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R X N EE 3 FORFEM T KA RE T &, &
AEEMHM 40 mx6 m, “F&—SHsF, P& Mt
HEFEN 0.5m, P& =M EFEN 1.0m, 3FFE LS
HEWMFE. 3MFE LoRlkE 6 3mx3m ik,

AR R TR R AR, b 1 SO LRARER, AT
FRIER, Hofh 5 B B 2. 4. 6. 8 AT 10 cm R
LI . T & = 56 =0 2 5 5 B4 1% 6 cm B
R LIFARIRM, B 1B AP FURIR A Y B . 7
T AISE TR B E W 1 R, WA R R 1 FR.
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Precast concrete plank
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¥: 50, 100 cm Syth T 3 Fik VR AE AR TR INEEE, SCREERALN om.

b. SETEE

b. Elevation

Note: 50 and 100 cm are the distance from ground to the under surface of precast concrete planks and the unit of the number in the map is centimeters.
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Fig.1 Layout of different groundwater levels platform
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TR AL e m, AR S i L —
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Tablel Design tablefor experimental treatment of different
underground water level platforms

SRR R KHER RESVID RFEMRE
Eexl/ ation Ground-water g apitiay Thickness of
Settings buried depth Structural type  polystyrene
9 (initial freezing period)/m board/cm
T G 1.28
I - 0.2, 4,
SZ L ﬁvj ;; N
05m-T & 1.78 TR+ 6. 8. 10
10m- & 2.28

RIGHLI Py 25 F BEAEAIKE. HIESKER, R
KA AR S, B SR 18B20 IR AL RS, WS
+05 C, fEEIMMRRERSF 52, 10 em — 2, &
JEAT Y 1 MEREE . B H SRS RS GPRS M4
SERCHLR BRI T . ALt 57F. & 30 min REE 1K
B, RERGBACRY 5N, K F AR HEACI A [7] £
AR VR AR T & o BITEET VR AT B KR TR I R
REE S, RN Al FLEURE BT 0 e AN TR R B 1) 1
B KR, MR KA R A E KA T B 3R AR K AL
Bk

2 FBRE57H

2.1 FEH T KA EE 0% B BT T 52 0l

it 2015 4F 11 A & 2016 4F 4 A — A2 Bk ahiin
ML, 2z 3 Bl N KA 2644 T TG AR AR B VR K AR
IS FRLR U 2 Fios o

HE 27 LA H, M+ 11 A s R A% KA
T, FEHEE R AR R IR ETE R 2 2 AR A
BN ORI, 2 JRBEESEMET, B LEKE
MIEHTEN: B4 A, 05mFE 1 mEE 2 fiid
BN RIK A E B, RARRASTE, MM S22 4T
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Fig.2 Change process line of soil frost heave of no heat
preservation treatment under different groundwater level
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Fig.3 Maximum frost heave of base soil
under different thickness EPS plate

HE 3 ATLAEH, BEEREREERSEm, &A%
Pk IR, HAEE T PRI AR IR, bR KA e
TR RSN, 2T 7T 4 SRS SCRR[19-22) AR A

£ 2 AR KA Z A% T KR K = 5 R K
o HE 2 wH, SHmA&E AL, 2R KRALAR X
P 0.5~1.0m 5, HIEIKE )y 8.8~10.4cm, #AKHI
RN T1%~83.8%. FI UL, BEAKHEL T 7KA7 AT LARA 980/
Bk E. FAMTRE BRI Lom IR, B
fi BTN 0.15 em. R BATE SZBR T A28 F A n DU i RE
ECHE T KAz SR B /N2 R 1) B
2.2 HITKAELTIESKERNFN
2.2.1 RE T KAz 238 KA g

X RUREE AN 3 FiAS A L R /KA R AR AL B
B0 S AR BATH R e, BURE L B A Tl a],
6] — )2 AT HURE 34N, FE AR 10 cm, HUFERS (] 2016
F£2H 11 H, BFEEE N O0~50cm, & 10cm —)Z, &
G I 15 MEEARL.
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Table2 Maximum frost heave and frost heave
reduction under different groundwater level

