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Tralre passing through tunnels can produce vbrations In buildings which could be at a suiilcient
megn'nude to cause some disturbance to occupiers of ovenying dwellings. In this paper the work tint
has been undenaken to arrive atrelevant criteria for use In assessing the vibration Impala of new
ralMays ls decussed. In addition Iniormatlon will be provided on the calculation procedure that has
been developed to prediu the leveh oi vbratlon and re-radlated noise from trains in tunnels.

A oalcmaien procedure to datennlne the noBe levels (L... and Lu.) lrorn railways has also been
developed and the paper describing this calculation procedure will be given at the 1991 Autumn
conference oi the listltute oi Acoustics [I].

 

In excess of 800 measurements ol‘ train vibration have been undertaken ior Ashdown Environmental
Limited (AEL) by the Transport and Road Research laboratory (TRRL). This has gNen a large body
at data from which to develop empirical models to predict the levels of vibration irom various types of
trains.

The iactors that atiect the generation and propagation oi vibration can be split into two groups. The
train type. length. axle. weight axle umpmng mass. and track design win eiiect the level oi vibration at
source. The type of lithology and any stratification oi the ground will then govern the propagation at
this vibration to distant stnictures.

For nermfltent vibration. such as that generatedby trains. vibration k best described using some iorrn
at average over a given period. We tse the 16 hm: period HMO velocity as the preferred daytlrne
meagrewhiohlakes Into aooomtthe vibrationgeneretedby eachtraln andthe numbeiottrain
movementsbetweenoeooandaoohours. 'l'heahourperlodRMQveiocllyiswedtoassess
vibration levels at nighttime between 22:00am 06sz3. The useof HMO averaging ior Intermittent
impulsive signals. being fundamentally supported by as 6472 [2).

The peak particle velocity (PPV) is the maximum value of the particle velocity recorded during the
measurement period. The Resultant PPV is teed to assess the eiiects of vmratlons on building
structures.

For reradiated noise Inside buildings mum is often the mos important elleot lot trains travelling in
tunnels we use the dew decibel scale.
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The lower limbs tor acceptable levels at building vibrations are governed by considerations 0! comfort
or amoyence of residents. Work elllclency and health are only affected by very much higher levels 01
vibration

The Britbh Standard BS 6472 (2) describes human response to vibration at diflarerrt frequencies and
velocities. train which i is possible to derive levels of vibration described using thePeriod HMO velocity

which may came varying degrees of adverse comment. These are presented In Table 1.

The levels of intermittent vibration in a vertical direction with components between 8 and 80 Hz below
which adverse comment at unlikely can be obtained from BS 6472 are 8 follows:

' Daytime - 0.28-0.56 turns" (measured as 16 hr RMQ velocity)

' Night—time - 0.20 mms‘ (measured as 8 hr RMO velocity)

Damage to mum

There a no equivalent British Standard tor etiects on buildings although one is In preparation
Maximum vibration velocities are given in a German standard. DIN 150 (a) 'Stmcturai Vibration In
Bulldlngs' below which it is considered that structural damage to buildings is most unlikely. Three
standards are given tor:

" commercial and Industrial buildings - 10 mats"-

' residential and similar buildings - 6 mms’I

' build'mgs of intrinsic value (eg - 25 mms‘
hBtoric buildings)

11'teselevelsotvibratlonareverymuchlowertlunthoserecommendedhothercotnrlesorthose
shownto hevenot caused damageln buildings [4]. ltlollcmsthat tseotthesethresholdievels will lali
onthesideotcautlon.

W

Flo-radiated noise can cause annoyance at levels at vibration lower than the threshold at which the
vibration can be tell and cenalnty below levels at which the vibration becomes annoying.

The American Public Trans! Association (APTA) (5) has provided guidelines lor maximum acceptable
levels ior difierent dwelling types. The recommended maximum Internal levels tor residential dweirrngs
are presented In table 2 and tor other buildings In Table 3. These values are In agreement with the
maximum intermi noise loves recommended by the BFIE (6).
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BS 6472 otters some guidance on the protection of Critical Working Areas (own). These include forexample hospaal operating theatres or some ptecision laboratories. lt recommends that own areoomidered as a sensitive subdtvhlm of human exposure to vibration and purposes a liml some whatstricter than m tor human expcmre Mtg night-time.

