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Stability Analysis of Shipu Port Bank Slope Based on Fuzzy Comprehensive
Evaluation and Numerical Simulation Method
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Abstract; It is always difficult to analyze and evaluate the stability of port bank slope because the stability of port bank
slope is affected by many factors which are difficult to quantify. In order to find out the stability of the bank slope of
Shipu Port, based on the on-site geological investigation, 5 evaluation indicators, namely slope gradient, stratum li-
thology, shoreline type, wave action, and human engineering activities, were selected to construct an evaluation index
system. The fuzzy comprehensive evaluation and numerical simulation method were adopted respectively. The results
show that among the 19 research blocks of Shipu Port bank slope, 7 of them have relatively poor stability, which are
mainly distributed in the underwater bank section of the port area with large slope and thick soft soil thickness. The e-
valuation results are in good agreement with the actual situation. The numerical simulation results of some sections of
Shipu Port bank slope are consistent with the fuzzy comprehensive evaluation results, indicating the feasibility and ra-
tionality of the fuzzy comprehensive evaluation method. The study has certain reference value for port slope stability e-
valuation, disaster prediction and subsequent engineering treatment.

Keywords: bank slope stability; membership; fuzzy comprehensive evaluation ; numerical simulation

I #5 B #A :2022-04-13 f&%% H#7:2022-05-09
BEEWE : N5 EA X AR k4 (20208805017 )
EER A : Tz (1989—) 4o, WL, PFi, EZMFE L TR BT S #2% LFE . E-mail:yuchaoyun1989@ 163. com



170 KA 5 R TR 24

20 %

BOWIZE G T & — PP I FEOI B I 25 & P
D7k, AT AR 3 A b A B0 4 B 1 25 2
R R 5 (B s 3T 25 A TR, ot SRR
S HE M A BTN . B Sy
WO BOA R R T 2 A AT S B R 1
%, BRrFE O iz A TR & 28 i
Wik o BEHSCED R T HT AHP BB
TR J7 12 76 F 8 B VST AN o i R . AR
20 2 e PP P AR T R U R E M B R
ST R RSERT A L I B 4L e S 0 4, e S 5 T e
PRSI AN 52 2 R AT (AHP) 7 20 5 AL R, ok
TR ST T M T AHP (58 1 R s OB 7 1
TP A g O 2 B 1 I AR, P RSB
JERIEN 78, 1S — 5 24 o 3 R P AURAT
7. IR TRl AHP — BOBIZ5 5 3P4 7
VAR BT AT R E MR A IR, TR AE
55 ORI R R TS T B A, R R 4 T
MAGFRFN 14 A FIPMAEHFR , Hr T WU B
T 3 B 4 T I R £ 4 TR M R B ek
200 XA T A N K R R SR PR 45 TE M
PR T RAEME T, R BEST AR T RO
IR AR E P P R

Vi 1R IR S e TR AT, AN 1 i i i 22
4 WYL K S5 BTG RN AR AT R
SRR TAERE S RTE . Bk, SR O R
SEME, B VAR I FE X, TSR R 9, %o
W I @ B L R R R
IR R FEIRZ H A2 2%, 4] AR 22 PR 2. FR i o 52 )
Wik EVERIPEM Fa bR, BT PEN FRAE, FE X £ F8 A iE
FaAL , M P IR S PR A — AR

WM, AR SC AT I HE R R S, £ PR T
SRR, B0 A D R R ML A5 S AR AR, 3
VR 3 VSR 5 A% X 0 R S R SR L R
FHRSOR 255 5 VR0 O A S PR F8 PR A 22, DT S B
XS R P TR R BV o RIS SR FHEUE 7 vk
S A T R X P R RN 9B X At
— B N AT

1 WX HESL

A1 DX AR 2 KU X, K FE il , 5 X
TN BB NI o AT JE T IEALE H O,
W24 m~6m, fHERFAZUNTRELNE, )R
TR AR R LR, HL 2 IR R B R MR A R . R
LUTE AT i XIS Sk , NSRRI sh B IS
JEE2 iny o SIS S b o TR P W DS S B/ LY/ )

