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A K Hh % 22 G b A R VI T (R AR B R AR W] 43 F
WARHER PR AE. TR PRSI E B EARGB/T
50785-2012 (FHHAAZ NPGBEREEITENARE) 1, S5
FRMEASHRAE 55-2020"", [ FRARAEISO 7730:2005.
ISO/TS 13732-2:2001", 1SO 13732-1:2006"""45, Hh
MR EEHEREMEUN R LR, X B[ NS PEM pr il 22 3t
TR )T A AR R AT 332, AR £ 2k A 20
40 704E 8 OlesenZ 21 5 R 35 Hit XA A4 S2 36 BF 9 45
WA RS AT, RN i, HubRE 5 RERAN
=& (percentage dissatisfied, PD)Je & AU T

PD =100 - 94 exp(~1.387 +0.118 T,—0.0025 7%), (1)

Horp, TR R TR L, °C; PDAARHER, %.
EL{A&Hh, 1SO 7730:2005 1 #1LE : AFIBA(PD<10%)

AL YL Rl A 19~29°C;  C(PD<15%) A ik B2 i [

17~31°C. ASHRAE 55-2020f1ISO/TS 13732-2:2001 "

F 1 RERE R R HARRE R E

FUE WA —2: FRMIEET(5~15 mm)), &FiERY
iR I T L 19~29°C(PD<10%); 4 B JEE f) k7
JARSFEN, WALEH. mIEGB/T 50785-20123F4r
PR, SR T SRR A, A17~31°C
(PD<15%). iR R A 76 L - A A7 00 0 52 Bz ok 5 1 42
flobA SR RS2 R AT BT 2250, EAESH1SO  13732-2+ 1}
FHUH.

RIMBET TR EN  1264-2:2008" HIEN 15377-
1:2008'"%, G 1R,  HBRHEFE 0 L R L
19~29°C, FEAME 1 myGH Py a] L& 2135°C. FKEK
P FRAE/LTEA GB 50019-2015"°1, GB 50736-
2012PFIIGT 142-2012%"% ) mF2fR. REEITHR
HErh, 25 R DX B TR Y [ R 24/25~26/
27°C, ERRA29°C, SRR ITHHRAER FBR—2 1k
BB XA B R B L S 28~30°C, BFRA
32°C, W& FRROMBE TR E [ RR29°C; Jo A4S 8E X 45
BB IR AR TG B o 35~40°C, R m42°C. 1SO
13732-1:2006" 15 T2 2 1, HUE AR R JTk K074 f
B TR EE A K T43°C(8 h), 50 A5 BE X I i) Ui 8
R {E42°CHE MR,

1.2 DEsEss K A i s sl
SCHOBIF Y T 2 AN [R] 3 DXNAT T M 2 25 48 b M i

Table 1 The provisions on floor surface temperatures in European, USA and international standards

FAb e

FriEd Byl oA IR R T $E 2
ASHRAE 55-2020  iFHbrdE ZEIRHIEET I 19~29°C(PD<10%)
1S0 77302005 iPhrkR 7 reiii I ADUHIB H(PD<10%):

ISO/TS 13732-2:2001  PEMbRUE

ISO 13732-1:2006  PEHARE /
EN 1264-2:2008 BT RifE 19~29°C
EN 15377-1:2008  i&ith5iE 19~29°C

19~29°C; C Z%(PD<15%): 17~31°C
TEIZ T (5~15 mm): 19~29°C

AT AR K AR 7 L A7 1
BV ISO 13732-2
AR 25 R\ ET I TRV Bl 1°C, w5 IR 1°C; FRIEIS 36
BTy g, NRE R I B R HEEE A KT 43°C(8 h)
TEN Xk A] LLiAF] 35°C, HLAnEEAME FAME 1 mz N
e ] JE 71 X s ] LAk 5] 35°C

#*2 ERETAREEREREECOME

Table 2 The provisions on floor surface temperatures (°C) in Chinese building design codes

PG PRAER TR o5 R DX S5 R DX Jo N5 B8 DX 3
GB 50019-2015 Tk FES B BT 25~27, IBR 29 28~30, 1-BR 32 35~40, 1-FR 42
GB 50736-2012 RSl 5 R 24~26, KR 28 28~30, 1B 32 35~40, [ 42

