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ABSTRACT 

Wind patterns ov er a 1: 384 scale model of the Oak a n d-Alameda 

County Coliseum were o tained by wind-tunnel study of the proposed 

complex. Motion pictures of d i rection indicating flags and measu r ements 

of wind speed were made for three w ind di rections (WNW, W and WSW), 

for three tree plans a d for w o diffe r e . t upper-stand arrangements at a 

wi d speed of 30 fps . Pressur e d istributi:::ms around the outer wall of t he 

circular arena structur e we r e measured for wind speeds of 3 and 55 fps . 

Wind ~o dit i ons over the playing fiel d of the stadium are generally 

such that wind speeds are less than 60 percent of ambient air speed. 

Relatively high wi d speed s were directed along the windward side of 

the arena, across he bridge con ecting arena and stadium, and over 

the berm ::rom l e ft- field to r:ght of c enter field . 

11 



A K OWLEDGEMENTS 

Mr. H ossein Shokouh and Mr . Arpad Gorove provided extensive 

technical support i the la oratory phase of this work. Th e authors are 

grateful fo ::- their assistance. 

The ooperation a d assistance of Dr . W . A . P erkins during the labora-:­

tory study and i the i terpretation of the results were beneficial to the 

con duc of t is study. For his many contributions, the au thors exp ress 

their sincere hanks . 

iii 



TABLE OF C ONTENTS 

Page 

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii 

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii 

I. Introduct i n .. . . .. ... .. . . .... . ... . . .. . . .. . .. . . . iv 

II . Description of t he Wind-Tunnel Model Study . .. . . . 2 

A . The M odel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

B . The Wind Tunnel- Model Arrangement . . ... . . . 2 

C. Mod el Configurat ions . . . . . . . . . . . . . . . . . . . . . . . 3 

1. Wind Directions 3 

2 . T ree P lans . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

3 . Upper-stand Ge omet ries .. .. .. .. . . . . . . . . . 4 

D . Dat a O btained . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

III . A verage Surface F low Patterns . . . . . . . . . . . . . . . . . 6 

IV. Vertic al a nd A rea l D ist ribution of Wind Spe ed . . . . 7 

V . P ressure D istribution Around Arena. ........ . . . . 14 

VI. Summary of F ind ings and R ecommendations . . . . . . 1 7 

L ist of F igures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

iv 



WIND -TUNNEL STUDIES OF T HE 
OAKLAND- ALAMEDA COUNTY COL ISEUM 

l ntr duction 

The Oakland-Alameda C unty Coliseum is to be located approx-

imately one m ile n rtheast of Oakland Airport . In common with many 

" part s of the Bay Area this site is exposed to t he regular diurnal sea 

breeze flew which predominates fro m late spring to early fall . Typi­

cally this flow reac hes m axi.mum velocity in the early afternoon co­

incident with the baseball playing period. Wind speeds are high enough 

to be a p oter.tial s urce of annoyan ce and discomfort to spe c tators and 

p layers . 

A s ite i.nves iga:ion has been c ompleted s howing the meteorologic al 

condition3 t o be expe c ted in and around the proposed Col iseum struc ture . 

This investigation is fu lly des c ribed in Part One of this report prepared 

by Metronics A.s soci.ates, Jnc .. of P a lo Alto, California . Results from 

P art O ne showed t he need for a m odel study. 

This w ind - tunne l mode l s tudy of t he p roposed Oakland-Alameda 

County C oliseum was made t de erm ine the surface wind patterns and 

d ist r i but i ons of wind speed around the a rena - stadium complex. Such 

informa i on obtained for he most p robable wind directions and a v a riety 

of model onfi.gurations has it utility in t he identification of potential 

wind problems (pr imar ily related to human discomfort) and in sug-

gesting ways to a llevrnte a.d verse wind conditions . A secondary ob-

jective :>f the study was t det erm ine : he effects on wind patterns pro-
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duced by various patterns of ma ure trees and the pressur e distribution 

around the outer wall of the arena per iphery . 

IL D escripti n of the Wind - T unnel Model Study 

Ir_ this sec-:ion a brief des cription is given of t he model, the wind 

tunnel-model arrangement , the model c onfiguration and the type of data 

obtained dur ing the study. 

A. T he Model 

A model built to a scale of 1 :384 ( 1 inch = 3 2 feet) was provided 

by the ar c hitectural firm of Skid more, Owings and Merr ill (SO M) . 

