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Abstract: [Objective] To comprehensively consider various factors through evaluating prediction models,
make full use of each model’s advantages and disadvantages within the scope of applicable conditions, play its
advantages, acquire concise, fast and accurate prediction of soil thermal conductivity and realize quantitative
research on its complexity degree. [Method] The advantages, disadvantages, application conditions and
influencing factors of the previous 16 soil thermal conductivity models are analyzed and summarized. The
predicted data of 14 models are compared with their measured data collected from the literature. The model
evaluation is realized through linear regression analysis and root mean square error analysis. [Result] Soil
thermal conductivity is greatly affected by moisture content and quartz content. The thermal conductivity of

quartz is about 7.9 W-m™-K"', which is the highest in all soil minerals. The thermal conductivity of soil in humid

Wi HER:2019-12-05 W48 & RTE:2020-07-11 10:32:37

4R & % ik https:/kns.cnki.net/kems/detail/44.1110.8.20200710.1537.002.html

fEZBMN: £ 24 (1982—), %, @#4%, 4, E-mail: wangweihual220@163.com; 3£4LE (1997—), B, MEH T L,
E-mail: 18702515762@163.com; T3 A& T #k48 F)

EEUE: AR A AFF EE (51409136); =4 AT @ LA A (2019FB075)


mailto:wangweihua1220@163.com
mailto:18702515762@163.com
http://dx.doi.org/10.7671/j.issn.1001-411X.201912006

5 ]

F P4, 55 ARG R0 P R SRR 5T 125

state is much higher than that in dry state.Under normal temperature condition, the regression coefficients of

Wiener model are 0.133 and 2.208, and the decision coefficients are 0.393 and 0.820, which deviates

significantly from other models; Geo-Mean model shows the lowest regression coefficient of 0.668 and the

highest root mean square error of 0.598, the prediction values deviated significantly from the measured values;

The regression coefficients of the models of Zhang et al, Chen and Haigh are 0.994, 0.919, 0.891 respectively,

and the root mean square errors are 0.280, 0.315, 0.394 respectively, showing relatively high prediction

accuracy.The regression coefficient of the model of Lu et al is 0.850, the determination coefficient is 0.976, the

prediction accuracy of soil thermal conductivity is general, while the improved model of Su et al based on model

of Lu et al shows the highest regression coefficient of 0.997, the highest determination coefficient of 0.980,

showing the best performance. [ Conclusion] In the case of soil texture, improved model of Lu et alis

recommended. This model can describe the effects of basic parameters of soil physics on soil thermal

conductivity in more detail.

Key words: soil thermal conductivity; influencing factor; prediction model; model assessment
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Table 1 A comparison of the predictive models for soil thermal conductivity
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measured values of thermal conductivity (1)
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Table 2 Linear regression and root mean square error analyses of each model

- - IEIUEI/%‘#Z ‘{J%i%i&({ez) BEEARHERZE TR Hs o
No. Model source Regres§10n Determeratlon Standard.error Root mean Number' of
coefficient coefficient of gradient square error data point

1 IR 0.997 0.980 0.009 0.208 28
2 ZhangZl'™ 0.994 0.979 0.009 0.280 80
3 Tong5§ 0.985 0.950 0.015 0.544 54
4 Chen'"” 0.919 0.979 0.009 0.315 98
5 Haigh” 0.891 0.964 0.012 0.394 50
6 Johansen®” 0.877 0.976 0.010 0.212 20
7 Cote55™ 0.873 0.978 0.009 0.207 31
8 De Vries!” 0.861 0.970 0.010 0.393 28
9 Lu&§! 0.850 0.976 0.009 0.206 43
10 Gangadhara®5" 0.813 0.970 0.010 0.245 138
11 Donazzi%s!" 0.807 0.958 0.011 0.547 94
12 Kersten'™ 0.720 0.972 0.009 0.273 39
13 Geo-Mean 5 14! 0.668 0.909 0.014 0.598 76
14 Wiener" I [} 0.133 0.393 0.011 0.891 184
15 Wiener” T i 2.208 0.820 0.069 5.579 84

