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Experimental study on thermal properties of red clay in Guangxi province and
its influence factors
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Abstract: By analyzing their mineral compositions, the thermo-physical properties of 4 kinds of red clay in Guangxi Province
are studied from the perspective of soil mechanics. The relationship between the thermal parameters and their impact factors
also discussed. The results show that the thermal conductivity and specific heat capacity both increase linearly with the
increasing water content when the dry density of soil samples keeps the same value. There is a critical water content point on
the change curves of thermal conductivity. The thermal conductivity increases sharply in a line with the increasing water
content when the water content is lower than the critical point. Conversely, the thermal conductivity increases slowly and tends
to a stable constant. The thermal diffusivity increases with the water content when the water content is lower than the critical
value. However, the thermal diffusivity decreases with the water content when the water content is larger than the critical value.
The change curves of thermal diffusivity are shown as parabolic shape. It is also found that the thermal conductivity, specific
heat capacity and thermal diffusivity show a linear increase with the dry density when the soil water content keeps the same
value. Finally, the quartz content of mineral composition of red clay has obvious impact on its thermal conductivity. The
increase rate of thermal conductivity of red clay is positively related with its quartz content.
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Table 1 Basic physical properties of red clays

WRE B p SRS LRAERT FLBR R PR &KL
i Agem®) w%  EEG, He wi/% we/% u

HEM 190 321 274 091 77.8 42.1 0.41
M 187 332 275 096 70.8 29.3 0.46
ks 185 348 276 1.01 82.0 424 0.42
R 170 343 275 1.17 83.0 541 0.4l
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Table 2 Mineral compositions of red clays

HURE R AL %

Wi mAH KA PRA BT AR
ERN 58.89 11.90 — 16.25 12.96
A 20.91 — 24.52 7.90  46.67
P 25.60 — 747 1398 5295
Ky 83.38 14.12 — 2.50 —
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Fig. 2 Testing process of thermal properties of soil
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Table 3 Preparation requirements of samples for water content
impact tests
e T2 pg
i /(grem®)

IS KEw

9%, 14%, 17%, 19%, 23%, 25%,
RN 1.0 28%, 30%, 33%, 35%, 37%, 41%,
43%, 46%, 48%, 50%
8%, 12%, 14%, 16%, 17%, 18%,
M 1.0 21%, 24%, 26%, 28%, 30%, 32%,
34%, 38%, 42%, 44%
14%, 16%, 17%, 19%, 21%, 23%,
KRE 1.0 25%, 28%, 30%, 32%, 34%, 39%,
47%, 49%
16%, 20%, 22%, 24%, 28%,
iy 1.0 31%, 34%, 40%. 44%, 47%, 49%,
52%, 54%, 56%, 58%, 60%
4 FTEEZWMAWRFNHIEEKR

Table 4 Preparation requirements of samples for dry density

impact tests

BB 5% po/(grem ) B EHKEw
1.0 30%, 32%, 34%, 40%
RN 1.1 30%, 32%, 34%, 40%
1.2 30%, 32%, 34%, 40%
1.0 24%, 26%, 28%, 30%
M 1.1 24%, 26%, 28%, 30%
1.2 24%, 26%, 28%, 30%
1.0 23%, 26%, 29%, 32%
KRE 1.1 23%, 26%, 29%, 32%
1.2 23%, 26%, 29%, 32%
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Fig. 3 Relationship between thermal conductivity and volumetric
water content of red clays

LR LSRRI S KRR, AT At
SR = AH AL B S L R SRR P D7 T AT R . b
PEE TR, SRR W AR Z AL
B WA OKIEBD KSR (FR0 120
P, U IEEARE D dERE—E OHFETERD A
T, BEEKEROUK B E RIS RN,
B, PR ATFRRON IR KRR SRR
IRy, 3T FERRAS,  RORL T A I i
R ST AL AR, AR e —, RIEG
FART /Ny BEAE K ROBGIN, — 7 S F A B
K7 B T R LB R A S A BN 2, 7
IERRIGIN . 53— J71H,  BGINA) 7K 53 7 R0 T
TERREE K E, KR “3Butfe VOV - ks 2 ] (¥ A
RO A A B SR I, 2 e A A S R g e H
&, BEA KT BOANBTIG N, 3 A IS F) LB 4 S G
K CEROHETEETT N,  BURL [A 252 fil i A7
K IMAN L, R, e G AR ARG F 1R
BRI AT RE -

