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1 INTRODUCTION 

Factory is the place for the creation of sound, and at the same time creation of silence. Serving both aspects 
in optima forma, and finding the right balance between the two, that is what the acoustic design of Factory 
is about. With the aural perception of the users and visitors always as the starting point. 

Factory will be the home for very diverse types of productions, one after another or several at the same 
time. All in one space or “separated” from each other in the Theatre and the Warehouse. 

The building is located west of the office building Bonded Warehouse and is spanning over Water Street. 
Figure 1 shows the site plan in context with the future surroundings. The future Riverside Tower 4 (called 
north tower in this report) and the north east tower (under construction) are new residential buildings. The 
future east tower will be a public/office building. 

 

 

Figure 1: site plan in future context 
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2 ASSESSMENT CRITERIA 

A key element of the design is to control noise breakout from The Factory to its surroundings, in particular 
towards nearby residential areas. The nearest proposed residential building is 23m from the venue’s facade. 

The following criteria have therefore been set for amplified music and mechanical noise in The Factory in the 
previous stages of the project, by Arup and Sandy Brown consultants in conjunction with the MCC 
Environmental Protection Department. 

2.1 Background noise levels in the area 

Arup has performed a noise survey in order to determined background noise levels LA90 on the building site 
(Appendix B of “The Factory Stage 2 Acoustic Design Report”, ref, R01_SJS, 8 April 2016). The outcome of 
this survey is: 

 LA90 = 55 dBA during daytime (07:00-23:00) 

 LA90 = 48 dBA during night-time (23:00-07:00). 

These values also are included in section 9.51 of the Deloitte report “Factory, Manchester. Environmental 
Statement – Volume 1”, October 2016. 

2.2 Music 

2.2.1 Low frequencies 

Criteria for sound levels at facades of residential buildings are described in the Deloitte report “Factory, 
Manchester. Environmental Statement – Volume 1”, October 2016. 

From section 9.48 of this report: 

Through consultation with MCC, it has been established that the Proposed Development should be 
designed so that low frequency sound emission within any dwelling does not exceed 47dBLeq in the 63Hz 
octave frequency band and 41dBLeq in the 125Hz band. 

From appendix 9.4 of this report: 

Arup met with Richard Knightley of the MCC Environmental Protection Department on 3 March 2016 
and agreed the following criteria for dwellings with windows open for ventilation: 

Music noise levels in the 63Hz and 125Hz octave centre frequency bands should be controlled so 
as not to exceed (in habitable rooms) 47dBLeq and 41dBLeq, respectively. 

MCC does not specify a time period for the noise criteria, although Arup recommends that 5 minutes is 
appropriate. 

The noise break out assessments have assumed all surrounding residential buildings (existing or proposed) 
are naturally ventilated. In the noise modelling calculations, an attenuation of 5dB through an open 
window at these low frequencies has been assumed. This is a conservative assumption as research has 
shown that the attenuation could be more than 5dB. This assumption provides a worst case noise 
intrusion and gives the design a small degree of safety in meeting the criteria. 

The criteria for low frequency noise levels at residential façades are therefore 52dBLeq and 46dBLeq in 
the octave bands centred at 63Hz and 125Hz respectively. These are free-field noise levels with no façade 
correction applied. 
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The maximally allowed sound level on the façade of residential building (North Tower and North West 
Tower) is: 

 Leq = 52 dB for the 63 Hz octave band 

 Leq = 46 dB for the 125 Hz octave band 

2.2.2 Overall noise level 

In addition for residential buildings (North West Tower and North Tower) the overall A-weighted noise 
breakout level must be 10 dB below the background noise level (LA90). Based on the environmental noise 
study referred to in section 2.1 this has led to the following criteria for the maximally allowed sound level at 
the façade of the North Tower and the North West Tower: 

 Daytime (07.00-23.00h): 55-10 = 45 dB(A); 

 Night-time (23.00-07.00h): 48 -10 = 38 dB(A). 

2.3 Mechanical noise 

Also criteria are set for mechanical services noise. The overall A-weighted breakout noise level must be 5 dB 
below the background noise levels (LA90) as mentioned in section 2.1. The criterium applies to residential 
apartment buildings and hotels which are the North West Tower and North Tower.  

Based on the environmental noise study referred to in section 2.1 this has led to the following criteria for 
the maximally allowed breakout noise levels for mechanical noise: 

 55 - 5 = 50 dB LAeq during daytime (07.00-23.00h) 

 48 – 5 = 43 dB LAeq during night-time (23.00-07.00h) 

2.4 Emergency plant noise 

For emergency plant, the overall A-weighted breakout noise level is allowed to be above the background 
noise levels (LA90) by maximum 10 dB as mentioned in section 2.1. The criterium applies to residential 
apartment buildings and hotels which are the North West Tower and North Tower.  

Based on the environmental noise study referred to in section 2.1 this has led to the following criteria for 
the maximally allowed breakout noise levels for emergency plant: 

 55 + 10 = 65 dB LAeq during daytime (07.00-23.00h) 

 48 + 10 = 58 dB LAeq during night-time (23.00-07.00h) 
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3 ENVIRONMENTAL NOISE MODELLING 

To determine the required sound insulation of the building envelope, with which the mentioned criteria can 
be met, a 3D noise model of The Factory and its (future) surroundings has been made. For this, 
environmental noise modelling software Geonoise V2020.2 was used. With this software the sound radiation 
of music sound by all relevant façade, roof and ceiling parts of The Factory and the sound propagation 
through the environment towards the sound sensitive buildings in the direct vicinity of The Factory have 
been calculated. The calculation results have been compared with the assessment criteria. During the design 
process this has been done for various design alternatives. More detailed input data and the calculation 
results for the final design are described in the next sections. The calculations are in accordance with the 
international standard ISO 9613-2: 1996, “Attenuation of sound during propagation outdoors - Part 2: 
General method of calculation”.  

3.1 Geometry 

Figure 2 shows the 3D model of The Factory (red), the residential towers (blue) and the office buildings 
(yellow). 

 

 

Figure 2: 3D noise model 



 

 

Report: LA.190505.R02 v2 (update 24-01-2022)  Date: 24-01-2022 Page: 8 of 53 

4 SOUND SOURCES 

The sound sources responsible for the sound emission of The Factory can be divided in three groups: 

 Amplified music during events in the Theatre, the Warehouse and in the foyers 
 Noise from MEP equipment 
 Noise from emergency equipment (smoke fans and emergency generator). 

4.1 Amplified music in the Theatre and the Warehouse 

The Theatre and the Warehouse will be used for a wide variety of performances. In the most extreme case, 
three performances can take place at the same time. High sound levels up to 106 dB(A) are to be expected in 
each space, with a considerable amount of low frequency sound. The acoustic design has been based on the 
maximum internal sound production levels and spectra presented in table 1. 

 

Table 1: Maximum sound levels for Warehouse and Theatre  

 Lp octave band values [dB] 
Sound level 

LpA dB(A) Octave band mid 
frequency [Hz] 

63 125 250 500 1000 2000 4000 8000 

Warehouse 110 105 104 104 101 97 93 90 106 

Theatre 100 100 104 104 101 97 93 90 106 

Foyers 74 74 78 78 75 71 67 63 80 

 

Simultaneous use of Theatre, Warehouse and foyers has been accounted for in the modelling. 

Noise breakout of music via MEP ductwork has been calculated and if significant taken into account in the 
noise emission calculations regarding music sound. 

4.1.1 Background music and activities in the foyer spaces 

In our modelling we accounted for a sound production level of 80 dB(A) in the foyer spaces, for example 
sound caused by walking and talking of people, sound coming from bar equipment etcetera. The used sound 
spectrum is similar to the Theatre sound spectrum given in table 1. This implies that background music with 
limited sound levels may be played. It is assumed that events with relatively loud music are not to be planned 
in the foyer spaces. 

4.2 MEP equipment 

The acoustic information of mechanical services systems are based on specifications provided by the 
supplier. This information is included in annexes F1 to F4.  

The mechanical services noise emission sources in the acoustic model are based on these specifications. A 
description of these modelled noise sources is included in annex B. 

In the noise emission calculations, all MEP sound sources are considered and assumed running continuously, 
also during night-time. This is a safe approach because normally the MEP equipment will not run all night 
during events. 
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4.3 Deliveries and loading 

The sections 9.56 to 9.58 of the Deloitte report “Factory, Manchester. Environmental Statement – Volume 
1”, October 2016, describe the expected delivery and loading conditions in section: 

9.56 There are two issues to consider: deliveries of heavy equipment associated with events and deliveries of 
smaller and lighter goods associated with the running of the venue, such as office supplies and food and 
beverages. 

