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Abstract: In the recent years, the level and nature of the ground vibrations has been more concerned in worldwide.
Vibration affected on surrounding building is often associated with the vibration from the ground that is mainly
caused by internal and external sources. One of the external sources is construction activities. Identify the effects of
vibration caused by piling works in construction sites was the purpose of this paper. It is also aiming to determine
the vibration criteria due to piling works in Klang Valley construction site. In addition, the objective of this study is
to compare the level of vibration with Department of Environment (DOE) guideline between both Kajang MRT
and Klang Valley MRT construction sites. The data used for this study is obtained from past researchers and field
testing is performed by using Polytec Laser Doppler Vibrometer and Rion VM-55. The data has been analyzed by
using ModalV of MATLAB software. Based on the results, it can be concluded that the vibration amplitude for
three distance includes 5m, 10m and 20m are located above the ISO level which stated that the area within the
distances not suitable for placement of sensitive equipment. The highest value of root mean square velocity is
occurred in the distance of 5m and the reading is 80000 um/s. According to Department of Environment (DOE)
guidelines, the vibration at distance of 1m and 3m at Kajang MRT will cause major damage to surrounding
buildings while minor damage was produced by the vibration at 5m, 10m and 20m distance from bored piling point
which located around the area of Klang Valley MRT.
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1. Introduction

Vibration affected on surrounding building is often associated with the vibration from the ground that is mainly
caused by internal and external sources. Although the vibration taken by the ground is stronger than the building due to
the direct transmission of vibration sources to the ground, the vibration on the building should also be taken care of as it
would cause cosmetic damage and human discomfort even though the vibration on the building seems insignificant that
the vibration cannot be felt physically by the occupants [1].

The external sources of vibration include operation of construction and traffic vehicles. Vibrations produced by
construction work and road traffic are common concern in worldwide. In recent years, the urban developments in cities
are growing rapidly causing the urbanization in the cities to become denser. In developing cities, many construction
activities like piling have been carried out for building construction [2]. Due to the distance between the construction
site and surrounding buildings is very close, the vibration effects caused by the piling works will be transmitted directly
to the building surrounding it with high amplitude.

*Corresponding author: thayati@uthm.edu.my 46
2021 UTHM Publisher. All rights reserved.
penerbit.uthm.edu.my/ojs/index.php/ijie


http://penerbit.uthm.edu.my/ojs/index.php/ijie

Tuan Chick et al., International Journal of Integrated Engineering Vol. 13 No. 3 (2021) p. 46-56

Common internal source are sources produced from human activities like dancing and jumping exercises that
happened in health clubs, stadium, dance floors and gymnasiums will lead to vibration of building [3]. These vibrations
will result in a disruption to building users because of the annoying physical senses produced by human body. This is
an unacceptable human safety condition [3]. The vibration problem becomes more serious and dangerous when the
resonance happened. Resonance happens when the forced frequency is coincides with the natural frequency of the
structure [4]. Resonance will cause more severe damages than the ordinary vibration. The information on the vibration
can be obtained from the field testing by using the Laser Doppler Vibrometer. The data provided by past researchers
have been analyzed by using MATLAB software and the results were compared with the vibration standard to obtain
vibration limit on some specific buildings.

2. Literature Review

Environment pollutants are widely happening over these few decades. One of the environment pollutants included
is the vibration disturbance. Urbanization of the cities has caused many constructions work such as piling works to be
carried out which would lead to vibration disturbance. Therefore, the constructions work should always comply with
the limit values to avoid ambient vibrations to occur. Within this framework, this contribution is intended to provide an
overview about studies, guidelines and codes that include pertinent information on the selection of vibration criteria for
heritage buildings [4]. As one of the main environmental pollutions, the vibration of environments, which seemed to
have been tolerated in the past, is today increasingly being considered as a nuisance [5].

Vibration is defined as any motion that repeats itself after a time interval or it can be defined as oscillations of a
system about a position of equilibrium. It exhibited a movement back and forth across the equilibrium point. The
number of times that a complete motion takes place during the period of one second is called frequency which is
measured in Hertz [6]. Some velocity-based vibration criteria refer to the components of the velocity vector which is
the peak component particle velocity, whereas others refer to the module of the resultant vector which is the peak
particle velocity [4]. Peak particle velocity (PPV) is the maximum instantaneous velocity of a particle at a point during
a given time interval [7].

