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Abstract


Perlite concrete is a combination of litemix, normal aggregate, sand, portland cement and water. By varying the ratio of litemix in pertlite concrete its thermo-acoustical behaviour steadily improves. The paper describes in detail the thermal and acoustical properties of Perlite concrete with different ratios of litemix and cement. Thermal conductivity and sound transmission loss values of the material has been determined at the Central Building Research Institute, Roorkee. Measurement process for these properties has also been described in this paper. Results show that as we increase the litemix ratio, its thermal   properties improves slowly then up to a certain ratio its improvement is optimum at (3.5) keeping the sound insulation values within desired limits. Beyond this ratio the bulk density becomes low and compressive strength diminishes below the desired values. 
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Introduction

Litemix is a lightweight expanded perlite aggregate. It is non-crystalline volcanic glass comprises of silica and alumina. The ore for manufacturing construction grade expanded perlite is imported from milos island, Greece, Turkey etc.  Its distinguished feature is that when it is heated, it expands up to twenty times its original volume. This expanded perlite concrete, being light weight, goes in various application in construction industry. It is used for thermal as well as acoustical insulation purposes particularly on roof and floor of the buildings.


As the material becomes light weight and porous, its thermal insulating property improves. Such types of light weight material creates resistance to the heat flow and delays the flow of heat from one side to other. Overall thermal transmittance value of roof may be decreased by adding a layer of perlite concrete. 


As the porosity increases, sound absorption property of perlite concrete improves. Such type of material becomes useful as a lining material on the roof and walls. Measurement of sound absorption by Standing Wave Apparatus shows that the sound absorption coefficient value varies from 0.14 to 0.35 at 1KHz. frequency. Thus the lightweight materials have widened the scope for better thermo-acoustical environment within the buildings.


When sound waves strike on the surface of a material, some of the sound energy is transmitted on other side of the material. The reduction in the sound energy transmitted would give the idea of the sound insulation. The sound transmission from its source to the recipient may take place in a number of ways depending upon whether it is air-borne or structure-borne. In the former it is transmitted from one part of the building to other by direct air path. In the later it is transmitted by means of energy carried by the structures. This forms the basic of using perlite concrete as a partition wall between two rooms or it could be used in combination with 11.5 cm 

brick wall. A sound insulation of more than 35 dB is well acceptable for such application. 


Conduction of heat through a material takes place when one particle of the material is heated, it transfers heat to the adjacent particles. When there is air gap between the two adjacent particles, the heat transmission is very much reduced. Density of a material is dependent on the air contained in the material. The lightweight material has less density, therefore transmits less heat and behaves as a good thermal insulation. When a material is moist then heat flow takes place rapidly through moist particles and thermal insulation value diminishes simultaneously. 
One of the previous studies [1] made by the author, the moisture influence on concrete suggests that at the initial stage where moisture content is about 1 to 3% by its volume the insulation property diminishes quickly and with further increase of moisture content in the concrete the thermal insulation value reduces slowly. The expanded perlite concrete also find its application as a thermal insulating material for cryogenic tank bottom and air separation unit bottom when it is lightweight with optimum ratio of litemix. The cost of perlite concrete is approximately Rs. 400/- per square meter for a thickness 5 cm. The paper describes thermal & acoustical properties variations with density and litemix ratio in Perlite concrete. 

Measurement of thermal conductivity (K-value)
Thermal conductivity of perlite concrete has been measured in the laboratory by Guarded hot plate thermal conductivity measuring apparatus[2] based on Indian Code IS:3346-1980. For this purpose two identical samples of perlite concrete of the size 30 x 30 x 5 cm were taken. These samples were placed below and above the guarded hot plate and two cold plates were kept below and above the samples respectively. The temperature of hot plate (Guarded & Central) was maintained at the specified temperature. Similarly, cold plate temperatures were also maintained by circulating cold liquid through cryostate. The schematic diagram of the apparatus has been shown in Fig. 1.
Computation of Overall heat transfer Coefficient (U-value)

With the help of measured value of K by the above apparatus, U-value is computed by taking the appropriate values of inside and outside surface heat transfer coefficient hi and ho respectively. Following equation is used to compute the U-value of a section with thickness L in meter, and thermal conductivity K,




U = [hi-1 + ho-1 + L K-1]-1

...

(1) 
Measurement of Sound Insulation

The measurement of sound transmission loss of the Perlite Concrete (as partition wall) was conducted in a reverberation chamber. The chamber consists of two parts, i.e., the source room and receiving room. The partition wall made of the perlite concrete was fixed in the space provided between two rooms. The warble tone with 10 percent variation was generated in the source room and measured in the receiving room at each band of frequencies. A beat frequency oscillator was used to produce warble tone in 

1/3 octave band frequencies in the audible range. The source and the transmitted sound were picked up by a sensitive condenser microphone in both the rooms and recorded in a high-speed level recorder through an audio-frequency spectrometer. The difference in the two levels is normalised to the total absorption in the receiving room gave sound transmission loss of the material.




