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1. INTRODUCTION

Rail induced vibrations are o rec! problem for the construction of buildings. The main reascn [s that tha buiding rexponsa 1o the ion 1
difficit b0 pradict. That depends on many p such o1 ;

« the type of troin (goods troin, pauenger train, TGV,.. )

« the characertstics of the rall

« the choractersics of the duan path (s of the ground,..}

« the charactertstics of the bulding lhe rasponse varies o kot from one sructure te anothar.
Tha sacond problem s that, «ven when the wibreting anergy ransmitted Io the druciure is known, It is then vary difficulf 1o caleulate the energy
radiated by the differsnt surfaces. Agsin 8 depends o Lot on the type of druchurs,

Nowadays, models predicting tha vibroting energy tranumited 1o tha sruciure and the sound radicted by thit excited structure hove baen bl
vp, and some sudies shownd thot only some companants of the ground vibration are & wovrce of problem {1

Nm%Cmun'-ulmeiwd,lﬂ-nnuddl.mndmmhﬂo.ﬂmpnﬂdhuhd!Mrnhwﬂﬂ&mMcliaﬂd
from exisling tnowdedgs.

This paper describes “Le Corum’ profed and the methodalogy which has been uted 15 ok the sibration problem.

2. WHAT (5 E CORUM’ T

Lo Conan’ s @ lorge culturd and congress centre with 0 2000-seat concert hall and hwo conferenca hafli : 300 seats and a BO0 seats, buik
in Montpelier [France]. The building is kcoted dose to trocks whers passenger trains fincluding TGV bet net @ Rull speed) and heavy goods
Irains ara pasing. fig | reprasents o loyout plan wheny the building and the tracks are shown.

The 300-s001 conference ream Bes about 25 meters far from the trocks, the 800-seal ona 5O melers, ond the 2000-1al concant holl 45
maters, This shows why # was y 1o sudy carefilly the vibeati bl

P

3. VIBRATION LEVELS BEFORE CONSTRUCTION
Medsuremenls ware camted ou in 81 exising brikding bafore the conttnacion soted to 1we whether i was nacessary to protoct the bulding
(2). Fig 2 thows the old buikding and the measrement poinii. Venica! vibealions were measurad of peints 1 and 2, horizonal vibrations were
measred of poind 3.

Fig 3 shews the meawrement and analysis block diogram,

Tabla 1 gives the 1/3 ocove band volocly levels in the 0.250 Hz frequency range {ref 52108 m/i} ot the firl measurement point for
diffecant pots-bys and fig 4 ghwes the comaponding curver.

173 octave band middle frequency ( 75 | 315 40 | 50 | &3 | &0 | w0 | 125 | 160 | 200
1/3 eciave band GV 42 44 43 43 40 a7 48 44 kX 23
vibratory velocity goodh 1rain 44 45 40 42 a2 50 48 » 35 .22
level ot point 1 (dB) pasenger troia 50 51 49 | 48 45 44 h 1] 36 42 3

Table 1 : 1/3 ocave band whrgtony velncity tevels ref 5x10°8 m/s o1 paind 1
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Nmﬂvo&ddbyhvﬁrﬁmunﬁundhﬁnm%mmcdmhdw&hhfcﬂaﬁqu:
lp = Lv + 10 log (405 /A)}

Lp = sound pressore level

Lv = vibratory velacity level

o = radis Hics

5 = areo of the swdoce

A 6 wquivalent absorption areo

This caleulation sherwed that the sound presture tavels could reach MR 40 19 NR 45 dwring @ pau-by , that i amund 45 to 50 dB1A). Since
ﬂndierll\odmhdh'JOdBINfurhmnhﬂlundeBqulhmhlmeanﬁmneiulev:lhthﬁnwubdcﬁng,e
vibration isnlation wos necouary.

where :

4. THREE POSSIBLE METHODS - ONE SUITABLE METHOD
Thbm:duiunluﬂuprmionéeh:ﬂngﬁwnvihmhnhloﬁhumduuhﬂ-mmpaﬂ‘ﬂ:lo. Technically, this soluiion i very

dﬂﬁmﬁhw-mdwqo:pnﬁn.hdnd.eimpbmdmdﬂhmhhﬁnﬁmdhwﬁﬂvuﬁu.ﬂuhhhmui-g
rung'.Furugoodbwfmqwncyiﬂo!im.owtybwﬂﬂmnwnﬂdhmﬁ,ﬂsvwﬂmhwdhhwhmudwbdby
problams.

