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Study on Evaluation and Control of Thermal Environment in Building and Site Planning

Takayuki Kubota Hidetaka Komiya
Yasuyuki Miyagawa :

Abstract

Impacts of buildings on the thermal environment of open spaces in urbanized areas were investigated by
field observations. Micro-climatological components were observed at six sites in central Tokyo. Of these sites,
five are in the Hongo Campus of the University of Tokyo, while the other is located in an office area of Chiyoda
Ward. These six sites differ from each other in terms of density, orientation, and types of surrounding buildings.
The presence or absence of anthropogenic heat source nearby is another difference among the obvervation sites.
This study showed that the thermal conditions of open spaces are strongly affected by the layout of surrounding’
buildings. An application of this study to designing open spaces in developments is also shown.
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Table 3 HE 1 DR (7H28H)
Result of Experiment 1 (July,28th)
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DETF—F %Table 3KxRT. COHBEXTH-
7z, BUEOSHEHEICESER, 2 ERELER
W, EEBARIIEMOXZERNEDBVWEBEERED
EMKEL, BAR246.0W/mEieoiz. ROTEEES
1@EMREN, BEEEERD, EYBRBRNETHD, &
ERNBRLHEETHIEEEE L HY, BHETIMO
BB L 25~30W/mMDENE U TS, D EMSHEE
HEZERSZT, BYHS OFMNbREVEREE 1
B3, SET* oMLV BRET2~3CHS, &b
MEENEVWRITH 5,

3.2.2 #HBRAMOBEOLE (GUE2) 8H23H
DHET—4 £Table 4iZRY . ZORIBDLEB-STH
FMBLEOSENEY T29.7CEio7z, BEIL, BEM
DORZER (33.8%) OEVWEBEEREAMO 5 #AITH
RTKEL, BLORHELEAEETHD, TOMHR, K&
BEE 1EEVSET*BHBTEL o> T3, BEEE
313, EEEE 1 SUNTREREDLSY, ERENE
AW, F0kD, SET*RMEEEE 1 BHL VST
25CHE<L 725,

323 HARHROBEOLLB: (HE3) BB
REXTH->28A18HDRE T —4 #£Table 5ITmRT .
FAHZEMICHTNTWS AR, EYRENEBE
FEED1.5m/s, BEEEE1L1XD03m/sfB, £z, X
RMENWD ARKEEHEL, BRRNETEEEE
£ 090w/, EEEE 1 LD60W/mdin, RBUKH
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EEFEFREUCEEZRLTWS, TNHEXDSET*IE, B

Table 4 BITE 2 DFER (8A23H)
Result of Experiment] 2(August,23th)

ERER | EEEE1 | EESE2 | BE ERER ERSE 1 EEEE3 | Bt
A it CIREIN: it ] it 5] it * i

B#(m/s) | 1.14] 0.65] 1.02]0.89] 0.98| 0.64] 2.98 BE(m/s) Fi4] 2.58] 0.96] 0.84] 0.88] 0.81] 0.75] 2.88
BA| 1.37] 1.09] 1.45[1.25] 1.40] 0.87] 3.41 mA| 3.98] 1.41] 1.44] 1.37] 1.08] 1.15] 4.08
FE(C) Sl 31.8] 31.6] 33.1}33.0[ 32.0] 31.7] 31.7 FR(C) 5] 30.0] 30.4] 31.1] 31.1] 30.4] 30.5] 29.7
Bx| 33.5] 33.5] 34.9{34.8] 33.6] 33.1] 383.2 x| 30.7] 31.3] 31.9] 32.3] 31.1] 31.5] 30.6

