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Abstract

The paper presents method to determine wind load on a high-rise building by direct
dynamic method (according to current Vietnam standard TCVN 2737:1995). At the same
time, based on the design procedures of C. Dyrbye and S.O. Hansen, the authors proposed
the formula to determine the gust factor for high-rise buildings with wind parameters
according to TCVN 2737:1995 (wind profile, length scale, turbulence intensity, spectral
density, power-spectral density function). Numerical example according to proposed
formula to determine the gust factor and wind load.
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1. Introduction

Currently, the calculation of wind load on buildings and structures in general,
domestic engineers use the Vietnam standard TCVN 2737:1995 (and TCXDVN
229:1999) [1, 2], which are based on SNiP of old Soviet Union standard 2.01.07-85* [3]
with direct dynamic calculation method for wind load. Contrary to the direct dynamic
calculation method, the pseudo-static method is used as the basis for many national
standards, including 1SO 4354:2009 (International Standard), ASCE 7-16 (American
standard), EN 1991-1-4:2004 (Eurocode), AlJ RLB 2004 (Japanese standard), AS/NZS
1170.2:2002 (Australian and New Zealand standards), CSA S37-2001 (R2006)
(Canadian standard), NBCI:2005 (Indian standard) etc. [4].

Seeing that, the calculation of wind load on structures in general, tall buildings in
particular according to the design standards will be different, the difference shown
through wind parameters (wind profile) or wind turbulence (turbulence intensity, length
scale, power-spectral density function), as well as aerodynamic coefficient (force
factor). For the Vietnam standard TCVN 2737:1995, calculated by the direct dynamic
method, using the value of wind pressure corresponding to the wind speed at 10 m
height, a 20 years return period and a 3 seconds averaging time. Specifically, in TCVN
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2737:1995 the total wind pressure W is determined as the sum of average (static) W; and
pulse (dynamic) W, components:

W =W, +W, 1)

Next, the paper present the dynamic response of the structure under wind load,
calculation of wind load according to Vietnam standard (TCVN 2737:1995) and
proposal formula for calculating the gust factor with wind parameters according to
TCVN 2737:1995, numerical example to clarify the studies.

The goal of this study is to present a pseudo-static method to calculate the gust
factor for high-rise buildings in Vietnam, based on the design procedures of the
C. Dyrbye and S.O. Hansen [5]. However, due to the limitation of the article length, this
article will only examine the behavior of tall buildings in the direction of along wind,
while the problems of across wind and torsion will be presented in the next articles.

2. Dynamic response of the structure under wind load

The high-rise building with height H and width D shown in Figure 1 is considered,
assumming that the structures has a multi-degree of freedom. The coordinate system is
defined: x-axis is along wind, z-axis is a coordinate to height of the structure.
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Figure 1. Definition of load and wind direction
2.1. Determine the wind load according to TCVN 2737:1995
a) Static component

Characteristic value of static components of wind load W, at height z compared to
the reference height is determined by the formula:

W, =W, xk(z)xc 2
where W, is a value of normative wind pressure, taken from the wind region; k(z) is the
topographic factor (the roughness coefficient) k(z)=1.844(z/z,)*™; ¢ is the
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aerodynamic coefficient (for high-rise buildings ¢ = 0.8 + 0.6 = 1.4); m, zg are terrain
exposure constants taken from Table 1.

Table 1. Terrain exposure constants

Exposure m | Zg(m) | kg
A 0.07 250 1.18
B 0.09 300 1.00
C 0.14 400 0.66

b) Dynamic component

According to Vietnam standards [1, 2], building structures with symmetrical plan
have basic natural frequency f. smaller than the limit value of natural frequency fi,
dynamic component of wind load is determined by the formula:

Wohy =My xEX¥xy, (3)

where m is the mass of the building part, at the height of z«; & is dynamic coefficient;
yk is horizontal displacement of the building part at height zx corresponding to the first
vibration form; ¥ is the coefficient, determined by the formula:

Zn:(yk ><ka)

g — k=l (4)

Zn:(ylfxmk)

k=1
W, is dynamic component evenly distributed of wind load in the k" part of the
building, W, =W, x{, xv; v is spatial correlation factor of dynamic pressure of wind

load corresponding to the first form of vibration; £, is coefficient of dynamic pressure
-0.07 |

of wind load at height z, depending on terrain exposure: £, =0.303(z/10) " ;

-0.09 014

s =0.486(2/10) ;. =0.684(z/10) ; W, is static component, normative value
of wind load at height W, =W, xB, xh, with B,,h, is width and height of reference
surface size corresponding to k™ part.

