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Abstract: The article is focused on the measurements of different types of “environmental” built noise barriers (semi-vegetation, green
belt, barriers with vegetation) which were measured in the different places in the Czech Republic. In situ measuring was carried out
in accordance with the standard ISO 1996. Short-term synchronous measurements were carried out in front of and behind the noise
barrier and the effectiveness of noise barriers was determined. The measurement results show a slight increase in acute attenuation
in anti-noise elements using vegetation. During the growing season, when greening occurs, a more pronounced acoustic attenuation
compared to dormancy has been clearly demonstrated. This research was supported by the Ministry of Transport of the Czech Republic.
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1.INTRODUCTION

Noise is generally defined as unwanted and undesirable
sound. One of the biggest sources of noise is traffic on roads
and railways. The human body has almost no defences against
sound signals and excessive noise exposure increases the risk
of cardiovascular disease in the general population [1]. Accor-
ding to ETC/ACM, 232 million Europeans (about 45 % of the
European population) are exposed to road noise above 55 dB
during the day, and 382 million Europeans (about 75 % of the
European population) are affected by road noise above 50 db.
153 million Europeans (around 30 % of the population) are ex-
posed to noise levels above 50 dB at night; around 83 % of the
European population (423 million) is affected to noise levels
above 40 dB at night [2]. The introduction of a uniform app-
roach to preventing and limiting the adverse effects of noise
in the outdoor environment is the intention of the European
Directive 2002/49/EC [3], which is also transposed into the le-
gislative environment of the Czech Republic. One of the po-
ssible solutions to reduce the impact of traffic noise on roads
and railways is the implementation of a noise barrier (NB). This
is a passive measure [4] that reduces the noise already gene-
rated. The noise barrier serves to protect the residential deve-
lopment and the population from the adverse effects of traffic
noise; its location, dimensions and characteristics are based
on the results of the noise study. If there is sufficient space in
the vicinity, the noise barrier can also be provided with clim-
bing plants or directly formed by suitable greenery.

1.UvOD

Hluk je obecné definovan jako nechtény a nezadouci zvuk.
Jednim z nejvétsich zdrojl hluku je provoz na pozemnich ko-
munikacich a zelezni¢nich tratich. Lidsky organismus nema
proti plsobeni zvukovych signdlli témér zadné obranné funk-
ce a nadmérna hlukova expozice zvysuje riziko kardiovasku-
larnich onemocnéni celé populace [1]. Dle ETC/ACM je hluku
z pozemnich komunikaci nad 55 dB vystaveno v pribéhu dne
232 miliond obyvatel Evropy (cca 45 % populace Evropy), hlu-
kem nad 50 dB je zasazeno 382 mil. obyvatel, coz je cca 75 %
populace Evropy. No¢nimu hluku pfesahujicimu 50 dB je vy-
staveno 153 miliond obyvatel Evropy (cca 30 % populace), cca
83 % evropské populace (423 miliond obyvatel) je v noci za-
sazeno hlukem nad 40 dB [2]. Zavedeni jednotného pfistupu
k prevenci a omezovani nezaddoucich ucinkd hluku ve venkov-
nim prostredi je zdmérem Evropské smérnice 2002/49/EC [3],
ktera je transponovana i do legislativniho prostfedi CR. Jednim
zmoznych feseni, jak snizit dopady hluku z provozu na pozem-
nich komunikacich i zeleznicnich tratich, je realizace protihlu-
kové bariéry. Jedna se o opatfeni pasivni [4], které omezuje jiz
vznikly hluk. Protihlukova bariéra slouzi pro ochranu obytné
zastavby a samotného obyvatelstva pfed nepfiznivymi vlivy
hluku z dopravy, jeji umisténi, rozméry a vlastnosti vychazeji
z vysledkl hlukové studie. Protihlukova sténa muze byt také,
pokud je v jejim okoli dostatek prostoru, opatfena popinavymi
rostlinami nebo pfimo tvofena vhodnou zeleni.
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2. VEGETATION AND ITS EFFECT ON NOISE
REDUCTION

Vegetation has an important climatic function, regulating the
microclimate, reducing temperature, increasing humidity, pro-
ducing oxygen, serving as a windbreak or removing pollutants
from the air. In addition, it helps to improve the hydrological
conditions in its surroundings (water retention) and protects
the soil against erosion, it also contributes to noise reduction,
reduces dust and has a significant aesthetic function. It can
not only enliven the urban environment and cover unsightly
places, but also create a more pleasant atmosphere for peo-
ple. Its inseparable function is therefore social, psychological
and hygienic, which includes noise reduction [5]. However,
its acoustic properties change depending on the season and
regular maintenance is required (biomass removal, trimming,
watering, etc.), the acoustic attenuation of vegetation will di-
ffer in summer and winter. Obviously, in summerthe attenua-
tion could be higher, in winter deciduous trees and shrubs
lose large amounts of biomass, thus reducing the attenuation.
The interaction between noise and vegetation includes direct
effects such as reflection, diffraction, scattering and absorpti-
on by plant elements (stems, branches, leaves). However, the
soft soil under vegetation (action of roots and humus layer)
may also contribute to noise reduction [6]. Nowadays, natural
materials are widely used in the construction elements of noi-
se barrier, in which climbing plant species are planted to crea-
te a natural-looking wall. In urban environments, vegetation
can be used as vertical gardens (e.g. on building facades) [7].
Low-meintenance plants are used for the greening of the noise
barriers, which can only withstand natural irrigation. The use
of vegetation alone as an effective means of noise reduction
was described as early as 1946 [8] and has been the subject of
many studies since then. All studies have shown that multiple
pieces of vegetation (plants, trees or shrubs) or a combinati-
on of species are needed for "some” acoustic attenuation. One
study reported [9] that maximum noise attenuation occurred
where the leaf size was equal to half the wavelength of the
sound. In practice, this means that it is essential that any ve-
getation used to reduce noise should contain a high proporti-
on of deciduous species. Noise reduction by planting trees in
strips can be ensured by their appropriate placement or by the
selection of the trees themselves [10], where a better effect
can be achieved, for example, by changing the arrangement of
the trees themselves, where it is preferable not to plant trees in
uniform crowds. If the trees are planted evenly, the belt needs
to be for example extended which requires more space. Ho-
wever, it is enough to plant trees with thicker trunks or to plant
trees randomly, see Figure 1. The best solution is a combinati-
on of grass, shrubs and trees, where the maximum number of
height floors is covered [11, 12], this placement of greenery is
shown schematically in Fig. 2.

