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V—==Velocity of «i..d in ".P.7. of =air hittin- plate,
Vl--ﬁanOﬂeter readin-.

Vt--Avera?e TJelocity for entire Tunnel.

Pewe-Prossure of +iud in ~ounds per sjyuare inch,
Py--Cra.s oa balance.,

Pee=Clensity of Yediunm.,

K==Chnst:unt.

Wee=Tel -2t of Air hittin~ DPlate.

w—--="el ht of 2ir ia pouan’s per sjuar= foot.
H==-Pressure he=ad,

a---Cross-secticn ar-a of air stream,
Yewat'age of alr at vrei nt w,
ge==Accelerution due tn “ravity.

Feae-Force exerted by air on Plate.

C~=-V=2locity coefficient for plzte.



Becaus~ the modern tall buildin> frzme constitutes
one of the most indeterminate structures in common use,
in recard to wini strerses, it is o" utmost im»oortance to
determine a proper unitor=w wind pressure and its distrib-
ution over the surfzmce exonsed. Thecse facts are not ren-
erally_reco~nized beczuse the verv toll buildinz in which
wind stresseg nre of rajor lmoortance is of compmratively
recent ori-in, #nd tecau-e the maximum torces (~ind storus)
tor which they mus* te cesi aned are or rore occurrence,
and therefore, the structu-e in~degquately desi-nel for wind
may serve for many years withs ut +ivin- any incdic=tion of
veakness,

There i3 a present d-v aritation favorin- the increas-
in. o! the allowable wohrkin- stresses used in the desi=
of structural stecl, This iz bsse? on the assuzotion that
the actual stress~s which will exist in the structure can
be cnlculated within reasonable lirnits, ~ue~ to the frct
that ste-1l structurrs, such ns t-»11 build'n-s, are &5 in-
determinate 28 far as stresses vroduced v wind =re con-
cerned, that the win: wind volocities =nd resultin~ »nress-
ures gro only ﬂQDIOXlﬂ?tiOﬂg. A3z the heil-ht of tlean
structures iicre~s-s, theze stresses become of ~ajor im-
portance, "un  the deterniuntion of the nrover uniform wind
nressure is i~ner-tive.

The wind vrlocitlies oublished ©y *the ‘nited otat-s

VYeather Tureau are indic-ted velocitiez on th» standard
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four-cup anenometer, anu the tnree-cup ane-ozeter, The
tour-cup ane-oneter has an indic=ted velocity which 1is
about 20 per cent hirh, ‘iowever, th.e three-cu> anerometer
which has been used recently —ives very accurate reacdinTs.
Fecause durin:r tornadors and hurricanes the lustru-
ments th~t sre set to me sure the vrlocities are cecstroved
by the storrs that they are to wensure, it is not known
what thie exact velocitier the wind =ay a*tain. The fol-
lowin~ is t=ken from the Yonthly eather Review, January
1883:
"Swanlt of "t. “sshin~ton, ¥.,H., Jan. 3, 1803,
The wind incre-sed to a violrnt hurricane, bresking
oftf the anervometer a* the Jdial, At the tire the in-
strument wns Lroken, 2 velocity of 152 mi. per uour
was revist=ored. It woc i203sitvle t- redlace the
anesometer duria the violence of “h~ storm., In order
to messure tue rain fall, the ouserv~r w8 compelled
to crawl t> the rain guare, it bein- impos-iile to
stuand b for~ the torce of t-e wind. The storn con-

tinued durin- the 4th "

Trom the Rulletin of t%e American Yeteorolorical

Society, Drceuber, 1225, th» followin~ is taken:

