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1. INTRODUCTION 
Rowan Williams Davies & Irwin Inc. (RWDI) was retained by Yapi Teknik to study the wind loading on 
the proposed Agaogla Maslak EGYO Project in Istanbul, Turkey. The Agaogla Maslak EGYO Project 
is a multi-tower development comprised of four phases, with hotel, residential, office, retail and 
conference facilities. The objective of this study was to determine the wind loads for design of the 
exterior envelope of tower C5. 

The following table summarizes relevant information about the design team, results of the study and 
the governing parameters: 

Project Details: 
 Architect Leach Rhodes Walker Architects 
Key Results and Recommendations: 
 Recommended Cladding Design Wind Loads 

 Negative Pressures 
 Positive Pressures 

 
Figures 4 to 8 
Figures 9 to 13 

 Range of Negative Pressures 
Range of Positive Pressures 

-1.0 kPa to -1.5 kPa 
+1.0 kPa to +1.75 kPa 

Selected Analysis Parameters: 
 Internal Pressures +0.18 kPa, -0.18 kPa 
 Basic Wind Speed per FBC 2001 36m/s 3-second Gust Speed at 10m in open terrain 
 Importance Factor on Wind Speed 1.0 

The wind tunnel test procedures met or exceeded the requirements set out in Chapter 31 of the ASCE 
7-10 Standard.  The following sections outline the test methodology for the current study, and discuss 
the results and recommendations.  Appendix A provides additional background information on the 
testing and analysis procedures for this type of study.  For detailed explanations of the procedures 
and underlying theory, refer to RWDI’s Technical Reference Document - Wind Tunnel Studies for 
Buildings (RD2-2000.1), which is available upon request.   
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2. WIND TUNNEL TESTS 

2.1 Study Model and Surroundings 

A 1:400 scale model of the proposed development was constructed using the architectural drawings 
listed in Table 1.  The model was instrumented with 280 pressure taps and was tested in the 
presence of all surroundings within a full-scale radius of 480 m, in RWDI’s 2.4 m × 2.0 m boundary 
layer wind tunnel facility in Dunstable, Bedfordshire. 

Photographs of the scale model in the boundary layer wind tunnel are shown in Figure 1.  An 
orientation plan showing the location of the study site is given in Figure 2. 

2.2 Upwind Profiles 

Beyond the modeled area, the influence of the upwind terrain on the planetary boundary layer was 
simulated in the testing by appropriate roughness on the wind tunnel floor and flow conditioning spires 
at the upwind end of the working section for each wind direction.  This simulation, and subsequent 
analysis of the data from the model, was targeted to represent the following upwind terrain conditions.  
Wind direction is defined as the direction from which the wind blows, measured clockwise from true 
north. 

Upwind Terrain Wind Directions (Inclusive) 

Urban/Suburban terrain – varying lengths of suburban and urban fetch 
immediately upwind of the surrounding model, with open terrain or water beyond. 

10° to 360° 

3. WIND CLIMATE 
In order to predict the full-scale wind pressures acting on the building as a function of return period, 
the wind tunnel data were combined with a statistical model of the local wind climate. The wind 
climate model was based on local surface wind measurements taken at Ataturk International Airport, 
Istanbul.  

The magnitude of the wind velocity for the 50 year return period corresponded to a 3-second gust 
wind speed of 36m/s at a height of 10 m in open terrain.  This value is consistent with that identified 
for Istanbul in the TS498 Turkish Standard.   

The wind climate for Istanbul is illustrated by the plots in Figure 3.  The upper two plots show, based 
on the wind climate model, the strength of the wind versus wind direction. The lower plot shows the 
wind speeds from the data set as a function of return period.  

http://www.rwdi.com
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4. DETERMINING CLADDING WIND LOADS FROM WIND 
TUNNEL TEST RESULTS 
For design of cladding elements, the net wind load acting across an element must be considered.  
The results provided in this report include the contributions of the wind loads acting on both the 
external surface (measured directly on the scale model during the wind tunnel test) and internal 
surface of the element (determined through analytical methods and the wind tunnel test data).   

For elements exposed to wind on the external surface only, an internal pressure allowance must be 
applied to the measured external pressure in order to determine the net pressure applicable for 
design.  In strong winds, the internal pressures are dominated by air leakage effects.  Important 
sources of air leakage include uniformly distributed small leakage paths over the building’s envelope.  