Vibration can be classified into several types which include free vibration, force vibration, linear vibration and
non-linear vibration. A free vibration system will vibrate at one or more of its natural frequencies depending on the
mass and stiffness distributions and also the boundary conditions [8]. Forced vibration refers to the motion of the
system experiencing the continuing excitation whose magnitude varies sinusoidally with time [9]. Vibration is
considered as linear vibration if all the basic components of vibratory system such as the spring the mass and damper
are behaving linearly [10]. Non-linear occurs when one or more basic components of vibrating system are not behaving
linearly. One of the examples for nonlinear vibration is the characteristics of vibration generated from pile driving
vibrator [11].

The sources of vibration can be classified into continuous, impulsive and intermittent. Continuous vibration
continues to be uninterrupted for a defined period. This type of vibration is assessed on the basis of weighted RMS
(root mean square) acceleration values. Impulsive vibration also called transient vibration is a vibration that rapidly
reaches to the peak value and subjected to resistance due to a damping effect that may involve several cycles of
vibration [12]. Intermittent vibration can be defined as continuous vibration that varies significantly in magnitude due
to disturbance [13]. Vibration that is generated during construction operations will cause effects on structures, sensitive
devices and annoy people [14].

2.1 Piling Works

Piling work is often considered as the main sources of vibration in construction work. This is because the
interaction between the ground and the foundation of the structure can have a major effect on building response.
Vibration level will produced vary depending on different types of drilling equipment used in construction site. The use
of more powerful machines from the increasing in mechanization which have the potential to cause high level of
vibration [15]. Fig. 1 shows the wave system from a surface point source. P-waves will be generated within the shorter
time compared with S-wave and R-wave as it travels faster than all other types of waves. P- waves which is considered
as primary wave occurs in the form of compressional wave whereas S-waves is known as shear wave which occurs in
the form of transverse wave and R-waves occurs when part of the energy for both P-waves and S-waves is converted to
surface waves.

2.2 Vibration Criteria (VC Curve)

Vibration criteria (VC curve) is used as a guidelines when design for facilities such as sensitive equipment in
buildings[16]. This criteria are identified as a set of one third octave band velocity level from VVC-A to VC-E as the
sensitivity of people to sinusoidal vibration decreases with frequency are up to 40 Hz to 50 Hz and increases again due
to chest wall and ocular globe resonate occurred [10].

The generic vibration criteria developed by Gordon [10] is then upgrade by Amick et al. [17] after several year.
The version provided by Amick et al. [17] shows the criteria from VC-A with the largest value 50pm/s to the smallest
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value, 0.78 um/s (VC-G) in Fig. 2. The application and range of VC limits including ISO criteria consider the safety
level of vibration to human is stated in Error! Reference source not found.1. The detail size of the equipment is
referred to line width in the case of microelectronics fabrication, the particle (cell) size in the case of medical and
pharmaceutical research.

2.3 Department of Environment (DOE), Malaysia Guideline

The guideline provides the vibration limits for steady state vibration, short-term vibration and single event
impulsive excitation in buildings. The vibration limit in the guideline does not guarantee the absence of damage but it
can reduce the possibility for the damage to occur. The acceptance of the vibration is assessed against the potential
structural damage in buildings [5]. Each of the range of vibration limit represents the level of the potential damage in
buildings. Therefore, the recommended vibration limits can be used to estimate the effect of the vibration to the
building.

Table 2 shows the recommended limits for damage risk in buildings from steady state vibration where there are
four kinds of damage level which are safe, caution level, minor damage and major damage. It is recommended not to
exceed the upper limit of caution level under normal circumstances.

Amplitude
(

Time

)
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Fig 1 - Wave system from a surface point source [18]
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Fig. 2 - Generic vibration criterion (VC) curves for vibration-sensitive equipment, showing also the 1SO
guidelines for people in building [10 [17]

48



Tuan Chick et al., International Journal of Integrated Engineering Vol. 13 No. 3 (2021) p. 46-56

Table 1 - Application and range of the vibration criteria curve [17]

Vibration Amplitude, Detail size, Application and experience
Curve pm/s pm
Workshop (1SO) 800 N/A Distinctly ~ perceptible  vibration.

Appropriate to workshops and no
sensitive areas

Office (1SO) 400 N/A Perceptible vibration. Appropriate to
offices and no sensitive areas.
Residential day 200 75 Barely perceptible vibration. Usually

adequate for computer equipment,
semiconductor probe test equipment,
and 20x microscopes.

Operating 100 25 Vibration not perceptible. Suitable in
theatre most microscopes to 100X.
VC-A 50 8 Adequate for most optical microscope

to 400X, microbalances, optical
balances, proximity and projection.

VC-B 25 3 Appropriate  for  inspection  and
lithography  equipment  (including
steppers) to 3 pum line widths.

