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Development of Estimation Method for Velocity Pressure
Exposure Coefficient of Buildings Based on Spatial Information
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ABSTRACT

Recent rapid urban expansion and crowding of various industrial facilities has affected
the features of a significant part of downtown area, resulting in areas having buildings
with a wide range of height and the foothills. To compute a velocity pressure exposure
coefficient, namely the design wind speed factor, this study defines ground surface
roughness by utilizing concentration analysis for the height of each building. After
obtaining spatial data by extracting a building layer from digital maps, the study area was
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partitioned for the concentration analysis and to allow investigation of the frequency
distribution of building heights. Concentration analysis by building height was determined
with the Variation—to—Means Ratio (VMR) and Poisson distribution analysis using a buildings
distribution chart, with statistical significance determined using Chi—square verification.
Applying geographic information systems (GIS) with the architectural information made it
possible to estimate a velocity pressure exposure coefficient factor more quantitatively and
objectively, by including geographic features, as compared to current methods. Thus, this
method is expected to eliminate inaccuracies that arise when building designers calculate the
velocity pressure exposure coefficient in subjective way, and to help increase the wind
resistance of buildings in a more logical and cost—effective way.

KEYWORDS : Velocity Pressure Exposure Coefficient, Surface Roughness, Density, Poisson
Distribution, Geographic Information System
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FIGURE 2. Classification method of mixed
surface roughness (Source: AIK, 2009)
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FIGURE 4. Steps to estimate the velocity
pressure exposure coefficient
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(b) Goejeon—dong, Daegu

FIGURE 6. Continued
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(a)Buildings lower than 3.5m (Chimsan—dong)

(b)Buildings 3.5m—30m (Chimsan—dong)

(c)Buildings higher than 30m (Chimsan—dong)

(d) Buildings lower than 3.5m (Goejeon—dong)

FIGURE 7. Check a building’ s heght of frequency distribution by each area

A%20] 5 & 43470010 w_re] 57} 240]
b2 debEE A5E0 Hrgke 18.0870)H,
=]

A 627.160)E2 A He]  vjgl
2

V== 92116 _ o) 65 3} 700] gL 2=
T 18.08
Stk olu VMRo] 11t} 28 Zf-ofl= EAk]
HgRoh 23 0 7hETE ek HE A
o] 7t fAket] deEEskr s ovst
t} 72fL} VMRO] 11Xt} A9 FAbo] Hfghu
o AR, AFES] 7R o] yERdtia
e & 4 Qo A¢x|9l 3.5m vgt A
52 v YAk 9SS ¥l & = QU
AH=E VMR #2 A4 Y58 HS5sH
of sh, & ATl st Jold )
B2l yolg x|y JlolAg ASE &8

3 BAA REE Ak A7
Vg Fobd 9F D AT g E 30 2

Ho]'

o] A T & Atk T 5 247) olv,
slgrele] Zle) gl B ol S8} ol

5]

wolr®, FikEe] 3.5m wvt HF=E

o] YA th3k Tl Al \? =124.1847, A+
= (10-D=EA 97t gtk AE7F 9du
x? =124.1847 >21.666 =4 FJFE P <

0.01 W=sliz gAMCE fFolohs &9l
ok ol HAbge] 35m vk A5E

i

rlo et

AF7Hde 7173t Uyska s oJulst
th 22 Wo g AP Haksy HHdEe]

A%z
Ho]

re

Fold WAL B4 Ayk= 3 360

ule} e,



42 Development of Estimation Method for Velocity Pressure Exposure Coefficient of Buildings Based on Spatial Information

TABLE 3. Verification of the frequency distribution and chi—square of the buildings lower
than 3.5m(Chimsan—dong)

Number of building o - g (0—-E)
in area E
0-9 13 0.0856 2.0539 58.3380
10-19 5 0.2104 5.0491 0.0005
20-29 2 0.2586 6.2061 2.8507
30-39 0 0.2119 5.0856 5.0856
40-49 1 0.1302 3.1255 1.4455
50-59 0 0.0640 1.5367 1.5367
60-69 1 0.0262 0.6296 0.2179
70-79 1 0.0092 0.2211 2.7436
80-89 0 0.0028 0.0679 0.0679
90-9 1 0.0008 0.0186 51.8983
Sum 24 0.9997 23.9941 124.1847

TABLE 4. Verification of the distribution and chi—square of building 3.5m—30m
(Chimsan—dong)

Number of building o - g (0—-E)
In area E
0-9 19 0.2425 5.8205 29.8426
10-19 2 0.3436 8.2457 4.7308
20-29 2 0.2434 5.8407 2.5056
30-39 1 0.1149 2.7581 1.1207
Sum 24 0.9444 22,665 38.0197

TABLE 5. Result of verify frequency distribution and chi—square of the buildings higher
than 30m(Chimsan—dong)

Number of buiding o - g (0—-E)
in area E
0 8 0.1011 2.4263 12.8034
1 1 0.2317 5.5604 3.7402
2 4 0.2655 6.3713 0.8825
3 4 0.2028 4.8669 0.1544
4 4 0.1162 2.7884 0.5265
5 1 0.0532 1.2780 0.0605
6 1 0.0203 0.4881 0.5368
7 1 0.0067 0.1598 4.4175
Sum 24 0.9975 23.9392 23.1218
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TABLE 6. Result of verify frequency distribution
3.5m(Goejeon—dong)

and chi—square of the buildings lower than

. O —E)
Number of building 0 PK) e (0,—-E)
in area E
0 6 0.1011 2.4263 5.2635
1 4 0.2317 5.5604 0.4379
2 5 0.2655 6.3713 0.2951
3 3 0.2028 4.8669 0.7162
4 3 0.1162 2.7884 0.0161
5 2 0.0532 1.2780 0.4079
6 1 0.0203 0.4881 0.5368
7 1 0.0067 0.1598 4.4175
Sum 24 0.9975 23.9392 12.091
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TABLE 7. Result of density by each building’ s height(Chimsan—dong)

Surface roughness Density and Height of building VMR X2
A Densely packed buildings higher than 30m Cluster Cluster
Densely packed buildings of 3.5m — 30m height
B or Densely packed buildings lower than 3.5m Cluster Cluster
C Scattered buildings lower than 3.5m Cluster Cluster
D) Flat area with no building or very few - -
TABLE 8. Result of density by each building” s height(Goejeon—dong)
Surface roughness Density and Height of building VMR 2
A Densely packed buildings higher than 30m Scatter Scatter
Densely packed buildings of 3.5m — 30m height
B or Densely packed buildings lower than 3.5m Scatter Scatter
C Scattered buildings lower than 3.5m Close Scatter
D

Flat area with no building or very few -

TABLE 9. Estimation of Velocity Pressure Exposure Coefficient by each building’ s height

(Chimsan—dong)

Story Height (m) Surface roughness K,

Roof 30 0.6756
6 25 0.6364
5 20 A 0.58
4 15 0.58
3 10 0.58
2 5 0.58

TABLE 10. Estimation of Velocity Pressure Exposure Coefficient by each building’ s height

(Goejeon—dong)

Story Height (m) Surface roughness K,
Roof 30 1.1826
6 25 1.150
5 20 o 1.1128
4 15 1.0658
3 10 1.0
2 5 1.0
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