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Effective from
April 2021

• Along wind (direct sheltering effect) 
• Torsional wind
• Across wind
• Wind acceleration
• …

New 
Features
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• Introduction

• Along-Wind Forces

• Torsion Force

• Across-Wind Base Moment

• Wind Combinations

• Min. Loads for Temporary Structures

• Wind Acceleration

CONTENTS

• Wind Action on Building Elements

• Wind Tunnel Test

• Limitation of Standard Method

• Computing Wind Engineering (CFD)

• Worked Examples – NIDA Wind
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1. Introduction

Source: www.google.com

The structures in Hong Kong are significantly influenced by strong wind …

2017年超強颱風“天鴿(Hato)” 2018年超強颱風“山竹(Mangkhut)”
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1. Introduction Buildings & Building Elements
under Typhoon

Super Typhoon: Mangkhut (山竹), 2018
www.google.com
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1. Introduction
Collapse Analysis and Strengthening 
Recommendations for Tower Crane Useter JL236-14
Under Typhoon Hato (2017), Hong Kong
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1. Introduction

As an engineer in HK, the 
first and important task is 
to correctly consider the 

wind loads !
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1. Introduction

Wind flow around a high-rise building

Wind flow around a low-rise building
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1. Introduction

A: Open sea              B: Open level,              C: Suburbs,                   D: City centres
country                         woodland   

Mean wind profiles vs. Terrain roughness

H
e

ig
ht

Smooth                                                 Rough  

BS EN 1991-1-4 (2005)

GB50009-2012

Terrain Roughness (地面粗糙度)

AS/NZS 1170.2: 2011

Note: The rougher the surface, the higher 
the height at which the wind speed attains 
the value of free stream velocity.
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1. Introduction
Terrain Roughness of Hong Kong?

A, B, C, D ?

Category A
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1. Introduction

Design Code Averaging Time

HKWC (2004) 3s (static)  
1hr (dyna.)

HKWC (2019) 3s

BS 6399-2 
(1997) 

1hr

BS EN 1991-1-4 
(2005)

10min

AS/NZS 1170.2 
(2011)

3s

GB50009 (2012) 10min

Thin curve: 1-s mean wind 
Open circle: 3-s mean wind

Thick horizontal bar: 1-min mean wind
Thin horizontal line: 10-min mean wind
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Time (s)
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Wind speed (m/s) 

Mean wind 

“Design” wind 

Actual wind 

“Design” Wind Speed
= Mean Wind x Scale Factor

(due to Gust Effect)

Wind Pressure vs. Wind Speed

𝑞 = భ

మ
𝜌𝑣ଶ

𝜌 = 1.2      𝑘𝑔/𝑚ଷ (HK, AS/NZS)
𝜌 = 1.25   𝑘𝑔/𝑚ଷ (GB, EC) 
𝜌 = 1.226 𝑘𝑔/𝑚ଷ (BS)

Mean Wind Speed

3-s mean wind

10-min mean wind

hourly mean wind
风速时距

Logarithmic 
profile
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1. Introduction

Design Code Wind Speed Profile Remarks

HKWC (2004) vg = Gradient hourly-mean wind speed = 56.6m/s | 59.5m/s (1.05 for Design)
zg = Gradient height = 500m
Ig= Turbulent intensity at gradient height = 0.087
gv = Peak factor = 3.7
α = Power exponent = 0.11 (Open sea condition)

HKWC (2019) Same as HKWC (2004)

BS 6399-2 (1997) Vb = Basic wind speed
Sa = Altitude factor
Sd = Direction factor
Ss = Seasonal factor 
Sp = Probability factor (1.0)

BS EN 1991-1-4 (2005) Vb = Basic wind speed
Vb,0 = Fundamental value of the basic wind velocity
cdir = Directional factor
cseason = Season factor

AS/NZS 1170.2 (2011) VR = 3-s gust wind speed
Md = Directional multiplier
Mz,cat = Terrain/height multiplier
Ms = Shielding multiplier 
Mt = Topographic multiplier

GB50009 (2012) Terrain roughness: A B C D
Ht = 300, 350, 450, 500
a = 0.12, 0.15, 0.22, 0.30  

V0 = basic wind speed

22 2

0 0

10
, (i =A, B, C, D)

10 10

iB iB
t

z z i
t

H z
V V V

H

aa a


          

    

