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Abstract: The structural plane effect on the deformation and failure of the Heifangtai tableland

slope has been well studied; however, such studies mainly focus on a single side, and only few

systematic studies have been conducted. Therefore, based on the analysis of the structural plane

types and the combination characteristics, the deformation and failure types, and the characteris-

tics of the slope, in this work, it was found that the structural surface types in the study area

mainly include joint fissures, layers, interfaces, faults, and free face; the combination types of

structural planes are divided into two classes and eight subclasses, and each type has its own

structural characteristics and distribution characteristics. The slope deformation and failure types

and the spatial distribution selection of Heifangtai tableland slopes are significantly affected by

the structural planes and their combination.
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Fig.1 Geological tectonic map in the study area
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Fig.2 Elevation contour map of bedrock top surfacet®
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Fig.3 Elevation contour map of silty clay top surface"!
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Fig.4 Distribution law of crack characteristics
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Fig.5 Profile of Chenjia landslide— Huangci landslide

FTT 6 5 YRR A5 M T 4 2 A e R AT R o3 A
2 RE8A/NEE 6,

P2 0 ) S 5 fh i W ] 8 C T 8 ) AR 43 fih i
A AD  Bf# AR 5 RO, BT, &L L,



912 o=

=

T B ¥ iR

2019 4%

BT, BT BD & 3 /KA, B,
A, 8, Ty 81, 8,1, BRI, B p T
LA Y S T T g YL 15 SRS N RO Y R

(a) 1 2
e
R P
© | & (0 111

S T UG 1) 20 Oy R TT, R 7 e e Y 8 22 A T S
M, I R8I B 2 A M 8 4 floh w1 B 5 2R
TR o3 X A& 7 B .

@1

(e) I,H (hy 11,

M6 dAcsdambEzaImxirssA

Fig.6 Sketch diagram of intersection relation between composite structural plane and free face

‘ / " g S s — 2%
i %ﬁ\ S R >

S

LAY A e
y{;tsz\%x@\ 01000 2000 m
b/ "I 3 4 [ | s

BH7 wbsdharXH

Fig.7 Partition map of composite structural plane

3 ZHEXEFEMEERBEITH N

3.1 XEBR R ER R0

DX AR TR R 2R I 2O W S M A 3 . ARl
T ARIEHY S5 R T il s TR S DD O &R LK TR
RF A RS T 3 73 O BT b W 3 B b RS i T
T LB Oy 00 8 ) 45 i v 94 39 L 8 - JE A VTR
T SR B - S T T e (BT 8) o 0 38 4 W TR
Je o3 D9 B YA R LB -y o R T 0 R
B 8) . TR XN e 5 AT R ST, i
B ERR R R LT .

L PO RS S B LN A IR NN
H AR5 I 2% 415 28 207 A B 5 i L 48 2 A8 —
R DRI AR SO 45 445 4y T B 46 %o T 4 i 2 1

RS R R AT 20 TE T8 . 4% 28 B 45 4 ThT B9 82 W AN
1 TH, A SR TR R RN 2 e,

o

WA

B8 BEiahHA

Fig.8 Distribution of landslides

3.2 XMZFESHEFENF M

5 IR R AR T B IR 23 8] 4 AR 3 B S R AR
P 3 B AR

WER XAAAE T 5 T B RE L PR RV — P IV 3 3
T A5 G0 SO RS A 08 i R 4 ST OHE . T
BCHRE R B REAE B S, 0 O T kA B A
LA R K/IMEE R, RIS T i R 1
ERETEE AN B IHFR . Mg ot
TEMALERE BAE . TEME. TEMNARILE
T B UL K B A YR AT ) R e S, 7 LAt b B % R
3. BIBRTERTT 6 BRI R KT R E
T T N R A T LA B 38 S ) R R A



541 % 554 1) XIS, %5 . 87 £ 43 B8 Ak B 20 T T R 14 8% e T 280 I 9T 5% 913

F1 BRBESHEHMN
Table 1 Effect of each type of structural plane
ST 26 7Y 75 T i R AR