In summary, the total wind load on the k™" storey is:

W = (W +W ): w1 e |- g (5)
ko= Yw Wi T Wou | = TwfV W YW

k
in which vy, =12 is the coefficient transferred from wind period 20 to 50 years;
G, :1+Wp(k) /W, is the gust (dynamic) factor at the k storey. Here, the authors propose

an approximate formula to calculate the gust factor with wind parameters according to
TCVN 2737:1995.
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2.2. Gust factor for multi-storey buildings according to C. Dyrbye and S. O. Hansen [5]

The gust factor G, defined as the ratio between a static wind load which gives the
maximum response of the structure during a reference time interval, taken as T = 3
seconds, and the mean wind load which give the mean response of the structure. The
gust factor is calculated as shown below:

Grer =1+ 2K, 1, ot \/OFK, + 07K, (6)

where lyref is turbulence intensity at the reference point with a height zrs above terrain,
for multi-storey buildings taken at the top of roof zref = h. The turbulence intensity is

determined by formula [2] 1,(z)=Y,(z)= 2.45(rt)0'5 (z/10)™. According to Vietnam
standard TCVN 2737:1995, ra = 0.002, rg = 0.005, rc = 0.01, from there:

I, 2 =0.110(2/20) "*; 1, =0.173(2/10) *“;1, . =0.245(z/10) "
6 and 6 are factors incorporate the effects of different influence function for the mean

and fluctuating response, respectively. In the design process often taken & = & = 1.0,
those are the values that are suitable for most common structures.

-0.07 | -0.09 |

kp s the peak factor, defined as the ratio between the peak and standard deviation
of fluctuating load within reference time interval T = 3 seconds. The peak factor is
calculated as:

y_Z‘In _ 05772 @)

2|In vT

where v is the zero-upcrossing frequency. The zero-upcrossing frequency v is calculated
from background and resonant contribution as:

2 2
_ ’notb + N, kr (8)
b+kr

ne is the natural frequency (Hz) of the along-wind vibrations of the structure; no is the
representative frequency (Hz) of the gust loading on rigid structures. Frequency no is
approximated by:

U (Zref ) . 0 < (9)
L,
L, =L(z, ) is integral length scale at reference height zeer, Ly = 1200 m. If the equation

(9) gives no > ne then no = ne; h, b are reference dimensions of the structure (height and
width of high-rise buildings).
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Background response factor ky

K, = = (10)

L ORRE

Resonant response factor ki

2
r=72.c_8RN (Zref’ne)Ks(ne) (11)

where ¢ is the logarithmic damping decrement of the along-wind vibration equal to
0= 0.30 for building.

k

The non-dimentional spectral density R, (zref ,ne) defined as (from Davenport (1967)):
f2
with non-dimentional frequency f. = nL/U(z), where L ~1200 m. Average wind speed

at height z, U(z) depends on height: U (z)=U,,, (2/10)™ =V,B, (2/10)"™ , in which

Ry (z,n)=§ (12)

V, = 0 \(/)\(/3013 ; By = ﬂfklo coefficient, taking into account the change in wind speed; ki,

m are terrain exposure constants, determined according to Table 1.
The size reduction function Ks(ne) is given in the expression:
1

K (n,)= - (13)
1+ \/(Gy¢y ) +(G.4,) +(iey¢yez¢zj
h
=T g = (1)

ref ref

The constants Gy, G; are taken from Table 6.1 of the document [5], depending on
the load variation function gy, g. defined in the y, z directions. For high-rise buildings
gy=1,9.=12/h, Gy=0.5 G; =0.375 (Table 6.1 of document [5]).