Horizontal and vertical scales were equal. P hotographs of t he model 

are reproduced in F igs. la and lb . A p lan and an elevation sketch of 

the c omplex is shown in F ig 3 . 

T he model base was constructed from a 2 in c h thic k sheet of 

s tyrofoam . Plywood was used for cons t ru tion of the arena and wood­

c ardboard construction was used for the stad ium . Steel wool fastened 

to straight he avy pj_eces of wire formed the t r ees. 

B . T he Wind Tunnel-M del Arrangement 

...,he model was mounted on a 5 1 10" c ir c ular turn table on the 

wind tunnel test-sect i on floor at the loc ation indic a t ed in F ig . 2 . A 

slop ing ramp begi nning at the test-section entranc e at wind-tunnel 

floor level and terminating at t he ground -level of the model provided 

a smooth-gradual transition for a ir flow onto the model. The wind­

tunnel Coor was built up around the circular turn table to gr ound 

level of the model to provide a continu ous plane s urface of test -section 
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width which extended bot h upstream a nd downstream of t he model. 

Wit h his arrangement the model could be placed in any des ired orien­

tation wi h respect to wmd direct i on without undesired flow interference. 

C . Model Configurations 

The primary variables in configuration investigated were the 

w_·_ nd direction, tree arrangement and the upp er-stand geometry. These 

were varied as fo -lows : 

1 . Wind dire tions chosen for inves tigation (based upon t he 

c~1matological studi es made by Metronics Associates, Inc . ) were WNW , 

W and WSW . These directions- -shown in F ig . 3 - - orrespond to the 

prevailing wind dire _ tior.s a.t the site. To obtain the most s y mmetrical 

flow pattern poss '..ble f r the pressure distribution ar und the arena , 

these measurements were taken with the wind parallel to the model 

axis (lm2 conne ting centers of arena and stadium). Wind speed was 

chosen to be 30 fps for the s udy excepting t hat one set of pressure 

measurEments around the arena was taken with a wind speed of 55 fps 

to demonstrate the indifferen e of the flow pattern to wind s peed . T he 

reference wind speed as used here refers to wind at a h eight above 

the model sufficiently great so that the lower boundary a nd model had 

no apprec iable effect upon the air speed. 

2 . Three tr~_plans were used in the study . These are shown 

m F ig . 4 and are referred to as ' 1Tree P lan A 11
, 

11Tree P lan X II and 

"No TrEes 11 The trees were approximately 2- 1 /2 in . tall ( 80 ft . for 

the prototype) and were planted sufficiently c lose to form a continuous 



foliage excepting for a regwn about 1 /2 m. between the ground and the 

1 wer portion of the foliage . 
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3 . Two ~pper - stand geometries for the s ad ·um were employed. 

T he 'original ' upper s tand furnished by SOM extended about half-way 

ar und the stadium whi.J e t he subsequently fur i shed upper stand ex­

tended ver about one-third the periphery . These geometries are 

shown in Fig. 4a . F l ow for the "original II geometry was studi ed with 

only tree plan A , 

Wi.nd Wind Tree Upper 
Configuration Direc ion Speed (fps) Plan Stands 

1 WNW 30 o Trees Mod ified 
2 WNW 30 P l an X Modified 
3 WNW 30 P lan A Modified 
4 WNW 30 P lan A Original 
5 w 30 N Trees Modified 
6 w 30 P lan X M difi ed 
7 w 30 P lan A Mod ified 
8 w 30 P l an A Original 
9 WSW 30 No Trees Modified 

l WSW 30 P lan X Mod:ified 
l l WSW 30 P lan A Modified 
12 WSW 30 Plan A Original 

Pressure D is iributi n Con.figurations 

l W 36-1/2 s 30 No Trees Modified 
2 W 36-1/2 s 55 No Trees Modified 
3 W 33 ° S 30 No Trees Modified 

TABLE 
C onflgur ations Stu di.ed 
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D . Data Obtained 

General wind patterns were obtained by observing t.he direct10ns 

taken by p ivoted yarns (flags) supported on p ins stu k int t he model 

surface Some flags were l /4 in . above the surfac e while others were 

1/2 in . atove the surface , The directions of over fifty flag s were s imul­

t.aneously recorded b photographmg t he model wit h a mot ion p ict ure 

camera . The hr ee 100 ft reels of 16 mm film taken form a permanent 

data record of the surface wind pati;erns for all configura tions s t udied . 

