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ABSTRACT: Increasing the population of large cities and the lack of construction area have increased
tall buildings. In the present article, the overturning moment and base shear due to the along-wind
and earthquake loads have been compared for tall buildings. The buildings are assumed to be located
in Tehran city on type 2 soil and the structure is regarded as a vertical cantilever beam. The along-
wind and earthquake loads are computed using the gust-loading-factor method and the linear spectral
approach, respectively. First, an example of the 120-m high building is presented and evaluated, and
then, the effect of the height and aspect ratio parameters are examined in the ranges 80 and 200-m,
and 5 to 10, respectively, for the two square and circular cross-sections. For the primary example, the
earthquake overturning moment and base shear were dominated respectively by the first and second
vibration modes. For the square and circular sections, the ratio of wind-induced overturning moment
to the earthquake effect were 1.1 and 0.81, respectively. For the parametric study, the wind and seismic
overturning moments were equal to each other at the specific values of the studied parameters, and the
wind effects were dominant for the higher values of these parameters. For instance, for the square cross-
section, the equal point of the overturning moment and base shear were respectively 110m and 175m.
Finally, by increasing the height and aspect ratio, the wind forces were dominant.
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parametrically obtained and compared for tall buildings by
the assumption that the building is located in Tehran. The
effect of building height, aspect ratio and type of the building
cross-section type are investigated on the effect of the lateral
loads.

1- Introduction

Design of tall buildings is governed by lateral wind and
seismic loads. Overturning moment due to the lateral loads is
one of the main considerations in tall structures. The effect
of wind and seismic loads on tall buildings is widely studied.
However, previous studies generally investigated the effect
of wind and seismic loads separately and limited studies
compared their effect on tall buildings.

Moat codes and standards use the gust loading factor
(GLF) method to estimate the along-wind dynamic response
of tall buildings. This method was proposed by Davenport [1]
and several modifications were proposed by other researchers
[2-4]. Ali and Moon [5] divided the structural systems of
tall buildings into two main categories: interior and exterior . )
structures. Vibration control of tall buildings under wind MX+CX+KX=F 1)
d ic loads is extensively studied in recent years [6-8].

ynamic loa y V!
The seismic response of high-rise buildings is evaluated in the
previous investigations [9-11]. Some researchers compared
the effect and demands of the wind and earthquake loads for

2- Methodology

The structural behavior of tall buildings under the lateral
loads is assumed as a multi-degree-of-freedom vertical
cantilever beam with the masses lumped at the nodes. This
assumption is widely used in similar studies. The equation of
motion for a discrete MDOF system under dynamic loads has
the following general form:

Where, M, C and K are mass, damping and stiffness

tall buildings [12-14].
In the present article, the overturning moment and
base shear due to the along-wind and earthquake loads are
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matrices, respectively, X is the wvector of structural
displacements, and F is the vector of external forces. The
along-wind load is computed using the GLF method provided
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in the Iranian national building code (Part 6) [15]. The
external pressure of along-wind load can be obtained as:

p = quCngCp (2)

Where, [ is the importance factor, q is the basic pressure,
C, is the exposure factor, C, is the GLF factor, and C, is the
pressure coefficient.

The seismic load is computed using the linear spectral
analysis presented in the Iranian code of practice for seismic
resistance design of buildings [16]. The equation of motion
of the structure, presented by Eq. (1), can be stated in the
following form using the modal analysis method:

. . ) P
Y, 428y, toy, =——

M, 3)
P=¢'F, M =¢'M¢ , X =gy

i

Where Mi, 1, and U, are mass, damping ratio and modal
frequency, respectively. @ is the mode shapes matrix, and
y is the modal displacement and ¢l is the ith mode shape
vector. The effect of different modes is combined using the
square root of the sum of the squares (SRSS) procedure.

In the first stage, the wind and seismic responses are
obtained and compared for a primary example tall building.
The example building height is assumed 120 m with two
square and circular cross sections with the plan dimension
20 m. The structural stiffness is selected in such a way that
the total wind-induced top-floor displacement is equal to the
allowable limit provided for tall buildings [17]. Then, the
effects of different parameters as the height of the building
and aspect ratio, respectively, in the ranges 80-200m and 5-10
for the two square and circular cross-sections are investigated.

3- Results and Discussion

The results of the effect of the building height and aspect
ratio related to the parametric study are presented here. In
order to investigate the effect of the height of the building,
the lateral forces are obtained for a building with a plan
dimension of 20 m, and a height range 80-200m. Figure 1
shows the variation of base shear versus building height for
the square cross-section. Base shears due to wind and seismic
loads are equal at the height 145 m. For the higher values of
the building height, wind base shear is more than the seismic
one. For h=200 m, wind shear is 17% more than the seismic
shear force.

Figures 2 and 3, show the variation of the overturning
moment versus building height for the square and circular
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Fig. 1. Variation of base shear versus building height
for square section
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Fig. 4. Variation of overturning moment versus aspect
ratio for square section

cross-sections, respectively. The seismic and wind-induced
overturning moments are equal at h=100 m and 175 m,
respectively, for square and circular cross-sections. The
ratio of wind to seismic overturning moment increases by
increasing the building height. This result indicates that the
wind forces govern the overturning moment by increasing
building height.

In order to examine the effect of the aspect ratio, the
lateral forces are obtained for a 150-m high building with the
aspect ratio in the range of 5-10. Figures4 and 5, show the
variation of the overturning moment versus the aspect ratio
for the square and circular cross-sections, respectively. The
seismic and wind-induced overturning moments are equal at
the aspect ratios of about 5.5 and 8.5, respectively, for the
square and circular cross-sections. The ratio of the wind to
the seismic overturning moment increases by increasing
the building height. By increasing the aspect ratio, the
overturning moment decreases for both square and circular
cross-sections.

