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Abstract: Systematic experiments were conducted in a wind tunnel in order to find the effect
of typical building arrangements on the wind-induced pressures, the primary goal is to better
understand and quantify the effect of surrounding blocks on wind pressures of central
rectangular prism, especially for those magnified situations of peak pressures which is most
important for cladding elements on buildings. The parameters related to rectangular prisms
include relative height, area density and arrangement of surrounding roughness. Based on
these results, more comprehensive conclusions should be made which will lead to some
recommendations for wind standards or building design.
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1 INTRODUCTION

Since buildings are seldom isolated, the wind pneessto which they will be subject will
be influenced by the proximity of other structurég¢hen a building especially the low-rise
building is exposed to winds in the atmosphericriatauy layer, the building is actually one of
the roughness elements since it has approximdtelgame height as surrounding roughness.
Previous results show that wind loads in a realistivironment do not always follow the
basic wind load characteristics of an isolatedding because of interference by neighboring
roughness. Ho et al. [1] investigated low-rise fladfed buildings, embedded in a typical
North-American industrial area. Surry [2] examinbd effect of both surroundings and roof
corner geometric modifications on the roof pressuneasured on a low-rise building. Kiefer
and Plate [3] provided modeling of mean and fluttutawind loads in different types of
build-up areas. Chang and Meroney [4] investighgeeffect of surroundings with different
separation distances, and compared the resultsiraf-twnnel measurements with that of
numerical simulations.

The relevant Code of Practice gives little guideh® designer which enables designer to
assess the wind pressures in a situation where #rer unusual wind effects caused by the
proximity of surrounded buildings. Due to the coayhature of the problem and the lack of
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reliable data or analytical procedures for predgtine effects of shielding, very little data are
available to the designer by which he may take @atof the departures from the figures for
wind loads given for single buildings in the relev&ode of Practice. Most of the Codes
resource the decision of wind loading for buildingsgroups to wind tunnel tests, such as
AlJ2004[5] and ASCE/SEI 7-05[6]. A detailed and qoehensive study on interference
effects of grouped low-rise buildings was carried by Holmes and Best [7]. Their results,
with those of Hussain and Lee[8], were incorporatet@ihe Australian Standard for Minimum
Design Loads on Structures[9] in terms of a shmgdmultiplier (between 0.7 and 1.0),
depending upon the spacing, dimensions and the aumib upstream buildings) for the
derivation of the gust wind speeds. However, caseslving a few upstream buildings,
where wind speeds might actually be increased idedigt have yet to receive the attention
they deserve by the codes, mainly because of tkeoleadequate data on which to base codal
guidelines and recommendations. For the flow meashaonf the shelter effect of surrounding
buildings, many researchers gave their understgadi@hang and Meroney [4] studied the
effect of surroundings with different separatiostdnces on surface pressures on low-rise
buildings. They pointed out that the shielding effedepended on the ratio of spacing
distance to building Height and the number of wgastr buildings. The flow in the street
canyons can be classified as skimming flow, wakerfarence flow, or isolated roughness
flow depending on the value of this ratishich was also proposed by Hussain and Lee [8]
but with different spacing ratio range.

Compared to those on a smaller group limited to twahree buildings which aimed to
give an insight into physical principles, there édeen very few studies on a large group of
buildings probably due to the difficulties causedtbe many parameters involved such as
surrounding building size, shape, arrangement patted spacing density etc. A majority of
studies in this area have been done to investigete pressure characteristics from the point
of view of natural ventilation [10]. The study afterference effects on a large group of
buildings indeed was a daunting task, given thepexity of building arrangements and the
complex nature of wind: nevertheless, the findirgmtributed to our knowledge and
understanding of the interference mechanism duehéo grouping effects of buildings.
Furthermore, gradually this topic forms a class itsf own based on some common
characteristics. All studies highlight the fact tthacreasing the number of surrounding
obstructions generally reduces the wind loads buailaing because increasing the number of
nearby structures of significant size would regsulless severe wind downstream, leading to
net shielding effect. Sheltering effect offers piton on inner buildings in the row at all
wind angles. However, it should be noted that stinld of sheltering effects not exist in all
cases, the probable magnify effect of extreme vprebsure on the building surfaces will be
the focus of this paper.

