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Introduction 

Copenhagen has had a Metro line since 2002 where the 
M1 and M2 lines were established. The recent construction 
makes the city new to the type of transport. The M3 line, 
known as the Metro Cityring, was commissioned in 2019 
and has since become a part of public transport in the capi-
tal. Despite part of the tunnel being 35 m below ground, 
the M3 line has led to noticeable noise issues in buildings 
situated near the tunnel during pass-bys [8]. The Metro 
company has unsuccessfully attempted to implement solu-
tions for the issues [9]. 

This paper presents the work from a M.Sc. thesis [1] which 
investigates the transmission path of structure-borne noise 
from the tunnel, through subsoil layers and into adjacent 
buildings. The focus is on development of a measurement 
and data validation method supported by selected results. 
This paper aims to show the importance of employing a ro-
bust and systematic measurement approach and validating 
data properly. Furthermore, provide insight into potential 
consequences of placing metro lines close to buildings.  

The research questions which the paper aimed to answer 
were: 

1. How can the noise in the buildings be measured 
effectively, and what assumptions are necessary? 

2. Which building elements exhibit the highest 
sound radiation and how do subsoil differences 
affect the transmission from the subway 

3. What coherence and discrepancies exist among 
the structural noise sources of each building? 
(wall, floor, ceiling)  
  

Methodology 

Development of the measurement procedure 

The measurement procedure was developed through a 
structured four-step process to ensure robustness: 

1. Equipment testing 
2. Initial field tests 
3. Re-evaluation of method and equipment 
4. Field measurements 

Each step is briefly outlined below; further details can be 
found in the associated M.Sc. thesis [1]. Step 1 focused on 
identifying available equipment and evaluating suitable 
setups for initial testing. In step 2 preliminary field tests 
were carried out to gain practical experience with the setup 
process and assess if the selected equipment was suitable 

for the measurements. Additionally, the data was analyzed 
to develop familiarity with frequency characteristics. Fol-
lowing the field tests, the method and equipment were re-
evaluated to establish the final measurement procedure. Fi-
nally, comprehensive field measurements were conducted 
using the finalized procedure, which is detailed in the fol-
lowing section. 

Field measurements 

Prior to the measurements, the entire system was tested to 
ensure functionality. Furthermore, equipment was con-
nected to reduce on-site setup time. Room and building in-
formation were noted and sketches were created to docu-
ment microphone and accelerometer positions. Before 
starting each measurement session, all equipment was cali-
brated, and functionality was ensured to confirm that no 
background noise or unexpected levels were present. 

The measurements were performed in 10 apartments using 
five accelerometers and three microphones. A B&K Type 
8306 heavy accelerometer was intended as a reference ac-
celerometer and mounted on a metal plate. The remaining 
four accelerometers were Metra type KS78C.100, as the 
8306 was not suitable for mounting on walls and ceilings 
due to the weight. A mounting method was developed to 
easily set the accelerometers up on multiple surfaces with-
out damaging the building elements. The mounting method 
consists of a washer glued to masking tape with a thin 
layer of glue. The accelerometer was then magnetically at-
tached to the washer and the cable was attached to the wall 
with blu-tack to reduce noise from potential drag in the ca-
ble. A picture of the mounting method is shown in Figure 
1. 

 

Figure 1: Mounting of accelerometer using masking tape, a thin 
layer of glue and a washer. The cable is attached to the wall with 
blu-tack to reduce noise from potential drag in the cable. 

 

All microphones were 1/1” from B&K, consisting of two 
Type 4132, and one Type 4161. Seven microphone posi-
tions, based on Orientation 43 [7], were used throughout 
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the measurement. One microphone was used as a reference 
microphone throughout the entire measurement and kept at 
one position at h = 1 m. 

Validation of data 

During the measurements it became clear that the metro 
passages varied significantly and required individual anal-
ysis. As a result, a thorough validation method was set to 
assess each passage individually. A flow diagram of the 
method is shown in Figure 2. 

 

Figure 2: Flow diagram describing the process of validating rec-
orded metro passages.

 

Step 1involved isolating the passage and listening to it to 
determine if it was clearly audible. Step 2 focused on de-
fining the start and stop range of the passage to ensure 
only relevant data were analyzed. In step 3, the accelera-
tion and sound pressure levels in 1/3 octave bands over 
time were analyzed to examine whether they were con-
sistent and identifying dominant frequency bands. Step 4 
involved examining the frequency content to detect influ-
ences from background noise or equipment-related inter-
ference. If interference was present within or near the most 
impacted 1/3-octave bands, the passage was discarded 
from further analysis. Step 5 consisted of analyzing multi-
ple coherence using a Multiple Input Single Output 
(MISO) configuration. For more information about multi-
ple coherence, the reader is referred to the M.Sc. thesis [1] 
or [6]. First it was analyzed in the frequency range where 
similarities were found in step 3 and then in an expanded 
range from 0 to 1 kHz. The zoomed-in range allowed for 
detailed examination of specific trends, while the full 0-1 
kHz range used to verify that the high coherence was con-
fined to the relevant frequency bands. If all the steps were 
passed, the passage was deemed valid and used for analy-
sis. 

Results 

Of the ten measured apartments, simultaneous basement 
measurements were conducted in four cases. Some meas-
urement locations were close; thus they are shown as six 
site measurement locations which are presented in Figure 

3. 

 

Figure 3 : An overview of the site measurement locations. 
1 is Olufsvej. 2 is Kerteminegade. 3 is Carit Etlars Vej. 4 
is Holger Danskes Vej. 5 is Tåsingegade. 6 is Nørrebro-
gade. The approximate tunnel line has been sketched in 
red. Map from [2]. 