2. VEGETACE A JEJi VLIV NA SNIiZENi HLUKU

Vegetace ma dulezitou klimatickou funkci, reguluje mikrokli-
ma, snizuje teplotu, zvysuje vihkost ovzdusi, produkuje kyslik,
mUze slouzZit jako vétrolam ¢i odstranuje polutanty z ovzdu-
$i. Navic pomaha zlep3ovat hydrologické poméry ve svém
okoli (zadrzuje vodu) a chrani pldu proti erozi, pfispiva také
ke snizeni hluku, sniZzuje prasnost a nezanedbatelna je este-
tickd funkce. Dokéze ozivit nejen méstské prostiedi a zakryt
nevzhledna mista, ale také navodit pfijemné;jsi atmosféru pro
¢lovéka. Jeji neoddélitelnou funkci je tedy funkce sociélni, psy-
chologicka a hygienickd, kam patfi pravé redukce hluku [5]. Jeji
akustické vlastnosti se ale méni v zavislosti na ro¢nim obdobf
a je zapotiebi pravidelna udrzba (odklizeni biomasy, zastfiha-
vani, zavlazovéani apod.), akusticky Utlum se bude u vegetace
lisit v |été a v zimé. Je zfejmé, Ze v l1été by mohl byt utlum vys-
3i, v zimé ztraci listnaté stromy i kefe velké mnozstvi biomasy,
¢imz dochazi ke snizovani utlumu. Interakce mezi hlukem a
vegetaci zahrnuje pfimé ucinky, jako jsou odraz, difrakce, roz-
ptyl a absorpce rostlinnymi prvky (stonky, vétve, listy). Ke sni-
Zeni hluku mze ale také pfispivat mékkda puda pod vegetaci
(pGsobeni kofenli a humusové vrstvy) [6]. V soucasné dobé se
pfirodni materidly hojné vyuzivaji v rdmci konstruk¢nich prv-
kl protihlukovych stén, kdy se navic sazi vegetace popinavych
druhU rostlin, diky ¢emuz se vytvofi pfirodné plsobici sténa.
V méstském prostiedi Ize vegetaci vyuzit jako vertikalni zahra-
dy (napft. na fasadach domu) [7]. Pro ozelenéni protihlukovych
stén se pouzivaji rostliny nendro¢né na udrzbu, které vydrzi
pouze s prirodnim zavlazovdnim. Pouziti samotné vegetace
jako uc¢inného prostifedku pro snizeni hlu¢nosti bylo popsano
jiz roku 1946 [8] a od té doby bylo pfedmétem mnoha studii.
Ze vsech studii vyplynulo, Ze pro ,néjaky” akusticky atlum je
potieba vice kust vegetace (rostlin, stromu ¢i kefl) nebo kom-
binace rdznych druht. V jedné ze studii se uvadi [9], Zze maxi-
malni zeslabeni hluku nastalo tam, kde byl rozmér listu roven
poloviné vinové délky zvuku. V praxi to znameng, Ze je nezbyt-
né, aby kazdd vegetace slouzici ke snizeni hluku obsahovala
vysoky podil listnatych druh. Snizeni hlu¢nosti vysazenim
strom0 v pésech lze zajistit jejich vhodnym umisténim ¢i sa-
motnym vybérem stroma [10], kdy lepsiho Ucinku Ize docilit
napf. zménou usporfadani samotnych strom(, kdy je vhodnym
feSenim nesazet stromy do rovnomérnych zastupl. Pokud
se stromy vysazeji rovhomérné, je potfeba takovy pds napt.
prodlouzit, coz vyZaduje vice prostoru. Staci oviem jen vysa-
zet stromy se silnéjSimi kmeny nebo stromy sazet nahodné,
viz obrazek 1. Nejlepsim feSenim je kombinace travniho po-
rostu, ket(l a strom(, kdy dojde k pokryti co nejvyssiho poctu
vyskovych pater [11, 12], toto umisténi zelené je schématicky
znazornéno na Obr. 2.
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Fig. 1: Basic examples of how to improve the acoustic performan-
ce of tree belts near roads [10]

Randomness|
in trunk
location

ssssssssss

@; ”"“I/TI/\ (XXXXWIII) T\

A

Somt microphone belt width (min. 20 m)

Fig. 2: Schematic representation of measurement and appropria-
te vegetation location for high acoustic efficiency [11]

There are also some disadvantages to using vegetation as
the sole means of noise mitigation. A major disadvantage is
the growth of the vegetation itself, i.e. it maytake many years
after planting before it starts to perform its function. In additi-
on, as the vegetation grows, it is constantly changing and thus
its acoustic effectiveness changes. It is therefore impossible to
define the exact attenuation that will be provided by a parti-
cular green belt and therefore it is also impossible to deter-
mine the attenuation of individual components of the green
belt (i.e. one plant, one shrub, one tree, etc.). Therefore, tree
belts are not planted where specific values need to be inclu-
ded in the calculation to assess future effectiveness. Further-
more, some maintenance is required throughout the lifetime
to maintain optimal efficiency [4].

3. MEASUREMENT OF NOISE BARRIERS IN
REAL CONDITIONS

The aim of the measurements was to determine the acoustic
attenuation of the greening of the noise wall or the green belt
itself. Some of the measurements were carried out within the
annual cycle of alternating growth activity of the greenery
and the resting period, thus the growing season phase (phys-
iological functions of plants fully activated) and the dormancy
phase (resting phase). The synchronous measurements were
carried out with two microphones, two independent sound-
-level meters, in front of and behind the noise wall or greenery,
at a height of 1.5 m above the level of contact of the noise wall
with the ground and distances of 1.0 m in front of and behind
NB for a duration of 1 hour at various locations in the Czech
Republic in the dormancy and vegetation phase. The mea-
surements were carried out in accordance with the I1SO 1996
standard [13]. Unrelated noise events were always excluded
from the measurement results. The methodology for the 2016
national traffic census was used to determine traffic intensity

vzdélenost

Nahodné
umisténi
stromd

Obr. 1: Zdkladni priklady, jak zlepsit akustickou ucinnost pdsu
stromd pobliz silnic [10]
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Obr. 2: Schématické zndzornéni méreni a vhodného umisténi ve-
getace pro vysokou akustickou tcinnost [11]

Existuji také urcité nevyhody pii pouziti vegetace jako jedi-
ného prostfedku ke zmirnéni hluku. Velkou nevyhodou je sa-
motny rlst vegetace, tj. hned po vysadbé muze trvat mnoho
let, nez zac¢ne plnit svoji funkci. Navic se rlistem tato vegetace
neustdle méni a tim se méni i jeji akusticka ucinnost. Je tedy
nemozné prfesné definovat utlum, ktery bude poskytnut kon-
krétnim pasem zelené a tudiz nelze ani stanovit Utlum jednot-
livych slozek zelené (tzn. jedné rostliny, jednoho kefe, jednoho
stromu apod.). Proto se stromové pasy nevysazuji tam, kde je
potieba k posouzeni budouci Uc¢innosti do vypoctl dosadit
konkrétni hodnoty. Déle je zapotiebi po celou dobu Zivotnosti
urcitd udrzba pro udrzeni optimalni G¢innosti [4].

