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Tramway traffic· may produce vibrations propagating in soil. which implies vibration 

mnoyance for people living or working in neighbouring buildings. Thus vibration is one 

of the most important consequences to be considered when planning new lines. Dynamic 

performance evaluation of tramway tracks is required to validate or modify the existing 

means that reduce· vibrations. This paper presents experimental and theoretical inve.<tiga-

lions of vibrations caused by passing tramways in Nantes. France. A method is proposed 

to predict ground-borne vibrations. so as to estimate a trouble gauge concerning. fur ex-

ample. the impac~ of a future tramway line. This method is applied and validated in 

comparison with in situ mea.~urement data obtained previously. 

Numerous studies have been carried out on vibrations induced by surface r;rilways. for 

example. Lefeuve-Mesgouez et al. 111. Picoux (2] and Sheng et u/. 131. Jn the ca<e of 

a tramway line. a two-dimensional model can be used to predict the behaviour of the 

propagation analysis of the corresponding vibrations. considering a thin layer model for 

the soil and usin~ exact dynamic stiffness matrices 14.S J. expressed in the frequency-wave 

number domain for the layered ground and the half-space (6). Note that other models can 

be applied to predict vibration propagation. such as boundary element formulations 171-
In this paper. soil is characterized by mea<ure·ments using the spectral analysis of sur· 

face waves. often called the SASW method. Here the usual two-station approach is 

used (8). The objective is to accurately define shear moduli and layer thicknesses. Then 

the general Sarka;n relation 191 is applied to obtain the dispersion curve and the damp· 

ing ratios. Soll characterisa1ion needs further improvements using a comple1e inversit>n 

method such a~ Occam's algorithm 110]. Nonetheless this first approach. o!ten called 

"cqyiv~!enl dep!h approach" already gives sufficient soil profile information to model 

waves propagation . 

Numerical metl'>ods. such a< the wavenumber matrix approach. can be used for the 

prediction of the soil response to a hammer impact. i.e. to obtain the transfer· functions. 

An alternative solution is proposed: the method is ba.'"'d on the assumption that for each 

frequency. the vertical measured shear wave velocity corresponds to a homoge<1eous half· 

space 19). The vibratory response is obtained by multiplying the load spectrum by the 

transfer function in order to obtain the whole C<Jntribution of tramway passage for each 

measurement point. Resulls are given in the time domain and compared with in situ 

measurements. 

1



References 

[ ·1 ] 0 . Lefeuve--Mesgwez, » ~ Le Hou6dec A A. T. ~ow ~ H(;round vibralion im1 1hc 

vicinity of a fligh ... speed moving lwmonic strip loacf "~ JomnaJ of Sound and Vihra,. 

oon. 2-3 l, pp 1289'°' 1309 I 2000. 

1:2) B. Piooux, ''Theoretical and u.perimsntal study of tlhe propagadon in soil of v ~ 

btations du.e to a raHway hf&cti, Pb D dissertation (irn French), Ecole Certmlfe de 

Nantes. France,, 2.()()2. 
[3] X!P Sheng1 C.J .. C. Jones&. DJ. Thompsom, 1 ~ comparison of a theoretical model for 

quui ... staucally and dynmnicaily induced cnvirommcntal vibration from nins wir·h 

measu~mnts ~, Journal of SoW!NI and Vibration, 267, pp. 621· 635. 2003. 

14] G. Mesgooez, 0. Laghrollehe,. D. Le HalWHc &. D .. V. Joan. •"Th.eoredcaJ and na .. 

metical mode1s for tlle pR!dlctioP of swface groumdl vibratiml on an elastic layer 

o¥U a rigjd f oo.nd1tion•1
't Computa ledlniques for Ci\ri~ and Swcwral Engi~-er 

ing. Civil-Comp Press. Bdmbuilll1 pp. 111-11 ~ 1999. 

(5] D.V., Jones It M. Pdyt. "1iround Viibration in die vicinily of a strip load: an e l a.. ~ tie 

layer on a rigid foumdalion11
, Joumal of SoUrnd and Vibration. IS2(3)~ pp1

• 501 ·SI.Si 
1992. 

16] M. MaldOOado & D. Le Hou'-dec. 'Vibrations induced by ttams : PfoMgadon. iso· 
latlon and perception"'t Ptoceeding.s of tbe 6dl iAretnational conlem~ on structural 

d)t1lamiCS EURODYNt pp. 2047·2052.. ~France 4-7 September 200S. 
[7 J G. Lombaen & G. Degrande.. "The isokdion of raHway irnduced vibrations by means 

of iresilieat track dctncnts" ,, Proceedirq,S of dte 6th inteml1ional oanfereSKe 0:n 

suuc&uraJ dynamics EURODYN ~pp . 64S-6SO~ Paris. France ~ 7 September 200S. 
(II N. GucUMld & R.D .. Woods., •'ffumcricat simwation of the SASW tar1

\ Soil Dy-

namics am1 Earthquake Bngineeringt 11, pp. 213-227 t t992 ~ 

(911 L Auersch.., "Simplified medlods for wave propagation and soU-struclute irueracr 

tion: che dispmicn ·of layeml soil and ·die appro·Jdmaeion of FEBEM results"li. Pro-

1ce!dtngs of the 6dl ifttanauonal confcrc:nc.e on strudlml1 dynamics EURODYN .. 

ppM 1303· 1308, Paris. France 4-7 September :2005. 

(10)1 1C.·O. Lai, G,J. Riix't "Simultaneous inversion of Rayleigh plt&M velocity and atten'4--
ation foe near1tuface site chuadterization" .. National Scicnee Foundation and U.S. 

Gwfogical Survey~ July J 998. 

2


