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EFFECT OF PARTICLE SIZE ON THE FLOW STRUCTURE OF SAND-WATER MIXTURE

By Shinji EGASHIRA, Takahiro SATO and Keizo CHISHIRO

Synepsis

Discussions are made on the effect of particle size on the flow structure of sand
particle-water mixture in order to investigate the mechanics of debris/mud flows and
general sediment laden flows. The experimental results show that a quasi-laminar re-
gion is formed on the movable bed even in the flow of fine sediment-water mixture and
its depth increases with the increase of sediment concentration as well as of particle
size. Generally, the equilibrium bed slope can be predicted in terms of particle to
particle friction angle and sediment concentration in the case that sediment particles be-
have as a laminar motion, which is common in debris flows composed of coarse sedi-
ment. But, it is rearized that the bed slope becomes smaller than that of debris flows.
A two-layer model which constitutes the upper and lower layers is proposed to de-
scribe such phenomena. The shear stress in the upper layer is governed by turbulent
motions, and in the lower layer by the constitutive relations developed by Egashira,
etal.
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Table 1 Hydraulic conditions for laboratory tests

Run No. d 00 0; qm Gw qs c hf hm h'Zu h2d
cm deg. | deg. lem?/s|ecm?/s|cm?/s ecm [ em | ecm | cm

