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Abstract. The Grande Ravine Viaduct, at the Reunion Island, is a girder bridge crossing an 
abrupt volcanic breach conceived and designed by Alain Spielmann and the design office 
SETEC TPI [1]. The location in a zone frequently affected by typhoons and the typology of 
the bridge, for which limited experience existed previously in terms of description of the wind 
behaviour, motivated the installation of a monitoring system, in order to characterise the 
wind loads acting on the bridge, the corresponding aerodynamic behaviour and the structure 
dynamic response.  The monitoring system comprehends various anemometers distributed 
along and outside the bridge, pressure and temperature sensors and accelerometers. 

In the context of a collaboration established between the Designer, ViBest/FEUP and CSTB, 
the data recorded by the monitoring system for a period of 3 years has been analysed, allow-
ing the comparison between the characteristics of the wind model based on site measurements 
and the wind parameters defined at design stage based on numerical computational fluid dy-
namics and wind tunnel tests studies. 

In this context, it is the purpose of this paper to present and discuss preliminary results of the 
prototype monitoring during a 2-year period, describing in particular numerical tools imple-
mented with the purpose of selecting relevant data, processing signals and extracting relevant 
effects in terms of the wind response. 
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1 INTRODUCTION 

Crossing an abrupt breach 320 m in width and 170 m in depth, the Grande Ravine Viaduct, 
at the Reunion Island, is a girder bridge with a total length of 288 m (Figure 1) located in a 
zone frequently affected by typhoons.  

The characteristics of this structure [1], which lead to a classification as stiff when com-
pared to well studied cable-stayed and suspension bridges, although flexible when compared 
with typical girder bridges, point to a limited experience in terms of the aerodynamic charac-
terisation. In particular, some hypotheses required by the typical wind tunnel tests of physical 
models, by the numerical computational fluid dynamic studies and by the wind formulations 
of the structural response require validation.  

At the same time, the availability at the present moment of robust technology for full scale 
monitoring of structures, combined with the evolution in data communication, which allow 
the storage and remote transfer of significant volumes of data, suggest the characterisation of 
local wind by means of “in situ” monitoring, based on an adequate spatial distribution of an-
emometers in order to validate and improve consolidated design methodologies, and permit 
also the monitoring of the response for establishment of correlations with the wind loads. 

Having these aspects into consideration, SETEC promoted the installation of an aerody-
namic monitoring system on the bridge [2]. This system comprehends various anemometers, 
pressure and temperature sensors and accelerometers, and has been operating for a period of 3 
years. Collaboration with ViBest/ FEUP and with CSTB has been established, with the pur-
pose of processing and interpreting the prototype data and validating design hypotheses and 
studies. 

This paper presents and discusses preliminary results of the prototype monitoring based on 
the data collected during a 2-year period. Some aspects of the management of the huge data-
base and of the tools implemented with the purpose of selecting relevant data, processing sig-
nals and extracting relevant effects in terms of the wind response are described. 

 

 
Figure 1: Grande Ravine viaduct, site image. 

2 BRIDGE CHARACTERISTICS AND MONITORING SYSTEM 

The Grande Ravine viaduct is a motorway bridge formed by a steel orthotropic deck 22.7 
m in width and 4 m in height continuous over the 288 m length (Figure 2). The deck is sup-
ported by inclined cantilevered struts made of high resistance concrete, at angles of 20° to the 
horizontal, fitted in a counter balancing concrete abutment founded in solid rock. 
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Figure 2: Profile of the Grande Ravine Viaduct. 

The monitoring system installed by ADVITAM [3], whose instrumentation layout is 
represented in Figure 3, comprehends the following devices: 4 sonic anemometers, distributed 
along the bridge and mounted on 3.5 m high masts; one propeller anemometer, mounted on a 
10 m high mast positioned outside the viaduct at a distance of 250 m from one of the 
abutments; 14 pressure transducers, distributed in two sections close to the mid-span; external 
temperature sensors coupled with the anemometers, and internal temperature sensors placed 
in the same cross sections of the pressure sensors; and 6 accelerometers mounted in vertical 
and transversal direction in three sections along the deck. 

