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ZASTITA OD VIBRACIJA

|ZVORI VIBRACIJA

* Promet (ceste, §
zeljeznice — tezina, mmmm§; W) N, |
brzina) N\ \

* Gradevinski zahvatl \\\\k
(vibronabijanje... S_- SRR

e Industrija i
energetika (razni

strojevi)
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ZASTITA OD VIBRACIJA

PROBLEMI UZROKOVANI

VIBRACIJAMA —
* Utjecaj na zgrade 1 druge |-|
gradevine SO,

» Utjecaj na instalacije

* |zazivanje neugode kod
[judi

* Ostecenja osjetljivih
gradevina (povijesni

spomenici) e ) R S
 Utjecaji na osjetljivu H Benfonl’re-—SIurry
o 1 ,1_w;‘* = Trench
opremu (medicina, e, e G

laboratoriji, komunikacije..) ElevarionCrove
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ZASTITA OD VIBRACIJA

Osnovni koncepti zastitnih mjera za redukciju vibracija

1. Nasamom izvoru ili ispod njega (aktivna)

2. Zaklanjanje prostiranja valova na putu od izvora
do 1zlozenog objekta (zasloni, barijere)

3. Zastitne mjere na samom objektu (pasivna)

In-filled trench of lime-cement

ime-cemeant Mass stabilized soil/
columns continuous slabs

T.lvsic GIZ9 2020/ 2021
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ZASTITA OD VIBRACIJA

Kriteriji koje treba postiéi zaStitnim mjerama
OpazZanja ljudi i stupnjevi neugode
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—
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Frequency, Hz
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ZASTITA OD VIBRACIJA

Kriteriji koje treba

e Fe ° ~ SN 640312 (I): Industrial & Commercial B\{il(ings (Reinforced concrete or Steel)
postidi zastitnim S
mj e ra m a (IV) : Sensitive Structures & Monuments
Usporedba grani¢nih

vrijednosti za oStecenja
zgrada (razai propisi)

DIN 4150 - Sensitive Buildings
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ZASTITA OD VIBRACIJA
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ZASTITA OD VIBRACIJA

Osnovini koncept prijenosa vibracija kroz tlo

VALOVI TLU

* | Building damage

Vehicle response ﬁ'::?rijj[\ BOdy Waves (P,S)
o — -uzduZni
Building response .popreéni (SH,SV)

Track structure <<=,
response T

"/ Surface waves

o e ° ° °
_ I,-'l Propagation of - Foundation response Povrgln Skl VaIOVl
4 ess waves T secondary body waves

-Rayleigh
- Love
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ZASTITA OD VIBRACIJA
Osnovni koncept prijenosa vibracija kroz tlo

Circular Footing

r —2 Geometrical r —2 o 0.5 ¢

—~_ Damping Low — —
TN
: Rayleigh Wave
v=0.25 /\/ert. N\ Horiz.__
N | “Comp. Comp.

/

~ Shear Wave

a3 4_%':':'-1:'7" __..j:f:'-f Relative
- = - Amplitude

I
Geometrical
N N\Damping Low

'.'"C :..-,_'.Zj-"-_A'."::-.":" z Wave T Per Cent of
~eMPression WOVe iz | whas L Total Energy

Shear
Window Rayleigh o7
Shear 26
Compression !
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ZASTITA OD VIBRACIJA

Zastitne barijere — rovovi, jarci

Aktivne

Qsciliatin
Amplifude of Farce 9
Surface
Displacement

Footing

]
RREEG, RS

Circular, Opan
Trench of
Radius R,

and Depth H

T.lvsic GIZ9

Pasivne

Amplitude of Sensitive
. . Surface Instrument
incoming Royleigh Wave Dlsplocemem I or Tool

Foating

S S S SS S USSZNT NS N7 W ST

N H ¥ > Strcuighf, Open
K Trench of Depth
L ‘:‘:::j H and Length L
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ZASTITA OD VIBRACIJA

Mjerenja — Sirenje valova i u¢inak barijera

. Expanded Section A—A
Pickup Benches

OO0 o g

(W]
a
a
a
o
a
a
O
o
]

Plan View
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ZASTITA OD VIBRACIJA