VC-C 125 1-3 A good standard for lithography and
inspection equipment to 1mm detail
size.

VC-D 6.25 0.1-0.3 Suitable in most demanding equipment,

including electron microscopes (TEMs
and SEMs) and E-Beam systems.

VC-E 3.12 <0.1 A difficult criterion to achieve in most
instances. Assumed to be adequate for
long-path laser-based interferometers
and other systems requiring
extraordinary dynamic stability.

VC-F 1.56 N/A Appropriate  for extremely quiet
research spaces. Not recommended for
use as a design criterion, only for
evaluation.

VC-G 0.78 N/A Appropriate  for  extremely quiet
research spaces. Not recommended for
use as a design criterion, only for
evaluation.

Table 2 - Recommended limits for damage risk in buildings from steady state vibration [5]

Damage Description Vertical Vibration Peak Velocity Vmax, [mm/s]
(0 to Peak), (10-100 Hz)
Safe Less Than 3
Caution Level 3105
(Damage Not Necessarily Inevitable)
Minor Damage 51030
Major Damage More Than 30

2.4 MATLAB (ModalV)

MATLAB software is very popular in solving many kinds of engineering analysis problem by using different
subprograms which include Choleski.m, adjust.m, truss3D.m and other. ModalV is a program developed by MATLAB
software that is used to analyse the time history, spectrogram and one-third octave band spectra with vibration criteria.
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Hence, the value of vibration vertical velocity obtained from the vibration monitoring can be imported to MATLAB for
further analysis in ModalV algorithm.

3. Methodology

A rapid development for public transportation infrastructure has been constructed in the Kuala Lumpur and
Selangor in Malaysia. The construction site for Mass Rapid Transit (MRT) project which are Kajang MRT and Klang
Valley MRT was selected as the location of the case study. The observing works was executed by past researchers
which are Mohd Yatim [19] and Tumiran [20]. The monitoring vibration process in Kajang MRT has been done nearby
Taman Cuepacs. Error! Reference source not found. shows the location of Taman Cuepacs and its nearby MRT
stations and Taman Serdang Raya is where located nearby Klang Valley MRT. The reason of the selection is because
of the availability of construction work which contribute construction induced vibration that could be evaluated by the
vibration monitoring equipment.

KC IMBI - School y AWABUKIT JALIL s e
nsportation oxeaa Fcto.nla 4 < TECH nuLuL. Pogheen’ umncon
Dato Hj Han PARK MALA 1A T

Terminal Bus Taman

Segar Jalan Cheras SJ 9‘1 "' Se d “n SJ v Plaza Serdan:

9
! Jaian Utama

. TAMAN CHERS PUS S QSJg.umn
o Cti PERMATAZ Rekreasi Serdang Raya. Rek Serdang Raya.

Connaught (Barat) MRT SBK26 Taman
ht Pintu A M
Connsught Pty TAMAN oo A qo OKKSH”M,‘S
1\IU ACS Sek. Ke,, , "‘ Kembangan SK:
(ﬁ MRT Tmn.Con Cuepac
Qs«ssmo Q 54595 KTM Serdang.
YAl ! Lebuhraya Sungai Besi
ot KOPERAS! PUJ 6 Ke 13 o)
e (O
MRT 5P Li
Kedai Kopi Jalan Raya 5 @ °9so Southern

JALIL RIZAB MELAYU
€9 SUNGAI KUYOH

MRT Connaight
(Parking)

TAMAN
LEN SENG
AN

Fig. 3 - The location of Taman Cuepacs and Taman Serdang Raya

The construction involved at this site was bore piling for pier construction and it located next to the Cheras-Kajang
Expressway. The buildings and facilities that are located around the bored pile construction in Kajang MRT included
Petronas, Restoran Cerana and Cheras-Kajang Expressway could be affected by construction vibrations. Error!
Reference source not found. shows the map location of nearby building and facilities [20]. Boring works for this
construction is completed at 23m depth. The measurement of operational vibration was taken at 1m, 3m, 10m, and 20m
apart from the vibration source by using measuring tape.
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Fig. 4 - Map location of Kajang MRT construction site [20]

Three monitoring location have been identified during bored piling activities which located in Selangor state was
chosen as second location. Taman Serdang Raya is located alongside the Klang Valley MRT which extends from
Sungai Buloh to Putrajaya. The buildings that are located around include commercial and residential area. The distance
between bore pile location and monitoring point was taken at 5m, 10m and 20m. The commercial block around
construction site as shown as Error! Reference source not found..
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Fig. 5 - Commercial block around construction site in Taman Serdang Raya [19]

4. Results and Discussions

First and foremost, the data performed by past researchers need to be classify by using Microsoft Excel and
analysed by using the software called MATLAB software. This software has been used to analyse the data to achieve
the VC curves assessments. Lastly, the peak particle velocity (PPV) based on distances have been compared with
Department of Environment (DOE) guidelines to identify the damage contributed from bored pile activities.

