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In thi s paper, the wind pressure distribution on the various faces of two prismatic bodies with slJu are cross-scc tion ami 
height to width ratio (ii/b ) of I and 3 are investi gated. The mutual interference effects when the hodies :11"1.: ill 1.1Illiclll 
arrangement are considered. The pressure distribution is significantl y altered when the interfering hody (cither ill" = I PI' 3) 
is in front. 

Buildings can be usuall y considered as lhree­
di.mensional in nature as they have finite length to 
width ratios and height to width rati os . Further, they 
usually have sharp edges and are earth bound. Hence 
resuits of wind pressure distribution on pri smat ic 
bod ies whi ch act as scaled models can be used to 
obtain the wind load in g on suc h structures. When a 
structure has a height to width ratio (hi!?) of less than 
3, it is considered as a low-ri se structure and when 
(hlb) is greater than 3, as a hi gh-ri se structure l. The 
distribution and magnitude of wind pressures on the 
va ri ous faces of a building can be expected to be 
strongly dependent on the approac h flow cond itions, 
building geometry and the relative dimensions. 
Another aspec t, which woul d significantly influence 
the wind load ing on any structure, IS the 
' interference' effects. 

There are several in ves ti gations which dea l 
with the measurement of wind loads on buildings 
ex posed to different approach cond itions. Several 
researchers l

-) have in ves ti gated the wind pressure 
distributi on on the vari ous faces o r three-dimensional 
prismatic bodies of diffe ren t sizes and also exposed to 
different wind cond itions. Merone/, has reviewed the 
flow around simple rectangularl y shaped bodies 
obtained from wind tunnel stud ies of mean surface 
pressure patterns and has suggested the need to 
accurate ly document the pressure meaS~lrements on 
the surface of buildings of different sizes exposed to 
different approach flow conditi ons. 

As mentioned earli er. interrerence effects of one 
building located in the vic ini ty of another can be 
expected to significant ly influence the wind pressure 
distribution. In pract ica l si tuations, such 

' interference' occurs quite cO lllmonl y and it s 
importance is hi ghli ghted by Karee ll17 GOWd 'l and 
SitheeqR,9 have in ves ti gated the interfe rence clTcc ts on 
the wind pressure distributi on 0 11 a pri smati c body 
with hi!? = 3 exposed to mild and hi gh shear veloc it y 
profiles. In another study, Gowda and Sitheeq"l havc 
described the interference effects on two low-ri se (li/Ii 
= I ) and two hi gh ri se (li/h = )) bodies in tandem 
arrangement. Recentl y, GO'vvda 1'/ (//. 11 h ~IVC :-- tudi ed 
the influence of buildings of dilTerent height s (li/h = I 
and 5) arranged one behind the othe r. 

The present in ves ti gat ion is a continuati on or the 
above seri es of ex peri Illcnts to syste1l1a( icall y 
understand and bring out the severity o r interference 
effects on the wind loads on buildings. Here. hod ies 
with square cross-sect ion and he ight to width (li/h) 
rati o I and 3 are used . The sizes chosen bell) ng to 
low-ri se category and are re leva nt to prac ti c: d 
bui lding aerodynamics problems. Two case:-- ha ve 
been considered: 

I . When the body wit h Ii/" = I is th l.: principal body 
(PB ; provided with press ure taps) and hody with 
hlb = 3 is the interfering body ( IB: dUllln l\' body 
without pressure taps). 

2. When the body with hi" = ~ is th e P8 ,lllll the 
other one (hll? = I ) is th e lB. 

In each case 1£ is located hoth in front allll hehind 
the PB and the ga p betwee n (he two i ~ \'ar ied 
systemati cally. The study is carried out rur all 
approach veloc ity profile satisrying the Il7lh po\Ve r 
law, which corresponds to open cO lill try Icrr<lill. 
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Experimental Procedure 
The measurements are carri ed out in the low-speed , 

stra ight-through, suction-type wind tunnel of our 
laboratory. The layout of the wind tunnel is shown in 
Fig. l. It is essentially the same as th at used earlier. 
Air enters the test secti on after passi ng through a bell 
mouth entry, a honey comb, a settlin g chamber, with 
three screens and a smooth contraction (contracti on 
ratio 9). The tes t sec ti on is 600 mm x600 mm and 
2125 mm long. This is fo llowed by a transition and a 
diffuser with circular cross-section hav ing 5° included 
angle. A fan, driven by a 27 kW DC motor, is fixed at 
the end of the diffuser. 

