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1. Introduction

The structures in Hong Kong are significantly influenced by strong wind ...
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1. Introduction
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Super Typhoon: Mangkhut (L11{7), 2018

©NIDA 2022 www.google.com

Buildings & Building Elements
under Typhoon

1. Introduction

© NIDA 2022

Collapse Analysis and Strengthening
Recommendations for Tower Crane Useter JL236-14
Under Typhoon Hato (2017), Hong Kong

NIDA
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1. Introduction

As an engineer in HK, the

first and important task is

to correctly consider the
wind loads !

© NIDA 2022
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Wind flow around a high-rise building




BS EN 1991-1-4 (2005)
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1. Introduction o o o e b e

Note: The rougher the surface, the higher
Terrain Roughness (itEHEEE) the height at which the wind speed attains
i the value of free stream velocity.
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1. Introduction
Mean Wind Speed

Design Code Averaging Time
X3 i BB

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

HKWC (2019) 3s

BS 6399-2 1hr

(1997)

BS EN 1991-1-4  10min

(2005)

AS/NZS 1170.2  3s

(2011)

GB50009 (2012) 10min

© NIDA 2022
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10 ‘min mean wmd
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Wind speed (m/s)

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

A

hourly mean wind
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I “Design” wind
I Logarithmic
4 profile
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- Wind speed (m/s)

a [ - -] =i _E - -]
Time (s)
[
Actual wind
“Design” Wind Speed 5
= Mean Wind x Scale Factor
(due to Gust Effect) i
~ Mean wind
N
. . £ % ~
Wind Pressure vs. Wind Speed 2
—1 2 T
q =3pv
p=12 kg/m3 (HK, ASINZS) »
p =125 kg/m? (GB, EC)
p =1.226 kg/m3 (BS) . -a
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1. Introduction

HKWC (2004) , 105_(
=105,

HKWC (2019)
BS 6399-2 (1997)

BS EN 1991-1-4 (2005)

AS/NZS 1170.2 (2011) Vs

GB50009 (2012) V.= = [

© NIDA 2022

i] {1+3,71‘g (i] }
Zg Zg
Same as HKWC (2004)
V,=V,xS8,
I/b = cdir 2 Cseaszm

=V, xM,(M

H?
10

Wind Speed Profile — Gradient height, wind speed, direction, terrain roughness, ...

Design Code Wind Speed Profile [X|ZlH m

Vg = Gradient hourly-mean wind speed = 56.6m/s | 59.5m/s (1.05 for Design)

2, = Gradient height = 500m
Ig= Turbulent intensity at gradient height = 0.087
g, = Peak factor = 3.7

a = Power exponent = 0.11 (Open sea condition)

Vb = Basic wind speed
Sa = Alttude factor
Sd = Direction factor

X Sd X SS xS Ss = Seasonal factor

P Sp = Probability factor (1.0)

Vb = Basic wind speed

Vb,0 = Fundamental value of the basic wind velocity

4. = Directional factor

= Season factor

XV

Caeason

Vg = 3-s gust wind speed

Md = Directional multiplier
Mz,cat = Terrain/height multiplier
Ms = Shielding multiplier

Mt = Topographic multiplier

XM xM,)

z,cat
2, Terrain roughness: A B C D
J H, =300, 350, 450, 500

o =0.12,0.15, 0.22, 0.30
V, = basic wind speed

10
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Turbulence i d 3
_ _ 1.2 due to surrounding NIDA
1 . I ntrod u Ctl on q - Epv buildings for across-wind

Wind Pressure/Force — (Basic wind) + (Shielding, C,,

Design Code

HKWC (2004) Static : F=C,q.4.xS,; q.=+pV7 (S, <A,

Dynamic: F=GxC,g.4,xS; G=1+2I,

opography, size & dynamic ...)

Cf = Force & pressure coefficient
G = Dynamic magnification factor

Wind Pressure / Force

HKWC (2019) W.=0.C,S,.B; 0.=0,.55; Q,.=31(Z,/500)"  z=pesion wna rlrono prseure
6H S0 = Directional wind effect (0.8 to 0.85)
I,.=0.087(Z, /500" 5 I, =[4- 7 10.087(Z, /500) ' gh-foge & peosure o
= 3 =0.6131? C,. = External oefficient for the buildi rf:
BS 6399-2 (1997) P=4,xCpuxCi g, =06137, S e e
V,=V xSy V, =V, xS§, x8§,x8 x S,, Sb = Terrain and building factor
F =cc,xc,xq,(z,)xA ;¢4 = Structural factor
BS EN 1991-1-4 (2005) v LA Al c, = Size factor (reduction effect)
2 =Dy ic f: i ing effe
q4,(2) =[1+71,@]x+pxV,:(2) S e B St o
V()= ()6 (2)xVy5 ¥y =4y XCpn ¥ Vi &= Croepny focr
AS/NZS 1170.2 (2011) P=05pW3, g xCp xCppi Vi y = MAX(V,,. ;) e
Vg =Vax My (M, x M xM,)
=4 , = Gust wind factor ; R = Re eff
GB50009 (201 2) Wi = BLp W, . . ) i £ Sr::as‘:ew;ra\m;cmr esonance effect
B\ % a; = = Altitude fact
© B.=1+2gl, BAI+R*: p = [H' ) (B] [ij Wo = B;:icemd:zoi)rressure
: : 10 H! 10
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1. Introduction

Wind Effects on Structures

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

mm) > Wind (Direction, Season, Terrain Roughness,
Shelter, Topography)
> Dimension & Shape of Structure (B, D, H, etc.) WP

+ 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.)
» Dynamic Properties of Structure (Natural Frequency — Mass & Stiffness,

Damping Ratio)

