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Wind Protection on the Housing Estate in Hokkaido

         - Mode} Test iit Wind Tuitnel -

Hidenori Takahashi"
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 Summary

  The effects of windbreaks as a means of wind protection on a housing

estate were iBvestigated usiRg models in a wind tunnel. The results indi-

cated that the wiRdbreaks vJere highly usefull to protect buildings from

high ve}ocity winds in the housing estate. But somewhat stronger winds

were observed iR several regioRs such as flats broad exposed without wind

pro£ection, especially along main highways ,laid out in parallel to the pre-
vailing wind direction and along the sides especially in the leeward areas

of tall buildings and structures.

                        Introduction

  One of the important elements that must be considered at all Ievels of

planning of housing estates is extreme climatic coRditioRs. The problems

of high velocity winds blowing over sand dune and into a township have

been coRsidered by BitaR (1977) iR the planRing of Di-Zahav, Israel. WiRd-

breaks and shelterhedges are knowB to be usefull to protect detached hou-

ses from strong and cold winds (Yazawa, 1953; Caborn, 1965).

  In the present study ShiRoro was selected as a study site. Shinoro dist-

rict is located 12 km north of the center of Sapporo City and is ,adjacent

to Ishikari Towp. Distinctive climatic features of Shinoro are the high

veiocity winds from Ishikari Bay in winter and from the Pacific Ocean iB

the spring season. IR particular, the strong wiRds iR winter are accompanied
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with blowing sRow. Strong wind reduces effective temperature and increas-

es the chill factor felt by pedestrains on the street Blowing snow obscures

vision and makes everyday }ife hazardous. TransportatioR and communi-

cations are often disrupted by the effects of strong wind aRd blowing snow.

  An extensive wiRdbreak system was included in the planning as a pre-

ventative measttre against the effects of extreme climate, strong wiRds and

blowing snow, in the Shinoro Housing Estate by the Japan Housing Corpo-

ration. A windbreak system is a new method to modify the extreme climate

in a housing estate. The effeets of windbreaks on modification of climatic

enviroRmentin a housing estate have not been clarified in spite of the

various reports on windbreaks.

  In this paper, optimum intervals of windbreaks and adequate arrangement

of buildings in the windbreak system were investigated usiRg models of

Shinoro IEIousing Estate in a wind tunnel.

    Outline of Shinoro Housing Estate and climatic background

  Shinoro Housing Estate is 394 ha in area, about 2.5 krn in length from

east to west aBd with a width of abottt l.7 km. The boundaries to the east

and the north ofShinoro Housing Estate lie along the Ishikari R. aBd
Barato R. respectively. The region lies on a flat plain coRsisting of alluvial

lshikari Bay
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F'ig.1. Location of ShiRoro Housing Estate.
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soil originating in floods of Ishikari R.. Mean gradient o{ groud from sou-

th to north at the region is smaller than 2 %. Various types of bRildings

aRd structures are beiRg planned for construction in Shinoro Housing Es-

tate sttch as detached houses (8 m in height), low densities (7 m in height),

flats (l5 m iR height), high rise flats (35 m in height), town centers (35m

in height), schools <13 m in height), railway stations (7 m in height) and

windbreaks (l5 ip in height).

 Two types of windbreaks which dif'fer in width are used in this plan. The

wider oRe is 20 m in width and the other is 10 m in width. Porosity of

these windbreaks is about 40 96. Intervals oi' wiRdbreaks are about 275 m.

  Fig. 3 shows the annual changes of wind velocity at the Ishikari Agri-

cultural Station located about 9 km north of the Shinoro Housing Estate

and the Sapporo District Meteoroiogical Observatory located 12 km south

of the housing estate. The wind velocity at Ishikar"s higk in winter espe-

cially from November to February. But at Sapporo, wind velocity is lower

in winter th'an in spring. Patterns of tke aRnual change of wind speed at

Sh･inoro Housing Estate were assumed te beroughiysimilartothat atlshi-

kari Agricultural Meteoroiogical Station. Because the regin of.Shinoro

Housing Estate is topographically more similar to Ishikari than Sapporo.

  High winds in winter blow at Shinoro when the synoptic pressure pattern

develops to the typical west-high / east-Iow pressure pattem. The prevailing

direction of wiRd over Hokkaido is northwesterlyin winter(Maejima, 1954).

But at Ishikari, the privailing wind blows frorr} west northwest. This is a

result of topographicai influence. A west northwest wind was seiected as

the privailing wind in this model test.
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Fig. 3. Annual changes of wind speed at Ishikari and Sapporo.
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                    rig. 4. Wind roses of Ishikari.

