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Pore tortuosity calculation model of soil-rock mixture
considering particle breakage

ZENG Ling’, QI Yan', ZHANG Hongri?, WEN Wei', TANG Jing’, XIONG Jianping?,
SONG Jianping®, CHEN Jingcheng’, WANG Wenguang®, LI Youjun?*, LONG Tongbo',

XU Zihang', LI Linle’

(1. School of Civil and Environmental Engineering, Changsha University of Science and Technology, Changsha 410114,
P. R. China; 2. Guangxi Transportation Science and Technology Group Co., Ltd., Nanning 530007, P. R. China; 3. China
Construction Fifth Engineering Bureau Co., Ltd., Changsha 410004, P. R. China; 4. Guangxi Nanning Second Ring
Expressway Co., Ltd., Nanning 530005, P. R. China)

Abstract: Pore tortuosity represents the complexity of fluid flow paths in soil and is a key parameter for
analyzing soil infiltration properties. However, most existing pore tortuosity models are general-purpose,
making them less suitable for soil-rock mixtures, which exhibit distinct characteristics such as a wide grain size
distribution and complex pore structure. To develop a computational model for soil-rock mixtures that accounts
for the effects of coarse particle crushing on pore tortuosity, soil particles were assumed to be circular with
varying sizes. And a lognormal distribution function was used to represent soil gradation in different cases, while
obstruction angle and anisotropy parameter were introduced to characterize the particle dispersion pattern. A
pore tortuosity calculation model influenced by multiple factors was finally developed based on the laminar flow
of fluids in soil-rock mixtures. Using programming software and numerical simulation methods, seepage
simulations were performed on soil-rock mixtures with varying soil gradation and initial porosity. The relative
error between the theoretical and simulation results was within 2%, demonstrating the validity of the proposed
model. The analysis of the model influencing factors indicated that changes in particle gradation significantly
affect pore tortuosity. Pore tortuosity decreased as coarse particle content increased, and the absence of
macroparticles further reduced pore tortuosity. As the obstruction angle and anisotropy parameters increased,
the pore tortuosity also increased. A significant negative interaction was observed between porosity and the
other factors. When porosity is high, pore tortuosity converges to 1, indicating that porosity becomes the
dominant factor affecting pore tortuosity. Among the above four influencing factors, the degree of influence on
pore tortuosity in the soil-rock mixture followed the order: particle gradation (mass fractal dimension) >
anisotropy parameter > porosity > obstruction angle. The grey correlation values of the mass fractal dimension
and anisotropy parameter exceeded 0.95, indicating a strong correlation.

Keywords: soil and rock mixture; pore tortuosity; particle breakage; permeability
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Fig.1 Schematic diagram of the pore tortuosity

calculation unit
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Fig.2 Particle grading curves of soil-rock mixtures with

different coarse particle contents
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Table 1 Flow velocity at the middle section for each

seepage models

%' IR E/(m/s) THME/(m/s)  Jr2%E/(m?/s)
a 0. 150 3.7x10" 8.2x 10"
b 0.029 7.1x10° 3.0x107
¢ 0.012 3.0x107 7.2X10°
d 0.029 7.1x10° 3.0x107
e 0.014 2.8x107 5.9x10°
f 0. 006 1.3%x10° 1.1x10°
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Fig.6 Seepage velocity field of soil-rock mixtures with different soil gradation and porosity
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Table 2 Proportioning parameters for different graded

soils
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pore tortuosity for different graded soils
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Table 3 Mass fractal dimensions for different graded soils
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Fig.9 Scale parameters and pore tortuosity at different

mass fractal dimension

T3 A0 AR R IR A A7 TR SR R AT I 2 B
T R A Y i A, RIS B TR] Wy 45 I5C A9 195 B0, P 10 BP
JEIR T 25 A iR A R D 18] W S BC I, A )R A 1Y sk
K%t AL B b AT E B2 oy 1O mUAL S 0 KL 2 Y
B2 R AR R B, 684 BORL T AL B Y
BUFEA R AEA [R) RO R AR 1 ke 25 ok 2 0 1) 52 0
A W FE X o X T BRR/NRLAR B R (L 4)
AL B 37 B AR AR AR /I, X2 IR D /N AR KL I AN
Z: 5 1 UKE BRI, 0T AL B E TE A T R W L
ZIN S R SR AT T AR AT AR SR /D X A S BORL A
Xt AR 14 52 o A BRI, PR L Bl 3T A Al
B/ 5 T 2 R O B L 2R AR BRI (L 5) , #
PR AR B RO O 81— 7 AR N T 5 T2
Z S A W R AL B, 4 AL BRI S e B IR, &
B PR AR A, B A AR A RN ALER
it 7 B 25 R ARG, 1 I B B A 98 A AR TR

% XX %
100 . .
. —A— B3, LB
S —— Jiild, BRAHIAEIEEE0.5~2mm
i g0 | —*— #4HLS, Bk H5~10mm
=
Ju
i 60} .
ia
=
Z 40} i
i ok
ﬁ
20} Py
e /
< /.{:_.
0 Py L.\ | \
0001  0.01 0.1 1 10 100
B /mm

(a) [] BT % Tic L A JAE 5% T 1 2%

—— {3, LN
= — M4, BRIRIE0.5~2mm
16N — s, BHLES~10mm

0.2 014 0?6 0?8 1.0
FLBRZn

(b) 1] W7 4% I 4 4 L Bt oty 37
B 10 7 [E) 18] B 2% L 4 B9 R B ih 2% 5 FLBS i 3T
Fig.10 Grading curves and pore tortuosity of different

interrupted graded soils

3.2 JBEFMESE m 7L i3 E R0

BT SCAB BE /KL KI5 1) A5 B0, 5
T A BAT & 1 S KA R T 1) S I
IO 9 LI 7 B2 AN [R] 7 2% WL b 3 B Ay RIS 2 A )
(9 AR T 1) L5 B R e b A A R 22 5
M R A 1) S 1 2 B m T LA AR R A A 18] S
P, 2 =1, 2 B g I ABURE R 51 52 4% ) [R] 1 14
118 T AE A [R]AL B3 46 PF T LB il AT 52 i 4% 1) 5
PESHOm AT L o 2 FLBR R — 5w, LR il 37
JIE T A % 1) S Pk 2 o 1) S ORI S W 1S 1<, O HLAL

6
B2 n=05
n=0.6

[ dn=0s

0.5 0.7 0.9 11 13
B ) A2 Hom
11 &S0 S 3 FL IR i 47 B 85200

Fig.11 Effect of anisotropy parameter on pore tortuosity
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Fig.13 Comparison of different pore tortuosity calculation model
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