Win d speeds were sensed by a Prc;1ndtl tube wit h t he output p ressur e 

differentials being meas ured by a Trans oni pr e ssure transducer . Ver­

tic a l profiles of wind speed were take n at s ix p os itions as shown in F ig. 3 . 

All posJ.tions were not surve ed for each c onfigura tion . Cont inuous dis -

tribution curves shown in F ig . 8- 13 were obtained by feeding the electri­

cal output of t h e T rans nic ressure transduc er t o one motion of an X-Y 

plotter a::1.d a v oltage pr oport.10nal to the height of the Prandtl tube re l a­

tive to ground level to the second motion . The :Prandtl tube was mounted 

on a vertical-motion carr iage dr :i.ven by an ele ctric a l motor . 

Wind speeds obtained are estimated to have an a c uracy of.:_ 2% 

and the vertical loca ::.on is estimated to be within 1/32 in. 

Wind speeds a t a fixed distance above t he surface of 1/4 11 (8ft) 

were obtained by sliding a. Prandtl tube having a space r f ixed to the 

lower edge of the tube ver the model. This was done by atta c hing t he 

P randtl t ube t o an 8 ft long r d w hic h ould be used by an operator 



standing in the tunnel o guide the tube over the model. No change in 

flow pa tern was observed due to t he presence of the operator standing 

downwind from the model while he was at the test-secti on c enter . 

F igures 14- 1 7 show the general areal d istribution of wind speeds 

III. Average Surface Flow Patterns 

T he numerous flags plac ed over the model surfa e made 

d1rectiona of the w ind vec .or visi ble so that at any instant the general 

form of t he surface-flow pattern c ould be obtained . D etailed study of 

the flow patterns should be made by observing the motion picture films 
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made of each flow configur ation . Two 100 ft reels of motion picture 

film are provided as part of this report. 

For a given c onfiguration observation of the flag directions for 

a period of time enables one to c onstruct an average flow pattern . This 

has been done for eac h conflguration and a qualitative sketc h made for 

each case . Ea h of the fJ ow patterns are shown in Fi.gs . 5 t hrough 7. 

Exami.nation of t he flow-pattern sketc hes indic at e that the 

w ind direction i.s the dominant parameter in determining the flow pattern . 

For the ·11ind direc tion WNW Figs . 5a-5d show the typical features of 

channelling between arena and s t adrnm convergence (inverse in flow 

speed) over the left-field berm and a rotary flow on the playing field . 

Flow patterns for the W wind are shown in F igs . 6a thr ough 

6d. These patterns do not differ greatly from those for the WNW 

wind ; however , the intens it y of convergence over the left-field berm 

is decreased . 
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In F igs , 7a t hrough ?d a r e shown the flow patterns for a WSW 

wind . The patt ern is s omewhat d ifferent from the prevwus ca s es in that 

the rotor or rot ors on the playing field are a pparently eliminated . The 

c hanne lling a cross t he br i.dge s ect10n i s still intense and there is a tend­

ency f r c onvergenc e t o oc ur on t he berm Just to the r ight of center field . 

Thi s wind direction g ives t he most uniform flow over the entire p laying 

field and has the general d irection of WSW . 

lV , Vertical a nd A r eal D istributions of Win d Sp e e d 

Vert ical p r ofiles of t he mean horizontal ve l o ity were taken a t 6 

s ignificant pomts ar o1m d and in the stadium. The l oc ati ons of these poin s 

are indic at ed in F ig , 3 , The pr files were taken to reveal regions of h igh 

loc a l velocities . 

Th.2 result of t he m easurements of verti al mean-velocity profile s 

cannot be :1.pphed to t he fi eld s ituati on with the same degree of a ccuracy 

poss ible for .i nterpr e t a tion of wm d d ire ction from flag directions , This is 

due to wo reasons F ir s t , t he boundary lay er of the model s hould b e mod ­

eled to the same s a l e as the geometr of the stadium . And secondly , the 

surfac e roughness for t he model and prototype should be aerodynamically 

s imilar . If t hese t wo ond1ti ons all met , similarity of the model and proto ­

type ve l oc ity profiles i s ensured . However , i.n pr act i ce these ondit i ons 

can be met only appr x1mat ly .. 