© NIDA 2022 14

14



Building Design — HK Wind Code 2019 Nm
i

l Wind Action on Structure
[ To consider
| Directional Wind
Effects & apply S,
No H < 200m, (Appendix A1)
Usual shape and no Design Wind To consider Direct
complicated to;.)ography/ Reference Pressure | | | Shelter Effects & apply
surroundings Q,=Q, 5,5y Effective Height Ze
Yes (Section 3) (Appendix A2)
Along-wind Load on Building Force and Pressure To consider
W,=Q,CS, B (Clause 2.2.1) Coefficients Cf Topography Effects
Torsional Load (Clause 2.2.2) (Section 4) & apply St
(Appendix A3)
Size and Dynamic
No Codified Factors Sq,z
Building to be Across-wind base momen H < 100m and (Section 5)
wind tunnel M, 1,4/M,;,,<1.5 and H/[B,D]min < 5 and Ny > 0.5Hz
tested M,;,0/M,3,,<1.5 (Clause 2.2.3)
Clause 2.2.3
Combination of Loads (Clause 2.2.4)
Reference
i Code of Practice on Wind Effects in
Design Wind Loads; Design Wind Loads; Hong Kong 2019, Buildings
Acceleration (Clause 2.4) Acceleration (Clause 2.4) Department, HKSAR, China
© NIDA 2022 15
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1. Introduction :
HKWC 2019 — 200m, ‘Rectangular’ Buildings .
“Standard Method” Tigaes 0 Sl Plich ol i b g b il b=
] Blpaad 4 i B S el bl L R e —
i - : s
- — ; < w = B, nl,
* i : k . X ol ' k i d Fguie F@ey Bk dirscsail b g 1 ped bl
b
Figar i =k Sow Aoewess (4 & prd el
X - L
LT H T '
F: | —p—(-
© NIDA 2022
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1. Introduction

HKWC 2019 — 200m, ‘Non-Rectangular’ Buildings ?

For shapes ani covrend 1 dhae Code, smnlar rabes moy be apphind oo
Toclm

(L 1]

|}

Fhe prizcple of e raclouny proasgle Ty by wesd in aviee
the effectnoe brembil N For sy wossd denction
Eecnmasl weifes shoshl b jgoorod [ foklisgs with
P & 1. Aisiing o sl loe (ke blee hoe i the hjioo
bez ki o ploa beeraoeen evemes of each croea- s En
[ e < ' b may by weapd) i s i riSeert o aopradwemd Bag
el ‘il e e il
The ey dopil [, sdasild be loead oo e Shisimm
Usmeinion M the difection of e el sea e exremes ol e
croma-sectional beeadth.  Whene werfsors e sl peadle] o ik
. [0 bkl be mhes i e depth of the eschined rectngle
o B ] B wihnthirver m the vimaller i Betcimmming e ioigh BT
T ' beede Wi fodcd Conk (TR il Fagine 47 reiacin chiear jpo-idcs
In prremsl d s eeoessary i cakoulsis the st oy o bt fiosy
tirifel dareciaf ek appeivedsialely o Aphi-angie
Explanatory Notes to the Code of Practice on Wind
Effects in Hong Kong 2019

©NIDA 2022
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NIDA
2. Along-Wind Forces
. . Heigh (M1 Reference Wind Pressure

Design Wind Pressure 550
o | Static & Dynamic: S0 ] | T
S| m=0cs,.8 : [l 450 - {
Q 0.-0,.55, - W.=0,.8(8sS, )XC B | | —==HKWind Code 2004 ;

N ; f
4 — 0.16 3E0) = HK Wind Cade 2009 |
I Q"’z 3.7(Z, 1500) 2 (without sheltering effect)|
300 - t

Static : W.=q.5,xC,B S5 (!"KV\_’C20192 | i J:
- L m) W, =q.5xC,B 30, (R T——
3 q.=3pV; L 200 i #
N | Dynamic: W, =g ,GxC,B hy - = l’:
o _ ] . 4
S g.=1pi7
< q.=2pP7; (St<_Sa) 100 j'
T G=1+21h,/g33+ngE/§ - d.‘/

' -
Zg = 500m — Gradient height, at which the ground o
friction influence becomes insignificant. 0 ' 2 3 .
© NIDA 2022 Prassurng [HF‘E]
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2. Along-Wind Forces

Design Wind Pressure

NIDA

HKWlC 2004

Static & Dynamic:

Significant Resonant Dynamic Response ?

o (H > 100m and H/[B,D],;,> 5 and N < 1 Hz)

S| w.=0Cs,.8B

g 0. = Qo,zStSS Static Dynamic

< 0,.=37(Z,/500)"" No ves _
3 sec. Gust Pressureq, Mean Hourly Pressure g,

Static : W.=q.5,xC,B i Il

3 q.=LpV? | Force Cloeff. c, | | Force Cl)oeff. C, |

o

N | Dynamic: W, =q,S,GxC,B - 3

o Y - 2 - 4 Reduction Factor to Dynamic Mag. Factor G

E q.=3pV. Frontal Projected Area Ra Tables F1(steel) & F2(Concrete)

T G=1+21,,,/g33+ngE/§ : * . : : o
Wind Force on Building Wind Force on Building

F=R,C,¥S,4-4, F=GC,) S,q A
© NIDA 2022 19
19

2. Along-Wind Forces

Directionality Factor S, (HKWC 2019)

Qz = o,zSt X SH
0,.=3.7(Z,/500)*"
W = QZCqu,ZB

Note:

* Rectangular buildings: S, =0

* Linear interpolation is allowed
* Maximum S, within a sector should be adopted.

+ Circular buildings : S, =1

© NIDA 2022

Wi [Hrectlnn
Direction | factor, 5,
o DED
L1 o Ef
- TEL A
- nES |
S T I & .
W &L
W nE2
% &)

.81t00.85

Directional factor N
.