9.57 Deliveries of heavy equipment associated with events will be taken through a fully enclosed service 
area, so are not assessed further. 

9.58 Deliveries of smaller and lighter goods would be to other delivery areas during normal delivery hours 
and would therefore not add significantly to the overall daytime ambient noise. A quantitative 
assessment has therefore not been undertaken. 

 

These conditions are such that substantial breakout noise is not to be expected from these activities and as 
such are not considered in the calculations. 

4.4 Emergency equipment 

The acoustic specifications of the smoke exhaust fans and emergency generator are provided by the 
suppliers. This information is included in annex F3 and F4. 

The emergency equipment noise emission sources in the acoustic model are based on these specifications. A 
description of these noise sources is included in annex C. 

Short term period testing of the emergency generator normally takes place monthly test during daytime 
hours. 
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5 BUILDING ENVELOPE SOUND INSULATION 

Following from the assumed internal noise levels within The Factory and the criteria on the facades of the 
surrounding buildings, minimum sound insulation requirements have been determined for the various 
façade, roof and outdoor floor structures.  

In the 3D environmental noise model, the exterior skin of The Factory has been approximated using a 
combination of: 

 Surface elements defining the sound radiation of vertical façade elements, and horizontal roof and 
ceiling elements, 

 Depending on the sound radiating facade/roof/ceiling element, its location and orientation towards 
the surrounding environment, the element has been implemented in the calculation model either as 
a noise radiating surface element or as point sources, each representing a partial surface of a façade 
or roof area. 

The required airborne sound insulation of each façade element (including doors and windows) is defined in 
terms of: 

 RA      for spaces with typical indoor sound sources like the human voice 

 RAtr  with frequency range 50 – 5000 Hz for spaces with music as a source (enlarged spectrum, 

according to ISO 717 (RAtr = Rw + Ctr 50-5000), 

 R63Hz and R125Hz for envelope elements that are part of the sound insulating structure around the 

Theatre and the Warehouse. 

The Theatre and the Warehouse are designed as a box-in-box structure. The sound from the Theatre and 
Warehouse therefore will be transmitted through a multi-layered structure, each layer with a sound 
insulation defined in terms as mentioned above. Schematically this is shown in figure 3. 

 

Figure 3: principle of sound insulating structures 
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The concrete façade elements of the Theatre and Warehouse (outer box) are mounted with resilient 
(acoustically insulating) bearings and therefore together with the inner-box elements can be modelled as 
double acoustically separated structures.  

A different situation is at hand at the east side of the Warehouse. In figure 4 this is illustrated. The factory 
towers and the Warehouse are not acoustically separated. This will cause noise transmission into the tower 
spaces not only by direct sound transmission through the partition walls but also by flanking sound 
transmission through the tower floors and roof slabs, which are connected to the Warehouse partition wall. 
Part of this flanking sound is radiated into the towers’ spaces and (directly) transmitted (together with the 
direct sound) to the tower façades/roofs. And part of the flanking sound is transmitted as structure-borne 
sound through the floor structures to the tower façades. The three types of sound transmission bring the 
tower façades/roofs into vibration; these vibrations are radiated as sound to the environment. All types of 
sound transmission are physically described and implemented in the modelling. Sound insulating measures 
at different places in these sound transmission paths have been implemented in the design in order to 
sufficiently reduce the sound transmission via all types of transmission paths. 

Penetrations of MEP through the façade are considered in the modelling as described in detail in MF-LAV-XX-
XX-RP-YA-01-0016 “Factory –acoustic performance specifications Mechanical Services”. The picture next to 
table B1 in annex B shows the location of mechanical services sound sources.  

The sound insulation of the multi-layered structures and total sound insulation between the warehouse and 
different tower facade and roof elements is determined according the European standards EN 12354 
“Building acoustics — Estimation of acoustic performance of buildings from the performance of elements”. 

The sound emission sources are defined with: 

 Lp: Indoor maximum sound level (un-weighted octave band values) 
 R’: Sound insulation of the multi-layered structure, including the flanking sound transmission of the 

described transmission paths (un-weighted octave band values). 

Annex A shows the specifications of all music emission sources and their location. 

 

    

Figure 4: sound transmission paths through Warehouse roof and through the towers. 
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6 CALCULATION RESULTS 

Figure 2 shows a plot of the 3D model with The Factory and its direct surroundings in plan. The red dots 
show the points on the facades of the buildings for which the noise emission levels from The Factory have 
been calculated at different heights. These locations are representative for the evaluation of the noise 
breakout from The Factory to its surroundings: they represent the façade parts on surrounding buildings 
with the highest noise immission. For the three towers noise levels are calculated at heights 10, 30, 50, 70 90 
and 110 m.  For the Bonded warehouse noise levels are calculated at the 10 and 20 m height. 
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Figure 5: Factory and surrounding buildings (incl. immission calculation points (red dots) at all relevant heights) 

6.1 Music performances 

For each calculation point the maximum predicted noise immission level on the façades of the two 
residential towers (North-west Tower and North Tower) and the office buildings (the North East Tower and 
the Bonded Warehouse) are shown in table 2 for the 63 Hz and 125 Hz octave bands during daytime and 
night-time. The sound immission criteria at the bottom of the table apply to the orange-coloured table cells 
(only residential). 

 

The results show that for music performances the noise immission level criterium of max 52 dB at the 63 
Hz octave band and max 46 dB at the 125 Hz octave band and LpA max set for daytime and nighttime 
are not exceeded at the residential towers (North-west and North tower). 
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Table 2: overview music noise immission values at 63 and 125 Hz octave bands (dB) and overall A-weighted value LpA (dB(A)) 

 

 

 

 

 

Figure 6:  music sound immission level LpA distribution at facades of towers and Bonded Warehouse. 

  

day night day night day night

Building calc. point dB dB dB dB dB(A)

NW01 45 45 42 42 29 29

NW02 46 46 41 41 28 28

NW03 47 47 40 40 28 28

NW04 46 46 38 38 25 25

N01 47 47 38 38 26 26

N02 51 51 42 42 30 30

N03 52 52 43 43 31 31

E01 45 45 35 35 23 23

E02 55 55 45 45 33 33

E03 55 55 45 45 33 33

E04 56 56 46 46 34 34

E05 55 55 45 45 32 32

BW01 57 57 46 46 34 34

BW02 55 55 47 47 34 34

BW03 64 64 54 54 42 42

BW04 65 65 55 55 43 43

BW05 62 62 53 53 40 40

52 52 46 46 45 38

Music

Lp 63 Hz Lp 125 Hz LpA max

North-west tower

North tower

East tower

Bonded Warehouse

criteria (day/night)
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6.2 MEP noise 

The maximum predicted equivalent noise immission levels on the façade of the two residential towers are 
shown in next table for the daytime (07.00-23.00h) and night-time (23.00-07.00h). The sound immission 
criteria at the bottom of the table apply to the orange-coloured table cells. 

 

The results show that the immission sound levels by MEP noise on the facades of the North Tower and 
North-West tower meet the criteria set for daytime and night-time. 

 

Table 3: overview maximum overall noise immission values LpA.max [dB(A)] 

  

 

Figure 7: MEP sound immission distribution at facades of towers and Bonded Warehouse. 

day night

Building calc. point dB(A) dB(A)

NW01 42 42

NW02 40 40

NW03 40 40

NW04 36 36

N01 38 38

N02 40 40

N03 41 41

E01 26 26

E02 42 42

E03 42 42

E04 43 43

E05 41 41

BW01 37 37

BW02 46 46

BW03 50 50

BW04 56 56

BW05 52 52

50 43

MEP

LpA max

North-west tower

North tower

East tower

Bonded Warehouse

criteria (day/night)
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6.3 Emergency generator 

Monthly short term period testing of the emergency generator will be conducted during daytime. The 
results if noise emission calculations are shown in table 4.  

During a test run of the smoke exhaust and emergency generator the maximum predicted noise level on the 
facades of the residential towers is LpA,max = 47 dB(A) at the North West Tower and 49 dB(A) at the North 
Tower. 

 

Table 4: overview maximum overall noise immission values LpA.max [dB(A)] 

 

 

The results show that the immission sound levels by Emergency generator noise on the facades of the 
North Tower and North-West tower meet the criteria set for daytime and night-time (see section 2.4). 

 

 

  

day night*

Building calc. point dB(A) dB(A)

NW01 44 44

NW02 46 46

NW03 47 47

NW04 46 46

N01 47 47

N02 49 49

N03 49 49

E01 36 36

E02 50 50

E03 52 52

E04 52 52

E05 51 51

BW01 46 46

BW02 48 48

BW03 56 56

BW04 55 55

BW05 54 54

63 58

* The generator will be tested during daytime. In case the 

genarator should run during nighttime the breakout noise 

levels are the same as those for daytime.

