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Universal law governing landslide deformation and its mechanical mechanism

XU Qiang”, GUO Pengyu
(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology,
Chengdu,Sichuan 610059, China)

Abstract: The evolutionary law and mechanical mechanism of landslide deformation is a fundamental scientific
issue in landslide monitoring and early warning research. To reveal its intrinsic evolution characteristics, this study
systematically investigates the deformation behavior and evolution mechanisms of landslides under
gravity-dominated conditions and external perturbations, based on extensive monitoring data and a landslide
deformation dynamic model. The results show that, under gravity-dominated conditions, the displacement-time
curve of landslides generally exhibits three stages: initial, steady, and accelerated deformation. In the accelerated
stage, a power-law relationship is observed between velocity and acceleration, indicating a typical gravity-driven
common deformation behavior, that is, the universal deformation law. Based on differences in deformation
characteristics and stress conditions, landslides can be classified into three types: stable, gradual, and abrupt.
Furthermore, the effects of periodic or intermittent external loads, such as rainfall, reservoir level fluctuations, and

earthquake, are analyzed. The results indicate that these external factors may induce step-like or non-stationary
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responses within the three-stage deformation framework. Based on the landslide deformation dynamic model,
theoretical derivations and numerical simulations are further conducted for deformation processes under gravity
alone and combined external loading conditions. The evolutionary relationships of displacement, velocity, and
acceleration are obtained, and the mechanical conditions governing different landslide types are revealed. The
results demonstrate that the staged deformation behavior of landslides originates from a gravity-dominated
common dynamic evolution process, while complex deformation patterns can be interpreted as responses of this
fundamental mechanism under different external perturbations. Based on this, a physically-based early warning
indicator is proposed using the minimum acceleration to identify incipient instability during multiple disturbance
phases. These findings provide a theoretical foundation for understanding landslide deformation mechanisms and
for improving monitoring and early warning systems.

Key words: slope engineering; landslides; three-stage deformation; universal law of deformation; dynamic model;
external perturbations
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Fig.1 The three-stage deformation curve of landslides
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Table 1 Some basic information on typical landslides with full-process monitoring data
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(a) TEH AL — T[] 2R 1) = Fh 28R R HW B 70 2 55
(a) Three types of displacement-time curves of landslides and the

mechanical conditions for their formation

(b) IEAFEARA M — EE TN KRS - I (] i 25055 381
(b) The displacement-time curves of some typical landslides that occurred

in recent years
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Fig.2 The deformation types and monitoring data of

landslides
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(a) Schematic diagram of landslide deformation under complex conditions
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Fig.3 The deformation types and monitoring data of

landslides under complex conditions
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Fig.5 Feedback mechanisms during landslide deformation

i AR AL, ETERIRIRAR BL, iR
FEEHERN, B EY b N I S
71, NIRRT R A I HE i ST RS . AR
11, SIANBAEIUR) H K 5 8 AR 2 B A
TURR, T2 LG — KT SR TR S ) 2 iR A
2o WWIBLROSC R, BWET R T IR 52 7148
A R RE T, AR REE 2 ST AR A2 T B
R RS AR B InE KA A AR A (A,
GBI ARG EAN B T AR AR B L 2
TR, TRAE S e, il PRI 5

N SEBUH I SEEAAN FIT B 98— filik . BT Ak
NIRRT B, i BRI, AP IR 1
FRIZEHT B, I P R BBl g i L ) 2
o AT RE S £ 2 RAT 1 307 P ARUE 17 SR AR ALY
R,
43 HBRSRLBBIEHRONFERE

AT AT S S DR R (U B W) 75 5T T4y HH IR
e, HASAG T R, REETE T ARREA
KA, ARG — B AL T J5 I A2 %
HR A RRARIR, DL R A SRR M RROA 2
ST A2 T A M o} 24 3 Bl 9Bl AR A
TEE.

