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Landfill Loess in Lanzhou Region
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[ Abstract] A large number of loess landfills have been generated by the Pingshan land formation project carried out in Lanzhou are-
a, which has a large safety hazard due to its low compaction and lack of necessary protection, resulting in the extensive development of
geologic hazards such as loess caves, landslides, and so on. The pore microstructure of in-situ loess landfill with different water content
was quantitatively studied through scanning electron microscope and Image J software, combined with fractal theory, the pore type,
number, area, and change rule of the number of dimensions of the pore of the landfill loess with different water content was obtained,
and the dynamic relationship between the pore structure and the wetting of loess and development of the caves were preliminarily ana-
lyzed. The results show that: with the increase of water content, the number and area of large and medium-sized hollow pores gradually
decrease, while the number and area of small hollow pores decrease, but the area of small hollow pores increase, and the collapse of
large and medium-sized hollow pores is the main reason for wet subsidence and deformation of loess; the pore dimension number of
landfill topsoil has a linear negative correlation with water content, and a positive correlation with wet subsidence ; the average pore di-
mension number of in-situ topsoil is 1. 251, and the average pore structure is 1. 251. The average pore dimension is 1. 251 ; based on
the characteristics of cave development in loess landfill, it is proposed that the protection treatment should be carried out in three as-
pects, such as the construction of drainage ditches, the reinforcement of caves, and the protection of slopes. The research results can
provide theoretical support for the engineering construction and geologic disaster prevention and control research in Lanzhou landfill lo-
ess area.
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WR A 20240409  EITHHE.: 202407221

EE€WH . ERKHKPAHEA (42167043) s Hl A B A& HR] (20 YF8ND141) 5 Hol 44 Bl e B A RH B & 5 H (2023ZDYF-03) 5 Hl A
B2 B H AL I H (2024ZDZX-02)

F—1EE, T2H(1980—) , J, DU, HR RSB, W+, Bl gz, W78 7 i oK £ R R EVH S50 ih. E-mail: wzjl159 @
163. com,

¥ M HE . www. stae. com. cn



B oA 5 TR

2704 Science Technology and Engineering

2025,25(7)

ARk v L A v SR T A AR iR v
X DIVAER e 3 MRS VA E AR, 7™ e i 294
IR B S AT R T, SR IX — R, Pa b iE
ZIR T R P L i b 2 1L A A T AR RS B, #
JRSTT M, M AP G2 2N A Ay SR ) ey
AT, 32 W) e —Ta1 A M BR 1, o] A1 4= s
IS AP g e AR H | WA E R
S A Y B, R S MEETAE (LA TE N TR K
FEN S ) w81 87 L 1 e S5 81 87 o N s e o )
[ o A D s A R AR, — AR R FLBR K 4
PR AR 52 B AR, Ay RS B AN [] T K
SRIFUIREE 1, ATFRZ W HESE B 1