Emergency

LpA max

North-west tower

North tower

East tower

Bonded Warehouse

criteria (day/night)
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7 QUALITY CONTROL AND TESTING 

In the Quality Plan the contractor (LOR) describes the quality control strategy during the building process. 
During construction, Level Acoustics & Vibration performs site visits to join the inspections by the Architect 
to verify that the acoustic solutions are executed as designed. As soon as construction works are finished, 
acoustic commissioning testing will be done by Level Acoustics & Vibration. The testing methodology is 
described in MF-LAV-XX-XX-RP-YA-01-0041. Main focus will be to verify noise ingress levels at the residential 
towers. 
 
In case the final commissioning noise testing show any requirement exceedance, recommendations will be 
made with regard to any necessary further works / additional insulation requirements or amendment to 
internal noise levels to ensure the agreed noise levels and condition criteria at the receptors are met. In this 
instance, further validation testing and assessment providing to confirm any additional work has been 
completed and the criteria has been complied with. 
 
The internal sound levels will be monitored and the future operator is aware of the requirements.  It is 
standard practice for the future operator to actively monitor sound levels in all performances and they will 
include limiters in the sound desks being purchased for the venue. 
 
Validation to confirm that all acoustic insulation measures recommended and agreed with the acoustic 
assessments submitted will be demonstrated by testing and measurement of the completed project. 
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ANNEX A: MUSIC EMISSION SOURCES 

In the following four pictures the location of the music emission sources is shown. 

  

   

 

   

Figure A 1 

 

The table A1 on the next pages contains a short description of the music sources, numbered with the 
corresponding numbers in figure A1 above. 

The “reference” is the source name in the acoustic model. 

Tables A2 and A3 provide the acoustic properties of the music sources, including the attenuators sound 
insertion loss. 
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The radiated sound power level per sqm is determined by 

 SWL/m2 = SPL – R’ -Cd [dB] 

in which 

 Cd is the diffusion coefficient (5 dB) 

 SPL is the indoor sound level 

 R’ is the sound insulation of the structure, including flanking sound transmission  

 SWL/m2 is the transmitted sound power level per sqm.  

In the program Geomilieu it is not possible to model faces in underpasses and faces underneath overhangs. 
For example, the sound transmitted through the Warehouse floor to the underpass and the dispersion to 
the underpass openings at the building perimeter is modelled in a separate 3D model in CATT-acoustic. 
Figure A2 shows pictures of the three models with the sound sources for the Warehouse soffit, Theatre 
soffit and ground floor foyer. 

 

Figure A 2: acoustic models underpass for the Warehouse soffit, Theatre soffit and ground floor foyer 

In Geomilieu these underpass openings are modelled as sound radiating surfaces. For the correct relation 
between sound power level per sqm radiated by the warehouse floor and the sound power level per sqm at 
the underpass opening a sound insulation dispersment correction is determined (last 8 columns in table A3).  

 

The inner and outer layer of the Theatre and Warehouse enclosures are described with a short reference: 

CLT = cross laminated timber (the number is the thickness in mm) 

PC = precast concrete (the number is the thickness in mm) 

BB = concrete floor on bridge beams (the number is the thickness in mm) 

CF = reinforced concrete floor slab (the number is the thickness in mm) 

Type A = wall lining type (annex D2) 

RD = rib deck + thickness (the number is the thickness in mm) 

SCR = screed + thickness (the number is the thickness in mm) 

EWSxxx = lightweight structure detail code (annex D1) 
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Table A 1 

 

inner outer

no description reference structure structure inner outer

 dB(A) dB(A)

1 theatre roof west TH_D CLT120 PC200 33 48

2 theatre roof tht_roof1 CLT200 PC200 37 48

3 theatre roof south TH_E CLT120 PC200 33 48

4 theater level 4 - west facade th l4 w CLT120 PC200 33 48

5 foyer level 2 west foy l2 wn - PC200 - 48

6 foyer level 2 west (glazing) foy l2 w-gl - EWS103 - 43

7 foyer level 2 west foy l2 ws - PC200 - 48

8 warehouse floor via west opening wh th gf w wh CF300+BB PC100 60 40

9 theater floor via west opening th th gf w th CF400+BB EWS951 63 30

10 theater level 4 - south facade th l4 s CLT120 PC200 33 48

11 foyer level 2 south foy l2 s - PC200 - 48

12 theater floor via south opening th th gf s th CF400+BB EWS951 63 30

13 warehouse floor via south opening th th gf s wh CF300+BB PC100 60 40

14 tht level 4-5 south (concrete) th l4-5 s CLT120 PC200 33 48

15 theatre nord facade L3 TH_A CLT120 PC200 33 48

16 theatre nord level 5 TH_B CLT120 PC200 33 48

17 theatre nord roof TH_C CLT120 PC200 33 48

18 theater floor via nord opening th th gf n th CF400+BB EWS951 63 30

19 warehouse floor via north opening th th gf n wh CF300+BB PC100 60 40

20 wh foyer via west opening th th gf w fo - EWS102 - 45

21 wh foyer via south opening th th gf s fo - EWS102 - 45

22 wh foyer via nord opening th th gf n fo - EWS102 - 45

23 wh foyer via north opening wh wh_gf_n_fo - EWS102 - 45

24 theater floor via north opening wh wh_gf_n_th CF400+BB EWS951 63 30

25 warehouse floor via north opening wh wh_gf_n_wh CF300+BB PC100 60 40

26 wh foyer via west opening wh wh_gf_w_fo - EWS102 - 45

27 theater floor via west opening wh wh_gf_w_th CF400+BB EWS951 63 30

28 warehouse floor via west opening wh wh_gf_w_wh CF300+BB PC100 60 40

29 warehouse nord facade whn_n PC300 PC200 50 48

30 warehouse nord facade - plenum whn_n_pl PC300 PC200 50 48

31 warehouse w facade whn_w_1 PC300 PC200 50 48

31 warehouse nord west facade - plenum whn_w_2 PC300 PC200 50 48

32 warehouse w facade whn_w_pl PC300 PC200 50 48

33 warehouse south west facade whs_w PC300 PC200 50 48

34 warehouse west facade - plenum whs_w_pl PC300 PC200 50 48

35 warehouse south west facade whs_w PC300 PC200 50 48

36 warehouse south facade whs_s PC300 PC200 50 48

37 warehouse south facade - plenum whs_s_pl PC300 PC200 50 48

38 warehouse north roof whn_roof HR130 RHC150

39 warehouse south roof whs_roof HR130 RHC150

40 warehouse east facade whs_e PC300 PC200 50 48

41 warehouse east facade - plenum whs_e_pl PC300 PC200 50 48

42 warehouse east facade whn_e PC300 PC200 50 48

43 warehouse east facade - plenum whn_e_pl PC300 PC200 50 48

44 south tower - including emergency exit doorsTSs02 BW215 EWS301 30 30

45 south tower TSs04 - EWS161 - 43

46 south tower TSs05 - EWS101 - 43

78

78

RAtr (50-5000Hz)
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Continued in table A2 

Table A 2 

 

 

  

inner outer

no description reference structure structure inner outer

 dB(A) dB(A)

47 south tower - crew room TSs06 Type A EWS301 30 30

48 south tower TSs07 type B BW101 30 ?