 

a) 

 

 

 c) 

Figure 3: Layout of instrumentation: (a) distribution of sensors along the viaduct profile; (b) pressure sensors in 
section 1, +1,7m from mid-span; (c) pressure sensors in section 2, +14,2m from mid-span. 

548



Fernando Bastos, Elsa Caetano, Álvaro Cunha, Xavier Cespedes, Mathieu Arquier, Olivier Flamand 

The acquisition system is based on a MOXA card, that groups the signals from the sonic 
anemometers, and on a 16-bit National Instruments acquisition card that digitises the signals 
from the accelerometers, temperature and pressure sensors. The propeller anemometer signals 
are conditioned by a ICP converter connected by serial port to the acquisition computer. Data 
acquisition is made by a software developed by ADVITAM [3] in the LABVIEW platform 
and has been programmed to sample for continuous periods of 13 minutes using different 
sampling frequencies for the different sensors: sonic and propeller anemometers are sampled 
at 32Hz and 5Hz, respectively; accelerometers are sampled at 1000Hz; pressure sensors, at 
300Hz, and temperature sensors, at 10Hz. Implemented in the acquisition software is a routine 
to filter, re-sample at 40Hz and record data into text files. Each file stores 32321 lines of the 
40 channel data (14 from the anemometers, 14 from the pressure sensors, 6 from temperature 
sensors and 6 from the accelerometers). Text records are saved in a computer located inside 
the bridge deck and then transferred to a computer in FEUP by a management routine that 
comprises the download via FTP, storage and backup of files. 

The monitoring system has been operating continuously since December 2009, with occa-
sional interruptions due to power failure and maintenance activities. 

The raw data stored in the computer at FEUP are processed by a code developed in the 
MATLAB platform. This code was developed aiming at: characterising the wind model in the 
Grande Ravine bridge site; characterising the bridge behaviour in operational conditions; and, 
particularly, characterising the structural behaviour under the local wind excitation. 

The methodology adopted in the development of this code follows the diagram presented 
in Figure 4. The Preliminary Processing routine comprehends an initial check of data by in-
specting the text files for irregular situation, detecting for example, breaks in acquisition, cor-
recting and packing valid records into MATLAB binary format files (.mat). Subsequently, the 
signals are re-sampled, de-spiked and finally decimated to 20Hz. 

The Global Processing routine provides a global statistic analysis of the records. Mean, 
maximum, standard-deviation estimates are computed for all signal sensors. Wind records are 
processed in order to characterise the global atmospheric pattern and the acceleration records 
are treated with the objective of identification of the dynamic structural properties (natural 
frequencies, modal configurations and modal damping). 

 

 
Figure 4: Methodology for data processing. 

The Detailed Processing routine is applied only to selected events, for example to the re-
cords exceeding some wind velocity threshold. The wind data is sorted by 10-minute mean 

Preliminary processing: 
- Inspection of data 
- Correction, packing, de-spiking, re-sampling 

Global Processing: 
- Statistic analysis (mean, maximum, standard- 
  deviation) 
- Global wind characteristics 
- Identification of dynamic properties 

Detailed Processing: 
- Stationarity test 
-Spectral characterisation 
-Estimation of integral length scales 
- Correlations of data with the measured structural response 

Selected 
events only 
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wind events higher than a defined threshold and subjected to a stationarity test. The detailed 
processing of wind records comprehends a spectral characterisation, with estimation of corre-
lation and integral length scales. Correlations of these quantities with pressure data and with 
the structural response captured by the accelerometers are then established. 

3 ANALYSIS OF FULL-SCALE DATA 

The diversity of the sensors integrating the monitoring system demands different, although 
articulated strategies in the processing of data. These respect specifically the wind records, the 
pressure and the acceleration measurements. The following sections will focus only on the 
wind data analysis. 

The results presented in this section respect a period of 24 months, from January 1st to 31st 
December 2012. 