T B 2 A7 7 B O o o AR A S A A A Y B T R B S R K A IS Y T T i 5 B A AR
JE U AR R SE R IO BT IR B AN o 8 b P BB AE R B 5| e A B R
e O3 JBE 286 ) 2 fl i 8 3 LA % B e A IO 5 A B A L U2 T N B R K T s At o R W OK ) RS AR ik

e 2
R TR PR B B 32 L B 1 R B (O S ) 4 AT 9 38 5 i v 1 B R 0 A 7 2 R I R 5 3R RS E A L X A R A
SEM AN AR WAL AT B S F R RE 1 B - U R S A B BR AR B ) R . T B AR
Wi 14 AR FE 5 I R T R BRI A XK
2 i R NP )R K B SE LI 2R IR I 7 T K B9S2 R B A A B b - S DR R
= e T A IR B RN 5 e i R R S
B T Sl R 7R M T K I T o DK T 2 9 398 A2 2 A B T G 204 3 T T 1) 5 e A B e e AT R 39 5 A gk T 4 3 2
i A B WL R 28 T R AR L ) A B A 3 ST YR A R R I L I T B B R R R LR AR T AR
i s 25 187 Ay AR 3B ) A8 0 00 DR B R 2 2% 8 o I 25 2 11 0 1 o B8 RO B0 2R B g

®2 HALEHEXIE
Table 2 Effect of composite structural plane
A G 2T R T R AR

PRI 028 Y WK 248 A 32 Sy e b ) B LA R B R L B - I O Sl L R UK AR
TR ZUCH Bl I R E M 2 L2 B AR R S I A TR SE YD OGRS R W R BRI R L AU I L AR T S A
Ao Bk R I S M R BE R BE TR R R B B R IR AR R L 2SR B AR R 22,
KRS B0 LA R T i 23 1 AT R R

PRI YA I IR 2 2 32 Dy 8 o OB B ) 4 Ml R T g B RS VR WL R B . B OB B
o) 42 il T 2 3¢ LA 0 R O LB G | R R v R R L A R R R LA T R L P AR L R 2 A

L. TV B A VA P . B S DD Bl A R B AR L Sl B R R ST TR R O AR T R A
SR SR SZ TR S R . B A 3 0 D L R BE L B A Y Y 3 L 3 DX SR A A YR 3 O T R SR
Z R 2. R RIARERE M — B 1R I 28 A RO N RRE PR SRR

TR R Y A T A IR 2 2 32 g A 0 R B b (BESA) SE T T  RA i O R B I | A B
N T 25 100 R R IR R e AR 0 LR A S I 1) o R S PR N, B R R R BN B AR
X2, B RRN B Ry A R BRI E . SR AR E M B W D e 2 R R B LG B S LA

IR IR T B R S Y T RO M R 4 . T TR B Tk () i 1 2R R B - OB BT AN ) 5 e e
W B OB B ) 13 o 1 7 3 B P v B B2 REREIR L BE BE 7 HL B SORDRS R SO s 2 B B R O

I B BRI R B 5 2 AR 5 B () Ml AT R R AT 3l B R L AR RN L R R R A ) A
Ho O3B B E TN R BE AN 0 BE AR B, B ABUN B S R A AP P R AR R IR AR
TEHE AT TR R A e 22 52 Ml TR0 R A B0 W A B A 9 A R S R R S 4

1% R H 7 R 2 R T2 SR W R 3 . Y B S B O T e ) A T 9 3R B R 2 fh 1
e, B B SR B O V- R 25 FEURPR L 1 3l I L R AR B A 2 A . AR O UR B B

L BRI ARV B £ R A A T S B B A ARTREBD S E M R R AR T R . R R AR AT
BEATEE HEWE IR AF T M0 R AR ALA T L THE A R AR S e SR
Iy JRy v i B B
I, Jay 78 L B A
1. ﬁ#ﬂi%%ﬁﬁ—i,ﬁ/}‘ﬁ?ﬁiﬁ*ﬂﬁﬁiﬁﬁ% @%%}\é@ﬁj‘jﬁ’riﬁ.?ﬁiﬁE"J‘fﬁ"idJFrE%ﬁ‘{$$ﬂ/1\‘&f§~ﬁ/l\?ﬁ§o
R R R BEEEABNREMAL TR S B R I
x3 BEXBEASEFNEHABMNEXER
Table 3 The relation between landslide type and composite structural plane
e &3 B A OBy JBU%E 1) H2 A 18 9 B (K2R 2 fl 1 9 Bk B SR U Z W B I
20 G G T 28 7Y To B T B 15 & To A T B 1, B, 15 A 1,2 I, 2

o OB R 20 L Ml W 3 AR RS K WA P ARA AN LA P R A . AR
S EFIME B R E WA R AT L e RE R E R PR S IR R B LR 3R R
Sl TR ¥ 9P B AR =k PR R RN B A EP AV Be ke WS, WA R TR B e Y TR R R R
o B A UNR WA T G AT MR RN K BB R R T S 3 T T g 2R R 3 A )2 R
T8 LA WUZ WS AE R R RS KA R SR LR T O BT R G TS LA £ A R



