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ABSTRACT: In this paper, wind-related disaster risk reduction activities in Thailand are
present. First, Development of DPT Standard 1311-50 for wind load and response of
buildings is present. The DPT Standard is financially supported by Department of Public
Works and Town & Country Planning. The new standard is more accurate than the building
code No.6 because it considers the wind speed zoning, surrounding terrain, building shapes,
and dynamic properties. Second, losses due to wind storms in Thailand are shown. Finally,
study of storm surge risk near Bangkok and vicinity is demonstrated.
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1.

INTRODUCTION

Although typhoon represents rare incident, Thailand experienced a number of wind disasters
from several tropical storms and one typhoon in the past 59 year’s history (1951-2009). After
the devastating cyclone and storm surge occurred in Myanmar in May 2008, wind-related
disaster risk reduction activities in Thailand become increasingly interesting. In this paper,
wind-related disaster risk reduction activities in Thailand are present. First, development of
DPT Standard 1311-50 for wind load and response of buildings is present. Then, losses due
to wind storm are introduced. Finally, study of storm surge risk near Bangkok and vicinity is
demonstrated.
2. DEVELOPMENT

OF DPT STANDARD 1311-50
CALCULATION AND RESPONSE OF BUILDINGS

FOR

WIND

LOAD

The wind load specified in the existing building code under the Building Control Act (BCA)
1979 is obsolete because it does not consider the terrain conditions and the typhoon influence
and then the wind pressures depend on only the height and apply the same value for whole
country. In addition, the code value is too low for very tall building, and for building in open
exposure, as well as buildings in the Southern part of Thailand which is prone to typhoon
attack [1, 2]. Therefore, the subcommittee on wind and earthquake effects on structures of
the Engineering Institute of Thailand published the wind loading standard for building design
in 2003 [3]. It considers the wind speed zoning, surrounding terrain, dynamic properties, and
building shapes. The standard is mainly based on the National Building Code of Canada
1995 [4].
However, the wind loading standard for building design in 2003 has been revised
again for up-to-date wind loading standard. At present, DPT standard 1311-50 (Fig. 1) for
wind loading calculation and response of buildings in Thailand is newly published by
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Department of Public Works and Town & Country Planning [5-6]. To develop the new wind
loading standard for building design, an evaluation and comparison of wind load and
responses for building among several codes/standards, and wind tunnel test for pressure
measurement and overall wind load were studied by Boonyapinyo et al. [5], among others.
The new development of DPT standard 1311-50 [6] is mainly based on NBCC-2005 [7],
partly on AIJ-2004 [8] for across-wind and torsional load and response, and partly on
ASCE7-05 [9] for wind load combination for rigid structures and ideal of wind load for lowrise building in table. The new development of DPT standard 1311-50 for wind loading
calculation and response of buildings over 2003 version includes the specified wind load and
response, reference wind speed map, natural frequency and damping of building, table for
design wind loads for main structures, secondary members and claddings for low-rise
buildings, wind tunnel test procedure, commentary, numerical examples, computer program
for calculation of wind load and response, and wind load on miscellaneous structures such as,
large billboards, cylinders, poles, structural member, two- and three-dimensional trusses. The
reference wind speed is based on the study of the wind climate in Thailand [5]. The wind
speed for the Southern Thailand reflects the influence of the rare event of the typhoons in the
region. The natural frequency and damping for building in Thailand are based on the
measurements of 50 buildings in Bangkok.
2.1 Wind load calculation procedure
Three different approaches for determining design wind loads on buildings and structures are
given in the standard as follows.
a. Simple procedure
The simple procedure is appropriate for use with the majority of wind loading applications,
including the structure and cladding of low and medium rise building and the cladding design
of high rise buildings. These are situations where the structure is relatively rigid. Thus,
dynamic actions of the wind do not require detailed knowledge of the dynamic properties of
the buildings and can be dealt with by equivalent static loads.

Figure 1. DPT standard 1311-50

Figure 2. Example of model in boundary-layer
long-wind tunnel of TU-AIT.

b. Detailed procedure

2

The detailed procedure is appropriated for buildings whose height is greater than 4 times their
minimum effective width or greater than 80 m and other buildings whose light weight, low
frequency and low damping properties make them susceptible to vibration
c. Wind tunnel test procedure
Wind tunnel testing is appropriate when more exact definition of dynamic response is needed
and for determining exterior pressure coefficients for cladding design on buildings whose
geometry deviates markedly from more common shapes for which information is already
available. Detail of wind tunnel test procedure is given in [5-6].
Figure 2 shows the boundary-layer long-wind tunnel that was jointly built by
Thammasat university (TU) and Asian Institute of Technology (AIT) at Thammasat
University. The test section is 2.5x2.5 m with 25.5 m in length. Wind speed is in the range of
0.5 to 20 m/s.
2.2 Specified external pressure or suction
The specified external pressure or suction due to wind on part or all of a surface of a building
shall be calculated from
p = IwqCeCgCp