TG TR TR B 8 = SOy AP A 5 T K
T S = /[N S LR 1%, WL T v e o 1L
& JRE— M 5 m ~40 m, 5 KATIA 50 m, #E XK TR
— B 10 m ~ 15 m, JayF K L 25 m, KF R
TR AR Y 6° 8 L RIER L 10°, KT HE
TE R AR 8 20 B AR TR 5875, 5 6) 2 33 f) e 1 ™
LRGN

2 VPR bR A SR

2.1 ENERHEE

SO FERAREVE I R ZF0 24 38 M T 45
FE R AL A0 M TE i 500 R 55 2 3 A R I IR 3R, DA
FERN HLRR A TR I ShAF SME R BT R R N % 1
Z N FR IR AR FIIE R oA B i S A TR 2 1
AR R R 2 e e P R R 2 &
7% HAEEA EERIVEE R R 286 % 8 Al
PP 3 5 A AR A, 26 BR3BTS4
RAGRZRAE A PN SR AR, A 12 AR e A
EARIR R . A SCERG 5 BRI DX R JAs e 1
MTE 00, B € 1T 5 A PRAT 48 b, o0 1 R B
(U,) MJZAVE(U,) R (U;) BREH
(U,) AT (Us) , M RLE U =
LU U U U Us o R SRR PEAR BE R 20 0 4
AEG, R E M AR PR R e R AR
PEAR, 205 T VIV IV 2R, SR a B pE R 4 v
={ 1,0, IVE Ho 2581k (U,) (R EE A
(Us) BORAEF (U, BRI REE B (Us) ik
Fabs, RSO (U)) Mg B dsbr . W E SRRt AT
R LA A O R R R T S T A A A S B
BLAEZEE 3 M s ot e SRR M il ) i L
PEATERALII T . RSB (U, ) SR S P AH, M
JBATE(U,) RSB U,) BARIERI (U, BN
TR 3 (Us) $5 ME M7 Bl R 20 50 R 7 B AL fEL
HATEA $805 ey SebrifiE WL 1.

®1 MR R S RITE

FoetEE m(I) BECl) BALCI) R(IV)
FEIE 0/(°) <6 6<0<10 10<@<15 =15
M WAEE REEE S REEE KEEE
af MF5m  Sm~10m 10m~15m KF15m
AT L ATRZ
Feggem stk KT 60%  NT60% ek
RATARL

PR RERB ZIRRBURB IR B R R E

ANEKIRWES & B o Ei




5 4 1] THz 5 ST EMIZE S IR MBE AT 1 10 s e AR P o i 171
2.2 NMEHHE W — b R A7l ot — B s . TR R R E

TEM FE bR 2 o &8 bRt i A e P i A
SRR B —E 1 22 5, VRO 3 e IO E M H
B BB 25— WA . ARRPEM R AT R
FI o0 TR 5FH8 AR AR X b J2 48 b 0 B B A T B A L
BRI K LRSI I A = (ay) ., HETEY
FRARART M I LA AL R 1 ~ 9 (R E0hR B 1k
VR I RUBE A AR 3 B o 3% 2

2 FIEFENRERSX
TR o ax
) FURMZ i A% j AT B
JORMZ i W R
FORMZ i WL W R
JORMZ i W% malE
JORME i WL R
JRME | WHE ) EERENT L2
FORMZ i WA Z M TR

o N W W

2468
% a;

#U&ﬁ%ﬁﬁﬂﬁﬁn?’ﬁﬁay >0,a; = a;,a; =
1(i,j = 1,2,3, 0+ ,n) o AR H0 0 WA 14 11— SOk (G
FEARCL = (A —n)/(n—1) KHE, A, b
SEMERAEAED, n HHE AR AR | BT VHEEAT 4% 0T
S R LT (8 PPN bR T 7 3 « X
BEA TR AW = A, WA, WA BIRKRE
AW ORI A 9 TE AR AE 1 5, W4
W, Gt R T2 MR RN AL A o
FR 7 AR 1 R AR — A A A 1 5 RV 1 B 5 2 3
S VTR I T R n R W, =