3. MERENIi PHS V REALNYCH PODMINKACH

Cilem provedenych méfeni bylo zjistit, jaky akusticky utlum
ma ozelenéni protihlukové stény ¢i vlastniho pasu zelené. Né-
kterd z méfeni byla realizovana v rdmci ro¢niho cyklu stfidani
rlstové aktivity zelené a obdobi klidu, tedy faze vegetac¢ni se-
zo6ny (fyziologické funkce rostlin plné aktivovany) a faze dor-
mance (odpocinkova faze). Synchronni méreni bylo provadé-
no dvéma mikrofony, dvéma nezavislymi zvukoméry, pred a
za protihlukovou sténou ci zeleni ve vysce 1,5 m nad drovni
kontaktu protihlukové stény se zemi a vzdéalenosti 1,0 m pred
a za PHS v délce naméru 1 hodina na riznych mistech v Ceské
republice ve fazi dormance a vegetace. Méfeni bylo provadé-
no v souladu s normou ISO 1996 [13]. Z vysledk( méreni vzdy
byly vylouceny nesouvisejici hlukové udalosti. Pro urceni in-
tenzity dopravy byla pouzita metodika pro celostatni scitani
dopravy 2016 [14]. K méfeni bylo vyuzito ovérenych pristroju
Briiel & Kjeer: zvukovy analyzator typu 2250 a 2270, mikrofony
typu 4189 a kalibrétor typu 4231. Velic¢iny byly méfeny pfi ¢a-
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[14]. Verified Briiel & Kjaer instruments were used for the mea-
surements: sound analyser type 2250 and 2270, microphones
type 4189 and calibrator type 4231. The quantities were me-
asured at the time constant FAST and frequency weight filter
A. Calibration was always performed before and after the me-
asurement. Examples of the field measurement are shown in
Fig. 3 (measurement site No. 2), where the difference between
dormancy and vegetation phases is evident.

=

. AR

Fig. 3: Examples of noise measurements at site No. 2 during dor-
mancy (left) and vegetation (right).

The different types of environmental noise barriers that
were measured are described in the following Tab. 1. It lists the
main material and description of the noise barrier, the age of
NB at the time of measurement, its total height at the measu-
rement location, and the maximum permissible speed at that
location at the time of measurement. The exact location of the
measurement site is not given to maintain neutrality towards
owners, administrators, and contractors; the authors of the ar-
ticle are concerned only with acoustic assessment.

Hodinova
intenzita dopra
stafi | vyska SV/WP v
[rok] [m]

Rychlost
[km/h]

o

Material a popis

Féze Féze
vegetace

Klasickd konstrukce PHS porostld zeleni,
recyklovany plast. Méfeni ve vzdalenosti 0,5m | vice
a 1,5 m od komunikace. Méfeni ve fazi | nez 10
dormance i vegetace.
Trubkové konstrukce porostla zeleni a
dfevnatymi lidnami. Rozte¢ trubek 0,7 m.
2 | Méfeni ve vzdalenosti 3,5m a 50 m od 6 3,0 50 | 1159/82
komunikace. Méfeni ve fazi dormance i
vegetace.
PHS ze 7 na sobé vrstvenych vegeta¢nich
betonovych blokd. Truhliky jsou na sobé
3 | kaskadovité navrstveny. Méfeni ve vzdalenosti
0,6 m a 2,0 m od komunikace. Mé&feni ve fazi
vegetace.
Travnata plocha, synchronni méfeni s ¢.5 ve
4 | vzdalenosti 1 m a 10 m od komunikace, méreni - - 80 | 1487/60 1
ve fazi dormance i vegetace. 450/50
Pés listnaté zelené (8 m 3itky), synchronni
méfeni s €. 4 ve vzdalenosti 1m a 10 m od | vice cca 1487/60 1
komunikace, méfeni ve fazi dormance | nez10 | 4,0 450/50
i vegetace.
Travnata plocha, synchronni méfeni s ¢. 7 ve
6 | vzdalenosti 1 m, 10 m a 14 m od komunikace, - - 50 -
méfeni ve fazi vegetace.
Travnatd plocha, synchronni méfeni s €. 6 ve
vzdalenosti 1 m od komunikace, husty
jehliénaty porost tisu Sife 1,5 m, vysky 1,6 m,
délky 6,0m ve vzddlenosti 10m od | vice
komunikace, nahodny jehlitnaty porost | nez 10
borovic (v blizkosti  porostu tisu), ve
fal i 14 m od ik méfeni ve
fazi vegetace.

4,0 50 390/0 | 405/2

974/99

vice

nez 20 30 70 :

503/24

658/8

cca
16a 50 -
4,0

658/8

Tab. 1: Description of the measured noise barriers.
Note: AV - sum of all vehicles, HV - heavy vehicles

sové konstanté FAST a frekvencnim vahovém filtru A. Kalibrace
byla vzdy provedena pred a po ukonceni méreni. Ukdzka mé-
feni v terénu je zndzornéna na Obr. 3 (lokalita méfeni €. 2), kde
je patrny rozdil mezi fazi dormance a vegetace.

Obr. 3: Ukdzka méreni hlu¢nosti na lokalité ¢. 2 ve fdzi dormance
(vlevo) a vegetace (vpravo).

Jednotlivé typy environmentalnich protihlukovych stén,
které byly méfeny, jsou popsany v nasledujici Tab. 1. Je zde
uveden hlavni material a popis protihlukové stény, stafi pro-
tihlukové stény v dobé méreni, jeji celkova vyska v misté
méfeni, maximalni povolena rychlost v daném misté v dobé
méreni. Pfesnd lokalizace mista méfeni neni uvedena z dlvo-
du zachovani neutrality vUci vlastniklim, sprdvclim i zhotovi-

teltm, autordim ¢lanku se jedna pouze o akustické posouzeni.

