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In large offices that are often crammed with equipment and occupants, assessing the noise levels 
of such spaces becomes significant for the enhancement of users’ acoustic comfort. A high-rise 
green building in Malaysia was selected in this work where its aural levels and occupants’ 
reception of their acoustic environment were assessed simultaneously through a field survey, 
which covered both objective and questionnaire assessments. The findings showed that the 
measured sound pressure levels slightly exceeded the green building index’s internal noise level 
criterion for open plan office due to the influence of background and other intermittent noise. 
Moreover, a significant proportion of the occupants opined that the noise emitted from the 
ventilation system was unacceptable and hence a further evaluation on ways to minimize noise 
emission from this system was necessary. There was also a need for future studies on 
identifying better noise control strategies in green buildings by considering the monetary 
investment required, based on the review of related literature.         
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1. Introduction 
 

Maintaining good indoor environmental quality (IEQ) in buildings is essential to ensure 

permanence of a healthy environment and productivity for occupants [1, 2].  Aural comfort 

is one of the vital aspects of IEQ and is often viewed as the absence of unwanted noise so 

as to allow a particular job to be carried out comfortably and efficiently [3, 4]. An 

acoustically comfortable indoor environment is therefore important as it was identified that 

open office noise distraction has many negative impacts on the employees’ work 

performance [5] and office behaviour [6]. Since the introduction of the green building index 

(GBI) in Malaysia, the GBI assessment tool is gaining popularity and it is used by building 

professionals to design and develop green certified buildings. Under the criteria of GBI 

assessment, 1 out of 15 points under the IEQ section is allocated to the grading of internal 

noise levels [7]. As such, while constructing and preserving cost-effective green buildings 

are the main responsibilities for building experts, ensuring appropriate acoustic conditions 

in these buildings should also be set as a priority. 

 

However, achieving acoustical comfort in buildings is among the challenges faced by 

building operators and facility managers, especially when priorities and monetary 

investments are often placed on fulfilling other more noticeable safety and comfort criteria. 

This issue is more apparent in buildings that are designed and operated based on the green 

concepts, as neglecting acoustic problems in such buildings has been reported in several 

previous studies [8 - 9]. It was pointed out by Field [10] that although sustainable design 

practices have been implemented in many countries under the requirements of various 

green building rating tools, quantitative acoustical design requirements were still absent 
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because of several factors. With the increasing number of green buildings being constructed 

in Malaysia where 677 applications for green building certifications had been received as of 

July 2015 [11], it behoves us to evaluate the indoor sound levels of existing green buildings 

in this country by focusing on the noise generated by building systems and equipment 

together with the occupants’ perception of acoustic comfort in these high-rise structures 

that have incorporated sustainable features.  

 

For evaluation of aural conditions in buildings, both objective and subjective 

assessments are required as the findings obtained from the two assessments complement 

each other [12 - 14]. Local standards and some previous studies have proposed the use of 

A-weighted scale as an indicator in assessing the noise environment due to its simplicity 

and practicality [15 – 16]. This article reports on the results obtained from a field survey 

that methodically measured the noise levels and the comfort perception of the occupants in 

a green office building in Malaysia. Measurements were carried out at selected locations 

within the studied building and the results obtained were compared with the acoustic 

comfort requirements stipulated in relevant acoustical guidelines. This study also stressed 

on the importance of conforming to the relevant acoustic standards and regulations in 

developing an acoustically comfortable working environment. 

 

 

2.  Methodology 

 

An acoustical comfort survey was carried out in a 7-storey government-owned green 

office building in October 2012. The unique features of this building include the use of 

passive cooling systems for reducing peak cooling loads; application of double-glazed (two 

glass panes) windows to reduce solar heat gain and intrusion of external noise; a larger 

window-to-floor ratio for maximizing sunlight use, rainwater harvesting system for the use 

in lavatory cleaning and other green technology applications. It is among the few green 

buildings in Malaysia that has been conferred the highest “Platinum” GBI rating. This study 

employed both objective and subjective quality surveys, which were carried out 

concurrently.   

