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1 Introduction

In wind engineering practice, reasonable structure de-
sign is available, if directional characteristics of design
wind are considered. In this paper, using Monte-Carlo
technique, a formulation of directional variation of de-
sign wind speeds are shown.

2 Typhoon model
2.1 Outline

For Monte-Carlo simulations, calculation will amount

to be very huge. So an easy-to-calculate method is re-
quired for typhoon models as well as accuracy. The
model used here is similar to what researchers!)?%)4)
have used, while some modification were made on the
boundary layer model and calibration based on meteo-
rological data. The typhoon model consists of some
models described below (i.e. pressure and gradient
wind field, boundary layer and calibration).

2.2 Pressure and gradient wind field

The typhoon model employed here is a forward model
that calculates a wind field from a given pressure field.
Pressure field P(r) is expressed as Schloemer’s empir-
ical formula® in the cylindrical coordinate (r,8, z).

P(r) = Po + Dpe~(Ru/7), 1)

where Pc is the central pressure of typhoon, Dp is the
pressure difference between the central and ambient
pressure and Ry is the radius of maximum wind speed.
Including the function of P(r), gradient wind speed
Uq is evaluated by Meyers and Markin’s formula®,
expressed as
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where C, 0, are translation speed and direction, p is
the air density and f is the Coriolis parameter.

2.3 Typhoon boundary layer

In the boundary layer of the typhoon, vertical wind
speed profile (wind speed and direction, u(2),0(2)) is
affected by absolute vorticity that is given as a sum of
vorticity of a flow field and the planetary vorticity(i.e.
Coriolis parameter). The absolute vorticity is consid-

ered in boundary layer model was proposed by Meng,
et. al?).

u(z) =
0(z) =

ug(z/26)™; (3)
06 +0s(1.0 — 0.4%)“, )

where ug,fg are gradient wind speed and direction,
a, is the exponent index, zg is the gradient height
that is affected by absolute vorticity. The power law
index a, is given as a function of directional roughness
length z7).

2.4 Calibration

The models described above are assumed with uni-
form roughness and plane topography. In the prac-
tice, however, there are variations of roughness and
topography. Considering the variation of roughness,
directional roughness length is decided according to
the directional surface appearance.

Wind directions and speeds are also affected by to-
pography. For the effect of topography, a modified
calibration technique is used, that was originally used
by Gumley and Wood®) for evaluation of wind speed
and direction considering the relation between records
of target and reference. In the modified procedure,
gradient wind speeds and directions from the typhoon
model are regarded as reference.

3 Maximum wind speed and
Monte-Carlo simulation

. Design wind speeds are decided based on their return

period. The return period Ty is defined as a simple re-

— 349 —



lation with non-exceeding probability Fy(v) of annual
maximum wind speed v as,

Tr={1-Fy(v)}™’ (5)

So, evaluation of annual maximum wind speed and
its probability distribution is the main subject of this
study.

3.1 The maximum wind speeds during
typhoons

To evaluate the maximum wind speed during ty-
phoons, a procedure was proposed by Mataui et.al?).
In the procedure the maximum wind speed is evaluated
as not a value but a probability distribution function
(PDF) Fr, which expressed as

FT=HF5: (6)

where F; is a probability distribution function where
each observed wind speed in time series would be ex-

pected. Equation (6) is a strict form of the extreme

distribution in case wind speeds fluctuations are ex-
pressed with probability distributions. The mean of
the distribution is given by equation (3) and the stan-
dard deviation is decided considering fluctuations ex-
isting in a full-scale observation according to its aver-
aging time.

Unless using the probabilistic evaluation, underes-
timation will occur, while the model would evaluate
blunt characteristics of wind speed time series. This
is because the wind speed evaluated by macroscopic
models (equation (1)-(4)) does not include fluctuations
existing in a full-scale observation.

3.2 A formulation for directional char-
acteristics of wind speed

The following assumes the independence of fluctua-
tions between wind speeds and directions.

Non-exceeding probability of maximum wind speed
during a typhoon in each directional sector Fr,x is ex-
pressed as,

Fry =[] F*, (7

where k is index of the directional sectior (e.g. N,
NNE,..) and

Wk = 1'
0!
' ®)

Supposing full-scale record of wind direction, there
exist random fluctuations (e.g. unstationality of wind
direction). Taking this fluctuation into account, the
expression of equation (8) will be modified as follows.

if calculated wind directions are
in the interested directional sector k
otherwise

™

Wi(8;) = [ D(0 —6;)Ex(6)d6 9)

-

where D(0) is the probability density function of wind
direction whose mean value is given as the calculated
wind direction. Eg(f) is a window function that is 1
in the directional sector k. Standard deviation of the
distribution will be discussed later. The treatment and
effects of some errors on analysis will be a.lso discussed
there.

3.3  Evaluation of probability distribu-
tion in Monte-Carlo simulation

In order to evaluate of probability, Monte-Carlo tech-
nique is often used. In the post process of most hurri-
cane simulation techniques a straight-forward plotting
procedure was often used (e.g. Hazen plot, Gumbel
plot, etc.) based on order statistics. In such ordi-
nary plotting procedures, it is hard to incorporate the
evaluated PDF Fr shown in the previous section. An
evaluation, therefore, is proposed as shown below.

Theoretically the evaluated value in the Monte-Carlo
simulation is

Fa(u) = /n Fu>VIQ)f(@)d2,  (10)

where £2 = {Dp, Ry, C,01,m, Tmin,Omin} are proba-
bilistic typhoon parameters concerning its depth Dp,
size Ry, translation(speed & direction) C,8r and oc-
currence (number & position) m, Tmin,Omin. F(u >
V|£2) is the conditional probability of maximum wind
speed being less than u with £2.

