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Reports of APEC-WW2010, APEC-WW & IG-
WRDRR Joint Workshop and Pre-conference

event of 4AMCDRR

TPU Global COE Program has successfully organized
series workshops on regional harmonization of wind loading
and wind environmental specifications in Asia-Pacific
economies (APEC-WW) from 2004 to 2009, and this year
the sixth APEC-WW was held at Kwandong University,
Gangneung, Korea during October 22-23, 2010 under the
auspices of Prof. Young-Duk Kim. This series of workshop
aims to 1) reach a common understanding of wind loading;
2) exchange information on the current status of wind
loading standards/codes and to improve individual standards;
3) discuss bylaws/specifications for wind environmental
assessment related to pedestrian level winds in an urban
environment; and 4) discuss bylaws/specifications for air
quality outside and inside buildings. 34 delegates attended
the workshop and reported the results of Benchmark tests
and their recent activities of wind engineering on both
structural and environmental fields on behalf of 17 countries
and economies. Resolutions for both groups are made
individually after thorough face to face discussions on
problems related to current wind standards/codes/bylaws/
specifications. At the end of the workshop, it was decided to
hold the next APEC-WW workshop in Vietnam in 2011.

A joint workshop on“Wind-Related Disaster Risk
Reduction (WRDRR) Activities in Asia-Pacific Region and
Cooperative Actions” was co-organized by TPU Global COE
program and IG-WRDRR in Incheon, Korea on October 24,
2010. The International Group for Wind-Related Disaster
Risk Reduction (IG-WRDRR) was formally launched
under the framework of UN/ISDR, and it is responsible for
establishing linkages and coordinating various communities
to serve as inter-agency coordinators with a charter to work
with international organizations involving agencies of the
UN and involved NGOs, and to embolden their activities
that help to serve as a bridge between policy makers and
agencies responsible for actually carrying out the DRR at
the local community level. Because extreme wind storms
such as tropical cyclones are generally accompanied by high
waves, storm surge, heavy rains, floods and landslides, TPU
Global COE Program has paid great efforts to prompt the

cooperative actions in WRDRR activities among various

6" Workshop on Reglonal Harmonlization of Wind
Loading and Wind Environmantal Specifications

In Asla-Pacific Economies [APEC-WW 2010])
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Figure 1 Proceedings of APEC-WW Workshop

PEC-WW & IG-WRDRR Joint Workshop
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Figure 2 Proceedings of APEC-WW & IG-WRDRR
Joint Workshop
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professional organizations. One of the actions that TPU
Global Program has taken was to include WRDRR as one
theme of APEC-WW. At the joint workshop, about fifty
people from more than 20 countries in the Asia-Pacific
region participated and shared the current status and
activities for WRDRR.

TPU Global COE Program co-organized a Pre-conference
event of 4AMCDRR (The 4th Asian Ministerial Conference
on Disaster Risk Reduction) on “Climate Change and Wind-
Related Disaster Risk Reduction Activities in Asia-Pacific
Region” on 25 October 2010. The risk of future disasters
continues to escalate with population shifts towards urban
centers located in the paths of typhoons/cyclones and the
impending threat of their increased intensity and frequency

as hypothesized by potential climate change. Urbanization
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has also led to the deterioration of regional and global
environmental situations, which will have far reaching
effects on social safety and public health. These tendencies
are particularly significant in the Asian region. The Pre-
conference event provided a platform for mutual exchange
of information and knowledge between wind engineering
experts, people working on DRR in various organizations,
and policy makers. Representative persons from UN/
ISDR, IG-WRDRR, TAWE, UNESCAP, WMO, ADRC,
BDPC, SEEDS and APEC-WW presented current status
and activities for WRDRR in Asia-Pacific region. Future
collaborative action plans was intensively discussed and
implemented. As one output of the Pre-conference event, the
Chairman of IG-WRDRR, Prof. Yukio Tamura, submitted a
message to the 4AMCDRR.

