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Bed fo rms of alluvial channels have been long recog-

nized as closely related to the mechanic s of sediment 

transport, rate of sediment transpor t~ and roughness of 

alluvial bedo One of the difficul t ies in model s tudies 

of alluvial channels, is the non-transferab!lity of the 

bed form from model to prototypeo Unless the formation 

of various bed fo rms is well understood, such a hazard 

of r.1odel study ~..ri 11 cant lnue" Bed load generally n ~oves 

in the form of s ed iment waves, and suspended load is a 

function of fio t.r turbul ~nee which depends upon bed form 

and boundary roughnesso It is obvious therefore until 

the mechanics of bed for ms is thoroughly studied, the 

phenominon of sedi i!'ent transport ..-Jil l not be well compre-

hended . 

Class if i cation of bed forms 

One of the dlfflcu.lties in studying bed forms is the 

lack of standardizat ion of terminologi e s appear ing !n the · 

literature of sedin.ent transport$ such as plane bed, rip-

ples, riffl es, dunes, sand waves, sand bars, smooth bed, 
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tran~ltlon, · cl~t bed, undul~tion, and· antldunes. Classi-

fication of bed for ms cannot be made satisfactori ly un-

less these terminologies are c learly defined. 

There exists two different opini ons on the beg inning 

of ripples: (a) begi nni ng of s ediment motion is the 

ri~cessary and suffi cient condit"on for rippl e fo mat !on (1) 

(b) beginning of sedim2nt mot i on is a necess a r y but not 

sufficient cond it ~ on f or r 1 ppl<::: f 'orw::. t ioE ( 2) o 

1~ can be shown mathe~at[cally tha t onc e sed i men t 

\traves appear on t he bed j) they tend to bee om~ asyrmne ri c 

(3)o The writer (4 ) is of the op_n · on that 3 edi~ent wavss 

are one type of interfac ial wave~;.· and the forma ~ion of 

sediment ·vraves Is a result of ins tabi lity of the i nter.,. 

facial zone in w.•lch there ex i sts a h igh vel oc i ty g-&di ent ~ 

Hence most sedimen t waves can b~ cdnsidered ns i n t er -

faci a l sed i ment waveso The mechan i cs of inter f acial 

sed i ment wave s !s a ve r y inviting su~jecto 

Although there are many fac~~rs which may affect 

and modify Inter f acial s edi ment wav es , the wr i ter ~s 

analysis of da t.a has s hown that the ·two par arne'· ers V.o:..· ., 
\1 

V*d can be used sat isfacto r ily to 
:! 

define the initiation of interfacia l sedinent waveso 

Extending the ·wrtterts analysis, Albertson and others (SJ 

by use of laboratory data have proposed criteria for 

beginning of dunes. transition and antidun~s o Al= 

through the ir cr iter ton fiJr appl!cubl e qt;.nes .. are 
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tor prototype co-ndtt·fon, their criteria for trans-

ition and antidune are not appli~able for prototype con-

dltlon. The discrepancy may be attributed to factors 

such as relative depth and froude number o· 

Except those obtained by Gilbert {6), data on tran~ 

sition and antldunes are very scarceo A related rewearch 

work on bed forms sponsored by the UoS. Geo!ogical Survey 

has been unde.rway for LJo years in the Hydraulics Labo ... 

ratory or Colorad o State Universltyo The object of the 

research is to study the eff ~ct of bed forms on bed 

roughness;, 

Garde and Albertson (7) proposed recently neH criteria 

for trans It ion and anti-dunes by use of V..ro parameters 

l; and Fro Their method remains to be verifi edo 
Arsif- . 

