o . fo LuYJ
C;h‘\ms‘ Pho
\ﬁ‘s Bed Load Transport , Gi rls C ( 3731)1,1
Co ntact: 323

_Bed load transport is the movement of sediment by saltation, rolling, or sliding in

the bed layer (Simons and Senturk, 1977) or may be described as the instantaneous
transport of the bed-material in the bed layer zone (i.e. kg/s, m3/s) (Carson and Griffiths,

1987). Bed load transport in coarse bed rivers is initiated most commonly during runoff

Miller (1958) observed that bed load transport in gravel bed rivers is not
In typical gravel-bed

events.
continuous as often the case of sand bed rivers but is episodic.

rivers the bed may be stable for all but a few days or a short season each year. This is

because the bed-materia’ sizes are large enough to withstand tractive forces applied by

the flowing water most of the time (Matin, 1993). Shamsi Photo Copy

Girls Café (U.E.T)
2.3.1 Transport Characteristics . Contact: 0323-4373141

' The proportion of bed load in the total sediment load .depends upon the

coarseness of the bed material. As bed-material gets coarser, normally its proportion

increases. It also deptmd,s upon the bed material modality i.e. whether its unimodal or
bimodal. - Simons and Senturk (1977) stated that for larger sand bed rivers (with
“unimodal particle size distribution) bed load proportion varies from 5-25% of the
- suspended load. This proportion of bed load transport may rise up to 10 to 50°% in case
of boulder bed streams (Lauffer and Sommer, 1982; Ergenzinger and Custer, 1983;

Bathurst et al., 1987). Jones and Seitz (1980) during a field study recorded that bed load

Py v

B ﬂranged from 2 to 10% of the. suspended sediment load and averaged about 5% both for

g : g i ‘the Clearwater and Snake Rivers whxch have bimodal bed grain size distribution.

Eg " ,_._'["ransportv of bed load se,dnment‘ depends upon the source of S,‘:dlmei_lt_ 13 :

n,:ccj ‘:; éatéhmcnt'area's geological formation, contribution of banks, type of load (i.e. abrasion.

g{-f S 01’ through-put ioad) It also depends upon the flow event penod ‘For large flow eVents
I:JG S fa large prOpomon of the bed matenal is lmmoblle evenat bankﬁ.lll dlscharge Thus for '_

lengthy penods bed load transport is negllglble or restncted to the fmer mze partlcles s
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For blmodal bed material particle size distribution (sand and fine gl avel} bed load may

- ‘move m threads between the cobbles and boulders (Bathurst et al. 1987, Carson and j‘-: -.V-T“ ‘i
Gﬂfﬁths 1987)

\ﬂ/il p. Factors Affecting (Inherent Pattern) Bed load T ransport
2.3. ZC\ Snow melt and Rainstorm

_Qstrem et al. (1971) described that rivers having a water supply source as 'snow’

e

carry more sediment in the early period of snow melt, because of the availability of
sedlment being deposited in the winter season. In the later months bed load supply will
be relatwely less, until some changes take place. Newson (1980) a:‘ld Moore and
Newson (1986) while quoting the example of the Roaring River (Colorado, USA)
mentioned that a rainfall flood is likely to carry more bed load sediment than a flood
caused by the snow melt, since the former one carries sediment ‘eroded from the upland
catchment areas. |
23, Z@In Channel Deposxted Sediment

A huge volume of sediment is stored in the river channels, usually, in the form of
bars. This sediment volume can be ten times the average annual particulate sediment

———

exported from the catchment area (Swanson et al. 1982). Theret‘ore,f ady change in this

- storage of sediment could results in a significant change in the sediment yield. Sediment
. present in the channel can also affect the movement of sediment waves.(i.e. to delay and

"make intensity thinner) resulting from upland areas.

= 2 3 ZC?Flood Stage | ; .. s ”

Ifa flood is-occurring after a long mterval then in~-channel accumulated material

i '.{-wxll be transported by the first flow event of the flood. The transport of bed-matenal wﬂl

e be proportlonal to the increase in water stage up to the max1mum stage lnmt in other .