A RBR AT B J A, TR EAfE
T ISR T R [ AR TR I TR T R R B 2 2%
o BERUER N, WILARS - I T A 2 B
72 PN AL B R N E - el VA el P
RILH =W B AU, FLR SRR AR 7R3 47 A o
B B LR L I R S o R L AL Y B
(6<6, IIRLRE—Inf [0 & £

s 1 dt=(z, | Jz,ph] 5, )sinltfz, 1 (5,ph)]  (4)

7, = #,(0, = p)
e 7, i U EHTET SR, SR EB B(5<4,)
(R ok 5 — I ) o 5

d*5 1 di* = (z, | phycosityfz, 1 (5, ph)] (5)

T R AE SR ALY B B ek NS, AR S H
J5T, T D E R SU(FE0, &, TN AFERCR
i, ARG EAMET /DT 0. MK EIX
[ (1) e/ IME N

d’s/dr’ |,:,p =(zp / ph)cos[t, |z, / (6,ph)]  (6)
Refte o NFE N 8, %R 2]
t, =./(phd,)/ 7, arccos(l-7,/7,) @)

B RNRAK(6)15 2]
4’5 di* |, = (| ph)1 -7, I 77) (8)

HT o, o b, EZEIKT 0, WA r,<7,
IR B B/ ME/NT 0, SREEAEAEWEAE, AR —H
[F] it 2 B =B B A B s e R T B8 T
0, 3 FETCUEAE, A2 7% ih 2 Dy SR I (0 SR A L T 30«

WHUE— W 30E T B3RS (R 2), HRIE
T B ) AR AN [F) 2 D0 56 TSRS - IS
] ZE (0 6). Wl 6(a)fTm, AR - I 1a]
MHETEAS 5 R a2 N ] . BB HE S 45



© 8 HA 1S TR

2026 4

RIEAGE 2P i JFHEMEIR 5, B 24753
N2AT oy NI IEAEDUBY SR ¢ I, T 3AEAS - I
8] 2R DUV HTR R, BA =Fr B EAFIE. &
TSR RIER, W AT AR R O R
AT O NN TRy ST A= i ) I8 N 1 v
WIS R (7,2 7)), WIS ALTRES
AT B AN B AR, FeAR R T
S PO T s 1B e I b VAN e S [P 1V
N(ry>17), RRFKAERFEHI ALl 58T
r, B RTEES IvF sm M ml™). 283l /)
NGNS, R E R T RE A=
KRB . BIIAHERT, SR IRER N T &
G S, BT AR SR A R A R
K, RIOVIERHGERFIE. 2R A2, 18
RGINAEHAHLEI I DL, RGEw R AT fER TN A
WIMESR S, ZIRGARIET 3 S0 R B 1 59t
WHZ BN ERMEIEM, ARSI . ]
EAEIRGAT N, HM R ERFFA R, RoEAE
Mkt FRae R S0k, RMEsR “RsE i 1B,
FIEB RSN S, AT e IR AR TR
FaBIA o

BN AT WL SRR, A - i) il 2
AALEIER,  HEDLX 0 A 5 RO R . (HARSE
S — I [A] 2R AR (LB 6(b)), AR 5T AR
AT IIR K X R R AT JC LW M. T AR R A
WIRA T BOE H R W5 R L VA, Bl
I/ E NFR S BUS BN 10 5% A AL 3
RV, HOE 2 RIS 2 SEE
HEERFIER) ZE R, AT IR T 32 0 AR s Y
FERIVER . RO AT 52 1 B N K T 85 T8
DIAfF I R E, SBOLIE AR LR IR & A
/T 0L 6(c)), X —RFiE R e T Hd L 2 #R
IR FI BN R T B I R, AR
RV SR R IS P T e g B A, AT AR 2 I 1 B ik
NIBGEBT B, BRATURGEE “ St - e - fE7
{DEIBSARREEAUR

R2 WAL EGISHERT

Table 2 Table of parameters for landslide deformation example!”!

e fH 4 H
(Parameters) (Value) (Parameters) (Value)
7, 53040(Pa) g 184.9695(m ')
H, 0.3422 g, —22.1554(m )
M, 0.1355 155000(Pa)
S, 0.00185(m) P 2000(kg/m?)
0.01118(m) 77.5(m)

(a) fre - 1] h 2k %

(a) Displacement-time curve cluster

(b) JHE - i i) b Ze %

(b) Velocity-time curve cluster

(c) DSEFE - I a) il 2%
(c) Acceleration-time curve cluster
K6 AFZIIFAM N IR BISALTYE - I ] ih 28 %
Fig.6 Theoretical deformation curves of landslides under

different driving stress
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(a) Normalized displacement curves of landslides under different conditions
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Fig.7 Theoretical analysis results of the influence of external factors on the displacement-time curve of landslides
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Fig.8 Backtracking of the XinWolongsi landslide warning
before May 5, 1971
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