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EFFECT OF GROUND THERMAL INERTIA ON THE ENERGY BALANCE OF
COMMERCIAL LOW-RISE BUILDINGS
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Figure 1 Geometry of the studied commercial Quil
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LOOXPLQDWLRQ LAKHHFEXSDI@®A[WLPH Figure 3 1D model
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Three-dimensional model (3D): 1 January [Winter period]
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Figure 6. Internal surface temperature of slab
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fHPSHUDIXUH DUH REVHUYHG IRU §KH VXPPHU SHULRG
,QGHHG QR FRROLQJ VAVIHP LV RSHUDILQJ GXULQJ VXP
PHU DQG WKH LQGRRU DLU WHPSHUDIXUH LV 1UHH 10RDILQJ
VIURQJIO\ GHSHQGLQJ RQ WKH RXIGRRU DLU iHP SHUDIIXUH
VRODU LUUDGLDILRQ DQG WKHUPDO LQHUILD RI WKH JURXQG
7KH DGLDEDILF PRGHO JLYHV KLIKHU IHPSHUDWXUH ZKHUH
DVWKH = PRGHO SUHGLFIV IKH ORZHW RQH 7KLV LV GXH
IR D EHIlIHU UHSUHVHQIDILRQ R1 WKH WKHUPDO LQHUILD RI WKH
JURXQG EN IKH = PRGHO WKDIl DFIV D KHDW VLQN DQG
ORZHU GRZQ WIKH VODE IHPSHUDWXUH LQ FRPSDULVRQ ZLIK
flKH = PRGH0 WIKDW SDUILDOON DFFRXQIV IRU WKHUPDO
LQHUILD DQG IIKH DGLDEDILF PRGHO IKDIl GRHV QR

7R SURYLGH D EURDGHU YLHZ RI lIKH GLITHUHQFHV EHIZHHQ
IKH IKUHH PRGHOLQJ OHYHOV WUHQGV UHJIDUGLQJ WKH LQIHU
QDO VXUIDFH WHP SHUDIXUH R1 WKH VODE KDYH EHHQ SORWHG
DJIDLQW WKH RXWGRRU WHPSHUDIXUH  )LIXUH TKH
VORSHV RI IKHVH lUHQGV VKRZ WKDW WKLV VODE IiHP SHUDWXUH
DQG WKH GLIHUHQFHV EHIZHHQ IKH PRGH0 SUHGLFILRQV
LQFUHDVH VIURQJON IRU KLIK RXIGRRU IHPSHUDIXUHV )RU
RXIGRRU WHPSHUDWXUHV EHIRZ ~ & IIKH IIKUHH PRGHV
DUH HTXLYDOHQW 7KH = DQG = PRGHOV JLYHV DOPRWI
IKH VDPH UHVSRQVHV IRU RXIGRRU WHPSHUDIXUH EHIRZ

& VR IIKDI HQHUJ\ DQDONVLV IRU KHDILQJ VHDVRQ FDQ

EH SHUIRUPHG E\ ERIK PRGHWV )RU KLIKHU RXIGRRU
HPSHUDIXUHV ~ GLITHUHQFHV EHIZHHQ WKH PRGHV DUH
LPSRUIDQI 7KLV VXJIJHVIV KD IKHUPDO FRPIRUI DQDON
VLV IRU IKH VXPPHU SHULRG UHTXLUHV WKH XVH RI IKH *
PRGHILQJ IRV XQFRQGLILRQHG VSDFHV
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Figure 7. Internal surface temperature of slab on
outside temperature function for different model

,Q DGGLILRQ WR WKH PRGLILFDILRQ RI WKH VODE IHPSHUD

IIXUH WKH WKHUPDO LQHUILD DFIV RQ WKH WLPH YDOXHV FRUUH

VSRQGLQJ IR IKH PD[LPD0 DQG PLQLPDO IHP SHUDIXUHV
7KLY WLPH VKLIW LV HVVHQILDOO\ LPSRUIDQH IRU WKHUPDO
FRPIRUILQ VXPPHU DV Lif FDQ GHOD\ IRR KLJIK IHPSHUD

