Dz« /7L§/2/e] SOV / 4~

s Coarse bed rivers hnv“ a wider size distyihi:tion ¢ of bed material and bed ioad'

° geilment transport in thcqe river iakes place aniy during the period of hmh flows and -

bed material like boulders move only with the exir emely high discharges;

<&

Mt e e g N

¢ These rivers are less susceptible to aggradation and degradation;

This type of river is less responsive to modest changes in discharge and discharge

duration compared with the fine bed rivers; and

« A bed formation of riffie/pool or step/pool type is very common in these rivers.
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Cuﬂw
ﬁ Initiation Process

Initiation of bed load movement is an important phenomenon in the field of

e

sedimentation and especially for gravel bed rivers where bed load is a_significant

component of the total sediment load. It is the beginning of movement of bed particles
that were stationary some time before. As soon as they have initiated their movement
| they continue to move for an unspecified time and distance. The precise discharge and

time at which initial movement occurs in a river is a subjective determination. Some

observers may consider initiation of bed load transport to occur at the time when the first
1

| o . ; . :

fi' tew particles start moving, whereas others may say that it occurs when there are particles
] moving over a significant part of the bed surface.

Owing to the variation in particle sizes and their positioning in different

directions, initiation of bed load movement for all particles does not occur at one time.

@ of bed-material particles is an indication that movement is about to begin. This

‘indicates the response of particles to the passing flow, which causes pressure differences

and shear siresses that lead to lift and drag forces. If these forces Increase over time, the .

‘in-place vibration may change to motion. Meanwhile, other particles may respond to -
increasing shear stresses and Ppressure differences over their surfaces by a mor re-abrupt .
metxatxon of motlon wn‘.hout vibration, As individual partlcle“ beQm to: move the} leave

’ bvhmd vacant -Spaces. Lhat change the local flow field at the bed surface. Thxs alters hﬁ St

'*.-and drag rorces actmn on other pamcleq and may n“lp to moblhqe soveral pamcie;'._f-ﬁt_j_ S

: 's:mulmneous;y (Mamn 190")
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Ther ‘a several conditions which influence the initiatio ) ‘ ‘“Of.’»mem

el ir. snow mei!_rain storm ey
o ‘hl'e sudden releases of water from an upstream reservol torm ete. Ay

that start the movement of bedomnaterial, Phﬂnnnl
A o)

these events change the flow status

A B s irialion :
realignment in rivers may also be a condition that leads to the & of bed loag
R ‘ : f the chiannel b | '
- movement if water currents are concentrated at some parts of tic &l ed. The

iy . L move. depending '
sediment that was at rest before this alignment may start to : ,E_-ﬁ_&—ulol{he'

f—————'—‘-‘""v 5 3r o
flow intensity and degree ofjarmouring layer (a surface ce layer of coarser mate rial formeg

‘Lirw’.)“ﬂ
due to winnowing of fines). The bed load movement in this case will be limited to gpace

and time. As soon as channel achieves the restabilization this movement wil] stop

(Klingeman and Matin, 1993)/

ignificance of Initiation Process

The following salient features described by different investigators highlight the
significance of the process and reflect why it is so important to understand initiation

phenomena, especially, in coarse bed-material rivers (Mohammadi, 1976, Simons and

Senturk, 1977; Matin, 1993; Klingeman and Matin, 1993):

i e For determining maximum flows requlred to flush out the fine sized sediment and

organic matter present on the river bed among the gravel particles. The presence of |
these fine size sediment particles reduce the permeability by filling the spaces between
the gravels necessary for aquatic habitat. ol ol HZ sco o Ase beol, o € 64“ A

, 4 p(c. o e b Lo pusS f{—r\g-jl\ &
/-« For maintaining bed stability in nawgatlonal channels that otherwxse may be affected

by the waves generated by the ships or boats.
. %e To explain the difference between river bed stability and mobility.
7 H@ To prowde premises for the analysis and design of stable river beds.