T g A AR B0 7509 — A B, T 5 1

WIS R W, = W S W, R A

PERBRRAFAERR A, = X (AW) /(0 W) o R4

o T AL T 3 2, T A 95 47 2 4 S 4

SRR AN BARZ AR/ W, = Y ob, , 5Xd:W,

BVRIEAE o, AUEN] 245 ZE R AR T H AR 2 R
L0, TS ER)Z 4 R R AR T E 2 B AR AR SO
R AR e PEPEOY B U R MR R M E S v R
KA PIRAER LA R N R T ARG 3h5F 5 AN PE 8 b
Fa) 3 A T RE 2, L3R 3

i Matlab 80 58054 W AR B 1) B R AR AIEEL
A 5.2034 AR A G — 0 FR bR CIL, B CI
= (A, —n)/(n—1) =0.05085 <0. 10 , 31| 5 3| Wi si

PEIT 4 55 bR 1O AL i, BD W = [ 0. 5506, 0. 2266,

0.1149,0.0701,0. 0377 ], #& 5 8 1 5 45 45 A A

TEOR B /NEUS G = A, FHE R T oM 5 159 21 45 48 FR A

A, B W=[0.551,0.227,0.115,0.070,0.038] .
x3 FEBEMEITEMIEERE TR

WIS REE Rt RAE BORIEM Aﬁgﬁ:i‘i

gk ok E 1 3 7 7 9

Hh A 1/3 1 2 5 5

R A 1/7 1/2 1 2 4

PRAEM 1/7 1/5 12 1 3
ARTRES) 19 1/5 1/4 1/3 1

2.3 REENHE

H T AR AN E N R Gk AL, H AR 2 2
S PR 28 14 S B8 v o — 5 e R i HLRAT 3500 75
B SE I0 1%, DRICAS ST 5 WIS DX i, R PSR
Heg g s m R E R bR SRR

ARSCHR R SR O R AR A JR i 2 T AR
TS T A DA DA D ) 52 SF s R 80 E SRR L, 2 0L
PR . SRm R BRR IAR 22, AR IR EE 5 45 I T 5
(o AR, SR F = ARZ R SR R 8, AR

1 x < S,

S, —x
Sz - SI
0 x> S,
0 x< S,x0 > S,

Y, = S, <x <35, (1)

- S, <x<S, (2)

- S, <x <8, (3)

Y, =4_

S, <x <8, (4)

1 x =S,
Y:Ej:itqj s X j‘j?m“%{ﬁasl \SZ \53 \54 %%Uﬂ‘:’-ﬁlﬁ{ﬁ
FEBR X R AR E PR S A B, T A S, < S,
< Sy < S, M, B EREAR B9 23 B {ELN 6,10



172 KA 5 R TR 24

20 %

15 20 , B — X355 O 8. 5°, THA Al 15+
PR R R T RIBE N U, = [0.375,0.625,0,0],

RSO Z T R PR MR T
REE B0 5 PERE R , 1 B2 P20 A 45 28 00 31l WK T 4
UM, R e O AL . B U AS  oR H T K & g ik
KRR, T PER . BV i 52 B B 7 i 5
PG UL, ah e JZ A R AR Y R N
SRR B RGP 52 T B KN A 4552 i)
PR 2R PR X A [ A P e 3 4 S s B, St S A
W EATER GV, A E TR AR SRR B L3R 4.