IIXURV Dii WKH HQG RI WKH GD\ ZKHQ IIKH EXLOGLQJ LV XQ

RFFXSLHG 7DEOH ~ SUHVHQIV WKH ILPH VKLIW EHVZHHQ WiKH
ILPH R1 GD\ RI WKH PD[LPD0 IHPSHUDWXUH REWIDLQHG E\
IKH = DQG * PRGHOV DQG IIKDIl RI iKH DGLDEDILF PRG

HO 7KH YDOXHV SUHVHQWHG LQ WKLV WDEOH DUH DYHUDJHG
RYHU WKH ZKROH ZLQIHU DQG VXPPHU VHDVRQV 7KHUH LV
D GLIHUHQW WLPH VKLIW IRV ERIK PRGHIV ,Q SDUILFX0DU
IRV WKH VXPPHU SHULRG IKH ILPH VKLIW RIIKH = PRGHO
LV WZLFH IKH RQH RI IKH = PRGH0 DQG LV PDLQO\ GXH
IR IKH KLIKHU FRPSOHLLIN\ RI KHDI WDQVIHU 10RZ SDIK
JRU WKH ZLQIHU VHDVRQ IKH = PRGHO YDOXH LV VOLIKIO\
KLIKHU WKDQ WKH = PRGHO ILPH VKLII VXSSRUILQJ WIKH
SUHYLRXV REVHUYDILRQ RI VLPLODULIN 1RU WKH KHDILQJ
SHULRG

Table 1Maximal temperature [ time shift for 1D/3D model
from reference (adiabatic model)

* PRGH ~ PRGH
C}L(m' SPLO 8 >PLQ 6
7 o | BXPPHL ] zIQH | 6XPPH) | = 1QH]

Computing time

6LPXDILRQ ILPH GHSHQGV RQ IIKH FDOFXODILRQ SURFHW
IRU HDFK PRGH0 = H DWHW IIKH FRPSXILQJ ILPH IRV
IHWHG PRGHIV DGLDEDILF  * DQG ™ PRGHWV DQG DQ
DGGLILRQDO RQH ZLIKRXN 10RRU JURXQG HOHPHQI IRU
FRPSDULVRQ )LIXUH  SUHVHQIV IKH FRPSXILQJ ILPH RI
IKRVH ~ DSSURDFKHV IRU IKH PDLQ 7\SHV RI IKH VLPX0D
ILRQ 6LPLIDU VLPXODILRQ ILPHV UDQJLQJ EHIZHHQ
VHFRQGV DUH REVHUYHG IRU WKH VLPSOHVI PRGHOV KHUH
LV QR QRIDEOH FRPSXIDILRQDO FRWI RI LQIHIUDILQJ WKH
DGLDEDILF DQG ™ PRGHIV &RQYHUVHON IRU IIKH 0DVl RQH
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WHPSHUDWXUH LV SHULRGLFDOO\ KL - = = )Q WKDW

Thermal conductmty (W/

RI WKH JURXQG ,Q WKLV ZD\D WK J?é‘kb’x)lax‘i’)h&{}fa‘b?%zﬁ ke tinkd i v"WQ
WLYHO\ IURP DQG WR WKH JURXQG &RQV 1 Qbpelk HUP D

LOQHUWLD L H WKH VSHFLILF WKHUPDO gFDSDFL \ SOD\V WKH
UROH RI GHOD\LQJ WKH HIITHFWV RI WKH RXWGRRU WHPSHU
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5HIDUGLQJ WKH KHDWLQJ HQHUJ\ Y Degree hours[" Ch] )GLQJ
KHDW AWRMMR XIJK WKH VODE DUH FOH ..
WKH JURXQG FRQGXFWLYLW\ +LJK ¢ |\ LW\

LOQFUHDVHYV WKH KHDW WUDQVIHU W+ WR WKH
RXWVLGHMWLIHFW LV KLIJKOLJKWHG
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$ORQJ ZLWK WKH LQFUHDVH WKH FR NKHUH
LV D VLIQLILFDQW OLQHDU LQFUHD KHDWLQJ
HQHUJ\ GHPDQG DQG WKH WKHUPDO & " SOD\

D QRWLFHDEOH UROH
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Figure 11. Heating energy (01 Oct-20 may)

