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ABSTRACT 

In modern constructions, building service electrical equipment is the most used in residential 
and commercial buildings. These equipment cause structure-borne and airborne noise, annoyance on 
people living inside buildings. The need to meet design limits on machinery noise installed in 
buildings means that there is a requirement for reliable prediction methods to optimize engineering 
designs and achieve the indoor acoustic comfort and satisfaction.  

This paper provides simplified prediction models for a practical approach to the estimation of 
sound levels due to service equipment in building spaces. Acoustic model, ISPL1 was constructed for 
estimation sound pressure levels in source room of machinery noise. The acoustic models, ISLP2 
were constructed for estimation sound pressure levels in adjacent rooms to the machinery area.  The 
acoustic prediction models; (ISLP2) include sound insulation model; SRIPM2 and sound pressure 
levels model; (ISLP3) for estimating sound pressure levels in adjacent rooms. Also prediction model; 
PMSBN was constructed for estimating structure born noise due to vibration on the floor below the 
machinery area. These models have been constructed using "MATLAB-Program 2017 a". 

The constructed prediction models were applied on indoor gensets as a case study. The acoustic 
performance in genset room, adjacent room, the rooms above and under the genset area, was predicted 
by the use of the constructed prediction models. Comparison between the predicted and the measured 
acoustic performance was implemented to evaluate the prediction models results. The results of 
prediction models achieve good accuracy and logic values. The prediction models were used to assess 
the acoustic performance due to noise coming out from gensets and allow achieving sufficient noise 
control that the noise criteria will be met at different locations. 

 
Keywords: Acoustic comfort, indoor sound pressure level, duct attenuation, sound absorption, noise 

rating, apparent sound reduction index, normalized impact sound pressure level. 

 
Introduction 

Industrial machinery (building service equipments of high noise) such as generators, cooling 
tower, chillers are composed of various noise sources.  This source of noise can propagate through air 
(air-borne noise), through solids (structure-borne noise), diffraction at the machinery boundaries, 
reflection from the floor, wall, ceiling and absorbed on the surfaces. Therefore any noise control 
measure should be carried out after a source ranking study, using identification and quantification 
techniques (Samir, 1990; Gustav, 1990]. Prediction models for the indoor sound pressure level, 
airborne and impact sound transmission in buildings have recently been established (EN 12354). 
These models are complex and they are not completely easily applicable. So there is a need for 
simplified models to be applied in the field of building acoustics. The installation of building services 
equipment of high noise can cause noise problems that cannot be resolved, besides the cost of 
solutions can be very expensive.  

The qualities of the acoustic environment that are conducive to human health, ensuring a 
suitable acoustic environment for individuals to do any of the following sleep; study or learn; be 
involved in recreation, including relaxation and conversation; protecting the amenity of the 
community and investigation of acoustic comfort in building (Linde Man,2017). Therefore, it is 
desirable to have design tools available that can predict sound levels emitted from such machinery to 
achieve required noise criteria in buildings (Gerretsen, 1993). Acoustic prediction models are 
generally constructed to be used in the design stage to save time, effort and cost and to protect the 
environmental values acoustically . 
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Therefore. The main objective of this paper is to construct simple and accurate acoustic 
prediction models to assess the acoustical environment and thus allowing the application to apply 
possible noise control measures in buildings. 

  
1. Experimental work for case study 

Diesel Generator Sets (Gensets) are used primarily for emergency power generation or stand-by 
power in case of power failure. In the case of emergency power these gensets are an extremely 
important piece of equipment for hospitals, commercial, and governmental buildings. If these 
facilities are located near noise sensitive areas. Here lies the importance of genset noise control and 
acoustical treatments. Gensets have three areas that create the majority of the high sound levels, the 
motor, the motor exhaust and the radiator or cooling fan. The motor and radiator require large 
volumes of air to keep them cool and operating 

For the purpose of study, an example of 3 diesel gensets each of 1600 kVA in MV-level (11 
kV) are installed in podium level 3 - Nile Corniche Cairo hotel project located in room no 207 without 
enclosure. The genset systems include MV- generators and exhaust systems with silencers. Also anti-
vibration mountings were used to reduce the transfer of vibration from the units to building structure. 
The genset room is above AHU mechanical room in podium level PO-02, and is below the AHU 
mechanical room in level 4.  The layout of the gensets in their room is shown in (Fig. 1). The 
description and the required acoustic specifications are issued in (Ryan, 2010). 
 

