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Bed forms of alluvial channels have been long recoge
nized ;s closely related to the mechanics of sediment
transport, rate of sediment transport,‘and ?oughness of
alluvial bed. One of the difficulties in model studies
of alluvial channels, is the non-transferability of the
bed form from model tb prototyp2. Unless the formation
of various bed forms is well understoocd, such a hazard
of model study will continue. Bed load generally moves
in the form of sediment waves, and suspended load is a
function of flow turbulence which depends upon bed form
and boundary roughness. It is obvious therefore until
the mechanics of bed forms is thoroughly studied, the
phenominon of sedirent transport will not be well compre=

hended.

Classification of bed forms

One of the difficulties in studying bed forms is the
lack of standardization of terminologies appearing in the
literature of sedinent transpori, such as plane bed, rip=

ples, riffles, dunes, sand waves, sand bars, smooth bed,
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transition, flat bed, undulation, and antldunes. Classi-
fication of bed forms cannot be méde satisfactorily un-
less these terminologles are clz2arly defined.

There exists two cifferent opinions on the beginning
of ripples: (a) beginning of s2diment motion Is the
necessary and sufficlient condition for ripple formation (1)
(b) beginning of sediment motion is a necessary but not
sufficient condition for ripple fornatiorn (2).

It can be shown mathematically thai once sediment
waves appear on the bed, they tend to becomz asymmeiric
(3)c The writer (}}) is of the opinlon that sediment waves
are one type of iInterfacial waves; and the formation of
sediment waves is a result of instability of the intere
facial zone in w.ich there éxists a high velbcity gradiznt,
Hence most sediment waves can be considered as inters
facial sediment waves., The mechanics of interfacial
sediment waves is a very inviting subjects

Altpough there are many faétbrs which may affect
and modify interfacial sediment waves, the writer?®s

analysis of data hkas shown that the two parameiers Vi ,
W

Vi#d can be used satisfactorily to

r 4

define the initiation of interfacial sediment waves.
Extending the writer's analysis,‘Albertson and others (5)
by use of laboratory data have proposed criteria for
beginning of dunes, transitiaon and antidunes., Al=

throughtheir criterion fur dunes are aprlicable
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for prototype condition, their criteria for trans-
ition and antidune are not applicable for prototype cone
dition. The discrepancy’may be attributed to factors
such as relative depth and Froude number s

Except those obtairied by Gilbert (6), data on tran=
sition and antidunes are very scarcg. A related research
work on bed forms sponsored by the U.S. Geological Survey
has been underway for tdo”years in the Hydraulics Labo=
ratory'of Colorado State Uﬁiverslty. The object of the
research iIs to study the effect of bed.forms on bed
roughnessec

Garde and.Albertson'(7) proposed recently new criteria
vfor transition and anti-dunes by use of two parameters

Ty and Fr. Their method remains to be verified.
A4s ;

Prototype data oﬁ bed forms are difficult to obtaine
Recent publication by Carey and Keller (8) on sand waves
in the Mississippi River is very valuable information,

In case of small alluvial streams, 1t has been found
recently by engineers of the U.S. Geological SurJ;y and
by those of the U.S. Agricultural Research Service that
during flood period the transition stage between dunes
and antidunes is very common. The transition stage

shows up in the rating curve as an abrupt change of dis-

charge=-stage=relationships
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Méchanics of Ripple Formation

T%ere are many factors which affect the formation of
ripples and other types of sediment waves., Ccnsequently,
many proposals have been made to explain the formation of
sedimeni waves. Exner (3) proposed that sediment waves
are caused by the periodic variation of the velocity near
the bottom. Anderson (9) has shown that surface waves
may modify the characteristics of sand waves., Velikanove
(10) showed that turbulence can cause the variation of
bed elevation. Tison (11) has found that ripples and
dunes are associated with turbulent flow. Inglis (12)
is of the opinion that ripple formation is caused by none
uniform deposition and erosion of sedimeat particles,
The writer is of the opinion that instability of the zone
of velocity gradie..t near the bed is respousible for the
formation of interfacial sediment waves. The physical
condept of the instability hypothesis is related‘to the
concepts of voritex layer and boundary layer. Matsunashi
(13) has employed the method of small oscillation to
analyze mathematically such an Iinstability problem. All
the hypothese3s and explahations on ripple fornation can=
not be proved or disproved by experiments at the present
time, mainly because it is difficult experimentally to

separate the various factors which affect sediment waves,

Effect of Bed Forns on Other Problems of Sedimznt Trane

sport
(a) On velocity of flow,
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The formation of sand waves can affect the velocity
distribution, and cause a considerable change of the
resistance cocfficient. Einstein and Barbarossa (1l)
‘porposed a method of estimating the mean flow velocity by
separating the grain roughness from the roughness of bed
forms., Recently Liu and Hwang (15) have proposed a
velocity equation.

V =.Ca be sY

in which V 1is the mean velocity

Rp is the hydraulic radius pertaining to the bed

$ 1is the energy gradient

Ca 1s a discharge coefficlent

X, y are dimensionless numbers
The discharge coefficient (g and expdnents X and y depend
upon the bed configurations and the mean bed-material size,

(b) On rate of sediment transport

The mode of sediment transport is related to the bed
forms. For example, In the wake of sand dunes vorticls
are generated; consequently, fine particles may thus be
thrown into suspension and carried downstreame In case
the bed is in the form of dunes, the total amount of bed
load can be determined satisfactorily by use of the
continuity principle of wave motion (16). It has been
found that tihie speed of sediment wavesis generally small
and proportional to some power of the mean velocity of

flow (17).



