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Studies on mud-flow IV
On velocity and impact force of mud-flow
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Fig. 1. The whole view of mud-flow experiment equipment

The flume is of 10.0m. long, 0.2m. width and 0.3m. height.

There are three

sections (dotted line sections in the figure) for velocity measurement and one

section for impact force measurment.

The quasi-mud-flow is made in the

Mixer (set on the upper point of the flume) and let into the flume, flow and

deposited in the tank below.
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Fig. 2. Disposition of the small-sized pressure
transducer named “sensor’’: No. 1 sensor
is arranged at a lowest level in the center,
No. 2 sensor is at a middle level, No. 3
sensor is at a upperest and No. 4 sensor
is on the floor near wall of flume. The
figure is seen from down stream end of

flume.
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Fig. 3. Mixer; Sand and water are mixed in the
mixer with the mixing-propeller, and the
mixed fluid is guided into flume from
outlet.
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Table 1. Physical properties of soils
) soil gr?vel s%nd %ilt c(l)ay maximum 7 ;)co (mm) Dio(mm) uniformity spep-i"ﬁ—cM
(%) ) (%) (%) size (mm) coefficient  weight
K. 2 H 57 16 25 5.0 0.21 L 7“268n
” S 21 5.0 11 0.07 157 i 2.66- |

70 6 3

K. ; Sandy clay loam of Kamigamo
S. ; Sand of Shigaraki

Dgo and Dyp are respectively the grain size corresponding to 609, and 109, on the grain size distribution curve.
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Fig. 4. Grain size distribution curve

K; Sandy clay loam of Kamigamo
S; Sand of Shigaraki
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Fig. 5. Apparatus for measuring the velocity of mud-flow: “c.d.s.” is the cadomium-
sell that transduce the difference of light into the difference of resistance, When
mud-flow intercept the light from lamp, difference of resistance caused in the

circuit of rightward is recorded by the oscillograph.

Table 2. Facotrs and levels for investigation

Factor Level
Soil K,. S.
Distance L (m.) from upper
end of Aume 1.65, 5.65, 9.65
Gradient 6 () of flume 10, 12.5, 15

Specific weight w (kg/m3)
of fluid

Discharge Q (1)

1.0, 1.2, 1.5, 1.8
20, 30, 40, 50

K. ; Sandy clay loam of Kamigamo
S.; Sand of Shigaraki
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Table 3. Analysis of variance of velocity

41

Factor Sum of square df Variance F (%)
L 97.72 2 48. 86 444, 18%* 54.34
0 27.90 2 13.95 126. 82%* 15.43
A\ 0.04 3 0.01 0.09 —_
Q 23.54 3 7.85 71. 36%* 12.94
Lxé 1.19 4 0.30 2.73* 0.42
LxW 12.86 6 2.14 19. 46%* 6.80
LxQ 3.81 6 0.63 5, 73%x* 1.75
OxW 0.42 6 0.07 0.64 —
0x<Q 1.04 6 0.17 1.55 0.21
WxQ 0.36 9 0.04 0.36
e1 10.55 96 0.11
T 179. 42 143
S.(=Soil) 1.55 1 1.55 10, 33%* 0.69
SxL 0.46 2 0.23 1.53 0.08
Sx@ 0.38 2 0.19 1.27 0.04
SXW 0.81 3 0.27 1.80 0.18
SxQ 1.23 3 0.41 2.73* 0.39
SxLx8 0.04 4 0.10 0.67
SXLxW 0.61 6 0.10 0.67
SXLxQ 5.39 6 0.07 0.47
SxXIxW 0.71 6 0.12 0.80
SxaxQ 0.84 6 0.14 0.93
SXWxQ 1.27 9 0.14 0.93
eg 14.22 96 0.15
T 202.29 287
e3 33.03 576 0.06 6.73
T 235.32 863 100. 00
#*: highly significant % :_ significant
4.00 :
//E
E s
e A Fig. 6. Relation between velocity and L
~ 350 '
= / ' Velocity increase as L increases, but the
.§ / w fluid is less accelerated between L =9.65
= / e and L=5.65 than it was between L=
/ 5.65 and L=1.65.
3.00_|= :
| i s

9.65
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3.0 ] K. S.
= | ] Soil
1.65 5.65 9.65 Fig. 8. The effect of grain size distribution on the
L (m) value of velocity: K. is sandy clay loam,