+IE G Z TEMPOS F M40 B W il
ZX # [1] Thermo-TDR £ AR £ 3E—/K—¥E i # & FUE
BRI () OB S 40, v T M 0 38 /K 36 i
T HOE R ALK . R, B 70 T SRR A T
BN TRV S HO LA R . SR Zhang
S TN PR 2R 0 A0S (AR R G D S R B R
U B TOU RS, AR ZR P 20 % [B] U5 23 B 38 5 AR iR 22
Iy MTEE BAAH2ZETE )L, 15 Zhang 51 R 5
TGRS, ToIE A T A IR R T A
TR AR SRS Y S R T 9 R 43 R AR Y
SRR, AT AR 35 AS [R) H X | A ] = 398 5 th gk
PLE S H AR S T A RRE & . BT DL o d,
AR 52 Y IR SR TR I T

4 Z5ip

THEAGRELEHIRANEE S —, H
Tt 7 = 3 i T 28 B T b 70 A0 56 3 I B A 1
JE o AR SN P A0 2 25 1 R ) 48 3 2R I A 2
BEAT A5 VPA, LU BT — R A LI A T AR R e
R 2%, o uERA T - 498 A S 2R B8 T B A 1o &
WUR:

1) LB AT 7 3 R R 2R SRR 2 oAt
DR 255 TR SR R A 22 57, 19 HE S /K SRR A
TR TIEA SRR N EE.

2) WAL AL EAYE 3 AT 16 F+

BETU A T R B AT VR . NSRS LR R
oI ABE 2R () e BB 6T BE, JE AR 1 047 AN E s S
T PINAA 5 S WE FE AT 22 1 5] 3 43 A F 35 77 AR
W ZESMT, RIL Wiener™ ({15 4 F1 Geo-Mean
BRI PG I 2 W 22, Zhang %51, Chen!'"! Al
Haigh'" )45 4 75 Jfr 0 452 28 v 22 I b AH X 88 a0 1)
OO FE

3) 8 3| IR P I AR S HON T R IR,
2 YERe LB R 73BN XF Lu S5 (1) Btk
R FIN] - H h T 2 B BRR FE

SE 3R

(11 2%, HEM 22, F 30k, &5, BTt 39 Ptk 5T 10 5 e ik
FI). Ak TRE2AHR, 2003, 19(4): 62-65.

2] ABEZ, T4, B, LY A M), L5 M
H R4, 2006: 160-192.

[3] WIENER O. Abhandl math-phys Kl KoniglSachsischen-
Ges[M]. Leipizig: Klasse. Sachs Akad. Wiss, 1912: 509.

[4] DE VRIES D A. Physics of the plant environment[M].
New York: John Wiley & Sons, 1963: 210-235.

[5] JOHANSEN O. Thermal conductivity of soils[D]. Trond-
heim, Norway: University of Trondheim, 1975.

[6] TONGF G, JING L R, ZIMMERMAN R W. An effect-
ive thermal conductivity model of geological porous me-
dium for coupled thermo-hydro-mechanical systems with
multiphase flow[J]. Int J Rock Mech Min Sci, 2009,
46(8): 1358-1369.

[71 HAIGH S K. Thermal conductivity of sands[J]. Geotech-


http://dx.doi.org/10.3321/j.issn:1002-6819.2003.04.014
http://dx.doi.org/10.1016/j.ijrmms.2009.04.010
http://dx.doi.org/10.1680/geot.11.P.043
http://dx.doi.org/10.3321/j.issn:1002-6819.2003.04.014
http://dx.doi.org/10.1016/j.ijrmms.2009.04.010
http://dx.doi.org/10.1680/geot.11.P.043

132

g A LR 22243 (http://xuebao.scau.edu.cn/zr)

41 %

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]

nique, 2012, 62(7): 617-625.

