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ABSTRACT: The effect of downbursts on structures has been a topic of study for the past two
decadesNumerical andanalytical methods for the calculation of downburst wind loacidthe
dynamic response of structureave also been proposed. However, ghgposed mods lave

not been verified using fulicale structural response data. Tesearchpresents the response of a
monitored lighting pole during two downburst evemtgh a comparisorof responses estimated
through timedomain analysis. It is shown thaktbverall trend of the time history of the mean
response is in close agreement with the registered respmusthe fluctuating component of the
responseés highly dependent on the assumed wind field coherence.
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1 INTRODUCTION

In the past 20 years, many researchers studied the effect of downburst winds on structures.
Analytical models for the calculation of loads due to downburst outflow winds were also proposed
(Kwon & Kareem, 2009; Solari eal, 2015; Solari & De Gaetano, 2018). However, due to the
small spatial and temporal scale of downbursts, validation of the proposed analytical models
through registered structural response has not been sufficiently done. To fill this gap in research,
full-scale monitoring of selected three slender structures has been initiated through the European
Union-funded project, HUNDERR (Solari et. al, 2020)The aim of the fulscale monitoring is

to study the response of simple slender structures under dowmbndst and to conduct a
validation study for the previously proposed analytical methods of downburst windatabad
dynamic responsaodeling

2 DESCRIPTION OF THE MONITORING STATION

The wind and structural response monitgrsystem is mounted @16.6 m lighting pole located

at the harbor of La Spezia, Italplando, 202). The pole is placed on a 2.5 m concrete cube
foundation with a connection resulting in an almost perfect clamped endtrlibires made of

two hollow steel shafts by oMapping one on top of the other vertically for an overlap length of

1 m. Both steel shafts are made through the lamination and calendaring process of a 4 mm thick
steel sheet, longitudinally welding the edges of the steel sheets to creatieledléollowpolygon

section. The bottom shaft starts from the base and has a length of 7.75 m. It decreases its maximum
crosssectional dimension from 528 mm at the base to 400 mm at the top. The upper shaft starts



from 6.75 m from the base of the pole and has atlenig9.85 m. It decreases its maximum cfoss
sectional dimension from 417 mm at the bottom to 254 mm at the top. A steel ladder is attached
to the pole on one of the sides of the polygonal shaft and it is interrupted by a rectangular platform
at 10 m. At ke top of the pole, a square platform houses the anemometer, lighting equipment, and
a security camera.

The pole is equipped with a monitoring system for wind and structural response
measurementigure 1 shows a sketch of the tower (a), the locatiortkeobensors (b) and the
geographical and inertial reference systemsA(d¢jiaxial ultrasonic anemometer measuring wind
speed at a frequency of 10 Hz is installed at 21.7 meters above the ground. Two biaxial
accelerometers measuring acceleration at aiénecy of 200 Hz aranstalledon one of the sides
of the polygonal shafts at 10.5(#x2, Ay.) and 16.6 nfAx1, Ay1) from the base of the pole. Eight
monoaxial strain gauges measuring strain at a frequency of 100 Hz are installed &50.53n
Sc, S) and 1.5 n(Se, S, S, S1) above the base of the pole on 4 sides of the polygonal shaft. The
strain gauges and accelerometers are placed on the sides of the polygonal shaft in such a way that
response is measured in two orthogatedctions

3 CASE STUDIESOF DOWNBURSTS SELECTED FOR ANALYSIS

In this papertwo downburst events whose wind and structural response data have been registered
by the monitoring system are selected. Fig@eeand2c showl hour time history of instantaneous

and running meanwind speedaveraged over 10 minutashereas Figures 2b and 2d show
instantaneous and running mean wind direcieeraged over 10 minutesiring the two events.

The North is set as’@Gzimuths in the wind direction measurement, while the EastCisviél0
subsequent values in the clockwise direction.

The first event occurred on April 04, 2019, and had a maximum instantaneous wind speed
of 22.5 m/s. The wind direction changed from approximately 0 to 90 degrees in a time span of
about 20 minutes. The preserafesignificant wind before the occurrence of the rauppof the
downburst is due to a background atmospheric boundary layer (ABL) wind that hasdyveieg
from a couple of daydefore

The second event occurred on October 02, 2019, and had a maxistantaneous wind
speed of 20.5 m/s. FroRgure 2cit can be observed that the wind speed increased significantly
from approximately 2 m/s to 20.5 m/s in 10 minutes. In addition, there is a significant change in
wind direction of about 180 degrees durihg tampup in wind speed.

The structural response was registered by the strain gauges and accelerometess3 Figure
and4 show 10 minutes time history of instantaneous and mean wind speed (a), instantaneous wind
direction (b) resultanf strain measurelly strain gaugeSand S (), and acceleration measured
by accelerometers,Aand A (d). It is evident that the trend of the mean strain is closely similar
to the trend of mean wind speeahd the amplitude of acceleratiorc@relatedvith the intendly
of the wind speed, increasing from nearly zero to a higher amplitude with the increase in wind
speed.

Page?2 of 10



a. Geometry of the towel b. Location of sensors

b b

26m ___Sa

@,__
) Sa, S5, & S Strain gauges at 0.5 m
5% &, S, Se, i Strain gauges at 1.5 m

6.1 m o
Sc Se AX2, Ay Accelerometers at 10.5 m
Section 01-01 Section 02-02 Axi, Ay:: Accelerometers at 16.6 m
i Ay2 AW
AXZ Ax1

Section 03-03 Section 04-04

— c. Location oftheprincipal axis of the structure
N N N T+,

4457

AN Dy

3 F A F

X-Y: Principal axis of the geometry

Figurel. The geometry of the lighting pole and monitoring sensors locations

Figure 2. 1 hr time history of wind speed and direction for the two downbursts
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