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Abstract  Nowadays, there are a lot of ongoing 
construction projects at nearby existing building and 
residential area. Each construction will have many effects 
such as environmental effect and damage effect on the 
existing infrastructure and building. The effects of 
construction activities include piling work to existing 
infrastructure or building produce settlements and cracks. 
This effect is usually caused by vibration effect from 
construction work. This study represents a research on the 
effect of vibration during piling installation that is 
generated by hydraulic piling machine for drainage located 
at construction site as damage object. All the data were 
recorded by Labview Signal Express Software and 
analysed by Microsoft excel. The result from the analysis 
of the relationship between the vibration with the distance 
showed that the vibration decreased when the distance 
increased. Other than that, it showed that all the vibration 
values were lower that the vibration limit. 

Keywords  Piling Installation, Drainage Structure, 
Vibration Effect, Vibration Limit 

1. Introduction
Construction industry is one of the sectors that 

contribute to the development of a country. Deckner et al. 
(2015) approved that a lot of houses and infrastructure 
were constructed close to the existing structure and on 
land under poor ground condition. 

The future development will give many benefits to 
citizens, but each construction will have many effects 
such as environmental effect and damage effect on the 
existing infrastructure and building (Massarsch, 2004). 
The environmental effects are air pollution, noise 
pollution and water pollution. The impact of the 
environment is that it disturbs inhabitants under 
unfavourable condition (Massarsch, 2004). The other 
effect of construction is concerned with the existing 
infrastructure or building like settlement and crack. This 
effect is usually caused by vibration effect from 
construction work (Musir & Ghani, 2013; Lewis & Davie, 
1993). One of the impacts of the construction is vibration 
impact. According to Massarsch (2004), the construction 
activities generate the vibration during the driving of 
pile/sheet pile. 

Pulau Pinang is one of the states in Malaysia that have 
rapid development. The amenities such as roads, housing 
and schools are developed by Pulau Pinang government, 
and it is expected that there will be new construction in 
the future. The future development will give many 
benefits to the citizens, but each construction produces 
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many effects such as environmental effect and damage 
effect to the existing infrastructure and building 
(Massarsch, 2004). Other effects of construction include 
the effect on the existing infrastructure or building like 
settlement and crack. This effect is usually caused by 
vibration effect from construction work (Musir & Ghani, 
2013; Lewis & Davie, 1993).  

This study helps in avoiding negative impact on the 
surrounding. The study of Deckner et al. (2015) approved 
that the vibration can have a negative impact on the 
surrounding. It is also approved that vibration leads to 
damaged structure, disturbed occupants, and suspension of 
the construction work. This study is also used to avoid 
from fraudulent claims and for regulatory compliance to 
maintain the public relationship (Harrison, 2009). If 
negative impact occurs, it may unnecessarily cause 
conservative estimations and increase cost, limit the 
choice at construction method and delay the project. This 
study is developed to analyze the relationship of the 
vibration with distance between the pile point and the 
affected infrastructure. 

Therefore, the aim of this study is to monitor the 
vibration effect on the drainage system during pile 
installation by analysing the relationship of the vibration 
due to the distance between poling point and the affected 
infrastructure. 

2. Literature Review 

2.1. Vibration Transfer during Driven Pile 

 

Figure 1.  Schematic illustration of the vibration transfer during pile 
driving (Deckner et al. 2012) 

To estimate the impact of pile/sheet pile driving, it is 
necessary to consider the entire vibration transfer process 
from the source to the defective object. This process is 
divided into three main parts: source of vibration, spread 
of ground waves and damage objects (Figure 1). Vibration 

is generated by driving the equipment and delivering it via 
a pile cap and directly into the pile. There is an interaction 
between the ground and the pile shaft and the pile toe, 
leading to the vibration delivered to the ground. From that 
vibration, it spreads through the ground and eventually 
interacts with possible damage objects. Therefore, farther 
distances between the damage object with the sources of 
the vibration is reduced by the vibration that the damage 
object receives (Deckner et al., 2012). 