HedE o N TR sh B 4 854 R A s
55 AE MR B R JF R 3 Rk . W B TR 2 4 Y B AL R
fiE, 2 SO 1 XM 5T 0 F AR W R 2 —
H BT 5 82 5 KI5 & 8 T B i LAY b
X, HIB G R IA 5.9 m'™ | [FINHE & & 2k 42 KM
BOEY L BT A 4 18K S B FL R
SR Az AR R T A R OO B AR R B AR AR iR
RIEO7T AR o 258 5L F 41 4 fiL B ( scanning elec-
tron microscope , SEM ) F1 J% 7K 7% ( mercury intrusion
porosimetry , MIP) SO T AN TR 52 B A 4 AR
TEREE K OLWOZE G R 15 2 RS2 KT 90%
I, 88 A AR AL B RS I/ T 0K RS, 1B 22 1B
BI85 s Wei 2517 38 43 4007 8 1 (19 = 4EFL BRI 45
FRIE 48 B @B &% 5 8 LR LR AR
A K Wei 8510 He 142 X B2 WTZ 14 ( compu-
ted tomography, CT) EI& , £ =423 [A] v M A E &
HRAE T B8 RO SS9 S50, IR 200 1 8 i
Fea ol B2 v (T s A v A, 3R T 8 4 R B PR TR T
RO S AL RN B R 5 B T T 55 R K R S A
T S A A A AR R AL EN AT T AR, R AL
Bt 453 P A A T A B b AR TR A Y 3 B AR IR
SEH2 T MATLAB 1 IPP 32 %8 # - FL B (oW 485 #4
HEATIRSE B A i 5 o TR R 4%
PAFAERYIOCHK . HAT, 28 LB 45 48 5 02 B P A
KRR C Ui 2 3 Je | T T FE HME S+ o
FLBREE RGBT S OCTE BEAAR . PRIk, I e M S
A GO AS 4 1 5 1 S e Al A AT, A2 R AOUL 45 A
PER B BT AR R i R 0 7 2 I G 1) Hi L
— 5 AT Bl TGl RS TR M IR - B T K Y
JEARTT Ry N PRALA

MG, AT E A TR HE B AR e oY B A
FESR TR Il = VD 7 T, BRI 2 XA 10 AR A9 A
K SCHRIEAT IR, 2R 48 M5 1 T AR 3 ALK 342 ok
0 FE BRI DR 2R 40T R 2 N R T R

XFEE AT 1 B A o AR AR 4 K g AR i R
25 5 R AR VR AE T T AL RDLAR UL o i K 6, o
TR TR 8 it e JF AL 5 R 8 T A8 WA ) sk 7 2550 )
AT T W9 s A o ) 3 o N DL e W 6, 43 H7
T EYF R M A AL LA, IR e T AR
AR AL S B IR B A R AT S LI A
WESE T AR R 58 38 3K S T 4 I S A
WA, S ETATSE 24 b TR MERUARR Uk
FOE ARG, i A AROULFL B 2548 1 J3E A
PLERPEBT SR D A LB 2540 5 B 3R B T T
HHIRHR R A GE

AR EESE TR e R L B N TR RN
FRUESHH T R FLBRES A, IFHI ] Tmage J #PF45E 73
FEBIE X FLBR S H #E 4T 5 2 0 A7, LU A ROULAR A
PR P 7 A R B A e A, BRI B X T
PR A oK BRI RS % X TR
Lo J5 g Wi BAT BT X

1 MREXIE

2EMNTT IR IX (R BRI X L B X 7
T KRG [ X ) 2 i 3 el ke, 7P 25 90 ( P AIYA )
IR A, PEMAE g B X N E R T
0.1 km’ RATIHIAEL KT 105 4, Hp 72 &4
HENAARFIRE AN THER®E L, TSRS R
TAUEA 4. 47 km® | B8R 247807 22 N T b G i i
T P o B A SRS AR A R s A TR A
T 5 K A K E AU BT R R AR
AV 728 4 s B | IR S b A SR IR
AU S8 AL EE g A KR R VD, 52 0 2 Tl i
B SRR,

WE 1 (a) s, BK AL T3 X A A, 2
T — 2 S, I AL A 1,18 km®, 2R
R, FWEKE A K 2.41 km, WK LEA K
52. 06%o, Tl 2229 250 m, AW — %y 30°
KEAT AW S VIR . Bk YA TR i L 2
SRR RIS M, KB A 1L Z0E G Hb, 510 5
IR 2 ~10 m, AR, VAN A2 T 1L 1 b T fE 52
Wi, £5 T RN A 7™ 38 0 i B S P - 5, TR T
HEHH + AR R (290, 2 km?) |, JEEH (15 ~ 40
m) ,NE 1(b), WK 1(c) fia, 2 B A E F E
F SR el VR JBE S ), HE S B - 3 N L M B2 A R
B WY, AL BER Y W S A e A
TAFIRE . LABRK VA I 38 HE U - 3 o A 5
S FF IR HE SR + FL B 45 #5500 B A SE i 5T, X
DX TR HE HUHE - 37 K 3 O R B O U L AT