,0b dir season bV c c V  

s b a d s pV V S S S S    

1.05 1 3.7z g g
g g

z z
V v I

z z

a a    
             

, ,( )sit R d z cat s tV V M M M M    

Wind Speed Profile – Gradient height, wind speed, direction, terrain roughness, …

风剖面
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1. Introduction

Design Code Wind Pressure / Force Remarks

HKWC (2004) Cf = Force & pressure coefficient
G = Dynamic magnification factor

HKWC (2019) Qz = Design wind reference pressure
St = Topography effect
Sq = Directional wind effect (0.8 to 0.85)
Cf = Force & pressure coefficient
Sq,z = Size and dynamic factor

BS 6399-2 (1997) Cpe = External pressure coefficient for the building surface
Ca = Size effect factor for external pressures
Sb = Terrain and building factor
…

BS EN 1991-1-4 (2005) cscd = Structural factor
cs = Size factor (reduction effect)
cd = Dynamic factor (increasing effect)
cf = Force coefficient for structure or structural element
cr = Roughness factor
c0 = Orography factor

AS/NZS 1170.2 (2011) Cfig = Aerodynamic shape factor
Cdyn = Dynamic response factor

GB50009 (2012) z = Gust wind factor；R = Resonance effect

s = Shape factor

z = Altitude factor  
w0 = Basic wind pressure

0

22 2
2

10

10
1 2 1     

10 10

iB i

k z s z

B
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z z z i
t

w w

H z
gI B R

H

aa a

  

 



            
    

；

21
v 2

0 ,0

( ) A

( ) [1 7 I (z)] ( )

( ) ( ) ( ) ;    

w s d f p e

p m

m r b b dir season b

F c c c q z

q z V z

V z c z c z V V c c V



   

   

     

2    0.613

   

e s pe a s e

e s b s b a d s p

p q C C q V

V V S V V S S S S

   

      

；

；

2
, , ,

, ,

(0.5 ) ;    ( )

( )

des fig dyn des sit

sit R d z cat s t

p V C C V MAX V

V V M M M M

q q 



   

   

Wind Pressure/Force – (Basic wind) + (Shielding, Cf, topography, size & dynamic …) 

0.16
, , ,

0.11 0.11
, ,

;     ;     3.7( / 500)

0.087( / 500)  ;    0.087( / 500)
6

[4 ]

z z f q z z o z t o z e

o z
e

e o z e

W Q C S B Q Q S S Q Z

I Z I Z
H

H

q

 

  

 

21
2

2 2

:         ;          ;      ( )

:   ;     1 2 /

f z z t z z t a

f z z t h v f

Static F C q A S q V S S

Dynamic F G C q A S G I g B g SE





   

     

Turbulence increased 
due to surrounding 
buildings for across-wind

భ

మ
ଶ
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1. Introduction
Wind Effects on Structures

H

• Static Forces (For design purpose)
(1) Similar to dead loads, live loads, …
(2) Along-wind, cross-wind, torsional force

• Dynamic Forces
(1) High-rise, long-span, slender structures
(2) Additional inertia forces
(3) Dynamic motions
(4) Peak acceleration limit – occupant comfort level [Wind-induced Vibration]

 Wind (Direction, Season, Terrain Roughness, 
Shelter, Topography)

 Dimension & Shape of Structure (B, D, H, etc.)

 Wind (Direction, Season, Terrain Roughness, Shelter, Topography)
 Dimension & Shape of Structure (B, D, H, etc.)
 Dynamic Properties of Structure (Natural Frequency – Mass & Stiffness, 

Damping Ratio)

13
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Wind Action on Structure

H < 200m,
Usual shape and no 

complicated topography/
surroundings

Along-wind Load on Building
Wz=QzCfSq,zB (Clause 2.2.1)

Torsional Load (Clause 2.2.2)

H < 100m and
H/[B,D]min < 5 and Ny > 0.5Hz

(Clause 2.2.3)

Combination of Loads (Clause 2.2.4)

Design Wind Loads;
Acceleration (Clause 2.4)

Codified
Across-wind base moment

Mx1x1/My2y2<1.5 and
Mx2x2/My1y1<1.5

(Clause 2.2.3)

Building to be 
wind tunnel 

tested

Design Wind Loads;
Acceleration (Clause 2.4)

Design Wind
Reference Pressure

Qz=Qz,0StSθ
(Section 3)

Force and Pressure
Coefficients Cf

(Section 4)

Size and Dynamic
Factors Sq,z
(Section 5)

To consider
Directional Wind
Effects & apply Sθ

(Appendix A1)