(From Wind actions to BS EN 1991-1-4) 20

20
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2. Along-Wind Forces

Topography Factor S, (HKWC 2019)

QZ = Qo,ZSt X S49

(S, «S,)

0,.=3.7(Z,/500)*"

w.=0.C,S,.B

2
{U L4371, ) pograpiny }
S, =i e oy

Wind Tunnel Testing:

V.(+3.71, )]

Approach

Turbulence Intensity:
O-Z

V.

z

_ Standard Deviation

Mean Velocity

v,z

© NIDA 2022

IE.;I 2H/3 x
T H rigd
] ’ i
: w—g*;j J  _AB] Rom "|.

NIDA

» 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.

\4

(From ASCE 7-16)

21
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2. Along-Wind Forces

Topography Factor S, (HKWC 2019)

QZ = Qo,ZSt X S9

(S «S,)

0,.=3.7(Z,/500)""

O R R

w.=0.C,S,.B
1w b mijarbned 0 b e S
& L
Oelaarwing T, O opiualic meivpley of wisl peeaaw, =
sl ar Tk
2 |
04371, ) gy | | 5= |1 ' ”*::;;.H| I r—— St >1.0
V4371, pproac
Rl
2 " E w Epepaphs Eoes IS g
1+3.71”+21//ES Figere Al-5in boor 2 ooF edealesd il B Ropeiors
R — At s a1 ]
1+3.71,, il 1, bl - el o ki, T = 1R
A oy = i 3-8 w1
T T
[ e M e ol §, o 0.9

5 el g o1 00 (From Wind actions to BS EN 1991-1-4)

22
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=
=min(y,, 0.3)

W

e ey i ol 5, G Y,

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

Fig. A3-1(a)
( color)

(Blue color)

© NIDA 2022

Z,/H,205

X, <15H,/y,

i ] mn ey A e

P e
2. Along-Wind Forces AER - AR
Ha Er |
Topography Factor S, (HKWC 2019) w " i ;
. B 2‘//es 2 'J.'.' i .:;'." |
Qz - Qo,zSt XS9 S, _{1+1+3.71‘,’z} r;-": L 2 ad ST
¥

Pt i v oy i e e e i ke g

T E L L ot T R ———

Vi i el e e el s i s * 1

L

B D[R (ReMaea a0t s i B B S e

W ... 55 .
N ¥
| e i

g j kit y, i
o
.-.-Tl.l . ks ? N LI i i

Fig. A3-1(b) e o3 r-LA

i Fomoom om i nyrernd l irn . o o  witer appl s
(Blue color) i v < i R T L
Pl i iy, = el e o B il gy el el
ot 0 e
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2. Along-Wind Forces

Sheltering Effect (HKWC 2019)

Effective Height Z,
Q Qo zSt X S

0,.=3.7(Z,1500)*"
WZ = QszSq ZB

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

tlm .|
f =gl
fal %\H—l | ;I-j _] =t
& pasrdrruen of 300 ! darma Lol eeen LT

24

BS EN 1991-1-4
min(0.6h, 0.8h ), 0<x<2h,,

ave

hy, =4min(0.6h, 1.2h,,-0.2x), 2h,, <x<6h,,
0, x=6h,,

e

- .ve @nd X: each 30° sector
- or
== have = 15M

=it

Fiiwrs B open e o et of e indefrg], coapdsepreenl deolees g8 § o

o B

R For g Buiicling e Bl 0 o e T 1-1“.. L= b 3 rems il bep Gt liownt Lhan DR

= |
o |
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2. Along-Wind Forces

Sheltering Effect (HKWC 2019)

Kai Tak, Hong Kong

© NIDA 2022

25

25

From HKWC 2019 Nm
2. Along-Wind Forces . e

Sheltering Effect (HKWC 2019) ' I
Effective Height Z, ; & n
Qz :QO’ZS’XSH e i i .-.-'I.;rﬂ'.-'..-":.:'-:. 5 o

0,.=37(Z, /500)*' = - B AT

l§
=
o

-

-

- = W M e W
Elevation
W = Q CfS B Note: Buildings in the same
z z q,z building lot shall be treated as a
marsring Beakling whole, when evaluating the direct
X . . - sheltering effect for the
+ Step 1: Calculate displacement height of each building R e S e determination of the most beneficial
0.8H, ;- "-'—"-_-H'E-_'H.-"-"'".-_-H—; building(s) to be removed.
H,,=min{12H,-0.2X,,but >0 Pl Moty
0.75H e =15
. . WIND W b
» Step 2: Calculate displacement height of each sector — = |
H,
H, :M + Step 3: Calculate effective height E bed |
2.4, of each sector
Z-H, H,/7<075 -
© NIDA 2022 = 26
‘10252, H,/2>0.75 Plan

26
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2. Along-Wind Forces

Sheltering Effect (HKWC 2019)
Effective Height Z,

i, = H, — AR

WaND | : 'y
=

it Lpend Giops  Rechacs obonichneg ey maep - banes b e
betaeen obsinuchng and Beget buidings

Reduce Height !

© NIDA 2022

Ll D) gy oo iy Pl brvpey rwiaiion bagfd of met inaidieg!

NO Reduction!

Code of Practice on Wind Effects in Hong Kong 2019 27
Buildings Department, HKSAR, China

27

2. Along-Wind Forces

Sheltering Effect (HKWC 2019)
Effective Height Z,

)

|

Eecondmost

* High accuracy

©NIDA 2022 ¢ No human error

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

3

ﬁ Hﬂui;ﬂﬁ :

"-.1' et e

o R\ b /7

7~14 <5 3 J,%-r;-\ . :
Days Seconds e .I il 3Rk
Hand Nida f_,f-""F % 1 ,‘ -i' X
Calculation Wind =k i £y f \
¢ Fast 1 I l". B

28
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2. Along-Wind Forces

Size & Dynamic Factor S, (HKWC 2019)
(Structural factor CsCa = EC1)
QZ = Qo,ZSt X Sl9 o

0,.=3.7(Z,/500)*"
w.=0.C,S,.B

Dynamic factor

10n0.14 , N =46/H
Sq,z = Sq,h _1'2[Sq,h _(E) - ](1 _E) (H < lOOm)
P 02 --Modal analysis
S, =0.5+ \/(SS(LO_SF:B) ~0.5)" + 722
X . Aligned with along-wind direction
B Stiffness: [K]
N _ = Fundamental frequency Mass: [M]
¢, = Damping ratio
HKWC 2004
©NIDA 2022