The wind loads provided are net pressures which include an allowance for wind-induced internal 
pressure based on a building without any large or significant openings.  The resulting internal 
pressure allowance values were ±0.18 kPa.  Note that this allowance doesn’t include any 
consideration of pressures induced by auxiliary mechanical systems. 

To obtain the net peak negative pressure on the building's cladding, the negative exterior pressures 
were augmented by an amount equal to the positive internal pressure.  Likewise, the net peak positive 
pressures were obtained by augmenting the exterior positive pressure by an amount equal to the 
magnitude of the negative internal pressure. 

For elements exposed to wind on opposite surfaces such as parapets, fins and canopies, the net 
pressure acting on the element was determined by measuring the instantaneous pressure difference 
across the element. 

5. RECOMMENDED CLADDING DESIGN WIND LOADS 
It is recommended that the wind loads presented in Figures 4 through 13 be considered for the 50-
year return period.  The drawings in these figures have been zoned using 0.25 kPa increments so that 
the pressure indicated is the maximum pressure in that particular zone.  For example, a 1.5 kPa zone 
would have pressures ranging from 1.26 kPa to 1.5kPa. 

Wind loads have been provided for the elevation walls of the tower and separately for the fin features 
(figures 7 and 12). In these cases the local recommended pressures shown are differential pressures 
measured across the fins. 

Note that the recommended wind loads are for cladding design for resistance against wind pressure, 
including an allowance for internal pressures.  Design of the cladding to the provided wind loads will 
not necessarily prevent breakage due to impact by wind borne debris.  

Note that the wind loads provided in this report include the effects of the directionality in the 
local wind climate.  These loads do not contain safety or load factors and are to be applied to 
the building's cladding system in the same manner as would wind loads calculated by code 
analytical methods. 

"Negative pressure" or suction is defined to act outward normal to the building's exterior surface and 
"positive pressure" acts inward.  The largest recommended negative cladding wind load was -1.5 kPa, 
which occurred on the Front Inside Wall (Figure 4). The majority of the negative wind loads were -1.0 
kPa.  The largest recommended positive cladding wind load was +1.75 kPa, which occurred on the 
parapets of some of the balconies on the Rear Inside Wall (Figure 11).  The majority of the positive 
wind loads were +1.0 kPa. 

http://www.rwdi.com
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6. APPLICABILITY OF RESULTS 

6.1 The Proximity Model 

The cladding design wind loads determined by the wind tunnel tests and aforementioned analytical 
procedures are applicable to the particular configuration of surroundings modeled.  The surroundings 
model used for the wind tunnel tests reflected the current state of development at the time of testing 
and include, where appropriate, known off-site structures expected to be completed in the near future.  
If, at a later date, additional buildings besides those considered in the tested configuration are 
constructed or demolished near the project site, then some load changes could occur.  To make some 
allowance for possible future changes in surroundings, our final recommended cladding design wind 
loads do not go below a minimum of ±1.0kPa.  

6.2 Study Model 

The results presented in this report pertain to the scale model of the proposed development, 
constructed using the architectural information listed in Table 1. Should there be any design changes 
that deviate substantially from the above information; the results for the revised design may differ from 
those presented in this report.  Therefore, if the design changes, RWDI should be contacted and 
requested to review the impact on the wind loads. 

http://www.rwdi.com
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TABLE 1:  DRAWING LIST FOR MODEL CONSTRUCTION 

The drawings and information listed below were received from Leach Rhodes Walker Architects and 
were used to construct the scale model of the proposed Agaogla Maslak EGYO Project.  Should there 
be any design changes that deviate from this list of drawings, the results may change. Therefore, if 
changes in the design area made, it is recommended that RWDI be contacted and requested to 
review their potential effects on wind conditions. 

