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Abstract: Taking the undisturbed Malan loess from 94 sampling points in 29 counties in Liiliang Area as the

research object, the undisturbed Malan loess was subjected to direct shear tests and undisturbed loess wetting
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water content and salt content shear tests to reveal the loess in the area. The regional distribution of loess shear
strength parameters in the area is revealed, and the influencing factors of undisturbed Malan Loess shear strength
parameters are analyzed. The results show that in the horizontal area, the shear strength parameters ¢ and ¢ of
the undisturbed Malan loess in the Liiliang area are higher on the east side than on the west side; in the vertical
space, the correlation between ¢ and ¢ and the sampling depth is low. The experiment of influencing factors also
reveals that ¢, ¢ have discrete distribution with natural water content and natural dry density. Under the condi-
tion of wetting water content, undisturbed Malan loess ¢ has a good exponential function relationship with wet-
ting water content, ¢ has a linear negative correlation with wetting water content, and salinity has a positive cor-
relation with ¢ and ¢. The effect of salt content on increasing internal friction angle is more obvious than that of
cohesion. Compared with salt content, moisture content has a more significant effect on ¢ and ¢. This research
provides the foundation and necessary conditions for solving the geological disasters in the Loess Plateau of
western Shanxi Province.

Keywords: Malan loess; cohesion; internal friction angle; wetting water content; salt content; Liiliang
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Fig. 1 (a) Loess Plateau and study area, and (b) geological map of the study area
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Fig.2 (a) Distribution diagram of sampling points, (b~e) examples of sampling process, and

(f) triangle map of Malan loess texture classification in the study area
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(c) statistical diagram of cohesion on the east side
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Fig. 7 The relationship between the shear strength parameters (c, ¢) of Malan loess in the Liiliang area and

the natural moisture content and natural dry density
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Fig. 8 Relationship curve between wetting water content and shear strength parameters (c, ¢) of Malan loess in different regions

B4 B JE0R B 0 BRI AR o S B w B
A —E R R
¢=A+Bw 2

K, 4. B RHILESE. WEEM o BRI 5K
Fow BERMEFA KR, 4 D E LIS 19 K R
A R BT 510 095, 0.83, 0.89 Fl1 0.86, 7 I P JBE 2
o SHNRFKFE w BA RIFMAHEHE O, ©fF
MBI 22 B, - AR 118 P JBE 488 5 IR 174 2 4 UK [R] 17 9
S EE PR AN A BE A, B AZ R . ORI BB

¢ (kPa)

34.00 |y
31. 50 I
29.00 '
-26.50
24.00
21.50
19.00
16.50
14.00
11.50
9.000

E9

Fig. 9 Relationship between shear strength parameters (¢, ¢) and salt content, wetting water content

REEESH c.o EERE,

AR WG DA G KRG e, AR S K SRy
I, 1 e M T 0B I, BN g AR BERE, 3L
{57 A 550K (8] A0 XT38 3l 1Y BE 48 & BRE IR (Liu et al.,
20200 [RIE, 5 7K 28 4 38 it f2 £ 1 T U R 1 I i
ok 555 - UK ] 9 e 45 4 L Ak 25 4, DT B IS e
JEEHE . AR ILPUBT IR b S WA = P EE A o B/
CEIRE S, 2014)
33 SHEIcoo EMR

M9 AT L, BUBTIRE S8 o\ o B Fr bR

300 ] 33.0
32.00 | {315
31.00 | | D
30.00 | 1300 &
29.00 {285 g
28.00 | &
27.00 | 170
2600 | ) 255

0
2500

15
=S
)Jf\’% 20

(%) 253

BRSKENXR



280 o4t o# R

NORTHWESTERN GEOLOGY

2023 4F

SRR N R iy SR N 1] 2 M1 -
2018) . EMARUL, Bl & ER R B, SRR, 41
BISRE S B o, o BUK; 22, W e, i/, HIE &K
BT, SRR S A B T8 8 b ek
INRE ST, EXT N PR AR B3 IR AR L LU R R 1 B
MK E N 15% B, Bl B R R A3 K, BE IR ) AR bR
JE RN 2 KRR 20%~25% B, 255 1 B &5 7k R
B 38 KT FEAA AR (& 9a) o 24 B KR KSR B 7K
10.44% 14 28 15% I, PN JEE 452 £ il 2 5 238 1 19 T 2

a
1.0
=3
25| W . I o8
& < 04
N o 02
ii S| 091 HKE 0
b 2 —0.2
) 0.4
ﬁfé S| 020 0 iR I o
i -1.0
iyl TKE TR (%)
c (kPa) w (%)
E 10

