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Abstract Based on neural network method the influence of gravel-soil gradation on permeability coefficient was
studied. Obtaining 92 groups seepage test data of gravel-soil a neural network was trained and tested. Based on
this neural network permeability coefficient of gravel-soil was predicted and compared by full gradation(d;;—
Onax  all particle size) and a few gradation character respectively. Then mean impact value method was used to
analyze the influence of each particle size on the permeability coefficient and the degree of influence was given.
At last the reliability of the above analysis was verified by a set of laboratory test. The following conclusions were
obtained the permeability coefficient of gravel-soil predicted by full grade can be more accurate while with great
uncertainty by one or a few gradation character. There are limitations in the application of current empirical
formulas. dyg is the key grain which is different from coarse particle soli generally with d,o the key particle size.
Coefficient permeability of gravel-soil decreases with the increase of dn.x  coarse particles play an important role
in the control of permeability coefficient. dsq is the boundary particle size increasing the particle size below or
above dsp the permeability coefficient will increase or decrease correspondingly.

Key words soil mechanics gravel-soil gradation permeability coefficient neural network mean impact
value(MIV) method
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Table 1 92 groups of gradation-permeability relation data
1%
10 20 30 40 50 60 70 80 90 100 Ps/ Kicm-s ")
mm mm mm mm mm mm mm mm mm mm mm
1 i 0.6 3.0 5.0 10.0 40.0 50.0 60.0 70.0 80.0 90.0  30.0 0.0300
2 = 0.9 4.0 6.0 10.0 40.0 50.0 60.0 70.0 80.0 90.0 250 0.1300
3 t 3.0 6.0 16.7 30.0 40.0 50.0 60.0 70.0 80.0 90.0 167 22000
4 r 6.0 8.7 16.7 30.0 40.0 50.0 60.0 70.0 80.0 90.0 83 3.6600
5 0.0 16.7 233 30.0 40.0 50.0 60.0 70.0 80.0 90.0 83 5.6300
6 = 0.7 3.0 5.0 10.0 36.7 433 50.0 63.3 76.7 90.0  30.0 0.0300
7 t 0.9 45 16.7 30.0 36.7 433 50.0 63.3 76.7 90.0 217 0.0700
8 m 3.0 5.0 16.7 30.0 36.7 433 50.0 63.3 76.7 90.0  20.0 0.2000
9 40 6.0 16.7 30.0 36.7 433 50.0 63.3 76.7 90.0 150 0.9700
10 t 6.0 8.7 16.7 30.0 36.7 433 50.0 63.3 76.7 90.0 83 2.1000
11 r 6.0 16.7 30.0 36.7 433 50.0 60.0 70.0 80.0 90.0 83 3.6900
12 m 3.0 6.0 16.7 30.0 40.0 50.0 60.0 70.0 80.0 90.0  16.7 2.2000
