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Experimental study on thermal conductivity of remodel expansive rock and its
influence factors
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Abstract: The effects of moisture content, dry density, temperature and volume deformation on the thermal conductivity of
remodeled Nanning Tertiary expansive mudstone specimens were investigated by the thermal probe method. The research showed
that the thermal conductivity of the remodeled expansive mudstone increased with the increase of moisture content and dry density,
mainly because the increase of water content lowered the thermal resistance of the air in the mudstone and the increase in dry density
brought the mudstone particles into closer contact with each other. The thermal conductivity increased by 135.7% when the water
content increased from 10.4% to 21.9%, and thermal conductivity increased by 133.9% when the dry density increased from 1.50 g/cm?
to 2.00 g/cm?. Under the effect of latent heat transfer, the thermal conductivity of remodeled expansive mudstone increased with the
growth of temperature and exhibited two different stages of slow growth and rapid growth. The particle size kept expanding and
aggregating under the influence of temperature, which provided favorable conditions for latent heat transfer. The thermal conductivity
of remodeled expansive mudstone decreased with the increase of the volume deformation rate. When the deformation rate increased
from 0.5% to 5%, the thermal conductivity of expansive mudstone decreased by 5.7%—29.5%, due to the fact that the expansive
mudstones are looser after water absorption and expansion.
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Table 1 Physical and mechanical parameters of expansive rock

KR#mEp  TEEp KRG AEe B o MR op KRS, Ik 5/% WK 77 P
Ag=em?)  /(g=em?) 1% 1% 1% 1% 0kPa 50 kPa 100 kPa /kPa
2.21 1.90 16.4 36.9 17.2 51 7.10 1.72 1.11 150

x2 BKEFERIFEBRERAR (BhA: %)
Table 2 Particle gradation composition of intact sample of
expansive rock (unit: %)
ks Wi Fikr g i
>0.075mm  0.005~0.075mm  <<0.005 mm <<0.002 mm

5.30 34.86 59.84 45.88

WEFEREL,  EIE A (R A 3 A BB ATLAR 25 1 2 4
ANFAFEERIBIR, PHREEFAAMLER 20

—EFRFEBIBRAR, X LA B R BRI 708 B
M2, Sy 7 AR B 7o 4 R SR e, TR
X JECR I K S AT R R AR YE L Y 0.25 mm<d <
0.5 mm. 0.5 mm<d<<l mm. 1 mm<d<<2 mm.
2 mm<d<5 mm ] 4 4 5 I P EE T 2= R
HEAT T EERERAT 70 R I IR A ) S R
LR R K 2 A R B, AEORLAR T B B /D 1)
0.25 mm<d<0.5 mm iXFF, HEEMFARM LR A
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T AR RE S AL, 22 FE S K 2R AR R
H A5 AR T i, EBEIKE
[T B K 26 5 R AK 55 7R BT ASR], (R
BYEEN 1 mm<d<<2 mm {5 A S RFER TS
Tr BRI 23 B R JFORAE a2 . DRIk, ARk
I8 Fa R TR A R i 46 7 3, 3 A R AR i
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AR LR IR URE ) 26 =, i
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HEAT R 5 R K R i 0 A R 1 16
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REEHIE S UGS ION HUT301P 456 46 b ik
17779 (HUT301P BRAIGFESEE 3), Bk
B, AR B ) PR 5T 2 B R B AN F R T ) £ 3
I AR O LRUE A I AP AT 1R . AR VR
B0 i PR IE R TR [ 24 he

®3 HUT301P A G GRE AR E S
Table 3 Parameters of HUT301P experimental box
TAEERST
DxWxH
/(mm>xmmx>mm)

TR WREY R AR RE>T5% A
[°C EJFEPC BhEEPC TuE/%  SHEEE R ZE/ %

450x500x600 -30~100 <2 <#05 5~98 <+£3

22 REATR
221 EKE, THEENPKE FRREGE W

(1) %5 0.25 mm<d<0.5 mm K & FkE
FEI, WIHEIKEN 10.4%- 12.2%- 13.9%- 16.9%.
18.4%. 20%- 21.9%, fE/k&IEHIRERIE KM%
PER A BIHIET 2N 1.5.1.6.1.7.1.8.1.9.2.0 g/em?
FIRFE, R 4 Fim. WA N$39.1 mmx
h80 mm. PFEHIE TR, FOREEE B 4F, N
HUT301P MU EIREIRARE, 7R 25 C. AR
90%[11 561+ N E#E 24 he

