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Influence of non-uniform moisture absorption and desorption
on thermal conductivity of building materials

LI Juanhong®, ZHANG Pengyu®, WANG Yingying®

(a. School of Building Services Science and Engineering; b. State Key Laboratory of Green Building in Western China,
Xi’an University of Architecture and Technology, Xi’an 710054, P. R. China)

Abstract: At present, for the study of the thermal conductivity of building materials containing moisture, the
prediction model generally assumes that the materials containing moisture are uniform, and the experimental
measurement usually adopts the uniform humidification scheme. However, the indoor and outdoor humidity and
meteorological conditions influence building materials in the process of actural use, causing the non-uniform
distribution of moisture components in the process of moisture absorption and desorption, and the thermal
conductivity of the materials is different under the same moisture content. In this paper, the moisture content of
autoclaved aerated concrete (AAC), foam cement (FC) and red brick (RB) materials with different pore

characteristics were tested by analyzing the changing trend of thermal conductivity in the whole process of
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moisture-increasing and moisture-reducing, the changing characteristics of thermal conductivity in non-uniform

moisture-distributing materials were studied. The results show that the thermal conductivity of AAC, FC and

RB in the humidification process increases by 279% , 266% and 106 % , respectively, compared with that in the

dry state. The difference value of thermal conductivity of ACC with the same moisture content in humidification
process is about —20.2%~63.4%, the difference value of FC is about 14.5%~53.3%, and the difference

vaule of RB is about —18.0%~37.4%.

Keywords: wet components; uneven distribution; porous building materials; thermal conductivity
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Fig.3 Percentage of pore volume of three materials with

different pore diameters

B A ASFLEE R, AR B B AL R E , RAL &
Wwm L naEAL  BAIL D, s R
26. 1%, P MK FC BMAE 2B B K.

4 ik MR RB 2 L4 1 000~10 000 nm 4 K fL
Jo b BALBR Y 66. 9%, K FLFLAE B B /N T 4 R
AAC, i 15418 RB K LR 23 < r9 W Wi 1 F 551k
YE R B 4178 i 3 18 WA 2Z 52 M . 100~1 000 nm Ay
BANFL G S LB AY 23. 5%, Al /R by [ A 2R 8 E A
AR T, 3L EM BFLB R WL 3,

x3 IMMBEBALRE
Table 3 Total porosity of three materials %

AAC FC RB

63.382 77.289 40.961

2 EHEIRMENEMESHREDN
2 1]

2.1 LI RLFLBEEFAE

FH U FRASCI A5 3 Fh A4 E 1 L B R S FL A2 93 A
WE 3R IR BE 1R AAC FLAR 43 A FEAR
IR T A FLAR KN FEZ L 10~1 000 nm [X.
TF1] fy 2k 9 L LB 4i L K KT 10 000 nm #) K ALk 3
A3 905 BFLB Y 53. 6% Fi145. 2% . Z KA M
TR FLTE R A R 2 1R 7K 78 AW i T AR (R B S A
K B T 41 A5 I A8 ;0 U AL LB AR FLAE O R R R
WBER EEEE .

KUK IR AR FC 32 LA T 10 000 nm ) K
LA E, B EALBE A 71, 7% . T & MK D AR Y

2.2 EHABRESREPSIABEMRESREER
ERRHTN

WE A RTR R R R P AR AAC T
SRR BUELRE AT N3 B, AAC TS
WEECN0.213 W/ (m-K), &5 11 R, &8 &
Fa g R AR B 0.807 W/ (m-K) K T
279% o 23 18 WIE IR , Jok I 1 T £ L B AE KL S
WAEFH0.194 W/ (m-K),BEAL T 73.6%. 7F
AAC HE e o B b, 3 2R B0 S A AR AR 2,
H AR L EUOR A 92 S I A S T RRE .

WL A R BB LA IR L R 1~2, M kT A
ZHH 0. 213 W/m-K¥K 2 0.519 W/(m-K), K
W BE R TR T R B 1770, 5 5 i
SRR 63. 9% 0 % i B WS IR A S 4 fik
AAC BRI, 2508 i3 B i 5 R AR R
EB 20 B0 o SR 4298 03 O Ui A MR, RS
BB BN KA AMERE T, &7 £ T IE K
Ja N L DRI, i B B S A 2R B i T

Wy Bt 2 R e ok B2 3~9, M OB S R B



% 4 3 2452

5”:' ¥ /j B AR AT

SRS EMFR RO A 167

r 109

I3
@

S ) HES,
o g Ay 8 08
0.4 | _
- ! 077
'sp ! ) M
~ A i 0
o3t BB R ! 100 §
= 0
iz : ! H05 I
| i ﬁ
<1 0.2 i 404 3
iz ! ’ %?P
6= i Ho3
0.1 )
H ] 402
gl l_\|_| ! o
0 1 2 3 4 5 7 8 9 10 I 1 :
AAci'é'(Elﬁ‘i/U\
(a) e
051 q1.1
KBl —u— SHGRE
=1 1.0
|- 1 et
0.4 (miim| ! 0.9
1 on ]
o a =)
= wEn | 08 L
- — 1 i
031 | : 07 =
1 o 1 los E
E;.é | 1 ﬁ
4102 " 0.5 Bk
] i £
S : 04 o
0.1 403
1
: i 0.2
I I RAmenenen
123 45678910 111213 141516 17 18

o

AACHIRIS PR
(b) PR 72
E4 AACHERBEIESHRYRSEETHESD
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moisture content in humidification and dehumidification

process of AAC
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Fig. 8 Schematic diagram of non-uniform moisture

distribution in humidification process of porous materials
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Fig. 9 Schematic diagram of non-uniform moisture

distribution in the dehumidification process of porous

materials
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Fig. 10 Thermal conductivity of AAC and RB under
the same mass moisture content in the whole process of

increasing and decreasing humidity
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Fig. 11 Thermal conductivity of FCunder the same mass
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moisture content in the whole process of increasing and

decreasing humidity
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