4.1 Bored Pile Results for Taman Cuepacs

From the result provided by Tumiran [21], he stated that the result were not collected for 2 hours of monitoring
work. Alternately, the results only included the time where the bore piling activities which is hydraulic boring machine
(Bauer BG 28) is activated. Error! Reference source not found. shows the measurement gathered from the Tumiran
[20]. Five trails have been taken for the distance of 1m, 3m, 10m and 20m respectively. There are some outlier values
that can be seen from the table. These may due to outside factors like vibration of a large vehicle from the highway
nearby during the measurement. Thus, the average value for each distance is calculated for more accurate analysis.

The vibration velocity has decreased significantly as the distance increases. This is due to the effect of attenuation
which is the decay of vibration over distance. The decay is caused by the dissipation of energy which is the material
damping and the geometric damping which is the spreading of the wave fronts over an increasing area. In other words,
there is a loss of energy over distance as the energy is absorbed by the soil during propagation. However, the type of
soil is not taken into consideration in this study as the measurement is taken from the same site and during the same
day. Thus, other unpredictable factors like weather which may affect the condition of soil can be ruled out.

Table 3 - Tabulation of data for bore piling work by hydraulic boring machine (Bauer BG28)

Distance Vibration velocity (mm/s)
(m) 1 2 3 4 5 Average
1 30.0 324 67.4 414 22.4 38.72
3 28.6 26.8 26.8 23.7 535 35.54
10 24.6 23.0 23.0 11.8 17.0 24.58
20 7.91 14.0 14.0 12.2 9.29 10.82

Based on the table above, a log-log graph is plotted dispersedly according to respective distance as shown in Fig. .
A line of best fit is obtained by using the average value for all the distance and a straight inverse line can be seen. The
regression value R? which can represent the reliability of the equation is shown to be 0.978. It can be seen that the
average vibration velocity for the 1m and 3m is way over the recommendation limit of 30mm/s for damage risk in
building as prescribed by Department of Environment Malaysia, Vibration Limit and Control in the Environment and
can cause major damage to the surrounding buildings.
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Fig. 6 - Peak vertical velocity against distance for bore piling work (Bauer BG28)

4.2 Bored Pile Results for Taman Serdang Raya

The vibration testing for bored piling activities at Taman Serdang Raya were collected by past researcher, Mohd
Yatim [19]. According to Mohd Yatim [19], he states the results were not covered for 24 hours of monitoring and the
monitoring process were conducted when the piling works under operation. The monitoring of vibration has been
carried out at three different distances from the bored piling point which are 5m, 20m and 20m.

Error! Reference source not found.(a) shows the graph of acceleration versus time for 5m distance apart from
the bored piling point. The graph of vibration response with time history has time domain ranging from 0s to 10s. This
graph was generated directly from subprogram of MATLAB software called rlistout.m. From the figure, it can be seen
that the peak value of acceleration happened around 2s and 7s which is around 20 mm/s2. Peak reading happened when
the boring machine is drilling a hole for bored pile casting. The peak value of 20 mm/s? which is considered high
occurs due to the monitoring point is closer to the vibration source. In time interval of 4s to 7s, the amplitude reading is
considered as ambient vibration when the boring machine is removing excessive soil to the surface.

The graph of acceleration versus time for 10m distance is illustrated in Error! Reference source not found.(b).
Based on the graph, the peak amplitude occurs in around 2s and the reading is 10.2 mm/s?. When the time at 3s and 8s,
the amplitude of vibration is 9.5 mm/s? which considered as second highest amplitude.

Error! Reference source not found.(c) shows the graph of acceleration versus time for 20m distance apart from
the bored piling point. From the graph, it can be seen that the highest amplitude reading happened in 4s and 9s, the
value of reading is 7.2 mm/s2. For the second highest amplitude which is 6.5 mm/s?, it occurs at the time of 2s. The
amplitude was followed by 3 mm/s? at around 7s.
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Fig. 7 - Time history graph (acceleration versus time) at different distance from piling point

Fig. 8 shows the graph of time history (velocity versus time), spectrogram and frequency that generated by
ModalV program. Time history, spectrogram and frequency graph for 5m distance measured from piling point are
produced by MATLAB analysis and is shown in Error! Reference source not found.(a). The amplitude is considering
highest in 10 Hz and zero amplitude occurred around 4 to 5 Hz. At the low frequency reading where there is a little
vibration exist, the spectrogram appeared in light blue colour whereas red colour indicated the highest frequency
produced by bored pile activities. Hence, it shows that the high amplitude occurs when the time is at 1.5s, 3s and 6.5s
and the frequency is at 10 Hz.