G:1+21h1/ng+gjz.SE/§ >1

NIDA

Size Factor S, :

From HKWC 2019

— Dimension, Location SS (Lysy=15m) = 1.0
_.-"'.... " i e
i oy y—
S A e
' o §
o = I porims - | | T
: i [E 0
gt 4 o
S | ",
| ' .
o » -,
ot |, . S >0.6 .
.'\-.H-‘. --. a2 - =
i [T R S R S
[hiir famsry dmd Tor Chorrall Wiid Loads
Nonig g = EApL LN — DUF L™ ™ Expation Cl-In
Eikge podas i [, 1 %
N el B 13 =g | Ly | /90 > 1 e L E-1
Cwrper somes o] [yq. 15m
Bk -'-v':-r,-:‘r' wpldEd 10 - B U L-Ic
log, () or In() =

29

2. Along-Wind Forces

Size & Dynamic Factor S, (HKWC 2019)
(Structural factor c,cy — EC1)
QZ = Qo,ZSt X Sl9

0,.=3.7(Z,/500)*"

w.=0.C,S,.B
10N0.14 , N =46/H
Sq,z = Sq,h _1'2[Sq,h _(E) ](1 _ﬁ) (H < lOOm)
3 02 --Modal analysis|
S,,=0.5+ \/(SS(LO_SF:B) —0.5)" + 55—

X . Aligned with along-wind direction

N _ = Fundamental frequency rsﬂtalfsf::e[swlsi [l

¢, = Damping ratio

HKWC 2004

G:1+21h1/ng+gjz.SE/§ >1

© NIDA 2022

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

K, +@’M|=0 =1

Period: T= 2—”

S

1 _~K/M
T 2z

Frequency: f=

Preliminary estimate:
f=46/H

Calculate wind loads ‘
(along-wind, across-wind, ...)

Structural Analysis &
Design

Modal analysis:
accurate f

Check acceleration &
Refine wind loads

End 0

30
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» B: Breadth of building
» D: Depth of building

HKWC 2004: Table D1 & D2
C,=C,xC,

© NIDA 2022

. e '\"‘-\-\.-- i O B o
2. Along-Wind Forces M 1 T
4
Force Coefficient C; (HKWC 2019) T o a - |
. 1’ "'q
_ o : o [ 2
Qz o,zSz X Se :M“H A b .__,-r";,
0,. =3.7(Z,1500)" i e
4]
VVZ = QszSq,zB i
3
0.055 "% g
Cf =1.1+ (170001312 E ¥
exp4 [In[(262)(1-0.011 )] E »
H,: Effective building height )

T T T T T I 5

B
From HKWC 2019

31

31

2. Along-Wind Forces
Force Coefficient C; (HKWC 2019)
Qz = o,zSt X SH

0,.=3.7(Z,/500)"*"

w.=0.C,S,.B

0.055 "%
exp {\1n[(°~f;9)(1—0.01 145]
H,: Effective building height

Cf=1.1+

[1.7-0.0013(2e)? ] }

» B: Breadth of building 2.2
» D: Depth of building

© NIDA 2022

F.Weei wf Y ariation of 'lams

wikl Hwight

The foroe ooelficimt ©;. af m portacolar hesghi should be caloulsted
wning oquatien 4-1 by sdoptng bocal values for 5 sl 0 the effecine
Bulding baight, i, weth B0 opead o bess than |2, Sicps = plan
ampe mlfecung less daey 10Ps of 1 abould be ignored fior endeulating ¢
Preiiines ol be applad s the wesal sres

32
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(wind speed profile)

Directional factor (S,
Size factor (S,)
Dynamic factor (S ,)

Force coefficient (Cy)

Topography factor (S;)

)

Comparison Summary — HK Wind Code: 2019 vs. 2004

ltem | HKWC (2019) HKWC (2004) Remarks |

Wind Pressure (W,)

Static & Dynamic:
w.=0.C,S,.B

Qz = Qo,zStSG
0,.=3.7(Z,/500)""

) W.=0,.5,S,5,.)xC,B

Reference wind pressure Same as HKWC(2004)

(QU,Z VS. qZ)
Explicitly Included

- Equations changed
Explicitly Included (0.8 to 0.85)

Explicitly Included

Explicitly Included (with size
factor) - Equations changed

Explicitly Included

NIDA
Static: W.=q.5,xC/B; (S,<3S,) /

q.=3pV;
Dynamic: W,=q.S,GxC B;

(Same symbols
adopted here for

comparison)
q.=5pV;
G=1+21,,/g!B+g;SE/{
Terrain roughness “A” Terrain, wind

Mean wind speed(v,) = 56.6 m/s

Explicitly Included

Not included
Explicitly Included
Explicitly Included

Explicitly Included

climate, height
Topography

Wind direction
Size of surface
Dynamic effect

Aerodynamic

- Equations changed

shape

33

3. Torsional Force
Torsion AT, (HKWC 2019)

€ W.n
AT =max
) 'VVz,xz
W. .. = Along-wind force
1£0.058, £<1
e =
+0.20B, £=6

© NIDA 2022

e: Offset from geometric centre
1 < B/D < 6 : Linear interpolation
B/D > 6 : Wind tunnel test required

NIDA

Torions anse from snbc gosd pressumes, parcalacly doe o skew
wind directions or effect of sumoundimgs, and from dynoamec etlects,
wisen the mumsses over upper bevels are of et on plan

L i
k [
iy N L - e x o B
ol SR o e
-\-':. e = at
= - . -
. o
-
o [ T
k|
b - e
i ", = - -_F
-~ -, L
* o e - e =K
: - ., "
" 1] T i 1] L ik
L LS

From HKWC 2019

Generally, tall buildings and slender structures
are sensitive to torsional wind.

