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AEROELASTIC INSTABILITIES ON THE HEIGHT RISE BUILDINGS

O. Hubova”

Abstract: The wind action on structures may be represented by peak velocity pressures, in conditions of
strong wind, or by the basic stochastic descriptors of the velocity fluctuation, i.e. turbulence intensity,
power spectral density and correlation between velocities at different points of the structures and
probability distribution. The energy of turbulent fluctuations is distributed over a range of frequencies
and the turbulence intensity is changing with height and terrain category. The resonance response due to
gust wind takes into account also motion of the structures itself. Application examples will be given for
the multi storey concrete and steel buildings.
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1. Introduction

Wind load is the fundamental type of action especially on slender structures. The mean part of the
wind pressure — static type is associated with mean wind speed. The fluctuating part is weakly
stationary random process with respect time t and homogeneous random process with z. The wind
action is represented as random field in time and place. It is assumed linear elastic behavior of
structures, the response can be obtained by superposition of the response due to mean wind and than
due to fluctuating part v(z,t). The intensity of turbulence is defined as the variance of fluctuating part
to the mean wind velocity and depends on height z and orography factor and roughness length, it
should be between 5 - 30 %. The energy of turbulence (gustiness) is distributed over a range of
frequencies. The effect of the wind on the structures as well as the response of the slender structures
depends on the size, shape and dynamic properties of the structures.

2. Wind forces

The wind velocity and the velocity pressure and force are composed of a mean and a
fluctuating component. The aerodynamic wind force for the area A at height 7 is:

F(2) =y  plU, (D) +u(z ) -AchBp-vmuf +p-vm<z>-v<z,t>} A (1)

The fluctuating part of wind pressure C, - p -V, (Z)-V(Z,t) is distributed non-simultaneously on the
on building; therefore we can use for autocorrelation function expression (2).
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Wind distribution over frequencies can be expressed by the power spectral density function of along
wind turbulence. For the natural wind at height z =10 m over the ground we can use according (Pirner
et al, 2003) expression (3) or by (Davenport, 1962) expression (4):

1v:,  (isoonsv )
3

m,10

n 'l1+(1800n/vm‘m )QJM

S,(n)= 3)

* assoc. prof. Ing. Olga Hubova, PhD.: Slovak University of Technology, Department of Structural Mechanics, Radlinského
11; 813 68, Bratislava; SK, e-mail: olga.hubova@stuba.sk

219



v (i200n/v
S,(n)=4K 2.

n i+ (120007 F["

“)

Where K is terrain roughness factor(open country K = 0.005; city K= 0.025) and vV is the reference
wind velocity at height 10 m. The similar distribution over frequencies (see EN 1991-1-4, 2005) is

expressed by the non-dimensional power spectral density functionS, (z,n):

n-S,(z,n)
2

SL(Z,n)= (5)

The along wind spectral density for horizontal excitation for symmetrical geometrical shape and
stiffness or mass distribution:

Sy,direction(naz)= i|Hi(z’n)| '”¢i,y(zl )'¢i,y(zz )'Splpz(nizl 12y )'dAldAz (6)

where |H (z,n )| frequency characteristic of the structure according to harmonic impulse
Dir(z -z, )-e'*™ at the point k
S plp2 (n,z,,z,) is the power spectral density of the wind pressure at different points.

¢i’y (Z) is the natural frequency of along wind vibration of the mode “i”

According to experimental measurements is possible to express relationship between spectral density
of wind pressure and power spectral density of wind velocity.

sp<n>:4[‘v‘m—’“’j 5,(n) %)
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Using aerodynamic admittance coefficient we can obtain for horizontal excitation at the top of
structure expression:

4-qn(z=h)
vi(z=nh)
The coefficient of aerodynamic admittance y*depends on roughness and dimensions of building.
The standard deviation of the horizontal displacement for the symmetrical structures:

Sy,direction(n):|H(nl2 Sv(n)'AZZ2 (8)
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where H(n)= (10)

M, -(nfy -n®+2i-n, -n)47z2
3. Numerical Analysis

3.1. Response of height steel building

steel building, system of 36 steel columns and cross-beams

forming a space frame with stiff joints on rectangular plan

35 x 35 m (see Fig. 1) in terrain category III. The equivalent mass 35m
per unit m(z) = 245.10° kg/m. l