FEREAR
LomKAL SEEIREREAR
- EFN il HIKE 1 om KA
WEK ey o VR , N
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Treatment  water amount amount Cutrate f frogt reduction of
buried of frost of frost of frost pegyvefor frost heave
denth/m heave/  heave/ heave/% eyery 1cm  Of per 1cm
P cm cm reduction in Water level
water  decrease/cm
level/cm
W= 128 124 \ \ \ \
05m-F& 178 3.6 8.8 710 0.18 015
1omFE 228 2 104 838 0.11 '
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Fig.4 Soil water content distribution under
different groundwater level
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Table3 Soil water migration and change of three
different elevation treatments

. L
wm bEEE ek USE pp
Treatment Sail Moisture content M ’ J\‘f : Migration

depth/cm  before freezing/% axlr:jwumb.rle_?z;;g rate during
period mobility/% oo
T 0~30 20.17 +51.5 -32.8
R
>30~50 23.45 -425 +39.6
05mTE 0~30 15.27 +12.6 -22.9
.5m-f5
>30~50 18.56 -14.9 +13.2
X 0~30 9.24 +4.3 -6.5
10m-F&
>30~50 1152 -71 +3.67

T RS T RGN (ML) KB BVIIHEKE. “+7 FKRxK5H
iERE: “-7 RoRAKor IR,

Note: Mobility was equal to water content during freezing period (melting period)
minus initial water content. "+" represents the upward migration of water; "-"
indicates a downward movement of water.

IR 3 LAEH, 3FEFEALEE 0~50 cm IS
K FRAE R B - Fe R VR &5 -V Rl L A IR () 2R AR
TE BT - KRS 1, 0~30 em + 2 HIE S /KR AR K,
1M>30~50 cm /KA, FTERE TR 458K
SHTELER EERE TIES: RS -Ha,
0~30 cm + )= HEEEIKEAER /N, M>30~50 cm &K E
WK, RUENME ALK m EELERTE
RAETIER., HHHBE T KERAE L, KT
FERBHI /N o T W PRARHL R 7K AL AT LA 4 BHL 1 1 45 8
T K5 HIERS /N AR UK I 2 I R, T B T
TR A A

TEARIGH, SEBr bodiz B 2 46 THE R B0
TKALFBE. AT IR AR T SR KL R R 2 Rk
PR 2 A B KR R R K S e 1 — B0, ARG X SR
R IKAL T FEANE 3G 2 B T 0~50 em 3K 5
ERAT THFC.

K 545 T 2015 4F 11 A & 2016 4F 4 A — /e Bkl
1 PN R0 X T v AR 2 1 T MR KA SRR A FE 28
A 5 5 i R RN 1.28 m [ [E]y 2015 4 12
H 20 H, #R#EHTFARA SN SE, 2016 45 1 H 10 HXf
MK HER N 1.78 m. i Eid 2 NAR[EE S 0~50 em
B 7K A T B R KA SR BRI 50 em TR

FEMRAE 2015 4E 12 H 20 H i = A2 A1 0.5 m - & (¥h
= 50cm) 2 Fih FUKALZ44FE R 0~50cm 2 R IEE K
RHAR T A TE 50 om ERIK TR, s
B 4 R,

A5 M HREANF TR TAEEEATIEEL
Fig.5 Variation of ground-water buried depth
under ground elevation conditions

R4 FEMTRMZEFHTHRAT 50cmk5EBRE
Table4 Water migration amount of 50 cm below earth surface
under different groundwater level settings

