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Hygrothermal properties of cement stabilized earth material and both temperature and
relative humidity distribution of wall under periodic boundary conditions
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Abstract: In order to reveal the thermo-hygric performance of the earth wall under periodic
boundary conditions, the cement stabilized earth specimens are prepared for hygrothermal proper-
ties measurements. The 1-D unsteady coupled heat and moisture transfer model is developed and
numerically solved to obtain the temperature and relative humidity inside cement stabilized earth
wall when meteorological data of winter solstice and summer solstice in Turpan are used as the
outdoor boundary conditions. The results show that cement stabilized earth material has good hy-
groscopicity. Increasing cement content has a positive effect on hygroscopicity and a negative
effect on permeability for water vapor. In summer, cement stabilized earth wall damps obviously
the outdoor air temperature and relative humidity fluctuation, and cement stabilized earth wall
with 0. 3 m thickness has an ideal thermal insulation and moisture controlling. However, decrea-
sing thickness of wall leading to lower temperature of inner wall in winter and the insulation tech-

nical should be considered.
Key words: cement stabilized earth wall; hygrothermal properties; periodic boundary; coupled

heat and moisture analysis; temperature and relative humidity distribution inside wall
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Fig. 1 Grain size distribution of raw earth
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Tab.1 Chemical composition of the earth material and the Portland cement
B Moy &/ %
e Si0O, CaO Fe, O Al Oy MgO P, O; Na, O MnO TiO, K,O ZrO,
AR 47,77 0 19.37  8.85  12.21  4.26 0. 46 0. 00 3.98 0.23 0. 86 1.94 0.08

K e 20.65  62.23 3.15 3.27 1. 65

0.76 0.05 0. 48 0.07 0.16 0.00 0. 00
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Tab. 2 Physical property of the Portland cement
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Fig. 2 Process of equilibrium moisture content test
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Tab. 3 Relative humidity of different saturated

B %

salt solutions (25 C)
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Fig. 3 Evolution of equilibrium moisture content for

cement stabilized earth brick

4 KPS AR L R TS fLEBR S5 A
Tab. 4  Specific surface area and pore structure

for cement stabilized earth brick

Kk HEREB/ WMALE/, LS/ FEAL
B/% (m-g") (em®g ! (e’ g ') #/nm
3 11.176 1 0. 000 438 0.024 238 9.5312
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9 13.685 8 0.001 053 0.029 917 8.004 1
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Tab.5 Water vapour permeability and porosity
of cement stabilized earth brick
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Fig. 4 Thermal conductivity of cement stabilized earth

brick saturated at different relative humidities
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Tab. 6 Fitting formula for equilibrium moisture

content of cement stabilized earth brick

N AN FEKX R?
BET W= <1+3.863O{D(>)2(61§D— 0.0081y 9%
Peleg w = 0,018¢"7 40,0196 0,999

Henderson w = [%%}]OW 0. 981
Caurie w= exp(—5.577+2.152¢)  0.959

M1 6 TTLAE ), Peleg J7 2 X 7K V8 i 4 A + 44
AR 45 TR S i W T £ A SRUR SR B (R = 0..999)
PR AR F 5T R F Peleg 400124 X 5 7K U8 Bl 2
A A S R S S Y A O AT A P S R
R TR
3.3.3 HhR%E

IKFERZRR IR L A,

L. = (2500 —2.4T)% 10° an
WK ZE S A E S P oY
B 17.269T
P — 610.5><exp<7237.3+,r> (12)
WAKY HRE D, N,
_ Do, u
D. = e (13)
KESY BERE D, I,
D, — oR.T (14)

R Lewis ¢ R 3, s # R AL ., DXL 40 24



TR EE A5 R YR O A e B A A P B R ] S 0 SR S AR R B 4 A R 101

BB h TR FIET

hm = CV ( 15 )

_ P.g
T R(T+273)

3.4 BB

% HAMSTAD-benchmark 2 5245128 %t < B
FEHE PR B AR R B AT S0 IE . 3 A A
T = 200 mm JRE 4% [ [6] P bR ZE B9 S5 T RS
T, A RHZ 200 B0 T B2 ) 46 AH XR800S 20 °C I
95 % » E MR R EE A 45 %0 . = AR N 65 % .
B ] 2 1 000 h,