Hourly traffic
No. Material and description Age | Height | Speed | _intensity AV/HV |
Iyear] | [m] | [kph] | pormant | vegetation
phase phase
Classic NB construction covered with
greenery, recycled plastic. Measured at more
B distances of 0.5 m and 1.5 m from the road. than 40 50 3%0/0 405/2
. . 10
Measured in dormant and vegetation phases.
A tubular structure covered with greenery
and woody lianas. Pipe spacing 0.7 m.
2 | Measured at distances of 3.5m and 5.0m 6 3.0 50 |1,159/82 974/99
from the road. Measured in dormant and
ion phases.
NB of 7 layered vegetated concrete blocks.
The blocks are cascaded on top of each other. | more
3 | Measured at distances of 0.6m and 2.0 m | than 3.0 70 503/24
from the road. Measured in the vegetation | 20
phase.
synchronous with
No. 5. Measured at distances of 1 m and 10 m
4 | from the road. Measured in dormant and 80 |1,487/60 | 1,450/50
vegetation phases.
Leafy green belt (8 m wide), synchronous
measurements with No. 4. Measured at more app.
s distances of 1m and 10 m from the road. ﬂ;gn 4.0 80 |1,487/60 | 1,450/50
Measured in dormant and vegetation phases.
synchronous with
No. 7. Measured at distances of 1 m, 10 m,
& and 14 m from the road. Measured in the : - ED - EeaE
vegetation phase.
Grassland, synchronous measurements with
No. 6. Measured at 1 m from the road. Dense
coniferous yew cover 1.5m wide, height more app.
1.6 m, length 6.0 m measured at a distance of 1.6
7 N . than 50 - 658/8
10 m from the road. Random coniferous pine 10 and
cover (near to the yew cover) measured at 4.0
14 m from the road. Measured in vegetation
phase.

Tab. 1: Popis mérenych protihlukovych stén.
Pozndmbka: SV — soucet vozidel, TV - tézkd vozidla

10
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The results of the LAeq measurements are given in Tab. 2,
which shows the measured values behind and in front of the
NB, at each phase of dormancy/vegetation, including a specifi-
cation of the location if applicable (see Tab. 1 for a description).
The last column of Tab. 2 shows the difference in L, between
the vegetation and dormancy phases (V and D) at the same
location. Thus, the positive effect of greening (like [11]) — an
increase in noise attenuation behind the barrier - is clearly evi-
dent. Several very important facts can be observed from the
measurement results. The difference between the measured
values in front of and behind the noise barrier is not affected
by the traffic intensity or its composition. When traffic inten-
sity increases or changes in favour of freight traffic, the noise
both ahead and behind the barrier will increase in approxima-
tely equal proportions. At higher traffic intensities, the noise
level in front of and behind the barrier increases in approxi-
mately the same proportion. On the other hand, the height,
condition of the noise barrier and its immediate surroundings
are influencing parameters.

Vysledky méreni Ly udava Tab. 2, ve které jsou namérené
hodnoty za a pred protihlukovou sténou, a to v jednotlivych
fazich dormance/vegetace vcetné pripadného upresné-
ni umisténi, kdy popis je uveden v Tab. 1. Posledni sloupec
Tab. 2 uvadi pro dil¢i méfeni rozdil L, mezi fazi vegetace a
dormance (V a D) na tomtéz misté. Je tak jasné zfejmy pozitiv-
ni vliv ozelenéni podobné jako u [11] — zvySeni utlumu hluku
za bariérou. Z vysledkd méreni Ize pozorovat nékolik velmi d (-
lezitych faktl. Intenzita provozu ani jeho slozeni neovliviiuje
rozdil mezi naméfenymi hodnotami pred a za protihlukovou
bariérou. Pfi zvyseni intenzity provozu ¢i zménou jejiho slozeni
ve prospéch nakladni dopravy se zvedne hlu¢nost pred i za ba-
riérou pfiblizné ve stejném poméru. Pi vyssi intenzité provozu
se zvysila hodnota hluku jak pfed, tak za bariérou, oviem cel-
kovy rozdil zlistal zachovan. Naopak ovliviujicim parametrem
je vyska, stav protihlukové bariéry a jeji bezprostiedni okoli.

Sound pressure level A [dB]

Hladiny akustického tlaku A [dB]

23

Dormancy; grassland

4 | 96.7| 62.0(110.6|88.6|85.0(83.7(77.2|69.3|67.5|65.1| 79.8
in front of (1 m)

4 |Dormancy;grassland | o5 o1 59 51 106.1 | 76.5|74.1 [73.1 700 | 65.5 | 64.1 | 61.9 | 707
behind (10 m)

4| Difference 14| 30| 45|12.1|109[106] 7.2| 3.8] 34| 32| 91
Vegetation;

4 |grasslandin frontof | 97.5| 60.5(109.7[88.2(85.0|83.8|78.1|70.4|687|66.1|80.1| 03
(1m)
Vegetation;

4 |grassland behind (10 | 79.7| 57.2| 99.5[76.1(73.9]73.0|69.9|65.0|63.6 [61.0(70.4| -03
m)

4| Difference 178 33| 102(121]111]108| 8.2 5.4[ 51] 51| 97| 06

Dormancy; in front
5 |of the green belt (1 94.3| 59.4(110.1|89.0|84.7|83.3|77.3|68.8|67.2(64.2(79.7

No-| DeserRtOn o v | Lesese| L | L | o [ Lo | Lso | Los | Lso | Loen s Popis Lo | Latrin | Lepen | Ly | Ls | Lo | Lso | Loo | Los | Loo | Lnea |2110
- (v-D)

Dormancy;infront | o | 4o o100 617011762 [ 745 | 631 | 52.6 | 51.6 | 50.4 | 69.4 1 | Dormance; pred 92,1| 47,9]104,6[79,1|76,274,5|63,1]52,6 51,6 |50,4 69,4

1 |of 1 | Dormance; za 70,5 42,1 92,0(58,4(56,9(56,3]54,0(44,3]43,7[42,8[53,7

1 | Dormancy; behind 70.5] 421 920(584[56.9[563(54.0[443]43.7[22.8]537 T Rozdi 16| 58| 126]207]193|182| 91| 83| 78] 7,6|157
1 _|Difference 21.6| 58] 12.6|20.7]|19.3/18.2| 91| 83| 7.9| 7.6]|15.7 1 | Vegetace; pred 90,0| 48,8|107,8(79,0|75,3|73,2[61,4|54,6(53,5[51,8|689| -05
. Zfegetam"; infront | 900 as.8|107.8]79.0|75.3|73.2|61.4|54.6 [ 535|518 | 689| -05 1 |Vegetace; za 68,7| 44,8| 950584549537 50,5[47,8(47,1]46,1[514] 23
1 | Vegetation; behind 68.7| 44.8| 95.0|58.4|54.9|53.7|50.5|47.8|47.1|46.1|51.4| -2.3 L | Rozdi o 213 40] 1281206/204|1951109} 68| 64| 57]175| 18