KERSTEN M S. Laboratory research for the determina-
tion of the thermal properties of soils[D]. Minneapolis:
Minnesota University, 1949.

COTE J, KONRAD J M. A generalized thermal conduct-
ivity model for soils and construction materials[J]. Can
Geotech J, 2005, 42(2): 443-458.

ZHANG N. Development and validation of TDR based
sensors for thermal conductivity and soil suction meas-
urements[D]. Arlington: University of Texas at Arling-
ton, 2015.

ZHANG N, YU X B, PRADHAN A, et al. Effects of
particle size and fines content on thermal conductivity of
quartz sands[J]. Transp Res Rec, 2015, 2510(1): 36-43.
ZHANG N, YU X B, PRADHAN A, et al. Thermal con-
ductivity of quartz sands by thermo-TDR probe and mod-
el prediction[J]. ASCE J Mater Civ Eng, 2015, 27(12):
50-59.

ZHANG N, YU X B, PRADHAN A, et al. A new gener-
alized soil thermal conductivity model for sand-kaolin
clay mixtures using thermo-time domain reflectometry
probe test[J]. Acta Geotech, 2017(12): 739-752.

ZHANG N, YU X B, WANG X L. Use of a thermo-TDR
probe to measure sand thermal conductivity dryout
curves(TCDCs) and model prediction[J]. Int J] Heat Mass
Transf, 2017, 115: 1054-1064.

BALLAND V, ARP P A. Modeling soil thermal conduct-
ivities over a wide range of conditions[J]. J Environ Eng
Sci, 2005, 4(6): 549-558.

LUS,RENTS,GONGY S, etal. An improved model
for predicting soil thermal conductivity from water con-
tent at room temperature[J]. Soil Sci Soc Am J, 2007,
71(1): 8-14.

CHEN S X. Thermal conductivity of sands[J]. Heat Mass
Transfer, 2008, 44(10): 1241-1246.

TR, B, 5, & BT DY EEASH -
B IARAI]. ROl TRE44R, 2016, 32(2): 127-133.
DONAZZI F, OCCHINI E, SEPPI A. Soil thermal and
hydrological characteristics in designing underground
cables[J]. Proc Inst Electr Eng, 1979, 126(6): 506-516.
GANGADHARA RAO M V B B, SINGH D N. A gener-
alized relationship to estimate thermal resistivity of
soils[J]. Can Geotech J, 1999, 36(4): 767-773.
MIDTTOMME K, ROALDSET E. The effect of grain
size on thermal conductivity of quartz sands and silts[J].
Petroleum Geosci, 1998, 4(2): 165-172.

FIIET, TRA, XU, 5. SUKE A EN FbE
e P A R W B BN [J]. ARk R A2 4k, 2018,
34(18): 146-151.

WEH, R, SEAHE, S g T AR 5w ] 3K 5k
ISHTAC[I]. KBHAE2EIR, 2018, 39(2): 377-384.
NASIRIAN A, CORTES D D, DAI S. The physical
nature of thermal conduction in dry granular media[J].
Géotech Lett, 2015, 5(1): 1-5.

FAROUKI O T. Thermal properties of soils[M]. Han-
over(N. H.): US Army Corps of Engineers, Cold Re-
gions Research and Engineering Laboratory, 1981: 81.
YU X B, ZHANG N, PRADHAN A, et al. Thermal con-

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

ductivity of sand-Kaolin clay mixtures[J]. Environ
Geotech, 2016, 3(4): 190-202.

OVERDUIN P P, KANE D L, VAN LOON W K P.
Measuring thermal conductivity infreezing and thawing
soil using the soil temperature response to heating[J].
Cold Reg Sci Technol, 2006, 45(1): 8-22.

SMITS K M, SAKAKI T, HOWINGTON S E, et al.
Temperature dependence of thermal properties of sands
across a wide range of temperatures (30-70 ‘C)[J]. Va-
dose Zone J, 2013, 12(1): 1-8.