E ‘_':.,words it can be: saxd that the rising limb pattem of flood hydrograph and sedlment " -fj

_hydrograph will commde with one another (VanSnckle and Beschta 1983) Wh & :tj i
faccumulated bed—materlal is’ depleted there- wnll be a sudden fall in sedlment transport;,;,

te. therefore. ﬂow and sedlment hydrographs w1ll not comcxde thh one another on t;

the Bed s x ‘Vi‘armour layer then the rise m stage wxll e

Scanned by CamScanner



SR TR L

it sedlment transport increase until the armoue luyer lveaks, that usually breaks éxt*thé‘peak‘ N

3 ﬂows ‘When an armour layer breaks, larie voiurae of sediment are released and this
flow will continue even during the falling staze, s sleeam power reduces to one thrrd
j Of the power required to initiate the sedimara, seamapiwt (Klingeman and Emmett, 1982

Rexd et al. 1985). The pattern of flow is showu i Fisgre 7.1

23 .2(4:)Unsteady Flow Conditions

; It has been observed that bed load transport rate in unsteady flow conditions
increases faster to that expected during the equivalent steady flow conditions (Graf and
Suszka, 1985). Since bed load transport mostly occurs during unsteady flow conditions,

therefore, it is also likely to be unsteady. This unsteadiness in sediment transport takes

place even with the same flow in a small interval of time (Jackson and Beschta, 1982;

Klingeman and Emmett, 1982; Tacconi and Billi, 1987). Jackson and Beschta (1982) . : :

stated that the sudden variation in bed load transport over a small interval of time may be
due to the disruption of armour layer and scour or fill connected with riffle/pool systems
sequence. Reid and Frostick (1984) and Reid et al. (1985) etc. described it as a result of

sporadic break-up of clusters of sediment particles. -

2:3:3 Indeterntinacy of Bed Load Transport .

Numerous studies carried out during the last decade proved indeterminacy in the .
bed load transport inherent pattern (bed load rating curve). Investlgatlons conducted at.
Turkey Brook suggested that' there is no simple relatlonshtp between instantaneous
gravel transport rate and flow parameters, in-contrast to what was originally assumed
For example "bed load transport rates and water depths recorded at Turkey Brook (Rexd
ooet al, 1985) (deplcted in Figure 2.2), for two flood events, clearly show the suppressron

i ?_‘" of bed load transport rates at peak of the floods, whereas theoretically at ﬂood peaks bed
' ‘load transport rates should be the maximum. = |

Reld -and - Frostick (1986) highlighted the suppression of bed load transport at v

"&_peak flow stages and stated that transpoxt rate abruptly ceases on the nsmg Timb (of ﬂowf'_
i'if:ihydrograph) as Y/D (water depth/partlcle srze) approaches 70 and only resumes agam at - ';-‘, :
the same value on the fallmg hmb however the authors did not provxde any. reason for@f

hrs feature On the other hand Carson (1986b) found that the conclusrons of Rerdand
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Frost:ck (1986) do not agree with the flume dita of Wiiliams ( 1970) in which bed load ;
showed a direct relatlonsltup with bed grain stross fr Y/ = 20 150,

The deVlatIOH. of bed load traﬂSpOlt frc P11} R iRt [)at[(‘[‘n (as shown in Flgure

& 2.1) has also been observed by Samide (1971} and Hudsun {1983) during the flume and

; studies on the Elbow River, Canada. Resuits of #udson and Samide depicted in Flgures '

