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K AR] 1 375 (perennially frozen ground)
o} ZEAY 1 T (seasonally frozen ground)
2 745 AAY Eiie e THLE FX
3t glom JLFERAME A &2 HA | of
4895 AH3tx Ut o] F oF 22% & kAR
BT EA g ht Al elo} 527} o]
ofl &3l x| 26%+= ZFEy o)
t}. Bates and Bilello (1966)+= 1040 Hojx
R HAEEREZT oF 30.5em o)) H= A
< 25 ZE i) S35l Zlo2 B
otth. 2eivh dub o 2 BHEEE A o
e dFod T HEERE S FHN
W] A oAF-F AA sk vl Ty K
KRB 50T - days o]l AL FHiW
H LA &8s ZAeZ F3laL Qi) o]
715l W2 feluvete A= HilEREY A
o} AlFEE AT A A Hgo| FER) i
ol S5l Hoh(3H A, 1985).

Fo| i) tHE, 53] BB o)At
3 Eioll A =2, v, AFE, 75 wil
T2 A B ol el Wi EE Y
Ao, 2%, Wt 53 52 A A
o 423 40 ¥, AA, 714 T &+
ol A& FRAIE I Uk F /o] A E &
F o] AR e By, SEEL T 2,
v 5o A A9} 7F F2E 72

* 34, PFFY AL AT A7

AAE A% FEEEE Ak Hld "s3)
th Y Aol ES Mol wiAAY o 2 FH E
7 o] #HEAD Folo} skt o] WAUH
< 7HA ] ARAA Aol Bl s = A
£ WA g 9l7] Wl ukd, 39 A
T A SAE 7] sl 2 3 BAe] B
HAL Golopat ghr}. oy FAll M 47 T
ZEaE AAFIA ko] dAHE LES 1NE
kS FRIBE] At AdFH R kS B
#eshe e Adskedl, o] i Al B
HES doloput e}, dubA o g Fo i
F2 U, ], AR e, 2%, 7]
efel A, AA W A Aol sl @
gl = gherulel 8- —E9) fifH(phase) 2
Al ZA 2ot AT eulol A EigE
o] v SR 271 2dsly o
7H-E 8 dAZ Iz Ao Fdst
o} EREES IAA7I Feueks S
7= SRS HA| F718k vt o] Tl Bl
T} Kt 25 HEdc) 0C o) &=
of| A Fo| BfHEALS A A 3ko] ARt
o F-2-0] TEH) Y =& A3 SiiH
S A & 2217} glokx gk

SR T (inorganic soils)& il zso] o}
£ o8 79 #mE 7A=Y ok duky
22 F9 HE K52 quarte, feldspar, pyr-
oxene 2% o]Foix glem A KTEL
kaolinite, illite, montmorillonite®} 7+ ¥k &
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¥, feldspar, mica, quartz, calcite 2.8 F-A)
o] it} ol kM F MY = AEMER S
ZHe AL quartz(HE)O| B2 o Fo| 3l
HES g o AE FHARES ok Aol
i e SR A L

2. &2 BMBE WE &

Farouki(1981)ell 2j3lH o] shfH4S 5
Asle Kkl 11714171 Qlek. o1& & & ¢
A3 F HEES o7 20 Ek s} gt

2.1 Kersten Ak

Kersten(1949)2 2] 579 @t 2 FE
+oll Aaled el - DeElshEA] Sl
HAES 2A3le] ol (1), (2), (3) % (4)
R} e w28 A4} 2+ 0.05mm ¢35}
BTl afR) 50% ol4dd o AE-HE
7 E (silt —clay soils) E, 50% u]utal 7 -$-oll=
A4 ¥ (sandy soils) 2 A3kl (1) (2)

o Figel, (3)3 (RS #H%EA AT A
ol

FEtAe-HEAE)S] MHHE:

k=0.1442(0.9log w. —0.2)10°%% +weeveree(1)

Ht(AE-HEAR)] SAERE:
k=0.001442(10)"*+0.01226(10)***%° w.

