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International Forum on Tornado Disaster Risk
Reduction for Bangladesh - To Cope With
Neglected Severe Disasters.

“The International Forum on Tornado Disaster Risk
Reduction for Bangladesh - To Cope With Neglected Severe
Disasters” was held in Bangladesh on 13-14 December, 2009
at the Hotel Sheraton. Over one hundred seventy people
attended, including a large number of international experts
from the USA, Japan, Switzerland, Thailand and China.
While Dr. Muhammad Abdur Razzaque, the Honorable
Minister of Ministry of Food and Disaster Management, was
the Chief Guest, Mr. Tamotsu Shinotsuka, Ambassador of
Japan in Bangladesh, Prof. Dr. M.S. Akbar MP, Chairman of
Bangladesh Red Crescent Society, and Mr. BMM Mozharul
Hugq, Advisor, Humanitarian Response Team, UNDP were
present as Special Guests. Chaired by Prof. Yukio Tamura,
TAWE President/TPU Global COE Director, the forum was
addressed by Mr Salvano Briceno, Director of UNISDR and
Mr. Tokiyoshi Toya, Director of WMO as guests of honor.
Mr. Muhammad Saidur Rahman, Director, BDPC presented
the welcoming address and Mr. Farhad Uddin, DG DMB
proposed the vote of thanks from the local organizers.

The event was co-organized by Tokyo Polytechnic
University Global COE Program TPU/GCOE, the

Government of Bangladesh (Disaster Management Bureau,

Ministry of Food and Disaster Management, Meteorological
Department, Ministry Of Defence), the Bangladesh
Disaster Preparedness Centre (BDPC) and the International
Association for Wind Engineering (IAWE).

Through a number of sessions addressed by key
international and local experts, the forum captured severe
local storm disaster risks in Bangladesh, raised awareness
of risks at local, national, and international levels, and
developed a strategy for reducing the risks through active
interactions among renowned international experts, national
and local experts, and local practitioners and decision makers.
This strategy includes components of early warning systems;
risk and vulnerability assessment; research on meteorology,
climatology, and engineering; household and community
shelter; public awareness and education; finance and
community planning; and governance and policy making.
The outcomes of this forum will help the Government of
Bangladesh to adopt policies and develop planning to reduce
risks from severe local storms. The outcomes will stimulate
donor agencies and NGOs to implement specific projects to
reduce disaster risks. Overall, the forum will contribute to

the implementation of the Hyogo Framework for Action.
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- Wind-Induced Damage to Buildings and Disaster Risk
Reduction (Professor Yukio Tamura)

- Targeted Observation of Tropical Cyclones (Professor
Chun-Chieh Wu)

- The Changing Dynamics of Aerodynamics: New
Frontiers (Professor Ahsan Kareem)

EEGE U

- Wind and Structural Monitoring of Long Span Cable-
Supported Bridges with GPS (Professor You-Lin Xu)

- Advances and Challenges in Applied Flow and
Dispersion Modelling (Professor Bernd Leitl)

- Large Eddy Simulation on Building Aerodynamics
(Professor Tetsuro Tamura)

- Development of Codification of Wind Loads in the
Asia-Pacific (Dr. John D. Holmes)
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" Wind Tunnel Tests/Industrial Applications
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Wind loading on porous sunshade roof cover

sheets

Vu Thanh Trung, Ph.D student, TPU

Yukio Tamura, Professor, TPU

Akihito Yoshida, Associate Professor, TPU

Thermal reduction is always a
problem for building roofing systems,
especially folded steel sheet systems.
Several roof insulation systems have
been used up to now, including the
loose laid paver system and heat
insulating roof tiles. However, these
systems are still expensive. Porous

sunshade roof cover sheets have been
introduced as a cheaper alternative. Porous sunshade roof
cover sheets installed on roofing systems reflect sunlight,
thus reducing the amount of sunlight reaching the roof (see
Fig. 1). However, unlike wind loadings on conventional
building roofs, wind loadings on porous sunshade roof
cover sheets comprise a combination of wind pressures on
both sheet surfaces so that their responses to wind are also
different. Furthermore, a very limited number of studies have
examined wind flows and their effects on wind-permeable
structures, and there is no provision for these structures in
the major international codes and standards.

pAg
@
r

Reflective
sunlight
i

Porous sunshade
roof cover shieet

Fixing

Fig 1 Sketch of porous sunshade roof cover sheet for a
building foof

1. EXPERIMENT AND RESULTS

Wind tunnel experiments were carried out on a low-rise
building model (200 mm high Hx 470 mm wide Bx 710
mm deep D) with porous sunshade roof cover sheets in a
Boundary Layer Wind Tunnel, 2.2m wide by 1.8m high, in
Tokyo Polytechnic University, Japan.