AR AL 35 K E

Y j:)%?:ﬂéfg Soil water content at ﬁ%% ﬁ%jF
Condition Sail different water level /%  Migration  Mobility/
depth/cm amount/% %
1.28m 1.78m
R 0~10 23.64 21.80 -1.84 -7.77
R AKAL
ShR R >10~20 23.86 21.00 -2.86 -11.99
Acdud o030 2575 2213 362 1407
decrease of
groundwater  >30~40 30.60 25.30 -5.30 -17.32
level
>40~50 33.90 27.40 -6.50 -19.17
0~10 23.64 21.30 -2.34 -9.88
>10~20 23.86 21.61 -2.26 -9.45
B30T
Base soil >20~30 25.75 22.93 -2.82 -10.97
raised
>30~40 30.60 24.77 -5.83 -19.07
>40~50 33.90 25.89 -8.01 -23.64

IR 4T LLE H, MR KA S2bR R A A T 2
Fh2& AT 0~50 cm 338K /3 ERLED N, H HoL B bl 4
TREE RIS N3G K, TR KA E 1.75%~4.46%, iHL
WHL A TH IS M N KA TR, LK E A —
AU S, HIKFERHTKERSTEW, B
DLHE 7K AL R BRI 36 5 3 26 /KM I e T2
TR A P A A — B
2.3 AEMTKAEEFHIZH EPS (RiBREFIBILITE

R R g | SR E, Skt 2015~2016
R VRE A M = AR . 05 mFE A1 1.0 moFE G 3 R
KA A T AR 2.4.6.8 F1 10 cm B 2K Z 475 (EPS)
BT AR P A 4 R 3R 5 BTR .

#*x5 B TKMUEH THZ EPSIR TRIKIEE
Table 5 Lowest temperature under EPS plate under
three kinds of groundwater level

T
fb 3 EPS#ZEE Thickness of EPS/cm
Treatment 2 4 6 8 10
o e -23 -0.6 -0.1 02 13
05mF& -1.2 -0.3 0.1 0.5 1.9
1Lom¥& -0.8 -0.1 0.4 0.8 22
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A A A R KA 2644 T ORIEAR R B AR T Sk
BEMXAXWAR (D, A 2 FARX (3 Fir.

R IKAL A 1.28 m B

Y=-0.021 2X*+0.666 5X-3.358 R’=0.9506 (1)

R IKALA 1.78 m B

Y=0.015 4X?+0.174 7X-1.532 R*=0.9638 (2)
H R IR 2.28 m
Y=0.022 1X?+0.074 3X-1.008 R=0.9781  (3)
R X NHRIERREE (em), Y AR B fREE
C) ;

LRI N E R, B Y=0 i, Ar a3
AR R TR KA 25 2F T 38 B B 1 SR PRAR B

Ho R KA N 1.28 m B, X=6.3 (cm);

iR KAy .78 misk, X=5.8 (cm);

HUR K7 2.28 m i, X=5.2 (cm).

A5 H 1 SR 2O B A 1A SRR S R KA S R
THEHRIE, BRI R KA T 52 00E B A W
BRI T EA LA R (4 R,

Y=—1.1X+7.7247 (4)
A X O R KALIR (m), Y NEEIEROE B R4 %R
B (cm).

A (4 FTUCEH, Tl &4 T R &
MR SR KA R ek R, B IE B4
T JELFEE I o 1 S KA MR P 38 DR 2 Tk /) o

SR FH T 2 X i 7R Y 308 SR TR R N 1 SR AR Al
WEENT AR (4) HHATIGAE. W EREX H AT B AR
MRS, ASCHE T EREXARS TR, X
T IRATESF R 3 FAS R LR KA (1) SR R 1 SR K
BRI 15 )R BE AN 3R 6 BT o

*x6 IRIIENNANREREIEE
Table6 Thickness of polytyrene board laying
applied in practical engineering

ZHETY) LRBRTAERAN IR
. ﬂ'j‘Fﬂ(’fElm{;I—é %X{‘&E’g élij:% *ﬁﬁi‘%%
RIEHXFK Averageburied  Thicknessof  Thickness of Rdlative
Channel Name depth of ground- polytyrene board  theoretical amor/%
water for many used in practical  calculation
years engineering/cm  results/cm
KNI 15 6 6.07 117
I ES IR 18 6 5.74 4.33
[lip) @ 21 6 5.42 9.67

