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2nd Cycle: Buildings MA

The second cycle master study program Buildings 
consists of two years (four semesters) and amounts to 
120 credit points. After the studies graduate acquires 
the professional title MASTER ENGINEER OF 
BUILDINGS.

The study program Buildings focuses on buildings –
their design, construction, use and removal. 

The study program Buildings is adapted to the needs and 
requirements of our dwelling and working environments. The 
basic condition and rule for the functioning of ecological systems 
is rationality and balance of their parts and complexes. The 
same is also true for socio-ecological system, part of which are 
also built environment and man. Architectonic artefact is an 
interface between natural environment and man-made 
environment. Building as part of the ecosystem that harmonizes 
different influences and conditions in the system using high 
technology, is the goal of all efforts of the contemporary 
bioclimatic design dealing with dwelling and living environment.
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Acoustical living and working environment
• Sound insulation of buildings

• Sound insulation against airborne sound

• Sound insulation against impact sound

• Environmental (municipal) noise

• Vibrations in buildings

• Acoustics of interior space – reverberation noise

• Design of building envelopes and interior barriers against environmental and building users noise

• Design of interior space against reverberation noise and exterior space against traffic noise
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•

1.  Fundamentals of sound propagation
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Sound is longitudinal vibration

C (m/s) = f (Hz) . λ (m) = const. = ~ 340 m/s
Speed of light is  ~ 300 000 000 m/s   i.e.   880 000 x more
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Changes in atmospheric pressure
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Definition of sound:

Time dependent mechanical deformation of the elastic medium

Understanding the physical and psychic properties of the nature of sound propagation is essential 

for designing, troubleshooting and analyzing noise protection

9

Prevention of the transition of the sound energy, i.e. sound insulation, can be achived in two ways:

- by energy loss (conversion of mechanical energy into heat), or

- with return of sound energy (reflection)
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Sound propagation in free air (outdoors)

- 6 dB / double distance
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Sinus sound, sound and noise
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Fourier transformation

Analysis, calculation and sound / noise measurements are using Fourier  transformations
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Sound Pressure Level:  SPL = 20 . log (pRMS /  po)

Reference pressure: po = 20 μPa = 0.00002 Pa = 20 . 10-6 N/m2

Sound Power Level:  

SWL = 10 . log (WRMS /  Wo)

Reference power: Wo =  10-12 W
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2.  Psychophysical response of humans on noise



University of Ljubljana, Faculty of Civil and Geodetic Engineering          UL  FGG KSKE                                Roman Kunič

15

What is  dB
Because the relationship between values in acoustics are extremely high  (from the most silent to 

the most noisy, intensities of sound or source powers are in relation even up to 1 : 1012) and because the human 

response to sound is in approximately  logarithmical relation, the following relationship is used:

dB is a logarithmic ratio of two values  
(values in dB are always related to reference values of pressure, power, intensity…)

n = 10 log I1 / I2 I …. Intensity of sound / noise (W/m2)

n = 10 log P1 / P2 P …. Power of source   (W)

n = 20 log v1 / v2 v …. Speed of (air) particles   (m/s)

n = 20 log p1 / p2 p …. Sound pressure  (N/m2= Pa)
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Sound Pressure Level:   SPL = 20 . log (pRMS /  po)
Reference pressure: po = 20 μPa = 0,00002 Pa = 20 . 10-6 N/m2
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Speed of sound in different materials
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Phon = dB (1000 Hz)

Equal-loudness contours of the human ear response for pure tones
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Difference between dB in Phone curves
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A, B & C weighting

dB(A)
dB(B)

dB(C)
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Sound pressure level in relation to frequency of sound, 
for speech, music, thresholds of hearing and pain
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White & Pink Noise 
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Determination of direction of incoming sound
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Problem of noise in  EU (source: WHO)

>40% of population is daily exposed to >65dB(A) and

through nights >50dB(A)  

>20% of working population is exposed  to more than 

acceptable noise levels ( more than one half to >80dB(A) )

Facts:

Noise <65 dB(A) on long period normally does not lead to permanent hearing failures. 