"On ¥ebruary 22, 1276, the mean hourly v~loclty
lat the swamit of ¥t, "ashin~tan) "»r 24 hours was
111 miles »ner hour, ~nd in Jaaunary, 1378, the extra-

ordinarv velocity of 183 miles per hour occurred."
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Durin- the Yismi hurricsne nn satistactory recor's
were secured -ue to th~ f ot thet tho pounaratus of the
Yeather Burenu was locsted on a low buillin- =urrounded
by tall buildin. s, Tie observer estivsted the veloclity
to h-ve beea vetween 110 zad 122 +iles per hour, An 2nem-—
oreter at Allis:n Fos»it-1, on “is. i ®~rch, onlr = {rvy
miles awgy was blown cown with t' o maximum velocity re-
corded as 1228 tiles per hour,

Sone of the hi+h wind velocities on record are as

fo>1llows:

120 *.P.H. net. 18, 1913, Pensacola, Tla.
130 w » » Sent. 8, 1200, “alveston, Tex.

(Aneroneter was »lown down),
120 w » » Aur, 7, 1292, S5sn Jusn, P.R.
115 # » » nct. 18, 17213, ‘ohile, Ala.
125 0 a o Auz. 20, 1204, S%. T2ul, inmn,
gg n w o Feb, 23, 1713, Yew York

D
()]
2z
a
2

bee. 23, 19229, Puffalo, M.V,
uany other velocitien exceeiin~ G0 ~iles per hour
have cteen recorded in differ=ut p=artz of the Tnit=28 St=tes.
These are the trus velocities as tie indicate  velocities
would aspesr to be 130 to 120 =niles per hour. At tires
the extrere velccities un t> 1527 miles per hour iirht oc-
cesi-nslly occur.
Wind pressures on larre surfaces iz usually less per
unit area thna oa small surtfaces. T:is is due to the

rusty nature ol the wind =2ni also to the frct thet tle wind

acts as a shatt or stre=>~ of sir in m-rtio1 rather thsn as
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the nodly as a ®*h le rovinr 511 n-rte ity the s=ve velocity.
¥r, R, Flerinr state: in *%ianl Tor~ulas ~.:% Their Fxperi-

mental Bssis" ¢

"on the Torth “ridee {ro orossure hoaris we-te set
up, oane 3 ft, lon: =ad 15 ft, hi-h, aat 5 ft, from
it a circular plate 1} s3, ft. in area. The »aximum
pressure reristered on the s all plate "urin-: the ye:rs
1384 to 1880 w>s 41 1lus, per s3. ft, The 1l=rrTe board
shihrred at th= egave tire & pnressure of 27 1lbs., per sq.
ft. The readin~s for the lorre Loard never exceeded
g1 per ceat of those recorded on the srz2ll plate at the

g8x.ue time, #nd ~enerally were 52 t~ 70 per cent. "

The sa "~ thin» was notced vy v r. Julius RPaires in the S%.
Louis torn~an of ¥ay 23, 1273, art ol the esporoach of the
Fads Rridre was dare-ed “urin- the sior~, =nd ¥r, Falrer c=1=-
culated from the r~vent of st-bility, the overturnin~ force
exertes by the wina, alsoy f>r a trick chirney =2nd a ~rain
elevator which was 1135 fe=t ni~h, 207 200 [eet lon~. In

his conclusions he st-tes the followin-~:

"It ~~rve evidrace thet =ind sressure existed st
le=3t equivaleat t» or wrester then 22 1los,, 50 1lbs,
and 25 to €0 lobs, per sg. ft,, over c nsicerable
areas. TW“hatever the actusl distrioution may have

been, the etfects were those -t such pressares uni-



formlvy distributed over the arers of the respective
structures. The:e pressures were mzeisured by th-ir
r~sulis in exactlv the sz e manner in rvhich they are
ordinarily assumed to act, with the consejuent elim-
ination of all uncertainties usually involved in
readin s of pressufe runTes or deductisns from an-
enonoter records, ani the are to th-t extent posi-

tive aunc definite.®

Fron this evidence 1t woul® 7~ safe to ~ive sore re-
duction tn the unifor  pressure naz th~ area exnnzed iucre-
ases, A copy o~ the curva ia which U¥r. Paire plots the c¢col-
culanted pressures avainst thelir resnective are~s is ziven
with this discussion. (Fi-ure II),