2.3 and 2.4 indicate that (in gravel bed streams) bed load moves in waves. During a

study of Kariri river Griffiths (1979) observed the same wave pattern as Samide (1971)
“and Hudson (1983). Hysteresis between the rising and falling limbs of a hydrograph are
also visible from Figure 2.5, a data plot of East Fork River, having bimodal particle size
dlstribution (i.e. sand and gravel). Bagnold.(1980) noted the pronounced scour of bed-
material immediately upstream during the rising stage and deposition during the falling
stage} for East Fork. Similar views have also been presented by Leopold and Maddock ‘
(1953), frequently quoted in the literature. ,
_l . What ever the causes are for this deviation from the inherent pattern of bed load
transport, ‘these results suggest the need for more research to make a closer inspection
how coarse bed-material does move and to collect data for model development based on
Ithe real fleld conditions rather than depending upon those semi-empirical formulae, based
;.on fl-u'me. studies result,’ plane-bed formation assumptions (with uniéprm bed-material)

and mean parameters for the channels.
\/2‘.3.4;B'ed Load Transport Theories ' 7 24 e :

Simons and Senturk (1977) while describing' the bed load transport concept said
 that in a:movable bed stream when hydraulic conditions exceed the threshold conditions
-of rr;otion of bed-material sediment will start to move. If this movement of sedlment- ‘
i ‘partlcles is of the saltatmg, sliding or rolling type in the bed. layer zone, then such type
»of sedlment transport is commonly called bed load transport. et i
s DuBoys (1879) was the first 1nvest1gator who initiated the 1dea of bed shear;_ 0

5 ‘,-"--stress (tractlve force) in the analysxs of bed load. Since then a large number of bed loadf_',

-'."'f—.,ij'"'j:f?_"transport formulae have been developed relatmg the bed load dlscharge flow. condltlon o

'» "assurmng steady ﬂow and thus are apphcable for thxs condmon but m-reallty transport‘-off»' ‘

| 'Scan‘ned by C.amScanner

'i‘and composrtlon of bed load-matenal Mostly, these formulae have been developed'f. e




Figure 2.2: Bed load transport rates and water depth for two floods on Turkey Brook,

25
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sediment is unsteady and non-uniform. The existing bed load transport fonnulae

generally, have been developed by using the following theories.

\ﬁ 4.1 Excess Shear Stress (1, - . ) Theory
: Duboys (1879) used the bed-layer model for bed load transport study with the

assumption that bed-material moves in layers of thickness 'd' and that the lmean veloclty i
~ of successive layers increases linearly toward the bed surface. The tractive force applieg
' by the flowing water on the bed is T, (= vdS) and this tractive force is balanced by the
friction force between the layers. On the basis of this model DuBoys developed the -
- following bed load transport formula: ‘
m . (2.20)
where q,, = volume transport rate ofmh; k = sediment characteristic
coefficient, T, = unit tractive force appiied by the flow on tie ded of a wide channei |
(kg/m?); and t, = critical shear stréss (kg/m2).
Lot of work has been done on this theory (more than any other theory) by
; various investigators including O'Brien and Richard (1934), Shields (1936), Kalinske
{ (1942), Chang et al. (1967).etc. The details of their work can be seen in standard texts.
“Although, most of the existing bed loéd transport functions are based on the
premise of this (shear stress) theory,. nevertheless it has various problems. in its

B ‘ applications (séction 2.2.6).

- \/.4;1-.2' Excess Discharge (q - q¢) Théoxy

Schoklitsch (1914) stated that DuBoys' model of sliding layer was incorrect but
" his data could be well represented by'DuBoys equation. ‘In another work he (Schoklitsch :

- 1930) said that the average bed shear stress in the DuBoys (1879} equation is a poor
A:_ criterion when applied to the field computatxon Thxs is because the shear stress
| distribution in the channel. cross—sectlon is generally non-umform By replacmg T by q in

: ’;the DuBoys equatlon he expressed itina more useful form, that is-

| "Séarine‘d Ib'y 'Cénié’c‘anrneirﬂ



e e R N L S by
o 'The ‘basis for E i } | el
. u N R 1 LTS .
s d " quations 2 21 i3 tow pety-uginngl begins tO move at some critical
- discharge and that >
‘ the bed losd disharge i jpraportional to the rate of work done by the

tractive force
in excess of that needed o overcome the resistance along the wetted

