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1. Motivacéao

Necessidade de implementacdo de solucbes de
mitigacao eficientes
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1. Motivacéao
Subway vibrations keeping residents up at night

TTC hires consultants to solve escalating issue

Bloor West Villager
By [=lLisa Rainford

Dogs bark; dishes rattle; houses shake and their owners are losing sleep.

A growing number of residents lving along the Bloor subway line between Royal York and Keele stations are
being disrupted by the vibrations of the trains. It's a problem that's been escalating over the past two years,
according to Mountview Avenue resident Julie Thompson, one of the residents who's leading the charge to get
the problem remedied by the TTC.

My house vibrates every five minutes. It shakes. It's like the TTC is an intruder in my house every five minutes,”
Thompson told The Villager. “When 1t first started, it interrupted us a lot. My dog would start barking.”
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1. Motivacéao

Mitigacao ao nivel do receptor

Solucao dispendiosa
Aplicacdo complexa
em edificacbes
\ existentes )

Isolamento de base
de edificios
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1. Motivacéao

Mitigac&o na fonte

Source [GERB, Germany]

o o)
Qual a eficiéncia desta solucéo na

—> | mitigacao de vibracdes no interior

de edificios?
\_ J

Aplicacéo intensiva em
tuneis ferroviarios
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1. Motivacéao

Solugdes de laje flutuante — conceito basico
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2. Estratégia de modelagcao numeérica

Descricao geral

1 — Rail receptance on the moving

reference frame v
Modelling of Track-Tunnel-Ground Structural model of the train and
system interaction formulation
. 2 —Train-track dynamic
@ - loads
__2.5D FEM-PML
Free-field

dynamic response

aﬁgrgaEc'\g Técnicas de modelacao
distintas atendendo as
especificidades dos diferentes
y | meios
Building-ground interaction
Assessment of vibrations K j
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2. Estratégia de modelagcao numeérica
Sistema via-tunel-macico — Abordagem 2.5D FEM-PML

A resposta tridimensional é obtida pela sobreposicdo de diversas solucdes
2.5D para diferentes numeros de onda o

2.5 FEM

PML (2.5D)

Lopes, P., et al., Modeling of infinite structures by 2.5D FEM-PML. Application to the simulation of vibrations induced in tunnels, in Railways
2012. The First International Conference on Railway Technology: Research, Development and Maintenance, J. Pombo, Editor. 2012: Tenerife,

Canarias.

Patricia Lopes, Pedro Alves Costa, Rui Calgada, Antonio Silva Cardoso . Numerical Modeling of vibrations induced in tunnels: a 2.5D FEM-
PML approach in Traffic Induced Environmental Vibrations and Controls: Theory and Application, pp.133-167, 2013
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2. Estratégia de modelagcao numeérica

Modelacao do veiculo

A dinamica do veiculo € atendida através de um modelo de corpos rigidos
bidimensional, onde apenas 0s movimentos verticais sdo considerados

Car box

Secondary
suspension

Bogies U?z(t),

Primary
suspension

Wheelsets Um(t

Alves Costa, P., R. Calgada, and A. Cardoso, Influence of train dynamic modelling strategy on the prediction of track-ground vibrations
induced by railway traffic. Journal of Rail and Rapid Transit, 2012. DOI: 10.1177/0954409711433686.

Alves Costa, P., R. Calgada, and A. Cardoso, Track—ground vibrations induced by railway traffic: In-situ measurements and validation of a
2.5D FEM-BEM model. Soil Dynamics and Earthquake Engineering, 2012. 32: p. 111-128.
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2. Estratégia de modelagcao numeérica

Interaccédo solo-estrutura

(K® +ioC® —@?MP ® = £°

|, Rigidez dinamica do
sistema de fundacodes

Patricia Lopes, Pedro Alves Costa, Miguel Ferraz, Rui Calgada, Antdnio Silva Cardoso, Numerical modelling
of vibrations induced by railway traffic in tunnels: from the source to the nearby buildings. Soil Dynamics
and Earthquake Engineering, 2014 (doi: 10.1016/j.s0ildyn.2014.02.013.)