49 south tower TSe02 BW215 EWS301 30 30

50 south tower TSe02b type A EWS301 30 30

51 south tower TSe04 -  /  type A EWS161 / EWS301 - / 30 43 / 30

52 north tower TSe05 - EWS101 - 43

53 south tower - CHILLER ROOM EAST TSe06 Type A EWS301 30 30

54 south tower - east fac - l7 TSe07 type A EWS301 30 30

55 south tower - CHILLER ROOM NORTH TSn06 type A EWS301 30 30

55 south tow - roof - 7 Ts-rf-musi RD140-SCR120 RFS-151

56 south tower TSn07 type A EWS301 30 30

57 mid tower roof stairwell lw17-5 RD140-SCR120 RFS-151

58 mid tower roof lw17-4 RD140-SCR120 RFS-151

59 staircase mid tower TMs08 type B EWS303 30 30

60 staircase mid tower TMe08 type B EWS303 30 30

61 staircase mid tower TMn08 type B EWS303 30 30

62 mid tower roof L8 lw17-2 RD140-SCR120 RFS-151

63 mid tower east TMe01-2 type A EWS303 30 30

64 mid tower TMe03-4 type B EWS302 30 30

65 north tower TMe05 - EWS101 - 43

66 mid tower TMe06-7 type A EWS302 30 30

67 middle tow - roof - 6 LW17-3 RD140-SCR120 RFS-151

68 north tower AHU-room7 TNs07 type A EWS301 30 30

69 north tower TNs06 type A EWS301 30 30

70 wh foyer via tower opening eastside TNe-gf fo - EWS102 - 45

71 theater floor via opening tower eastside TNe-gf th CF400+BB EWS951 63 30

72 warehouse floor via opening tower eastsideTNe-gf wh CF300+BB PC100 60 40

73 north tower TNe02 type A EWS301 30 30

74 north tower TNe03 type A EWS301 30 30

75 north tower TNe04 - / type A EWS161 / EWS301 - / 30 43 / 30

76 north tower TNe05 - EWS101 - 43

77 north tower TNe06 type A EWS301 30 30

78 north tower AHU-room7 TNe07 type A EWS564 30 30

79 north tow - roof - 8 LW12 RD140-SCR120 RFS-151

80 warehouse floor via opening north tower TNn-gf-wh CF300+BB PC100 60 40

81 wh foyer via opening north tower TNn-gf-fo - EWS102 - 45

82 theater floor via opening north tower TNn-gf-th CF400+BB EWS951 63 30

83 north tower TNn02 type A EWS301 30 30

84 north tower TNn03 - / type A EWS101 / EWS301 - / 30 43 / 30

85 north tower TNn04 - / type A EWS161 / EWS301 - / 30 43 / 30

86 north tower TNn05 - EWS101 - 43

87 north tower TNn06 - / type A EWS101 / EWS301 - / 30 43 / 30

88 north tower-AHU-room7 TNn07 type A 534 30 30

89 mid tower north - east egress overhang TMn01-2a - EWS303 - 45

90 mid tower north - north egress overhang TMn01-2b - EWS303 - 45

91 roof south tower level 8 LW17-1 RD140-SCR120 RFS-151

92 south tower - east fac - l7 TSe07b type A EWS301 30 30

62

62

62

RAtr (50-5000Hz)

62

62

62

62
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Table A 3 

 

nr reference 63 125 250 500 1k 2k 4k 8k 63 125 250 500 1k 2k 4k 8k 63 125 250 500  1k  2k  4k  8k

5 foy l2 wn 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0 36.5 38.4 33.9 25.5 13.3 1.3 -7.8 -11.6

6 foy l2 w-gl 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 55.0 55.0 55.0 55.0 36.5 38.4 33.9 25.5 15.3 11.3 7.2 3.4

7 foy l2 ws 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0 36.5 38.4 33.9 25.5 13.3 1.3 -7.8 -11.6

11 foy l2 s 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0 36.5 38.4 33.9 25.5 13.3 1.3 -7.8 -11.6

20 th gf w fo 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0 36.5 38.4 33.9 25.5 13.3 1.3 -7.8 -11.6

21 th gf s fo 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0 36.5 38.4 33.9 25.5 13.3 1.3 -7.8 -11.6

22 th gf n fo 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0 36.5 38.4 33.9 25.5 13.3 1.3 -7.8 -11.6

23 wh_gf_n_fo 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0 36.5 38.4 33.9 25.5 13.3 1.3 -7.8 -11.6

26 wh_gf_w_fo 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0 36.5 38.4 33.9 25.5 13.3 1.3 -7.8 -11.6

70 TNe-gf fo 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0 36.5 38.4 33.9 25.5 13.3 1.3 -7.8 -11.6

81 TNn-gf-fo 74.5 74.4 77.9 78.5 75.3 71.3 67.2 63.4 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0 36.5 38.4 33.9 25.5 13.3 1.3 -7.8 -11.6

1 TH_D 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 54.0 58.0 74.0 86.0 95.0 102.0 108.0 108.0 41.5 37.4 24.9 13.5 1.3 -9.7 -19.8 -23.6

2 tht_roof1 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 53.0 58.0 74.0 86.0 95.0 102.0 108.0 108.0 42.5 37.4 24.9 13.5 1.3 -9.7 -19.8 -23.6

2 tht_roof2 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 53.0 58.0 74.0 86.0 95.0 102.0 108.0 108.0 42.5 37.4 24.9 13.5 1.3 -9.7 -19.8 -23.6

3 TH_E 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 54.0 58.0 74.0 86.0 95.0 102.0 108.0 108.0 41.5 37.4 24.9 13.5 1.3 -9.7 -19.8 -23.6

4 th l4 w 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 53.0 55.0 68.0 86.0 95.0 102.0 108.0 108.0 42.5 40.4 30.9 13.5 1.3 -9.7 -19.8 -23.6

9 th gf w th 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 41.0 37.0 53.0 61.0 69.0 76.0 79.0 81.0 54.5 58.4 45.9 38.5 27.3 16.3 9.2 3.4

10 th l4 s 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 53.0 55.0 68.0 86.0 95.0 102.0 108.0 108.0 42.5 40.4 30.9 13.5 1.3 -9.7 -19.8 -23.6

12 th gf s th 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 41.0 37.0 53.0 61.0 69.0 76.0 79.0 81.0 54.5 58.4 45.9 38.5 27.3 16.3 9.2 3.4

14 th l4-5 s 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 53.0 55.0 68.0 86.0 95.0 102.0 108.0 108.0 42.5 40.4 30.9 13.5 1.3 -9.7 -19.8 -23.6

15 TH_A 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 54.0 58.0 74.0 86.0 95.0 102.0 108.0 108.0 41.5 37.4 24.9 13.5 1.3 -9.7 -19.8 -23.6

16 TH_B 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 54.0 58.0 74.0 86.0 95.0 102.0 108.0 108.0 41.5 37.4 24.9 13.5 1.3 -9.7 -19.8 -23.6

17 TH_C 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 54.0 58.0 74.0 86.0 95.0 102.0 108.0 108.0 41.5 37.4 24.9 13.5 1.3 -9.7 -19.8 -23.6

18 th gf n th 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 41.0 37.0 53.0 61.0 69.0 76.0 79.0 81.0 54.5 58.4 45.9 38.5 27.3 16.3 9.2 3.4

24 wh_gf_n_th 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 41.0 37.0 53.0 61.0 69.0 76.0 79.0 81.0 54.5 58.4 45.9 38.5 27.3 16.3 9.2 3.4

27 wh_gf_w_th 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 41.0 37.0 53.0 61.0 69.0 76.0 79.0 81.0 54.5 58.4 45.9 38.5 27.3 16.3 9.2 3.4

71 TNe-gf th 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 41.0 37.0 53.0 61.0 69.0 76.0 79.0 81.0 54.5 58.4 45.9 38.5 27.3 16.3 9.2 3.4

82 TNn-gf-th 100.5 100.4 103.9 104.5 101.3 97.3 93.2 89.4 41.0 37.0 53.0 61.0 69.0 76.0 79.0 81.0 54.5 58.4 45.9 38.5 27.3 16.3 9.2 3.4

44 TSs02 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 48.6 52.5 60.4 63.4 69.9 68.9 74.9 74.1 56.8 47.8 38.4 36.0 26.3 23.3 13.2 10.2

45 TSs04 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

46 TSs05 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

47 TSs06 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

48 TSs07 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

49 TSe02 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 48.6 52.5 67.5 77.1 77.6 77.6 83.7 65.9 56.8 47.8 31.3 22.3 18.6 14.6 4.4 18.4

50 TSe02b 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 48.6 52.5 67.5 77.1 77.6 77.6 83.7 65.9 56.8 47.8 31.3 22.3 18.6 14.6 4.4 18.4

51 TSe04 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

52 TSe05 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

53 TSe06 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

54 TSe07 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 44.2 53.2 66.1 80.5 91.5 98.8 107.1 92.4 61.2 47.1 32.7 18.9 4.7 -6.6 -19.0 -8.1

55 Ts-rf-musi 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.2 71.4 81.0 102.0 118.0 132.0 145.0 150.0 49.2 28.9 17.8 -2.6 -21.8 -39.8 -56.9 -65.7

55 TSn06 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

56 TSn07 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

57 lw17-5 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.2 71.4 81.0 102.0 118.0 132.0 145.0 150.0 49.2 28.9 17.8 -2.6 -21.8 -39.8 -56.9 -65.7

58 lw17-4 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.2 71.4 81.0 102.0 118.0 132.0 145.0 150.0 49.2 28.9 17.8 -2.6 -21.8 -39.8 -56.9 -65.7

59 TMs08 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 43.6 50.5 57.0 79.0 94.0 112.0 93.0 87.0 61.8 49.8 41.8 20.4 2.2 -19.8 -4.9 -2.7

60 TMe08 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 43.6 50.5 57.0 79.0 94.0 112.0 93.0 87.0 61.8 49.8 41.8 20.4 2.2 -19.8 -4.9 -2.7

61 TMn08 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 43.6 50.5 57.0 79.0 94.0 112.0 93.0 87.0 61.8 49.8 41.8 20.4 2.2 -19.8 -4.9 -2.7