TPU-CARDC Wind Engineering Joint
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Interference effects on local peak pressures of
two adjacent tall buildings

Wonsul Kim, Yukio Tamura, Akihito Yoshida

1 INTRODUCTION

Most wind load codes have been derived for isolated
buildings. However, wind loads on tall buildings surrounded
by other tall buildings in real environments may be quite
different from those on isolated tall building. Surrounding
tall buildings can either increase or decrease not only overall
wind loads on a building but also local peak pressures acting
on the building cladding. Unfortunately, few codes have
referred to wind-induced interference effects on wind loads
on buildings (AS/NZS 1170.2, 2002; AlJ, 2004). These codes
only briefly accommodate wind load effects of neighboring
tall buildings, mainly dealing with shielding effects, which
is beneficial to the building structural system and claddings.
Because there are a large number of variables involved, such
as building size and shape, relative locations of interfering
building(s), wind directions, upstream terrain conditions and
so on, it is difficult to consider all parameters in codes.

The main aim of this study is to tackle the problem of

P | L:‘Il. e

Figure 1. Experimental models in wind tunnel

interference for local peak pressures on a tall building in
order to establish a generalized set of guidelines. Extensive
wind tunnel experiments have been conducted to measure
local peak pressures on a tall building with an interfering
building for different height ratios and various wind

directions for an urban exposure condition.

2 WIND-TUNNEL EXPERIMENTS
21 Pressure measurements

Wind tunnel experiments on a high-rise building model
with various arrangements and height ratios of an adjacent
building were carried out in a Boundary Layer Wind Tunnel
located at Tokyo Polytechnic University, Japan as shown
in Figure 1. For this study, the flow of the atmospheric
boundary layer in the wind tunnel was interpreted as a
geometrical scale of approximately 1:400. The approach
flow represented an urban wind exposure using the spire-
roughness technique with a power law exponent of 0.27.

Y

6B

5B

4B

3B
2.5B
2B
L5B
1B

Wind

PP i i 0°
1.5B2B25B 3B 4B 5B 6B x

Principal building

Figure 2. Coordinated system indicating different locations
of interfering building and wind directions.

Table 1. Experimental models

Experimental models ~ Dimensions (mm) Height ratios Locations Wind directions
(BxDxH) (H=Hy/H)
Principal building 70x70%x280 1 1 0° —355° (5° steps)
Interfering building 70x70%140 0.5 37 0° —355° (5° steps)
70x70x196 0.7 4
70x70%280 1 37
70x70%420 1.5 37
70x70x560 2 4

* H and Hj, are height of principal building and interfering building, respectively
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The wind speed and the turbulence intensity at the height
of the model (principal building) were 8.2 m/s and 20%,
respectively.

The considered experimental models comprised two
buildings: the pressure model, referred to as the principal
building, and the other model, referred to as the interfering
building. Figure 2 shows the coordinated system indicating
the different locations of the interfering building and wind
directions. The center-to-center spacing between them was
varied by Sx longitudinally and Sy laterally. Table 1 shows
cases of the experimental models used in this study.

The fluctuating wind pressures on the building faces
were simultaneously sampled every 0.00128 seconds and the
sampling period was 7.5 seconds for each sample. The data
were digitally low-pass filtered at 300 Hz. For each test case,
15 samples of 10-min length in full-scale conversion were
analyzed. The tubing effects were numerically compensated
by the gain and phase-shift characteristics of the pressure
measuring system. The pressure data were filtered by means
of a moving average filter corresponding to 0.2sec in full
scale. Further, the maximum and minimum peak pressure

coefficients were calculated by the Cook & Mayne method.

2.2 Simultaneous pressure measurement and flow
visualization

To obtain further information and understanding on the
interference mechanism for enhanced local peak pressures
on the principal building with interfering building of Hr=l,
flow fields around two buildings for worst wind directions in
tandem and oblique arrangements have been investigated by
simultaneous pressure measurements and flow visualization
using dynamic particle image velocimetry (DPIV) in wind
tunnel of Shimizu Institute of Technology, Japan. As shown

in Figure 3, this system consisted of a high-speed digital

i 4
S /B
(a) Height ratio (Hr) = 0.5
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(b) Height ratio (Hr) = 1
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video camera, a double pulse Nd: YAG laser and a particle
generator. The fluctuating wind pressures and the image of
particle were simultaneously sampled every 0.0001 seconds
and the sampling periods were 7.5 seconds and 6 seconds for
each sample, respectively. Tracer particles were discharged
from downstream of the principal building and then
circulated in the wind tunnel. The particles were illuminated
by a pulsed laser light sheet. The image was captured in
digital memory using a computerized data acquisition system

for a field of view of 276mmx=207mm.

