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EAEANE TR YRR BT AR IR TR ) (SL237—1999) b7 #fE. +
FERIRZ I LA A b R 3106 45 S M ARkl , I DL R FE I 0 oy R BH B8 738 i iR N 2%, IR Bk
RS WK £ X S AR BLE ) (GBSO112—2013) o A 9 20 HCE 40 51 5% A XL LG B | e Bl
B LI ALBSK AT VA A B i 0 RS Bl 1 4 ORI A 2 A 0 I 4% 45 MR S 42 1 1
Bt M 2R BT IE " AR BRI S WGk 15] .

2 RBERL A

2.1 ITHHHLERNT DRSS

2.1.1 2#HAeER SNPGRS R I W 1 K 2, R T AR 2 tha] LA, 5 -4
[ RAR B IK ey 26. 6% ~30. 1% , ki AH R85 BE 2. 65~2. 70, i PR 49. 9% ~61. 9% YA 26. 5% ~37. 4% , ¥A 1
FER19. 1~ 24,5, 550k 2H B LA K42 (0. 075 ~ 0. 005 mm) . B (<0.005 mm) K 3, B3k & 1 38. 3% ~
52. 1% B G R 45. 2% ~61. 0%, +FEF T30 7 1. 48~ 1. 60 g/em’ , e B K %y 24. 5% ~28. 2%,
P BERIBPER 326, 1A 5 8 TARKBR S L (CL) , A 4 A LAY 8 T ol ik - (MH) . BRERER & A
L, DR E R 0. 1~0.3 o/kg, FIEEL S5 0.6~0.8 g/ke, MERER & HE 0. 1~ 0.8 o/kg, AHLFTHHE 3.8~
15.3 o¢/kg,pH {8 5. 37~7.75, {EfHFEME, B4 1,2 F13 (AP & 3% & T 4 4 A1 S, i pH (E ]
AT A4 05,

®1 THOEER

Tab. 1 Physical properties of soil sample

+H - P YIE A TR SR % ik oL 2l R/ %o R THBE/ i
% KRR/ % KIXEE /% B e WR Bk (g-em™) Ik EE/ %
1 MH 26. 6 2.66 52.1 28.8 23.3 8.8  46.0  45.2 1.49 27.4
2 MH 30. 1 2.66 61.9 37.4 245 0.7 383 610 1.50 28.2
3 MH 28.6 2.65 53.5 34.4 19.1 1.5 455  53.0 1.48 26.9
4 MH 27.8 2.71 52.8 29.7 23.1 0.3 488  50.9 1.56 25.2
5 CL 28.0 2.70 49.9 26.5 23.4 0.1 521  47.8 1.60 26.7

TE: R 1R SKARE X 852 43T 3R 4+400 Kb b s L ARE 2 J KR X T LB T 2R 9+ 100 Kb b 5 LAF 3 J KA X T LB T2R 9+570 4b 1
B s b bE 4 I WU AE X LR R S S AREIX R

R2 IHAFER

Tab.2 Chemical properties of soil sample

4 D/ (g kg') gy, MR AYLBY

i Wit Co¥  HCO; SO ¥ Mg®  Nat K (grkg) (goke) (g-ks) PH
1 0.3 0 0 0  0.207 0.047 0.021 0.006 0 0.7 0.3 12.3 6.81
2 0.2 0 0 0 0134 0.039 0.009 0.002 0 0.8 0.1 14.7 6.63
3 0.1 0 0 0  0.106 0.023 0.012 0.002 0 0.7 0.5 15.3 5.37
4 0.1 0 0 0  0.077 0.021 0.003 0.007 0 0.6 0.1 5.6 7.75
5 0.2 0 0 0 0151 0060 0  0.003 0 0.7 0.8 3.8 7.22

2.1.2 HFHms  EREMTYAUSGIREATR WK 3. W 3 AT LUE ), R Y B DR A IS A
FE LM -FERZ LA = IR R TR, R AR TP BRI &5 18. 7% ~21. 6% , 52l A1 &l
14.3%~19. 0%, BIR 5 A MRS EEOR LU -SSR 2 P U0 HH S AR T W, S A b
FERIL AR AR A S AT A s 5% , D - A ARV RE = A S o M I R AT, 5
A AR RA —E R LA Uk
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x3 THTHHRS

