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ABSTRACT

Keywords: wind load on building porous exterior wall, wind tunnel

experiment, extreme value analysis.
I.Background

With the more complex and changeable development of porous
exterior walls of buildings, considering the extreme weather such as
severe typhoons in Taiwan every year, the wind-resistant design of such
porous exterior walls has become an urgent problem to be solved. On
the other hand, the porous exterior wall has great potential to reduce the
wind pressure disturbance on the exterior wall of the building. In
addition to having a decorative effect on the appearance of the building,
it may also protect the surface components of the building. The wind
load that should be considered in the design of porous exterior walls is
not easy to obtain the reference design wind pressure coefficient from
the code or literature because of its large changes in appearance.
Therefore, it is necessary to conduct an in-depth study to evaluate the
effect of reducing wind pressure disturbance on the external wall of the
building and the design wind load of the porous external wall itself, so

as to provide the industry for use.
I1. Research methods and processes

This study uses wind tunnel experiments to further explore the
wind load conditions on the porous exterior walls of buildings, including
the discussion of internal and external surface wind pressure and its
aerodynamic characteristics, considering different installation methods
or differences in internal and external wind pressure as the source of

wind load Therefore, many factors such as spacing, installation position,
XVII
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and wind direction have an impact. The measurement object is mainly
the distribution of wind pressure. For further analysis, a wind tunnel is
used to conduct aerodynamic experiments on a scaled model and
combined with extreme value estimation, which can effectively grasp
the porous structure of buildings. It is recommended to design the wind
pressure coefficient and help clarify the suppression of wind pressure
disturbance on the facade of the building by the porous outer wall of the

building.

I11. Preliminary Conclusions

1. The effect of external wind pressure is mainly affected by the flow
field and incoming flow around the building. For the openings on
the porous outer wall, the formation and distribution of eddy
currents around the building cannot be changed, so the
characteristics of external wind pressure have not changed. .

2. The change of the wind attack angle has an impact on the
distribution of the peak wind pressure coefficient of each part
inside and outside the porous outer wall. The experimental results
at this stage show that when the wind attack angle is O degrees,
the peak wind pressure coefficient of each face has a wide
variation range. Therefore, the estimation of the design wind
pressure coefficient can be carried out mainly in the case of 0
degree wind angle of attack.

3. Under the condition that the adjacent spaces of the interlayer are
not connected, the average wind pressure coefficient of the net
wind pressure on the porous outer wall is close to the zero value
under the conditions of the interlayer interval distance and
different opening ratios in this study, showing close to the inside
and outside, etc. pressed state.

4. When the adjacent spaces of the mezzanine are not connected,
there is little difference between the external peak wind pressure

coefficient of the porous outer wall and the peak wind pressure
XVIII
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coefficient of the internal building facade, and the peak wind
pressure coefficient of the internal building facade is slightly
smaller than the external peak wind pressure coefficient. The
external peak wind pressure coefficient of the wall is about
0.1~0.2, indicating that the effect of the porous external wall on
the peak wind pressure of the internal building is relatively slight.
. Observing the external wind pressure part of the porous outer wall,
the positive wind pressure value on the windward side is the
highest, while the negative value on the crosswind side is the
lowest, and the absolute values of the two are close. Therefore,
considering the external wind pressure, the windward side and
The effect of wind pressure on the crosswind side should be
calculated, and both positive and negative situations must be
considered.

. For a square-section building with porous exterior walls and
interlayer intervals, when the interlayer spaces on the four sides
are connected to each other, the peak value distribution of the net
wind pressure coefficient of the porous exterior wall is similar to
that of the peak wind pressure coefficient on the back of the
porous exterior wall with the interlayer. The trend of changing
with spacing shows that the external wind pressure coefficient is
mainly affected by the flow field conditions of the incoming flow,
and the wind pressure on the back of the porous external wall is
changed by the setting conditions of the porous external wall
(opening ratio, interlayer spacing), so there is the same Trend.

. For a square-section building with porous outer walls and
interlayer intervals, when the interlayer spaces on four sides are
connected to each other, the porous outer walls are on the
windward side and the crosswind side, and the distribution of the
peak wind pressure coefficient of net wind pressure has the central
area and the corners. The difference between the corner areas is
that the peak value of the corner area is higher, which has the
same characteristics as the wind pressure distribution on the back
of the porous outer wall.

XIX



Lé—‘ﬁ)ﬁ' éib'ﬁ_ﬂ%i% B oiTH 3‘3-.]@_532@

8

Porous exterior walls Regardless of whether their adjacent
interlayers are connected, porous exterior walls are effective in
alleviating wind pressure disturbances on the facade of internal
buildings. Among them, porous exterior walls with lower porosity
have a higher degree of mitigation.