Mohammed Hussein, Hugh Hunt, Kisty Kuo, Pedro Alves Costa, Jodo Barbosa.The use of sub-modelling
technique to calculate vibration in buildings from underground railways. Proceedings of the Institution of

Mechanical Engineers Part F: Journal of Rail and Rapid Transit, 2014
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2. Estratégia de modelagcao numeérica

Interaccédo solo-estrutura

Condensacao matricial da rigidez dinamica
das fundacoes:

1 d _ pA-lpT
— K, =RG™R
/ 27 ‘ 5 Sistema de equacdes global:
e o o R e e
KbS Kbb + KS Aub KbS Kbb uo
Matriz de rigidez dinamica Rigidez  dindmica da
solo-estrutura < estrutura

Lopes, P., P. Alves Costa, et al. (2013). An efficient numerical model for the simulation of vibrations induced by railway
traffic in tunnels. ISEV 2013 - International Symposium on Environmental Vibrations. Shangai, China: 105-118.
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3. Exemplo de aplicacao
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3. Exemplo de aplicacao

Descricao geral ¢
20m
e 160m
4 HEEr 7
6 fffff T
v ol .
K]
3
e 2
p =1900 kg/m® o
£=0.04 i
H=9.0m e =0.30 m; E=50 GPa it

v=0.3; £=0.001
p=2500 kg/m?>

+Zx—.§§;\§§<ﬁ; X
—_ Y

=£2.5D PML's=

Comboio: Alfa-Pendular, c=40 m/s
Via em laje de betdo armado continua

Cenario foiton (HZ) | fouor(HZ)
Manta flexivel 18.6 26.3
Manta intermédia 36.4 51.5
Manta rigida 49.5 70.1
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4. Resultados e discussao
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4. Resultados e discussao
Resposta dindmica do sistema via-tunel-macico
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4. Resultados e discusséao
Resposta dinamica do edificio

i
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Elevada influéncia da interaccao

solo-estrutura nos efeitos de
“amortecimento”

G J

Lopes, P., P. Alves Costa, et al. (2014). "Influence of soil stiffness on
vibrations inside buildings due to railway traffic: numerical study."

Computers & Geotechnics (DOI:10.1016/j.compgen.2014.06.005).
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4. Resultados e discussao
Resposta dinamica do edificio — Sapata D

X 10” | X 10 | | X 10°
Softer mat Intermediate mat —Sti.ffer mat
Without mat Without mat Without mat
4 1 af 1 af
— ) —
i S~ 2t wv 2
-~ ~ A
g rl Iy * 1k\| \ | “ % ' |l‘“'ﬁ r f ,h r JJP !w ’ é * |;’ "‘ |M1 ’wr' ‘Rh
| | hl I il ,'\", Y
20 “" S O "' = 0 :‘“ .".‘:?‘:‘
o
g 11 E i ;l VA - B 1 1 0 L
L ot ‘ = Ll | D ' :
> 2 >
4t -4t 4
L L L _ N . N _6 L L L
6 -4 -2 0 2 6 -4 -2 0 2 -4 —_2 0 2
10° Time (s) Time (s)
3 ‘ 3 ‘ ‘ ‘ x10~
Without mat Without mat 3 i
X Without mat
— Softer mat — Intermediate mat — Stiff "
2.5 1 2.5 1 25 iiter ma
= = =
N
< 2 T 2 T,
<L Y &
~
£ 1.5 S 1.5 &
= Lo = L5 — 1.5¢
=y = Z
O Q
o g S gt ks
v (3] 3]
> > >
0.5¢ ] 0.5t
0 20 40 60 80 % 20 40 60 20 0 20 0 60 80
Frequency (Hz) Frequency (Hz) Frequency (Hz)

[BAPORTO @ CSF

CENTRO DE SABER

FEUP FACULDADE DE ENGENHARIA DA FERROVIA

ERSIDADE DO PORTO




4. Resultados e discussao
Resposta dinamica do edificio — %2 vao da laje do 1° piso
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5. Conclusoes

Foi apresentada uma medologia simples, baseada em conceitos de
subestruturacao, para a previsao de vibracdes no interior de edificios devido a
trafego ferroviario.

As propriedades dinamicas do edificio desempenham um papel importante na
amplificacdo ou atenuacéo das vibracdes induzidas pelo trafego ferroviario.

A eficiéncia de solucbes do tipo laje flutuante para a mitigacao de vibracoes
induzidas por trafego é muito dependente da frequéncia de corte do sistema
de isolamento.

Apesar da atenuacéo propiciada pela presenca de material resiliente na via,
um efeito pernicioso decorre da amplificacdo do campo de vibracao incidente
para frequéncias proximas da frequéncia de ressonancia do sistema flutuante.
Esse facto pode levar a amplificacdo da resposta no interior do edificio caso
se verifigue uma sobreposicdo das frequéncias naturais do edificio com a
frequéncia de ressonancia do sistema de isolamento.
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