2.2. Risk of Building Damage 

When designing a project where a driven pile or sheet 
piles is used, design engineers should identify potentially 
vulnerable structures and installations around the project 
site and propose ground vibration values. As part of this 
task, risks should be assessed against vibration damage to 
the structure and installation of vibrations - the 
vulnerability or environmental aspects affecting the 
occupants of the building. Since the prediction of building 
damage can be complicated, theoretical method has low 
reliability. 

However, it is possible to assess the possibility of 
building damage based on statistical observation. This 
approach is used in codes and standards but is limited to 
the specific circumstances in the region where 
observations are made. Therefore, local building standards 
should be used with caution in other areas, where piling, 
geological conditions, and building standards may differ 
(Massarsch & Fellenius, 2008). 

2.3. Mechanism of Damage 

The potential damage mechanism of the building must 
be clearly understood and assessed individually. Damage 
to construction work can be caused by different 
mechanisms. Many problems related to building damage 
are often associated with vibration but are actually caused 
by one of the other mechanisms. Each category of damage 
observed hereafter can, of course, occur concurrently 
(Massarsch, 2004). Figure 2 shows the damage category. 

 
Figure 2.  Damage Category (Massarsch, 2004) 
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2.4. Vibration Source during Pile Driving 

For forecasts and analysis of ground vibrations during 
pile driving, it is important to note that vibration sources 
change during pile penetration into the ground. 
Conventional geotechnical investigations by using 
penetration tests are usually sufficient to identify possible 
critical layers for vibration emission. 

Three general conditions of the pile assembly that can 
cause excessive ground vibrations are shown in Figure 3. 
Case A illustrates the pile driving to a fierce surface layer. 
Energy sources are at ground level and the vibrations will 
spread primarily in the form of surface waves. This case 
can be easily analyzed using a simple vibration dispersion 
method. Case B is typical for displaced haemorrhoids that 
are pushed into compact and compact solid deposits.  

Most vibrational power will disappear along the pile 
shaft. At horizontal distances twice the pile penetration, 
the vertical polarized shear wave will turn into a gradual 
surface wave. In thick sand or in terms of barriers, 
vibrations can also be transmitted from pile bases, 
particularly in the form of compressive waves. Case C is 
typical for driving towards the final pile rejection. Also in 
this case, the vibrations will spread as body waves 
(especially compression waves) to the ground, and it is 
transformed into surface waves (Massarsch, 2004). 

Figure 3.  Ground vibrations Typical cases during pile installation 
(Massarsch, 2004) 

2.5. Potential Damages to Buildings 

The vibration standard is in the unit velocity of the 
particle with frequency dependency. These standards are 

designed to protect drywall and plaster from cosmetic 
cracking; structural damage requires vibration two to five 
times higher than the standard used. 

2.5.1. Standard-Transient Vibrations (Impact Hammer) 

Here is a list of acceptable vibration limits for the 
temporary vibration level for pile driving and other 
construction activities developed by the US Mines 
Bureau: 
 PPV limit to 19.05 mm / sec (0.75 in / sec) for low

frequency vibration (<12 Hertz) 
 PPV 25.5 mm / sec (1.0 inch / sec) for a frequency of

20 Hz and PPV of 50.8 mm / sec (2.0 inch / sec) for 
higher frequency vibration. 

2.5.2. Standard Vibration-Steady State (Vibratory 
Hammer) 

Here is a summary of information on vibration limits 
for steady state vibration levels to guide piling and other 
construction activities (Harrison, 2009): 
 The vibration from a steady-state source is usually

limited to PPV of 12.7 mm / sec (0.5 inch / sec) or 
less. 

 Greater potential for resonance due to cycle / duration
cycles 

 Fatigue breaks anxiety because of the number of
cycles 

 Low frequency vibrations usually occur when the
ramping goes up and down at the start and stops 
(Vibrating hammer, for example) 

 The "walking" object on the shelf is more attentive to
the steady-state vibration, even further below the 
standard structure of the safe. 

