University of Wales
Trinity St David








Lighting Layout & Sound Index Calculation









Leigh Potts











Material Science and Building Services ACBA4006

Allan Nantel




20 April 2021                                                                                                                     1815 Words

Table of Contents
Introduction	3
Task A	4
1/1 The Room Index	4
1/2 Utilisation factor	5
1/3 The Number of lamps required	7
1/4 A suitable spacing layout for the lamp fittings	9
TASK B	11
1a.  SRI Value of brick wall	11
1b.  SRI Value of window	12
2.  Overall average transmission coefficient	13
3 Overall Average SRI Value	14
Frequency & wavelength	15
Internal Sound Management	16
Partition Wall Construction Technique	17
The Insulation of choice	18
Conclusion	19
References	20





[bookmark: _Toc69804865]Introduction

This assignment will firstly recommend a suitable lighting layout for a production area in a factory by calculating the room layout, the utilisation factor and the number of lamps required.  It will then calculate the overall sound reduction index for a wall area before discussing the implications of frequency and wavelength in internal sound management, partition walls and the choice of insulation
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What we know

Room Length 		60 metres
Room Width		24 metres
Room Height		8 metres
Working pane		1 metre above floor
Ceiling Reflectance	0.3
Wall Reflectance	0.5
Fixtures		Fluorescent lamps in recessed Louvre
DLOR			50%
Size of Luminaires	1200mm x 200mm
LDL output Required	18,000 lumens
Illumination Required	200 lux
Light Loss Factor	0.75

RI =      ( L x W)   
          Hm (L+W)

RI 	Room index
L	Length of room
W	Width of room
Hm	Height of the luminaire from the working pane

Hm = Luminaire height  – Height of working pane
Hm = 8 – 1 
Hm = 7

RI =      60 x 24 
          7 (60 + 24)

RI =        1440
	   588

RI =      2.45

Room Index value is 2.5
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What we know

Room Length 		60 metres
Room Width		24 metres
Room Height		8 metres
Working pane		1 metre above floor
Ceiling Reflectance	0.3
Wall Reflectance	0.5
Fixtures		Fluorescent lamps in recessed Louvre
DLOR			50%
Size of Luminaires	1200mm x 200mm
LDL output Required	18,000 lumens
Illumination Required	200 lux
Light Loss Factor	0.75
Hm			7
Room Index value 	2.5

1. On referencing the Utilisation factor sheet (Fig 1)
2. Locate the row titled Recessed louvre in the column Description of fitting
3. Check the DLOR is 50%
4. In the Room Index column, where it connects with the Recessed louvre column find the room index closest to the room index needed which is 2.5
5. Draw a line horizontally across that row.
6. In the reflectance’s columns at the top of the page, first locate the correct ceiling reflectance which is 0.3
7. Below that in the same column are the wall reflectance’s, locate the wall reflectance needed which is 0.5 and draw a line down that column

At the intersection of the Room Index row and the Wall Reflectance column the Utilisation Factor needed will be located.

The Utilisation Factor is 0.46

Utilisation Factor Sheet[image: A picture containing table
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What we know

Room Length 		60 metres
Room Width		24 metres
Room Height		8 metres
Working pane		1 metre above floor
Ceiling Reflectance	0.3
Wall Reflectance	0.5
Fixtures		Fluorescent lamps in recessed Louvre
DLOR			50%
Size of Luminaires	1200mm x 200mm
LDL output Required	18,000 lumens
Illumination Required	200 lux
Light Loss Factor	0.75
Hm			7
Room Index value 	2.5
Utilisation Factor 	0.46
				      
N =   	E x A
       F x UF x LLF

N 	Number of lamps required
E 	Illuminance level required (lux)
A	Area at working pane (m2)
F	Average luminous flux from each lamp (lm)
UF	Utilisation factor
LLF	Light loss factor

Area at working pane 	=	 L x W
A			=	60 x 24
A		             = 	1440

N =        200 x 1440
        18000 x 0.46 x 0.75

N = 	288000
	  6210

N = 	46.38

Lamps required = 46



Illumination provided is for 70% of the maximum permitted.  For design purposes the following provides the maximum number of lamps.