To consider Direct
Shelter Effects & apply

Effective Height Ze
(Appendix A2)

To consider
Topography Effects

& apply St
(Appendix A3)

Yes

No

Yes

Yes

No

No

Building Design – HK Wind Code 2019

Reference
Code of Practice on Wind Effects in 
Hong Kong 2019, Buildings 
Department, HKSAR, China
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1. Introduction
HKWC 2019 – 200m, ‘Rectangular’ Buildings
“Standard Method”

15
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1. Introduction
HKWC 2019 – 200m, ‘Non-Rectangular’ Buildings ？

Remin( ,  B/1.8)Enclosed ctD D Explanatory Notes to the Code of Practice on Wind 
Effects in Hong Kong 2019 
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2. Along-Wind Forces

H
21

2

21
2

2 2

:                 

                    

:   G     

                                      

                   1 2 /

z z t f

z z

z z t f

z z

h v f

Static W q S C B

q V

Dynamic W q S C B

q V

G I g B g SE







 



 



  

,

,

0.16
,

 & Dynamic:

   

               

           3.7( / 500)

z z f q z

z o z t

o z e

Static

W Q C S B

Q Q S S

Q Z

q







, ,( )z o z t q z fW Q S S S C Bq 

  

 ( )      

z z t f

t a

W q S C B

S S

 



Design Wind Pressure

H
K

W
C

 2
0

0
4

   
  

  
   

 H
K

W
C

 2
0

1
9

(without sheltering effect)

(HKWC2019)

Reference Wind Pressure

Zg = 500m – Gradient height, at which the ground 
friction influence becomes insignificant.
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2. Along-Wind Forces

21
2

21
2

2 2

:                 

                    

:   G     

                                      

                   1 2 /

z z t f

z z

z z t f

z z

h v f

Static W q S C B

q V

Dynamic W q S C B

q V

G I g B g SE







 



 



  

,

,

0.16
,

 & Dynamic:

   

               

           3.7( / 500)

z z f q z

z o z t

o z e

Static

W Q C S B

Q Q S S

Q Z

q







Design Wind Pressure

H
K

W
C

 2
0

0
4

   
  

  
   

 H
K

W
C

 2
0

1
9

Significant Resonant Dynamic Response ?
(H > 100m and H/[B,D]min > 5 and N < 1 Hz)

3 sec. Gust Pressure   Mean Hourly Pressure  

Force Coeff.     

Reduction Factor to
Frontal Projected Area Ra

Wind Force on Building

Force Coeff.    

Dynamic Mag. Factor G
Tables F1(steel) & F2(Concrete)

Wind Force on Building

No Yes

f
F R C S q Az za a  zzaf AqSGCF 

zq zq

fC fC

HKWC 2004

Static Dynamic
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2. Along-Wind Forces

,

0.16
,

,

    

3.7( / 500)

z o z t

o z e

z z f q z

Q Q S

Q Z

W Q C S B

Sq 





Directionality Factor Sq (HKWC 2019)

Note:
• Rectangular buildings: Sq = 0.8 to 0.85 
• Linear interpolation is allowed
• Maximum Sq within a sector should be adopted.
• Circular buildings : Sq = 1 S

E

NENW

W

SW SE

NDirectional factor
Sq (UK)

(From Wind actions to BS EN 1991-1-4)

Sq (HK)
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2. Along-Wind Forces

,

0.16
,

,

    

3.7( / 500)

z o z

o z e

f q z

t

z z

Q Q S

Q Z

W Q C B

S

S

q 





Topography Factor St (HKWC 2019)

(From ASCE 7-16)

 Wind speed increases when blowing up the windward 
slope of a hill.

 When the topography is significant, the design wind 
pressure will be increased by multiplication with a 
topography factor St.

 Local topography is considered significant when a site is 
located within the topography significant zone.

2H/3 2H/3
Wind Tunnel Testing:

,

Standard Deviation

Mean Velocity

z
v z

z

I
V


 

Turbulence Intensity:

2

,

,

[ (1 3.7 )]

[ (1 3.7 )]
z v z Topography

t
z v z Approach

V I
S

V I

      

( )t aS S
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2. Along-Wind Forces

,

0.16
,

,

    

3.7( / 500)

z o z

o z e

f q z

t

z z

Q Q S

Q Z

W Q C B

S

S

q 





Topography Factor St (HKWC 2019)

(From Wind actions to BS EN 1991-1-4)

1.0  tS 

2

,

,

1 3.7

1 3.7

2 ev z
t

v z

I
S

I

s      



2

,

,

[ (1 3.7 )]

[ (1 3.7 )]
z v z Topography

t
z v z Approach

V I
S

V I

      

( )t aS S

21
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2. Along-Wind Forces

,z o z tQ Q SS q 

Topography Factor St (HKWC 2019)
2

,

1
1 .