High-speed digital

video camera

Figure 3. Simultaneous pressure measurement and flow
visualization in wind tunnel.

3 RESULTS AND DISCUSSIONS
3.1 Effects of building arrangement

The minimum negative peak pressure coefficient (ép)
for all measurement points on the principal building and all

wind directions can be expressed by:
C, =min [ép (i.J, 9)] (1)
]

Figure 4 shows the contour of C , on the principal building
for interfering buildings of different height ratios and various

3 4
S fB

(c) Height ratio (Hr) = 1.5

S /B

Figure 4. Contour ofép on principal building for interfering building of various height ratios and locations ( é,, (Isolated)

=-3.7).
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(a) Pressure coefficients

locations, and C, on the isolated building was -3.7. From
Figure 4, é‘p on the principal building was decreased and
expanded with increase in height ratio of the interfering
building.

Another interesting observation was that ¢ , for Hr=1 and
1.5 significantly decreased when the interfering building was
located in oblique arrangement. However, it should be noted
that the critical locations of the interfering building vary
with increase in height ratio. Interference effects of ¢ ,on the
principal building were also investigated in this study.

However, the results show that C »on the principal building
for interfering building of different height ratios and various

locations was similar to that an isolated building.

3.2 Flow pattern in oblique arrangement

Figure 5 shows the instantaneous pressure coefficients
on the principal building with interfering building of Hr=l,
velocity vector and vorticity fields around two buildings
in oblique arrangement with (S,,5,)=(2.5B,2.5B) for wind
direction 6=65° when the smallest minimum peak pressure
coefficient on the principal building occurs. From Figure 5(b)

and (c), the strong shear layer generated by the interfering

(b) Velocity vector fiel

Figure 5. Instantaneous pressure coefficients on principal building with interfering building of Hr=1, velocity vector and
vorticity fields for wind direction 6=65° in oblique arrangement (Minimum vorticity and increment of vorticity
contour are 100 and 100s-1, respectively).

34 L] s

x .-':H
(c) Vorticity field

building directly hit the principal building, leading to
increased momentum at the upper face (front wall) of the
principal building. This rose to a high pressure coefficient
near the leading edge of the upper face of the principal
building, as shown in Figure 5(a). Furthermore, it is inferred
that some changes of wind directions (55°< @ <85°) could
lead to an obvious decrease in minimum peak pressure

coefficients acting on the principal building.

4 CONCLUSIONS

A detailed and comprehensive study of wind-induced
interference effects on buildings has been carried out. Based
on the results of these detailed experiments that consider
various relevant parameters, general guidelines for limiting
conditions have been formulated and critical interference
effect situations identified.

5 REFERENCES

[1] AIJ-RLB (2004). “AlJ Recommendations for Loads on
Buildings”, Architectural Institute of Japan.

[2] AS/NZS 1170.2 (2002). “Structural design actions, part 2:
Wind actions”, Australian/New Zealand Standard.

Experimental and numerical studies on
convective heat transfer from urban canopy and
its dependence on urban parameters.

Sivaraja Subramania Pillai, Ryuchiro Yoshie, Chung Jaeong

INTRODUCTION

Weather Research Forecasting (WRF) model coupled

with Urban Canopy Model (UCM) is an effective tool for

the prediction of urban heat island phenomena. In this



UCM, local convective heat transfer from urban canopy
and its dependence on urban parameters such as building
coverage ratio and variations of building height is not
explicitly modeled. The aim of this research is to clarify the
local convective heat transfer coefficients, which depends
on the urban parameters and to incorporate the results into
the UCM with the help of experimental and numerical

simulation results.

SINGLE LAYER URBAN CANOPY MODEL

In the single layer Urban Canopy Model (Kusaka et al.
2001) in the WREF the heat flux from the canyon surfaces

were modeled from equation 1 and 2.