The gust factor for the k" storey of high-rise buildings with the stiffness and the
weight are constant with height can be calculated by the formula:

G, =1+(Gp ~1)x(2,/ 2,4 )1'5 (15)
where zk is the height of the k™ floor.
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3. Numerical example
Determining the wind load action on frame structure from 2" to 21% storey in Hanoi.
Building height H = 77.7 m; site size DxL = 24 m x 24 m. Duration time is 50 years [2].
Based on the author’s algorithm has been presented, the Excel spreadsheet
calculated the gust factor and wind load by two methods for three types of exposure A,
B and C. The results for all floors are shown in Table 2 and Table 3.

Table 2. Gust factor G, for the building from 2™ to 21*storey by two methods

Storey Dynamic Pseudo-static Error (%0)
A B C A B C A B C
2 1.003 | 1.006 | 1.010 | 1.006 | 1.009 | 1.011 | 0.28 | 0.34 | 0.16
3 1.012 | 1.020 | 1.031 | 1.017 | 1.026 | 1.032 | 0.54 | 0.59 | 0.06
4 1.025 | 1.041 | 1.062 | 1.032 | 1.048 | 1.059 | 0.69 | 0.66 | -0.27
5 1.041 | 1.067 | 1.099 | 1.049 | 1.073 | 1.090 | 0.75 | 0.58 | -0.75
6 1.061 | 1.098 | 1.141 | 1.068 | 1.102 | 1.126 | 0.71 | 0.37 | -1.32
7 1.083 | 1.133 | 1.189 | 1.090 | 1.134 | 1.166 | 0.61 | 0.08 | -1.91
8 1.108 | 1.172 | 1.240 | 1.113 | 1.169 | 1.209 | 0.46 | -0.26 | -2.48
9 1.135]1.214 | 1.294 | 1.138 | 1.207 | 1.256 | 0.28 | -0.60 | -2.99
10 1.163 | 1.258 | 1.351 | 1.164 | 1.247 | 1.305 | 0.10 | -0.93 | -3.42
11 1.193 | 1.305 | 1.410 | 1.193 | 1.289 | 1.357 | -0.07 | -1.22 | -3.74
12 1.225 1 1.353 | 1470 | 1.222 | 1.333 | 1.412 | -0.21 | -1.44 | -3.94
13 1.257 | 1.402 | 1.531 | 1.253 | 1.380 | 1.469 | -0.31 | -1.59 | -4.02
14 1.290 | 1.452 | 1.592 | 1.285 | 1.428 | 1.529 | -0.36 | -1.66 | -3.97
15 1.323 | 1.503 | 1.654 | 1.319 | 1.478 | 1.591 | -0.34 | -1.63 | -3.78
16 1.357 | 1.554 | 1.715 | 1.354 | 1.530 | 1.655 | -0.26 | -1.51 | -3.47
17 1.391 | 1.605 | 1.776 | 1.390 | 1.584 | 1.722 | -0.12 | -1.28 | -3.04
18 1.425 | 1.655| 1.836 | 1.427 | 1.640 | 1.791 | 0.10 | -0.96 | -2.48
19 1.459 | 1.706 | 1.895 | 1.465 | 1.697 | 1.861 | 0.40 | -0.55 | -1.81
20 1.493 | 1.756 | 1.954 | 1.504 | 1.755 | 1.934 | 0.76 | -0.04 | -1.03
21 1.526 | 1.806 | 2.011 | 1.544 | 1.816 | 2.008 | 1.19 | 0.55 | -0.15
22 1.559 | 1.855 | 2.068 | 1.585 | 1.878 | 2.085 | 1.69 | 1.23| 0.83
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Table 3. Wind load W,* ,kN acting on the k™ storey by two methods

