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STUDIES ON MUD FLOW

—— Stress Structure —

By Shinji EcasHira, Kazuo AsHipa, Shin Tanonaka and Takahiro Sato

Synopsis

The flow characteristics of fine sands and water mixture is discussed in terms
of experimented results concerning the flow resistance, sediment concentration pro-
files and sediment diffusion. (1) Flow resistance does not change so much in the
range of sediment concentration less than 10 percent by wvolume, but increases
gradually and then rapidly with increase of the sediment fraction. (2) The profiles
of sediment concentration can be evaluated well by Rouse’s formula in the low
range of sediment fraction. These tend to be uniform when the sediment fraction
increases. (3) Turbulent diffusion coefficients of tracer particles decrease almost
linearly with increase of sediment fraction. These facts indicate that some stresses
except Reynolds ones dominate above the range of general open channel flows with
suspended loads.
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Table 1. Experimental quanties for the flow resistance
Run No.| 6 | g | qu | . | ¢ h [h/ho| R kRiko | f | Fr| k.
deg. | cif/s | erf/s |c/s ol cm

7.0 1124.0{124.0{ 0.0|0.000|1.00}1.000| 0.40| 1.000|0.061|3.990.113
7.0 [124.2|118.4| 5.8|0.04710.99|0.995| 0.39| 0.975]|0.0604.03
7.0 |124.4|105.3|14.4|0.116|0.96 | 0.965| 0.32} 0.8000.055} 4.22
7.0 |124.3{105.1|16.00.129| 1.001.000 0.40 | 1.0000.061|4.00
7.0 {122.8{100.6}21.20.172|0.99|0.995| 0.40| 1.000|0.0613.98
7.0 |121.5] 92.0|28.3{0.233]1.08|1.085| 0.90 2.250{0.082|3.46
7.0 |125.9| 85.5(36.810.292| 1.28|1.286| —2.62 | —6.550|0.126| 2.78

7.0 [128.1]128.1] 0.0(0.000(1.02{0.995| 0.40| 1.000|0.061|4.000.114
7.0 |128.5(121.6| 5.7(0.044|1.0411.020, 0.47| 1.175/0.065|3.87
7.0 [128.4(114.9/12.8|0.099| 1.05[1.029{ 0.50 | 1.250|0.067 | 3.81
7.0 126.6]106.6]19.2 10.1521 1.04{1.015| 0.48| 1.200/0.066/ 3.84
7.0 |128.2|105.3}26.2 10.204( 1.03 |1.010| 0.44| 1.100|0.064}3.92
7.0 1127.6} 96.8|33.2 (0.260| 1.14|1.113| 1.12| 2.800/0.086|3.37
7.0 1126.0| 89.6]35.0(0.2781{1.27|1.240| —3.54 | —8.850|0.1221 2.83
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Table 2. Experimental quanties for the velocity profile and dispersion of tracer

particle
Run No. a Qm Gu qs c h Us U Fr k,
deg. | af/s | af/s | af/s m | em/s | co/s em
B-1 7.0 |131.711198| 11,9 | 0.091 | 1.05 | 11.17 | 126.0 | 3.94 | 0.115
B-2 7.0 112909 1 108.9| 21.0 |0.162 | 1.03 | 11.09 | 126.1 | 3.97
B-3 7.0 |126.91103.4| 23.5 |0.185| 1.03 | 11.09 | 123.2 | 3.88
B—4 7.0 |127.71100.7 } 27.1 {0.212 | 1.12 | 11.57 { 114.1 | 3.44
B—5 7.0 |132.8101.9| 31.0 {0.233 | 1.10 [ 11.46 | 120.8 | 3.68
B—6 70 11324 99.2 | 33.2 {0.251 | 1.14 | 11.67 | 116.2 | 3.47

Table 3. Experimental quanties for the sediment concentration distribution
Run No. 0 Qn G q. c Co h U Fr
deg. | affs | af/s | af/s cm cm/s

3.0 129.3 | 129.1 0.2 | 0.002 | 0.031 | 1.23 | 105.1 | 3.03
7.0 128.1 | 126.1 2.0 {0016 | 0044 | 1.04 | 123.2 | 3.86
3.0 127.2 | 125.1 2.1 | 0.016 | 0095 | 1.23 | 1034 | 2.98
7.0 129.4 | 121.9 7.5 | 0.058 | 0.114 | 0.98 | 132.1 | 4.26
7.0 128.2 | 116.7 | 11.5 | 0.090 | 0.211 | 1.03 | 1244 | 3.92
7.0 128.2 | 107.5 | 20.7 | 0.162 | 0.233 | 1.01 | 127.0 | 4.04
7.0 1204 | 106.8 | 225 | 0.174 | 0.279 | 1.03 | 1256 | 3.95
7.0. 129.2 | 103.6 | 257 | 0.199 | 0.318 | 1.02 | 126.7 | 4.01
7.0 1275 | 99.7 27.7 10218 | 0.298 | 1.04 | 1226 | 3.84
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Fig. 4. Profiles of sediment concentrations calculated with Rouse’s formula
(Eq. 2.
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Fig. 5(b). Dispersion process of tracer particles.
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Fig. 5(c). Dispersion process of tracer particles.
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Fig. 7. Velocity profile calculated with Eq.(9) and exmerimental data.