JGJ 142-2012 ARG L LV HAR AR 25~27, FFR 29 28~30, 1-BR 32 35~40, FFR42
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A BRI IS . 201H 20 704F4R, Olesen#d#7 @it
A 2 PA KT KT RRFE b XN AR S 56 10 57 45 S5 14 40 BT
3BT N [R) Mo AR A o 7 38 PR R R DX R, R 15 HE
19~29°C 2 [0], iXLLLh WYy A B NS MR 12 H 1%
s RG] A

Fp EAL D b, sEARA A A S
Wm0, Bk “ONDOL”(BE4T), X BI7ET &
N EAS B A M AN, Wt A SRS, i,
Sohn NP VLB, WA IEE }933.6~38.8°CH}, i
Ak E A SR ARE, MK T28.5°CH, BA—4
MM HAEHR4F3E. KongMISohn ™ /5 & ¥, “ONDOL”
T3 1) MR T 3 FET A130.8~34.4°C. 20034F, Song ¢
NTAMRE AT AR NSRS, 25361, “ONDOL”
FG AR AR IR 4932.6°C. 20084F, Song”7E
N TAMEEIRZE T 162521808 CR IR LB L),
15 2| “ONDOL” Z 4t b Ay (14 &7 18 I B2 i [ > 27~33°C.
WAL ET AT 9 545, Zhang AP gl TIEE T
H A\ B A I B 4738 X 0], n$EAZ 88 h25~31°C,
T e D0 A9 b A L2 91 R SR 26~30°C.

25 1, R A S I I i X A b M 3 e Y
[l (25~39°C 2 [ AN 45 2 i 5 T [ B (19~29°C) K 7k [
(24~29°C)brifEh A, HAEHTE TRt & 3,
FERE TS, FEEA 0T AR B T 1) 4 %
FIRSEREL i TE A KIS B e > A 1) iR (3=
BHUREFRIE . L R RIACHS 45 22 53 PORIE 2 ST s %

0, S AT B % AR P 1 7 R T Bl 2 A
Al TR X NRE, BAEARSE R Bt R b, G
AR TR IR, B, 78 EE ALK,
A4 25 Al ) AR it P S R 7 B — A5

2 WFgEiik

2.1 PR KRR

SEE G T E T X RN AR, %
BEFE201345R T, 2 2Tl AR AL
R T HERE R B L (T RS HE(50%)
BATARIE) « S5 (A5 TR N0.613 Wm ' K
A5 IR BHIZ K R AR (30 mm), Z7A TR
Z100.265Wm 'K ', BWRLGASSHRERN
143 Wm ' K. 46, SN CR) i s s,
MAEKCH2.8 W m ™ K, BEIBIHEH 250h0.86, BTl
WLEFE ST H0.71.

SEYGF- 6 BB IR Ry — SRS BE R, e It
A 1i720.4 kW, HEBZ/K IR AT 50 F240~76°C. =N
LR E B R/ VPR B4 0.5°C. T bl T Bk 1 1
BYHBRE KA, INFE20 mm, FEIEES cm, WA (a)Fis.
bR 2 R 2 A R R bR, I RK R R HEA T2
4, E1(b).

DU A AR CRRSTRIRER IR bR i) (JGU/
T 347-2014) 7 BBSRIEAT. % N2 R ] Agilent
34972 ABUH R A ASURN T 20 4] - FRE A B L {8 318 P8 A4 S
i, FEA-40~125°C, MR RH+0.1°COKIRILIESR). %
PR 25 SR AR X T B R 28 A s S TR T R R D IR A A
(HOBO UX100-011)ij+, iR & & F2 H-20~70°C,
K H£0.2°C(0~50°C); AHRHEEE I L K 1%~95%,

Bl 1 (M) (a) BB KA 2258 (b) SC36 5 a A B

Figure 1 (Color online) The on-site photos. (a) Installation of floor heating pipes; (b) layout of the room for experiments
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KEFE R£2.5%(10%~90%). 25 P B BRI (8 FH A0 5t el
JTRI0BYWBGTHIEHAI &, FAE R 5~120°C, A5 K
+0.5°C.

