analysis of Surface Waves (MASW) technique are

used to evaluate the closest site of the two pipelines to the quarry blasts. The results demonstrate

that, the closest site of the two pipelines is of class B, according to the National Earthquake Hazard

Reduction Program (NEHRP) classification and the safe distance to avoid any environmental

effects is 650 m, following the deduced Peak Particle Velocity (PPV) and scaled distance (SD) rela-

tionship (PPV = 700.08 · SD�1.225) in mm/s and the Air over Pressure (air blast) formula (air blas-

t = 170.23 · SD�0.071) in dB. In the light of prediction analysis, the maximum allowable charge

weight per delay was found to be 591 kg with damage criterion of 12.5 mm/s at the closest site

of the SUMED pipelines.
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Research Institute of Astron-

Tel.: +2 0122 2109859.
m (A.M.E. Mohamed).

ational Research Institute of

g by Elsevier

ing by Elsevier B.V. on behalf of N

.013
1. Introduction

Egypt experiences an increase in the infrastructure and mineral
resource developments. As a result, quarrying activities have

increased to supply the required construction materials. The
use of explosives to execute blasting activities always leads to
concern its effect on the environment. These effects are nor-

mally nuisances to the neighboring residence, as they come
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in the form of dusts, toxic gases, noises, fly rocks, air blasts and
ground vibrations. In most cases, after blasting activities
worldwide, there are usual complaints about damage to resi-

dence and pipelines.
The aim of the current research is to identify a vibration le-

vel that will not cause damage to the oil pipelines of SUMED

Company close to the limestone quarry of the National Ce-
ment Company (Fig. 1).

Based on the literature review (Devine, 1966; Muller, 1997;

Elseman, 2000; Tripathy and Gupta, 2002; Nicholson, 2005;
Khaled et al., 2007a,b, 2008; Hakan et al., 2009; Aldas,
2010), it was revealed that, there are a number of parameters
that needed to be considered. These ranges; distance from

the two pipelines, geological conditions of the area, quantity
and design of blast and the ground vibration threshold accord-
ing to the various standards.

Fly rocks are considered to be the most undesirable move-
ment of rocks during the blasting activities. Damage by a fly
rock can not be refuted; the evidence is usually present and vis-

ible. Fly rocks can be a result of overcharge, too small burden,
or basic loose rocks on the crest of the bench.

The term Air over Pressure (air blast) is often used to de-

scribe the air waves, which are generated by blasting activities.
Oriard (2002) simply defines this as the pressure above the
atmospheric pressure. Air waves are compressed waves that
travel through the air. Under certain weather conditions and

poor blast design, air blast can travel considerable distances.
Audible air blast is called noise, while air blasts at frequencies
below 20 Hz and inaudible to the human ear are called concus-

sions. Over pressure is usually expressed in pounds per square
Fig. 1 Location map of the studied area.
inch (psi) or in decibels (dB) (Bollinger, 1971; Siskind et al.,
1980; Konya and Walter, 1985; ABC, 1987).

As the seismic waves travel through the rock, there are

movements of the particles. This is commonly referred to as
vibration. The motion of the ground particles (vibration) oc-
curs in 3-dimensions, which are vertical, longitudinal and

transverse. When there is a vibration, each particle has a veloc-
ity and the maximum velocity is referred to as the Peak Particle
Velocity (PPV). This PPV readings are used as the standard for

measuring the intensity of the ground vibration in either in/s or
mm/s (1 in/s = 25.4 mm/s).

To evaluate the environmental impact of the quarry blasts
at NCC, the ground vibrations (PPV and air blast) are moni-

tored for two months at various distances as well as at the
two oil pipelines of SUMED Company.

The shallow seismic surveys (for P-waves and Multi chan-

nel Analysis of Surface Waves (MASW)) are performed for
studying the near surface layers at the closest site. The MASW
is based on the inversion of the Rayleigh wave dispersion

curves, which are proved to obtain the characterization of
the local S-wave velocity profile with a good accuracy. The
advantage of this technique is the determination of low veloc-

ity layers. The average shear-wave velocity in the uppermost
30 m (Vs30), which is adopted by the National Earthquake
Hazard Reduction Program (NEHRP) classification in the
USA (Street et al., 2001), is used to evaluate the closet site

of the pipelines to the quarry.
2. Geologic setting

Mohamed et al. (2012) investigate the geologic setting of the
area in detail. They constructed a geological map (scale
1:20000) which reveals that most of the area consists of depos-

its of Pliocene, Upper, and Middle Eocene (Fig. 2). The Plio-
cene deposits are represented by wadi deposits, which are
composed of compacted sandstone of medium to coarse

grains. The Upper Eocene deposits are represented by Wadi
Garawi and Qurn Formations, while the Middle Eocene
deposits represented by Observatory Formation. Wadi Garawi

Formation consists of marl and marly limestone with clay
intercalation at the upper part of the formation and thick-
nesses ranging from 50 to 80 m. Qurn Formation is composed
of five units; the first unit (at the base) consists of massive crys-

talline limestone inter-bedded with argillaceous limestone as
shown in the composite geological section (Fig. 3). The second
unit includes argillaceous limestone, marl and shale. The third

unit of Qurn Formation is made up mainly of marl and shale.
The fourth unit is represented by limestone with claystone
bands. The fifth and last unit (at the top) of Qurn Formation

consists of limestone. The Observatory Formation of Middle
Eocene is characterized by highly fractured limestone and
caves. (Farag and Ismail, 1959; Moustafa et al., 1985; Moham-
ed et al., 2012) investigate the surface structures at the whole

area and state that the area has been dissected by sets of nor-
mal faults trending NW-SE, E-W, and NE-SW.
3. Ground vibration damage criteria

When an explosive charge is detonated in a rock, the charge is
converted into hot gas and intense pressure. This pressure nor-



Fig. 2 Geologic map of the interested area (After Mohamed et al., 2012).
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mally melts and crushes the rock around the blast hole to a cer-

tain point, almost two times the diameter of the confined area.
This is highly dependent on the type of rock, as in some cases
the cavity formed around the whole, yields more than four
times the volume (Bauer, 1980).