18 AR s 24 B KON 15%~25% INF, P BE 382 £ Bt & 3h
RIGHFEARCE 9b)

B 10 JBR THRUREE + . o S EKE, SR G
ZIIMAHRE KR, NGEITHEER R, FRE iy
SREESE o o 5 KB R I R B 1 R -0.91
F1-0.96, ¥ TAH OC; i 5 & R B R IEA X OC R,
FHOEZE 900 0.20 F10.12, %F T HOREE £, 44K
oK R T BY 5 B S R0 5 AR e K T

& 1.0
e 2 0.8
BT mn . 08
z 0.4
¥ 0.2
2| 09 Fk 0
A 0.2
H -0.4
HE 0.12 0 Gk :8g
b1 .
-1.0
N EESE A Ry & TR
»(°) w (%) (%)

FREL cop SRKE SHRERHNPXXRSTE

Fig. 10 Correlation analysis diagram of undisturbed loess ¢, ¢ and water content, salt content

4 zEp

(DB ZELAR L 78 ) 0Tk 5 2% 3+ 1 Bt Y 5
SHEGE S ERRTRKRMTHEREST, H
VLTS S5 e, o 17K 1 B R R BN AR F v
I, B UK 7R TR B 2s (A) 1, R JZ ) FHiay iR S
BRI R b B 7 32 W K ORI PN JEE R A 3 T R AR Y
P AR S PERAR . 13X b IX AR 1k 5 H: Uk 2 A
UURRTT 3. i P88 A R DX I A 46 1 1) 2 S v 5 )
A .

(2) B IR | P 0 JRIR 5 24 B R AR B KR
TR 4 B o L7 3R T R PN A B R A 3/,
DX SRR fb R A AL, (H 5 5% 1 PG DD, 28 T R P R 42 £
X AR SR

OFERIRRE AT, BiE S KRG I, Btk
22 W+ WP BT IR SRR W BB T c 51
TR RIFM RS EOREOC R, WA o 5
B KRERLHE R,

(DFEF—FRBLHEMET, SR S5HTRE S
oo o A IEAIEOE R, FL& ER 30T P B8 482 £ 1) 344 g
EFLLZE R A . 58 b ST b, 349 5 7K 30T e,
o W50 1 S 3%

(ARG IR XS 5 R 11 DX E 22 B+ 5 5 0 2 S8
DX I A% A KA R i DR 3R A0 26 A, RS SR T i
b DX B 22 M 2 B0 TR A R B R K T A it
FEh AN 2 25, JEN B SR LA L 7 AP BT Y
2 SN 0 7 B — 2P T R IR A BB S TAT .

S E L #k(References):

B RL, 2. K 0V B b BT B 0 B S ) 9 (0]
FH 7 S5 344, 2014, 42(05): 77-80+99.

CAO Xiaoyi, LI Ping. Experiment study on relationship between wa-
ter content and shear strength of loess in west Shanxi
Province[J]. Coal Geology & Exploration, 2014, 42(05):
77-80+99.

WAL, 250, Bk, T S8 5G9 Bayes Al T K 7E
b 3 Y T A A3 A A R [T0. VS B R, 2020, 53C4):
186-193.

DONG Luanhua, LI Ping, XIA Zengxuan, et al. Parameters-based
Bayes Estimation and Its Application in the Reliability Analysis
of Loess Slope[J]. Northwestern Geology, 2020, 53(4):
186-193.

4B, FE A, B B B e SRR R JROIR S BT 5


https://doi.org/10.3969/j.issn.1001-1986.2014.05.015
https://doi.org/10.3969/j.issn.1001-1986.2014.05.015
https://doi.org/10.3969/j.issn.1001-1986.2014.05.015
https://doi.org/10.3969/j.issn.1001-1986.2014.05.015
https://doi.org/10.3969/j.issn.1001-1986.2014.05.015
https://doi.org/10.3969/j.issn.1001-1986.2014.05.015

524 PR AE: BRI T 22 3

B0 BT R A DR A AL B R e TR 3 SR AT 5 281

M), LR S K AR, 1997, (4): 70-76.

FAN Xingke, JIANG Dingsheng, ZHAO Heli. Analysis on shear
strength of shallow undisturbed soil in Loess Plateau[J]. Journ-
al of Soil and Water Conservation, 1997, (4): 70-76.

SAEAR, EAOMK, dHisim, 45, ¥ IR TR S R AR AR 1 AR
MRS (1], PH LT, 2021, 54(1): 212-221.

GUO Qianyi, WANG Youlin, XIE Wanli, et al. Study on Correlation
between Loess Collapsibility and Soil Physical Property
Index [J]. Northwestern Geology, 2021, 54(1): 212-221.