22 ZikH

SRS IR SE T 4545 2 b B ORI R RAE N A2k
H, LRATZIR G AL SR g AT R
AT TR, N T X T, ZE N
16~27% 41(2344)F130~47% 241 (224%), HLhlifm 8 W43
N BRI, Z IR E R TR A R AN b A AT,
P-4 B v FAC TR 43 51 (164.047.8) emF1(58.5+7.9) kg,
e % (body mass index, BMI)F-3#4{H H21.7+2.3, K
B4 32 BMUEAE IF 5 i [ (18.5~23.9). {HAHX T
16~27% 4, 30~47% LIRRIS e K4, BMI(23.6+1.5)
P w24, PRAR R AR5 (32.0%+5.6%). ZikE
R N 2 1 290 (3.6+3.6) h/d, BISF-34 HAG /b8
mFE b TR g 2s 0], HORFAER 22 A K. H
16~275 N2 BRI IR ZS VA RGEAEWE, 30~47% 20
RS g, LI b g s IR R iRk, —
A K. B, BRAC. BARFINE, PEHZIH1.2 clo.

23 SRS T ik

SEIT20184E 12 H ~20194E1 H T @, HRSCH 1)
120 min. ARSZEBET T 64 AN ] B AR 2 1 i
25, 27. 29. 31. 33F135°C. AR LI I3
bR IR 5 (R A (UL B KA ) BRI S R, FESE
B HT—Me LIS g RS, AT AR KRR . TR
Koz IR RE e (B, A T IRk B AR R e TR
BRTBEVE R, 7ESLsad B, ] AR R A Wl
B A TSRO

ZARE THHERT30 minBA LI P A (BT, FETEIR
B RRTAGRIM B RN E. Lt fEd, ZilH ek
PRIFAR AR AR AR EEZ 011 met), FEARIIERAEHL
b, Z3AAEL. 100 30 60, 90F1120 minffIHE

£3 ZREEMER

Table 3 The anthropometric information of the subjects

[HEES
2.4 PRI

A S 2 BE B @ bR fE (ASHRAE  55-
2020) "7 RIEFRRME (AR THCE) (GB/T
18977-2003) AR bR R AT I 03,  EEAEbRAN
PR RANGRATTR, ALAEHVERGE AT 25 0 e T
PO, PURGE R A R TR IERGE, AL AL
KETJHEBXIEBAL: Sk SR BSME. KRR, /MR
FUD. BRICZ AN, IX] 32 1 B A AN R 4
A BRURRANI K, FeBEIA (1) 8T8 (0) " #1704
PEA.

2.5 Bdimaben

TEOlesenZ #2  BF 5 K [ BRIEAN FR EISO/TS
13732-2:2001"11, 45 %742 88 (short term occupancy)ff
B[] A1 min, FH155 8 (longer period of occu-
pancy) IR E]E 10 min, L, S T (XS L adT,
ARG R A1 minff . 10 minff L & 30~120 min((E
BNREE S AE . MRIER . RIER
Y UH.

TERTZE R — 2L W ZH0, B SeR PR IR A
[B) BB SUEMA T B E 2 R, RSN, 45
FEHA, PR A R i RN PAET 385 A A 43 i Al itk
FETFERARE, BEMTEL R TR TE
35°CHY, JAFRIAETE7E25°CI B, RIFEIE rhil s
RIS 3 22 5. (HP/ N AE 08 4 Y A IR B D) ER AR 4K
ZTHH(25~29°C)ERE BN B E M2, I, 7r4h
SR PN A I 2H 1) AR R B2 S B 43 ) et 43 AT

3 seubehp

3.1 FSNPEIAEE
SEBRIMAS A MR IR IR 6T R, A4 .00 A S

Vgl ENHREZ Y (W/d) (D) B Ei(cm) KT (kg) BMI(kg/m’) RN (%)
16~27 %4 3.8+4.3 21.1+43 166.3+8.2 55.6+6.9 20.1+1.5 18.4+9.1
30~47 S 4 34424 39.35.9 161.5+6.8 61.9+7.8 23.6+1.5 32.0+5.6

Bt 3.6+3.6 29.6+10.5 164.0+7.8 58.5+7.9 21.7+2.3 25.7+10.0

a) LLH BT % AR A1 327K, #4670 hvd
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F 4 WEFEREEBEITRIBARR
Table 4 Main evaluation indexes and scales in the thermal comfort
questionnaire