A shear velocity profil e, 500 mm in height (0 = 500 
mm; Fig. 2) sati sfy ing a power law with an ex ponent 

n = 117 is generated usin g the Illcthod ~ lI ~~cs te d hy 
Cowdrey ' 2. FOl" thi s purposc a grid Ill<ld c u l" I () 111111 

smooth mild stee l rod is madc lI SC 0 1". Thi s ve loc ity 
profile of 500 mill thickness is I"irst n:~di se d <It <I 
distance of 430 111m from th e gi rd . T he ve locil Y 
profiles at several other down-stream di stances I"rom 
the grid are measured and fOllnd to sa ti sl"y th e I l7 'h 
power law, i.e., the shape or the profile remain s th l' 
same beyond 430 mill from the grid . The I wo­
dimensiona lity of the fl ow fi e ld in the les t sec ti on 
was examined by measur in g the ve luc il Y prorilcs ; 11 

two span-wise locati ons on either side 0 1" the ce ntre (± 

150 mm), at a stati on 950 111m frolll the ~r id The two 
profiles are almost identi cal. imli 'atlng two­
dimensionality in the region of interes t ul" the prese nt 
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investigati on. Fig. 2 shows the mean ve loc ity profil e 
measured along a verti cal line in the central plane of 
the tunnel at the locati on where the principal body is 
placed. The characteri stic parameters of the boundary 
layer are also given in the fi gure. For the 
measurement of the mr:.an velocity, a standard pitot­
static tube with a tip diameter of 3 mm was used. A 
lineari sed hot wire anemometry system (DIS A 56 
CO I with other accessori es) operated in the constant­
temperature mode was used to obtain the turbulent 
quantities. 

All the models used in the present study are made 
out of 10 mm thick pl ex iglas sheets. Models have 
square cross-secti on (60 mmx60 mm) with sharp 
edges. The principal bodies (either hlb = I or 3) have 
surface pressure taps ( I mm di ameter) al ong the centre 
line on all sides (except the bottom) at intervals of 5 
mm. The model is holl ow to fac ilitate the connecti on 
for pressure taps. The interfe rin g bod ies (e ither hlb = 
I or 3) are dummy bod ies without any pressure taps. 
The models are fixed ri gidl y at va rious pos iti ons on 
the tunnel floor so that they do not vibrate in any way 
and also there is proper sea ling at the bottom where 
the models are fi xed. The principal body is turned at 
90° intervals to measure the pressure distributi ons on 
the various faces. The pressure taps are connected 
through PVC tub ings to the va ri ous ports of a 
scanning box (FC09 1; make: Furness Cont ro ls, UK ) 
which are in turn connected to a digital 
micromanometer (FCO 12) with an accuracy of 0.0 I 
mm water co lumn . 

During measurements, the tunnel wall -static 
pressure at a point 200 mm behind the grid is 
continuously monitored using a Betz manometer. As 
mentioned in the introducti on, for the study of 
interference effects, two cases are considered when 
(i) the body with hlb = I is the principal body (PB) 
and the body with hlb = 3 is the interfering body (IB) 
(i i) the body with hlb = 3 is the PB and the other (hi!? 
= I ) is the lB , in tandem arrangement. In each case lB 
is located both upstrea m and downstream of the PB 
and the spacing rati o (Glb when lB is in fro nt ; G'ib 
when IB is at the rear; Fig. l) is va ri ed systematica ll y. 
The blockage rati o, defined as the fro ntal area of the 
model to the cross-sec ti on of the tunnel secti on. is 3% 
fo r the tall er model. Since tandem arrangement is 
used in thi s in vest igati on, the blockage is not 
expected to be hi gher in cases with interference. No 
correcti on, however, has been made for blockage. All 
the tests are carried out at a tunnel free-stream 

velocity of 17 .5 m/s. At thi s ve loc ity, the Rey no lds 
number, referred to the wid th of the body. is 7x 10-1. 
For the type of the bodies tes ted, there is hardly an y 
influence of the Rey nolds number2 since the pos iti ons 
of the separat ion lines arc f ixed and the res ults 
presented are applicable to practical sit uati ons. The 
pressures are measured along the ce ntre line on a ll 
faces of the body and the vari at ion of the pressure 
coeffi cient is determined. Press ure measurements on 
the princi pal body without any inter!'c rence are also 
carried out. As mentioned earl ieI'. the 117' 11 power law 
ve locity profil e was achi eved at a distance of 430 mill 
from the grid rods. Keeping th is in view, the PB is 
located at a di stance of 950 mm from the gri d so that , 
even fo r the highest va lue of Glh. viz. 8. the 
interfering body is located fa rther than 430 mill from 
the grid and is in the region where In 'il powe r law 
profil e is va lid . The max imum uncert aint y with 20: I 
odds in the va lues of Cp is es timated (using standard 
methods) to be 1.4 %. 

