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1. 

Rowan Williams Davies & Irwin Inc. (RWDI) was retained by 
loading on the proposed 
were:

i. 

ii. 

The following table 
the study and the governing parameters:

Project Details:
 Structural Engineer
 Architect
 Measurement Technique
Key Results and Recommendations:
 Coordinate System for Structural Loading
 Summary of Predicted Peak Overall Structural Wind 

Loads
 Effective Static Floor
 Recommended Wind Load 
 Predicted Peak Accelerations at Top Occupied Floor
Selected Analysis Parameters:
 Design
 Importance Factor 

The wind tunnel test procedures met or exceeded the requirements set out in 
ASCE 7
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 T
Buildings (RD2

2. 

2.1  

A 1:3
listed in Table 1.  The model was tested in the presence of 
of 360
the following test con

Photographs of the wind tunnel study model are shown in Figure 1.  An orientation plan showing the 
location of the study site is given in Figure 2.
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1:300 scale model
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Configurati

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

 

Reputation   Resources   Results  

Via Venezia
Wind Induced Structural Response
RWDI#1201243
September 4

INTRODUCTION

Rowan Williams Davies & Irwin Inc. (RWDI) was retained by 
loading on the proposed 

to provide wind loading information for the overall structural 

to determine the wind

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

Structural Engineer 

Measurement Technique
Key Results and Recommendations:

Coordinate System for Structural Loading
Summary of Predicted Peak Overall Structural Wind 

Effective Static Floor-by-
Recommended Wind Load 
Predicted Peak Accelerations at Top Occupied Floor

Selected Analysis Parameters:
Wind Speed per TS498

Importance Factor on Wind 

The wind tunnel test procedures met or exceeded the requirements set out in 
05 Standard.  The following sections outline the test methodology for the current

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 T
Buildings (RD2-2000.1), which is available upon request.  
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Study Model and Surroundings
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Photographs of the wind tunnel study model are shown in Figure 1.  An orientation plan showing the 
location of the study site is given in Figure 2.
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the testing and analysis procedures for this type of study.  For detailed explanations of the procedures 
and underlying theory, refer to RWDI’s T
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WIND TUNNEL TESTS

Study Model and Surroundings

of the proposed development was constructed using the architectural dra
listed in Table 1.  The model was tested in the presence of 

, in RWDI’s 2.4 m × 2.0 m boundary layer wind tunnel facility in 
figuration: 

on 1 – Proposed 

Photographs of the wind tunnel study model are shown in Figure 1.  An orientation plan showing the 
location of the study site is given in Figure 2.
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2.2  

Beyond the 
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.
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 Terr

Suburban 

Suburban
of the surroundings model, with 
isolated small towns beyond

Suburban

3. 

In order to predict the full
data were combined with a statistical 
based on local surface wind measurements taken at 

The wind climate model was scaled so that the magnitude of the wind velocity for the 50
period corresponded to 
This value is consistent with that identified for 

The wind climate for 
on the wind climate m
direction.

4. 

4.1 

The reference axis system used to define the forces and moments is illustrated in Figure 4.  The 
overall wind
have been predicted for the design return period and are presen

The loads were determined using the fundamental building vibration frequencies listed in Table 2, and 
the corresponding mode shapes provided by the structural engineer 
contains a summary of the provided dyna
critical which was considered representative for the building’s structural

For illustrative purposes, the overall wind
Figure 5.  The loads 
speed applies equally to all directions.  In other word
probability that the design wind speed will occur from different directions.  This information simply 
illustrates the raw source data used in predicting the peak design loads.
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 Upwind Profiles

Beyond the modelled 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.
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

Suburban - large lengths of suburban terrain (i.e., many low buildings)  

Suburban\Wooded
of the surroundings model, with 
isolated small towns beyond

Suburban\Water 

 WIND CLIMATE

In order to predict the full
data were combined with a statistical 
based on local surface wind measurements taken at 

The wind climate model was scaled so that the magnitude of the wind velocity for the 50
period corresponded to 
This value is consistent with that identified for 

The wind climate for 
on the wind climate m
direction. 

 RESULTS AND RECOMMEN

 Predicted Peak Shear Forces a

The reference axis system used to define the forces and moments is illustrated in Figure 4.  The 
overall wind-induced overturning moments, shear forces and torsional moments acting 
have been predicted for the design return period and are presen

The loads were determined using the fundamental building vibration frequencies listed in Table 2, and 
the corresponding mode shapes provided by the structural engineer 
contains a summary of the provided dyna
critical which was considered representative for the building’s structural

For illustrative purposes, the overall wind
Figure 5.  The loads 
speed applies equally to all directions.  In other word
probability that the design wind speed will occur from different directions.  This information simply 
illustrates the raw source data used in predicting the peak design loads.
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modelled 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.
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 
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large lengths of suburban terrain (i.e., many low buildings)  
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of the surroundings model, with 
isolated small towns beyond

Water - open water beyond

WIND CLIMATE

In order to predict the full
data were combined with a statistical 
based on local surface wind measurements taken at 

The wind climate model was scaled so that the magnitude of the wind velocity for the 50
period corresponded to 
This value is consistent with that identified for 

The wind climate for Istanbul
on the wind climate model, the relative probability that wind speeds will be exceeded from each wind 
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The reference axis system used to define the forces and moments is illustrated in Figure 4.  The 
induced overturning moments, shear forces and torsional moments acting 

have been predicted for the design return period and are presen

The loads were determined using the fundamental building vibration frequencies listed in Table 2, and 
the corresponding mode shapes provided by the structural engineer 
contains a summary of the provided dyna
critical which was considered representative for the building’s structural

For illustrative purposes, the overall wind
Figure 5.  The loads in this figure are the values
speed applies equally to all directions.  In other word
probability that the design wind speed will occur from different directions.  This information simply 
illustrates the raw source data used in predicting the peak design loads.
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modelled 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.
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 

large lengths of suburban terrain (i.e., many low buildings)  

 varying lengths suburban terrain immediately upwind 
of the surroundings model, with densely wooded hill country with a number 
isolated small towns beyond 

open water beyond 

WIND CLIMATE

In order to predict the full-scale structural responses as a function of return period, the wind tunnel 
data were combined with a statistical 
based on local surface wind measurements taken at 

The wind climate model was scaled so that the magnitude of the wind velocity for the 50
period corresponded to a 3-second gus
This value is consistent with that identified for 

Istanbul is illustrated by the plots in Figure 3.
odel, the relative probability that wind speeds will be exceeded from each wind 
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Predicted Peak Shear Forces a

The reference axis system used to define the forces and moments is illustrated in Figure 4.  The 
induced overturning moments, shear forces and torsional moments acting 

have been predicted for the design return period and are presen

The loads were determined using the fundamental building vibration frequencies listed in Table 2, and 
the corresponding mode shapes provided by the structural engineer 
contains a summary of the provided dyna
critical which was considered representative for the building’s structural

For illustrative purposes, the overall wind
in this figure are the values

speed applies equally to all directions.  In other word
probability that the design wind speed will occur from different directions.  This information simply 
illustrates the raw source data used in predicting the peak design loads.
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modelled 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.
analysis of the data from the model, was targeted to represent the following upwind terrain conditions.  
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scale structural responses as a function of return period, the wind tunnel 
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second gust

This value is consistent with that identified for 

is illustrated by the plots in Figure 3.
odel, the relative probability that wind speeds will be exceeded from each wind 

RESULTS AND RECOMMEN

Predicted Peak Shear Forces a
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modelled 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.
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 

large lengths of suburban terrain (i.e., many low buildings)  

varying lengths suburban terrain immediately upwind 
ensely wooded hill country with a number 

scale structural responses as a function of return period, the wind tunnel 
model of the local wind climate. The wind climate model was 

based on local surface wind measurements taken at 

The wind climate model was scaled so that the magnitude of the wind velocity for the 50
t wind speed of 

This value is consistent with that identified for Istanbul
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RESULTS AND RECOMMEN

Predicted Peak Shear Forces and Moments

The reference axis system used to define the forces and moments is illustrated in Figure 4.  The 
induced overturning moments, shear forces and torsional moments acting 

have been predicted for the design return period and are presen

The loads were determined using the fundamental building vibration frequencies listed in Table 2, and 
the corresponding mode shapes provided by the structural engineer 
contains a summary of the provided dynamic properties.  The damping ratio was taken as 2% of 
critical which was considered representative for the building’s structural

For illustrative purposes, the overall wind-induced loads for each wind direction are presented in 
in this figure are the values based on the design wind speed, assuming this wind 

speed applies equally to all directions.  In other word
probability that the design wind speed will occur from different directions.  This information simply 
illustrates the raw source data used in predicting the peak design loads.
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model of the local wind climate. The wind climate model was 

based on local surface wind measurements taken at Ataturk International Airport.

The wind climate model was scaled so that the magnitude of the wind velocity for the 50
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The reference axis system used to define the forces and moments is illustrated in Figure 4.  The 
induced overturning moments, shear forces and torsional moments acting 

have been predicted for the design return period and are presen

The loads were determined using the fundamental building vibration frequencies listed in Table 2, and 
the corresponding mode shapes provided by the structural engineer 

mic properties.  The damping ratio was taken as 2% of 
critical which was considered representative for the building’s structural

induced loads for each wind direction are presented in 
based on the design wind speed, assuming this wind 
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probability that the design wind speed will occur from different directions.  This information simply 
illustrates the raw source data used in predicting the peak design loads.
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DATIONS

nd Moments 

The reference axis system used to define the forces and moments is illustrated in Figure 4.  The 
induced overturning moments, shear forces and torsional moments acting 

have been predicted for the design return period and are presented in Table 2. 

The loads were determined using the fundamental building vibration frequencies listed in Table 2, and 
the corresponding mode shapes provided by the structural engineer 

mic properties.  The damping ratio was taken as 2% of 
critical which was considered representative for the building’s structural

induced loads for each wind direction are presented in 
based on the design wind speed, assuming this wind 

speed applies equally to all directions.  In other words, there is no allowance for the relative 
probability that the design wind speed will occur from different directions.  This information simply 
illustrates the raw source data used in predicting the peak design loads.

Canada   |   USA   |   UK   |   India   |   China 

modelled 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 

  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 

Wind Directions (Inclusive)

scale structural responses as a function of return period, the wind tunnel 
model of the local wind climate. The wind climate model was 

urk International Airport.

The wind climate model was scaled so that the magnitude of the wind velocity for the 50
at a height of 10 m in open terrain.  

  The upper four plots show, based 
odel, the relative probability that wind speeds will be exceeded from each wind 
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The reference axis system used to define the forces and moments is illustrated in Figure 4.  The 
induced overturning moments, shear forces and torsional moments acting 

ted in Table 2. 

The loads were determined using the fundamental building vibration frequencies listed in Table 2, and 
the corresponding mode shapes provided by the structural engineer on August 28, 2012

mic properties.  The damping ratio was taken as 2% of 
critical which was considered representative for the building’s structural system for strength design.

induced loads for each wind direction are presented in 
based on the design wind speed, assuming this wind 

s, there is no allowance for the relative 
probability that the design wind speed will occur from different directions.  This information simply 
illustrates the raw source data used in predicting the peak design loads. 
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Effective static wind loads that correspond to the predicted overall moments and shears are provided 
on a floor
components in Table 3, recommended wind load combi
are 24 basic combinations in the table, representing each of eight possible sign sets (+++, ++
etc.) with each of Fx, Fy and Mz reaching their individual maximum percentages for that sign set.  As 
an ex
case requires the application 
loads from Table 3.  
design.

The wind loads provided in this report include the effects of directionality in the local wind 
climate.  These loads do not contain safety or load factors and are to be applied to the 
building’s structural system in
analytical methods.