 

Fig.1. Layout of gensets room No. 207 in podium level 3  
 

Genset noise measurements  
The measurements of noise within genset room were carried out, where exhaust systems are 

equipped with silencers. The measurements have been carried out according to (ANSI/AHRI Standard 
575,2008) using sound level meter type 2270, frequency analysis software BZ-7223 and 1/2 inch 
microphone type 4189 for the measurement of sound pressure levels in the room. The sound level 
meter was calibrated before the measurement by using an acoustic calibrator type 4231. (Table. 1) 
shows the results of the sound pressure levels measurements for the 3 gensets, working to gether at 
the same time. 
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Picture of measurements within genset room No. 207 in podium level 3 

 

Table 1: Measurements of sound pressure levels for 3 generators together in genset room. 
Measurement at the center of the room 

Octave freq. 63 125 250 500 1000 2000 4000 8000 
SPL in dB 93 99 104.1 106.5 104 103.5 101 99.2 
SPL in dBA 110 

 

2.2. Prediction of noise level emitted from gensets and results 
The prediction model (ISPL1) was constructed to estimate the noise levels emitted from the 

gensets in the room. The flow chart of the constructed prediction model (ISPL1) is shown in Fig. 2. 
This model depends mainly on Eq. 1 (ASHRAE, Sound and Vibration,1997) 

�� = �� +  10 ����� � 
4

�
+ 

�

4���
 �              (1) 

Where: 

 ��: Sound pressure level, 

 L�: Sound power level,  

R:  Room constant in m2,  

r:  Distance between the source of sound and the receiver in m ,  

Q:  Directivity factor for the sound source 

The sound pressure levels emitted from the 3 gensets were estimated at the center of the room. 
The input of the prediction model (ISPL1) is given in (Table 2). The sound power at 63 is not 
applicable so the was carried out at octave band frequencies from 125 to 8000 Hz. 

Table 2: Input of the program used to calculate sound pressure levels  
Octave frequency (Hz) 125 250 500 1000 2000 4000 8000 
Average sound absorption coefficient for internal 
surfaces (dB) 

0.10 0.05 0.06 0.07 0.09 0.08 0.09 

*Sound power of gensets (dB) 107 109 113 111 111 107 106 
Genset room dimensions (m) 
Directivity factor 2 2 2 2 2 2 2 
A-weighting correction factor -16 -9 -3 0 1 1 -1 
* From manufacture catalog  

Comparison between measured and predicted sound pressure levels of the 3 gensets was carried 
out and the results are given in table 3 and are shown in Fig. 3.  

The noise rating (NR) of predicted sound pressure levels of 3 gensets in their room is 110 as 
given in Fig. 4. The required (NR) in genset room should be NR 105 according to the acoustic 
specifications issued by Nile Corniche/ Cairo project (Ryan,2010). So the genset room needs acoustic 
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treatments for the internal surfaces to improve acoustic performance. The internal surfaces were 
covered with sound absorptive systems that reduced the sound pressure levels in generator room as 
given in the following section.  
 

Table 3:  Comparison between measured and prediction sound pressure levels in gensets room 

Octave band 
frequency (Hz) 

Predicted SPL 
(dB) 

Measured SPL 
(dB) 

Difference in dB 

125 101.5 99 2.53 
250 106.7 104.1 2.50 
500 109.8 106.5 2.7 

1000 107.1 104 2.98 
2000 105.9 103.5 2.32 
4000 102.5 101 1.49 
8000 100.9 99.2 1.71 

 
2.2 Mitigation of genset noise in genset room 

For mitigation noise in genset room, the surfaces of the internal wall covered with gypsum 
board layer 15 mm with 300 mm air gap with 50 mm Rockwool of 100 kg/m2. Also 3 layers 15 mm 
of gypsum board and 100 mm mineral wool with air gap 300 mm were added on the ceiling as shown 
in Fig. 9.  The sound pressure levels in genset room after acoustic treatments have been predicted by 
using acoustic model ISPL1. Figure 5 shows that the noise rating is improved to NR 100. The sound 
absorption coefficients α of the internal surfaces in genset room are given in Table 4. 