¥ M HE - www. stae. com. cn



2025,25(7)

T A 22 M DO 1 O LBRES AR

2705

R R
100 0 200 400 m COHERR

M ¥iE X

()RR Y8 3 5 X

()3 37X

BT B A S R 5 3 A 1

Fig. 1  Jianshui gully watershed and sampling points distribution
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Fig.2  Scanning electron microscope test apparatus
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Fig. 3 Microscopic structure diagram of loess under

different threshold conditions ( water content 1% )
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Fig. 4 Typical particle gradation curve of landfill loess
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samples with different water contents ( X500, x 1 000)

x2 BEIFLRHERE
Table 2 Pore classification criteria of loess
Bz FLE
KBz s NGRS
FLBR FLBR FLER
LRI/ um >200  50~200 5~50

R ITiR

P
fLBRIY 2 LB AALER

0.1~5 <0.1

1 500 ™
P ‘\'/ N
—
<5 um ——<5 um
1 5~50 um - 5~50 um 7 60
1000k =3 50~200 pm 50~200 um °
< >200 pm >200 pm S
=
i) 47
= 440 ]
= o
= =
5
500F Mo
120
40
0
K6 Al K A SR LB
Fig. 6 The number of pores in undisturbed soil
samples with different water contents
£ <5 um 180
25000 . E95-50 um —
] 3 50~200 pm
[1>200 um Y
<5 um
20 000} DS [
o -~ 50~200 pm &
= >200 pm =
15000 i
=S ~— {40 18
&® =
= 3
™10 000} %
120
5000| 7Z
’7 i 4—|
[ 0
0 5 A Y Y
2 6 8

HIKE%
K7 TR KR IEOR AR LB T AR

Fig. 7 Pore area of undisturbed soil samples with

different water content

I 6 & 7 1 Image J 20 AT 804 AT 0, & 7K R
1% B}, BFFLER AL 35 58 521. 3 pm?, Hirp ke ss
LB gE A —4 B e A 41.7%
LB R R L (HE A /AN 7.4%
TR 2% i, BFRFLEHE AN 6 970. 8 wm®, 148
2 FLBR AR & He A, ik 48, 1% |, ML B 3 1%
FrARERMEIR N 5 5 7K 6% i, BALFL B if FL
16 195.9 pm® , /NIRZS FLER B |5 L B, (H T AR
FERIEHETE =2 74. 0% 5 5K % 8% i, BRLFLER 1
BUN 18 638. 4 pm® , /NI FLER A 7 bt —25 T
R TR G ek — 2D e T, Z8 bR MM Y
BRALBE o & AR, LB R e R4
25 LB FAR D (H R 5 B K, s T 3k A
LB ALY 40% A4 T ek FL B I I e A g, B
B ik 70% 24 AR AR &7 R AR, MO TR] &
FREFLBRE R 0] LR ), BE 5 KR 538K, B AL
PRk SRR ik SR 5 B G A 00

Mk . www. stae. com. cn



By oA 5 OTO#

2708 Science Technology and Engineering

2025,25(7)

HARL, FLBRZS M TARE . A& F B Ltk 740
B, BE S ARG, /N8 25 LB T FR i 1, i B
TEARERTS , R s fLIR R AR TR, ek
/NS FLBR, 77 AR BRI B AR Y | L2 W 3R
o LR,
3.3.2 FUM > 445 4E

FEUL Tmage J FAF 1A H 10 MG FLBR TR AR L FLER
JARAE A SR ARA R (3) AT 3153t B K 1) 4
5 1 AYFLBR AT ER . WK 8 BT s, ARl KR HES o