; '§' ¢; For creatm" certain types of bed form on river beds that may be usefui for dLni

: pumoseq of ﬂood comro] and navig lelon

5 For mamtammg the stdblht rof toxic s S
gt 5 ubstances hazardouu f°17f~humaﬂ and aqugt;;_ hIC
-wnen presen* In I'lV"‘I' beds o : e by et e

% T"',funaerstand the bed load rocess w T R O S
: ~——p-~Wh“ Pl e ol

'eport'-‘functxons
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2:2:3 'L acto rs ﬁ‘sﬁecrmL Inmamon of Bed Laad Move ment

h 1S NOt & easy task to predict the r_".' ation f bed load movement ¢ even for a cortam

: reach On° reason that makes it diffic ait iz vhe definition of initiation 1tse1f, There are

_ some other factors: the most basic facior it the non-uniformity of the bed-material in .

- shape, size and density and its heterogentity in composition, An additional difficulty is

the large and small particle interaction present i the river bed; like embeddedness and.

- hiding and exposure. The details of the factors and the way they affect the initiation

process are as under:

,,d “\(1,9_«(("

'G” r

/ OH:dmor Exposure and Particle Embeddedness

(ln gravel bed streams, larger particles are exposed to water currents whereas
smaller particles are hidden behind the larger ones. Due to their exposure to the water
currents larger particles can move with relatively smaller flows than required to move
sediment particles of uniform sizes, whereas smaller particles get the advantage of
sheltering and thus require stronger flows to initiate movement as compared to the
uniform sediments of same size)(lj can be said that initiation of particle movement or its
stability along with many other factors also depends upon its position within the overall
distribution, rélative to the reference (characteristic) diameter) (Egiazaroff, 1965
Andrews, 1983; Proffitt and Sutherland, 1983; Parker, 1990: and Klingeman and Matin,
1993). GL particle may be embedded by the surrounding particles and thus it would

require larger flow to move as it was without embeddedness. Similarly a smaller sized

embedded particle may require larger flow to move than a larger size unem%edded 6 :
' Ovulepiy ¢ (?41
particle The strong influence of bed sediment particle interlocking and imbrication %n :

—

the threshold condmon of sediment movement has also been described by Powell and . '

Ashworth ( 1995) le&Wlse Komar and Li (1986) and Li and Komar ( 1 986 3 have stated

fhe stronn mﬂuencp of grain lmbncanon/fabnc

O Particle Shao“ Vanatlon
KBEd ~material muxtures may contam pdrtlcles of d1ffer°nt qhapeq sueh as ﬂat ‘
""L’.;All theeey

" "', ﬂow are ik
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d load m‘@vef X ) S
111 mnmnon of bec ment (M"l[ih’

movemem earlier and thus affect th: QVerd ‘
VOl hg: 5

OINt ;i ity

: while mvmumuno (he-
1993). Komar and Li (1986) and Li and Komar (19806)

e grain about i cantact
ﬁn"lc (Wthh 18 unportam for grain entmlnment) of th p

he thizshold ¢
the underlying grain found that for a bed of uniform grain size € He Ond“'(’n for

of particles.
the bed material movement partly depends upon the shape @ he ]dller ol

dp u factors being f
investigators (Li and Komar 1986) stated that if « other £ cqual, o
he order of increasing difﬁCulcy

measurements of pivoting angles demonstrate that t ———1
: imbricated grai
entrainiment islspheres, ellipsoidal gramEMS' ms”/ ) The

1
|
|
|
|
|
f
1
|
91gmf cance of grain shape on the bed material movement have also been investigaieq by &
s
|

other investigators like Kirchner et al. (1990) James (1992), Gomez (1994) etc.

