International Journal of Innovative Research in Engineering
Special Issue, Volume 4, Issue 3(May-June 2023), PP: 01-06.
Innovations in Computing, Materials and Communication Technologies (ICICMCT'23) ISSN No: 2582-8746

Scientific Analysis of Ground Vibrations from Traffic Loads on
Silt Soil

Seemon S?, Christeena?
IAssistant Professor, Civil Engineering, IES College of Engineering, Kerala, India.
2PG Student, Geotechnical Engineering, IES College of Engineering, Kerala, India.

How to cite this paper: . - L . . . .
Se:’mon '311 Cérigtezna?‘Scientific Analysis Abstract: Ground vibration is one of prime interests to geotechnical and geological engineering. The

of Ground Vibrations from Traffic Loadson  mMain concerns of ground vibrations involve annoyance, damage, disruption of vibration sensitive

Silt Sail”, IJIRE-V4103-01-06. operations or activities triggering of landslides. Measurement and analysis of ground vibrations is a

necessary procedure to determine their effect on structures and humans. The vibrations induced from
Copyright © 2023 by author(s) and traffic loads are real and complex but are least addressed. Traffic induced ground vibrations are a
5" Dimension Research Publication. result of repetitive cyclic loading and needs screening for long term basis which need to be addressed

This work is licensed under the Creative
Commons Attribution International License
(CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

in the design stage itself. This article aims to gain knowledge on ground vibrations induced by road
and rail vehicles over silty soils. Field study is carried out using vibration sensors and data recorded is
analyzed for vibration characteristics and its effect on soil properties. The factors affecting vibration
intensity and vibration isolation properties of different materials are also studied in this paper. When
the loads enter the infrastructure during vibration monitoring, it was observed that the vibration
intensity increased irrespective of compressive strength of soil. Also, the distance from the source is
also an important parameter. The trend shows that the attenuation of vibration was low with distance
because low frequency vibrations are produced. High speed movement, heavy vehicles and rapid
urbanization increases the vibration intensity and hence this research gain importance in the future.
Key Word : — Cyclic loading, ground vibration, peak ground acceleration, peak particle velocity,
vibration isolation.

LINTRODUCTION

This article provides a detailed study of traffic induced vibration measuring instruments, field vibration monitoring
procedures, vibration assessment criteria and standards. The factors influencing ground vibrations are also identified and the
vibration screening methods are also studied. Transportation related ground vibrations are real and complex in urbanized areas
with high speed transit systems. Most of these fall into highway traffic vibrations, construction vibrations and rail vibrations.
The main concerns of ground vibrations involve annoyance, damage, disruption of vibration sensitive operations or activities
triggering of landslides. While a surcharge or an increase in pressure, including strain or settlement, comes when an
infrastructure such as road embankment and bridge approach is constructed over soil. In case the additional surcharge load due
to filling and construction is over the top close the ultimate bearing capacity of the supporting soft ground in the vertical and
lateral direction, immediate yield or plastic deformation may occur followed through tension crack, deep seated rotational slip
when massive and significance deformation occurs. A geotechnical engineer’s advice is mandatory and challenging, as soil has
different properties and also varying with climatic changes on it. Field study is carried out to determine the characteristics of
ground vibration and its propagation through soil. The particle motion is utilized to study vibration levels and expressed in
terms of peak particle velocity and peak ground acceleration. Wave propagation is different for different density or medium
which is studied in this paper. Vibrations are a result of repetitive cyclic loading and needs screening for long term basis which
need to be addressed in the design stage itself. Thus screening efficiency is tested for different materials placed in wet and dry
soil conditions.

If a vehicle speed becomes larger than Rayleigh wave velocity in the ground, an additional very large increase in
generated ground vibrations takes place. This phenomenon is termed ground vibration boom, and it is similar to sonic boom
generated by supersonic aircraft. Measured vibration, amplitude and frequency, can be used in further analysis to determine the
effect of dynamic loading due to traffic induced ground vibration on structures as shown in Fig. 1.
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Fig. 1 Traffic-induced vibration effect on foundation of structures
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Vibration energy spreads in all directions, even though it does not necessarily spread equally in all directions, unless
the transmission is through a single isotropic material. Most materials, especially the ground, are anything but isotropic.
Different types of rock and soil transmit vibrations differently, in intensity, frequency, and speed. Clay soils, because of their
greater coherence, transmit vibration more efficiently than sandy or loamy soils. Even soils with different amounts of moisture
can behave differently in vibration transmission. Layering of the soil can produce both reflections and amplifications of the
ground vibration, due to an effect similar to intensification of light by a lens. Seismic profiling is a geophysical technique used
by geologists to reveal underlying rock structures and search for possible oil deposits. Being at a greater distance from a
vibration source can't always be seen as much comfort, lesser vibrations at a greater distance can be more damaging than those
closer in. This is due to the lowering of the ground vibration frequency with distance, a result of the soil absorbing selectively
the higher frequency components. These lower frequency vibrations often have more efficient interactions called resonance
that other, higher frequency vibrations lack.