13 = 0.9 6.0 16.7 30.0 36.7 433 50.0 63.3 76.7 90.0 183 1.1000
14 ] 0.7 3.0 6.0 16.7 30.0 36.7 433 50.0 70.0 90.0 267 02000
15 m 0.7 3.0 6.0 16.7 30.0 40.0 50.0 63.3 76.7 90.0  26.7 0.1500
16 = 6.0 10.0 16.7 233 30.0 50.0 60.0 70.0 80.0 90.0  10.0 0.9200
17 t 3.0 6.0 10.0 16.7 233 30.0 50.0 63.3 76.7 90.0 167 12300
18 r 24 6.0 10.0 16.7 233 30.0 60.0 70.0 80.0 90.0 150 0.8600
19 m 0.9 4.0 6.0 10.0 16.7 233 30.0 40.0 50.0 90.0 250 0.1400
20 t 0.8 3.0 6.0 10.0 16.7 233 30.0 36.7 433 50.0 267 0.0800
21 ] 1.6 3.0 5.0 16.7 30.0 50.0 60.0 70.0 80.0 90.0 300 0.1400
22 m 1.6 3.0 5.0 16.7 30.0 36.7 433 50.0 70.0 90.0  30.0 0.0700
23 = 13 24 4.0 6.0 10.0 233 333 40.0 46.7 500 350 0.0400
24 t 1.6 3.0 5.0 10.0 16.7 233 30.0 40.0 50.0 90.0 300 0.0200
25 r 1.6 3.0 5.0 73 10.0 16.7 233 30.0 70.0 90.0  30.0 0.0100
26 = 3.0 5.0 16.7 28.0 39.0 50.0 60.0 70.0 80.0 90.0  20.0 1.6700
27 t 3.0 5.0 10.0 17.0 24.0 30.0 50.0 63.3 76.7 90.0 200 1.0200
28 ] 3.0 5.0 122 16.7 21.1 25.6 30.0 63.3 76.7 90.0 200 0.6800
29 m 3.0 5.0 122 15.2 18.2 21.1 30.0 36.7 433 500 200 0.3400
30 = 3.0 5.0 8.0 122 16.7 21.1 25.6 30.0 40.0 500 200 02700
31 B 0.2 1.5 2.6 3.8 5.0 6.3 75 8.8 10.0 400 500 0.0160
32 Bl 0.2 12 2.4 3.7 5.0 6.6 8.1 9.7 162 400 500 0.0230
33 Bl 0.2 0.9 2.1 35 5.0 6.7 8.5 10.8 18.5 400 500 0.0370
34 Bl 0.2 0.5 1.8 33 5.0 6.9 8.9 13.1 21.8 400 500 0.0460
35 Bl 0.2 0.4 14 3.1 5.0 7.2 9.4 15.4 25.7 400 500 0.0590
36 Bl 0.2 0.4 1.0 2.8 5.0 75 10.0 17.7 28.2 400  50.0 0.0800
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10 20 30 40 50 60 70 80 90 100 m
mm mm mm mm mm mm mm mm mm mm
37 B 0.2 0.4 0.7 23 5.0 7.9 123 20.0 30.0 40.0  50.0 0.1000
38 B 0.2 0.4 0.5 1.8 5.0 8.6 14.6 226 313 40.0  50.0 0.1210
39 B 0.2 0.3 0.5 12 5.0 9.6 16.9 24.6 323 40.0  50.0 0.2020
40 B 0.2 0.3 0.4 0.9 5.0 11.5 19.2 26.2 33.1 40.0  50.0 0.2660
41 B 0.2 0.3 0.4 0.6 5.0 15.0 213 275 33.8 40.0  50.0 02910
42 @ 0.1 0.4 3.5 10.0 343 86.7 176.3 307.9 4923 800.0  33.0 0.0450
43 (8] 0.1 0.4 35 6.8 9.3 14.7 22.0 32.0 433 60.0  33.0 0.0200
44 (8] 0.2 35 17.5 60.0 150.0 306.3 447.1 564.7 682.4 800.0  22.0 03500
45 (8] 0.2 35 6.8 9.1 13.5 19.4 26.9 34.6 44.6 60.0  22.0 0.4000
46 (8 6.7 40.0 130.0 292.9 429.6 503.7 577.8 651.9 725.9 800.0 9.0 2.0000
47 (8 5.3 7.8 10.5 15.8 213 275 33.8 40.0 50.0 60.0 9.0 1.4000
48 (8 0.1 0.3 28 8.3 22.0 42.9 733 110.0 2125 800.0  36.0 0.0220
49 ® 0.1 0.3 28 6.5 10.7 173 25.7 352 46.7 60.0  36.0 0.0180