Dynamic Pseudo-static Error (%0)
Storey
A B C A B C A B C
2 146.4 | 118.8 | 71.4 | 1458 | 119.6 | 71.2 | -0.40 | 0.63 | -0.28
3 162.6 | 136.5 | 88.6 | 162.4 | 137.7 | 88.2 | -0.14 | 0.88 | -0.37
4 174.3 | 149.8 | 102.1 | 174.3 | 151.2 | 101.4 | 0.02 | 0.96 | -0.70
5 184.4 | 161.8 | 114.6 | 184.5| 163.2 | 113.2 | 0.07 | 0.87 | -1.18
6 193.8 | 173.3 | 126.7 | 193.9 | 174.5 | 1245 | 0.03 | 0.66 | -1.75
7 203.0 | 184.8 | 138.9 | 202.9 | 185.5 | 135.6 | -0.07 | 0.37 | -2.34
8 212.2 | 196.6 | 151.2 | 211.7 | 196.6 | 146.9 | -0.22 | 0.03 | -2.91
9 221.5 | 208.5 | 163.9 | 220.6 | 207.9 | 158.3 | -0.40 | -0.31 | -3.42
10 230.8 | 220.8 | 176.8 | 229.5 | 219.3 | 170.0 | -0.58 | -0.64 | -3.84
11 240.3 | 233.3 | 190.0 | 238.5 | 231.1 | 182.1 | -0.74 | -0.93 | -4.16
12 249.9 | 246.0 | 203.5 | 247.7 | 243.2 | 194.6 | -0.88 | -1.16 | -4.36
13 259.7 | 259.0 | 217.1 | 257.1 | 255.6 | 207.5 | -0.98 | -1.31 | -4.44
14 269.5 | 272.1 | 230.9 | 266.7 | 268.4 | 220.8 | -1.03 | -1.37 | -4.38
15 279.3 | 285.4 | 2449 | 276.5 | 281.6 | 234.6 | -1.01 | -1.34 | -4.20
16 289.2 | 298.8 | 258.9 | 286.5 | 295.1 | 248.8 | -0.94 | -1.22 | -3.89
17 299.2 | 312.2 | 273.0 | 296.8 | 309.1 | 263.6 | -0.79 | -1.00 | -3.46
18 309.1 | 325.6 | 287.1 | 307.3 | 323.4 | 278.8 | -0.57 | -0.68 | -2.91
19 319.0 | 339.1 | 301.2 | 318.1 | 338.2 | 294.4 | -0.28 | -0.26 | -2.24
20 328.8 | 352.4 | 315.2 | 329.1 | 353.3 | 310.6 | 0.08 | 0.25 | -1.46
21 338.6 | 365.8 | 329.1 | 340.3 | 368.9 | 327.2 | 0.51 | 0.85 | -0.58
22 348.3 | 379.0 | 343.0 | 351.8 | 384.8 | 344.4 | 1.00 | 1.52 | 0.39

Comment: From the calculation results, it can be seen that the pseudo-static method
gives the results in accordance to TCVN 2737:1995 for exposure A and B (error less than
2.0%). Particularly for exposure C, the result is more different (error less than 4.5%).

4. Conclusion
Through the presented problem, the authors have proposed a formula to determine
the gust factor according to the pseudo-static method, to determine the wind load on the
high-rise buildings. The calculation of wind load according to the pseudo-static method
is quite simple, with the results compared to the results calculated by the direct dynamic
method with small error, confirming the reliability of the proposed formula. Therefore,
it is possible to use the formula proposed by the authors in the determination of the
wind load on a high-rise building in Vietnam.
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AP DUNG PHUCONG PHAP GIA TINH TINH TAI TRONG GIO
LEN NHA CAO TANG TAI VIET NAM

Tém tit: Bai bdo trinh bay phwong phdp tinh todn tdi trong gié 1én nha cao tang theo
phwong phdp déng luc hoc truc tiép (theo tiéu chudn hién hanh cia Viét Nam TCVN
2737:1995). Pong thoi, dwa vdo quy trinh thiét ké ciia C. Dyrbye va S. O. Hansen, nhom tdc gid
dé xudt céng thire xdc dinh hé so6 gidt cho nha cao tang véi cdc tham sé gié (profile gid, chiéu
dai roi, dg roi, mdt d¢ phé) theo TCVN 2737:1995. Thiee hién vi du sé theo cong thirc da dé
xudt dé tinh todn hé sé gidt va tdi trong gié.

Tir khéa: Tai trong gid; nha cao tang; phuong phap gia tinh; hé sé gio giat.
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