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ABSTRACT
Preliminary site properties need geophysical methods to determine it, the
same as the large use of the seismic refraction method to detect the layers of
soil and the depth reaching the bedrock. This study was conducted to find
out the subsurface profile characteristics of a backyard field in UTM, Skudai
following the principles of this method. The analysis of seismic data
processed using ZondST2D software by determining the first arrival time
until we get a block model of 2D shape based on the primary propagation of
seismic velocity wave’s in soil layers. It was found that the investigated
subsurface profile consists of four layers showing the level of weathering
grade ranges from 600–4000 m/s based on the classification of rock mass in
Malaysia. It was found that weathering rates decreased at higher depth, with
the increase of density for the material and dampness reduction of seismic
velocity. It was concluded that the survey of seismic refraction in
development can be used only for shallow subsurface profiles and far from
noise and disturbance.
Keywords: Site properties; Geophysical method; Seismograph; Seismic
velocity

INTRODUCTION
A seismic attribute is the measurement of seismic data which visually assists
us improve or quantify interpretative features of interest (Chopra and Marfurt,
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2007; Ali and Kadhim, 2020). Seismic refraction was considered as the first
geophysical method to be stratified in the surveys for oil-bearing structures but
its enforcement in oil prospection is reduced over proceeding years because of
the intrusion of different modern surveys (Ibi et al., 2008). Nevertheless, this
method has used increasingly on a scale map of subsurface specifically in the
investigations of geotechnical and civil site engineering (Ma and Zhang, 2015).
It gives high potential investigations for shallow surveys if it used in
conjugation with an exploratory drill (Bodin and Sambridge, 2009). Refraction
seismic method has become a standard approach to get qualified high seismic
sections in the processed seismic data of land (Zhang and Toksöz, 1998). Many
proved types of research in the construction industry which explain each type
of investigation has its limitations and advantages in the case to get information
on the subsurface properties. In this study, seismic refraction method is carried
out without use of lab, or geological testing. Generally, comes in the purpose
to give an initial understanding of a site before planning for an extra detailed
program. This study aims to evaluate the characteristics and geotechnical
features in the proposed area and give a prospection of subsurface profile.
The data are obtained from the application of geophysical method
permits geotechnical teams to understand the nature of the proposed location
for further info on the soil-rock characteristics and consequently help the
consultants to propose a reliable design to the foundation-earthworks for the
assigned

structure

(Das,

2006).

The

geophysical

survey

is effectively employed to reduce the overall amount of drilling and to
improve the placement of boring test for more economical and affordable
use(Metwaly and AlFouzan, 2013; Othman et al., 2019). According to the
seismic industry, the approaches of long-wavelength statics consist of a
method of delay-time (Gardner, 1939). The general linear inversion (Hampson
and Russell, 1984), the tomography of travel time (Zienkiewicz and Zhu, 1992)
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(Zhang and Toksöz, 1998), and the first reciprocal of the arrived waveform
(Tarantola, 1984);(Sheng et al., 2006); (Song et al., 2011). The delicacy of the
static correction of refraction is commonly focused on the great value of the
first arrival time. Nevertheless, in specific areas, the far-offset traveling time
of refraction could not be picked exactly, and guarantee that the data picked
are reliable also very difficult to do this for many shots. To determine the
picking of the first arrival time issue, the refraction theory interferometry was
demonstrated to improve the ratio of signal-to-noise of head-wave arrivals
(Sheng et al., 2006). The geophysical study on a site can be done using gravity,
electromagnetic, resistivity, or seismic method (Meric et al., 2005). The
seismic concept can be further divided into two methods which are refraction
and reflection (Holbrook et al., 1992). In this study, the practical interest is
taken towards the seismic refraction method. Theoretically, seismic waves are
energy waves that happened by the breaking of the earth rocks or an explosion,
it is the energy that moves through the earth and its recorded by seismographs
(White, 2000). There are two main types of seismic waves which are body
wave (primary wave and secondary wave) and surface wave (Love wave and
Rayleigh wave).

Fig. 1. Seismic body waves (Dobrin, 1976)
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Each of the waves moves differently concerning the propagation directions
(Fig. 2). These differences occur because of the fundamental property of
seismic surveying that is based on the stress and strain concept. The P-wave
motion is parallel to propagation direction due to its compressional uniaxial
strain while S-wave is perpendicular due to its shear stain (Masson and Pride,
2007). Besides that, surface waves are considered the noise that can be felt
during an earthquake or even human footsteps (Bonnefoy et al., 2006). Thus,
in the seismic refraction method use, the conventional approach is to analyses
the sensitive P waves which are easily detected by the seismic detectors. This
further shows that an insensitive ground motion caused by the vibration of Swaves have a much lower velocity as compared to P-waves (Vs<Vp) (Benade
and Jansson, 1974).