File Name File Type Date Received 

AgaogluAyazaga-10 .dwg 13/01/03 

AgaogluAyazaga-10 .skp 13/01/03 
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Note: Wind Speeds shown are 3-second Gust Wind Speeds (m/s) at 10 m height in Open Terrain
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Figure No. 3Directional Distribution of Local Wind Speeds

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

1 10 100 1000 10000
Mean Recurrence Interval (years)

Predicted Wind Speed TS-498 Code Wind Speed

0

5

10

15

20

25

30

35
N

10 20
30

40

50

60

70

80

E

100

110

120

130

140
150

160170
S

190200
210

220

230

240

250

260

W

280

290

300

310

320
330

340 350

Extreme Winds
Corresponding to a 50-year return period

0

5

10

15

20

25

30

35
N

10 20
30

40

50

60

70

80

E

100

110

120

130

140
150

160170
S

190200
210

220

230

240

250

260

W

280

290

300

310

320
330

340 350

Common Winds
Corresponding to a 1-month return period

























Reputation Resources

APP

OVERVIE
CLADD

A.1

A.1.1

RWDI's
natura
and spec
spires
water
represent
Scaling
between
simulated
predict
exam
upwind
water

Wind
from t
any w
The w

It is p
surround
These
and/o

A.1.2

This
Predict
resist
wind
building
pressu
pressu
short
based
simultane
an inst

1 W
1984

2 Long
In

esources Resu

PPENDI

OVERVIEW
CLADDING

Wind

Wind Tunnel Tes

RWDI's bounda
al wind app
specially

es have been
r, to built

esent the
ng factors

between the e
ated in the
cting the
ple, this

nd of the
r in the distance.

direction
true north.

wind direct
The wind tunne

prudent to
ounding bu

These may inc
and/or lower lim

Measuremen

study add
ctions of
the wind
pressure
ng with p

essure, the
essures are

as 0.5 to
based on the

taneous
nstrumented w

Wind speed p
1984 with am

Longitudinal
nternational

esults

NDIX A:

W OF W
WIND LOADS

d Tunne

Wind Tunnel Tes

boundary laye
approachi

designed
been selected
ilt-up urban

most app
s are also
expected

the wind tunne
effect of changes
procedur
site, versus
stance.

on is defined
th. The test

ection to be
tunnel test is typ

o take steps
buildings fo
nclude requ
mits on the

Measurement

addresses
these loads

nd loads. The
e study.
pressure
root-mea
measured

to 1 second
measured
pressures

umented wind tunne

profiles over
amendments

turbulence
London, 1984

Canada

WIND

WIND TUNNEL
D LOADS

el Test a

Wind Tunnel Tests

r wind tu
ng the mode

d turbulence
ected to s

ban terrain
appropriate

so introduced
wind spe

tunnel. The
changes
re disting
sus a sho

ed as the
est mode

be simulat
s typically conducted fo

eps to ensu
for shelte

equiremen
the reduct

 Techniques

the loca
oads are r

The tech
The bas
taps tha

ean-square
ed at each tap
ond at full
ed upper
es are also
tunnel stu

er terrain wit
to 1993.

ence intensities
1984 with amend

anada | USA

ND TU

TUNNEL
D LOADS

t and Ana

unnel facili
modeled a
ence gene

simulate
n. During

of these
oduced at the
speed and
The full-sca

in the ea
guishes be

short fetch o

the direction
model (study mode

ted by rotat
y conducted fo

ensure that
ter. Build

ements to tes
eduction that is

 Techniques

l wind p
required
nique that
is of the

that adequate
e of pressu

each tap using
scale. The

level mean
so recorded
dy mode

th roughness

es over terra
amendments

SA | UK |

NNEL

TUNNEL PROCEDURES

nalysis M

ility simul
area by hav

generators, o
four bas

ng the tests,
four bas

the analys
turbulence

scale prope
earth’s surfac

between the
of suburban

on from wh
model and
otating the

y conducted for 36 w

the safety
ding codes

test with the
s permitted c

ressures
in order

that is used
approach

adequately cove
essure fluctuat
ng a syste
The measu

mean dynam
ded for post

l is provided

hness changes

errain with roughness
 to 1993.