+3 e
+2 %
+1 T BT
0 ik #Pi TREFAAE
-1 D FHAEF i RIS
-2 in AEFIE
3 % s RATT
#5 TAEERHAZMHBERBEER
Table 5 Significance tests between different age groups
L R AR E R EER S AR A
25°C 0.850 0.011 0.001"
27°C 0.170 0.088 0.014
29°C 0.960 0.578 0.001”
31°C 0.747 0.734 0.386
33°C 0.768 0.389 0.084
35°C 0.001” 0.260 0.556
a) P<0.01

T AR = TR, (HIRZEBE1PCLAN. ARl
M FE T TRLE T XA () S IR S H L iR o iR, =
HaS SR E R E6~12°CHE Bl Y, 2B A K. 128 N
23S T A A 2 T ek T v T T, AR R
TR EE N 25°CTF i BI35°CHT, 25 N 23 A T B o )L
(19.0+0.7)°CFHE 31(23.3+1.0)°C. S28arh, 23S IR
FEI#RAL TR 25 IR AR I Bl 1 8~24°C Y. SE5G it
AR R, FREH RS SR, SRt

6 LIRS

Table 6 Measured indoor environmental parameters

SETE(50+£6)%Z IN.
3.2 P

3 ) 5 AR A B AR SR A AR e, R
FAASTR Bt A QA [R] A PR B A IR BT A 7 6] g Ak 24,
RERTILEUR AN 2R, ATLAFE Y, FEAGR
27°C A A (A5 SIRE N20°0) i}, AARALF AR Ay
PEARZS; TEHBARIRE 250 CAEAT Ny, NARTE 2 15 ¥
T 5% B s AR Fol b Tl — 2 7 MR 2 Sh29°C
iF, AL W f R — SE (RIR S T 7E MR T T8 3]
31°CLA L, S 845 B I iy S 2 AR Ak A e R A,
BEF IR SE R, 4 Bt TImmeIR A, K58
I AR it s ] 9 A8 A AR B T AR E— 5 T R A
HIRFITRE ST, BN, AR R25~31°CH, K4y
1) Jey PR FAER BT i 2 B ) S e T b e, AR 2
() P 22 (B0 /D, E MR I SR 35°Cs), Tl BB T A&
A FRWIEE, R AREER A, BN, Ak
A AN PR R T T .

A 35 ) B S A (i A AR I R R A7 o6
1, 1950 T bR S RSB R e O R, a3
Fizs. ARAEEI3 TP AR PO GR AR
B RS KAZ B I 29 h27.5°C, fERKIEE 4R
28.0°C. JHIHBHUBAE TS V=-+0. 5 1y bW 8 B 7TV Ky
AR FRRAE, BRGNS B 33.5°C,
KA R 31500, KR R32.5°C. KSR
Hiu b IR b BRAE AR O RS A5 B B e T, AREL T
UNNERRIA:

3.3 TG SR
B2 BB NAGTIE . AEFE . AR AR IE

ENIEE FHIAEE
&It T - - ) )
WHIREYCC)  ZRREYCC)  HIXHEEY(%)  BERREYCC) A MEms")  SAEECC) M%)
1 25.6+0.4 19.0+0.7 5046 19.841.3 <0.1 6~12 59~92
2 27.8+0.4 20.120.8 51+5 20.9+0.6 <0.1 9~12 63~79
3 29.620.4 21.540.9 5045 22.3+1.2 <0.1 9~12 67~85
4 31.7+0.2 21.94+0.6 4745 22.5+1.1 <0.1 9~12 71~83
5 33.6+0.6 22.4+0.6 4743 23.5+1.3 <0.1 10~12 84~92
6 35.540.3 23.3£1.0 4945 23.8+1.4 <0.1 10~12 77~90
a) I (EEARIE2E
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Figure 2 The distributions of local thermal sensation vote under different floor temperatures

di PR LI E A AET ISR, 15 24P AR A
EPIE R G HAARE M C R, HERPD<15%H}, s
B B AR AT 18 TR T R 29.5~35.5°C, K A5 BE 11
MR 3 Y 3 B 24 429.5~32.5°C, T A 52 B b b
T Y BE Y ) Ok — 26 R27.5~33.5°C. HER
PD<10%H, %5845 B ANAE 145 B oy akh &), i s
B M A 5 UL I 24 R 29~320C. Bk, 21k
PR AR T iR T AFDG A i BT (19~29°C) i 5.
bR T I SRR B SR A I SR, TE MR TR
INTF32°CHF, R [RJAF i 37 12 25 A1 0 2 b A 3 T 1 T
. KSR, MR 32°ClE, REEZIE
AR AR R TR R RS, TR RS AR, 16~27%