4.2 

Deflections have not been specifically evaluated in this study.  Normally the structural engineer 
evaluates floor
wind tunnel tests to a structural computer model of the building.  These deflections may then be 
reviewed by the structural engineer to assess the potential for excessive shearing in wall systems and 
partitions.

4.3 

The predicted wind
above level B
peak X, Y and torsional components
a function of return period for 
critical which was considered representative for the building’s structural system for serviceability 
consideration
was calculated at a representative distance of 
reference z

Figure 6 also presen
(ISO 10137:2007(E)), and RWDI’s suggested criteria based on 

From Figure 6, it can be seen that the predicted peak accelerations are within the ISO based
residential criteria for the 1
criteria for a residential
acceptable for human comfort in 
are a serviceability issue and typically not a safety issue, provided the associated deflections are 
accounted for in the structural design and the 
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Effective static wind loads that correspond to the predicted overall moments and shears are provided 
on a floor-by-floor basis in Table 3.  To account for the simultaneous action of the x, y, and torsional 
components in Table 3, recommended wind load combi
are 24 basic combinations in the table, representing each of eight possible sign sets (+++, ++
etc.) with each of Fx, Fy and Mz reaching their individual maximum percentages for that sign set.  As 
an example of applying the combination factors, let us consider Load Case 1 of Table 4.  This load 
case requires the application 
loads from Table 3.  
design. 

The wind loads provided in this report include the effects of directionality in the local wind 
climate.  These loads do not contain safety or load factors and are to be applied to the 
building’s structural system in
analytical methods.

 Deflections

Deflections have not been specifically evaluated in this study.  Normally the structural engineer 
evaluates floor
wind tunnel tests to a structural computer model of the building.  These deflections may then be 
reviewed by the structural engineer to assess the potential for excessive shearing in wall systems and 
partitions. 

 Accelerations

The predicted wind
above level B-
peak X, Y and torsional components
a function of return period for 
critical which was considered representative for the building’s structural system for serviceability 
considerations
was calculated at a representative distance of 
reference z-axis (given in Figure 4).

Figure 6 also presen
(ISO 10137:2007(E)), and RWDI’s suggested criteria based on 

From Figure 6, it can be seen that the predicted peak accelerations are within the ISO based
residential criteria for the 1
criteria for a residential
cceptable for human comfort in 

are a serviceability issue and typically not a safety issue, provided the associated deflections are 
accounted for in the structural design and the 
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Effective static wind loads that correspond to the predicted overall moments and shears are provided 
floor basis in Table 3.  To account for the simultaneous action of the x, y, and torsional 

components in Table 3, recommended wind load combi
are 24 basic combinations in the table, representing each of eight possible sign sets (+++, ++
etc.) with each of Fx, Fy and Mz reaching their individual maximum percentages for that sign set.  As 

ample of applying the combination factors, let us consider Load Case 1 of Table 4.  This load 
case requires the application 
loads from Table 3.  It is recommended that all load cases be c

The wind loads provided in this report include the effects of directionality in the local wind 
climate.  These loads do not contain safety or load factors and are to be applied to the 
building’s structural system in
analytical methods. 

Deflections 

Deflections have not been specifically evaluated in this study.  Normally the structural engineer 
evaluates floor-to-floor and overall deflections by applying the w
wind tunnel tests to a structural computer model of the building.  These deflections may then be 
reviewed by the structural engineer to assess the potential for excessive shearing in wall systems and 

Accelerations

The predicted wind-induced accelerations at the top occupied floor
-1), are summarized in Figure 6.  In addition to the peak values

peak X, Y and torsional components
a function of return period for 
critical which was considered representative for the building’s structural system for serviceability 

s.  The torsional component, which was included in the total acceleration predictions, 
was calculated at a representative distance of 

axis (given in Figure 4).

Figure 6 also presents
(ISO 10137:2007(E)), and RWDI’s suggested criteria based on 

From Figure 6, it can be seen that the predicted peak accelerations are within the ISO based
residential criteria for the 1
criteria for a residential
cceptable for human comfort in 

are a serviceability issue and typically not a safety issue, provided the associated deflections are 
accounted for in the structural design and the 
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Effective static wind loads that correspond to the predicted overall moments and shears are provided 
floor basis in Table 3.  To account for the simultaneous action of the x, y, and torsional 

components in Table 3, recommended wind load combi
are 24 basic combinations in the table, representing each of eight possible sign sets (+++, ++
etc.) with each of Fx, Fy and Mz reaching their individual maximum percentages for that sign set.  As 

ample of applying the combination factors, let us consider Load Case 1 of Table 4.  This load 
case requires the application of 

It is recommended that all load cases be c

The wind loads provided in this report include the effects of directionality in the local wind 
climate.  These loads do not contain safety or load factors and are to be applied to the 
building’s structural system in

 

Deflections have not been specifically evaluated in this study.  Normally the structural engineer 
floor and overall deflections by applying the w

wind tunnel tests to a structural computer model of the building.  These deflections may then be 
reviewed by the structural engineer to assess the potential for excessive shearing in wall systems and 

Accelerations 

induced accelerations at the top occupied floor
), are summarized in Figure 6.  In addition to the peak values

peak X, Y and torsional components
a function of return period for 
critical which was considered representative for the building’s structural system for serviceability 

The torsional component, which was included in the total acceleration predictions, 
was calculated at a representative distance of 

axis (given in Figure 4).

ts acceleration criteria from the International Organization for Standardization 
(ISO 10137:2007(E)), and RWDI’s suggested criteria based on 

From Figure 6, it can be seen that the predicted peak accelerations are within the ISO based
residential criteria for the 1-year return period.  The 10
criteria for a residential building
cceptable for human comfort in 

are a serviceability issue and typically not a safety issue, provided the associated deflections are 
accounted for in the structural design and the 
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Effective static wind loads that correspond to the predicted overall moments and shears are provided 
floor basis in Table 3.  To account for the simultaneous action of the x, y, and torsional 

components in Table 3, recommended wind load combi
are 24 basic combinations in the table, representing each of eight possible sign sets (+++, ++
etc.) with each of Fx, Fy and Mz reaching their individual maximum percentages for that sign set.  As 

ample of applying the combination factors, let us consider Load Case 1 of Table 4.  This load 
of +95% of the Fx, +30% of the Fy, and +40

It is recommended that all load cases be c

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

Deflections have not been specifically evaluated in this study.  Normally the structural engineer 
floor and overall deflections by applying the w

wind tunnel tests to a structural computer model of the building.  These deflections may then be 
reviewed by the structural engineer to assess the potential for excessive shearing in wall systems and 

induced accelerations at the top occupied floor
), are summarized in Figure 6.  In addition to the peak values

peak X, Y and torsional components are also ta
a function of return period for the provided frequencies, and an overall damping ratio of 
critical which was considered representative for the building’s structural system for serviceability 

The torsional component, which was included in the total acceleration predictions, 
was calculated at a representative distance of 

axis (given in Figure 4). 

acceleration criteria from the International Organization for Standardization 
(ISO 10137:2007(E)), and RWDI’s suggested criteria based on 

From Figure 6, it can be seen that the predicted peak accelerations are within the ISO based
year return period.  The 10

building.  Therefore, it is our opinion that the predicted accelerations are 
cceptable for human comfort in a residential

are a serviceability issue and typically not a safety issue, provided the associated deflections are 
accounted for in the structural design and the 
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Effective static wind loads that correspond to the predicted overall moments and shears are provided 
floor basis in Table 3.  To account for the simultaneous action of the x, y, and torsional 

components in Table 3, recommended wind load combi
are 24 basic combinations in the table, representing each of eight possible sign sets (+++, ++
etc.) with each of Fx, Fy and Mz reaching their individual maximum percentages for that sign set.  As 

ample of applying the combination factors, let us consider Load Case 1 of Table 4.  This load 
+95% of the Fx, +30% of the Fy, and +40

It is recommended that all load cases be c

The wind loads provided in this report include the effects of directionality in the local wind 
climate.  These loads do not contain safety or load factors and are to be applied to the 

the same manner as would wind loads calculated by code 

Deflections have not been specifically evaluated in this study.  Normally the structural engineer 
floor and overall deflections by applying the w

wind tunnel tests to a structural computer model of the building.  These deflections may then be 
reviewed by the structural engineer to assess the potential for excessive shearing in wall systems and 

induced accelerations at the top occupied floor
), are summarized in Figure 6.  In addition to the peak values

are also tabulated.  The peak 
the provided frequencies, and an overall damping ratio of 

critical which was considered representative for the building’s structural system for serviceability 
The torsional component, which was included in the total acceleration predictions, 

was calculated at a representative distance of 

acceleration criteria from the International Organization for Standardization 
(ISO 10137:2007(E)), and RWDI’s suggested criteria based on 

From Figure 6, it can be seen that the predicted peak accelerations are within the ISO based
year return period.  The 10

.  Therefore, it is our opinion that the predicted accelerations are 
a residential building.  It should be noted that building accelerations 

are a serviceability issue and typically not a safety issue, provided the associated deflections are 
accounted for in the structural design and the cladding/glazing system design.
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Effective static wind loads that correspond to the predicted overall moments and shears are provided 
floor basis in Table 3.  To account for the simultaneous action of the x, y, and torsional 

components in Table 3, recommended wind load combination factors are provided in Table 4.  There 
are 24 basic combinations in the table, representing each of eight possible sign sets (+++, ++
etc.) with each of Fx, Fy and Mz reaching their individual maximum percentages for that sign set.  As 

ample of applying the combination factors, let us consider Load Case 1 of Table 4.  This load 
+95% of the Fx, +30% of the Fy, and +40

It is recommended that all load cases be c

The wind loads provided in this report include the effects of directionality in the local wind 
climate.  These loads do not contain safety or load factors and are to be applied to the 

the same manner as would wind loads calculated by code 

Deflections have not been specifically evaluated in this study.  Normally the structural engineer 
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wind tunnel tests to a structural computer model of the building.  These deflections may then be 
reviewed by the structural engineer to assess the potential for excessive shearing in wall systems and 
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ilding.  It should be noted that building accelerations 
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4.4 

Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
and Urban Habitat (CTBUH) have suggested torsional velocity limits for the 1
periods.  
ongoing. 
tentative criteria in Figure 6.  It can be seen that the predicted torsional velocities are within the
for the 1
for human comfort.  

5. 

5.1 

The structural wind loads and building motions determined by the wind t
associated analysis are applicable for the particular configuration(s) of surrounding buildings 
modelled.  City development over time can cause changes in the surroundings from those tested, 
resulting in loads and accelerations that cou

Changes in surroundings can be divided into two categories:

a)

b)

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 
increase them.  With respect to Category (b), the wind
current state of the development of the nearby surroundings
besides those considered in the tested configuration are constructed near the project site, then some 
load changes could occur.  Unless, however, a building of unusual stature is constructed nearby, the 
normal use of safety or load factors can be expected to cover the potential increases in structural 
loads.  The consequence of increased motion, should it occur
occupants would notice the motions or find them objectionable.

5.2 

The results presented in this report pertain to: 1) the structural properties, 
and, 2) 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 diffe
Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 
the wind loads and building responses.
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and, 2) 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 
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Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 
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Reputation   Resources   Results  

Via Venezia 
Wind Induced Structural Response
RWDI#1201243
September 4

Torsional Velocities

Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
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The predicted torsional velocities at the top occupied floor are also shown along with the 

tentative criteria in Figure 6.  It can be seen that the predicted torsional velocities are within the
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The results presented in this report pertain to: 1) the structural properties, 
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Velocities

Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
and Urban Habitat (CTBUH) have suggested torsional velocity limits for the 1

Note that these guidelines are 
The predicted torsional velocities at the top occupied floor are also shown along with the 

tentative criteria in Figure 6.  It can be seen that the predicted torsional velocities are within the
year return period.  Therefore, in our opinion the torsional velocities are acceptable 
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The Proximity Model

The structural wind loads and building motions determined by the wind t
associated analysis are applicable for the particular configuration(s) of surrounding buildings 
modelled.  City development over time can cause changes in the surroundings from those tested, 
resulting in loads and accelerations that cou

Changes in surroundings can be divided into two categories:

addition or demolition of buildings far upwind, having the effect of changing the roughness of 
the earth's surface and thereby changing the general w

addition or demolition of buildings close to the site, which can cause changes in the local flow 
patterns about the study building.