(1)

where
p = the specified external pressure acting statically and in a direction normal to the
surface either as a pressure directed to wards the surface or as a suction directed
away from the surface,
Iw =importance factor for wind load, as provided in Table 1,
q = the reference velocity pressure,
Ce = the exposure factor,
Cg = the gust effect factor,
CP = the external pressure coefficient, averaged over the area of the surface
considered
The net wind load for the building as a whole shall be the algebraic difference of the
loads on the windward and the leeward surfaces, and in some cases may be calculated as the
sum of the products of the external pressures or suctions and the areas of the surfaces over
which they are averaged
2.3 Reference velocity pressure
The reference wind pressure, q, is determined from reference (or design) wind speed, V by
the following equation:
q (in kg/m 2 ) 

where

1    __ 2
 V
2 g 

(2)

 = air density = 1.25 kg/m3
g = acceleration due to gravity = 9.81 m/s2
V = design wind speed
V  V50 for serviceability limit state

3

V  TF  V50 for ultimate (strength) limit state

V50 = reference wind speed that is based on one-hour average wind speed at
10 m. in open terrain in 50-years return period. V50 and typhoon factor
( TF ) are shown in Table 1 and Figure 3.
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Figure 3. Reference wind speed zone for Thailand.
Table 1. Reference wind speeds and typhoon factor
Zone

Area

V50

TF

Zone 1
Zone 2
Zone 3
Zone 4 A
Zone 4 B

Central region
Lower part of Northern region and East west border region
Upper part of Northern region
East coast of Southern peninsula
Petchaburi and West coast of Southern peninsula

25
27
29
25
25

1.0
1.0
1.0
1.2
1.08

3. LOSSES DUE TO WIND STORMS
Losses due to strong winds in Thailand are associated with two types of storms, tropical
cyclone and non-tropical cyclone.
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Figure 4. Number of tropical cyclone pass through Thailand during 1951-1989
Meteorological Department)

Figure 5. Direction of tropical cyclone around Thailand

(Source: Thai

(Source: Thai Meteorological Department)

Although typhoon represents rare incident, Thailand experienced a number of wind
disasters from several tropical storms and one typhoon in the past 59 year’s history (19512009). From the record of Thai Meteorological Department (TMD), 177 tropical cyclones
have affected the country, among them there were one typhoon, 12 tropical storms and 164
tropical depressions. Figure 4 shows number of tropical cyclone pass through Thailand
during 1951-1989. Figure 5 shows direction of tropical cyclone around Thailand. Figure 6
shows the distribution of rate of occurrence by month of a year and average rate of
occurrence per year. Table 2 lists the significant storms. Some of the devastated events are
detailed as follows.
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Figure 6. Occurrence rate of tropical cyclone in Thailand (1951-2006) (Source: Thai Meteorological
Department)
Table 2. Significant storms in Thailand during 1951-2009
Date
22 /10/1952
25/10/1962

23/09/1964
03/09/1969
30/11/1970
05/12/1972
04/11/1989
30/08/1990
1990
17/08/1991
15/11/1992
04/11/1997
13/06/2004
02/10/2006
30/09/2009

Name
Vae
(5218)
Harriet
(6225)

Type
Tropical
storm
Tropical
storm

Origin
Pacific
Ocean
South
China Sea

Entrance
Trad (East)

Tilda
(6419)
Doris
(6910)
Ruth
(7026)
Sally
(7299)
Gay
(8929)
Becky
(9016)
Ira & Loa

Tropical
storm
Tropical
storm
Tropical
storm
Tropical
storm
Typhoon

Pacific
Ocean
South
China Sea
South
China Sea
South
China Sea
Thai Gulf

Nakhon Panom
(North-East)
Nakhon Panom
(North-East)
Surat Thani (South)

Tropical
storm
Tropical
depression
Tropical
storm
Tropical
storm
Tropical
storm
Tropical
storm
Tropical
storm
Tropical
storm

Pacific
Ocean

Nong Kai (NorthEast)

Fred
(9111)
Forrest
(9229)
Linda
(9728)
Chanthu
(0405)
Xangsane
(0615)
Ketsana

Nakhon Sri Thamarat
(South)

Effects
Several dead, some damage in
Bangkok
Wind speed of 93 Km/hr, storm surge,
12 provinces were affected, 935
deaths, 50,000 houses were damaged,
loss about 1320 M. Baht
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Surat Thani (South)
Chumporn (South)

602 deaths, 46,000 houses were
damaged, loss 11,739 M. Baht

38 Deaths, loss 7,326 M. Baht
Pacific
Ocean
Pacific
Ocean
South
China Sea
Pacific
Ocean
Pacific
Ocean
Pacific
Ocean

Nakhon Panom
(North-East)
Nakhon Sri Thamarat
(South)
Prachuab Kirikhan
(South)
Ubon Ratchatani
(North-East)
Ubon Ratchatani
(North-East)
Ubon Ratchatani
(North-East)

27 Deaths, loss 1,745 M. Baht
Loss 3,000 M. Baht
58 Deaths, loss 211 M. Baht
2 deaths, loss 74 M. Baht

(Source: Thai Meteorological Department and Department of Disaster Prevention and Mitigation)
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Figure 7. Tropical storm Linda track in 1997 (Source: Thai Meteorological Department)

The tropical cyclone Harriet was originate in the South China Sea as a topical
depression and became tropical storms on October 25, 1962, just off the east coast of
Thailand. It moved inland that night as a 93 km/hr tropical storm as shown in Figure 7, and
crossed into the Indian Ocean. During landfall its storm surge flooded the Laem Talumphuk
peninsula in Nakhon Si Thammarat Province and cause more than 900 fatalities with the loss
about 1320 million baht.

