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Coupled Heat and Moisture Transmission Characteristics of

Self-insulation Block Walls in Cold Regions

ZHENG Wei-hua, SU Yuan, GAO Yun
(College of Civil Engineering and Architecture, Hebei University, Baoding 071002, China)

[ Abstract |

block wall of the current mainstream construction type was compared with the externally insulated wall of the same thickness. Taking

In order to study the heat and moisture coupling transfer law of self-insulated block wall, the composite self-insulated

Baoding City, a cold region, as an example, simulation calculations were carried out through numerical software to analyse the heat and
moisture coupling transfer process inside the wall under the natural environment. The simulation results show that the thermal insulation
effect of the self-insulated block wall is better than that of the externally insulated wall. Under summer conditions, the wall has a low
risk of moisture, and there is no risk of mould growth and condensation. In winter conditions, the internal moisture risk of self-insula-
ted block walls is higher than that of externally insulated walls. The maximum values of internal relative humidity of core-filled self-in-
sulating block walls, sandwich self-insulating block walls, and externally insulated walls are 73.9% , 92. 1% , and 68. 6% , respec-
tively. Due to the existence of cavity inside the sandwich self-insulating block makes its moisture transfer resistance reduced, the mois-
ture accumulation is obvious and the risk of mould is larger, it is difficult to ensure the long-term stability and thermal insulation per-
formance of the wall. The core-filled self-insulating block has better applicability, which is conducive to reducing the heat and humidity
load of the building and lowering the energy consumption level of the building.
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Table 1 Relevant material parameters
. i SRR 1B R/ KRB B WASAKY TR I 5T B It £/
(kg'm™3) (Wem~'-K™") (J-kg™'-K™1) 25010 s (m?+s71) (kg'm™3)
HJZE 800 0.163 920 2.60 5.06 x10~° 0,088 5147 +5094<p+0 016 2
KUY 1 805 1.230 840 5.46 1.3x1078 0,052 6247 +0¢077 20 +0.010 11
@
EPS 28 0-035 1380 10 0 - 0.527 72¢* +0.964 7¢ +0.070 86
WIS 5 1250 0.154 1225 3.26 4.8x107° £

- 0.022 56¢% +0.025 4¢ +0.000 1

¥ e M HE . www. stae. com. cn



2024 ,24(16)

KRAEAE, 45 e HIX B2 45 A DRI AT DR A P A 5 TR R S 6831

2 HRBIGGIE

DR E b RIS A 1L 1 R B R A E R
Jof R FH S50 B AT R 35 . MR 4IE Hygrothermal Per-
SJormance of Building Components and Building ele-
ments ; Assessment of Moisture Transfer by Numerical
Simulation( BS EN15026:2007 ) "7 41 # ) A 3¢ 5 16
Bl 5 PO HE A 1% 3 1Y 207 R B R AT B 1) 1F
Yo R PR v S 56 v ) 0 -5 R B A AR [R) 1 0 T
ARBRADLZE SR XF L, e o v S 86 % 5 D il AR 2 T
BROCESH TR BE LR BE . BRIATERZ O 20 m B iR )
IRUELE N 20 °C, WIARAHRXIR LN 50% , fE =0 s
P P 0 5t 2k 30 °C, AR 95%
ISR — 2RI AR ARSI AR 0T BRI A
A7, bR B 2 B R R R R RE T K P Y
N0, ATy — eSS R AT RRALL BT A A O
SRS AR e, &3 B 4 55 78 7.30,365 d
BEAU A B2 SRR B 1% H

30—
T —7d
* N
S % 30d
28+ X —365d
- x B
*
261 *
*
S *
=
o8 24 N
x
2 S
% *
* % : X
20f X Tk * *
1 1 1 1 1
0 1 2 3 4 5 6
{78 /m

Fl3 730,365 d BIRBEXSLE
Fig. 3 Comparison of temperature after 7,30, 365 d

—7d
120 - 304
365d
o0k * ki
TE
20
< 80
I
%
<
60
*
*
*
40+ * * * * * *
1 1 1
0 0.03 0.06 0.09 0.12
L E/m