Whmﬂomhdhhwdmhmﬂhh&ggkgcwm%mﬂ%m.Thd‘uod\mungccf
|l\cnHuimhlluIhinnchl‘asmbenqdnpmdisuﬁid-nqdmmuwhnﬂndlﬂmhmﬂu'hmbcniu'h\c‘em
ﬁukﬂwﬁﬁmiﬂnwﬁpﬂdlhbﬂ&gm*ﬁm,ﬂuhoﬂﬂn&bﬂpﬁmww.

lnlh-:nucl'l.eCwn'duptﬂodhnl\odlohunmomquddkoﬂzods,mdﬂnmhwlmiwnmoddomwwldnﬂhuw
hcnuﬂid-m,MMMWM.F«MMWMMMJIMH&;wNMM.

The: requicernerds kor these slastic beatings ware ©

-ihurunmmMumq&ﬂuwspondedwmhdhbenryb-ﬁm-lhdﬁ&mydlhhdaﬁmdepmdsmlht
ratio surce fraquency / Eequency of the sysiem

-hmmeuﬂthnblutodiunmﬂndmﬁmhélhwmdghhpmhiuﬂ,bdmﬂmomnhqlwn
bean inolled,

-thclwna-rhhdodahmhgbd!ohdupadbhwiﬂuimucw,dwmmﬂudﬂumnﬂmmm
be vied ot diflermrd poiets,
\

+ sofety wamanty ; Kigh horizontal sifiness, sary replocement, exira weigh'-proof, humidity-prodf, age.prool, fire-proof.
mwduhmm&mmmw;udmm.%wmmum
For finuncicl reasony, the diert decided to isolate only the 2000-sear concent hall.

5. INFLUENCE OF THAT DECISION ON THE ARCHITECTURE

For the spri bnulbh«ﬁmh.hdmﬂmdhwmhdhdhhcmﬁddyh&pndmeﬂhmﬂdhhﬂ&ing.A?Omgup
woh m,‘-‘ the fwo indapendent struch MwahMWhﬂdepﬂaﬂl&nﬂlﬁ%nm
podﬁ&.whdwmmihdhhwu-pndudﬁn—pd.Mhtuohﬁi.dﬂidnuumpl.hh-nmﬁgs,Mmdu
1o be 1600 m lorsy. .

ThhIDr.mgupmmodummﬁcmudﬂmupd-dmdmmcdahdpoﬂumhhmdﬁm.ﬂnmmmmyiﬁnm
cﬂgwo!imwllid\hd!ohnuﬁdhﬁvﬂuoﬁﬂﬁxmdh&i_mdﬁm,mmnmkdwwmhuuwdm, .
This joint coused aho procical problems, for ple, the joint beh hﬂogaudlhbn:hugﬂ-ucuq«hglcmlhguoﬂcpwﬁdl
are wned 1o tmove the equipmen,
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6. SPRING BOXES TECHNIQUE
Rig & shows an example of spring banes.
AMddIlDMmmd,wﬂthﬂﬂmﬁdadw:mmZt,i-dhwwbwhgbl.ﬂuldd-dﬂlWH
ﬂ\tbounintq‘uello?!,ﬂ”.ﬂ!l,lbclhB!.l?lwhmhw.hh&nﬂ%ﬂﬁuﬂm%wﬁum".Jh
B1.40 IN/mm and the verico] siffnens vazies fram. 1143 10 ©5.41 IN/rmm. The sgtic defiection of sach box is equol 1o 16 mm.
ﬂnbuummmdwﬂhmhﬂmﬁciudu\dwmhmmﬂ.
Mlodniqwhudhdmmdhummﬂnmlhdlmw.mdlhgnduo&ulogohhlkpnmﬂ.b
thonge very exily o box  necessory by compresing ¥ and rmplading § with the new sex,

