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ABSTRACT

Noise pollution has been recognized as one of the major nuisance and health hazard for an urbanized and industrialized society.  The problem becomes more acute in low cost residential flats by the current trend in favour of lightweight structures and the increasing concentration of dwellings in urban areas.  The most serious drawback of apartment type of residential buildings is the transmission of sound from one flat to the neighbouring flat.

The two fold noise problem are considered in this paper i.e. (i) air borne noise produced by audio visual domestic gadgets and road traffic etc and (ii) impact type of noises produced by footsteps and dropped objects in multistoried apartment dwellings which are transmitted through building structures.  In the apartment buildings the acceptable noise levels are governed by Noise Criterion Curve-35 (NC-35) but it has been observed that in most of the cases even NC-45 is not achievable.  The reason being inadequate sound insulation provided through doors, windows and partition walls.  It is observed that most of the acoustical problems may be avoided by taking into consideration of various acoustical factors in the building design itself.

The paper deals with the problem of noise transmission and provision for adequate sound insulation between apartments and other attached dwellings.

INTRODUCTION

Quiet residences are in general, the desire of a common man even before the residence is ready to live in.  Acoustical insulation from external noise is an important problem in the acoustical design of homes, apartments, restaurants and hotels etc.  Although cost very often precludes a complete solution, but much can be achieved, within the prescribed budget by appropriate planning of a residential complex amidst a noisy surrounding. Intelligent planning includes good acoustics as one of many desirable features that a residence should have. As compared to the isolated residence, apartment buildings are prone to the intrusion of unwanted sound. Therefore, a knowledge of necessary criterion and sound insulation of various components of an apartment such as walls, doors and windows etc is quite essential. Most of the codes specify the minimum amount of sound insulation that must be provided in the partitions that separate rooms or family units in apartment houses.

SOUND INSULATION CRITERION


There is a considerable variety in methods of rating the performance of partitions and it will be useful to define the ones that will be used here. The first step is to subdivide the problem into the insulation of airborne sounds such as voices and radios and impact sounds such as footsteps.

Air Borne Sound

In a flat or dwelling, one is concerned with internal as well as external noises. Airborne sound insulation is specified in terms of sound transmission loss (STL) in decibels, averaged over a specified series of test frequencies.


The sources of air borne noise in residential areas are air, rail and road traffic, children playing, services, road repairs, loud speakers etc.


The maximum permissible octave band levels of background noise for NC-25 to NC-55 are given in Table - 1 and the overall acceptable noise levels in dB in Table - 2.

Table - 1 : Maximum Permissible Octave Band Level, dB of Background Noise for NC-25 to NC-55
	
	Octave band frequencies, Hz

	
	37.5-75
	75-150
	150-300
	300-600
	600-1200
	1200-2400
	2400-4800
	4800-9600

	NC-25
	60
	45
	35
	30
	25
	22
	20
	18

	NC-35
	64
	52
	45
	39
	35
	32
	30
	28

	NC-45
	72
	61
	54
	49
	45
	42
	40
	39

	NC-55
	79
	70
	64
	59
	55
	52
	50
	49


Table - 2: Overall acceptable Noise Levels for Different Activities
	S

No.
	Activities
	Maximum Acceptable Noise Level, dB

	1.
	Offices
	50-60

	2.
	Dwelling (Houses, flats and apartment)
	45-55

	3.
	Schools
	45-50

	4.
	Hospitals
	35-40

	5.
	Auditoria and Concert halls 
	30-35

	6.
	Radio and TV Studio
	25-30

	7.
	Cinemas
	25-35

	8.
	Music rooms
	25-30

	9.
	Theatres
	35-40

	10.
	Hotels
	40-45

	11.
	Conference rooms
	35-40

	12.
	Court rooms
	40-45

	13.
	Banks
	45-50

	14.
	Restaurants
	50-55


Impact Sound

Impact sound in a dwelling is that which is caused by mechanical excitation, such as walking on the floor, moving of furniture etc. It is transmitted from the point of origin along structural paths  into rooms via wall or ceiling surfaces.


The amount of impact sound in a building is dependent upon the mechanical isolation between rooms, and on the type of floor surface where the excitation takes place. This radiated sound in the receiving room should be judged by the subjects as `permissible'.