Short exposure generally does not lead to permanent hearing loss. Short exposures do not 

have detachable effects on temporary hearing loss.

Noise >65dB(A) exposure for years may lead to problems with hearing  loss

Noise >80B(A) exposure for many years leads to great certainty to permanent hearing loss
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• We distinguish:

• Sound insulation against airborne sound  

• Sound insulation against impact sound  

• Sound insulation against vibrations of installations  

• Sound insulation against environmental (municipal) noise  

• Acoustics of interior space (reverberation noise) 

•

4. Sound insulation of buildings
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• Emitter: sound vibrations in the air (speech, audio speaker, musical instruments ...) 

• Transmitter: from the air, through solid construction material, partition walls, doors, 
windows and sound in the air again 

• Receiver: airborne sound in receiving room (ear, microphone of measuring 
instrument…)

• Basic rule: maximizing the mass of the wall, ceiling or intermediate barriers per unit 
area leads to higher sound insulation values.

Noise reduction insulation materials (mainly porous) do not directly affect the reduction 
of sound propagation against airborne sound. Those materials are primarily used for 
lowering noise level by reducing echo effect and to lower reverberation time of the 
interior spaces

Sound insulation against airborne noise:
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• Emitter: vibrations, walking, different bumps, moving chairs and furniture, various 
assembly and finishing construction works

• Transmitter: massive solid construction material  and sound in the air

• Receiver: sound in receiving room (ear, microphone of measuring instrument…)

• Basic rule: to prevent access of impact sound to enter into massive construction 
(floor or wall constructions) – all other preventive approaches are much less 
effective 

Sound insulation against impact sound:
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• Emitter: vibrations and forced vibrations of installations and other operating equipment, 
vibrations transmitted from  the air or impact sound into installation lines, 

• Transmitter: installation lines, direct connections of installation lines into massive bearing 
constructions,

• Receiver: sound in receiving room (ear, microphone of measuring instrument…)

• Basic rule: to prevent the access of sound into installations. 

To minimize transfer and sources of forced oscillations or vibrations.

All passages of installations through constructions should be sealed with elastic and acoustic 
insulated materials.

Sound insulation against vibrations and installations
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• Sources of the noise are usually: transport (road, railway, airplane, sea 
transport…), industry, children‘s playgrounds, sport or other events…

• Barriers against noise are normally used

We distinguish between:

• Active noise protection (reduction of noise at the source side) – very 
effective and less costly

• Passive noise protection (reduction of noise at the receiver side) – less 
effective and more expensive

Insulation against environmental 
(municipal) noise
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• A goal is to control (to lower) reverberation time of interior space (indoors)

We distinguish between:

• Acoustics of spaces intended for speech (importance of clarity and 
understanding of human voice or speaker – comprehensibility)

• Acoustics of spaces intended for music (importance of various aesthetic 
and artistic criteria)

Reverberation time is reduced by installing absorbent surfaces on 

walls, ceilings and floors of interior space

Acoustics of interior space (reverberation noise):
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5. Sound insulation against airborne sound
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Ways of passing acoustic energy through the dividing wall

The energy of sound is approximately constant in the inner space and penetrates at the same time on all six surfaces

Sound energy passing from inner room into another room :

• Through a wall that separates them – direct transmission,

• Through the side walls – flanking transmission,

• Through combined routes,

• Through openings (windows, doors,)

• Through joints, gaps, dilatations,

• Through installation lines.

32
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Measurements of sound  insulation against airborne sound

Sound reduction index (R‘w):

R‘w = L1 – L2 + 10 log (S/A) = L1 – L2 + 10 log (RT/RT0)

L1 and L2 represent the sound pressure level in emitting and receiving room, 

S means the area of the separating construction  (m2), 

A is equivalent absorption area of the receiving room  (m2), 

RT means reverberation time (s), 

RT0  is normalized value of the reverberation time (s)
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In order to model the process of transferring energy specific 

resistance of medium (Zs) is introduced

34

csZ   - density of the medium (kg/m3),
c – speed of sound (m/s)

Zs1 Zs2

upadni talas

reflektovani talas

x0

To achieve the sound insulation, on the path of the sound transmission in a certain 

medium discontinuity isneeded

When a sound wave strikes the change in the acoustic resistance causes reflection !

