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Influence and mechanism of organic matter
on thermal conductivity of clay soil
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Abstract: Organic matter is a common component in soil and has a significant effect on the thermal properties of soil. To clarify the
influence and mechanism of organic matter on the thermal conductivity of clay, bentonite was used as the matrix to prepare soil
samples with different organic matter contents by adding humus. Thermal conductivity coefficient 4 was measured by thermal probe,
and the variation of A with dry density o4, water content w (degree of saturation S;) and organic matter content w, were examined. By
analysing the adsorption characteristics of bentonite to organic matter, the influence mechanism of organic matter on soil thermal
conductivity was discussed. The results show that the thermal conductivity coefficient 4 increases with the increase of dry density py
water content w and degree of saturation S, when w, is the same. When the dry density p; of saturated soil is the same, A decreases
with the increasing of w,, but is not a monotone linear decline. It can be divided into three stages: sharp descent stage, transition stage,
and gentle descent stage. The approximate range of w, corresponding to the transition stage is 7.5% to 15.0%. The saturated
adsorption capacity w1 of bentonite to compact organic matter is about 8%, and that of w,2to compact + stable organic matter is
about 14.0%. In other words, the two thresholds (w,,1, w,2) of the variation of organic matter occurrence form are consistent with the
w, corresponding to the transition section of the A-w, relation curve. Mechanism analysis shows that in addition to the content of
organic matter, the change of organic matter occurrence form is also an important factor affecting the thermal conductivity of the soil.
The applicability of several theoretical prediction models of thermal conductivity for clay soil containing organic matter was
analysed.
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Fig.1 Bentonite and humic powder samples
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W R WA %
TR ORI
FE RURLAE X 25 Jo S0 Ty
JizE 1 2.73 187 27 88.2 7.0 48

22 A REREHEAESE

Wit T P41 (R 2), W36 H i &5 B R

(1) BT S KRS AU S
R REEW ., H& TARANREEw, (w, N
0~12.5%) T%E p, (p, N 1.1~15gem®), &
KEw Cw N 10%~30%) K% EE.

O A BT & 8o J itk 3L 3 R .
WL T w, A 0~50.0% 1A 4 Hrb, w 70~
15.0%36 Bl N 2E4T 1IN

®2 REBIR
Table 2 Test design
e TEEp BIKEw AP B wy
S /(g em?) /% /%
14 1.1,13,15 10,15,20,25,30 0,2.5,5.0,7.5,10.0, 12.5

0,2.5,3.0,4.5,5.0,6.0,7.59.0,
10.0, 10.5, 12.0, 12.5, 15.0, 20.0,
25.0,30.0, 40.0, 50.0

Eo24 1.1,13,15 HuFa

S i RS B R A BRI 5T, R AR
BT TR MK BB E B FIR RS, A
REERE S 72 hs 4% T0E T % BEAERFRIREE. (4R
39.1 mm, =440 mm) WHEEE, EEPE
AEER, KRR EE TARMETRY 46 24 h, AT
Pft 3 R HO



156 = +

b 2023 4

2.3 RRRZEHE

KH Decagon /A & ] KD2 Pro T # - Hr i, 1%
A I SR E A, MO EAAN 1.3 mm. K
930 mm ) SH-1 BOSUHERER, XU AIEE N 6 mm, fE
PR E TR e T R A R, S,
3 105 FH T AN AR LE SRR 2 T Bl LR 0L
BAH 4 h DL b MHHTIE AR R IR TE T 3
g, W ORIRE AR C Ak R i, J ViR ZE .
AL, WHREASAAER B R IR T 2 OE N T
PMEVE A Z SR i A L F R 2L DURIE IR 3L
PEHERE .

B2 #ESAL

Fig.2 Thermal conductivity test equipment

3 AR

3.1 FEEREN
B3 RA-p, KEMG. B, KT

0871 o w, =0

—0—w, =2.5%
—o—w, =5.0%
—v—w, =7.5% /':|
—o—w,=100% o—————%

| —<—w, =12.5% 2

S
2

\
\

1.2 1.3 1.4

0.4

1.0 11 15 16
Py ! (g cm™)
() w=10%
137 —o—w, =0
12F —°—w,=2.5%
~ —— 1y =5.0% o
L L1E = =7.5% /2
B | —o— w,=10.0% |:|/v
2 10T ——w=125% °/<,
©09f
5 D/A/
S 08} g/q
07} 3
0.6 . . . . . ,
10 11 12 13 14 15 16

Pyl (g cm™)
(b) w=30%

B3 REFREFETERNRL
Fig.3 Changes in thermal conductivity with dry density
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Fig.5 Changes in thermal conductivity with
organic matter content
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and experimental results of thermal conductivity
of unsaturated clay soil
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