VA 1) o, SR JE 4 B e SR i B B ), PR 451 X B
fRsE e, HES R 1 s, XH2.5.8.9.11 ~
18 Mgt 12 X HE FREM® (1), 5B
63.2% ;X 1.3 .4.6.7.10,19 331 7 X HgE T
FREtsem (), di B X 36.8% o Fa 3T
()7 A X, FE A T XK T RS B R, 4K
VR R A R B, NS LI S ARIA | 2 AR 25
BVPH T AU H 3R PPN L b B AT A Tk
G B
4 BIEFREEIER

\ . . . S A
3 R A VHOr BRI AT R WO R EEE—
WS ZmE X 1 0 I IVEEIRE I 0.8 0.2 0 0
BTSN R R B REA g  0 OO 000
e 1OV VRS PR AR R, BD v 0 ' 09 0.8
X X Xiu-tym | 1 0 0
X(n—Z)l X(n,—Z)Z X(H—Z)m Lt o0 g Jp) I 0 0.8 0.2 0
R, = . ) . AR m 0 0.2 0.8
v 0 0.4 0.6
X(n—i)l X(n—i)Z X(n—i)m I 1 0
Xf:n=1,2,3,4,i=1,2,3,4, FRIESTENEER ——— I 0 0.7 0.3
AL W, E T RORI A4, B B = W - R JINECE 1 0 0.3 0.7
PRGBS AP B = (b,,by,by,0,) W 0 0 02 08
1 0 0
P IR ORSR & BE IR, b = max (b, ) FITX I i 3 4%, B ]II 0 0.85  0.15
B PSR NETRIES 0 015 085
FRAE AR RN A BF Y X 19 X B ZE I\ 0 0 0.2 0.8
AN
amnl R REE N\ \
[2 Eﬂu,l,
) At
E-I I"Eia—';
Bl { iﬂ'::-\
'—’L: WiCH
B 4 = by "
T T I ?I vlﬁﬂi; HiH
e //_"'L'" 4:1‘;'1&*%
s A4 /‘I k/
THH KK M /5*} /
— 3
_ 'i Kiko :/"‘_ = _.a/
15 0 ’/’ 1 | /I SARIES /
. ,i( | E#1 L/’ | Kikg
A 1 o
PR 7 ] == : ’-I | o ik "
o o S | mriog o BRRERE
e | mmm T | l /> - )
v : ,-"r I - / L oBERE
: K12 | 7 / HEH L BE#E() |
g <> Zm:" TEitro d LT W REH () |
Vo ) /gﬂuaL—f’ . l I
RS AR 4

| AHBERRERSESITNE



5 4 1]

THz 5 ST EMIZE S IR MBE AT 1 10 s e AR P o i

173

4 FEYREEBAE BT

SUE R LR S AEAN T35 73 40 s PR 3
TETERI A RASEBRAE LW & , (BRI 25 5 AN B b
HEAXE X B AL —Zod PR A bR
K BUETH AT A RS E VR e A A2 T
TR B 5 W 7 I I R AR B 1 R
I SEER TSR] AR BE A 2 (4 300 B S 0 S bR 4
ARSI PERIAS ) S, BEXT LB 1 T A BB IX
I B A B S5 EA T A R AU, SR kb TR 25 5 1
WIERIA L

AT RE— AR E AT R R E R 1 O, A
SCHEUK T R HREBE , R PEAR R A 22 i X e 7 (AL
1) B, SR FH B BE o a1 o 32 B e Wk T
(ERERY SR A FARARAS T 0922 42 2 B LA L% 5 B 47
JERAGRZS T IVEARIE X 38k

Duncan 7& 1996 4F 525 1 135088 E 70 9 46 7
A R ICIE U . Duncan' "™ 8 H i 3 42 4 7

L5 K26 K54

LEER 3.00 1.92

0T LAE S {68 100 35 W 4305 ) i S e AR 85 o, X6F
BT YT 5 FE AT T RR R . AR R 2E A A
SR EEPTIB AT LA IR O - fRsCE R IR ¢ fHEA
AR 3 i SR R R AR A S L AR DUBT SR (e @) ,
B (e o) (ELIRN N BR LA — 4> R, 45 08T A9 — 21 98 1
FEWR (i, ) o I X AR 358 B S BB REA T A FRZE 73
B PR 2R Bl IR AS o e,
FRENIR) o MR 58 BE A b5 DR St L b 1) AR B Ay
RIS S G