The wind signals are acquired in the anemometer referential, in the form of a horizontal di-
rection, a horizontal velocity and vertical velocity. After packaging and preliminary pro-
cessing, the data are transformed into the referential of mean wind velocity and treated on the 
basis of 10-minute intervals. 

The global analysis of mean velocity data during the studied period, shows that the 10-
minute mean wind velocity is quite low (Figure 5a)), of the order of 2.5 m/s, reaching in very 
few situations mean velocities above 11 m/s (Figure 5b)). Despite the location in an area of 
high cyclonic risk, in the period under analysis no significant event of such nature occurred. 
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a) b) 

Figure 5: (a) Monthly averaged 10-minute mean wind velocity and (b) monthly maximum 10-minute mean wind 
velocity. 

For detailed processing, only time series with 10-minute mean velocity higher than 5m/s 
were selected. The time series satisfying this criterion were further screened through stationar-
ity tests. From the two-year period in analysis, it was concluded that only about 3% of the re-
cords have 10-minute mean velocity exceeding 5m/s and less than 2.45% of the data exhibit 
stationary properties [4]. 

In order to understand particular characteristics of the wind at the bridge site, the ratio be-
tween the mean velocity recorded by each of the sonic anemometers U and the reference pro-
peller anemometers Uprop has been calculated and is represented in the “rose” of Figure 6a). 
This figure evidences higher values of U/Uprop for directions [50,135] and [200,315], which 
coincide with the ravine and are almost perpendicular to the viaduct, whose axis is marked by 
the line in the rose representation. Figure 6b) shows also that U/Uprop grows with the mean 
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wind velocity. It is concluded that the wind aligned with the ravine is higher than the refer-
ence propeller velocity.  
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Figure 6: Ratio U/Uprop as function of direction (a) and reference velocity (b). 

Another aspect to analyse refers to the understanding of how the presence of a ravine with 
very abrupt walls influences the wind along the bridge. 

A comparison of synchronous directions registered by the sonic anemometers with the ref-
erence propeller can be observed in Figure 7. The analysis of this figure evidences generally a 
linear relationship between site and reference propeller directions. Exception is made to the 
direction intervals [60,150] and [215,285] in which sonic anemometers register a quasi con-
stant direction defined in the ranges [85,105] and [260,275], respectively. These constant di-
rections reflect the alignment of the wind with the ravine. 
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Figure 7: 10-minute mean direction of sonic anemometers vs mean direction of reference propeller. 

Figure 8 represents the viaduct location and the critical wind directions according to full-
scale measurements. 
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Figure 8: Scheme presenting the most critical directions observed in Grande Ravine site. 

 
Associated with the representation in Figure 9 of the ratio U/Uprop with the wind direction, 

the plot of the incidence with the mean wind direction evidences a range [20°,190°], related 
with the wind from the interior of the island, in which the wind has a downward direction, 
with maximum angle to the vertical of -1.5°. In the range [190°,20°], wind has an ascending 
direction characterised by two peaks: one with an average value reaching 8°, occurs for direc-
tions [215°,275°]; and the other, with an average value of 5°, occurs for directions 
[315°,355°]. 
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a)                                                                              b) 

Figure 9: Representation of (a) U/Uprop and of (b) 10-min  mean incidence with mean wind reference direction. 

The gust factor, obtained from the ratio between the maximum wind velocity, calculated 
from a 3-s averaging period, and the mean value of velocity estimated for a 10-minute interval, 
is represented in Figure 10(a) as a function of the wind direction. This figure shows that the 
gust factor values vary in the range [1.3, 2.5]. For lower values of mean wind velocity, the 
average gust factor has an average value of 2, decreasing to approximately 1.5 for higher val-
ues of mean wind velocity (Figure 10b). 
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Figure 10: Gust factor variation with (a) mean wind direction and (b) mean wind velocity. 

The turbulence intensity provides a measure of the variability of local turbulence, associ-
ated with each velocity component u, v and w, and is represented by the ratio between the es-
timate of the standard-deviation for each velocity component and the estimated mean velocity, 
for a 10-minute interval. 