Since the energy from the detonation is insufficient to crush
further than four times the diameter of the confined hole, be-
yond that point radial cracks are formed and extended across

the cavity. This energy continues to work on the rock by
expanding theses cracks. All crushing and cracking of the
in situ materials take place within the inelastic zone. Beyond

the inelastic zone, there is the elastic zone, where no further
permanent damage from the explosion energy takes place. Or-
iard (2002) refers to the activities within the elastic zone as

elastic waves; these may stretch and bend, but will never break.
All structures or facilities surrounding a blast site will re-

spond, with the vibration intensities dependent on physical
variables such as; distance from blasting to position of interest,
explosive charge weight per delay, and the frequency of

vibration.
In most countries there are regulations and guidelines that

are used to ensure that all vibration levels are kept within a
specific limit. The United States have used the Office of Surface

Mining Reclamation and Enforcement (OSMRE, 1987) and
the United States Bureau Mines USBM (Duvall and Fogelson,
1962) code and regulations to protect buildings and buried

pipes that are considered as damage criteria in the current
study. They use the threshold values as: PPV = 12.5 mm/s,
air blast = 122 dB for superstructures and PPV = 50 mm/s

for buried pipes. The geology of Egypt and nature of construc-
tions are much different so, those criteria might not give the
expected results. In such a case it is necessary to use the USBM

criteria for reference to set conservative limits that will be most
applicable for the interested area. The conservative levels crite-
ria are set at threshold ground vibration (PPV) of 12.5 mm/s
and air blast of 120 dB.



Fig. 3 The composite geological section at the area of interest

(After Mohamed et al., 2012).
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4. The concept of scaled distance

Scaled distance (SD) is a dimensionless parameter for distance.
It is derived as a combination of distance and charge weight
influencing the generation of seismic and air blast energy. Sci-
entists, through research of the propagation law (Konya,

2003), have developed a method to estimate and compare
ground vibrations from a blast during the planning and design
stage to stay within the prescribed vibration limits. The ampli-

tude of ground vibrations is established by the quantity of en-
ergy present to create the vibration and the distance through
which the vibrations have propagated. The square root scaled

distance formula relates ground vibration amplitude to the
explosive charge weight per delay and the distance from the
blast. The typical way of combining distance and explosive en-

ergy is to divide the true distance by the square root of the
maximum explosive charge weight per delay to obtain a nor-
malized or scaled distance (ISEE, 1998) as follows:

SD ¼ d=
ffiffiffiffiffi

W
2
p

ð1Þ

where: SD is the scaled distance (in m/kg0.5); d is the true dis-
tance from shot to specific location and W is the maximum

explosive charge weight per delay.
The cube scaling (SD* in m/kg0.33) was used in establishing
the air vibration (air blast) decay characteristics as given in the
following relationship:

SD� ¼ d=
ffiffiffiffiffi

W
3
p

ð2Þ

Ground vibrations generally decay with distance from the

shot. Specifically, ground vibrations from blasting in most geo-
logic settings decay or attenuate to approximately one third of
their former value for each doubling of distance (ISEE, 1998).

To predict ground vibrations in Peak Particle Velocity, scien-
tists have developed the following equation (Oriard, 2002; Ko-
nya, 2003; ISEE, 1998; Dowding, 2000; Wyllie and Mah,

2004):

PPV ¼ KðSDÞ�a ð3Þ

where PPV is the Peak Particle Velocity in mm/s, K is the site
factor (particle velocity at scaled distance = 1 and is defined as

a measure of how much vibration energy is transferred to the
ground near the explosive charge) and a is the curve slope (de-
cay exponent – always negative and is defined as how fast the

energy attenuates with distance).
The air blast level (in dB) decay is given by the following

relation (m and a are defined as site constants as K and a in

Eq. (3)):

Air blast ¼ mðSD�Þ�a ð4Þ
5. Data collection

5.1. Ground vibration and air blast

Due to the sensitivity of the National Cement Quarry (NCQ)
location (Southeast of Helwan City Fig. 4) with respect to
the adjacent SUMED oil pipelines; all blasting activities must

be monitored for vibration levels. The purpose is to help to
prevent property damage as a result of ground vibrations
and air blasts from blasting activities. To collect all these data,

five seismographs were used at different times and distances.
At times when the conditions were considered to be serve, at
least three to four seismographs (Minimate Blaster) were used
simultaneously. The Minimate Blaster seismographs (Fig. 5)

are of Instantel origin. They are all fitted with four channels,
three channels for tri-axial transducers for monitoring vibra-
tions in the Longitudinally, Transverse and Vertical directions

and one channel to monitor the air blast.
The data were collected for two months (four times per

week). Sixty events are recorded at various distances. Forty

of them are recorded, where the instruments are located at
the ground surface above the two pipelines, the recorded
events are listed in Table 1.

5.2. P-wave shallow seismic survey

In order to classify the shallow foundation section into soil and
bedrock and to define the competence scales and geotechnical

characteristics at the closest area of SUMED pipelines to the
NCQ, the shallow seismic refraction survey was carried out
through applying the forward, mid-point and reverse acquisi-

tion system (vertically) to create the compressional (P) waves
and perform the Multi channel Analysis of Surface Waves
(MASW) technique and invert the phase velocity into shear



Fig. 4 The location map of the seismic profiles and vibration record sites at the National Cement Quarry.

Fig. 5 The Instantel Minimate Plaster instrument, which is used

to record the vibrations of the National Cement Company Quarry

Blasts.

106 A.M.E. Mohamed, Abuo El-Ela A. Mohamed
waves (S) velocity. The object of such P-waves and S-waves
generation is to conclude the variations of velocities (compres-
sional, Vp and shear, Vs,) with depth and correlate them with
the subsurface geologic information. The P-wave seismic

refraction field work executed at SUMED site is consisted of
four seismic profiles distributed regularly around the two pipe-
lines (Fig. 4). Accordingly, for each seismic site, two seismic

refraction profiles are acquired, one for the compressional
waves and one for the surface waves, using the MASW
technique.

