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The mechanism of bending-toppling loess collapse caused by
headward erosion

CHENG Yuxiang'?, ZHANG Buping', TANG Yaming’
(1. College of Geological Engineering and Geomatics, Chang'an University, Xi'an, Shaanxi 710054, China; 2. Key
Laboratory of Western Mineral Resources and Geological Engineering, Ministry of Education, Xi'an, Shaanxi 710054,
China; 3. Xi 'an Geological Survey Center, China Geological Survey, Xi'an, Shaanxi 710054, China)

Abstract: Tracing erosion is the strongest dynamic geological action in loess hilly areas. It often causes the head of the ditch to
retreat and the toe of the slope to be eroded, which in turn leads to collapse. Based on the statistical analysis of collapse disasters
in the study area, this paper determines that the typical type of collapse caused by the traceable erosion effect is tension-toppling
type. This type of collapse is characterized by steep back wall, rough wall, large scale, widespread, wide damaging range, and
high potential risk. The formation of this type of collapse is mainly due to the transformation of the three areas in horizontal
direction such as the tensile stress distribution area, the shear stress distribution area and the strong hydraulic erosion area under
the action of surface water erosion and gravity. the collapse of slope undergone three stages: the increase and scope expansion
of the tensile stress, the change of the shear stress state and the concentration of the scope, and the collapse of the collapsed
body under the coupling action of the slope top tension and pore water pressure. The stability analysis can be carried out by the
moment balance method. The three factors that affect the stability of the tension-toppling loess collapse include: slope geometric
characteristics, soil physical and mechanical parameters and water pressure in the cracks. Theoretical analysis illustrates that

with the increase of soil moisture content, the depth of tensile cracks on the top of the slope deepens, the depth of erosion
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grooves deepens, and the collapse stability coefficient gradually decreases.

Keywords: headward erosion; loess fall; fracturing-topping type; formation mechanism; three zones and three stage

jilll

0 3

Fe 1 P b B A e g b IX b SR 2 B 52 2%, % b ki A
MBS o it DX 3t 40 B ) D 2 ok R R 2 55, £
PRESHRN L, W) BE ) 2P 22, oK S U Iz
P AR R ER 2R N, HZ LIRWIY
B, 8 B o e XOR F7 R i S 5 B i i) Sk )
AR ok Sk A= ok o B2 i PR A 4R Bk VR T 7 S0 90 D
RARAE T, 58 5 B3 11 A W gl D) AR A ) B AR, 1
TEPERERE AR M I o B 3 B R 99 D5 ot
it rP R PR 1 B R SN 2 —, R R X R
FEARBIE 7 e N By 22 4xB) 0 TR, WIS 300 IR AR 1ok 5
L B 4 A TR O PR BT X g e DX By Rk
KEAEE RS E

ZALFE ML N ZR | FEARRAE | 143k A3 T UL
PS5 T 8 S IR AR A FHREA T TP . ARG 45
YOI A S [ KA RN L 0 A vk
M A o G/ Ty VY Ak I B B A Sk A A R OK
BEIK, VA e ELBENS . 22 284E, VA KRR TR U, b BE 1R 2
JEEL, YA TR A U A B A IR R MR B4 A SR TUER Y, A
M 2B A A i e o A T # SR
S WU ok T A A, AR FL B K T B8 T R
R e R A E BN ) DL B M X Sk B TR
T BIF 0 i 45 B A S 1 18 BEAS I S 235 R 82 W) LR 3R 20 A
JZ 1T, ARBETCI>5 JEMIE R A A 9 3800, TRt i
it BEAT 9 I 5 N AL A A5 i A B i SR P
SRR 5 T A 22 25 SR B 4 AR I 1 ks 4 FHE 1Y,
PR SHe At oA R s 9990 4 ol ol e b 7K O B R 5 3K S
YRR A 38 9T JRHLARN T 1, 25 g oG T 45
o DX IR AR P P TR 9 T BN S E B TR A, ST 75 16
T AR PP, s TR IR R s A
RS T3 T 18 Sk JARHILHY , 30 B 3 D3 Sk B TR A=
ThEER P BA T A5

Zi LTI, ¥ W IRAR phad R B R R N R A2,
JEALEN S 2% ol T3 Sk B DR T VR R T 4= i 50K
TR AWK A5, P IR Ik 5 | A A 358 4 R
HURE L WL 38 5 R 2 24%, T AT B9 E R A0 # J B)
2 33 B AL L RS E PR IR B ST . A ST AR
b TR A Sy ), G R AR R I T A B A A
A SEA AR A A T AL, B s ISR Ik 5 | K B 4 i 33 9
T RHLR, R 152 WA 1222 i 33 A5 A2 P 1) 3 252 )

R, WEFE R T A 48 78 7K B i 40 9 DR LB
TR ICEPIR IR EIE S %

1 FRXEARRE R §HIE

WG XA T B P9 44 M bR Tl R g A 2 . SR e B
(B 1) o J&F iy T2, R ZERAE, X
R K AR O AN S, B4 e 7. 8.9 =M, HZ
DBWIE N . = H AR RN 268.3 mm,
d AR 61%. X N ER RN TE 3 I v - 2 b X,
AR EB A TRE R IX, 2 AR A E 1R Y
B GRARGR I, SO AR | SR, YA 3.03 ~
5.00 kmv/km®s X PN T2 3 A 56 DU R ASOR R, JR
TE 2~ 90 m, # 8 BT AC RSN, 3 B A 4R T 22w
(Q) FIE A £(Q,) o MEMEE £ . BEHE ) HuIE Fn 4
H 8 R T Ay 2 b DXt I 9 A I e T 2% A

0 5 10 15 20
a0 km

E1 SMREERRESHEE
Fig. 1 Distribution diagram of loess falls in the study area
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Table 1 Basic characteristics of typical loess falls caused by headward erosion
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Fig.2 Tension fractures at the edge of loess falls
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Fig. 4 The cross-section diagram of the typical

fracturing-topping and loess soil
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Fig.5 The evolution process of the fracturing-topping and loess soil
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Fig. 6 Physical model diagram of the
fracturing-topping and loess soil
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