Figure 11 presents the variation of the turbulence intensity for each wind fluctuating com-
ponent u, v and w with direction (a) and mean velocity (b). The average turbulence intensity 
of each component u, v and w of velocity tends to 0.21, 0.20 and 0.11, respectively, as the 
mean velocity increases. The turbulence strongly varies with the mean direction of wind. This 
variation is mainly due to the variation of roughness upstream the bridge site. The proximity 
to the walls of the ravine is evident by the strong variation of the transverse turbulence inten-
sity.  

The scales of turbulence constitute some of the parameters of highest interest in the charac-
terisation of turbulent flows, representing the dimension of the average eddies of a turbulent 
flow. The turbulence length scales in longitudinal direction can be calculated directly from the 
integral of correlation estimates of the wind time histories or from the curve fitting of theo-
retical functions to the spectral estimates of wind records. 

Average mean spectral estimates based on 10-minute wind turbulent component records 
have been obtained and are exemplified in Figure 12 for one particular wind record. Curve 
fitting of these data points is done using a von Karman spectral model from which parameters 
the longitudinal length scales l[u,v,w]x of u, v and w wind components are obtained. 

Figure 13 presents the variation with mean wind direction and intensity of turbulence 
length scales of the fluctuating wind components u, v and w, obtained from spectral estimates. 
The analysis of this figure denotes the presence of a high level of variation with direction, 
which is essentially due to the upstream roughness. This variation diminishes as the mean 
wind velocity increases, stabilising for values around 50m, 20m e 10m in the case of u, v and 
w wind component, respectively. The turbulence length scale for w wind component has very 
low values when direction is associated with wind coming from the interior of the island (ie, 
in the range [40, 160]). 
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Figure 11: Turbulence intensity of wind components u, v and w variation with mean wind (a) direction and (b) 
velocity. 

The coherence function allows the description of spatial correlation of wind turbulence in 
the frequency domain. This function is estimated from the ratio between the square of the 
modulus of the cross spectral estimates and the spectral estimates, at different points, and has 
been approximated, according to Davenport [5], by an exponential decay function. The fitting 
of experimental data by this exponential decay function provided the exponential decay coef-
ficients presented in Figure 14, varying with mean wind direction (a) and intensity (b). 

The identified exponential decay coefficients exhibit high variation with the direction, es-
sentially due to the turbulence intensity variation for lower wind speed. From the observation 
of Figure 14(b), it can be concluded that exponential decay coefficients increase as the mean 
wind velocity grows, stabilising around 8, 4.5 and 7.5 for u, v and w wind turbulent compo-
nent, respectively, ie, the coherence between wind time histories raises as the mean wind ve-
locity increases and consequently as the turbulence intensity decreases. 
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Figure 12: Fitting of von Karman curve to mean spectral estimates. 
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Figure 13: Variation of longitudinal turbulence length scales of wind fluctuating components u (a), v (b) and w 
(c), with mean wind direction (1) and intensity (2). 
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Figure 14:Variation with mean wind direction (a) and intensity (b) of exponential decay coefficients of wind 
turbulent component u, v and w. 

4 WIND MODEL 

 Based on the results from full-scale measurements during the 2-year monitoring period 
above described, a wind model for the Grande Ravine site is proposed in this section, and a 
comparison is made with parameters defined at design stage on the basis of numerical CFD 
and wind tunnel studies.  

4.1 Critical wind directions 

The analysis of collected wind records with mean wind velocity greater than 7.5m/s al-
lowed the identification of the prevalent wind directions. According to the representation of 
Figure 15(a), it can be concluded that the most common directions are in the range [200°, 
360°], corresponding to wind perpendicular to the viaduct axis. Moreover, it could be ob-
served that the ravine causes a “bottleneck” effect (see Figure 7). 