In the simulation, this equation is eva.lua.ted as dis-
crete expression,

Nr m; |
Fa(u) ~ NLT > {Hi,!FT(“)} ) (11)

i=l \(Il=1

where Nt is the simulation year, ; Fr(u) is the cu-
mulate distribution function of the /-th typhoon max-
imum wind speed in the i-th year. ; ;Fr(u) is given by
equation (7).

4 Numerical results

4.1 Configurations of the site and cal-
culation

Chiba meteorological station is chosen to analysis. Lo-
cation of the station is shown in Figure 1. Surface
condition around the station is varied from seacoast
(in the south) to urban(in the north).

Table 1 shows roughness length parameter z; in each
of 16 directional sectors. These values were optimized
so that wind speed had been evaluated fairly well while
wind direction had systematic errors. The directional
error was corrected by means of the calibration method
mentioned above.  Comparing the observed record
and calculation of the typhoon model, on the wind
speeds, the residue of them are 2.6m/s in root mean
square. On wind directions, differences are almost
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within two directional sectors. Figure 2 shows wind
speed and direction of typhoon No.9019. In the figures
observed and calculated values are indicated for com-
parison. Wind speeds and directions of macroscopic
models do not include random fluctuations existing in
full-scale observation, while these values of macro mod-
els have good agreement in the sense of longer time
scales. Kurihara!®? who had studied wind field of a
hurricane numerically concluded that spatial variation
of wind speed field due to hurricane is 2-3 m/s.

Figure 1: Chiba meteorological station

Table 1: Directional roughness length around Chiba
station

wind direc. | NNE | NE | ENE | B
zo (m) 3 3 3 1
wind direc. | ESE | SE | SSE S
zp (m) 0.3 0.3 0.3 1
wind direc. | SSW | SW | WSW | W

2o (m) 0.1 01| 01 |o01
wind direc. | WNW | NW | NNW | N
4] {I'I'l) 1 3 5] 3

These values were optimized to evaluate wind speeds well, but
were almost the same as ones from site’s directional surface
appearance.

ay in equation (3) is given as function of zg as?),

o = 0.27 + 0.091og 2o + 0.018(log 20)? + 0.0016(log 20)°.

Wind Direction (deg )
g

©
-4

-
“we

] e i | 1
TLoT [} I
TIT 1~
20 H .
g z
1 T odoremm | L
g 15 2 =1 a:g:
E 37 R
10 |
L T0L9 at Chiba
T meteorological station
0 1 1 [ 1 1 e r '
4 5 6 1 8 9 10 11 g -
Time (hoar) +20 Sept. 0:00 time = 1990920400

(a) Calculated result and 10min.-avr. records  (b) Observes records

Figure 2: Time history of wind (T9019, obs. and cal.)

To clarify the directional effects of wind speed, fluc-
tuation and uncertainty, four cases in Table 2 are cal-
culated. In every case fluctuation in wind speeds is
considered. Wind directionality is not considered in
the first case but considered in the second and third
case. Fluctuation of wind direction is not considered
in the second case but considered in the third case.

Table 2: Conditions of calculations

directional directional directional
case . . .
windspeed fluctuation uncertainty
1 ignore ignore ignore
2 consider ignore ignore
3 consider consider ignore
4 consider consider consider

From the comparison of observation and calcula-
tion from macro-model, the fluctuations are modeled
as normal distributions whose standard deviations are
2.6 m/s and 10 degree for wind speed and wind direc-
tion, respectively. These values are for the present and
should be studied farther for details in future.

4.2 Comparison of the results and dis-
cussion

Figure 3 shows 100 year wind speeds for the cases in
Table 2. :

4.2.1 Comparison between directional wind
speed and non-directional wind speed

In the case 2, the wind speed is largest along the S di-
rection while smallest along N. They are 0.89 and 0.47
of the non-directional wind speed(case-1). Directional
wind speeds are varied in these directions, but never
exceed non-directional wind speed.

4.2.2 Effects of the fluctuation on wind direc-
tion

Considering the fluctuation of wind direction, we ex-
pect some smoothing effect such that values of rela-
tively small wind speed directions would be large and
those of relatively large wind speed direction would be
small. But as a result, comparing case 2 and 3, in most
wind directions wind speeds are increased by consider-
ing the wind’s directional fluctuation.

4.2.3 Considering uncertainties in the evalua-
tion of directional wind speeds

Uncertainties including statistical uncertainty (e.g.
sampling error), modeling uncertainty and measure-
ment error should be considered in the design practice.

These uncertainties are modeled considering two
general situations: the maximum uncertain situation,
where wind speed is used regardless of its direction,
and minimum uncertain (certain), where wind direc-
tion is evaluated definitely. Taking these situations
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into account, a directional wind speed evaluation is
formulated as the width of the window function Ey(6)
in equation (9). Relations of D(6), Ex(6) and Wi (6)
are illustrated schematically in figures 4 (a) and (b).
In case 4 the width of the window function is set £30
degree, while that for the other cases is £11.25 de-
gree. Comparing with case 3, wind speed of case 4 is
increased in every wind direction.

Figure 3: Directional wind speeds of 100-year period
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(b) Uncertainty of wind direction E, (@)

Figure 4: Probability density function of fluctuating
wind direction, D(6), and window function of uncer-
tainty, Ei(6)

5 Concluding remarks

In Monte-Carlo simulation of a typhoon model, wind
direction fluctuation was considered as well as wind
speed fluctuation.

‘e Assuming the independence of fluctuations be-
tween wind speed and direction, a formulation was
shown.

o Effects of physical wind directional fluctuation
and wind direction uncertainty were indicated as

a little increase of wind speeds for long time (100-
year) recurrence wind speeds.
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