The results presented here are those of a propeletirtaken to investigate the interference
effects of different groups of surrounded buildirgsthe wind pressures of central building.
Systematic experiments were conducted in a windelm order to find the effect of typical
surrounding building arrangements on the wind-imdupressures, the primary goal is to
better understand and quantify the effect of sumding buildings on wind pressures of
rectangular prism. The parameters related incluglative height of target prism and
surrounding roughness, area density and arrangeshanirrounding roughness. The portion
of the study reported here focuses on changesiol#uding pressures, that is, on changes of
extreme wind pressures. Based on these result® coonprehensive conclusions should be
made which will lead to some recommendations fordsgtandards or building design.
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2 WIND TUNNEL TEST

Pressure measurement wind tunnel tests on lowhisklings were executed in the
Boundary Layer Wind Tunnel, in the Tokyo Polytechbiniversity, Japan. The length scale
was set at 1/100 the velocity scale was assumed at 1/3. The subudyeain corresponding
to terrain category Il in AlJ (2004) was chosentlaes tested wind field. The wind velocity
profile and turbulence intensity profile of the silated wind field measured in the center of
turnable without models are shown in Fig. (1) whishthe preformed boundary layer
condition for the following studies.
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Figure 1: The 1/100 simulated suburban wind field

There are two kinds of models for each type of nedéne is the sensor model for the
measurement of wind pressure, and the other iduhemy model to make the alignments of
the models. The former is made of acrylic plasiing the latter is wooden model. Only one
model of the former is used in each layout.

The rectangular prism models for test have same e of 24cm length and 16cm width,
and three model height#d), 6cm, 12cm and 18cm. In wind tunnel, a large nembf
‘dummy’ models of similar dimensions were constedgcto represent surrounding buildings,
and area densit@, was defined as,

_area occupied by buildings _ bd

C
area of site BD 1)

A

where, b and d are the breadth and depth of theercenilding. B and D are the average
distances between corresponding points on adjdeeldings in two coordinate directions, as
shown in Fig. (2). The target model is set at tepter of a turnable of 200cm, surrounded
models are arranged in 3 kinds of orders (i.e.legataggered, random), as shown in Fig. (3),
with 8 different area densit@a (0.1, 0.15, 0.20, 0.25, 0.30, 0.40, 0.50 0.60), #wedheights

of surrounding modeldH{) are also varied in 6, 12, 18cm. Each of the arpantal models is
set on the turntable in isolation settings, thatishout surrounding model€4- 0.0), which

are called isolation test cases.
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Figure 3: Arrangement Order of surrounding buil@if@,=0.25)

In this test, the sampling frequency was 781.25kt¥ the sampling period was 18 seconds
for each sample, corresponding to 23.4Hz and 1@t@énin full scale. The test data were then
low-pass filtered at 300Hz. Each test case was leaihi® times and the statistical values of
the wind pressure coefficients shown in this pagrerthe average of the statistical value of
these ten samples. The transfer function of the tsystem was identified according to
sinusoidal signals input and its corresponding wiutghe effect of the tube system was
eliminated by dividing the transfer function froimetpower spectra of the measured raw test
series.

The wind pressure coefficients were expressedanfdim of a non-dimensional pressure
coefficient, defined as follows:

Cp_oi (,1) = p(,1)/ py (1)

whereC, ;(i,t) is original wind pressure coefficients at measuiguli at timet; p(,t) is

measured wind pressure at tapat timet; p, is the reference wind pressure of the

approaching wind velocity at the average roof heigtsov,?, Vi corresponds to the mean
wind speed in preformed boundary layer at the esfee height (average height of the roofs).
For the present test program, the reference vgloerained essentially constant so that the
load changes were directly related to the chang€s. i

In order to make the wind pressure coefficientsegpond to some duration, the time
series of wind pressure coefficients were movingraged as:
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C,Gt)=C

(1-At/2~t+AL/2) )

p_ori

where At is the duration of the wind pressure coefficieiighis paper, the time series data
were moving averaged every 0.0064s, correspondi@gs in full scale. The extreme values
were calculated by the Cook & Mayne method, whieeeeixtreme distribution of wind
pressure coefficients was assumed as a Fisher{Tipgee 1 (FT1) distribution, the mode
and dispersion of the Fisher-Tippett Type 1 arewated by the Best Linear Unbiased
Estimators (BLUE).

The test results of the isolation test cases degresl to as the standard values. In order to
guantify the effect of surrounding buildings to tinend pressures of target building, the
interference factorC,, which represents the change of statistical pressoefficients caused,
is expressed as:

CI = Cp,sur /Cp,iso (3)
where, C,sr and Cyisp are the local extreme pressure coefficients ollewiad directions
measured under the experimental model surroundedeighboring blocks and under the
isolated test case, respectively. Furthermoremtheimum values o€, over area for building
surface zones defined by AlJ2004 shown in Fig.afé)calculated as well, among which the
surface Roof, Wall-1 and Wall-2 is denoted for plositive extreme cases.

