BANG DU LIEU HIEU SUAT 4: HAP THU AM THANH

B HAP THU AM THANH

Piéu gi lam cho tam ONDULINE® c6 kha
nang hap thu 4m thanh?

- Bitum la mot vat liéu dan nhét, nghia la nd cé kha
niang hap thu am thanh bang cich chuyén déi rung
ddng thanh nhiét.

- Lugng bitum va chat ngdm tdm dong nhat dam bao
hap thu rung dong va giam tiéng 6n hiéu qua hagn: Tdm
ONDULINE® CLASSIC gép phan mang lai bau khéng khi
yén tinh gap 4 lan trong nha so véi tdm kim loai (chénh
l&ch 23 dB nghiéng vé ONDULINE®) - ISO 140-18:2006.

O nhiém tiéng 6n & mét van d& mdi trudng anh hudng
dén con ngugi va dong vat. Viéc phat sinh tiéng 6n c6
thé dudc giam thiéu bang cach st dung tdm Igp bitum
ONDULINE®. D& hi€u rdng td&m ONDULINE® cé thé gép
phan hap thu dm thanh bén ngoai nhu thé nao, trudc
hét, chling ta can tim hiéu khai niém vé am thanh.

Am thanh la gi?

Trong vat ly, am thanh la mdt dang nang lugng truyén
qua vat chat dudi dang séng. D6 13 mét séng cd hoc
bao gém cdac bién déi vé ap suat, mat do va do dich
chuyén cuia hat trong moi trudng dién hinh nhu khéng
khi, nudc, ... Am thanh cé thé truyén qua moi moi
trudng, ngoai trif chan khong, (trong d6 khéng cé phan
tl). Pé la ly do tai sao khau hiéu cili ndi “Trong khéng
gian , khong ai c6 thé nghe tiéng hét cta ban!”.

NGi tdm lai, dm thanh khong gi khac han 1a sy nén va
gidn nd (d6 hiém) clia mot phan tlf (vat chat) trung binh
gay ra séng am (Moreau René, “Su phdt xa, lan truyén va nhdn
thifc vé Gm thanh”, 2019).

Hay tudng tugng nhiing day dan guitar dudc gay bdi
nhiing ngén tay cta nhac cong, nhiing con mua hay
nhiing con gi6 18n trén tam |gp ONDULINE®! Diéu nay sé&
tao ra nhiing rung dong khién cac hat chuyén dong qua
lai , tao ra phan (ing day chuyén giiia cac hat lan can.
Nguén dao dbng truyén nang lugng cta nd dén moi
trudng va nang lugng truyén ra mai trudng dudi dang
séng ti diém nay dén diém khac, do dd, séng ciing c
thé dudc coi la ndng lugng truyén di (Abokhalil Ahmed,
“Vé ban chédt cia dm thanh”, 2020). Trong khi nylon dugc su
dung lam day dan guitar, ching téi st dung bitum cho
tam lgp.
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Trong lugng nhe

René Moreau

Lép dit

Giai thich vé kha nidng hap thu am  nhanhchon

thanh ciia tam ONDULINE®.
Dugc biét dén nhiéu véi kha nang chdng tham, Bitum
cling d3 dudc chiing minh a d3c biét hiéu qua trong viéc Dé lép dit
hap thu dm thanh, vi Bitum la vat liéu dan nhét, c6
nghia [a né c kha nang hap thu am thanh bang cach
bién rung dong thanh nhiét. O
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© Am thanh phéatra
© Dao dong chuyén dai thanh nhiét (ndi ma sat)
© Nang lugng 4m thanh bi tiéu tan

Bitum lam giam sy truyén rung déng do cac ngudn bén
ngoai gy ra. D6 la ly do tai sao bitum cling dugc sl
dung nhu vat liéu cach dm va chong rung dong xung
quanh déng ca 6 t6 va trong may giat.