914

==
=

H

T #&

A
&4

i 2019 4F

SR 2 il T 1] o R B S VA AR A T
Wer S DL L B vy N B W 3 (W 5 2 K
I8 e R R A SRR B A - A
T3 35 0 A 7 w3 WL L e 7 00 04 e R R
L AR A 22 5 A s T A R 5 8 T B i AR BT AR
VA IR 5 0 B o A TR B9 R 88 R 2 SR EOR

T SRR HE U 8 AR I B 3 fh T 8 by T 1 U )
A F T 4R K 32 B AHEME LK™ A 1 3 4 Ak 1 1Y
T B 5 T B B 3 oy DX B 0 AR 3B 1) 45 4 RS L DI 1)
TR S T 60 5 o AT 1) 780 84 394 B oy e A T g 5 BB 1
FT DX I B I3 52 0 Jay 90 A S5 4 ) 497t B A 9 ) BB 1)

P DX 52 W ) A5 B 9 A% R AE SR 8 B B 1Y
S SCA A TR 9 A2 TE IR 73 A1

XiF LW A (B 8) 5 4 A 4+ T 4y X T
CIEL 7D 23 B ml A0 AN [) 286 7 3 33k o0 A A0 A 7 00 L 1Y
Ve 5 WM S5 K A AR L 00 6 7k AR O S5 B
IR IR HT Iy BF TS DX 38 Sk B0 A e A R 56
2 45 K T B 5 TRAR K

AR I A W IR Y 2 18] o A 52 20 A 45 AL T B
M o 7 i A8 T B TR 7™ o ) DX 2 95 4 T 26 R

SR
2

TR BT, R T AT, LT
4 Hig

ARICVIERTT & B IR H RO TEX 8 7 0 B
RS XMl 5T PRIE 0 LAl S04 1 48 b T K HE A 5
T BIESE T 6 5 AR A A2 T R 246 R0 A0 2 [ 23 A3 R
LIS B FR . 5B LR JLAA e .

(1) S5 A TG S R0 T A 47 4 B0 AR BT ) T 4% fih
[N R TTINE = R R (AR SR A N S
N

(2) XN 32 209 78 JE Wi IR 26 B S 0% 395 R A 35
s EER AR E S . WO A R Al B
I LB e R ) 2 Sl A L o O TR ) 4%
fih TR 97 395 B - S U R T ORI B b N
W SR ] A AR AR P L A

(3) &5 4y i Xt 794 392 728 T A I 288 TR ke 496 1 2 ]
Ay Be B S W L, 48 0 2 X ¥ S A S e 5 AL TR
ASOXE T 39 A9 6 TR 3o 49 57 A R W T L X S A B A
B A B 1] P 25 2 TR AR AL 7 AR R . B — S A
1T SURE ™ AR — R WY 52 I T 4 45 A THI DR 2 R A
P A AR 32 B AR A T 5

=

ISA
7 Z

o

£ % 3Lk (References)
(1] 3KEA.5IKHE X 8 4 b 59 F L R AL 5 B 35 4 AR . DL

2]

(3]

(4]

(5]

[6]

(7]

(8]

9]

[10]

[11]

S DCH A B T A B R X 4 [ . H BT 4, 2013, 32
(6):833-839.
ZHANG Maosheng.Formation Mechanism as Well as Preven-
tion and Controlling Techniques of Loess Geo-Hazards in Irri-
gated Areas: A Case Study of Heifangtai Immigration Area in
the Three Gorges Reservoir of the Yellow River[]J].Geological
Bulletin of China,2013,32(6) :833-839.
FR/NEE BT & 6 SRR AL RR AR AT 2 (D, 22 M . 220 K%,
2017.
CHEN Xiaojun.Study on Evolution Features about Loess Slope
of Heifangtail D].Lanzhou:Lanzhou University,2017.
ZENG R Q, MENG X M,ZHANG F Y, et al. Characterizing
Hydrological Processes on Loess Slopes Using Electrical Resis-
tivity Tomography-A Case Study of the Heifangtai Terrace,
Northwest China[ J].Journal of Hydrology.2016,541:742-753.
T2 0 LR B R CE T BN R EE AR LD 220 2290 K
%,2016.
MAO Ju.Controlling Effects of Loess Fissure on the Slope De-
formation and Failure[ D].Lanzhou:Lanzhou University,2016.
FEA i B R MR AR, B b O X B R R AR
Lo HRLAERT 52 [T ] K & R 5244, 2005, 19(5) : 191-194.