We can find the maximal dynamic displacement for the 150 m tall [

Equivalent vibrating mass:
150 2

Mlzj(ﬁj .m(z)dz =1.225-10" kg, «— 35m —
0

C= ®’M,=3.79-10'Nm"', A=150x35=5250 m’
The fundamental flexural frequencies n=n; = 0.28 Hz. Mean velocity at the top of building:

Fig. 1: Rectangular plan.
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Mean wind pressure:

qm(z)zg-p-cD v, (2) -b=;1.25-1.5-35 v, (z)" =32.81-v,(z)

The logarithmic decrement of structural damping for steel building (EN 1991-1-4, 2005):
6,=27-£=0.05
For fundamental flexural mode ¢,(z)=(z/h)* and n = n,, we can obtain standard deviation of the
horizontal displacement for the symmetrical structures: according to (9) and (10):
2 2
ot AL s, - T a

Aerodynamic admittance functions for the 1* flexural mode: »°=0.0516

The power spectral density function forn=n, is: S,(n)=135.33

Response according to random vibration approach:
According to (11) we can obtain standard deviation of the horizontal displacement for the symmetrical
structures:

o =4.712.10° &

y direction

y direction 0.0686 m

For the maximal non harmonic horizontal displacement due to mean and fluctuating part of wind we
can write:
y..(2=150)=y (z=150)+ o = 0.077675 + 0.0686 = 0.1463 m

Deflection due to mean wind velocity for slender steel building is:

Jo.(2)- (2 e of [0119[ . J '[J]¢ (2k

Z)=
Y (2) 4rz°n}, - M, 4z°n, M,

Conventional mixing model due to EN 1991-14, (Hubova et al., 2000) and (Hubova, 2007) with detail
method of structural factor:

The drag wind force F, in wind direction is defined by:

y direction

¢,(z) =0.07765 m

Fw:Cst'Cf 'qp(ze)‘Aref (12)
1+2-k_ -1,(z.)-4/B*+R’
C.Cy = : (13)
1+7-1,(z,)
qp(z)z[1+7Iv(z)]-1/2-p-vé(z)is peak velocity pressure (14)
The resonance response factor:
2
/4
R2:2.§.SL(Ze’nl,x)'Rh(77h)’Rb(nb) (15)
The aerodynamic admittance functions for fundamental mode:
1 1 ; 46-h
Rh(ﬂh)=—— 2(1_e2’]n) = 'fL(Ze'nl,y)
nh 277h L( Ze)
1 1 46-b (16)
Ry(7,)=—~ (1-e7™) My =— 'fL(Ze’nl,y)

77b 277; - L( Ze )
Response according to the (EN 1991-1-4, 2005) is obtained from Eq. (12) — (16):
Y, (2=150)= 0.1624 m

3.2. Response of height concrete building

We can find the maximal dynamic displacement for the concrete building (see Hubova, 2010) in
terrain category Il using equations (4) and (6) - (11).
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76,42 2
M, = j (j -%dz=1.2056-107kg,C= w*M, =2.2-10°, A=3530.6 m’

Vo(z=h)=3341m/s, v _=28m/s, n=n;,=068Hz, ny,=3.311Hz
&, =0.01, 6, =27-£=0.0628 is logarithmic decrement of structural damping

q,(z)= ;1.25-1.5-46.2-vm (z)? =43.31-v,(z)*, »*=0.0151

s mo! v, (180on/v_ f 0060
' 3N l1+(1800n/vm )ZJM '
o =3.55.10"°

y direction

Horizontal response due to mean wind load and contribution of the fluctuating component is:
Yoax (2=76.42)=y,, + y; = 0.01005 + 0.013685 = 0.0237 m.

Maximal deflections for concrete building with rectangular plan and with regular distribution of mass
473 279 kg/m according to the EN 1991-1-4 is:

Yimax (2 =76.42) = 0.048 m.

4, Conclusions

Displacements on the top of buildings according two different calculations give us different values.
The simplified method according to EN is conservative and based on peak pressures. The separation of
turbulence intensity can get better understand of the wind effect on structures. The random vibration
procedure presents full dynamical evaluation of response of sensitive height rise structures and it is
significant for engineer. Results and conclusion in this height buildings show that is necessary to take
into account stochastic and resonance effect of turbulence intensity. Fluctuating part of wind load can
be obtained using random process simulation with different power spectral density function.
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