The length and velocity scales were 1/50 and 1/4,
respectively. Terrain categories II and I1I in AIJ-RLB

(2004), corresponding to open and suburban terrains,

respectively, were chosen for the experiments. These
categories have wind velocity profile exponents of 0.15 and 0.2
for terrain categories II and III, respectively. The turbulence
intensities at roof level are 0.2 and 0.26 for terrain categories
IT and III, respectively. Wind speeds at this height are 9m/s
and 7m/s for terrain categories II and III, respectively.

All test model cases were tested for a total of 41 wind
angles (0° to 360° in 100 steps and 45°, 135°, 225° and 315°).

Several test model cases were required to consider the
many effects of porosity, underneath volume, breath/depth
ratio of building, approach flow, parapet and spoiler for
various wind angles and locations.

(a) Geometry of test model

Hole Pressure tap Porous sunshade Cy.

P
roof cover sheet v )
U U H

(b) Detail of roof section

Fig 2 Test model (all dimensions in mm)

Experimental results showed that the upper and lower
surface wind pressures on the sheets were very similar and
the values of local wind force coefficient on the sheet due
to the combined effect of the upper and lower surface wind
pressures were very small (close to zero).

The wind angles that caused the largest wind loadings on
the porous sunshade roof cover sheets were 40° ~ 90°.

The panel wind force coefficients of the porous sunshade
roof cover sheets varied not only with wind angle but also
with location (corner, edge, interior).

Wind force coefficients (local and panel) (in absolute



values) on the porous sunshade roof cover sheets decreased
as porosity ¢ (ratio between area of orifices and area of sheet)
increased but increased as underneath volume ratio (ratio
between gap between sheet/roof and height of building)
increased (see Fig. 3).

-1 -1
. -08 Sheet A “ -08 F .
& ec
Sy Sheet C O el
%o SheetB| %
[} —_—
S 04 b S -04
g =
) I Sheet D 2 Sheet C
—02 ¢ 02 Sheet D Sheet B
0 , 0 ) ) )
0% 5% 10% 0.01 0.02 003 0.04 0.05

Porosity ¢ Underneath volume ratio V*

(a) For porosity ¢ (b) Underneath volume ratio V'

Downward-acting local wind force coefficients
Fig. 3 Variations of smallest minimum peak panel wind

force coefficients Cr with different porosities and

underneath volume ratios
increased with low solid parapets and decreased with tall
solid parapets, whereas upward-acting local wind force
coefficients decreased with parapet height. For low-rise
building roofs, local suctions (upward-acting) increased with
low parapets and decreased with tall parapets. It is clear that
the effects of a solid parapet on a porous sunshade roof cover
sheet and a low-rise building roof differ depending on the
directions of local pressures. The largest maximum panel
wind force coefficients (downward-acting) of sheet A (at
corner zone) increased with low parapets and decreased with
tall parapets (see Fig 4a). The parapets increased the absolute
values of the smallest panel wind force coefficients (upward-
acting) of the porous sunshade roof cover sheets, even very
tall parapets.

For porous parapets, local wind force coefficients
decreased with increasing porous parapet height. Porous
parapets were more effective in decreasing wind loadings on
the sheets, and 50% porous parapets were better (see Fig 4a).

0.7 0.7
0.6 Solid parapet 0.6 N0-7aoiler
<505 & 05 F oo
<
% 04 04 r
‘) 7
203 %03 ¢ /{\‘
<
02 — 02 i
50% porous parapet Spoiler
0.1 | 25% porous parapet 0.1 |
0 . . . . 0 . . . .
0 005 0.1 015 02 025 0 005 0.1 0.5 02 025
* *
hp = hy/(H+h,) hy=hJ/H

(a) For parapet (b) For spoiler

Fig. 4 Variations of largest maximum peak panel wind
force coefficients Cr with different relative parapet

heights h,, and different relative spoiler heights /4,
for sheet A

10

Spoilers tested in this study were proven to be effective in
decreasing wind force coefficients on porous sunshade roof
cover sheets. The local and panel wind force coefficients
were decreased by up to 80% and 62%, respectively. The
effects of spoilers in reducing wind loadings on the sheets
decreased as spoiler height increased (see Fig 4b).

Cross-correlation coefficients between upper and lower
surface pressures were very high (close to unity). They
increased with increasing porosity and parapet height but
decreased with increasing underneath volume ratio. With
spoilers, they decreased with increasing spoiler height.