50 ® 0.2 2.0 9.0 275 60.0 114.3 263.6 466.7 633.3 800.0  26.0 05100
51 ® 0.2 2.0 6.3 9.7 143 19.1 26.7 35.0 457 60.0 260 02500
52 @ 0.8 10.0 50.0 130.0 292.9 436.4 5273 618.2 709.1 800.0  16.0 1.0000
53 & 0.8 6.3 9.4 13.8 18.6 254 33.1 41.0 50.5 60.0 160 1.4000
54 @ 0.1 0.3 2.0 9.3 25 55.0 107.1 200.0 325.0 800.0 340 0.0650
55 (8] 0.1 0.3 2.0 6.7 9.4 14.0 19.0 28.9 40.0 60.0 340 0.0190
56 (8] 0.2 2.0 11.7 36.7 85.0 161.4 275.0 388.6 589.5 800.0  23.0 0.9000
57 (8] 0.2 2.0 6.7 9.1 12.9 17.6 24.8 343 45.7 60.0 23.0 03300
58 (8 15 17.5 65.7 128.6 222.9 327.1 436.4 557.6 678.8 800.0  13.0 1.2000
59 (8 15 6.6 8.9 123 16.8 222 29.6 37.0 475 60.0  13.0 2.1000
60 (8 0.8 2.7 6.1 10.2 13.2 16.6 20.1 23.8 275 315 276 0.7940
61 m 0.6 2.3 54 9.8 12.9 16.3 19.8 23.6 275 31,5 288 0.7890
62 m 0.4 2.0 4.8 93 12.6 16.0 19.6 235 27.4 31,5 302 05100
63 m 0.3 1.6 44 8.8 12.3 15.7 19.4 233 273 315 316 03500
64 m 0.2 1.3 3.9 8.2 11.9 15.4 19.1 232 27.2 31,5 33.0 0.0700
65 t 0.2 12 3.8 8.0 11.8 15.3 19.1 23.1 272 31,5 333 0.0100
66 t 0.4 0.8 3.7 8.3 14.7 22.4 34.1 46.7 60.0 80.0 340 0.0086
67 (4l 0.4 1.7 4.1 73 11.8 17.9 27.2 383 55.5 100.0 340 0.0200
68 (4l 0.5 3.8 8.0 143 22.6 35.5 51.8 72.9 96.5 2000 240 0.0360
69 (4l 2.0 6.7 11.5 18.9 36.2 50.0 67.0 102.4 150.0 2000 160 02370
70 (4l 2.0 75 16.0 28.9 45.6 71.1 102.6 134.2 166.7 2000 160 02300
71 (4l 2.0 75 16.0 28.9 45.6 72.6 108.6 144.6 192.5 4000 160 0.1940
72 (sl 2.0 5.0 10.0 20.0 25.0 30.0 325 35.0 375 40.0  20.0 03310
73 sl 2.0 5.0 75 10.0 15.0 20.0 25.0 30.0 35.0 40.0 200 0.2660
74 sl 2.0 5.0 6.3 7.5 8.8 10.0 15.0 20.0 30.0 40.0 200 0.1920
75 sl 1.1 2.0 5.0 7.5 10.0 20.0 25.0 30.0 35.0 40.0  30.0 0.1150
76 sl 1.4 26 3.8 5.0 20.0 30.0 325 35.0 375 40.0  40.0 0.0960
77 sl 1.4 26 3.8 5.0 10.0 20.0 25.0 30.0 35.0 40.0  40.0 0.0740
78 sl 1.4 26 3.8 5.0 75 10.0 16.7 233 30.0 40.0  40.0 0.0590
79 sl 1.4 2.4 33 4.1 5.0 10.0 16.7 225 275 40.0  50.0 0.0470
80 sl 0.7 1.4 2.0 3.0 4.0 5.0 10.0 20.0 30.0 40.0  60.0 0.0270
81 sl 0.7 1.4 2.0 3.0 4.0 5.0 7.5 10.0 25.0 40.0  60.0 0.0110
82 (3l 0.7 1.4 2.0 3.0 4.0 5.0 7.0 9.0 20.0 40.0  60.0 0.0070
83 (3l 0.4 0.7 1.1 1.4 1.7 2.0 5.0 15.0 25.0 40.0  70.0 0.0002
84 (3l 0.4 0.7 1.1 1.4 1.7 2.0 3.5 5.0 20.0 40.0  80.0 0.0009
85 sl 0.4 0.6 0.9 12 15 1.7 2.0 4.0 10.0 40.0 850 0.0006
86 sl 0.3 0.6 0.8 1.1 1.3 15 1.8 2.0 5.0 40.0  90.0 0.0002
87 sl 2.0 6.7 10.0 16.7 233 30.0 325 35.0 375 40.0 150 02100