Figure 15(b) represents the coefficients defined by the ratio between the mean wind veloc-
ity collected at the bridge site (anemometers 1 to 4) and the mean wind velocity measured by 
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the anemometer located outside the bridge (propeller anemometer no. 5). For the prevailing 
wind direction, the ratio U/Uprop varies in the range [0.9, 1.8]. 

Table 1 presents the qualitative representation of the results obtained from Figure 15(a) 
and the average value of U/Uprop ratio estimated from Figure 15(b) with angular amplitude of 
15° (±7.5°). The analysis of Figure 15 and of this table evidences that the direction 250°, 
normal to the viaduct axis, presents the highest occurrence and the highest intensity winds, 
therefore being selected as the most critical in the present study. Furthermore, Figure 15 
shows that above 280° the wind presents low occurrence and intensity. Based on this informa-
tion, the following directions were taken as critical for analysis: 200°, 240°, 240° and 270°. 
These are indicated in Figure 8. 
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(a)                                                                        (b) 

Figure 15: (a) Mean wind prevalence and (b) Usonic/Uprop variation with wind direction. 

Directions Angle with normal to deck 
Full-scale measurements 

Prev. direction 
U/Uprop 

 
200° -50° ++ 1.05 
240° -10° +++ 1.44 
250° 0° +++ 1.59 
270° 20° ++ 1.55 
300° 50° + 1.32 
360° 110° + 0.98 

Table 1: Wind parameters for most prevalent directions. 

4.2 Wind velocity 

In the design study [7], the reference velocity of 34m/s was considered, according to the 
proposal by Eurocode 1 [8] for the Reunion Island territory. This velocity represents a mean 
wind velocity at 10m height on a flat field terrain type associated with a 50-year return period. 

To assess the mean wind velocity at the Grande Ravine site for a 50-year return period on 
the basis of full-scale measurements, the reference velocity is affected by the roughness coef-
ficient obtained from meteorological data [7] and by transfer coefficients calculated by aver-
aging the values of the ratio between the 10-minute mean velocity measured by sonic 
anemometers at the viaduct and the 10-minute mean velocity measured, synchronously, by the 
propeller anemometer positioned at 10m height. 

Table 2 summarises the obtained mean wind velocity values for the most critical directions, 
together with the values adopted in design [7]. It can be observed that the mean wind velocity 
derived from full-scale measurements is generally smaller than the one adopted in design. 
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This difference is even more relevant for the direction 200°, meaning that the effect of the ra-
vine is not felt in this direction. 

 
Directions Full-scale [m/s] Adopted in design [m/s] 

200° 30.64 49.7 

240° 42.24 51.13 

250° 46.48 - 

270° 45.46 56.5 

Table 2: Mean wind design velocity definition for most critical directions: full-scale measurements and adopted 
design model. 

4.3 Wind incidence 

Table 3 presents the comparison between mean incidences registered for the most penalis-
ing directions and the ones adopted in design. Significant differences with regard to the design 
hypotheses are found, fact that may be explained by the very complex topography of the 
bridge site. In effect, the abrupt walls of the ravine and the presence of a small hill reflect the 
influence of upstream topography and roughness in the flow at the measuring site. Full-scale 
incidence values exhibit always positive value (ascending direction), growing as the direction 
moves from 200 to 270°.  
 

Direction  Full-scale Adopted in design 
200°  0.02 6.00 
240°  0.76 0.00 
250°  1.61 - 
270°  3.54 6.00 

Table 3: Mean wind incidence for most penalising directions: full-scale measurements and adopted in design.  

4.4 Turbulence intensity 

Table 4 presents the comparison, for the most penalising directions, of turbulence intensity 
of the wind fluctuating components u, v and w, obtained from full-scale measurements with 
the values adopted in design. The analysis of this table shows that the values obtained from 
full-scale measurements are higher than the design values. The values of lateral and vertical 
turbulence intensity tend to grow for directions in the range [240°, 270°] due to the influence 
of the walls of the ravine upstream the viaduct site. 