2. NUMERICAL COMPUTATION

A computational method based on the unsteady form of
the Bernoulli equation was also used in this study to predict
the lower surface pressures on a porous sunshade roof cover
sheet with respect to two porosities and various wind angles
from known upper surface pressures.

0
k=) .
g 5 Experiment
z O
2=
S5 -04
S O
ool
(5]
g 8
£ 9
g 5 -08
=
O v
: 4 .
3 = Y Computation
_12 L L
0 0.5 1 L5 2
Time (sec)

Fig.5 Comparison between experimental and
computational results for time histories of lower
surface panel wind pressure coefficients C.p for
porous sunshade roof cover sheet A for porosity
5% for wind angle ¢ = 0°

The computational results were compared with the
experimental results, and agreement was found between
them (see Fig. 5).

3. CONVERSION FACTOR

Another major finding in this study was a new equation
for a conversion factor ¥ for different porosities ¢ and
underneath volume ratios /" (defined in Eq. 1).

y =2¢+64V + 062 )

The minimum peak local wind force coefficient for a
porous sunshade roof cover sheet is determined as

, C.=yC. @)

where C is minimum peak local wind force coefficient

for a porous sunshade roof cover sheet and C, is minimum
peak wind pressure coefficient for a normal building roof.

Based on this conversion factor and minimum peak
external wind pressure coefficient from AIJ-RLB (2004) for
a normal building roof, wind loading (i.e. minimum wind
force coefficients) on the porous sunshade roof cover sheets
will be determined.
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Desiccant-Based Ventilation and Air-
Conditioning (DVAC) System

Introduction

The building sector is one of the major consumers of
conventional energy sources in the form of electrical energy.
It is also one of the largest contributors of greenhouse gases.
Furthermore, its energy consumption is expected to increase
year by year as urbanization, industrialization, and living
standards increase. One of the major building sector energy
consumers are vapor compression air conditioning and
ventilation systems, which are presently used to maintain
indoor thermal comfort. Passive and natural air-conditioning
and ventilation systems are an option for reducing building
energy consumption without affecting indoor thermal
comfort. Figure 1 illustrates natural and passive methods for
indoor environment air-conditioning and ventilation. The
application of wind-induced natural ventilation is based on
prevailing wind speed and direction. In the case of solar-
induced ventilation, it is applicable for dry and cool air.
However, in the case of hot and humid air, direct application
of outdoor air to the indoor environment causes a problem in
thermal comfort. Hence, desiccant-based air dehumidification
and cooling is an option for reducing air moisture and
temperature by applying alternative energy sources such as
solar energy.

DVAC System

The desiccant-based air-conditioning and ventilation
system utilizes the capability of desiccant materials to
remove air moisture by a natural process — the sorption
process. The sorption process (adsorption and absorption)
is an interaction between sorbent and sorbate molecules
through intermolecular interaction. Since desiccant materials
have a low concentration of water vapor, air moisture content
is attracted to their surfaces due to the moisture vapor

b))
CcC
Hot and Moist Air  \\

T T

AN PR AN
NN NI NN
R\ NI aVaN
Cool and Dry Alr Hot and Moist Air Cool and Dry Air

(b)

(a)

Napoleon Enteria, Kunio Mizutani

Tokyo Polytechnic University

pressure difference between the air and the desiccant surface.
In order for the desiccant material to be used again, thermal
energy must be applied to remove the moisture. Figure 2
shows the operational concept and a diagram of a desiccant-
based ventilation and air-conditioning system.

The processed air from the desiccant dehumidifier
becomes hot due to the release of heat of condensation and
heat of sorption. Heat recovery devices are used to recover this
energy for application again in the desiccant dehumidifier
in conjunction with other sources of thermal energy. The
air after heat recovery becomes warm and dry. As in many
applications the air is still above the thermal comfort
temperature, an evaporative cooling process is applied by
either direct addition of air moisture or indirect addition of
air moisture in a secondary air stream. The application of an
evaporative cooling process reduces the air temperature with
either a slight increase in air moisture content or a constant
air moisture content.

Other air cooling techniques both conventional and
non-conventional can also be applied for additional air
cooling prior to the introduction of the air to the indoor
environment. Conventional air coolers such as absorption
chillers and vapor compression systems are used to increase
performance. Non-conventional coolers such as ground
source heat pumps and water source heat pumps can also be
used. These auxiliary coolers are applied when the required
air temperature after evaporative cooling is still insufficient
to maintain indoor thermal comfort.

