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1 RIFZRE I RIERMKIRE

1.1 REEEARER

T H e XA TR i R R I, % X R
TG LI, BCFE TR 1.45 m, SEFEEK
HIR 1.72 mo MRYE - TIRE, LHk2/NT 0.075 mm [
TRUFRE KT RFERN 10%, B THEE . RBX %
TR 6.5C, MR iR—25~-32.2C.

R BLE K 50 m, BEIE N B-W AL [ (R 342
NIZR SATWINEIE, JETE 4.0 m, JIEEE 3.0 m, AR
Heom H 1.5, PI1/3000 W4+ TRIER, BEEENIK
BkY £, REREIKER 16%~23%, %F 1.51~1.65 g/lem’,
FLBRLL 0.69~0.80, WVR-1EAI, JE2SDIRA, WAL
58~6.4, WTEIEE 0.53~0.82, BiERE 22510~
8.49x10" c/s, JE4E &Z% 0.25~0.31 MPa', JL4ikii
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FEHES 16.5°~22.3°, % L Z@E KA, B fER—M.
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Table 1 Physical and mechanical properties of composite
geo-membrane

AR APt BEEpi

SOLTEMG R ORI WE e
Specification of Weight Endwise  Transverse Ija;lje Ultimate
composite perunit  tensile tensile .
geo-membrane area/  strength/ strength/ strengt}]]/ elon%atlon/

: (@m?) _(Nm') g’y O %
200 m PEO.ST gy 516 543 1.15 142

200 gm?
TE: 4 TR 200 @m™/PE0.5/ 200 gm™?, FH 200 gm™ BgK 22 4
R TATFE 0.5 mm F92R ZH 6 = TGRS K.
Note: Specification of composite geo-membrane is 200 g'm™”/PE0.5/ 200 g-m?,
its thermal synthesis of 200 g'm™ polyester geo textiles and 0.5mm polyethylene
geotechnical membrane.

PG AE M IR SRR (07, TR AT IR
HEEENG, R 12 em, WilbRES A C20, YRR
2.29x10* MPa. HEIE AR FAls A &+ T8, R
PLFRIRE A RIED PR AT L, %
FEERIZE 1.6 glem® A b, THIESIKE 16%~23%. Wil
Pt 21 mY/s, KR 26 m¥/s. WIZRIE S IEEE
FIWTTH W 1 a Fros o
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Note: m is slope coefficient of trapezoidal canal.
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a. Cross section of trapezoidal canal with concrete and composite geo-membrane
and plane layout of observation points
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Note: “x” means measuring points, the ground temperature measuring section,
frozen depth measuring section and frost-heave stress measuring section set up 7
points. Frost deformation measuring section set up 9 points. The measuring
points of moisture change were same with the ground temperature’. The number
of measuring point was determined by time.
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b. Plane layout of observation points of rigid-soften composite canal

B 1 Rea At R & A XA &P @A R
Fig.1 Cross section of trapezoidal canal with concrete and
composite geo-membrane and plane layout of observation points
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Fig.2 Maximum and minimum temperature change in
experimental area
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Fig.3 Minimum ground temperature of trapezoidal canal with
concrete and composite geo-membrane
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Fig.4 Measuring point frost depth of rigid-soften composite
trapezoidal canal
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Table 2 Observation values of frozen depth, amount of frost
heaving and frost-heaving force of cancel base

URIE A R - PRk RAKI g
. X iR .
Observation  Observation Frost heaving  Frost-heave
.. X Frost depth/mm
position point amount/mm stress/kPa
A 1200 65 123
SH)
s B 1235 41 154
Sunny slope
C 1200 56 153
IR D 1472 112 163
Bottom
E 1462 131 178
[UiE)
Shady slope F 1 400 102 105
G 1420 98 123

e BT ERIKRAIBI BRI BE T 9 AN AT, SEERI. B0 & Ry 2 v o
M R BRI ASTE BRSSO 1 leme 7RI I AT A1 B 5 AT Y
IR ARNR IR, T s, DRI s ORI AR T B AN 25 I SR AT o

Note: Frost deformation measuring section set up 9 points, the frost deformation
of protective layer of canal is small, the maximum value is 1.1cm. In prototype
test not layout frozen depth and frost-heave stress points, so the frost
deformation of this two points exclude in result analysis.

