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Microscopic initiation behavior analysis of granular column collapse
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Abstract: To elucidate the mesoscopic mechanisms underlying the initiation of sudden-failure landslides, this study
employs photoelastic experimental techniques combined with a granular column collapse model, to achieve
simultaneous observation of granular displacement and force-chain network evolution during the transient initiation
stage. The results reveal a strong spatiotemporal consistency between the evolution of the internal force-chain
network and the formation of shear bands (failure line). Prior to the development of granular flow, particle

acceleration is closely correlated with a reduction in the internal stress level of the system. At the particle scale, the
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initiation process can be characterized by two distinct dynamic patterns: systematic displacement within the sliding

zone and irregular nonlocal displacement in the non-sliding zone, the latter being primarily driven by localized shear

fluctuations and stress transmission within the granular assembly.

Keywords: granular initiation, photoelastic technology, force chain network, sudden-failure landslide
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Fig. 1 Diagrams of the photoelastic experimental flume system
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Fig. 2 Schematic Image of the Photoelastic Technique and Typical Experimental Images

(a) Schematic image of the photoelastic technique;

(b) granular image in the normal white light; (c) the

photoelastic response while in the polarized light
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Fig. 3 PTV Analysis Process of Experimental Images

(a) Original image; (b) Preprocessed image after grayscale conversion; (¢); binary image after adaptive

binarization (d) Output image
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Fig. 4 Particle Movement of the Granular Column Collapse

(a-d) Snapshots of the granular column collapse and (e-h) velocity field evolution of granular column at different

times. The yellow dotted line marks the initial granular packing
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Fig.5 (a) The vertical displacement, (b) horizontal displacement, and (c) displacement field of granular column

during collapse



2.2 NEMEFHE

BT B AR BE AR AT RORL A K} g 2
RF A S TR BR BIF A R B KA 34 2 AT DL B
Hi UL B RORL 2R Gt 2R A R Bl R R
(10 ) 288 45840 ] 6a-d Ayt iR %) [R] 25 R4
BT B PR, DT3B I % 1 s AR
FERI L, WURAYHRE ST T=0.04s, SLE
FOURLAT: I 25 X 3811 70 2R e A i i (LA
6b A& 60 , SHIAEHE AR A 52 H
J1EEM 2% (B 6a I 6e) RIREZER .

HERTE R EAEEREA T, ¥1h
RAESIURL - 1) 77 B S5 K TV 35 70 Al ELEEY 51
RGP BOVE RN IBEE A T
ik, HEERIUOVIEUELRBR%, X
LR A E T DLIE B AN B 2 ks (]
6a) o fEfIRIA T, TR BIRSRE A
UKL [ $2 figh /7 (R 9. 55 o ATARIRES T RORLAT: 1

R P8 ARIURE S 71N LY 5 20 0 e 5 P e I, 1 58
UL LF-TEm N, 32 B TR AR K 52 1
KB LRI B EE .

Xof EE A Bl I B v R RORE 32 B R AE B
CABY D) THI 57 F& NI T A4 TV 1 R v 75 1)
KLEENAT 9, S AR EE b 0% 9 24 1) i 2L
5 H ZH 7 N [R) 0 25 ] o B A I 2 1R DR ERE
FEAARE IR AE Zheng %5 (2019a) (1)
B EHEXUh RS LA K Gou 25 (2023) fIIAEY
BRI AR AR T o BE A ORI I R
FREEIE, BEARIN )04 W 2% i T 0L [ B1ig
ISR EE AN N L WAL TR SN E b
JVREBETE R, JUHAEMIRZ EIB i 3 X
W, R WORLATY e R e, (R )R
FE AN 7 C B SRS, ToV AR A A
i, WORDIRZS e A2 R LURBURLRUE 3 o8 .

T=0.00s T=10.04 s

T=007s T=0.10s

FEE P %

1
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|

o Freggm

G2 93 Afi

Bl 6 BURLAT S R 2 7 70 B k) 2% i 4k

Fig. 6 Force Chain Network Evolution of the Granular Column Collapse

(a-d) Snapshots of the force chain network and (e-h) < G? > distribution of each individual particles of granular

column at different time. a.u. represents arbitrary unit.
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= 0.10s. The strong force chain particles are represented by red circle and weak ones are represented by blue circle
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Fig. 8 The nonlocal particle motion of collapsing system at

(a) T=0.01s, (b) T=0.04s, (c) T=0.07s, and (d) T=0.10s
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Fig. 9 Evolution of strong chain networks in different regions of granular column.

(a) Three regions defined in granular column; the evolution of (b) SFC particles number and (c) its proportion

during collapsing
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