Mjerenja — Sirenje
valova i u¢inak barijera

Puna zastita oko izvora

T.lvsic GIZ9

o

1L
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ZASTITA OD VIBRACIJA

Mjerenja — Sirenje valova i
ucdinak barijera

Djelomi¢na zastita

H/lg  Ry/Lg

0.596 0.596

Lg=1.68 ft
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ZASTITA OD VIBRACIJA

Mjerenja — Sirenje valova i u¢inak barijera

N
P

™~ Trench Barriers

N

H/Lg L/Lg R/Lg
.19 .79 297
LR =1.68 ft
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ZASTITA OD VIBRACIJA

Mjerenja — Sirenje
valova i u¢inak
barijera

o Nahbereich hinter Schlitz
= Gesamtbereich

Bild 3-27
Abschirmung der
R-Welle durch einen
Schlitz; Messungen
rach [13, 36] und

theoretische Betrach-

tungen nach (7]
14 T

- relativna dubina jarka;
t=d/A,A=VR/f

d- stvarna dubina jarka; A — valna duljina ;
Vg — brzina Sirenja valova (npr.
Rayleighevih)

f — predominantna frekvencija
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ZASTITA OD VIBRACIJA
Udinci barijera — proracuni i mjerenja

X-AXIS g

SRR

P

Abechirmung einer R-Welle durch Schlitzwand;
Fernfeld einer Wellenquelle (FE-Rechnung, eben)

T.lvsic GIZ9 2020/ 2021
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ZASTITA OD VIBRACIJA

Udinci barijera — proracuni i mjerenja

T.lvsic GIZ9 2020/ 2021
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ZASTITA OD VIBRACIJA

Udinci barijera — proracuni i mjerenja

Accelerometers
free side

actuator

s
. Accelerometers
. barrier side

a0,

T.lvsic GIZ9 2020/ 2021
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ZASTITA OD VIBRACIJA

Realni primjeri — input: a) vlak s 22 vagona b) 2 lokomotive

-
-

.
-

IH|...|I.|

IMHJ.

19

2020/ 2021
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ZASTITA OD VIBRACIJA

Realni primjeri

Vel. (mm/s)

Clay R |
a) Before ground improvement

d, 5 4

Fig. 1. Vibration reduction at Ledsgard, using lime-cement
stabilized so1l [2].

10 Wi After LS-C
1 A LS . Befora LG-C

0.1
0.01
0.001
Time(s)
0.0001 T T ' b) After ground improvement
0 5 10 15 20 25 30 35 40 45 50
Frequency(Hz)
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ZASTITA OD VIBRACIJA

|IZVEDBA BARIJERA

* Najbolje: prazan rov
problem: stabilnost iskopa
Meke barijere (povoljnije):
 Stiropor (EPS) - geofoam
 Plinski jastucl

“‘/f 9 -7

S PR B
| :”I,;‘ e lil
|"r|..|‘_A. "l
} R T e

3F g 1 ' by M(‘:z‘duljrvn:i
Tvrde barijere: e BmonT.freengLurry g
R J.I JUL" PR STV it &

° Talpe, AB dljafragme Elevohon Gravel
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ZASTITA OD VIBRACIJA
Plinski jastuci — Svedska (zadnjih cca 20 godina)

b) Due to water pressure, the volume of the1  ¢) Aluminium foil surrounding inflated balloon for
balloon decreases and pressure equilibrium e diffusion reduction
membrane i1s completely unloaded.

a) Inflated rubber balloon with excess pres

T.lvsic GIZ9 2020/ 2021 22



ZASTITA OD VIBRACIJA
Plinski jastuci — Svedska (zadnjih cca 20 godina)

b) Covering of hardened cement-bentonite filled trench with
styrofoam

a) Mounting of the gas- mﬂqted screen pmm to 1nsmllmon

T.lvsic GIZ9 2020/ 2021 23



ZASTITA OD VIBRACIJA

Plinski jastuci — Svedska (zadnjih cca 20 godina)

Fig. 10. Third generation of gas cushion system, with
flexible cushions attached to stiff, prefabricated concrete panel.

T.lvsic GIZ9
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+ Sand D
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=o=Clay 3
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Relative Depth, TfA

Fig. 12 TIsclation effect of gas-filled cushions in different soils
i and vibration sources, [15, 16, 17].

@
-
=3
=
a
£
<
=
2
-
il
g
@
74

24



