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Abstract ; [ Objective | Gravel is an important factor affecting soil porosity and water infiltration. Therefore, it
is of great significance to determine the specific soil porosity characteristics that are impacted by gravel-
induced changes. [ Methods | Taking lime soil with high gravel content in southwest karst area as the research
object, CT scanning and one-dimensional soil column infiltration test were used to compare and analyze the
soil pore characteristics and water infiltration characteristics under two gravel particle sizes (2.0~5.0 and
5.0~12.5 mm) and five gravel contents (0, 10%, 20%, 30% ., 40%). The structural equation model was
used to explore the coupling relationship between soil pore characteristics and infiltration characteristics.

[Results| (1) The macroporosity, pore connectivity, pore shape factor, pore surface area and pore volume of
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gravel-bearing soil are higher than those of gravel-free soil. When the gravel content was 20% and 30%,
there was significant difference between pore connectivity and pore shape factor (p < 0.05). (2) Gravel
improved soil infiltration performance, with stable infiltration rates of gravel content from 10% to 40% being
4,02, 5.00, 2.88 and 5.14 times higher than those of gravel-free soils, and cumulative infiltration being 1.67,
1.76, 2.49 and 2.39 times higher, respectively, for particle sizes ranging from 2.0 to 5.0 mm. When the
particle size was 5.0 ~12.5 mm, the stable infiltration rate was 2.20, 2.67, 4.78 and 2.78 times of that
without gravel, and the cumulative infiltration amount was 1.42, 1.75, 2.46 and 2.02 times of that without
gravel, respectively. (3) In the structural equation model, gravel content was positively correlated with pore
connectivity and pore equivalent diameter. Pore connectivity had the greatest influence on the steady
infiltration rate, and pore equivalent diameter had the greatest influence on the cumulative infiltration rate.
[Conclusion ] Gravel content promotes water infiltration mainly by increasing soil pore connectivity and pore

equivalent diameter. The research results can provide scientific basis and theoretical reference for further

understanding the hydrological process of gravel-bearing soil in southwest karst area.
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Table 1 Configuration of test soil column

. R A7 T THES afi 1 R A SR B AT PR
Fi 7%/ mm BRAGR/ Y KB/ (geem ) FE/(geem ) HHAK/Y% T/ %
1 1.20
2 2~5 10 1.27 1.20 10 4.73
3 2~5 20 1.35 1.20 20 10.05
4 2~5 30 1.44 1.20 30 16.08
5 2~5 40 1.54 1.20 40 22.96
6 5~12.5 10 1.27 1.20 10 4.73
7 5~12.5 20 1.35 1.20 20 10.05
8 5~12.5 30 1.44 1.20 30 16.08
9 5~12.5 40 1.54 1.20 40 22.96
1.3 CTHESFESMEITE 0.390 2 mmX0.390 2 mm X 1.250 0 mm, {8 & K 512