ILMATERIAL AND METHODS
A. Study Area
Study area was approach bridges of Kuthiran Tunnel on NH were vibration issues are prominent and traffic loads are
more. In this study, soil used is silty soil samples were collected from Kuthiran hills of Thrissur district. Vibration monitoring
instruments are used to measure vibration intensity in terms of peak ground acceleration. Soil collected from Kuthiran was
classified under silty soil. Silty soil has flour like texture when dried and while wet becomes fine and slippery. Silt soils are
produced when rock is eroded or worn away by water and ice. Figure 2 shows the soil used in this study.

Fig. 2 Kuthiran Soil
The basic engineering properties of soil were obtained by conducting various laboratory tests confirming to the
corresponding IS codes and the results obtained are provided in table 1.
Table 1: Basic properties of soil

Properties Value
Specific gravity 2.7
Soil classification ML
Liquid limit 31 %
Plastic limit 29 %
Plasticity index 2%
Shrinkage limit 20 %
Max dry density 1.4 g/cc
oMC 24 %
UCSs 107 kPa

Accelerometer is a vibration sensor used to measure ground vibrations. A uniaxial piezoelectric accelerometer is
designed for analyzing the vibrations of devices with slight to medium excursions. It is also handy and light weight. It can be
mounted to the surface under test via the built-in magnet. The accelerometer sensitivity is 100 mV/g. It can measure in a wide
frequency range which can be preset prior to testing. The accelerometer is highly sensitive and the magnetic force provides the
most accurate results. Figure 3 shows accelerometer model KS901-MF model used for the study.

Fig. 3 Accelerometer Fig. 4 Vibration Meter
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The vibration meter used for this study is an XL2 analyzer taken for interpreting field vibrations received on
accelerometer. The device measures acceleration for frequencies down to 0.7 Hz and determines the speed and displacement.
Simultaneously, the XL2 calculates the vibration spectrum as an FFT in the range of 0.8 Hz to 2.5 kHz, while a cursor
automatically indicates the dominant frequency. The figure below shows the vibration meter used for the field study of ground
vibrations in this research. The vibrations produced at Kuthiran belong to low frequency range.

B. Study Method

In this approach the basic properties of the soil were studied first for different laboratory tests as per IS codes.
Ground vibrations are site specific and hence field study was carried out using vibration sensors to determine vibration
characteristics. Vibration testing was carried out by International Standard specifications. The accelerometer sensor was
mounted to the ground with the help of a steel rod having a base plate at its end. The vibrations travelled through soil reaches
accelerometer senses and detects the intensity. The vibration magnitude is read on the vibration meter which is connected to
the sensor by means of ICP adapter. The data obtained on the meter is stored in its own storage device which can be
transferred to a portable computer for analyzing data. Figure 5 shows field test setup at Kuthiran.

Fig. 5 Vibration Monitoring at Kuthiran

Effect of vibration for different parameters such as vehicle class, traffic flow, distance from pavement, speed of
vehicle were also monitored. The vibration parameters and effects on soil were analyzed by interpreting the test results using
an analyzer and portable computer to store and review data. The different parameters studied are as follows:

1) Vehicle class

2) Traffic flow

3) Distance of measurement
4) Soil properties

Vibration parameters are acceleration, velocity, displacement. Peak ground acceleration is the unit of vibration
intensity measurement and generally used measurement unit in vibration sensors. Peak particle velocity is more often used in
standard guidelines which can be calculated from peak ground acceleration. Even though displacement is easier to understand
it is very less often used. Vibration effect on vehicle class was studied by testing vibration obtained from single vehicles under
FHWA vehicle classification and averaged.

