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Study on the applicability of the relationship between frontal area index and mean wind velocity
at pedestrian-level in simplified urban blocks to real urban districts
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LES was applied to flow fields in 14 types of simplified urban blocks by systematically changing the frontal area index
and non-uniformity of building height, and in 13 real urban districts with different frontal area index in Sendai, Japan.
Based on these results, the applicability of the relationship between the frontal area index and horizontal averaged
effective speed at pedestrian-level derived from the results of simplified urban blocks to real urban districts was
examined. Then, the contribution of each component of normal stress that composes mean kinetic energy and turbulent

kinetic energy on effective speed was investigated.
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Plan area index

Ap =Xa; /A

Frontal area index

Af=2bi/A

Averaged aspect ratio

ay =g/
=Xbi/Xa

a;: each plan area of buildings within a unit,
bi: each frontal area of buildings facing the wind direction of approaching flow
within a unit,
A: plan area of unit.
Fig.1 Plan area index, frontal area index and aspect ratio
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Table 1 Computed cases (simplified urban blocks)

Case %] | Building height Domain size(X; XXpX%3)
S11 11 H(uniform) 12.8Hx12 8Hx10.0H
S-17 17 H(uniform) 9.6Hx9.6Hx10.0H
S-25 25 H(uniform) 8.0Hx8.0Hx10.0H
S-35 35 H(uniform) 6.7Hx6.7Hx10.0H
S-44 44 H(uniform) 6.0Hx6.0Hx10.0H
S-57 57 H(uniform) 5.3Hx5.3Hx10.0H
S-25-3types 25 0.5H, H, 1.5H 8.0Hx8.0Hx10.0H
S-35-3types 35 0.5H,H, 1.5H 6.7Hx6.7Hx10.0H
S-57-3types 57 0.5H,H, 1.5H 5.3Hx5.3Hx10.0H

Table 2 Computed cases (real urban districts)

Case LCZ class M%) | A[%] | Average | Normalized
building standard
height deviation of
building
height
R-2-40 | LCZ2 40 34 17m 053
R-2-42 | Compact mid-rise 42 34 21m 0.57
R-24-75 | LCZ2, 75 37 50m 0.78
Compact mid-rise
+Open high-rise
R-3-9 LCZ3 9 26 6m 0.83
R-3-12 | Compact low-rise 12 26 4m 0.50
R-4,-41 | LCZ4, 41 36 33m 0.79
Open high-rise
+Compact mid-rise
R-55-8 LCZ54 8 16 10m 0.70
R-55-10 | Open mid-rise 10 24 10m 0.50
R-5¢16 | +Open low-rise 16 27 13m 0.62
R-5¢-18 18 26 11m 091
R-8-11 LCZ8 11 32 8m 0.63
R-8-12 | Largelow-rise 12 31 8m 0.63
R-8-14 14 32 9m 0.89
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Boundary conditions Approach by Wemerand | Spalding’s low
atbuilding surfaces Wengle®™®
and ground

Copyright © 2019 by JSFM




4. fEATHER
41 AESTEBIIZEIT D Ved & DEEE

Fig. 4 |2 4 LB TER SITRIT D Ve & OBIRE R T, £ &
EN—FETH DX ET L ORERE P o0 S, A25EVIE
EHATEE ST D[Vl LTI Y BEERTE® L FREOE
MRS, Fio, BmE SBIE—ARr—AZFDOO) T
TR — A0 HEW Ve & 720 . BE ST L 72D
T AT & B EHOBIINZZ < OEEERFFEOOOOH 2 35, T b il
ENTWD, EBHIT, A DEWVNEE., Bm Sh—Fer—x &
AR — ADNL DZETRE N, KIT, FUEEHXET LDV
DB 2 FHIX DN DIEDLEAS, 473 20%EL F Tl 1 525
15 RRETH 7= Z LITHI L, 428 40%RHE Tld 25 75 3FREE L
REV, BHERISE P20, gssicnN) =—v a v a2 b
% Z & THERABEOREN N2 Z L AVREN TV D78, Table
2 \OR LT @ & OISV RAZDEICER T 5 L. 4 2
A0%RTTED—EBD— A DR, A D3 20%LL FO—Ho 47
—ADIEAEFZL D H/NSWVMEZ R L TR Y, B RZE L VL] D
T L b aR RSN By,