{

%3@ Spatial and Temporal Variations in Particle Sizes :
|

t

@ed-material particle size composition sometimes varies very rapidly laterally,

longitudinally and vertically. So far as the lateral and longitudinal variations are

concerned vast variation in bed-material particle size COmpOSILION 1§ possible at a single

o o€

location. A sample of bed-material may comprise particles from as small as sand to as
large as cobbles and bouiders. These lateral and longitudinal variabilities are important
~with respect to the bed-material movement/ Klingeman and Matin (1993) while working

on QOak Creek observed that Qle initiation of bed-material transport occurs locally first

i A i A, 7 T e

’ ~rather than generally throughout the channel width. This variability 1s related to the
' spatial difference in bed morphology, flow hydraulics across and along the channel and
" downstream fining )(details regarding downstream fining can be seen in Hoey and
Ferguson 1994. Paola and Seal 1995, Parker and Seal 1995, and Cui et al. 1990)
Nafural channels display such variations even when channel width and gradient appear [0

be the same. »@ the vertical dimension as in case of armouring. the top Jayer

' (armomed/pdvnd comprises coarser partlc]cs than the sub-armoured layer or materit!

o] below the sub- armourecl layer. However this variation is not significant for the jnitiation

e of bed rnatena, tr ansport but important fox the neneral bed- materml tmnsport be/ quse

the ﬂow actq only on lhe surface ]d\lel)

g The varlalmn m pa! Ucle sxze composMon could be ed.f- -

a lempox al varxauon f e b

.1zev vamucm wuh tnne) g, a bc.d—mdtendl c,omposumn befoxe durm__;.'z_;

ch vcm.mon in a

: bx amcd cvr;w»l oed rxver (@unwcm
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- Raver. -Alberta) has: recently been investigated by Ashworth et ai. (199" éimiiar‘i‘?‘li"‘“

oefWeef different seasons {(i.e

could *j‘ar_\)
< L/’:{.'13(9De.ns;ity Variation

Varying sizes and shapes of the bed-material particles may have spatially varying

¢ snow melt, rainy ..nd dry season) pamcle size composmon g

densities depending upon the aeology of the catchment area contributing sediment to the

river - However, variation in densities of bed-material is not significant in gravel bed
rivers. But for sophisticated studies, in which greater accuracy is required, variation in
densities is beter to be recorded from place to place in all three dimensions (Matin
1993

~
L

/22"(/7 Slope and Large Scale Roughness

T T S ey ey

It has been found that the value of the [Shields' parameter)a standard means of

- caicuiaung critical flow condition for initiation of bed load, rises up to 0.1 or more for

1} streams with 1% and higher slopes and with depth to sediment size ratio below ten)

. { Ashidy and Bayazit 1973, Bathursr ]987 ( hls change in Shields parameter might be
{ , f\asmﬁ ’wc{é Ao hin e ;.. Oy(,:)’vtl,_
: ' dus 1o the large size clasts that affect the characteristic shape of the velocity pronie)

Bathurst et al. (1987) correlated the slope effects with critical discharge (empirically)
required for the Initiation of the bed load movement for non-uniform bed-material
channels. They used data from rivers and flumes with bed-material sizes varying from

oravel 1o boulders and slope from 0.1% to 10%.

s S Ul

‘/Zﬁi IO Particle Size Distribution Modality

Initiation of bed-material movement depends upon the Edeoree of modality] (&

Uarame:er that de ines the disiribution of bed-material having one or more- prominent

odes with a significant drop in the percentages of sediment in size vmde between them) 7

e whether it has. unimodal, bimodal or multimodal dtsmbutlon) (n ummodal namcie et

e

size: dmtrmunon where bed s composed 0fJ00% gravels) all sizés nr the bed-material