A-0-1 0.017 8.7 8.2 /59.3 44.6 14,7 | 0.248 | 0.81

A-0- 2 0.017 8.4 | 8.2 |51.3138.4112.9 | 0.252 |0.78

A-0- 3 | 0.017 9.8 8.9 |54.4|140.4 {14.0] 0.257 | 0.80

A-0- 4 0.017 8.7 | 8.4 |55.3 140.3 {14.9 | 0.270 | 1.05

A-0-5 0.017 10,5 | 9.5 [59.2 {42.4 116.8 | 0.284 | 0.83

A-0- 6 0.017 9.7 | 9.9 |57.1 140.6 |16.5 ] 0.289 | 1.00

A-0-7 | 0.017 10.0 ] 9.9 | 56.6 |40.3 16.4 | 0.289 | 0.98

A-0- 8 | 0.017 9.5 9.0 |67.0 |47.6 1 19.5 | 0.290 1.06

A-0- 9 | 0.017 10.5 j10.4 | 58.7 | 40.9 | 17.8 | 0.303 | 0.93

A-0-10 | 0.017 11.7 {11.5 | 50.5 {34.8 {15.7 | 0.311 |1.80

A-0-11 0.017 12,5 | 10.8 | 53.0 {35.8 |17.2 | 0.325 10.74

A-0-12 | 0.017 11.0 | 11.6 | 58.2 139.2 {19.0 | 0.326

A-0-13 | 0.017 12.8 | 11.3 159.1 {39.0 |20.1 | 0.339 [ 0.78

A-0-14 | 0.017 12.0 | 11.5 | 56.7 | 37.1 | 19.5 | 0.345 {0.79

A-0-15 | 0.017 12.0 | 11.9 | 51.2 | 31.6 |17.2 | 0.353 |0.88

A-0-16 | 0.017 12,5 |11.4 {52,1 | 31.9 |17.8 | 0.359 | 0.93

A-0-17 | 0.017 13.2 111.3 |/ 53.6 1 32.5 |18.6 | 0.364 | 0.79

A-0-18 | 0.017 13.8 (11.6 |55.7 1 33.0 120.1 ] 0.379 | 0.84

A-0-19 | 0.017 14.0 (12,5 1 64.5 1 39.3 |25.2 | 0.391 |1.21

A-0-20 | 0.188 10.2 | 8.5 |54.6 |48.8 | 5.8 | 0.107 {0.99

A-0-21 0.188 11.0 ] 8.9 54.9 148.4 | 6.5 | 0.119 {0.88

A-0-22 | 0.188 11.3 | 9.9 |54.7 |46.8 | 7.9 | 0.145

A-0-23 0.188 13.5111.2 |54.4 {445 ] 9.9 0.182 [0.91

A-0-24 | 0.188 13.5 | 11.6 | 55.4 [ 44.5 |10.9 | 0.198 | 1.01

A-0-25 | 0.188 16.0 [ 12.7 | 67.0 [ 47.2 [19.8 | 0.235 |0.93

A-0-26 | 0.188 16.2 | 14.0 | 54.3 | 38.6 | 15.7 | 0.290 [1.02

A-0-27 | 0.188 17.0 [ 14.6 [ 54.2 138.2 [16.0 | 0.295 |1.04

A-0-28 | 0.188 18.0 | 15.3 | 53.7 136.0 {17.8 | 0.330 | 1.24

A-0-29 | 0.188 19.2 | 16.5 | 53.7 | 33.7 | 20.0 | 0.372

A-1-1 0.030 10.0 | 8.9 (53.0 [43.6 | 9.3 | 0.176 | 0.74 | 0.98 | 0.99 | 0.81

A-1-2 | 0.030 10.5 ) 9.51(53.0 42.7 |10.3 | 0.194 |0.70 | 1.06 | 1.06 | 0.93

A-1- 3 | 0.030 11.1] 9.9 (53.1 (41,5 |11.6 | 0.218 |0.77 |1.13 {1.08 | 0.97

A-1-4 | 0.030 12.2 111.2 | 52.7 139.6 |13.1 | 0.249 1,15 (1.13 11.03

A-1-5 | 0.030 13.2 111.8 |52.8 138.2 {14.6 | 0.277 [0.78 | 1.17 | 1.14 | 1.02

A-1- 6 | 0.030 13.8 112.4 | 53.2 | 37.4 115.8 | 0.296 |0.83 | 1.27 | 1.23 | 1.10

A-1-7 | 0.030 14.4 113.3 |53.5 136.3 117.2 { 0.322 |0.92 | 1.41 | 1.43 {1.32

A-1- 8 | 0.030 14.7 113.4 {51.4 1 33.9 |17.5 | 0.340 {0.90 |1.38 | 1.39 | 1.27

A-2-1 0.066 4.8 3.2 |50.7 {49.7 | 1.0 | 0.020 |0.81 {1.08 | 0.61 | 0.49

A-2- 2 | 0.066 6.5 4.7 150.4 148.0 | 2.4 | 0.048 |0.75 |1.08 | 0.68 | 0.51

A-2- 3 | 0.066 6.5 5.2 {51.7 149.2 | 2.5 | 0.049 |0.75 | 1.00 | 0.68 | 0.58

A-2- 4 | 0.066 8.4 6.9 151.0 /46,4 4.6 | 0.091 |0.69 /1.03 | 0.80 | 0.64

A-2-5 | 0.066 9.2 | 7.8 151.7 /46.3 | 5.4 ( 0.104 | 0.71 1 0.95 0.71 | 0.64

A-2- 6 | 0.066 10.3 | 8.8 {51.0 [ 44.1| 6.9 0.136 {0.70 | 1.05 | 0.83 | 0.75

A-2-7 | 0.066 10.5 1 9.1 150.9 143.9 | 7.1 | 0.139 /10.73 11.02 | 0.84 | 0.74

A-2- 8 | 0.066 11.7 110.2 | 51.0 |42.3 | 8.7 | 0.171 | 0.71 | 0.90 | 0.78 | 0.60