AR H CT #l# A5 K Discovery CT HD pixel X 512 pixel B EIZ, & A~ A T H 320 5K
750, B GSI, ¥ M TR EEEECEH VR ER.
CT BB R R R TR E &, T ¥ CT H 418 8 # DICOM #% =X & H & A
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Table 2 Summary of pore characteristic parameters under different particle sizes and gravel contents
wi o PAEE g fmsmd  ABER RER/ 1 IR/
KA/ BRA AR/ VAwITE
% % % Sy mm’ mm’ mm
mm %
1 — —  8.44+£0.85a 72.57+3.03¢ 1.65+0c 31.81+£1.49a 12.08+8.73a 1.27+0.37a 2.31+0a
2 2~5 10 9.26+1.55Aa 82.83+3.07Aabc 1.984+0.23Aabc 45.56+2.15Aa 23.254+3.53Aa 1.47£0.04Aa 2.354+0.07Aa
3 2~5 20 9.45+1.50Aa 85.73+2.11Aab 2.3240.08Aab 48.12+5.23Aa 23.1444.28Aa 1.48+0.02Aa 2.3640.07Aa
4 2~5 30 11.0741.18Aa 89.34+1.97Aa  2.98+0.53Aab 63.90£25.72Aa29.56 +£14.71Aa 1.47+0Aa 2.3840.08Aa
5 2~5 40 8.91+0.86Aa 81.57+0.68Aabc 2.74+0.61Aa  34.454+17.18Aa17.09+5.64Aa 1.504+0.07Aa 2.36+0.01Aa
6  5~12.5 10 8.89+0.12Ba  76.86+3.69Bbc  1.74+0Ac 32.49+3.94Ba 15.34+1.20Ba 1.50+0Aa 2.40+0.13Aa
7 5~12.5 20 9.424+1.87Ba  85.10£4.87Bab  2.304+0.33Ab  55.204-21.60Ba 27.52+13.09Ba 1.524+0.08Aa  2.34£0.04Aa
8§ 5~12.5 30 11.03+3.49Ba  86.83+7.48Bab  2.5440.09Aab 64.25+10.78Ba 33.03+8.76Bb 1.50+£0.06Aa 2.384+0.04Aa
9  5~12.5 40 9.49+1.71Ba  80.58+8.55Babc 2.38+0.21Aabc 49.69411.73Ba 23.26+6.76Ba 1.514+0Aa 2.41+0.02Aa
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Table 3 Summary of infiltration characteristics under different particle sizes and gravel contents

TR A1 P B

MIHAB R/ FaE AB R/

+ K= ~ — EBRABE/mL
HifE /mm R E it/ %o (mm * min ') (mm * min ")

1 — — 15.83+10.60a 1.04+£0.63b 439.73£47.48b
2 2~5 10 21.67+£5.18Aa 4.18+2.46 Aab 735.32+379.16Aa
3 2~5 20 19.67+2.82Aa 5.194+0.44Aa 772.484+1.87Aa
4 2~5 30 21.33£6.59Aa 2.994+0.41Aa 1 094.18+64.78Aa
5 2~5 40 15.83+5.89Aa 5.34+2.84Aa 1 048.961+9.96Aa
6 5~12.5 10 20.3341.41Ba 2.291+0.97Aa 625.904+21.69Ba
7 5~12.5 20 19.66+4.23Ba 2.781+0.96Aa 770.18£451.00Ba
8 5~12.5 30 13.50+9.43Ba 4.97+£0.72Aa 1 080.81+486.72Ba
9 5~12.5 40 13.33+0.24Ba 2.894+0.33Aa 888.07+86.37Ba

ABE/(mm * min™)

(b) 5~12.5 mm

20

i

10 \3&{

AB#/(mm + min™)

0 1

9 18 27 36 45 54 63 72 81 90
st €] /min
—o— o) 10% (B F) —o— 20%(B5F) 30%(FRA) H0%(FHA)

B2 ARAHNEMARGESEZFHTASEENEZWL

Fig. 2

2.3 THEIBEEBMESANSHENEXES
GER T R LA PR AR AR LR 4. K FE bR
Y0 A5 A5 HR G 500 o v 9 A A ) 5 4 O AR AR AR T LA
WFIE 4 SEUN A DG . i A 8 0 1) 45 4 A A AR 25
REDODER.FATESREABR . BERABE
EIEAE R (i b8 42 R E5r 51k 0.29,0.35) ,
5¥iH A B HE R fbiE 2 R —0.12).,
TR AT 7 5 LB 2 T R ol 55 1 M 56 56 3R (b Ak 3
BTREG MR 0.08) Bk A & it S5FLBF M EHAA ALPR
PRBL LR BE L FLBR 20 T2 4 50 FL B 3 38 R 5t 1E A 06
K FR (bR AL 2 R 98 0.10,0.12,0.27,0.30,

Variation of infiltration rate with time under different particle sizes and gravel contents
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