 
Turbulence intensity Direction 200° 240° 250° 270° 

Iu 
Full-scale 0.2597 0.2336 0.2497 0.2481 

Adopted in design 0.1690 0.0931 - 0.0920 

Iv 
Full-scale 0.2317 0.2331 0.2605 0.2993 

Adopted in design 0.1352 0.1117 - 0.1012 

Iw 
Full-scale 0.1147 0.1454 0.2134 0.2395 

Adopted in design 0.1183 0.0465 - 0.0460 

Table 4: Turbulence intensity for most penalising directions: full-scale measurements and adopted in design. 

The influence of the local roughness in the fluctuating wind components is also notorious. 
For a wind direction of 200°, the turbulence intensity ratios Iv/Iu and Iw/Iu, presented in Ta-
ble 5, are 0.892 and 0.442, respectively. Although turbulence conditions are higher, these ra-
tios are comparable to the ratios presented in [10, 11] for flat surrounding conditions, 
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confirming that for this direction the effect of the ravine is not significantly felt. When the 
wind direction tends to 270°, the effect of the ravine topography and wall roughness on wind 
turbulence components tend to increase, reaching for this particular direction of 270° almost 
equal turbulence intensities in the three wind components (see Table 5). 

 
Direction Full-scale Adopted in design 

Iv/lu lw/lu lv/lu lw/lu 
200° 0.892 0.442 0.800 0.700 
240° 0.998 0.622 1.200 0.500 
250° 1.043 0.855 - - 
270° 1.166 0.965 1.100 0.500 

Table 5: Ratios lv/lu and lw/lu: full-scale measurements and adopted in design. 

4.5 Gust factor 

Table 6 presents the mean gust factor for the most penalising directions obtained from the 
full-scale measurements, as well as the values adopted in design. It is shown that the gust fac-
tors obtained from full-scale measurements are higher than the design values and are coherent 
with the values registered for the turbulence intensity presented in Table 4. 
 

Direction Full-scale Adopted in design 

200° 1.67 1.48 
240° 1.59 1.26 
250° 1.61 - 
270° 1.64 1.26 

Table 6: Gust factor for most penalising directions: full-scale measurements and adopted in design. 

4.6 Turbulence length scales 

Turbulence length scales for the most penalising directions obtained from full-scale meas-
urements are summarised in Table 7 and the ratios to the longitudinal turbulence length scales 
presented in Table 8. The analysis of these tables shows that the turbulence length scale ratios 
associated with the wind direction 200° are coherent with the ones shown in the extensive re-
view made in [11] and also similar to the ratios presented in [12]. As the direction increases 
from 240° to 270°, the longitudinal length scale tends to slightly decrease and the lateral and 
vertical ratios tend to increase. 
 

Turbulence length scales 200° 240° 250° 270° 

lux 50.14 44.42 47.92 40.11 
lvx 15.39 19.44 21.41 17.15 
lwx 3.97 10.87 15.93 16.61 

Table 7: Turbulence length scales for most penalising direction. 

Direction Full-scale Adopted in design 
lvx/lux lwx/lux lvx/lux lwx/lux 

200° 0.307 0.079 0.300 0.250 
240° 0.438 0.245 0.200 0.250 
250° 0.447 0.332 - - 
270° 0.428 0.414 0.150 0.125 

Table 8: Ratio between turbulence length scales of lateral and vertical wind component and turbulence scale of 
longitudinal wind component: full-scale measurements and adopted in design. 
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Table 9 shows the turbulence length scales measured for the transversal direction (y direc-
tion) for the most penalising directions. Table 10 presents the values registered from full-scale 
measurements of the relations between turbulence length scales, together with the reference 
values based on the theory of homogeneous and isotropic turbulence [13]. It can be concluded 
that the values from full-scale measurements tend to be similar to the literature values as the 
wind direction tends to 270°. The values registered for wind direction 200° illustrate the elon-
gated character of the eddies within the flow. 
 

Transversal length scale 200° 240° 250° 270° 

Luy 120.80 50.96 54.09 43.67 
Lvy 77.45 65.37 61.08 42.75 
Lwy 29.98 35.78 40.36 33.01 

Table 9: Transversal length scale for most penalising directions. 