 

 

Fig. 2: Scheme diagram of prediction sound pressure levels model in room (ISLP1) 



Curr. Sci. Int., 8(2): 349-362, 2019 
ISSN: 2077-4435 

353 

 
 

Fig. 3: Comparison between predicted and measured sound pressure level at the center of genset room 

 
Table 4: Sound absorption coefficients α of the internal surfaces in generator room after treatments 

Octave band 
frequency (Hz) 

Sound absorption coefficients 
α1 for flooring α2 for internal  wall surfaces  α3 for ceiling 

125 0.07 0.26 0.4 

250 0.1 0.74 0.86 

500 0.05 0.88 0.99 

1000 0.06 0.84 1.02 

2000 0.07 0.63 1 

4000 0.09 0.58 0.95 

8000 0.08 0.57 0.75 
 

 

Fig. 4: Noise rating for the predicted sound pressure levels in genset noise NR 110 
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Fig. 5: Noise rating NR 100 in genset room after acoustic treatments 

The sound pressure levels emitted from each genset have been predicted at the louvers (outlet 
and inlet) according to the prediction model (ISPL1) in genset room to predict the required sound 
attenuation to achieve the required noise criteria. Table 5 gives the predicted sound pressure levels at 
the outlet and the inlet louvers. The project specifies that the required sound pressure level at louvers 
is 60 dBA. Therefore the sound attenuation required is 43 dBA, to achive the noise criteria .  The 
required sound attenuation can be implemented by the use of suitable duct attenuator that depend on 
attenuator size, air flow and static pressure loss. Also acoustic suitable louvers for the openings can be 
used to attenuate the noise.  

 
Table 5: Sound pressure levels at the outlet and the inlet louvers in genset room 

Octave band 
frequency 

(Hz) 

Predicted SPL @ 

outlet  louver 

Predicted SPL @ 

inlet louver 

Req. SPL 

@Louvers in 

dBA 

Req sound 

attenuation 

125 96.98 97.05  
 
 

60 

 
 
 

43 

250 94.79 93.82 
500 97.07 96.85 
1000 95.21 94.85 
2000 95.59 95.82 
4000 92.30 92.18 
8000 92.29 92.21 
dBA 103 103 

 

2.3 Prediction of genset noise transmitted into adjacent rooms 

Acoustic prediction model; (ISLP2) was constructed for estimating the sound pressure level 
transmitted into adjacent rooms; beside, under and above the genset room. This model; (ISLP2) 
includes the (ISLP1) prediction model for estimating sound pressure level in generator room and 
prediction model SRIPM2 for estimating the apparent sound reduction index of the separating element 
(wall or floor). Also the prediction model; (ISLP2) includes ISLP3 model for estimating sound 
pressure level in adjacent rooms Fig. 6. 
1. Prediction model SRIPM2 was constructed to estimate the apparent sound reduction index 
that is based on Eq. 3 (EN 12354 part 1,2000). 

��� = −10 log �10����.� ��⁄  + � 10����.� ��⁄

�

�����

�                                               (3) 

Where: 
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���.�: Weighted sound reduction index for direct transmission, (dB). 

R��.� : Weighted flanking sound reduction index for the transmission path Ff, (dB)  

� :  Number of flanking elements in the room. 
 

The flanking sound calculated according Eq. 4 (EN 12354 part 1,2000). 