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 
increase them.  With respect to Category (b), the wind
current state of the development of the nearby surroundings
besides those considered in the tested configuration are constructed near the project site, then some 

changes could occur.  Unless, however, a building of unusual stature is constructed nearby, the 
normal use of safety or load factors can be expected to cover the potential increases in structural 
loads.  The consequence of increased motion, should it occur
occupants would notice the motions or find them objectionable.

Study Model and Structural Properties Information

The results presented in this report pertain to: 1) the structural properties, 
and, 2) 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 diffe
Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 
the wind loads and building responses.

 Canada   |   USA   |   UK   |   India   |   China

Wind Induced Structural Response

  

Velocities 

Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
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associated analysis are applicable for the particular configuration(s) of surrounding buildings 
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addition or demolition of buildings far upwind, having the effect of changing the roughness of 
the earth's surface and thereby changing the general w

addition or demolition of buildings close to the site, which can cause changes in the local flow 
patterns about the study building.

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 
increase them.  With respect to Category (b), the wind
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changes could occur.  Unless, however, a building of unusual stature is constructed nearby, the 
normal use of safety or load factors can be expected to cover the potential increases in structural 
loads.  The consequence of increased motion, should it occur
occupants would notice the motions or find them objectionable.

nd Structural Properties Information

The results presented in this report pertain to: 1) the structural properties, 
and, 2) 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 diffe
Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 
the wind loads and building responses.  
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Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
and Urban Habitat (CTBUH) have suggested torsional velocity limits for the 1

Note that these guidelines are tentative and based on limited research which is still 
The predicted torsional velocities at the top occupied floor are also shown along with the 

tentative criteria in Figure 6.  It can be seen that the predicted torsional velocities are within the
year return period.  Therefore, in our opinion the torsional velocities are acceptable 

APPLICABILITY OF RES

The structural wind loads and building motions determined by the wind t
associated analysis are applicable for the particular configuration(s) of surrounding buildings 
modelled.  City development over time can cause changes in the surroundings from those tested, 
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addition or demolition of buildings far upwind, having the effect of changing the roughness of 
the earth's surface and thereby changing the general w

addition or demolition of buildings close to the site, which can cause changes in the local flow 
patterns about the study building. 

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 
increase them.  With respect to Category (b), the wind
current state of the development of the nearby surroundings
besides those considered in the tested configuration are constructed near the project site, then some 

changes could occur.  Unless, however, a building of unusual stature is constructed nearby, the 
normal use of safety or load factors can be expected to cover the potential increases in structural 
loads.  The consequence of increased motion, should it occur
occupants would notice the motions or find them objectionable.

nd Structural Properties Information

The results presented in this report pertain to: 1) the structural properties, 
and, 2) 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 diffe
Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 
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Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
and Urban Habitat (CTBUH) have suggested torsional velocity limits for the 1

tative and based on limited research which is still 
The predicted torsional velocities at the top occupied floor are also shown along with the 

tentative criteria in Figure 6.  It can be seen that the predicted torsional velocities are within the
year return period.  Therefore, in our opinion the torsional velocities are acceptable 

APPLICABILITY OF RESULTS

The structural wind loads and building motions determined by the wind t
associated analysis are applicable for the particular configuration(s) of surrounding buildings 
modelled.  City development over time can cause changes in the surroundings from those tested, 

ld differ from those predicted in this report.

Changes in surroundings can be divided into two categories:

addition or demolition of buildings far upwind, having the effect of changing the roughness of 
the earth's surface and thereby changing the general w

addition or demolition of buildings close to the site, which can cause changes in the local flow 

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 
increase them.  With respect to Category (b), the wind tunnel tests were conducted to represent the 
current state of the development of the nearby surroundings
besides those considered in the tested configuration are constructed near the project site, then some 

changes could occur.  Unless, however, a building of unusual stature is constructed nearby, the 
normal use of safety or load factors can be expected to cover the potential increases in structural 
loads.  The consequence of increased motion, should it occur
occupants would notice the motions or find them objectionable.

nd Structural Properties Information

The results presented in this report pertain to: 1) the structural properties, 
and, 2) 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 diffe
Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 
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Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
and Urban Habitat (CTBUH) have suggested torsional velocity limits for the 1

tative and based on limited research which is still 
The predicted torsional velocities at the top occupied floor are also shown along with the 

tentative criteria in Figure 6.  It can be seen that the predicted torsional velocities are within the
year return period.  Therefore, in our opinion the torsional velocities are acceptable 

ULTS 

The structural wind loads and building motions determined by the wind t
associated analysis are applicable for the particular configuration(s) of surrounding buildings 
modelled.  City development over time can cause changes in the surroundings from those tested, 

ld differ from those predicted in this report.

Changes in surroundings can be divided into two categories: 

addition or demolition of buildings far upwind, having the effect of changing the roughness of 
the earth's surface and thereby changing the general wind exposure of the site; and

addition or demolition of buildings close to the site, which can cause changes in the local flow 

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 

tunnel tests were conducted to represent the 
current state of the development of the nearby surroundings. If, at a later date, additional buildings 
besides those considered in the tested configuration are constructed near the project site, then some 

changes could occur.  Unless, however, a building of unusual stature is constructed nearby, the 
normal use of safety or load factors can be expected to cover the potential increases in structural 
loads.  The consequence of increased motion, should it occur, is that a greater percentage of the 
occupants would notice the motions or find them objectionable. 

nd Structural Properties Information

The results presented in this report pertain to: 1) the structural properties, 
and, 2) 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 

Canada   |   USA   |   UK   |   India   |   China 

Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
and Urban Habitat (CTBUH) have suggested torsional velocity limits for the 1

tative and based on limited research which is still 
The predicted torsional velocities at the top occupied floor are also shown along with the 

tentative criteria in Figure 6.  It can be seen that the predicted torsional velocities are within the
year return period.  Therefore, in our opinion the torsional velocities are acceptable 

The structural wind loads and building motions determined by the wind t
associated analysis are applicable for the particular configuration(s) of surrounding buildings 
modelled.  City development over time can cause changes in the surroundings from those tested, 

ld differ from those predicted in this report.

addition or demolition of buildings far upwind, having the effect of changing the roughness of 
ind exposure of the site; and

addition or demolition of buildings close to the site, which can cause changes in the local flow 

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 

tunnel tests were conducted to represent the 
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normal use of safety or load factors can be expected to cover the potential increases in structural 
, is that a greater percentage of the 

nd Structural Properties Information 

The results presented in this report pertain to: 1) the structural properties, 
and, 2) 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 

r from those presented in this report.  
Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 

 

Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
and Urban Habitat (CTBUH) have suggested torsional velocity limits for the 1- and 10

tative and based on limited research which is still 
The predicted torsional velocities at the top occupied floor are also shown along with the 

tentative criteria in Figure 6.  It can be seen that the predicted torsional velocities are within the
year return period.  Therefore, in our opinion the torsional velocities are acceptable 

The structural wind loads and building motions determined by the wind tunnel tests and the 
associated analysis are applicable for the particular configuration(s) of surrounding buildings 
modelled.  City development over time can cause changes in the surroundings from those tested, 

ld differ from those predicted in this report.

addition or demolition of buildings far upwind, having the effect of changing the roughness of 
ind exposure of the site; and

addition or demolition of buildings close to the site, which can cause changes in the local flow 

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 

tunnel tests were conducted to represent the 
If, at a later date, additional buildings 

besides those considered in the tested configuration are constructed near the project site, then some 
changes could occur.  Unless, however, a building of unusual stature is constructed nearby, the 

normal use of safety or load factors can be expected to cover the potential increases in structural 
, is that a greater percentage of the 

The results presented in this report pertain to: 1) the structural properties, as shown in Appendix
and, 2) 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 

r from those presented in this report.  
Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 

 

Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
and 10-year return 

tative and based on limited research which is still 
The predicted torsional velocities at the top occupied floor are also shown along with the 

tentative criteria in Figure 6.  It can be seen that the predicted torsional velocities are within the
year return period.  Therefore, in our opinion the torsional velocities are acceptable 

unnel tests and the 
associated analysis are applicable for the particular configuration(s) of surrounding buildings 
modelled.  City development over time can cause changes in the surroundings from those tested, 

ld differ from those predicted in this report. 

addition or demolition of buildings far upwind, having the effect of changing the roughness of 
ind exposure of the site; and 

addition or demolition of buildings close to the site, which can cause changes in the local flow 

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 

tunnel tests were conducted to represent the 
If, at a later date, additional buildings 

besides those considered in the tested configuration are constructed near the project site, then some 
changes could occur.  Unless, however, a building of unusual stature is constructed nearby, the 

normal use of safety or load factors can be expected to cover the potential increases in structural 
, is that a greater percentage of the 

as shown in Appendix
and, 2) 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 

r from those presented in this report.  
Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 

     www.rwdi.com

Page 4 

Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
year return 

tative and based on limited research which is still 
The predicted torsional velocities at the top occupied floor are also shown along with the 

tentative criteria in Figure 6.  It can be seen that the predicted torsional velocities are within the criteria 
year return period.  Therefore, in our opinion the torsional velocities are acceptable 

unnel tests and the 
associated analysis are applicable for the particular configuration(s) of surrounding buildings 
modelled.  City development over time can cause changes in the surroundings from those tested, 

addition or demolition of buildings far upwind, having the effect of changing the roughness of 

addition or demolition of buildings close to the site, which can cause changes in the local flow 

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 

tunnel tests were conducted to represent the 
If, at a later date, additional buildings 

besides those considered in the tested configuration are constructed near the project site, then some 
changes could occur.  Unless, however, a building of unusual stature is constructed nearby, the 

normal use of safety or load factors can be expected to cover the potential increases in structural 
, is that a greater percentage of the 

as shown in Appendix B 
and, 2) 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 

r from those presented in this report.  
Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 

www.rwdi.com

Also of interest for occupant comfort are the peak torsional velocities.  The Council on Tall Buildings 
year return 

tative and based on limited research which is still 
The predicted torsional velocities at the top occupied floor are also shown along with the 

criteria 
year return period.  Therefore, in our opinion the torsional velocities are acceptable 

unnel tests and the 
associated analysis are applicable for the particular configuration(s) of surrounding buildings 
modelled.  City development over time can cause changes in the surroundings from those tested, 

addition or demolition of buildings far upwind, having the effect of changing the roughness of 

addition or demolition of buildings close to the site, which can cause changes in the local flow 

Based on the past history of city developments it appears that, with respect to Category (a), 
development over time is far more likely to increase rather than reduce building density.  This implies 
that the development over time would more likely diminish loads on the study building rather than 

tunnel tests were conducted to represent the 
If, at a later date, additional buildings 

besides those considered in the tested configuration are constructed near the project site, then some 
changes could occur.  Unless, however, a building of unusual stature is constructed nearby, the 

normal use of safety or load factors can be expected to cover the potential increases in structural 
, is that a greater percentage of the 

 
and, 2) 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 

r from those presented in this report.  
Therefore, if the design changes, RWDI should be contacted and requested to review the impact on 

www.rwdi.com 

http://www.rwdi.com
http://www.rwdi.com
http://www.rwdi.com




Reputation   Resources   Results

 
 
 
 
 
 
 
 
 

Reputation   Resources   Results

TABLE 1
The drawings and information listed below were received from 
construct the scale model of the proposed 
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 
effect

VIA VENEZIA A BLOCK FLOOR PLAN FOR WIND 

 

Reputation   Resources   Results

TABLE 1
The drawings and information listed below were received from 
construct the scale model of the proposed 
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.

