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Water vapor transfer and phase change in unsaturated soils: experimental
study on two types of canopy effect
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High-Speed-Railway Construction, Changsha 410075, China)

Abstract: The canopy effect refers to the phenomenon where moisture accumulates underneath an impervious cover. It can lead
to full saturation of the soil immediately underneath the impervious cover. A recent theoretical study separates the canopy effect
into two types, the first one is caused by the evaporation-condensation in unsaturated soils, while the second one is induced by
the freezing-enhanced vapor transfer in unsaturated soils. In order to experimentally validate these two types of canopy effect
and to reveal their mechanisms, water vapor migration experiments are carried out through a newly developed laboratory
apparatus for unsaturated frozen soils. Six conditions are performed on a calcareous sand with different initial water contents
and boundary temperatures. The results show that the water content in the upper position of the sample increases under an
upward temperature gradient, and the increment of water content is greater if the soil is subjected to freezing. For the freezing
cases, the depth of a peak water content is in line with the freezing front, and the greater the initial water content, the more the
water content accumulated at the freezing front. A smaller cooling rate seems to facilitate the vapor migration. For the
unfreezing cases, the water content in the upper position of the sample also increases and the increment becomes more apparent
with a higher initial water content. The temperature gradient can inhibit the vapor migration. A smaller temperature gradient
always results in a more notable inhibition effect. The test results verify the theory of the canopy effect.

Key words: unsaturated soil; water vapor migration; freezing test; canopy effect

] WL RIS R

R RN TE SO IR IR K R A AR SR T A%

it

(2014CB047001); EZFHAFIFHESETH (51508578)
s HER: 2016-01-22
*HEWAMEE (E-mail: tengjidong@163.com)

PR RN RIH LR LR, iR
w7 T ARKIER B R R LR, WO AEAE T K

HEeWB: ERESEMIT LR (“9737 1R BH



962 H O+ T OB % M

2017 4¢

P BRI, K DI KNG N
W R AR K A 2 R A AR AR K ST
H AT B P SR R RR I A 8% o Bildn, SmithP!
IR R, BB A K W R AL R IR AT
¥, M HBESKERERTFASKEEE: H Gur
LRI KEB BN TRSKIBENSE, X
SeRF R EHOKERE R 2, SHVIA KRS
I K. Tackson ™ BEAT I AR - 2835 5 B —
W PHRE, 7F—E R LRI T AR B b
KA TR 7. Miyazaki ™ HE 4T ) — 4 IR 14
AT R, RIUE LR AMATI4E R, 30d
J5 L AL A /K K2 10%. Dobehuk 257 R
BRI S ST BN R R ENTERE., FLER
PAR Y B R RS . FRRAT SR A - f 8+
F I TSR FM T RS KITR MR T, 458K
T F KRR R KR KT R Z A S KT RS
EERTE S Al

R CERERANT W T T R ERET R X,
ZXERRER, KA, HENEKERZE N
WEKTRKREEE, HESH AWM. 2K “4
RN P R BRI AR RS KA R VA
B, R (BB . DUA AR+ 12 M T IR 1)
WRIGHFTE, LR 0°C LR K TR IF; Mtk
+F2 51, 2 R AR R s AT R A e,
TEGR AN AN A8 XAk,  RIAEMAn R N RES K
TR, BT RIR D . AU AW 7T,
Nakano 25! SE RIS HT 78 K I, GAFEAE S /KRB Bl
HIR BRI, AR AN L P SRR R AK TR,
H HAZT BB % AR H W 2. Eigenbrod 2512158 1%
THR S5 I AT FURLRR 2RI B vk B I, 4R R
DRSS R b, RZRIERIE RR I &K R
WG 6.6%I KA 11.1%, SRR T R 8%
K Z 22%. Guthrie 25 25 R WK IR AT
B S8 B AL S /K R IE BT (115%), ML
THIE 41.5%MMANEE, BE N B /K SRR BE P
FYAT AT 7 VR 45 5 N AR RN 35 - 78 B PR
AN B AERRS, RIL HRERILE & KR R
B, TR B A BEL T S 7Kl 1 X R 254 F S BUR/K 43
TR IR AK, MRS ST KEERETS
DK 14 EREIA S KRB REE, /K4 PR
BRI NNE.

HEAT I, H AR gh I AR R A = RS KT
B HRIG W TR, DA IRIE 2 M — 5 T R =45 H
B, e, BARR TR R ESKIERM
MG, HIARESAKTEIIRTG . Fm R 2= R
FRAE AR o 255G SCHR[2] O B IR PR 1 28 “ B o 808

MHLEE, ASCERIH—2 BT RN FEMAIE 17K
TERARIGAN, 76 = FILE “HATE R 7, R
CEEAE TRERRRE RAUE S KRN AR RE K
FOEB MR, e — bR 28 R e
(1) A LEALIE .