62 lw17-2 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.2 71.4 81.0 102.0 118.0 132.0 145.0 150.0 49.2 28.9 17.8 -2.6 -21.8 -39.8 -56.9 -65.7

63 TMe01-2 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 42.6 47.5 57.0 79.0 94.0 112.0 93.0 87.0 62.8 52.8 41.8 20.4 2.2 -19.8 -4.9 -2.7

64 TMe03-4 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 42.6 47.5 57.0 79.0 94.0 112.0 93.0 87.0 62.8 52.8 41.8 20.4 2.2 -19.8 -4.9 -2.7

65 TMe05 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.0 55.5 65.0 80.0 91.0 98.0 97.0 92.0 55.4 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

66 TMe06-7 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 43.6 47.5 57.0 79.0 94.0 112.0 93.0 87.0 61.8 52.8 41.8 20.4 2.2 -19.8 -4.9 -2.7

67 LW17-3 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.2 71.4 81.0 102.0 118.0 132.0 145.0 150.0 49.2 28.9 17.8 -2.6 -21.8 -39.8 -56.9 -65.7

68 TNs07 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

69 TNs06 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

73 TNe02 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

74 TNe03 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

75 TNe04 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

76 TNe05 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

77 TNe06 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

78 TNe07 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

79 LW12 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 49.8 64.3 74.0 95.0 100.0 100.0 100.0 100.0 55.6 36.0 24.8 4.4 -3.8 -7.8 -11.9 -15.7

83 TNn02 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

84 TNn03 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

85 TNn04 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

86 TNn05 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

87 TNn06 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

88 TNn07 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

89 TMn01-2a 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 42.6 47.5 57.0 79.0 94.0 112.0 93.0 87.0 62.8 52.8 41.8 20.4 2.2 -19.8 -4.9 -2.7

90 TMn01-2b 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 42.6 47.5 57.0 79.0 94.0 112.0 93.0 87.0 62.8 52.8 41.8 20.4 2.2 -19.8 -4.9 -2.7

91 LW17-1 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 49.8 64.3 74.0 95.0 100.0 100.0 100.0 100.0 55.6 36.0 24.8 4.4 -3.8 -7.8 -11.9 -15.7

92 TSe07b 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 50.6 55.5 65.0 80.0 91.0 98.0 97.0 92.0 54.8 44.8 33.8 19.4 5.2 -5.8 -8.9 -7.7

8 th gf w wh 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.0 64.0 70.0 78.0 86.0 93.0 96.0 98.0 49.4 36.3 28.8 21.4 10.2 -0.8 -7.9 -13.7

13 th gf s wh 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.0 64.0 70.0 78.0 86.0 93.0 96.0 98.0 49.4 36.3 28.8 21.4 10.2 -0.8 -7.9 -13.7

19 th gf n wh 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.0 64.0 70.0 78.0 86.0 93.0 96.0 98.0 49.4 36.3 28.8 21.4 10.2 -0.8 -7.9 -13.7

25 wh_gf_n_wh 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.0 64.0 70.0 78.0 86.0 93.0 96.0 98.0 49.4 36.3 28.8 21.4 10.2 -0.8 -7.9 -13.7

28 wh_gf_w_wh 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.0 64.0 70.0 78.0 86.0 93.0 96.0 98.0 49.4 36.3 28.8 21.4 10.2 -0.8 -7.9 -13.7

29 whn_n 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

30 whn_n_pl 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

31 whn_w_1 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

31 whn_w_2 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

32 whn_w_pl 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

33 whs_w 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

33 whs_w 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

34 whs_w_pl 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

36 whs_s 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 42.0 41.0 56.0 66.0 75.0 83.0 91.0 97.0 63.4 59.3 42.8 33.4 21.2 9.2 -2.9 -12.7

37 whs_s_pl 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 42.0 41.0 56.0 66.0 75.0 83.0 91.0 97.0 63.4 59.3 42.8 33.4 21.2 9.2 -2.9 -12.7

38 whn_roof 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 64.6 69.6 74.0 79.0 87.0 94.0 101.0 103.0 40.8 30.7 24.8 20.4 9.2 -1.8 -12.9 -18.7

39 whs_roof 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 64.6 69.6 74.0 79.0 87.0 94.0 101.0 103.0 40.8 30.7 24.8 20.4 9.2 -1.8 -12.9 -18.7

40 whs_e 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

41 whs_e_pl 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

42 whn_e 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

43 whn_e_pl 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 62.0 69.0 71.0 81.0 90.0 98.0 106.0 112.0 43.4 31.3 27.8 18.4 6.2 -5.8 -17.9 -27.7

72 TNe-gf wh 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.0 64.0 70.0 78.0 86.0 93.0 96.0 98.0 49.4 36.3 28.8 21.4 10.2 -0.8 -7.9 -13.7

80 TNn-gf-wh 110.4 105.3 103.8 104.4 101.2 97.2 93.1 89.3 56.0 64.0 70.0 78.0 86.0 93.0 96.0 98.0 49.4 36.3 28.8 21.4 10.2 -0.8 -7.9 -13.7
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Table A 4 

 

nr reference 63 125 250 500 1k 2k 4k 8k 63 125 250 500 1k 2k 4k 8k

5 foy l2 wn 136 57.8 59.7 55.3 46.9 34.6 22.6 13.5 9.7

6 foy l2 w-gl 129 57.6 59.5 55.1 46.7 36.4 32.4 28.3 24.5

7 foy l2 ws 133 57.7 59.6 55.2 46.8 34.5 22.5 13.4 9.6

11 foy l2 s 193 59.3 61.3 56.8 48.4 36.2 24.2 15.1 11.3

20 th gf w fo 41 52.6 54.5 50.0 41.6 29.4 17.4 8.3 4.5 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0

21 th gf s fo 95 56.3 58.2 53.7 45.3 33.1 21.1 12.0 8.2 15.1 15.1 15.1 15.1 15.1 15.1 15.1 15.1

22 th gf n fo 76 55.3 57.2 52.8 44.4 32.1 20.1 11.0 7.2 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8

23 wh_gf_n_fo 224 60.0 61.9 57.4 49.0 36.8 24.8 15.7 11.9 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3

26 wh_gf_w_fo 126 57.5 59.4 55.0 46.6 34.3 22.3 13.2 9.4 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

70 TNe-gf fo 107 56.8 58.7 54.2 45.8 33.6 21.6 12.5 8.7 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0

81 TNn-gf-fo 95 56.3 58.2 53.7 45.3 33.1 21.1 12.0 8.2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

1 TH_D 10465 81.7 67.5 47.6 30.8 15.3 3.3 -6.9 -8.5

2 tht_roof1 656 70.7 65.6 53.1 41.7 29.5 18.5 8.4 4.6

2 tht_roof2 167 64.7 59.6 47.2 35.8 23.5 12.5 2.4 -1.4

3 TH_E 8124 80.6 66.4 46.5 29.7 14.2 2.2 -8.0 -9.6

4 th l4 w 274 66.9 64.8 55.3 37.9 25.7 14.7 4.6 0.8

9 th gf w th 41 70.6 74.5 62.0 54.6 43.4 32.4 25.3 19.5 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0

10 th l4 s 123 63.4 61.3 51.8 34.4 22.2 11.2 1.1 -2.7

12 th gf s th 95 74.3 78.2 65.7 58.3 47.1 36.1 29.0 23.2 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1

14 th l4-5 s 164 64.6 62.5 53.1 35.7 23.4 12.4 2.3 -1.5

15 TH_A 5367 78.8 64.6 44.7 27.9 12.4 0.4 -9.8 -11.4

16 TH_B 6162 79.4 65.2 45.3 28.5 13.0 1.0 -9.2 -10.8

17 TH_C 5245 78.7 64.5 44.6 27.8 12.3 0.3 -9.9 -11.5

18 th gf n th 76 73.3 77.2 64.8 57.4 46.1 35.1 28.0 22.2 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6

24 wh_gf_n_th 224 78.0 81.9 69.4 62.0 50.8 39.8 32.7 26.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9

27 wh_gf_w_th 126 75.5 79.4 67.0 59.6 48.3 37.3 30.2 24.4 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0