VIA VENEZIA A BLOCK FLOOR PLAN FOR WIND 

B and C Blocks floor plan and sections

D and E Blocks floor plan and sections

Reputation   Resources   Results  

Via Venezia
Wind Induced Structural Response
RWDI#1201243
September 4
 

TABLE 1:  DRAWING LIST FOR MOD
The drawings and information listed below were received from 
construct the scale model of the proposed 
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 

s on wind conditions.

File Name

EAST ELEVATION

-NORTH ELEVATION

-SOUTH ELEVATION

VIA VENEZIA A BLOCK FLOOR PLAN FOR WIND 

-WEST ELEVATION

20120321

B and C Blocks floor plan and sections

D and E Blocks floor plan and sections

 

Via Venezia 
Wind Induced Structural Response

1201243  
September 4, 2012  

DRAWING LIST FOR MOD
The drawings and information listed below were received from 
construct the scale model of the proposed 
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 

s on wind conditions. 

File Name

EAST ELEVATION

NORTH ELEVATION

SOUTH ELEVATION

VIA VENEZIA A BLOCK FLOOR PLAN FOR WIND 
STUDY 

WEST ELEVATION

20120321-F BLOK SERİ

B and C Blocks floor plan and sections

D and E Blocks floor plan and sections

 Canada   |   USA   |   UK   |   India   |   China

Wind Induced Structural Response

  

DRAWING LIST FOR MOD
The drawings and information listed below were received from 
construct the scale model of the proposed 
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 

File Name 

EAST ELEVATION- 

NORTH ELEVATION- 

SOUTH ELEVATION- 

VIA VENEZIA A BLOCK FLOOR PLAN FOR WIND 
 

WEST ELEVATION- 

F BLOK SERİ 

B and C Blocks floor plan and sections

D and E Blocks floor plan and sections

Canada   |   USA   |   UK   |   India   |   China

Wind Induced Structural Response  

DRAWING LIST FOR MOD
The drawings and information listed below were received from 
construct the scale model of the proposed Via Venezia Development
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 

VIA VENEZIA A BLOCK FLOOR PLAN FOR WIND 

 

B and C Blocks floor plan and sections 

D and E Blocks floor plan and sections 

Canada   |   USA   |   UK   |   India   |   China

DRAWING LIST FOR MOD
The drawings and information listed below were received from 

Venezia Development
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 

VIA VENEZIA A BLOCK FLOOR PLAN FOR WIND 

Canada   |   USA   |   UK   |   India   |   China

DRAWING LIST FOR MODEL CONSTRUCTION
The drawings and information listed below were received from 

Venezia Development
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 

File Type

.dwg

.dwg

.dwg

.dwg

.dwg

.dwg

.dwg

.dwg

Canada   |   USA   |   UK   |   India   |   China 

EL CONSTRUCTION
The drawings and information listed below were received from Yapi Teknik

Venezia Development.  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 

File Type 

.dwg 

.dwg 

.dwg 

.dwg 

dwg 

.dwg 

.dwg 

.dwg 

 

EL CONSTRUCTION
Yapi Teknik and were used to 

.  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 

Date Received
(dd/mm/yyyy)

02/08/2012

02/08/2012

02/08/2012

31/07/2012

02/08/2012

26/07/2012

01/07/2012

01/08/2012

 

EL CONSTRUCTION
and were used to 

.  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 

Date Received
(dd/mm/yyyy)

02/08/2012

02/08/2012

02/08/2012

31/07/2012

02/08/2012

26/07/2012

01/07/2012

01/08/2012

     www.rwdi.com

EL CONSTRUCTION 

and were used to 
.  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 

Date Received 
(dd/mm/yyyy) 

02/08/2012 

02/08/2012 

02/08/2012 

31/07/2012 

02/08/2012 

26/07/2012 

01/07/2012 

01/08/2012 

www.rwdi.com

and were used to 
.  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 

www.rwdi.com 

http://www.rwdi.com
http://www.rwdi.com
http://www.rwdi.com


Reputation   Resources   Results

 
 
 
 
 
 
 
 
 
 

 
Reputation   Resources   Results

Table 2:  

Notes:

1.

2.

3.

4.

 

Reputation   Resources   Results

Table 2:   

Damping
(% of Critical)

2.0

Notes: 

1. The above loads are the cumulative summation of the wind
level "
combination factors.

2. Total damping

3. The above loads are based on the structural properties provided on 
natural building frequencies were as follows:

4. The above loads correspond to a 
Importance Factor of 1

Reputation   Resources   Results  

Via Venezia
Wind Induced Structural 
RWDI#1201243
September 4
 

 Summary of Predicted Peak Overall Structural Wind 

Damping 
(% of Critical) 

.0 

The above loads are the cumulative summation of the wind
level "B-1" (i.e. 
combination factors.

Total damping 

The above loads are based on the structural properties provided on 
natural building frequencies were as follows:

Mode 1:

Mode 2:

Mode 3:

The above loads correspond to a 
Importance Factor of 1

 

Via Venezia 
Wind Induced Structural 

1201243  
September 4, 2012  

Summary of Predicted Peak Overall Structural Wind 

3.325E+08

The above loads are the cumulative summation of the wind
" (i.e. - at grade) centered about the reference axes shown in Figure 4

combination factors. 

 ratios of 2.0

The above loads are based on the structural properties provided on 
natural building frequencies were as follows:

Mode 1: 

2: 

Mode 3: 

The above loads correspond to a 
Importance Factor of 1. 

 Canada   |   USA   |   UK   |   

Wind Induced Structural Response

  

Summary of Predicted Peak Overall Structural Wind 

My 
(N-m) 

3.325E+08

The above loads are the cumulative summation of the wind
at grade) centered about the reference axes shown in Figure 4

ratios of 2.0% of critical were used for structural load calculations.

The above loads are based on the structural properties provided on 
natural building frequencies were as follows:

 0.2233 Hz

 0.2488 Hz

 0.2922 Hz

The above loads correspond to a 
 

Canada   |   USA   |   UK   |   

Response  

Summary of Predicted Peak Overall Structural Wind 

Moments

(N

3.325E+08 9.926E+08

The above loads are the cumulative summation of the wind
at grade) centered about the reference axes shown in Figure 4

of critical were used for structural load calculations.

The above loads are based on the structural properties provided on 
natural building frequencies were as follows:

Hz (fundamental order X sway);

Hz (fundamental order Y sway);

Hz (fundamental order torsion).

The above loads correspond to a Design 

Canada   |   USA   |   UK   |   India   |   China

Summary of Predicted Peak Overall Structural Wind 

Moments 

Mx 
(N-m) 

9.926E+08 

The above loads are the cumulative summation of the wind
at grade) centered about the reference axes shown in Figure 4

of critical were used for structural load calculations.

The above loads are based on the structural properties provided on 
natural building frequencies were as follows: 

(fundamental order X sway);

(fundamental order Y sway);

(fundamental order torsion).

Design Wind Spe

ndia   |   China

Summary of Predicted Peak Overall Structural Wind 

Mz
(N-m)

6.111E+07

The above loads are the cumulative summation of the wind
at grade) centered about the reference axes shown in Figure 4

of critical were used for structural load calculations.

The above loads are based on the structural properties provided on 

(fundamental order X sway);

(fundamental order Y sway);

(fundamental order torsion).

Wind Speed of 36 m/s (3

ndia   |   China 

Summary of Predicted Peak Overall Structural Wind  

Mz 
m) 

6.111E+07 3.261E+06

The above loads are the cumulative summation of the wind-induced loads at 
at grade) centered about the reference axes shown in Figure 4

of critical were used for structural load calculations.

The above loads are based on the structural properties provided on 

(fundamental order X sway);

(fundamental order Y sway);

(fundamental order torsion).

ed of 36 m/s (3

 

Fx 
(N) 

3.261E+06

induced loads at 
at grade) centered about the reference axes shown in Figure 4

of critical were used for structural load calculations.

The above loads are based on the structural properties provided on August 28, 2012

(fundamental order X sway); 

(fundamental order Y sway); 

(fundamental order torsion). 

ed of 36 m/s (3-second gust) and an 

 

Shears 

3.261E+06 1.085E+07

induced loads at the structural 
at grade) centered about the reference axes shown in Figure 4, exclusive of 

of critical were used for structural load calculations. 

August 28, 2012

second gust) and an 

     www.rwdi.com

 

Fy 
(N) 

1.085E+07

the structural 
, exclusive of 

August 28, 2012. The 

second gust) and an 

www.rwdi.com

1.085E+07 

the structural 
, exclusive of 

. The 

second gust) and an 

www.rwdi.com 

http://www.rwdi.com
http://www.rwdi.com
http://www.rwdi.com


Reputation   Resources   Results

 
 
 
 
 
 
 
 
 

Table 3:  

Reputation   Resources   Results

B1 
ZEMIN
S-1 
S-2 
S-3 
S-4 
S-5 
S-6 
S-7 
S-8 
S-9 
S-10 
S-11 
S-12 
S-13 
S-14 
S-15 
S-16 
S-17 
S-18 
S-19 
S-20 
S-21 
S-22 
S-23 
S-24 
S-25 
S-26 
S-27 
S-28 
S-29 
S-30 
S-31 
S-32 
S-33 
S-34 
S-35 
S-36 
S-37 
S-38 
S-39 
S-40 

Table 3:   

Reputation   Resources   Results

Floor 
Level 

ZEMIN 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Effective Static Floor

Reputation   Resources   Results  

Via Venezia
Wind Induced Structural Response
RWDI#1201243
September 4
 

Height Above 

Effective Static Floor

 

Via Venezia 
Wind Induced Structural Response

1201243  
September 4, 2012  

Height Above 
Grade

(m) 
0.00 
5.00 
8.30 

11.60 
14.90 
18.20 
21.50 
24.80 
28.10 
31.40 
34.70 
38.00 
41.30 
44.60 
47.90 
51.20 
54.50 
57.80 
61.10 
64.40 
67.70 
71.00 
74.30 
77.60 
80.90 
84.20 
87.50 
90.80 
94.10 
97.40 

100.70
104.00
107.30
110.60
113.90
117.20
120.50
123.80
127.10
130.40
133.70
137.00

Effective Static Floor-by

 Canada   |   USA   |   UK   |   India   |   China

Wind Induced Structural Response

  

Height Above 
Grade 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

100.70 
104.00 
107.30 
110.60 
113.90 
117.20 
120.50 
123.80 
127.10 
130.40 
133.70 
137.00 

by-Floor Wind Loads

Canada   |   USA   |   UK   |   India   |   China

Wind Induced Structural Response  

Fx
(N)

22100
20800
20500
22700
24900
27000
29300
32600
34800
38000
40400
43300
46400
48900
52100
55400
58700
60700
62000
53000
55000
57400
59800
62000
64400
66800
69400
72300
73200
75700
78600
80600
83200
84700
85200
72600
74500
75800
77700
79700
81600
82900

Floor Wind Loads

Canada   |   USA   |   UK   |   India   |   China

Fx 
(N) 

22100 
20800 
20500 
22700 
24900 
27000 
29300 
32600 
34800 
38000 
40400 
43300 
46400 
48900 
52100 
55400 
58700 
60700 
62000 
53000 
55000 
57400 
59800 
62000 
64400 
66800 
69400 
72300 
73200 
75700 
78600 
80600 
83200 
84700 
85200 
72600 
74500 
75800 
77700 
79700 
81600 
82900 

Floor Wind Loads 

Canada   |   USA   |   UK   |   India   |   China

128100
177800
148400
150900
156700
160900
165100
169300
175100
180900
185100
190900
196700
202500
208400
214200
220000
227400
215500
183700
189100
193400
198800
203100
208500
214000
218200
223700
229100
233400
238800
244200
249700
252900
242100
205400
209600
212800
216900
221100
225300
229500

Canada   |   USA   |   UK   |   India   |   China 

Fy 
(N) 

128100 
177800 
148400 
150900 
156700 
160900 
165100 
169300 
175100 
180900 
185100 
190900 
196700 
202500 
208400 
214200 
220000 
227400 
215500 
183700 
189100 
193400 
198800 
203100 
208500 
214000 
218200 
223700 
229100 
233400 
238800 
244200 
249700 
252900 
242100 
205400 
209600 
212800 
216900 
221100 
225300 
229500 

 

1080000
1186000
1244000
1349000
1453000
1565000
1670000
1778000
1885000
1989000
1943000
1079000
1129000
1175000
1222000
1268000
1314000
1361000
1388000
1440000
1479000
1505000
1557000
1599000
1626000
1653000
1584000

1005000
1018000
1031000
1044000

 

Mz 
(N-m) 

286000 
568000 
544000 
598000 
705000 
759000 
867000 
973000 

1080000 
1186000 
1244000 
1349000 
1453000 
1565000 
1670000 
1778000 
1885000 
1989000 
1943000 
1079000 
1129000 
1175000 
1222000 
1268000 
1314000 
1361000 
1388000 
1440000 
1479000 
1505000 
1557000 
1599000 
1626000 
1653000 
1584000 
954000 
979000 
992000 

1005000 
1018000 
1031000 
1044000 

     www.rwdi.com

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

www.rwdi.comwww.rwdi.com 

http://www.rwdi.com
http://www.rwdi.com
http://www.rwdi.com


Reputation   Resources   Results

 
 
 
 
 
 
 
 
 

Table 3:  

Reputation   Resources   Results

S-41 
S-42 
S-43 
S-44 
S-45 
S-46 
S-47 
S-48 
S-49 
S-50 
S-51 

Notes:

1.