 India | C

EL PRO

PROCEDURES

Methods

lates the
having a long
or spires,

basic terrain
tests, the upw

basic profiles,
ysis stage

ence proper
operties are

face roughness
the flows
ban terrai

which the w
and surround
the model to

 36 wind direct

safety of a str
codes often conta

the more
tted compa

that act
that the c

used to make
oach is to inst
cover the ex

uctuations
system capab
measured data

dynamic pressu
post-test pr

ded in Figu

s for flat or h

oughness ch

China | H

ROCEDUR

PROCEDURES FOR

thods

mean speed
ong work
at the u

n conditions,
upwind p
es, for direct

to account
rties, and
derived us

oughness on
ows generated

in immed

wind blows
oundings) is

to the app
ections at 10° 

ructure is
contain spec
significant

mpared to the code a

act on the
cladding

make these p
nstrument
xterior ar
and the

pable of respond
data are conve

essure in the
rocessing
gure 1.

hilly sites. It

hanges for

ong Kong

DURES

FOR TH

speed prof
king secti
upwind end.
ons, rang
rofile in
ections w

unt for rem
and the bas

using the
on the planeta
ated by a

mmediately upw

ows in degr
s mounted

appropriate
t 10° interv

s not entir
specific p
nt surrou
he code a

exterior
system c
redictions

nt a rigid
eas exposed
peak negat

esponding to
converted
he wind tunne
g if requir

em No. 8401

flat or hilly

| Singapore

ES

E PRE

ofile and tu
on with a

end. Floo
anging from

the wind
with simila
maining m

asic upwind
ESDU methodo

anetary bounda
uniform

upwind of the

grees measu
mounted on a tu

e angle in
vals.

rely depe
rovisions
nding bu

he code analytical

envelope
can be des

ns consists
wind tunn

osed to w
negative and

to pressu
into pres

tunnel. T
red. A typ

84011, ESDU

y sites. Item

ngapore

Page

PREDICTION

turbulence
a roughen

oor roughness
open te

nd tunnel i
ar upwind
minor diffe

nd flow cond
methodology

boundary laye
open wate

the site w

measured c
turntable,
n the wind

dependent on
ns to address
buildings removed

 approach.

e of the
designed to
s of conduct

tunnel mode
wind. The
and peak

essure fluctuat
essure coeff
Time series
typical examp

Internationa

m No. 84030

www.r

A1 of 3

ICTION OF

ence of the
oughened floor

ghness and
terrain, or

is set to
d terrain.
fferences

conditions
ogy1, 2 for
ayer. For

water fetch
with open

lockwise
allowing

nd tunnel.

on specific
ess this.
emoved,

oach.

building.
to safely

conducting a
model of the

The mean
positive

uctuations as
coefficients

es of the
ample of

nal London,

030, ESDU

rwdi.comwdi.com



Reputation Resources

A.1.3

Carry
pressu
likelih
different
local w
cladd
the des
requir
periods
factor
safety fact

Wind
wind
typica
location,
analys
each
open
wind tunn

In orde
integr
this integ
wind
recorded
through
peak
valid p

The second
terms
mathemat
The t
load stud
and l
smooth
robust.

A.1.4

In strong
but ar
effect

3 Irw
29

4 Irw
Aerodynam

esources Resu

Consider

ying out the
essure coeff

hood of d
ent direct
wind climate
ing loads,

design life
rements

ods of 50
rs are app

safety factors, a

records taken
climate

cally used
on, typica

ysed to dete
of 36 wind
terrain.

nd tunnel.

der to pr
rated with
ntegration.
record is
ded wind

ough the w
pressure

d peak responses fo

second method
ms, this can

mathematical
ime histo
studies whe
lower qua

smoothing of e
obust.

Internal P

ong winds,
re usually

effect. Important

win, P.A., “
29 (1988), pg

win, P.A. a
Aerodynamics

esults

Consideration o

the procedu
oefficients ex

ifferent w
ections, the

mate to pr
ads, it is app

fe of the
that cons
or 100 yea

applied. Fo
s, are used to 

taken from
model.
to gener

cally provide
determine
nd sectors
This coinc

redict the
th the wind

on. In one
s used to

nd speed and
ind speed

e is gene
esponses fo

method is
can be thought

model of
story method

where the
quality reco

erratic behav

ernal Pressure All

nds, air leakage
y of less s
tant sources

Pressure Mod
pg. 69-78.