SET* (°C) 5| 32.1] 30.0] 33.8[32.9/ 31.8] 30.8 SET* (C) 19| 28.5] 29.1] 31.3] 30.4] 29.7[ 29.9

k! 35.3] 34.7] 37.2|35.9] 34.7] 34.9 mA| 30.3] 31.8] 33.5| 33.0] 31.8] 32.7
B (W/m) [Ey[144.7] 42.2|133.3 106.1| 45.4[134.5 s (W/nd) [E#[111.8] 46.4] 79.6] 57.9] 51.3| 53.0| 96.3
Bk|246.0]116.1]222.3] ' 1203.7]186.5{204.3 rx|218.8[105.6[189.6{135.0{132.8[162.9]| 184.7
EEkuH (W/m) [Ftg[500.8(484.8|524.9 495.0/487.7|488.4 ok (W/m) [F#a]480.9]477.6{492.7]| 486.5|484.41484.2|476.0
&K [520.5/496.6|554.8 522.4]495.3]498.4 Bk 490.2]483.2[505.3[494.2/495.4|495.8]481.7

Table 5 BliE 3 D#5E (8A18H) Table 6 HIE 4 DFER (9F250)
Result of Experiment 3(August,18th) Result of Experiment 4 (September,25th)
ERER EREE 1 ER] Bt ER{ER EREE noEE | B
;] it i) it ] it ] it ] it [ E[R

BR&(m/s) 5| 2.04] 0.79] 0.86] 0.82[ 0.28] 0.51] 2.07 BlE(m/s) Fy] 0.7] 04| 02 02} 05 0.2] 25
mx] 3.15] 1.09] 1.29] 1.18] 0.46] 0.65] 2.80 mk| 10] o6 03] 03] 07 03] 4.1
FR(C) F#] 30.3] 30.5] 31.4] 31.4] 31.9[ 31.0] 30.4 SR(°C) Ey] 21.9] 21.5] 21.7] 21.8] 22.7] 22.5] 21.8
mA| 31.7] 31.9] 33.1[ 33.2] 34.3] 32.8] 31.6 BA| 23.2] 23.2[ 23.3] 23.5] 24.4] 23.9] 23.3

SET* (C) F#5| 29.9] 29.1] 32.4[ 31.1] 33.3] 30.1 SET* (C) 5| 19.8] 20.5] 21.9] 22.0] 20.6] 22.2

nx| 33.2] 32.7] 35.5] 34.6] 36.8] 34.7 mAi| 22.8] 23.7] 24.5] 25.1] 23.3] 24.6
| (W/m) [Fta[169.9] 48.5[148.4]101.1] 80.3] 39.4/133.7 s (W/nd) (S| 26.1] 21.4] 18.8] 23.4] 16.3] 14.1] 39.0
B’k |296.4][175.2[268.5]212.9[212.5]223.8|222.6 mk| 85.6] 44.3] 42.9] 49.2] 40.1] 28.9] 89.8
Folkr (W/nd) |FEi9]|487.7[478.8]501.0/488.1[497.1[485.0{480.3 Elms (W/m) [Fi9]421.6[421.1[424.0{423.2[/422.3|425.3|428.3
mA|510.0/487.1[520.4|500.1{523.6]|509.7] 488.2 Bx[434.9{434.2[436.6/ 435.8/ 439.6[439.2[437.2
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LBELEDNS, SET* 13, #HLEEOIMAS LM
TREKXKER>TWS, ZHhiZILRIOBEBRIEIBR < TR
PHERNEW D, BEMESBROEDTHBEERS
nad, ERHSRICELUTIRERIDRIENTREN S
7o

33 ZRFEOHNERLRE ,

331 BYMEBEONEDLE (GUE1) 1H6A®
HEF—H &Table 7IZRT., EEORERINKEL,
ME—EE RN O b 5 BRI R TH 2 B EIEFE O Mt
O ERiz-> R ER LU 2. FT TR, EHBRHE
MEBEA213.5W/niEizo/z, ZORIBEESEN - 27
%, SETHZ@E262TC E70 D, HMOHAIZHRTIOCH,
LOENELTE,

332 #HERAAONEOLE (UE2) 12H31H
ORET—4& #Table 87T, EEEE 3 ITHILAN
DEBEORD, REVEMOETTWAEOEEANRE
2V, ERBETESHEE120.9W/m, FEEIX146.7W/m
Elrolm, ZhickD, SET*HZENZEN23.1C, 24.5C
ERDEREE 1 EHBLUTICULEEW,,