- -perimet
‘p er (Schuhts and Corfitzen 1937). Later on, MacDougall (1934) and Schokhtsch
(1934 1950) further developed this theory.
e | i

| n this process of development Schoklitsch (1962) presented a new version of
b . . ) . . |

ed load function. This function is relatively better, partly because it does not explicitly
involve depth, a variable which is difficult to measure accurately in steep and rough flows

-(Bathurst et 4l. 1987). His function in terms of excess discharge is

bv

‘ ‘ 2 . -
s : o / S (q q.) (2.23)
-1where_ Qpy 1S volumetric bed load discharge per unit width of 'ﬂovi'i, ps and p are
densities. of sediment and water respectively and g = critical discharge per unit width

and can be computed by Equation 2.3.

Recently, Milhous.(1989) modified the Schoklitsch (1962) function and checked

its performance for Tucannon River, Washingtoh and found it satisf'actory.-' Milhous ‘

 function is '

g5 =0075"(q-4.) T @29

where qg = bed load drscharge per unit width; q. = critical discharge per unit width (in -

‘cubic meters per second per meter of channel width) and can be computed by Equation

2.5: S = energy slope of the river.

43.4.3 Excess Stream Power (@, — ®,). Theory
‘To- re]ate energy (or work) of a stream flow and quantlty of sedlment transport to
et the flow is a recent theory in the field of bed load transport. This theory was (ﬁrst trme) '

i mtroduced by Bagnold in 1966, for fine bed-material streams He described thg_rg_t_e_gf N

domgmdc_as the_pmduct of avarlable stream power, (tV) and eﬂicrency (e) ‘The bed‘.

b load work rate is the. product of bed load transport rate expressed as submerged werght.__?-g i

}zt'per umt w1dth per umt tune and tan o. From a physrcal vrew pomt the avarlable stream S

; power supplres the energy for the transport of sedlment Thus e g
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where qy,,, = bed load discharge by weight per unit width per unit tirne: o == coefficient of

‘dynamic solid friction; e, = bed load transport efficiency which considers that part of
stream power available for bed load transport. Later on, Bagrold (1980) by using the
same concept as he did for the fine bed streams developed an expression for coarse bed

channels; which is

32 -2/3 —1/2
= w,-o, | | Y| | D 26
Dow (qbw)-[(wa_wc)_} [Y} [D_] (2.26)

). = reference

where
g,,= bed load transport rate per unit width per unit time (kg/m.sec); (Fpu

value of g,,,; ®,= stream power per unit bed area (kg/m.sec); O, = threshold value of o,

at whlch bed load movement starts; D mode of size of bed material; D+ reference value

of D; Y = mean flow depth; and Y* = reference value of Y. Bagnold denved these
reference values (i.e. (g, )., (@, - @,).,Y.,D.) by using Williams® (1970) data.

Using the same theory of excess stream power different investigators developed

: their bed load transport expressiens. Significant among them are Ackers and-White

(1973) and Yang (1984).
) Although this theory has been used by the well known investigators, nevertheless

it mcorporates all the disadvantages associated with the shear stress and velocity

methods ‘as stream power is the product of shear stress and mean velocity (e

w=1V,)

\/sz 4.4 Excess Velocity (V - V,) Theory

Although some 1nvest1gators made successful efforts to develop bed load ‘,

tranSport relations for fine bed rivers by using excess veloclty theory, nevertheless, 10 -

. apprecxable work has. been carried out to develop bed load transpdrt functions: fol’ coarse 4

‘?‘ bed-matenal channels except some mtroductory type work - by Hjulstrom (1935) Isbash ke

l :(1936) and La'ne (1955) ISbaSh (1936) developed a functxon for determmmg the criticd '

_.,-.._,—ymg:from 5 mm to 200 mm Consequently, JUSt one bed load tran5p0rt f()ﬂnula g

_‘.j‘fmean velocxty at cessatxon Ofbed Ioad tfansport and Lane (1955) wlnle desxgmng stabl i

- channels determmed the entxcal mean velomty values for dlfferent bed matemﬂ 5123
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avaﬂable for’ coarse bed rivers (1 e. developed by Levi 1957), whereas for fine bed— : e

-‘ matenal channels, Barekyan (1062) and Colby (1964} developed bed load and total load o
A% equatxons, respectively,
2 _Use of the vertically averaged velocity as a pradictor of bed load transport has

~ been limited, because of the problem that criijcal mean velocity for scouris less for a

~given sediment in shallower streams. However, similar problems are associated with

other approaches (i.e. tractive stress and stream power).