Results and Discussion 
The results are presented in tcrms of the press ure 

coeffi cient eCI') which is defi ned as 

C - P" - Pr 

I' - l. V ? 

2 " 

where P" is the pressure at any point on the body. P, 
is the free stream reference stat ic pressure betz 
reading, V" is the veloc ity in the undisturbed flow 
(i.e., without the presence or the bodi es) at the 
principal body height and Y2 p V,/ is the dynam ic 
pressure in the undisturbed fl ow. To bring out the 
effects of interference, measurements with single 
body were also carried Ollt. It is to he noted that the 
bodi es are pl aced such that one or their faces is 
normal to the fl ow. The co-ordina te used arc .r. Y. ~ : .\ 

is measured along the fl ow direction . \' is normal to 
the fl ow in the verti ca l direction and ~ is alollg the 
binormal to the fl ow in the horizonta l di rec tioll . 

Case (i) Body (PB) with III" = I 

(a) IB in./i'olll of PB 
The C/' distri buti on on vari ous fac es or PB due to 

the presence of IE at various upstream posi ti ons is 
shown in Figs 3a and 3b. 1t is observed th at when the 
two bodies are close to eac h ot her (G/h = 2). the CI' 

on the front face (Figs.3a-A and :ib-A') is negat ive in 
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both vertica l and hori zontal direc ti ons i.e., y and z 
directi ons. Cp values are negative in y direction 
(Fig. 3a-A) for Clb = 3 also. The pressure distribution 
tends towards the no-interference va lues as the gap 

rat io increases. But even at Clb = 8, the pressure 
coefficient is only half of that for the single body case 
in magnitude in both y and z direct ions. On the top 
surface (root) for Clb = 2, the Cp values in both x and 
z directions are less negative than those for the no­
interference case (Figs 3a-B and 3b-0'). As the 
di stance between the two bodies increases, gradi ents 
reappear as for the no-interference case. Interference 

effects on the rear face are marginal in both y and z 
directions (Figs 3a-C and 3b-C') at all Glb rat ios. It is 

interest ing to note tha t at Cl h = 2. if th e C" 
di stribut ions on both rear and fron t I"aec :-; are 

considered, the resultant force indi eatc:-; thc 
possibility of a negative drag or thru st force. There i:-; 
considerable in fluence on the side :-; url"ace <1 1:-;0 due to 
interference (Figs 3a-0 and 3b-B' ). In the ve rti ca l 
directi on (Fig. 3a-0) the trend in C,' ci istri bution is 
similar to that of the no- interfe rencc e~l sc. But in x 

direc tion (Fig.3b-B'), a lmost conSLa nt pressurc 
distribution fo r Glb = 2 alld 3 is Sc' C II. I-: vc ll with 
further increase in the ga p rati o (G/h), lhe C" va lll c" 
over a considerable portion o r the sid e surrace re ll1 ~lin 

different from the no-interfe rence va luc'">. 
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(b) IB behind PB 
Fi gs 4a and 4 b show the inte rfe rence effec ts on the 

various faces of the PB when the IB is pl aced at 
vari ous di stances be hind it. The results ind ica te that 
there is no changes in Cp with gap on the front face 

(Figs 4a-A and 4 b-A') . The influence is appreciab le 

on other faces. At G'lb=2 pressure ri ses steepl y near 
the base on the rear face (Fig. 4a-C) suggesting that 
the fl ow may be defl ec ted on to the face o f the PB 

due to the IB . As G'lb inc reases, the Cp di stributi on 
on the surface tends towards that fo r the sing le body 

case. On the s ide surface (Figs 4a-0 and 4 b-B') the 
patte rn in Cp di stributi on is s imil ar to that for the no­
interfe rence case in y and z directi ons . O n the roof, 

(Figs Aa-B and 4 b-0') , the re is a pressure inc rease 

resulting in lower sucti on pressure 1'0 1' G'l h=? . As 

G'l b inc reases, Cp di stri buti on grad ua lly tends 
towards the s ing le body case in both y and z 
directions. 