The P-waves are acquired by generating seismic energy
using energy source, sending the created seismic waves inside
the earth. The direct (head) and refracted (diving) waves are
detected through geophones, which are motion sensitive trans-

ducers, that convert the mechanical ground motion into elec-
trical signals, whose voltage amplitude is proportional to the
received energy. Four profiles have 94 meter long spread, the

total spread length should be three to five times the maximum
depth anticipated (Redpath, 1973). The geophone spacing was
fixed and equal to 2 m. The geophones must be firmly coupled

to the ground. The technique is to shot the profile (5 shots) 5
meters far from both ends, also from its mid-point, in addition
to 2 shots (between G12-G13 and G36-G37). Fig. 6, shows a
representative example of the recorded P-wave seismograms

at the seismic profiles P1.

5.3. MASW survey

Another technique to determine the shear wave velocity is
used. This is the most common type of MASW (Multi channel
Analysis of Surface Waves) survey that can produce 1-D and

2-D Vs profile (Park et al., 1999). The overall setup is illus-
trated in Fig. 7a. The maximum depth of investigation (Zmax)
that can be achieved is usually in 10–30 m range, but this can

be varied with sites and types of active sources used. A fairly
heavy sledge hammer was used as a source of active MASW.
Vertical stacking with multiple impacts can suppress ambient
noises significantly and is therefore always recommended,

especially if the survey takes place in an urban area. Low-fre-
quency of 4.5 Hz geophones is used. Length of the receiver



Table 1 The parameters of the recorded events due to quarry blasting at the NCC quarry.

No Date Distance (m) Total charge (kg) Charge/delay (kg) Scaled distance, SD (m/kg0.5)

1 21/12/2009 90 1850 400 4.5

2 21/12/2009 270 1850 400 13.5

3 21/12/2009 660 1850 400 33.0

4 21/12/2009 910 1850 400 45.5

5 21/12/2009 1250 1850 400 62.5

6 17/02/2010 40 1060 400 2.0

7 27/01/2010 50 960 400 2.5

8 27/01/2010 200 960 400 10.0

9 27/01/2010 450 960 400 22.5

10 27/01/2010 630 960 400 31.5

11 27/01/2010 750 960 400 37.5

12 27/01/2010 60 960 400 3.0

13 27/01/2010 220 960 400 11.0

14 27/01/2010 470 960 400 23.5

15 27/01/2010 650 960 400 32.5

16 27/01/2010 770 960 400 38.5

17 17/02/2010 80 1060 400 4.0

18 17/02/2010 130 1060 400 6.5

19 17/02/2010 160 1060 400 8.0

20 17/02/2010 160* 1060 400 8.0

21 17/02/2010 170* 1060 400 8.5

22 17/02/2010 180* 1060 400 9.0

23 17/02/2010 300 1060 400 15.0

24 17/02/2010 370 1060 400 18.5

25 17/02/2010 550 1060 400 27.5

26 17/02/2010 560 1060 400 28.0

27 11/03/2010 140 1060 400 7.0

28 11/03/2010 380 1060 400 19.0

29 11/03/2010 780 1060 400 39.0

30 11/03/2010 110 960 400 5.5

31 11/03/2010 360 960 400 18.0

32 14/03/2010 390 1060 400 19.5

33 14/03/2010 790 1060 400 39.5

34 14/03/2010 140 1060 400 7.0

35 14/03/2010 380 1060 400 19.0

36 14/03/2010 110 1060 400 5.5

37 14/03/2010 210 1060 400 10.5

38 14/03/2010 430 1060 400 21.5

39 17/03/2010 980 1850 400 49.0

40 17/03/2010 970 1850 400 48.5

41 21/03/2010 1820 3000 400 91.0

42 22/03/2010 570 1000 400 28.5

43 22/03/2010 690 1000 400 34.5

44 22/03/2010 620 1000 400 31.0

45 24/03/2010 1730 3900 400 86.5

46 29/03/2010 1340 3355 400 67.0

47 31/03/2010 1760 3355 400 88.0

48 04/04/2010 1800 3355 400 90.0

49 07/04/2010 1650 3355 400 82.5

50 08/04/2010 760 955 400 38.0

51 08/04/2010 830 955 400 41.5

52 11/04/2010 1710 3355 400 85.5

53 15/04/2010 1380 2985 400 69.0

54 18/04/2010 1320 2985 400 66.0

55 21/04/2010 1300 2985 400 65.0

56 22/04/2010 1350 2985 400 67.5

57 29/04/2010 1200 2985 400 60.0

58 02/05/2010 1310 2985 400 65.5

59 03/05/2010 1110 2985 400 55.5

60 05/05/2010 1310 2985 400 65.5

* Distance to the opposite direction, where a channel was found between the blasting and record sites.
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Fig. 6 The P-wave seismograms records at the seismic profile P1.
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spread (D) (Fig. 7a) is directly related to the longest wave-
length (k), that can be analyzed, which in turn determines
the maximum depth of investigation (Zmax). On the other

hand, (minimum if uneven) receiver spacing (dx) is related to
the shortest wavelength (k) and therefore the shallowest resolv-
able depth of investigation (Zmin). A 1 ms of sampling interval

is most common with a 2 s total recording time (T = 2 s).
Fig. 7b, shows an example of the MASW profile P1.

6. Seismic data processing and interpretation

It was pointed out that, the true refractor velocities can not be
determined by shooting at only one end of a seismic line, but

such velocities can be determined if the arrival times are re-
corded from both ends. Further, a depth computed from an
intercept time actually represents the depth of the refracting

surface projected back to the shot point. The reversed profile,
however, offers a significant advantage in that, the true veloc-
ities and thicknesses of layers can be computed beneath each
geophone to allow the mapping of irregular and dipping

boundaries by using several methods. The delay time method
was discussed by many authors, as: (Gardner, 1939; Barthel-
mes, 1946; Slontick, 1950; Tarrant, 1956; Wyrobek, 1956; Par-

ry, 1977) The Wave Front method was elaborated by
(Thornburgh, 1930; Gardner, 1974; Baumgarte, 1955; Hales,
1958; Rockwell, 1967; Schenck, 1967). Hagiwara’s method

was explained by (Masuda, 1975). The Plus-Minus method
was discussed by (Hagedoorn, 1959) and the Generalized
Reciprocal Method (GRM) was introduced by (Palmer, 1980).