4

y=0.644 6x+0.651 9
R*=0.950 6

InP
N

In/A
(2B 7k 31%

=0.622 6x+0.641 8
R*=0.965 5

InP

2
In/A
(b)E7RH2%

=0.622 6x+0.641 8
R*=0.965 5

InP

In/A4
(c)E7KH6%

3=0.620 4x+0.648 6
R*=0.960 8

InP

In/A4
(d)#57KH8%

NI & WA GNP
Fig. 8 Relationship between pore area and

perimeter at different water content

1 SEM EG 5 LB 1 T B RN R B AT B4 () A
Kotk HEC(3) A, FLBR S 4E 8k (51 8 v bl & it
LRPRM 2 5 TR ST &K SRR 1 AL
BRAOTHERCILER 3, Fh & 3 T, Bl S AR, LB
I AEBCREAR S N AH BT R AR Bk AR IX
557N TR I 0 2 B2 A e/ HE P Y LI o 2
B 1,251,228 0. 063,

R3 AESKETHEELIRIEY
Table 3 Pore fractional dimension of landfill loess at

different water content

FIKE % 1 2 6 8
Sy YRR 1.289 1.246 1.226 1.241
A ‘
4 itig

4.1 KRR FLESUEHSHEST TIREUEXER

FLBR ST AEECRAE FLBR S5 48 1) 52 2 R 5, Bl 5 7K
IR I K, AR S LR, R AL el
FRIUESE A9 /INFL B, LB 53 45 £ 0h 9K o Bifi 22 A,
A 5T ARE SRR HE S 8 4 B K R AR X [R5 /)N,
i N BB TE HE FAE 5 7K R 5 LB o> 45 2 (8] 19 A8 1k
AL, DRI, a2k SCHR R AT 22 N b DX FE 98 8 1 9 fL
B RS S KRR 22 k& 9 BT R
ARG RO RIE, K9 AT, HEI BT 1
HIFLIR T e FL B K R R M AR COC &R, HAHE
KeMERe AR, FLBR o0 2 BOAS 23 Bl 7K SR 38 o i
RSN, 2 F K SR KB — I FHE R, 3
K HFLBREEAYIE 72 4, LIRSStk TR, fLIE
et St TR ED | bRt H IR Mt LR 58
S WA R BUR R AL AR08 M Y E 2
Bhn, SCHk[27 ] 0, 8 L FLBR o dE 5 S5 R G &
B IEA M, B L B o3 4 5508 /)N, 4 ARV B P
55, HEIE, BT KR FLBR A AR TR A =
ZANE 10 s,

1.30

[ )
O
T

AU AR

n
T

10k D=-0.01w+1.29
R=0.91

0 2 4 6 8 10 12 14 16 18
BrIRE W/ %

K9 SRR K

Fig. 9 Plot of fractional dimensionality versus collapsibility

¥ M HE - www. stae. com. cn



2025,25(7)

T A 22 M DO 1 O LBRES AR 2709

K10 SRS LB RO R 1A

Fig. 10  Relationship between water content and

pore fraction dimension

TEK SN VR RITR A K FR M, Hx B i L Bt
SRR, [] s B2 T ) LB A A 20 A
FEAETR AT R 0 R B AL B HE R
BEAER, DL AL B o34 et m] T T PO ) — 26 O
[) 5 RN AR
4.2 FLIERMEH. ELEREELRARNKEXRE