The technique of constraint damping is generally utilized for the isolation of impact noise in dwellings. Basically, this technique provides for the dissipation of mechanical energy in the form of heat generated by the physical distortion of a layer of viscoelastic material sandwiched between the vibrating structure and the lower structural slab. 

HOW MUCH ACOUSTIC INSULATION IS NEEDED?

It is meaningless to claim that the apartment building can be made `soundproof' in absolute term. It is possible to reduce intruding noises to the scale where a satisfaction level can be achieved. It is observed in one of the surveys that tenants separated by flats with common partition having sound transmission loss of the order 45-50 dB, become satisfied. Therefore, it is to be ensured that all the partition walls and floors should have STL value around 50 dB and similarly impact noise rating should have at least zero. If it  is  in (+) side then isolation of structure borne noise will be more.

BUILDING LAYOUT - SOME SUGGESTIONS

With proper site planning and layout of building, transfer of noise can be minimized in bed rooms and living rooms.


The rooms adjoining party walls and above/below party floors should be used for similar purposes. Usually the layout of an individual floor can be so planed that the critical rooms are separated from adjacent apartments by buffer areas like foyer and kitchen etc. It is to be seen that bedrooms are not exposed to noise from adjoining living rooms. Bedrooms should not be planned along side access balconies, and preferably not underneath them. Water closets should not be over living rooms and bedrooms.


Kitchen and bathrooms is non-critical region as far as noise is concerned but plumbing fixtures are often troublesome sources of noise. Moreover, the service pipes may provide an extra transmission path between apartments. Kitchen and bathrooms should be constructed back to back; pipefittings should be padded at supporting points. Care should be taken to avoid air leaks around electrical outlets. Public corridors and stairs may be useful buffers between apartments. If they act as noise source then walls or ceilings should be finished with sound absorbing materials. The apartment doors should not face each other across the corridor and a gasket around the doorframe is helpful both in reducing leakage of sound and softening the impacts of slamming doors 

REDUCTION OF AIR-BORNE AND IMPACT NOISE

As far as airborne noise is concerned in the residential apartment buildings, a little effort can lead to considerable reduction in the unwanted noise to the acceptable limits.

 (i)     The loudspeakers of radios , televisions and music systems etc. should be kept in  a room 

     opening to outside, but not directed to some other flat, so that the minimum sound goes out of the  

     dwellings/apartment s through windows and other openings.

(ii)
The rooms which require quite locations should be placed in that area of the apartment which is not adjacent to the road or any other noise disturbance.

(iii)
The living room should be designed for good acoustics. If the room is big then it is needed to provide optimum reverberation time by careful selection of floor coverings, hangings, furniture and acoustical treatment of internal surfaces of the room with sound absorbing materials. Book shelves, pictures and other wall irregularities  should be used to facilitate diffusion of sound and to suppress further echoes.


An idea of the sound insulation in terms of sound transmission loss values in dB for constructions according to the weight of the structure are given in Table – 3 The rooms which face the roads are exposed to high noise levels specially lower floors. The simple method of reducing this traffic noise is to construct the building at least 80-100 m distance from the road side. Hedges, plants and trees between the road and building also act as a barrier to reduce noise flow into the building. Windows facing the road provide relief by screening off noise through the windows which is shown in Table - 4. Compound or boundary wall built between the road traffic and the building also help reducing noise leve
Table - 3 : Sound Transmission Loss in dB 

                  According to Weight of the Material

	S. No.
	Wt. in kg/m2
	STL, dB

	1.
	5
	23.0

	2.
	25
	33.0

	3.
	50
	38.0

	4.
	100
	42.0

	5.
	150
	45.0

	6.
	200
	46.0

	7.
	250
	48.0

	8.
	300
	49.0

	9.
	350
	50.0

	10.
	400
	51.0

	11.
	450
	52.0

	12.
	500
	52.0

	13.
	550
	53.0

	14.
	600
	54.0


Table - 4 : Air-Borne Sound Insulation of Windows
	S. No.
	Locations
	Type of Window
	STL, dB