2.

3.

4.

 

 

 

 

 

Table 3:   

Reputation   Resources   Results

Floor 
Level 

 
 
 
 
 
 
 
 
 
 
 

Notes: 

1. The loads given in this table should be used with the load 
4. 

2. The loads given in this table are centered about the reference axis shown in Figure 4.

3. The provided loads act on the tower only.

4. The above loads correspond to a Basic Wind Speed of 
Importa

 

 Effective Static Floor

Reputation   Resources   Results  

Via Venezia
Wind Induced Structural Response
RWDI#1201243
September 4
 

Height Above 

Total 

The loads given in this table should be used with the load 

The loads given in this table are centered about the reference axis shown in Figure 4.

The provided loads act on the tower only.

The above loads correspond to a Basic Wind Speed of 
Importance Factor of 1

 

Effective Static Floor

 

Via Venezia 
Wind Induced Structural Response

1201243  
September 4, 2012  

Height Above 
Grade

(m) 
140.30
143.60
146.90
150.20
153.50
156.80
160.10
163.40
166.70
170.00
173.30

The loads given in this table should be used with the load 

The loads given in this table are centered about the reference axis shown in Figure 4.

The provided loads act on the tower only.

The above loads correspond to a Basic Wind Speed of 
nce Factor of 1. 

 

Effective Static Floor-by

 Canada   |   USA   |   UK   |   India   |   China

Wind Induced Structural Response

  

Height Above 
Grade 

140.30 
143.60 
146.90 
150.20 
153.50 
156.80 
160.10 
163.40 
166.70 
170.00 
173.30 

The loads given in this table should be used with the load 

The loads given in this table are centered about the reference axis shown in Figure 4.

The provided loads act on the tower only.

The above loads correspond to a Basic Wind Speed of 
 

 

by-Floor Wind Loads

Canada   |   USA   |   UK   |   India   |   China

Wind Induced Structural Response  

Fx
(N)

84900
86800
88200
90100
91500
92800
88800
59400
60600
61500
50100

3261400

The loads given in this table should be used with the load 

The loads given in this table are centered about the reference axis shown in Figure 4.

The provided loads act on the tower only. 

The above loads correspond to a Basic Wind Speed of 

 

Floor Wind Loads

Canada   |   USA   |   UK   |   India   |   China

Fx 
(N) 

84900 
86800 
88200 
90100 
91500 
92800 
88800 
59400 
60600 
61500 
50100 

3261400 

The loads given in this table should be used with the load 

The loads given in this table are centered about the reference axis shown in Figure 4.

 

The above loads correspond to a Basic Wind Speed of 

 

Floor Wind Loads 

Canada   |   USA   |   UK   |   India   |   China

232800
237000
241100
244400
248600
252800
235500
168600
172000
174100
126800

10850900

The loads given in this table should be used with the load 

The loads given in this table are centered about the reference axis shown in Figure 4.

The above loads correspond to a Basic Wind Speed of 

 

Canada   |   USA   |   UK   |   India   |   China 

Fy 
(N) 

232800 
237000 
241100 
244400 
248600 
252800 
235500 
168600 
172000 
174100 
126800 

10850900 

The loads given in this table should be used with the load combination factors given in Table 

The loads given in this table are centered about the reference axis shown in Figure 4.

The above loads correspond to a Basic Wind Speed of 36 m/s (3

  

 

1057000
1071000
1084000
1097000
1110000
1123000
1004000

61115000

combination factors given in Table 

The loads given in this table are centered about the reference axis shown in Figure 4.

36 m/s (3-second gust) and an 

 

Mz 
(N-m) 

1057000 
1071000 
1084000 
1097000 
1110000 
1123000 
1004000 
445000 
457000 
458000 
365000 

61115000

combination factors given in Table 

The loads given in this table are centered about the reference axis shown in Figure 4. 

second gust) and an 

     www.rwdi.com

 
 
 
 
 
 
 

 
 
 
 

61115000 

combination factors given in Table 

 

second gust) and an 

www.rwdi.com

combination factors given in Table 

second gust) and an 

www.rwdi.com 

http://www.rwdi.com
http://www.rwdi.com
http://www.rwdi.com


Reputation   Resources   Results

 
 
 
 
 
 
 
 
 

 
Reputation   Resources   Results

Table 4:  

Combination

Notes:

1.

 

Reputation   Resources   Results

Table 4:   

Load 
Combination

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Notes: 

1. Load combination factors have been produced through consideration of the structure’s 
response to various wind directions, modal coupling, correlation of wind gusts and the 
directionality of strong winds in the local wind climate.
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Wind Tunnel Study Model

Via Venezia - Istanbul, Turkey Project #12-01432     
Date:  Sept 4 2012

Figure No. 1





Note: Wind Speeds shown are 3-Second Gust Wind Speeds at 10 meters height in Open Terrain

Directional Distribution of Local Wind Speeds Figure No. 3

Via Venezia, Istanbul, Turkey Project # Date: Feb. 15, 201312-01243
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Note:
1) Above loads are based on properties as provided on August 28, 2012.

The natural frequencies were as follows:
Plot 1

Mode 1: 0.22 Hz 
Mode 2: 0.25 Hz 
Mode 3: 0.29 Hz 

2) A total damping ratio of 2.0% of critical was used for structural load calculations.

Figure No. 5

Date:  August 30, 2012

Raw Overall Base Moments, Shears and Torsion
at level B-1 - Maximum Values to 50 Year Return Period Wind Speed

Project #1201243  Via Venezia – Istanbul, Turkey
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Return Peak Accelerations(2) Peak Torsional Velocities
Period Total - [X, Y and torsional components] (milli-rads/sec)
(Years) (milli-g) Predicted CTBUH(5)

Criteria
1 5.6 - [2.8, 5.4, 1.7] 0.9 1.5
5 8.0 - [3.9, 7.7, 2.4] 1.2 -

10 9.1 - [4.5, 8.9, 2.7] 1.4 3

Notes:
(1) A damping ratio of 1.5% of critical was used, along with frequencies of 0.2233, 0.2488, and 0.2922 Hz.
(2) Accelerations are predicted at Structural Level 'S-50' (170m above Structural Level 'B1')

at a radial distance of 11.54m from the central axis of the tower (given in Figure 4).
(3) ISO is the International Organization for Standardization, and the current standard (ISO 10137:2007) provides

acceleration criteria for buildings at the 1-year return period. The criteria plotted on the graph have been generated
based on a response-weighted interpretation of the individual modal component of the ISO criteria.

(4) RWDI's criteria for residential and office buildings are based on research, experience and surveys of existing buildings,
and is in agreement with general practice in North America.

(5) The Council on Tall Buildings and Urban Habitat (CTBUH) provides tentative torsional velocity criteria for
the 1- and 10-year return periods.

Via Venezia - Istanbul, Turkey Project # 1201243 Date: August 30, 2012

Figure No.
Predicted Peak Accelerations and Torsional Velocities
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APPENDIX A:  WIND TUNNEL PROCEDURES

OVERVIEW OF WIND TUNNEL PROCEDURES FOR THE PREDICTION OF WIND-
INDUCED STRUCTURAL RESPONSES

A.1 Wind Tunnel Test and Analysis Methods

A.1.1 Wind Tunnel Tests

RWDI's boundary layer wind tunnel facility simulates the mean speed profile and turbulence of the natural 
wind approaching the modeled area by having a long working section with a roughened floor and 
specially designed turbulence generators, or spires, at the upwind end.  Floor roughness and spires have 
been selected to simulate four basic terrain conditions, ranging from open terrain, or water, to built-up 
urban terrain.  During the tests, the upwind profile in the wind tunnel is set to represent the most 
appropriate of these four basic profiles, for directions with similar upwind terrain.  Scaling factors are also 
introduced at the analysis stage to account for remaining minor differences between the expected wind 
speed and turbulence properties, and the basic upwind flow conditions simulated in the wind tunnel.  The 
full-scale properties are derived using the ESDU methodology1, 2 for predicting the effect of changes in 
the earth’s surface roughness on the planetary boundary layer.  For example, this procedure 
distinguishes between the flows generated by a uniform open water fetch upwind of the site, versus a 
short fetch of suburban terrain immediately upwind of the site with open water in the distance.

Wind direction is defined as the direction from which the wind blows in degrees measured clockwise from 
true north.  The test model (study model and surroundings) is mounted on a turntable, allowing any wind 
direction to be simulated by rotating the model to the appropriate angle in the wind tunnel.  The wind 
tunnel test is typically conducted for 36 wind directions at 10° intervals.

A.1.2 Measurement Techniques

This study addresses the horizontal wind loads on the structural system of a building, the moments 
produced by those loads and the horizontal accelerations of the upper part of the building.  Predictions of 
these responses are required in order that the structural system can be designed to safely resist the wind 
loads and, at the same time, provide an environment in which sensations of motion by occupants do not 
exceed normal guidelines for comfort.  In special cases, vertical wind loads can also be addressed, but 
they are typically not significant for tall buildings.  There are two techniques, based on wind tunnel testing 
of rigid models that are commonly used to make these predictions. The first technique uses 
measurements on a base balance and the second involves the integration of simultaneous pressure 
measurements. In the case of structures that are unusually tall or flexible, an aeroelastic model may be 
used.

1 Wind speed profiles over terrain with roughness changes for flat or hilly sites. Item No. 84011, ESDU International London, 
1984 with amendments to 1993.

2 Longitudinal turbulence intensities over terrain with roughness changes for flat or hilly sites. Item No. 84030, ESDU 
International London, 1984 with amendments to 1993.

http://www.rwdi.com
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A.1.2.1 The High-Frequency Force-Balance (HFFB) Technique

The mathematical basis of the HFFB technique is the well-established modal analysis theory.  The 
practical basis of the approach is that base moments and shears, as measured on a very rigid (hence 
“high-frequency”) wind tunnel model of a building, can be used to determine the wind-induced mean and 
dynamic loads, that can be expected to occur under given conditions.  These loads can then be combined 
analytically with the dynamic properties of the full-scale structure to determine the wind-induced 
responses.