T, BEEUX B 7 KT REISCACBE 4 W T , 3 i
I 3 PR B AL BORE LA ROK R 3508 SR {4 AE CAD 2
(R NETY I U1 I TN - B R T w =g £ w2 TS
UOBFIE L R TR SR B R R SR
PELBIfR . IUARCR TR BE L 451, Hk, 3R BOCHE
RABER T FROTHAF ANSYS Hrigi sy — iV Taipe sy
AT SR SR AR L RV FE B
RI7 RS K LR R TR a R R
FEAL A FLAC JRAE 1 i I T R4

ER R G13

i Fi/m

| FLHE/m | 751.89 |

| 1626.79

w 7))
r L
2 IR

%
PAN
’

v V7 ke
237, it

. -
5 7704 O Wtk iR

G I T T
7| R

B2 AHEEBIRGRIEE

SR FH S8 BE AT Ik 35 X ) 7 R AT RS P A
RAGHUIHE A = (1) AR 33 48 5 — R A ) o2 7%
5 58 JBE T el 2R i 2 [] 56 2R pt A AL AL 1 5 SR AR
AR, 0 25500 B2 I R O B R — e (I, e —
PRI RS SEIRIG R, WA Ry it 35 % A e At s (2) 1
LN T SR A5 R ) A A 3 A1 R
D 25 3l A 18 9 P X ) P U 0 3 e A IR
AR Y 1 B X B8 i — A AR I B AR R
/NSRRI RS 114 5 A8 P A IR A X ) A B B e
P AR ZE B 2 G PR A4 i S AR R PR 2

S T AR BB H 1, e Ia i
FEON 1 AT RIRAROE T BOTHE, SR AR B L

S5 1) T S RIS O, A W7 388 o /N e JE A U
FE HERPE A AR ARS . R
SRR IR LA B b ) = A 3 B o

I 588 AT 98k 1 SEURRL, AT SRS ) i B T ik
RECTRHMIERES . B4 40 T RRAR N
S PLF P2 AN ] 5 B 980 22 00T Iy 12 A B E
BB SO SO0t B AT, Jris R BN 1.0
2.6 A bk B, W DA B G218 0 K, AR B R AR
10 cm ~20 em Z[A] 5 2455 B2 4798 R BN 2. 6 3 i )
2.8 W, P11 P2 X i i 1o B (B (B 1 K, 31X — B A
M2k FR B EIMTR ™ Y a e AT R R
R AR AAR s MITI R FGRE] 3.0 1, Wil s A%



174 IR S TR 4

%20 %

PR HIBEIER, I 4 ol LUE ), T Rt R R,
WU A A A R AR, BE FE 3 AR TR R A

S FE 6 g5t T 43 is R o0 2.8 F13.0
I ARERS 2 R PE X I o A Fe o B A B, 24 3k
FHCH 2.8 I KN R3O S A BE A i B, SB35
DR R ALY, th T2 BRI, B U= AL
TR, BN R 2B X fEL 5 R A AR 2 P AT A
U, 3B N A L BB DX 35 2440l R B0k 3.0 B,
J R B AL (7% W i 3% K, A2 S = P L ml LU
H PRI R AR B (3 R D A TR R
R BEPE DX T T L 2R AR BB AR AR T XS, B8 P DX
BUIE , UL R 2 2 AR

FLAC3D 3.00

Step 1922 Model Perspective
16:06:14 Tue Dec 152015

Center. ota)
X 173402 X 50000
Y.450004001 Y- 0000
Z: 5.000e+000 Z: 0000
Oist 964504002 Mog: 1
Ang: 22500

Contour of X-Displacement

AT AATATATAT AT
TAVATTAY, ANARNARA
vavavavar.d A VA VA VA VA VA VA VAV VA A

KIAXXEPOO
VAVAVAVAVAV, V.S
2] -1 0000e-005to 0.00006+000 B .