Whilst i'unan perception of vbratlon is deten'nined by magnitude or the vibration and the amber ofevents. effects on CWAswiilbeessociatedwithsingle events. Accordingly the useotthe HMO averagevelocity calculated for each train pastry is appropriate. This has been called the event HMO velocity.

The event RMO veiocly h compared against a stringent criterion of 0.14 mms".

3.0 0 VI Ns

AEL have been lnvoNed in avehtatlng the potential environmental Impacts of noise and vibrationgenerated by new railway lines. This irrvoives the calculation of the night-time 8 hour and day-time 16hour period HMO velocities. the te-radlatednoise level expected Imlde buildings and the resultant PPVatdlstancesot uptoaoomlranthetracks.

(1) , Theepeedofthettelnvibmionlevebwiiiincreasewlththespeedolthetrain);

(2) Thespnmgandwspnmgmassotthetrah;

(3) The design and condition or the track: (oesigrs which can reduce vibration include the use
mmsifimmwmemoommratmrmblmed rails. Maintainingthetracbregmanytoremoveamtougmesswmeisofimit vibration); _

(4) The "tour-fling of the track: (either balm or on concrete slabs).

(5) The eiiects or the underlying [urology on the sowoe levels «Vibration;

(6) The name ot the summing lithologles: (vibration is reduced (automated) more in clays,
thanhsandeorchailts);and

(7) Thedesignofaflectedbtflidlngs: (iigflwelgrnendflexlblestnxzturesmaycememelevei
otvibrationatthegromdeurtacetobeantplirredthroughtttebtmdmscthatvmretionh
anlmtahsroommight begreeterthanetgrotm level).

Nationally tor trehs travelling through tunnels the following additional factors aflect the observed
vibrationleveis: '

(8) The depth at the tunnel: (the level of vibration at the ground surtace will decreaseee the
distance betweenthennlelendthesmlecelncreases);and

(9) ThedeslgnotTuneB: (tindesignotmetwmelmaywluemethetransmisslunoivbmbn
tothe etmotmmg grounds).

Proc.l.0.A. Vol 13 Part 5 (test) as
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The models are empirical in nature being avowed from measurements which have Intrinsic varlabiiity.

According to erron the side at camlon the 95 percentile leveisotthe measuedvibration at 10 rn item
the varying track designs have been used as source terms.

Fredictiors oi the vmration effects at specific buildings requires knowledge of the building structure.

This will allow evaluation at any increase in the vibration above the levels at the building toundatlons.

W
As an example of the methodology Figure 1 shows the predicted PPVs at distance from high speed

trains (HST) travelling at 200 kph in tunnels with slabtrack permanent way. The analysb shows that

there 8 very ittle possibility of stmctural damage to buildings (even older or h‘storlcai stmctures) at

distances greater titan 10 m irom the track.

WE]

The predictions oi the Period RMQ velocfly values at distances irom track are shown in Figures 2 end 3

tor both the day and night-tine periods tor the same HSTs travelling through tutnels. These

predictions are shown tor a variety of soil types. compared against the thresholds tor the low posmiiity

oi adverse comment assuming isotrahs and 20tralne tor the day and night time periods respectively.

The artalysis Indicates that at distances greaterthan to m from the track the vmratlon expected is

considerably below the level which has even alow prohabii‘uy oi caning adverse comment.

W

This is the most likely cause at annoyance. associated with trains in tunnels. For trains travelling on the

euttaoe thb noise will be lower In ieveithan that directly radiated by the train

The predicted re-radiated noise leveb are shown against distance tor the various soil types In Figure 4,

This shows that tor HSTs operating at 200 kph in tunnels maximum levels of between 35 and 40 dB(A)

mlgtebeexperlemedat distancesotapprexirnateiytstoaometresln chalk or clay and25to4o

metres irt Inbred sand and clay.

These predictlors suggea that residenthl dwellings in mm! areas will become adversely attected by

rendlatednolseltthey arecloserthansmo 45miromthetrack dependhg onthe geologyoithe

toealground.1'hesecrulcaldistamesreducetotstoaomrangein urbanareaswhere higher

background miss levels already exst.