Case (ii) Body (PB) with It /h = 3 

(aJ IB In fron t olPB 
The Cp di stributi on on a ll faces of PB whe n IS is at 

various di stances in front o f it is g ive n ill F igs Sa and 
Sb. On the front face (Fig. Sa-A). it is o bserved th at 
due to interfe rence, the re is a dec rease ill the Ct, 

di stributi on at lower vlh va lues (viII < O.S ) T he Ct , 

va lues remain a lmos t ull c hanged a t vari olls Gi l) 
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va lues for the remaining height of the body, As Glb 
increases, CI' va lues increase and tend towards the no­
interfe rence case, It is seen th at there is onl y a littl e 
effec t due to interfe rence on the Cp in the z directi on 
as seen from Fig,S b-A'. On the roof (Figs Sa-B and 
5b-D') the sLl cti on pressures reduce considerab ly fo r 
Glb = 2 and 3, As the gap rati o (Glb) increases the 
sucti on pressure also increases, On the side surface 
(Fig, Sa-D), there is a steep grad ient at lower va lues 
of Glb (2 and 3) up to ylh of 0.4 and a mild gradient 
beyond that. As Glb increases, the grad ient becomes 
mild on both the top and bott om parts of the side face , 
tending toward s the no-interference case . The 
in te rfe rence effects on the rear and roof faces though 

present are onl y margin al co mparuJ to other races 
(Figs Sa-C and Sb-C' ). 

(b) IB behind PB 
The pressure distri but ion on a ll L1 U:S or thl' PB du e 

to the presence of IB of lilh= I at vari ous dow nstream 
pos iti ons is shown in Figs 6a and 6b . Though there i.\ 
almost no effect of G'lb on the va riation or press ure 
di stribution on the front face or the PB (r'igs 6a-A 
and 6b-A/) the va lues of C/' wit h interk rence :lrc 
sli ghtl y lower than th ose without the int eri'ercnce Oil 
the roof there is a reducti on in th e sLlc tiun pressure at 
low va lues of G'ib (Figs 6a-B and 6b- I} ') As the gap 
ratio (G'ib) increases, there is ~l s light ch~lnge III 
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sucti on pressure but it is sti ll less, compared to the 
single body case. The Cp di stribution on the rear and 
the side surface in y direction is s lightly affected by 
the IB when it is very near the PB (Figs 6a-C and 

6a-D); however as G'lb inc reases the Cp d istribution 
tends towards the no-inte rfe rence case. But in the z 
direction it remains a lmos t unaffec ted at various 

values of G'lb (Figs 6b-C' and 6b-B'). 
The tentative phys ical exp lanation for the observed 

features menti oned above is as foll ows. For the case 
when the body with hlb = I is the PB and the 18 (hlb 
= 3) is in front , the shear layers that separate from 

the upstream 18 inte ract with the PB . When Glb is 
small (=2), the PB wou ld be completely enve loped by 

those shear layers and probabl y thi s is the reason for 
the uniformly negative pressures that occ ur on all the 
faces of the PB. As Glb increases (c.g. , at Glh = 3). 
there will be reattachment o f the se pa rated shea r 
layers from the upstream body on to the top o f the 
downstream body which would alte r the pre ssure 
di stribution on the roof. With furth e r inc rease in Glh, 
these shear layers would reattach on to the front face 
of the rear body or on the ground plane ill fro nt o f the 
PB . This reattachment process can be ex pec ted to be 
influenced by two factors ( i) the turbu lence in the 
approach flow and ( ii) the presence o /" the PB it se lf 
which mi ght alter the shape of the shear layers 
separating from the IB. The process appears to be 
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quite complex and because of thi s reason it is difficult 
at present to explain exactly the pressure gradients 
seen on the roof (Fig. 3a-B). 

For the case when the IB is at the rear of the PB , 
the wake behind the later, particul arly when the 
former is very close (G'lb=2 and 3) is considerabl y 
affected. Due to the presence of the lB a strong 
pressure gradient near the ground plane can be 
expected, which wou ld push the vertical flow behind 
the shorter body to its sides. The marked changes in 
the pressure di stributi on observed at the lower va lues 
of G'ib on all faces (excepting the front face) in 
Figs.4a and 4b, could be attributed to thi s. Tile 
change is particul ar ly striking on the rear face at 
G'lb=2, (Fig. 4a-C). As the di stance increases beyond 
G'ib = 3, the reattachment of the fl ow behind the PB 
can be expected to take place in a fashion very similar 
to that for the single body case, wi th onl y marginal 
influence of the lB . 