4 AVaY,
A VAVAVAYAVAVAYAYAY

4,0000e-005 to 5 00006-005
5,00008-005to 5 68518-005
Interval = 1.06-005

Itasca Consuting Grou, Inc
Mirneapolis, MN USA

(WM =K

FLAC3D 3.00

Step 1629 Model Perspective
14:22.24 Tue Dec 152015

Center Rotation
X 173402 X 50000
Y.450004001  ¥: 0.000
Z: 5.000e+000 Z: 0000
Dist 954504002 Mag: 1
Ang: 22500

Contour of SXX
Magfac = 0.000e+000
Gradent Cakuiation

TANANAVATAVAVAYAY v
VAR

Itasca Consuting Grou, Inc
Mimaapolis, MN USA

(b) MI4h N 1 = H
B3 #MsRETHHPNABIEN=E
160
140 |
£ 120} —o— U ¥ AP
;‘; 100 —A— Y P2
= 80t
= 60f
£ 40t
20F
0 X A ; . . , ,
05 1.0 15 20 25 3.0 35 4.0

9L AT IR R B

B4 BREERETBRRAHSENRMUBHXRE

AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
ISOININININININISININININININT

(a) f2. %8 = &l

) BHEX =M

5 MRREA2.SHEREE

AN
CEADTANIAK
AT AR
YAVl AT g
ei*xéA;A%}rei’;% %v’:"'"'-l’ A AV ALy AT w2 v
SONNATIAAK Vglmvmv‘ ;. NCOCKIK]

< haY;
\
A KPP Y

2
)

(a) 2% = &l

(b) X =

E6 MBREA30HERAE

TR A R T R AT IR B RS S
VEASTE = O3 A e e i Ra e 1k AR 200k 2.8, A
RIS AR E MR, BB 45 2R S 25
AR 0 SO TR £S5 PP T IR R AT
PERIPPO 25 R A IE 8 1, 2 — 25 R W N AR 25
PROY IR AE TS D AR ENE S T R
SoH®

ARSCUIAT I 18 3 0 S 1), A i o0 2 ) B i
b PR R AR E MR M AR 5 AR S
PrAEARIR R SRR £33 0 35 X0 0 3 s 2 B A
TEPEREAT 5 PR AL PR S T, 73 A3l b A (e A 40
(07 Xt 23 e BEA AR 1 AR RSB P AR TE XAt T
O, AR T LU SE

(1) SRIEERIZE G PP X0 TR o T 4 st
AT MR AT AT, 42 DORE A B AR E e, AR Ik
FES 522 e B S B0 A 1 IXUK N R OB R
A R PR B, NS R A BUAR AT, BERT TR
WIERE VRN TTE R AT AT 5 B R

(2) Vel X B 7 f7 BOd  BUE A,



5 4 1]

THz 5 ST EMIZE S IR MBE AT 1 10 s e AR P o i

175

SR U5 BE AT IR 20 M iz IX B A e ME R EOh 2.8,
IR PR E VS GO B, BUE T 4R S
B LR RN 4 R — 2

(3) #EH R AL E N At — A AR e

SRR R R A S o 22 Bl D ik A 4 S 0
2 A LA AR B A FE, S 1 X B 5E XI A
SE PR AT ERR AT o ASSOR IR Z5 5 PR
TR RS A R T7 5 AT 7 AN H R SRR
EMRI—ENSH

S 3k

(1]

(2]

(3]

[4]

(5]

(6]

oo, EANR, bk, A ST ElidE AHP - BIMIZE
AVEHT R0 2 K YR e W v [0 ], KR 5 2t
ST RRS247,2020,18(6) - 1672-1144.