Tab.3 Mineral composition of soil sample

R ALY /% BT % AP T %

G Y #Wka mke NG P-sRRE PR miba gia PR S
1 38.0 7.5 14. 8 0 34.5 3.2 1.2 0.8 18.7 19.0
2 39.3 4.7 11.9 1.7 36.5 3.4 1.7 0.9 21.6 18.2
3 46.9 4.5 11.4 0 33.1 2.2 1.1 0.7 18.8 16.6
4 39.8 3.9 12.3 4.4 33.3 2.4 2.4 1.6 19.0 16.6
5 41. 8 7.5 13.7 0 31.8 3.3 1.1 0.7 20.8 14.3

2.2 THEBMKE

TR A R EICR Sl AR HE P R 2 R R 4. R4 AT, 5 AL HAE A IRk N
41% ~90% , Horr + 4 1,4 F1 5 1) B K 38 40% ~ 65% , J& T 55 Ik 15 14 3 19 A i Ik %8 65% ~
90% ,J& T H Ikt ; 14 2 1 B KR =90%, & Fomigik + . HIRSEWA &8 R 14.3%~19. 0%, 1k
HH () BH T 38 Bk 17. 74~ 25. 22 emol/kg. ARAEIZIK + A HIZIK R S5 B4 & & FHE Facfat ) R 0]
AL X5 AR EA — 2 KIS, B Tkt .

*4 BN
Tab. 4  Expansibility of soil sample

TR A IR 8./ % SO i % BT 72ttt/ (emol - kg™") i I v 4
1 59 19.0 22.12 55
2 90 18.2 25.22 Ll
3 76 16.6 20.23 i
4 50 16.6 18.87 5
5 41 14.3 17.74 5

2.3 THLSEE
2.3.1 BRI A RIS S S FE 5, AR R AT FLIE ORI B L 1, FE S AT I,
1,2,3 B /N T 30% , J& TRt £ 4% 4 50 8UE KT 50% , J& Ttk £ 148F 5 40 80% R 30% ~
50% , J& Tt P+ o PEHURISEE SRR, 1RE 1 RS A2 R RR I ER LA BURLIR - e, K (L. A 2 1%
A AR, B LR 2 JE TR 4 R334 R 5 RIS T RIS AN AR IS ES , K (A B B, LIS
GERFH, EFE 1,2,3,5 76 1 020 mm 7Kk FEFFLRY K, KRG & FHE it £ 4 4 76 50 mm 7Kk
TNEHFLRGEY K KGR, LR K 2~ 3 A5 B Tt o FLBRK AT PR B R s B L5 4l A
A FLBRZK FT : BH 25 5 S5 (TDS) 7 1. 67 ~4.77 1/n mmol/1 Z [a] 41 H 43 LL (PS) iy 1. 6% ~ 15. 6% , 4%
T EES TDS,PS R ES],S 4+ E TR o St Es 7 | o ik g 25 R % ], 5
4 RS HAER E 53 L (ESP) Fr g #4/NF 10% , J& TR it + .

5 Fiaae ik W S BIARAELT T

(1) AHETFEER, U /INTF 30% , ARS8 1 5 0 B0k 30% ~50% , it JEPE £ 5 s e 2 K F
50% , Fp oyt £

(2) RS . i 5 FE LS PRI LA A0 FUREIR S 3 , AS H BV b SRS VR b 5 AR PRAR s S aod 8 1
o, YRS VYA RV B BGE EL N, AR L B AR B A BRI K R SR
b L0573 51/

(3) #H4Lik5 . 380~1 020 mm /KK FEHLAY K, KFART , MR8 L5 180~380 mm 7Kk T Lo
DA KR, FLR KT 1.5 A%, At I+ ;50 mm K Sk F4FFLIRGE Y, KM, JLE K F 1.5
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(EWPIF) ) 4 d e s