(2) s FH /N BY Wl 7R RS T 8L H B
1.3 mm. &N 30 mm BPAN/NL, [81FE A 6 mm,
B S BE BT Arctic silver 2 fETE ST AFLH,
# KD2 Pro ) SH-1 XEHR L EEHHAN K E (S
WA 5D, WHAFE AN BEAR bR AT &
222 WX KA T AR B

COIRFEMIH 46 WA 2.2.1 75, e & 52 s
PR LRSI, N HUT301P RUEEAEEAE, 2
BIZE 104 204 30, 40, 50. 60 “CIHIiRE &1 N

B 24 h, R FARE BN 90%.

(2) KM KD2 Pro M EiEERI P FEFaFR, M
B 2.2.1 5. RIS A5 SRR K
x,

x4 BEBLHHIESKE. TEEAEGER
Table 4 Preparation of remodel samples with different
moisture contents and dry densities

TR % T2 /(g « cm™)
10.4 15 1.6 1.7 18 1.9 2.0
122 15 1.6 17 18 19 2.0
13.9 15 1.6 17 18 19 2.0
16.9 15 1.6 1.7 1.8 1.9 2.0
18.4 15 1.6 17 18 — —
20.0 15 1.6 17 — — —
21.9 15 1.6 1.7 — — —

e = RN plURE IR S K TEVE A %

£S5 SH-1 XEHHRLSH
Table 5 Parameters of SH-1 dual needle probe

P/ mm BEAA/mm W FE/mm RS AR/(W « (m « K)Y) SEE/%

30 1.3 6 0.02~2.00 +5

223 IR I A S R R B

(1) EARAATERE 1| mm<d<2 mm FIEIKS
ARL B BRI AR, WIAR B K2R 10%. 12%-
14%. 16%- 18%-. 20%- 22%, FEANE7KES) 5]
VEF%E N 1.5, 1.6. 1.7, 1.8, 1.9 glem® fIitFE,
REERI RS N061.8 mmx/420 mm.

(2) B PR JIRE S N B 5t T3S A7 11
WG BUE AT, 2220 F 42 DU A AR T A O
W ZEKENBE AR, WEHREH, LB
A FBAHE (0.1, 0.2, 0.4, 0.6, 1 mm) W
PR R MR A (0.1, 0.24 0.4 0.6+
1 mm 23 BN N 20 mm FIER JJREE 0.5%.
1% 2% 3% S%IAFIERR) . — &I T,
BT AT [ 45 43R FH AR A 1) B R il fer 3R KP4y, (H
N T ARUEAE ARG R o A4 ()28 T B RS K ff 114) 4
FRAETHE P, IR0 R F 400 AR B R0 R 4 3 1 2
()P4 .

(3) HPrmacEfRE AL H 2 h WA
JEE/NT 0.01 mm B, #AFRE, IEH K H KD2 Pro
SPREE 1 S B FE AR AT I &, W& 7 N5 A
221 /NITAHE],  d5E R AR B K 3R

3 BKE. TEEXEBEAK S T
AT

3.1 EARENEBPKE SHRRBEIE M
AT AR T BB AR M RS
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SIARBOHTIE T 135.7% 93.2%A1 72.7%. T
EIEN 1.8 glem® B, M EKFEM 10.4%5E &

18.4%, HSMAEIE T 552%. THEN 1.9,
2.0 g/lem® B, HEKEM 10.4% A 16.9%,
SRS HTHE T 30.7%H 33.6%-

P

& 1.5g/m® -e—1.6g/cm?

SHMAK/(W + (m * K))
(=]

—4— 1.7 g/lem® ¥ 1.8 g/em?