Reflected wave

Incident wave
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Mass law, resonant and coincidence frequency
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Effects of weak window in a strong insulated wall
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Abcd
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6. Sound insulation against impact sound

To stimulate or create impact sound vibrations,

standardized impact sound source (˝knocker˝) is used
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Sound pressure level of impact sound (L‘N) :

L‘N = L‘1 + 10 log (A/A0) = L‘1 + 10 log (RT/RT0)

L‘1 …… represents the sound pressure level in receiving room, 

A    …… is equivalent absorption area of the receiving room  (m2), 

A0    …... means normalized value of the absorption area (m2)

RT  …… is reverberation time (s), 

RT 0 .. means normalized reverberation time (s), 

F1

F2

podloga

masa

elasticnost

mass

elasticity

surface
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Floated floor

40
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6.  Sound insulation against environmental (municipal) noise
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Sound barriers / noise barriers
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Effectiveness of a traffic sound barriers
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Insulation against environmental noise starts with urban design
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Case of glass facade designed as a noise barrier for 
protecting facade of offices and atrium

München
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Green facades are also good noise absorbers

Reverberation time is 

lower and consequently 

also noise disturbance 

is lower 
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Testing / verification:

• Destructive (during the measurements with load, collapse of specimen is caused)

• Non-destructive  (the measurement does not cause the collapse of specimen)

For the measurement of sound insulation and vibration only 
non-destructive testing / verification is used, which is divided into:

• Systematic – (measurements on an integrated system, without any additional ˝load˝)

• Signal – (measurements with additional load – sound or vibration signal)

7. Sound insulation against vibrations
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Mathematical model of single 

degree vibrations

Simplified mechanical system 

representing human body
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Schematic presentation of vibration transfer between constructions and installations or 

operation equipment (Slovenian technical guidelines for noise protection in buildings)
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Attenuation of vibration at 50 Hz along human body of

(A) hand and (B) feet platform
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Damping of vibrations
Vibration damping is effective only so far as system‘s own resonant frequency is much lower 

than the frequency of the forcing vibration:

F RES ≤  fFORC / √2  = 0.707  fFORC
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Reverberation testing room: diffusors, low frequency absorbers, 
microphones, noise source (loudspeakers in all directions)
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Industrial fan – ventilator is prepared for testing
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Vibration measurements: equipment and aims
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Bruel & Kjaer , Type 4525 B, Triaxial Accelometer, 
Serial no. 55911
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Bruel & Kjaer , Type 7533, 
LAN Interface Model, 
Ser.no. 4202202

Bruel & Kjaer , Working 

with computer program 

PULSE
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Industrial fan – Witt & 
Sohn –Technical data

Ziehl – Abegg, Type RH 

35 F, industrial fan
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Schematic model of vibration measurements of industrial fan

Standard ISO FDIS 14694 (speed  of vibration is limited to maximum peak value of 19.1 m/s and RMS 

value of speed to 14.0 m/s in all three directions of vibration movement). Our measurements are assumed 

X-axis in the direction of the rotation axes, perpendicular and horizontal is Y-axis and vertical is Z-axis
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Measurement point 20, velocity in X direction is higher than allowed value, i.e. 26.66 m/s 
(according to Standard ISO FDIS 14694, where velocities up to peak values of 19.1m/s or RMS up 
to 14.0m/s are allowed). Velocities in Y and Z directions are bellow allowed limits
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Measurement point 35, velocity in X direction is higher than allowed value, i.e. 30.00 m/s 
(according to Standard ISO FDIS 14694, where velocities up to peak values of 19.1m/s or RMS up 
to 14.0m/s are allowed). Velocities in Y and Z directions are bellow allowed limits
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Measurement point 41, velocity in X direction is higher than allowed value, i.e. 31.08 m/s 
(according to Standard ISO FDIS 14694, where velocities up to peak values of 19.1m/s or RMS up 
to 14.0m/s are allowed). Velocities in Y and Z directions are bellow allowed limits
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Measurement points 35, 20 in 41 only in X direction, velocities of values 30.00, 26.66 and 31.08 
m/s are too high (above allowed limits according to Standard ISO FDIS 14694, where velocities up 
to peak values of 19.1m/s or RMS up to 14.0m/s are allowed).
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Displacement of measurements points  35, 20 and 41  (μm)
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Measurements of vibrations of industrial fan
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9.  Acoustics of interior space (reverberation noise)
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Reverberation time  TR60  (s)
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Sabin equation for reverberation time of interior space (Wallace Clement Sabine, 1868-1919)