88 sl 1.9 5.0 6.4 7.8 9.2 11.4 14.5 17.6 227 40.0 200 0.1050
89 sl 1.0 1.9 35 5.0 6.9 8.7 11.4 15.6 19.7 40.0  40.0 0.0410
90 sl 0.8 1.6 25 3.8 5.0 7.3 9.5 13.9 18.9 40.0  50.0 0.0390
91 sl 0.7 13 1.9 29 4.0 5.0 7.8 11.4 17.6 40.0  60.0 0.0083
92 sl 2.0 35 5.0 6.7 8.3 10.0 125 15.0 17.5 200 300 0.0810
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Fig.2 Sieving particle grades after sieving and seepage test
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Table 2 Laboratory test

1%

/%

(cm-s 1 (em-s
1I0mm 20mm 30mm 40mm 50mm 60mm 70mm 80mm 90mm 100 mm
Tl 1.2 2.6 4.6 7.0 13.2 21.0 25.8 31.0 394 60.0 0.57 0.62 9
T2 1.2 2.6 4.6 7.0 127145 21.0 25.8 31.0 394 60.0 0.56/0.58 0.61 7
T3 1.2 2.6 4.6 7.0 13.2 19/23 25.8 31.0 39.4 60.0 0.59/0.56 0.55 4
T4 1.2 2.6 4.6 7.0 13.2 21.0 25.8 28/34 39.4 60.0 0.57/0.57 0.54 5
T5 1.2 2.6 4.6 7.0 13.2 21.0 25.8 31.0 394 54/66 0.58/0.57 0.59 3
MIV — — — — 0.04 0.05 — 0 e 0.04 — e —
=( Y x100%
50% ) ( 12 145 mm TSI TS3
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) d,, 19 60 TS2 TS5
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Table 3 Test accuracy of full grade and MIV values of granular size
P / /
(cm-s 1 (cm-s 1 1%
I0mm 20mm 30mm 40mm 50mm 60mm 70mm 80mm 90mm 100 mm
TS1|10 6.00 8.70 16.70 30.0 36.70 4330  50.00 6330  76.70  90.00 2.10 2.15 2
TS2/38 0.20 0.30 0.50 1.8 5.00 8.60 1460 2260  31.30  40.00 0.12 0.20 67
TS3|51 0.20 2.00 6.30 9.7 14.30 19.00 26.70 35.00 45.70 60.00 0.25 0.23 8
TS4|39 0.20 0.30 0.50 1.2 5.00 9.50 16.90 24.60 32.30 40.00 0.20 0.20 0
TS5|69 2.00 6.70 11.50 18.9 36.20 50.00 67.00 102.40 150.00 200.00 0.24 0.32 33
TS6/9 4.00 6.00 16.70 30.0 36.70 4330  50.00 6330  76.70  90.00 0.97 1.04 7
MIV 0.13 0.06 0.05 0.05 0.03 0.03 0.02 0.01 0.03 0.04 — — —
TS1|10 TSI 10( 1 10 )
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) d, C,=d,/ /
0 dio dso dso p; (em-s D (em-s
18] TSC1|10 6.00 16.67 43.33 8.33 2.10 6.66 217
TSC2/38 0.20 0.50 8.20 50.00 0.12 0.22 83
30% 40%
TSC3|51 0.18 6.33 19.05 26.00 0.25 0.28 13
TSC4[39 0.20 0.43 9.50 30.00 0.20 0.22 10
TSC5|69 2.00 11.48 50.00 16.00 0.24 0.43 79
TSC6|9 4.00 16.67 4333 15.00 0.97 1.32 36
MIV 0.04 0.05 0.06 0.06 — — —
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Fig.3 Curve of the influence on permeability from increasing
d,, by 20%

Fig.4 Gradual filling effect in gravel-soil and small particles
filling effect in coarse particle soil
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