BRI () TR R 5 ERX SLhr TR H N H
) 5 25 B i 14 J5 B R A e B AT, R T B A4 1R
b 3 FR IR S R v 1 SRR R B AR R 2N 1.17%~
9.67%. Tt BHiZ A KT B 45 IR SEBR TR A B A I 4
N . ESEPRIZIE TR Trh, A58 T, 7EiRE
A JE P I — AR EY 2 om FOEESRS BT LALAR A #LiE
AU H R 25 B L T 92 bt il

AR (4 FARYEI £ X R E (1) A S g & A4
2 \EMARH IR AR, HiE GBS
EEHIIX, 3 A4 T VR e A AR T AR IR
BRI . 18 A ST BUE M i KA S

HBRIBUE MR R, IHOUE R T HORE R T L 32
HHERS%,

3 AR TRAIERERE REFRK T E

3.1 JRELREHNR
M TIRAL TN A EREX RN, A C20 Tl
TREE AR AT IR T I, IR0 B 4~8 om BJERIK
W, WEIR H=3.0m, JE% B=5.2m, ¥tk m=1: 1.5,
NI HA B KRR 0.76 m, R&5HE%L 1=1450 (°C-d), Ml
#1°4 2013~2015 4E.,
3.2 AR TKAIRE R BURE Y 75 7 A 12
32,1 REATARFERLAK
WRYEAR ST AL, K R 5 Hh R K2 AT 5% 2N
n(z2) =a-eP? (5)
K 7(2) WIERKE, %; z HTHE SRR KA IR,
cm; a. b AEREHIX K E TR KoM A L
KBS, WEHHEEXEDRRER L RAR L, §
PEA R, a HY 60, b HK 0.015.
TERFE MUIRIEIR B 6T, 52 R T KA 244
TR SR EAN I S oA R A T
n(x)=a-e X (6)
o x AT S R TR RS, em;s (X)) NS
FEEVRIKSREE, %; z(X) A& S EH R KAEER, cm.
3.2.2 TR H T ARKAL R AR AR RRE G W7 @ 69 4 A AR
T A58 HR i At R KA R SRS 2 R A R KA
FERIKZ b 2 P&, BT DAETHE A FIHL T KA 3R
TH SE Y T 28 SR TS S R R 0 2 B T AT T B
1 M43 F/AKALHRYR h=128, 178, 228 1 278 cm I :
OUFH S X AL TR AKAL NI T 5 2 KA (1
z(X)=300-h-0.55x, % KHit+H N
n(x) =a- e D2 _ goy @ 0-015(300-h-0.55x) 7
O R W VAR o 0 N IYA o1 2 o SRV A O S
2(X)=h—(300-0.55x), 4 KR i+ AN
n(x) =a- e P20 _ 5oy g 0015(h-300+0.55x) (8)
2) HHh N KALHELE h=328 cm i
THES x BT ARAL LA b, 5 F KA
Z(X)=328- (300-0.55x), ##HIKkFKit+HAN
77(X) —a. e—b-z(x) = 60x e—0.015»(28+0.55x) (9)
RPFRIE G TR A AR (7)) ~ (9) BRFFL
TR R K44 (1.28. 1.78. 2.28. 2.78 fll
3.28 m) TEiE I TR K A I AR AR 2R ] 6 s .
HE 6 nLLEH, BTGEKES A SH N KAIERE &
HERRR. A FKRAAR T RIKE (H R KA R N
328 m), IEiEEE TR ECONAN TR AL, FEUTE Y
[ERE ST S WA N b W /| (VAT=/0 RE/=9/: o N =8 7 31 4
B RAL T IR R B 13 4b, FF BRI e KR IR A bl &
R K RGN T BT 1) e . iR K VR B
(HRRAN 1.28 M), Y218 K AE e KR KA A T e 3
)R A o
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B 6 AR T AL RAIRE G T2 K
Fig.6 Frost heave rate of base soil in different
groundwater level along the slope