B L AALBREE A 5 R b v B 3 DD OCHK ,
A ARR A AR 2 SRR (O R 2R A fL )
(IR IR 5 R 20253 B A SCH B 52 4538 AR AU,
W KA AR I, R b 2R s AL B R AR I8 O &5
A SR IR RE B9 /AL (] Ak o 22 1 4 Jie 45 4y Jo 444
AR R A B DN RS oS g o 2 N DRITAER e
2, SRR TR A R KRG g R
B RBEASIE b B R BRAZFE A0 8T U] A JE P ¥ 2
R BPAME U 3 2 A R, JCA
HAETR , Z NIRRT Y  HEd ek + i sh
b RIR IR ARBAR I, #7111 BR i FE BRI R e
23 LI, LI 7 A A S R S 0 SR B AR JE Y 32 2
IR ARSI ANARE 5 FERERI AR T, RS
FLBRTGH F A0 BN FLIBE . M 3 =) A o 7™ A
FR THTRE AR T R /K AT AR, 384 O T i fi i R 1)
I, W KT 2 SEBRCEE 4 1) R PP L B B B AR A
T B KRR I, R AR T

o 3l O T B B T R R — R
TRIOHAR ST, B S — P b B R T, Wi ki
PeA UL A5 Ml 5T 9 T B R A AR R 2 P DX g
AU LR E X 8 R X S R R OR
BXEEEAS WD RE (DO M
Wi F5e ) SR A B 1 R T Y 3 REEAR M2
— MR B R T A B B, FLBR
S5K BRI B RO, A MA SR R A 11
Bs

SESFCHE b FLBR A A AR T, 38 7K™ AR R A T B
ARIE /N RL R B O, T BT B AR AR TR AT
RITE, ok i RO K, B A F DR 1 =S R
P LA [ )L B 445 4 - 52 Wi 2 TR K B B 3R

I AL IR A K, A B BUORBR, 22 TR L B
I A, AR AN B A TR B 4 3R 71 TR
TR E W, K 12 Fs , e 3 X A7
FERIAE T, AT 42 d 8 % 8 H 6 Ah 55 KT 7Kl
TR R R R

1 B HRETRRA

Fig. 11 Developmental relationship of loess caves

P12 Bk iR 8 IR R R
Fig. 12 Cave development in the Jianshui gully loess landfill

G108 TR AR AL, TTILL R 3 4
Wi HEAT TARATE | DI HHEK I KRG X
BRI 7R B R £ DRI A M 18 45 T 16
K ) Y B M R B 3, R TR B K R B
QDN % T B 28 % B U A 5K 7 B i
TN, SR FE 40 A R IR U ESKE R A 5
2, H 3R 5 P A1 - A 1 R s e 2 T
RSB 00 RUR: ; @ B B 47, 523 & 4 R & 10 3%+
TR, FTREVR RV I3 | TSR R 1 A
Fr AT

5 Z5ig

2l DX L 3 TR AR R ME IR A
FLBRSE R IE HAT — 3 R R M | 1 8% 1 09 LR 45
¥ 58 108 B T S 0 T AT AR AR ) G
6, FF A I 58 X 24 b v+ TR A 14 R b o
FERHGHAREREE L, R THAMBEEIKR S Inage
J AT T AR 7K 32 JEUIR e 37 8 4 0 L PR O
250, BRI T S e,

(1)SEM K Image J 43 #4552 01 . Bl 5 7K 3R 1
K, K AR 2 FLBR B | TR 7 L i sk /) T /)

Mk . www. stae. com. cn



2710

B2

oA 5 TR

Science Technology and Engineering

2025,25(7)

PSRN e oA N R BN I3 DN
LRSI NN R Lo (W78 72 0 Py ale S g ST (SRS
TR EE A

(2) T HIE, 15 T AR & 7K 3 SR

S A ALBR O 4R R, P 450 1. 251, HLAL
BROP RS FOK R BRI R SRRt 2
ﬂi*ﬁ?&?é/ N o

(3) 455 B B IR O B AR AL, B2 A

AR TR IR 0 < 3 445 3 A5 AT

KENA
& % X #
[1] He X, Tang K, Zhang X. Soil erosion dynamics on the Chinese lo-

ess plateau in the last 10 000 years[ J]. Mountain Research and
Development, 2004, 24(4) . 342-347.