When the body with hlb = 3 is the PB , the 
interference due to the IB kept ahead of PB is 
concentrated closer to the ground plane on the front 

face (Fig.5a-A). The horse-shoe vortex syste l1l in the 
front of the PB and the general fl ow fi e ld around 
wou ld be affected by the shorter hody in front. 
resulting in the changes in pressure di stributi on seen 
for ylh<O.5 (Fig.5a-A). When the IB is (I t the re(l l'. 
there is no significant effect on C1, on the fron t face. It 
is interesting to note that the C1> di stri buti on on the 
roof of the PB and its rear are affec ted by 
interference. This mi ght be due to the in flu ence or the 
lB on the shear layers separating frolll the top of the 
tall body. 

Maximum Values of CI' 

The max imum va lues of CI' (i . . , C1, """) is or 
interest from the point of view of loads on the races. 
Cp max va lues on the vari ous fac es for the t IVO C< ISC S 

considered are shown in Figs 7 and ::-; Cons idering 
the case shown in F ig. 7, it is obse rved th ;lt 
appreciab le difference occurs on Ihe fl'Ont fa ce 
(Fig. 7a), when lB is located in froll t o r PB. Rool' is 
affected marginall y at vari oll s Gl h or G'lh rat ios 
There is some interference effec ts 011 the fro nt 1';lce 
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Fi g. 8-Yalucs of CPma. on va ri ous faces : PB :h/b = 3: IB:iI//J = I 

(Fig. 7a) when IE is at rear of the PB. In teresti ng ly 
the CPma x values on the side surface show 
considerab le difference fo r thi s cond ition (Fig. 7d) 
even at Glb = 8. As far as the rear face is concerned , 
interference effects are small (Fig. 7c) at various Glb 
or G'ib ratios . 

Cons idering case shown in Fig.8, the re is on ly 
marginal influence on C" mix values on a ll the faces 
except on the rear face, both when lB is in front or 
behind the PB . 

Conclusions 
From the results presented , the fo ll owing 

conclusions are drawn: 
I Due to the shie lding effect of the front body there 

is the benefici a l influence seen in the reduction of 
the suction pressure compared to the s ingle body 
case on the roof, sides and the rear, when the two 
bod ies are close to each other. The magn itude of 
reduction depends on both hlh and Glb values. 

T he body with hlb = I can ex pe rience a nega ti ve 
drag force when it is in c lose prox imit y (C/h =2 

and 3) . 
2 W hen the body is in front , the pressure on the 

fro nt face of the body (hlh= I ) bcco llle~ fu ll y 
negative for sma ll gap betwee n the bodi es . T he 
interference effec ts pe rsi sts even at large gaps 
be tween the bodi es. 

3 When the inte rfe ri ng bod y is be hind the princ ip;tI 
body, the pressure distributi on on the front race 
for both bod ies (17117 = I and ~) rema in a lmos t 
same at all Glh rat ios tes ted. But apprec iab le 
d ifferences occur on othe r faces. 

References 
I Baines W D, Proc S."IIII) Oil \villd r:,/li·c/.I O il If llildillg.1 {fIul 

S[ rUClI/res (Nati onal PhySica l Laboral() lf Tcdd il1 ~lOll. UK). 
1963 , 197-223 . 

2 Castro I P & Robins A G . .I Fillid Mnll. 7') ( 1')77) :007· :0:0 :' . 
3 Sakamoto H, Mori ya M. Taniguch i S & Ari c M . .I Flilids 

Eng Trc/Il s ASMt::. 104 ( I n2) 12(]·l:04. 



306 INDIAN J. ENG. MATER. SCI., DECEMBER 1999 

4 Sakamoto H, J Wind En g Ind A erodyn , 18 ( 1985) 131-151 . 

5 Bachlin W, Plate E G & Kamarga G A, J Wind Eng Illd 
Aerodyn, II ( 1983) 63-74. 

6 Meroney R N, J Wind Eng Illd Aerodvn , 29 ( 1988) 203-223. 

7 Kareem A, J Wind Eng Ind A erodyn , 27 ( 1987). 

8 Gowda BHL & Sitheeq M M, In dian J Technol, 29 ( 199 1) 
1-8. 

9 Gowda B H L & Sitheeq M M, Iniliun.l T"l'ilnol. :\ () ( 1()l)2 ) 

43-50. 
10 Gowda B H L & Sithecq MM. Iniliun .I Tn"l/n! . .\ I ( 199.\) 

485-495. 
II Gowda B H L, TlIlaplIrkara E G & K ~lIlll ab~ d1 11 1\ . .I II, '/(} SOl' 

India , 48 ( 1996), 69-79. 
12 Cowdrey C F, (National Ph ysical Laboratory. l \:ddi ll!l toll . 

UK) Aerodyn ami cs Di vision, Note 1055 ( 1%7) 