LU Quanzhong,PENG Jianbing,CHEN Zhixin, et al. Research
on Characteristics of Cracks and Fissures of Loess and Their
Distribution in Loess Plateau of Chinal J ].Journal of Soil Water
Conservation,2005,19(5) :191-194.
A PR WRAE R A5 B R R F LM AL R R
#1,2008.
PENG Jiangbing, LI Qingchun, CHEN Zhixin,et al.Loess Cave
Disaster[ M].Beijing : Science Press,2008.
VR, R L TS IR L 4. B S SR R AR L PR L o R X
B R W B L] M BRI, 2009, 55(1) :85-90.
XU Ling.DAT Fuchu, Kuang Guolin, et al.Characteristics and
Forming Mechanisms of the Plateau-Edge Cracks and Their-
Significance to Loess Landslides[ ] ]. Geological Review, 2009,
55(1):85-90.
BB AR B4 A5 £ 5 T 2 4 X 8 R K S
S .75 MO 2 2 i CHURR B 27 B 2 2011, 41 (5) : 1512-
1519.
WU Caixia, DAI Fuchu, MIN Hong, et al.Influence of Cracks
at the Platform on Hydrologic Response of Loess Slope[ ]J].
Journal of Jilin Unviersity (Earth Science Edition), 2011, 41
(5):1512-1519.
XU L,DAI F C,THAM L G,et al.Investigating Landslide-Re-
lated Cracks along the Edge of Two Loess Platforms in North-
west Chinal J].Earth Surface Processes and Landforms, 2012,
37(10):1023-1033.

XU AR Az B A 4 A MO b ot B2 AL, 1965,

LIU Dongsheng. The Accumulation of loess in China. Beijing:

Science Press,1965.

X 1 L R R T 25 X B R B B T B B R e P s ma [ ] v



841 % 4

X W L 45 SBO7 65 63 J50RE 8 P IR B4 45 KA T 3L O 5

915

[12]

[13]

[14]

[16]

Je 5, 1994,27(3) :70-73,69.

ZHAO Fasuo.Influence of Basement Morphology on the For-
mation and Stability of Loess Slope[ J]. Northwestern Geolo-
gy,1994,27(3):70-73,69.

WEN B P,WANG S J,WANG E Z,et al.Deformation Char-
acteristics of Loess Landslide along the Contact between Lo-
ess and Neocene Red Mudstone[ J]. Acta Geologica Sinica -
English Edition,2005,79(1):139-151.

SERVL A B XU A - A e Mk T 3 09 R AE SRR
LIk R+ ,2014,36(5) : 1167-1175.

WU Weijiang, SU Xing, LIU Wei, et al. Loess-Mudstone In-
terface Landslides: Characteristics and Causes[ ] ].Journal of
Glaciology and Geocryology,2014,36(5):1167-1175.
PENG J B,LENG Y Q.,ZHU X H, et al. Development of a
Loess-Mudstone Landslide in a Fault Fracture Zone[ J].Envi-
ronmental Earth Sciences,2016,75(8) :658.

TG, BUE 8 bR A AR S T O R ] MRk A
SR P SCRD L 2013(3) £ 88-94.

JIA Xuemei, LIANG Shouyun.Relations between Loess-Bed-
rock Unconformity Surface and Landslide[ ] ]. Scientific Jour-
nal of Earth Science,2013(3):88-94.

KR B AR M BT R I Ak T AR AT ST (DL 22 22 R

[17]

[18]

[19]

[20]

2,2016.

ZHANG Lei. Study on Contact Surface Effect of Geological
Disasters Occurred in Loess Slopes Area [ D]. Lanzhou:
Lanzhou University,2016.

ST BT A 3 M AR A BRI OB [ DL 2 M 22 K
24,2015,

WU Wanjiong. Tectonic Landform Conditions and Its Hazard

Effect in Heifangtai Area[ D], Lanzhou: Lanzhou University,

2015.
Rt BT A 2 R - A W R R (D] 22 2
M K2, 2013,

YANG Liu.Effects of the Attitude of Bedrock on the Loess-
Bedrock Landslide in Heifangtai Area[ D].Lanzhou: Lanzhou
University,2013.

Syt 4 BOF B HEX B G LW AR E AT D] AR 3 bk
K2#,2012,

MA Jianquan. Stability Analysis of Loess Landslide in Loess
Tableland Edge of Heifangtai Irrigation Area D].Changchun:
Jilin University,2012.

XU L,DAI F C, TU X B,et al. Landslides in a Loess Plat-
form, North-West China[ J ]. Landslides, 2014, 11 (6): 993-
1005.