3.3.3 EAHEHROMEOLLE (UE3) 1H11
BORET—4% £Table 91TRY . BABIIHEEZBEA
TWBRYOBENRRIT &S0, BEIIEICTES,
FEER, BEREXDHR0.3m/sEN, BERNER

Table 7 HiE 1 DR (1H6H)
Result of Experiment 1 (January,6th)

BEEANEZZITTHRNWD QR 2 BT 5 LRI TH
S~12W/mAEWEERLTWS, £/, SET*R, EE
HRZ2ZF5EBESEI DISK ICTENN, ThlsHt
DOHE X DIZ2~3TEW.

3.3.4 EEmEthEDLE GUE4) 1H23A®
HIET—4 #Table 10IRY . #OFEEOBREDFHE
HRBEELDIIEND, EEEELIIRARETH S,
SUBDEHEIIEHROEENRDELS, EEREIRLE
W, SET* 3FHORE TIHMEBBEBICTHAH 1 CTOEN
HUTW3E, EROZHBNERICEL TEXELRETE
Uiz,

HEIEEDRIREN OB O E BAIF

WHTHIC BV 5 BB 2 I FRIT 5120, BUEdR
HHRICEBEZ B HERD DN, T TEIHERH%Z
ZRUKHNGTELKQWHELZER L TR ZENBE
THoHID, TOHEEWMENEREICEEREEOHX
NEHT B DIZEBRTIIRNL., LML, #HistEicd
WT, HEHEEEBBEEORMAS I hO— LT 5k
DI, RALDORBRETFHFEIRDONTNS,
OBEEMNS, FHRORPET —FICHENT, WIS
5 RARETFHFRICDOWTRIET D,

4.

-
—

41 FHEAE

Z ZTidTable 1 IRENEHEEEZHNT, BREE
HROMBBREERNICR T EEELD, ablT, K%
ZoWTE, ARBINERICBITHEItENEThOR
REBEEADEDIZ, REMEXEZEDHKEZHKS
WMT2DORAHLEREE, EXREDHEFEELLTHY
5, (RER=fRZER+ILKER)

L, AR L EEFELABORUET —FDHNS

Table 8 HlE 2 OFER (12A31H)
Result of Experiment 2 (Decenber,31th)

5 B 7 ERBE 1 EmmE2 | Bb ST EEmE1 | EWHEI | BL
;] |4 2] it 2] it 5] it 2] it ® [}

Bi&(m/s) Fi9| 0.49] 0.49] 0.14] 0.20] 0.25] 0.37] 2.39 Bli%(m/s) Fi4] 0.30] 0.32] 0.16] 0.20] 0.06] 0.11] 1.27
BA| 0.92] 0.91] 0.48] 0.56] 0.47] 0.56] 3.36 Bx| 0.65] 0.53] 0.51] 0.54] 0.13] 0.20] 2.05
HE(T) 4| 12.0] 108] 9.8 9.5 t0.5] 10.7] 10.8 FA(T) F#4| 12.4] 10.9] 10.4] 10.3] 10.9] 11.0] 1.9
BA| 14.5] 12.5] 11.7] 11.8] 12.3] 12.4] 125 . |mx| 145} 12.7] 12.0f 12.0] 12.6] 12.7] 146

SET* () w5 19.9] 13.1] 13.7] 13.1] 14.1] 13.7 SET* () Fi| 20.6] 14.1] 14.4] 13.8] 16.4] 16.6

BA| 26.2] 14.6] 15.3| 14.5] 15.0] 14.8 mx| 26.0| 16.4] 16.3] 16.1] 23.1] 24.5
e (Wim) [¥#9]120.5] 8.0] 44] 56| 3.5] 5.1 76.8| [i@ikss (W/nh) [Fi8] 975] 9.0 7.1] 8.8] 24.0[ 28.7] 62.8
Bx[213.5] 13.6] 6.3 8.5 6.2] 9.0[137.2 Bx{181.9] 15.4] 12.0] 13.8][120.9][146.7[117.3
RN (W/m) | ¥5]375.8]349.6]351.3{343.6]357.8/356.5(367.8 RBUGH (W/m) |F#5]379.9]355.2]358.5[352.6]363.4/363.3|373.3
B [401.4]357.2[358.7]350.3/364.4/363.1]376.6 ®x]401.4/362.0[367.1]361.1|371.2[375.2[387.9