SRR, ARAEFE T B 3 H DX E 22 2 5 R S RO SRR
S PEBFFY (D], KR KR TR 2, 2020.

GUO Xiaojuan. Study on Slope Stability and Strengrh Parameters of
Malan Loess under Freezing and Thawing Cycle in Lvliang
Area[D]. Taiyuan: Taiyuan University of Technology, 2020.

WS B R IX A I S M R AR R AS PRt 52 (D).
VU2 K2R, 2020.

GUO Yilong. Study On Collapsibility, Physical Index And Structure
Of Loess In Luliang Area[D]. Xi’an: Chang ’an University,
2020.

g, kb, BeE L S5 R I B 8 B R AR S KL
il 7], 7K A RriE iz, 2019, 39€03): 75-79.

HONG Bo, DU Shaoshao, LI Xi'an, et al. Infiltration Characteristics
and Disaster-forming Mechanism of Loess in South Jinghe
Tableland[J]. Bulletin of Soil and Water Conservation, 2019,
39(03): 75-79.

RS, 5B, #AE, A5, LD 74 74 AR b X 8 b T R 5 5 R Y
KA [T]. 2RI FH 2241, 2016, 25(01): 81-87.

JU Yuwen, QI Qiong, DONG Zhen, et al. Analysis of relevance
between loess geological disasters and rainfalls in the western
area of Shanxi Province[J]. Journal of Natural Disasters, 2016,
25(01): 81-87.

Z=F, 1188, GRIFFITHS DV, 4. 8 1 1 3 ol 42 B2 (0 BE AL A
BRIT oA L] st R A} 22 5 FR BT 2441, 2019, 41C1): 116-126.

LI Ping, BAI Jianzhong, GRIFFITHS D V, et al. Random Finite Ele-
ment Analysis for the Reliability of Loess Slopes[J]. Journal of
Earth Sciences and Environment, 2019, 41(1): 116—126.

XU, SRR, o R, S5 BV bR B T RS 3 R
FORASEMEEA (7). PELH BT, 2020, 53(4): 176-185.

LIU Chang, ZHANG Pingsong, YANG Weimin, et al. Geotechnical
Dynamic Characteristics and Stability Evaluation of Loess
Landslides in Shuiwan Earthquake, Tianshui, Gansu[J]. North-
western Geology, 2020, 53(4): 176-185.

XBE T, R, s, 45, T U Eh X JROIR 55 4 5 B 52 0 14 3K
WF5E (7). TR BT =40, 2018, 26(S): 652-656.

LIU XiaoJing, CHEN Xinjian, FENG Man, et al. Study of Influence
of Soluble Salts on Original Loess Strength[J]. Journal of En-
gineering Geology, 2018, 26(S): 652—-656.

BV LUV 4 A S b BT A IR K s
i KRB T K2, 2016.

LV Meng. The Present Situation of the Loess Collapse of Geological

M [D]. K

Disasters in Shanxi Province and the Water Sensitivity Analys-
is[D]. Taiyuan: Taiyuan University of Technology, 2016.
A TS, BRI A A PG 38 1 ) 20 R P R SR AR ALERY
BT L), ALmTpfoll K2 2441, 1994, 16(S4): 93-100.
OCHIALI Hiroki, CHEN Lihua. Study on mechanical strength charac-

teristics of loess and mechanism of landslide in western

Shanxi[J]. Journal of Beijing Forestry University, 1994,
16(S4): 93-100.
PAPEPE, SRBEA, ar, 55 B K Bk If 23 23 A AL LT,

PEdLHL T, 2019, 52(2): 117-124.

SUN Pingping, ZHANG Maosheng, FENG Li, et al. Water Sensitiv-
ity of Loess and Its Spatial-Temporal Distribution on the Loess
Plateau [J]. Northwestern Geology, 2019, 52(2): 117-124.

FRRIE, EBELL, TR EE . S B IR A T 0 5 A A R
R B (1], 5 2 TR, 2010, 32(82): 132-135.

WANG Linhao, BAI Xiaohong, FENG Jungin. Discussion on shear-
ing strength influencing factors of compacted loess-like back-
fill[J]. Chinese Journal of Geotechnical Engineering, 2010,
32(82): 132-135.

FR, X0 ok M. AR R I8 B BE 8 R R S 0 R 3R 0 a0
78 [J). A TR IE K44 (H R B R), 2010, 23(03):
86-89+93.

WANG Shuo, LIU Zhanhui. Test Study on Influence Factor of Shear
Strength of Unsaturated Remolded Loess[J]. Journal of
Shijiazhuang Railway Institute(Natural Science), 2010, 23(03):
86-89+93.