Check torsional regularity — similar to seismic
design.
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Across-Wind

4. Across-Wind Base Moment

NIDA

Due to Vortex Shedding — Building is displaced, first on one side then on another, thus leading to

transverse vibration of the building.

E m
(1)
(3)

Cross-winsl
summoundimgs and o bulding fonm
penermted vones shedding

|r'||'l.|l1'\'|-\.'\'| Mo | HI.'Ilfl.II NETY REERElEVE

hoith  to
[he maim source of energy s self-

© NIDA 2022

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

35

©NIDA

4. Across-Wind Base Moment

Across-wind base moment at ground level : HKWC 2019

NIDA

H < 100m and Yes G,y
< >0. ——»| Along-wind force =+
H/[B,D],i, < 5 and Ny > 0.5Hz g xx base T 50‘5 N1'3(BD)O'15 14371
(Clause 2.2.3) Y v v b L
fip mE Ieka on skl idoneees of eron-aoal resma
PEapa i ane e = T gL, | 1000 W]
_Codified o slEmey e b B, bl 1
Across-wind base momen Yes
M,ﬂ“/Mmzd.Sand " I e of Sy 10 orokeel dewpE B vl
M,p.0/My;,1<1.5 (Scale along-wind ) Euactem of Tibyainm b Appssdia T2
Clause 2.2.3 . "
i s iy of abi ko @ | SxiE " T
. feaferenisd Beperey [o mcds oetimly sipmed el fe
L TR B PR
Wind tunnel test LA, e wrere pha e ol e s bossy ecanaghs v e oy
Bl of A byplliog
The heighi My wed for caboulation of boldag acorlersiions sl a sl el v i, O ) elfcliog Dol beingle.
scTimAs ] s e may e semilaly defmnl shovg gramd s . Patalencs el o iy lwige, ¥, sy s
kel il v miemlked 85 eachsle ¢p shweng svoils sl oecguler sl i 0 Log 1 Fipsaten 13 o 1-0 Bow ] sl
plam. [oeming o wsiall pan of i sl height sl whed do ae inbie m br ohnkead 'y de oeboed of e Eegasomes
i i of thie illlisg Below.  This pelates o he S [ | bl {25100
i i i En
- T |-|.||'||.“J.;r||'.:I.IJI|. acrvass el BT " o i s shevs vl b,
vhach 14 soong for promess oems bl owieskems poatly o o il G Rl o agaili pood R e sy
jrrvmab s it

33
o 0215\27,0,/p, | H!

3
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4. Across-Wind Base Moment AT

. :':\:-' --\.
Increase along-wind force o i ‘*-:H.m"“_','.} .-"""
- | . ol o
| e o
fl _ maX(foltherlxl) NS VVz,—xZ Xmax(fl,fz) i - ..r‘“' % L
|M-y2y2 i. Sa” xh .-r',:
M M - & e
fzzw>1 = W, ., xmax(f,f,) H...HH‘ ,.-'}'L"::.
M., across _ 9 ¥ - wl b
. .. - a
fi= max(M_,,, M. ,.,) sl = W, xmax(f,, f,)
M., along ”
Ll e
f4 _ maX(M,XzXZaMHzXz) >1 = I/V“X1 ><max(f3,f4) i ,;."H ...H"-\.
|M+y1y1 ‘“‘"1_,‘“ ‘H"'\-\'.H_ .ﬂ':".i
- -
ma’X(M—xlxl7M+xlxl) . | ".—r‘f i
>1.5 e i
max(lM—y2y2|7|M+y2y2) e =i
or = Wind Tunnel Test IHH'"“:-.. I |
max(M_, ,, M, ,.,) 15 n"'-;f ""::"-- 5 3
max(|M_ M ) _--"J oy Yy
iyt o[y - g "g.h“
©NIDA 2022 ; b i L]
"

37

4. Across-Wind Base Moment

Worked Example (HKWC 2019)

(1) Provided base moments:
inl WX+ along 190, sooss, 431

(B WX alone. BE1L sereaa. 141
ig) WS alone. 340 samss, 271

(i WXI- slong, 2800 mepodd, 207

Wil diverciian
Al g nun il ey

A drrin Fdil b &

NIDA

max(M_,, M..0)

— = el > 1.5
max(M_,o .M., .2,5])

or = Wind Tunnel Test

max(M_ 5, M. 5.5)

el 55
max(M_,, |.|M.,.,.)

(2) Check base moments:

Then the folewme o o b checkel whether wisd mmuw] wea &
rarplead

(8] WK (P07 37 e (ML LN =2 T80 43 1.5
{3 W (01, Dy {250 S 0 g L B ] 27 = L4

Fiw hiathhs e pusiin, Wil 1he sovois-wisl iasasieril i sl S0% Sreade
e e along-wind woment, Geweifore, @ Stasdand ) etod spplies

Then B (ollowing is or b cadoulsied fov soaling o G ahng-wind

fimeees mm ihe comesprmhng ilizoctions
() W1 (D00 2T s’ 1S=2 T F50=1.43
i W (20027 ! IRI=270/ A =] A8
(€] WAD4 (UL I gy 3403 E5 0] 27
(A WD (B0, 18] e SRR 0 2R L4

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

e xmax(f;, f3)

e Xmax(f,, f3)

~axmax(fy, f,)

e XMax(fi £

38
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5. Wind Combinations

Iakle 1-1 Losd combination Fecbos fer bufldings (sl may be

Ireabed s reclnmgular

Caam ¥, Wy

1 F1.00 - 1L ]
F4 0% (BE ]
L] (LA (LR

= ManTW W d| = Man{ Wy a0 W gl

a7,

. Ll
Ignore torsional load case: Nm

» Wiith torsional force
Number of combinations = 24

« Without torsional force
Number of combinations = 8

© NIDA 2022

Bl ik L gl WA R O U e

e Tldamgs of w6 70 an Feiphl wvh 8 pemiehersl Edaw Bl
TR AT e

£l kb whech pos e orskmd rpnieii check. Ll ek
14 B | ek sieral derecten X mal A5 e o e e m i
b s kel ek ey dem w0 e woeveen bkl ol B
b thami V5 ol olaal iliag rve G Dol vl Wil o Dow P el v oy
1 verscally corrmmceos Delersl aed ispocoeml redsing s
s Chink may bw ks oodly & &0 baen ol @ Bapfer sloa
wimnr b peime copedy teker 1y geee Tom Vs wlem
oottt A by v ) o