Fig. 7. Relation between velocity and L. for differ-
ent specific weight of the fluid: Between
1.=9.65 and L=05.65, the value of ve-
locity becomes smaller in order of specific
weight; 1.8, 1.5, 1.2,1.0 and between L=
5.65 and L=1.65, velocity becomes larger
in the same order of specific weight.
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ent 6:Impact force increases as § increases,
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Table 4. Analysis of variance of impact force
Factor Sum of square df Variance F (%)
w 42035. 48 3 14011. 83 55, 19%* 2.89
0 574306. 58 2 287153.29 1131, 10** 40.23
Q 76860. 51 3 25620. 17 100, 92%x* 5.34
P.(=Place) 330419.73 3 110139.91 433. 84** 23.11
w X0 7107.63 6 1184.61 4, 67** 0.39
wXQ 7084. 58 9 787.18 3. 10** 0.34
wXxP. 11904. 54 9 1322.73 5. 21%* 0.68
0xQ 24479.89 6 4079. 89 16, 07** 1.61
x P, 76951. 68 6 12825. 28 50. 52%* 5.29
QxP. 39983.70 9 4442.63 17. 50** 2.64
el 34272.65 135 253. 87
T 1225406. 42 191
S.(=Soil) 6259. 08 1 6259. 08 56. 63%* 0.43
S.Xw 21671.59 3 7223.86 65. 36%* 1.49
S.x8 10998. 35 2 5499.18 49. 76** 0.75
S.xQ 4296. 38 3 1432.13 12. 96** 0.28
S.xP. 12824.54 3 4274.85 38. 68** 0.87
S.xwx8 6051. 54 6 1008. 59 9. 13%* 0.37
S.XwxQ 6375. 45 9 708. 38 6. 41%* 0.37
S.XwxP 6728. 10 9 747.57 6. 76%* 0.39
S.x0xQ 16247.74 6 2707.96 24, 50%* 1.09
S.x0xP. 13691. 08 6 2281. 85 20. 65** 0.91
S.XxQxP 5895. 26 9 655. 03 5. 93 0.33
€2 4943. 27 326 15.16
T 1341388. 80 383
e3 84880. 79 768 110.52 10.57
T 1426269. 59 1151 100. 00
%% :  highly significant
20 =S
10
L
=
Q
;_’ 100 Fig. 10.
[ | Relation between impact force and the
Q
E 90 place that the ‘“sensors” are set: No. 3
sensor indicates maximum value, and
"; other sensors indicates of mostly the same
80 ? - value.
3 3[
70
T | l | 1
NO. | NO.2 NO.3 NO.4

Place of Sensor
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Table 5. Analysis of variance of a for No. 1 sensor
Factor Sum of square df Variance F (%)
w 1. 4839 3 0. 4946 74, 94%* 36.31
0 0. 1490 2 0.07%5 11, 29%* 3.37
Q 0.1452 3 0. 0484 7.33%* 3.11
w X6 0. 2606 6 0.0434 6. 58** 5.48
wxQ 0.0452 9 0. 0050 0.76
0xQ 0.2293 6 0. 0382 5. 79%x* 4.71
€1 0.2216 18 0.0123
I 2.5348 47
S.(=Soil) 0. 0061 1 0. 0061 0.92
S.xw 0. 0465 3 0.0155 2.35
S.xé 0.0770 2 0. 0385 5. 83%# 1.58
S.xQ 0.0169 3 0. 0056 0.85
S.Xxwx#8 0.0104 6 0.0017 0.26
S.XwxQ 0. 0449 9 0. 0050 0.76
S.x0xQ 0.0123 6 0. 0021 0.32
ez 0.1012 18 0. 0056
T 2.8501 95
€3 1.1822 192 0. 0062 45.44
T 4.0323 287 100. 00
** : highly significant
Table 6. Analysis of variance of & for No. 2 sensor
Factor Sum of square df Variance F (%)
w 1. 4607 3 0. 4869 76. 08%* 15.67
) 2.9921 2 1.4961 23. 38%* 32.39
Q 0.3099 3 0.1033 16. 14%* 3.16
wXx 8 1.5818 6 0.2636 41, 19%* 16.78
wXxQ 0.1490 9 0.0166 2. 59%* 0.99
0xQ 0. 3863 6 0. 0644 10, 06** 3.79
el 0.1684 18 0. 0094
T 7.0482 4
S.(=Soil) 0.2444 1 0.2444 9. 44%x 2.59
S.Xw 0.1813 3 0. 0604 9. 44%* 1.76
S.x8 0. 1466 2 0.0733 11, 45%* 1.45
S.xQ 0. 0089 3 0. 0730 0.47
S.Xxwx8 0.0752 6 0.0125 1.95
S.XxwxQ 0.1283 9 0.0143 2.23* 0.77
S.x0xQ 0.0661 6 0.0110 1.72
ez 0.1213 18 0. 0067
T 8. 0203 95
e3 1.1792 192 0. 0067 20.65
T 9.1995 287 100. 00