On the mechanics of the bed load transport, Meyer=
Peter, and others (18), considered the uneven shape of
the bed as a factor hindering bed-load transport, and
assumed that the bed=load transport depends only on the
energy converted into swiri at the bed payticle,

(c) On model with movable bed. .

In general, the result of model with movable bed,
cannpt be transferred.quantitatively to prototype con=
dition, This is largely due to the unpredictable nature
of various bed forms (19) Bogardiz{20) has proposed a
modification of similarity laws of distorted river model
with movable bed previously recommended by Einstein and
Chien (21).

(d) On boundary shear,

Based upon his flume study, Brooks (22) has indicated
that the rate of sediment transport is not a single ution

tion of boundary shearo

-Rive; Forms

Discussion on bed forms will not e complete with=
out mentioning the river forms., It is bossible that somes
meanders may bz resulizd from bed irregularities. Leopold
and Wolman (23) found that a braided river is caused by
deposition of course raterial in the channel propere
The formation of meanders is a very complex problem ite
self, and there are many factors contributing to such a

phenomena.
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/ - Conclusion

The writer is thoroughly convinced that in order to
understaad the mechanics of sediment transport, it is

neceésary to study the bed forms,



1.

2o

3.

Se

6o

8.

9.

10.

11.

12.

BIBL IOGRAPHY

Vanonf, V. A. and Brooks, N. Ho Discussion on
"Mechanics of sediment=-ripple formation® by Ho. Ko
Lin. J. Hyd. Div. ASCE, Feb. 1958,

Liu, He Ko Discussion on "Mechanics of sediment
ripple formation". Proc. 1632, Journal of Hyd.,
Div., Vol. 8, No. HYS5, Oct. 1958,

Exner, F. Me "Uber die Wechsel Wirkung Zwischen
Wasser und Geschieke in Flussen"., Sitzenberichte,
Acagemie der Wissenshaften, Vienna, Vols. 3-l,
1925,

Liu, H. K. "Mechanics of Sediment-Ripple Formation™,
Journal of Hyd. Div., Vol. 83, HY 2, Proc. A.S.C.E.
Apr. 195? ° ;

Albertson, M. L., Simmons, D. B., and Richardson, E. V.
Discussion on "Mechanics of sediment-ripple forma-
tion" by H. K. Liu, Vol, 84, HY 1, Journal of Hyd,
Div. Proc. ASCE, Feb., 1958,

Gilbert, G. Ko "The transportation of debris! by
running water", U.S. Geological Survey, Prof,
paper 66, 191L

Gardey; Re J» and Albertson, Ms L. "Characteristics
of bed forms and regimes of flow in alluvial
channels". Civil Engineering Section, Colorado
State Univ. 2 19590

Carey, W. C. and Keller, M. Do "Systematic changes
in the beds of alluvial rivers®. J. Hyd. Dive.
ASCE, Aug. 1957.

Anderson, A. G. "The characteristics of sediment
waves formed by flow in open channels". Proce.
3rd Midwestern Conference on Fluid Mechanics,
Univ. of Minnzsota, 1953,

Vel ikanove, M. A: "Forration of sand ripples on the
stream bottom", Commission dz Potamologic, Sec.
3, Rapp 13, International Association of Scientific
Hydrology, 1936,

Tison, L., Jo Origine des ondes de sable (riprle=
marks) et des bancs de sable sons des comants.,
International Association for Hydraulic Structures
Research, 3rd meeting Greenoble, France, September

1949.

Inglis, C. C. "Bed ripples and bed dunes" Research
Pub. No. 13, CWPIN Poona Research Sta. Indiana
1949.




13.

lll..

150

16.

17.

18.

19.

20,

21,

22,

23,

Matsunashi J. "On the instability of the movable
/ bed in open channel flow". Trans. JSCE No. 61,
| March 1959,

Einstein, H. A., and Barbarossa, N. L. "River channel
roughness™. Trans. A.S.C.E. Vol. 117, 1952, p. 1121,

Liu, He K. and Hwang, S. Y. "A discharge formula for .
flow In straight alluvial channels", paper presented
at meeting of the American Society of Civil Engie
neering in Portlan, Oregon, June 1958,

Liu, H. K. Discussion on "The present status of
research on sediment transport® bg N. Chiene
Trans. ASCE, Vol. 121, 1956, p. 880,

Liu, H» K. Discussion on "Systematic changes in the
beds of alluvial rivers™, by Carey and Keller,
Je Hydo Dive ASCE, ApZ‘e 19580

E. Meyer~Peter, Muller, Ro Formulae for bed-load
transport. Proceedings, second meeting I.AHe.Roy
Stockholm, 1948, :

Bogardi, J. Lo Discussion on "Mechanics of sedimente
ripple formation”™ by H. Ke Liu, J. of Hyd. Div.
ASCE, O:ztober 1%58,

Bogardi, J. T"Hydraulic Similarity of River Models
with Movable Bed", Acta Technica, Academiae
Scientiarum Hungarical, Tomus XXIV. Fasciculi

3")4-9 19590

Einstein, He A. and Chien, No "Similarity of dise
torted river models with movable beds", Transe.
ASCE, Vol. 121, 1956, p. LLiO. 4

Brooks, N. Ho "Mechanics of streams with movable
beds of fine sand"., Trans. ASCE, Vol. 123, 1958,
pPp. 526-59L.

Leopold, L. B. and Wolran, Me Gs River Channel
Patterns; Braided, Meandzring and Straight.
G.Se. Prof. Paper 202-B. Washington D.C., 1957,



	Liu_5_000
	Liu_5_001
	Liu_5_002
	Liu_5_003
	Liu_5_004
	Liu_5_005
	Liu_5_006
	Liu_5_007
	Liu_5_008
	Liu_5_009