RT60 = 0.161  V (m3) / A (m2)  (s) also:  RT60 = (0,163 V)/ (A + 4mV)

A =  Σ αi x Si (m2)

V …………...….. Volume (m3)

A = Σ αi x Si ….. Equivalent absorption area (m2)

αi ………..…….. Absorption coefficient of certain surface (-)

Si …………..….. Absorption area of certain material (m2)

4mV  …………..      Absorption of sound in the air

Eyring formula:

TREy = (0,163 V)/ (-S * ln(1- AV) + 4mV) (s)

S  …………  sum of all surfaces in room

AV ………average absorption coefficient of all surfaces of certain room

4mV  ……. Absorption of sound in the air
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Ideal values of the reverberation time in 
dependence on the volume of the interior space
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Ideal values of the reverberation time in 
dependence on the volume of the interior space
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Ideal values of the reverberation time in dependence on the 
volume of the interior space or frequency of sound 
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Ideal values of the reverberation time of interior space for 
recording are considerably smaller (shorter reverberation time)
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Types of absorbers: porous, membrane, 
Helmholtz, comprehensive (integrated)
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Porous absorber



University of Ljubljana, Faculty of Civil and Geodetic Engineering          UL  FGG KSKE                                Roman Kunič

75

Abcd
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Membrane absorber
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Helmholtz absorber / resonator
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Helmholtz resonator
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Correction of reverberation time at problematic frequency 
(around 40 Hz) with Helmholtz absorbers (resonators)

Before: existing problem with room resonant 

frequency of 40 Hz

After introduction of Helmholtz absorbers / 

resonators with tuning frequency of 40 Hz
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Comprehensive (integrated) absorbers: 
acoustical plates, acoustical panels
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Reverberation time before and after acoustic treatment in the 
interior space in relation to frequency
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Absorption coefficient   α
Absorption coefficient    α (-)

Means ration between the absorbed and the incident power of sound

Absorption coefficient is normally dependent on the frequency

SIST EN 12354 – 6,  SIST EN ISO 11654

http://www.google.si/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwij8KylnpfKAhVJWRoKHWtpAj0QjRwIBw&url=http://www.megasorber.com/soundproofing-products/sound-absorbers/fireproof-faced-acoustic-polyester-wool.html&psig=AFQjCNG3GAqtIWAHPunVEBtnGU6mB5gQzQ&ust=1452240080676756
http://www.google.si/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwij8KylnpfKAhVJWRoKHWtpAj0QjRwIBw&url=http://www.megasorber.com/soundproofing-products/sound-absorbers/fireproof-faced-acoustic-polyester-wool.html&psig=AFQjCNG3GAqtIWAHPunVEBtnGU6mB5gQzQ&ust=1452240080676756
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Measuring the absorption coefficient (α) of absorbing 
materials   (Kundt tube) 
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Standing waves
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Standing waves
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Standing waves
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Bruel & Kjaer, Type 2250, Sound Pressure Meter, Ser.no. 3001735

Bruel & Kjaer, Type 4189, ½˝ Microphone, Ser.no. 2831973

( + impact sound source )
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HM – Hochschule München, Old building (built around 1930‘s)
Class A 409  (identical to class A408)        
Project 037, Project 038, Project 039, Project 040, Project 041 & Project 042
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HM – Hochschule München, Old building (around 1930)    (A 409 and A 408)
Reverberation time in empty classroom (not occupied by students) is very long and is from minimum 1.38 up to 4.50 
seconds.
Average reverberation time in speech frequencies for empty classroom is between 1.50 and 2.50 seconds. 
If we compensate this reverberation time with standard DIN 18041, then corrected reverberation time for 2/3 full of 
students, which represents approx. 40 adult people, is between 0.80 and approx.. 1.50 seconds.
This is higher reverberation time than ideal (ideal reverberation time for partly - around 2/3 - occupied classroom with 
students – 40 adult people - is from 0.70 to 1.20 seconds). 
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HM – Hochschule München, New building (built around  1988):  