WK BE. B BRI TR B 0 e i) SR A T (D] Bk TR,
2012, (01): 135-137.

XIE Qingyong. Sensitivity Analysis for Loess Slope of Lvliang Air-
port[J]. Subgrade Engineering, 2012, (01): 135-137.

TR M, ek, AL RLRE. B LI R R A 04 5 43T 0], 30
Rk B, 2020, (05): 176-179+84.

XU Shaoxiong, ZHAO Jingbo, DU Zhuoqun. Analysis on Influence
of Lvliang Mountain Terrain on Climate[J]. Modern Agricul-
tural Science and Technology, 2020, (05): 176-179+84.

T, A, XA, AF. B3R DX b TR M B X
T v BE 2 B0k BOL)). TR b A AR, 2014, 2200D):
152-159.


https://doi.org/10.3969/j.issn.1672-6561.2019.01.010
https://doi.org/10.3969/j.issn.1672-6561.2019.01.010
https://doi.org/10.3969/j.issn.1672-6561.2019.01.010
https://doi.org/10.13332/j.1000-1522.1994.s4.001
https://doi.org/10.13332/j.1000-1522.1994.s4.001
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.3969/j.issn.1003-8825.2012.01.039
https://doi.org/10.3969/j.issn.1003-8825.2012.01.039
https://doi.org/10.3969/j.issn.1004-9665.2014.01.021
https://doi.org/10.3969/j.issn.1672-6561.2019.01.010
https://doi.org/10.3969/j.issn.1672-6561.2019.01.010
https://doi.org/10.3969/j.issn.1672-6561.2019.01.010
https://doi.org/10.13332/j.1000-1522.1994.s4.001
https://doi.org/10.13332/j.1000-1522.1994.s4.001
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.13319/j.cnki.sjztddxxbzrb.2010.03.020
https://doi.org/10.3969/j.issn.1003-8825.2012.01.039
https://doi.org/10.3969/j.issn.1003-8825.2012.01.039
https://doi.org/10.3969/j.issn.1004-9665.2014.01.021

282 o4t o# R

NORTHWESTERN GEOLOGY

2023 4E

YU Huili, LONG Jianhui, LIU Haisong, et al. Engineering Geology
Division of Loess Slope and Its Strength Parameter Selection in
Lvliang Mountainous Area[J]. Journal of Engineering Geology,
2014, 22(01): 152-159.

SR F, T N, TRGERN, 55, VRALIEFAE T B R X 5 22
b MR BF S L0). R H TR A 2 i, 2021, 52€04):
557-563.

ZHANG Lingling, LONG Jianhui, XING Xianli, et al. Study on the
Properties of Malan Loessin Lvliang Area Under Freeze-thaw
Cycles[J]. Journal of Taiyuan University of Technology, 2021,
52(04): 557-563.

A, B SC VR RRAIE PR 7RCR IR B A 5 e 4 g AIF Y (.
Bl R 5 THE, 2016, 16(28): 269-272.

ZHAO lJie, JU Yuwen. Test Research on Influence of Freezing and
Thawing Cycle on Undisturbed Loess in Yonghe[J]. Science
Technology and Engineering, 2016, 16(28): 269-272.

Cui Y, Xu C, Xu S, et al. Small-scale catastrophic landslides in loess
areas of China: an example of the March 15, 2019, Zaoling
landslide in Shanxi Province[J]. Landslides, 2019, 17(3):
669-676.

Juang C H, Dijkstra T, Wasowski J, et al. Loess geohazards research
in China: Advances and challenges for mega engineering
projects[J]. Engineering Geology, 2019, 251: 1-10.

Li X A, Hong B, Wang L, et al. Microanisotropy and preferred ori-

entation of grains and aggregates (POGA) of the Malan loess in
Yan’an, China: a profile study[J]. Bulletin of Engineering Geo-
logy and the Environment, 2019, 79(4): 1893-1907.

LiuJ W, Fan H H, Song X Y, et al. Characteristics of Shear Strength
and Deformation of Compacted Q, Loess[J]. Soil Mechanics
and Foundation Engineering, 2020, 57(1): 65-72.

Tang D Q, Peng J B, Wang Q Y, et al. Lvliang Typical Loess Land-
slide Mechanism and Characteristics[J]. Applied Mechanics
and Materials, 2011, 90-93: 1313-1317.

Tang Y, Bi Y, Guo Z, et al. A Novel Method for Obtaining the Loess
Structural Index from Computed Tomography Images: A Case
Study from the Lvliang Mountains of the Loess Plateau
(China)[J]. Land, 2021, 10(3): 291.