0.5
0.45 LCZ56 cz2s
Open mid-rise Compact mid-rise
o 0.4 / T Open TowTRE te242 + Open figh-ise
@ Open high-rise
g == 0.35 +Compact mid-Tise
=95
g3 ‘; 0.3 Lz
- 20 Large low-rise
= #1025
=2 = @
= > .8 Lcz2
eSS B 0.2 Compact mid-rise
ET Z
3
E == 015 L2z 8 &
5 O Compact o\
= 0.1 Tow-rise [m] O simplified urban bldcks
- with 3 types of
0.05 Simpiifiedurban blocks O building height
with uniform height
0
0 10 20 30 40 50 60 70 80

Frontal area index, s

Fig. 4 Relationship between 4:and [Ves] normalized
by (ug) atpedestrian level

4.2 ZERESFDLLES

Tablel KON Table2 | RT— 2D 5 b, A NELIRAEL VX &
LT Case_S-11(%= 11%, & <—4¥), Case_R-3-9(LCZ3 : {&/e -
. 4=9%), Case_R-3-12(LCZ3 : 1&J&E - &, & =12%)% ., Af
DN K & LT Case_S-35(k = 35%., @i & —4E).
Case_S-35-3types(k = 35% . AW S FE—4K). Case R-4241
(LCZ42 : =if - XM+ - i, A = 41%)ITDVVT, Vg REH]
SERIRGERS SV T TR SR D2 i & e 5,
421 AMHLEERAYIEL VETX

Fig5. Fig.6 |24 —ADHATE R SITIST D Ve L OWHHFEE)
A7 SV DK A R ENE IR, BRI E TV
(Case_S-11)Tid. HWRBATIORBERIZIA T Ve 3R E W5,
O FAIOVestI/ NSV, £, HEESEZFRE T Muvidia
FEWEEZ AT D, FEEHX (Case R-3-9, Case_R-3-12) Tl
JAFTHIZ R Ve BHERSND, F72, 1T A E ORI TR
T Ve D/NSUEIATERL S LT D,
422 MHHERIELVER
Fig.7. Fig8 |24 — ADHTEE SITIONT D Ves R OMFHELAJE
HERT MO E ENEIURT, Fig7 L0, @@ & 53—
RR72 (BB 7L Case_S-35) Tl BN Ve hV N SV —T7,
R S D3I —HR(Case_S-35-3types)iT72 D & ZERIBIRANT Vg 25
ML QWA Z Lasbnd, F7-, Fig8 7, BB COH|
BiECrnfE(L5H & )R i 2 WA e S, —
77, FEHX(Case_R-42-41) Tl =ifEEWbEA TR CORMEER KX UE
LRSI DBROWAERL, 7 — AU Lo THfinikE <
D,

% BEBERENFEL VRO L

I
(1) Case_S-11
(j,f =1 1%)

(2) Case_R-3-9
(LCZ3, s = 9%)
Fig.5 Horizontal distributions of Vesnormalized by (uq)
at pedestrian level

(LCZ3, /= 12%)

SN

bR =R N B
(1) Case_S-11 (2) Case_R-3-9 (3) Case_R-3-12
(h=11%) (LCZ3, %= 9%) (LCZ3, %= 12%)

Fig.6 Horizontal distributions of time averaged wind velocity vector

normalized by (u,) at pedestrian level

n

(=10 [
n¥a®
=]

: - (|

| - \ W = o
(1) Case_S-35 (2) Case_S-35-3types (3) Case_R-42-41
(= 35%) (= 35%, non-uniform) (LCZA2, A= 41%)
Fig.7 Horizontal distributions of Vesnormalized by (u)

