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MECHANISM OF SEDIMENT TRANSPORTATION
IN HORIZONTAL PIPES

by Kazuo AsHipA, Shinji EcasHIRA and Tomohiko NAKAJIMA

Synopsis

Modes of sediment transportation in pipe flow can be divided into individual
and massive movements as were known in the case of open channel. Discussion is
made on the mechanism of sediment transportation with attention focused on these
regimes of sediment motions. The criterion dividing these modes such as bed load,
partial plug flow and shear flow is clarified, referring to the studies on bed load dis-
charge and debris flow in open channel. The relation between water discharge, sedi-
ment discharge, energy gradient and depth of debris is presented for the massive
movement such as plug flow, partial plug flow and shear flow as well as for general
individual grain movement. The criterion and formulas deriving from theoretical
consideration are tested by data obtained from experiments.
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Fig. 2. Definition sketch of pipe flow with massive sediment motion.
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Fig. 7. Particle size distribution of sand

employed in the experiment.

Table 1. Exmerimental results for clear water flow
Run No. Qu(7s) te v (cd /s)
1 2.25 0.009 1.156x 1072
2 3.13 0.016 1.156
3 7.50 0.080 1.156
4 2.33 0.010 1.271
5 4.41 0.030 1.271
6 9.64 0.115 1.271
7 1.47 0.004 1.308
8-1 3.05 0.014 1.424
14-1 5.63 0.025 1.240
15—1 9.75 0.129 1.207
17-1 4.06 0.024 1.182
18—-1 3.13 0.016 1.211
19-1 4.25 0.026 1.233
21—-1 4.06 0.020 1.264
22—1 6.75 0.057 1.459

Table 2. Experimental results for bed load

Run No. | @.(178) | @ (gfrs)] CA(%) ie v (cd /s) g)
8-2 2.56 .1 1.37 0.056 {1.424x10"2 154
9 2.50 153.5 2.26 0.082 |1.346 168
10 3.00 133.0 1.50 0.084 |[1.383 143
12 3.69 162.2 1.63 0.103 |1.204 108
13 4.00 145.2 1.35 0.098 |1.271 86
17-2 4.00 98.7 0.92 0.070 1.182 186
17-3 3.75 177.2 1.75 0.087 |1.182 108
17-4 3.69 238.7 2.38 0.107 1.182 120
17-5 3.63 214.4 2.18 0.107 |1.182 131
18-2 3.13 106.6 1.24 0.071 j1.211 109
18-3 2.88 200.4 2.57 0.093 |1.211 134
18—4 2.81 221.3 2.88 0.122 |1.211 143
19-2 4.19 275.0 2.42 0.106 |1.233 107
21-2 3.69 133.5 1.35 0.065 |1.264 108
21-6 1.44 288.6 7.04 0.105 1.264 194
2117 2.38 217.0 3.33 0.084 |1.264 164
21-8—-1 0.50 98.5 6.92 0.172 |1.264 224
21-8-2 0.19 98.5 1,65 0.146 11.264 —
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Table 3. Experimental results for transition

Run No. | @(178)| @gfrs)| Cu(%) ie v (et 7s)
17—-6 3.44 309.5 3.28 0.078 11.182x10"%
17-7 3.44 327.3 3.47 0.102 11.182
17-8 3.44 341.2 3.61 0.073 [1.182
18—-5 2.69 366.0 4.89 0.120 |1.237
18—-6 2.69 438.8 5.80 0.146 1.237
187 2.56 494.0 6.78 0.165 11.271
18-8 2.56 531.8 7.26 0.171 |1.271
18—-9 2.50 550.6 7.67 0.185 |1.271
19-3 4.13 430.4 3.79 0.101 |1.237
194 4.06 538.2 4.76 0.116 |1.240
19-5 3.94 593.3 5.38 0.128 |1.253
19—6 4.06 643.5 5.64 0.140 (1.2M1
19-7 3.63 552.6 5.44 0.145 |[1.271
19-8 3.56 1042.1 9.94 0.171 |1.282
21—3 3.31 324.9 3.57 0.068 |1.264
21—4 4,38 324.9 2.73 0.063 |1.264
21-5 5.50 288.6 1.94 0.064 |1.264