Both t he boundary-la y er t hic kness at the s tad ium site and upwind 

from it, and the roughnes s he ight of the natural situation are approxi ­

mately kn own factor s and can be determined only with c onsiderable 



effort - with the results not always justifying the means necessary for 

obtaining them. Instead , an exaggerated flow pattern in which l oc al 
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velo ities are more severe than those encountered in rea lity c an be ob-

tained by keeping c: he boundary layer of the approaching flow upwind 

from the stadium t hin, and by maintaining the floor on which the 

model i s placed aerodynamically smooth. In this manner , the proto­

type wi.nc.s estimated from the model data will be on t he safe or c on-

servative side. 

rv=odel wind speeds u obtainec:. for a given ambient velocity 
0 

U can be used to obtain corresponding m odel wind speeds u at dif­
o 

ferent ambient- speeds -U by the li~ar relationship 

u 
u = u 

0 U 
0 

Thus, if a model wind speed at a certa in elevation (say 1 inch) is 

measured to be 5 fps when the tunnel speed i.s 30 fps , the corresponding 

model speed at the same elevation for ah ambient speed of 60 fps would 

be 

u=5 (~~) = l0fps . 

To translate the foregoing example of model measurement to 

the prototype or actual field condition it is only necessary to refer the 

model elevation to prototype elevation through the scal e factor. Thus, 

for the 1 inch elevation, the corresponding prototyp e elevation is 



Elev(prot . ) = Elev(model) (384) 

= 1 (384) in . or 32 ft 

The wind speed at the prototype elevation of 32 ft would then be 

approxur:.ate ly 5 fps for a 3 0 fps wind or 10 fps for a 6 0 fps wind . 

For the model used in this study the reference wind speed used in 

the field c orrespondi ng to the model ambient velocity U should be 
0 

measured a t an elevation of approximately 50 ft at a station upwind 

from the Coliseum. 

In the follow ing sections, the results of the measurements 

will br i efly be dis cussed , For each position , profiles obtained under 

a variety of different c onditions are listed together. 

It should be pointed out that most of the profiles which were 

taken with d ifferent arrangement s of trees can only give a qualitative 
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impress ion of the effect of the trees, The model trees resemble actual 

tre es in t he ir shape and general appearance. Their aerodynamic 

characteristic s , however , are determined by such elusive feature s 

as bark c onfiguration of the trunks anc branches , leaf stiffness and 

leaf density which are modeled only qualitatively . 

Posit i on 1 (Fig. 8) 

-Velocity profiles at posit i on 1 were measured to indicate the 

s t ability of the approac h velocity, and to determine the boundary-layer 

thickness of the undis turbed velocity field upstream from the model. 

The boundary -lay er thickness may serve as an indication on how little 

the profiles obtain ed in the model are affected by the flow upstream 
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from the model. 

AE expected , the profiles measured at position 1 are c ons i stently 

the same, with a boundary-layer thickness of 1 . 25 in . 

Pos ition 2 (Fig . 9) 

At position 2 the mean-wind dir ecti on changes s ignificantly with 

height . The lower part of the profile i s essentially in the wake of the 

arena but also int e zone of retardation of the flow due to the stadium. 

As a resc.lt, the velocity d irection a t bridge level i s almost perpendicular 

to t he bridges . 

A a large d istance from the ground, above the arena , the velocity 

must be directed parallel to the ambient wind, and, t herefore , the wind 

directi on at distances from the ground approximately equal to t he height 

of the arena must change rapidly . Therefore , two profiles were taken; 

one , valid for the upper part of the profile , was taken with the Prandtl 

tube p laced parallel to the ambient wind v ector . In the lower parts , 

the Prandtl tube was oriented parallel to the di rection ind icated by the 

flag s . 

For the case of orig inal upper stands the P randtl tube was 

pl a c ed upstream from the bridge on the south side , facing north . For 

the W ca.nd the WNW winds , the velocity changes only little with height , 

The profiles show a jet pass ing under the bridge wit h a maximum speed 

of about 18 fps, a decrease in speed downwind from the bridge structure 

at bridge level , and then a rap id inc rease with height . Thi s picture is 

consistent for all con figurati ons studied ,even for the WSW wind data 



with no trees whi h ind1 .ates a d ifferent trend altoget her at elevations 

above 1 inch . However , Jf the hange in direction is considered, then 

the profile wou]d probably look more nearly as shown by the dashed 

curve . 