Figure 8. Typhoon Gay track in 1989 (speed in knots) [10]
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In 1989, Typhoon Gay which developed from a tropical depression in the Gulf of
Thailand had crashed into Chumporn. It is reported that Typhoon Gay has a one-minute
sustained surface wind speed of 100 knots (51.4 m/s.) as shown in Figure 8 [10], which
corresponding to a one-hour average speed of 41.1 m/s. Then it crossed the peninsular into
the Bay of Bengal with peak sustain winds of 140 kt (about 70 m/s) when it reached India. It
is unique because of its small size, intensity and point of origin. Generally, an occasional
tropical cyclone may move into the Gulf of Thailand from the South China Sea, but it is rare
for genesis and intensification to occur in the Gulf, a relatively small body of water
surrounded by land on three sides. At least 600 people were killed, more than 46,000 houses
were either totally or partially destroyed, many public buildings were damage, and a large
number of transmission line tower under construction were damaged.

Figure 9. Tropical storm Linda track in 1997 (Source: Thai Meteorological Department)

In 1997, tropical storm Linda as shown in Figure 9 had crashed into Prachuab
Kirikhan and caused 58 people death and loss of 211 M. Baht.
Although the devastated tropical cyclones have caused considerable disasters, it was
found that, however, almost all extreme winds in the country are caused by thunderstorms [1].
In general, thunderstorms are frequently occurred in the tropics than in higher latitudes. In
Thailand, the mean annual number of thunderstorm days is over 100 in most parts, where a
thunderstorm day is defined as an observation day during which thunder is heard at a station.
Thunderstorms may produce a strong downdraft from air mass reaching the ground, known as
microburst or macroburst depending on their size. Damages from the downdrafts are limited
in relatively small area due to its size, therefore, most of the time the losses are small
compared to the large-scale winds. However, due to more frequent occurrence, the
cumulative losses are significant. From the report of TMD, thunderstorms, sometime
associated with hails, damaged more than 3000 houses and killed 1 person during February to
April of 2005 [11], and damaged more than 4000 houses and killed 3 people during February
to April of 2006 [12].
Additionally, strong downdraft has been investigating as a cause of collapse of large
billboard in Bangkok and other urbanized areas as shown in Figure 10. A typical structure of
billboard is quite vulnerable to wind loads because it has large windward area and it always
be placed at several ten meters above ground. Recently, several cases of collapse of large
billboards due to strong wind have been reported with a number of injuries and deaths.
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Figure 10. Example of collapse of billboard.

0.2 – 1.0 m

1.0 – 3.0 m
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Figure 11. Level of storm surge if tropical storm Linda in 1997 crashes into Bangkok [13]

4. STUDY OF STORM SURGE RISK NEAR BANGKOK AND VICINITY
After the devastating cyclone and storm surge occurred in Myanmar in May 2008, study of
storm surge risk near Bangkok and vicinity becomes interesting and was done by Bangkok
Government Office [13]. If tropical storm Linda in 1997 as shown in Figure 9 crashes into
Bangkok, the simulation indicates that the level of storm surge is shown in Figure 11. The
results show that the shore area may have the storm surge height of 1-3 meter. The Bangkok
Government Office was also held the seminar on preparation for critical flood in Bangkok
and storm surge on 17 August 2008, and some proceedings were shown in Reference 13.

5. CONCLUSIONS
Wind-related disaster risk reduction activities in Thailand are present. First, Development of
DPT Standard 1311-50 for wind load and response of buildings is present. The DPT
Standard is financially supported by Department of Public Works and Town & Country
Planning. The new standard is more accurate than the building code No.6 because it
considers the wind speed zoning, surrounding terrain, building shapes, and dynamic
properties. Three different approaches for determining design wind loads on building are
given in the standard, namely, the simple procedure for low-rise building, the detailed
procedure for high-rise building, and wind-tunnel test procedure. The standard includes the
calculation of: (1) wind load of the main wind resistant system and cladding; (2) lateral
deflection; and (3) building motion in the along-wind and across-wind directions. Since the
new development of DPT standard 1311-50, wind load standard and wind load studies of
buildings and bridges by TU-AIT wind tunnel test have been increasingly interesting to Thai
engineers.
Although typhoon represents rare incident, Thailand experienced a number of wind
disasters from several tropical storms and one typhoon in the past 59 year’s history (19512009).
After the devastating cyclone and storm surge occurred in Myanmar in May 2008,
study of storm surge risk near Bangkok and vicinity becomes interesting and was done by
Bangkok Government Office. If tropical storm Linda in 1997 crashes into Bangkok, the
simulation results show that the shore area may have the storm surge height of 1-3 meter.
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