71 TNe-gf th 107 74.8 78.7 66.2 58.8 47.6 36.6 29.5 23.7 26.8 26.8 26.8 26.8 26.8 26.8 26.8 26.8

82 TNn-gf-th 95 74.3 78.2 65.7 58.3 47.1 36.1 29.0 23.2 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3

44 TSs02 130 77.9 69.0 59.6 57.2 47.5 44.5 34.4 31.4

45 TSs04 58 72.4 62.4 51.4 37.0 22.8 11.8 8.7 9.9

46 TSs05 58 72.4 62.4 51.4 37.0 22.8 11.8 8.7 9.9

47 TSs06 58 72.4 62.4 51.4 37.0 22.8 11.8 8.7 9.9

48 TSs07 83 74.0 64.0 53.0 38.6 24.4 13.4 10.3 11.5

49 TSe02 152 78.6 69.6 53.1 44.1 40.4 36.4 26.2 40.2

50 TSe02b 23 70.4 61.4 45.0 36.0 32.2 28.2 18.0 32.0

51 TSe04 67 73.1 63.1 52.1 37.7 23.5 12.5 9.4 10.6

52 TSe05 67 73.1 63.1 52.1 37.7 23.5 12.5 9.4 10.6

53 TSe06 67 73.1 63.1 52.1 37.7 23.5 12.5 9.4 10.6

54 TSe07 86 80.5 66.5 52.1 38.3 24.1 12.8 0.4 11.3

55 Ts-rf-musi 196 72.1 51.8 40.8 20.4 1.1 -16.9 -34.0 -42.8

55 TSn06 28 69.3 59.3 48.3 33.9 19.7 8.7 5.6 6.8

56 TSn07 42 71.0 61.0 50.1 35.7 21.4 10.4 7.3 8.5

57 lw17-5 26 63.3 43.0 31.9 11.5 -7.7 -25.7 -42.8 -51.6

58 lw17-4 17 61.6 41.3 30.2 9.8 -9.4 -27.4 -44.5 -53.3

59 TMs08 14 73.2 61.2 53.2 31.8 13.6 -8.4 6.5 8.7

60 TMe08 25 75.8 63.8 55.9 34.5 16.2 -5.8 9.1 11.3

61 TMn08 25 75.8 63.8 55.8 34.4 16.2 -5.8 9.1 11.3

62 lw17-2 70 67.7 47.4 36.3 15.9 -3.3 -21.3 -38.4 -47.2

63 TMe01-2 190 85.6 75.6 64.6 43.2 25.0 3.0 17.9 20.1

64 TMe03-4 131 84.0 74.0 63.0 41.6 23.4 1.4 16.3 18.5

65 TMe05 66 73.6 63.0 52.0 37.6 23.4 12.4 9.3 10.5

66 TMe06-7 142 83.3 74.3 63.4 42.0 23.7 1.7 16.6 18.8

67 LW17-3 100 69.2 48.9 37.8 17.4 -1.8 -19.8 -36.9 -45.7

68 TNs07 41 70.9 60.9 50.0 35.6 21.3 10.3 7.2 8.4

69 TNs06 27 69.1 59.1 48.2 33.8 19.5 8.5 5.4 6.6

73 TNe02 116 75.5 65.5 54.5 40.1 25.9 14.9 11.8 13.0

74 TNe03 66 73.0 63.0 52.0 37.6 23.4 12.4 9.3 10.5

75 TNe04 65 73.0 63.0 52.0 37.6 23.4 12.4 9.3 10.5

76 TNe05 66 73.0 63.0 52.0 37.6 23.4 12.4 9.3 10.5

77 TNe06 66 73.0 63.0 52.0 37.6 23.4 12.4 9.3 10.5

78 TNe07 99 74.7 64.7 53.8 39.4 25.1 14.1 11.0 12.2

79 LW12 229 79.2 59.6 48.4 28.0 19.8 15.8 11.7 7.9

83 TNn02 100 74.8 64.8 53.9 39.5 25.2 14.2 11.1 12.3

84 TNn03 57 72.4 62.4 51.4 37.0 22.8 11.8 8.7 9.9

85 TNn04 57 72.4 62.4 51.4 37.0 22.8 11.8 8.7 9.9

86 TNn05 57 72.4 62.4 51.4 37.0 22.8 11.8 8.7 9.9

87 TNn06 57 72.4 62.4 51.4 37.0 22.8 11.8 8.7 9.9

88 TNn07 86 74.1 64.1 53.2 38.8 24.5 13.5 10.4 11.6

89 TMn01-2a 75 81.6 71.6 60.6 39.2 21.0 -1.0 13.9 16.1 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

90 TMn01-2b 67 81.0 71.0 60.1 38.7 20.4 -1.6 13.3 15.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

91 LW17-1 30 70.3 50.7 39.6 19.2 10.9 6.9 2.8 -1.0

92 TSe07b 13 66.0 56.0 45.0 30.6 16.4 5.4 2.3 3.5

8 th gf w wh 41 65.5 52.4 44.9 37.5 26.3 15.3 8.2 2.4 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2

13 th gf s wh 95 69.2 56.1 48.6 41.2 30.0 19.0 11.9 6.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1

19 th gf n wh 76 68.2 55.1 47.7 40.3 29.0 18.0 10.9 5.1 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

25 wh_gf_n_wh 224 72.9 59.8 52.3 44.9 33.7 22.7 15.6 9.8 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4

28 wh_gf_w_wh 126 70.4 57.3 49.9 42.5 31.2 20.2 13.1 7.3 -0.8 -0.8 -0.8 -0.8 -0.8 -0.8 -0.8 -0.8

29 whn_n 946 73.2 61.1 57.6 48.2 36.0 24.0 11.9 2.1

30 whn_n_pl 181 66.0 53.9 50.4 41.0 28.8 16.8 4.7 -5.1

31 whn_w_1 129 64.5 52.4 48.9 39.5 27.3 15.3 3.2 -6.6

31 whn_w_2 624 71.3 59.3 55.8 46.4 34.2 22.2 10.1 0.3

32 whn_w_pl 140 64.8 52.8 49.3 39.9 27.7 15.7 3.6 -6.2

33 whs_w 70 61.9 49.8 46.3 36.9 24.7 12.7 0.6 -9.2

33 whs_w 50 60.4 48.3 44.8 35.4 23.2 11.2 -0.9 -10.7

34 whs_w_pl 182 66.0 53.9 50.4 41.0 28.8 16.8 4.7 -5.1

36 whs_s 940 93.1 89.0 72.6 63.2 50.9 38.9 26.8 17.0

37 whs_s_pl 181 86.0 81.9 65.4 56.0 43.8 31.8 19.7 9.9

38 whn_roof 991 70.8 60.7 54.8 50.4 39.2 28.2 17.1 11.3

39 whs_roof 1330 72.0 61.9 56.1 51.7 40.4 29.4 18.3 12.5

40 whs_e 274 67.8 55.7 52.2 42.8 30.6 18.6 6.5 -3.3

41 whs_e_pl 52 60.6 48.5 45.0 35.6 23.4 11.4 -0.7 -10.5

42 whn_e 213 66.7 54.6 51.1 41.7 29.5 17.5 5.4 -4.4

43 whn_e_pl 41 59.5 47.4 44.0 34.6 22.3 10.3 -1.8 -11.6

72 TNe-gf wh 107 69.7 56.6 49.1 41.7 30.5 19.5 12.4 6.6 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8

80 TNn-gf-wh 95 69.2 56.1 48.6 41.2 30.0 19.0 11.9 6.1 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9
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RADIATED SOUND POWER LEVEL SWL [dB] CORRECTION FOR SURFACE DISPERSMENT [dB]
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ANNEX B: MECHANICAL NOISE EMISSION SOURCES 

Table B1 to B5 provide the acoustic specifications of mechanical sound sources. The figure next to table B1 
shows the location of the sources. The red numbers refer to the emergency equipment (annex C). 

 

Table B 1: mechanical sound sources 

 

 

nr reference description

1 60 smoke exhaust duct L7 south tower

2 88 truck-lift fan

3 89 truck-lift fan

4 90 truck-lift fan

5 AHU01i 01 AHU-TH-L1-01 ORCHESTRA PIT intake

6 AHU02e 02 AHU-TH-L4-01 TOILETS exhaust

7 AHU02i 02 AHU-TH-L4-01 TOILETS intake

8 AHU03e 03 AHU-TH-L4-02 BALCONY exhaust

9 AHU03i 03 AHU-TH-L4-02 BALCONY intake

10 AHU04e 04 AHU-TH-L4-03 stalls exhaust

11 AHU04i 04 AHU-TH-L4-03 stalls intake

12 AHU05e 05 AHU-TH-L5-01 REAR stalls exhaust

13 AHU05i 05 AHU-TH-L5-01 REAR stalls intake

14 AHU06e 06 AHU-TOW-L3-01 exhaust Level 04 down

15 AHU06i 06 AHU-TOW-L3-01 intake Level 04 down

16 AHU07e 07 AHU-TOW-L6-01 exhaust

17 AHU07i 07 AHU-TOW-L6-01 intake

18 AHU08e 08 AHU-TOW-L7-01 exhaust South WH

19 AHU08i 08 AHU-TOW-L7-01 intake South WH

20 AHU09e 09 AHU-TOW-L7-02 exhaust South WH

21 AHU09i 09 AHU-TOW-L7-02 intake South WH

22 AHU10e 10 AHU-TOW-L7-03 exhaust North WH

23 AHU10i 10 AHU -TOW-L7-03 intake  north WH

24 AHU11e 11 AHU -TOW-L7-04 exhaust north WH

25 AHU11i 11 AHU-TOW-L7-04 intake North WH

26 fan 1 dry air cooler

27 fan 2 dry air cooler

28 fan 3 dry air cooler

29 fan 4 dry air cooler

30 kit ext kitchen extract l6 - INDICATIEF + ext demper

31 WH-L6-SF1 supply fan chiller room
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Table B 2: acoustic specifications 