04 —-—19g/em® —<2.0g/cm?
02 1 1 1 1 1 ]
10 12 14 16 18 20 22

LR

B1 ARATZEEEEPKE SRR S KRR
Fig.1 Variation curves of thermal conductivity with
moisture content of remodel expansive rock in different dry
densities

AR B AR KA AR AT R
o MEKREUN, SRR BRACH = AL
HHBHAS TGRS, HL AR R S S R 2 TR A
TERLK AR S, ST ke S R BRI
M KRSE RN, LR K S TR ORI 4+
B, LRORLZ R KM, R T E LT,
HHAKM SRR K TS, KEREREN T
T RIRL S 2SS R ABE T, PR (1 3 94
RETE.

3.2 TEENEBEKEIFHRRBEE

FARBEAFR BRI AN SFHENE T5
FERRRWE 2 Fiom. MEIHRFTRTLLEH, H8EKE
FHIFIR, Bl T2 3N S AR BRI BT
P, BEIKEIEHIAE 10.4%. 12.2%- 13.9%- 16.9%
B, T2 1.5 g/em? 03] 2.0 g/em?®, KA R
FESIMAED AT T 133.9%. 86.9%. 71.3%-
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HEME] 1.8 g/om?® i}, HEIBREIK S A FRARET =
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§ 08 F - 104% —-o-122%
o - 13.9% ¥ 169%
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Fig.2 Variation curves of thermal conductivity with dry
density of remodel expansive rock in different moisture
contents
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16t T#E
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Fig.4 Variation curves of thermal conductivity with
temperature of remodel expansive rock in the same
moisture content
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Fig.5 Variation curves of thermal conductivity with

temperature of remodel expansive rock in the same dry
density
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Table 6 Fitting parameters of formula between thermal =
conductivity and water content, dry density at different E(] 7 ﬂﬁ
temperatures
. BEBH 2 ER) ) SRR B it ia) ) 7
(L /> R .
"C 4 B c D E F PRI E T PR
10 1.455 0.609 0.28200 —3.850 —0.1136 0.03909 0.910 }J\g] E'jﬁ‘"uﬁtlj’ E@*%}]ﬁﬁ‘?%ﬁ%#?ﬁ

20 1292 0692 026750 ~3.867 —0.1393 0.03807 0.895 - I
B = 0T A R B 5 AR T 2R 0 3G 0 T BRI

30 —1.822 1425 003639 115200 07543 —0.724 10 0949 o ~ i . B

= RS > N 274 AT,

40 —1494 1338 0.03012 —456.900 —0.5724 —0.64550 0.948 FLAN R0 T 5 T B A0 2 3 T P AU 1

50 —1272 1509 0.01484 —293200 0.253 1 —0.666 50 0.962 FEWAH AN . 7E BB E R IR T35 N

60 1407 0.775 0.23800 —3.434 —0.1582 0.03886 0.911 1.7.1.8.1.9 g/Cl’Il3 Eﬂ—, %%ﬁz%M OS%ijJ[l@J 5.0%,

= %‘2‘ ~24 ~ 24
2. 22 22
M 20 %20 2 2.0
1.8 18 = 18
e £ 6 £
. 1.4 C 14
i t z
R 1. =8l = 1.0
ne 0.8 N 0.8 ﬁ 0.8
2 06 £ 06 £ 96
& 94 % 04 2 5 04 22
T Fig o 17 ” Fa, 1817 .
12 & 1.6 127\ &Ly 1.6 12 K&
15107 % e S e AN
) & @ CIII\J)LSIO /5 g, 151077 3
(a) TREEH 10°C (b) SN 20 °C (c) #EH 30 °C
~24 ~24 ~24
.22 T 22 22
M 20 M 20 M0
= 1.8 = 18 =18
§ Le E s E e
R S 14 ‘14
g 12 E 12 2 12
= L = 1.0 8 1.0
ﬁ( 0.8 @ 0.8 ﬁ, 0.8
£ 05 & 96 £ 06
B %S 5% 25 %
P, 017 1477, oo Foa ; Fiz
“«“&/(g. 161370 %w\kg“ 27 O
3 ¢
(d) HEA 40 °C (e) WPEH 50 °C
K6 ANRIRETSHMABIUERAME
Fig.6 Thermal conductivity fitting surfaces at different temperatures
18 SRAREPHCHIREERN, 0N 6.3%. 6.5%
S et - 5.7%. MIIERIKA RAEVIG T3 % 1.5, 1.6 glem®
. oS, AR 0.5%IINE 5.0%, FHARHFET
E 14 F —¥- 1.0 g/cm . o .
: 17 g HIME R, 7394 29.8% - 25.8%.
< | —-o—1.8 g/lcm . . . N N . N
=5 12 1.9 glem® BRI A SR R, SKERAEA
zoor b, ST BT IR K B AR 2 R S H)
08 IREKFEIFTLR R, HGRFERES/KFEMK,