On the basis of the first arrival P-waves picking up, the
wave forms are analyzed by picking the first breaks and deter-
mining the travel time-distance (T–D) curves and depth models
using SeisRefa software package (Seisrefa, 1991), which is a
complete seismic refraction processing and modeling software.
It is based on its processing on the delay time and ray tracing

methods.
According to the first arrival P-waves, the wave forms are

analyzed. The deduced time-distance curves and the corre-

sponding 2-D depth model at each profile are obtained in or-
der to interpret the subsurface features. Fig. 8, illustrates the
2-D depth model for one seismic profile (P1).

By applying the MASW technique, we obtain the disper-
sion curves (phase velocity versus frequencies). The shear wave
velocity profiles are obtained through an inversion process for

the dispersion curve of the Raleigh-type surface waves on a
multi channel record. This inversion process requires an initial
shear-wave velocity profile, which is obtained using the P-wave
shallow seismic refraction data and a constant Poisson’s ratio

of 0.3 at each of the 4 sites. The dispersion and inversion pro-
cessing steps are carried out using the SurfSeis software pack-
age (SurfSeis, 2010). Fig. 9a, shows the dispersion curve of

profile P1, where the fundamental mode is quite obvious.
Applying inversion analysis to the dispersion curves, we obtain
the shear wave velocity model. Fig. 9b, shows the shear wave

velocity model of profile P1.

7. Results

7.1. Ground vibration and air blast

The variations in the PPV and air blast values are attributed to
the amount of explosives detonated per delay and the distance
from the blast facing the set up of monitoring instrument on a
particular day. The Peak Particle Velocity (PPV) of the sixty



Fig. 7 (a) The Multi channel Analysis of Surface Wave (MASW) data acquisition configuration for determining the 1-D and 2-D shear

wave velocities; (b) The surface-wave seismogram records at the seismic profile P1; and (c) The surface-wave seismogram records after

applying frequency filtering of the seismic profile P1.
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blasting activities (Table 1) ranges from a low value of 0.5 mm/

s at a distance of 1310 m to a high value of 253 mm/s at a dis-
tance of 40 m. The Peak Ground Acceleration (PGA) in g and
the Peak Ground Displacement in mm due to the blasting were

observed and are listed in Table 2. The sound level or Air over
Pressure (air blast) from the sixty monitored blasts exhibits
levels above 120 dB twenty times.

The two events number 19 and 20 (Tables 1 and 2) are re-
corded by two instruments located at the same distance
(160 m) and suffered from the same explosive charge
(1060 kg), the first in the direction of the SUMED pipelines,
while the second at the opposite direction. The recorded PPV

at the first instrument is 41.5 mm/s while at the second instru-
ment is 19.7 mm/s. This lower value is due to the energy disper-
sion at the free face to the opposite direction.

7.2. Seismic

The results of the P-waves and MASW seismic survey reveal

that, the obtained near-surface section consists of four layers
in the four seismic profiles up to a depth of 20 m (Table 3).
The first layer with a thickness of 0–1 m is characterized by less



Fig. 8 The T–D curves of the five P-wave shootings (upper panel) and the 2-D depth model which consists of four layers with the

corresponding P-wave velocities at the seismic profile P1 (lower panel).

Fig. 9 The dispersion curve (phase velocity versus frequency) deduced from the surface wave records at profile P1. The fundamental

mode is quite clear (upper panel). The 1-D shear wave velocities deduced from the inversion technique of the dispersion curve are

illustrated in the lower panel (profile P1).
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physical properties (P-wave velocity 300–310 m/s and S-wave
velocity 180–190 m/s). The second layer with a thickness of
1–2.5 m summarizes medium physical properties (P-wave
velocity ranges between 720 and 750 m/s and S-wave velocity
430–450 m/s). The third layer with a thickness of 10–12 m
demonstrates high physical properties (P-wave velocity ranges



Table 2 The parameters of the recorded events due to quarry blasting and the ground vibration and air blast results at the NCC

quarry.