1 B “REUN" WHFREL

FEARMAN 1K G A 12 R IO ELR F 72 J7 18I, Philip
SR QM R T KRS RIAHAS, BT TR TR T
i AR K VSR S 12 BB (PDV B2 /£ PDV
R, RAEA/KIEF M Richards J7 R [ I 25 FE 36
FERRFE K BREE , SAKER H Fick 2 RoR, If
F RS R A AR SR AN ER 4> . PDV R AT 138 T 4%
PEF AR R R . A e, BPRTDAREIA SR —2%
“CERTE RN

NHEIREE 2K “HRER RN I RLEE, SCRR[2]
B T ARSI RIS . RS, AR
HRLFK A LA 3 FOEASAEAE, BIRA/K. AES/KORE
BUK. =B A EEEATRS, S FEBER— A
PAL I R . EARMAIR b, DK R A K AT
SAEKMIEE G, KT EN
00 _20, 29,  p 20,

o o o p, ot
0 oh or oh or
=—|K' | —+1|+K,.—+K, —+K_.—| . (1
62{ : (62 j To Moz M 62} o

X O NEEAKE (' m?); 6L, 0,81 6, B
TR G BMSEHSKEREE (' m?); AN
ACKEE (m); THEE (KD z BN (em),
JrE R E A EOAIE (m); ¢ NEFTE] (s)s K'py AAETEAN
HEBERE (m/s); K (m™K s & B R
EHSHMEEKIESE, Ky (ms'). K
(m*K s o KRR B S B SR S
Ky py NESKEE (kgm ).
AN L R EPT r RE AT R IR N

oT 06, 00
CE—Lp—i+L v
v Py TRy
0 oT oq, T oq,T oq
=—|AO)—|-C,—*—-C,——-L.p —-- (2
62[ ( )62} Yooz Y oz wh 0z @

X C, AR REIF Y, 5T A A
Co(1.92 MJ-m K D A EL R CL(4.18 MT'm - K )
MM A C, (6.3KIm K 5% 405 Ho il 4> %
i ERVRUOL LORK R g5 (kg D5 pi AUKHE
WIE (kgrm); Ly AKIIZERER (kIkg'; 1'(0)
NERIKAFEN IPES RS (W m"KD; ¢
(ms"), ¢ (ms) MBS KBE., S&KE

=

Ho



5

i Th A AR KRR SR k¢

TR RIS 7T 963

FEARMANGR LK BT IR TR (1D A1 (2)
i, AELE O RS R R E R T, R
P& LA KIS, AT A SLALBUK R I SR R A
BE— P FARNAR AT L= SWCC 2] 15, AEMAAR
TP RFKEGESEERRR, RRWT:

agz(q-—a){1+(—affcy} +6 . (3)
gTy

X 6, F o, A HUNHBATE KR, BRASKE; «
(mDy n CEEHR) FMm (=1-1/n) AT AKEHE 2k
WA SH g NEFTIEEE (/s®); Ty NIESERE (K.
HEE ) NEXBSAKKGENEEN, Lhas
K RUGIK G B2 ZRUNUKE 6, EUE . 0L -2
SERHEM RN R LK AT B A A, i
JERT 0°CHf, BRETEL N PDV FEHL,

2 I

T RN B E NIRRT, BEITK
T ARG LAKRIER RIS S s R g, WA 1
Fione Th MR A% 3SR b A 2R [ 2 o (1A B0 %
Hl, IREEEHITEEN-30"C~+90°C, ¥EEN 0.1°C;
1AL S O PT100 #AHBH AL 8eds , BLAR N 0.5 em,
£ 4 cm, AISERNCSREARIRE, KEHN 0.1°C; Ky
fEI%AE N EC-5 A5 %%, RkK 5.6 cm, % 1.5 cm,
JE0.15 cm, AT SEZEC S LR AR S KR, RN
0.1%. WA VIS HER 10 cm, & 20 cm, J&H
FHUARBR Y, WA FIARECN 0.03 W/K, 7] 30
bR IR R 35K o AR FR1 22 M A 7K o34 TR 28 TURE FL.
JTBE KT BC-5 4RI 4s, ARG 3 om; A MDA ERE
TREE TR FL, JSHIE KT PT100 #& /2%, a6 1.5 cm.
2 cm JE 1 2 FUARAE R R S VR BRI, T R 25 bR
HE, WAKSRAFEAEEEM, RAarESKiEs
ZARFE AR TR A SR 2 R R 1 T
R es s, PABT IEARRAKIR M B Nl . i
R AR TR R, 2B A KR I — IR
NER, AR AR BERR LN B R
JFITB RPN, 22K S EURMKAE SR 17K 53 tH
I B S M o
2.1 RHEEHIE

R LN B, ARSI 100 mmX 135
mm, AT EIEEAE 13 gem’, BIERHN
6.11X 10 * cn/s, HAMFEAYFLSE R | Fion. 5%k
WA B T A T, RIS R K,
B 5K S R NS, BT RR R
LN E 24 h K5 040 G, KEREER

PSR TNRFEBE N, 70 5 RIESE, Wl
N 135 em; fens R SEA AR R A, )
SETI RS IEAE R L, 4 A K % TR AR P A JaK
& 0 RIKAL, R ERIAHEAT I . 9Bk
IR EAEKBENGHE, SR 2 R AR 58 B

TDR K& R

LK [T

B 1 —#IEaME LK -SREBREUREE
Fig. 1 1D water vapor migration test instrument for unsaturated
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Table 1 Basic physical parameters of calcareous sand
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Fig. 5 (a) Distribution of water content and (b) temperature at 7™
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Fig. 6 (a) Distribution of water content and (b) temperature at 7™
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Table 3 Comparison of two types of canopy effect
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