2 | Dormance; pred 97,2| 52,0[109,8[86,1(81,3]79,3[72,6 65,9 63,8]59,1]76,0

L D"ff""'"“'_ 21.3] 40| 128(206/204119.51109] 68| 64| 57]17.5] 18 2 | Dormance; za 93,5| 51,9]107,0(83,6[79,0[77,2[71,2|63,8[61,2|563[73,9

, Sfc"ma"cy"”f"’”t 97.2| 52.0(109.8|86.1|81.3|79.3|72.6 |65.963.8[59.1(76.0 2 | Rozdil 37| o1| 28| 25| 23| 21| 14| 21| 26| 28] 21
2 | Dormancy; behind 935] 51.9[107.0[83.6(79.0[77.2[71.2|63.8]61.2[56.3]73.9 2 | Vegetace; pred 91,7| 52,8[1105[86,9]82,0{79,6[71,4]637[61,1[57,0[759] -01
2> | Difference 37 0.1 28| 25| 23| 21| 14| 21| 26| 28| 21 2 | Vegetace; za 87,9 51,3(106,5(82,8|78,5|76,2(69,1|61,7|589|54,4|72,7 -1,2
— 2 | Rozdil 38| 15| 40| a1| 35| 34| 23| 20| 22| 26| 32| 11

2 X:geramn' MO | 917| 528|105 |s63|820| 796|714 637611 |57.0| 75| 02 3 | Vegetace; pred 95,1| 458(113,3|83,9(79,5|77,1|653[529(507|47,7[731

2 | Vegetation; behind 87.9| 51.3|106.5|82.8|78.5|76.2|69.1|61.7|58.9|54.4[72.7 -1.2 3 |[Vegetace; za 68,4| 37,4| 93,2(61,2(57,2|553)50,0)45,3|44,1|42,3(52,0

2 | Difference 38| 15| 40| 41| 35| 34| 23| 20| 22| 26| 3.2 11 3 |Rozdil 26,7| 84| 20,1/22,7(22,3/21,8|153)| 76| 66| 54[21,1

5 Z:g‘*tat"’””"f”’"t 95.1| 45.8(113.3(83.9|795(77.1|65.3|52.9(50.7|47.7|73.1 4 Egrr;::r:r:dt(r:‘::; 96,7 | 62,0(110,6|88,6 (85,0 (83,7 (77,2 (69,3 67,5 (65,1 (79,8

3 [ Vegetation; behind | 684 37.4] 93.2[612]57.2[55.3]50.0[45.3[44.1[42.3]52.0 4 |Pormance; travni 95,3 | 5901061765721 73,1 70,0| 65,5 [ 64,1 | 61,9 | 70,7

3 | Difference 26.7| 84| 201]22.7]223[21.8]153] 7.6] 6.6] 5.4[21.1 porostizal{10im}

4 | Rozdil 14 3,0 4,5|12,1|10,9|10,6( 7,2( 3,8| 3,4| 32| 91
Vegetace; travni
porost pred (1 m)
Vegetace; travni
porost za (10 m)
4 | Rozdil 17,8 3,3| 10,2(12,1(11,1(10,8| 82| 54| 51| 51 9,7 0,6
Dormance; pied
pasem zelené (1 m)
Dormance; za
pasem zelené (10 m)
5 | Rozdil -0,4 2,4 4,8(13,1|11,4)|11,2| 8,4 42| 3,8| 3,0(10,0
Vegetace; pred
pasem zelené (1 m)

97,5| 60,5|109,7|88,2|85,0|83,8|78,1|70,4|68,7|66,1|80,1 0,3

79,7| 57,2 99,5(76,1(73,9(73,0/69,9|65,0|63,6|61,0(70,4| -0,3

94,3| 59,4|110,1|89,0|84,7|83,3|77,3|68,8|67,2|64,2|79,7

94,7| 57,0(105,3(75,9(73,3(72,1|68,9|64,6|63,4|61,2(69,7

97,7| 60,2|110,0|89,6|85,2|83,6|77,9|69,6|67,7|65,2|80,2 0,5

Vegetace; za pdsem

Tab. 2: Results of measurements of sound pressure levels in front
of and behind the noise barrier

5 ? 79,6| 57,8| 956|745|72,6|71,8(68,6|64,0(62,7(60,5(69,1| -0,6
m) zelené (10 m)
“behi 5 | Rozdil 181 24| 144(151(126]11,8] 93] 56/ 50| 47[11,1 11
5 azrrr‘raen;yij:ﬁh('{'gm) 94.7| 57.0(105.3|75.9]|73.3|72.1|68.9|64.6|63.4|61.2|69.7 e —
8 g | eBetace 87,8| 42,1(103,2|77,5(74,6 [72,9(65,0(54,1|50,8|45,8|69,0
5 | Difference -04| 24| 48|13.1(11.4|11.2| 84| 4.2| 3.8| 3.0]/10.0 porost (1 m)
Vegetation; in front 5 | 77,2| 452| 93,8(71,4|67,8|66,4|60,1(51,5(499|47,0|628
5 | of the green belt 97.7| 60.2[110.0|89.6|85.2|83.6|77.9|69.6|67.7|652|802| 05 porost (10 m)
(1m) g | Veeetace; travni 803| 41,7| 94,4|68,0|64,5|63,2(57,3(489(47,4|454 598
5 |Vegetation;behind | g o} o5 g| 056|745 |72.6|71.8| 68.6 | 64.0 [62.7 605 | 69.1] 0.6 EOGRH (T
the green belt (10m) | " : O] 74-2]720] 718586 64.0162.7160.5163. - 6 |Rozdil 1-10 106 31| 94| 61| 63| 65] 29| 26] 09] 12 62
5 | Difference 181] 24| 144]151[12.6[118] 93] 56[ 5.0[ a7[121] 12 6 |Rozdil 1-14 75| 04| 88| 95|10 97| 77| 52| 34| 04| 9.2
g |Vegetation; 87.8| 42.1|103.2(77.5(74.6|72.9|65.0 541 [50.8 | 45.8| 69.0 7 |vegetace; travnt 867| 41,7(1050(79,6(759|73,5|64,4 51,2 | 48,4 |44,2| 69,1
grassland (1 m) porost (1 m)
ion: vegetace; porost tis
6 | Vesetation; 77.2| 45.2| 93.8(71.4|67.8|66.4|60.1|515 [49.9]|47.0 628 7 o " 54| 417) 9411698 659164,6|580]47,946,5)44,4 | 608
grassland (10 m) (10 m)
Vegetation; 7 | Vegetace; porost 81,6| 400| 93,1(67,2|63,9|62,456,0|47,4|458|43,6[588
6 | o 80.3| 417 94.4(68.0|64.5|63.2(57.3(48.9(47.4|454|59.8 borovice (14 m) , \ 1167,2|63,9|62,4|56,0(47,4|45,8|43,6|58,
6 | Difference 1-10 106 31| 94| 61| 6.8 65| 49| 26| 09]-12] 62 7_|Rozdil 1-10 11,3| 00] 109] 98|100| 89| 64| 33| 19| -02| 83
6 |Difference 1-14 75| 04| 88| 9s5|101| 9.7] 77| 52| 34| 04] 92 7 | Rozdil 1-14 51| 17| 11,9]124]120]11,1] 84| 38| 26| 06]103
7 ;/;g:s::sr('l m 86.7| 41.7(105.0|79.6|75.9|73.5|64.4[51.248.4[44.2|69.1
Vegetation, yew Tab. 2: Vysledky mérfeni hladin akustického tlaku pred a za pro-
7 | couer ti0m) 75.4| 41.7| 94.1(69.8|65.9|64.6|58.0(47.9|46.5|44.4|60.8 . .
om)_ tihlukovou sténou
7 |Vesetation; pine 816| 40.0| 93.1|67.2[63.9|62.4|56.0(47.4|45.8 (436|588
cover (14 m)
7 | Difference 1-10 13| 0.0] 109] 9.8[10.0] 89| 64| 33| 1.9][0.2] 83
7 | Difference 1-14 51| 17| 119]124][12.0{11.1] 84| 38] 2.6] 0.6[103
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Measurements during the dormant and growing seasons
were verified on a conventional/classic full NB structure (No. 1),
which is greened with Virginia creeper that forms a continu-
ous cover on the noise barrier during the growing season.
The green cover on the conventional noise barrier increased
its acoustic efficiency (attenuation) by 1.8 dB compared to the
dormant phase, see Tab. 2.