RQVLGHULQJ W

FRQGXFWLYLW\ JURXQG UH®XFH! rf/ A
VXPSWLREQ UHSUHVHQW D ULVN H HVSHFLDOO\
VXPPHU $V DQ LOOXVWUDWLRQ: \H

HYROXWLRQ RI WKH LQGRRU R DUDPHWL
KLIKHVW DQG ORZHVW YDOXHV Lg%\ URSHUWI
DQG VSHFLILF FDSDFLW\ RI WKHLE Q&Hw& 1H|| WKHHQUV\LD'-OQ?_t
f& LV REVHUYHG EHWZHHQ WKH N LRUV\VWHP Y

FRQVHTXHQFH PRGHO FDQ EH XVHC
— HQHUJ\ GHPDQG ZLWK VLPLODU SUH
FRQGLWLRQQHG EXLOGLQJ +RZHYHU

= 375 m™" K" 1 and 1000 kg m”1 N
+—+ 375(W m™ K* ] and 1000 (kg m”] /]

ZLWKRXW DLU FRQGLWLRQQLQJ VA\VWHEF
DORQJ ZLWK WKH WKHUPDO FRQGXFWL
WKH WERPPRUW ,Q WKH ODWWHU FDVLE
PRUH FRPSOH[ ' PRGHO LV UHTXLUHG
E\ WKH GHWDLOHG SDUDPHWULF VWXG\

7KH PDLQ OLPLWDWLRQ RI WKH SUHVH
XQLTXH WHVWHG FDVH DQG JHRJUDSK
ey WKMW\SLFDO IRUP IDFWRU Rl ORZ ULVH
e WKH HIITHFW RI WKH JURXQG LV KLJK \
VWXGLHG ,QGHHG PRVW VLPSOLILHG
QHJOHFWV RU PDNH VWURQJ K\SRWKHV

Y)LIXUH SUHVHQWV WKH HYROX&KLES R o \o\MH Y ARLKIRHORW TRU RWk

f& EDVHG UHSUHVHQWLQJ WKHUPBGIE IWHFRP REMPENQEHWUVSHFWLYH
HQHUJ\ GHPDQG IRU FRROLQJ V\VWHE ) [Wix®YBHIERRYVKH LPSDFWV R
RSHUDWLYH WHPSHUDWXUH DQGZWWKHKUEBY @&l BERWW BHYHXDUH KH
REWDLQHG IRU ORZ YDOXH\RERI WKkHE@MPIH SBRSWHHMYRRO LQHUWLD VXFI
HYHU WKH GHJUHH KRXU YDOXHARRE WYL KHYUUW YW H$R!I D VIVW
VPDOO L H WKHUH LV DOPRVW GREBRHNVEKHLD P DORE MIRERHY R HE GROUPDQF
WKH VWXGLHG EXLOGLQJ GRHV MWW KEHEOpEN FRROPHWREG ZLWK LQ VI
WHP

Temperature [* C]

Figure 12. Indoor operative temperature
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Roman symbols

'"HUX 0 3 $ PRGHO IRU JURXQG FI
DQG PRLVWXUH WUDQVIRMU IURP E.
QDO 5HQHZDEOH (QHUJ\ /DERUDWEF

r = temperature [°C] '"HYHORSSHPHQW GXUDEOH & * &

T, = mean surface temperature over the year OfpQpPUJILH HGLWLRQ >+ 'REX
[°C] 85/

T, = surface temperature variation amplitude KWWS 7Z7ZZ VWDWLVWLTXHY GHYH
[°cj GXUDEOH JRXY IU

t = time [days] (FNHUW (5* 'UDNH -U 50 $Q

1, = day of ‘the‘)fear when the surface KHDW DQG PDVV WUDQVIHU
temperature is minimal [days] UDUWL © (QHUJ\ DXGLW RI EXLC

z = ground depth [m] DQ HQJLQHHULQJ DSSURDFK &58&

XVXGD 7 %HDQ - : 6LPSOLILH
IRU GHWHUPLQLQJ VHDWRQDO KHL
LQVXODWHBUV®WEIORRUV  $6+5%$(
7UDQV 8QLWHG BWDWHV

Subscripts IDEV . 6KHQ / +XDQJ < 3DUNHU ' &I

in = inside %XLOGLQJ )RXQGDWLRQ 'HVL

Greek symbols
a = ground thermal diffussivity [m’/s]

n = time of the year (days) 2DN 5LGJH 1DWLRQDO /QE 71 86
out = outside QHVRWD 8QLY OLQQHDBROLV 8¢
s = surface JURXQG 6SDFH &HQWHU 51/ 6XE