(4) SRS T 1 73 kSR . ESP=17% ~10% , yh S50tk + 5 ESP=15% , i itk £

(5) FLBUK AT R B 8 it . PS<40% , JAEr bk £ 5 PS=40% ~60% , Jgid 1k 15 PS>60%, 7
11450

x5 TESEUE
Tab. 5 Dispersibility of soil samples
A EHLIRES FLBK T 1 B B 1

o S R — - —
w5 /% = THEL A H %T\ L K, Ca®™ Mg Na* K TDS PS/% e

(g+em™)  mm  [EE]/min fLA2/f5(mL - s7")
1 26.1 AR 1.48 1020 5 1 0.97 &MWL 3.43 121 0.13 0 477 27 0.3
2 2.6  WHERN 1.48 1020 5 1 112 @# 131 159 0.08 0 298 2.7 0.2
3 26.6  HPEERN 1.48 1 020 5 1 .42 W 071 111 0.10 0 1.92 5.2 0.3
4 630  REN™E 1.57 50 10 2-3  0.55 M 1.4 0 026 0 1.67 156 1.4
5 36.6  JMTE 1.57 1020 5 1 1.27  WW 315 0 0.05 0.01 321 1.6 0.3

1 1
. Ca® ng H’Jifﬁjﬂ7 mmol/L,Na* F1 K* {8447 > mmol/L, TDS f #{37 y— mmol/L,
n

R R Ty
Fig. 1 Photos of pinhole and crumb tests
2.3.2 pHBFIA2BX BHEMSEAEAEE T BOPLEEE T, 3R H T S EE £ 2 R
PR L o B 2 5 2 A B IR AR WL ZR 6, MFR 6 AT UL, i T 5 MR FOEI/NT 3,26, ok
BB, SIS E S e AR ST Fo(. S AL FL¥/h T 316, %8 FAEaEtEL. A T m
HERA A ), AR 225 | A pH T3 Fofle 5 Al AR Fo(E/NT 4,00, Br AARYE Fo{E 0 A 5145 8, v .5
AR TAREE o B, INREYE 1 2 Btk U i 2 5 XOR PR, 5 4 B AR 8 TRtk £ .
F6 BINMMERRAZER

Tab. 6 Results of dispersion clay’s experience formula

R F AR FoH 5 5 5% FyH50 25
W./% PC/% PS/%  pH H G5 R
G FifE 4% FLE A FyfH 4
1 52.1 45.2 2.7 6.81 2.506 / 2.533 e[ 3.214 e sriott: + e 8+
2 61.9  61.0 2.7 6.63 2.152 / 2.179 ettt 2.842 A4t + AR EE 1
3 53.5 53.0 5.2 5.37 2.400 / 2.452 emuitt+ 2.989 Ao+ ek +
4 52.8  50.9 15.6  1.75 2.435 / 2.591 emuitt+ 3.366 Ao+ etk +
5 50.2  47.8 1.6 7.22 2.518 / 2.534 e+ 3.256 et + AE4 - HPE 4

FIB TN o Fy =4-0.01(2W, +PC) ,F,=4-0.01(2W, +PC~PS) ,F;=4-0.01(2W,_+PC-PS) +0. 1pH, Hrf1. W, g R ; PC A Rlihi ( <
0. 005mm) & 4t 5 PS AT 43 Ho (FLBUK AT PR B Y IR0 A 20 5 pH A RO . TH3E F (8,47 Fy>3. 26, DR AR Mt = 4 F) <3.26, 3
BE R, 2 Fy>d. 06, M4 8EE £ 2 Fy<3. 16, M AR 8orE 1 5 Ae B2 ], W15 FS (8. 45 Fy>4. 50, R 4r ke 1, 47 Fy<4. 00,
IUPSEIEK) 1§ 6 S S (b LTI U E U RS e oS
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2.3.3 ey F R RIEEEI SRR LR G FONEE R LR 7o AT, 4F 4 (920 BLPEALE
80% , KT 50% , Fir LALAE 4 J& Torioth o HoAx 4 4B AR 20 BOPEALE /N T 50% , B AR S* G PR+ B
PE” ALE/INT 50% , it LA SrBOrE i g 8 W] 4 1,2,3 Fil 5 )8 TR B 10 456 g5 k) 5 =X, #
AR 1,2,3 RS BJE TR £, A 4 B T o SaBERRI M2 BRI A R BT HLAL,
RIBRAE 4 AR, HAR—2 EARUHIRR, 1A 3 715 BRI B2 Bt 2 HOVE A RRAIE , BCFE R /K 3R
ST (S I R 7 N 55 = € O W 45 S VA /8