3.3 AR TKREHImTHE KIS HAE
TEVH R BT A H T, IR IR A 1 S R AT
T MRAEARL g 2t B i S YR T AR % A S
R I T 44 75 JE S DB 1 49 23 A A
M(X) =k, -x-a-ePZ.[f(bh)— f(xbsing)]  (10)
Hop
f (bh) = (€™ —1) / (bh)
f (xbsing) = (€®3"? 1)/ (xbsin®)
kg =(I-E¢)/(bh)

A h EEEFEE, om; M) NERRIZ4E, (KN-m); E
R, AR ST RUR, VR R TR
I B BT (s R B EL 3.8 MPa; a. b e TR 456
ZH, BUERF E.

AR (10D LU KA A R AR DL R At 15
W, AT R KA TREZ FAEEKZ 2
FRIETE, DRMAE T 5525 B 55 204 0 2 Sl AT 15
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L aw of frost heave of canal foundation and appropriate thickness of
insulation board under different groundwater levels

Guo Fugiang™?, Shi Haibin'™, Cheng Manjin?, Gao Wenhui?
(1. College of Water Conservancy and Civil Engineering, Inner Mongolia Agriculture University, Hohhot 010018, China;
2. Inner Mongolian Autonomous Region Research Institute on Hydraulic Sciences, Hohhot 010060, China)

Abstract: In order to find out the difference of canal foundation frost heave in Hetao irrigation area under different
underground water levels, and to understand the influence of the changes of groundwater level on soil moisture transfer
and mechanical properties of canal foundation, the test was carried out by setting up atest platform for frost heave under
different underground water levels. And combined with the prototype channel, the effect of different groundwater levels
on frost heave of foundation soil covered with different thickness of polystyrene board was analyzed, the distribution law
of frost heave rate and section bending moment along channel slope was described, and a theoretical formula for
calculating the suitable thickness of polystyrene board at different underground water levels was presented. It is found
that the frost heaving of base soil decreases by 0.15 cm when the groundwater level is reduced by 1 cm. When the
groundwater level is reduced by 0.5-1.0 m, the frost heave rate is reduced by 71%-83.8%. The decline of groundwater
level effectively prevents or delays the increase of capillary water in soil, reduces the soil moisture of 0-30 cm soil layer,
effectively prevents the migration of the water of freezing front, reduces the formation of ice interlayer in soil, and
reduces the frost heaving deformation of soil. The frost heaving damage parts of the channel change with the change of
the groundwater level. Through the analysis of ground temperature monitoring data, this paper puts forward the lowest
temperature under the condition of laying 2-10 cm polystyrene board, fits the relation between the thickness of insulation
board and the lowest temperature under the board at different underground water levels, and calculates the laying
thickness of polystyrene board under different groundwater levels when the negative temperature does not exist under
the board, so as to explore a relation between the suitable thickness for polystyrene board laying and groundwater depth.
According to the theoretical formula, the variation rule of soil frost heave rate along the slope is proposed. When the
groundwater level is lower than the bottom of the canal, the maximum frost heave of cana foundation soil is located at
the foot of the slope of the canal, and the frost heave rate along the slope decreases gradually. When the groundwater
level is higher than the bottom of the canal, the maximum frost heave of the slope is located at the 1/3 of the lower part
of the slope, and the maximum frost heave of the slope is gradually transferred upward with the decrease of groundwater
depth. When the groundwater depth is relatively shallow, the channel’s maximum frost heave is located at the middie
part of the channel dope. The soil water content in 0-50 cm soil depth decreases under the 2 conditions of actual
decrease of groundwater level and ground elevation. And the migration amount increases with the depth. Migration rate
difference is 1.75%-4.46%. The results show that the soil water transport has the consistent change rule whether the
ground is raised or the groundwater level drops. This study can provide scientific basis and technical support for the
research of thermal insulation and anti-expansion technology in the northern seasonal frozen soil area.

Keywords. groundwater; water levels;, EPS; frost heaving theory; section bending moment; moisture migration regular