2.3.5 Calculation Approaches for Determining Bed Load Transport

!
)

 The suitability of an approach for a given application depends on how well it can
descnbe the dominant physical processes in the river system. The choice of approach
(i.e. deterministic, probabilistic etc.) for a particular study depends on the requirements
of the study and the availability of data. This section, therefore, deals with different

approaches that have been used by the investigators for the development of sediment

transport functions.

2.3.5.1 Uni-Sized Bed-Material Transport _ | :
All the work done in the beginning of bed load transport history, laboratory or
ﬁ?-ld studies, was based upon the assumption that channel beds comprise material having
nhi-size (uniforrn) formation. In uni-size bed-material transport it is assumed that all
particles of bed-material will start their movement as soon as flow stress or shear stress |
exceeds .a critical limit. Likewise, particle movement will cease when. the ﬂovh stress falls
below a critical limit. In order to develop bed load transport functions investigators

~ followed different approaches.for the .optimal solution of the. problern Generally, -

available bed load ﬁmctrons have been developed by using the following calculatlon—f_ :

S approaches

2 3 5 1 1 Empmcal Approach (Regressmn Approach)

Thls approach is used. mamly to obtain empirical” relatlons between sedlment:,i =

_’dlscharge rates and some ﬂow and.- sedlment parameters Thxs approach llke other-v_?_';

approaches has some advantages and dlsadvantages An advantage of usmg thlS:
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g : - Lo e peone provided relisbls gy
* “..approach is that it can give quick site-specific relations provides reliable gy,

© available. A disadvantage ‘is that it does n

explanation of the sediment discharge process.

ot provide much physical’ meaning
r

Using this approact Meyer-Peter e
k . ; |
~.(1934) developed an empirical model for gravel sizes, rangmg. from 5.05 to 28 E
; diameter, Later on, Meyer-Peter and Mueller (1948) made modifications in their Origing

* empirical model and presented a new version in metric units:

3 —_

Ly Kayias- 0.047{(31——7J }D
y | 9K y /) (2.2
L . 025, 7 i
e A 7y
where ) )
2
K=U/dS K, =26/Dsy
and

U = mean velocity, d = flow depth, y = specific weight of water, yg = specific weight of
sediment,Qg= water discharge proportion to the bed, Q = mean water discharge, Qg/Q =

1 for wide channels, and Kg/K = 1 for smooth channels.
Likewise, Hey (1982) used data from 66 UK sites and developed two empirical
-3

“type functions for the computation of bed load in gravel bed rivers. He used regression
 analysis technique in the.development of his functions. ' '

Other significant important. investigators/agencies who qeveloped the empirical

‘ models/relatnons include Paintel (1971), Wang (1975), Pazis and Graf (1977), Bagnold

. (1980, 1986). A model developed from this technique can only be applied to the

~.conditions which are similar to those used in obtaining the empirical model..

2 f2:3.5. 12 Probabilistic Approech -
o _Iln'this. approach prediction of sediment transporf rate.is based on the prediction
S ,,'Of’particle,motion, are derived from a statistical Ee'sis. Functions to define the beginning
,ah"d ceﬁsing of' sediment motion as well as the rate of sediment discharge can" bc
formulated Emstems (1942, 1950) bed Ic load. function is the _most_pmn_gn‘tﬁﬁmcuon '_
.;_;‘__.,.'based upon thxs approach He had two ldeas which broke with the concepts used m thec :-;.f_
_}past by DuBoys (1879) and Schokhtsch ( 1934) in thexr functlons His two ldeas ar«i‘(l)v ;

the: Gntlcal Cﬂtefla for_mmpmm_mgmwaulomed because it is dn‘ﬁcult to. deﬁne andi.f
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- (2) the bed-load transpoct iy cefateed iy e
:,averaeV" i : . ‘ ‘
: g alue of forces the Bow ancoa op sedimem particles.  Consequently, the -

uent maniodn b eapresad with the probability concept,

tabezlunt Bow fluctuation rather than to the

' begmrung and ceasation of sedis

which -
which relates instantaneous hydrodynamic i1 forees to the particle's lsubmerged weight.