Error! Reference source not found.(b) displays time history, spectrogram and frequency graph in the distance of
10m. The amplitude is considering highest in 9Hz and lowest amplitude is at the frequency range of 0-5 Hz. Based on
the spectrogram, the high amplitude occurs when frequency is 9 Hz and the time is 1.5s, 3s and 8s. Blue colour which
indicated low amplitude occurs when the time between 0 to 1s and 4 to 6s. The blue colour part in 10m has higher
intensity than in the distance of Sm due to decay of vibration during wave’s propagation.

The graph of time history, spectrogram and frequency in the distance of 20m is presented in Error! Reference
source not found.(c). The amplitude is considering highest in 8Hz and lowest amplitude is at the frequency range of 0-
5 Hz. In the spectrogram, the high amplitude occurs when frequency is 8 Hz and the time is at 3s and 9s while low
amplitude occurs when the time between 0 to 1s, 2.5s, 5 to 6s and 7 to 8s. According to International Standard (2001),
it shows that the body of occupants are received less sensitive to vibration when the frequency is below 8 Hz. The red
colour part in 20m has lower intensity than in the distance of 5m because the impact from piling work is weaker at 25m
distance.
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Fig. 8 - The graph of time history (velocity versus time), spectrogram and frequency at different distance from
piling point

Error! Reference source not found. shows the one-third octave band frequency graph with vibration criteria
(VC) curve at 5m, 10m and 20m distance from vibration source. From the Fig. 9(a)-(c), it clearly shows that the
vibration amplitude is above the ISO level which is 800 um/s when compared with Gordon [10] and Amick vibration
criteria [17].

4.3 Comparison Between Klang Valley MRT and Kajang MRT Project

In the construction project of Klang Valley MRT and Kajang MRT, the pile used for both constructions is the
bored pile and the machinery used in the piling work is vibratory pile driver. However, the vibration amplitude induced
by the piling work from these two construction sites are different. At Kajang MRT site, the peak particle velocity at 1m,
3m, 10m and 20m distance are 38.72 mm/s, 35.54 mm/s, 24.58 mm/s and 10.82 mm/s respectively. Meanwhile, the
peak particle velocity in Klang Valley MRT site at 5m, 10m and 20m distance are 20 mm/s, 10.2 mm/s and 7.2 mm/s
respectively. Hence, it can be seen that the vibration amplitude in Kajang MRT site is higher than in the Klang Valley
MRT site. This is probably due to the location of Kajang MRT site is near to the Cheras-Kajang expressway which has
high speed vehicle driving through it during the construction process resulting in contribution of vibration from vehicle.

Based on DOE guideline, the vibration at a distance of 1m and 3m at Kajang MRT site will cause major damage to
surrounding buildings whereas vibration at the 10m and 20m distance from the vibration source will contribute minor
damage to buildings. As for Klang Valley site, minor damage will be caused by the vibration at 5m, 10m and 20m
distance as the peak particle velocity of these three distances are within 5 mm/s to 30 mm/s.
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Fig. 9 - One-third octave band frequency graph with VVC curve at different distance from piling point

5. Conclusions

As a conclusion, the data obtained from past researcher has been analysed by using MATLAB software. The
methodology that has been used to illustrate the vibrations associated with bored pile activities in order to evaluate the
amplitude of vibration that occurred at any distance from the source for a particular set of locations. The one-third
octave band frequency has been obtained to compare with standard vibration guideline which is Gordon Vibration
Criteria. It can be concluded that the vibration amplitude for three distance includes 5m, 10m and 20m are above the
ISO level. The highest value of root mean square velocity is happened in the distance of 5m and the reading is 80000
pum/s. According to Department of Environment (DOE) guidelines, the vibration at distance of 1m and 3m at Kajang
MRT will cause major damage to surrounding buildings and peak particle velocity are 38.72 mm/s and 35.54 mm/s
respectively. However, minor damage will be created by the vibration at 5m, 10m and 20m distance from bored piling
point that located around the area of Klang Valley MRT. The reading of peak particle velocity of these three distances
are within 5 mm/s to 30 mm/s. The vibration will cause major and minor damage to surrounding building and the
vibration criteria analysis shows that the area within the distances are not suitable for placement of sensitive equipment.
Lastly, the results have indicated that the decay of vibration increased with distance.
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