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Abstract

The seepage problem in the soil is more complex, and the traditional observation method cannot
observe the experimental process well. With the development of transparent soil technology, it
has become a new technical means to replace natural soil with transparent soil. In this paper,
physical experiments are designed and models are established by this method to realize the visual
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research on the internal seepage of soil. The tortuosity parameter obtained from the experiment
is substituted into the classical calculation formula of the permeability coefficient model to obtain
the permeability coefficient of the soil. Finally, through the comparison between the calculated
permeability coefficients, the trend and law of its change with the physical characteristics of the
soil itself are explored.
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Figure 1. K-C formula bending pipe model diagram
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Figure 2. Formula pipe model display diagram
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Figure 3. Fused quartz sand particles of various sizes used in the experiment
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Figure 4. Potassium permanganate tracer (left) and transparent soil solution (right)
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Table 1. Physical characteristic parameters of each group of transparent soil
F* 1. HHIBRTYIBTHESH

e 1 (5
g LR o i
n s (cm“/cm®) (cm) Cy
dio dao dso dgs

EHALA 0.277 2.896 0.19 7.314 0.738 2 4571 7.857
EHLB 0.262 2.956 0.173 7.153 0.704 1.857 4471 7.794
ZEREC 0.256 3.246 0.158 7.758 0.675 1.765 4.364 7.727
#EHL D 0.243 4.569 0.125 22.082 0.21 2 4571 7.857
EWHLE 0.236 4,913 0.103 22.355 0.2 1.6 4.471 7.794
EWHEF 0.225 5.291 0.082 22.729 0.192 1.2 4.364 7.727
ZEWRL G 0.231 3.307 0.1 21.809 0.21 2 4571 7.857
ZEWHLH 0.223 3.512 0.093 22.353 0.2 0.75 4471 7.794
FE A 0.214 3.726 0.086 22.767 0.192 0.583 4.364 7.727
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Figure 5. Gradation curve of transparent soil in each group. (a) 0.25~0.5 mm deletion group; (b) 0.5~1 mm deletion group;
(c) 1~2 mm deletion group
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Figure 6. Experimental devices and achievements. (a) Distribution of experimental devices; (b) Side display of devices at
the end of the experiment; (c) Three dimensional model building by Rhino7 software
El6 LWRERMR. () XRRENT; (b)) TRERKEMERR; (c) Rhino7 BEGHE=4RE
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Figure 7. Experimental results and model display of 0.25~0.5 mm missing group transparent soil. (a) Observation results of
transparent soil A; (a) Observation results of transparent soil A; (c) Observation results of transparent soil C; (d) Transparent
soil A achievement model; (e) Transparent soil B achievement model; (f) Transparent soil C achievement model

7.0.25~0.5 mm GRELLAFEA L LI RFMRERRE . () BERAT A WMEER; () BIAL AMER; (c) EPR
T CIUMLER; (d) BAAL A BRRIREL; (e) ERAL B B RIER; () BEAL C RIER
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Figure 8. Experimental results and model display of 0.5~1 mm missing group transparent soil. (a) Observation results of
transparent soil D; (b) Observation results of transparent soil E; (c) Observation results of transparent soil F; (d) Transparent
soil D achievement model; (e) Transparent soil E achievement model; (f) Transparent soil F achievement model

8.0.5~1 mm FrecLHIERA L SRR RFAER R RE . (2) EAAL D WMLER; (b) ERAL E WNLER; (c) ERLF
FMEESR; (d) ERAL D BRIREY; (e) ERAL E BURER; (f) iERRAL F RRIRE

(d) (®) ()
Figure 9. Experimental results and model display of 1~2 mm missing group transparent soil. (a) Observation results of
transparent soil G; (b) Observation results of transparent soil H; (c) Observation results of transparent soil I; (d) transparent
soil G achievement model; (e) Transparent soil H achievement model; (f) Transparent soil | achievement model
9. 1~2 mm ERKREFERAT LW RARE R RE . (a) BAL G IMLER; (b) EAL HIMLER; (c) ERAL I
WMLESR; (d) ERAL G RRIEREY; (e) ERAL H BREE; (f) IBRAL | RIRE