This approach afterward ‘was followed by Frown (16¢30), Ioﬁaletl (1969) and Wang
(1 975) for the development of bed load transport functions.

23 5.13 Dimensional Analysis Approach

When scientists understood the complexity of the sediment transport process
then they extensively relied on dimensional analysis. The usual approach i is to correlate
sedlment concentration or a dimensional transport rate with a principal, and perhaps.
other, dimensional parameters. Examples of principal dimensionless parameters are the
mobility number of Ackers and White (1973) combining shear stress and grain shear
stress, and the unit stream power of Yang (1973, 1984) which combines velocity and
slope. | -

Pioneering work in this regard was done by Shields (1936) and afterward
extended by Rottner (1959) who used dimensional analysis technique in the development
of sedimen_t transport functions.. Mile- working on uniform sediment transport in a
flume study, Garde and Ranga Raju (1985). also relied on this technique. |

Parker et al. (1982) ‘and Diplas (1987) also depended upon the dimensional
analysis technique, though for mixed size sediment. Diplas used this technique to avoid

"the concept of equal mobility being introduced by Parker et al (1982).

2 3. 5 1: 4 Semx-theoretlcal Approach : |

' Apart:from the approaches described above, some attempts have also been made |

to 'ta'ckle the bed load problem from a theoretical v1eWpomt These mvestngatlons are
: T_lf"':based on some. form: of an aralytical model based on prmclples of statistics and fluid }
mechamcs However; in no case is. the solutlon completely theoretlcal expenmental data'

e : have been extensxvely used to obtam the constants mvolved in the derlvatlon

ol —

Emstem (1942) was the ﬁrst to attempt a senu-theoret1cal solutlon to the problem s

'of bed load transport However the rclatxonshlp presented by h1m in 1942 dld not
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Cineli ‘ ‘ e presented a
-include the ‘effect of bed forms on the bed load transport. He thcrefor Prs :

950.

- modified and more detailed solution to the problem inl |
i eloped a function for uniform

Using this approach Luque and Beek (1976) dev

-materi : ; iments th
bed-material (size varying from 0.9 to 3.3 mm) transport. During their expernmsn e

LR} * - l '
~ critical shear stress value was taken as less than that of the Meyer-Peter and Mueller's

dimensionless shear value (i.e. 0.047). The developed function is:

Op = 5.7(1" - r:) (2.28)

‘There are many other investigators who worked on this approach and developed
bed load transport functions. Some important examples are Kalinske (1947), Bagnold
(1956), Engelund and Fredse (1976), Nakagawa and Tsujimoto (1976) and Yalin

(1977),

2.3.5.2 Mixed-Size Bed-Material Transport

The movement of grains in a sediment mixture is affected by t’?é other particles -
si’nce small grains can be sheltered by the larger, and the largest particles have greater
e‘xpo'sure to the flow. As.a result, each size fraction will have its individual transport rate
which depends on the total distribution of sizes available for transport. Thus the grain .
size of an mdmdual size fraction in a mixture has two effects, one absolute and the other
relative, on the transport rate of that fraction. For a given grain density and-shape, the |
absqlﬂte size determines the mass of the grain and the area of grain surface exposed to :
flow. The size of each grain relative to others in the mixtures controls the variation from
fraction to fraction of both the value of bed shear stress a_cting on individual grains and
the resistance of those grains to movement. Because smaller grains in a -mixture are :
more hidden. from the flow and also more impeded in their motion than coarser grains,

