
116

J. Environ. Res. Develop.
Journal  of  Environmental  Research  And  Development                    Vol. 7 No. 1, July-September  2012

INTRODUCTION
Today, noise and vibration are undoubtedly
important problems in the industrial world. Lot
of people are very exposed to these phenomena
in their workplace or residential areas. Major
impacts of vibration are ground vibration and
eroding constructions, people suffering and other
negative effects.1

The vibration spreads from a source, which
locates on or near the ground surface through
the ground to a distant receiver predominantly
by means of Raleigh wave and secondarily by
body waves. The amplitude of these waves
decreases with distance from the source. This
attenuation is due to two factors : First, extension
of the wave front (Geometrical attenuation) and
second, waste of energy within the soil itself
(material damping) : The type of wave and the
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ABSTRACT
Lot of people are very exposed to the vibrations in their workplace or residential areas. Major impacts
of vibration are ground vibration and eroding constructions, people suffering and other negative
effects. However, this paper purposes a successful case study of new application of filled trench to
eliminate induced vibrations result from oxygen compressors using an in-filled trench in the
administrative building of the steel plant. In order to assess the effects of vibration in the building
where is overshadowed with vibration resulting from compressors, 14 points were determined and
vibration was measured in those points. The measurements showed that the vibration values were
above fatigue decreased proficiency boundary and at some points were above the exposure limit.
Therefore, to reduce the vibration there was applied an in-filled trench with 3m deep, 2.5 m wide and
30 m long at distance of 10 m from compressors room. The performed measurements before and after
the trench digging have shown that an attenuation between 5.64 to 27.8 dB can be obtained. Therefore,
this method reduced the vibration through below the standard level and eliminated personnel
discomforts resulting from vibration.
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shape of the associated wave front specifies the
rate of geometrical a ttenuation. Mater ial
damping usually thought to be attributable to
energy loss because of hysteresis, perhaps due
to internal sliding of soil particles.2-4

This study presents an elaboration on the
isolation of ground – borne by interrupting the
vibration transmission – path with the use of in-
filled trench. Trench barrier that is the main
subject of this paper, has been widely utilized in
var ious par ts of roadway and railway
construction and satisfied results were obtained
because of its applied.5-10 On the other  hand,
installation of barriers to isolate the effects of
ground-transmitted vibration has been tried so
many times and various degrees have ever been
achieved. With trench-type barriers there are two
methodologies : 1) Active isolation by isolating
around the source and 2) Passive isolation by
screening around the protected area at some
distance away from the source.4*Author for correspondence
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AIMS   AND   OBJECTIVES
The aim of this study was to reduce the induced
vibrations to the administrative building from
compressors and eliminate the discomforts
resulting from it among employees.

MATERIAL    AND   METHODS
Vibration measurement
In order to assess the effects of vibration in
the building where is overshadowed with
vibration resulting from oxygen compressors,
14 points were determined and vibration was
measured in those points.On each of the three
stories of the administrative building 14 points
being selected (at first, second and third floor
was located 6, 4 and 4 points respectively) while
the personnel were working in those points for
eight hours, the vibration was measured in those
points (Fig. 1). In fact, the mentioned points
were the points that the vibration values were

approximately above or around standard level
and most of the personnel were complaining
about it.
Because research group has not accessed to a
seismograph apparatus,  the measurements
performed in the ax,ay,az directions by apparatus
“B and K type 2231.” This device is a portable
vibration meter that can measure the vibration
in three different directions that induced to
human. During measurement normally the
following parameters appear on the screen :
velocity, displacement and acceleration of
vibration. Aeq (acceleration of equivalence) was
also calculated in terms of decibel (dB) in those
points. The measurements were performed
while the  seat  pad or  transducer of the
accelerometer was placed on the floor surface.
Before the measurement, the apparatus was
calibrated in the three exiles ”X”, “Y” and ”Z”
by vibration calibrator B and K type 2532.

3

Determination of geometric and material
attenuation coefficient (, )
 As mentioned before,the rate of geometrical
attenuation depends on the type of wave and the
shape of the associated wave front and material

damping in soil is a function of many
parameters, including soil type, moisture
content and temperature3.  However, the
values of “” and “” can be specified
by Table 1.

Fig. 1 : Location of the trench
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Trench design
Ground borne vibration can be isolated by
disrupting the vibration transmission – path using
open trenches, filled trenches and tubular or solid
row of piles. A trench is more effective in damping
the vibration than a row of piles.11,12 However,

its use is limited to the small depth due to soil –
instability and water level considerations.
One of the most important parameters in trench
barriers is the depth. The ratio of the trench depth
to the Rayleigh wavelength should be about 0.6-
1.5R in order to accomplish a good damping6.

Table 1 : Geometric and material attenuation coefficients,  and 

  Soil type Geometric                Soil type   , m-1

attenuation 
Sands13 1.0 Silty gravelly sand2 0.13
Clays13 1.5 4-6 in concrete slab over compact 0.02

granular fill14

Surface sands15 1.5 Silty fine sand16 0.26
Sand fill over 0.8-1.0 Saturated fine grain sand16 0.10
soft clays17

Various soils , 1.0 Saturated fine grain sand in 0.06
generally firm17 frozen state16

Firm soils and 1.4-1.7 Saturated fine with lamina of peat and 0.04
rock17 organic silt16

Clay18 1.4 Clayey sand , clay with some sand, and
silt above water level16 0.04

Silt 18 0.8 Marley chalk16 0.10
Clay19 1.5 Loees and loessial soil16 0.10
—  — Saturated clay with sand and silt16 0.0-0.
— — Sand and silts20 0.026-0.36
—  — Sand fill over Bay Mud21 0.05-0.20
— — Dune sand22 0.026– 0.065
— — Soft Bangkok clay23 0.026-0.44