 

2.1. Objective measurement  

 

The sound pressure level (SPL) in the office building was measured using a portable 

digital SPL meter. This meter was able to measure from 30 to 130 dB in six sound level 

ranges together with a frequency range from 31.5 Hz to 8 kHz and selectable “A” and “C” 

frequency weightings with an accuracy of ± 1.5 dB. Only the A-weighted scale was used 

throughout the field survey and the measurement focused on one particular floor at one 

time. The sampling duration was set at 1 reading per 10 minutes of measurement and it was 

aimed to measure the surrounding sound levels during peak working hours only. The 

survey procedures strictly adhered to the methods prescribed in DOSH [17] parameters at 

which the inlet of the meter was positioned at a height of at least 75cm and not more than 

120 cm from the floor at several locations within the building diagnosed. At least two 

locations on each floor of the building were selected for data collection. The SPL measured 

at each floor of the building was analysed using one-way analysis of variance to check 
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whether the differences between data means were statistically significant. The P-value was 

referred to in this study to test whether the null hypothesis made was true (significant at less 

than 5%). Figure 1 depicts the noise measurement work in progress.  

 

 
Figure 1: Some locations selected for SPL measurements 

 

2.2. Subjective qualitative survey 

 

An occupant perception survey was also carried out using an acoustic comfort 

questionnaire form that was designed for office environments. Similar questionnaire forms 

had been used in surveys conducted previously [12 - 14, 18]. The respondents, whom were 

mostly clerical staff and working in open office areas (without private rooms) were 

requested to express their perceptions of the noise generated from the air distribution 

system and from other sources. To ensure that the data collected were accurate and 

reflected the actual perception of occupants towards the acoustical conditions, only the 

office staff who had been working at their respective office cubicles for at least half an hour 

were invited to take the survey so as to minimize the effect of previous noise experience. 

The first part of the questionnaire required the respondents to state their age, gender, while 

the following part of the questionnaire detailed the noise related issues, such as occupants’ 

acoustic satisfaction and preferences.  

 

3. Results and Discussion 

 

Acoustic comfort in office buildings is one of the important factors in ensuring proper 

delivery of events. Problems related to acoustic comfort have been encountered in many 

buildings as the noise generated by the air distribution systems, external activities 

(construction, conversation, unexpected incidents) and vehicles passing by may impose a 

certain level of disturbance to the occupants [18]. For evaluation of acoustical parameters, it 

was suggested by Kruger and Zannin [3] that critical noise level and the urban noise 

frequencies should be measured during peak hours so that accurate results can be acquired. 

In this study, it was assumed that the critical periods for the noise levels in the office 

building were from 10.00 am to 3.00 pm as it was informed by the management that most 

of the workers were available in the building within this working time. 

 

3.1. Objective measurement and calculation 

 

In this work, the SPL in a large office building was measured by using a digital sound 

level meter incorporating an A-weighting network, which is regularly used as an indicator 

of the respondents’ subjective reaction because of its simplicity and it is very suitable to be 

used in assessing building services installations [16, 19]. It was not intended to measure 
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only the ambient internal noise as it is essential to identify the actual noise levels during 

normal working days.  

 

The measured SPL profile is shown in Figure 2. For the objective measurement, the 

mean pressure noise level was calculated based on the equivalent noise level measured on a 

daily basis. The range of the measured sound levels ranged between 42 to 58 dBA. The 

mean values obtained in each respective day of the field surveys were within the range of 

45 – 50 dBA and a total average SPL of 47 dBA was calculated. Using the SPSS software, 

the null hypothesis set for this analysis was that there was no significant difference in the 

noise levels between different floors and at different locations on the same floor. As shown 

in Table 1, no significant statistical difference was found between the sound levels on each 

floor of the building under survey and hence the null hypothesis is not rejected. Generally, 

the measured SPL was lower than the recommended “reasonable” ambient level of below 