No. SD Peak Particle Velocity, PPV (mm/s) PGA PGD Air blast

L f T f V f g mm dB f

1 4.5 44.3 20.1 34.9 2.00 62.7 43.5 0.915 0.3630 131.4 2.00

2 13.5 21.9 16.2 18.3 50.0 22.7 33.2 1.140 0.1230 127.5 3.25

3 33.0 6.21 8.00 5.71 52.6 4.44 11.1 0.239 0.0286 122.4 4.75

4 45.5 4.44 41.1 5.33 31.6 2.29 33.0 0.159 0.0187 113.5 3.25

5 62.5 3.30 25.1 3.56 29.8 2.16 51.5 0.106 0.0183 109.9 2.14

6 2.0 145 2.00 91.7 15.4 253 2.10 11.19 1.8300 135.0 2.75

7 2.5 46.7 6.90 103 12.3 116 32.8 8.660 1.3100 132.2 3.00

8 10.0 14.6 78.8 25.4 79.3 11.2 5.50 0.703 0.0610 117.8 2.13

9 22.5 11.04 23.0 5.59 23.9 3.56 5.75 0.186 0.0540 108.8 3.63

10 31.5 5.84 23.0 5.59 23.9 3.56 5.75 0.170 0.0443 105.5 2.88

11 37.5 5.59 22.5 5.17 23.0 4.99 32.8 0.210 0.0640 109.5 4.63

12 3.0 80.4 2.00 64.9 20.0 107 42.3 6.060 1.2300 132.2 3.25

13 11.0 20.3 83.6 15.7 33.6 10.3 5.25 0.716 0.0730 117.5 2.25

14 23.5 5.08 22.5 10.8 23.0 4.32 32.8 0.240 0.0730 109.5 3.25

15 32.5 5.59 34.9 5.46 40.0 2.41 5.25 0.210 0.0440 107.5 2.88

16 38.5 5.46 40.4 5.59 44.4 4.57 6.38 0.210 0.0700 110.9 3.25

17 4.0 66.4 15.8 57.1 50.1 51.8 2.00 2.860 0.5830 130.1 2.75

18 6.5 67.6 45.6 50.0 44.5 48.0 44.0 2.620 0.2010 123.7 2.75

19 8.0 41.5 30.9 22.9 32.1 26.7 36.5 1.670 0.2090 122.8 2.75

20 8.0 19.7 8.38 17.5 7.88 8.13 7.88 0.239 0.3040 136.5 2.75

21 8.5 24.4 6.13 9.78 11.9 8.00 13.4 0.239 0.5950 135.8 2.75

22 9.0 13.7 6.00 4.06 9.38 8.00 14.0 0.199 0.2610 135.5 2.38

23 15.0 15.1 50.0 19.2 47.4 14.4 50.8 0.680 0.0776 118.1 2.63

24 18.5 11.4 74.4 7.37 64.8 10.5 69.8 0.860 0.0311 113.1 3.50

25 27.5 6.73 40.3 7.37 43.5 8.00 79.8 0.358 0.0307 111.5 2.63

26 28.0 5.97 46.8 6.22 46.3 6.60 79.8 0.370 0.0231 110.6 3.38

27 7.0 9.02 59.4 8.51 55.9 8.89 32.1 0.358 0.0322 123.0 2.75

28 19.0 7.87 43.4 12.1 38.1 4.70 41.0 0.305 0.5260 126.6 2.38

29 39.0 2.54 31.8 3.68 32.5 1.14 36.6 0.093 0.0210 109.2 2.50

30 5.5 12.3 40.3 17.1 49.1 10.2 51.6 0.517 0.0638 120.5 2.00

31 18.0 11.4 31.9 13.1 35.1 3.56 34.5 0.292 0.0641 113.3 2.00

32 19.5 6.22 49.1 7.37 28.0 4.95 8.75 0.292 0.0433 115.6 2.25

33 39.5 3.68 39.1 5.08 21.6 3.30 38.1 0.119 0.0331 107.0 2.38

34 7.0 33.5 26.6 16.0 8.00 50.8 58.8 3.420 0.2820 126.3 2.00

35 19.0 8.00 37.9 9.78 44.8 4.44 9.00 0.345 0.0427 115.0 2.25

36 5.5 37.2 18.0 44.6 16.0 56.8 27.1 3.550 0.3650 124.1 2.25

37 10.5 11.7 15.8 15.7 77.3 9.65 26.8 0.437 0.1040 119.2 2.38

38 21.5 6.73 91.8 10.0 92.0 3.94 16.8 0.424 0.0314 112.8 2.50

39 49.0 2.54 28.5 3.94 29.9 2.41 33.8 0.093 0.0190 116.4 3.38

40 48.5 2.79 28.5 3.56 29.9 2.29 33.8 0.198 0.0198 117.2 2.25

41 91.0 1.90 26.3 2.41 27.4 1.27 37.5 0.053 0.0128 113.8 4.13

42 28.5 6.60 40.3 6.86 24.9 3.05 44.8 0.265 0.0499 122.8 2.25

43 34.5 3.43 37.6 2.92 45.5 3.05 59.1 0.119 0.0213 116.9 2.38

44 31.0 5.97 38.9 3.05 38.8 3.05 39.3 0.159 0.0233 127.5 2.50

45 86.5 1.65 34.5 1.65 34.8 0.76 56.6 0.039 0.0091 118.2 3.00

46 67.0 1.14 28.0 1.65 32.6 1.27 33.4 0.039 0.0097 109.2 2.25

47 88.0 1.27 23.1 1.78 34.5 0.64 37.3 0.053 0.0080 114.0 2.00

48 90.0 1.65 33.0 1.02 32.0 0.64 21.5 0.039 0.0079 111.2 3.38

49 82.5 1.52 26.6 1.65 27.5 1.02 50.8 0.039 0.0077 112.0 2.50

50 38.0 3.43 7.25 5.08 27.5 3.30 38.3 0.133 0.0580 111.5 2.38

51 41.5 3.43 25.9 7.24 27.5 2.79 33.1 0.172 0.0510 111.8 2.38

52 85.5 0.89 24.0 1.40 21.8 0.64 5.50 0.039 0.0070 122.7 3.13

53 69.0 1.02 41.1 1.40 5.50 0.64 6.75 0.027 0.0309 115.9 2.13

54 66.0 1.02 39.1 1.78 6.25 0.76 6.88 0.039 0.0218 115.2 2.50

55 65.0 3.68 50.4 6.48 34.3 2.29 52.1 0.172 0.0326 117.2 2.13

56 67.5 1.20 40.1 1.20 2.00 1.20 38.0 0.027 0.0161 115.0 2.38

57 60.0 2.03 45.9 1.90 43.1 0.76 8.25 0.053 0.0113 117.4 3.25

58 65.5 1.78 42.6 1.78 2.50 1.40 32.4 0.053 0.0109 114.0 2.38

59 55.5 1.27 40.3 2.16 2.38 1.52 39.8 0.053 0.0294 117.8 2.13

60 65.5 1.02 5.00 1.14 5.00 0.51 5.38 0.027 0.0294 116.6 2.50
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Table 4 Vs30 and site class according to the IBC at closest site

of SUMED pipelines.

Profile Vs30 (m/s) Site class

1 800 B

2 920 B

3 880 B

4 1010 B

Table 3 The Obtained elastic moduli and geotechnical parameters at SUMED area.

