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Assessment of urban pedestrian wind environment derived from Large-Eddy Simulation
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The turbulent flow fields around various types of staggered building arrays derived from a previous large eddy
simulation were analyzed in order to clarify how the pedestrian wind environment is affected by urban geometry. The
pedestrian wind is characterized by spatial averaged mean flow in a region around each building with a width of 3
meters, which is further subdivided into 3 areas. Through the analysis, the followings findings were presented; 1) The
profiles of spatially averaged mean wind in 3 areas as well as in the whole pedestrian space are much different from
those for the whole area of streets, suggesting the possibility that an area-averaged wind of the whole canopy area is
not representative for estimating pedestrian wind environment. 2) Wind speed at the pedestrian level in each area can
be expressed by an exponential equation as functions of block aspect ratio and plan area ratio.
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Table 1. Simulation cases

case o A[%] L L, L,
ST0.3 44 0.33 444 9.0L 9.0L 4.0L
ST0.5 44 05 444 6.0L 6.0L 4.0L

ST1 4 44 95L 95L 4.0L
ST1 8 182 7.0L 7.0L 4.0L
ST1 16 10 16.0 5.0L 5.0L 4.0L
ST1 25 ' 250 4.0L 4.0L 4.0L
ST1 33 327 35L 35L 4.0L
ST1 44 444 3.0L 3.0L 4.0L
ST15 16 16.0 5.0L 5.0L 6.0L
ST15 33 15 327 35L 35L 6.0L
ST15 44 444 3.0L 3.0L 6.0L
ST3 16 30 16.0 5.0L 5.0L 121

Jp; plan area ratio, L, Ly, L; length of domain for x, y and z direction, L ;
standard length (= 25m), STa b (a : aspect ratio, b: plan area ratio)
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Fig.1 Ideal block roughness.
Each block is characterized by block aspect ratio, o (L=25m)
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Fig.2 Calculation Domain
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Fig.3 Relative dimension of pedestrian space varying with a building height
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Table 2. Relative dimension of a pedestrian space

Building stories wyh zh
10 0.1 0.05
5 02 01
2 05 0.25

Wj,: pedestrian space width, z,: pedestrian height, h: building height.
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Fig,5 Flow field (ST1_25)
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Fig. 6 Plan view of low field
To keep the graph easy to see, only calculation target for 10 stories case
is shown with white dash line.
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Fig 7. Wind speed profile (same block aspect ratio)
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Fig 8. Wind speed profile (same plan area ratio)

Lo a, b, c ITEETH 5. ABIEOMNTHER % W Chrh—
FRIZ LV RE L7z a b, ¢ D& B S A OR TR A
Table3 1”9, Fiz, TIHDONRT A= EHWZQRAIZ L5
JEGERELOHEREE & LES D7 MRUE & ol L 7= 54 Fig 9 177
7k, WEOMHEAVE L IEAEIHR, Wi ORED+20% & 72 Dk
BEEHRTENFIVRLTWA, £, 7oy hORREIIME
BT 5.

K PN AREE (Whole fE15Y), 35 X0 Front S8l CIE, £ oMk
ZRET DML ST Q) U X HHEEE L TR R TR < —
FHLTWA. Lo, Side, Behind EIE T, 28T T 28m &S (b
BICL->TT ey MUXLE R H Y HEEHEIME . 2T,

5% 27 BIBIERENFE L VRO L

B11-1
=10 =03
® o m =30 + o
A 0,=15 X 0p=05
Front Side Behind

il \ \

N N
L e

0 — T T

Vo/Van

0 20 40 60 800 20 40 60 80 0 20 40 60 80
M%)
Fig. 9 Local wind speed at pedestrian height

Solid line : eq(2), Vi, / Von = 2.5 %(Razak et al.)
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Fig. 10 Comparison of /1, between LES simulation and estimation
derived from eq. (2).
Color of plots represents building stories.
Doted lines indicate +20% error range from Y=X.

Table 3. Estimated coefficients included in eg.(2)

Vo /Van=cay®,”

location a b c R?

Whole 0.841 0543 120 0.929
front 0.749 0.352 0.677 0.890
side 0.620 0533 0.535 0.688

behind 0.671 0.137 0.222 0.745

p: pedestrian height [m], &, b: exponential indices for o, A, respectively,
¢: coefficient constant, R?: coefficient of determination of eq.(2).
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