3. Methodology
This research aims to measure the vibration rates 

received by the drainage to predict the vibration that may 
give damage impart to the drainage. From the data 
collected, the data need to be compared with the literature 
review collected from other researchers. 

Three pile points with different distance were selected 
to analyze vibration with different distance. The data need 
to be recorded into LabView SignalExpress Software 
before the pile passes through the mark (5ft. mark) until 
the mark passes away. The data recorded needs to be 
repeated until the last mark on the pile. This test will be 
repeated for another pile point. 

The data that need to be collected at construction site to 
complete this research are vibration data, size of pile, 
length of pile, and distance between the pile’s point with 
the affected drainage as stated in Figure 4.
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Figure 4.  Field test flowchart 

4. Result 
The vibration that generates during the piling 

installation was measured by using accelerometers 
LabView Signal Express soft installed in construction site 
during the running of piling installation work. The 
distance between the points of pile and the accelerometer 
was recorded. 

The accelerometer and LabView Signal Express 
software are the instruments used to measure the vibration 
that is generated during piling installation at the 
construction site of Bandar Sunway Seberang Jaya. The 
result was recorded using LabView Signal Express 
Software and the recorded data were interpreted using 
Microsoft excel while the value of the vibration was 
chosen with the highest value for each point. 

4.1. Distance between Pile and Accelerometer 

After the point of the piles was identified, the 
measuring tape was used to measure the distance between 
the piles point with the accelerometer installed location. 
The distance for each pile point and each accelerometer 
was recorded in Table 1. Figure 1 shows the condition of 
piles and the condition of the accelerometer. 

Table 1.  Distance between pile and accelerometer 

1st PILE 1st accelerometer 
2nd accelerometer 

33.62m 
32.02m 

2nd PILE 1st accelerometer 
2nd accelerometer 

36.75m 
35.15m 

3rd PILE 1st accelerometer 
2nd accelerometer 

28.40m 
26.80m 

 

 
Figure 5.  Condition of piles and the accelerometer 
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The vibration data recorded by Labview Signal Express 
Software was interpreted using Microsoft Excel which 
identified the value of the vibration in number form to get 
the accurate value. Besides that, Microsoft excel 
facilitated the election of the maximum value among the 
total value of data collection. Usually, the total value of 
data collection is around 20 000 – 40 000 data for each 
time the data are recorded. The data were recorded for 
each 5ft depth for each pile. The max values were chosen 
for each recorded data as depicted in Table 2, Table 3, and 
Table 4. 

Table 2.  Max value of vibration for 1st pile 

No  1st accelerometer 2nd accelerometer 
1 0.002324 0.002341231 
2 0.001925 0.002173382 
3 0.00268 0.002964435 
4 0.001804 0.001857202 
5 0.002001 0.00202375 
6 0.002011 0.002021148 
7 0.001773 0.001954789 
8 0.002008 0.002511682 
9 0.002006 0.002690593 
10 0.002014 0.002433013 
11 0.002332 0.002491514 
12 0.002147 0.002409596 
13 0.002047 0.002248199 
14 0.002255 0.002744581 
15 0.002346 0.002683438 
16 0.00218 0.002483057 

Table 3.  Max value of vibration for 2nd pile 

No  1st accelerometer 2nd accelerometer 
1 0.001903393 0.002021275 
2 0.002083603 0.002289913 
3 0.002447973 0.002511682 
4 0.001493756 0.001839147 
5 0.001982764 0.002235838 
6 0.001926959 0.002152564 
7 0.002047821 0.002399783 
8 0.001911851 0.002172732 
9 0.002047821 0.002170129 
10 0.002030906 0.002190948 
11 0.002013341 0.002267716 
12 0.002099217 0.002107024 
13 0.002030256 0.002282029 
14 0.002011389 0.002314557 
15 0.001991221 0.00241415 
16 0.002060833 0.002179888 

 