According to the Ye<tonic Theory, V v-ries as P, or
P vories &s dv3, a8 statedl in “ir Isaac “ewton's -r-at
mact~arpiece, "Philosophia 'aturalis Principia "athe:ntica®,
the revised edition, Pook II, Section VIII, Prop. XLVIII,
"The velocitles of pulses proparsted in an elastic fluid sre
in a8 ration ¢n ounde: of the subdunlicrte ratlo ot tre
ela-tic “orce directly, =2ni the subiuplicate ratio of the
density inverczely, suppoasin- the elastic force o" the
fluid to ©~= proportionanl to its con*ensﬁtion:/ 5r in other
words:

2
V variss =as p y OT P varies as dv~,

Density o alr is o0 ne~r a constant t'nt it mav be



considered such for sll practical purvoses, “eonce, w: have
the e3zaation:

P - KU°
The -ost Cifticult prrt of uzin *this ejnation for practical
calculatisns lies in detrrminin~ the cons'lnrnt (¥). Nerivins
theoreticallvy from the Mewtonic Treory, we have as frllows:

Tar Alr a2t 22 derrees T, and brro-etric nressurve of

730 rmn.
® - .0807 lbs,/ cu. ft.
P = %h
2
h = ¥V
2z
P - #V° - ,0807 - V3 = .00120v> (V 1o ia ft./sec.)
- 2z - 2.8 -

ChaugiuQ (V) to mil:s per hour fron ft. per ecc.:

P - .0n27v3

Thus ¥~ h=ve as 2 constznt, .2°37. fowev-r, thi i3
purely theoreticzl and is b-sed nn the assum>tio. that air

is actin~ as a 1lijuid,

From the "Desi~n ani Construction of “etnllic Rrid~es®
by Purr ani Falk:

i)

-i*

= %5, o ~1r hi*tin tarvet

w = @t. in los,/cu, ft,

7 = "elocity in ft,/3ec.

a = Aroa ol! Crosssecllison of wind stream

Then, W = wa¥V



g = Acceleration <u2 t~ sraviby

Thea F = YMv = "v = wav3
> =

Let a = 1 s3. ft,

w .0807

Replace v by V (miles par hour), we h-ve:
F - .0054 V°

This is known =3 Tankine's forwula. This has for its
cnstant ,0054 which 1s ezactly doulles that of the theor-
etical constant of the lewtonic Theory and it is readily
seen wiy there 1z &» much coantroversey over the correct
value for this const nt. Twe reasnn for this double value
is that a cushion is farved in front of the plate and a
suction ia boel of the plate. T-=2 firs* formula does not
take thiz into consideration.

Smeaton hmrs exoerimentel =~ ~reat deml on wind tests
and cives as his forrula P = 1/290 V3. This const-nt
is very near the Newtonic coast-nt. Towever, anve of the
most coareful experiments in rec~at years ~-ive c-:nstante
varyinT tro: 0033 to .004 with wanyv vslues ol fro=w ,0017
to .007. Tiis tre.eadous rane is due to perhr .3 different
conditions an’ Instruments of veryin- asccuracy. “he U, S,
Yezther Fureau takxes int» coansideratisn the effect ot baro-
metric pressure ani their forrmula is P = 004 R/2D Vg,
where B is the baroretric readian~T.

Alors with th= stu y ot vaorious formulae of previous

experim nters, a very car=tul l-toratory study w-s :ate of

wind pressures snd their corres»yondinr velocities., The



authHrr was very tortunate in h-vin~ accezes t2 n wind
tunnel axzd very acrour- 2 velncity fastran-nta, thanks to
the -enerosity of *r, T. A, Finnev of th= Civil En-in=-
eerin- departm-at of “ichiwan Tt=te Colle~e, #h~ is the
owner of the apv-Tstus,