Layers Profile Vp m/s Vs m/s Vp/Vs Density

(gm/cm3)

Poisson’s

ratio (r)
Rigidity

modulus

(dyn/cm2)

Young’s

modulus

(dyn/cm2)

Bulk’s

modulus

(dyn/cm2)

N-Value U. bearing

capacity

(kg/cm2)

Layer 1 1 300 180 1.67 1.29 0.22 4.18E+08 1.02E+09 6.03E+08 7.7 0.23

2 310 190 1.63 1.30 0.20 4.7E+08 1.13E+09 6.23E+08 9.0 0.27

3 305 185 1.65 1.30 0.21 4.43E+08 1.07E+09 6.13E+08 8.3 0.25

4 310 190 1.63 1.30 0.20 4.7E+08 1.13E+09 6.23E+08 9.0 0.27

Layer 2 1 730 440 1.66 1.61 0.21 3.12E+09 7.58E+09 4.42E+09 >50 3.16

2 720 430 1.67 1.61 0.22 2.97E+09 7.26E+09 4.36E+09 >50 2.95

3 750 450 1.67 1.62 0.22 3.29E+09 8.01E+09 4.74E+09 >50 3.37

4 730 430 1.70 1.61 0.23 2.98E+09 7.36E+09 4.61E+09 >50 2.95

Layer 3 1 1900 820 2.32 2.02 0.37 1.36E+10 3.72E+10 4.73E+10 >50 19.58

2 1800 800 2.25 2.05 0.39 1.31E+10 3.65E+10 5.64E+10 >50 18.22

3 1400 800 1.75 1.90 0.26 1.21E+10 3.05E+10 2.1E+10 >50 18.22

4 1500 820 1.83 1.93 0.29 1.3E+10 3.34E+10 2.61E+10 >50 19.58

Layer 4 1 3100 1220 2.54 2.31 0.41 3.44E+10 9.70E+10 1.76E+11 >50 62.78

2 3100 1310 2.37 2.31 0.39 3.97E+10 1.10E+11 1.69E+11 >50 77.35

3 2900 1220 2.38 2.27 0.39 3.39E+10 9.43E+10 1.46E+11 >50 62.78

4 2700 1300 2.08 2.19 0.31 3.7E+10 9.74E+10 8.75E+10 >50 75.63
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between 1400 and 1900 m/s and S-wave velocity 800–820 m/s).
The P-wave velocity of the fourth layer reflects values of 2700–

3100 m/s and S-wave velocities of 1220–1310 m/s.
The average shear wave velocity up to 30 m depth is ob-

tained, in addition to the geotechnical parameters, as listed

in Table 3. The results demonstrate that, the closest site of
the SUMED pipelines is classified according to the NEHRP
classification (Street et al., 2001) to the class B (Table 4).

From the obtained depth models deduced from the P- and
S-waves up to 30 m depth at the SUMED site, there are no
near-surface structures, caves and less competent layers than
the overlain.

8. Discussion

The relationship between the monitored vibrations in terms of

PPV and the distance from the quarry blasts to the monitoring
instruments (D in m) using the measurements of the sixty
blasting activities is deduced and summarized according to

(OSMRE, 1987) as follows (Fig. 10a):

PPVðmm=sÞ ¼ 26569�D�1:307 ð5Þ

The correlation coefficient R2 is equal to 0.9868. The charge

weight per delay was fixed to 400 kg as listed in Table 1. The
empirical relation (Eq. (5)) indicates that the ground vibrations
from the quarry blasts attenuate to one third of their former
value for each doubling of distance.

The PPV-SD (square root scaled distance in m/kg0.5) rela-
tionship, when introducing the concept of the scaled distance
using the measurements of the sixty blasting activities, is de-
duced and summarized according to Tripathy and Gupta,
2002 (Fig. 10b), which is considered as a prediction formula

as follows:

PPVðmm=sÞ ¼ 440:64� SD�1:225 ð6Þ

The correlation coefficient R2 is equal to 0.9809.
The prediction relationship (Eq. (6)) is modified to the max-

imum (worst case) which represents a 95% confidence level to
be:

PPVðmm=sÞ ¼ 700:08� SD�1:225 ð7Þ

From the last relationship (Eq. (7)), the maximum allowable

charge per delay without any environmental effect is 591 kg
for a safe distance of 650 m (the minimum distance between
the quarry blasts and the two pipelines) at a damage criterion

of PPV = 12.5 mm/s (USBM).
The Air over Pressure–SD* relationship, when introducing

the concept of the cube root scaled distance (SD* in m/kg0.33)
using the measurements of the sixty blasting activities, is de-

duced and summarized as follows (Fig. 11), which can be used
as an air blast prediction formula:

Air blastðdBÞ ¼ 152:87� SD��0:071 ð8Þ

The correlation coefficient R2 is equal to 0.8536. The predic-
tion relationship (Eq. (8)) is modified to the maximum (worst
case) which represents a 95% confidence level to be (Fig. 11):

Air blastðdBÞ ¼ 170:23� SD��0:071 ð9Þ

The obtained Peak Ground Acceleration (PGA in g) and the

Peak Ground Displacement (PGD in mm) values in relation
to the square root scaled distance using the measurements of
the sixty blasting activities are deduced and summarized as fol-

lows (Fig. 12a, b):

PGAðgÞ ¼ 32:35� SD��1:445 ð10Þ

The correlation coefficient R2 is equal to 0.9519.

PGDðmmÞ ¼ 2:89� SD��1:273 ð11Þ

The correlation coefficient R2 is equal to 0.9252.



Fig. 10 (a): The PPV versus distance to the monitoring

instrument relationship obtained from the sixty blasting activities

at the two pipelines of SUMED Company, which are located very

close to the National Cement Quarry; (b) The PPV–scaled distance

relationship was obtained from the sixty blasting activities at the

two pipelines of SUMED Company which are located very close

to the National Cement quarry.

Fig. 11 The Air over Pressure versus the cube root scaled

distance, obtained from the sixty blasting activities at the two

pipelines of SUMED Company which are located very close to the

National Cement quarry.