®T SEENEEFIF

Tab.7 Comprehensive discrimination of dispersion

e WL e #HL BRI SR T U/ % R
% A% JEu AN FHES 11058 RN AnN A VAN S SR L L ¥/ S E e S
1 B[ Cid o o | 73 /€1 ol | 773 0 e S | 5 et R+ 100 0 0 E[ 5 iR
2 e[ i e S| s /G e o | 10w |0 7 et e+ 100 0 0 JEar it L
3 e[ (i 3 S 1§ A S | 7 1 4 I | 1 (e JEsrEE L 80 0 20 Akttt
4 arigtEt e kL FEar i+ et 20 0 80 gttt
5 S e S ey e S | 1 e S 2 1 { e JEor e+ 60 20 20 e+

FNN T INE 43T WL T3 PR L0 | AL B K AT B 3 RS e B 8 1 43 i B 20% ,20% ,40% , 10% Fil
10% BB AL, TR AR A S HOPE G AR M . A A E T 50% B UM 45 T 50% i Had PEMEALE R T4 T 20%,
Ay 538 5 R S5 T 50% i g PEPEACE /N T 20% s 0B MEA TR /N T S0% B L 3 M+ 0 HE ™ OAE T 46T 50% , 00K
ALV 5 FA AR U S AR 23 i 1

2.4 tTHREEE

T E AR ILE 2 F1 3. K 2 AT LIE Y, BE B UIALRS 3G K, B N ) Je 18 K5 P22 sk 23
KB WA, 7 7 — I A8 i 2 52 0 A8 R AL Y BT U B R 4 mm BE6E I, R B 0 7 A HU BT s B . usy
SREE S HE SRR I 3, WA T B R ST B3G K, BBy sm ARG 0

60 80 80 100 80
< < < £ 80 <
& 40 £ 60 £ 60 = I = 60
R R 40 —~100kPa R 40 = R 40
=20 —+- 100 kPa = —=—300 kPa = +§88 tga = 40 = a = 00 kPa
® =200kPa 5 20 - 400kPa R 20 o . R 20 —=-100kPa & 20 —=-200 kPa
& ——300 kPa i a = —-300 kPa =N 2200 kP =N —-300 kPa
0 200 400 600 0 200 400 600 0 200 400 600 0 200 400 600 0 200 400 600
S5 YIEES /0,01 mm YIRS /0.01 mm YIRS 10.01 mm BYYILES /0.01 mm BYOILEE 1 0.01 mm
(a) 1HEL (b) 1-F£2 (c) 1FE3 (d) 44 (e) 1HES
B2 BN 58U RS I 5 R 4k
Fig. 2 Relationships between shear stress and shear displacement
£ 70 £ 70 £ 70 i3120 §120
~ 60 ~ 60 / = 60 = =
25 25 2 50 — % %
B 40 2R 40 R 40 =R =R
= = = = =
™ 300 100200300400 300 100200300400 39 100200300400 3% 100 200 300 3% 100 200 300 400
FHIES [ kPa T HE ST/ kPa FHIES / kPa T HE ST/ kPa FHIES / kPa
(a) 1AE1 (b) k2 (c) 1H£3 (d) 1-#e4 (e) 1-HE5

B3 Proysi S Bk e R sk

Fig. 3 Relationships between shear strength and vertical pressure
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SNV SR T DR R NIE T —— RS AR R ML
N o X o 60 —a— R AT R L 30
c B, %4 5K 2 I/ B Ry LRI N EEHE AT o 1H, 15 z B 2
B 1~5 5 LFEREE 1 51 0y 25.78,47.49,49.60 fil 3 40 £
3. 47 kPa, PN EEE A1 43 I S 3.5°,1.5°,1.0°,24. 5° Fll %@520 1hEs e 10 g
12.0°, A UL, 5 2+ HEFGR T8 13.62~47.49 kPa, 0 A q 2 16 2
W@%ﬁyg 1.0°~24. 500 ﬁﬂﬁ/(g - kg™
2. 5 1 ;ﬁ |2, — 28 e 3 R S N
AITRESHIR S BHOXR R4 OOV S A B R R
BRI AP S RAOCR WA 4, E 4 Fiv 4 Relationshi ‘ ,
. L . ig. elationships between shear strength and
ALOL, A 1,2 #0103 IOREER Ju T A 4 TS TN R4 organic content