	1.
	Bedrooms facing major roads with heavy traffic
	Double window tightly sealed spacing 20 cm
	40

	2.
	Living rooms;  facing major roads with thorough fair
	Double window tightly sealed spacing 10 cm
	35

	3.
	Bedrooms, class rooms facing local traffic
	Single plate glass window, tightly sealed
	30

	4.
	Bedrooms facing quiet areas
	Single glass window, all edges sealed
	25

	5.
	General offices facing heavy traffic
	Single glass window, all edges sealed, wood metal frames openable
	20


(iv)
In multistoried apartment building, structure borne noise which is produced in the upper floor may be isolated by constructing sandwiched type of resilient floors. A construction of layer of acoustical resilient material between the structural floor and about 6 cm thick floor finish of cement concrete or cement tiles can give an adequate relief in the lower  floors. Impact noise ratings (INR) of some of the common resilient materials are given in Table - 5. Alternatively, floor mat should be used in strategic rooms.

Table - 5 : Impact Noise Ratings of Resilient Floors
	Sr. No.
	Floor Specification
	INR

	1.
	Bare Concrete Floor, 12 cm
	-16

	2.
	Concrete floor 4.2 mm thick linoleum sandwiched
	-7

	3.
	Concrete floor with 25 mm thermocole sandwiched
	-5

	4.
	Concrete floor with 20 mm jute mat sandwiched (Bartex)
	+1

	5.
	Concrete floor with 25 mm Mineral Wool Sandwiched
	+7

	6.
	Concrete floor with 50 mm fibreglass sandwiched
	+11

	7.
	Concrete floor with 40 mm rubbdrized coir sandiwched (Kurlon)
	+12


Note:  
-  Floor with (+) rating are better

-  Minimum Standard requirement is zero rating
CONCLUSION

To design a peaceful residential apartment building, the following points may be considered at the time of planning.

(i)
Properly plan the layout of the building keeping in view the surrounding noise sources.

(ii)
Wall and floor separation of the apartment building should be properly chosen so that required sound insulation is achieved.

(iii)
Make sure that the construction is actually done as per design specifications.


The selection of wall and floor construction which meet the minimum required sound insulation may be taken from the enclosed tables. National Building Code may also be consulted in this regard.
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Table - 1 : Maximum Permissible Octave Band Level, dB of Background Noise for NC-25 to NC-55
	
	Octave band frequencies, Hz

	
	37.5-75
	75-150
	150-300
	300-600
	600-1200
	1200-2400
	2400-4800
	4800-9600

	NC-25
	60
	45
	35
	30
	25
	22
	20
	18

	NC-35
	64
	52
	45
	39
	35
	32
	30
	28

	NC-45
	72
	61
	54
	49
	45
	42
	40
	39

	NC-55
	79
	70
	64
	59
	55
	52
	50
	49


Table - 2: Overall acceptable Noise Levels for Different Activities
	S

No.
	Activities
	Maximum Acceptable Noise Level, dBA

	1.
	Offices
	50-60

	2.
	Dwelling (Houses, flats and apartment)
	45-55

	3.
	Schools
	45-50

	4.
	Hospitals
	35-40

	5.
	Auditoria and Concert halls 
	30-35

	6.
	Radio and TV Studio
	25-30

	7.
	Cinemas
	25-35

	8.
	Music rooms
	25-30

	9.
	Theatres
	35-40

	10.
	Hotels
	40-45

	11.
	Conference rooms
	35-40

	12.
	Court rooms
	40-45

	13.
	Banks
	45-50

	14.
	Restaurants
	50-55


Table - 3 : Sound Transmission Loss in dB 

                  According to Weight of the Material

	S. No.
	Wt. in kg/m2
	STL, dB

	1.
	5
	23.0

	2.
	25
	33.0

	3.
	50
	38.0

	4.
	100
	42.0

	5.
	150
	45.0

	6.
	200
	46.0

	7.
	250
	48.0

	8.
	300
	49.0

	9.
	350
	50.0

	10.
	400
	51.0

	11.
	450
	52.0

	12.
	500
	52.0

	13.
	550
	53.0

	14.
	600
	54.0


Table - 4 : Air-Borne Sound Insulation of Windows
	S. No.
	Locations
	Type of Window
	STL, dB