HWZCw(TW_ Ts) (1)
Hg=Cq(Tg — Ts) )
Cw=Cs=151 Ug""® (Us>5ms™) )
Cy=Cg=645+4.18 Us  (Us<5ms™)

Where HW, CW, TW are heat flux, heat transfer
coefficient and temperature of the wall respectively. HG, CG,
TG are heat flux, heat transfer coefficient and temperature
of the ground respectively. US and TS are the velocity and
temperature inside the canopy respectively. In this single
layer UCM, the convective heat transfer coefficient from
wall and ground depends only on the velocity inside the
canopy as shown in equation (3). But this cannot be justified
since other urban parameters also contribute to the heat

transfer coefficient. Moreover this model can not distinguish
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) 5 . e
o & -,
| = e
N ap )
OM . . 0 . %ﬁ-
0 05 1 15 02 0 02 04 06
U/U,, (T-T )/ (TeT,)

the difference in convective heat transfer coefficients on
different wall surfaces like windward, leeward and sidewall.
Therefore to clarify this issue, wind tunnel experiments and
CFD simulation with low-Re- k-¢ model has been carried out.
Based on the experiment and CFD results, the convective
heat transfer coefficient and heat flux from the urban canopy
will be modified with respect to the urban parameters like
building coverage ratio and variations of building height,
which will be incorporated in the UCM.

WIND TUNNEL EXPERIMENT

The experimental setup consisted of an aluminum block
array to model different cases of urban canopy. The building
coverage ratios (hereafter referred to as BCR) were varied
as 25.0%, 11.1% and 6.3% with both the uniform and the
non-uniform height buildings. The inflow velocity and
temperature of the air at the wind tunnel inlet were uniformly
maintained at 1.9m/s and 7.8°C respectively throughout
the cross section. The floor temperature was maintained at
53°C to simulate the unstable thermal environment. These
conditions were adopted for all experimental cases. Figure
1 (left) and (right) shows the vertical profiles of mean wind
velocity component U and mean temperature T at the
measuring section for uniform and non uniform height case
respectively. It has been observed that velocity decreases and
temperature increases with increase in BCR in the roughness
sub layer. The boundary layer is higher for the non-uniform

height cases than for the uniform height cases.

0.6 0.6
0.5 > 0.5 L
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Figure1 (left): Mean velocity and temperature profiles for uniform height cases
Figure1 (right): Mean velocity and temperature profiles for non uniform height cases

CFD SIMULATION & RESULTS

CFD simulation was conducted with a low Reynolds
number k-¢ model (Abe, Nagano and Kondoh ,1994) because

of its good prediction accuracy of turbulent heat transfer in
a separating and reattaching flow. CFD results showed good

agreement with the experimental results for all the cases.
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Thus it has been considered that the CFD simulations were
appropriate for further investigations regarding heat transfer
from canyon surfaces.

The heat flux from various urban canyon surfaces like
ground, roof, windward, leeward and sidewall varies with
the change in the building coverage ratio and the variation
of building height. Figure 2 (left) and (right) shows the heat
flux from individual canyon surfaces for BCR 25% and 6.3%
respectively. The heat flux from the canyon surfaces of 6.3%
case is higher than that of 25% case. Heat flux from roof is
higher than the windward wall in 25% case, which is reverse
in 6.3% case. This is because of the change in flow pattern in
the canopy. 6.3% case falls under the isolated roughness flow

whereas 25% case exhibits skimming flow. More fresh air

Wind Effects News
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(which enhances the heat transfer) contact in all the canyon
surfaces for isolated roughness flow than the skimming flow
may be the reason for the above behavior.

From the simulation results it has been observed that the
heat flux varies from the canyon surfaces viz. ground, roof,
sidewall, windward wall, and leeward wall depends on the
urban parameters like building coverage ratio and variations
in building height of the urban canopy. Based on the CFD
results the convective heat transfer coefficient and heat flux
from the urban canopy will be modified with respect to the
urban parameters which will be incorporated in the Urban
Canopy Model (UCM) of Weather Research Forecasting
(WRF) model.

1000
O BCR-6.3%-uniform height case
200 | B BCR-6.3%-non uniform height case
o Windward wall
E Roof
2 600 |
E Sidewall
"= 400 A
§ Ground Leeward wall
=
N |_I ’_l
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Figure 2. Left: Heat flux (W/m?) for canyon surfaces -BCR 25% uniform & non uniform cases
Right: Heat flux (W/m?) for canyon surfaces -BCR 6.3% uniform & non uniform cases
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