 

Table B 3: plant room noise sources 

 

Table B 4: indoor sound level and sound insulation 

 

Table B 5: radiated sound power levels 

 

The radiated sound power level per sqm is determined by 

 SWL/m2 = SPL – R’ -Cd [dB] 

in which 

 Cd is the diffusion coefficient (5 dB) 

 SPL is the indoor sound level 

 R’ is the sound insulation of the structure, including flanking sound transmission  

 SWL/m2 is the transmitted sound power level per sqm.  

nr reference 63 125 250 500 1k 2k 4k 8k 63 125 250 500 1k 2k 4k 8k

1 60 88 73 61 52 45 40 37 36 5 5 5 5 5 5 5 5

2 88 71 80 77 72 70 66 63 59 0 0 0 0 0 0 0 0

3 89 71 80 77 72 70 66 63 59 0 0 0 0 0 0 0 0

4 90 71 80 77 72 70 66 63 59 0 0 0 0 0 0 0 0

5 AHU01i 56 59 53 53 49 41 40 37 4 12 24 22 19 16 12 9

6 AHU02e 61 58 62 50 45 46 48 49 5 11 16 19 27 32 26 21

7 AHU02i 59 54 53 42 28 31 33 35 5 11 16 19 27 32 26 21

8 AHU03e 72 82 80 84 83 77 73 68 6 17 42 41 47 33 20 18

9 AHU03i 66 79 73 72 73 69 63 71 6 17 42 41 47 33 20 18

10 AHU04e 82 89 83 85 82 78 74 71 4 13 29 27 26 21 14 11

11 AHU04i 73 82 74 71 67 64 60 61 6 17 42 41 47 33 20 18

12 AHU05e 66 69 62 57 45 43 44 45 4 12 24 22 19 16 12 9

13 AHU05i 60 65 53 31 32 31 31 34 0 0 0 0 0 0 0 0

14 AHU06e 78 81 92 87 86 80 79 82 4 8 8 14 14 18 18 18

15 AHU06i 70 79 81 74 73 72 82 70 18 30 49 22 55 45 32 26

16 AHU07e 69 74 67 60 51 49 53 53 0 0 0 0 0 0 0 0

17 AHU07i 59 69 57 46 36 36 40 44 0 0 0 0 0 0 0 0

18 AHU08e 81 97 86 87 85 81 78 72 16 25 42 55 47 34 23 20

19 AHU08i 77 98 84 76 73 70 76 64 16 25 42 55 47 34 23 20

20 AHU09e 81 97 86 87 85 81 78 72 16 25 42 55 47 34 23 20

21 AHU09i 77 98 84 76 73 70 76 64 16 25 42 55 47 34 23 20

22 AHU10e 85 89 85 86 83 79 76 73 14 25 42 55 55 49 37 32

23 AHU10i 77 84 76 72 68 65 61 63 14 25 42 55 55 49 37 32

24 AHU11e 85 89 85 86 83 79 76 73 14 25 42 55 55 49 37 32

25 AHU11i 74 85 78 79 77 75 77 76 14 25 42 55 55 49 37 32

26 fan 1 75 70 69 66 65 66 64 58 0 0 0 0 0 0 0 0

27 fan 2 75 70 69 66 65 66 64 58 0 0 0 0 0 0 0 0

28 fan 3 75 70 69 66 65 66 64 58 0 0 0 0 0 0 0 0

29 fan 4 75 70 69 66 65 66 64 58 0 0 0 0 0 0 0 0

30 kit ext 71 76 72 69 65 63 59 55 11 22 43 41 47 33 20 18

31 WH-L6-SF1 76 75 82 85 84 80 76 63 0 0 0 0 0 0 0 0

SOUND POWER LEVEL SWL [dB] ATTENUATOR INSERTION LOSS [dB]

reference description

1 Ts-rf-chil chiller room roof

1 Tse06-chil chiller room

2 plant l4 w plantroom level 4 - west facade

3 plant l4 s plantroom level 4 - south facade

nr reference 63 125 250 500 1k 2k 4k 8k 63 125 250 500 1k 2k 4k 8k

1 Ts-rf-chil 84.5 76.9 78.6 77.9 81.6 79.6 75.2 77.5 64.0 65.0 76.0 100.0 118.0 133.0 145.0 152.0

2 Tse06-chil 84.5 76.9 78.6 77.9 81.6 79.6 75.2 77.5 35.0 35.0 40.0 50.0 58.0 66.0 72.0 73.0

3 plant l4 w 83.2 77.1 73.6 71.2 71.0 68.0 62.9 27.1 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0

4 plant l4 s 83.2 77.1 73.6 71.2 71.0 68.0 62.9 27.1 33.0 31.0 39.0 48.0 57.0 65.0 70.0 70.0

INDOOR SOUND PRESURE LEVEL SPL [dB] SOUND INSULATION R' (including flanking) [dB]

nr reference 63 125 250 500  1k  2k  4k  8k 63 125 250 500 1k 2k 4k 8k

1 Ts-rf-chil 15.5 6.9 -2.4 -27.1 -41.4 -58.4 -74.8 -79.5 312 40.4 31.8 22.6 -2.1 -16.5 -33.5 -49.9 -54.6

2 Tse06-chil 44.5 36.9 33.6 22.9 18.6 8.6 -1.8 -0.5 50 61.5 53.9 50.7 40.0 35.6 25.6 15.2 16.5

3 plant l4 w 45.2 41.1 29.6 18.2 9.0 -2.0 -12.1 -47.9 274 69.6 65.5 54.0 42.6 33.4 22.4 12.3 -23.5

4 plant l4 s 45.2 41.1 29.6 18.2 9.0 -2.0 -12.1 -47.9 123 66.1 62.0 50.5 39.1 29.9 18.9 8.8 -27.0

RADIATED SOUND POWER LEVEL SWL [dB]RADIATED SOUND POWER LEVEL SWL/m2 [dB] surf.area 

[m2]
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ANNEX C: EMERGENCY EQUIPMENT SOUND SOURCES 

 

Table C 1: Acoustic specifications emergency equipment sound sources 

 

 

 

reference description 63 125 250 500 1k 2k 4k 8k

emergency Emergency generator 110 103 95 88 82 77 74 68

72_colt colt smoke exhaust warehouse tower stair 113 110 107 100 93 90 87 84

74_ELTATH ELTA smoke exhaust 121 118 114 114 114 106 101 98

70_ELTATWS ELTA smoke exhaust south tower 121 118 114 114 114 106 101 98

71_ELTATWS ELTA smoke exhaust north tower 121 118 114 114 114 106 101 98

75_colt colt smoke exhaust 111 109 105 107 107 104 103 99

76_colt colt smoke exhaust 107 109 105 107 107 104 103 99

SOUND POWER LEVEL SWL [dB]
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ANNEX D1: PARTITION DETAILS 

 

EWS-101 (Vision Glass)

EWS-161 (Opacified Glass)
MF-PRA-WH-XX-DR-X-30-0500
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EWS-102
MF-PRA-WH-XX-DR-X-30-0602 (left)

MF-PRA-WH-XX-DR-X-30-0601 (right
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EWS-534
MF-PRA-WH-XX-DR-X-30-0733
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ANNEX D2: TOWER WALL LININGS 

The wall linings and external façade work together as one sound insulating build-up. For the structure borne sound 
transmission path only the external façade is taken into account. 
 