Fl4 7.30.365 d 157K R L
Fig. 4 Comparison of water content after 7, 30, 365 d

MIEL 3 FIP 4 v R] LU AR50 A it 2
Yy 5 HARHRE G MG 25 SR A W) &, W93 [ 1
RIRZEAIL 1% , 158 W1 Fa e A9 A5 7 8 I b A 400
AN B PIRRE S B 7

3 EIERSH

et AR R A B A T AR R ) H i G AE
AN TR B AT 0 H IR B, BT AL S
M GG R 2% AT S5 E
ZE 00T R PGB AZ B AT 50 HT
3.1 (RS

3% 2 A TR EE R R A B A R AN R
BEARTEAT R 30— O BB AL, P 535 1A 28 P BE 1T
Ab (R A % EE B A B[R] AR AL S RN S FR . FEWD
G, R TR T I 7 P BT I S e AR AL R 2
P AR R RIZ . E 2T 2 50 h Ak
iS5, PRP LR IR R G0 1 A BE T IR 2 3 I o TR 1)
AT IR BT 2L IE 5% % B AR Ak, L B AR IR )
HeBh R e T8 A A TR AT B 855 44K 1) PN E T A B
FEAR b M 2R IEAH ], Je 08 B R T i) B 5t A Py B T
R B RO B E N 1,77 W/m? |, /N 3
R -5.17 W/m® BRI E R 6.94 W/m®, IH
SO DR T R 358 A P R TR A B R 34 B
1.74 W/m® | Fe/NER G E R —5.29 W/m® A8
FRIREE R 7.03 W/m® , AMA RS AR P RE 1f Ak f R
PGB B R 2.3 W/m?, fx /N 3 B %5 B
~-7.46 W/m* AL IEE # 9.76 W/m®, E& H IR
TR RS (A PR R T B %8 B B /N T AR R B A
A PR B T AT 25 B AR A e 8 mT LA b i, PR AR
DR A0 B 355 1 27 2445 L B AR Ak 52 ) LE A1 R I 45
PN B 0 DR SRR AR T, T DA = PN IR
ARG FE— A58 /N A IR N, DS T SR
far , BEAR T SR RERE

—Oo— J&i A IR A el A
—>— B A AR Pesin ik
—o— SRR A

L E/(W-m ™)

-8

0 2000 3000 6000 8000
fitik)/h

5 BETE PG 5
Fig. 5 Heat flux density at the inner wall

Mk . www. stae. com. cn



By oA 5T R

6832 Science Technology and Engineering

2024 ,24(16)

TEAZTOUT  EBUBEAT B 5 213 KA E T
P2 R IR B e I, PR AR S N 3 4> i
R EE A AN TET 6 Firis . vl TR0 A PRI 5 e
O A PRI SR R 5 2R DR A RS 5 TR, B
PRATRAA R 3 A IF AN 8 50, DR I 8 4 DA R T ) 41
TE B2 14 o £ 5 A BRI AR A R, A PRl B
PR ORI JZ ARG T AN IEL XS 22 P55 AR ) 52
M, PRI A PR PR ST 2 MO ) S5 R B8 B Y s T
PR PR A, PR 1 DR A Al B2 A7 R A
FAIA], SR A A M 52 2 AR IR i, iR AL T % i
AV EEA VKA . i T e R R RS A B T 52 5
FI ORI AR T LA S 2 A PRl et R T A MR
SR S A PR R ) Pl M B B e BABEL B R, 7
SEATEE AN, P9 RE T FR AT A I I T AR R
TR IR T 3 AMIRIRL R 28 I FAPRE A2

TERZ TR  ZEBUEATRIEE 36 ROE T H
S8 SR A B F e B T 2R 9 TR AR Ak
WP 7 FroR 3 R b (A o B EE I 22 R 2

204

—o— B R B
oL o et R
—o— B R

1 1 1
0 0.1 0.2 0.3
AL E/m

Ko 22 T.00 FhG RN

Fig. 6 Internal temperature of the wall in winter

30

ol oSS E R
1 —o— et R BT K
—>— SMRR A

T/

24t

1 1 1
0 0.1 0.2 0.3
{7 E/m

K7 BETHNHE R

Fig. 7 The internal temperature of the wall in summer

ABEEEL T g A1 RE T AL )V B2 AN IR
AU I MO RS BAS R U N | BTN S R U R 7/ BoAS e
A P IEE THT Ak )30k BE AR T AR I A, Jal e T &
AR IR B X EE N RS I, 2 R AR NS
TREERREE N 27. 2 K/m, 2 Z R W A TR 8 44 9 35
FERBEEA 75. 8 K/m , B 14356 B B 3l B Aoh B Y
1%, BEASRS R AL P 0 /D | FEWS b X 4 5% (R 4 £
e K THEZE,
3.2 fRIRSH