2

3 7
e

t
v z

S
I

s    
  

Fig. A3-1(a) & (b)
(Orange color)

Fig. A3-1(a) 
(Blue color)

Fig. A3-1(b) 
(Blue color)

s s s

/ H 0.5t tZ   < 1.5H /t t eX 

min(  0.3),e u 
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2. Along-Wind Forces

,

0.16
,

,

    

3.7( / 500)e

z o z t

o z

z z f q z

Q Q S S

Q

W Q C B

Z

S

q 





Sheltering Effect (HKWC 2019)
Effective Height Ze

From Wind actions to BS EN 1991-1-4
Same approach in BS6399

                                                                               

min(0.6 h,  0.8h ),  0 x 2 h                

min(0.6h,  1.2h 0.2 x),  2h < x 6 h

0,  x 6 h

ave ave

dis ave ave ave

ave

h

 
  
 

x

x

x

BS EN 1991-1-4

have and X: each 30o sector
or

have = 15m

23
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2. Along-Wind Forces
Sheltering Effect (HKWC 2019)
Effective Height Ze Kai Tak, Hong Kong

© NIDA 2022 26

2. Along-Wind Forces

,

0.16
,

,

    

3.7( / 500)e

z o z t

o z

z z f q z

Q Q S S

Q

W Q C B

Z

S

q 





Sheltering Effect (HKWC 2019)
Effective Height Ze

From HKWC 2019

WIND

Elevation

WIND

Plan

,

0.8             

min 1.2 0.2 ,but 0

0.75             

i

d i i i

H

H H X

H

 
    
 
 

• Step 1: Calculate displacement height of each building

• Step 2: Calculate displacement height of each sector

, ,

,

d i e i
d

e i

H
H

a
a

 


• Step 3: Calculate effective height 
of each sector

,  / Z 0.75

0.25 ,  / Z 0.75
d d

e
d

Z H H
Z

Z H

 
  

Note: Buildings in the same 
building lot shall be treated as a 
whole, when evaluating the direct 
sheltering effect for the 
determination of the most beneficial 
building(s) to be removed.
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2. Along-Wind Forces
Sheltering Effect (HKWC 2019)
Effective Height Ze

Reduce Height ! NO Reduction !

Code of Practice on Wind Effects in Hong Kong 2019 
Buildings Department, HKSAR, China
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2. Along-Wind Forces
Sheltering Effect (HKWC 2019)
Effective Height Ze

< 5
Seconds

7~14
Days

Hand 
Calculation

Nida
Wind

An algorithm is developed by Nida Team to 
quickly determine the effective height.

• Fast
• High accuracy
• No human error

27
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2. Along-Wind Forces

,

0.1
,

,

6

    

3.7( / 500)

z o z t

o z e

qf zz z

Q Q S S

Q Z

W Q C S B

q 





Size & Dynamic Factor Sq,z (HKWC 2019)
(Structural factor cscd – EC1)

From HKWC 2019

Size Factor Ss : 
– Dimension, Location

20.5
0.5

0.1410
, , ,

2 0.25
, ( )

1.2[ ( ) ](1 )

0.5 ( 0.5)
x xp

Z
q z q h q h H H

q h s L B B HN

S S S

S S


   

   

Aligned with along-wind direction

= Fundamental frequency 

Damping ratio

:

x

x

N

x

 

Stiffness: [K]
Mass: [M]

0.6  sS 

2 21 2 / 1h v fG I g B g SE    
HKWC 2004

46 /
(H 100 )
--Modal analysis

x
N H

m




0.5( 15 ) 1.0  
ps L mS  

log ( ) or ln( )e  

Size factor Dynamic factor
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2. Along-Wind Forces

,

0.1
,

,

6

    

3.7( / 500)

z o z t

o z e

qf zz z

Q Q S S

Q Z

W Q C S B

q 





Size & Dynamic Factor Sq,z (HKWC 2019)
(Structural factor cscd – EC1)

20.5
0.5

0.1410
, , ,

2 0.25
, ( )

1.2[ ( ) ](1 )

0.5 ( 0.5)
x xp

Z
q z q h q h H H

q h s L B B HN

S S S

S S


   

   

Aligned with along-wind direction

= Fundamental frequency 

Damping ratio

:

x

x

N

x

 

Stiffness: [K]
Mass: [M]

2 21 2 / 1h v fG I g B g SE    
HKWC 2004

46 /
(H 100 )
--Modal analysis

x
N H

m




Modal Analysis is used to determine the dynamic 
properties of systems in the frequency domain.