/IDQGPDQ . $ 'HOVDQWH $ ( 6 W
KHDW ORVVHV IURP D EXLOGLQJ |
YHUWLFDO HGJH LQVXODWLRQZ?,
(QYLURQPHQW +

/IDQGPDQ . $ 'HOVDQWH $ ( 6 W
KHDW ORVVHV IURP D EXLOGLQJ |
KRULJRQWDO HGJH LQVXODWLRQ

$&.12:/("*(0(17
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(QYLURQPHQW v
50(5(1&(6 | /XR ORJKWDGHUL % 3DJH $
$GMDOL 0 DYLHVY 0O 5HHV 6 /LjNJVMQ € ERXQGDU\ DQG LQLWLDO

/HPSHUDWXUHV LQRIDWERXQGHU DyVKPDPWKHUPDO SHUIRURDQFH RI E
IORRU WZR DQG WKUHH GLPHQWRMEO7RKDPBOFPEILQHHULQY

VLPXODWLRQV DQG FRRSDWYEVRIHIOGWHK sHI[FHKRUQWRQ - : 'XII\ ¢
PHQWDO GDWD %XLOGLQJ DQG GRPISHARMQOWRI D *URXDG &RXSO
+ HQFH 6WDQGDUG ORGH® WR 6LP

$VWH 1  $QJHORWWL $ %QJJHWWL SQJRDFKH7\/K L% BHYHQWK L QWHU
IOXHQFH RI WKH H[WHUQDO ZDOQKJYHUHBPRA @BYWHDP 6FrRWODQCG
RQ WKH HQHUJ\ SHUIRUPDQBHQRIZHNL O7 LQAMYPRWHEG 7KHUPDO
EXLOGLQJV (QHUJ\ DQG %XLOGL XQG IORRU %XLOGLQJ DQG (Q

%WDKQIOHWK : 5 B3HGHUVHQL & FpEDL $ WKUHH_[GDQV GH FRQVRPPDWL
PHQVLRQDO QXPHULF@ODWGMXG\ RApMRLEOH VHFWHXU WHUWLDLUF
KHDW WUDQVIHU  $6+5%( 7UDQ@WKLIFQHWHG/WDWLVWLTXHYV @
6WDWHV  # HW VWDWLVWLTXHV

%DODUDV & 'URXWVD $UILYERX $ $VLJ—+E’@|£\'PR~°6'@VDQGDUG IRU (QH

ORV SRWHQWLDWD IRU H@m@Gﬁ_ QVJP)-IUD
YDWLRQ LQ DSDUWPHQW EXKRGYQ LV 8 $ VLPSOH
%XLOGLQJV t HVWLPDWLQJ WUDQVLHFQQN KHDW V

&KZLHGXN 7RZDUGYV VXVWDL;QJ[}QB@-GWQ)I-RLRUV %XLOGLQJ DQG
EXLOGLQJV $SSOLHG (QHUJ\

'DYLHV 0 * +HDW ORVV IURR RX VROL5(|3|HJ\}¢JR@(QG7KRPDV Ut 5 :
IORRU % XLOGLQJ DQG (QYLURQPH®YW DQG H[SHULPHQWDO LQY}
URX%G KHDW WUDQVIHM LQFOXG

'"HOFURL[ % XPPHUW 0 'DRXG $W|*_-h HIYHOWY % XLOGLQJ DQG (C
&RQGXFWLRQ WUDQVIHU IXQ.FWLRQV LQ

7516<6 PXOWL]RQH cEXIFBGLQJ PRG

UHQW LPSOHPHQWDWLRQ OLPLWDWLRQ DQG SRVVLEOH
LPSURYHPHQWY 6,0%8,D' WK 1

WLRQDO &RQIBYBIEHFH RI ,%3
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