FEt (AP E) 2] ShFMas:
k=0.1442(0.7log w.+0.4)10°%% wevvereee (3)

FHEr (AR %)) B
k=0.01096(10)**"*+0.00461(10)"""** w.
o37] A,
k : ${EiME, w/mK
w. . Bkt %
pa I IREE, g/ cm?
Fig.l~Fig 4 919} 7-& 47 WAL 2
2 3jed A e =He|th
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2.0 T T T T T
100% saturation

Thernna conductivity, W/m K

Water content, %

Fig. 1. Average thermal conductivity for
unfrozen silt and clay soils as a
function of water content and dry
density (from Andersland and Ander—

son, 1978).
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Thermat conductivity, W/m K

. , . . .
0 10 20 30 40 50
Water content, %

Fig. 2. Average thermal conductivity for
frozen silt and clay soils as a function
of water content and dry density
(from Andersland and Anderson, 1978).



Thermat conductivity, Wm K

[} 10 20 30 40 50

Water content, %

Average thermal conductivity for
unfrozen sandy soils as a function of
water content and dry density (from
Andersland and Anderson, 1978).

Fig. 3.

5.0 T T T

Thermal conductivity, W/m K

Water content, %

Fig. 4. Average thermal conductivity for
frozen sandy soils as a function of
water content and dry density (from

Andersland and Anderson, 1978).

2.2 Johansen g

Johansen(1975)2 Affite] EMzS
Az xr) U AxzAdeno} 34t o]
HMas) 2 FA g e 29 HERS
ths (a)R} ) o] K& it} Fpt ol
25T A go] ¥}

k={(Ku — k) Ke + Kooy cooeeeerreer (a8) E£HFEX
B 2700-0.947pd (b)}iiﬁﬁiggi

WE 0.039 - n'-": (C)

o A8+ 0.710g Sc+1.0--- (d)
AL ity 1 log Sr+1.0-+  (e) [ Kersten 8¢

| EE Speveereenereeennans (£)

R L 057 - ks - {g)

EE 220 ks . 0.269%. (h) }m*ﬂﬁ-$$

o714,

k : SEME, W/ mK

n: A (T2 BA% A)

ks=7.72- 2.0'"7 : K FHi¥E, W/ mK

(g€0.201 AL 1ol AP =E 7.7 30'7°)

q: A% SHE(ERS £52 AT A)

Wu : RE7ks (A4 & 252 323 A)

pa . EAREE, kg/m?

Sr : fEMIE (T2 EAIRE A)

Fig.5¢} Fig.62 ¢ A& EFI Aoz
A o] ES o] 8-3le] MRS A ¥ &
=

3 BWEXRS 0B

Fo| N A3 FA o) AL43 2709
R Hepd e JAAM AP XA E(T
dEFHoZ MLE BH¥)E opHd ez
A o] 52) &7kt HAREE = Table 1o A 1
< 8k} ). Johansern®} Kersten Kol 2
3 SAENAE) v B $)sle] o)ake] fit
AR (unfrozen state)oll chall RiEBHEMa
(Quick Thermal Conductivity Meter, Showa
Denko) & AH8-3le] #HMAS 2743519
1 A3 Table 164 2= n}e} 2o},
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Fig. 5. Diagrams for prediction of thermal conductivity for
unfrozen mineral soils(after Johansen, 1975).
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mineral soils(after Johansen, 1975).
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Thermal conductivities of the colluvial soil from Imsil.

Table 1.
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Kersten Jioll o%F #E(48 270 o] #a{ddap
& Rk tKHB(unfrozen state)?l 73-%- ZHzt
0.99W /mK$} 1.44W/mK, ##E ARKHB(forzen
state)Q 7% 747+ 1.09W /mK2} 2.09W /mK
(Table 1) 2 T A0 HER == @EF o]
o M2 oj3go] §l7] Wil 7] = L o]
Lo g A9 A=A ok zedt
Johansen?] FiEe- Kersten?] 7y} Bahsle
2 FlEel 97 o] gdiute Hrld AHE7t
Lig= 8

Johansen 7S o) 4-3leld WA AXY &
HES oo} st "Alke B3pdw(CaFy)
2 7|Z(internal standard) o2 3s}o] 4
AV (calibration curve) (Fig. 7)= #4, 1%

T 71 1 T 1 T T T 1
7 —
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Sei— —
E N
E
24— —
3
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ol _
o
| p— —_—
o S Y R B N N .
Q 0.2 0.4 06 X ) 1.0
Weight fraction of quartz
Fig. 7. Linearity of typical calibration curve

for quartz analysis using fluorite as
the internal standard (after Alezander

and Klug, 1948)

g A & 43} CaFE 1:0.25(F5%v)) =
EPL MRS X-ray IBENT EH(Fig.
2R A¥EY FFERE T 2 2%
ojalel $AEE 24%el Dk A¥S W
= Aoz ez EET &0 BENE
23 dAME AR AHR N AUk R
% olo} sl HEER & &9 koS AN
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Quariz
1} {8109}

Caiclum Fluoride
{CaF3)

intensity {orbitrary units)
»
T T

20

Fig. 8. X-—ray diffractometer scan of the
33432 quartz and 3.153A fluorite
lines of a mixed sample of Imsil’s

soil and CaF:(1 to 0.25 by weight).