Vibration monitoring was done for different traffic flow on a single day. The peak time during afternoon was
measured as heavy traffic flow while light and medium traffic flow vibration were also measured at site. The particle of motion
is utilized to understand vibration propagation and attenuation in soil. Thus vibration propagation and attenuation for Kuthiran
soil was studied at three distances from centre of the pavement. The site had two separate bridges with three lanes on single
bridge connecting the Kuthiran tunnel. Effect of vibration on soil properties as observed from basic engineering tests were
generalized based on the lessons from previous theories. Soil properties such as optimum moisture content, density, strength,
liquid limit, plasticity index were studied. Isolation properties of different materials were investigated in detailed manner to
propose the best isolation methods for the screening of vibration due to continuous dynamic loads.

II.RESULTS AND FINDINGS
This section includes the results obtained from the field study. Effects on different parameters are represented
graphically. All parameters had significant roles in vibration and hence this research is valid and successful. Table 2 shows the
result range of vibration produced for studied parameters.
Table 2: Result of vibration intensity for different parameters

Parameter PGA (mm/s?) PPV (mm/s)
Vehicle Class 4.41 -153 mm/s? 0.02 - 0.75 mm/s
Traffic Flow 17 - 227 mm/s2 0.23 - 3.2 mm/s
Distance 151 - 228 mm/s? 0.82 - 3.19 mm/s

A. Effect of Vibration on Vehicle Class

The vibration test results monitored for different vehicles are plotted in terms of peak ground acceleration and peak
particle velocity. The vibration parameters increased with higher class of vehicles. Figure 6 and 7 shows the PGA and PPV
values obtained for each vehicle class. The value is taken as the average of number of vehicles in each class.
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Vehicle class vs PGA Vehicle class vs PPV
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Fig. 6 Effect of vibration PGA by vehicle class Fig. 7 Effect of vibration PPV by vehicle class

B. Effect of Vibration on Traffic Flow

The effect of vibration depends on the dynamic load at a time. Hence mass movement of vehicles causes vibration in
soil. To analyze the intensity of vibration, peak and light movement of vehicles were monitored. Light vehicles include vehicle
upto class 111, medium vehicles belongs to class IV and heavy vehicles class V and above were monitored. Figure 8 and 9
shows the effect of vibration by traffic flow.
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Fig. 8 Effect of vibration PGA for traffic flow Fig. 9 Effect of vibration PPV for traffic flow

C. Effect of Vibration with Distance of Source

Distance of measurement is an important parameter as to understand the vibration wave propagation and attenuation
characteristics in soil or transmitting medium. Distances are selected as 3m, 6m and 10m from the centre of the pavement.
Figure 10 to 13 shows effect of peak ground acceleration and peak particle velocity at different distances for vehicle class and
traffic flow.
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Fig. 10 Effect of peak ground acceleration with distance based on vehicle class
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Fig. 11 Effect of peak particle velocity with distance based on vehicle class
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Fig. 12 Effect of peak ground acceleration with distance based on traffic flow
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Fig. 13 Effect of peak particle velocity with distance based on traffic flow

D. Effect of Vibration on Soil Properties

As the soil studied here is of medium strength, medium water content, soil is of nominal profile. The vibration
intensities are within safe limits and no nearby structures or buildings present. But, settlement of foundation and soil beneath
the pavement might be due to the traffic induced vibration. Since this is not a one-time event, the design stage lacks proper
methods to isolate vibrations. As per research, rubber is a material which has excellent resilient properties that makes it
suitable to be used under pavements or subsoil to reduce vibration effects. Other methods include trenching, grouting,
stabilization, barriers but each method has its own pros and cons. Hence isolation study has to be done specifically at site right
during design stage itself, so as to avoid unpredicted fatigue failures and to reduce maintenance costs.

IV.CONCLUSIONS

[1] Fully loaded trucks and passenger vehicles movement causes heavy vertical and lateral force applied on structure towards
geotechnical membrane of the study area.

[2] There is an increase in vibration intensity when vehicle class is higher or load is more. The lightest vehicle had smallest
vibration compared to heavier vehicles.

[3] As the traffic flow increases, vibration intensity doubles that of the vibration when single vehicles are passing. Also the
speed of vehicle moving is proportional to the intensity of vibration. One can feel the vibration effect on foot when heavy
vehicles such as lorries and containers moves by.

[4] The distance of measurement conveys that the vibration reduces with moving distance, but only slower. Vibration does
not drops down instead it follows a flat curve trend.

[5] Soil properties are definitely important for analyzing vibration characteristics. Hence vibration parameters can be seen as
site specific. In this paper, silt type soil has been studied.