Fig. 13 Evaluation of damage risk of the recorded NCC quarry

blasts according to the USBM criterion taking into consideration

the PPV and its corresponding frequency.

Fig. 12 a: The relationship between the Peak Ground Acceler-

ation (PGA) values of the recorded quarry blasts and the scaled

distances to the two pipelines of SUMED Company; b: The

relationship between the Peak Ground Displacement (PGD)

values of the recorded quarry blasts and the scaled distances to

the two pipelines of SUMED Company.
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The measured magnitudes of PPV and the corresponding

frequencies of the quarry blasts were evaluated taking into
consideration several established damage criteria (USBM)
used in mining and geotechnical/structure engineering as

shown in Fig. 13.
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9. Conclusions

In undertaking the task of doing this research, it has been re-
vealed that, most practicing blasters rarely follow guidelines. It

is the duty of the authority in charge or the regulatory body in
charge to provide the necessary conditions and limitations to
be adhered to. These limitations should not only be prepared,

but should also be enforced. The current research is a trial to
start to develop a standard for the conditions and limitations
in order to mitigate the effects of the blasting activities on
the environment. From the shallow seismic survey for the P-

waves and MASW, it is obvious that, the closest area of the
two pipelines of SUMED Company near the National Cement
Quarry is not affected by shallow structures, caves or low

velocity layers. The geotechnical parameters also demonstrate
that, the SUMED pipelines area is belonging to class B,
according to the NEHRP code.

From the vibration records in terms of PPV, air blast and
SD at the SUMED area due to the blasting activities at the
National Cement Quarry, the maximum allowable charge

per delay without any environmental effect is 591 kg for a safe
distance of 650 m (the minimum distance between the quarry
blasts and the two pipelines). Those values are obtained
according to the deduced prediction formulae as in Eqs. (7)

and (9).
Acknowledgments

We wish to thank the National Research Institute of Astron-

omy and Geophysics (NRIAG) as well as the Egyptian Na-
tional Seismic Network (ENSN) and the National Cement
Company for their support to achieve this work. Some of
the figures were generated using the ESRI GIS software and

surfseis3.

References

ABC, 1987. Atlas powder company, explosives and rock blasting. In:

Field Technical Operations, Atlas Powder Co., Dallas, Texas, pp.

321–411.

Aldas, G.G., 2010. Explosive charge mass and peak particle velocity

(PPV)-frequency relation in mining blast. J. Geophys. Eng. 7, 223–

231.

Barthelmes, A.J., 1946. Application of continuos profiling to refraction

shooting. Geophysics 11, 24–42.

Bauer, A., 1980. Course Notes, Department of Mining Engineering.

Queen’s University, USA.

Baumgarte, J., 1955. Konstruktive darstellung von seismishen hori-

zonten unter beruksichtigung der strahlen berechrung im raun.

Geophys. Prospect. 3, 126–162.

Bollinger, G.A., 1971. Blast vibration analysis. South IL Univ. Press,

Carbondale, IL, p. 129.

Devine, J.F., 1966. Effect of charge weight on vibration levels from

quarry blasting. USBM Report of Invest 6774.

Dowding, C.H., 2000. Vibration stability of rock slopes. In: Con-

struction Vibrations, vol. 610. Northwestern University, USA. pp.

285–298.

Duvall, W.I., Fogelson, D.E., 1962. Review of criteria for estimating

damage to residences from blasting vibration. US Bureau of Mines

R.I. 5968.

Elseman, I.A., 2000. Measurement and analysis of the effect of ground

vibrations induced by blasting at the limestone quarries of the
Egyptian cement company. ICEHM2000, Cairo University, Egypt,

pp. 54–71.

Farag, I., Ismail, M., 1959. Contribution to the stratigraphy of the

Wadi Hof area (northeast Helwan). Bull. Fac. Sci., Cairo Univ. 34,

147–168.

Gardner, L.W., 1939. An areal plan of mapping subsurface structure

by refraction shooting. Geophysics 4, 247–259.

Gardner, G.H.F., Gardner, L.W., Gregory, A.R., 1949. Formation

velocity and density – the diagnostic basics for stratigraphic traps.

Geophysics 39, 770–780.

Hagedoorn, J.G., 1959. The plus–minus method of interpreting seismic

refraction sections. Geophys. Prospect. 7, 158–182.

Hakan, A.K., Ihar, Melih., Yavuz, Mahmut., Konuk, Adnan., 2009.

Evaluation of ground vibration effect of blasting operations in a

magnesite mine. Soil Dyn. Earthquake Eng. 29, 669–676.

Hales, F.W., 1958. An accurate graphical method for interpreting

seismic refraction lines. Geophys. Prospect. 6, 285–294.

ISEE, 1998. Vibration and Airblast, Blasters’ Handbook. In: 17th

Edition, International Society of Explosives Engineers, pp. 591–

634.

Khaled, M., Abdel Rahman, K., Makarem, A., 2007a. Experimental

techniques to reduce blasting vibration level, Tourah, Cairo, Egypt.

In: Proceedings of the 33rd Annual Conference of Explosives and

Blasting Technique, vol. 1. Nashville, TN, ISEE, p. 221.

Khaled, M., Abdel Rahman, K., Bagy, E., 2007b. Safe blasting near

the historical caves of, Tourah, Cairo, Egypt. In: Proceeding of the

4th EFEE World Conference on Explosives and Blasting, Vienna,

Austria, p. 365.

Khaled, M., Abdel Rahman, K., Khattab, M., 2008. Facing the

Drilling and Blasting Difficulties at Helwan Quarry, Egypt. In:

Copyrightª 2008 International Society of Explosives Engineers G,

vol. 1.

Konya, C.J., Walter, E.J., 1985. Rock blasting. US Dept. of

Transportation, Federal Highway Administration, Virginia, 199–

257.

Konya, C.J., 2003. Vibration and seismic waves in rock blasting and

overbreak control, second ed. National Highway Institute, Federal

Highway Administration, pp. 226–287.