��� =
��

2
+  ∆�� +  

��

2
+ ∆�� + ��

�,�� + 10 log �
��

�����

�     ��                                     (4)   

Where: 

��: Sound reduction index in the source room   

��:  Sound reduction index in the receiving room   

∆��: Sound reduction index improvement by additional layer for element in the source room   

∆��: Sound reduction index improvement by additional layer for element in the receiving room   

��
�,�� :Velocity level difference between element I and j in decibels 

��: Area of separating element in square meters 

����: Area of element in source room and receiving room in square meters 

For simplified model Dv;Ff can be calculated according to (Gösele K,1984) for a rigid connection 
between flanking components and separating components as follows: 

��
�,�� = �20 log

���
�

���
�

+ 12�    ��                                              (5) 

Where: 
m��

�: Mass per unit area of the separating partition 
m��

�: Mass per unit area of the flanking partition, This Equation is only valid for a cross junction; for a 
T-junction, only 9 dB are assessed instead of 12 dB. 
Prediction model ISLP3 was constructed to estimate the sound pressure levels based on Eq. 6 
(ASHRAE, Sound and Vibration,1997) 

��� = ��� − �� − 10 log �
��

�� �                                                                               (6)                   

Where   
LRR: sound pressure level in receiving room. 
 LSR: is the sound pressure level in source room. 

R' : is the apparent sound reduction index of the wall or floor 

��: is the area of the separating element  

2.4. Predicted sound pressure levels in adjacent rooms and results  

The apparent sound reduction index was predicted in MV switch room adjacent to the genset 
room (Fig. 7). The description of walls between genset room and adjacent rooms is double wall of 
concrete masonry unit CMU, 20 cm thickness, 1700 kg/m3. The details of the separated walls and 
floors are as shown in (Fig. 8). The construction of floor and ceiling above the generator room is 300 
mm concrete slab of density 2400 kg/m3, 30 cm air cavity, 100 mm mineral wool and 3 layer of 
gypsum board 15 mm as shown in (Figs. 8 and 9). The construction of floor under the generator room 
is 500 mm concrete slab of density 2400 kg/m3, air cavity,100 mm mineral wool and 3 layer of 
gypsum board 15 mm as shown in given in (Figs. 8 and 14).  The sound pressure levels transmitted 
into adjacent rooms were carried out by using prediction model ISPLP2 without any other sound 
sources. Table 6 summarized the predicted apparent sound reduction index of wall, floor / ceiling of 
generator room  

Figure 10 shows the predicted sound pressure levels that transmitted into beside room of the 
genset room (MV switch room). The predicted sound pressure levels that transmitted to the above 
room (AHU Plant room) are as shown in (Fig. 12). the predicted sound pressure levels that 
transmitted into AHU plant room below the genset room is shown in (Fig. 15).  
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Fig. 6: Schematic diagram of prediction sound pressure levels model (ISLP2) in room  

 

 

Fig.7: Layout for the MV-switch adjacent room 
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Fig. 8: Details of walls between generator room and adjacent rooms 

 

Fig.9: Typical junction details at the head of partition. 

 

Fig. 10: Sound pressure level in dB in MV switch room 
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Fig. 11: Layout for AHU plant room above genset room 

 

Fig. 12. Sound pressure level in dB in AHU plant room above the genset room  

 

Fig. 13: Layout for mechanical rooms below genset room 
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Fig. 14: Junction details at the floor of partition 

 

Fig. 15: The sound pressure level in dB in mechanical room under the genset room 

 

Table 6: Summary of the predicted apparent sound reduction index wall, floor /ceiling of genset room  

Building element Apparent sound reduction index in dB  
RW 

125 250 500 1000 2000 4000 8000 
Wall between the genset room and MV switch 
room 

43.8 55.01 60.4 59.4 59.3 57.9 58.28 58 

Floor between the generator room and 
mechanical room below genset room   

55 66.5 71.7 80.7 80 79 85 65 

Floor between the generator room and AHU plant 
room above the  genset room    

44.5 57 62.2 70.2 70.1 68.7 72 75 

 

Table 7: Summary of the sound pressure level in room beside, above and below the genset room 

Octave band frequency (Hz) 
The Sound Pressure level in dBA Total SPL 

in (dBA) 125 250 500 1000 2000 4000 8000 

MV switch room besides the genset 55.9 59.5 60.7 57.3 54.9 51.1 45.9 63 

AHU plant room above the genset 46.7 27.1 28.3 24.9 22.5 18.7 13.6 46 

Mechanical room below genset 37.2 17.7 18.9 15.5 13.2 9.3 4.2 37 
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2.5 Measurement and prediction of structure born noise of floor below genset room.  