FASC, A B EAL. BT AHP (R A e
W e MmN AL T]. AA %S TR,
2007,26(S1) :2627-2632.

B, ECE, FILE & BT A E B2 W5
P00 PR e M PR O [ ). R J) 5%, 2011
(S2) :539-543.

T AR, R, . A R S O EIR
FRRCR AR 2 P (], R M 5 & 4k, 2014, 22
(5):936-943.

TR AT 55 . DU J5R IR RS AU 3 0 R PR AR 45 A BRI
[7]. 24 53F8E224R,2019,19(6) :1892-1897.

B AR, B, A K R R E AR

(7]

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

BIZEATEA [T ] KILRE 2 Be B4l , 201,28 (6) - 67-
70.
XA G VDT 3 (1] S0 — 2% P B ) I B+ B AG
FEVEREPEOT D ] AR : sGAREE TOR%,2004.
B, RALAR. R RS PR R AT 4 bR AR R F A
[J]. PR T #2,2011,18(10) :518-520.
R ERZE B ) 5 5 K H i 3 0 R R R
PE RIS ZE A PERI L) . 7K SCH 5 T 7% 1l i, 2004,
31(2) :45-49.
R H O, XIS G T BROT AR E 4y
Mrebde 4 REON E L[] a0 )12 5 TR
1% ,2005 ,24 (13) ;:2225-2230.
S fEE , E R TR R ICRRE 43 BT T I R
[J]. &4 J1%,2000,21(2) :152-155.
RN, 5. A T TR BR 3 FR T i & I i
HLT]. 2 ARTHEA4R ,2005,38(1) :91-98,104.
e, 2R, B TR S SE TSR BEST A FRoT T
E YRR e ()], A 1 147, 2005, 26
(8):1345-1348.
Duncan J] M. State of the art: limit equilibrium and fi-
nite-element analysis of slopes[ J]. Journal of Geotech-
nical Engineering,1996,123(7) :577-596.
SKAE . B FLAC™ (¥ P2 7% s 3 i B3R T 43
[D]. FEPR BRI R, 2013,
X, M. FLAC s 3 | S i) 5 0 48 g [ M.
Jent: ARSSHE H ittt ,2005.

(6]

(7]

(8]

(9]

[10]

(11]

(E#% 168 1)

Hou X K, Vanapalli S K, Li T L. Water infiltration char-
acteristics in loess associated with irrigation activities and
its influence on the slope stability in Heifangtai loess
highland, China[J]. Engineering Geology, 2018234,
27-37.
BT R, A B R RIS RS A
FEtEr )], &1 J1%4,2006,27(5) . 778-781.
RAWE , TRAGE. FEFR 250 928 LK o A B B
BARNRIGHITE 1] A+ TR, 2018,40(6) - 1117-
1124.
T TIRE 7 AR : GB/T 50123—2019[ S]. Jb5t: th
FE T H At ,2019.

1 TR 257 : GB/T 50145—2007[ S 1. b5t

[ 31 4 At , 2008.

Mu Q Y, Dong H, Liao H J, et al. Water-retention

curves of loess under wetting-drying cycles [ J ].

[12]

[13]

[14]

[15]

Géotechnique Letters, 2020,10(2) :135-140.

Munoz Castelblanco J, Pereira ] M, Delage P, et al.
The water retention properties of a natural unsaturated
loess from northern France[ J]. Géotechnique, 2012 ,62
(2) :95-106.

Ng C W W, Sadeghi H, Hossen S K B, et al. Water re-
tention and volumetric characteristics of intact and re-
compacted loess [ J]. Canadian Geotechnical Journal,
2016,53(8) :1258-1269.

Lu N, Khorshidi M. Mechanisms for soil — water reten-
tion and hysteresis at high suction range[ J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2015,
141(8) :04015032.

Fredlund D G, Xing A Q. Equations for the soil — water
characteristic curve [ J]. Canadian Geotechnical Jour-

nal, 1994 ,31(4) .521-532.