' -_:.u\.t.m {0 move at ne‘ul the same bed shear (all vqlues within 4109 "6 ofthe mean ))(I\uhn}e' :
'::.73'1.‘(? I ' ‘mxe (10931 on the basis of the studles conducted by thxt and"Dav"’ ‘198-.5

wnxnr't" :nd ‘%mlth (1%7‘ Wllcod and Southard (1988) 1nd Wllcoci

mg ,x eoncxuded
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: Lhat

fur sxze | | | U e
E C dlstnbutlon of ummodal type and '1ppro>~..n! tely of ing-normal type
Sedlm T e Gl T
: e‘it, mltxatlon of ‘most sizes, in bed material, takes place ar the bame?ﬁm‘e Tre x4

o an
Other StUdy Kuhnle (1“2\ identified that for a bimodal wand and gravel) size

mSt""DUUOn mmatlon of sand takes place at lower threshold than for the gravel fra(,non)
" Wilcock (1992, 1993) and Wilcock and McArdell (1993) in a different setup
,_"‘studled the mmatmn of bed-material of a bimodal nature. QanJ (19 9;} “proposed a.
- -parameter to characterise the degree of modality of a sediment and then related it to the

Crl_tlcal_ shear stress of the size fractions present. His modality parameter ts:

1/2
D .
=| Ze P (2.1
[Df] z m )

where D, and Dy are grain sizes of coarse and fine modes; P, = proportion of sediment

‘contained in two modes. This parameter is helpful to determine the bed material
modahty and thus to understand the the initiation process)
In contrast to- the above mentioned studies, Lhurch et al. (1991) in an

investigation of bed-material with multimodal size distribution concluded that on

average, the sand fraction showed the equal mobility.)@.shworth and Ferguson (1989) in
a study of three powerful non-uniform rivers concluded that “precise equal mobility of

small and large particles was approached in the data set with the highest shear stresses

- and transport rates”. Similar results were also obtained by Wathen et al. (1995) in an

mvestmamon of the Allt Dubhaig River {Scotland), with bimodal bed formation, as they
. stated that “analysis of fractional transport rates and maximum grain size in relation 10
',péak. shear stress suggests that gravel transport is slightly size selective but sand

transport is close to equal mobility”

2 2 OPamcle Posmon

i Lhn:posmon of Damoles in a stream bed Dlays an - important role in thexr B

.:'novement Ina nfﬂe—pool bed formation, pebbles situated on the ridge of the ”ﬁ]e will

1mt1ate thexr movement earher +han those located in the D001 where veiocmes arv T

ﬁrelatweiy Iess effectlve For lower ﬂows partlcies Slmat“d on the toe of the; 1iﬂe slope_-;-f‘: 1

{ ;'*-e 1LsL berore the poo ) wxll mow berore those looated ar the mr end of Dool lx,s -th_v:

CTOaSeC‘ thIS .,ltuanon mav be reversea aq bO'[TLOm Vdocmes m tne pOOIS reGU"“ IQ

ol

e valu‘* nan tha‘ atmn nfﬁe siope'(hei ar-
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%:? Mutual Inrcractmn
i oadﬂ

Q/iutual interaction of partices ey prlys AT sortant role in the initiation of bed l
'movemcnt) (Reld and Frostick 1084y Truring a study at ’Iurl\cy Brook by Reld and' :
pebbles interlocked in cluster forms.wnhstz_md ‘

i Frostxcl\ (1984 Lhas been observed: thit
shear 18 & ul?’l’llﬁ"?‘”l“‘\,’ freate
dies. On the basis of threshold con

at Turkey Brook it has been suggested. that Doy should be used as effective pamcle size

instead of Dsg (Reid and Frostick, 1984) /(Ir has also been observed that tractive force -

flows even when bed »r ihan the threshold values predicted In
ditions recorded G

laboratories on the basis of flume stu

-thirds of that requxred for the cedsatxon of the

reﬂuired for the onset o1 [ the lTlOt]Oﬂ 1S two-
. “——'O‘

bed load transport)
Brook, Reid and Frostick (-1986) observed that mean
% of that

éx another study at Turkey
value of stream power at the. cessation of the bed load transport is only 20
s A
e the main cause of poor

{oad movement. They described it to b
ort observed and those computed using bed load

developed using the concept of

required to initiate bed
correlation between the sediment transp

s. as bed load transport equations have been

equations,
single threshold condition associated with the incipient ion.

