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ABSTRACT

This paper discussed the general, problem of ground vibrations generated by road construction, operation
methods generated due to road traffic and rail on the soil surface caused by different operations. Vibrations are
one of many environmental factors that act on a building and potentially reduce their lifetime. Traffic induced
vibrations, which are transferred through the ground, may interfere with the proper operation of vibration
sensitive equipments. Vibrations are most frequently blamed for deterioration of historical buildings, there number
of common vibration sources like road and rail traffic, earthquake.
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INTRODUCTION

Vibration is one of the main factors for fatiguestructure. Vibrations produced by different sosrpeopagate
from one medium to another [6]. Long term expostarevibrations can cause damages in buildings lepattn
minor effect such as cracks. These minor damagesitinal cases could result in collapse, espegiall historic

buildings [7]. The resulting vibrations are, thenef, known as forced vibrations. Impulsive shocke gise to

transient vibrations. On the other hand they exttie natural frequencies of the soil-structure cimation and

result into the vibrations which are known as fedgrations [9]. It is unusual for vibration from w@es such as
buses and trucks to be perceptible, even in locataose to major roads. Some common sources ohdrborne

vibration are trains, buses on rough roads, andtoaction activities such as blasting, pile-driviagd operating
heavy earth-moving equipment [4]. The effects odugrd-borne vibration include feel able movementtiod

building floors, rattling of windows, shaking oéins on shelves or hanging on walls and rumbling@setc [3].

Ground-Borne Vibration by Traffic and Rail

Most vibration problems, traffic vibrations can bbaracterized by a source-path Fig.1. Vehicle abntgth

irregularities in the road surface such as pothalescks and uneven manhole covers which indutesdynamic
loads on the pavement waves, which propagate isdlieeventually reaching the foundations of adjaduildings
and causing them to vibrate [12], [10]. Traffic rabons are mainly caused by heavy vehicles sudbuass and
trucks. Passenger cars and light trucks rarely daduibrations that are perceptible in buildingso@rd-borne
vibration caused by the dynamic impact forces gaedrin the rail interphase due to irregulariti€bath wheels
and tracks that can propagate in the soil and exhi# foundation walls of nearby buildings, benegtbund [6].

Heavy freight trains emit ground vibration with goeninant frequency components in the range 4-30lfHhe

amplitude is sufficient, this may be felt by lineles residents, giving rise to disturbance and cono&er possible
damage to their property [1]. A semi-empirical miofler predicting low frequency vibration that mayreoy

building occupants in areas with soft ground caadg has been developed and used for the planfiagnew high
speed railway line in Norway [2].

Impact of Ground-Borne Vibration

Vibration generated by road vehicles and by traas have significant environmental impact on nednbydings.
The general complexity of the problem is inhabisaperceive vibration either directly as motion ioofs and
walls or indirectly as reradiated noise [11]. Arthand very significant source of disturbance ie tlu movement
of household objects, especially mirrors, or by tthttling of window panes and glassware. In allstheases the
problem of ground-borne vibration is important @gfuencies typically up to 200 to 250 Hz [7], [13]ibration at
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higher frequencies is generally attenuated rapidth distance along the transmission path throughdround
Vibration can travel long distances from its sourféer a ground with soft cli or silt, ground borne vibration mz
produce annoyance to people in buildings more #t#hm away from tracks [« More and more people are calli
for measures to protect the environment, and enmiental degradation caused by railways is also @emof
concern. It is now well recognized that train sgeeannot be raised further without first considgfirow the extr:
speed might rgatively impact the environment [

Fig. 1 Sour ces of ground vibration and the Transmission paths[1]
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Fig. 2 Thetraffic vibration can be characterized by a source path-receiver scenario [12]
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Fig. 3 Comparison between vibration levelsinduced by a transit busand truck (Vibration levels are significantly different because of
differencein suspension system) [12]
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Fig. 4 lllustration of in-ground vibration barrier [11]
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Table -1 Comparison of Vibration L evels (mm/sec?, rms) Induced by a Busand Truck

L . 25kM/h 50kM/h
ocation Bus Truck Bus Truck
Ground in front of house 20.3 19.7 64.6 33.0
External foundation Wall 11.4 10.3 30.8 15.5
Mid-point of floor in = Story 20.4 20.8 62.7 30.3
Mid-point of floor in 2* Story 35.3 37.4 90.5 46.6

In-Ground Vibration Barriers

Vibration is one of the primarily factors to be sadered for fatigue in structure. Vibrations prodddy different
sources propagate from one medium to another. ltemy exposure to vibrations can cause damagesiliirins
leading to minor effect such as Studies show taidiepth of an in-ground vibration barrier haseableast equal
to one Rayleigh wavelength to achieve a signifigadiuction in vibration levels with a minimum factf 0.25 is
usually significant to be considered. In the cafstaffic vibrations, very deep barriers would heeded in excess
of 10 m, because of the low-frequency nature o$ehgbrations.

EFFECT OF VIBRATIONS ON PEOPLES

Building vibrations caused by road traffic are rthealth and safety concern; they are more a prolé
annoyance [10]. Vibrations may be unacceptabletupants because of annoying physical sensati@usiped in
the human body, interference with activities sushskeep and conversation, rattling of window pamed loose
objects, and fear of damage to the building andatstents [5]. The goal of research is to satisfgge with the
exact quality, product, quantity, and price in shertest amount of time [14].