AT LA 4 S, X5 BRP AL S &AL,

BT AL B A RESVEN, BIA DL & 8, 0RLZ [R] A9 RE 3R 038 K, RS A1 i/ o

2.6 HERHIREMER

2.6.1 g iakdr MRS R A BIEIKE S8 IKERFEF IR OCR ILE S F 6, KNS wT UL, bl
HAOKBREK, LA B BRI WE 6 AT UL, fi 25 7247 5 W 38 in, 14 3 B IR K,
T LA, A BT REIK A R AR ERICR , T AR RZ A 5 357 8 S 80P 2 Bk M i 5 e AN B 4.

S 80 S 80 S 80
<7 60 <7 60 ——LFF1 <560
¥ ; ¥ 2 ~
= @ T E e o I T
2 9 N O T e A4 2 — FE3
= : = ——F5 s :
T 0 123456 T 0 123456 T 0 123456
BIRE | % BIRE | % BIRE | %
(a) FRIIRIT d (b) FEP A3 d (c) TR IR T d

K5 BIKESHRPKRNER

Fig. 5 Relationships between lime content and free swelling ratio

R 80 ®
(:,QT t:/QT 60 ‘_*/‘ 391
& R O — . &
2 2 ——tFf1 2
= = 20 —— 2 =
s o T—TFE3 o
0 1234567 0 1234567 0 1234567
TP / d FEAFHI / d TP 7 d
(a) BIKE1% (b) BIK 3% (c) BIKEES%

K6 FRIEEIS A KRR

Fig. 6 Relationships between curing age and free swelling ratio

2.6.2 FEtowcl @T A4 RT B, B IS S Y AR 4 48T LR AR R . A
3RS f SRR F B 2 PRI 8 Torid e 2219 £, BT AR A 3 RS dufs 1 ok s i skl . il
BA R I 7. BT QB TN 1% 40K E A AL M HORE I o ML 7 TR AR o
ARG, 2k 3 d (R4 e 11, AR A o0 BIOVE BI85 , 7 A B a0 A BT AL e 2 BIE e O R
1T L, A RAON - B IZ A AT R4 B BMERICR 3 20 Bk o BA AR S A P
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3

(b) 144
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Fig. 7 Modified soil’s pinhole tests and crumb tests
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Experimental analysis of engineering properties of foundation soil of
canal works in Heilongjiang area

ZHANG Lu', FAN Henghui', CHE Wenfang', ZHANG Yong', MENG Lei’, ZHAO Hongwei’
(1. College of Water Conservancy and Architectural Engineering, Northwest A & F University, Yangling 712100,
China; 2. Water Resources Bureau of Tangyuan, Jiamusi 157400, China; 3. Water Resources Department of
Hongxinglong Farm Management Bureau, Shuangyashan 155811, China)

Abstract; The dispersive soil and expansive soil are widely distributed in Heilongjiang area which are sensitive with
water. Those problematic soils can cause serious threat to canal engineering safety. Based on the analysis of physical
and chemical properties and mineralogical composition, the expansibility, dispersivity and mechanical properties in
Longtougiao, Hamatong, Tangyuan irrigation canal were studied by swelling ratio tests, crumb tests, pinhole tests,
double-hydrometer tests, pore water soluble cations tests, exchangeable sodium percentage tests and direct shear,
and futher investigations on the treatment effect of expansibility and dispersivity with lime. The experimental
analysis results indicate that, those soils have the expansive properties, and the Longtougiao soils are the strongest
among those soils. The Hamatong soil is the dispersive soil, but the others are not. The shear strength of the soil
samples in the three irrigation areas is not high, the cohesions of soil samples in the Longtouqiao irrigation area are
higher than others, which is between 13. 62 and 49. 60 kPa, and the internal friction angles are lower than others
which is between 1° and 24.5°for high organic matter content from 12.3 to 15.3 g/kg. There were obvious
modification effect with low lime, which could eliminate expansibility and dispersivity. This method could be used

for the poor canal foundation treatment.

Key words: problematic soil; canal engineering; dispersive soil; expansive soil; engineering properties