/ o 7 4 Theories for Initiation of Bed Load Movement (Critical Conditions)

The critical condition for the initiation of bed load movement has been described by

DuBoys (1879) stated it:
Simons and Senturk (1977- pS08) said:\"when

different investigators. rexcess of some quantity above the

critical Ievel at which transport begins’,
movable boundaries of a channel has hydrauli
sediment transport will start’} At

the flow over ic conditions exceedinv the

critical condmon for moticn of the bed-material,
another place while dlsc:ussmrI sediment transport equation
functlon of the excess of some ﬂow

Carson zmd Grlﬁ'lths |

s Simons said ( "'most transport

’equatlons calculaie the sediment transport as
such as shear stress oOr discharge, above the. crmcal level"
Q;ome crmbdl or threshold level of dxscharﬂe velocxtyf e

anneI bed ‘Nl” S[aﬁ. to l,:‘.’-‘:'-.": PURS

'q'uantxty
':"',(1987) descrled this condition as

7 oF re!afed pzn‘ameter must be attzuned before the gravel on a ch

' »‘move downstream ) ]xlmgeman and Matm 9%) smted "transpor‘c mmatlon proc ;

cwd Lna thresnold monon valuee) HéWeﬁéf

eq__uxr@s larner ﬂows th'nf muat ex
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lecdl condmon as descnbed by different scientists is an assumptmn *h o there 15 no.
sedlmsnt transport at lower flows.

~that in practical terms it can be ignored.

On the premise of this critical state of bed load transport, varicus rrvestigators

developed functions for the initiation of bed load movement, wsWL various

theories/conditions which are described below.

\/fZA(l) Critical Discharge (q.) Theory

Schoklitsch (1930, in Simons and Senturk, 1977) after proving DuBoys' (1879)
model of sliding layers to be wrong described that his function is a poor criterion when
applied to field computations, because the shear distribution in the channel cross-section
is quite non-uniform. After being disappointed by the DuBoys' model, due to its poor

performance, Schoklitsch ( 1934) considered that there would be some critical value of

——

discharge at which bed load will initiate its movement.

He then used Gilbert's (1914)
data and developed a function. Later on, in 1950 he modified his 1934 critical discharge

function. Finally, in 1962 he (Schoklitsch) again modified his previous version of the

function using all the previous concepts and developed a new well known function

Schoklitsch 1962) for the quantitative analysis of critical discharge. This is
e o e

B ap
p: D (
g. =026 (—p & J ——Si,”ﬁ (2.2)

- where pg and p are densities of solid and liquid; D, = particle size at which 40 % of the
material is finer; and S = slope>

/M(IQW) while working (with a flume channel) on the initiation of

. bed load movement determined the value of critical discharge at which initiation of bed

. load- material will start. In this study the slobe of the flume ranged from 0.25 to 20

In reality there can be. but of such a small amount_;.

i
1R

2 .fjand umrorm particle size ranﬂed from 3 10 44 mm. . : : i

q —014‘\/—7)1"?-11”]'




s Wh : : 'r
: ere D,G is the size fraction of the surface or armour layer for which 16%

_ of th\’
2 matenal is finer.

The use of D¢ rather than the more convenient Dg;, was found to. be

neces
sary to allow for the non-uniform size distribution of the bed material and agrees

with observations (Carling, 1983) that initiation of transport in boulder-bed streams is

associated with the finer fractions of the size distribution.

By using the same data as Bathurst et al. (1985), Wllhous (1989) Jmodlﬂed
' Schokhtscns (1962) critical discharge function (Equation 2

2.2). His modified function is:

| 4. =00345 /gD 52 (2.5)

Owing to the associated advantages with the above mentioned theory (water

discharge based) it will be adopted in this study.