Masuda, H., 1975. Seismic refraction analysis for engineering study:

OYO Technical Note. TN-10, Urawa Res., Japan.

Mohamed, A.M.E., Sultan, S.A., Mahmoud, N.I., 2012. Delineation

of near-surface structure in the southern part of 15th of May City,

Cairo, Egypt Using geological, geophysical and geotechnical

techniques. Pure Appl. Geophys. 169 (2012), 1641–1654. http://

dx.doi.org/10.1007/s00024-011-0415-y.

Moustafa, A., Yehia, A., Abdel Tawab, S., 1985. Structural setting in

the area east of Cairo, Maadi and Helwan. Middle East Res.

Centre, Ain Shams Univ., Sci. Res. Series 5, 40–64.

Muller, B., 1997. Adapting blasting technologies to the characteristics

of rock masses in order to improve blasting results and reduce

blasting vibrations. Fragblast 1, 361–378.

Nicholson, R.F., 2005. Determination of blast vibrations using peak

particle velocity at Bengal quarry. In: St. Ann, Jamaica. M.Sc.

Thesis. Department of Civil and Environmental Engineering.

Division of Rock Engineering.

Oriard, L.L., 2002. Ground vibrations and air waves from blasting. In:

Explosives Engineering, Construction Vibrations and Geotechnol-

ogy, International Society of Explosives Engineers, pp. 181–234.

OSMRE, 1987. Office of surface mining reclamation and enforcement.

OSMRE blasting guidance manual. Sections 816.67 (d) (2) (i),

section 816.67 (d) (3) (i), Section 816.67 (d) (3) (ii) and Sec-

tion 816.67 (d) (4) (i and ii), 73–100.

Palmer, D., 1980. The generalized reciprocal method of seismic

refraction interpretation. Soc. Expl. Geophys.

Parry, R.H.G., 1977. Estimating bearing capacity of sand from SPT

values. JGED, ASCE, 103: GT.9, pp. 1014–1043.

Park, C.B., Miller, R.D., Xia, J., 1999. Multi channel analysis of

surface waves (MASW). Geophysics 64, 800–808.

http://refhub.elsevier.com/S2090-9977(13)00030-8/h0005
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0005
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0005
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0010
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0010
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0015
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0015
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0020
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0020
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0020
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0025
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0025
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0030
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0030
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0030
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0035
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0035
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0135
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0135
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0135
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0040
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0040
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0045
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0045
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0045
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0050
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0050
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0055
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0055
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0055
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0060
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0060
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0060
http://dx.doi.org/10.1007/s00024-011-0415-y
http://dx.doi.org/10.1007/s00024-011-0415-y
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0070
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0070
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0070
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0075
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0075
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0075
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0080
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0080
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0085
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0085


Quarry blasts assessment and their environmental impacts on the nearby oil pipelines, southeast of Helwan City, Egypt 115
Redpath, B.B., 1973. Seismic refraction exploration for engineering

site investigations. Technical report E-73-4 US Army Engineer

Waterways Experiment Station Explosive Excavation Research

Laboratory Livermore, California.

Rockwell, D.W., 1967. A general wave front method. In: Musgrave,

A.W. (Ed.), Seismic Refraction Prospecting. Soc. of Exploration

Geophysicists, Tulsa, 363–415.

Schenck, F.L., 1967. Refraction solutions and wave front targeting. In:

Musgrave, A.W. (Ed.), Seismic Refraction Prospecting, Soc. of

Exploration Geophysicists, Tulsa, pp. 363–415.

SeisRefa, 1991. Refraction analysis program, version 1.30, USA.

Copyright, Oyo Corporation.

Siskind, D.E., Stagg, M.S., Kopp, J.W., Dowding, C.H.,

1980. Structure response and damage produced by ground

vibrations from surface mine blasting. Bu Mines RI 8507,

USBM, p. 74.

Slontick, M.M., 1950. A graphical method for the inerpretation of

refraction profile data. Geophysics 15, 163–180.
Street, R., Wooley, E.W., Wang, Z., Harris, J.B., 2001. NEHRP soil

classification for estimating site dependant seismic coefficients in

the upper mississippi embayment. Eng. Geol. 62, 123–135.

SurfSeis, 2010. Multi channel Analysis of Surface Waves (MASW)

Program. Kansas Geological Survey, 2000, 2006, 2008 and 2010.

Tarrant, L.H., 1956. A rapid method of determining the form of a

seismic refractor from line profile results. Geophys. Prospect. 4,

131–139.

Thornburgh, H.R., 1930. Wave front diagrams in seismic interpreta-

tion. Bull. A. A. P. G. 14, 185–200.

Tripathy, G., Gupta, I.D., 2002. Prediction of ground vibrations due

to construction blasts in different types of rock. Rock Mech. Rock

Eng. 35, 195–204.

Wyllie, D.C., Mah, C.W., 2004. Rock Slope Engineering: Civil and

Mining, fourth ed. Spon Press, pp. 245–275.

Wyrobek, S.M., 1956. Application of delay and intercept times in the

interpretation of multi layer refraction time distance curves.

Geophys. Prospect. 4, 112–130.

http://refhub.elsevier.com/S2090-9977(13)00030-8/h0090
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0090
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0090
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0095
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0095
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0100
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0100
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0100
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0105
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0105
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0105
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0110
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0110
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0115
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0115
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0115
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0120
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0120
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0125
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0125
http://refhub.elsevier.com/S2090-9977(13)00030-8/h0125

	Quarry blasts assessment and their environmental  impacts on the nearby oil pipelines, southeast of Helwan City, Egypt
	1 Introduction
	2 Geologic setting
	3 Ground vibration damage criteria
	4 The concept of scaled distance
	5 Data collection
	5.1 Ground vibration and air blast
	5.2 P-wave shallow seismic survey
	5.3 MASW survey

	6 Seismic data processing and interpretation
	7 Results
	7.1 Ground vibration and air blast
	7.2 Seismic

	8 Discussion
	9 Conclusions
	Acknowledgments
	References