Maximum lIllumination	 = 	Minimum lux
			     			0.7 
Maximum illumination 	=	200
					 0.7

Maximum illumination 	= 	286

Therefore, the maximum number of lamps 

N = 	     E x A
	F x UF x LLF

N = 	       286 x 1440
	18000 x 0.46 x 0.75

N = 	411840
  6210

N = 	66.31

Maximum lamps = 66
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What we know

Room Length 		60 metres
Room Width		24 metres
Room Height		8 metres
Working pane		1 metre above floor
Ceiling Reflectance	0.3
Wall Reflectance	0.5
Fixtures		Fluorescent lamps in recessed Louvre
DLOR			50%
Size of Luminaires	1200mm x 200mm
LDL output Required	18,000 lumens
Illumination Required	200 lux
Light Loss Factor	0.75
Hm			7
Room Index value 	2.5
Utilisation Factor 	0.46
Minimum lamps	46
Maximum lamps	66

For fluorescent tubes in diffusing luminaires as specified

Smax = 1.5 x Hm
				
Smax 	Maximum spacing between fittings (m linear)
Hm	Height of the luminaire measured from the working pane (m)

Smax = 1.5 x 7 = 10.5       
Maximum spacing between fittings = 10.5 metres

Spacing options
	Number of Lamps
	Lamps across length
	Lamps across Width
	Spacing on Length (m)
	Spacing on Width (m)

	48
	12
	4
	5
	6

	48
	16
	3
	3.75
	8

	50
	10
	5
	6
	4.8



I believe 48 lamps in 4 rows of 12 would be the better option due to a more equal spacing between lamp centres.

Lamp centres on the width – 	End lamp to wall 3 metres
				Lamp to Lamp 6 metres
Lamp centres on Length      -	End lamp to wall 3 metres (same as width)
				Lamp to Lamp 4.909 metres*
*60 – (3+3) = 54.   54/11  = 4.909		

Lighting Diagram
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To calculate the overall sound index for the entire wall I will need to 
1. Calculate the SRI value of each component
2. Calculate the overall average transmission coefficient
3. Calculate the overall average SRI value
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What we know

Brick wall area				20 m2
Brick wall sound reduction		50 dB
Window Area				4 m2
Window sound reduction 		10 dB

SRI	=	10 x (log10 (1/T))

SRI = 	Sound Reduction Index
T    =	Transmission coefficient of component

SRI	=	10 x (log10 (1/T))
50	=	10 x (log10 (1/T1))
5	=	log10  x (1/T1)

If the equation is 			X  =  logA x Y

Then this can be changed to 		Y  =  AX

1/T1	=	105
T1	=	10-5

Transmission coefficient of the brick wall = 0.000010
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What we know

Brick wall area				20 m2
Brick wall sound reduction		50 dB
Window Area				4 m2
Window sound reduction 		10 dB
Transmission coefficient of brick	10-5

SRI	=	10 x (log10 (1/T))

SRI = 	Sound Reduction Index
T    =	Transmission coefficient of component

SRI	=	10 x (log10 (1/T))
10	=	10 x (log10 (1/T2))
1	=	log10  x (1/T2)

If the equation is 			X  =  logA x Y

Then this can be changed to 		Y  =  AX

1/T2	=	101
T2	=	10-1

Transmission coefficient of the window= 0.10
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What we know

Brick wall area					20 m2
Brick wall sound reduction			50 dB
Window Area					4 m2
Window sound reduction 			10 dB
Transmission coefficient of brick wall		10-5
Transmission coefficient of window		10-1

To 	=	(T1  x  A1)  +  (T2  x  A2)…
		             A1  +  A2…

To 	= Overall transmission coefficient
T1	= Transmission coefficient of one component
A1	= Area of that component

Brickwork Area =	  20 – 4 = 16

To 	=	(T1  x  A1)  +  (T2  x  A2)
		             A1  +  A2

To	=	(10-5 x 16) +  (10-1 x 4)
		 	16 + 4	

To	=	  0.00016  +   0.4
			20

To	=		0.40016
			      20

To 	=		0.020008
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What we know