W Wall-1 W
REBEILREY,

<

b)

R,
a0 Roof 2

a

Wall-1 W, W

1
0.1 H B2 0.11 H
t *

Figure 4: Surface zone definition

3 RESULTS AND DISCUSSION

3.1 The effect of area density of surrounding blocks

High suction pressures over the prism surface igrefisantly reduced for a rectangular
prism surrounded by other blocks compared to thlatied case in the same approach flow, in
terms of the peak, mean or root mean square (RM3hGwn in Fig. (5) for detailed ,C
comparisons on a single bluff-body block and alfreunding cases depending on the
different Ca, where 0.0 means isolated case. All four stasikticterpretations of pressure
variation are significantly reduced by the presesiceurrounding roughness.
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Figure 5: Pressure coefficients (peak, mean and)Rii$he centerline of building under differé@jat the

With the decrease of area density, the separatgtante between the group increases, the
vortices from upstream body can get enough timespade to become well organized before
they hit the downstream block, thus the dynamicdwpnessures increase as shown from the
On the contrary, for high area densityaion, the separation distance becomes
smaller, the downstream block interferes with tbetex shedding and disrupts its frequency,
vortex shedding mechanism doesn’'t work eesdilts in small dynamic wind
pressures. It should be worthy to note that thetdlating wind pressure of leeward surface
may altered by the wake induced by the downstrelackbn case of a close proximity, thus
in high dynamic wind pressures on it,daample the case of area density of 0.4 for
leeward wall in Fig.5. Compare with the isolatedesathe extreme wind pressures will be
magnified, especially for the positive extreme wpréssures as shown in Fig. (6) for areas
along edges of top surface. For negative extreme wiessures, shielding effect is obvious in

Fig. (5).

thus the

resulting

azimuth of 0H=12cm,Hs<=12cm, in regular arrange order

all cases.
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(b) Cx=0.2

(c) Ca=0.4 (d)Ca=0.6
Figure 6: Contour of interference factor for pagtpeak wind pressuremder differenCy,

(H=12cm,Hs=12cm, in regular arrange order)
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Figure 7: Contour of interference factor for negatpeak wind pressuresmder differentC,
(H=12cm,Hs=12cm, in regular arrange order)
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As the density of surrounding blocks increases, Ztwieed peak negative wind pressure
coefficients on most of the zones decreases, edlyetr the average peak negative wind
pressure coefficients in regular order, as showhign(8). At the case of relative height ratio
of HJ/H=1, with the increase of area density, the interfee factorE, of peak positive wind
pressure coefficients of roof are all bigger thab, the magnified value increases gradually
until 60% with the increase of the density of surrding buildings in sparse density cages (
<0.2), and then turn to stable of 50% for densargement. For negative extreme wind
pressure, there are significant decrease with ribeease ofCa and only in sparse density
cases Ca <0.2) the negative extreme wind pressures in tlieer of wall surface are bigger
than isolated case.
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Figure 8: Interference factors for peak wind presswnder different area density castss12cm,Hs=12cm

3.2 The effect of relative height ratio of surroundingbuildings to target building

Depending on the relative height ratio (the raticn@ght of surrounding buildings to that
of target building,HJ/H), there is significant increase of peak positivendvpressure
coefficients with the relative ratio on roof areagegular order, as shown in Fig.(9), and the
biggest value for interference factGr can reach over 2 times of that of isolated casenwh
the surrounding building is higher than that of tdeatral prism flH>1.0) which definitely
should be paid attention to. For the wall surfatles, magnified effect is not significant but
also can’'t be neglected totally. It should be notledt the peak negative wind pressure
coefficients under lower relative height ratlds(H<1.0) are usually higher than that of bigger
relative height ratiosHs/H>1.0) for most zones.

4

O  Roof 14r
v walll 1
A wall-2 1.2y

35r

<a

3t

1k
25¢

Al 0.8}

15¢ 0.6F

T . |

a
05r b 0.2f

Interference factor(G)
Interference factor(q)

B o D Od ><‘=

0

. . . . . . 0 . . . . . .
0 05 1 15 2 25 3 0 05 1 15 2 25 3 35
Relative height ratio of surrounding buildings (HSIH) Relative height ratio of surrounding buildings (HS/H)

(a) Maximum (b) Mithum
Figure 9: Interference factors for peak wind presswvith different relative height rati€,=0.1, 0.3, 0.6
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3.3 The effect of arrange order of surrounding buildings

In particular, the present study would like to detf@e relationship between arrangement
(e.g. regular, staggered, or random) and the leveiterference which results. However, as
shown in Fig. (10) due to the scatter of the resuttwould be difficult to lead to some clear
conclusions, which also indicate that the effectamda density and relation height ratio are
much sensitive than the effect of arrangement obsuading buildings, therefore the different
arrange orders become secondary in comparison.
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Figure 10: Interference factors for peak wind puess under different arrangement ordé/Hs =1, C,= 0.3

4 CONCLUSIONS

Shelter effects produced by the surrounding bujslion the central rectangular prism

were found to be significant, such that flow patteare displaced and mean and peak induced
loads are significantly different from the isolatedilding base case. It is expected that
shielding effects depend on the area densify) @nd the relative height rati¢tifH). The
suction on the building surfaces can be signifigareduced by the presence of surrounding
buildings and will be obviously decrease with therease ofC,, but the positive peak wind
pressure will increase in some cases. The envirohmigh similar-sized buildings can lower
the ambient pressure for a region below the gerimriddiing height. Compared to a single
building case, surrounding roughness arrangemamt&en increase the magnitude values of
peak Cp’s over 100%.
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