K5 S 7 I 52 b G A 5 A% 2 A Y RS S
HAMSTAD-benchmark 2 SZ il (4 % tb, & 5 AT
L AEBLBLES K O 100 h 300 h,1 000 h & F, A&
MR BRI 45 S 5 HAMSTAD-benchmark 2 52 i B
AARGF B WA B Ul B A B 5T b 4 Y i 455 8 B A o
1 3 BT S A R B PR ST R L R

(16)

90
851
80
75
~ 70
g 651
< 60
255t
~50f S
Lyt o SEIME(100 h)
= — FERUE(100 h)
4 401 « SZME(300 h)
351 —— RLE(300 h)
30 ~ SE(T 000 h)
25 — HEHUE(1 000 h)
20
15.000.020.040.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
MEEEE /m

5 BPRHZE ARSI A XS L AT

Fig. 5 Comparison of moisture contents inside the construction
3.5 BEREESHIHTELER

*H COMSOL Multiphysics ¥ 0.5 m E/KE
A A g AR P S I R RE 3 A R AT (R &= 4
THEE 0 553 530 3k B b T AR I 20 B 2 TR
Bl ) hoprsint & &/ & 2 H M 2 H AL 80E JF
W 2 Ah 23 AR B FURE X 8 B2 8 IR O B R 38 O DU
24 h.12 h.8 h.6 h Jy J& I A3l & e 5K

H BN

T = 34.75+3. 135in(%t +0.39)+
1. 225in<%t +0.85)+0. o%m(%z —0.48)+

0.1651n(§t—o.57) an

@ = 24.83+3. 65sin<%t +0.29 )+
3. 185in<%t +0. 77)+ 2. 1851n(%: —o. 94)+

0. 94sin<%z‘ + 0. 04)

(18
A EINTRAA N -

T =—10.00 + 4. 99sin<%t +0. 54)+

1. 505in<%z‘ +0.07)+0. 43sin(%t —0.42)+

0. OZsin(%t—ﬁ—O.BZ)
19)

¢ = 67.13+ 19. 735in<%t +0.40 )+
5. 79sin( 54 +0.06 )+ 2. 58sin (e +0.63 )+

2, 755in(§z+o. 58 )

200

SR FH: 62 b DX R A PR IRLEE (B 2 27,97 °C
225 20, 08 C) RIS IR R 0 AR X B (3 2
33.9% &2 49. 8Y0) N E NI F S XK Bk
PEAE 4 S A S A0 R 3 A A5 T R B A A
HATEE TG .

3.5.1 HFHRELR

Kl 6 FAE T B 2= MRS e T oK U Bk AR £ s A
PR P8 T E 20 A B ME (0. 0 m MBS AR N BETRT L0, 5 m A
S AARSMEETED o 7 Sy A S A L B A IR E D
9 [ X 3 A1 Tk 0 e 1) R U

H L6 FIEL 7 BT LA H . 78 2 A0 00 R I 1 ik
SRR 55 1A S BE R B 3h 3L 24 h R Dk
BIk3) 7.71 °C. PR E £ IR EA R4
A T L BE = A1 TR BE Ik HE N B A TR BE A S I 1Y
T 5% AR PR TR R B O 0N . A RS R R R
0.3 m &b CBEES /R AMEETRT 0. 2 m), 24 h PR B I iR
XN 1. 61 °C, X2 A0 i BE 9 1Y 5 38R 38 5] 80%6
Wit S35 R JEE B A E — 2D 9 K, a5 AR B I X 8 R 1Y
PAE R — 20055 SRR B R 0. 2 m Ak CHE 3% 4K A1
BETHT 0. 3 m) [ P IR AL 0. 69 C,

R, 2 N — M 0. 2 m JE 55 )2 PN 355 5 52 nl il
LA FE S KRR 0.5 m J/NE 0.3 m, g
E PR IE 55 1A B B R 1 ) R A 4080 o A1 A e A | 4
T P9 Rl AR,



102 VU225 TR 22 4R (2022) 45 38 45 1

371
—e—1h
36 —e—4h
——38h
35r ——12h
—+—16h
34 ——20h
24 h
(@)
T 33F
#
232
31
30
29
28 1 1 1 L ]
0.0 0.1 0.2 0.3 0.4 0.5
JERE/m
&6 B 2K U it A A 5% AR TR A3 A th 42
Fig. 6 Temperature curve inside cement
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Relative humidity curve inside cement
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Fig. 9 Relative humidity range and damping rate inside

cement stabilized earth wall in summer
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Fig. 10  Temperature curve inside cement

stabilized earth wall in winter
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Fig. 11 Relative humidity curve inside cement

stabilized earth wall in winter
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