Table 4. Experimental results for massive movements

Run No. | @.(178) | @:(gf 1) G (%) ie v {cd /8) 6
14-2 5.63 249.9 1.65 0.060 |1.240x%1072 —
14-3 5.63 460.9 3.00 0.065 |1.240 122
14-4 5.44 524.5 3.51 0.073 |1.240 130
14-5 5.31 632.1 4.30 0.075 |1.240 135
14—-6 5.31 772.7 5.21 0.120 }1.207 154
14-17 5.19 964.3 6.55 0.135 11.207 161
14—-8 5.06 1286.6 8.76 0.092 |1.207 173
15—-2 9.75 954.8 3.56 0.155 ]1.207 118
16—1 8.25 B — 0.125 |1.207 —
16-2 6.31 — — 0.121 |1.207 —
16-3 4.94 — — 0.087 |1.207 —
16—4 3.13 806.7 8.86 0.160 {1.207 —
22-2 5.50 145.4 0.99 0.078 |1.459 128
223 5.19 488.4 3.43 0.075 |1.386 132
22—-4 5.13 517.0 3.70 0.077 |1.379 146
22—5 5.13 665.1 4.70 0.082 11.371 147
22—6 5.06 749.4 5.30 0.089 |1.346 144
2217 5.00 862.9 6.10 0.100 |1.346 144
22—-8 4,94 731.6 5.30 0.098 |1.335 155
22—9 4.94 885.6 6.30 0.110 |1.311 159
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Fig. 9. Modes of sediment movements and relation between the energy gradient,

the flow discharge and the depth of sediment layer.
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Fig. 10. Modes of sediment movements and relation between the flow discharge,
discharging sediment concentration and depth of sediment layer.
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Fig. 11, Critical lines dividing each mode of sediment movement, predicted with ¢= 04
instead of c¢= 0.6 in the plane of flow discharge and energy gradient.



ESH - 710 - thE  AKEERRIC B 5 T RPEX RS & RS 503

INDIVIDUAL MOTION
TRANSITION
MASSIVE MOTION

C=0. 4

8P

Fig. 12. Critical lines dividing each mode of sediment movement, predicted with c¢= 04
instead of c¢= 0.6 in the plane of discharging sediment concentration and flow
flow discharge.

WRTHREB LUK TFBODLA 0 L OBEERLAZLDTH S, Eicis, AETRLALERT -
y AR ESICRT EE b, POAIOAEBIECKAMLTVWS, 6=013, tBEESFLVKLET
DF-5Thb, BH, ROFEORERARE, 2FEOD Fig. 4 1HIGL TV,

39, BUHECOVWTATALS, BRFKED T - 213, OWFNLERMICHEE S W 2BRERICE
ELTV3, BEBRERDT— 5 OMERHERICH D, £ARGOF— 513 plug flow ORAERAR
LEFRRBIC T N ERICEEL TV S, COLIK, BREERT -5 EOMERIZED VTV
bOEELNLH, BRTRESFHMECDICWERKS Z, MEDIDLIBFTHLREARDILT
bbb, THOLL, FHEEORERFGE, ITHEREBE.2c=06~LLTEELTVAS®, plug
flow 54 U shear flow & bicHE i3, ERID SRELICC VRIS -TVL S, 2D L/NEHOD
c ARAThE, REMREHIESAA~NY 7 T3, COIEEEELT, RUTEBORERARZH
BLEBEE, BREROF— 53 plug flow OREBRP L ELRAMEOMIc< 2L Lbic, &G
HEIDF— # 13, plug flow DREBFBOMINCL 2 EHFHEN S,

SVWT, HER, TAAF-GR, 6 cBY 2AEIRE F— 7 LORIBII OV THETAL I
T, RBiEAH5EF— 5 RHEHEI O DL TMIcH 52, HERBEHLTVEbOLELE S,
SNT, EEAKBDOF—Fico0TAHBE, hbHid120° ~180° OEFHDOF— 7 THEH, WFhb o
= 60° ~ 120° DHREEOMIcH 2, D&, HEHOWERLT LT HLRIEANRVE LS DD,
HEz0bDORB—HLTWE EREE S,

Fig. 10 i3, EXTHR, THHEHEES X Otulg 0 OBARIC - W CETERIER & KBRE & OXIEE S



504 SORBI KRR $£ 315 B-2 BE63. 4 (1988)

Lb6DTHB, RiciRT DL S BHHTRABEOFWHEOREFEBER S b RSN TV, £F, K
EEOREBRIC>WTHEEHETNIE, Fig I0BAKI OIS b0 LEEOMES S 2, S0
T, HEHTRVIBE & |ATHREE OBRICSOVWTA 2 E, BRI VTR EEEERBE L 13 1F—
HLTwa, SARPOEHIBOTE, H#RBEOABETFASVESLRLTVS, Zhid, Fig. 9
DIEE LEBRDBERITH - T, plug flow DFIEE% 05 & LTHBEL TV S BT 2,