and Sifton,
cs, 77 & 78

Canada

ion of the Local Wi

edures de
xpected fo
wind direct
e measur
roduce pre

ppropriate
e structur

consider the
years are
For Limit

 used to repre

om one or
In areas

erate a bet
de an ina
the probab

s at an up
ncides wit

the cladding
nd climate

method,
to determ
and direct

ed and dir
rated. Then,

esponses for any des

the Upcross
ought of a
of the wind

thod (first m
the extent and
ecords RWDI

ehaviour of

essure Allow

akage effe
significan
ces of ai

Model Techn

V. L., “Risk
(1998), pg.

anada | USA

Local Win

described
for a given w

ections and
red pressu
redicted p
to conside

re. The
intended

re often use
States Des
sent the u

r more locat
eas affected
better databa
nadequate
obabilities
upper leve

th the he

g wind lo
mate model.

the histo
ine the fu

ection and
rection dat

Then, through
 any desired retu

ossing Method
as an ana
d statistics

method des
and quality

RWDI typica
of the wind

wances Considering Localized Breac

ects domin
ance, are the

r leakage

Techniques for Cl

sk Considera
. 715-723.

SA | UK |

nd Clima

in the pr
ven wind di
and the var

essure coeff
peak pressu
der peak

choice
ntended use of

used for c
Design, re

ent the ultimate stat

ocations nea
d by hurr

database since
sample
of exceed
l reference

height used

oads for
There a

storical (or s
full-scale

the wind
data on an
ough the

eturn period a

Method as
analytical r

cs is used
described

ty of the
cally reve
nd statisti

Considering Localized Breac

nate the i
the operat

eakage include

Cladding Loads”

derations for

 India | C

d Climate

revious sect
rection.
rying strengths

coefficients a
essures as

loads assoc
of return
the build

ladding des
return peri

mate state load

near to the
rricanes o
nce full sca

for statist
eding vari

ence height, typ
d to measu

a given
are two methods
simulated
cladding

nd tunnel
an hour-by

use of e
od are dete

described
representat

used in place
above) is
wind reco

everts to the
cs to be

Considering Localized Breac

internal p
ation of mechan

ude uniforml

Loads”, Jour

Internal Pres

China | H

sections dete
However

engths of
are integr

as a functi
associated

n period
ding. Fo
design, to
iods of 700
ding.

e study si
or typhoons,

scale measu
stical purposes.
ious hou

ght, typically
easure the

return pe
methods typ

ated as is the
ng wind pr

predictio
by-hour bas

xtreme va
e determined.

bed by Irwin
esentation of

ace of the
s typically

ecords per
the Upcross

more read

Considering Localized Breac

pressures.
mechanica

ly distributed

rnal of Wind

Pressures”, Journa

ong Kong

determines
, in order
winds that

rated with
on of retu
with retu
will be

For Allowa
to which app
700 or 1700

ite are ge
typhoons, Monte

surements
poses. T
rly mean

y taken to
reference

period, the
typically used

the case w
ressures
ns for tha

asis, a time
value fitting

in3 and Irw
the first
detailed
y used by
rmit it. In
ossing Method

eadily imple

Considering Localized Breaches in 

es. Other f
cal ventilatio
buted sma

nd Engineeri

Journal of W

| Singapore

nes the peak
r to accoun

that may be
th statistica

eturn period
eturn periods

governed
ble Stress
appropriat

1700 years,

enerally us
Monte Carlo

ements, if ava
he data i
wind sp

o be 600 m
ence dynami

the wind tun
used by
ith hurrican
for each

that directi
me history
ng techniq

win and S
method,
wind reco
y RWDI fo

In areas of
Method sin

emented

es in the Building F

factors that
ion systems

small leakag

ing and Indu

Wind Engineer

ngapore

Page

peak local
account for the

be expected
cal records
od. In the
ods compa

ned by loca
ess Design
ate load o
s, without

used to de
o simulati
ilable for
n either cas

peeds from
m (2000 ft
c pressu

tunnel resu
RWDI to

canes or typhoons
each hour, g

on. By
y of the
ques, stat

Sifton4. I
in which

ecords themse
for cladd

of shorter
nce it ena
and is thus

uilding F

that influen
systems and the

e paths

ndustrial Aerodynam

neering and

www.r

A2 of 3

external
e varying

pected from
ds of the

the case of
comparable to

ocal code
gn, return
or safety

thout load or

derive the
ions are
r a given
case are

om within
ft) above
re in the

esults are
perform

typhoons)
iven the
stepping
resulting

statistically

n simple
ch a fitted

themselves.
ing wind

r records
enables a
thus more

açade

uence them,
the stack
over the

odynamics

and Industrial

rwdi.com

)

hem,

wdi.com



Reputation Resources

buildin
due to
The inte
potent
During
There
rocks to

To eva
simultane
located
measu
gener
conside
Using
that ma
occurr
areas)
or for
openi
the ex