A-2-9 0.066 11.8 | 10.3 |51.2 |41.8 | 9.3 | 0.182 |0.75 [ 0.99 { 0.86 | 0.76

A-2-10 | 0.066 12.0 110.3 {50.9 [41.3 | 9.5 0.187 | 0.70 |0.98 | 0.82 | 0.72

A-2-11 0.066 12.3 1 10.8 {51.8 | 41.3 |10.6 | 0.204 1 0.76 | 0.99 | 0.93 | 0.76

A-2-12 0.066 12.7 |11.2 [ 51.4 |40.2 | 11.3 | 0.219 {0.80 [0.94 | 0.86 | 0.71

A-2-13 | 0.066 13.4 | 11.7 |51.2 |1 39.0 | 12.2 | 0.238 1 0.83 {0.89 | 0.82 | 0.71

A-2-14 | 0.066 13.5 112.1 |50.9 1 38.3 |12.6 | 0.247 1 0.79 | 0.94 | 0.84 | 0.73

A-2-15 0.066 14,3 112.5 |51.4 {37.8 | 13.8 | 0.268 0.90  0.88 | 0.83

A-2-16 0.066 14.8 [ 13.1 |51.7 | 36.6 |15.2 | 0.294 | 0.87 [1.03 | 0.92 | 0.82

A-2-17 0.066 15.4 113.7 150.9 | 34.9 1 16.1 | 0.317 |0.90 | 1.04 | 1.01 | 0.86

A-2-18 | 0.066 15.8 114.2 {51.4 | 34.1 |17.5| 0,340 |0.96 | 1.10 | 1.02 | 0.93

A-2-19 0.066 16.8 115.0 | 51.3 132.5 |18.9 | 0.369 | 0.90

A-2-20 | 0.066 17.5 115.6 152.0 {31.4 | 20.6 | 0.396 | 1.06

A-3-1 0.017 11.4 110.8 1 53.3 | 37.5 {15.8 | 0.297 |0.83 |1.35

A-3-2 | 0.030 13.8 112.4 153.2 |37.4 115.8 | 0.296 |{0.83 |1.27 | 1.23 | 1.10

A-3- 3 | 0.066 14.8 113.1 |51.7 [36.5 | 15.2 | 0.294 |0.87 {1.03 | 0.92 | 0.82

A-3-4 | 0.201 16.0 | 14.6 | 53.1 | 37.5 [ 15.6 | 0.295 1.97




362

HOKBS KA ERTESR 8 37 %5 B-2

6. 4 (1994)

L Run A-1-1 B Run A-2-7
15__ d = 0.030 cm = d = 0.066 cm
M fe=B9° e =917
B q,.: =53.0cm?/s - am = 509 cm?/s
B ¢ =0.178 o e = 0.139
o h = 0.98 cm - h = 1.02 cm
[ [ 7
1.0 |
= [N+ -
L .= & R €8
L ] 0 -
Z (cm) L 0,0° i :‘g%d’
L % b (]
0.5 o %%° . ‘g@g
™ [<) [+] o 8
- P ° 5
e "
0 1 L L 1 I 1. A L 1 l 1 'l 1 1 1 1 l L I} 1 1 l 1 1
L Run A-1-2 L Run A-2-11
15__ d = 0.030 cm - d = 0.066 cm
* e = 9.5 ¢ | 8,=108°
B gm = 53.0 cm?/s i gm = 51.8 cm?/s
B ¢ = 0.184 ¢ = 0.204
o h =106 cm - h = 0.99 cm
- N o K
1.0 p=-=- 3 VA oo
Q -
L S - T P
° -
Z (cm) : 68039 o° [ @)@j
- ° e )
05k 8906 [ $o8
L. % L.e
0 [ PN SV NEY SON0S N WUUN S SR SN SN N [ PO U TS T U TN WY N WG N N
L. Run A-1-4 » Run-A-2-14
1.5 d = 0.030 cm = : = 220?8 cm
[~ - ° e = 12.1 ¢
B (:: = ;;: cm?/s 3 qm = 509 cm?/s
u ¢ = 0.249 = ¢ = 0.247
o _l h =115em o h = 0.94 cm
1.0~ o®°e v
L o | %
- og 8 % etk gg&f’ °
Z(em) L 3 N 8
! a®%o0 3 o
0.5 %8&9 :. m&
.& f
OE L s i i I i ] L 1. I A H r I} L 1 1 ' L i i 1 l 1 i
Run A-1-6 B Run A-2-16
[ d = 0.030 em d = 0.068 cm
1.5 o= 124 ° ~ o,=131°
B q,: = 53.2 cm®/s - gm = glz-;:m’/l
o _1 = Q. o c = U
e ° % ity L h =103 cm
o -
- 000 A
10 ®°§pm — = °
5 ° -
7 (cm) [ 8%% L @
0.5 3?0 ”
OE PRNT TR NN N N YO VU VA VAN T Y TR R N (T T YUU N S T
0 100 w(cmss) 200 0 100 w(emys) 200

Fig. 2 Changes of velocity profiles due to sediment concentration and particle size.
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Fig. 3 Influence of particle size on the velocity plofile.
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Fig. 4 Two-layer model.
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Fig. 5 Comparison of predicted and experimental results for velocity profiles.
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