For the test, a model of the building is constructed with the aim of being as light and stiff as possible.  The 
model is then mounted on the HFFB (Figure 1a), which consists of a stiff rectangular sway flexure 
mounted on top of a stiff torsional flexure.  The resulting mass and stiffness of the assemblage (i.e., 
flexures and model) should produce sway and torsional natural frequencies well above the range of 
interest for the subsequent analysis.  Residual dynamic amplification effects associated with the model 
frequencies are removed during the post-test analysis.

During the HFFB test, instantaneous overturning and torsional moments are recorded from strain gauges 
attached to the force-balance flexures.  The sway flexure consists of two levels of strain gauges, from 
which the base moments may be determined at the appropriate level (e.g., grade).  The instantaneous 
shear is computed from the difference in strain gauge readings at the two levels.  The strain gauges are 
calibrated by applying a range of known static loads (sway and torsion) to the flexures prior to the wind 
tunnel tests. 

For each of the test wind directions, the recorded data are analysed to obtain mean and root-mean-
square (RMS) values of the base moments, shears and torsional moments.  In addition, the RMS values 
and the power spectral density functions of the modal forces and torque acting on the building are 
calculated.  A modal force (or torque) is the integral of the force (or torque), weighted by the modal 
deflection shape, over the height of the building. To calculate this from the HFFB data, the base 
overturning moments and shears are used to determine a linear distribution of pressure with height for 
each sway direction, from which a force distribution with height can then be obtained.  The distribution of 
torque with height is predicted from a weighted average of the sway pressure distributions. 

Where the project involves two or more towers that are structurally linked, the HFFB technique can be 
extended to these cases by use of multiple force balances recording data simultaneously.  The details of 
the methodology for these cases may be found in Xie and Irwin3,4.

3 Xie, J., and Irwin, P.A., “Application of the Force Balance Technique to a Building Complex”, Journal of Wind Engineering and
Industrial Aerodynamics, Vols. 77 & 78 (1998), pg. 579-590.

4 Xie, J., and Irwin, P.A., “Wind-Induced Response of a Twin-Tower Structure”, Wind and Structures, Vol. 4, No. 6 (2001), pg. 
495-504.
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A.1.2.2 The High Frequency Pressure Integration (HFPI) Technique

The mathematical basis of this technique is also the modal analysis theory.  The practical basis of this 
approach is that wind pressure measurements, taken simultaneously over the surface of a building, can 
be summed (or integrated) to determine the wind-induced mean and dynamic loads, which can be 
expected to occur under given wind conditions.  These loads can then be combined analytically with the 
dynamic properties of the full-scale structure to determine the wind-induced responses.

For the test, a model is constructed and instrumented with pressure taps at enough locations (Figure 1b) 
to fully describe the overall wind loading at any instant in time.  During the testing, time series of the 
simultaneous pressures are recorded for post-test processing.  The measured data are converted into 
pressure coefficients based on the measured upper level mean dynamic pressure in the wind tunnel.

During the post-test analysis, the integration is carried out to determine time series of the base moments, 
shears, torsional moments and modal forces.  From these time series, the mean and RMS values and 
power spectral density functions may be determined and then the analysis proceeds in the same manner 
as for an HFFB study.

An advantage of the HFPI method is that it lends itself to the testing of more complex structures since the 
modal loads are determined directly with no assumptions necessary about the form of the pressure 
distribution.  It also allows the overall structure to be broken down into multiple substructures and the 
loads on each identified separately.

A.1.2.3 Aeroelastic Model Testing

An aeroelastic model is designed to simulate the mass, stiffness and damping properties of the actual 
structure.  The responses of the model, in the form of moments, forces, displacements and accelerations, 
therefore reflect the total response including the inertial loading.  Because the motion of the structure is 
simulated, aeroelastic forces arising from the relative motion between the structure and the wind are also 
inherent in the measured responses.  The result is a more precise prediction of the structural responses.  
This appendix focuses primarily on rigid model techniques, and details on aeroelastic modelling 
techniques may be found elsewhere5.

A.1.3 Determination of Structural Responses

The rigid model (i.e., HFFB or HFPI) data are used to determine the modal loads for each of the 36 tested 
wind directions. The modal loads are then combined with the specific properties of the building, provided 
by the structural engineer, to determine the dynamic components of the various structural responses.  
These properties included the mass distribution, natural frequencies for the fundamental sway and 
torsional modes of vibration, and selected structural damping values.  For each principal wind direction, 
mean, root-mean-square, maximum, and minimum values of the important overall structural loads are 
calculated for a range of full-scale wind speeds. 

5 Irwin, P.A., “Model Studies of the Dynamic Response of Tall Buildings in Wind”, Proceedings, Canadian Society for Civil 
Engineering, 1982 Annual Conference, Edmonton, Alberta.
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For assessing building motions, the quantity of interest is the total acceleration at the uppermost, 
occupied floors.  Total acceleration is a result of two components due to the sway motions of a building, 
ax and ay and a component due to the rotational motion of the building, az.  The rotation-induced 
component varies with position in the floor plan, being negligible near the center of rotation and greatest 
at the far corner locations.  The total acceleration would therefore be greatest at such corner locations, 
but this would not be representative of where most occupants are likely to be.  As an effective 
compromise between extreme options, a radial arm equivalent to the mass radius of gyration of the top 
occupied floor from the center of the building is typically selected by RWDI as the representative distance 
for calculating the rotational component.

A.1.4  Determination of Peak Factors 

The RMS value of a structural response multiplied by a peak factor gives the peak dynamic value for the 
response.  For a Gaussian process, which is the common case for the random vibrations, the peak factor 
can be calculated as follows:

where N is the average fluctuation rate and T is the duration to be considered.  As the response of a 
tower tends to be a narrow band process (i.e., the energy of the response is highly concentrated around 
the tower’s natural frequency), N is approximately equal to the building’s natural frequency.  When the 
reference wind speed is converted to a mean hourly speed, T can be taken as 3600 seconds.  The peak 
factor calculated in this manner is used for an HFFB or HFPI analysis.  Aeroelastic model tests simulate 
the total response and therefore allow the peak factor to be measured directly.  Lower values of the peak 
factor are generally measured in cases where vortex-induced oscillations, or some other aerodynamic 
instability, are present.

A.1.5 Consideration of the Local Wind Climate 

Carrying out the procedures described in the previous sections determines the structural responses to be 
expected at full-scale for a given set of building properties and for any given wind direction and mean 
wind speed.  However, in order to account for the varying likelihood of different wind directions and the 
varying strengths of winds that may be expected from different directions, the calculated structural 
responses are integrated with statistical records of the local wind climate to produce predicted peak 
values as a function of return period.  In the case of structural loads, it is appropriate to consider peak 
loads associated with return periods comparable to the design life of the structure.  The choice of return 
period will be governed by local code requirements, that consider the intended use of the building, but 50 
years is often used (with the appropriate load or safety factors applied) for structural design.  In the case 
of building motions, the concern is one of occupant comfort and it is common to consider much shorter 
return periods, typically in the range of 1 to 10 years.

)NTln(2
577.02ln(NT)g p
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Wind records taken from one or more locations near to the study site are generally used to derive the 
wind climate model.  In areas affected by hurricanes or typhoons, Monte Carlo simulations are typically 
used to generate a better database since full scale measurements, if available for a given location, 
typically provide an inadequate sample for statistical purposes.  The data in either case are analysed to 
determine the probabilities of exceeding various hourly mean wind speeds from within each of 36 wind 
sectors at an upper level reference height, typically taken to be 600 m (2000 ft) above open terrain.  This 
coincides with the height used to measure the reference dynamic pressure in the wind tunnel.

In order to predict the wind-induced responses for a given return period, the wind tunnel results are 
integrated with the wind climate model.  There are two methods typically used by RWDI to perform this 
integration.  In one method, the historical (or simulated as is the case with hurricanes or typhoons) wind 
record is used to determine the full-scale wind-induced responses for each hour, given the recorded wind 
speed and direction and the wind tunnel predictions for that direction.  By stepping through the wind 
speed and direction data on an hour-by-hour basis, a time history of the desired response is generated.  
Then, through the use of extreme value fitting techniques, statistically valid peak responses for any 
desired return period are determined.  

The second method is the Upcrossing Method as described by Irwin6 and Irwin and Sifton7.  In simple 
terms, this can be thought of as an analytical representation of the first method, in which a fitted 
mathematical model of the wind statistics is used in place of the detailed wind records themselves.  The 
Upcrossing Method is currently used by RWDI for HFFB and HFPI studies of the structural loads and 
responses of tall buildings.

A.1.6 Design Wind Speeds in Hurricane/Typhoon Regions 

It may be of interest to compare design wind speeds with the Saffir-Simpson hurricane categories, 
although this should be done with caution.  In particular, while associating the building strength or 
performance with a given category of hurricane may sound appealing, it ignores the likelihood of that 
category of storm actually occurring at a given site.  It also ignores the distinction between a direct hit 
from a weak hurricane compared with a glancing blow from a strong one. For this reason, when adopting 
criteria for both strength and serviceability, building codes and standards relate design wind speeds to 
return period rather than simply to storm categories or other similar systems. 

The commentary to the ASCE 7-05 has a discussion in Section C6.5.4 regarding the relationship between 
the Basic Wind Speeds in the standard and the Saffir-Simpson scale.  The Basic Wind speeds given 
currently in the ASCE 7 are 3-second gust speeds at 33 feet over land.  The ASCE commentary also 
provides guidance on conversion to other wind speed durations in the same terrain conditions, which may 
be considered if the design wind speeds are taken from other sources.  

6 Irwin, P.A., “Pressure Model Techniques for Cladding Loads”, Journal of Wind Engineering and Industrial Aerodynamics 29 
(1988), pg. 69-78.

7 Irwin, P.A. and Sifton, V. L., “Risk Considerations for Internal Pressures”, Journal of Wind Engineering and Industrial 
Aerodynamics, 77 & 78 (1998), pg. 715-723.
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Hurricane wind speeds commonly referred to with the Saffir-Simpson scale are 1-minute averages over 
water.  The conversion between these different averaging times and terrain conditions is complicated by 
the fact that the effective roughness of the sea surface varies with wind speed.  The ASCE commentary 
(Table C6-2) provides the following approximate conversions, although they are the topic of ongoing 
research:

Saffir/Simpson 
Hurricane Category

1-minute average speed, 33 ft (10 
m) over water, mph (m/s)

3-second gust speed, 33 ft (10 m) 
over land, mph (m/s)

1 74-95   (33.1-42.5) 82-108   (36.7-48.3)

2 96-110    (42.6-49.2) 109-130   (48.4-58.1)

3 111-130   (49.6-58.1) 131-156   (58.2-69.7)

4 131-155 (58.2-69.3) 157-191   (69.8-85.4)

5 >155   (>69.3) >191   (>85.4)

When relating the design speed for a particular area to the above categories, it is worth considering the 
impact of the load factor.  For example, a basic wind speed of 120 mph specified by the ASCE 7-05 
corresponds to a Category 2 hurricane, as is.  With the load factor of 1.6 (or 1.26 on wind speed), this 
corresponds to 152 mph and a Category 3 storm.