XX
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2 H. J. Gerhardt, F. Janser, 1994, Wind loads on permeable facades, Journal of Wind
Engineering and Industrial Aerodynamic, 53, 37-48.

¥ Edmund C.C. Choi , Zhihong Wang - Study on Pressure-Equalization of Curtain Wall
Systems » 1998 » Journal of Wind Engineering and Industrial Aerodynamics

* Mikael Salonvarra , Achilles N. Karagiozis, PhD, Marcin Pazera, William Miller,
2007, Air Cavities Behind Claddings—What Have We Learned?, ASHRAE, Buildings X.
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Y L 0 20160 hES R 1 R U AT E R 4 2 F B IY B2 B
¥ >4 P77+ %44 > ILOSH105-S307 -

2 12.Simu, E. & R.H. Scanlan, “Wind effect on structures”, Wiley-Interscience, John
Wiley & Sons, 3rd. edition, 1996.

13 6. Kwok, KCS, Samali, B, Hu, G, Tse, KT 2014, 'Wind-induced response reduction
of a tall building with an innovative facade system', in ST Smith (ed.), 23rd Australasian
Conference on the Mechanics of Structures and Materials (ACMSM23), vol. 11, Byron Bay,
NSW, 9-12 Dec., Southern Cross University, Lismore, NSW, pp. 993-998..

Y Andrea Giachetti, 2019, Wind effect on permeable tall building envelops: Issues and
Potentialities, CTBUH Journal Issue 111, pp.20-27.
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=
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® Stathopoulos, T., Surry, D., Davenport, A.G. (1979). “Internal pressure

characteristics of low-rise buildings due to wind action”. Proceedings of the 5th
International Wind Engineering Conference 1, 541-463, Forth Collins, Colorado USA.

* ). D. Holmes, W. H. Melbourne, G. R. Walker, 1989, A Commentary on the
Australian Standard for Wind Loads AS1170 Part2, Australian Wind Engineering Society,
Melbourne.

" N. J. Cook, J. R. Mayne, 1980, A Refined Working Approach to the Assessment of
Wind Loads for Equivalent Static Design. Journal of Wind Engineering and Industrial
Aerodynamic, 6(1-2), 125-137.
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- EnEE T Sk S 115 3 1.25 kg/msgsf‘vﬁi]p\ ° Vjes # K3 I

@0 d Rt b R E R f R TR E AT > <
5 EAmER SRR A TG FA X AL SRR i o
CaesP) 5 H 3R BB 0 o hede B ip AR T LS

8 A. Kareem, J. Zhao, 1994, EngineeringStochastic response analysis of tension leg
platform: A statistical quadratization and cubicization approach, J. Engineering, vol.31.

¥ D. K. Kwon and A. Kareem, 2011. Peak factors for non-Gaussian load effects
revisited, J. Structural Eng. 137(12) 1611-1619. (DOI: 10.1061/(ASCE) ST. 1943-541
X.0000412)

% 5. R. Winterstein, T. Kashef, 2000, Moment-based Load and Response Models with
Wind Engineering Applications, J. Sol. Energy Eng., Trans., ASME, 122(3), 122-128.

2l F. sadek, E. Simiu, 2002, Peak Non-Gaussian Wind Effects for Database-Assisted
Low-Rise Building Design, Journal of Engineering Mechanics-asce, vol.128, Issue 5.

2 M. Huang, W. Lou, C. Chan, N. Lin, X. Pan, 2013, Peak Distributions and Peak
Factors of Wind-induced Pressure Processes on Tall Buildings, J. Eng. Mech., 139(12),
1744-1756.

% Yuan Peng, 2014, Propagation of wind turbine noise through wakes and turbulent
atmosphere, Environmental Science, Physics.
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Cpaext mean & Cp inner mean (Mid-Ht AOA =00. deg gap=1cm close)
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ext mean & Cp net mean (Mid-Ht AOA =00. deg gap=1cm close)
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Cp wall mean & Cp inner mean (Mid-Ht AOA =00. deg gap=1cm close)
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C% ext Peak & Cp inner Peak (Mid-Ht AOA =00. deg gap=1cm close)
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g: ext Peak & Cp net Peak (Mid-Ht AOA =00. deg gap=1cm close)
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Cp ext Peak & Cpi mner Peak (Mld -Ht AOA =00. deg gap-1cm close)
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Cp3ext mean & Cp inner mean (Mid-Ht AOA =00. deg gap=1cm open)
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Cp ext mean & Cp net mean (Mid-Ht AOA =00. deg gap=1cm open)
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