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Characteristics of natural wind - Pt. I . Mean flow
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An.~TH.A(rr. The ecrod ynemic Irlction offered by ve rious objects on tho ea.rth And the earth iteelf to the move.
ment of air cree tee winl. forces on etruoturee. Tbeee wind (otoM have become more and more critical duo to the
more "lender end unusual design of present day ~tM.lcturt'll. The available data. on mean wind speed measurement
in th e lower pnrt of the et mospbcr lc boundary layer. 48 mlev&llt to wind loedtng on st ructures, are analyaed critically
end correlated ana.lyt ically. It, is concl uded t,hl\t under certain ccndltione the variation of mean wind "peed with
heigh t in neutral stability can be, fla.t. i6factorily represented by 1\ simple fIOWl'r law. The index of the power law and
tho corresponding gradient.height must, however, be varied to take account of the roughness of the surface. Fu rthe r,
the total change in mean wind direct-ion over a few hundred foot ht,'ing a few degrees, may be neglected durin.':' COli

llidf'mtion8 of moet et ruotures, Finally 8u~gNtil)nH arc made fnr tho power lew exponee t , A'radif'nt hciR'ht and tho
eurfeoe dr'Slt coefficient for the four typical cstcgorieaof terrem. The stIggCllted vahll..'S an: confirmed by recent meeeure
menta of wind speed ma.de in verioue pnrt,. of the world.
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t. Introduction

Air, chemically speak ing, consists of a hetcro
genoous mixture of nitrogen and oxygen besides
small amoun ts of other ga.<;es and water va pour
and as such is har mless for civil engineering struo
tures, However, it is cont inually acted upon by
forces of gravita t ional nature, those genera ted by
heat of the sun by deflect ive forces due 10 earth's
rotation, and hy eent rifugal forces due 10 curva
ture of the wind pa th. The motion of air as a
resultant of the above forces is called wind and
possesses kinetic energy by ,virtue of.the velocity
and its mess. If an obstacle IS placed In the path
of th e wind 50 thai the moving ai r is stopped or
is deflected from its path , then all or part of the
kinetic energy of each filament of moving air is
transformed into the potential energy of pressure.
This results into two kind s of foces acting on
the structure , namely: steady wind pressure and
dynamic fluetuating pressure. Either or. both of
them may lead to failure of a structure.

F..arth'8 surface, over which th e wind blows,
acts as a source of resistance and the flow velocity
is reduced in the lower layers dropping to zero

. adjacent 10 Ihe 8ur fa.ce. T~s or....te~ v~ryingwind
velocity in the vertical direction similnr to that
of a boundary layer , attaining a constant velocity

at gradient height (about :JOOO ft nccordiug to
recent measurements], Besides the res istance
offered by earth's surface various structures
also offer resistance to the flow of wind . However,
these st ructures ""ry both in magnitude and in
height , thereby offering varying amount of
resistance. Because of th is '>I1d certa in other
facto rs air never flows with a perfootly smooth
and streamline motion, but alwa ys wirh flue
tuat ions which, when sudden and relatively
brief, are called gusts. The masses of ai r involved
in gu-'itiuess may simultaneously and in same area
cover a wid e range of sizes from very small to
very large. These fluctuations have vert ical
as well as horizontal components , It is these
aspects of natural wind and their rela tionship to
structures which are discussed in greater detail
below,

2. Randomness of natural wind

It is a matter of com mon experience tha t natural
wind is quite unlike t he a irflow ill a conv ent ional
wind tunnel because it is not steady. The na tural
windis usually tur bulent, consisting ofa succession
of gusts and lulls with associated fluctuations
in wind direction. These changes in speed and
direction are very irregular and are made up of
oscillations with periods ranging from a fraction
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