(1) Case_S-35 2) Case_S-35- (3) Case_R-42-41
(4= 35%) (= 35%, non-uniform) (LCZ42, A= 41%)
Fig.8 Horizontal distributions of time averaged wind velocity vector
normalized by (u,) at pedestrian level

Fig9. Fig.10iZ, Fig8(2). () ChERSNI-Wims/ M &te
Wit (RIS AR CRTAAY, B-BWIH) @, FEER =L
KB LT RV X —KOSRE S AR A R R~ 7 b L&
PRECORT, Mo —A &b, WEEMOR LTz B2
DHORERES LAVEAEL TRV, ZIUTi> CHEBATRE K EK
WELTWAZ EDMERTE D, £o, ZOMEIIMIHEXET
VR b IHEXOSGRE, FEXI T TS S ThH
578, ZORIZI T8 S D FE— R e T L &
R CHDHEEZZ DT ENTEDN, EHEXIIIEIEME Y b
ZEHLUCTERWE a2 A3 583X 5, Case_R-4,-41,

Case_R_2, 7513 S DZEH Lz a a7 2 FHEX TH D,
Fig.8(3). 9. 10 THER ST ENE DR X [ A Lo/K TR0
WHBEECTN L, Z O SOZEH LI-2)Eha o2 L 0 T
RENTFINTH D EBZ HND, ZInb, Case R-4,-41 Tkt
Yid S ORI L D EZE D OIRE RS LOFBITINZ., &
EOFH UT-BMOREN L~ TRAET S X 0 i WRE A LR,
Copyright © 2019 by JSFM




Z USRS 2 J80 SHIBEFECHNC & 0 AR R E
VeSBNT- b D EEZ DND, ZHUTXKY ., FigdTidm X D2
L7-i a4 9 5Case_R-4,41, Case R 2,-75D Ve, FHAEHEX
ﬂi’é;u STV £ 0 bEVMEE & oTcb D EBZ BILD,

(1) Mean kinetic energy K (2) Turbulent kinetic energy k

Fig.9 Vertical distributions of K and k normalized by (ii5)? at A-A’
sectlon of Case_S-35- 3types

(1) Mean kinetic energy K )] Turbulent kmetlc energy k
Fig.10 Vertical distributions of K and k normalized by (7ig)? at B-B’
section of Case_R-42-41

43 SEFHIRILF—ITHHIEHASDEFS
IR LT Vel E, QRO L 9 IR TX 5,

V.s = V2K + 2k
— 2

= \/(E)Z +(uz)? + (u_3)2 +(u; )+ (uz ) + (u3 ) @)

PUF T, 4280 CTE 0 HIFTHERICH LT, A TE S SI2BT
DV, ORI Th 2 P RER R /L F—K, L=l
F—k, EOITFENENE B ARG L, AEf= L%

— T DR ORERGEIE D B BHER OB TE TS SR D
BHR ORI A 58T 5,

DS X (Case S-11, Case R-3-9, Case R-3-12) T
& FigllD)7 n, 37— &b, K, KDAKTFEHR DB MR
DM FOXUR)? (1 ?) K, ) vk & < B2
KREVMEZIRD, Figll)d V., ZOEEII(UL)2 03540 H6E,
W), (G NTENENNS2ZEIThoT-, ZDOZ Lk, IR
FERGHAHIRY Vo — A Tl BEBEEICE T /L, X &SI, R (up)?
BEBT DG THD EE X D,

—H T, IDHBEEVMEX TIL, Figl2k v, XL TR
N —DERDOREEDIKE L Bre D 2 E3od, BIE S0
— kRO IABEIX (Case_S-35) ClIAHH) = 1L X —DfE) e b/ S
<, BBZERD L kO EDDHEED, KLY BRI, @S
IR TH D & —A(Case_S-35-3types)i BT bIAKRIC, K& b
LTk D HEIEHRE, Fho, —HkD—A(Case_S-35)
& P U (a2 OFIEDAEFRE N L T8 v | Fig.8(2). Fig.9
TRLNZEMR ORI LD b0 EEZ D, —F, FE
X (Case_R-42-41) Tl KDMEBSKE L | BIE T :,t(ul)zz:m%u
(U2 DSKIBEN & o 7-, ZHUTFig8(3). Fig.10 TR SV fEr L
BT 28, WRIZ LA DEEZ BIL. ZIHDF,
FHIREIRN CRBAI T~ 122 L35,