Prototype data on bed for ms are difficult to obtalno 

Recent ~ubl ication by Carey and Kel ler (8) on sand waves 

in the Mississippi River is very valuable informationo 

In case of small a lluvial str eams ~ it has been found 

recently by engineer s of the U.So Geologica l Survey and 

by those of the UoSo Agricultural Research Servi ce that 

during flood per iod the trans ition stage betwee~ dunes 

and antidunes is very commono The transition st~de 

shows up in the rating curve a s an abrupt chang e of dl s-

charge-stage-relati onsh!po 

l 
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I Mechanics of Ripple Formation • I 
There are many factors which affect the formation of 

ripples and other types of sediment waveso Consequently~ 

many proposals have been made to explain the formation ot 

sedlmenl waveso Exner (3) proposed that sediment waves 

are caused by the periodic variation of the velocity near 

the bottomo Anderson (9) has shown that s~rface waves 

may modify the characteristics of sand waveso Vellkanove 

(10) showed that turbulence can caus e the variation of 

bed elevation. Tison (11) has found that ripples and 

dunes are associated with turbulent flowo Inglis (12) 

is of the opinion that ripple formation is caused by nonQ 

uniform deposition and erosion of s ediment particles., 

The writer is of the opinion that instability of the zone 

of velocity gradie .. t ncar the bed is respo; ,sible for the 

formation of interfacial sediment waveso The physical 

• concept of the instability hypothesis is related to the 

concepts of vor·tex layer and boundary layero Natsunashl 

(13) has employed the method of small oscillation to 

analyze mathematically such an ins t ability problemo All 

the hypotheses and explana tions on ripple for n:ation can-

not be proved or disproved by experiments at the present· 

time, mainly because it is difficult experimentally to 

separate the varioLs factors vThich af fect sediment waveso 

Effect of Bed Forr.:s on Other Probl ems of Sediment Tran-

(a) On velocity of flO\/o 
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The formatiJn of sand waves can affect the velocity 

distribution~ and cause a cortsiderable change of the 

resistance coefficient. Einstein and Barbarossa {14) 

·porposed a method of estimating the mean flow velocity by 

separat!ng the grain roughness from the roughness of ·bed 

forms. Recently Liu and Hwang {15) hnve proposed a 

velocity equationo 

V = -Ca Rbx sY 

in which V is the mean velocity 

Rb is the hydraulic radius pe~tainlng to the bed 

S is the energy gradient 

Ca is a discharge co efficient 

X, y are dimensionless numbers 

The discharge coefficient Ca and exponents X andy depend 

upon the bed configurations and the mean bed~material slzeo 

(b) On rate of sediment transport 

The mode of sediEent transpo~t is related to the b~d 

forms. For example, in the wake of sand dunes vorticts 

are generated; consequently. fine particles may thus be 

thrown into suspension and carried downstream~ In case 

the bed is in the form of dunes , the total amount of bed 

load can be determined satisfactori ly by use of the 

contintiity principle of wave mjti~ri (!6)~ It has beeri 

found that t :te speed of sediment wavesi s generally small 

and proportional to some power of the mean velocity of 

flow (17)o 
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On the -mechanics of the bed load t ranspor t, 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 swirl at t he bed particle~ 

(c) On model wi th movable _ bed~ .. 
In general , the result of mode l with movable bedp 

cannot be transferred quantitatively t~ prototype con-

dition. rhts is largely due to the unpredictable na ture 

of various bed forms (1~) Bogardi;{20) has proposed a 

modl~lcatlon of simi larity laws of distorted river model 

with inovab!e bed prev iously r ecommended by Einstein c.nd 
-

Chien. { 21) o 

(d) On boundary shear o 

Based upon hi s flume study, _ Brooks (22) has indicated 

that the rat e of sediment transpott. i~ not a single furic-

tlon of boundary shear~ 

· River Forms -- ---
Discussion on bed forms will not pe complete wi th= 

out mentioning t he river forms~ It is possible that some 

meander s may h~ resulted from bed irregularitieso Leopold 

and ~volman ( 23) found that a braided river is caused by 

deposition of course r.aterlal in the channe l propero 

The formation of meander s is a very complex proDlem ita 

self, and there are many factors contributing to such a 

phenomena., 



••• ) - 7 -

Conclusion 
~~~ ~ 

e writer is thoroughly. convinced that in order to 

understmd the mechanics of sediment transport, it is 

necessary to study the bed formso 
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