60 dBA for conversation to be carried out comfortably in office buildings [19], although the 

mean value is slightly higher than the 45 dBA stipulated under the GBI internal noise 

requirement for open plan office space. It was found that the background noise levels at 

level 5 and 6 of the green building was slightly higher than the rest of the floor levels, 

especially when the measuring points were near to the computer server room and supply air 

diffusers. The research team noticed that when a conversation took place between the office 

staff seated near to the measuring points or during interference of other intermittent regular 

noise, such as when the office phones and the doorbell rang, the measured SPL would 

increase over 50 dBA. A previous study indicated that this noise range is normal in 

buildings when normal conversation and office activities are taking place [20]. In some 

occasions, the proximity of the office equipment such as printing and photocopying 

machines and the use of material handling equipment by the office staff also contributed to 

the increase in noise levels, but the changes were mostly less than 7 dBA and only occurred 

within a short period of time. Interestingly, there was no evidence of an increase in noise 

levels during high occupancy periods except for level 6, partly due to the large ratio of floor 

area per occupant and the locations selected for measurement. The present findings showed 

that the sound levels in the office building were well controlled with good distribution of 

work stations, use of existing partition walls that were made of absorptive materials as well 

as other office furniture although some improvements were required at the locations where 

high SPL was recorded.  

 

 

Table 1: Statistical analysis of sound level using ANOVA 

Sound 

level 

Sum of 

Squares 

Degrees of 

Freedom 

Mean 

Square 

F P 

Between 

Groups 

86.800 4 21.700 2.466 .090 

Within 

Groups 

132.000 15 8.800   

Total 218.800 19    

Significant when *P < 0.05, N = 160 
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Figure 2: Measured SPL profile  

 

3.2. Subjective measurement 

 

The air distribution system was targeted in this survey due in no small part to its noise 

emitting feature and the airflow over the air plenums and ducts is the main reason for 

generating aerodynamic noise [4]. Besides, the factors which may cause acoustically 

discomfort within the office spaces are mostly dependent on the equipment available, such 

as electrical appliances, mechanical gadgets and others [21]. Hence, the questionnaire 

survey aimed to distinguish between the perceptions of the occupants towards noise 

generated from the air-distribution system and noise emitted by other sources. 

 

The distribution of subjective aural perception vote can be seen in Figure 3, while Figure 

4 shows the perceived possible influence of the noise levels on speech comfort and 

productivity of the occupants. 42 office staff willingly took part in the questionnaire survey 

and a presumption was made that those who voted other than the “Noisy” category were 

finding their acoustic environment acceptable. From Figure 3, the same percentage of 

respondents (38.1%) claimed that the noise generated by the ventilation system in the office 

building was “Quiet” or “Somewhat quiet”. The remaining of the respondents rated the 

acoustic condition as “Noisy”. This indicates that the plenums of the air-conditioning 

system, although carefully designed and constructed so that the noise produced by this 

system was intensely reduced or diverged, a significant number of occupants still found the 

breakout noise emitted from this system to be undesirable. Another reason for this finding 

was that there was no suspended ceiling installed in the building due to the use of a passive 

floor cooling system, which resulted in the expose of supply air ducts (as shown in Figure 

5) and hence raising the noise levels even when treated acoustically. It was specifically 

noted in a previous study that among the acoustical issues related to green buildings was 

that the use of displacement ventilation systems, which was found to affect the acoustical 

Permissible Comfort 

Level (CIBSE, 2006) 

GBI‘s  Acoustical 

Requirement (2009) 
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environment by resulted in low noise isolation [8]. A proper inspection of the conditions of 

the sound reducing duct silencers and the soundproofing performance of the duct insulation 

and sealing was therefore required. One more method of reducing noise produced by the air 

movement in ducts is by lowering the air flow rate, which can be considered after analysing 

the consequence on indoor thermal conditions. On the other hand, 31.0% and 57.1% of the 

occupants felt that the noise generated from other sources, such as office equipment, human 

conversation and music from the radio was low and somewhat disturbing, respectively. 