Tang Y, Feng F, Guo Z, et al. Integrating Principal Component Ana-
lysis with Statistically-Based Models for Analysis of Causal
Factors and Landslide Susceptibility Mapping: A Comparative
Study from the Loess Plateau Area in Shanxi (China)[J]. Journ-
al of Cleaner Production, 2020; 277.

Wang J, Xu Y, Ma Y, et al. Study on the Deformation and Failure
Modes of Filling Slope in Loess Filling Engineering: A Case
Study at a Loess Mountain Airport[J]. Landslides, 2018,
15(12): 2423-2435.

Wang J, Zhang D, Wang N, et al. Mechanisms of wetting-induced
loess slope failures [J]. Landslides, 2019, 16(5): 937-953.

(FRBTHESRTERY F=RBESIEFR) UL

CHrE 3T rh [ 5 b [ 5207 7 B IR AR AT 50 ) Jes 1R o [ b B0 8] £ Jm) P 22 3l B A vhocs | b - BT AR 2
Ut S VRS RO B WG i G TR 20 2, o o M R 2 kR R S R & AT

AR TR AT v E S 7 B IR A v R A PR A 2 v ) M P R R, e o Y
Br 7 DI A BT T SRR BT R SH R SR OL ST IR IR BTN 7R - B R g, B T
HA I [ 55 P ] AR DL AT S X A R R AR SR A R I, 2207 (2 J 7R 1 v S 3t DX I 38 7™ (3t s Sy B LA

Hh ATl B AR R LA

W A BT R B Al A T T b I FE SR BT O L O R BAR | B

By [ 5 A T T SRR IR RE

75 B0 LA AR SC R0 BOR, 4

Q=Y ikip)


https://doi.org/10.3969/j.issn.1004-9665.2014.01.021
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2021.04.007
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2021.04.007
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.1016/j.enggeo.2019.01.019
https://doi.org/10.4028/www.scientific.net/AMM.90-93.1313
https://doi.org/10.4028/www.scientific.net/AMM.90-93.1313
https://doi.org/10.3390/land10030291
https://doi.org/10.1007/s10346-018-1046-5
https://doi.org/10.1007/s10346-019-01144-4
https://doi.org/10.3969/j.issn.1004-9665.2014.01.021
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2021.04.007
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2021.04.007
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.1016/j.enggeo.2019.01.019
https://doi.org/10.4028/www.scientific.net/AMM.90-93.1313
https://doi.org/10.4028/www.scientific.net/AMM.90-93.1313
https://doi.org/10.3390/land10030291
https://doi.org/10.1007/s10346-018-1046-5
https://doi.org/10.1007/s10346-019-01144-4
https://doi.org/10.3969/j.issn.1004-9665.2014.01.021
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2021.04.007
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2021.04.007
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.1016/j.enggeo.2019.01.019
https://doi.org/10.4028/www.scientific.net/AMM.90-93.1313
https://doi.org/10.4028/www.scientific.net/AMM.90-93.1313
https://doi.org/10.3390/land10030291
https://doi.org/10.1007/s10346-018-1046-5
https://doi.org/10.1007/s10346-019-01144-4
https://doi.org/10.3969/j.issn.1004-9665.2014.01.021
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2021.04.007
https://doi.org/10.16355/j.cnki.issn1007-9432tyut.2021.04.007
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.3969/j.issn.1671-1815.2016.28.049
https://doi.org/10.1016/j.enggeo.2019.01.019
https://doi.org/10.4028/www.scientific.net/AMM.90-93.1313
https://doi.org/10.4028/www.scientific.net/AMM.90-93.1313
https://doi.org/10.3390/land10030291
https://doi.org/10.1007/s10346-018-1046-5
https://doi.org/10.1007/s10346-019-01144-4
https://doi.org/10.4028/www.scientific.net/AMM.90-93.1313
https://doi.org/10.4028/www.scientific.net/AMM.90-93.1313
https://doi.org/10.3390/land10030291
https://doi.org/10.1007/s10346-018-1046-5
https://doi.org/10.1007/s10346-019-01144-4

	1 试验材料、方法及试验方案
	1.1 试验材料及基本物理性质
	1.2 试验方案和试验过程

	2 原状马兰黄土抗剪强度区域变化规律
	2.1 c、φ值的水平空间变化规律
	2.2 c、φ值的垂直空间变化规律

	3 抗剪强度参数影响因素的试验分析
	3.1 天然含水率、天然干密度对c、φ的影响
	3.2 增湿含水率对原状黄土c、φ的影响
	3.3 含盐率对c、φ的影响

	4 结论
	参考文献