  Blowing snow occurs under the following conditions. Wind speed at 1.0

m height is larger than 5 rn/sec oR a new snow cover aRd larger than 10

m/sec'onla snow cover without a cover of new snow(Kobayashi et al.,1975).

 At Ishikari, strong wiRds higher than 5 m/sec blows frequeRtly in win-

ter. This indicates that high velocity win,ds and blowing snow are often det-

rimental to the living environment at Shinoro Housing Estate.

                         Method$

a. Wind tultnel

  Experiments were conducted iR a low-speed wind tunRel of open circuit

type. This wind tuRnel is about 550 cm in length and l70 cm by 170 crn

at its cross section, w'ith a flow regulator at tke inlet bell mouth. This wind

tuRnel calt generate wind speed ranging frorn 50 to abottt 500 cm/sec. A

hot wire anemometer was used to measure wiRd speed in the wind tunnel.

The hot wire consists of a fiRe tungsten wire. The wire is O.5 micron in dia-

meter and 2 mm in leRgth, The wire was set perpendicular to the air flow

and parallel to the floor of the wind tunnel. ･Thus some amount of error in

windspeedmayoccurbychangingofthewinddirection. WiRd speed
was measured at a height of 0.5 cm. Standard wind speed in this test was

at a distance of 60 cm windward of model housing estate .The wind speed

in the housillg estate was indicated by the rate of the standard speed.
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                Fjg. 5. Experimenta3 arrangement in wind tunnel.

b. Model of housing estate

  A reduced scale of the model housing estate is 1/1000. Dimension,shape

and material of the model bttildings and model windbreal<s are shown in

Table 1. The test was carried out using three separate models of housing

estate as follows.

  Model A : without wiRdbreak
  Model B : with wiRdbreaks at iRtervals of 275 m

  Model C : with windbreaks at interva}s of 550 m

c. Similarity laws

  Similitude between Ratural wind in the atrnosphere and model wind in a

wind tRnnel was approximately expressed by the fo}lowing relations pro-

posed by Inoue (1952) and Nemoto (1961 a) for wind profile in the surface

air layer under the limiting conditions that the molecular viscosity may be

neglected and variatien of the hydrostatic pressure, the Coriolis force and

the effect of thermal stratification of the air layer are not taken into accoullt.

where L. and L. are the representative scale, UM ar}d U. are represeR-

tative wiRd speed iR model flow aRd natural flow, respectively.

  Nemoto (1961 b) successful}y applied the above two laws to the Ratural

air flow atEnoshimaLight-hottseTower and model air flow with a 1/600

reduced scale model. Yokota et al (1972) applied the above two laws to

model test of windbreaks with a 1/1000 reduced scale on the field, and

obtained approximately the same pEy£tern of wind speed distribution around
model windbreaks as that around natural windbreaks. It thus appears that

the wiRd speed distributioRs in the housing estate obeained in this model

may be applied to the actual housing estate.



Table
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1. Dimension, shape and material of the model buildings and model windbreaks.

Building Shapeanddirnension(mrn) Material

Highriseflats
TH

H==35.0

W=30.0 Wood

-(-W>f N..tL, L=30.0

L H=15.0}
Flats HW=13.0T

Wood

-s=TWl):,L.--･ L==45.e-70.0

L LH=:7.o
Lowdensity HrW-13.o Wood

-.--cr/

WJ)Y L=45.0

mh/-/Wk H=8.0
Detachedhouse .7-' Himi-m W=8.0 Wood

L:8.0

Towncenter TH
--K"ilxW--25.0 Wood

L
.nvLmmH==l3.o

H
Schooi W=20.0T

Wood

FwH
./IHf'K-zo-K

Kindergarten Wood
-"`CS-..

Wx.>- LLx20.0

H=7.0
±Railwaystation N -fW=30.0 Wood

TFw- L=60.0,100.0

xLH=:ls.O
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Windbreak
t/t
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'' 'fit' l"

'

lt rWx20.o,lo.o Vinylnet
: '

x /

ytK



82 Environmenta} Science, Hokkaido No.2(1979)

                     Results and Discus$ions

a. Profile of wind speed in the wind t"nRel

  Vertical profile of wind speed iR the wind tuRne} obeyed the logarithmic

law (Fig. 6).IRoughnesslength Z,. obtained from the wiBd speed profile

was O.OO08 cm in this wind tunRel. Corresponding roughRess length was

O.8 cm calculated from eq. (1) aRd above value of ZoM

  West northwest to the windward of Shinoro Housing Estate is an open

flat field up to about 3 km to the windward. Roughness length for vafious

surfaces have been given by DeacoR (1949) showR as Table 2. Correspond-

ing roughness length ZoN is somewhat larger than that of the snow cover.

It is considered thatsuch asdifference of rougkness length does not greatly

influence the results of this model test.