Brick wall area					20 m2
Brick wall sound reduction			50 dB
Window Area					4 m2
Window sound reduction 			10 dB
Transmission coefficient of brick wall		10-5
Transmission coefficient of window		10-1
Average transmission coefficient		0.020008

SRI	=	10 x (log10 (1/T))
SRI	=	10 x (log10 (1/0.020008))
SRI	=	10 x (log10  49.980007)
SRI	=	10 x 1.69
SRI	=	16.9

SRI For entire wall = 17dB
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Usually measured in Hertz, frequency is the number of sound waves to pass a given point in a specified time.  It describes how high the pitch is.  The wavelength is the distance between two repeating points on a wave (Raymond Serway, 2006).  
There is a direct correlation between frequency and soundwaves.  Low pitched sounds have a long wavelength and low frequency, and high-pitched sounds have a short wavelength and high frequency (Lumen Learning, 2021).  This has a huge impact on comfort levels, longer wavelengths of low-pitched sounds can transmit through most things and aren’t absorbed
When designing buildings, it is beneficial to take into account noise control.  The materials used in construction can help reduce sound passing through external walls and also sound created inside the building from travelling between rooms (McMullan, 2007).  An object must be thicker than the wavelength in order to significantly disturb the sound field
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In residential properties sound travels either through the air or through the structure of the building, these sounds are referred to as airborne sound and structural sound.

Airborne sound is sound traveling through the air such as voices or traffic noises from outside.  The soundwaves travel from the source through the air, hit a building layer, vibrate that layer, travelling through each layer before radiating out into the next room.  The SRI values of each layer would affect how much the sound would have attenuated in the process. 
Building document Part E gives good advice on how to combat these sounds in a new build house, cavity walls, insulation and double-glazed windows would help attenuate airborne sound from outdoors.  Floating screeded floors sat on insulation, partition walls as described in the following section and suspended ceilings will all help attenuate noise generated inside the home. (Peek, 2016)

Structure-borne sound is sound usually of low frequency that is “sound that is carried via the structure of a building fabric.”  Structure-borne sound occurs from the impact on an object such as footsteps on a floor or noisy water pipes from the central heating system.  Similar to the airborne process the sound would generate in a building layer, vibrating through and radiating out into the rooms (Peek, 2016).
Carpets, underlay, noise reducing mounts on pipework and ductwork and an airgap whenever possible to prevent the vibration of the impact reaching further rooms would be beneficial in attenuating structure-borne noise (HAthaway, 2019).  

[bookmark: _Toc69804878]Partition Wall Construction Technique

The example below in Figure 1 shows a timber frame stud wall with acoustic insulation, plasterboard skins and plaster finish.  By filing the cavity with acoustic insulation, this helps to absorb the sound and decrease resonance.  If the space was left empty and the wall remained hollow any sounds inside would echo, resonate and amplify creating a louder sound known as the drum effect.  The outer layers provide mass and insulation to the wall.  This can be improved by using acoustic boards, thickening the layers of plasterboard or by using an insulated acoustic board to decrease any vibrating energy transferring through the timber wall studs.  Skimming the walls will add to the completeness. 

[image: Acoustic insulation for floors and walls]Fig.1
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Insulation is the main way of governing impact and airborne sound inside buildings.  The insulation reduces the sound energy transmitted into an adjacent air space and is assessed by measuring its sound reduction index (SRI).   (McMullan, 2007)
The performance of sound insulation relies on frequency and the Mass Law predicts the subsequent effect on frequency - “Sound insulation increases by about 5 dB whenever the frequency is doubled. 
The integrity of the structure hinges on the airtightness and uniformity of its construction.  Sections with missing insulation will have a great effect on its performance.  Good properties of sound insulation are heaviness, completeness, flexibility and isolation.
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The choice of layers in constructing a building is very important when it comes to sound management.  The composition and thickness of these layers plays a big part in attenuating noise from both outside and noise created internally.  Contrasting material characteristics are needed to deal with noise of different wavelengths and to ensure the most efficient sound management, all aspects of the construction need to be taken into account.
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