Reference:  MF-RYD-WH-XX-DR-A-89-0100 
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ANNEX E: GLAZING TYPES 

 

G3 (EWS-102) vision glass 

 61 mm O/All Glass Unit (Ref – G3) – 85 kg/m3 

o Outer Pane 21.5 mm laminated acoustic low iron 

o Cavity 24 mm Argon filled 

o 15.5 mm laminated acoustic low Iron 

G5 (EWS-102) fire rated 

 43.52 mm O/All Glass Unit (Ref - G5) – 55 kg/m3 

o Outer Pane 13.52 mm laminated acoustic low iron 

o Cavity 14 mm Argon filled 

o Inner Pane 16 mm Contraflam 30 

G6 (EWS-102) Fire Rated Vision Glass Doors 

 16 mm O/All Glass Unit (Ref – G6) – 40 kg/m3 

o Single Pane – 16 mm Contraflam 30 

G4 (EWS-102) Vision Glass Doors 

 43 mm O/All Glass Unit (Ref – G4) – 40 kg/m3 

o Outer Pane 9.5 mm laminated acoustic low iron 

o Cavity 24 mm Argon filled 

o Inner Pane 9.5 mm Laminated Acoustic low iron 

G1 (EWS-101) Vision Glass 

 61 mm O/All Glass Unit (Ref G1) 

o Outer pane 21.5 mm Laminated Acoustic Low Iron 

o Cavity 24 mm Argon filled 

o Inner Pane 15.5 mm Laminated Acoustic low Iron 

G2 (EWS-161) Opacified Glass 

 61 mm O/All Glass Unit (Ref G2) 

o Outer Pane 21.5 mm Laminated Acoustic 

o Cavity 24 mm Argon filled 

o Inner Pane15.5 laminated Acoustic 
8/1.52 PVB Acoustic/6 

 

The location of the glazing types are shown on the elevations on the next page for the Ground Floor foyer 
and the Towers on the east side of the building. The Theatre foyer on the west side will have glazing type G2 
or equivalent. There are no other locations in the external envelope that contain glazings. 
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Ground Floor Foyer 

 

 

Towers Facades 
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ANNEX F1: ACOUSTIC SPECIFICATIONS AHU’S 

(reference: MF-CHT-XX-XX-TS-M-01-0001_Technical Submission - Air Handling Units_C07 10-9-2021) 
 
Sound power levels at AHU intake and outlet openings (provided by AirSource on 16-12-2019) 

      
 

AHU noise breakout, measured at 5 m distance (Q5857-13-T.S. CHT, date 6-5-2020) 

 LpA,5m [dB] 
AHU 01 AHU-TH-L1-01 Orchestra Pit 37 

AHU 02 AHU-TH-L4-01 Theatre toilets 44 

AHU 03 AHU-TH-L4-02 Theatre Auditorium Balcony 51 

AHU 04 AHU-TH-L4-03 Theatre Auditorium Stalls 56 

AHU 05 AHU-TH-L5-01Theatre Auditorium Rear 46 

AHU 06 AHU-TOW-L3-01 Level 04 Down 56 

AHU 07 AHU-TOW-L6-01 Office and Crew rooms 47 

AHU 08 & 09 South warehouse 64 

AHU 10 North warehouses 59 

AHU 11 North warehouses 58 

 

SOUND POWER LEVELS (standard: EN13053 ISO/CD 13347-2)

AHU 1 AHU-TH-L1-01 ORCHESTRA PIT

Lw LwA

Octave band (Hz) 63 125 250 500 1k 2k 4k 8k dB(A)

Fresh air connection 60 65 61 61 58 55 52 49 63

Supply air connection 61 71 64 66 67 64 60 56 71

AHU 2 AHU-TH-L4-01 THEATRE TOILETS

Lw LwA

Octave band (Hz) 63 125 250 500 1k 2k 4k 8k dB(A)

Fresh air connection 64 64 71 71 67 67 63 60 74

Supply air connection 65 66 75 74 77 76 70 66 81

Extract connection 62 62 69 70 66 66 62 59 72

Exhaust connection 63 64 74 73 76 74 69 65 80

AHU 3 AHU-TH-L4-02 AUDITORIUM BALCONY

Lw LwA

Octave band (Hz) 63 125 250 500 1k 2k 4k 8k dB(A)

Fresh air connection 69 83 79 78 80 77 72 70 84

Supply air connection 77 85 83 86 86 80 75 70 89

Extract connection 67 80 76 76 76 73 70 69 80

Exhaust connection 72 81 80 84 82 77 74 68 86

AHU No. 4; AHU-TH-L4-03, Theatre Auditorium stalls

Lw LwA

Octave band (Hz) 63 125 250 500 1k 2k 4k 8k dB(A)

Fresh air connection 76 86 80 77 75 72 69 70 81

Supply air connection 79 89 84 85 83 80 77 72 88

Extract connection 80 85 80 77 74 71 68 69 80

Exhaust connection 82 89 83 85 82 78 74 71 87

AHU 5 AHU-TH-L5-01 THEATRE AUDITORIUM REAR

Lw LwA

Octave band (Hz) 63 125 250 500 1k 2k 4k 8k dB(A)

Fresh air connection 66 77 73 72 73 70 64 62 77

Supply air connection 72 79 78 82 81 74 68 63 84

Extract connection 63 72 70 71 69 66 61 60 74

Exhaust connection 68 75 74 80 76 71 65 61 81

Lw per octave band (dB)

Lw per octave band (dB)

Lw per octave band (dB)

Lw per octave band (dB)

Lw per octave band (dB)

AHU No. 6; AHU-TOW-L3-01, Level 04 down

Lw LwA

Octave band (Hz) 63 125 250 500 1k 2k 4k 8k dB(A)

Fresh air connection 72 82 87 80 81 80 80 79 87

Supply air connection 77 82 88 89 88 84 84 79 93

Extract connection 74 78 87 80 76 74 74 81 85

Exhaust connection 78 81 92 87 86 80 79 82 91

AHU No. 07 - AHU-TOW-L6-01

Lw LwA

Octave band (Hz) 63 125 250 500 1k 2k 4k 8k dB(A)

Fresh air connection 64 79 75 75 75 72 70 69 80

Supply air connection 71 80 79 83 82 77 74 69 86

Extract connection 66 76 74 74 72 70 68 67 78

Exhaust connection 69 78 78 81 79 74 72 68 83

AHU No. 08; AHU-TOW-L7-01 South Warehouse

AHU No. 09; AHU-TOW-L7-02 , South Warehouse

Lw LwA

Octave band (Hz) 63 125 250 500 1k 2k 4k 8k dB(A)

Fresh air connection 80 102 89 82 81 78 75 73 89

Supply air connection 85 104 91 90 88 86 81 76 94

Extract connection 77 95 85 80 78 74 72 70 85

Exhaust connection 81 97 86 87 85 81 78 72 90

AHU No. 10; AHU-TOW-L7-03, North Warehouse

Lw LwA

Octave band (Hz) 63 125 250 500 1k 2k 4k 8k dB(A)

Fresh air connection 80 88 82 78 76 73 70 72 82

Supply air connection 82 92 86 87 84 82 78 74 89

Extract connection 84 85 82 78 75 72 69 71 81

Exhaust connection 85 89 85 86 83 79 76 73 88

AHU No. 11; AHU -TOW-L7-04

Lw LwA

Octave band (Hz) 63 125 250 500 1k 2k 4k 8k dB(A)

Fresh air connection 77 89 84 85 85 83 76 77 89

Supply air connection 82 91 92 94 92 89 79 78 96

Extract connection 84 85 82 78 75 72 69 71 81

Exhaust connection 85 89 85 86 83 79 76 73 88

Lw per octave band (dB)

Lw per octave band (dB)

Lw per octave band (dB)

Lw per octave band (dB)

Lw per octave band (dB)
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ANNEX F2: CHILLER SPECIFICATIONS 

Schedule reference: MF-BDP-ZZ-ZZ-SH-M-68-0013 Rev. C02 

See also section 8.1. 
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ANNEX F3: EMERGENCY GENERATOR SPECS 

Reference:  MF-CHT-XX-XXTS-E-01-0002, date 30-4-2020 
 
Following acoustically relevant info is extracted from “MF-CHT-XX-XXTS-E-01-0002”, date 30-4-2020 
 

Generator Set Summary 

Model:    FG Wilson P250-5 

Engine Type:   Perkins® 1506A- E88TAG2, 6 Cylinders 

Alternator Type:   Marelli MJB250LB4 

Approximate Dimensions: 3975mm L x 1410mm W x 1779mm H (3200kg) 
Fuel Consumption:   46.9 Litres Per Hour at 100% Load (MJB) 

Tank Capacity:   CALG - 530 Litres 

Prime/Continuous:  230 kVA / 184 kW 

Emergency/Standby:  250 kVA / 200 kW 

Rating:    3 Phase, 400/230 Volts, 50 Hz, 1500 RPM at 0.8 Power Factor 

Noise Levels:   76 dBA at 1 Metre in Free field conditions 
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Proposed AV-mount by supplier. Dynamic stiffness not mentioned, to be provided by supplier: kdyn ≤ 1,6 MN/m 
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From document “DTGen E9870 TS3 The Factory Manchester.pdf” 
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ANNEX F4: FANS 
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