	1.
	Bedrooms facing major roads with heavy traffic
	Double window tightly sealed spacing 20 cm
	40

	2.
	Living rooms;  facing major roads with thorough fair
	Double window tightly sealed spacing 10 cm
	35

	3.
	Bedrooms, class rooms facing local traffic
	Single plate glass window, tightly sealed
	30

	4.
	Bedrooms facing quiet areas
	Single glass window, all edges sealed
	25

	5.
	General offices facing heavy traffic
	Single glass window, all edges sealed, wood metal frames openable
	20


Table - 5 : Impact Noise Ratings of Resilient Floors
	Sr. No.
	Floor Specification
	INR

	1.
	Bare Concrete Floor, 12 cm
	-16

	2.
	Concrete floor 4.2 mm thick linoleum sandwiched
	-7

	3.
	Concrete floor with 25 mm thermocole sandwiched
	-5

	4.
	Concrete floor with 20 mm jute mat sandwiched (Bartex)
	+1

	5.
	Concrete floor with 25 mm Mineral Wool Sandwiched
	+7

	6.
	Concrete floor with 50 mm fibreglass sandwiched
	+11

	7.
	Concrete floor with 40 mm rubbdrized coir sandiwched (Kurlon)
	+12


Note:  
- Floor with (+) rating are better

· Minimum Standard requirement is zero rating
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TWO FOLD NOISE PROBLEM ARE TO BE CONSIDERED

(I) AIR BORNE NOISE : (a) AUDIO VISUAL DOMESTIC 

                                                 GADGETS

                                             (b) ROAD TRAFFIC NOISE

(II)  IMPACT NOISE :     (a) NOISE FROM FOOT STEPS, 

                                                  DROPPED 
OBJECTS       IN

              
   
           MULTISTORIED       FLATS


                                                  TRANSMITTED THROUGH

                                                  BUILDING     STRUCTURE
THE DESIRE OF A COMMON MAN IS A QUIET

 RESIDENCE. AS COMPARED TO ISOLATED 

RESIDENCE, APARTMENT BUILDINGS ARE PRONE

TO INTRUSION OF MORE UNWANTED SOUND,

FOR WHICH 

 * APARTMENT TYPE OF RESIDENCE SHOULD

 HAVE PROPER  ACOUSTICAL CONSIDERATIONS.

* PROVISION OF  ACOUSTICAL  INSULATION   IN 

  THE DESIGN    OF   RESIDENCE  ITSELF

  UNDER  DIFFERENT    NOISY SURROUNDINGS.
AIR BORNE SOUND INSULATION MEASURES THE

 SOUND TRANSMISSION LOSS (STL) IN DECIBELS 

 ACCEPTABLE NOISE LEVELS IN BUILDINGS

ACTIVITIES                                     ACCEPTABLE

                                                          NOISE LEVEL, dB

OFFICES                                              
50-60

DWELLINGS (flat, apartment)      

45-55

SCHOOLS                                      

45-50

HOSPITALS                                   

35-40

AUDITORIA, CONCERT HALL  

30-35

RADIO, T.V. STUDIO                   

25-30

CINEMAS                                       

25-35

MUSIC ROOMS                             

25-30

THEATRES                                     

35-40

HOTELS                                          

40-45

CONFERENCE ROOMS                

35-40

COURT ROOMS                             

40-45

BANKS                                            

45-50

RESTAURANTS                             

50-55

THE ACCEPTABLE NOISE LEVELS ARE GOVERNED BY

 NOISE CRITERION CURVE

MAXIMUM PERMISSIBLE OCTAVE BAND LEVELS OF BACKGROUND NOISE FOR NC-25, NC-35, NC-45, AND NC-55 

FREQUENCY       NC-25        NC-35        NC-45        NC-55

Hz.                             dB              dB              dB              dB               

37.5-75                       60               64              72               79

75-150                        45               52              61               70

150-300                      35               45              54               64

300-600                      30               39              49               59

600-1200                    25               35              45               55

1200-2400                  22               32              42               52

2400-4800                  20               30              40               50

4800-9600                  18               28              39               49

 MEASURES FOR REDUCTION OF AIR BORNE NOISE

1). THE LOUDSPEAKERS OF RADIOS, TELEVISIONS

AND MUSIC SYSTEMS SHOULD BE KEPT IN

A ROOM OPENING TO OUTSIDE, BUT NOT DIRECTED 

TO SOME OTHER FLAT, SO THAT MINIMUM SOUND 

GOES OUT OF THE DWELLINGS THROUGH WINDOWS

AND OTHER OPENINGS

2).THE ROOMS WHICH REQUIRE QUIET,  SHOULD 

BE PLACED IN THAT AREA OF THE APARTMENT 

WHICH DOES  NOT FACE BUSY ROAD OR ANY

OTHER NOISE SOURCE. 