 
Lux/Lvy Luy/Lux Lvx/Lvy  Lwy/Lwx  

Theory [13] 1 0.5 0.5 1 
200° 0.757 2.060 0.434 4.114 
240° 0.823 0.947 0.444 2.144 
250° 0.926 0.956 0.537 1.837 
270° 1.010 1.011 0.726 1.086 

Table 10: Ratio between turbulence length scales of wind turbulence component u, v and w, in longitudinal and 
transversal directions. 

4.7 Coherence coefficients 

Table 11 systematises the coherence coefficients for the most conditioning directions ob-
tained from full-scale measurements. 

The data presented in Figure 11 demonstrate that when the wind velocity increases, the 
turbulence intensity tends to stabilise around a value which corresponds to the stationary pat-
tern of atmospheric conditions. The same trend is observed for the coherence coefficients. 
However, the dispersion of coherence coefficients is lower, starting from a lower value at low 
wind velocity and increasing till stabilisation for higher wind velocity. As a consequence, the 
values of the coherence coefficients for each direction were obtained by adjusting a curve, to 
the higher values of wind velocity in the limit of the coherence coefficients registered values. 
 

Coherence coefficients 200° 240° 250° 270° 

ceuy 4.75 8.27 9.45 8.19 
cevy 4.23 5.25 6.19 7.84 
cewy 6.28 8.23 8.72 7.77 

Table 11: Coherence coefficients for most penalising directions. 

4.8 Wind model from full-scale measurements 

Table 12 summarises the Grande Ravine wind model extracted on the basis of the full-
scale measurements systematised in the previous sections. Comparing the proposed wind 
model with the one adopted in design, it can be concluded that the mean wind component of 
full-scale wind model is less severe, while turbulence intensities are much higher and turbu-
lence length scales much lower and with dimensions close to the viaduct dimensions. The 
transversal length scales and coherence coefficients are similar to the values adopted in design. 
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Direction [°] 200 240 250 270 
Mean wind velocity [m/s] 30.64 42.24 46.48 45.46 

Incidence [°] 0.02 0.76 1.41 3.54 
Turbulence Intensity 

    
 

u 0.2597 0.2336 0.2497 0.2481 

 
v 0.2317 0.2331 0.2605 0.2993 

 
w 0.1147 0.1454 0.2134 0.2395 

Turbulence length scales [m] 
    

 
lux 50.14 44.42 47.92 40.11 

 
lvx 15.39 19.44 21.41 17.15 

 
lwx 3.97 10.87 15.93 16.61 

 
Luy 120.80 50.96 54.09 43.67 

 
Lvy 77.45 65.37 61.08 42.75 

 
Lwy 29.98 35.78 40.36 33.01 

Coherence coefficients 
    

 
ceuy 4.75 8.27 9.45 8.19 

 
cevy 4.23 5.25 6.19 7.84 

 
cewy 6.28 8.23 8.72 7.77 

Table 12: Grande Ravine wind model based on full-scale measurements. 

5 CONCLUSIONS 

This paper presents a comprehensive study of the wind characteristics at the Grande Ra-
vine viaduct site, crossing a deep ravine. The research is based on the analysis of wind col-
lected by means of a monitoring system installed in the structure over a 2-year period. 

The parameters extracted from the treatment of the data recorded by the four sonic ane-
mometers located along the bridge deck and the propeller anemometer placed 250m outside 
the viaduct were compared with those defined in the context of the viaduct design, based on a 
CFD numerical study and on wind tunnel test. 

Based on the full-scale measurements, a wind model is proposed, whose parameters have 
been summarised in Table 12. The comparison between this model and the one adopted in 
design evidences that the mean wind component of the full-scale wind model is less severe 
than the one adopted in design, while turbulence intensities are much higher. These character-
istics are not necessarily conservative, as they can lead to higher structural dynamic response. 
This wind model will now be used to validate the calculations conducted at design stage. 
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