The trees in arrangement X seem to have little effect on the 

flow below and just above the bridge . A large influence is seen higher 

up, where the velocit is actually initially decreasing. This effect 

depends strongly on the a tual shape of the trees and no c onclusions 

should be drawn on this part of the profile. 

Position 3 (Rings I and III) (Figs . 1 O and 11) 

The velocity profiles at pos ition 3 are probably the most sig­

nifi ant in terms of spectator and player c omfort . This station was 
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hosen di rectly m front of the lower-level entrance for the first series 

of flows with unmodified upper stands so that an impression could be 

obtained on the effect of the doors on the velo 1ty distribution . In all 

the other c onfigurat10ns position 3 was located m idway between the 

bridge lccation and the first lower-level entrance on the windward 

s ide . An increase ~n wind speed is indicated near the entrance at the 

lower leve] as compared to the wind speed at the second location of 

position 3 (Ring I) . The magnitude might in the actual s ituation be 

more pronounced because of l arger negative pressures downwind 

from the stadium and less friction in the prototype entrance hall than 

in the model entrance hall . 

The main observations on wind speed for position 3 are listed 



briefly as follows : 

Modified rim, ring I 

a d ire tion of flow changes with height 

b , for all c ases , n the l ower 2 in . (64 ft) t he wind magnitude 

of 5 fps 1s not ex eeded 
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above 64 ft the wind in creases rapidly t o ambient ., with t he smallest 

in reas e seen for tree plan X and a WNW wind . 

Modified rim, ring II 

a . a jet of air at 15 - 20 fps flows through the gap under t he upper stand 

b. tree :;,lan X and a W W wind show an upward shift of t he profile 

above the rim , but other cases are about the s a me . 

Unm d ified rim , ring I 

W_th a tree plan A only and WNW and W wind the a ir speed i s about 

the same as with modified rim but a larger speed exists in the lower r ·ng 

(about l 0-12 fp s) reflectmg the effect of the lower-stand ope ning. 

Pos1tion 4 : Modified r i m (Fig . 12) 

Pos ition 4 1s the center f t he stadium . Here , the wi nd dir­

ections are only ins1gmficantly different from the d irections of the am­

bient air above the model , and by aligning the P randtl tube with its 

axis half way between the wind direction of the ambient air and the 

ground -wind dir ect10n as indicated by t he flags , a velo ity profile is 

obta ined which i s true in magni ude . 

The results a re essen .ially similar for all wind d ire ti ons 

and tree arrangements " Over the first 2 in. (64 ft) the velo ity does 
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not increase to more than 5 fps, with the increase somewhat more 

rapidl y :or the WSW dire ction than for the others . Above the stadium 

height . -: he ambient veloc1t is btained over a distan e of about 3 to 5 

inches ( 100 t o 180 ft) . 

Pos ition 5 (Fig . 13) 

Position 5 is located downwind from the stadium . The profiles 

obtained here are to some ex ent developed from profi.les taken at 

pos itions 3 and 4 . At p os1tion 3 the near-discontinuity in the velocity 

profile i.s evident whic h was c aused by the separati on of the flow on the 

edge of t he grands tand r im. The large velo ity gradient tends to be 

smo thed out downwi nd du e ,o the a tion of turbulence and pressure 

recovery , with the result that the velocity in lower regions is increased 

and t he ,,elocity gradients are fla t tened . Position 5 still shows a 

large def1c1ency of the profile as c ompared with the profile at position 1 , 

but the wind level is c onsiderably higher t han at pos ition 4. 

Areal distributions of mean- wind speed are given by Figs . 14-1 7 . 

Measurements for these d i stributions (as prev10usly in.d i ated) were 

taken at a height of 1 /4 mch . ( 8 ft) above the surface . 

T he signif1 ant features of the distribution are of c ourse the areas 

of relatively high speed compared to ambient air speed . In general, three 

regions show wind speeds whi ch are a high perc entage of the ambient . 

These are as foll ws : 

l . The windward walkway near the arena 

2 . The bridge region 
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3 . The windward ber::n extending from left field to right 

of center field . 

A shift i n w ind d i re ction from WSW (F ig . 14) to WNW (F ig . 15) 

has the primary effect f shifting he high wind speed on t he berm from 

just t o right of center field t left-fi eld . 

Tree plan X pr odu c es no major c hange in areal wind-spe ed 

d1stnb-Jtion . F ::_gs . 16 and 1 7 ind i ate that the high-speed regions 

have been redu c ed in s peed by about 10~ compared t o the c orrespond ing 

speeds without trees . 