The wavelength is a function of soil properties
and the frequency of excitation.2 These values
were calculated using wavelength of the
Rayleigh waves, type of soil, type of wave and
the shape of the associated wave front, etc.
Therefore, the depth of the trench estimated by
using of formula (1)

( =λ F
V )   (1)

Where :
λ = Rayleigh wavelength (m)
v = Rayleigh velocity (m/s)
f = Rayleigh frequency (Hz)
d = depth of the trench (m)

For the open trench,  the trench width is
unimportant and base solely on construction

requirements. On the contrary, the width of the
trench is important for the effectiveness of in-
filled trenches.6 In this research the width and
length of the trench were 3 and 30m, respectively.
Furthermore, in all cases the open trench is more
effective than the in filled trench, but in all cases,
use of the open trench is not practical. Therefore,
to prevent collapsein and high efficiency of the
trench pushed panels of the Styrofoam with a size
of 6 × 2m and 0.20m thick in the silty fine sand.

RESULTS    AND    DISCUSSION
The results in Table 2 show that the values of
vibration in six points (4, 5, 6, 7,11 and 12) were
above the Fatigue Decreased Proficiency
Boundary (FDPB) and the value of one point
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(i.e., point10) was above the Exposure Limit
(EL). Because these points were located near
the wall, on the side facing the compressor room,
the vibration was resonated by steel structure
of building. Therefore, the values of vibration in
the mentioned points must be reduced through
the below the FDPB because the most personnel
were suffering about the vibration in these points.
In addition, the values of measurements after the
trench-digging and filling it  present in Table 3,

the values of Aeq in terms of dB in Table 3 in
comparison with Aeqin Table 2 were shown an
attenuated considerably value. Consequently,the
measured values were compared before and
after” the trench digging by standard value
(according to ISO 2631, the standard value for
the FDPB and EL is 109 and 115 during eight
hours, respectively). After the digging trench, the
vibration values in all points went to below the
FDPB, as shown in Fig.2.

Points of measurement Vibration acceleration (dB ) Exposure(min)

X Y Z A(eq )

1 54.4 71.6 - 76 480
2 98.3 84 93 101.9 480
3 85 94 82 98.1 480
4 105 101 102 110.9 480
5 88 105 85 109.25 480
6 102 106 83 110.4 480
7 86 108 87 110.9 480
8 104 90 81 107 480
9 86 95.5 95 100.8 480
10 108 111 - 115.6 480
11 105 102 - 110.4 480
12 106 100 - 110.6 480
13 103 93 93 106.53 480

14 100 102 101 108.13 480

Table 2 : The values of measured vibration in the administrative building

With regards to the type of soil surrounding (silt)
two buildings and Table 1 as well as the work
of,24 the Rayleigh wave velocity and resonance
frequency was estimated 50m/s and 10Hz,
respectively.Therefore, according to the below
formula the wavelength of Rayleigh waves would
be determined 5 m and the depth of the trench

 3m ( 10
50=λ = 5 m,     D=5×0.6= 3 m).

This method reduced the vibration through the
below the standard level and eliminated personnel
discomforts [of course, to prove this claim there
was conducted an interview (as conversation)

before and after digging the trench with nearly all
people in administrative building] stemmed from
the vibration (Fig.2).On the other hand, the
vibration value was reduced to the level of the
below the FDBP and EL requirements. The values
in Table 2 and Table 3 have compared together
and shown that the minimum and maximum of
attenuation are between 5.64 to 27.8 dB. This
attenuated range is approximately similar to the
study of.24 They have pushed panels of the rubber
mattress with a size of 3×4m into the clayey soil
and could attenuate the vibration between 50% -
70%. Nevertheless, the results of present study
have shown a little different with the results of
work of.9 They used an in-filled trench of lime-
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Table 3 : The values of measured vibration after trench (in-filled) design

Points of
Vibration acceleration (dB )  

Exposure Decrease
measurement (min)

 
(dB)

X Y Z A(eq )

1 51.4 68.6 - 68 480 8
2 91.3 80 89 96.26 480 5.64

3 82.2 90 78.5 87.8 480 10.3

4 86 90 - 94 480 16.9

5 85 83 - 89.8 480 19.45

6 100 91 87 103.5 480 6.9

7 101 89 83.5 97.1 480 13.8
8 92 94 87 99.3 480 7.7

9 81 91.5 90.5 96. 480 4.68

10 80 - 84 87.8 480 27.8

11 80 98 101 101.5 480 8.9

12 92 95 89 100.4 480 10.2

13 97.8 89.44 89.52 101.7 480 4.83
14 93.5 96.54 92.21 101.73 480 6.4
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Fig. 2 : Comparison among the measured points before and after designing of the trench as well
as with the FDPB and EL
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cement with an attenuated value about 45% in
their study. Finally, the measured values before
and after the trench were compared together in
Fig.2.The results showed that the vibration values
were considerably reduced after the designing
trench and filling it. Therefore, the method is very
effective to reduce ground-borne vibration
transmission.

CONCLUSION
This method in Comparison with the other methods
has some preponderance as follows :
i) The depth of the trench in the present study is
lower than the depth in the other studies; as a
result, there was need the low materials for filling
it. On the other words, this method is an
inexpensive method in contrary to other methods.
ii) Because the mentioned compressors have
generated the vibration in low frequency range,
so it appears to be an effective method against the
vibration with low frequency waves.
iii) Despite lack of access to suitable
measurement devices such a seismograph, we
utilized the human vibration meter in this study,
and could significantly reduce the value of the
ground vibration in all points. On the other hand,
the team could achieve all predetermined
objectives in the research.
However, there are still some unclear points in
this issue in which many more cases need to be
designed and tested to enable stronger claims on
this method in the future.
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