11.9% of the votes were placed on the “Noisy” category and this was particularly apparent 

for respondents seated near to the windows who were directly exposed to the roadway 

noise, which had been noted to cause human discomfort [22]. This outcome suggests that 

the office spaces were well partitioned using some sound absorbing materials to prevent 

potential noise problems originated from the office equipment. Besides, office personnel 

who are working in open plan offices were found to be less interfered by the acoustics than 

those performing their obligations in private or shared rooms, as reported in a large scale 

survey on acoustic satisfaction [23]. This is because they are relatively more “accustomed” 

to the surrounding noise produced by shared office equipment and other intermittent noise. 

However, a few occupants reported that the equipment-generated noise was typically 

transient and may distract them from carrying out their work sometimes, which revealed a 

difference in perception between an “acceptable” and “preferred” acoustic environment for 

these occupants. A similar finding was reported by Po et al. [24] which emphasised on the 

need of understanding the occupants’ psychological needs of their acoustic environment. 

Due to this reason, suggestions were given to the office management to relocate some of 

the office equipment to the less occupied areas and if that is not possible, demountable 

walls should be installed as an alternative.  

 

From Figure 4, the subjective responses showed that the acoustical conditions of the 

office building had some influences towards the occupants’ ability in carrying out their 

respective tasks. About 35.7% of the test subjects opined that the acoustical levels in the 

office building were not affecting their speech comfort and working efficiency, while 

54.8% of them considered the noise to be fairly disturbing for them to have a decent 

conversation. By comparing the subjective perception with the level of influence votes, it 

can be observed that most of the subjects who found the noise influence on their speech 

comfort and productivity as “much” also voted their acoustic environment as “Noisy”. This 

finding is in contrast with an acoustical study conducted in Hong Kong [13], which 

identified that most of the people working in open plan offices were unsatisfied with the 

acoustic quality and noise levels. Among the possible factors which lead to this difference 

is perhaps the ratio of space available per person, in which office buildings in highly 

developed economics are often staffed with more workers and hence led to a difference in 

noise perceptions. The results acquired from the field survey also showed that a difference 

of 3 to 5 dBA in SPL had no significant effect on occupants’ acoustic reception. This can 

be explained by the overall low noise levels and adaptation of the workers to the acoustic 

condition in the office building. Furthermore, although the ratio of area per occupant did 

influence the measured noise levels, it was identified that the occupants’ perception of 

acoustic comfort was not directly affected by the occupancy ratio since the votes collected 
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from different floors of the office building showed little variances in acoustical comfort 

perception.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Distribution of subjective aural 

perception vote 

      

Figure 4: Level of noise influence on 

speech comfort and productivity  

 

                                    
Figure 5: Exposed supply and return air ducts due to the absence of dropped ceiling 

 

3.3. Comparison of results 

 

 There have been many studies done on diagnosing acoustic conditions in buildings 

worldwide. A comparison of results was made in this study where the measured and 

calculated data were compared with outcomes from some earlier works, as tabulated in 

Table 2. It can be observed that the measured SPL of the acoustic comfort studies 

conducted in offices or other commercial premises were within the range of 40 dBA to 60 

dBA and most of the time below the permissible ambient level recommended in CIBSE 

[19] for speech intelligibility. From the tabulated results, no significant difference was 

found in the reported noise levels between green buildings and the conventional ones. 

However, it should be noted that some studies only recorded the ambient background noise 

while many others included the influence of occupancy level and intermittent sound in the 

acoustic analysis. The methods applied, places selected for spot measurements and 

accuracy of the electronic devices used in recording sound levels may also affect the 

measurement outcomes. Hodgson [8] and Jensen et al. [23] pointed out that the main 

reasons that caused acoustic discomfort were poor speech privacy and excessive noise, 
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while another work [14] suggested that the SPL itself was a more dominant factor in 

affecting human comfort. Pan and Micheal [13] found that the unique “office culture” 

which led to a sense of belonging among workers may be the factor for them to feel 

comfortable, although the environment was actually noisy, which echoed the findings of a 

previous work [24]. These outcomes suggest that the psychological factor of the occupants 

should be studied because it often plays a significant role in affecting acoustic comfort, 

albeit the noise levels were lower or higher than the recommended comfort range.  

