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Wind-Speed Profiles in Tropical Cyclones

The understanding of wind
profiles related to wind climate
is required for sucesessfully
describing vertical wind-speed
profile. Recently, Tamura et al.
[1] made extensively a review
field data on vertical wind-speed
profiles in tropical cyclone (also

called hurricane or typhoon) winds, which are carried
out in past several decades. In this study, the wind
profile-characteristics were reviewed and discussed
separately for eye-wall winds and outer-vortex winds.
Main points are intruduced as below.

1. Vertical profile of wind speed near the Eye-wall

Above the sea, 331 profiles of lowest 3,000m had
obtained by GPS drop sondes from 15 hurricanes at
Atlantic, Eastern and Central Pacific during years of
1997-1999. These data were analyzed by Powell et al.
(2003) also Franklin et al. (2000) in which, all individual
profiles were composed for gathering mean boundary
layer (MBL) profile. The lower 200m of the profile
shows a logarithmic increase mean wind speed with
height, reaching a maximum at around 500-700m and
decrease above these levels. Power law expression of
these data shown well agreement with height up to
500m though power law exponenta is considerably
small (@ =0.077). Other interesting point is that
roughness lengths were decreased as if wind speeds
at 10m height (U,,) increasing over 40m/s, and this
point is complicated and does not accord with current
knowledge.

Above the land, only few observations had been
carried out successfully. A reliable measurement of
Typhoon Danas-2001 employed Doppler-radars was
done by Hayashida et al. (2002).
mean wind speed increased with height, reached its

Results shown the

maximum value at around 600m-700m, maintained

a constant value up to 1,100m, and then slightly

decreased with height up to 3,000m.

2. Vertical profile of wind speed in the outer vortex
region

PhD Candidate : Le Truong Giang
Director : Y.Tamura

Above the sea: the MBL obtained from more than
124 individual profiles in Outer-vortex region (320km
far from hurricanes center), was analyzed by Franklin
et al. (2000). This result shown the maximum wind
speed appears at higher levels than in the case of Eye-
wall winds (see Figure 1).

Above the land, as discussed in last section, only
several vertical profiles were obtained. Wilson
(1979) reported a profile of a decay tropical cyclone
Trixie-1975, in which the distance from tropical
cyclone center to observation site at the time of
measure is about 150km and the data were recorded
by anemometers mounted on tower of 400m height.
The result shown a tendency that the 10min- mean
wind speeds increasing with height even above 400
m height (top of tower). The logarithmic or power
law can be used to match the wind speed profile.
Recent observation of typhoon Utor-2001 at King' s
Park Meteorogical Station, Hong Kong by employing
Radiosonde ascent (Lau & Shun, 2002), shows the
wind speed reaching its maximum at about 2km the
decreasing. When the data of typhoon Utor-2001 were
obtained, typhoon Utor had weakened into a severe
tropical storm and made landfall at Guangdong about
200km from Hong Kong.

3. Comparison between Eye-wall wind and Outer-
vortex wind profiles

Comparison between the wind-speed profiles in
the Eye-wall and the Outer-vortex regions requires
simultaneous measurements in these two regions. A
interesting comparison were done by Franklin et al.
(2000), in which using wind speeds at 700mb level (equal
to 3,000m high) to normalize the wind-speed profile.
Wind profile data analyzed by Franklin et al. (2000)
and Powell et al. (2003) seem to be the same source
but dilerent in number of individual profiles. The wind
speed profile for the Eye-wall was compared with
those for the Outer-vortex regions within 320km of the
cyclone center as shown in Figure 1. The maximum
wind speed in the Outer-vortex region appears at a
somewhat higher elevation and is not as pronounced as
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Eye-wall Outer-vortex
(Powell et al., 2003)  (Franklin et al, 2000)
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C | | ]
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Figure 100 Mean wind-speed profiles (normalized by U,,
wind speed) for Eye-wall winds and Outer-vortex winds

that in the Eye-wall. It was interesting to remark that
below 500m there is no significant dillerence between
the wind-speed profiles in the Eye-wall and the Outer-
vortex regions.
4. Other studies on tropical cyclone wind profile

An extensive discussion of other published papers
relating to typhoon wind profiles, were also done by

Tamura et al. [1]. Unfortunately, in these papers,
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information on measurement time or position of
observation sites were not clear, so it was not sure
whether or not they related to Eye-wall winds. Hence,
conclusions from those studies were hard to state for
general feature of tropical cyclones.
5. Concluding remarks
Wind-speed profiles near the ground can be
approximated by logarithmic-law or power-law for both
in the Eye-wall region and the Outer-vortex region.
Above the sea, the average feature of the gradient
heights is basically around 500-700m for the Eye-wall
region and 900m or higher for the Outer-vortex region.
There is not enough evidence to conclude that there is
a very thin gradient height in tropical cyclone winds.
Below 500m, there is no significant difference
between the wind-speed profiles in the Eye-wall and
the Outer-vortex regions.
6. References
[1]Y.Tamura, L.T.Giang, S.Cao, and Matsui.M, Wind
speed Profiles in Tropical Cyclones, 3,4 Workshop
on Regional Harmonization of Wind Loading and
Wind Environmental Specifications in Asia-Pacific
Economies (3,; APEC-WW), November 2-3, 2006

Probabilistic Analysis of Wind Load Combination

for Low and Medium-Rise

The along-wind force C,
is mainly generated by the
approaching flow turbulence,
but the across-wind force C,
and torsional moment C,,; are
due to the fluctuations in vortex
shedding. So the correlation
between the across wind force

and torsional moment are significant. The probabilistic
study inferred that their combination properties
interms of joint probability, phase plane expression,
correlation coelcient, peak normal stress, combination
factor etc in this research. The directional influence

Buildings

PhD Candidate : S.Nadaraja Pillai
Director : Y.Tamura

with dilerent wind direction is also studied.
1. Joint probability analysis

The joint probability shows the percentile of
combined force and moment acting on the building, also
the shape shows the correlation characteristics shown
in Figure 1. The colors shows that the percentile of
combined distribution. Even though the peak values
obtained have less density, it is important to consider it.
2. Directional Influence

The correlation coefficient and absolute value
correlation for building model with wind different
direction is shown in the Figure 3 for a low-rise
building (LR275). This shows the effect of directional



December-2006

influence for the wind load combination. It shows that
for C, - C, the correlation increases from almost zero
and reaches its maximum value at around 50°. For the
combination it is important to consider the absolute
value correlation [2].
3. Simultaneous wind load

The simultaneous loads acting on the buildings are
calculated from 160 and 24 ten-minute samples for
low- and medium-rise building models, respectively. For
example, the maximum along-wind force (Cp,,.,) and the
simultaneously occurring across-wind force (C, (Cpmay))
and the torsional moment (C,,+(Cpmax) are considered
for the analysis. The results shows C,(Cprmax)/CpLmax
have increasing trend for the simultaneous values from
0° to 45°.
4. Peak normal stress and Combination factor

The peak normal stress calculated for the column of
the structural model shown in Figure 2. The results
for the peak normal stress and the combination
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factor are calculated for the each column. This shows

that the increase in value of peak normal stress and

combination factor increase with increase in wind

direction. It shows the importance of considering

the directional influence when considering wind load

combination.

5. References

[]Y. Tamura, H.Kikuchi, K.Hibi, Wind load
combinations and extreme pressure distributions on
low-rise buildings, Wind and Structures, 3 (4) (2000),
279-289.

[2] Y. Tamura, H.Kikuchi, K.Hibi, Quasi-static wind
load combinations for low- and middle-rise building,
JWEIA, 91 (2003) 1613-1625.
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