A.1.7 Determination of Wind Load Distribution with Height

The wind-induced forces generated within a building are constantly changing due to turbulence in the 
wind as well as the inertia of the building as it sways and twists.  However, it is convenient for structural 
design computations to convert these fluctuating wind loads into equivalent static wind load distributions.  
Such wind load distributions are determined by accounting for the vertical distributions of the quasi-static 
and resonant components of the wind loads independently.  The quasi-static wind loads essentially 
represent the direct wind loading on the building, which may be characterized by a mean component and 
a fluctuating background component.  The resonant wind loads are produced by the inertial loads of the 
building as it oscillates in its primary modes of vibration.  The distribution of the resonant forces and 
moments may be inferred to a good approximation from the building accelerations, mode shapes for sway 
and twisting motion, and from the building's mass distribution. The quasi-static loads are then determined 
from the difference between the overall loads and the resonant loads.  The quasi-static loads are 
distributed based on the resulting quasi-static shear forces and overturning moments, and the building 
geometry.  
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These distributions correspond to the predicted peak overall loads in each of the two sway directions, and 
also in torsion.  These three load distributions will not necessarily occur at the same instant in time or 
during the same storm and, therefore, should not be treated as simultaneous loads.  Reduction factors 
are subsequently introduced to account for the peak design values occurring at different times.  These 
reduction factors can be determined by a process that compares the peak overall loads in each of the two 
sway directions, and in the torsional direction to the building’s force data measured on a direction by 
direction basis and factored by its meteorological directional probability.  This procedure produces a set of 
load combinations that are simply defined and expected to provide adequate loading of all members of 
the primary structural system.

A.2 Discussion of Acceleration Criteria

Acceleration levels that are acceptable to people are dependent on many physiological factors and 
consequently are subjective to some degree.  Some background to the suggested criteria for acceptability 
of building accelerations is discussed in this section.  

As with any other response to wind loading, acceleration is a random, fluctuating quantity, which must be 
described in statistical terms.  There are two statistics that are commonly used in the literature to describe 
accelerations: the root-mean-square (RMS) values and the peak.  The acceleration predictions that are 
provided for the various return periods in this report are peak values, expected to occur a few times each 
hour during a windstorm.  

Research indicates that people first begin to perceive accelerations when they reach about 5 milli-g
(where milli-g is 1/1000 of the acceleration of gravity).  However, it is not realistic to require that no 
accelerations ever occur above this level.  In addition, there is a distinction to be made between the 
perception of motion, and the tolerance of it.  That is, simply because occupants can perceive motion 
does not necessarily mean they will object to it, as long as such motions do not occur too often.  Criteria 
have therefore been developed that relate acceleration levels and their acceptability to various 
frequencies of occurrence.  

The first building code document to give guidance on building motions was the National Building Code of 
Canada (NBCC).  It suggested that 10-year return period accelerations in the range of 1.0% to 3.0% of 
gravity (10 to 30 milli-g) were acceptable, with the upper end of the range being appropriate for office 
buildings and the lower end for residential buildings. 

Research conducted during the development of the acceleration criteria in the NBCC indicated that 
peoples’ sensitivity to motion becomes less as the natural frequency of the building becomes lower (at 
least in the range of interest for tall buildings, 0.1 Hz to 1.0 Hz).  This dependence is not reflected in the 
NBCC, which provides a single set of criteria based on results for frequencies primarily in the range 0.15 
to 0.3 Hz.  The criteria suggested by the International Organization for Standardization (ISO) are 
expressed as a function of frequency.  The upper limit of the ISO criteria is based on magnitudes of 
acceleration which approximately 2% of those occupying the upper third of a building may find 
objectionable.  The ISO Criteria generally have used shorter return periods than 10 years.  
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ISO initially published criteria (ISO 6897:1984) based on a 5-year return period, which were expressed in 
terms of the RMS acceleration.  The corresponding 1-year criterion was tentatively suggested by ISO to 
be 0.72 times the 5-year criterion.  It should be noted that the ISO 6897 made reference to “buildings 
used for general purposes,” in reference to the above criteria, with no distinction between commercial and 
residential occupancies as suggested in the NBCC. 

In the new ISO standard (ISO 10137:2007(E) – Annex D) on building serviceability, the acceleration 
criteria are expressed as peak values at the 1-year return period.  The expression for building frequencies 
ranging from .06 Hz to 1 Hz (which is the range of interest for high-rise buildings) is as follows:

1-Year Peak Criterion in milli – g = constant x f-0.445

where f is the building frequency in Hz, and the constant is 6.12 for office buildings, and 4.08 for 
residential buildings.  In other words, the residential criteria are 2/3 of the office criteria.  In the absence of 
information to the contrary, it is assumed that the corresponding 5-year criterion can be obtained by 
dividing the 1-year criteria by the 0.72 factor given in ISO 6897. 

In addition to the NBCC and ISO guidelines, acceleration criteria were developed based on a consensus 
between design teams, developers, and the wind engineering community’s experience with many towers 
constructed and wind tunnel tested during the 1980's and 1990's.  The Council on Tall Buildings and 
Urban Habitat (CTBUH) recommends 10-year accelerations of 10 to 15 milli-g for residential buildings and 
20 to 25 milli-g for office buildings 8 .  Based on discussions between RWDI and the designers of 
numerous high-rise towers, we have found it desirable to relax the residential criteria to a range of 15 to 
18 milli-g, noting that the consequence of higher accelerations is an increased likelihood of occupant 
discomfort, rather than an issue of life safety.  After numerous studies using this less stringent criteria9,
we are not aware of any complaints of building performance.  It should be noted that these criteria, which 
are not expressed as functions of frequency, may not be appropriate particularly for buildings with 
unusually high or low frequencies.  For more typical frequencies, these criteria essentially follow the trend 
of the ISO-derived 1-year and 5-year criteria.

A hotel will fall somewhere between office and residential buildings as far as criteria for occupant comfort 
are concerned, unless the upper floors are occupied by long term residents in which case the residential 
building criteria would apply.

8 Isyumov, N. “Criteria for Acceptable Wind-Induced Motions of Tall Buildings,” International Conference on Tall Buildings, 
CTBUH, Rio De Janerio, 1993.

9 Irwin, P. and Myslimaj, B. “Practical Experience with Wind-Tunnel Predicted Tall Building Motions” – 17-th Congress of IABSE, 
Chicago, September 17-19, 2008.
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The above-mentioned reference, which contains the CTBUH criteria, also suggests that the North 
American practice of using the 10-year return period for assessing accelerations and occupant comfort is 
not appropriate for areas subjected to hurricanes, and recommends the 1-year return period be 
considered in such regions.  Use of the 1-year return period is consistent with current practice in Japan, 
where typhoons are a significant consideration for the design of high-rise towers.  If building occupants 
choose to remain during a hurricane, it is reasonable to suggest that they should not expect normal 
conditions to prevail.  Furthermore, research into occupant comfort indicates that motions tend to be more 
tolerable as long as they are not completely unexpected.  While structural modifications and/or auxiliary 
damping could be employed to reduce the motions during hurricanes, such measures are typically 
undertaken to address motions during more common wind events.  Therefore, simply educating building 
occupants as to the likelihood of motion during stronger hurricanes might be a more appropriate way to 
address occupant comfort, particularly in tall slender towers.
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0.00009 

0.00009 

0.00009 

0.00009 

0.00009 

0.00008 

0.00008 

0.00008 

0.00008 

0.00008 

0.00008 

0.00007 

0.00007 

0.00007 

0.00007 

0.00007 

0.00006 

0.00006 

0.00006 

0.00006 
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Reputation   Resources   Results

 
 
 
 
 
 
 
 
 
 

Reputation   Resources   ResultsReputation   Resources   ResultsReputation   Resources   Results  

S
S
S
S
S
S
S
S
S

ZEMIN

BASE
ACTUAL
FLOOR
LABEL

S
S
S
S
S
S
S
S
S
S

 

S-18 
S-17 
S-16 
S-15 
S-14 
S-13 
S-12 
S-11 
S-10 
S-9 
S-8 
S-7 
S-6 
S-5 
S-4 
S-3 
S-2 
S-1 

ZEMIN 
B1 
B2 
B3 
B4 
B5 

BASE 
ACTUAL 
FLOOR 
LABEL 

 
S-51 
S-50 
S-49 
S-48 
S-47 
S-46 
S-45 
S-44 
S-43 
S-42 

 Canada   |   USA   |   UK   |   India   |   China

64.4 

61.1 

57.8 

54.5 

51.2 

47.9 

44.6 

41.3 

38 

34.7 

31.4 

28.1 

24.8 

21.5 

18.2 

14.9 

11.6 

8.3 

5 

0 

-4 

-12.6

-15.9

-19.2

-22.5

STORY
Elevation

(m) 

173.3

170 

166.7

163.4

160.1

156.8

153.5

150.2

146.9

143.6

Canada   |   USA   |   UK   |   India   |   China

 -0.0009

 -0.0009

 -0.0009

 -0.0008

 -0.0008

 -0.0008

 -0.0007

 -0.0007

 -0.0006

 -0.0006

 -0.0006

 -0.0005

 -0.0005

 -0.0004

 -0.0004

 -0.0004

 -0.0003

 -0.0003

-0.0002

-0.0002

 -0.0001

12.6 

15.9 

19.2 

22.5 

STORY 
Elevation 

 

173.3 -1.44E

 -1.40E

166.7 -1.38E

163.4 -1.36E

160.1 -0.0129

156.8 -0.0126

153.5 -0.0124

150.2 -0.0122

146.9 -0.0119

143.6 -0.0117

Canada   |   USA   |   UK   |   India   |   China

0.0009 

0.0009 

0.0009 

0.0008 

0.0008 

0.0008 

0.0007 

0.0007 

0.0006 

0.0006 

0.0006 

0.0005 

0.0005 

0.0004 

0.0004 

0.0004 

0.0003 

0.0003 

0.0002 

0.0002 

0.0001 

0 

0 

0 

 

f2(Hz) = 0.24876
X 

1.44E-02 

1.40E-02 

1.38E-02 

1.36E-02 

0.0129 

0.0126 

0.0124 

0.0122 

0.0119 

0.0117 

Canada   |   USA   |   UK   |   India   |   China

0.0055

0.0052

0.0049

0.0045

0.0042

0.0039

0.0036

0.0033

0.003 

0.0027

0.0025

0.0022

0.0019

0.0017

0.0015

0.0013

0.001 

0.0009

0.0007

0.0005

0.0003

0.0001

0.0001

0 

 

Mode 2:
f2(Hz) = 0.24876

Y 

-3.40E-03

-3.30E-03

-3.20E-03

-3.20E-03

-3.10E-03

-3.00E-03

-2.90E-03

-2.90E-03

-0.0028

-0.0027

Canada   |   USA   |   UK   |   India   |   China 

0.0055 0.00005

0.0052 0.00005

0.0049 0.00005

0.0045 0.00005

0.0042 0.00004

0.0039 0.00004

0.0036 0.00004

0.0033 0.00004

 0.00003

0.0027 0.00003

0.0025 0.00003

0.0022 0.00003

0.0019 0.00002

0.0017 0.00002

0.0015 0.00002

0.0013 0.00002

 0.00001

0.0009 0.00001

0.0007 0.00001

0.0005 0.00001

0.0003 0.00001

0.0001 

0.0001 

Mode 2: 
f2(Hz) = 0.24876 

ROTZ

03 0.00057

03 0.00056

03 5.60E

03 5.50E

03 5.40E

03 5.30E

03 5.20E

03 5.10E

0.0028 0.0005

0.0027 0.00049

 

0.00005 

0.00005 

0.00005 

0.00005 

0.00004 

0.00004 

0.00004 

0.00004 

0.00003 

0.00003 

0.00003 

0.00003 

0.00002 

0.00002 

0.00002 

0.00002 

0.00001 

0.00001 

0.00001 

0.00001 

0.00001 

0 

0 

0 

 

ROTZ 

0.00057 

0.00056 

5.60E-04 

5.50E-04 

5.40E-04 

5.30E-04 

5.20E-04 

5.10E-04 

0.0005 

0.00049 
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Reputation   Resources   Results

 
 
 
 
 
 
 
 
 
 

Reputation   Resources   ResultsReputation   Resources   ResultsReputation   Resources   Results  

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

 

S-41 
S-40 
S-39 
S-38 
S-37 
S-36 
S-35 
S-34 
S-33 
S-32 
S-31 
S-30 
S-29 
S-28 
S-27 
S-26 
S-25 
S-24 
S-23 
S-22 
S-21 
S-20 
S-19 
S-18 
S-17 
S-16 
S-15 
S-14 
S-13 
S-12 
S-11 
S-10 
S-9 
S-8 
S-7 
S-6 
S-5 
S-4 
S-3 