3 b LR e A P BE T A ST 359 7K A e i ) () A
fLanE 8 s, M B AR HE A, Je ot A AR TR
s A, SR TR S5 A P RE T 5 R K VA & 53 Bk
9.33x1077 11.65 x1077 9.53 x 107 kg/(m’-s) ,
N BE T /IR PR B 5 - 7.3 x 1077 = 9. 06 x
107, -7.9x10 77 kg/(m*+s) , K538 F 728 Ak I i
5 R 16.63 x 1077, 20.71 x 1077, 17.43 x
1077 kg/(m?+s) , 00 A PR IR AT HEE K 5 40 R R 5%
IRBRIR SRR, B0 T 2.8 B AR e sk {4, e
S PRI R e 335 A P R T A K 9 R AR AL R R L
S OIS  7) B e N S| P N = e N ol =
19. 7% F1 15. 8% , YEE A LR R M) He 5% 14 Fn SR 1R
BRRAT KK 2808 B B 7, PR35 h 1 7K 43 Xk
DL i R AT 45 3, D T %= N R B A, AR
T % TR PR AR T R e TR IS

FEAZETOUT , % K 43 38 2o 55 4% 1m) & AR A 5%
it | (EURRRARSE 20RO IR R PO T R AN
], 7K 53 LAz o AR 1R A4 L, 76 PR Rl b4 ) 52 B 1 Ak
WORAR R P A BEK YRR R R T 2N
HRAHE B AR 1 100% B 25 PR e 4 #R L4, Bi%
A RS X B K D 1 T B R X B B 7 A
FUE S B S 7K, A X B KR i 80% i, 4%
SRR B9 R4 ZE T RS VAR X B 4y A
5 RS A X B 2837 28 IN AR IR 52 ), 3
PRGBS R PN A MEE T AL A X $ K88 100%

1.0x10°F SR DR R B 1A
T H IR R Sk 4
— — SMR IR R
s s0107f
g
-
5 of
%
=
ﬁ -5.0+10
Lo 2000 2000 6000 8000
i i /h

K8 PNEERIKIRIE
Fig. 8 Water vapor flux at the inner wall

¥ e M HE . www. stae. com. cn



2024 ,24(16)

KRAEAE, 45 e HIX B2 45 A DRI AT DR A P A 5 TR R S 6833

3 AR AR A IS @B S ., BN AR
MR AR et [ AR R 8 (AR A1 R L85 44 P 388 1 A+
X 3 o AR 43 590K 73. 9% .92. 1% .68. 6% , 435
N T E N — MRS o b AR 2 S
55 N L 2R A2 B i Ak B S P BE TG 0. 15 m Ak
AMR TR AR ZE oAb, S A AR ) B R ik
55 ML B AR PN R A X B Fh N B A BT B
SIS PR TR A B R X B A L AR T 535 1A
51 5. 3% , IR R IR SO HT , I HLs R AR
FEYIART 100% , 544 P93 B2 A v 35 XU, [) Asf A X6t
TEMAME T 80% , WA %5 1 g A XU, HA, ke
O PR IR A B 55 7 AR IR et 2 BT 7 A T
PR 8 | e KA 323 100% , 37 H. = T 80%
LA 58 v P A PN 0 4 5 A XS, 53 i) i
FA A, AR AR e b v 16 2 S B
EEZFETHN, W IERER TR/ AR
B KB R AN N E S = NS, B
Bl AA PRI B & 10 o, o] LA T, 3 R R
TR A P S AR X P R A v T 3 = PN AR R
ST RS 55 A e i AR B A RS AR S R T T

100

90 +
80 |
&
g o
7
® 60 +
—o— L CRIR A Y 4
sof o Rl HARRAI SRS
—>— JMR RS &
400 0!1 OI,Z 0.I3
{7 B /m

B9 &I A A AR X 2
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Fig. 12 Water vapor pressure at the site of

wet accumulation
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