5 M IS 7 SR FH Aar B A% B A% B 1R 4 0 R H AT O
WMo AR TN 4.0 m? AL D0F5 TR A AT IS T8 11
I RN 132k 178 kPa, AT BHUE A 2 W 1) 1 1/3 A,
IR N, 1k, k3] 163 kPa. 3 2 AT
S ERNER N EINIPSY/ Y IO =P N

TR EATRIREIE I B AR SEE R D S I AR
B, 08 13,1 F1 11.2 em, $#ERE T AT RI45 R 1 1) L
Beitt . HUGEMIM Fo G AN KA, 7050E
10.2 F1 9.8 cmo [HIE PRI TERE /N BEA AL
P b, URIKAR B i AR Tk, AR AT ik
AR B i .

T 3 i 7Y RS T R I D T, TR - SR 1 U )
HAAT NP2 A T VRN 7, R, 0 1R AR A A
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D SR 18R, 504 178 F 163 kPa,  FHI 1
T 380N o R M I g PR DR AL HR A o R bl 5 AR PR Fof
[ FIFRAT, AL T IRE IR b 1/3 (A & . I
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2.3 EHEIEKHSTL

KRB VR R e — MZO R 2, B HT
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BT PRI B o 9 T R W NI 2290 A Ao ) 2
FEAS RIS AT AN [R1 R 5 Ak 1R 7K 43 0 HEA V5 Rl ) 19 ) A8 4 R
A, R LSRR A AT A R 0~120 em Y5 N AN
BRI R, R0 L& KR, IR 501G
TKRBAT IR, A HT A A KA TR 2, AR
RIRIUGE KR I 3. B 5 45 T R 45 IR AT iR E A
[0 i 7K ey U R B I AR A . N AT L
Fib, VRGN, BI. PHRRIR K A A A .
TE 0~60 cm = J2 Yo [ P 5 7K 8 Bl R B 38 T 16K, 60~
120 em 1 J2 Y6 P 25 7K S B YR BE 38 KT B 8 0d e 7Ky
7E 60 cm VR PO SR EE, TR T SR - IR R 45 e i,

X U T U TS R I S 1 G A T R K ) AR
JE A

%*3 REITBVRIKESTIERE 60 cm k5T
Table 3 Initial water content and amount of soil moisture transfer
in 60 cm depth of cancel base soil

Witk REMITERE ELITE R

ARIE oA .
MU‘”ME I 5 . Change rate in  Change rate in
Observation ) . Initial water . . : .
. Observation point o, freezing period Thawing period
position content/% 1% 19
0 0
A 21 +2.1 -6.2
b
i 23.5 +2.7 -3.7
Sunny slope
C 24 +3.3 -4.1
IR D 23 +132 -11.0
Bottom
E 21 +3.5 -1.8
[V5R) 4
+ -
Shady slope F 23 2.1 1.1
G 23.5 +1.8 -0.9

e IEB =R IR SRR -HIIRE K, “+7 FoxK oy LTk,
“ FRK I Rl

Note: water migration = moisture content of freezing period (thawing period) -
initial water content. “+”means water upward; “-”’means water downward.