The second measurement was carried out on a separate lo-
ose tubular structure/fence (No. 2), where different varieties
of Virginia creeper are also growing along the stretched wires;
here it is not a NB in the true sense of the word, but a tubular
structure covered with woody lianas, see Fig. 3. The structu-
re consists of five horizontal metal tubes with a spacing of
0.7 m. The greening of the structure increased the efficiency
of acoustic attenuation in the vegetation phase by 1.1 dB, see
Tab. 2, last column.

The next evaluated NB (No. 3) is located at an immediate di-
stance from the road. The height of the top of the wall varies
between 2.6-3.0 m depending on the rotation of the individu-
al boxes (possibly increased by the actual plants and shrubs in
the highest box), which are filled with loam and planted with
durable plants, Virginia creeper and plants of genus Cotone-
aster and Fallopia. However, in some boxes the plants are not
rooted. This is a combination of reflective and absorptive NB
(at all other measurement locations are noise barrier absorp-
tive). An attenuation of 21.1 dB was measured at an average
noise barrier height of 3.0 m, which is slightly higher than for
conventional barriers of the same height at the road [15].

Synchronous measurements of grassland and deciduous
woody plants (Nos. 4 and 5) were carried out on two sections
of the same road 80 m apart and perpendicular to the road at
distances of 1 m and 10 m from the roadside. It is therefore a
free spreading area with absorbent terrain and grass. The natu-
ral green barrier consists of deciduous woody trees and shrubs
with a width of 8.0 m and a length of approximately 200 m.
The achieved acoustic attenuation (including the attenuation
of a distance from 1 m to 10 m) of the grass cover in winter is
9.1 dB, for bare deciduous trees and shrubs an attenuation of
10.0 dB was achieved. The occasional wood mass in the spa-
ce increased the acoustic attenuation by 0.9 dB. During the
growing season, due to the greening of the lawn, the attenua-
tion of the grass area increased to 9.7 dB and the mass of leafy
greenery increased to 11.1 dB (by 0.6 dB and 1.1 dB respective-
ly). There is an increase in acoustic attenuation of 0.6 dB com-
paring an area of ground (loam) with dwarf winter grass and
leaves against a fully green lawn, and in the case of a decidu-
ous tree belt there is an increase in attenuation of 1.1 dB, see
the last column of Tab. 2. During the growing season, the atte-
nuation within 10 m from the road between the grass belt and
deciduous wood plants increased to 1.4 dB (from the winter
value of 0.9 dB). A difference of 2.0 dB in favour in the vegetati-
on phase was achieved in the case of comparison of measured
attenuation values of the non-reflective ground surface (loam)
in the dormant phase against an 8 m wide of green tree belt
at 10 m from the road with different vegetation density in the
growing phase. The results are shown in Tab. 2.

Synchronous measurements of coniferous species (No. 7),
namely yew, denser cover of pine and grassland (No. 6), were
carried out at two locations along the same road 15 m apart
(measuring points on both sides of the road) at distances of
1 m, 10 m, and 14 m from the roadside. Measurements were
performed only during the vegetation phase (coniferous spe-
cies are evergreen). Table 2 shows the measured results. The

Méreni v obdobi vegetacniho klidu a v obdobi vegeta¢niho
rdstu bylo ovéfovano na bézné/klasické plné konstrukci PHS
(€. 1), kterd je ozelenéna loubincem, ktery tvofi v dobé vege-
tacni faze na PHS souvisly porost. Zeleny porost na klasické
PHS zvysil jeji akustickou ucinnost (Utlum) o 1,8 dB oproti fazi
vegetac¢nimu klidu, viz Tab. 2.

Druhé méreni bylo realizovano na samostatné volné trubko-
vé konstrukci/plotu (€. 2), kde se po natazenych dratech také
pnou rGizné odrady loubince, zde nejde v pravém slova smyslu
o PHS, nybrz o trubkovou konstrukci, kterd je porostla dievna-
tymi lidnami, viz Obr. 3. Konstrukce je tvofena z péti horizon-
talnich kovovych trubek roztece 0,7 m. Ozelenéni konstrukce
zvysilo Gc¢innost akustického Utlumu ve fazi vegetace o 1,1 dB
viz Tab. 2, posledni sloupec.

Dalsi hodnocend PHS (¢ 3) je umisténa v bezprostied-
ni vzdalenosti od vozovky. Vyska vrcholu stény kolisa mezi
2,6-3,0 m dle stfidani jednotlivych boxU (pfipadné navysena
o vlastni rostliny a kefe v nejvyssim boxu), které jsou vyplnény
hlinou a osazené skalni¢ckami, loubincem, skalnikem a oplet-
kou, ovéem v nékterych truhlicich rostliny nezakorenily. Zde
se jednd o kombinaci odrazivé a pohltivé PHS (na vSech ostat-
nich mistech méreni je bariéra pohltiva). Pfi primérné vysce
PHS 3,0 m byl naméren atlum 21,1 dB, coz je mirné vyssi hod-
nota nez u klasickych stén stejné vysky u komunikace [15].

