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ABSTRACT
                Old monuments and heritage buildings are important assets of the country and need to be protected and conserved for their rich technical skills and building materials.  However, due to continuously increasing urbanization and industrialization in the wake of modern civilization, a number of new sources damaging these buildings have drawn the attention of architects and conservators. One such unattended source is the air borne noise induced vibrations in the buildings. These vibrations are attributed due to road, rail and aircraft traffic movements, sonic boom, and some human activities. These give rise to sufficiently large acoustic pressure on building elements so that damages of the order of plaster cracking, smashing of windows and even loosening of roof tiles etc take place. 

                These pressure fluctuations of about 150 Pascals are of mainly low frequencies upto100 Hz sound waves which interact with various building elements. The lower limit of velocity level for potential damage to buildings is considered to be about 2-3 mm/s below 20 Hz. for heritage buildings and old monuments. Natural sources such as wind and earthquakes, produce significant amount of vibration energy at frequencies as low as 0.1 Hz. 

                The paper deals with the criteria and the damages caused by such noise in buildings.    

INTRODUCTION

Heritage buildings and old monuments are the pride of our nation as they depict the glorious past and social life of ancient days. Whereas these buildings are admired by the people of the nation, these are subjected to continuous decay due to many natural forces. Due to urbanization and mechanization a number of man made sources such as speedy transport noise and explosion etc. have also added to their deterioration process.

It is almost inevitable that vibration level through induced air borne noise experienced by the occupants of a building is concern about the possible effects that these may have on building. In buildings in which vibration is alleged to play a part, the most common occurrences are damage to unsound plaster, cracking of glass, loosening of roof tiles and cracks to masonry. However, these unattended source of damage to the monuments and heritage buildings need to conserve them as these monuments not only reflect the rich cultural life of the people but also show their technical skills in engineering construction. Heavy vibrating machines can produce intense vibrations in the horizontal direction and these are more damaging than vertical vibration. Sustained sources of vibration may produce resonance  in buildings or parts of building. However, this is less likely to cause problems if the vibrations are transient. Generally building vibration results from both airborne and structure borne excitation. The sources of induced vibration to buildings are traffic, blast, sonic boom, low frequency noise from aircraft fly-over, impulsive impacts and human activities. This acoustic coupling of sound waves through building elements can excite floors, ceilings, and large windows in vibration and resonance can result when the driving frequency corresponds to the natural frequency of the structure being excited. Investigations have been carried out to define threshold limits for the occurrence of vibration induced damage to buildings.

CRITERIA FOR BUILDING DAMAGE

The natural frequency of a building will depend mainly on its height and base dimensions, typical values ranging from 10 HZ for a low height building and 0.1 Hz for a very tall building. The natural frequency is of interest since this type of vibration may be excited by wind loading of the building. Floors, ceilings and windows also have their own natural frequencies. Typical values for floors are in the range 10-30 Hz depending on size and type of construction. Natural frequencies of windows range from 10 to 100 Hz depending on the size and thickness of the glass, and for plaster ceilings typical values range from 10 to 20 Hz. In contrast typical levels produced in buildings by nearby traffic often lie in the range 5-25 (m (10-30 Hz). Damage criteria are best expressed in terms of peak vibration velocity and  various values is in the range from 50 to 230 mm/s depending on the type of building and the degree of damage. This involves the acceleration and the frequency of vibration. 

The natural frequencies of some building elements are shown in Table – 1

        TABLE- 1 : APPROXIMATE NATURAL FREQUENCIES OF BUILDING ELEMENT

        Beams


:
  5 -   10 Hz

        Floor and Slabs

:
10 -   30 Hz

        Window panes

:
10 - 100 Hz (depending on size)

        Plaster ceiling

:
10 -   20 Hz

The vibration level of building components are greater than that of the foundation due to resonance effect. The amplifications are in the range 5-15 dB in the frequency range 16-80 Hz. In multistoried building, the attenuation of vibration from floor to floor is approximately 3 dB.

       TABLE- 2 : RESPONSE OF VARIOUS BUILDING ELEMENTS FOR MEAN ACOUSTIC  

                         
ACCELERATION         

	                     dB
	acceleration level rel. to 1g.

	
	      Windows/doors
	              Walls
	       Floors/roofs

	
60
	
-75
	
-85
	
-95

	
70
	
-58
	
-75
	
-88

	
80
	
-52
	
-62
	
-75

	
90
	
-42
	
-52
	
-63

	
100
	
-30
	
-43
	
-55

	
110
	
-21
	
-30
	
-44

	
120
	
-10
	
-22
	
-33

	
130
	
0
	
-15
	
-22


The building response to peak sound pressure level is shown in Table - 2 which gives averaged window, double wooden wall and floor acceleration in response to noise excitation. It can be seen from the table that for the same value of sound pressure level a window subjected to maximum acceleration level followed by walls and then floors or roofs. However, the actual values of acceleration will depend upon the excitation frequency and energy released by the source and mass and size of the building elements.

Experience has shown that complaints regarding vibration in buildings are likely to arise from occupants when the vibration levels are only slightly in excess of perception threshold (Fig. 1). For this reason a separate specific standard is often used for evaluating disturbance to people in buildings. However, for heritage buildings and old monuments more stringent standards are needed as precautionary warnings by the occupants is normally not available (Fig. 2).Since the old monuments are in general massive in construction they are prone to more low frequency response. The possible damages in such building will depend upon the peak acoustic pressure in different enclosures of the buildings is shown in table3.

     TABLE- 3 : DIFFERENT STAGE OF POSSIBLE DAMAGES IN BUILDING

	(a)
Architectural damage

:
	cracks in plaster, loosening of roof tiles



	(b)
Major damage


:
	Cracks in walls and lintels, falling ceiling plaster etc.

	(c)
Severe damage


:

	Leading to potential destruction


DISCUSSION AND SUGGESTION

The acoustic impulses and varying pressures from the sources like explosion, canon firing, aircraft flyover etc. give rise to sufficiently large acoustic pressure of the order of few hundred pascals. This dynamic acoustic pressure forces various building facets into vibration. Depending upon the room resonance of various building elements like window, roof and floor tiles or slabs vibrate into their natural modes.

The measurement set up for induced vibration includes a seismic accelerometer and a preamplifier. The data can be recorded on a tape recorder and subsequently analysed in the laboratory. Alternatively the data can be recorded and analysed at the site itself through computer networking. It has been reported that the aircraft noise within the flyover zone goes as much as 0.5 x 10-3g(rms). Similarly, a canon fired at around 50-100 meter from a building creates noise level of about 130-140 dB (about 200 pascals).

Thus there is a dependence of building vibration on air borne noise. The vibrations are further amplified due to natural frequencies of building elements and room reverberation. This energy, if lies in low frequency range below 50 Hz can cause substantial damage to buildings. It has been observed that the peak velocity of 5 mm/s is the threshold of Architectural  damage but for ancient monuments and other extremely sensitive structure, lower safety limits of 3 mm/s below 10 Hz is recommended. Due to aging effect old buildings are often exposed to deterioration of strength of elements along with loosening of plaster and development of other cracks etc.

Therefore, adequate preventive measures should be taken well in time to preserve these assets.

The high noise emitting sources such as aircraft, speedy trains should be far away from such buildings. Explosive noise should be restricted around the buildings. Adequate acoustic shielding should be provided around such sensitive buildings.
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