DOI: 10.12677/ag.2022.1211142 1465 HOEREH AT


https://doi.org/10.12677/ag.2022.1211142

Wiz, MAtfi

Table 2. Display table of tortuosity parameters of each group of transparent soil
2. HAFRTTHESBRETE
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biicd i w3t pe i) 37 A - 25 TMhE i A - 25 TME
FEHLA 1.923 #FW+ D 1.648 Ft G 1.553
#H+ B 1.973 #EWLE 1.554 FEWLH 1.537
#E+ C 2.189 FHEHLF 1.428 v 1.542
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Table 3. Table of permeability coefficient values of each model formula of 0.25~0.5 mm missing group transparent soil

52 3.0.25~0.5 mm BREEFEFA T ERBNRBERRERTR

Kovacs A Amer-Award K-C A3{
piilS s 2] BIEZRIK BIERE K BIE R K
(cmfs) (cmis) (cm/s)
FEWE A (UIRE & 30%) 0.207 0.359 0.572
ZEH LB AUk A & 32%) 0.157 0.336 0.442
ZE - C (AR F & 34%) 0.119 0.296 0.380

Table 4. Table of permeability coefficient values of each model formula of 0.5~1 mm missing group transparent soil

% 4.05~1 mm GRKABEML ERBNNEERARERTE

Kovacs Az Amer-Award K-C A3k
P we i BERBK BIE Rk BiERB K
(cmfis) (cm/s) (cm/s)
WL D (40K B & 30%) 0.416 0.574 0.749
ZE L E (4R 32%) 0.339 0.516 0.627
ZE L F (AR & 34%) 0.3 0.451 0.565

Table 5. Table of permeability coefficient values of each model formula of 1~2 mm missing group transparent soil

F 5. 1~2mm BREAFATBFRENNESERBRERTE

Kovacs A% Amer-Award AR
Pz we Y BiEREK BIE R K BiE Rk
(cmis) (cmis) (cm/s)
B G (40K & & 30%) 0.256 0.293 0.349
B L H (4IRS & 32%) 0.231 0.249 0.308
FH L (AR & 34%) 0.203 0.225 0.274
DOI: 10.12677/ag.2022.1211142 1466 HOBRBL 2RI


https://doi.org/10.12677/ag.2022.1211142

R N

XL 3~5, WIANTEAR—RURL & EMAECER T RE L, K-C AXNHIBIE RBH R,
Amer-Award AR Z, Kovacs ATIEIE RER /N o FIRTE [ —BURLRLAR B AL IE B Trf,  BE A 4
B 2N, 28 REUEEETR N (HA2, TEGHP0R & SEAH RS OL T, B BOR 2% I 2k R A%
B, HARXNBE ZBUE ZIIE G RNES

6. &it

AR SOR A W AR IR AR A e, IR AT BRI, 35 B A S R B AR N A B S
A, SEHLT A A ES TEAE 1A) R) AT AL, AT R A5 B AIE TE R o S X BIE FL R AT 73 #T s
IR 48

1) ENEE SRR LI REN £, SCHL 7 RN SR AT AL, JF HaE @ BRI R
BEATEEAR, R 3N CAD BT USRI T AR IS4

2) M ESCE AR AL A Sl i BB ANE it L TS R T R, AERICIE ] b, OREAR SN (K AR AR R K
I, BWIEHE G/, E N, TAERAR B K AR RORL SR I U B AN B R o i BIDREARE BE /) R 20
LR A IR 6T T FHPEE PRI B, 0 A4 A B R R B K

3) KL ih B S HU S At £ RSB AAN=ANBE RO R A, AT DS AR — B
BRI T HEY L, K-C A& R EK, Amer-Award 23K, Kovacs ARBIE R
Hed/; AL R —BRDRAR SR RICIEW] b, BEEARRIRL S BRI N, 238 REUE IR .