STL(dB) = L1 - L2 + 10 log (S/A)


where, L1 and L2 are the sound pressure levels in the source room and transmission rooms, S is the area of the material and A is the total absorption in the transmission room in sq.metre units .

 Acceptable noise and thermal levels
The recommended acceptable values of overall thermal transmittance as per Indian Code [3] of practice IS: 3792-1978 for the building components for different regions are given in Table 1.

Table - 1

Thermal Performance Standards (U-values) for Building Elements 

for Unconditioned Buildings
	Building Components
	Hot dry region

(W/m2K)
	Hot-humid region

(W/m2K)
	Warm Humid region

(W/m2K)

	Wall

Roof

Window Glass
	2.2

2.0

4.5
	2.2

2.0

4.5
	2.5

2.2

4.5



In general acceptable noise levels inside buildings for consideration of comfort is given in Table 2.

 Table 2

Acceptable indoor noise levels for various buildings.
	S. No.
	Location
	Noise level, dB



	1.
	Conference rooms, small Offices and Libraries.
	35 - 40



	2.
	Court rooms and Class rooms
	40 – 45

	3.
	Large public offices and banks
	45 – 50

	4.
	Restaurant and Canteen etc.
	50 – 55


Experimental Results

 Different ratios of cement & litemix were considered for thermo-acoustical study in the laboratory.  Specifications of these Perlite concretes are given in Table 3.
Table 3

Specification of Perlite Concretes.

	S. No.
	Cement/litemix
	Mass (Kg.)
	Surface-density     (Kg/m2)
	Bulk

Density

(kg/m3)

	1.
	1:0.5
	6.5
	72.2
	1350

	2.
	1:1.0
	5.6
	62.2
	1250

	3.
	1:1.5
	4.9
	54.4
	1102

	4.
	1: 2.0
	4.15
	46.0
	922

	5.
	1: 2.5
	3.75
	41.7
	833

	6.
	1: 3.0
	3.50
	38.9
	778

	7.
	1: 3.5
	3.40
	37.8
	755

	8.
	1: 4.0
	3.15
	35.0
	700


The value of thermal conductivity of different categories of perlite concretes measured in the laboratory as per IS: 3346/1980 are given      Table 4.

The value of sound transmission loss measured in the laboratory as [4,5] per ASTM E-90 and computed values of overall thermal transmittance of the perlite concrete are given in Table 5 and Table 6 respectively.

Table 4

Thermal conductivity values measured by Guarded Hot Plate apparatus.

	S. No.
	Cement/litemix
	Density (kg/m3)
	K- Value (W/mK)

	1.
	1:0.5
	1350
	0.282

	2.
	1:1.0
	1250
	0.267

	3.
	1:1.5
	1102
	0.239

	4.
	1: 2.0
	922
	0.206

	5.
	1: 2.5
	833
	0.194

	6.
	1: 3.0
	778
	0.184

	7.
	1: 3.5
	755
	0.149

	8.
	1: 4.0
	700
	0.141


Table 5

Sound transmission loss in dB

	S. No.
	Cement/litemix
	Thickness

(cm)
	Mass density     (Kg/m2)
	STL (dB)

	1.
	1:0.5
	5.0
	72.2
	49

	2.
	1:1.0
	5.0
	62.2
	47

	3.
	1:1.5
	5.0
	54.4
	46

	4.
	1: 2.0
	5.0
	46.0
	44

	5.
	1: 2.5
	5.0
	41.7
	42

	6.
	1: 3.0
	5.0
	38.9
	38

	7.
	1: 3.5
	5.0
	37.8
	37

	8.
	1: 4.0
	5.0
	35.0
	36


Table 6

Overall thermal transfer coefficient (U –Value) of Perlite Concrete for (hi = 8.0 W/m2 K) and (h0 = 20 W/m2 K)

	S. No.
	Cement/litemix
	Thickness

(cm)
	U-Value

(W/m2K)

	1.
	Perlite   (1: 0.5)
	5.0
	2.84

	2.
	Perlite   (1: 1.0)
	5.0
	2.76

	3.
	Perlite   (1: 1.5)
	5.0
	2.60

	4.
	Perlite   (1: 2.0)
	5.0
	2.39

	5.
	Perlite   (1: 2.5)
	5.0
	2.31

	6.
	Perlite   (1: 3.0)
	5.0
	2.24

	7.
	Perlite   (1: 3.5)
	5.0
	1.96

	8.
	Perlite   (1: 4.0)
	5.0
	1.89


  As we have discussed earlier the thermal conductivity of perlite concrete varies with density.  A curve of K – Value and U – Value with density of perlite concrete is shown in fig. 2.