DVAC Classifications

DVAC systems use desiccant materials to reduce air
moisture content and apply desiccant materials with common
air handling systems. Figure 3 shows the main classifications

\ \,\Hot and Moist Air

-->
Removed Solar Heater 1|

Solar Heater N
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=
Hot and Humid —~—<
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Dehumidifier
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Figure 1 Natural and passive air-conditioning and ventilation systems: a) wind; b) solar; ¢) solar-desiccant
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Figure 2 General concept of desiccant-based ventilation
and air-conditioning (DVAC) system

of desiccant-based ventilation and air-conditioning system.

The solid DVAC system uses solid desiccant materials
to remove air moisture. There are several kinds of solid
desiccant materials — silica-gel, titanium silicates, calcium
chloride, activated aluminas, zeolite (natural and synthetic),
molecular sieve, lithium chloride, organic-based desiccants,
polymers and composite desiccants. The application of these
materials depends on cost, operating conditions, and source
of thermal energy.

The liquid DVAC system utilizes liquid desiccant materials
to remove air moisture. Widely used liquid desiccant
materials are lithium chloride, lithium bromide, calcium
chloride and glycol-based substances. The application of
these materials also depends on cost, operation, and source
of thermal energy. In addition, as some liquid desiccants are
corrosive, they require proper handling in their application.
However, the main advantages of liquid desiccants is their
high moisture removal capacity and their lower regeneration
temperature requirement.

The hybrid DVAC system is based on either solid or liquid
desiccant materials to remove air moisture with application
of a vapor compression system as air cooler and desiccant
regenerator. The main advantage of the hybrid system is
separate handling of air latent energy and of sensible energy
content. In this case, vapor compression performance is
increased since it handles only air sensible energy while the
desiccant material handles air latent energy.

DVAC System Researches

The desiccant-based ventilation and air-conditioning
system (DVAC) is a promising alternative to the vapor
compression system in handling air sensible and latent
energy contents. This is due to the operation of the system,
which is made possible by other energy sources — solar
energy, waste heat and others.

Research has been carried out on the solar-desiccant
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Figure 3 Classifications of desiccant-based air-
conditioning and ventilation (DVAC) system
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Figure 5 Hybrid desiccant air-conditioning and ventilation system

ventilation and air-conditioning system because the amount
of air thermal energy is almost in phase with the amount of
solar radiation. In hot and humid climates such as in East
Asia during summer time and South East Asia the whole year
round, air temperature and humidity are high. Application
of solar DVAC systems in these regions has great potential
due to these conditions. In addition, as these regions require
daylong dehumidification, the cheaper nighttime electrical
energy (off-peak) can be stored for daytime operation of the
system, thus reducing the peak electrical energy load. The
system under investigation is presented in Figure 4.

The vapor compression system removes air moisture by
cooling the air below its dew point temperature. However,
as the air is then very cold, it needs to be reheated before it
is introduced to the indoor environment. As the South East
Asia region is very hot and humid all-year-round and the
East Asia region is very hot and humid during summer, the
vapor compression system operates well in reducing the very
high outdoor air moisture content. Application of a desiccant
material coupled with a vapor compression system minimizes
the operation of the vapor compression system since the
desiccant material handles the air’s latent energy while the
vapor compression system handles the sensible load (hybrid
desiccant). The system under investigation is presented in
Figure 5.

Development and application of the desiccant-based
ventilation and air-conditioning system is expanding
globally, as presented in Table 1. However, in the hot and
humid climate of the Asia-Pacific Region, South America
and Africa, the system is still not fully utilized. Therefore,

Table 1 Global development and application of desiccant-
based ventilation and air-conditioning system

Continent Country SD*  LD* HD*
Africa Egypt 0
Kenya o
China o) o) o]
India o) o) o
Iran o)
Iraq o
Israel o) o)
Japan o) o)
Asia Kuwait (¢
Lebanon [¢)
Pakistan o
Quatar o
Saudi Arabia o) o)
Thailand o) 0
Turkey 0
France o)
Germany o] o] o
Italy o] o]
Europe Poland [o)
Spain o)
Sweden o) o)
United Kingdom o)
Canada o o)
North America Mexico o
USA o) o) o)
. Australia [¢) o) o)
Oceania New Zeland o)
South America CUb? 0
Brazil 0

*SD-Solid Desiccant, LD-Liquid Desiccant, HD-Hybrid Desiccant

investigations of systems for application in these regions will
expand the potential for their wider application. The greater
effect is the reduction of conventional energy consumption
and greenhouse gases emissions contributed by the building
sector in providing human thermal comfort condition.
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