Guo Z Y, Huang Q B, Liu Y, et al. Model experimental study on
the failure mechanisms of a loess-bedrock fill slope induced by rain-
fall[J]. Engineering Geology, 2023, 313 106979.

A, 22N L5 s AR vh B 30U i v A K B PR (D]
2N 2R, 2020.

Yan Binbin. Potential hazard assessment of dam failure mudflow in
land creation projects in the Lanzhou[ D]. Lanzhou; Lanzhou Uni-
versity, 2020.

TR . 71K DR b 5K R R B 5 B B R — LA
ZURPECH N RO A R R BI[)]. HRIE R, 2013, 32
(6): 833-839.

Zhang Maosheng. Formation mechanism as well as prevention and
controlling techniques of loess geo-hazards in irrigated areas: a case
study of Hei fang tai immigration area in the Three Gorges Reservoir
of the Yellow River[ J]. Geological Bulletin of China, 2013, 32
(6): 833-839.

B, MEAL, Hal, . B A B2 R ESA LB
AARHEL)]. TR, 2014, 22(5) : 845-850.

Luo Hao, Wu Faquan, Chang Jinyuan, et al. Pore characteristics
of Malan loess under compression lest at Hei Fang Platform[ J].
Journal of Engineering Geology, 2014, 22(5) . 845-850.

VER, B B R S MR mr R 1T].
KA R2AE R (AR , 2006(4) : 14,

Sha Aimin, Chen Kaisheng. Relationship between collapsibility and
microstructure of compacted loess[ J]. Journal of Chang’an Univer-
sity ( Natural Science Edition) , 2006(4) : 14.

PRI, 22, Boipk, S5, 52 B 4 0 B M R 3R A ol il a6
()], TAREHBR, 2015, 23(4) : 646-653.

Chen Yang, Li Xi’ an, Huang Runqiu, et al. Micro experimental
research on influence factors of loess collapsibility[ J]. Journal of
Engineering Geology, 2015, 23(4) ; 646-653.

R, sREo0, fIARHE, S FRSTEE A+ AR R AR Y i
SHRORMLE [ )], LR BEBE A, 2019, 36 (4): 82-
87, 92.

Shao Xianxian, Zhang Huyuan, He Dongjin, et al. Unsaturated
wetting deformation behavior and fabric change of compacted loess
[J]. Journal of Yangtze River Scientific Research Institute, 2019,
36(4): 82-87, 92.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Wei T, Fan W, Yuan W, et al. Three-dimensional pore network
characterization of loess and paleosol stratigraphy from South Jingy-
ang Plateau, China[J]. Environmental Earth Sciences, 2019, 78
(11) . 333.

Wei Y N, Fan W, Yu B, et al. Characterization and evolution of
three-dimensional microstructure of Malan loess [ J ]. Catena,
2020, 192 104585.

B, 2T, RIE, S KT E VR T JRR S S5 4
AN AL A B BF 5 (], S+ 1, 2021, 42(9):
2437-2448.

Ge Miaomiao, Li Ning, Sheng Daichao, et al. Experimental in-
vestigation of microscopic deformation mechanism of unsaturated
compacted loess under hydraulic coupling conditions [ J ]. Rock
and Soil Mechanics, 2021, 42(9) . 2437-2448.

BB, SRR, BOCER, AF. JLT Matlab A IPP /Y3 £ FLER
WOREEFIBTTE[J]. MR TR, 2017, 39(1) : 80-87, 94.

Xu Shimin, Wu Zhijian, Zhao Wenchen, et al. Study of the mi-
croscopic pores of structured loess based on Matlab and IPP[J].
China Earthquake Engineering Journal, 2017, 39 (1). 80-
87, 94.

B, b, AEUR, A, TORRMERUACHE =ik i Y R
FEMER[I]. AR, 2021, 43(S1) : 104-108.