Class G 3.42   - Project 045, Project 046 & Project 047    

Class G 3.38 – Project 043 & Project 044
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Ideal reverberation time

HM – Hochschule München, New building  (G 3,38 und G 3,42):
Rooms are acoustically treated with absorbers. Reverberation time in empty classroom (not occupied by students) is from 
minimum 0.77 up to 1.69 seconds.
Average reverberation time in speech frequencies is between 1.00 and 1.40 seconds. 
If we compensate this reverberation time with standard DIN 18041, then corrected reverberation time for 2/3 full room of 
students, which represents approx. 30 adult people, is between 0.80 and 1.05 seconds.
This reverberation time is in ideal region (ideal reverberation time for partly - around 2/3 - occupied classroom with 
students – adult people - is from 0.70 to 1.20 seconds). 
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Sound insulation against airborne sound

Bruel & Kjaer, Type 4204, Reference Sound Source, 
Ser.no. 2334341, 2001
Standardized reference sound source of continuous sound
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Old building
1 m from source, oriented to 
source (74.5 dB(A))
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Project 017

A C

Cursor values

X: 800 Hz

LZFmax: 74,5 dB

LZSmax: 73,7 dB

LZeq: 73,1 dB

LZSmin: 72,5 dB

LZFmin: 71,2 dB
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Project 018

A C

Cursor values

X: 800 Hz

LZFmax: 71,3 dB

LZSmax: 70,4 dB

LZeq: 69,3 dB

LZSmin: 68,9 dB

LZFmin: 67,7 dB

Old building

8 m from source, oriented to 

source (3.2 dB lower)
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Old building
1 m from source, oriented to 
source (74.5 dB(A))
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Project 017

A C

Cursor values

X: 800 Hz

LZFmax: 74,5 dB

LZSmax: 73,7 dB

LZeq: 73,1 dB

LZSmin: 72,5 dB

LZFmin: 71,2 dB
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Project 021

A C

Cursor values

X: 800 Hz

LZFmax: 47,3 dB

LZSmax: 46,3 dB

LZeq: 45,7 dB

LZSmin: 44,3 dB

LZFmin: 43,7 dB

Old building

On the other side of the door,

1 m from the door (27.0 dB lower)
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Old building
1 m from source, oriented to 
source (74.5 dB(A))
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Project 017

A C

Cursor values

X: 800 Hz

LZFmax: 74,5 dB

LZSmax: 73,7 dB

LZeq: 73,1 dB

LZSmin: 72,5 dB

LZFmin: 71,2 dB
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Project 022

A C

Cursor values

X: 800 Hz

LZFmax: 28,5 dB

LZSmax: 27,7 dB

LZeq: 26,6 dB

LZSmin: 25,4 dB

LZFmin: 24,9 dB

Old building

In an other room (A408), 

1 m from wall (45.5 dB lower)
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New building
1 m from source, oriented to 
the source (74.4 dB(A))
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Project 026

A C

Cursor values

X: 800 Hz

LZFmax: 74,4 dB

LZSmax: 72,6 dB

LZeq: 71,8 dB

LZSmin: 70,7 dB

LZFmin: 70,3 dB
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Project 027

A C

Cursor values

X: 800 Hz

LZFmax: 70,3 dB

LZSmax: 68,6 dB

LZeq: 68,3 dB

LZSmin: 67,7 dB

LZFmin: 66,4 dB

New building

6 m from source, oriented to the 

source (4.1 dB lower)
(old building 3.2 dB lower / 8 m)
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Project 026

A C

Cursor values

X: 800 Hz

LZFmax: 74,4 dB

LZSmax: 72,6 dB

LZeq: 71,8 dB

LZSmin: 70,7 dB

LZFmin: 70,3 dB
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New building