Table 9 BIE 3 DKE (1A11H) Table 10 FUE 4 DFER (1H23H)
Result of Experiment 3 (January,11th) Result of Experiment 4 (January,23th)
R {EMEE 1 B8 BL B R{EE {Em®E 1 MOBmE | AFH
B it 2] k|4 ;] it 2] k(4 5] i I it

E#(m/s) 4| 0.54] 0.58] 0.63] 0.58] 0.19] 0.24] 2.29 Ei%(m/s) Ty 2. 09| o8] 1.3[ o05] 3.2
Bx| 0.69] 0.94] 0.88] 0.77[ 0.38] 0.40] 3.13 ‘ ®x| 32] 19 18] 19] 18] 1.2] 47
#E(C) Fy| o8] 83| 82 8.1 84| 85 82 Fi&() w4 87| 82 82 80[ 91| 8s8] 89
Bx| 115 96| 95| 95| 96 9.7 97 Bx| 97| 93] 94| 9.2] 10.4] 10.0] 101

SET* (*C) Ty 17.5! 10.6] 10.3] 10.2] 12.5] 125 SET* (C) Fi49] 10.3 9.5 9.7] 10.2] 11.0

Bx| 22.0] 12.4] 12.4] 11.6] 13.6] 13.4 . Bx| 14.7] 106 12.7] 12.7] 17.9] 13.5
misN (W/m) [F15(119.0] 7.1] 45| 58] 3.0 3.] 78.9] | j@Eu&s (W/n) [F 9.7 8.0] 30.2] 6.9] 83.2
Bx[219.9] 120 7.4 83| 57 6.7[141.1 A 16.0] 14.8] 12.2]172.8] 11.8[138.9
Fosgs (W/mi) |¥35)369.1]341.5]345.0{338.5[349.3[349.9|354.8] [ Eiaist (W/m) [Fi 337.0]342.2]348.1{345.0[358.1
BA|391.5(347.3]352.1/345.2| 354.5[355.6] 362.3 WX [354.5/347.6]348.5]350.3(366.5] 354.3[364.2
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RAMEDENFNTNI167— X, 1197 —ZAE/MBEL
T, EXZ2J&IT, 9EMN51 8 FFOEHEIZK DT
7o

i, SET* 2HNER, IXEELIBEIRT —
Y ERHERE T ARERRKBICE > T >, Th
FhOHREE & SEE & OHE2ENICFET 20T
1372<, BREXEEZRTIREHRAECEDEROHK
fEZEFICHRAZEEL, HOEREEEOBEROF
TOHEBREAD LT D, SETRKICE, B
BRHIBLEERT—FYOEXAHRE, A#E KEBLY,
EXERTHLRER, ZWE, 7S, BRPER, X
EREBOBHBAECIOERRIZTo 2 (BT
1) o RIZ, REORKOAMEICLZ2HEE2H5]
B, RAEKICRERORDDICHRER, tRERE
MAT, FRIEREBRARCLDERRSITET > &
(BEFIN2) . Thnhs, EIRGRECERRE, ¢
EEROEEHRIZIOVWTHRHFTEZ L&D, ATFYTY
A XEREVEARRZEN ., FRARTOHHERE L
TFIZRY.