B oy e 1opaima] o -wory el oedoubasad sl m
anney . WP of e Deioral dndi, Se Cose 5 i Tabla -1
sty borem | keslomes 0o pof mon] o iw calonlaiead

s Lal |

& [T

= (R

From HKWC 2019

39

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 — Q, = 37% Q,,

* Not for residential use
* No other adjustment factor §,S, = 1

© NIDA 2022
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m

7. Wind Acceleration
Peak acceleration (HKWC 2019)

Acceptable Occupant

e

£an — Comfort Level -
i .y ;

Ham — Lo S £

33
_i pa 0215V2SrQh/pa Hb 2+'7y i " ::I :‘::“:..,
T £ NP (BD) 1+3.71,, v, 3 \H, N s
1) Wind (2) Structure s e

i peak facioe on sl devistion 0f JESONAN Pegpolce B
one o = T Tag, (TRON, )

5 Esctor om wind presusy for differesd svhen picd
Apgendin A1

iy wined rederence prewies, f, @ effechive bailkheg beight, H,

o madﬂmh’nl’n_lﬂmml.‘qlﬂ'Tm'

dam wind sty merniny o tuikfing height, M. may he

fken a4 [y i Bquation §-8 or S0 o wind fusoe]
beting.. on a5 calolaind By the ESDLU method

rruns of the Building sbeve 24, /3. 25% of impesed loads can
b achded with the dead loads together as the mass source for
M. For ERAY room, either still follow the rde or use the actual
imposed loads together with dead loads for M,

(1R

Hy

in Hie plan srea of ihe mackoung recingle. svenged ver

T tog Seird o the bvalldog, eelbing upper level aal-
ks, (800, = 079 mke (BD), = 495

besighe of bodding stuchare asbove grodod Jevel e
o himy S banglt of auegelar ood Tesfunes sbhorey main
ol

mie of damping 0 ohical dampg W sEoE-wEE
direction of vibyabion i Appesdin 2

Purlansms ety Bor mesde mash sligmed ol fhe
mcrrrnsaind Erechan

s off the telkdug e 2y 3

parnmster sl 5 deonbe e SppIOLIMINE  Ede
dgfiection Tareston with baght, Whare thic s el obiaigesd
Iy comapemrinon Wil 2 modsl snalyvis, @ may by asummed s
beg F.F B calsulation of sooeheations wriiin thie o quesner
haghe ol 8 bankding

41
.E [ Acceptable Occupant
22— ComfortLevel -
= = ! - -.\_\__- e : .-'l.
7. Wind Acceleration 1o e
g
Peak acceleration (HKWC 2019) i:: w
Lo - i —— -
33 " - ) S
G, p, [0215250,7p, )" H, 240,z L
F % NB(BD) 1+3.71 v, 3 | H 3 Ty
¥y ¥y b . v,h h b il
Wi EF B0 BE B #ELE BE 0§ i i
1) Wind (2) Structure Vrrqmra. oy il
i peak Daciof on dmsdeed devisios O FEsDOART reipolive = (BRY, s the plan area of ihe mickoung eemgie, svmaged Moy
wie o = T Fag, (EB00 N, T tog Seird o the bvalldog, eelbing upper level aal-
z Escior o wind presuse for diffevest penen peicd in hscks. I {80), = 0719 ke (U0, = 4719
Ay AL iy beight of boiding smcrers shove ground Jevel b
iy wined rederence prewies, f, @ effechive bailkheg beight, H, :‘:}mmn# of megelar roof et sbovy main
i maks demaity of i, den 120107 Thn' £, whe of damping W orhical damging o ssrewe-wmsd
direction of vibyabion i Appesdin 2
dam wind sateiae @lEairy o Mikling heipht, M. sy bhe
fken a4 [y i Bquation §-8 or S0 o wind fusoe] Ny faramests Geperey b mede masinhe sligmed ol e
tisting. o0 a5 caloulansd By the ESDL mieihod mcrrrnsaind Erechan
My s o the beekding sbone 2 3
= 1, parnmster sl 5 deonbe e SppIOLIMINE  Ede
B,  mode deflection vasistion with height in the acfoss-wind )'4 dfiaction Tareon wit Baght Where this et ctaisd
dirgction = [Z W), This i typically in the range 1.0-2.0 for Iy commparisan widh o mods] snalysis, # may b sl i
buildings, determined by comparisen with madal analysis e § Fgmlmﬂmmmmwmn
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NIDA
8. Wind Action on Building Elements

Element Design (HKWC2019) Element Design (HKWC2004)
Qz = o,zSt X SH Qz = qut (St <~ Sa)
0,.=3.7(2,/500)"° | (¢.=0,.)