1 m from source, oriented to the 

source (74. dB(A))
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Project 028

A C

Cursor values

X: 800 Hz

LZFmax: 44,6 dB

LZSmax: 42,6 dB

LZeq: 42,2 dB

LZSmin: 41,3 dB

LZFmin: 40,1 dB

New building 

On the other side of the door,

1 m from the door  (30.0 dB lower) 
(old building 27.0 dB lower)
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New building 
In another room (G3.42), 
1 m from the wall  (42.5 dB lower)
(old building 45.5 dB lower)
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Project 030

A C

Cursor values

X: 800 Hz

LZFmax: 32,0 dB

LZSmax: 30,5 dB

LZeq: 29,9 dB

LZSmin: 29,2 dB

LZFmin: 28,3 dB
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Project 026

A C

Cursor values

X: 800 Hz

LZFmax: 74,4 dB

LZSmax: 72,6 dB

LZeq: 71,8 dB

LZSmin: 70,7 dB

LZFmin: 70,3 dB

New building

1 m form source, oriented to 

the source  (74.4 dB(A))
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Our measuring equipment  (at UL FGG): 

LARSON DAVIS 831, Sound Level Meter
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Sound, noise, sound insulation, acoustics & vibrations

Many thanks !

Any questions?
Roman Kunič
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Addition materials!!!
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• A

• B

• C

• D

Abcd
Sound Power Level:  

SWL = 10 . log (WRMS /  Wo)

Reference power: 

Wo = 10-12 W
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• A

• B

• C

• D

Standing 
Waves 
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• A

• B

• C

• D

Abcd
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Phon = dB (1000 Hz)
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Cilj zvočne izolirnost je doseganje zmanjšanja zvočne ravni med prostorom z izvorom zvoka 

in sprejemnim prostorom

Opredelitve osnovnih pojmov:

razlika zvočne ravni D (L1 - L2)

zvočna izolacija R lastnost pregrade da zadrži / oslabi zvok

zvucni izvor

izolativnost

zvočna izolacija 

L1 L2

Zvočna zaščita se ukvarja s prilagoditvijo D med prostori v stavbi

Zvočni izvor
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Zadovoljiva izolativnost 60 dB predstavlja padec energije na milijonti del prvotne 

energije.

Osnovni problem pri doseganju zadostne zvočne izolativnosti je v tem, da ima čut sluha ekstremne 

zahteve – torej je izredno občutljiv. 

Zato se  zahtevajo izjemno velika dušenja zvočne energije v pregradnih stenah, medetažnih 

konstrukcijah…..

zvucni izvor

L1=90 dB L2=30 dB

E 10-6E

Zvočni izvor
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zvucni izvor

L1 L2

Za primere normalnih okoliščin so v predpisih predvidene pričakovane vrednosti  L1 za prostore z 

izvorom zvoka, kot n.pr stanovanja, pisarne......

Da bi dosegli določeno akustično udobje v sosednih prostorih, se definirajo minimalne vrednosti 

izlativnosti za vmesne pregrade Rmin.

Kadar ne obstaja ena jasno definirana vmesna pregrada izmed dveh prostorov, takrat se definira 

minimalna izolativnost Dmin.

Rmin
Zvočni izvor
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Karakteristični diagram zvočne izolativnosti R v 

odvisnosti od frekvence f v skladu z zakonom mase

za določeno pregrado mase m

Vpliv frekvence na zvočno izolacijo pregrade

Zvočna izolacija vsake pregrade raste s frekvenco

zvoka (tudi z lastno maso pregrade)
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Primer: zvočna izolativnost pregrade iz 

armiranega betona

parameter označen na diagramu je debelina 

pregrade)

Vpliv mase pregrade na zvočno izolacijo

zvočna izolativnost stene je neposredno 

sorazmerna z njeno površinsko maso

Frekvenca f [Hz]
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Poseben primer večplastnih pregrad so mavčne pregrade (narejene iz 

mavčno – kartonskih plošč na podkonstrukciji)

Njihov učinek v izolaciji se doseže z več prekinitvami in vmesno izolacijo kot 

polnilu, ki prinaša izgubo energije zvoka pri prehodu skozi pregradno steno

Ideja temelji na zmanjšanju povezave med oblogami. Za to se uporabljajo 

elastični elementi v stiku s kovinsko podkonstrukcijo..