CAMPBELL G S, JUNGBAUER J D, BIDLAKE W R,
et al. Predicting the effect of temperature on soil thermal
conductivity[J]. Soil Sci, 1994, 158(5): 307-313.

LIU C H, ZHOU D, WU H. Measurement and prediction
of temperature effects of thermal conductivity of soils[J].
Chin J Geotech Eng, 2011, 33(12): 1877-1886.

SMITS K M, SAKAKI T, LIMSUWAT A, et al. Thermal
conductivity of sands under varying moisture and poros-
ity in drainage-wetting cycles[J]. Vadose Zone J, 2010,
9(1): 172-180.

XUY S,SUND A, ZENG Z T, et al. Effect of temperat-
ure on thermal conductivity of lateritic clays over a wide
temperature range[J]. Int J Heat Mass Transf, 2019, 138:
562-570.

ZHAO X D, ZHOU G Q, JIANG X. Measurement of
thermal conductivity for frozen soil at temperatures close
to 0 C[J]. Measurement, 2019, 69(3): 504-510.

Fili R, AT B4 S [ B2 1) 338 B 3 SR [T. Al
TRESE4R, 2009, 25(7): 13-18.

T, TR, F. JEEA g G AR A (1 AL
5] #1A54)%, 2017, 38(3): 89-95.

ZHANG Y J, YU Z W, HUANG R, et al. Measurement
of thermal conductivity and temperature effect of geo-
technical materials[J]. Chin J Geotech Eng, 2009, 31(2):
213-217.

frzmih, B HE, B, 5 iR TR R E RN
AR IR BT 7T (7). TREHL AR 24 3], 2017, 25(6): 1465-
1473.

Tk gK, AR, LK IZ AT T HE RET]. R AL
Ak AR, 2019, 13(20): 188-190.

LIR,ZHAO L, WU T H, et al. Soil thermal conductivity
and its influencing factors at the Tanggula permafrost re-
gion on the Qinghai-Tibet Plateau[J]. Agric For Meteor-
ol, 2019, 264: 235-246.

RUBIO C M, JOSA R, FERRER F. Influence of the hys-
teretic behaviour on silt loam soil thermal properties[J].
Open J Soil Sci, 2011, 1(3): 77-85.

THE, B, EEW, & KSR LSRR
SO LI T]. LR HUR 44, 2012, 27(2): 152-154.
F R, 2R, FAR, & HERE S e A e S
PG THEFFFT[I]. AR, 2015, 46(4): 120-125.
MITCHELL J K, SOGA K. Fundamentals of soil behavi-
or[M]. New York: Wiley, 2005: 83-108.

[FRfEHE F0rt]