Table 2.RoughnessIengthofvarious
surfaces,

Ground surface

Downland (surrimer)

Downland (winter)

Mown grass
   (length 3 cm)

Mown grass
   (length 1.5 cm)

Natural snow

   surface

Smooth mud flats

Roughness
length (cm)

2.0-4.0

L O- 2. 0
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  O. 1
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                      Fig.6,

d speed distribution to the Iee

wiRd speed distributions toward

model windbreak are showR in
undisturbed wind speed

o

Zo=O.OO08

b. Win

  The
of tke

by the

             Wind speed (mfsec)

      Vertical profile of wind speed in the wind tunneL

     and windward of model breaks

        the wiRdward and leeward sides
      Fig. 7. Wind speed was normalized

measured at 10 H wiRdward (H being the
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height of the windbreak). The pattern of wind speed distribution on the
lee I/and windwara side of the model windbreak was similar to that of a

windbreak with a porosity 40 % measured by Smariko (1963) in the field.

Very strong wiBds, larger than 70 % in wind speed ratio, were observecl at

the area removed further than 20 H in the model test Strong winds, bet-

ween 50-70 % iR wind speed ratio, were observed between l3 H and 20 H.

The weak wind area and calm area, 30-50 % and smaller than 30 96 in
wind speed ratio respectively, were obtained in the region nearer than

13 H.

   1.0

"Elil

x
ca O,5

e
)-

     o

             Distancefrornwindbreak x/H
        palg. 7 . Wind speed distributions on the lee and windward side of windbreaks.

c. Wind speed distributioR iR Shinoro }Iousing Estate

(j) Test on model A of the housing estate

  StroRg winds and very stroRg winds blow at the major part of the hou-

sing estate as shown in Fig. 8. Particularly, winds at A-1 region shown iR

Fig. 8 are very strong. Thus heavy blowing snow is presumed to arise
there. Wind speed is strong also at A-2 region,but notso strong as atA-

1 region. The fac.t indicates that the effect on reduction of wind speed by

detached houses themselves is larger thaR that by flats themselves which

have east-west ridges. The wind becomes weak as the distance recedes
further away from the western part (A-2 region) to eastern part (A-3, A-4

regions) of the housing estate.

'N. NU'
× .

×u Porosity
(Smariko,1963)
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.N'x.'bk..m!1 Z'[ZModel
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(il) Test on model B of the housing estate

  Over most of the area of the housiRg estate with windbreaks of 275 m

interval, the wiRd speed was reduced to lower than 50 % in wind speed

ratio. But some stroRg wind regions were observedpartially iR the model

B housing estate as follows.

  In the B-1 reglon, a stroRg wind blew because the direction of wind-

break windward of the regioR was Rot rectaRgular to the windbreak and the

buildings in the region were the flats with east-west ridges. In tke B-3 re-

gioll, the wind became partially strong becattse the distance from the wind-

ward windbreaks were more than 275 m in this region. Very strong winds

entered along the main highways into the housing estate (B-2 region).

  Wind blowing betweerr two buildings was accelerrated with the conver-

gence of those two buildings (B-4, B-6 regions). To the side and }ee-
ward area of the tali buildings, the windspeed was accelerated, and the tur-

bulence was increased (B-7, B-8 regions). Those phenomena are the so-

called "Monroe Effectx.
                   N( llD Test on model C of the housiRg estate

  In the model C housing estate with windbreaks of 550 m interval, the

strong wind area was enlarged, for example, at C-1, C-2, C-3 and C-4

regions. These regions were on the leeward area of the removed wind-
breaks. Those factindicated that the suflicieitt effects of windbreaks for

the protectioR against stroRg winds and blowing snow may Rot be expected

in the model C housing estate.

                           Conclu$ion

  Windbreaks are highly usefull for protect agaiRst strong winds in a hou-

sing estate in winter. It is necessary to provide protectiolt agaiRst stroRg

winds fer maintenance of cornfortable living eRvironrnent in a housing es-

tate.

  Effects of wind protection of windbreaks in model B (interval of wiRd-

breaks were 275 m) were larger than that iR model C (lnterval of wind-

breaks were 550 m). But somewhat stronger winds were observed at seve-

ral regions such as the region of flats with insiiMcient wind protection, the

main road parallel to the prevailing wind direction and the side and

leeward regions of tall buildings. Some suitable measures should be con-

sidered for such stroRg wind areas in next detailed plans.

  In the plaRning of housing estates and industrial centers, such extreme

climatic eonditions as strong wind or blowing snow in wiRter should be

studied with a model in a wind tunne}.
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Photo 1. Blowing snow in Hokkaido.

k.>

Photo 2. Model test in a wind tunnel.
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