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WIND AND ITS EFFECTS ON HIGH-RISE BUILDINGS
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This paper examines the relation between highdisiédings and wind, how wind flows, the action and
interaction of the wind with structures, and thesidae factor which is considered a critical factar the con-
struction of skyscrapers.

Introduction. In the course "Building Physics", some engineepots of view are taken into consid-
eration such as the temperature, acoustics, hymidintilation and light, and the way they act upla build-
ing. Yet, air resistance isn't concerned that mwshwell as the way air acts upon high rise bugdirfFor in-
stance, we notice that some unmentioned domaitteinegion of building physics can relate to thieigg rise
buildings, and they are studied under the nameBRfilding Aerodynamics" .When we talk about builgiaero-
dynamics, we take into consideration the wind fgdtoe way it acts on buildings, the way enginessise prob-
lems concerning wind affecting skyscrapers, andvitima loads. In the field of wind, we relate todedl loads
leading to dynamic responses (resonance, accelerathimping, oscillations) which are very severg danger-
ous for people. Engineering is here for us to stiese problems.

Task formulation. The study of wind's interaction with high-rise loliigs.

Basics of turbulent flow.

Wind is the flow of air characterized by its congplied dynamic displacement, and is studied inigié f
of "Fluid Mechanics". Flows of air can be laminartorbulent. Laminar flow is a flow regime charatzed by
high momentum diffusion and low momentum convectiwhereas the turbulent flow is a regime charaoteri
by chaotic changes in pressure and flow velocitgtebmining if a flow is laminar or turbulent depsnoh the
viscous and inertial forces of the flow. The raifdnertial to viscous forces is Reynolds numbee)(RBuilding-
Architectural aerodynamics is mostly related to tilmbulent flow, where the velocity component arleo fac-
tors (density, pressure, temperature) fluctuathiiee dimensions, are time-dependent and rotatiaath sets
a very hard task even on developed methods fompatdlow to calculate these fluctuations. The evivector
0, at some stationary point in the flow may be rdgdras the sum of mean wind vecibr static component

and turbulent fluctuation vectar’ — dynamic component (fig. 1) [1].
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Fig. 1. Mean wind vectoD and turbulent fluctuatiow’ as a function of time t

The differential equations of mass, momentum aratgnbalance express fundamental physical laws for
laminar and turbulent flows, since the mathematicatiels can't separately calculate the turbulent.flFor us
to calculate these flows, we use "time-averagedSions of these differential equations that are edfective in
averaging out some fluctuation contributions. Befoonsidering how the differential equations shdédime-
averaged, it is helpful to establish several rufgsst of all, we define a time-averaged quantift) as the
average of the instantaneous quantity: a+ & over a time period T, where T is much longer tteany
turbulence time scale, but much shorter than the-8cale for mean flow unsteadiness, e.g. wavéution [2].

The period T has to be sufficiently long so tht tluctuations in the equation are averaged to zer
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Fig. 2. Time-averaged velocity vectors as a fumctbtime

Mentioning skyscrapers, different phenomena gise im the dynamic response of structures on thd,win
such as buffeting, fluttering, galloping, and vaertdhedding. Engineers only take vortex shedding éoinsidera-
tion, since it has a big effect in the oscillatiointhe building. Wind comprises eddies of differsites, where
large eddies decompose into smaller ones by logiay mechanical energy. These eddies give the \tsd
gusty and turbulent character. We also set to edhat after air's collision with the surface dbailding, air
converts its kinetic energy into potential. Thisiedoss of energy is what is noticed in the phegoom "Vortex
shedding". Getting into more details, the eddiesited by vortex shedding are related to the bulglisurround-
ing. For instance, if we have a building surrountgdther structures, we notice that the air tuzhoé differs
from that which isn’t surrounded by anything. Thisclarified according to the gradient wind's adt@n with
the variation of height from the surface to the emppoposphere. There are several reasons to axpiai ten-
dency. First, especially in the middle latitudds pressure gradient increases with height. A seceason for
the variation of wind gradient with height, espélgiaear the ground, is due to surface frictionthixd reason is
due to air density which in turn decreases witlghej3].

