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Estimating Method of Surface Roughness Using
Geographic Information
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ABSTRACT

Rapid urban expansion and densification of the various industrial facilities affect the
changes of topography and building in urban areas. Even if buildings proceed with high
rise, they get mixed with low—rise buildings such as houses and industrial parks that
have existed in the area. This may confuse the designer in estimating a surface
roughness, an important factor in calculating the design wind velocity of building. This
study analyzed the surface roughness by using a geographic information. Referring to the
criteria of each country’ s building code, this study proposed a method to distinguish the
surface roughness depending on the height of the surrounding buildings where the design
building is located and calculated the surface roughness using 1:5000 topographic map
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2 Estimating Method of Surface Roughness Using Geographic Information

and GIS. It is expected to solve problems that an existing designer calculates the surface

roughness in a subjective manner and to help to design more rational buildings resistant

to wind.

KEYWORDS : Design Wind Speed. Velocity Pressure Exposure Coefficient, Surface

Roughness, GIS
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TABLE 1. Terrain categories (Korea, KBC 2009)

Surface roughness

Ground surface roughness of surrounding

A Large city centers with numerous closely spaced building having height larger then 10th stories

B Urban area with numerous closely spaced obstructions having the size of single—family
dwellings of 3.5m

C Open terrain with scattered obstructions having heights of 1.5m~10m

B) Sea or open area with scattered obstructions having heights generally less than 1.5m

TABLE 2. Terrain categories (Europe, Euro—code)

Surface roughness

Ground surface roughness of surrounding

Area in which at least 15 % of the surface is covered with buildings and their average height

A
exceeds 15m

B Area with regular cover of vegetation or buildings or with isolated obstacles with separations of
maximum 20m obstacle heights

C Area with low vegetation such as grass and isolated obstacles(trees, buildings) with
separations of at least 20 obstacle heights

D Lakes or flat and horizontal area with negligible vegetation and without obstacles

E Sea or coastal area exposed to the open sea

TABLE 3. Terrain categories (USA, ASCE 7-98)

Surface roughness

Ground surface roughness of surrounding

A Large city centers with at least 50% of the buildings having a height in excess of 21.3m

Urban and suburban area, wooded area, or other terrain with numerous closely spaced
obstructions having the size of single—family dwellings

B
C Open terrain with scattered obstructions having heights generally less than 9.1m
D Flat, unobstructed areas exposed ton wind flowing over open water

TABLE 4. Terrain categories (Japan, AlJ)

Surface roughness

Ground surface roughness of surrounding

A Urban area with numerous closely spaced building having height larger then 10th stories

B Open terrain with scattered building having height from 4 to 9 stories.

C Forests, Open terrain with scattered building having height from 4 to 9 stories.

D Grasslands or Flat area with scattered low—rise buildings

E Flat area, unobstructed area like sea
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Wind

Surface
Roughness D

Surface

Roughness B
The smaller value
of 40H and 3km

Surface roughness D
for this wind direction

FIGURE 1. Classification of mixed surface roughness

TABLE 5. Terrain categories according to building height

Surface roughness Ground surface roughness of surrounding
A Area with buildings greater than 30m height
B Area with buildings of 3m~30m height
C Area with buildings of 0.5m~3m height
D Area with buildings less than 0.5m height
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C Start D)

¥
Creation of outer point of building in
the digital topographic map
¥

Creation of outer point and elevation
Point of building

'
Creation of building DTM

i

Division of surface roughnesses depending on
lattice height of building DTM

i

Estimation of surface roughness

¥

( End )

FIGURE 2. Steps to estimating
surface roughness
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| Elevation
‘H High : 126

Low:0

FIGURE 5. Process of building DTM
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FIGURE 6. Classification of surface roughness according to building height
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TABLE 6. Surface roughness result of Chimsan—dong (%)

E SE S W NW N NE
A 0.47 8.68 28.85 0.29 0 0.18 5.49
B 76.76 70.41 60.19 95.26 70.91 34.12 41.75
C 10.53 9.63 7.83 2.97 6.77 8.95 14.97
D 12.24 11.28 313 1.49 22.33 56.75 31.80
Value B B B B B D B
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TABLE 7. Surface roughness result of Goejeon—dong (%)
E SE S SW W NW N NE
A 0.00 0.00 0.00 0.00 2.80 12.47 12.79 1.02
B 8.87 11.09 6.94 2.89 22.03 75.63 78.45 37.78
C 53.80 40.01 36.41 30.67 25.70 11.02 8.18 39.36
D 37.33 48.89 56.64 66.45 49.47 0.88 0.58 21.84
Value C C D D D B B C

a. Chimsan—dong North
(mountain and river)

b. Chimsan—dong West
(mountain and urban)

c. Goejeon—dong North
(urban)

d. Goejeon—dong East
(farm and flat land )

FIGURE 7. Comparison of surface roughness result with Satellite photos
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