Tém lai, nhiing |gi ich cta viéc st dung bitum dé hap thu
am thanh bao gom:

= M0t su két hgp déc dao giita cac dac tinh: bitum
thé hién dic tinh dan nhét do kha nang két hgp ca
dac tinh nhét (tiéu tan) va dan hoi (phuc héi) khi
chiu luc cd hoc. Pic tinh ndy cho phép bitum hap
thu va tiéu tan nang lugng, bao gébm ca rung dong,
gép phan vao kha nang giam chan cla né (Marco
Amabili, B6 dan nhét va giam chdn, Nha xudt bén Bai hoc
Cambridge, 2018, Bhatia, S., « Bdc tinh giam chdn caa bitum
va bitum bién tinh polyme ». Ky thudt Procedia, p361-369,
2018).
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= Giam rung dong: vat liéu dan nhét cé kha nang
giam rung déng rat tét va chuyén déi nang lugng co
hoc thanh nhiét. Khi séng am truyén qua cac vat liéu
nay, cac dao dong sé nhanh chéng bi tiéu tan, lam
giam bién dg clia song va ngan ching phan xa trd lai
moi trudng (Pé tim hiéu thém, hdy doc Jean-Louis
Guyader, Rung déng trong méi trudng lién tuc”, 2013).

Tém lai, bitum, nhu mot vat liéu dan nhdét, thé hién kha
nang giam rung tét do dd nhdt va do dan hoi két hgp
cta nd. Kha nang tiéu tan nang lugng cd hoc cla vat liéu
thdong qua ma sat bén trong giGp vat liéu giam rung
déng va hap thu nadng lugng dam thanh mot cach hiéu
qua. Ddc tinh nay cé y nghia thiét thuc trong nhiéu linh
vuc khac nhau, gép phan hap thy dm thanh, giam tiéng
6n va cai thién moi trudng am thanh.

Vé tam quan trong ctia khai lugng.

Khéi lugng cla bitum cé thé gitp hap thu va lam giam
cac rung dong. Cong nghé dan [Gp cia ONDULINE® dam
bdo su thdm dong nhat ctia tam bitum.

Chung ta dang noi vé loai am thanh
nao?

T&m ONDULINE® dac biét ¢6 tdc dung hdp thy tiéng én
khi va cham nhu mua, gié, manh vun rdi (13, nhanh
cay) ...

Lap luén nay dac biét quan
trong doi vdi nhiing quoc
gia khong st dung vat liéu
cach am, cé thé nhin thay
vat liéu Igp tif bén trong. N6
dudc danh gia rat cao bdi
nhitng ngudi sinh séng,
lam viéc hodc hoc tap
dudi mai nha ONDULINE® .

CAU HOI THUOGNG GAP VE
KHA NANG HAP THU AM THANH

Hé s6 giam am cuia tam ONDULINE® la
bao nhiéu?

DGi véi tiéng 6n do va cham, théng sé do dudc st dung
[a chi s giam mic ap suat dm thanh do va cham,
dugc biéu thi bang ALw (dB) va thé hién su cai thién bdi
mét tdm ONDULINE®. Budng cong decibel (dB) dua
trén mot thang do logarit c6 nghia [a hé qua cla viéc
tang decibel ngay cang manh han.
V8i muc dich so sanh, tam Igp
kim loai (d6 day 3 mm - bién
dang song) da dudc so sanh vdi
tdm ONDULINE® CLASSIC trén

/' I\ Q mai nha md phong dudi diéu

S “ kién mua rdi (Bdo cdo thd

( J ‘ nghiém BBTA3.TR.20.00023.R,
: dudc luu trén SharePoint.)

Po ludng tiéng 6n mua rdi trén mai nha mau:

Tam kim loai tao ra 83,09 dB(A) trong khi dé tam
ONDULINE® tao ra 59,88 dB(A): mét miic chénh léch
Ién la 23 dB(A) ma hiéu sujt rat t6t so v8i mot loai vat
liéu lgp mai chi day 3 mm!

Viéc do ti€ng 6n dugc thuc hién, trong diéu kién
lWgng mua khdng dai, st dung ndm chiéc microphone
trong phong.

Nhu ching ta c6 thé thay tu thang do, viéc chuyén tu
60 sang 83 la mot su khac biét Idn. Dugi 60 dB(A),
ching ta cé thé tro chuyén binh thudng, trong khi dé
sé thuc su khé chiu néu dm thanh vugt qua 80 dB(A).

Vi du: 80 dB(A) la mlc cia dudng phé khi ¢6 méat do
giao théng cao va nhiéu ti€ng coi xe, ti€ng 6n ndi xu' ly
rac thai hodc khi tap dan piano.