3).THE APARTMENTS WHICH FACE THE ROADS 

SHOULD BE CONSTRUCTED ATLEAST 100M 

DISTANCE FROM THE ROAD SIDE. HEDGES,

PLANTS AND TREES ACT AS A BARRIER TO 

REDUCE THE NOISE FLOW INTO THE BUILDING

4). THE LIVING ROOM SHOULD BE DESIGNED FOR

GOOD ACOUSTICS. IF THE ROOM IS LARGE THEN 

IT IS NEEDED        TO       PROVIDE           OPTIMUM 

REVERBERATION TIME BY CAREFUL SELECTION

OF FLOOR COVERINGS, HANGINGS, FURNITURE 

AND ACOUSTICAL TREATMENT OF INTERNAL 

SURFACES    OF     THE     ROOM    WITH       SOUND 

ABSORBING    MATERIALS.    BOOK     SHELVES 

SCENARY,    PICTURES     AND     OTHER     WALL

 IRREGULARITIES     SHOULD     BE    USED     TO

FACILITATE    DIFFUSION   OF   SOUND   AND   TO 

SUPPRESS ECHOES.

5).WINDOWS FACING THE ROADS PROVIDE  

RELIEF    BY    SCREENING    OFF       NOISE

SOUND INSULATION IN TERMS OF SOUND TRANSMISSION LOSS (STL) VALUES FOR CONSTRUCTIONS ACCORDING TO WEIGHT OF THE MATERIALS 

WT. IN KG/M2                                                   STL, dB

5       23

600 33

601 38

602 42

603 45

604 46

605 48

606 50

607 51

608 52

609 52

610 53

611 54

AIR BORNE SOUND INSULATION OF WINDOWS

    LOCATIONS              TYPE OF WINDOWS          STL, dB

BED ROOMS WITH       DOUBLE WINDOW                40   

HEAVY TRAFFIC          SPACING 20CM

LIVING ROOMS WITH  DOUBLE WINDOW                35

THROUGH FAIR             SPACING 10CM

BED ROOMS FACING    SINGLE PLATE                      30

LOCAL TRAFFIC             GLASS WINDOW

BED ROOMS FACING     SINGLE GLASS                     25                  

QUITE AREAS                  WINDOW

REDUCTION OF IMPACT NOISE

IN MULTISTORIED APARTMENT BUILDINGS, IMPACT NOISE WHICH IS PRODUCED IN THE UPPER FLOOR MAY BE ISOLATED BY CONSTRUCTING SANDWICHED RESILIENT FLOORS. A LAYER OF ACOUSTICAL RESILIENT MATERIALS IS LAID BETWEEN THE STRUCTURAL FLOOR AND  FLOOR FINISH OF CEMENT CONCRETE OR  TILES CAN GIVE  ADEQUATE RELIEF IN  THE LOWER FLOORS.

IMPACT NOISE RATING OF RESILIENT FLOORS

FLOOR SPECIFICATION                                            INR

BARE CONCRETE FLOOR,12CM                               -16

CONCRETE FLOOR + 4.2MM LINOLEUM               -7 

CONCRETE FLOOR + 25MM THERMOCOLE        - 5

CONCRETE FLOOR +20MM JUTE MAT                  +1                    

CONCRETE FLOOR + 25MM MINERAL WOOL    +7

CONCRETE FLOOR + 50MM FIBREGLASS            +11

CONCRETE FLOOR +40MM KURLON                    +12


Noise in Building – Talk about

when they are moving in to a new apartment, the last thing 

people think to find out about is noise insulation. 

But that is what makes the difference between heaven and 

hell for many people. The fashion for bare boards, and big 

Sound systems, combined with  low standards in noise 

insulation, can mean that apartment dwellers hear much

 too much of their neighbor’s lives. 

Complaints to local authorities have skyrocketed in many 

places the  Building Codes is considering raising the standards required of developers, but they say it will 

cost too much. 