2 0LK M 
2

T





1 /

2

K M
f

T 
 

Period:

Frequency:

Preliminary estimate:
f = 46/H

Calculate wind loads
(along-wind, across-wind, …)

Structural Analysis & 
Design

Modal analysis: 
accurate f

End

Check acceleration &
Refine wind loads

29
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2. Along-Wind Forces

,

0.16
,

,

    

3.7( / 500)

z o z t

o z e

qfz z z

Q Q

C

S S

Q Z

W Q S B

q 





Force Coefficient Cf (HKWC 2019)

From HKWC 2019

2[1.7 0.0013( ) ]
0.6

0.055
1.1

exp ln[( )(1 0.011 )]

e

He
De

H
D

f
HB

D D

C


 
  
 

• He: Effective building height 
• B: Breadth of building
• D: Depth of building

1.1 

 ( 6)

f

B
D

C 



=f h sC C C
HKWC 2004: Table D1 & D2
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2. Along-Wind Forces

,

0.16
,

,

    

3.7( / 500)

z o z t

o z e

qfz z z

Q Q

C

S S

Q Z

W Q S B

q 





Force Coefficient Cf (HKWC 2019)

2[1.7 0.0013( ) ]
0.6

0.055
1.1

exp ln[( )(1 0.011 )]

e

He
De

H
D

f
HB

D D

C


 
  
 

• He: Effective building height 
• B: Breadth of building
• D: Depth of building
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2. Along-Wind Forces
Item HKWC (2019) HKWC (2004) Remarks

Wind Pressure (Wz) /

(Same symbols 
adopted here for 
comparison)

Reference wind pressure
(wind speed profile)

Same as HKWC(2004)
(𝑄௢,௭ vs.  𝑞௭)

Terrain roughness “A”
Mean wind speed(vg) = 56.6 m/s

Terrain, wind 
climate, height

Topography factor (St) Explicitly Included 
- Equations changed

Explicitly Included Topography

Directional factor (Sq) Explicitly Included (0.8 to 0.85) Not included Wind direction

Size factor (Ss) Explicitly Included Explicitly Included Size of surface

Dynamic factor (Sq,z) Explicitly Included (with size 
factor) - Equations changed

Explicitly Included Dynamic effect

Force coefficient (Cf) Explicitly Included 
- Equations changed

Explicitly Included Aerodynamic 
shape 

21
2

21
2

2 2

:         ;   ( ) 

                    

:   G ;     

                                      

                   1 2 /

z z t f t a

z z

z z t f

z z

h v f

Static W q S C B S S

q V

Dynamic W q S C B

q V

G I g B g SE







  



 



  

,

,

0.16
,

 & Dynamic:

   

               

           3.7( / 500)

z z f q z

z o z t

o z e

Static

W Q C S B

Q Q S S

Q Z

q







, ,( )z o z t q z fW Q S S S C Bq 

Comparison Summary – HK Wind Code: 2019 vs. 2004
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3. Torsional Force
Torsion DTz (HKWC 2019)

From HKWC 2019

1 , 1

2 , 2

,

max   

          Along-wind force

0.05 ,   1
          

0.20 ,   6

z x
z

z x

z xi

B
D

B
D

e W
T

e W

W

B
e

B

 
D    



 
  

• e: Offset from geometric centre
• 1 < B/D < 6 : Linear interpolation
• B/D > 6 :  Wind tunnel test required Generally, tall buildings and slender structures 

are sensitive to torsional wind.

Check torsional regularity – similar to seismic 
design.

33

34



18

© NIDA 2022 35

4. Across-Wind Base Moment
Across-Wind
Due to Vortex Shedding – Building is displaced, first on one side then on another, thus leading to 
transverse vibration of the building.