Večja vrednost zvočne izolirnosti se doseže z ločenima 

podkonstrukcijama, saj ni togega stikovanja v sami dvojni pregradni steni.

2x1,25 cm
   gips

min. vuna
    8 cm

15 cm

2x1,25 cm
   gips
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Normirana krivulja
(upoštevamo samo vsoto
negativnih odstopanj, ki ne 
sme biti večja kot 32dB)

Rw = odčitamo

LMS = Rw - 52 (SIST DIN 
4109)

DOLOČANJE ZVOČNE IZOLIRNOSTI RW
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Tipični problemi s stranskim prenosom zvoka po zraku



University of Ljubljana, Faculty of Civil and Geodetic Engineering          UL  FGG KSKE                                Roman Kunič
Ko imamo primer udarnega zvoka (npr. koraki) dosežemo zvočno zaščito s 

plavajočim podom

F1

F2

podloga

masa

elasticnost

Plavajoči pod zelo malo prispeva k zvočni izolaciji stropa pri 

zvoku, ki se širi po zraku
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• A

• B

• C

• D

Amplituda vibracij
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• A

• B

• C

• D

Abcd
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• A

• B

• C

• D

Abcd
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Tako zvok prihaja do diagonalno 
postavljenih prostorov (1), pa tudi 
do oddaljenih enot (2)

Ko pride zvok v gradbene materiale 
stavbe oz. konstrukcijske sklope, se 
energije zvoka širi skozi stene in 

medetažne konstrukcije.

1

2

132
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L2

Izolacija je v spodnjem primeru za kar 3 dB slabša / 

nižja!

L2 + 3 dB

L1

L1
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Primer zahtevnosti za vazvušni zvok
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Primer zahtevnosti udarnega zvoka
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Kakšni so lahko stiki?
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Primer prekinitve v sestavi
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Primer prekinitve v sestavi
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Sound Pressure Level:   SPL = 20 . log (pRMS /  po)
Reference pressure: po = 20 μPa = 0,00002 Pa = 20 . 10-6 N/m2
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Problem of noise in  EU (source: WHO)

>40% of population is daily exposed to >65dB(A) and

through nights >50dB(A)  

>20% of working population is exposed  to more than 

acceptable noise levels ( more than one half to >80dB(A) )

Facts:

Noise <65 dB(A) on long period normally does not lead to permanent hearing failures. Short 

exposure generally does not lead to permanent hearing loss. Short exposures do not have 

detachable effects on temporary hearing loss.

Noise >65dB(A) exposure for years may lead to problems with hearing  loss

Noise >80B(A) exposure for many years leads to great certainty to permanent hearing loss
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• Sound insulation against airborne sound  

• Sound insulation against impact sound  

• Sound insulation against vibrations of installations  

• Sound insulation against environmental (municipal) 
noise  

• Acoustics of interior space (reverberation noise) 

Sound insulation of buildings
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• Emitter: vibrations, walking, different bumps, moving chairs and 
furniture, various assembly and finishing construction works

• Transmitter: massive solid construction material  and sound in the air

• Receiver: sound in receiving room (ear, microphone of measuring 
instrument…)

• Basic rule: to prevent access of impact sound to enter into massive 
construction (floor or wall constructions) – all other preventive 
approaches are much less effective 

Sound insulation against impact sound:
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Insulation against environmental noise starts with urban design
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Case of glass facade designed as a noise barrier for 
protecting facade of offices and atrium

München
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Green facades are also good noise absorbers

Reverberation time is 

lower and consequently 

also noise disturbance 

is lower 
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• A goal is to control (to lower) reverberation time of interior space 
(indoors)

We distinguish between:

• Acoustics of spaces intended for speech (importance of 
clarity and understanding of human voice or speaker –
comprehensibility)

• Acoustics of spaces intended for music (importance of 
various aesthetic and artistic criteria)