Fig. 2. Seismic surface wave (Das, 2006)
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PHYSICAL AND MECHANICAL PROPERTIES OF
ROCKS
Geophysical investigations are indicators of the physical parameters
(resistivity, seismic wave propagation velocity, density, magnetism, water
permeability, etc.) to know the structure and lithological characteristics of the
rock masses. Seismic refraction and seismic reflection studies are focused on
assessing the amplitude of the seismic wave. There is a strong relation between
Vp and Vs and where the broken areas are found in the rock masses
(Delipetrov, 2011). The velocity ratio between the properties of fractured and
the solid rock corresponds with the hydraulic properties. Detecting exact
associations between porosity and seismic waves For decades, velocities in
porous rocks have been a significant topic in rock physics (Amos et al., 1995).
Low-velocity levels are linked to permeability and high porosity of fractures
(Boadu, 2000). The weak reflections of the seismic wave are most likely seen
on the stacked reflection profile due to the interaction between compact and
broken rocks or lithological changes (Šumanovac and Weisser, 2001).

METHODOLOGY
The Study Area and Geological Settings
The general geology of the Malaysian Peninsular region has been very well
recorded by the Malaysian Mineral and Geoscience Department (Manap et al.,
2013). The survey area is located in the university of technology, Skudai,
Malaysia. The coordinate of the study area is 1.562174° latitude and
103.633945° longitude. The area proposed for the survey is nearby the faculty
of Civil Engineering building and water stream (Fig. 3). The study was
performed using seismograph, hammer of 6.5 kg in weight and 24 geophones.
The interval space between geophones are 5 m, and the offset shots are +10
and -10 for the two sides. The analysis of seismic data processed using
ZondST2D software by determining the first arrival time until we get a block
57

Iraqi Geological Journal

Alsamarraie

53 (2D), 2020: 53-63

model of 2D shape based on the primary propagation of seismic velocity
wave’s in soil layers.

Fig. 3. Proposed site and line
Data Acquisition
Site data acquisition has been done using one survey line labeled of a 48
channel seismography with a length of 184 m. A 6.5 kg sledgehammer has
been used as the vibration source. shots were conducted at 0, 16, 32, 48, 64,
80, 96, 112, 128, 144, 160, 176, and 184 m. Raw data in means of seismograph
will be interpreted using the ZondST2D software by picking a total of 624 first
arrival time. Inversion of these raw data will provide a velocity block section
model.

RESULTS AND DISCUSSION
Data received, analyzed, generally consists of the zone surveyed with a
velocity of <4000m/s. The maximum depth surveyed by the use of the highfrequency seismic method is 24 m vertically and 186 m horizontally.
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The first and second layers of the analyzed subsurface profile were defined as
overburden, the range of Vp from 600 m/s to 4000 m/s proves that the primary
rock originates from the alluvium unconsolidated sediments to the shale
sediments and the depth greater than 22 m we reach granitic bedrock with a
higher velocity above 4000 m/s. According to Abidin et al. (2013), the main
soil velocity ranged from 244 to 1219 m/s concerning density and saturation
variations. Additionally Abramson et al. (2001) stated that the primary velocity
value for rock masses and granite ranged from 2400 to 6000 m/s. The general
trend observed is that the Vp increases with depth because materials are more
compact and denser at high depth with less damping effect on seismic waves.
Damping of seismic waves occurs at high weathering grade material which is
generally at the near ground surface. Focused on P-wave seismic velocity
comparison, Geomaterial lithology, porosity, and interstitial fluids will affect
the effectiveness of analysis of the subsurface profile (Israil and Pachauri,
2003).
The parameter of seismic velocity has been determined by density,
porosity, lithology, compaction, friction, fluid saturation, and isotropic
(Gardner et al., 1974). The analysis of using the Zond software can be shown
in Figs. 4 and 5, respectively. The sub-surface layers change with increasing
depth, different blue color shades represent near the surface layers until Vp
reaches the bedrock in orange to the pink color. The result shows four distinct
layers of velocity present beneath the survey area. The first layer shows
residual soil with a velocity value ranges from 300-600 m/s located at depth
ranges of 0-4 m. The second layer of completely weathered granite with a
velocity ranges from 600–1400 m/s was sensed at the depth of 4-12 m. The
third layer of moderately weathered granite with a velocity ranges from 14002500 m/s sensed for the depth 12–19 m and the fourth layer of slightly
weathered granite with a velocity of 2500–4000 m/s was sensed at the depth
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of 19–23 m. Further interpretation, the fresh granitic bedrock with the highest
velocity zone of greater than 4000 m/s can be mapped at the depth >22m.

Fig. 4. Contour data obtained from the proposed site using zond
software

Fig. 5. Weathering grade at the study area
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CONCLUSIONS
From the data analysis discussed, it is concluded that the non-invasive seismic
refraction does not provide the subsurface quantitative data directly over a
large area, it is limited to help in fast decision making concerning to site
features and readiness. Therefore, it is considered the best site characterization
tool to study the bedrock structure and velocity distribution, but it fails in
giving us the perception of the real sub-surface sections in areas of certain
types of rocks such as limestone. It can be summarized that with increasing
depth, weathering rate decreases, degree of compactness and density increases,
porosity and fluid contents on traveling seismic waves will affect the analysis,
data and the subsurface profile. Finally, the extent of this geophysical method
is limited only to a shallow depth profile. If further information is required for
designing engineering development in the study area, the geotechnical team
can carry out a cross-hole seismic study or bore through SI works.
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