Synchronni méfeni travnatého porostu a listnatych dievin
(¢. 4 a 5) bylo realizovano na dvou Usecich stejné komunikace
vzdalenych od sebe 80 m a kolmo ke komunikaci ve vzdale-
nostech 1 ma 10 m od krajnice. Jedna se tedy o izemi volného
Sifeni s pohltivym terénem a travou. Pfirozenou zelenou bari-
éru tvoii opadavé listnaté dreviny a kefe Sitky 8,0 m a délky
cca 200 m. Dosahovany akusticky utlum (véetné utlumu vzda-
lenosti z 1 m na 10 m) porostu travy v zimnim obdobi je 9,1 dB,
u holych listnatych drevin a kefd byl dosazen utlum 10,0 dB.
Tj. obcasna difevéna hmota v prostoru zvysila akusticky Gtlum
0 0,9 dB. V obdobi vegetace, vlivem zazelenéni travniku, na-
rostl Gtlum travni plochy na 9,7 dB a masy listnaté zelené
na 11,1 dB (0 0,6 dB a 1,1 dB). Pfi porovnani plochy zemé (hli-
ny) se zakrslou zimni travou a listim a pIné zeleného travniku
dojde ke zvyseni akustického Utlumu o 0,6 dB, v pfipadé pasu
opadavych dfevin je zvyseni Gtlumu o 1,1 dB, viz posledni slou-
pecTab. 2.V obdobi vegetace se Utlum v 10 m od komunikace
mezi pasem travy a opadavymi dievinami zvysil na 1,4 dB (ze
zimni hodnoty 0,9 dB). V pfipadé srovnani naméfenych hod-
not Utlumu neodrazivé plochy zemé (hliny) ve fazi dormance
vUci pasu zelenych drevin sitky 8 m ve vzdalenosti 10 m od po-
zemni komunikace s rliznou hustotou porostu ve fazi vegetace
bylo dosazeno rozdilu 2,0 dB ve prospéch dfevin ve vegetacni
fazi. Vysledky jsou uvedeny v Tab. 2.

Synchronni méfeni jehli¢natych drevin (€. 7), konkrétné tisu,
hustsiho porostu borovice a travniho porostu (¢. 6), bylo rea-
lizovano na dvou lokalitdch u stejné komunikace vzdalenych
od sebe 15 m (méfici mista z jedné a druhé strany komuni-
kace) ve vzdalenostech 1 m, 10 m a 14 m od krajnice. Méfeni
probéhla pouze v obdobi vegetace z divodu neopadavani
jehli¢natych dfevin. V tabulce 2 jsou uvedené namérené vy-
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acoustic attenuation of the grass cover in the vegetation se-
ason achieved 6.2 dB, including the attenuation of distance
from 1 m to 10 m.The lower value compared to the leafy woo-
dy plants area is due to the not quite ideal surrounding area
(there was an equally 2.0 m wide asphalt pavement on both
sides of the road). A direct comparison of the results between
the measurement of deciduous and coniferous woody plants
is not possible due to the different surrounding terrain, tra-
ffic intensity and composition, including the speed limit. The
achieved attenuation of the yew against the grass cover at the
same distance is 2.0 dB, which is higher than the difference
between the deciduous vegetation and the grass cover at the
same distance (see measurements Nos. 4 and 5), where the
attenuation is 1.4 dB (all in the vegetation phase). The signifi-
cantly narrower and lower yew has a resulting attenuation be-
tter by 0.6 dB compared to more permeable deciduous vege-
tation, because it is a dense, impenetrable conifer bush, with
the texture clearly visible from Fig. 4. In the case of the last
measurement, at 14 m from the road in the area‘most densely’
covered with pine trees between the local road and the me-
asurement site, it is evident that the cover of live vegetation
does not reach the level and intensity of dense impenetrable
coniferous shrubs and the attenuation achieved here is 1.0 dB.

It is therefore clear that in both deciduous and coniferous
species, acoustic attenuation is significantly dependent on the
inherent density of the stands, which prevents noise pene-
tration. The results indicate that a short dense strip of conife-
rous shrubs relative to a grass belt at the same location in the
vegetation season or a wide wall of deciduous woods in the
vegetation phase against a grassland during the dormant se-
ason at the same location achieves an additional attenuation
of 2.0 dB. This may already represent a significant benefit, as in
the case of a reflective surface (e.g. paved/concreted parking
spaces instead of loam), this attenuation "gain" will be even
more significant. It is important to note that a 3 dB noise re-
duction is equivalent to halving the traffic intensity on a given
road.

sledky. Dosahovany akusticky utlum, véetné Utlumu vzdale-
nostiz 1 m na 10 m, porostu travy v obdobi vegetace je 6,2 dB.
Nizsi hodnota oproti mistu s listnatymi drevinami je dana ne
zcela idedlnim okolnim prostorem (z obou stran komunikace
byl stejné Siroky asfaltovy chodnik ife 2,0 m). Pfimé porovnani
vysledkd mezi mérenim listnatych a jehli¢natych dfevin neni
mozné kvli jinému okolnimu terénu, intenzité a skladbé do-
pravy, v¢etné povolené rychlosti. Dosahovany Utlum tisového
porostu vUci travnatému porostu v téze vzdalenosti je 2,0 dB,
coz je vyssi hodnota nez rozdil mezi listnatym porostem a
travnatym porostem ve stejné vzdalenosti (viz méfeni ¢. 4 a
5), kde je atlum 1,4 dB (v3e v obdobi vegetace). Vyrazné uzsi a
niz8i porost ma vysledny Gtlum lepsi o 0,6 dB, jedna se oviem
o husty, neprostupny jehli¢naty kef, kdy struktura je jasné pa-
trnd z Obr. 4, oproti prostupnéjsi listnaté vegetaci. V pfipadé
posledniho méreni ve vzdalenosti 14 m od komunikace v ob-
lasti ,nejhustéji” pokrytou borovicemi mezi mistni pozemni
komunikaci a mistem méfeni je patrné, Ze kryti Zivym poros-
tem nedosahuje miry a intenzity hustého neprostupného jeh-
licnatého kefe a dosahovany Utlum je zde 1,0 dB.