IL5R - P50 - EEPch - 4 - JBificBET B BTAT 87

13 8
o &8 l "I o &f

5= 129.90ms A 5 = 120.5cme/s

Run A4 Run A-4
1.24¢ ;7-10;2730::\% 025 «=075 LIS 64e ?—750;27‘6‘:".2/3

h/ho Kk a=025 075 LIS
A
)
1.0+~5 0 o 2]
° L0 a8
0.9 . . : 0 r . .
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0C2 03 0.4

Cc

Fig.8. Flow depths calculated with
Eq. (10) and experimental
data.

5. #& i

gk £ 0.16 mm DR &K & DRAYOHN
BT ABKBER TV, HhoEh, KR
BEOMEN, WNFHBEREEEZAEL, h50
HERICESVWTRADIEEEHEE L UT,
AFEIC & > THSNIER ESERICTIAT &R

Fig.9. Apparent Karman constants
calculated with Eq.(11) and
experimental data.

13.0

— h/kso= 11.5
12.04

U 41.0]
Ue

100]

g = (), . 1.15
EEEET 5, 9.0 anep_ .

(1) HTAREEDS 0~ 10% OHEFicsVL T, 0.0 0.1 0.2 0.3 0.4
FKIEHI3EEE b L vA, Chds 10 K% % c

BE 5 & EBICHENT 5,
(2) BFBEEHO~ 10% OFEics VT, K

Fig. 10. Velocity factors calculated
with Eq.(10) and experi-

mental data.

FHEEOMESIAE, Rouse HFICHED 45, BE
DESimT 3 &, —RLTAERERT. BE
DK & WEERIC B 3 A% Rouse M TERBET 3 i i, MTHHRREGTORE LBLE
BdH b,

(3) BEEERNICHE S BIKBERO IS, 555 &, ko (1) BT (2) ORI, REH10H%
A2z 3 EENORAER 520304/ VXEHPEBMICHENT 3 EEBRTE00TH S, L
L, bL—4—KFoEiclT 228X, ThE @i, RTREOEIM > THRGRKILR
HFBIERRLTVS,

(4) DLEOHRE KTREASENTSE LA/ VXEHRROT 525, hickb 2[5 07
SHTEEETRLTVWS, REKINITOBHZ, REROFEMEFERC X 2BuRIG/I$ Bagnold ©
BRIESTELD bHIBHRE,

(5) KITFBEEORMCHES EHEMARRET 2 €71 E LT, REROBEEIR e 7 VBRI ZMNA
rEHEFVAELZ, ThERAVTRROEESHORBFESICHET 2T EITE - 1o Thitinid,
W & AN QBB EDE D XRETE 25, BRICTORERBHSRS TREL L TR
Iha,



88

FABIKFERESH $3B5SB-2 F4. 4 (1992

BRI, ABFER—E, XHERERAE EAHERIE BRKE (RERE FRRER AR
OFPOLLICHED LN TR EETL, TRBHVALEST, KRBT L= —KTFD:B
BRI, ISR FIHRRISERO /S V- 7 THRRESWEE « BREL FAEBLZAVTIT- . COEE
ZOLSELTRE o IBREICH L TESCBRE VA LET,

BB, AREOF—<ik>20TR], 305 FHIZKD Dr. Julien EFELAERLTVWD, Fi, EARS
KARAEHBRUBE I IKEERETEA TYHTEV ., CTIRBLTRHEVAELET,

1)

2)

3)

4)

5)

6)
7)

2E XM

Daido, A.: On the Occurrence of Mud-debris Flow, Bull. Disast. Prev. Res. Inst, Kyoto
Univ,, Vol. 21, part2, 1971.

O'brien, J.S. and Julien, P.Y.: Laboratory Analysis of Mudfiow Properties, Jour. Hydr.
Eng. Vol. 114, No.8, 1988, pp.877-887.

FHS - LEFE - EERE SEERNCHET 3ME (2) —HEMHE— ORBS KB
F#, No.29 B-2, 1986, pp. 361 -2375.

Winterwerp, J.C, de Groot, M. B, Mastbergen, D.R. and Verwoert, H.: Hyperconcent-
rated Sand-Water Mixture Flows over Flat Bed, Jour. Hydr. Eng, Vol.116, No.9,
1990, pp.36-54.

Pz @R R BREMEDAROWRSEE LAR¥ESR/E 3755, 1986, pp.69-177.
ERER: BEDEETAKROBEHFEICOVT, TAFLRTE 465, 1957,
{LEEEI « BHME « X5 &« BEE—. TAROBKRICMT 35%, AW SHEHRE
#, No.32 B-2, 1989, pp.487-501.



