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Abstract

High-rise buildings with unusual shapes and high-technological systems are commonly used
by companies to represent their economic power. In many cases, equipment consisting of
LED screen walls is frequently not compatible with wind-induced displacements and acceler-
ations experienced at high floors. The aim of the research work is to design and optimize a
control device for response reduction of a prismatic room equipped with LED screen walls on
all sides. The control system is a passive sliding device located at the base of the room dis-
connecting the LED supporting frame from the building’s floor. Fragility analysis is carried
out to compute the probability of exceeding predetermined displacements and acceleration
thresholds with and without the control system.

Keywords: Video walls, high-rise building, wind-induced vibration, wind tunnel tests, base
isolation.

1 INTRODUCTION

The wind induced vibration is an important topic for high-rise building with unusual shape
because torsional effects and large oscillation along and across wind may affect the occu-
pants’ comfort largely discussed in literature [1-7]. A few information and recommendations
are given by codes and literature for non-structural elements inside buildings that can be se-
verely damaged and therefore can influence costs of construction and maintenance. This is the
case of LED screen walls which are used to disseminate entertainment messages and infor-
mation. They are sensitive to the floor wind induced vibration that can give significant defor-
mation to the wall and a consequent malfunctioning or collapse.

ISSN:2623-3347 © 2021 The Authors. Published by Eccomas Proceedia.
Peer-review under responsibility of the organizing committee of COMPDYN 2021.
doi:10.7712/120121.8613.18816

1941



The LED screen walls operation is frequently not compatible with wind-induced displace-
ments and accelerations experienced at high floors in high-rise buildings. The proper func-
tioning of these high-technological devices can therefore require the installation of local
control systems to reduce wind induced vibrations.

In this paper, the wind-induced response of a LED video screen room was reduced by
means of passive control system consisting in a base isolated floor which disconnects the sub-
structure from the building. The probability of exceeding predetermined displacements and
acceleration thresholds with and without the control system was investigated through fragility
analysis based on the PEER integral equation [8-10]. This allows to consider all the possible
sources un uncertainties involved in the problem, like those related to wind load characteriza-
tion, structural modeling and analysis and damage occurrence [11-14]. Calculation was com-
puted on the high-rise building illustrated in Fig.1 and discussed in Section 3. Metti un
riferimento ad un tuo articolo precedente

Fig. 1 Numerical model of the pultruded GRP-Tubes substructure Metti un riferimento all’articolo da dove hai
preso la figura (se gia pubblicata)

2 PROBABILITY-BASED DESIGN APPROACH

The proposed methodology for the design of video screen rooms inserted in high-rise build-
ings accounts for randomness in the load characterization, the structural response estimation
and the damage occurrence and exploits the PEER (Pacific Earthquake Engineering Research)
equation [8, 9]. The annual probability of exceeding a selected level of damage is computed
as follows:

P¢(Z,DS) = | [ P(DSIEDP) f (EDP|IM,=) f (1M|Z) dEDPAIM (1)

where DS is the selected damage state; EDP is the engineering demand parameter associated
to the i-th DS; P(DS|EDP) is the fragility curve, i.e. the complementary cumulative distribu-
tion function (CCDF) evaluated for the specific EDP(DS) under investigation; the term
fUM|Z/H)represents the probability density function (PDF) of the intensity measure (IM),
i.e., the reference mean wind speed evaluated at Z/H; the term f(EDP|IM,Z/H) represents
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the probability density function (PDF) of the selected EDP conditional on the value of IM.
This probability is evaluated by considering the N experimental realizations of the structural
response components (EDP) evaluated from the FE model.

The EDP are associated to the lateral deformation of a video component (i.e. with and without
isolation system); the hammer effect on the corner (i.e. with and without isolation system);
acceleration-dependent damages on mechanical components (i.e. with and without isolation
system); the achievement of the maximum allowable stroke of the base isolation system.

3 THE CASE STUDY

3.1 The structural setup

The case study structure is a 300 m high building with 138 % 138 m footprint. The building
has 60 floors above ground and interstory height of 5.00 m [15]. It is assumed that inside the
building a technological equipment is inserted consisting in LED screens joined to one anoth-
er to reproduce screen walls on the lateral surfaces of the room, on the ceiling and on the floor.
The screens are supported by a pultruded GRP-Tubes substructure (Fig.2) that is pinned to the
building floors. A Finite Element Model of the substructure has been built, using frame and
shell elements to perform dynamic analyses.
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Fig. 2 Numerical model of the pultruded GRP-Tubes substructure

3.2 Wind tunnel setup

The floors’ accelerations obtained from wind tunnel tests on a 1:400 reduced scale aeroelastic
model of the tall building are used to evaluate the response of the substructure. Accelerations
were acquired on an aeroelastic model with a sampling frequency equal to 1000 Hz for a time
length equal to 180 s. At the prototype scale it corresponds to a time step equal to 0.05 s and a
time length equal to 9000 s (i.e. 15 intervals 10 minutes long). Figure 3 shows a picture of the
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test model during experiments. The model was equipped with 6 mono-directional accelerome-
ters fixed on 6 floors. The main frequency of the aeroelastic model was equal to 5.86 Hz and
the structural damping ratio was around 2%. The wind velocity profile was assumed equal to
the Terrain IV given by [16].

)
Figure 3: Test model during experiments.