Intolerable

Very noisy
Loud

Moderate to quiet

Faint

stis of leaves Very faint

Threshold of hearing

Chiing ta c6 thé nghe rd su khac biét giiia tdm kim loai

va tam ONDULINE®!
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Viéc giam tU 83 dB(A) xuéng dudi 60 dB(A) c6 thé thay
d6i cudc séng. Diéu dé cé nghia véi ONDULINE®, mdi
trudng trong nha yén tinh hon 4 lan so véi mai kim
loai. Nhd vat liéu composite doc dao, tam Idp
ONDULINE® tao ra it ti€ng 6n hon khi trgi mua.

== Kha nang giam tiéng 6n nay da dugc thi nghiém
chinh thic bgi phong thi nghiém ddc lap clia bén thi
ba, BPPT (Phong thi nghiém Quéc gia Indonesia vé khi
dong hoc, Cong nghé Nhua hoc va Am hoc khi déng) va
do lugng theo tiéu chuin ISO 140-18:2006.

Béo cdo thif nghiém BBTA3.TR.20.00023.R

No.| YPeof Global LIA Uncertainty!)
specimen (dB-A) (dB-A)

1 5T-1 59.88 +1.34

2 5T-2 83.09 +1.35

N Confident level 35%.

ST-1=mAau ONDULINE® & ST-2 = tdm kim loai mau.

Ching ta cé thé nghe rd sy khac biét gitta tam kim loai
va tdm ONDULINE®!

M3i nha mau dudc 3p dit

ONDULINE® ciing c6 hiéu qua trong viéc giam tiéng
6n do mua khi stf dung dé€ lgp dudi mai.

Thi nghiém thd hai dugc thyc hién ndm 2021 (Bao cao
thif nghiém BBTA3.TR.21.003) v3i cing mot phong thi
nghiém va ciing theo tiéu chudn ISO 140-18:2006. Thir
nghiém nay nham so sdnh mét tdm kim loai (d6 day 3
mm - bién dang song) v8i tdm ONDULINE® CLASSIC
cling c6 dd day 3 mm, & ca diéu kién lgp dudi mai va
gp chéng mai.

=) M(ic cudng d6 am thanh toan cau la 76.64 dB-A
dai v@i tdm kim loai, 52.90 dB-A déi véi tdm lgp chéng
mdi Onduline, va 68.54 dB-A déi véi tdm Ilgp dudi mdi
Onduline: mét sy khac biét I8n d&i véi Onduline mang
lai hiéu qua cach am tét hon.

CAU HOI THUOGNG GAP VE
KHA NANG HAP THU AM THANH

Table 3.2-1 Global A-weighted sound intensity level (LIA)

Global A-Weighted Sound ) .
I ity Level (LIA Uncertainty 7
No | Type of Specimen ntensity Level (LIA)
[dB-A]
[dB-A]
1. ST-1 76.64 +1.01
2. ST-2 52.90 +1.02
3. ST-3 68.54 +1.09

*) Confident level 95%

M&i nha mau dudc 3p dat

ONDULINE 14 hé thdng lgp mai dugc ua chudng cho
chudng trai.

Ngua cam thay an toan hon trong conbdo nhdcé
Onduline®!

Giong nhu nhiéu loai
déng vat khac, ngua rat
\ dé bi s¢ héi bdi 6n ao.
& Trong nhilng con béo,
" chldng cé thé dic biét
cam thay khong an toan
vi tiéng mua rdi.

MK A, . ) i Y
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Trong khi cac vat liéu Igp mai khac cho am thanh di
qua, tdm ONDULINE® hap thu mot phéan kim loai. Vi
ching khi€n ngua cdm thiy an toan hén nén rat
nhiéu chl chudng trai ¢ Anh d3 lya chon, mua lai va
gidi thiéu tdm ONDULINE® cho cic chuéng trai
khac.
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To sum up all the arguments, what
makes ONDULINE® sheets sound
absorbing?

- Bitumen is a viscoelastic material, which means that
it has the capacity to absorb sound by transforming
vibration into heat.

