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ing signi�
antly the performan
es of porous road surfa
esin the draining o� of rainwaters; it also a�e
ts the a
ousti
 absorption of the road surfa
e.Conversely, assessing the loss of a
ousti
 absorption may be a way to a

ess to the 
loggingprogress in the road surfa
e. The equivalent �uid models, whi
h 
onsider the frame as motion-less and rigid, allow to 
onne
t mi
rostru
ture related parameters (porosity, resistivity, et
) tomeasurable a
ousti
 quantities (surfa
e impedan
e, absorption 
oe�
ient) through quantities
hara
terizing sound propagation in the medium (equivalent density ρeq and bulk modulus
Keq or 
hara
teristi
 impedan
e and wave number).The present work is in
luded in a work whi
h aims at assessing stru
tural evolution of aporous road pavement from an in situ measurement of the surfa
e impedan
e. For materialssu
h as road pavement, the motion of the frame may be negle
ted, and any of the equivalent�uid models may be used. This work is based on the inversion of a model of sund propagationin the materials from measurements results to a

ess to geometri
 parameters. Analyti
alequations that may be used in inverse problems su
h as presented in [1℄ are of no use inthis situation, as ρeq and Keq are not available. The surfa
e impedan
e measurement gives 2equations, through its real and imaginary parts.Models studied in this work are the so-
alled �Biot-Allard� model [2, 3, 4, 5℄ and theJohnson-Champoux-Allard model [6, 7℄, using respe
tively 3 parameters (open porosity Φ,stati
 air�ow resistivity σ and high frequen
y limit of dynami
 tortuosity α∞) and 5 parameters(Φ, σ, α∞, and the vis
ous and thermal 
hara
teristi
 lengths Λv and Λt), to whi
h one mayadd the thi
kness of the road wearing 
ourse when it is unknown. It is 
lear that the unknownsnumber ex
eeds the equations number.However, road surfa
es are very spe
i�
 porous materials, espe
ially be
ause of their lowporosity. This is why some of the geometri
 parameters required in the models may have alower impa
t on the a
ousti
 propagation quantities, or have an impa
t limited to a 
ertainfrequen
y range.Therefore the purpose of this sensitivity analysis is to distinguish, for a typi
al porous roadsurfa
e, the key parameters, the minor parameters, and to 
he
k if a model inversion may berealised thanks to available data.Sensitivity index The sensitivity index used in this work has been de�ned by Sobol [8℄.One 
onsiders a model with p input random variable Xi and one output random variable Y .Cal
ulating the sensitivity index of Y to Xi 
onsists in 
al
ulating a 
onditionnal varian
e:
V (E[Y |Xi]). This quantity is divided by the global varian
e of Y to normalise the index. Away of estimating the sensitivity index has been given by Sobol [8℄ through a method basedon Monte Carlo methods.1gaelle.benoit�developpement-durable.gouv.fr



Results 106-samples of ea
h parameter have been taken in the following ranges, 
hosenfrom litterature [9, 10, 11℄: [0.08 − 0.22] for porosity, [15000 − 85000]Nm−4s for resistivityand [1.3 − 2.7] for tortuosity; thi
kness has been set to 4 
m, whi
h is 
ommon for a porousroad surfa
e.Figure 1 shows the sensitivity indexes of surfa
e impedan
e to ea
h of the parameters ofBiot-Allard model. One may see that no parameter 
an be negle
ted on ℜ(Z/Z0) . Con
erning
ℑ(Z/Z0) , at low frequen
ies , the sensitivity index (SI) of Φ is 
lose to 1, and the SI of σ and
α∞ are 
lose to 0.The strong impa
t of porosity on imaginary part of surfa
e impedan
e may also be provedusing an asymptoti
 developpment; the sensitivity analysis allows to estimate the frequen
yrange on whi
h the low frequen
y approximation may be 
onsidered as valid.Thus it seems that it would be possible to estimate porosity thanks to a measurement of
ℑ(Z/Z0) at low frequen
ies; by integrating this value of Φ in the set of equations (ℜ(Z/Z0) ,ℑ(Z/Z0) ),it should be possible to estimate σ and α∞, whi
h means determining all parameters of Biot-Allard model.
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Figure 1: Sensitivity indexes of Biot-Allard modelAs mentionned above, the thi
kness may be 
onsidered as an unknown of the model andintegrated in the sensitivity analysis. Thi
kness is revealed as being the more importantparameter for ℑ(Z/Z0) , being the only parameter that matters at high frequen
y. The onlyother parameter having a sensibility index higher than 0.1 is Φ on the range 100-1000 Hz .One might then determine thi
kness at high frequen
ies, integrating this value on the setof equations to get Φ at low frequen
y, and estimating the remaining parameters as saidpreviously.For Johnson-Champoux-Allard model, the same ranges are explored for Φ, Si and α∞; for
Λt the range is [200; 2400]µm and for Λv [60µm; Λt]. Results are similar to those of Biot-Allardmodel (see �gure 2): when 
arrying out the sensitivity analysis on ℜ(Z/Z0) , no parametermay be negle
ted or determined. On ℑ(Z/Z0) on the 
ontrary, Φ may still be determined fromlow frequen
ies, even if the SI of Λt is around 0.05, and α∞ may be determined from highfrequen
ies (from 6000 Hz ). 3 unknown parameters remain: σ, Λv and Λt. It is possible tosuppose a relation between Λv and Λt, su
h as Λt = 2Λv, to redu
e the number of unknownparameters to 2, to be able to solve the system. The existen
e of this relation suppose a simplegeometry of the material, wi
h is 
onsistent with the use of Biot-Allard model.As for Biot-Allard model, with the integration of thi
kness as a parameter, e is the more
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Figure 2: Sensitivity indexes of Johnson-Champoux-Allard modelimportant parameter for ℑ(Z/Z0) , on the whole frequen
y range, and the only parameterwhi
h matters after 2000 Hz , the se
ond parameter being Φ before 1000 Hz . The sameprin
iple as for Biot-Allard model 
ould then be applied.Con
lusion A sensitivity analysis of Biot-Allard and Johnson-Champoux-Allard modelshave been 
arried out, using a normalised index based on varian
e. Some of the results of thiswork were expe
table, su
h as the high in�uen
e of Φ on ℑ(Z/Z0) at low frequen
y, or the fa
tthat α∞ is more in�uent at high frequen
ies. In the intention of solving an inverse problem,it showed that when thi
kness is known, it seems that porosity might be determined at lowfrequen
y from ℑ(Z/Z0) , and tortuosity at high frequen
ies. When thi
kness is an unknownparameter of the model, this is the more important parameter on ℑ(Z/Z0) and shoud then bedetermined �rst from ℑ(Z/Z0) at high frequen
ies.With the determination of porosity, the inverse problem might be solved for Biot-Allardmodel; for Johnson-Champoux-Allard it also requires the determination of tortuosity from
ℑ(Z/Z0) at high frequen
ies and to suppose the existen
e of a relation between Λv and Λt.As the frequen
y ranges on whi
h porosity and tortuosity or thi
kness need to be deter-mined are un
onne
ted and far from ea
h other, measurements data need to be a

urate inboth low and high frequen
y ranges. Thus possibly two methods or tow 
on�gurations of thesame method, may be used to 
olle
t this set of data, one optimal for low frequen
ies and onefor high frequen
ies.The perspe
tives of this work are to test to solve the inverse problem for Biot-Allard model,for whi
h it might be done in a easier way when thi
kness is known.Referen
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