Wind loads and their effects on high-rise buildingsWind exerts dynamic and static loads on a build-
ing, that lead to major types of deformation inbear, bending, twisting and deflection (curvatuBgpending
on the shape of the building, different loads \Wilve different degrees of effect on the buildingti§ (dead)
wind load is the horizontal pressure that triepish the structure sideways, which creates elbsticling, de-
flection and twisting of the building , while dyn&n{live) wind load creates vertical fluctuatingées all over
the structure that creates motions, most commostyllations (thus dynamic). Taller, slender struetuare im-
pacted more significantly affected by dynamic wiodds. The taller the building, the stronger thedoas wind
is affected less by friction with the earth andrsunding topography, thus making wind load a greett@llenge
for high-rises.

Air's collision with a building's surface, changessmomentum, spawning the phenomenon of vortex
shedding which basically leads to large wind preséluctuations, tending to vibrate the buildinfglsade in the
rectilinear and torsional modes. Under the actiowind, tall buildings are simultaneously loadedhe along-
wind, cross-wind and torsional directions [4].

Along-wind causes windward and leeward pressum@sotetd by pressure and suction respectively. Wind
pressure is exerted uniformly on all the faceshef building, just as conventional pressure, witbegtion for
the wind-ward side which is affected differentlysbd on the height. These pressures are subjecbed"®hear-
ing wind forces" and "Bending moments" that tenghtdl the building on two countering directions oo par-
allel horizontal axis and curl the building at tends on two parallel horizontal axis at both emdpectively.

The torsional wind twists the building's axis ir ttirection of the torsional moments created. Tiosss
wind mainly created by vortex shedding, generateeszillatory motion derived by the resonance ef Iblild-
ing. Tall buildings are bluff (as opposed to stréaed) bodies that cause the flow to separate fiteensurface
of the structure, rather than follow the body caomtd-or a particular structure, the shed vorticaseha dominant
periodicity that is defined by the Strouhal numbéence, the structure is subjected to a periodispressure
loading, which results in an alternating crosswimite. If the natural frequency of the structuréncies with
the shedding frequency of the vortices, large aomyd displacement response may occur and thistes oé-
ferred to as the critical velocity effect. The asyetric pressure distribution, created by the vediaround the
cross section, results in an alternating transvieree as these vortices are shed. If the struésuitexible, oscil-
lation will occur transverse to the wind and theditions for resonance would exist if the vortexdtiing fre-
guency coincides with the natural frequency of dtrecture. This situation can give rise to verygéoscilla-
tions and possibly failure [5].
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Fig. 3. Action of lateral wind on the facade ofwltling

Design criteria. In terms of designing a structure for lateral wiodds, the following basic design criteria
need to be satisfied.

— Stability of the building against overturning (falling downiplift and/or sliding of the structure as a
whole.

— Strength of the structural components of the building isuieed to withstand imposed loading with-
out failure during the life of the building.

— Serviceability where overall deflectiois expected to remain within acceptable limits. tCarof cur-
vature and deflection is essential for high-risddings with the aim of limiting damage and craakiaf non-
structural members (ceiling, internal partitions, e An additional criterion that requires carefahsideration in
high-rises is control of sway acceleration and dampvhen subjected to wind loads. This criteriofdésed on
human tolerance to vibration discomfort in the ugpeels of the buildings.

Wind response is relatively sensitive to both mess stiffness, where response accelerations cae-be
duced by increasing either or both of these pararset

In the process of designing high-rise buildingsneccriteria should also be preserved by the stredtu
self.

— High-rise buildings should have a positive relasioip with relevant topographical features and other
high-rise buildings.

— The high-rise building must conserve, or not dan@ggetract from:

1. World heritage and local historical sites argrtsettings,

2. Registered ancient monuments, their settingsregistered buildings,

3. Conservation areas and their settings,

4. Other open spaces, including rivers, waterwtngs Straits, their settings and views from them,

5. Other important views, prospects and panoramas.

The architectural quality of the building includiitg scale, form, massing, proportion and silhadtic-
ing materials and relationship to other structuidse design of the top of a high-rise building lsoaimportant
when considering the effect on the skyline [6].
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