4- Conclusion

In the present study, the overturning moment and base
shear of tall buildings under wind and earthquake loads are
parametrically obtained and compared by the assumption
that the building is located in Tehran. The structural behavior
of the building is regarded as a vertical cantilever building.
The along-wind and seismic loads are estimated using the
gust loading effect and linear spectral methods, respectively.
Some of the main results can be summarized as follows:

By increasing the building height, wind lateral forces
govern the overturning moment and base shear compared
with the seismic effects. For instance, for h=200 m, the wind-
induced overturning moment is 42% more than that of the
seismic loads for square cross-section.
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Fig. 5. Variation of overturning moment versus aspect
ratio for circular section

The ratio of the wind-induced overturning moment and
base shear to those of seismic loads increases by increasing
the aspect ratio. For the aspect ratio of 10, the ratio of wind
to seismic overturning moment are 1.13 and 1.49 for circular
and square sections, respectively.

Using a circular cross-section for tall buildings compared
with the circular section results in lower lateral forces. For
instance, for a 200-m high building, the overturning moment
for the circular section is 49% less than that for the square
section.
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Table 1. Gust loading factor formula and related parameters [28]
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Table 2. Damping modification factor for the acceleration spectra in type 2 soil and 2% damp-
ing ratio [35]
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Fig. 1. Building plan and along-wind and cross-wind directions
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Table 3. Properties of the analytical model of the studied tall building

() e

(m4) (o 3] o

(m) gl STES)

oyl &y N &y

377.0 480.0 31.65 70.54 4.0 1
377.0 480.0 29.96 66.77 8.0 2
377.0 480.0 28.33 63.13 12.0 3
377.0 480.0 26.75 59.62 16.0 4
377.0 480.0 25.24 56.25 20.0 5
377.0 480.0 23.78 53.00 24.0 6
377.0 480.0 22.39 49.89 28.0 7
377.0 480.0 21.05 46.92 32.0 8
377.0 480.0 19.78 44.07 36.0 9
377.0 480.0 18.56 41.36 40.0 10
377.0 480.0 17.40 38.78 44.0 11
377.0 480.0 16.30 36.33 48.0 12
377.0 480.0 15.26 34.01 52.0 13
377.0 480.0 14.28 31.83 56.0 14
377.0 480.0 13.36 29.78 60.0 15
377.0 480.0 12.50 27.86 64.0 16
377.0 480.0 11.70 26.07 68.0 17
377.0 480.0 10.96 24.42 72.0 18
377.0 480.0 10.27 22.90 76.0 19
377.0 480.0 9.65 21.51 80.0 20
377.0 480.0 9.09 20.25 84.0 21
377.0 480.0 8.58 19.12 88.0 22
377.0 480.0 8.14 18.13 92.0 23
377.0 480.0 7.75 17.27 96.0 24
377.0 480.0 7.42 16.54 100.0 25
377.0 480.0 7.16 15.95 104.0 26
377.0 480.0 6.95 15.48 108.0 27
377.0 480.0 6.80 15.15 112.0 28
377.0 480.0 6.71 14.95 116.0 29
187.5 240.0 6.68 14.89 120.0 30
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Fig. 2. Base shear and bending moment due to wind loads for the square and circular cross-sections
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Fig. 3. Mode shapes and frequencies for the first three vibration modes
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Fig. 4. Time periods for different vibration modes
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Fig. 5. Seismic base shear of different modes based on the spectral analysis
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Fig. 6. Seismic overturning moment of different modes based on the spectral analysis

305 90b g mi Sl o opls g a0 gblo 51 (F55519 5 9l i S95 F Jg

Table 4. Base shear and overturning moment for the square and circular cross-sections under
wind and seismic loads

(o= Hl32) (F955l9 S

(o o) by 3 (595

o

305 5150 Sl 4305 515 Sl o Ee
YY/-A YeIYY OOAIDY H+YIVY Ko
Y\V/AY VP f YEYIYY Yfg/a. o).g.lé

el &35 55U S eS ae 3 VA

S g aly Gy Y Caond g gl glayiel)ly 36 gy -V ¥
55l

26 ond ol 0 A5 oS gl e sl @S (JB ise

350 ol Yoy g $553ls S )3 plaidle (£ )£V a5 el sl ey

Dedse Bl 0l g xape ()0 alae £55 93 (6ly S 95,5 0 )8 (o)

G dopld g mye ablie gl ol 4 A3l Al iy Cuns el L
Slopls glaio gly Cums cpl 029 YL s Bl 0 V¥R 5 VY-
o g aily ol blae o g yculio 3Slas ghaio opl a8 canl ()l
Sl g by blas (6518 Cilos cclin u.i:,&tg.)s)gj Caos
U S655ly S w300 Ui Jgi ol 53 00 L)) bt led oo
S Grpe >l A5 Sl o 303 Ve 350 (e glaile gl b
3942 3L 5l (30 (5953lg S g Cunsl S 2 lopls oo (4l £9590

1veg



1100

1000

900

800

700

600

(o) wly G g9

500

400

300

200
80 100 120

140 160 180 200

(o) glas !

& o0 y¢ g gl pleid b g il )3 b (052 (59589 Ol ek Y S

Fig. 7. Variation of base shear versus building height for the square cross-section
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Fig. 8. Variation of base shear versus building height for the circular cross-section
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Fig. 10. Variation of the overturning moment versus building height for the circular cross-section
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Fig. 11. Variation of the base shear versus aspect ratio for the square cross-section
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Fig. 13. Variation of the overturning moment versus aspect ratio for the square cross-section
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Fig. 14. Variation of the overturning moment versus aspect ratio for the circular cross-section
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