 Canada   |   USA   |   UK   |   India   |   China

140.3

137 

133.7

130.4

127.1

123.8

120.5

117.2

113.9

110.6

107.3

104 

100.7

97.4 

94.1 

90.8 

87.5 

84.2 

80.9 

77.6 

74.3 

71 

67.7 

64.4 

61.1 

57.8 

54.5 

51.2 

47.9 

44.6 

41.3 

38 

34.7 

31.4 

28.1 

24.8 

21.5 

18.2 

14.9 

Canada   |   USA   |   UK   |   India   |   China

140.3 -0.0114

 -0.0111

133.7 -0.0109

130.4 -0.0106

127.1 -0.0103

123.8 -0.01

120.5 -0.0098

117.2 -0.0095

113.9 -0.0093

110.6 -0.009

107.3 -0.0088

 -0.0085

100.7 -0.0082

 -0.0079

 -0.0076

 -0.0074

 -0.0071

 -0.0068

 -0.0065

 -0.0062

 -0.0059

 -0.0056

 -0.0053

 -0.0051

 -0.0048

 -0.0045

 -0.0043

 -0.004

 -0.0037

 -0.0034

 -0.0032

 -0.0029

 -0.0026

 -0.0024

 -0.0021

 -0.0019

 -0.0016

 -0.0014

 -0.0012

Canada   |   USA   |   UK   |   India   |   China

0.0114 

0.0111 

0.0109 

0.0106 

0.0103 

0.01 

0.0098 

0.0095 

0.0093 

0.009 

0.0088 

0.0085 

0.0082 

0.0079 

0.0076 

0.0074 

0.0071 

0.0068 

0.0065 

0.0062 

0.0059 

0.0056 

0.0053 

0.0051 

0.0048 

0.0045 

0.0043 

0.004 

0.0037 

0.0034 

0.0032 

0.0029 

0.0026 

0.0024 

0.0021 

0.0019 

0.0016 

0.0014 

0.0012 

Canada   |   USA   |   UK   |   India   |   China

-0.0026

-0.0026

-0.0025

-0.0024

-0.0023

-0.0022

-0.0022

-0.0021

-0.002

-0.0019

-0.0018

-0.0018

-0.0017

-0.0016

-0.0015

-0.0014

-0.0014

-0.0013

-0.0012

-0.0011

-0.0011

-0.001

-0.0009

-0.0009

-0.0008

-0.0007

-0.0007

-0.0006

-0.0006

-0.0005

-0.0004

-0.0004

-0.0003

-0.0003

-0.0002

-0.0002

-0.0001

-0.0001

-0.0001

Canada   |   USA   |   UK   |   India   |   China 

0.0026 0.00048

0.0026 0.00047

0.0025 0.00046

0.0024 0.00045

0.0023 0.00044

0.0022 0.00043

0.0022 0.00042

0.0021 0.0004

0.002 0.00039

0.0019 0.00038

0.0018 0.00037

0.0018 0.00036

0.0017 0.00035

0.0016 0.00034

0.0015 0.00033

0.0014 0.00031

0.0014 0.0003

0.0013 0.00029

0.0012 0.00028

0.0011 0.00027

0.0011 0.00025

0.001 0.00024

0.0009 0.00023

0.0009 0.00022

0.0008 0.00021

0.0007 0.00019

0.0007 0.00018

0.0006 0.00017

0.0006 0.00016

0.0005 0.00015

0.0004 0.00014

0.0004 0.00013

0.0003 0.00011

0.0003 0.0001

0.0002 0.00009

0.0002 0.00008

0.0001 0.00007

0.0001 0.00006

0.0001 0.00005

 

0.00048 

0.00047 

0.00046 

0.00045 

0.00044 

0.00043 

0.00042 

0.0004 

0.00039 

0.00038 

0.00037 

0.00036 

0.00035 

0.00034 

0.00033 

0.00031 

0.0003 

0.00029 

0.00028 

0.00027 

0.00025 

0.00024 

0.00023 

0.00022 

0.00021 

0.00019 

0.00018 

0.00017 

0.00016 

0.00015 

0.00014 

0.00013 

0.00011 

0.0001 

0.00009 

0.00008 

0.00007 

0.00006 

0.00005 
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Reputation   Resources   Results

 
 
 
 
 
 
 
 
 
 

Reputation   Resources   ResultsReputation   Resources   ResultsReputation   Resources   Results  

ZEMIN

BASE
ACTUAL
FLOOR
LABEL

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

 

S-2 
S-1 

ZEMIN 
B1 
B2 
B3 
B4 
B5 

BASE 
ACTUAL 
FLOOR 
LABEL 

 
S-50 
S-49 
S-48 
S-47 
S-46 
S-45 
S-44 
S-43 
S-42 
S-41 
S-40 
S-39 
S-38 
S-37 
S-36 
S-35 
S-34 
S-33 
S-32 
S-31 
S-30 
S-29 
S-28 
S-27 
S-26 
S-25 

 Canada   |   USA   |   UK   |   India   |   China

11.6 

8.3 

5 

0 

-4 

-12.6

-15.9

-19.2

-22.5

STORY
Elevation

(m) 

170 

166.7

163.4

160.1

156.8

153.5

150.2

146.9

143.6

140.3

137 

133.7

130.4

127.1

123.8

120.5

117.2

113.9

110.6

107.3

104 

100.7

97.4 

94.1 

90.8 

87.5 

Canada   |   USA   |   UK   |   India   |   China

 -0.001

 -0.0008

-0.0006

-0.0004

 -0.0003

12.6 -0.0001

15.9 

19.2 

22.5 

STORY 
Elevation 

 

 8.40E

166.7 8.40E

163.4 8.30E

160.1 8.20E

156.8 8.70E

153.5 8.60E

150.2 8.50E

146.9 8.30E

143.6 8.20E

140.3 8.00E

 7.90E

133.7 7.70E

130.4 0.0076

127.1 0.0074

123.8 0.0072

120.5 0.0071

117.2 0.0069

113.9 0.0067

110.6 0.0064

107.3 0.0061

 0.0059

100.7 0.0058

 0.0056

 0.0054

 0.0052

 0.005

Canada   |   USA   |   UK   |   India   |   China

0.001 

0.0008 

0.0006 

0.0004 

0.0003 

0.0001 

0 

0 

 

f3(Hz) = 0.29221
X 

8.40E-03 

8.40E-03 

8.30E-03 

8.20E-03 

8.70E-03 

8.60E-03 

8.50E-03 

8.30E-03 

8.20E-03 

8.00E-03 

7.90E-03 

7.70E-03 

0.0076 

0.0074 

0.0072 

0.0071 

0.0069 

0.0067 

0.0064 

0.0061 

0.0059 

0.0058 

0.0056 

0.0054 

0.0052 

0.005 

Canada   |   USA   |   UK   |   India   |   China

0 

0 

0 

0 

0 

0 

0 

0 

 

Mode 3:
f3(Hz) = 0.29221

Y 

-5.00E-04

-5.00E-04

-5.00E-04

-4.00E-04

-4.00E-04

-4.00E-04

-4.00E-04

-4.00E-04

-4.00E-04

-4.00E-04

-4.00E-04

-3.00E-04

-3.00E-04

-3.00E-04

-3.00E-04

-3.00E-04

-3.00E-04

-3.00E-04

-3.00E-04

-2.00E-04

-2.00E-04

-0.0002

-0.0002

-0.0002

-0.0002

-0.0002

Canada   |   USA   |   UK   |   India   |   China 

0.00004

0.00003

0.00002

0.00002

0.00001

Mode 3: 
f3(Hz) = 0.29221 

ROTZ

04 7.70E

04 0.00076

04 0.00076

04 0.00075

04 0.00074

04 0.00074

04 0.00073

04 0.00072

04 0.00071

04 0.0007

04 0.00069

04 0.00068

04 0.00067

04 0.00066

04 0.00065

04 0.00064

04 0.00063

04 0.00061

04 0.0006

04 0.00058

04 0.00057

0.0002 0.00056

0.0002 0.00054

0.0002 0.00052

0.0002 0.00051

0.0002 0.00049

 

0.00004 

0.00003 

0.00002 

0.00002 

0.00001 

0 

0 

0 

 

ROTZ 

7.70E-04 

0.00076 

0.00076 

0.00075 

0.00074 

0.00074 

0.00073 

0.00072 

0.00071 

0.0007 

0.00069 

0.00068 

0.00067 

0.00066 

0.00065 

0.00064 

0.00063 

0.00061 

0.0006 

0.00058 

0.00057 

0.00056 

0.00054 

0.00052 

0.00051 

0.00049 
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Reputation   Resources   Results

 
 
 
 
 
 
 
 
 
 

Reputation   Resources   Results

 

Reputation   Resources   ResultsReputation   Resources   Results  

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

ZEMIN

BASE

 

S-24 
S-23 
S-22 
S-21 
S-20 
S-19 
S-18 
S-17 
S-16 
S-15 
S-14 
S-13 
S-12 
S-11 
S-10 
S-9 
S-8 
S-7 
S-6 
S-5 
S-4 
S-3 
S-2 
S-1 

ZEMIN 
B1 
B2 
B3 
B4 
B5 

BASE 

 Canada   |   USA   |   UK   |   India   |   China

84.2 

80.9 

77.6 

74.3 

71 

67.7 

64.4 

61.1 

57.8 

54.5 

51.2 

47.9 

44.6 

41.3 

38 

34.7 

31.4 

28.1 

24.8 

21.5 

18.2 

14.9 

11.6 

8.3 

5 

0 

-4 

-12.6

-15.9

-19.2

-22.5

Canada   |   USA   |   UK   |   India   |   China

 0.0048

 0.0046

 0.0044

 0.0042

 0.004

 0.0038

 0.0036

 0.0033

 0.003

 0.0028

 0.0026

 0.0024

 0.0022

 0.0021

 0.0019

 0.0017

 0.0015

 0.0013

 0.0011

 0.0009

 0.0008

 0.0006

 0.0004

 0.0003

0.0002

0.0001

 

12.6 

15.9 

19.2 

22.5 

Canada   |   USA   |   UK   |   India   |   China

0.0048 

0.0046 

0.0044 

0.0042 

0.004 

0.0038 

0.0036 

0.0033 

0.003 

0.0028 

0.0026 

0.0024 

0.0022 

0.0021 

0.0019 

0.0017 

0.0015 

0.0013 

0.0011 

0.0009 

0.0008 

0.0006 

0.0004 

0.0003 

0.0002 

0.0001 

0 

0 

0 

0 

0 

Canada   |   USA   |   UK   |   India   |   China

-0.0002

-0.0002

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

-0.0001

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Canada   |   USA   |   UK   |   India   |   China 

0.0002 0.00047

0.0002 0.00046

0.0001 0.00044

0.0001 0.00042

0.0001 0.0004

0.0001 0.00038

0.0001 0.00036

0.0001 0.00034

0.0001 0.00032

0.0001 0.0003

0.0001 0.00028

0.0001 0.00026

0.0001 0.00024

0.0001 0.00022

0.0001 0.0002

0.0001 0.00018

0.0001 0.00016

0.00015

0.00013

0.00011

0.00009

0.00007

0.00006

0.00004

0.00003

0.00002

 

0.00047 

0.00046 

0.00044 

0.00042 

0.0004 

0.00038 

0.00036 

0.00034 

0.00032 

0.0003 

0.00028 

0.00026 

0.00024 

0.00022 

0.0002 

0.00018 

0.00016 

0.00015 

0.00013 

0.00011 

0.00009 

0.00007 

0.00006 

0.00004 

0.00003 

0.00002 

0 

0 

0 

0 

0 
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