V . P ressur Distri buti on Around Arena 

The difference in pr es sure bet ween points on the arena exterior 

wall an:1 the undisturbed static pressu re (measured at a poi nt t wo feet 

above t:ie model arena) was measured a t intervals of 11 - 1 /4° and 22 - 1 /2 ° 

around the entire periphery of t he arena . A pressure tap c onsisting of 

a 1 / 16 in ins ide d iameter brass tube was inserted in a hole drilled 

thr ough the model wal l and a djusted so t hat it was flush wit h t he outs ide 

surface at a porn t midwa between ground level and the u pper e dge of 

t he arena . Sim ilar p ressure taps were located at a pproxima te quarter 

poi nts between the ground level and the upper edge but complete measure­

ments a round the arena were not. made using these after several set s of 

ead ings indi a ted no s ignificant differ e nc e from the enter tap reading. 

Pressure differen es were read dir ect ly in mm of mercury on a 

"Transonic II p ressure gage . 
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Two complete se s of pressure differences were measured with 

the axis of the model (1:-.ne joini ng cente rs of the arena and stadium) 

parallel to the w.ind - tunnel axi s " These sets of measurements were 

made a ambient wmd speeds of 30 fps and 55 fps with no trees on the 

model In this or ientat10 the flow direction a cross the bridge joining 

the areca and stadrnm was generally i:i the direction of "project 11 

south . The distributions for this ori.e:-itation are shown in Fig . 18 and 

are seen to be s imilar f r the two wind speeds . 

One set of measurements was taken with the model axi s rotated 

clockwise (looking d wn on top of t he arena) 3 . 5 0°w ith respe ct to the 

tunnel axis. Only a wind speed f 30 fps was used in thi s case and no 

trees were planted on t he model. Air flow across t he br idge was i.n 

this case m the di rection of p oject north . Fig . 19 shows the dis­

tribution obtarneci. in this case This distribution s ows the same 

chara tenstic variations as do the pressure distributions obtained in 

the initi.a l orientation. 

An attempt was made to orient the model with r espe ct t o the 

wind tunnel axis so that flow over the bridges immedi ately downwind 

from the arena would be symmetrical. However, this flow pattern 

was not stable but would a lways revert to flow either in the d ire tion 

of "project II north or s uth . 

':i:' he pressure coefficient (dimensionless) shown in Figures 18 

and 19 i s given by the following expression: 



16 

pwall 

p Q_: 
2 

Here pwall is the pressure above (pos itive) or below (negative) a t mos -

pheric pressure on the wall , p i s t he mass density of air and U is the 

amb en winj speed . When t he unit of pwall is des ired in lbs/ft 2
, p 

is to be introduced in slugs /ft3 (approximately O. 002 3 at sea level for 

ord inary tempe r atures) and U is t o be introduced i n ft/sec . 

For the data i n F ig . 18 the m inimum pressure c oefficient occurs 

at about 28C•0 and has a value - . 7 1 " Assuming a tmospheric pressure 

inside the arena t he pressure d_ffere nce a cross the wall in a mean wind 

speed of 80 mph would be 

p =- - 0 . 7 1(0 . 0023) 
wall 

-· 1 1 l bs /ft 2 

(8 0 X 1. 46) 2 

2 

Similar] , the max1mum p osit ive pressure based on a pos itive c oef-

fic i ent of 0 . 60 would be 10 lbs /ft 2 
_ 

Occas ions may arise when t he pressure ins ide t he build ing is 

above a tmospher i. The most extreme case can be c omputed from 

F ig " 19 wti.ch shows the greatest difference between positive and neg­

ative c oefficients . Assume t hat an opening in the wall occurs where 

the pressure coeff icient has a maximum v alue of + O. 63 ( 22 . 5°) . In 

t his event the pressure difference a r oss the wall where the largest 

nega tive coeffi ient occurs (-0 . 7 a t 9 0°} would be for an average 

wmd of 80 mph . 



P = (0 . 63 0 . 78) (0 . 0023) 
wal 

-= 22 lbs/ftl 

(S0xl.46) 2 

2 

.t sr_ould be noted th.at the above applications of the pressure 

coefficient t calculate pressure drop are based on an average wind 

speed . Gusts J.n. excess f the average speed will cause greater peak 

pressure differ en es h&.n. given above. 