1: 2XHHE
B.R : Bf®R B.V : &R
GR: BR#HEE  SK: RKER
SK.S: K%z ® SK.N: jtXZ=®R

U:BLE®E Ta:BEKE

H: B

42 BRIEER

421 EEDSET*EDIEM (Table 11) SET*: B
FEHTF—F EOHEIZDOWTIE, [BEOHBEYE
<, BFI]1TIE tET2023 785 TW5S, FREND
HERSE, @XAHBNE, RENREL>TED,
SET* I3 2 EIIRBHICTBEOENMERE 2T
W5,

SET* IZN7 5EkKER, BREEROFKEIDN
A, BHE, BIREEROHAHEEZRLTWVWS, &
HMELIOHBEIZETHD, BILBAOHETHB -
», AEBOWK, BIOEELRERORREOEL
DAMIZHS END T EMNTES,

KERIZDOWTIE, RER, BITIERERIZBWT
BOHBEBERNS SIS, TNENAOHEER> TS
0D, REROEY, DEOREBMENEWEE, BBEN
BRIZh3ZEIh5, EREREOHERDLEND
i, ERCBI5BMUOBBMNEEL 2R T34,
AR OHMKERESET* ICHRT2WMELBR>TNSE
HEEZEND,

AT v T T4 XKL BERBRBUTOLS -
7o

SET*=2.2365+0.855*Ta-0.044*H-0.034*SK.N

+0.301*G.R+0.011*B.V+0.017*1-0.429*U-0.054*SK
R=0.957

TRTOKRERENHPERE L TEY Lo 72,
422 RFEOSET*LD4EM (Table 12) SET* > B
FERBEF—F EOMEICDOWTIE, KESEWHEEZETR
L, £, XD UENDY, BENSEOMHEEEZS

T3,

BER, FHR, B, BARERIIOVTE, EF
V1%BBEELHEDHENE DAY, TOFTE
AR BIE . ERRKIIATH D, ARERLSEH
WIEEAFOERAREBBILIEIHERELAL->TNS,
Zhid, AREOMME ESICHRBOBRDCHRADHE
AR BRHTHBEEbNS,

RZERIZDWTI, FEEREND OO, HOHRXE
BEOBOHENSS. LhL, REREHILIHTS
&, HAO EIEMTS.40, LM TI20&EH<2D, B
il OHEBEASICE . BRRKESDE, KERIIH
L& BITEDMBEBRSTHD, RERNAE/2HIE
EABORABETENT 2 L5 T &icman, LR
ZRIH UENEOHBER> TS, Thid, £FK
BlLEE3 B MOBKENREL 2R T BB, &
KHEE BB bDOEEX SN,

¥k, A7y 774 XML BERRBLTFOLS K
2%,

SET*=11.858+0.268*SK.S5+0.906*Ta-0.812*G.R

-0.065*B.R-0.375*U+0.088*SK.N-0.015*B.V
R=0.902

HXOEEE L TRERERNKE Y BERIEL,

KEBRE L TERENBHER Lo 72,

5. BRBEHEERTOKRET
ThETIEBONZAEANS, WEHIZBIT 28R
BEIEZMRTAEHRFEDOH D A IZDWTREHYT 5.

Table 11 EZF BT 2EHXIEEE ESET* & OFHRE

Corelation between Building Form and SET*

ELOES- 3 SET* EFNA ETFI2
N=116 ER R iRl ERARR (MR ol
I(roof) 0.018] 0.142[ 3.354] 0.018] 0.141] 3.480
u(roof) 0.463] -0.086] -2.718] -0.462| -0.086] -2.844
ta(roof) 0.852| 0811] 20230 0856 0.814] 21.267
TEK| s <0.060| -0.185 -1.225] -0.057] -0.175| -1.215
wk | 0014] 01370 3017 o0014] 0a39] 3212
B -0.064| -0.291] -2.865| -0.068] -0.308| -3.180
QRN 0.186) 0.132] 1442] 0a73] 0123 1404
P -0.088] -0.213| -4.174
WX Zo% -0.056| -0.169| -2.516
LR -0.090| -0.295| -4.449
o 5.696 1933 5292 1.879
MHIMREKR 0,952 - 0.957
Table 12 AFIIBF HHEXHE L SET* & O
Corelation between Building Form and SET*
% SET* EFN EFN2
N=119 R (AL o ERE PR
1(roof) 0.008] 0022 0294 0006] 0.017] 0362
u(roof) -0.394] -0.147| -2022) -0391] -0.146] -3.190
ta(roof) 0.915| 0551 7.746] ©0.916] 0.551] 12332
mvizk| kR 0.027] 0099 0099} -0.086| -0.318 -0.502
BHR <0.028{ -0.276] -0.934f -0.012| -0.123 -0.661
mE 0.067| 0339] 0s560| -0.009 -0.047[ -0.124
AR -0.442| 0351 -0.611 -0.866| -0.687| -1.897
P 0088 0239] 1962 _
P 0.260| 0.883 8.403
LR 0.090 0330 3202
g 7.555 0.560/ 12.386 1.458
AIBYR KR 0.724 0.902
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Thermal Environment Control Shellter