PLEX Y, BT, x2S OBWIDSEIES 2 X T
VA TE S EIZI0 2 )7 L e T 5 BTk, 28 L
T2 K DV THTHTAR T A —& 2 L 0 i
PSS Z EREETH D, OO, ORI E D
TEMREDBEIE () CIRE DJRHE . QRS LV LT AR
7 DR B OB TR E 2 IED W OB R BB D
FERBHDEBZBND,

] 1
— 0

EIBEBERAAFES VRO L

C08-3

0.09
« 0.08
| 7 % (@)
2% —2
E E 0.03 m (i3)°
zz 0.02 ()
E " .E : th)z

0

Case S-11 Case R-3-9 Case R-3-12

(1) Value of each component of normal stress that composes mean kinetic
energy and turbulent kinetic energy normalized by (izg)?
at pedestrian level

100%
T

90% _
80% 7/ / % (@)
70% @
60% % ;")
50%

o, (i)
20% (my
o I l . <u_l)2
10%
0%

Case_S-11 Case_R-3-9 Case_R-3-12

Ratio of eachcomponent of
Normal stress [-|

(2) Contribution ratio of each component of normal stress that composes
mean kinetic energy and turbulent kinetic energy at pedestrian level
Fig.11 Comparison of the cases with relatively low 4

0.14

§ o — @™
% 7 (i3

2z o1 Zi | &
=

g g 0.08 | m @
S3 006 | mm)
% E 0.04 )
3 7 u (u;)?
E 0.02 Z

Case_S-35 Case_S-35-3types Case_R-42-41

(1) Value of each component of normal stress that composes mean kinetic
energy and turbulent kinetic energy normalized by (izg)?
at pedestrian level

100%

P i

# (@)
70% % (")

60% / % (")
o % % . @

()
3 B (;)?
0%

Case _S-35 Case_S-35-3types  Case R-42-41

Ratio of eachcomponent of
Normal stress [-]
P
8

(2) Contribution ratio of each component of normal stress that composes
mean kinetic energy and turbulent kinetic energy at pedestrian level
Fig.12 Comparison of the cases with relatively high A

5. F&®

97— A DHABHX K UNM3%— A DFEMHIX 26U LES & Fi
L. BB R WO THER SN HLE SRR A & A T8
ESIZBIT D IEJEE (effective speed) ODZERSERAEVe] DEHRIC
K92 SHEHIX O BT 2 et 2 980 L 7=,

IS OISR T O, BB, SEAIX L 1 0(uy) 2 A3 ik
THRAIGTH T, DI XTI, (KHRIZRT 24
ROy OB T — AT L VKR~ T, FROTEEN B S s 2
H U727 AT N EDEWE DR RO X (&5 L OB A58
<ZT 5,

Copyright © 2019 by JSFM



f instantaneous value of a quantity
<f>  time averaged value of f
f’ deviation from <f>; (f -<f>)
f  filtered value of f
H averaged building height [m]
K mean kinetic energy of grid scale (= 1/2 x (ig;)2)[m%/s’]
k  turbulent Kinetic energy of grid scale (=1/2 x (i,"?))
[m?s?]
u;  three components of velocity vector (i = 1, 2, 3: stream-wise,
lateral and vertical) [mv/s]
(iy)  horizontal averaged value of time averaged stream-wise wind
velocity at gradient height [rm/s]
Ves  effective speed (= /() + 2;)%)) [ms]
[Vs]  dimensionless horizontal averaged values of Vg
Xi three components of spatial coordinates [m]
o,  averaged aspect ratio of buildings in a unit [-]
A frontal area of buildings facing stream-wise direction per lot
horizontal area [%0]
A, planarea of buildings per lot horizontal area [%6]
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