Reverberation time is reduced by installing absorbent surfaces on 

walls, ceilings and floors of interior space

Acoustics of interior space (reverberation noise):
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ARTIE - računalniški program za analizo 

akustike notranjega prostora

Naš računalniški program za analizo akustike notranjega 

prostora 

ARTIE (Analysis of Reverberation Time in Indoor Environments) 

pokriva računalniško simulacijo odmevnega hrupa notranjega prostora 

(ne pa gradbene akustike – torej prehoda zvoka zaradi zvoka v zraku 

ali udarnega zvoka, komunalnega hrupa…)
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Acoustics of interior space (reverberation noise)
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Sabin equation for reverberation time of interior space (Wallace Clement Sabine, 1868-1919)

RT60 = 0.161  V (m3) / A (m2)  (s) also:  RT60 = (0,163 V)/ (A + 4mV)

A =  Σ αi x Si (m2)

V …………...….. Volume (m3)

A = Σ αi x Si ….. Equivalent absorption area (m2)

αi ………..…….. Absorption coefficient of certain surface (-)

Si …………..….. Absorption area of certain material (m2)

4mV  …………..      Absorption of sound in the air

Eyring formula:

TREy = (0,163 V)/ (-S * ln(1- AV) + 4mV) (s)

S  …………  sum of all surfaces in room

AV ………average absorption coefficient of all surfaces of certain room

4mV  ……. Absorption of sound in the air
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Ideal values of the reverberation time in 
dependence on the volume of the interior space
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Ideal values of the reverberation time of interior space for 
recording are considerably smaller (shorter reverberation time)
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Types of absorbers: porous, membrane, 
Helmholtz, comprehensive (integrated)
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Porous absorber



University of Ljubljana, Faculty of Civil and Geodetic Engineering          UL  FGG KSKE                                Roman Kunič

Membrane absorber
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Helmholtz absorber / resonator
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Comprehensive (integrated) absorbers: 
acoustical plates, acoustical panels
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Reverberation time before and after acoustic treatment in the 
interior space in relation to frequency
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Acoustical Analysis and Adaptation of a 
Playroom

Prototypical Acoustic Elements

Hanging Wall 
Element
• Felt: 2 + 2 cm 
• airspace 

between layers 
and behind the 
element 

Floor Element
• Felt: 2 + 2 +2 +2 cm 
• covered with 

textile

Ceiling Elements
• Rock wool: 5 cm 
• airspace behind 

the element
• covered with 

paper

Temporary Elements
• Felt: 2 cm 
• airspace behind 

the element or 
freely hung

• partly coloured

125 250 500 1000 2000 4000 8000
0.0
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]
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(A) felt - 2 cm

(B) felt - 8 cm

(C) felt 8 cm + 12 cm
of airspace
(D) felt (C) + paper

(E) felt (C) + cloth

Sound absorption properties of different felts
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Acoustical Analysis and Adaptation of a 
Playroom

Reverberation Time Measurements

1
0

0
1

2
5

1
6

0
2

0
0

2
5

0
3

1
5

4
0

0
5

0
0

6
3

0
8

0
0

1
0

0
0

1
2

5
0

1
6

0
0

2
0

0
0

2
5

0
0

3
1

5
0

4
0

0
0

5
0

0
0

6
3

0
0

8
0

0
0

1
0

0
0

0

0.00

0.20

0.40

0.60

0.80

1.00

1.20

R
T 

[s
]

frequency[Hz]

Before adaptation After adaptation
• Results:

• Aprox. 20 m2 of acoustic
elements

• Overall drop of 0,31 s ( > 
35 %)

• 500 Hz – 4000 Hz: drop of
0,38 s ( > 42 %)

• Leq dops for 2,5 dB

• Satisfaction of users

• Low cost

• Child friendly
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Advanced insulation materials and systems
in buildings, 

and energy savings

Many thanks !

Any questions?
Roman Kunič

University of Ljubljana, 
Faculty of Civil and Geodetic Engineering, 

Chair for Buildings and Constructional Complexes

www.fgg.uni-lj.si      http://kske.fgg.uni-lj.si/