* Wind reference pressure — sheltering, * Net pressure on solid surface;
E s topography, wind direction; * No size factor included;
*  Wind pressure is normally determined by * g, :z=max[hi, min(B, H)]
building height;
------ S + Net pressure on solid surface; w7
+ P =P,— P, for surface with openings;
0.5(HHA | + S, may be larger than 1.0; .
3 8%Pl . Cladding pressure can be reduced by 20%, | | z=B (hi<B)
below a height of 0.5(H - H,) ; ] i [

43

8. Wind Action on Building Elements

Element Design (HKWC2019) F,\—&)’&/r”
Qz = o,zSt X S9
_ 0.16 . =
QO,Z = 3.7(Ze /500) Size Factor, Sq
Element Half-perimeter, L, s,
P= QszSs - QthSs Mullion M1 (2d+2e+2f+2g)/2 1
Frary A y 4 ]
£ e 1
, HH_‘_.-"'-. '
....... . |Fen 31 Wiy vyl B : _
~ L] = B
7:‘ N S‘Y(L0>5I1:15m) = 10 i '-"-\.: | J.-'J-'-
0A5(H-|:e) o -:'-",‘h! -_-______"_*_"__.---
80% P o L 1 !
‘H‘m L I
©NIDA 2022 = v ""_'_--._- i

Floor
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Building Element Design — HK Wind Code 2019

Wind Actions on

Building Elements

NIDA

H<200m,
Usual shape or no

To consider
Directional Wind
Effects & apply Sy

(Appendix A1)

complicated topography,

Design Wind Loads Design Wind Loads

© NIDA 2022

surroundings Design Wind To consider Direct
| Reference Pressure Shelter Effects & apply
Yes Qz=Q, (S;Sq Effective Height Z,
— (Section 3) (Appendix A2)
Net Pressure on Building Elements
Without dominant openings:
- To consider
Building to be P: -Qlcpss Force and Pressure
. . . . Topography Effects
Wind tunnel tested With dominant openings: Coefficients C, — & apply S
. t
P=P-P, (Sectionia) (Appendix A3)
P=Q,C,.Sy P=Q,C,:S,
(Clause 2.3)
Size Factors S,

(Section 5)

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

45
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9. Wind Tunnel Test

Minimum adopted wind loads from a test

H>200m,

Viklimues Loads b Sheltered Locatbons
Whae pebola sdpmmg o arromdng hiokbog could pnads
sipnificant el (detammod i Appendn AL & e il dua
e ol ikl B ol wind deertion). B effed! oa overal

e
o i boads, e o shiedr posiibile remineval aisonld slso b Coinbidesed

Sew hesldmgs o

Yes Unusual shape or
complicated topography/
surroundings
WT—exising WT—exising
Max < 0. 8WT _;.emoval Max
0.7Code_giong 0.8Code

i rancved (| oa
ar adopdon] wind Goach e oot
el ti

condecied Wl significad abelien
Fonral Tedmg Confipeshon s

1 B o M saddibionnal Reiti

b S

Thee i’ Pl Bl el off adieTiries Gl i M (e Binlcheig

B ik . ' Furn ""\-\._ -/’_,_,_o—-—
L ! L
e : | N -
| —y | Y
©NIDA 2022

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

buikling bov e provides e o signficsn slebening (e te
w2t eemieficial Tandding) in @ach wind deecuon okl e ootiikdeied
or o al  The procedme o determening the mesd signuilicas
leiforang riaimebum iy peecrded un Appeeas Al

Iew by Beyeril e woope of the 4 ode davile] reseal 5 estrerioman
of S0 iof the Joad oltatnad from the Pancial Te anfipEation
Thee mlegriod wimad Jomde shoilkll sor be bower Shan T0%e of et dboiig
aiind b of e Stasdasd b lerhod

46
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10. Limitation of Standard Method

The Standoard Methed 15 apphicable o typical bunldings with a height
up to MM, The womd mnnel testing method should be wsed for any
of the [ollowing conditions:

(a) butlldings of height exceeding 200m;
(b bunldings having an unuseal shape not covered by this Code:

ic) buildings in locations where comphicated local wpography o
surroundings adversely affect the wind conditions; Wind
— Tunnel

{d) bulldings with codified across-wind moment substannally 7

larger than the along-wind moment as detailed in clause 2.2.3; 37 =>15) Test
along
or

() bunldings with B/De6, except for those sansfying  the

conditions in clawse 2.2.4 =0 that the torsional load cases can

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

© NIDA 2022 47
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10. Limitation of Standard Method

Minimum adopted wind loads from a test

H >200m,
Unusual shape or
complicated topography/,

surroundings
WT—exising
Max
0.8Code

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

Yes

WT—exising
Max< 0. 8I/VT—removal

0.7Code_gjong

© NIDA 2022 48

48
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11. Computing Wind Engineering

Computing Wind Engineering (CWE) — Numerical Wind Tunnel
U Based on Computational Fluid Dynamics (CFD)

Physical Wind Numerical Wind
Tunnel Test Tunnel Test (CFD)

T|me Long (months) Fast (days)

High
Resolution e (high sampling and mapping of
(few sample points)
results)

Moderate/High Moderate/High
Reporting Abstract Direct/relatable

High resolution Moderate/abstract resolution

Growing acceptance

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

Regulation High acceptance

© NIDA 2022
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NIDA
11. Computing Wind Engineering
! ; - Nida Cloud System
= Ongoing...
A <
Identification of Building Shapes and
Dimensions by Deep Learning
¥
'I"'*rb\r-l?"l"‘*l‘h\r-i?'!“r
w4 XU A M kwd AT Lk wa
A AN L A AT Lo A
Fhwd? % drLoed &K Loy
4 FAIAPF LA 350 LW 43"
AF L d PTAF L ¥R L
ol N B R R S DR Ry
i LT o SRV I R BT SR I N B

w1
o
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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

© NIDA 2022

NIDA

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.

w NI_DA'” Wind

mh“ﬂﬁ—nm m‘-ﬂ"i_ﬁ-
Complladl oy Hed Wieel Gt £ 71 weall 0E0000- 2212, wic

Cappegfe L HAR-FIT" n-'lmﬁ i~

m P

51
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12. Worked Example

T

=96m
=
=
[w)

ELEVATION

WX1+

)( 2
24m |
R R
]J_E!