W

1119 tireshoid event RMO velocity level above which vibration will affect the operation or manlpuation

of sensitive equipment B shown on Figure 2

Sartdamimbredeandanddayesrmthehlghestlevelsoivibration Uslngtheseworstcases.CWAs

willbemmedetradiaidlstamesgreaterthanaamtromtraimnmnlngonmesuriacealthoughm

roducestoZOmtromthetr-acltiorciayandchalk soils. Tinsecrlticaldlstanceserelowerwhenthe

trainsaretraveiiinghtlmneis.

as ' , Proc.l.0.A. Vol 13 Part 5 (1991)  
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Work is still ongoing In the tollowing areas:

0 to assess the effect at train brake type fie. d'Bc brakes versus tread brake).

m to assess the eflect oi unsprung and sprung mass or the train;

it) to validate the transfer tmctbn between ground vibration at building vibrations and re-
radiated no'se leveb inside the bwlding as put forwardby ex'stlng research (7).

50 CONCLUSIONS

A detailed empirical model has been developed to calculate the vibration levels at distance tram raiMay
lines (both high speed. slower passenger and lreight services).

The model includes evaluation 01 re-radiated noise generated inside bufldings by ground borne
vibration. '

The devised model includes the eflects at several parameters hitherto u'naddressed unadversed or
open to question These include the eitects oi slab track and train speed.

Further work b continuing to assass other imponant unassessed areas ol investigation as set out In
section 5.

6.0mm
Ashdown Environmental Limited wishes to express Its thanks to the Transport and Road Research
Laboratory tor the measurements undertaken and their technical suppon in development oi the models
contained herein

7-0my;

1. P Ft Williams, R A Hood and K M Comm Calculation of Train Noise.
Conterence 1991.

IOA Autumn

2. British Standards institution 6472: 1984 British Standard Guide to Evaluation oi Human
Exposure to \fibration in Buildings (1 Hz to 80 Hz). -

3. Deutsches tmtitut fur Normung e.V, (1975) woratlons in Buildings Parts 1-3

4. Fl A Hood and O P Marshall The effects of a simunaneous tratiic vibrations on a dwelling
horse. Transport and Road Research Laboratory Report No. 44 1987.

5. American Public Transit Association (1981) Guidelines tor Design oi Rapid Transit FacilRIes.

6. Building Research Estabfistvnem. Thermal, Visual and Acoustic Requirements in Buildings.
BRE Digest 25. 1979.
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FIGURE 1 : PREDICTED RESULTANT PPV VALUES FROM
HIGH SPEED TRAINS IN TUNNELS
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FIGURE 2 : PREDICTED DAY-TIME 16Hr PERIOD RMO
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TABLE1: PERIOD RMO VIBRATION VELOCITY AT WHch VARIOUS DEGREES OF ADVERSE
COMMENT MAY BE EXPECTED IN RESIDENTIAL BUILDINGS (BS 8472 [1])
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TABLEZ AMERICAN PUBLIC TRANSPORT ASSOCIA‘HON GUIDEJNES FOR MAXIMUM
RERADlATED NOISE INSIDE HABITABLE PRBAISES [3]
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Concert Halls and TV Studios
Audnoria and Music Rooms
churches and Theatres
Hospital Sleeping Rooms
Counrooms
Schools and LibrarIes
UnlversIty Buildings
Olfices
Commercial BuIIdings

  
TABLES: AMERICAN-PUBIJO TRANSPORT WHOM GUIDELINES FOR MAHMUM RE-

RADIATED NOISE IN OOOUPIED BUILDINGS [3]

Proc.l.O.A. Vol 13 Part 5 (1991)

  



 

Proceedings of the Institute of Acousiics

VIBRATIONS AND NOISE FROM TRAINS IN TUNNELS

 

    

   
    

Lu- men-bully u Amun- Comm-II

0.1000 "

0.01 00

0.0010

a
H
o
u
r
Pe

ri
od
H
M
O

[
m
m
s
‘
]

" am: my

 

10 100
Radial Distance From Track [m]

FIGURE 3 : PREDICTED NIGHT‘TIME BHI' PERIOD RMO
VALUES FROM HIGH SPEED TRAINS IN TUNNELS
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FIGURE 4 : PREDICTED RE-RADIATED NOISE FROM
HIGH SPEED TRAINS IN TUNNELS

  

Calculations [need on "nine Irevelnng
at maximum speed 91 200ka on slab track
20 Train: Movement.

Revised 1 6/09/91
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