Table 4.  Max value of vibration for 3rd pile 

No 1st accelerometer 2nd accelerometer 
1 0.001709056 0.001431963 
2 0.003420404 0.004069558 
3 0.002496107 0.002546842 
4 0.00247204 0.002542289 
5 0.002341299 0.002398539 
6 0.001963384 0.002021925 
7 0.001768898 0.001876223 
8 0.002052497 0.002420654 
9 0.001994606 0.002081767 
10 0.002349755 0.00240089 
11 0.002163724 0.002431712 
12 0.002462904 0.002652867 
13 0.002787961 0.002907845 
14 0.002848654 0.003180386 
15 0.002133153 0.00224373 
16 0.002862964 0.003333893 

4.2. Relationship between the Vibration and the 
Distance 

Based on the results in Table 2, Table 3 and Table 4, 
the maximum value of the vibration was chosen for each 
pile point. From the result, there were three maximum 
values of the vibration with different distance for each 
accelerometer. The maximum value of vibration with the 
distance was recorded in Table 5. 

From Table 5, a graph was generated to know the 
relationship between the vibrations and the distance. 
Figure 6 shows that the y-axis represents value vibration 
in unit G-force(g) while the x-axis represents distance in 
unit meter(m). 

 

Figure 6.  Relationship between the vibration and the distance 

Table 5.  The maximum value of vibration with the distance 

 Accelerometer 1 Accelerometer 2 

 1st Pile 2nd Pile 3rd Pile 1st Pile 2nd Pile 3rd Pile 

Vibration (g) 0.00267953 0.002447973 0.003420404 0.002964435 0.002511682 0.004069558 

Distance (m) 33.62 36.75 28.40 32.02 35.15 26.80 
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Figure 6 shows that the value of vibration decreased 
due to the increase of the distance. The result proved the 
statement by Deckner, Viking and Hintze (2012) which 
stated that the farther distances between the damage object 
with the sources of the vibration is reduced by the 
vibration that the damage object receives. 

The data of the vibration recorded at the construction 
site is in unit G-forces(g). To compare the result recorded 
at the construction site, the value of the vibration needs to 
be converted into unit inch per seconds(in/s) because the 
value of the vibration must be in the same unit with the 
unit of vibration data gotten from literature review. The 
values that were converted are recorded in Table 6. 

From Table 6, a bar chart was created to show the value 
of vibration collected in construction site and the vibration 
limit as stated in literature review. Jackson and Hammons 
(2007) showed that 2 in / sec is the vibration limit 
criterion. This study used that value as a vibration limit 
for reference of this study.  

Figure 7 shows that the vibration value collected in the 
construction site was lower than the vibration limit. 
Briefly, the vibration that is generated during piling 
installation will not affect the infrastructure. Therefore, 
the construction is allowed by government authority 
because the vibration will not cause any damage to the 

existing infrastructure. 

5. Conclusion 
This study has attempted to get a better understanding 

of the effect of vibration on building or infrastructure due 
to piling installation. During field test, the data were 
collected to complete this study. The data were supported 
by previous study of other researchers. By analyzing the 
relationship between the vibration with the distance, it 
shows that the vibration decreases when the distance is 
increased. Besides, from the analysis of the vibration 
value that was compared with the vibration limit collected 
in literature review, it is shown that all the vibration 
values were lower that the vibration limit. Therefore, the 
drainage as a damage object in this study is not affected. 

Depending on the result, it could be used as a reference 
to make a study about vibration on piling installation on 
another construction site in future project. Hence, the 
authority should be more sensitive on the terms of use of 
machinery such as piling installation machine. For urban 
area, hydraulic hammer piling machine should not be used 
because the hydraulic hammer piling machine will 
generate more vibration that can have effect on other 
building. 

Table 6.  The vibration value in unit in/s 

 Accelerometer 1 Accelerometer 2 

 1st Pile 2nd Pile 3rd Pile 1st Pile 2nd Pile 3rd Pile 

Vibration (g) 0.00267953 0.002447973 0.003420404 0.002964435 0.002511682 0.004069558 

Vibration (in/s) 0.0233 0.0213 0.0297 0.0258 0.0218 0.0354 

 

Figure 7.  Comparison on the vibration value with the vibration limit 
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