- Quantity of bitumen and homogeneous impregnation
ensuring a more effective absorption of the vibrations
and noise absorption: ONDULINE® CLASSIC sheets
contribute to a 4 times quieter atmosphere inside
homes than metal sheets (difference of 23 dB in favour
of ONDULINE®) - 1SO 140-18:2006.

Noise generation is an environmental problem that
affects human beings and animals. The noise
generation may be mitigated by using ONDULINE®
bitumen sheets. In order to understand how
ONDULINE® sheets can contribute to absorb external
sounds, first we need to describe sound.

What is a sound?

In physics, a sound is a form of energy that travels
through matter in the form of waves. It is a
mechanical wave that consists of variations in
pressure, density, and particle displacement within a
medium, typically air, water, ... Sound can travel trough
all medium, except a vacuum, (in which there are no
molecules). That’s why as the old tagline says “In space,
no one can hear you scream!”.

In short, sound is nothing more than the compression
and expansion (rarefaction) of a medium (material)
molecules causing acoustic waves (Moreau René, “The
emission, propagation and perception of sound”, 2019).

Imagine guitar strings excited by the musician’s fingers,
huge drops of rain or big gusts of wind on an
ONDULINE® sheet! This would result in vibrations that
cause particles to move back and forth, creating a
chain reaction of neighbouring particles. The
vibrating source transfer its energy to the medium and
the energy travel through the medium in the shape
of waves from one point to another, so, the wave also
can be thought as a travelling energy (Abokhalil Ahmed,
“On the nature of sound”, 2020). When nylon is used for
guitar strings, we use bitumen for our roofing sheets.

) SOUND ABSORBING

==m)p Ruben’s Flame Tube Experience is a classic physic
experiment that demonstrates in a fun and impressive
way many characteristics of sound waves.

“In our environment,
everything is
constantly moving
and therefore
emitting sounds ”

René Moreau

How to explain the capacity of
ONDULINE® sheets to absorb sound?

Best known for its waterproofing capabilities, Bitumen
has also proven to be particularly effective for sound
absorption, as Bitumen is a viscoelastic material,
which means that it has the capacity to absorb sound
by transforming vibration into heat.

Incident
sound @

e

(3]

Transmitted
soun

Absorber

Heat (bitumen)

@ Incident sound
@ Vibration convected into heat (internal friction)
© Sound energy is dissipated

Bitumen reduces the transmission of vibrations caused
by external sources. That’s why bitumen is also used as
a heavy mass around car engines and in washing
machines, among other, as a soundproof material.

To sum up the advantages of using bitumen for sound
absorption:

= A unique combination of properties: bitumen
exhibits viscoelastic behaviour due to its ability to
combine both viscous (dissipative) and elastic
(restorative) properties when subjected to
mechanical stress. This characteristic enables
bitumen to absorb and dissipate mechanical
energy, including vibrations, which contributes to
its damping capacity (Marco Amabili, Viscoelasticity and
damping, Cambridge University Press, 2018, Bhatia, S.,
« Damping properties of bitumen and polymer modified
bitumen ». Procedia Engineering, p361-369, 2018).
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= Damping of vibrations: viscoelastic materials are
excellent at damping vibrations and converting
mechanical energy into heat. When sound waves
propagate through these materials, the vibrations
are quickly dissipated, reducing the amplitude of
the waves and preventing them from reflecting back
into the environment (To learn more, read Jean-Louis
Guyader, Vibrations in continuous media”, 2013) .

In conclusion, bitumen, as a viscoelastic material,
exhibits good damping vibrations capacity due to its
combined viscosity and elasticity. The material's ability
to dissipate mechanical energy through internal friction
makes it effective at attenuating vibrations and
absorbing sound energy. This property has practical
implications in various fields, contributing to sound
absorption, noise reduction, and improved acoustic
environments.

About the importance of the mass.

The mass of the bitumen can help absorb and attenuate
the vibrations. ONDULINE® sheets monolayer
technology ensures a homogeneous impregnation of
the bitumen sheet.

What kind of sounds are we talking
about?

ONDULINE® sheets are particularly effective to absorb
impact noises such as rain, wind, fallen debris
(leaves, branches)...

This argument is
particularly important
for countries where
there is no insulation,
with roofing material
visible from the inside. It
is very appreciated by
people living, working
or learning under.