Fig. 9 8 XU Fig. 10 i B 2FEO TN, KENTDEE cIciERT 2b0THY, EAKICH
FALTWBESEALBETRES N I, SBOKEXNBETH 2,
IhoTS>ORIcEVT, SR EOREBFRBIFIBRLILSICc=06, LTEELTV B,
SROIDICRUTEORERTUR LSRRGS T WEE c ok > TEOBREELT 20 2F~NTH .
VWE, ¢=04,LTHONSI X -2 ICREILOOEHCTREFARABEELTAHS L, Fig. 11 BLU
Fig. DL S GRERERS, Ihoicktid, Fig. 9, 10 DFAICHNTHEDIIEE A 15 0 &Y HE
ENBTEMBDH B,

5. #& S

FHRTIR, KEERICBT HMTELZOBBIC VTR L, TR, BBk E£L%4
BT 2 IhE TOWMRBRREERE L K EERO T KBRS OBIELRS T 3, LT, ABEic
ko THONREEENT 3,

(1) BKEIC B 2R 2R ES VT, BROKDIECRET 2EROME LB,
N5 RER, RERBBLUVBEOHEBIIABHINE I LERL, ROUOBEICER L, £4574F
% & 5iC plug flow, RAH] plug flow ¥ & U shear flow i3 L TV 3,

(2) ZBRWEEBRORERFR BIUEBLBRRGICET 3HTESER L, 22T, hSORRE
R ENARRE, SO RAEREICHNT 2, £/, plug flow OFAFRR & E1FRA & ok
ENFEER, RREESFRHEOBBEBRTH S LA HELTVL 3,

(3) kFodEgR, EHR, RAPERXEEAHL T, BHEECBY 3HE a0+ -4, Bt
WEE, dulE 0 HRIDBGR AR S hic L,

(4) KiRo#EGER, Kifis X OCEARBICE T 2IEHAI 2 EH L CESHKBTECB I 2 RE, a0
F—HJEL, BEHTHIRE, il 6 ORIDBIFRERI S i L,

(5) KPEHICH T 2 THMEEREITY, BRVECEARIHECET 2207542854
b, Inod (2) ~ (4) WRIHRBITOBREHE L, ZOKE, FROXTICRLELS
BHEERR SN S 600, MEOERIZIZE-BRLTEYD, (2) ~ (4) OHBEOZUHHITE NI,
ULk, W oh0BKS 2RENE SN, SRICERINALBELEL, &I, E8KHIcET S

plug flow % shear flow ORAMABLUEILRAEED L > B FEEEAVTHET 2h, 1,

NS DIERFRICH VT, FHVEE c WEARBETREINZOL KX LIETH D, T, %k

DTN T B ERO T WX IBIT 2R L AME L OHE TR, 418, &5 L-BEic->

WTRHT 3L & bz, BEEROOTRMAEECHEEESCHEMNEROMEI L TRIFLTVE

Wy
AR, —EXEHEANFHEEARME (1) (RE AHNE) oBBs2I 03, £/, =8

KHl-TiR, BWKEEEBELIAARBOBERZK, £ 7-58AEN MRS HEEE cEEh

Wietinwte, iz, MU THEHTLETH 5,



1)
2)

3)

4)

5)

6)

7

B « {18 - b8 KB IC B 5 TRPEETIEE & b iiE 505

g2 & X W

Durand, R.: Proc. 5th Cong. IAHR (Minneapolis), 1953, pp.89-103.

FHEA TRHOBEREE, B2 EKIFcBY 2 e A#RSE, 1986, A-3-1—A-3-
16.

EET - & HWRUEEE T 3 BEKBAOFKOER ERPBRICS>WVWT, 526 E/KEH#E
O, 1982, pp.123-131.

EEME - @& LEE: BEERNOEBREBARADEICHET 5MA, TARFESHE, 2065,
1972, pp.59-69.

EHRNGE - VLA « o2 Kt MEREORE & T RROREME, FEAED KT ER,
%305 B-2, 1987, pp. 507~ 526.

ITEEES « BSHRNE « e 4 K. TRROREEHE, 5 32 BUKERMLRXE, 1988, pp.485-
490.

EHE « TEER « Kl REcBd 31 ROBE - EI-EEIcBT 2%, HERFHK
EFFFTAEESE 27 5 B-2, 1984, pp. 331-340.