Table 13 FBUEHIH T 2l —OHERE

Results of Simulation

TINT—E[ZINT—F
(@ ® b-a
7H 285 13:000
SET* 34.45 30.02 -4.43
THA23H 12000
SET* 14.66 18.94 4.28

)

Fig. 4 BEERM =)L 5 —OREA A—>

Situation of Thermal Environment Control Shellter
BH» SBRARERET DI, B EKQRZD
RO NTERTEBRRERPIRRH D T DM
oo ZEL, TOROENWHBELATRERS, EFIC
i, BEAENINEBELNRLS, ERLFZ, BH
A RS ER S N2 EZEMRE SRS, I I TEEE
wAHROESIK, EidmE, AFIERNK<S KSR
BT, REREMEERBEICL > TERITSILEE

EZB, :
9, HRIEEEINEHROHBEBERNs BB E, &
MBOER, BIUREROHAVPABREOREZICELS
TKREW, £, BREBEN—ERGE, BEEBEHEDON
A, BEEERICHABMBEENICEIY, LAL, B8
BEMIHBELS<ZU2ELEBICAEGHEKRT S, L
Mo TEALBIRERERORT D HEELTHE,
ROXDITEALGNED. £FICDVTIE, BYOREM
WEREEETAC&ICKD, HRZZ, MoIltEzZE
Bi<Z ENTRETH B, BERAORMFEELTIE, BHHO
ZEHILERNRAD D EFABICHFZEMIBETLE
S, TOEDEREMBREEZBEEL T, EEOHENZHE
HRERHD, BEREHUTORBFEFHREL TR, ¥H
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B & D HEILERIC T o T2 2 8T 2 A MR8
BERAD I ENTES,

E7, BHPMTOREREED &I, R H TR
2O MO0—)VUIRELRBNAREEZR#ITOIREELT
Fig.3D&kdRkI Ny —2EERE L. ZRIEIXEIZH
ATEEBHER E RBBHERN 5785 2 D > 2 IV RHEHRR

RIS LTEAEL, REAEEEART S, HLOH

HEREBROHFRBEZEEL, BEEBEEOEHHEED &
ooV —OREICLBHREZRELEELIAELLE
HIZTSET* T4 CL LD EN S 5N/ (Table 13) , B
RTEIBEARZEZHTZDICHIATES T, EREML
0, B LAEnb OO NZIED REHIZER
OH#EICES T, BNRLDHBANA T AR EDM
Bk hseEiz603 (Fig.d) .

6. BHVUIC

ERRE & BRBEOBMRZRD HBAB L OFHiGZ X
FEAFT oM, HEKNBHERRZRITLIZKD
DISNRIERN S, BREEHERPEOBERIIDNTS
< DHERBEE N,

FREEITIICYRD, HERZLHRBFRFEE
- DERBHBIRE D THEWEEELE, T2
KERLTHEZERLET,

iER

R, ARR, BRAEERICONTE, BHLZE
il & L72100mIA, l1haZEhEREE LT, #K
BIUOHMBEICIVDEHLUZ, £k, KZERIZD
WTIRS A REERICEDWT, EHYARL >
REAWEEERIZED, 74 )V AHECRESN
- OEREICKT B REROEHED LLOHHICKD
BEERDE, BEICDOWTE, JEHAEADI0m O
BN TERZ b DOEMOLEHEE L,
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