[6] Isolation materials have different properties and they are to be selected based on the site conditions so that the isolation
becomes economical and sustainable. Rubber is an excellent isolation material due to its physical and mechanical
properties. Rubber derived products can be used in pavement construction to isolate vibrations.

Acknowledgment

I wish to record my indebtedness and thankfulness to all those who helped me to prepare this report titled
“SCIENTIFIC ANALYSIS OF GROUND VIBRATIONS FROM TRAFFIC LOADS ON SILT SOIL” and present it in a
satisfactory way. First and foremost | thank God Almighty for his providence and for being the guiding light throughout the
project. 1 am thankful to our Principal Dr. Brilly S Sangeetha and Head of the Department of Civil Engineering, Dr. P.
Mahadevan, for their sole co-operation.

I would like to thank my guide Mr. Seemon S, Asst. prof. of civil engineering Dept. for providing me guidance and
support. Finally, | would like to extend my sincere gratitude to whole civil department for being helpful, in the research and in
the discussion following the presentation.

5|Page



Scientific Analysis of Ground Vibrations from Traffic Loads on Silt Soil

References

1.  Abdul Aziz Khandker, (2013), “Geotechnical challenges in highway engineering in twenty first century”, Seventh International
Conference on Case histories in Geotechnical Engineering, pp 1-11.

2. Alexandros Lyratzakis et. al (2020), “Efficient mitigation of high-speed trains induced vibrations of railway embankments using
expanded polystyrene blocks”, Science Direct, Vol 22, pp 1-6.

3. Brad Pridham (2020), "Control of Traffic Induced Ground Vibrations in a Residential Structure”, Springer , Vol 2, pp 251-259.

4. BS6472-1 (2008), “Guide to evaluation of human exposure to vibration in buildings-Vibration sources other than blasting”.

5. Bsi(2014), “Code of practice for noise and vibration control on construction and open sites - Part2: Vibration”, pp 1-24.

6. Caltrans (2013), “Transportation and Construction Vibration Guidance Manual”, pp 1-15.

7. Carl E. Hanson et al. (2012), “High speed ground transportation noise and vibration impact assessment”, US Department of
Transportation, pp 1-248.

8. Chik T N T et al. (2013), “Dynamic performance on multi storey structure due to ground borne vibrations input from passing
vehicles”, International Journal of Integrated Engineering, Vol 5, Issn 2.

9. F. Chilton et. al. (1973), "Traffic Induced Vibration", Research gate, pp 40-49.

10. Chen, Q., & Abu-Farsakh, M. (2016) “Mitigating the bridge end bump problem: A case study of a new approach slab system with
geosynthetic reinforced soil foundation”, Geotextiles and Geomembranes, Vol 44, Issn 1, pp 39-50.

11. Correia N et. al. (2016), “Experimental analysis of track-ground vibrations on a stretch of the Portuguese railway network”, Soil
Dynamic Earthquake Engineering, Vol 90, pp 358-380.

12. Daha S Aliyu et. al, (2016), “Transmission of ground vibration on road side structures”, Researchgate, Vol 3, pp 1-4.

13. DOE Malaysia (2007), “The Planning Guideline for Vibration Limit and Control in the Environment” pp 1-24.

14. Don A. Linger (1963), “Effect of vibration on soil properties”’, Semantic Scholar, pp 10-22.

15. Dupont B and Allen D (2002), “Movements and Settlements of Highway Bridge Approaches”, Bureau of Transportation Statistics, pp
1-79.

16. J.J. Hajek et.al (2006), “Mitigation of highway traffic-induced vibration”, Annual Conference of the Transportation Association of
Canada Charlottetown, pp 1-13.

17. Henok Marie Shiferaw (2021) , "Measuring Traffic Induced Ground Vibration Using Smartphone Sensors for a First Hand Structural
Health Monitoring", Elsevier, Vol 11, pp 1-10.

18. Kouroussis G et. al. (2014), “Using three-dimensional finite element analysis in time domain to model railway-induced ground
vibrations”, Advances in Engineering Sofiware, Vol 70, pp 63—76 .

19. Shen S-L et. al. (2007), “Reducing differential settlements of approach embankments”, Proc Inst Civ Eng - Geotech Eng., Vol 160,
Issn 4, pp 215-260.

20. Mohammad, 4. H et. al. (2018), “Ground vibration attenuation measurement using triaxial and single axis accelerometers”, Journal

of Physics: Conference Series, Vol. 995, Issn 1, pp 1-10.

6|Page



