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Abstract: Piping erosion has long been a focus in hydraulics research. It refers to a seepage phenome-
non where fine particles within the soils migrate under the action of seepage flow, leading to the forma-
tion of seepage channels. The internal erosion process of the soils is significantly affected by confining

pressure. This study investigated the erosion process of granular soils with different gradations under
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constant confining pressure by using a self-developed stress-dynamic linked seepage deformation ex-
periment device. Three groups of gap-graded soil samples were prepared to measure the seepage flow,
fine particle loss, and seepage deformation during the seepage process. The results showed that at the
early stage of the experiment, the seepage velocity (v) and the hydraulic gradient (/) had a linear posi-
tive correlation, but the confining pressure caused the i-v curve to flatten significantly later on, deviat-
ing from Darcy’s law. The more intermediate gradations the soils lacked, the smaller the critical hy-
draulic gradient at which particles began to move. Moreover, there was a threshold value for the effect
of the soils’ nonuniformity coefficient on the permeability coefficient. During the seepage process, the
loss of fine particles led to self-filtration and self-stabilization due to clogging, which was more likely
to occur when the skeleton particle gradation was relatively uniform. Under constant confining pres-
sure, the loss of fine particles caused soil volume shrinkage. Due to abrupt changes in the inter-particle
forces within the soils, the permeability deformation of the soils exhibited a stepwise change. This
stepwise change was particularly pronounced when there was a large gap in the particle gradation of
soils and the fine particles were small and uniform in size.

Keywords: gap-graded granular soil; constant confining pressure; permeability coefficient; volume

change; fine particle loss
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Fig.1 Stress-dynamic linked seepage deformation experiment device
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Fig.3 Particle size distribution curves of the sample
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Table 1 Soil stability parameters in experiment group

kL 2% i AN L)EREC, it % R KL C, 20 O/ 5 D, ds D/dy
A 20 5 20 2.75 0.65 4.23

B 37.14 7.06 20 2.70 0.34 7.94

C 42 7.87 20 3.00 0.23 13.33

x2 HKBWAITHSH
Table 2 Parameters of soil samples in experiment group
WORIRIC AR D, FLBRLE RRALB I e, I /NLBR L e fLBRA/ %% AR TR/ g

A 0.51 0.75 0.32 33.8 3102

B 0.55 0.48 0.69 0.30 32.4 3178

C 0.49 0.70 0.31 32.9 3157

227



1.3 KERE

(1) ke A i &

R T ARAS 5 A3 AT B M A ORI S R, 2 RF.
Bendahamne ™' J5 i , 2R I UKL & 7K R 7% iF
TR A . &6 TR % Jr %45 # ) (GB/
T50123—2019) ¥ G By 57 19 b 3 1R i 52
5 J2 40 mm, 2B A AT S0 AR B E PN 4 A % il ML -
., ﬁﬁaﬁﬁﬂﬁ%}%’eﬁé@ﬁ%ﬂ@iéﬁIﬁﬁﬂ‘tﬁ@‘?ii‘%&
JEE AN A 22 8] 7 A L 9% it i

(2) a1 i [ 485

TR SE e S 38 2 K AR ) R ) = N T K CHE
s JOOFE B R E . E k[ EAE 3 A% D
5 kPa/min (1 4 BE 47 B FE N4k , i K % 30 kPa. N
B BABEREARE , HENE LHM T IREZ
[ 7K, D) o3 % B R ) & s A AR B K4,
JE 32 MK A T R 2 O R
R 5 S A e A5 ) B 8 AR e RO R A o 1R
2 B JE 0 FE AT AR R, b K 46 B PR 4 min $2 T
1em, H 2 B A KA S % N Y A T
FP R A IR T PR RRIZCR S 120 min, 38 5843
TR o AR ARL T S R HRE LR TR 30 kPa R A T 4T JF
JE 772 HEK IR [ 45 4 b

(3) 1R A P A2 ok o B

W TF O FT AT IR ) % i 4 R T R IE
R THFR B8 O A ol 9 1 R S A R AU — 2
T E 2 B R 30 kPao )b K 43 85 RGN TE K,
LKA 5% K A5 o R AR K Sk B3 L T
i 56 w7 3, Bk 3B EE i<<1 i, L 0.5 em/min A4 3
JEAR TH KK s A e 0], 2K B B 1<i<<2 1,
LA 1 em/min 0y 3 BE 46 FHoK Sk 7R IRE 5 I, K 0B
B i>20F, 2L 0.5 em/min B 3 Tk Sk . B %5
it (5] B S 1] 247 2 min, 76 PR UE S Ui A I e in F — 2%
Kk o BRI R R P AR R AR T
FRVREBFL I &, W08 o ) K667 6 ik
R AR b 575 B AR B A2 L

2 REHERKSTW

21 KOABESREZURESH

A BB T Ui B AR T 4 K O Y
H 5 1) ¥ 3 T R B R T, 9B YA I K BT T A A
SR T S K U IR A 95

228

1=Q/A (1)
K, o B R EE (cm/s);Q WB T E (cm®/s) ;
A SR Bk K W A (em®) .