\/52.4@ Critical Shear Stress () Theory

While investigators felt that critical mean velocity (V me) changes with flow depth
(d), for beds of given particle size, they diverted their attention toward the use of shear

stress also known as tractive stress (i.e. pull of water on the channel boundary per unit

area). Shields (1936) was the first researcher to determine the relationship between the
critical shear stress (1), for bed-material movement and particle size. His derived
expression 1s

T

(_)’S—}’)D

where 1 is dimensionless critical shear stress, Shields called it the entrainment function

T, =

~
[
(@)Y

e’

(commonly called as Shields’ parameter) and is equal to 0.056 (for hydrodﬁamically
rough surfaces, as gravel beds); (v - y) is specific weight of submerged sediment
(=16.2%103 N) and vys and y are the specific weights of the sediment and water,
respectively. If D is particle size in mm; and 1 In Pascal (when speciﬁb gravity is 2.65)
_then Equation 2.6 changes to | | |
‘ s e SRab el
”Henderébn (1966, 'p-Ql'} by assuming steady aﬁd uniform flow condition’s.

deterrmr.ea ‘the actual mean shﬂar stress on the channel bed whxch 18T = yRS and fOr‘
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_:{iwxdd-whannels (B/d > ') R = 'a T 'de By replacing %, m nquauon 25 /.-"I-ficnid‘er’so'_h’f

X ‘denved the fo[lowma expressnon

D

=1 | (2.8)
| ot oY |
‘Shields (1936) determined T, values (Equation 2.6) by using unitorm sasnd in

'ﬂum'e “channel, therefore, problems arise while applying it to natural giavel s&eans
(_Carsoﬁ and“Grifﬁths, 1987) and steep .mountain boulder bed streams (Fainurst &t al.
1987). Bathurst et al. (1987) mentioned that the value of Shields' parameter {"¢5) 115€S Up
to 0.1 or higher for steep mountain boulder bed streams. While Church (1978) recorded

 the value of 1 varying from 0.002 (for overloose gravels) to as high as 0.12 (for tightly

packed ‘“underloose’ bed material).

/ 4.3 Cntical Stream Power (0;) Theory
Bagnold (1966) first presented the stream power theory. In this, work or energy
expenditure of a stream and the quantity of sediment transported are related;

P=yQS (2.9)
where P is total stream power in a river reach, Q = water discharge and 5= average slope
of water surface. Dividing P by stream width (B) mean specific stream (term introduced
by Carson and Griffiths, 1987) power may be obtained.

k ©=P/B=yRSVa=1 Vi (2.10)
In this equation, term VmS is the unit stream power (i.e. power dissipated per unit weight
of water) (Yang 1973). Carson (1986a) disagreed with the term of unit strezu%'pswer,
due to its definition and defined unit stream power as ‘power dissipated per unit area of
stream bed (also called specific stream power) divided by the acceleration due to
gravity’. ‘He tried to introduce another term ‘stream power’ (@/g) and denoted it with
syfnbol .co but later on withdrew his idea due to general reputation and acceptance of the

= term umt stream power by the vast majority of investigators, :

| Y ang ( 1984) applied his unit stream power idea to the gravel bed stream, bv,
7 followmr*' tne ‘same technique as he did before (Yang 1973). \,arson (]986b) in an »

s j-'aporal.)al commented thct Whlle qu". ,,,5 as a prcdxctor of z,rdvel transuori'

;’_;concenu atlon w1t11 tractw‘. stre ( r) and specxﬁc strca.m p(}wnr (. \, ) Yan«r “9 ? B

m
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a mist 1 .

 appeared to have made 5 ‘ ‘ 0
G ake In his formula, as he ignored the wall effect bv'taking 7

e pgdS rather peERS.

‘Bagnold (1980) developed a semi-theoretic

_ al equation for critical stream po_werg‘
He assumed that Pg = 1600 kg/m3 ‘

and t¢=0,04. His critical stream power expression is
@, =290D"% |o (dj ‘ 711
85 (2.11)

where D = particle size in mm and d = flow depth,

As stream power s simply a modified product of mean velocity and tractive

stress, therefore, all the related problems with these theories will multiply.