Vortices

Eddies

Eddies

(1)

(3)

(2)

https://www.youtube.com/watch?v=rlpUhgfEZPU

© NIDA 2022 36

4. Across-Wind Base Moment

H < 100m and
H/[B,D]min < 5 and Ny > 0.5Hz

(Clause 2.2.3)

Codified
Across-wind base moment

Mx1x1/My2y2<1.5 and
Mx2x2/My1y1<1.5

(Clause 2.2.3)

No

Yes
Along-wind force

Wind tunnel test

No

Yes

( Scale along-wind )

3.3
2

, 0.5 1.3 0.15
,

0.215 2 /

(BD) 1 3.7 3
ry w h aa b

xx base
w y y b v h

G Q H
M

N I

 
 

 
     

Across-wind base moment at ground level : HKWC 2019
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4. Across-Wind Base Moment

1 1 1 1
1 , 2 1 2

2 2

1 1 1 1
2 , 2 1 2

2 2

2 2 2 2
3 , 1 3 4

1 1

2 2 2 2
4 , 1 3

1 1

max( , )
1    max( , )

max( , )
1    max( , )

max( , )
1    max( , )

max( , )
1    max(

x x x x
z x

y y

x x x x
z x

y y

x x x x
z x

y y

x x x x
z x

y y

M M
f W f f

M

M M
f W f f

M

M M
f W f f

M

M M
f W f

M

 




 




 




 




   

   

   

    4, )f















Increase along-wind force

1 1 1 1

2 2 2 2

2 2 2 2

1 1 1 1

max( , )
1.5 

max( , )

                  or  Wind Tunnel Test

max( , )
1.5

max( , )

x x x x

y y y y

x x x x

y y y y

M M

M M

M M

M M

 

 

 

 

 

 




?across

along

M

M

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4. Across-Wind Base Moment
Worked Example (HKWC 2019)
(1) Provided base moments: (2) Check base moments:

1 1 1 1

2 2 2 2

2 2 2 2

1 1 1 1

max( , )
1.5 

max( , )

                  or  Wind Tunnel Test

max( , )
1.5

max( , )

x x x x

y y y y

x x x x

y y y y

M M

M M

M M

M M

 

 

 

 

 

 




1 1 1 1
1 , 2 1 2

2 2

1 1 1 1
2 , 2 1 2

2 2

2 2 2 2
3 , 1 3 4

1 1

2 2 2 2
4 , 1 3

1 1

max( , )
1    max( , )

max( , )
1    max( , )

max( , )
1    max( , )

max( , )
1    max(

x x x x
z x

y y

x x x x
z x

y y

x x x x
z x

y y

x x x x
z x

y y

M M
f W f f

M

M M
f W f f

M

M M
f W f f

M

M M
f W f

M

 




 




 




 




   

   

   

    4, )f















Code of Practice on Wind Effects in Hong Kong 2019 
Buildings Department, HKSAR, China
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5. Wind Combinations

From HKWC 2019

• With torsional force
Number of combinations = 24

• Without torsional force
Number of combinations = 8

Ignore torsional load case:

© NIDA 2022 40

6. Min. Loads for Temporary Structures

Temporary buildings and associated constructions – 70%
• Not for residency
• Period remained in position <= One year

Hoarding & covered walkway associated with construction site, 
contractor shed, bamboo shed, tent or marquee – Qz = 37% Qo,z

• Not for residential use
• No other adjustment factor  = 1tS Sq

39
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7. Wind Acceleration

3.3

0.5 1.3 0.15
,

20.215 2 /

(BD) 1 3.7 3 3

y

ry yh aa b
z

b v

r

y y h bh

G Q H Z
A

I H

S

N M




    
        

Peak acceleration (HKWC 2019)

(1) Wind (2) Structure

Acceptable Occupant 
Comfort Level

10-year

1-year
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7. Wind Acceleration

3.3

0.5 1.3 0.15
,

20.215 2 /

(BD) 1 3.7 3 3

y

ry yh aa b
z

b v

r

y y h bh

G Q H Z
A

I H

S

N M




    
        

Peak acceleration (HKWC 2019)

(1) Wind (2) Structure

Acceptable Occupant 
Comfort Level

10-year

1-year
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8. Wind Action on Building Elements

,

0.16
,

,

    

3.7( / 500)

z o z t

o z e

z z f q z

Q Q SS

Q Z

P Q C S

q 





,

0.16
,

    

3.7( / 500)

z o z t

o z e

z p s ph s

Q Q S

Q Z

QP Q C SS C

Sq 



 

Building Design (HKWC2019)          Element Design (HKWC2019)          Element Design (HKWC2004)

• Wind reference pressure – sheltering, 
topography, wind direction;