Ak 2KE Ak
Moisture content/% Moisture content/% Moisture content/%
E 0 10 20 30 E 0 10 20 30 40 g 0 10 20 30
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af of uE
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5 5 o)
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Fig.5 Variation of soil water content with depth during freezing
period of different points
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Table 4 Remaining strength and deformation of composite
geo-membrane

o e g A 4 ‘Lz i [ 707 o B K
ool utoron  DVAPUREE  BEDUEE PR KR
. . Endwise tensile Transverse tensile  Ultimate
Active  Experimental X
extract unit it strength/ strength/ elongation/
(kKN'm™) (kN'-m™) %
o 483 51.2 138
EEE T
Sunny 2 47.2 523 136
element
3 48.7 50.1 139
— 4 48.3 51.2 133
JEHB L IT
Bottom 5 47.2 52.3 135
element
6 46.7 49.9 134
o 7 47.4 50.3 136
335 5.50
Shady 8 46.7 50.3 135
element
9 48.3 50.4 136
3 it
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Test for frost heaving damage mechanism of rigid-soften composite
trapezoidal canal in seasonally frozen ground region

Jiang Haibo, Tian Yan
(College of Water & Architectural Engineering, Shihezi University, Shihezi 832000, China)

Abstract: In the area of seasonal frozen soil in North China and Northwest, there exists massive and serious frost-heave
damage of concrete lining canal. Frost-heave damage is the main reason for the channels. In this paper, the prototype
experiments were conducted in order to explore the frost-heave mechanism of rigid-soften composite canal in the irrigation
area of high-cold region. The frost deformation the soil moisture variation of the trapezoidal canal lined with concrete and
composite geo-membrane, and especially the rules of frost-heave deformation and the deformation features of composite
geo-membrane were further systematically studied. The experiment followed the leading thought of suiting and reducing the
frost-heave destruction, chose the trapezoidal canal lined with infiltrating structure and integrated rigidity materials as typical
experiment segment, and collected the freeze index of various canal lining frameworks; the experiment referred to the
advanced method, and adopted the new material. The experiment section of observation prototype was 50 meters long. The
measuring section for ground temperature was 3 meters long, and the temperature was measured by the digital thermometer.
The measuring section for freeze depth was 3 meters long, measured by the DTM-2 frozen soil apparatus. The section for
frost-heave stress was 4 meters long, measured by the strain sensor. The section for frost deformation was 5 meters long,
measured by the electronic level and the electronic theodolite. The section for foundation moisture was 20 meters long, and the
foundation moisture was measured by the drying method. Prototype test data were obtained through the observation every day.
The observation objects in the test included air temperature, ground temperature, foundation moisture, freeze depth, frost
deformation and frost-heave stress. The frost-heave mechanism of trapezoidal canal lined with concrete and composite
geo-membrane was studied in the prototype experiment, as well as the soil moisture movement on canal base during seasonal
freezing-thawing stage. The variation law of frozen depth and frost-heave deformation was derived from soil moisture
movement, freezing temperature and frost depth. Based on the observed data in the prototype experiment of the trapezoidal
canal lined with concrete and composite geo-membrane under the condition of freezing-thawing cycle, the ground temperature
change, the rules of frost-heave deformation and the distribution of normal and tangential frost-heave force were analyzed. The
results showed that, the frost-heave amount had a maximum value of 13.1 and 11.2 cm respectively at the site of one third from
the bottom on shady slope and at the bottom of trapezoidal canal, which caused lining structure of the canal to rise. During the
freezing period, the soil moisture content in the depth of 0-60 cm increased with the increasing of the depth, while that in
60-120 cm decreased with increasing of the depth. The maximum value of water migration and variation was 13.2%, which
occurred in the bottom of the canal. After one freeze-thaw cycle, the strength and deformation quantity of composite
geo-membrane were still maintained above 90%, so it could fully utilize the features of frost-heave resistance and adaptive
deformation of composite geo-membrane. The study shows that the prototype experiment of the canal can provide the
reference and the scientific basis for the engineering design of the lining canal with concrete and composite geo-membrane and
the mechanics computation in seasonal frost region.

Key words: canals; frozen soils; moisture; rigid-soften composite canal; frost-heaving mechanism; frost heaving amount;
frost-heave stress; moisture migration
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