Figure 4 shows the relative peak displacements at the corner of the substructure illustrated in
Fig.2. Results illustrated in Fig.4 suggest that after the 30th floor and for a wind speed bigger
than 40 m/s at the building top, the substructure’s displacements and accelerations are not
compatible with the proper functioning of the video screens. Indeed, to avoid damage to video
wall components, the relative displacements should be contained within a few millimeters.
Therefore, it can be suitable equipping the substructure with devices able to reduce the video
room response, to avoid damage and ensure proper operating conditions.
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Figure 4: Relative (J) peak displacements as a function of wind velocity (U) and height above ground (z/H) at
corner of the substructure.
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3.3 The base isolation system

To reduce the wind-induced vibration response, a passive control system is designed, consist-
ing in a base isolated floor which disconnects the substructure from the building. The behav-
ior of the base isolation devices has been modeled by a bilinear force-displacement hysteretic
model, with K being the stiffness associated to the second branch. The model consists of a
spring and a slider and it is similar to devices used for the protection of industrial equipment
[17]. The period of the system is defined as T=2m(M/Ks)"> where M is the structure’s mass
and K represents the spring’s stiffness.

Figure 5 shows the results of the parametric analysis on the variation of the device’s period T’
and the friction coefficient p for the case z/H=1 and U = 111.8 m/s, in terms of relative dis-
placements o (Fig. 5). The period T varies with the change of Ks, whose interval of investiga-
tion ranges from 0.18 to 2793 kN/m. Three different values of the friction coefficients p = 0.1,
p =0.3, p = 0.5 are considered. From the figure it is possible to observe that the relative dis-
placements (J) are closely reduced with respect to those obtained without the isolation system.
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Figure 5: Corner’s relative displacements ¢ as a function of the period 7 of the base isolation device.
3.4 The damage limit states

The main objective of the present paper is the evaluation of the probability-based performance
of a video wall room integrated in a high-rise building by accounting for the occurrence of
damages associated to the video components with and without a base isolation system. Hence,
four different DS are considered (Table 1): the lateral deformation of a video component; the
hammer effect on the corner; acceleration-dependent damages on mechanical components; the
achievement of the maximum allowable stroke of the base isolation system.

The isolator has the capacity of providing the restoring force (given by the spring) and the ca-
pacity of limiting the maximum displacements (given by the friction force originated at the
slider). Consequently, a force is transmitted to the structure equal to the combination of the
friction force, due to the friction of the slider, and the reaction force of the spring as a function
of the stiffness of the spring.
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Table 1 Damage limit states and thresholds considered for the design of the video wall room.

Type of damage (DS) Classification EDP
DSI: Lateral deformation of a video component Non-structural A
DS2: Hammer effect on the corner Non-structural 5
DS3: acceleration-dependent damages on me- Non-structural a
chanical components
DS4: achievement of the maximum allowable Structural AL

stroke of the base isolation system

In Table 1, A and a represent the absolute displacement and acceleration of the video’s sup-
porting structure, & is relative displacement of two orthogonal faces of the supporting struc-
tures, AL refers to the base isolation system’s stroke.

4 EVALUATION OF DAMAGE PROBABILITY

The calculation of Pr (g. DS) defined in Eq. 1 can be summarized according to the following
steps:

1. Select the damage state DS and evaluate the corresponding fragility curve P(DS|EDP)
by means of a lognormal distribution. The selected values of p and
o are reported in Table 2.

2. Evaluate the PDF of mean wind speed annual maxima f(IM|Z/H) at the reference
height Z/H according to [18] for suburban terrain, which is compatible with the mean
wind profile of the wind tunnel tests.

3. Evaluate the maximum structural response component EDP for each realization of the
experimentally recorded acceleration, i.e., 15 values.

4. Assess the PDF of EDP by means of a GEV distribution that gives the best fitting of
the experimental values.

5. Repeat steps 4-5 for all possible IM values to find P, by sampling.

Table 2 Fragility curves: mean values and standard deviations [14].

Parameters A o a AL
n 0.01 m 0.002 m 05¢g 0.1m
a 0.5 0.5 0.6 0.5

S NUMERICAL RESULTS

Figure 6 shows the annual damage probabilities P¢ of DS1, DS2, DS3 and DS4, as a function
of the height above ground z/H for video wall room integrated in a high-rise building by ac-
counting for the occurrence of damages associated to the video components with and without
a base isolation system. Reductions of more than 50% are noticeable at the top floor for DSI,
DS2 and DS3. It is worth noticing that higher values associated to z/H=0.83 are due to rele-
vant peak accelerations recorded during the wind tunnel tests. For this reason, the damage
probability associated to DS4, which represent the exceeding of the maximum stroke of the
base isolations system, is significant only for z/H=0.83.
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Fig. 6 Annual damage probability as a function of the floor height z/H varying between 0 and 1 with (Con) and

without (Unc) the base isolation system: a) DS1); b) DS4; ¢) DS2; d) DS3.

6 CONCLUSIONS

The paper investigates the behavior of a base isolation system calibrated to increase the relia-
bility of non-structural elements affected by wind induced acceleration at building’s floors. A
probabilistic framework for fragility assessment has been developed whose main features are:

numerical simulations are carried out on a FE model of the video room by using the
floors’ accelerations measured during aeroelastic wind tunnel tests on a scaled model
of the high-rise building .;

uncertainties associated with the experimental assessment of the wind-induced accel-
erations and with the structural modeling and the damage estimation are considered;.
the parameters of the base isolation system with hysteretic non-linear behavior are cal-
ibrated as a function of location along the building height to avoid the excessive lateral
deformation of the video components, the hammer effect at the corner, the accelera-
tion-related damage and the exceedance of displacement limits of the isolation devic-
es;

the isolation system performance was discussed through a fragility analysis to com-
pute the probability of exceeding predetermined displacements and acceleration
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thresholds with and without the control system. It was observed that on the building
top the reliability was increased of more than 50%.
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