Geng Shaobo, Hong Qian, Lu Jianli, et al. Progress of research
on factors influencing erosion on slopes of engineered mounds|[ J].
Yellow River, 2021, 43(S1) . 104-108.

wini, T30k, BES, & WEXK RS A RIS
okl B2 [1]. BAAERFMR, 2020, 31(5):
1587-1598.

Ji Lijing, Wang Wenlong, Kang Hongliang, et al. Differences in
hydraulic erosion processes of the earth and earth-rock soil engi-
neering accumulation in the loess regin [ J]. Chinese Journal of
Applied Ecology, 2020, 31(5) . 1587-1598.

SRV, TERI, U, . B KT R R R BER Y AR R
PR AR M A 9 VDR [ ], Al AR AR, 2019, 35
(15): 101-109.

Zhang Letao, Dong Junwu, Yuan Lin, et al. Sediment-reducing
benefits by runoff regulation under engineering in steep slope of
abandoned soil deposits in Chinese loessial region[ J]. Transac-
tions of the Chinese Society of Agricultural Engineering, 2019, 35
(15): 101-109.

e, ZE0R, IR, S5 B R BESR SR R R L] S AR S
Prip e A LT). B SR 5 TR, 2022, 22 (32):
14518-14526.

Yang Tao, Li Mingli, Sun Dong, et al. The rainfall erosion mech-
anism of the high and steep slope in loess tableland and ecological
control technology [ J ]. Science Technology and Engineering,
2022, 22(32) ; 14518-14526.

M, R, ZEkA, . TREMBUREEAAES A E
B HGP i v i R R L)) Ak TR, 2016, 32
(19): 154-161.

Niu Yaobin, Gao Zhaoliang, Li Yonghong, et al. Rill morphology
development of engineering accumulation and its relationship with
runoff and sediment [ J]. Transactions of the Chinese Society of
Agricultural Engineering, 2016, 32(19) . 154-161.

FRRR, MR, A, 55 8RR B w4V 3 S
REDR[I]. KERIFT, 2019, 26(3) : 4248.

¥ M HE - www. stae. com. cn



2025,25(7)

T A 22 M DO 1 O LBRES AR

2711

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Qi Xingyuan, Gao Zhaoliang, Zhang Xiang, et al. Rill dynamic
development process of loess engineering accumulation with varia-
ble slope length [ J]. Research of Soil and Water Conservation,
2019, 26(3) : 4248.

FRELL. TREFE X2 1 5 /N B8 A 8 A i 5
M——LL M AT XA EI[ D], 2290 Hl Rk, 2021.
Wang Xihong. Influence of engineering slag on formation and ag-
gravation of debris flow in a small watershed in semi-arid area—
Take Lanzhou urban area as example[ D]. Lanzhou: Gansu Agri-
cultural University, 2021.

B, AR, Wal, % B2 LRSS R E—LI
i XCE B[ 1], TR M A e, 2021, 29 (5):
1366-1372.

Luo Hao, Wu Faquan, Chang Jinyuan, et al. Pore characteristics
of Malan loess—a case study at Zhaojia’an landslide[ J]. Journal
of Engineering Geology, 2021, 29(5) : 1366-1372.

Xu P, Zhang Q, Qian H, et al. Microstructure and permeability evo-
lution of remolded loess with different dry densities under saturated
seepage[ J ]. Engineering Geology, 2020, 282(7) : 105875.

Ty, kA ®, &4y, & BT SEM £ % AL LB FRAE T
5 DI+ 0B )], TR, 2023, 31(6) .
1799-1810.

Xu Panpan, Zhang Qiying, Qian Hui, et al. SEM-based multi-

level pore characteristics—a case study of remolded loess [ J].
Journal of Engineering Geology, 2023, 31(6) : 1799-1810.
Moore C A, Donal, Don C F. Quantifying microstructure using
fractals[ J]. Géotechnique, 1995, 45(1) ; 105-116.