4) FEAHRURL S AN R AT OL . G BRI BC SRR R HTE K, S ARIEE R EEI L
L DNET; TN SR

S5k
[ B, BRE, BHE. PTG RESRTS). KRS, 2002(12): 56-62+67.
[2] 5K [ PRIk Sl e SR S PR IR D). KL % 4, 2015(1): 13-16.

[3] Hazen, A. (2014) Some Physical Properties of Sands and Gravels, with Special Reference to Their Use in Filtration.
24th Annual Rep., Massachusetts State Board of Health, Pub. Doc. No. 34, 539-556.

[4] Hazen, A. (1911) Discussion of Dams on sand Foundations by A. C. Koenig. Transactions of the American Society of
Civil Engineers, 73, 199-203. https://doi.org/10.1061/TACEAT.0002320

[5] Taylor, D.W. (1948) Fundamentals of Soil Mechanics, Wiley, New York.
https://doi.org/10.1097/00010694-194808000-00008

[6] Mansur, C.L.and Kaufman, R.I. (1962) Foundation Engineering. McGraw-Hill, New York, 241-350.
[71 Kovacs, G. (1981) Seepage Hydraulics. Elsevier Scientific, Amsterdam.

[8] Kozeny, J. (1927) Uber kapillare leitung der wasser in boden. Royal Academy of Science, Vienna, Proc. Class I, 136,
271-306.

[9] Carman, P.C. (1938) The Determination of the Specific Surface of Powders I. Transactions. J. Soc. Chem. Ind., 57,
225-234.

[10] HExK, ZE%ife. 2T Kozeny-Carman J7 REFIBIE R EAL L[], RN MEREL 2, 2015, 26(1): 193-198.

[11] Xu, P. and Yu, B. (2008) Developing a New form of Permeability and Kozeny-Carman Constant for Homogeneous
Porous Media by Means of Fractal Geometry. Advances in Water Resources, 31, 74-81.
https://doi.org/10.1016/j.advwatres.2007.06.003

[12] Costa, A. (2006) Permeability-Porosity Relationship: A Reexamination of the Kozeny-Carman Equation Based on a
Fractal Pore-Space Geometry Assumption. Geophysical Research Letters, 33, L02318.
https://doi.org/10.1029/2005GL025134

[13] &F8l, Sk, HETEY EFLEEA FSUE R RIGHT T [0]. 01305 2#4k, 2020, 40(1): 103-106.
[14] Bear, J. (1988) Dynamics of Fluids in Porous Media. Dover Publications, Inc., New York.

[15] Amer, A.M. and Award, A.A. (1974) Permeability of Cohesionless Soils. Journal of Geotechnical and Geoenviron-
mental Engineering, 100, 1309-1316. https://doi.org/10.1061/AJGEB6.0000134

DOI: 10.12677/ag.2022.1211142 1467 HuERFL 2= ATV


https://doi.org/10.12677/ag.2022.1211142
https://doi.org/10.1061/TACEAT.0002320
https://doi.org/10.1097/00010694-194808000-00008
https://doi.org/10.1016/j.advwatres.2007.06.003
https://doi.org/10.1029/2005GL025134
https://doi.org/10.1061/AJGEB6.0000134

	级配不连续透明土可视化及渗透实验研究
	摘  要
	关键词
	Visualization of Tortuosity and Experimental Study on Permeability of Graded Discontinuous Transparent Soil
	Abstract
	Keywords
	1. 引言
	2. 渗透系数计算公式
	2.1. Kovacs公式(经典水力学公式)
	2.2. Amer-Award公式
	2.3. Kozeny-Carman公式

	3. 透明土渗透模拟实验
	3.1. 样品制备及物理特征
	3.2. 实验装置及实验过程

	4. 实验成果展示和分析
	5. 各组土样渗透系数公式值比较分析
	6. 结论
	参考文献