• Wind pressure is normally determined by 
building height;

• Net pressure on solid surface;
• P = Pe – Pi for surface with openings;
• Ss may be larger than 1.0;
• Cladding pressure can be reduced by 20%, 

below a height of 0.5(H - He) ;

,

     ( )

( )
z z t t a

z o z

z z p

Q q S S S

q Q

P Q C

 





• Net pressure on solid surface;
• No size factor included;
• qz : z = max[hi, min(B, H)]

z = hi

B > H B < H

z = B (hi < B)

z = hi (hi > B)
H

He

0.5(H-He)
80% P

© NIDA 2022 44

8. Wind Action on Building Elements

Element Design (HKWC2019)

Element Half-perimeter, L0.5p

Mullion M1 (2d+2e+2f+2g)/2

M1
Size Factor, Ss

H
He

0.5(H-He)
80% P

,

0.16
,

    

3.7( / 500)

s

z o z t

o z e

z p s h p

Q Q S S

Q Z

P Q C S Q C S

q 



 

0.5( 15 ) 1.0  
ps L mS  
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Wind Actions on
Building Elements

Design Wind LoadsDesign Wind Loads

Net Pressure on Building Elements
Without dominant openings:

P=QzCpSs
With dominant openings:

P=Pe-Pi,
Pe=QzCpeSs, Pi=QzCpiSs

(Clause 2.3)

Building to be
Wind tunnel tested

To consider
Directional Wind
Effects & apply Sθ

(Appendix A1)

To consider Direct
Shelter Effects & apply

Effective Height Ze
(Appendix A2)

To consider
Topography Effects

& apply St
(Appendix A3)

Design Wind
Reference Pressure

Qz=Qz,0StSθ
(Section 3)

Force and Pressure
Coefficients Cp

(Section 4)

Size Factors Ss
(Section 5)

H<200m,
Usual shape or no 

complicated topography/
surroundings

Yes

No

Reference
Code of Practice on Wind Effects in Hong Kong 
2019, Buildings Department, HKSAR, China

Building Element Design – HK Wind Code 2019

© NIDA 2022 46

9. Wind Tunnel Test
Minimum adopted wind loads from a test

H > 200m,
Unusual shape or 

complicated topography/
surroundings

Max
𝑾𝑻ି𝒆𝒙𝒊𝒔𝒊𝒏𝒈

𝟎. 𝟖𝑾𝑻ି𝒓𝒆𝒎𝒐𝒗𝒂𝒍

𝟎. 𝟕𝑪𝒐𝒅𝒆ି𝒂𝒍𝒐𝒏𝒈

Max
𝑾𝑻ି𝒆𝒙𝒊𝒔𝒊𝒏𝒈

𝟎. 𝟖𝑪𝒐𝒅𝒆

Yes

No

John D. Holmes (2001), Wind Loading of Structures

45
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10. Limitation of Standard Method

Code of Practice on Wind Effects in Hong Kong 2019 
Buildings Department, HKSAR, China

1.5across

along

M

M


Wind
Tunnel
Test
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10. Limitation of Standard Method

Minimum adopted wind loads from a test

H > 200m,
Unusual shape or 

complicated topography/
surroundings

Max
𝑾𝑻ି𝒆𝒙𝒊𝒔𝒊𝒏𝒈

𝟎. 𝟖𝑾𝑻ି𝒓𝒆𝒎𝒐𝒗𝒂𝒍

𝟎. 𝟕𝑪𝒐𝒅𝒆ି𝒂𝒍𝒐𝒏𝒈

Max
𝑾𝑻ି𝒆𝒙𝒊𝒔𝒊𝒏𝒈

𝟎. 𝟖𝑪𝒐𝒅𝒆

Yes

No

Even Wind Tunnel Test method is adopted, 
the Standard Method is still needed to 
check the minimum wind loads from test !

47
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11. Computing Wind Engineering
Computing Wind Engineering (CWE) – Numerical Wind Tunnel
 Based on Computational Fluid Dynamics (CFD)

Physical Wind 
Tunnel Test

Numerical Wind 
Tunnel Test (CFD)

Time Long (months) Fast (days)

Cost High Low

Resolution
Poor
(few sample points)

High
(high sampling and mapping of 
results)

Accuracy Moderate/High Moderate/High

Reporting Abstract Direct/relatable

Turbulence High resolution Moderate/abstract resolution

Regulation High acceptance

Growing acceptance
(i.e. Eurocodes now permit 
CFD for Structural Load 
Calculations)

© NIDA 2022 50

11. Computing Wind Engineering
Nida Cloud System

Ongoing…

Identification of Building Shapes and 
Dimensions by Deep Learning

49
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12. Worked Example

• Step 1: Define Target Building

• Step 2: Define Floor Information

• Step 3: Import Surroundings

• Step 4: Input Parameters to HKWC

• Step 5: Calculate Results

• Step 6: Export Results

The first openly available program complied with New Wind 
Code 2019 to save time of engineers and to improve 
productivity of engineers in Hong Kong.