  

  The mean noise level in the green building was slightly lower than those of previous 

studies and a lowest SPL of 42 dBA was measured during peak working hours. Among the 

causes for this was the bigger available spaces in the building which resulted in a larger 

floor area allowance per occupant (ft
2
/occupant), since Malaysia is a developing country 

and the office building is thus less densely populated compared to those in more developed 

nations. Furthermore, the building itself was newer and hence incorporated more passive 

noise control elements than the earlier constructed ones. The results affirmed that the noise 

levels in buildings have little to do with whether a building was green-rated or 

conventionally designed and are fully dependent on the specific location of the building, 

internal architectural design, distribution of workstation, type of office equipment and 

building services available, occupancy level and effectiveness of the implemented noise 

control strategy. It is hoped that with the aid of the green building assessment tools, 

building operators/owners will be able to enhance the active and passive noise control 

strategies based on the specific needs of their respective buildings. From the facility 

managers’ point of view, there is a need to balance out the additional investment costs of 

acquiring more noise-isolating materials, periodical calibration of noise emitting building 

systems together with replacement of excessively noisy equipment to control both noise 

and reverberation time in order to achieve the “green” noise criterion set by the green 

building associations, such as the GBI. Further studies in this matter would benefit from 

explorations of better noise control approaches and technologies in buildings by taking the 

monetary investment required into consideration.  

 

Table 2: Comparison of results with those of previous acoustic studies 

Parameters/ 

Authors 

Building Type Measured 

Acoustic 

Range  

Subjective 

Response – 

Percentage of 

Acceptability 

Complying 

with CIBSE 

permissible 

aural level 

of 60 dBA? 

Present study  Office (Green) 42 – 58/ 47 

dBA (peak 

working 

hours) 

76.2% (Air-

conditioning) 

87.1% (Other 

sources) 

Yes 

Hodgson [8] Office (Green)  26 – 34 NC 

(Unoccupied

, NV) 

40 – 60 NC 

(Occupied) 

-0.03 – 0.7 (7-

point scale rating) 

Yes 

Pan and Micheal 

[13] 

Office 

(Conventional) 

55 – 65 dBA 

(Open plan) 

45 – 55 dBA 

(Enclosed) 

About 70% 

(Open office) 

About 95% 

(Enclosed office) 

No 

 

Yes 
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Huang et al. [14] Office 

(Conventional) 

44.3 – 65.4 

dBA 

Satisfied at 49.6 

dB 

No 

Jensen et al. [23] Office 

(Conventional) 

- -0.42 – 0.94 (7-

point scale rating) 

N/A 

Po et al. [24] Office 

(Intelligent) 

50 dBA  >80% satisfied 

(Acoustical 

environment), 

About 70% 

satisfied (Noise 

Control)  

Yes 

 

 

4. Conclusion 

 

In general, the measured SPL was lower than the recommended acoustic comfort range 

for office buildings, but the mean value of 47 dBA was slightly higher than the acceptable 

sound level set by the GBI assessment criteria because the measurement did not focus 

solely on ambient noise. Most respondents perceived the office’s acoustical levels to be 

acceptable and generally did not affect their comfortableness and work productivity. More 

complaints of the undesirable noise generated by the ventilation system than from other 

sources were received, possibly due to the absence of external sound barriers (suspended 

ceiling) for the purpose of passive cooling. No significant difference was found between the 

measured aural levels between different floors and within the same floor. For further 

improvement, suggestions were given to the management to relocate and partition some of 

the heavy office equipment. Reduction on the air flow rate is another option for effective 

noise control, but the effect on human thermal comfort should be studied first before this 

action could be implemented. Besides, more detailed measurements of the sources of noise 

generation, such as at the air-handling unit rooms, ventilation ducts and reassessment of in-

duct silencers and duct insulation were suggested in order to formulate an overall noise 

control strategy to enhance the current acoustical performance in the building under study. 

The comparison of the current work with some previous studies showed that the noise 

levels recorded in green buildings did not differ much from that of conventional buildings 

and further studies are required especially in finding more economical noise control 

strategies for green buildings.     
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