7. THE RESULTS IN ONE OF THE NOM ISOLATED ROOMS [3}

Alter the 300-seat cond hall wos comgl ‘,h&daﬂuﬂmwhdﬁmhmhhﬁm“h

lhvbuuywhdyhvd:mmmﬂdédﬂmmlmmoﬁpmﬁm)ardlhmdpuumhudmmwvddh
mdhw.ho%wdhhmndudyhmhmuhhwm
background ncite level by up ko 40 4B in som of the octawe banch. In dBIAY, the sund pressure bevols excwed the bockground nolse lew,
which b equal to 21 dBIAL, by 30 4B[A).
Amdpmmwafﬂdﬂlﬂdﬂ.hﬁnmmilighdmdwmp&dﬂumm:
- et the predicted level wos coloulated for iy vibrating aafaces, the d iong wwtt nal taken inlo occount.
-mﬂ.hm&dhmﬁiﬁulmluiquhIhhm-,ﬂ\oodtddodwﬁduuﬁwdanm
conmlaunlnuhmwnd5ﬁﬂ:,ﬁdmhmdiﬁmmﬁ&nidhwﬂwnﬂhmuﬂulmwrddhﬂH.t
peak of trein induced vibration.

Thi hevel was then much Noghor than what the cient hod hoped.

8. RADIATION COEFRCIENT ESTIMATION IN THE 300-SEAT HALL

%hhmnuﬁduhhlﬁ-mhﬂ,imr ible to check the thod used to precial the sound presare level. Knowing
M&ulwmwdﬁmmhmmmdhmﬂhmdoﬂd\pcmiim,&omdprunnlwd

was colculoted with the Trypothesls ¢ = 1. The caloulated sound pressune bvel was then pared 1o the d one, B colculted volue
-rmdﬂbwulhnhmwm!nm.meﬁmw&mdﬁhwd«ﬂhﬂhdhmﬁdnﬁm“kduhh
incidance fraquency of the partiions.

9. THE RESULTS IN THE [SOLATED CONCERT MALL

Thi b s ol complted wh he s were perkormed. Tha scned prasors eves could tis vt ba macired. The vbosoy veocty levels
wire magweed. A compargism of the resuly te the 300-eat holl mahs 5 shewn on By ¥ and 10,

ﬂn&dhnhnhduhgohhmbymmubuhmahb:wndﬂ.Th.diﬂenmbﬂ-mfhl:wkh!h'uluml
ond non-isolated holls bes bens 15 dB around the 63 Hz peck and 30 dN of higher fraquanches.

mnm..wﬂm.hmmmmuundum.u.mh.o..mmmpmydmumamm
riuingl. & war impenaible fo hoar the koin pas-bys during the wheotion mecsurements.
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10. CONGLUSION
The reudt wos reached in the 2000-1act conference hall with a 15 dB aitenuation in tha 43 Hz peak

The coxt of the isclation was about 10 milion francs, that is 1.5 % of the total cost of the projed. The cos esimation of the kxlotion
tracks combined with the: trench s about 100 milion froncs, that is 10 times the coxt of the methed which has been wad, however, the
building would have bean protected.

The chosen schaion brought o kot of © i prokd iculerh the 10 om pwﬁd\hdhbewmmpmd.h
Mhn—prodcndm-pdﬂuudmm:pmuhdmwlmgeum.phpmh checking that it was left dear during
cuumdim umghnﬂmmdmwddhnmndihmcﬁm But the wibration and sound levels In the non holated hall show that
P wal y y ond the good performance of the method thow thal the troubles wers worth it

ir

i

7z
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Fig 1 : Current layocut plan.
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Fig 3 : Measurement and analysis block diagram.
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ribratory velocity luvel at polnt 1

= goods raln

173 petave bard 1o .
svel ref 5a10-8 PISEENQAr TRin
m/s (dB} 1 - 1ev
10"
ol

25 31, 40 50 83 80 10-12 16 20 28
1 o5 0 0 0
fraquancy Mz}

Fig 4 : Vibratory velocity levels at point 1
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Fig 5 : Treble joint, example floor/flocor

36 Proc.L.O.A. Vol 12 Part7 (1950}




]

§ an g — Sound pressure level In Uhe 300 seat conference hall
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Fig 7 : Sound pressure levels in the non-
isolated hall.
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920 horizoutal vibratory velocity level In the 300 seat conference hall
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Fig 8 : Horizontal vibratory velocity levels in
the non-isolated hall.
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herizontal vibratory velocity level in the 2000 seat concert ball
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Fig 9 : Horizontal vibratory velocity levels in the isolated
concert hall.

comparaison of the vibration Ievel in the lnsulated and In the non

insulated halls
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173 octave band - goods valn 2000
lavel ref 8x10-8 .
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Fig 10 : Comparaison of the vibration levels in the
isolated and non-isolated halls.
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