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Simulation of Critical Hydraulic Gradient in No Cohesive Soil
with PFC™
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Abstract; In order to calculate the critical hydraulic gradient of no cohesive soil during water
seepage, numerical simulation on seepage experiments was conducted with PFC’”. The numerical
results agree well with the seepage experiments, thus verifying the effectiveness of PFC’” model.
Then, the damage during seepage of no cohesive soils with different particle friction coefficient
was numerically simulated. The results showed that critical hydraulic gradient of no cohesive soil
during water seepage increases with the raising of particle friction coefficient. The PFC’ results
agree well with the empirical results, and the effectiveness of calculation in seepage critical
hydraulic gradient is validated. Compared to empirical formula, PFC’® can be available for
analyzing the seepage under complex engineering and geological conditions. It can provide a
scientific reference and basis for seepage calculation under complex conditions.
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Fig. 1 The sketch of the fluid control volume

B 1 H—AMEFL AV = AxAyAz (19357 AR5 16
PRI, TR P & n, A BRIRBIT. 3 1 %)
3 e S i T Y i T o e R e w1 TR
FEH 10—k oh

fimj m 3
fd[j: —<1_n+vP_/)€dp1- (1)

Refi=1, o, nys =y i HRAB

WS TARBAHEAER J15 Vi, HESIBRE  d, R
R ) AR s LR E AT
n =1—L1_2pd3,.. (2)
X6 Y T R A A S5 R AN ] R 4 A, e
BE R B ESE TR AN = S P R4 T

n_ _(y.
= (Vo) (3)
a(nu) _ —(Venuu) ="-Vp V-7 +ng +&.
ot P P P

(4)
KA u R 7 AN K g ST N
BE spe TR E.
R R AR Z (B A BLAE 7 Hok A T
JIBREEV p; ]
fuoy =D (5)
X A6 B R SR AT R FHAN S 7
do_ s o)’ v17sizn, 2
nd d

=
dx P na,

(6)

TR (6) HY g S84 1) -1 AL , 115
BRI u, = uo/n. 3 L+ BUORZ 51012 6 )1
el b K 35 OB 2 6] 9 A0 7 A 1
B4 2 (6) Fh g X e 40 M R, =
v, =, (v, g OB P-4 ) DA 2 I )
B B — Ak

(1-n)’

1-n
nzaz Ml-+1.75 =

nd

p p

(vj _uj) . (7)
U S SAAAL

2.1 BRER

F ]l o R 2 BB AR 1 AR BB S T RS
FLBRA BB L30T, 1% S50 R A ML B
VENBR TG BE. BB DOEIE A Y, 8 TIN5
B AR, i HBA — e 5 A BE AT LUAE S
Tt HOR S B e R K s S8/ INBR A R JEE IE 5
BRRiAE 2 10 mm, BEER AT TS/ N EREO 2 %2, WL
B2, 34 IS 7 (R RS 1 7 SOH TS 24 LB
BN

REAN AR BORLSL T A HES LB A O R K
3 m, 75 R B SIS WA A RO A H 1AL
JOE” 0B AR s AL o ) 35 A B B 1 iy
A 0 25 em g7 8, DLARGIE I & 9 7K s g
WAL 55 1 7K S AR B, ] 3 TR

Vp, =150

\vj—uj\]x

2

S



430 RAAKXFFRAAAFR)

% 36 %

e—20mm ———

10 mm

i

B2 #HEmEENKTEE

Fig. 2 The sketch of the small ball in cross-section
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Fig. 3 The sketch of seepage flow experiment
equipment
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Table 1 Parameters of materials in numerical simulation
BURLASE T RS/ m 3 x0.02 x0.02
BRiARi 2/ mm 10
JEHE R R 0.6
BRIAS S/ (kg-m ™) 2500
Hefi (Y10 R 1)) W1 B/ MPa 100,100
Vil %%/ (kg-m ™) 1000
FERE (Pas) 0. 001
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Fig. 4 PFC® particle model
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Fig. 5 Comparison between simulation results and
experiment results
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Table 2  Microscopic parameters of PFC*®°

Wk RN ~F/m 0.24 x0.24 x0. 84
UKL /IR /m 0. 006
UKL AR A2/ m 0. 008
BRI/ (kgem ™) 2650

B fih (D) 1) A0k 6] ) W/ MPa 100,100

FLEA 0.45
itk W/ (kg-m ™) 1000
Fitk R4/ (Pa-s) 0. 001

RN LR B8, A AR T LIE 6.
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Fig. 6 The sketch of PFC®*°data sample
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Fig. 7 The sketch of fluid domain
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Fig. 8 Numerical result with particle friction coefficient
of 0. 2 under the pressure boundary of 8. 05 kPa
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Fig. 9 Numerical result with particle friction coefficient of
0. 2 under the boundary pressure of 8. 1 kPa
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Fig. 10 Critical hydraulic gradient with different particle
friction coefficients
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Table 3 Comparison between the numerical results of
PFC® and empirical formula

ST JEE 12 PFC™ ZH N LR
EY AR HELSE MEES
0.0 0. 982 1.012 2.96%
0.1 1.030 1.048 1.71%
0.2 1.098 1.078 -1.79%
0.3 1.165 1.103 ~5.61%
0.4 1.193 1.134 -5.17%
0.5 1.206 1.161 -3.91%
0.6 1.213 1.188 -2.07%
0.7 1.220 1.214 -0.43%
0.8 1.226 1.241 1.21%
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