© NIDA 2022 52

• A Tall Building (96 m Height，B & D constant along height)
12. Worked Example

24
m

48m

N

x2

x1WX1+

WX2+

H
 =

 9
6
m

2
m

2m

ELEVATION

PLAN

D

WIND

w

B

wB D

θ

θ

WIND
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• A Tall Building (96 m Height)
12. Worked Example

Obtained 
from modal 
analysis

Nida Wind can automatically 
calculate these based on 
TableC2-1/2 from HKWC 2019

Building Plan:   B =   24.000 m

Building Plan:   D =   48.000 m 

Building Height: H =   96.000 m < 200 m 

Building Type:   Offices ;  RC Building

Unusual Shape                       : NO

Complicated Topography/Surroundings : NO

Frequency along WX1+/-: Nx1 =  0.600 Hz 
Frequency along WX2+/-: Nx2 =  0.510 Hz 

Aspect Ratio (Wx1), H / D =   2.00 

Aspect Ratio (Wx2), H / B =   4.00 

Damping Ratio(Structural Loads): ξx1 = 0.030, ξx2 = 0.030
Damping Ratio(Acceleration): ξx1 = 0.020, ξx2 = 0.020

Directional Wind Effects: Sθ 
Wind | Sθ(Dir. Factor)  | Direction 
------------------------------------

WX1+ |   0.820          | NW,W

WX1- |   0.850          | E,SE

WX2+ |   0.850          | SW,S,W

WX2- |   0.850          | N,NE,E

------------------------------------
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• Create a Model in Program “NIDA Wind”
Step 1: Define Target Building

53

54



28

© NIDA 2022 55

Step1: Define Target Building
• Operations in Nida Wind 1

3
Input 3 setting-out 
points to match NIDA 
model and the Map

2

Note: In practical project, the 
coordinates in HK1980 can be 
found in the GBP drawing.

© NIDA 2022 56

Step2: Define Floor Information
• Add Story 1

3

2

Set story name

• Note: Only the wind pressure 
& forces at the story level will 
be calculated in the program.

55
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Step3: Import Surroundings
• Import Obstructing Buildings – Direct Shelter Effect 1

3

2
Import 
obstructing 
buildings

Show buildings 
(RED building is 
the target.)

© NIDA 2022 58

Step 4: Input Required Parameters
• Add Wind Function – HKWC2019

1

2
• Effective height is 

calculated by considering 
surrounding buildings 

Define local plan of 
each story for variation 
of plan with height.    

3

57
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Step 4: Input Required Parameters
• Add Wind Function – HKWC2019

1

2

3

• Input the parameters to 
determine the 
topography factor, 
directionality factor, 
force coefficient, size 
factor, etc.

• Note: Generally, if the 
factor is greater than 
zero, it will be used 
directly; otherwise, put 
it as 0 and input the 
parameters to calculate 
the factor.

4
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Step 4: Input Required Parameters
• Add Wind Function – HKWC2019

1

• Tick here to activate 
torsional effect 

Across-wind
effect

Check across-wind 
acceleration 

3

2
4
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Step 4: Input Required Parameters
• Add Wind Function – HKWC2019

1

• Input the level, Cp, 
Zone and size 
factor for calculation 
wind pressure on 
building elements.

2
H

He

0.5(H-He)
80% P
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• Show Report & Results
Step 5: Calculate Results

1 Right click

2

3 Export results

61
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• Show Report & Results
Step 6: Export Results

1 Right click

2

3 Export results

Design Report
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• Show Valid Obstructing Buildings
Step 6: Export Results

1 Right click

2
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Step 6: Export Results 
• Export Wind Loads

2

The wind loads will be 
applied to each story.

1

3
Export wind loads to 
structural analysis 
software such as NIDA 
and ETABS.
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www.nidacse.com
Thank You

Dr. Yao-Peng LIU
Email: yp.liu@nidacse.com
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