A TOod wzs suspended fro: &3 pivots on ton of thre
wind tunnel, by thin metal stre2Ha, Tu t"ia wav the rod
»as alwavs in a horizontal »Hosition as sho»n on Plat I.
L.asonite plates —ere :.ade of aifferent kn~u sreas and
were mede 80 thzt they were interchanreable on tn-~ rod,
end alwnvs in a plane pernendicular ts the rod., ' nce,
they vere in a vertical position,

The forward strap had =sn ar. exten>ion ¥ ic trans-
ferreud th~ force tn the left-hand p=n of bal-nce scales,
These lever ar+s were so construct~d thiat tha force on the
plate was transferred t> the scsles so tuat the rrams on
the scales were egual to the total wind pressur=s on the
plate. A free body diarra- of the forces =ni »o ent narrs
are shown on Plato II,

By =cans of ratia curves, the t-tal orce on the
plate (in ~rr=g) is converted to 1lts,/sq. inch, and the
avera:e tunnel velocity, (reazurad in unit-: on the manom-
eter) t~ the avera-e velocity on the plate b -~ultiplyin~
oy the consisnt (C). This in turs is cohen-23 t~ riles per
hour by =r=ns of =nother ratian-s curve,

The .auozeter .'ives tune svera e velocity of the entire
tunnel, but the plate 1s suspended at the center of the

tunnel znd the velocity zt the ernter is much hi-her then
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tho averz—~e tunnel velncity. To deter-ine the exzct re-
laticonshi»s betreen the averscwe velocity of the tunnel and
the averare velocity of the air strikin- the plate, three
test r.ns were wnde over th- surfrce of t%~ vlate, each at
a different tuanel veloncity., The first t=3t was wade with
2 tuncel velocity of 7.5 W.P.4. ~iviu =n avera~e of 12.€5
¥, P.H., for tue =2ir strikinr the nlate, Tividin- the plate
velocity vy *the =vyerz - e tunnel vrlocitvy ~ives the velocity
coefflicient {nor tre nlote, This coefficient Cerived from
all tests was found to te practicslly a constant, the av-
eraze bein- (1,4003) or procticslly (1.4). (<ee Tatle T)
Yultinlyinr the svera e tunnel velocity by this coefficient
cives the correct avera 2 veloclity cver the entire ~late
which also is egqual to the unifor: wiid load on this sur-
face.

Tests werc made on a plrte six inches sjuzre or one
gquarter of 2 square foct. The velocity =ni corres—-ondin-~
pressure were me~sured gud rocorded with variations e~
tveen 7 m.p.h, and 22 w.p.h. This -ives an averave con-
stant Yor the formula P :.KVZ, of .003714., The averaze
constant (K) for the first tost wag ,00338 ant for the
second test, .003625, The conntents for 21l trisls were
tetween .00Z3 end .004, m03%t of ther bein- verv close to
.00386.

Curv~s vere nlotted with the velocity in ¥, P.H, as

he atscissa anl th~ pres-ure in 1lbs,/sq. ft. ac the ord=-
inate, These curve. mswe ver- clearly curves of the second

power, ~rreein— with the ejquation P = FKV~
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TARILAT®D TATE 707 77 Y 7w pOToIT 07 ATTARE

HITD TTIACITY

TARLT 1
Avers—e Tunnel Averaze Tunnel Averare Tunnel
Velocity = 7.8 Vi = 10 mph, Vy = 11.1 mph,
Trizl Dist. i’an. X.P.H. Yin. LD, Yo, ¥,P.H.
Lown Rdz, Hd. ar,
Cn
Plate
1, o 03 6.4 .C4 9.0 .45 9.5
3. 1w .03 7.8 .05 10.0 .0 11.1
3. 3" .04 9.0 .03 11.1 .08 13.8
4, 3 .05 10.0 .C8 12.8 .12 15.7
5. 4+ .09 13.6 .13 13.5 .16 18.23
8. 5 .10 14.3 .15 18.2 .19 19.7
7. e .13 15,7 .20 22.2 .24 22.3
Velocity Totals 73.7 07.8 102.2
Cividin- oy 7: 10.95 ‘13,08 15,59
* " Av. Vi 1,403 1.298 1.401

This rives a constzat with aa avers e ot 1,1003, o~ prac-
tically € = 1.4.