R R A AT DM R R F e U T AT
Bo RN T 80% (HI S<80%) B, LHiz
HAESAS MR L, -3 P s FLBR K 1 i
FLEESE A RS, AT ABGEFPIRZS . EX AL
N, BRI A, IR E KRR B OE +
PRI RN, LIRS RIS S KR B Y T
WESE . IR T 90% (HI §>90%) I,



HF 1

A, 55 ] IR AR S R 2RI T A 255

+ R A ESRR A AR A, B SRS LR
IR BRIE R A, BRSO, BT ESKE
BRIER), HIRFLBRJLT- K78 3H, BP0 gk
SRMFEM AT DL, KIS R Y
T— X R . Y IR ELE 80%% 90% . [H]
I, RN AP S SN S P A 2 T
PR . ERXMIEOLT, BEE S KRR, BT H
WAIEIARELE, TSN # T 2R IR A &
IKFAK (S<80%) WA 3, it — AR rg K
.

B ER AT, e EE TR A KR AL,
T L3 SRR S e, RN LR A
HHAYEE . fR ST LIER GRS EIKEM
HIB R R RIEE 3 i gess s, SRR 3k
XF IR 4 PR LG R KRR L R M & T
SBUE, R ILE 3. mkaTEn, 4 Mg LG
REEIKEREARIFMENER R, HAaXFRmuF:

K=A4-0+B ®<@<@mm%} W

K=C-0+D (6,>0
v-critical y‘jllﬁ I /?:ﬂ(

v-critical ) °

X 4, B, C, D NERE: 6
K, AR LFRAE R ORSCPEMR. BN, k5.
S 4 FP2r 8+ A S-S KRR N 0443, 0.350.
0.383. 0.494 cm™cm ) o AT S T 7 P 4T
PSR SRR LMK R, SN TRELEAE ¢
MZHEAME.

(2) AFH BRI SRS KRR R

K 4 8 Lid 4 Fha g Hilee s s SRS
KRR AR ML HILnT &, 7EAH R 2 BRSO T
4 Fh 2T b 1 1 2R EL A A A B A AR 5 7 R 1K 184 i 2%

P 1
~40 35 .
’M\ ;(5) - Q 3.0 ]
i E 2.5
€25
~ [ ] ~20 [ ]
220 215
L5 ol " ' =5.35420,
<10 (,=467160,40.738 <10 (1e5=3 aadr0.6021
Jo0s R2=0.9373 <05 )

0.10 020 0.30 040 050
0,/ (em3-¢m-3)

0 0.10 0.20 0.30 0.40 0.50 0.60 O
6,/ (em3-em-3)

(a) HEAk (b)

~35 4.0

~30 (] ~35

oy 30

N . 25 .

—20 ~

; 2.0

15 Z1s Coed.17a16.

10 (,=5.12736,407872 <10 "z‘jg';;‘; v+0.918
J05 R?=0.9475 <05 RE=0-

0 0.10 0.20 030 040 050 060 0 0.10 0.200.30 0.40 0.50 0.60 0.70

6,/ (cm3- em-3) 0,/ (em3-cm-3)

(e) k% (d) #ng
4 AFETARUEASTEHERSKER KRN

Fig. 4 Relationship between specific heat capacity and volumetric

water content of red clays
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water content of red clays
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Fig. 6 Relationship between thermal conductivity and dry density
of red clays
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Fig. 8 Relationship between thermal diffusivity and dry density of
red clays
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Table 5 Quartz contents of soils
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Fig. 9 Relationship between thermal conductivity and volumetric
water content
*o RHUAE
Table 6 Fitting values of function

TR a b c R’
Sand 42.72865 2.915064  —3.46945 0.8359
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Clay loam 5.253502 1.382321 —-1.71386  0.8930
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Fig. 10 Comparison between slope value of thermal conductivity

and quartz content
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