For bu
windows,
an open
conside

The i
failures
cladd
debris.

esources Resu

ng’s enve
to airborne
nternal pr

potential glass
ng a majo
e are many

ocks to tree b

evaluate the
taneous

ocated on bu
measurements

rated at
dered since

ng an in-house
may occu
rring. Lowe

eas), and highe
r buildings
ng probab
xternal pr

buildings that
ows, the potent
opening is
derations of a nom

nternal p
es due to
ing to the
s.

esults

envelope and
ne debris
ressure a

ass breakage,
or storm

many types
ranches.  La

the interna
measurements

building wa
ements taken i

the corne
nce multi

house app
occur at selected
Lower probab

gher probab
ngs that have

obabilities, inte
ressures.

that use
potential fo
s also ve

ons of a nom

pressure
to pressu
e provided

Canada

and larger l
in a winds

allowance
eakage, the in

event, gl
of project

.  Larger p

nal press
ements ar
walls tha
n areas

ners of th
ple leaka

approach, these
ected op

obabilities a
obabilities
have a la
nternal pr

large miss
for breakage
very low,

ons of a nominally se

allowanc
essure increa

ded wind loa

anada | USA

eakage paths.
ndstorm and

wances can be
nternal compa
ass breakage

ectiles that
 projectiles

essures resu
re taken

that share
where la

he floor p
kage sources
hese data
pening loc
are used
are used
rge numbe
ressures

ssile impa
eakage due
ow, and the

y sealed build

ces are ap
ases caus
ads will not

SA | UK |

paths. These
and open doo
be influenced
compartmenta
eakage can

that typically
es impacting th

esulting fr
during the
the same

arge pressu
plate.  A
ces tend

data are ana
cations and
in lower w

used in highe
number of ope

are deter

mpact resistan
to windbor

the interna
ding.

applied to
caused by

not necessa

 India | C

These large
doors or w

uenced by many
tmentalization
can be diffe

y cause g
ng the bu

rom dom
the wind tunne

same inter
essure diffe

  A single op
to reduce

analyzed to
and for a
wind speed

gher wind speed
operable w
rmined fo

stant glaz
borne debr
nal pressu

to help reduce
localized

necessarily prevent

China | H

ger leakage
windows,

many factor
on of the

fferent sizes
glass breakage,

 building wou

ominant open
tunnel test
rnal volume.

fferences
opening

educe the magn
to determine
a range of

speed areas
speed area

windows
for the same

ing everywhe
ris is very

essures used

educe the
zed breaches

event breakage

ong Kong

eakage paths
in cases

rs includin
building

zes and occu
eakage, ra
ould be ra

openings i
test between
ume. Of
can occu
(worst case

magnitude
ne the range
of probab
(i.e., – n

as (i.e., –
or doors

same level of

ywhere, and
y low. As

used are a

the possibil
hes in the
eakage du

| Singapore

include w
cases where they

ng the siz
and the

occur at v
ranging in
are events.

n the bu
between pairs

Of particu
occur such as

ase) scena
e of the i
ange of in
bilities of

non-hurrican
– hurricane/typhoon
s. Using
of risk as

and do not
s a result,
at or nea

lity of subsequent
e facade.
ue to impact

ngapore

Page

window b
they are ope
ze and locat
internal vo
various loc
n size from

e events.

building enve
of pressu

cular inter
as those

scenario is
nternal p
nternal pr

of these open
cane/non-

cane/typhoon
ng these dom

that assumed

not have ope
the probab

near the m

subsequent
facade. Design

mpact by wind

www.r

A3 of 3

breakage
operable.
ocation of
volumes.
ocations.
om small

envelope,
essure taps

rest are
that are
typically

pressure.
ressures
openings
-typhoon

cane/typhoon areas)
dominant

assumed for

operable
obability of

minimum

subsequent facade
n of the
nd borne

rwdi.comwdi.com