44 Critical Velocity (V, ) Theory

Initially, investigators focused toward the use of critical mean velocity for the
initiation of bed load transport.  Hjulstrom (1935) was the first to start work with
velocity as a function of particle size and developed a well known curve by using velocity
profiles for particles smaller than 100 mm. However, major attention in his study was
toward sediment with size smaller than 20 mm. Later on, Lane (1955, p-1240), while
presenting a design criteria for stable channels discussed the concept of critical velocity
for the initiation of bed load transport. In another study, Russian investigators stated
that critical mean velocity values given by Lane (1955) increase by 10 % - 45% for finer
gravels (5 mm <D < 10 mm) and 10% - 25% for coarse material, if fiows carry large
concentrations (0.1% to 2.5%) of fine sediment.

Isbash (1936) developed an expression for critical velocity at finish of bed load
’{ransporrt. The values of critical mean velocities computed by this expression are less
than B>ag1;old's_,(;l‘980) values, for initiation of bed load transport. This difference
between the twb velocity values also proved that the threshold values at the initiation of |
bed load transport are greater than those at the cessation of bed load transport, Isbash’s

~ expression is
Vo= 53[(6 ~-1) D] R R
' where \/mc = crmcal mean velocity for cessation of bed load lfansport GS specmc' -

e nravxty (=2.65): and Dis particle size.in mm.

meg to Lhe mterlocn\m of graveiq wnLh each- other and hldmw of smah Damcles,

behmd the blgger ones the- value of crmcdf mean veiocxw requupa for mnmuon m bed{.‘
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e ’ i i e bed dpad transport
:Ioad movemnnt is substanually higher than that needed to continue bed load transp |

o ' Yher Fvesuzators
SHCEE is mmated (Gilbert, 1914- in Carson and Griffiths 1987). Other in ate

et '.;,":.:‘ ko on ';'d i s}
- who worked on this approach are Kalinske (1942) and Colby (1964) but with susd bed

{ ‘chanvnels. Colby’s expression is
v, =04673d" D% @13)

where V. = critical velocity; d = mean flow depth; D = particle size in mm.

This approach has been successfully applied to sand bed streams by Kalinske

(1942) and Colby (1964) so it is difficult to understand why it has not been considered

for gravel bed streams by these or other investigators. \OC ,0
SO
% N

2.2.5 Calculation Approaches for Initiation of Bed Load Movement %x\*& \so
R\

2.2.5.1 Initiation of Movement of Uni-Size (Uniform) Bed -Material

The problem of determining critical conditions for initiation of uni-size (uniform)

sediment has long been considered. This problem is still of significant importance.

Numerous researchers have been trying to approach this problem in different ways. To

~ develop functions researchers relied upon different computation approaches including

empirical (regression), semi-empirical (semi-theoretical) probabilistic, stochastic,
dimensional analysis, and deterministic approachs. During these studies, mostly, a single
representative particle size was used to represent the bed material. The computation

(calculation) approaches (commonly) used in the development of initiation models are

iven in the following sections. | :
i ; - Shamsi Photo Copy
s Girls Café (U.E. ?}
-+ 2:2.5.1.1 Empirical Approach Contact: 0323—437-’3 141
i Schoklitsch ( 1934 in ASCE, 1975) advanced the work done on empmcal‘- g
G approach done by his predecessors by developmv a function for the initiation of bed- - N
ot ‘fmatenal movement. According to- this, Vntxcal tractive stress is mdependem of the 0

o rr"adatxon of the matenai ‘Later on Lane (1955) dbveloped a functlon for threshoid vaiue:

of the crmcal shear stress for coarse bed- material by usmg1 empmcal approach He used
’(m contrast to Dso commonlv uqed bv the 1nvest1rvators) as. the xapresentatlve: :

'f;the bed;
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