To fiut tve avara~e velaclty on the ﬁlate;'th: avera e

N

tunnel velceity (Vt) rust te raltislie? ty tuis constant (C).
Th> re:son for this chna e i1 veloecities 1+ dur to 12 (ri-
ction alon the 3id=23 of the tuanel and z2lay to the foct
that the tunnel is <o coastructe? that th= laertis of the

2ir tends tHy throw tho path of hi-khest volocity nerr the

Batton of the tunnel,
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TARTLATED TATA

TARLY II
No., Py P 7 vy v v* X
Trial Granig,  “/sq.® oo, VLRIV, x 0 P
on Rir, o Vv
Tal,
1, 23 .35 .02 3.1 8.28 23.2 .2033
2. 5t A7 23 7.8 10,922 112.0 003023
3 83 .78 03 19.0 14.0 1238.0 .20228
4, Sl .80 .08 11.1 15.55 243.0 20333
o. 138 1.10 .08 13.8 17.92 321.0 02353
5. 133 1.17 .08 12.8 17.¢2 371.0 00375
7. 144 1.35 12 14,3 20.03 402.0 .00315
8. 125 1.51 .13 15,7 23,256 483.0 003332
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Tuere nas veca & r-ch cotroversas sver the etffect of
the slowe of 20 inclired surf-ce ~n the eii~ {hrast of the
vind 1lraz, =1ltourh ~any eiperi*ﬂnts h:ve te»a 2in alonz
those lines, "hile the ores:zure on verti el surfaces is
taven nor:21l t~ the exnosed surface = < the intensity is
ejqual t- the assu-el winl nres-cure, f-r noun-vertlicnl surfaces
the pressure ls nlsy conasidered to be nor.zcl to the surface
tut 5f a aae: lox-r intenzity, thot is, for zi-lec un to 39
de rees, Trom sixty de-rees to tie vertical mositison, the
inteusity iz cousidere? to be ejus!l t» Lo ossumed wind
pres-ur=,

Cu= of the first azcur-*~ teste ani ectuides was nade
on this rullcct 1n 1823 vy Tirerus Tavallo ¥.71,3, in his
Yook catitle? #The “lewcont: of “=tural or "xpsri«rnts 1l Phil-
y*, 2h. in the ebanter "CE tir ia Yotion ~r Cf The
Gind", he writcs:

"The Torces o = [1luid wediur ou & nl-ne cuttin~-
tha direction of its motion ~iih ~iffe e:t i:cline
atinas vrries euczesacively zs £hn gqu-r-s 7 the gines

o! these i.iclinations.®

This sau2 law 1g terived "v “ooftfordi in 412 *Theory
of S4rnctures®, ia th-~ £311swi~ - waunars
"let the mint e agaured as -l -winr harizsatnlly
a zinst t.e surfce (ab) o* h~i-ht (be) aud ~“=vin- an
a17le (1) ~ith th~ Yorizontal, L ¢ 4-> lon-t: be one

frot, narneadicnlar t- t»> ~Ian~ 07 "h~ aoner,  (See
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Let P = inteacity oer gau v~ o0t of toe hrizon-
tal wiww I'»ree oa o verticnl ~urfrce,
Pn= lutasity per siuars io09% of a»rre 21 wiad
force acti~+ on surface (ab).
Pt = iat-nsity per squar- foot of th~ tmnrential
force actin o1 surfrce (ab).
The total horizoaitszl pressar~ o surface ‘ab) then
ezasls Ph.
e nor 21 e2+ 2 .~ct ol this .r-zsure — Pn sin i

™

T2 Intasity of e nor ool oeonoonent

In
‘7

T

rat v - h
- e—eepe
S1ia 1

Thereforsa;
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