Apart from these observations the sound transmission loss by these Perlite Concretes for one third octave bands (100 – 3150) Hz are shown in figure 3.

Discussion

In general for concrete material, thermal property improves as density decreases.  In the present study as the ratio of Litemix (Perlite) increases, 

density of the Perlite concrete decreases.  The application of Perlite concrete depends on its density also.  From fig. 2 and Table 4, it is observed that as density of Perlite Concrete increases, K-Value also increases and varies between 0.126 W/m K to 0.67 W/ m K for densities ranging from 550 Kg/m3 to 1850 Kg/m3.  Similarly U-value also increases with rising density of the Perlite concrete.

As mentioned the acceptance level of U-value for roofs for different regions, the perlite concrete with high density or lower ratio of 1: 3.0 with concrete also satisfy the minimum requirement for indoor thermal comfort.  By taking Perlite concrete of high ratio of litemix 1: 4.0, only a 2.5 cm thick additional layer above RCC roof may bring the U-value upto the acceptance level. Because U-value of (5 cm) the Perlite concrete   gives far lower value of (1.89 W/m2K) than the acceptance level of 2.2 W/m2 K.

By observing the sound transmission loss level of Perlite concrete from table 5, it is found that as the ratio of Perlite in the product is increased the value of STL is reducing.  Apart from this the sound transmission loss level of Perlite concrete in combination with slabs/wall section is found to be useful as partition wall where the ambient noise level is around 70 dBA. Acoustic insulation data shown in table 5 is suitably comparable with acceptable overall noise levels needed for various activities shown in                table 2.[6]

As we go on increasing the ratio of litemix in Perlite concrete, it is observed from table 2 and table 5 that by taking the ratio of (1 : 2) of cement and Perlite  concrete, it satisfy the STL level for large public office, banks, Restaurant and Canteen etc.  When the ratio of Pertile increases up to (1: 3.5), it satisfy the STL level for Class rooms, court rooms, apartments, hotel & homes, Conference room, small offices and even of                         libraries requirements.

Cement concrete, used as a partition wall between the room and lobbies etc. can be useful for acoustical purposes as its STL value are quite attractive.  However, as such they fail to produce adequate thermal insulation in hot-dry region or air-conditioned buildings.  Perlite mixed with concrete enables the blocks to behave reasonably suitable for application as partition wall.  A   ratio of 1: 4 of cement and Perlite mix is even suitable to 

behave good for thermal performance, it is clear from the table 1. Perlite concrete slab may be used as exposed layer of roof. Generally Perlite concrete is used with a waterproof coat. A better ratio of cement and perlite will provide good sound insulation but a better ratio of perlite and cement is recommended for better thermal resistance keeping in view the application of perlite concrete mix thermal or acoustical benefits can be drawn. Further the durability of Perlite cement combination is quite high. As per rough estimation it is more than 20 years even if it subjected to heavy rainfall.

One advantage of using Perlite concrete as a thermal insulation material is that no extra layer of thermal insulation needed. The Perlite concrete acts as a built-in thermal insulation in concrete itself.   

CONCLUSION


From the above study based on experimental measurement in the laboratory, following points may be concluded.


The value of K and U decreases with increasing value of Perlite ratio in Perlite concrete.  The Perlite concrete with different ratio of Perlite and cement may be used as a good roof insulation for all regions of the country.  As it satisfy the acceptance level of K and U-values for achieving indoor comfort. Perlite concrete with waterproof coating may be used as the exposed surface of the roof.


It is also found that even by increasing the ratio of Perlite concrete the sound transmission loss values of the slabs are acceptable for various applications as sound insulating walls and ceilings. Keeping in the view the above points, it can be concluded that Perlite concrete is technically superior thermal insulating material comparing with other conventional construction materials. Acoustical insulation data of Perlite concrete is comparable with acceptable overall noise levels needed for various activities described above.


From the above study it is understood that by increasing the ratio of Pertile in Pertile concrete its thermo-acoustical property improves.  Thus it serves the dual purpose and will be very much useful where the requirement of indoor environment will be thermal and acoustical. By using a layer of Pertile concrete on roof, thermal comfort may be achieved along with acceptable indoor noise levels. 


It is recommended that a better ratio of Perlite and cement will provide better thermal resistance keeping STL levels acceptable. Hence keeping in view the application of perlite concrete mix thermal or acoustical benefits can be drawn.   
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ACOUSTIC INSULATION BETWEEN RESIDENTIAL

APARTMENT BUILDINGS

R.K.SRIVASTAVA & R.L.DHABAL

( Scientists, Central Building Research Institute, Roorkee-247667)

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. 
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