VI. Summary of Findmgs and Recommendations 
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Results of this brief summary general study of wind over a mode] 

of the Oakland-Alameda County Coliseum are summarized in the following 

statements . 

1. The flow p&. ter n as indicated by the similar pressure pro­

files around he arena obtained at two wind speeds is inde­

pendent f wrnd speed _ This result justifies interpretati on 

of prototype wrnds m terms of model winds . 

2 . With or wjt:hovt trees the airflow pattern within the stadium 

changes markedly with wind direction . F or a WNW wind 

the flow i.s m the ambient d irection in the outfield and also 

in the left fi eld , outfi eld and right-field stands . In the 

upper stands and m the infields the flow d irection is reversed . 

For a W wind th flow d irection is variable on the field but 

generally W in all the stands . For t he WSW wind the flow 

is WSW on t he f1eld and in :he stands . 

3 . With or w1thout trees the flow between the arena and stadium 

is acroas the bridge and is consistently from left t o right 
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(3 0-50° N of W) at each wind direc t i on . 

4 " Without trees wind speeds within t he stadium except for 

spe ific lo ations are generally 60% of ambient speed or less . 

Highest stadium speeds are associa ted with a WNW wind; 

lowest with a W wind . Spe ific locations where speeds 

may exceed 60% of ambient ar e : 

a) Approximately 90% of ambient on berm beyond left-field 

end of upper stands for wind direction WNW and approx ­

imately 85% of ambient in stands below berm at this locati on. 

b) Appr ox1mately 5% of ambient on outfield berm and 700/o i n 

outfield stands f r a WSW wind , 

) Ambienr wmd speed 1s expected in the slot between upper 

and middle stands particularly in t he windward direction. 

Ambient wind speeds in the back rows of the m iddle stands 

are expec ted as a result . 

5 . Withou trees and a t each d i rection wind speeds of 9 0- 100% 

of ambient are exp ected on the bridge ; similar speeds are 

exp e ,ted beneath the bridge. 

6 " Tree plan A has no effect on stadium wind speeds for WNW 

direction. 

7. Tree plan X does not materially c hange t he flow patterns but 

does produ ce a measu.reable reducti on in wind speed . Thus 

in 4a above speeds are reduc ed from 95% and 85% to 70% 



respe t. Jvely " In 4b from 95'f4 and 70~ o 850/o and 60% 

respectlve l , In 5 above speeds on the windward s ide of 

the arena are redu c ed to about 701foand speeds above and 

below the bn dge t, '.) about 65~ of ambienL Trees in plan 

X lo a t ed south f the stadium do not contri bute to the 

contro of wind wit hm the stadium . 

19 

Based on the results obta ined , the f llowing general conclusions 

and recommendati ns can be made : 

1 . As pres e ntly des igned t he stadium stru ture will reduce the 

expe .ted ambient wind speeds to acceptable levels on the 

play mg fj e ld and t hroughout most of the seating area with 

the following excepti, ons " L eft - field and outfield seating 

areas will be adversely affected by WNW and WSW 

winds respe ctively " In addition, flow between the upper 

and middle stands on the westerly side of the stadium will 

be objec tionabl e and wi ll adversely affe ct at least part of 

the seat.mg area rn the middle stands , 

2 . Outs ide the stadium the two most critical areas are the 

bridge and windward s ide of the arena . 

3 , Trees and dense shrubbery can be used more effectively 

than proposed rn plan X , P lanting should be as c lose to 

the stadmm as possibl e " For example, a protective tree 

s reen i s re ommended on top of the berm from the bridge 
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to a poi nt du e north of the stadium center . Thi s screen will 

redu e fl ow hrough the slot and will protect the left-field 

stand a r ea for the most prevalent wind d i rection , namely WNW . 

An extens i on of the tree screen to a point south of stadium 

center will g ive protection for the less fre quent direction WSW . 

4 . A wind s c reen extend ing approximately 12 fee t above bridge 

level should be plac ed along the northerly side of the bridge . 

The s c reen may be e ither dense shrubbery , trees or c on ­

struct ed e lements and should have not more than 50%porosity . 

Similar pr te ct i on should be c onsidered for the area under the 

bridge if it i s a maj or traffic zone . 

5 , If the wal kway arou nd the arena is to be used as a principal 

traffic r oute , it should be protected with a s creen as sug­

gested in Rec ommendat i on 4 , particula rly from the bridge 

around the n ortherly s ide to a point SW of t he arena center . 
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