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Analysis of size effect in the collapse and flow of cohesionless
granular columns

SUN Yinghao, NIU Zhiyang, WANG Dengming
(College of Civil Engineering and Mechanics, Lanzhou University, Lanzhou 730000, China)

Abstract: In order to analyze the size effect in discrete material flow and reveal transient behaviors of
the mass flows in engineering practice at different scales, the experiment systematically investigated the
collapse and flow process of the cohesionless granular columns driven by gravity using the particle
high-speed measurement device and a constructed quasi-2D particle collapse experimental platform. The
influences of column aspect ratio, as well as initial system size on the mobility and deposit morphology
of the collapsing material were mainly analyzed by the particle image velocimetry ( PIV ) technique. The
results showed that the flow front position of the granular columns with different initial lengths
exhibited similar evolving characteristics with time, but the size change of the system had a significant
effect on its final deposit morphology, especially the flow distance. By analyzing the critical length at
which the size effect disappears, a scaling law of flow distance of a granular column with its aspect
ratios and initial length was proposed, which can be used to accurately characterize the effect of column

size on the mobility of collapsing material.
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Fig.1 Experimental device for the collapse of granular

columns

SIS T 2510 kg/m?, KifRH (0.7+
0.1) mmAY PG HER, HARIEM LN (26.3°£1.0°),
I ) EFE R o A ARRE AL ALY, 5 A
SR UD R . ARG B R E R . B
B3R T LA B 3 s 2 2 A 44 A RIS T PR 1 A
RN, e Jo B A 8% 1 3% T AR ) e e B 1) A
R S BUNU R Y Y G R E AW A R SR L NOR IR Gl
FBE) AR AR =, T LA RIS [ LR
B b a = Hy/ L) 0K RE o 6 [ 090 4 K
Li/d, SE5 o e A AR R R R H d (AR SR
FEGRE L al) B AL AR RIFAE0S ~7.00 A T REE
ARG RSFRON, AR AR 464 BE Li /d 7] LAAE40 ~
18011 N A2 1k

SCEG TR B, A EECE P AR R, A A
WY BUR e B IVER R RAEYI, RS SR G
B ANY R, RALEREE NS — K
K Le. v BE R He B BIE HERRAA . 5256 T2k T I R
WO RONE S R E Y TR R R R (W
150 d), B PR T ) i) JEE 488 Xof UK 3 31 7 A= 1) 5%
i T LA 2wV e, R 7 R T N B B T
PUERU 4t sh . teah, b TSP
B TR AR Y RORL T A R R Bl S P
S il Bl ) O 2 D A b ) B A Sl SR P . AR
A BRI gE 4 SR PR A AR R T
0.4 VgH, (g HE ML), HoXFHEAAT M54
A 42 fi P UL 7 A RS B2 R, T X R RTT A  B
BIFAN S X RIORL B K4 R i 3l 7 A W Sl 1 52 )
1.2 HIENEMD

Seue il B R A T 2 Y v R L

(IDT NR4S1), 4 FE i s WORLAE 09 3455 A 20 i
T2 B AHLAFAPRAL 7 20940 cm x 40 cm, SRAEM
FoM5001/s, TR HEFRN2304pxx1720px, N
T ARAT TN BT A FA RO, S0 A A X K B 1
TN BT, [R5 5 e AL 1Y Ll
JE VR (FL240NO-003 ) 18 BRBH G UR , DL = 40 3
BIR TG MRS . DGR TAEDIEy 240 W, 7] 5
AHAILIE o rh AL [E B4R, DA DR 52 0 o R ol
HEIAEE HARE o

SEBS ARG, AT AL AR, TR SC
95 - 5 FUEURE L sh7E B R DL 4Rk S 2B, [H)
i 38 2k 9 T VR AT AR IR, DAk B e 3 AT AR
DR o SO LA 5 09 1 mT DLGE 3 b E ALE
o 2] L g 2 g o TR PRGN B (PIV ) £ AR AT LA
5 {58 1143 A I35 o R v U UL ) R BT R Y,
11 AT LA & 303 558 SR 7 50 7 e £ 5 Bl B[] 22 £ 1)
HALRRAE o T MUK, 72 I Bl AR v, i s Uk )
FURGAE 25 7= A I, 5 B0 3 s 04 47 B AR ME TR
Sl PRI, D R A i T Bk B B Y )2 o S
WORLAE R A o, i HRF imaged X448 1 &1
FEAT Mo a8 R R R K B R LA B Y
At ), I R B R S RS . A TR IE S
RIS BN, BHIRER 2~31K, I
FH 20 S B 25 10 - S (EAE S Se 3 45

2 ARRFMAAEFHRER R

=
LER

21 BEXRPBHNFITH

B, I ARE H o [FE ) 16 K B L/ d AN [)
PR VR A U7 A SPH 483 I 0 ) TR %) B s LR A i A
fiE, W 2 s, B4R EE T PR LT 441
AN [R) W B B 200 7y S 3 25 SR AT X b . BT AT A
F L, URRE T o R B AT LAy Sk A B B
95— Bt FERAAR EEEORL R A F R R, A
R TE AL T PR R AR AS TR AR RS ) A7
W R R AR BN s S W B Bk BRI URE At 7K
PR, FERCBY B, ORI oh B b s i B4k
B 2 TR )23 J R N T /) 4 R )2 Y RS
FaE il PHROR AT S R S JLF A5 1k . e 1E
b/ 8- il o Al e TR A i [ S R TA
. TEAFRIF AR LT, HEBURMIE &2 7E
TR [ AHARURRAE o X PP i R 5 LA A B 5
5 F SR T 380 £ 16 286 1 SR A R 1 S 6 4 SR AR —



570 o B TR 2 2 R

2023 4F 5 45 4%

(@) a3, L/d=40 (b) a=3, L/d=160

' (¢) a=T7, L/d=40 () a=7, L/d=80

2 7 [ A B R AL AT 3 5 72 rp A B HE R AR BY

Fig.2 Deposit configuration of granular columns during the collapse at several instantaneous moments
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Fig.3 Normalized flow front position over time for the
collapse of granular columns with different initial
lengths and representative aspect ratios

AT N IE B 2 A i AR A
22 MAREEM R~

M SR A5 IR T LR 1, R A6
B2 AR I 5 I 3 1 o 1) 7 & DU A AH AL
) Bof () Y P AR A, F R e B DB U 5 A7 1 B i
MR N T ERSIXMESR, LR RS
AR WA R, I I e S T I R AR
EEMUTRIEA . K 4 45 T AR
SEgR g g, Ho, FEARWIIR K B L/ afy 22 163
9 40~140, N T N BB HE R TR w0 AR R Y
ORI A Y5 5 W sh R B, AR SO R B LA
1T T 4ai b3, BIXT T 45 8 YK L ofH BAG AR 9]
GRA B L /a W ORIAT 00 7 PSR 46 B 2] B
AR 7] 1) B R e B



B4 TREKER SRS EERES

Fig.4 Stacking patterns of the granular columns with

different initial lengths after collapse
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Fig.5 Variation of the normalized flow distance with initial

column length L;/d after the collapse of granular
columns with different aspect ratios
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Fig. 6 Variation of the normalized flow distance with the
aspect ratio of the column with different initial lengths
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Fig.7 Dependence of the fitting parameters and indices in the scalar law on the initial length of the system
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