Je tedy zfejmé, Ze u opadavych i jehli¢natych dfevin je akus-
ticky utlum vyznamné zavisly na vlastni hustoté porostu, ktera
brani pronikani hluku. Z vysledk( vyplyva, ze kratky husty pas
jehli¢natého kefe vUci travnatému péasu v tomtéZ misté v ob-
dobi vegetace nebo Siroka sténa tvofend opadavymi listna-
tymi dievinami ve fazi vegetace vUci travnaté plose v obdobi
dormance v tomtéz misté dosahuje dodatec¢ného utlumu hlu-
ku 2,0 dB. To jiz mUze predstavovat vyznamny benefit, jelikoz
v pFipadé odrazivé plochy (napf. misto hliny vyasfaltovana/
vybetonovana parkovaci mista) bude tento ,zisk” Gtlumu jesté
vyraznéjsi. Je nutné si uvédomit, Ze snizeni hluku o 3 dB pred-
stavuje ekvivalent sniZzeni intenzity provozu na dané pozemni
komunikaci na polovinu.

Fig. 4: Measuring location No. 7 at 1 m from the road, with a sub-
sequently measured yew hedge in the background

Obr. 4: Mérici lokalita ¢. 7 ve vzddlenosti 1 m od komunikace, v po-
zadi ndsledné méreny Zivy plot tisu

13



AKUSTIKA, VOLUME 40 / September 2021

www.akustikad.com

4. CONCLUSION

Protection against excessive traffic noise is currently an essen-
tial factorin our daily lives. Realized measurements have shown
that the inherent greenery, both in the dormant and vegetati-
on phases, has a certain anti-noise effect. The measurements
were always carried out in the immediate vicinity of the road.
The microphone in front of the barrier was placed 1.0 m in
front of the NB and was 0.5-2.5 m away from the roadside. The
effect of meteorological conditions (e.g. wind) on sound pro-
pagation should not be a dominant source of measurement
uncertainty at these short distances. (Measurements were per-
formed under meteorologically favourable conditions.) The
attenuation of the achieved noise level was not dependent
on the traffic intensity. This affected only the “maximum” noise
level at a given location, while the absolute difference in the
synchronous measurements in front of and behind the barrier
was constant. During the vegetation season, when greening
occurs, there was clear evidence of a more pronounced acous-
tic attenuation compared to dormant phase (see Table 2). The
case study shows similar results [16]. The achieved attenuation
is also related to the density (permeability) of the vegetation
itself, which was more important than the width of the belt of
ordinary park greenery (deciduous). The greatest attenuation
was achieved for narrow low yew (measurement No.7 - 1.5 m
wide, 1.6 m high) than for deciduous park greenery during the
growing season (measurement No. 5 - 8 m wide, variable hei-
ghtfrom grass, shrubs, young and mature trees up to 6 m high).
The density of the inherent foliage has not been determined,
e.g. using laser measurement (LIDAR) [17]. The inherent dense
grass and leaves contribute to noise reduction. Together with
aesthetic, microclimatic function and dust particle trapping,
vegetated noise barriers can be evaluated positively. A partial
increase in acoustic attenuation with the use of greenery as an
additional element or component of individual noise barrier
has been demonstrated. However, due to the achieved addi-
tional attenuation of about 1-2 dB (depending on the phase:
dormant/vegetation, type: grass, deciduous/non- deciduous
species, etc.), this element can be recommended for use main-
ly as a supplement, also according to [18]. The separate use of
vegetation primarily for the purpose of significant noise pro-
tection is significantly weaker compared to conventional NB.
The disadvantage of vegetated noise barriers is that over time
the root system may grow into the noise barrier and so the
noise barrier can gradually degrade.
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4.ZAVER

Ochrana proti nadmérnému hluku z dopravy je v soucasné
dobé nezbytnym faktorem v nasem kazdodennim Zivoté. Rea-
lizovana méreni prokazala, ze vlastni zelen jak ve fazi dorman-
ce, tak ve fazi vegetace, ma jisty protihlukovy ucinek. Méfeni
probihala vzdy v bezprostiedni blizkosti u pozemni komuni-
kace. Mikrofon pfed bariérou, ktery byl vzdy umistovéan 1,0 m
pied PHS, byl zaroven ve vzdalenosti 0,5-2,5 m od krajnice.
Vliv. meteorologickych podminek (napf. vitr) na Sifeni zvuku
by v téchto kratkych vzdalenostech nemél predstavovat do-
minantni zdroj nejistoty méfeni. (Méfeni byla provadéna za
meteorologicky pfiznivych podminek.) Utlum dosahované
hlu¢nosti nebyl zavisly na intenzité provozu. Ta ovliviiovala
jen ,maximalni” hladinu hluku v daném misté&, pficemz abso-
lutni rozdil hodnot pfi synchronnim méfeni pied a za barié-
rou byl konstantni.V obdobi vegetace, kdy dojde k ozelenéni,
byl jednoznacné prokazén vyraznéjsi akusticky utlum oproti
stavu dormance (viz tabulka 2). Podobné vysledky vykazuje
pfipadova studie [16]. Dosahovany utlum souvisi i s hustotou
(prostupnosti) vlastni vegetace, ktera byla dilezitéjsi nez sitka
vlastniho pasu bézné parkové zelené. Nejvétsi utlum byl do-
sazen u Uzkého nizkého tisu (misto méreni ¢. 7 — Sitka 1,5 m,
vyska 1,6 m) nez u parkové zelené v dobé vegetace (misto mé-
feni ¢. 5 - Sitka 8 m, proménna vyska od travy, kefd, mladych i
vzrostlych strom( vysky az 6 m). Hustota vlastni zelené nebyla
stanovena, napf. pomoci méfeni technologii laseru (LIDAR)
[17]. Také vlastni husta trava a listi pfispivaji ke snizeni hluku.
Spolu s estetickou, mikroklimatickou funkci a zachytavanim
prachovych ¢&éstic Ize ozelenéné PHS hodnotit pozitivné. Dil-
¢i zvyseni akustického utlumu s vyuzitim zelené jako dalsiho
prvku nebo komponenty jednotlivych protihlukovych stén
bylo prokdzano. Oviem vzhledem k dosahovanému dodatec-
nému Utlumu v drovni cca 1-2 dB (dle faze: dormance/vege-
tace, typu: trdva, opadané/neopadavé dreviny, aj.) Ize tento
prvek doporucit k vyuziti pfedevsim jako doplriku i podle [18].
Samostatné vyuziti zelené primarné za uUcelem vyrazné pro-
tihlukové ochrany oproti konvenénim PHS je vyrazné slabsi.
Nevyhodu ozelenéni PHS predstavuje skutecnost, Zze ¢asem
mUze dojit k prorGstani kofenového systému do protihlukové
stény a muze tak postupné dochazet k degradaci protihlukové
stény.
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