A results report was compiled for each measurement loca-
tion, beginning with a summary of key information about 
the room and building. An example is shown in Table 1. 
Following the key information, two types of results were 
presented. The first results figure compared the maximum 
vibration acceleration level, La,max,FAST and maximum A-
weighted sound pressure level LpA,max,FAST. The values in 
the octave bands were not necessarily from the same pas-
sage; rather, the maximum level measured in that octave 
band across the entire measurement session. An example is 
presented in Figure 4. The second figure illustrated the av-
erage of the measured maximum fast levels measured dur-
ing each passage, providing an overview of the most im-
pacted 1/3-octave bands. An example is presented in Fig-
ure 5. In cases where basement measurements were con-
ducted, three figures were presented, each of the most im-
pacted 1/3 octave bands. These figures presented the 
La,max,FAST and LpA,max,FAST values from the recorded pas-
sages enabling comparison between the basement and up-
per-floor results. An example is presented in Figure 6. 
Next an overview of the measured building elements was 
shown. The overview listed the measured building ele-
ments, including floor types, wall classifications (inte-
rior/exterior, heavyweight/lightweight), and associated sur-
face areas. Finally, a written analysis of the results was 
provided to identify the building elements most likely to 
exhibit high sound radiation. 
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Table 1: Example of measurement location information 

Date and time of measure-
ment 

Wednesday, May 3rd, 2023. 
10:00-12:00 

Measurement room Kitchen – dining area 
(Kitchen not measured) 

Basement measurements Yes 

Location on road South-western end 

Floor Ground floor 

Construction year 1891 

Building Type [3] E4 (Class F) [4] 

Reverberation time [7] 0.7 

Soil type [5] Fill (1-5m), gravel(6-7m), 
sand(8-16m), gravel(17-
20m), sand(20-24m), lime-
stone(24-35m) 

Passage lengths Min.: 4s, Max.: 15s, Avg.: 
9s 

Most impacted 1/3-octave 
bands 

125 Hz, 160 Hz, 200 Hz 

 

  

 

 

Figure 4: 1/3-octave maximum acceleration level La,max,FAST [dB 
re 1µm/s2] (O) and 1/3-octave A-weighted sound pressure level 
LpA,max,FAST [dB] (∆) between all measured passages for the three 
impacted bands valid passages. 

 

Figure 5: 1/3-octave average maximum acceleration level 
La,max,FAST [dB re 1µm/s2] (O) and 1/3-octave A-weighted sound 
pressure level LpA,max,FAST [dB] (∆) between all measured pas-
sages for the three impacted bands valid passages. 

 

 

Figure 6: Comparison of 1/3-octave maximum acceleration level 
La,max,FAST [dB re 1µm/s2] (O) as well as 1/3-octave A-weighted 
sound pressure level LpA,max,FAST [dB] (∆,+) recorded in the base-
ment (Bsmt.) and apartment (Apt.) for the 125 Hz octave band 
for the validated passages. 
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Based on the results reports, a comparative analysis was 
carried out, to assess whether certain building element 
types were significantly more likely to exhibit high sound 
radiation that others. The comparison included floors, ceil-
ings and wall. Results indicated that walls were most im-
pacted at 9 out of 10 sites, followed by ceilings (7 out of 
10) and floors (4 out of 10). Of the 9 walls it was mostly 
lightweight walls that were impacted. 

Additionally, soil types were compared down to a depth of 
25 m across the measurement sites. The comparison is pre-
sented in Figure 7. Subsurface data were obtained from 
drilling reports from Aarsleff JV, e.g. [5]. Although drill-
ing was not conducted at the exact measurement locations, 
the nearest available data was used. The variation of soil 
layers among measurement sites was found to be high. 

 

Figure 7: Soil differences between locations. Soil types are col-
our coded and shown in the top right of the figure. Site ID 1 is 
Olufsvej. 2 is Kertemindegade. 3 is Carit Etlars Vej. 4 is Holger 
Danskes Vej. 5 is Tåsingegade. 6 is Nørrebrogade. Site IDs cor-
respond to Figure 3. 

 

Discussion 

Development of the measurement procedure 

The structured plan for developing the measurement pro-
cedure proved to be efficient and effective. Given the vol-
ume of data collected, careful consideration was required 
to determine the most effective way for presenting the re-
sults clearly and accessibly to the reader.  

The finalized measurement procedure was found to be 
elaborate and time-consuming in terms of setup and pack-
ing. However, the complexity of the setup was justified by 
the need to minimize uncertainty arising from the many 
uncontrolled variables inherent in field measurements. 

Discussion of results and interpretation 

The results indicated that certain building elements are 
more likely to exhibit higher levels of sound radiation than 
others. Specifically, ceilings and lightweight walls were 
identified as the most affected elements in terms of proba-
bly causes of higher sound radiation. Simultaneous base-
ment and apartment measurements provided valuable in-
sights into damping behavior in buildings. Furthermore, it 
highlighted the inherent complexity of assessing a system 
influenced by numerous interacting parameters. 

Conclusion and future work 

A robust measurement and validation procedure was de-
veloped to assess the subway-induced noise in the build-
ings, enabling multi-surface measurements under field 
conditions. Key assumptions – such as subsoil variability, 
tunnel proximity, and uncertain boundary conditions – 
were identified and addressed. Acceleration levels were 
detected on all surfaces, with ceilings and lightweight 
walls being most likely to exhibit highest sound radiation. 
Simultaneous basement and apartment measurements pro-
vided insight into transmission paths and revealed con-
sistent frequency band characteristics (125-250 Hz). The 
findings emphasize the importance of validating measure-
ment data. 
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