IMPACT NOISE
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PERFORMANCE DATA SHEET 4: SOUND ABSORBING

MORE FAQ ABOUT
SOUND ABSORBING

What is the sound attenuation
coefficient of ONDULINE® sheets?

For impact noise, the measurement parameter used is
the impact sound pressure level reduction index,
which is indicated as ALw (dB) and represents the
improvement introduced by an ONDULINE® sheet. The
decibel (dB) curve is based on a logarithmic scale
which means that the consequences of increasing
decibels become stronger and stronger.

For comparison purpose, a

v metal roofing sheet (thickness

Q of 3 mm - ribbed profile) has

/' 6“\\ ‘ been compared to an
\ ONDULINE® CLASSIC sheet on

(l simulated roof settings and
rainfall  conditions  (Test

Report BBTA3.TR.20.00023.R,
available in SharePoint.)

Rainfall Noise measurement on roof specimens:

The metal sheet generates 83,09 dB(A) where the
ONDULINE® sheet generates 59,88 dB(A): a major
difference of 23 dB(A) and a very good performance
for a roofing material of only 3 mm!

Noise measurement was performed, at constant
rainfall, using five microphones inside the rooms.

As we can see from the scale, the switch from 60 to 83
is a major difference. Bellow 60 dB(A), we can have a
normal conversation, whereas it becomes really
disturbing to overpass 80 dB (A).

For example, 80 dB(A) is the level of a high traffic street
or klaxons, a garbage disposal or a piano practice.
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Loud
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Rustio of leaves Very faint

Threshold of hearing

We can clearly hear the difference between the metal
sheet and the ONDULINE® sheet!
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Reducing from 83 dB(A) to less than 60 dB(A) is life
changing. It means that with ONDULINE®, the indoor
environment is 4 times quieter than with a metal
roof. Thanks to its unique composite material,
ONDULINE® roofing generates less noise under rainfall.

=== This reduction of noise has been officially tested
by an independent third-party laboratory, the BPPT
(Indonesian National Laboratory for Aerodynamics,
Aeroplastics and Aeroacoustics technology) and
measured according to ISO 140-18:2006.

Test Report BBTA3.TR.20.00023.R

No.| YPeof Global LIA Uncertainty!)
specimen (dB-A) (dB-A)

1 ST-1 59.88 +1.34

2 5T-2 83.09 +1.35

N Confident level 35%.

ST-1=sample ONDULINE® sheet & ST-2 = sample metal sheet.

We can clearly hear the difference between the metal
sheet and the ONDULINE® sheet!

ONDULINE?® also efficient at reducing rainfall noise
when used as under-roofing.

A second test was done in 2021 (Test Report
BBTA3.TR.21.003) by the same laboratory and also
according to ISO 140-18:2006. This test compared a
metal sheet (thickness of 3 mm - ribbed profile) with an
ONDULINE® CLASSIC sheet of 3 mm thick too, in both
under-sheeting and over-sheeting conditions.

== The global sound intensity levels are 76.64 dB-A
for Metal-sheet, 52.90 dB-A for Onduline over-
sheeting, and 68.54 dB-A for Onduline under-sheeting:
a major difference for Onduline which provides better
noise insulation.

PERFORMANCE DATA SHEET 4: SOUND ABSORBING

MORE FAQ ABOUT
SOUND ABSORBING

Table 3.2-1 Global A-weighted sound intensity level (LIA)

Type of Specimen

Global A-Weighted Sound
Intensity Level (LI4)

[dB-A]

Uncertainty 7

[dB-a]

ST-1

76.64

+1.01

2.

ST-2

52.90

+1.02

3.

ST-3

68.54

+1.09

*) Confident level 95%

ST-1= sample metal sheet, ST-2 = sample metal sheet
+ ONDULINE® over-sheeting & ST 3 = sample metal
sheet ONDULINE® under-sheeting

Specimens installed

ONDULINE is the preferred roofing
systems for stables.

Horses feel safer during storms thanks to Onduline®!

Like  many animals,
horses are easily afraid
when environment is
noisy. During storms,
they may feel particularly
unsafe because of the
rain noise.

While other roofing materials let sounds go through,
particularly metal, ONDULINE® sheets absorb part of it.
As horses feel safer, lots of UK owners choose,
repurchase and recommend ONDULINE® sheets for
stables.
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