© NIDA 2022 WX2+

« A Tall Building (96 m Height, B & D constant along height)

o
T=

-
S
T
X

/FWIND

52

52
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Directional Wind Effects: SO Nm
12. Worked Example Wind | SO (Dir. Factor) | Direction
- A Tall Building (96 m Height)y =~ = ---—---"--"----"""--"voou

WX1+ | 0.820 | NW,wW
Building Plan: B = 24.000 m WX1- | 0.850 | E,SE
Building Plan: D = 48.000 m WX2+ | 0.850 | SW,S,W
Building Height: H = 96.000 m < 200 m WX2- | 0.850 | N,NE,E
Building Type: Offices ; RC Building @ --——""--"""""""""—"—""—"—""—"—"——"—"—\——"—————
Unusual Shape : NO g © :
Complicated Topography/Surroundings : NO I-'"'!|
L e T r. r
. ey e ey
Frequency along WX1+/-: Nx1 = [0.600 Hz gct))r?;i?jal I . | ﬁ'#r?;__'i*# 5 T
F 1 WX2+/-: Nx2 = | 0.510 H . o M it
requency along / X Z analysis g ﬁ-‘._-,.?
- ~Sl T T
i Th
Aspect Ratio (Wxl), H / D = 2.00 1;?‘.'- oW ?"
Aspect Ratio (Wx2), H / B = 4.00 2 AT
Damping Ratio (Structural Loads):[ﬁxl = 0.030, §x2 = 0.030 ] e
Damping Ratio (Acceleration): ¢x1 = 0.020, &x2 = 0.020 \NidaWindcanautomatically
©NIDA 2022 calculate these based on 53
TableC2-1/2 from HKWC 2019
NIDA
Step 1: Define Target Building
+ Create a Model in Program “NIDA Wind”
- e | B Vs Forpars " e Pagach
| By skl il il o T [I_.
i s 5 arerade il nr T
H oo [P Bela L Lé=gr LeE

— w5 O -

H T e kel a0t
vy Dvartar Ferpard i

L T Erup
e
wa
Te
Ty b b I
T e 1

ot A F il 1311

e CE ] o=

©NIDA 2022 54




NIDA
Step1: Define Target Building
+ Operations in Nida Wind @
- T @
a—— 5 4] 1 - By e ] Benmim n o Pt 1 B
T E—I E'. E' .!:" [ it ) i ot Ex ll'- h W L= :FI'T'I m:-m-
S TS TS = - S TR At it i) = Lo = e @
Bl lirrn LN -] - e
- Rrya— Q e, = Kt
L7 [ - ST i
. - Crwiiglm e (Doil 13401 p
a (et iy Rt
Lf s o T B Ch i Ll [ | L]
W [T e ——— I = L (EOIE -
17 T Wb mn
Fprs Xl "I':\‘ii
. uiL]
Input 3 setting-out . o s
points to match NIDA 1 23 T3
model and the Map 1) g s (524 i3
i g | el P S . e N (Aaeneep ml W [Ratrg o]
. . ) ST - el Pimng ¢ Eamireg | . gl 12 P e '_ L s
Note: In practical project, the T i el (5 e el o W, sl ’ ""‘_‘ b
coordinates in HK1980 can be R bt N
ONDA 2022 found in the GBP drawing. =] CE]| o

55

Step2: Define Floor Information
« Add Story

aan [ wrm
e

| Tmame i d

; - [e——yT Pe— [
|

|

| Wre
| -
| i L] L1 ] L]
Set story name | - L5 [T e
| P L] BT ELE &
| i LE e ] LT
o ey s 08 Lot "rirn || = 5 i - Figri
| g bR ] mi i [T
et W T 1 1 - o R by
. gofte: Onlyt ‘;Ee thd ;lareslsurltlel B o ey bz | . - g e ot
| X i
orces a e story level wi Py — . = |: :E ::
be calculated in the program. e e i i | 1= a3 atam s
= " ] 1l \:; b anym L;_/
Fap b &, B0, 34, 1, M, 8 _ | L b b '
2 T e oy ] | B | w5 e B T T
© NIDA 2022 E Cumint 56

56
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Step3: Import Surroundings

+ Import Obstructing Buildings - Direct Shelter Effect
- — e e
B iviex i Dromim
Iy s o S e
prenip L

— fiE G

 Eaw e el Gelen  Helin
- . Oy

< Ha

Fi in erne S
[P

il &

Al Lk e

Show buildings

EflBin Ihe budbig dogfamieeg o Trael
g v i, = s e 13 -

RPN m—)

o > |mp0|1 Tl o Bl g 1184 Im
(RED building is ODStrUCting s 1) ot v s b Ly s
the target.) buildings (1) Dol W bt s &~ B,
T o
© NIDA 2022 57
57
Step 4: Input Required Parameters
« Add Wind Function - HKWC2019
= LN Gzl ae A m B
T Qe TSR O et Qe g am Y
[ —— : ..- ey L Bl il ATV
Bt | e e e ey e Cewed e By e
0 & e e e PR Al R LSl
- '.r S ———
a i :mmn S P | ——
[} B Cnmmeimg Bainga 11T} : '_“I' el gy
o |l e (11 : el Pt Define local plan of
- = 1 ) ] il L each story for variation
kg s of plan with height.
+ Effective height is “:_‘_"l'"" _c_.:: LR wo—
calculated by considering @ S e T
surrounding buildings 4>[ T T T ]

rar
PP SERST EELANTy
By

i e | B ©

= LR PR R TR

®

e e e e Sl = L
© NIDA 2022

o kS Lot o am

58

58
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Step 4: Input Required Parameters
« Add Wind Function - HKWC2019

= L0 BEniTcp MY 2SN

ot A P " : 2 - S
0 tewe iy Wi LS Lelmiees ey eleches Sy Doy e Dade -
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Step 4: Input Required Parameters
« Add Wind Function - HKWC2019
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NIDA
« Add Wind Function - HKWC2019
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« Show Report & Results
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Design Report

Step 6: Export Results

« Show Report & Results
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Step 6: Export Results

« Show Valid Obstructing Buildings
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Step 6: Export Results

« Export Wind Loads

®

Export wind loads to
structural analysis
software such as NIDA
and ETABS.
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