Assallay A M, Rogers C D F, Smalley I. Formation and collapse
of metastable particle packings and open structures in loess
deposits[ J]. Engineering Geology, 1997, 48(1-2); 101-115.
FHIEE, ZER, sk, 2. FET SEM Jy ik 20 Hr 118 R B0 20
Xt # ORGSR SR [ T]. 22N B TR 2 4R, 2020, 46
(4) . 122-127.

Tian Hui, Li Li, Zhang Kun, et al. Effects of dry-wet and freeze-
thaw cycles on microstructure of soil based on SEM[ J]. Journal of
Lanzhou University of Technology, 2020, 46(4) . 122-127.
R, HER, BT, . BIRS KRG Y SR
R T ALBRBORGAIITIE )], BB TREBEAR, 2021, 40
(4) . 48-55.

Yuan Zhihui, Tang Chun, Yang Puji, et al. Pore microstructure
of original loess considering water content and drying-wetting cycle
effects[ J]. Journal of Nanchang Institute of Technology, 2021, 40
(4) . 48-55.

[27]

[28]

[30]

[31]

[32]

[33]

[34]

DRI, FIBELL, B, . BRI AR R 3 Rt S
PO M BT ()], B AR TR 2 4, 2012, 32(5):
636-642.

Ma Fuli, Bai Xiachong, Wang Mei, et al. Analysis of collapsibili-
ty and microstructure of loess considering unsaturated characteris-
tics [ J]. Journal of Disaster Prevention and Mitigation Engineer-
ing, 2012, 32(5) : 636-642.

WA, PEE LR SR EEL)]. PERE b
2%, 1987(12) : 1309-1318.

Lei Xiangyi. Pore types and wet sink ability of Chinese loess[ J].
Chinese Science: Chemistry, 1987 (12) . 1309-1318

AERR, ZkAE, BRI, . 3 HWRFGASIE KO A H IR R 5T
[J]. T#Eh%E, 2014, 42(11) ; 17-23.

Li Kang, Li Yonghua, Chen Yan. et al. Research on collapsing
deformation and microstructure characteristics of loess [ J ].
Geotechnical Investigation and Surveying, 2014, 42(11) . 17-23.
PRIETL, Xt 3 iR pa 2B LB J]. A - TR,
1986(2): 1-12.

Chen Zhenghan, Liu Zudian. Mechanism of collapsible deforma-
tion of loess[ J]. Chinese Journal of Geotechnical Engineering,
1986(2) : 1-12.

whRAE, BT, BRIEVL, 4. MM IXORJSEE 1 H A 1
THEOKRR GG WMITTE[J]. A E TR, 2012, 34
(1):65-74.

Yao Zhihua, Huang Xuefeng, Chen Zhenghan, et al. Comprehen-
sive soaking test on self-weight collapse loess with heavy section in
Lanzhou region[ J]. Chinese Journal of Geotechnical Engineering,
2012, 34(1) : 65-74.

SRR, BT, AR WA ROKIBIEEE )], PEK
HARHF, 1992(6) : 26-27, 53, 65.

Zhang Shiwu, Han Qingxian, Bai Xiaohua. Preliminary study on
loess doline [ J]. Soil and Water Conservation in China, 1992
(6):26-27, 53, 65.

PR, R, BREH. BRROKEM]. dta: BAEl
it 2008 . 330-361.

Peng Jianbing, Li Qingchun, Chen Zhixin. Loess cave disaster
[M]. Beijing: Science Press, 2008 : 330-361.

ik N, R UERE, L BRI R ST N B
FLERAR[)]. T E MBI E SRR, 2021, 32(6) : 41-52.
Zhang Buping, Zhu Xinghua, Cheng Yuxiang, et al. A review on
loess subsurface-erosion mechanism and its hazard effects[ J]. The
Chinese Journal of Geological Hazard and Control, 2021, 32(6) :
41-52.

¥ M HE . www. stae. com. cn