FAL L FEEOR LB B, K R —
RIVE R 5 /N E s B A7 g . i aR
A A LB C =B 0RE 9T K FE A AL B 4300
0.338.0.324.,0.329. A5 H S PR i v

v=1"0/n (2)
Ko, v PR HE (em/s) ;0 8 ¥ B o E
(em/s) ;n AR LB %

Kl 4(a) . (b) (o) Bl & HE A B.C BB %
o 3t R i 7K g A R AR A il £, SR FH R bR BRORT DL AR
U

300 o AszhRdE
— ek

25f 198 T B

a0k . BERMIN08I

1
|
0

SR/ (em - §7)

i=0.15020 o S5 o
J o | v=0.037"-0.18"+0.347"-
% 1 0.27i+0.89i
s -7 | =150 R=0.977
00l " ol . ;
0.0 0.5 1.0 1.5 2.0 2.5 3.0
KA
(@) AikEE

30r o B
| e |8 R

@ﬁf ﬁﬂ]j‘}l 28| o 6 0

v=—0.04{"+0.551-2.03i'+

FFRTE /(em - 57

15F 2.357+0.82
‘ =L R'=0.979
0.5
000 05 10 15 20 25 30
it i
(b) Bifke
301 o cackrsm Rty SN
2L — BA L —

=]
H

BERHLH121 !
-1—-—0 5

5 v=0.161"-1.04i+2.18;"-
1010018 o 1y 7541650

SEPFRFLE / (em - 5™

L =165 Ri=0.088
I
I
1

000 05 10 15 20 25 30
K
(c) CiEFE

P4 S BR i B 7K T B2 A2 A h 2k
Fig.4 Change curves of actual flow velocity with hydraulic

gradient

B BOR R GEK KR TR /N T em, BIK T 4
JE 38 de /0  0.05, 3586 o URURE & AR R A
) BB X R K 3 I S K R R R BRI Bk



7 BE AT V0 LA L A 2K B i=0.20 B, FF 4G I
1540 WURL I 2 B 8 i, =0.15~0.20; B .C 41 5
¥I1E i=0.15 B}, 40 50kE I 4f 9 2% L 1,=~0.10~0.15,
BICKL 4 i F oK 0086 /N 5 GRS i 208 25 % )
AH &, Bt 2 550 A4 1) 9 T fh 4 VR i 3 15K, B TR)
G L B R, AR K T R BN

FEAB 1B b AR W BE A K T R B R 3G
T 326 U 186, 5 WY dd A P 06 &R LA 5 3K V8 E L i
o LA MR RPR B L R3S R b AR
BB RER/N, %8081 em/s; BIRFEB B R ER
K, 20 1.28 cm/s; CIXFE B 5 REBUK B IR
Fru /N, 290 1.21 em/s. HE 1A, A B C =
LR AN 8 5) 2 B0 7 3 3, HL DR R 2 /b Hh i)
RO+, AN A RBO R, —E LN B
75 F B G N 35 B0 1 KA W 3G, A A
T ARE,BIAFEA S R K 86 £ R
BRI T 58% . Hiz K BEAFAE—E
FRRLCAE A REGE K, B & RPN, H 245
AU/ B B I RE C B R X 5] R BTE IRE B Y
FEfl B3 13% HBERBAE AN T 606, X5
MCEF WM G, R LIRS R A
REVE R I Wt AR B S P R R . A5 ok
JIRE B R R — R R G B0 R 50U B0,
AE 35 PG 2 HERRAE, AT BE S 1 B RARES T R4kt
BReI1R R T

2.2 (RFREZ AL FOMALT K B AE S A

I AL Kezdi™ b H B ol 1A B L.C = Fp &
B - A 45 F e M e . AR R e K R R A
5% BE 19 45 TR L 30 0 ) 390 O AR AT ) 50 ik 6
FEadm TEMMt . =4 gh g 1y
B A IURE 1) DK 2 I TR AN 0 (1 98 3 i A
B ) A0 EURL e 3 ok [ R RE L A R R
T, 5 O 2 A BURL R OC I . DL AR
(R TR 15 50 A ), T A0 AR AE 0 5 R

P 6 k= 4R B R A0 AIURE i 2K B M AR AR b
g NN R f A S 2 P R g S SRR A )
£ T i N TR A7 DG I YA o SR ]
A

Bl 6 (a) nl A, i BC A5 0 T 19 BIORL + 41 JURL I
IR O AR & AR W AR Ak, SRR A ORI 2K it A A
R B0, 7 4 100 s Ji5 40 50RL 3 2% 33 B 3% W 2%

=
(b) k%5
5 B ETE A e A AR BURL IR 2% 155 0

Fig.5 Particle loss in sample A before and after experiment
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