o e T SIS GEABE AT DUR B 7EFF ) (R

FWER T, BB A AR OK K = R IRE

l§F7 ff%ﬁﬂ%ﬂlﬁ%iﬂfﬁ%’%ﬂiﬁmmf JIREIEDT ), W IR AR . ik, AT e
ig. ariations curves of thermal conductivity wit e HL L , - T R TTRNT

expansive rate of expansive rock in the different dry @lﬂ%ﬂbﬂ&alﬁﬁlﬁ@{%ﬁﬂﬂyﬂﬁ, HAR E&Elﬁﬁéu&ﬂ(

densities PR 5 T2 e AR T IR AL, BT d, 1H
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W WAt 1 S R 2% A
v d (3) HBEKE SRR S HEKE, THE
d =— 1% 3)

e
h

K do HAFEBOKEIKE T2 (gem®); d,
RRFERIIE T (g/em®); Vi NIRFEERR (em?);
Ah AR E (cm); A NIAFEVIGEE (cm).

ERE IR I A AR IR A TR L, AL
Bt b () 2 OB T OKARES Bk BTG T
IR, $%RR 3.1 TR EBEIK A SRR 2
Fmrass. BRERRAERAEN, SRR
TR T RERES . i, BEEK NS
A A BTSSR S Y S A TR, R A (]
PEARA AR, {615 H B IR 5 e R AR AR R K
ViEa =5 A 1 vl T} < 151N ) S S - P N
T RORL TR B RURH T b o I B (3D T
R, FERFARIE 2 Ja 0 B BRI 5 R 1T % B B
BALT I T4 5, MR, W50
TR AAAEL, R AR I R s B A AR
ATEA G PR MR aa T2 FE AR,
TARBIFLBRFER, KA E LR E)IEE,
Fr UL A6 T3 LR N RE, H S IR BT 2
G n i ARG R B2 K

6 %4 W

(1) Y THEMER, BRPKESHAENES
BEAE SRR S, KM 10.4% B
£ 21.9%, HSHMAHETT 70%LL E. HEKE
RS, SRR E TR EM A&, 4T
BEM 1.5 g/em® EINE] 2.0 g/em?®, H S HAE T
T 70%LA o FERFNE KRBT ER, SRR
) “OARME” AR T MERIERE,  HKBE R sk
ANT T RRL A S S R A D 75 T R N
T IFLBR RIS, ROk 2 18] P2 ik s R ke T 3
hne

(2) PR, HEBPWHKE SRR
B2 AP B MR 10 CHEINE 40 CH, E
IR I IR B B T I T =i 22184 K
(BB T), HIKE A KRR 30%~40%;
MHRSEM 40 CHEINE] 60 CHY, T RFORHEHE K
(BrBEIDD, HIEK & AR K &R 60%~70%-
KRR TAEBRERTE T, &R S
AT, SULFER, ERAE IR R R RAE
AW NIt R A RE, BRWKELREE, N

o1 2R AP A O, SURFIR, AR A
TERAME TEE. SKENKARSE RN M
A, B NSEHIE, T A ER %
T EBEK A SRRBETKE. TEEZM
KR

(4) MVIG T2 EMFEIR, HEBPIKE S
REBEE AR FVS TR R I8 I PR . 7RIS
WIIETHE NN 1.7, 1.8. 1.9 glem® I, 4AFTEZ M
0.5%I I3 5.0%, FHAAREFEMICHIRZEN, 70501
N 6.3%- 6.5% 5.7%. TTEMIK A WIUE T % E N
1.5, 1.6 glem® B, 478 TE2E N 0.5% 38 N E] 5.0%F,
SIARIFCHIMRER, 75108 29.8%. 25.8%.
F A BE i TR K 5 it B K A IR,
A FIORE 2 8] 3 FTH] P2 AR o 9>
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