** : highly significant *

significant
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Table 7. Analysis of variance of a for No. 3 sensor

Factor Sum of square df Variance F (%)

W 3.6151 3 1. 2050 113. 68** 41.05
0 0. 6465 2 0.3233 30. 50%* 7.16
Q 0.1486 3 0. 0495 4,67%* 1.34

wx 8 0.8212 6 0.1369 12, 92%* 8.68

wxQ 0.2288 8 0.0254 2. 40* 1.53

xQ 0.4517 6 0.0753 7.10%* 4.45
el 0. 3946 18 0.0219
T 6. 3065 47

S.(=Soil) 0.0003 1 0.0003 0.03

S.Xw 0.0454 3 0.0151 1.42

S.x8 0.0351 2 0.0176 1.66

S.xQ 0.0479 3 0.0160 1.51

S.xwx#é 0.0674 6 0.0112 1.06

S.xwxQ 0.1208 9 0.0134 1.26

S.x8xQ 0. 0797 9 0.0133 1.25
e 0.2338 18 0.0130
T’ 6.9369 95
es 1.7913 192 0.0093 35.79
T 8.7282 287 100. 00

**% : highly significant * ; significant

Table 8. Analysis of variance of a for No. 4 sensor

Factor Sum of square df Variance F o(%)

w 3.1224 3 1.0408 102, 04%* 20. 14
9 5.5493 2 2. 7747 9272, 03%* 36. 02
Q 0.3352 3 0.1117 10. 95%* 1.98
w0 2.6127 6 0.4355 42. 70%% 16.62
wxQ 0.2974 9 0.0330 3. 24%x 1.34
9xQ 0.2487 6 0.0415 4. 07%* 1.22
e 0. 5605 18 0.0311
T 12. 7262 47
S.(=Soil) 0.1176 1 0.1176 11, 53%* 0.70
S. xw 0.1934 3 0. 0645 6. 30%x 1.06
S.x0 0.2280 2 0.1140 11, 18%* 1.35
S.x0Q 0.0428 3 0.0143 1.40
S.xwx8 0.1636 6 0.0273 2. 68% 0.67
S.Xxwx 0O 0.0628 9 0.0070 0.69
S.x0x%Q 0. 0585 6 0.0098 0.96
ez 0.1166 18 0. 0065
T 13.9099 95
es 1.6411 192 0. 0086 18.90
T 15. 3510 287 100.00

** ; highly significant * . significant
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Summary

Authors have investigated on the impact force of
mud-flow using experimental flume, through which
we have flushed down the fluid of sand and water,
and measured the impact force, and according to those
meausrement we have studied and found several facts.
In the report No. 3, we have investigated the relation
between the impact force and the specific weight of
the fluid of sand and water.

In this report, in order to study the mechanisms
of mud-flow, especially on the impact force further
more, we have measured the velocity of the fluid more
exactly and of cource we have measured the impact
force as was done before with the small-sized pressure
transducer named “sensor”. The results that are
investigated are summerized as follows;

1. The results of velocity values that are measured
are effected largely by the length L, that is the distance
from the point at which the fluid was poured into the

flume at the upstream end.

2. There are large difference between the flow of
pure water and mud-flow in the measured values of
the velocity. This seems according to the difference
of the flow pattern of these two flows.

3. The effect of the different grain size distribu-
tions on the measured values of the velocity was not
so large, but there was a tendency of it.

4. The parameters @ which is expressed as the
ratio between the impact forces that are measured and
the theoretically calculated forces are expressed as
exponential functions of the specific weight of the
fluid. These functions are expressed as a==a-w’. a
and 4 are calculated respectively according to the
place at which the impact forces are measured.

5. The parameters a have values between 0.11
and 1.22.

flume, so, in calculating the theoretical forces, the

This is because of the steepness of the

second power of the velocity seems to have effected

largely to the values of a.