ZH BRI E N33°C, T30~474 LHIHEEIR B R35°C, W
HNA T2 5 1 JE R rT e R SR AT A D i 22 5. Bl
FLEIAT, NMARCRSRE G, PP 25

3.4 JERBAEREIR

2t giit, KEBIT N (Z95%)TE L6 T A H F i
R~ BB SR AR, RN 2R e 2
LRER. XFF AU AZ IR, HbR TG = v] e
TR ARIEIEIRA 56, (H TSI AR L R & A R 4RI,
THZ AR, WAHERRZ 2Bk T b 5 LAk
FIHA RS, Rk, X — s B R fa B, i
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B —-—-5GE{2ERLTSV=-2.39+0.087 T;; R*=0.80
1.254 YK EERLTSV=-3.50+0.127T;; R>=0.92
A K HAfEELTSV=-3.15+0.113T;; R*= 0.89
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Figure 3 (Color online) The relationships between floor surface

temperatures and thermal sensation vote at feet

B - TR

45 s
40 LPD(%) = 307.6-17.1T;+0.245T;; R°=0.71
BB
354 LPD(%) = 657.8-41.7T+0.675T;; R*=0.50

FAIBBARERIER (%)
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Figure 5 (Color online) The preferred floor surface temperatures for
subjects of different ages. (a) The group with ages from 16 to 27; (b) the
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The use of floor radiant heating systems is increasing every day in Southern China. However, designers and users are
constantly trying to find how to choose a suitable floor temperature range based on human comfort. This study summarized
and analyzed the comfortable floor temperature range of radiant floor heating systems from three aspects: Standard
interpretation, literature research, and human experiments. The thermal comfort standards, including GB/T 50785-2012,
ASHRAE 55-2020, ISO 7730:2005, ISO/TS 13732-2-2001, and ISO 13732-1:2006, were reviewed. An acceptable range
of 19-29°C (PD<10%) was recommended as the optimal floor temperature in these standards. In addition, building design
codes EN 1264-2:2008 and EN 15377-1:2008, GB 50019-2015, GB 50736-2012, and JGJ 142-2012 were reviewed. The
acceptable radiation floor temperature range for European building design codes was also specified as 19-29°C, whereas
for Chinese design codes range of 24 (or 25)-26 (or 27)°C with an upper threshold of 28 (or 29)°C was recommended.
However, a literature review of experiments and field studies showed that East Asia preferred higher floor temperatures
than the recommended ranges in these standards, for example, 27-33°C in Korea and 26-30°C in Japan according to
climate chamber studies, and could be as high as 33.6-38.8°C in a field study. Human experiments were conducted in a
typical room with a radiant floor heating system located in a residential building in Chongqing. A total of 45 subjects were
recruited to experience the heating system with six different floor temperatures: 25, 27, 29, 31, 33, and 35°C. The subjects
were seated with bare feet to evaluate the perceptions related to floor temperatures as follows: Thermal sensation vote
(TSV) of feet, thermal expectation of floor temperature, and thermal comfort of feet. The results of the experiments also
revealed that the local people in the hot summer and cold winter (HSCW) climate zone of China preferred higher floor
temperatures than that recommended in standards or neutral conditions. For long-term occupancy (30-120 min), the
neutral floor temperature was approximately 28°C with an upper threshold of 32.5°C (i.e., TSV=+0.5), the comfort
temperature range was approximately 29-32°C, and the preferred temperature was about 32°C for most subjects. For short-
term occupancy (1 min), thermal comfort and preference were affected by various factors, and their values were different
for subjects of different ages. For subjects aged 16-27 and 3047, the preferred floor temperatures were 33 and 35°C for
short-term occupancy, respectively, but the difference was reduced with time for long-time occupancy. Considering the fact
that the acceptable floor temperatures could be affected by various factors such as floor materials, thermal history, activity
levels, and skin conditions of occupants, conservation values from this study were recommended. Therefore, for an average
person in normal conditions, the suitable floor temperature range in the HSCW climate zone of China is recommended to
be 25-29°C with an upper threshold of 32°C for long-term occupancy and 34°C for short-term occupancy.

radiant floor heating, winter, floor temperature, thermal comfort, hot summer and cold winter climate zone
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