http://dx.doi.org/10.1680/geot.11.P.043
http://dx.doi.org/10.1139/t04-106
http://dx.doi.org/10.1139/t04-106
http://dx.doi.org/10.1139/s05-007
http://dx.doi.org/10.1139/s05-007
http://dx.doi.org/10.2136/sssaj2006.0041
http://dx.doi.org/10.1007/s00231-007-0357-1
http://dx.doi.org/10.1007/s00231-007-0357-1
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.02.019
http://dx.doi.org/10.1139/t99-037
http://dx.doi.org/10.1144/petgeo.4.2.165
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.18.018
http://dx.doi.org/10.1680/jenge.15.00022
http://dx.doi.org/10.1680/jenge.15.00022
http://dx.doi.org/10.1016/j.coldregions.2005.12.003
http://dx.doi.org/10.1097/00010694-199411000-00001
http://dx.doi.org/10.2136/vzj2009.0095
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2019.04.077
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.003
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.003
http://dx.doi.org/10.3969/j.issn.0253-4339.2017.03.089
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.4236/ojss.2011.13011
http://dx.doi.org/10.3969/j.issn.1673-7644.2012.02.005
http://dx.doi.org/10.6041/j.issn.1000-1298.2015.04.018
http://dx.doi.org/10.1680/geot.11.P.043
http://dx.doi.org/10.1139/t04-106
http://dx.doi.org/10.1139/t04-106
http://dx.doi.org/10.1139/s05-007
http://dx.doi.org/10.1139/s05-007
http://dx.doi.org/10.2136/sssaj2006.0041
http://dx.doi.org/10.1007/s00231-007-0357-1
http://dx.doi.org/10.1007/s00231-007-0357-1
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.02.019
http://dx.doi.org/10.1139/t99-037
http://dx.doi.org/10.1144/petgeo.4.2.165
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.18.018
http://dx.doi.org/10.1680/jenge.15.00022
http://dx.doi.org/10.1680/jenge.15.00022
http://dx.doi.org/10.1016/j.coldregions.2005.12.003
http://dx.doi.org/10.1097/00010694-199411000-00001
http://dx.doi.org/10.2136/vzj2009.0095
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2019.04.077
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.003
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.003
http://dx.doi.org/10.3969/j.issn.0253-4339.2017.03.089
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.4236/ojss.2011.13011
http://dx.doi.org/10.3969/j.issn.1673-7644.2012.02.005
http://dx.doi.org/10.6041/j.issn.1000-1298.2015.04.018
http://dx.doi.org/10.1680/geot.11.P.043
http://dx.doi.org/10.1139/t04-106
http://dx.doi.org/10.1139/t04-106
http://dx.doi.org/10.1139/s05-007
http://dx.doi.org/10.1139/s05-007
http://dx.doi.org/10.2136/sssaj2006.0041
http://dx.doi.org/10.1007/s00231-007-0357-1
http://dx.doi.org/10.1007/s00231-007-0357-1
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.02.019
http://dx.doi.org/10.1139/t99-037
http://dx.doi.org/10.1144/petgeo.4.2.165
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.18.018
http://dx.doi.org/10.1680/geot.11.P.043
http://dx.doi.org/10.1139/t04-106
http://dx.doi.org/10.1139/t04-106
http://dx.doi.org/10.1139/s05-007
http://dx.doi.org/10.1139/s05-007
http://dx.doi.org/10.2136/sssaj2006.0041
http://dx.doi.org/10.1007/s00231-007-0357-1
http://dx.doi.org/10.1007/s00231-007-0357-1
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.02.019
http://dx.doi.org/10.1139/t99-037
http://dx.doi.org/10.1144/petgeo.4.2.165
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.18.018
http://dx.doi.org/10.1680/jenge.15.00022
http://dx.doi.org/10.1680/jenge.15.00022
http://dx.doi.org/10.1016/j.coldregions.2005.12.003
http://dx.doi.org/10.1097/00010694-199411000-00001
http://dx.doi.org/10.2136/vzj2009.0095
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2019.04.077
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.003
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.003
http://dx.doi.org/10.3969/j.issn.0253-4339.2017.03.089
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.4236/ojss.2011.13011
http://dx.doi.org/10.3969/j.issn.1673-7644.2012.02.005
http://dx.doi.org/10.6041/j.issn.1000-1298.2015.04.018
http://dx.doi.org/10.1680/jenge.15.00022
http://dx.doi.org/10.1680/jenge.15.00022
http://dx.doi.org/10.1016/j.coldregions.2005.12.003
http://dx.doi.org/10.1097/00010694-199411000-00001
http://dx.doi.org/10.2136/vzj2009.0095
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2019.04.077
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.003
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.003
http://dx.doi.org/10.3969/j.issn.0253-4339.2017.03.089
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.1016/j.agrformet.2018.10.011
http://dx.doi.org/10.4236/ojss.2011.13011
http://dx.doi.org/10.3969/j.issn.1673-7644.2012.02.005
http://dx.doi.org/10.6041/j.issn.1000-1298.2015.04.018