4= sk tikel wel AUl FEUkSoR
ArE3Ic}, o] FEUkY RS 257} A3t o
g} 7Hag ® ohet 9 Ao F5F =¥
7443k} (Fig. 9).

HEeA AEeq) Aol A X kR i
L5 E (°~1TE BHE o oF 10%0l #33}
£ FEk>E Faske Az A" ol
oA 27 [E SHEIN ABUKTEE o] 83}
o 270 fHEREe] SHENARS WA S o] &3l
A 2, REEE REd A5 2 099
W/mKe} 146W/mK, HEiEikg 45 27
1.15 W/mK*9} 221 W/mK(Table 1) 2 T3
Ak

Fig. 10& Table 12] No.1 fiti%8ol o3t Rk
i HkABe] MEMAES Fig. 58 o|&sld 73
= A48 2y F AR ATES] AE

70 #7% B3 - 19914 9A
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—

Fig. 9. Unfrozen water contents of typical
nonsaline soils (after Neresova and
Tsytovich, 1963).

B (24%) o2 RE] kI THMas(particle
conductivity) & 73 2 2 32 2.80] Hr}
EAZ ‘BT W FHiMaE F-io 2.8¢] 3
Fahe AL 22 F ERERE(1.469 Mg/ m?)
o} dhvbs AE e TRl BEREES} &
YE(HMAS (dry conductivity)®] IA F 2ped A]
Fel HF A (“Natural" 8. FA|3 #)3 wh
€ A= 7T AAR o] V) HollA “C"ER
Zog 72 ygAio] z}7} “Thermal conduc-
tivity”9} “Fine"A13} whi= 271 A& HAlo
2 dAAA) vixto g o] HAI E3ix
(0.447, fractional) 7} whl= o] #fHEAS
geom I3laal she= ZH099 W/mK)o|
e,

Fig. 112 Table 12] No.l #t#87} gLt
o2 7PEIE o o] #{HiMzS Fig 6
ol g3t Fihes TAHE HAFE Zloew £
BENE A AA= FEUKkF(10%)E 23
7 fell= A A Kaiis Lo N
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Quartz cont.=24.0 % Dry density = 1.469 Mgsm3 Fine  Deg. of satur. = 0.447
Fig. 10. Instruction to find thermal con-
ductivity of unfrozen soil.
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water=10 9%
Fig. 11. Instruction to find thermal conduc-
tivity of frozen soil.
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Ak 32 ol Al MEMEE APY )
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At ALY FKEiks 33 Bl MM of
3} 22} %] (Johanse ¥ Kersten Fikell 213 A1)
E 25 ASA M} o 927t ~6% ol HE A
oug 2HXAE AAA S48 ALY F 3
o}z gedgich

Johansen ¥ Kersten 412 A4 Aol o
3} Farouki(1981)¢} 1&g AAls) B o}
3} Zdr},

(1) Johansen Kk

(a) Z3E7) 20% olAre] =l KiAs MK
+ol th8l Kersten HiBr}h 23t

(b) FuEAs MRt s ez x3
o] Ao FA o) H-Lo] 7}s.

(c) E3}x7} 10% olAde] == ks Mt
9 {4 o) 3l Kersten Fikxch A3

(2) Kersten Kk

(a) A¥E AR =AY & Rk MR
+o & 2217} obF =7] W&ol A& £}
o A% SEEe) oF 6025w Fo A=
4 7}e.

(b) 30% ol Aol EIEE 7= KBRS MK
+o] A28 4 Qlout Johansen HikHTH
27} &

(c) 90% olWe] EIIEE Zhe BHHSHALL
o A4 7l5-.

A2 02 Johansen HiE AKX SHE
B FEAS RS dololit H= o] SlA
at 7152 wejsly] wiel Ak es titel
AAglo] Kersten HikRr} o] A& 3h&
o2 skt

"z}e] e o)shd drkale} 2ol KF7t
SIS 7 Qe WEA HiMe 227 v
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