Hand-held Analyzer Type 2270 with BZ-7223 software was used to measure the structure born 

sound pressure level (impact sound) in mechanical room below genset room according to (BS EN ISO 

140-7 ,1998) 

The normalized impact sound pressure level (L'n) of floor below genset room was predicted 

according to the PMSBN constructed model. The flow chart of prediction model PMSBN is shown in 

(Fig. 16).  This model depends mainly on the relation in Eq. 6 (DIN EN 12354-2,2002) 

��,�
� = ��,�,�� −  ∆�� +  ��                                                         (6)  

Where:  
L�,�

� : Weighted normalized impact sound pressure level of floors 
L�,�,�� 

� : Equivalent weighted normalized impact sound pressure level of the floor 

structure according to EN 12354-2 and as given in Eq. 7: 

��,�,�� = 164 − 35 log��

��

1 �� ��⁄
                                (7) 

Where  

m�:  Surface mass of floor in kg/m2(DIN EN 12354-2,2002).  
∆L� ∶ Weighted reduction in impact sound pressure level of resilient covering (Gerhard 
Muller,2013) 
K� : Correction factor for flanking transmission in dB according to Table 1 in( EN 12354-
2, 2000)  

2.5.1 Measurement and prediction results of structure born noise of floor below genset room 

Figure17 shows measured and the predicted normalized impact sound pressure level Ln, due to 
vibration on the floor below genset room. The predicted weighted normalized impact sound pressure 
level (Ln,w) is 39. In Table 9 the difference between measurement and prediction of the normalized 
impact sound pressure level (L'n ) is given. 

 

Fig. 16: Schematic diagram of prediction model (PMSBN) for structure born noise due to vibration 
on the floor below genset room  
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Table 9: Difference between measurement and prediction of the normalized impact sound pressure 
level (L'n ) 

Octave band frequency  
(Hz) 

Difference 
in dB 

125 3 
250 3.5 
500 3 

1000 2.5 
2000 2.5 
4000 2 

 

 

Fig. 17: Prediction of the weighted normalized impact sound pressure level (Ln, w) below 

genset room 

Conclusion  

The indoor acoustic performance due to noise of building services can be modeled by using simplified 
perdition methods. The constructed simplified acoustic models are as follows: 
 ISPL1 for estimation sound pressure levels in rooms of source machinery noise.   
 ISLP2 for estimation sound pressure levels in adjacent rooms of source machinery noise.   
 PMSBN prediction model for estimating structure born noise due to vibration on the floor below the 

machinery area.  
The acoustic prediction models; (ISLP2) include sound insulation model; SRIPM2 and sound 

pressure levels model; (ISLP3) for estimating sound pressure levels in adjacent rooms. The flowchart 
for each model illustrated. The constructed models were applied on case study for predicting the 
acoustic performance of 3 genset noise in their room. The constructed simplified acoustic models 
were used to estimate sound pressure levels in gensets room and the required sound attenuation to 
achieve the acceptable noise criteria. The transmitted sound pressure levels in the naghbour room, the 
room above and the room below the gensets room were predicted. The results of predicted sound 
pressure levels have been compared to the acoustic measurements. The results of prediction models 
achieve good accuracy and logic values.  

The predicted sound pressure levels by using acoustic model ISPL1 in genset room were 
greater than the required noise criteria and therefore the noise rating has been improved to NR 100 by 
adding more sound absorptive material on the internal walls and ceiling. The prediction of sound 
attenuation at louvers (outlet &inlet) for each genset is 43 dBA that can be implemented by the use of 
suitable duct attenuator and acoustic louvers for the openings to achieve the required sound pressure 
level at louvers. 

The predicted equivalent sound pressure level that transmitted into room adjacent to the gensets 
room is 63 dBA. The predicted equivalent sound pressure level that transmitted into the room above 
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the gensets room is 46 dBA. The predicted equivalent sound pressure level in the room below the 
gensets room is 37 dBA. The predicted weighting normalized impact sound pressure level for floor of 
gensets room is 39 dBA 

The prediction models are easy and simple to apply in the design stage of building acoustic. 
Also they are required for study and evaluation of the acoustic performance due to noise of building 
services equipment for achieving sufficient noise control and to leave no doubt that the noise criteria 
can be met at every sensitive location. 
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