Research on ground-borne vibration, especially frorderground railways, has recently gained promiaeon
account of the need to establish new undergroundeis in cities. There is also pressure to put dsigbed
intercity lines underground near residential areagarticular feature of underground trains is thielespread
notion that once undergrounds the problem of ngses away. But pure vibration in the absence a$enoan be
unnerving and more disturbing than vibration froisible and audible surface trains.

PREDICTION METHODS

It is generally accepted that the amplitude of gbuibration at any point away from the explosi@pends on:

» Distance of the point of measurement from the pofrdrigin.

» Weight of charge detonates at a time.

» The propagation characteristics of the medium beibvwbe origin and point of measurement
» Energy compiling between the explosive and the ioomg medium.

SUGGESTED SOLUTIONS AND PREVENTIVE STRATEGIES

It is suggested that there may be a conditionstiichvthe presence of underlying layers of soil edimck may
cause reflection and refraction effects of the badyes generated by tie vibration source, and neagdnerated
and enhance the transfer of subsurface Rayleiglesvabhese effects may not be detected on the grsunidce,
but they may cause the large vibrations in an adjgbuilding and cause damage either by repetitiostress
loading or by direct rupture, or cause disturbaiocine occupants.

Solutions and preventive strategies that have Iseggested to minimize vibration to an acceptablellenclude
periodic maintenance of road surfaces, speed anttatf traffic flow, improvement of the road stture, soil
improvement, sufficient distance between roadstarltlings, screening of vibration using in-grouratiers, and
building isolation systems. Some of these meadwuaes proven to be effective.

Buildings can be protected against ground vibratiosing number techniques. A trench or ditch cosid
between the site and adjacent buildings can mirrttiz transmission of vibrations through the gropravided
that the ditch is enough deep. Another method akimg is to use of wheeled dozers rather than wdatozers
could be considered where ground conditions pertilirations from sheet piling can be reduced by tke of
specialized piling equipment which employs hydrapliessure rather than impact loading to drivepiles.

CONCLUSION

An analysis of the explosive induced vibration sestowed that damage in a building was most direetated to
the peak particle velocity in the ground. Buildidgmage may occur but it is unlikely to be causddlgdy the
vibrations by them self and it is expensive. In thse of existing buildings, most practical remkediaasure is to
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maintain the road regularly. While in new developise the distance between the road and the builstiogld be
in a far distance, improvement of soil structurad an-ground pile barriers. Future work is also degk to
determine and in what techniques the fatigue damaae be caused to buildings close to road constructtes
because of the repetition of stress loading anthereffects of substrata on ground vibration prepiag.

REFERENCES

[1] CJC Jones and JR Block, Prediction of Ground Vibnatrom Freight TrainsJournal of Sound and Vibration,
1996, 193 (1), 205-213.

[2] C Madshus, B Bessason and L Harvik, Prediction NMdde Low Frequency Vibration from High Speed
Railways on Soft Groundpurnal of Sound and Vibration, 1996, 193(1), 195-203.

[3] BS 6472:1992Guide to Evaluation of Human Exposure to Vibration in Buildings (1 Hz to 80 Hz);1992.

[4] ANSI S3.29-1983Guide to the Evaluation of Human Exposure to Vibration in Buildings, 1983.

[5] MLM Duarte and MR Filho, Perception Threshold obple Exposed to Sinusoidal Vibratio;oceedings of
the Tenth International Congress on Sound and Vibration, Stockholm, Sweder2003, 3791-3798.

[6] CG Gordon, Generic Vibration Criteria for VibratioBensitive Equipment?roceedings of the SPIE, 1999,
3786, 22-39.

[7]1SO 2631-2:2003, Mechanical Vibration and Shocki&aton of Human Exposure to Whole-Body Vibration-
Part 2:Vibration in Buildings (1 Hz to 80 Hz)2003.

[8] T Maeda, Protecting the Trackside Environment, &ilikay Technology Today, K Wako, Edlapan Railway
and Transport Review, 1999, 48-57.

[9]1 Y Okumura and K Kuno, Statistical Analysis of Fidlata of Railway Noise and Vibration Collected im a
Urban AreaApplied Acoustics, 1991, 33, 263-280.

[10]JM Fields, Railway Noise and Vibration AnnoyanceRasidential AreasjJournal of Sound and Vibration,
1979, 66 (3), 445-485.

[11]HG Leventhall,Low-Frequency Traffic Noise and Vibration, in Transportation Noise Reference Book, PM
Nelson, Ed., Butterworth, Londoh987, Chapter 12.

[12]PJ Remington, LG Kurzweil and DA Towersow-Frequency Noise and Vibration from Trains, in
Transportation Noise Reference Book, PM Nelson, Bdtterworth, London1987.

[13]R Hildebrand,Countermeasures against Railway Ground and Track Vibrations, Report at Department of
Vehicle Engineering, Stockholr001.

[14] YA. Abdu. et. al.,Implementation of Lean Manufacturing: A Case StatlASK Automotive Private Limited
(India), International Journal of Advanced Research in Science and Technology, 2016, 5(1), 556-562.

46