3 fhe rel‘ati\}e size effect counteracts the absolute size effect by decreasing the. mobi.lity- o
,_the ﬁner fractlon and increasing the mobility of the coarser fractions:- Wilcock and.
i Southard (1988) stated that the reallty of the underlying phenomenon of mrxed—srze”l
i visedrment transport problem lies in the balance between these two grain srze eﬁ‘ects

Because of the pwotal role of relative grain size in mixed- sxze sedlment transport_ e 2

f:fthree approaches have been used to mcorporate its effects, on the rruxture m the; =l

evelopment of sedlment transport funCthI‘lS/models



1 2 3 5 2.1 Referencr I

R

ariinls Bize Ap uroach
In ‘this. approsch,

i

a
h single grain size; called reference particle size (Or
c aractenstlc diameter, commonly Dsp) h

as been used to represent the relative size
eﬁ'eets of “the ‘mixture. |

A Sebe e bi};: Fartleles of reference size. are unaffected by the
e 1973). Mo.déls (_iev ve as if present in e bed of uniform material (Cecen and
: St veloped before Einstein's (1950) seminal work, when he
introduced the hiding function (x), belong to this category. A well known example of

this category is the Meyer-Peter and Mueller (1948) model (section 2.3.5.1.1). Work on
such models is still going on. It has been stated that there was little improvement in the
computed load by subdividing the bed-material into different size classes rather than
* relying on the reference particle diameter. In this regard the findings of Andrews (1983)
arell'rmportant as they indicate that the threshold tractive stress for particles of different
size in a given reach varies very little: that is, essentially, .all particles start to move at one-
time when there is widespread instability of the cover layer. However, subsequent
mobility of thesé particles is not so invariant with. size. -Several studies suggest that
particles close to the median diameter (or just larger) are the most mobile. Smaller ones
get 'trapped more easily and stay locked in the bed for longer periods of flood ﬂows;
larger ones are simply more difficult to keep moving, not withstanding their greater

‘exposure, because of their mass. However, none of the data sets so far avallable

indicates. substant1a1 differences in mobility with 51ze " that for Ds, being no more than.. .

2 '30% different from that for Dig or Dg,, at least for typical log-normal grain size.

.' dlstnbutrons found in natural channels (Meland and Normann 1969; Laronne and Carson
~1976). e
| ‘This general conclusion that, in a gravel-bed rivers, the overall rnobility of the
particles in the channels bed is basxcally much the same irrespective of size, so that, in. .

"éffect : total bed material transport rates computed on the basis of a 1ngle representatwe :

,_Lpartlcle d;ameter are comparable thh those integrated for dlfferent size fraCUOHS has

Oak Creek Of course, if finer throughput matenal is present thjs w:ll move at ﬂows less:_

- _mtenswe than that needed to actxvate the mam bed surface

* also received supp0rt from Parker and Klingeman (1982) using data for Elbow vaer and
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93 5 .2.2 Hiding Function Approach
; Einstein (1950) was the first to use thlS approa

the effect of relative grain size on the fract:onal‘transport rate

ch. He attempted & incorporate -
s. Einstein desinied severa]
nly one i these , the

0
empirical correction functions in terms of mixture properties but

hiding function x was defined as a function of relative grain size. Although the exact

o correct:
derivation of x is not clear, it was apparently computed as a final empirical correction

between predicted and measured fractional transport rates. It is defined as a function of

Dj/X, where X is an empirical quantity intended to represent the, largest grain size in a

~ mixture that experiences hiding effects. The value of the hiding ﬁmctlon decreases for D;

‘< X and becomes constant at D; =X (Figure 2.6). This function is included in the
transport model as a multiplicative correction factor. In this approach Einstein tried to
account for the effect of relative grain size, but only partially, as he did not consider the
exposure-effect of the large particles. However, Parker et al. (1982) reasonably proved
that the vhidin_g function of Einstein was not correct.

| In another study Egiazaroﬁ‘ (1965) incorporated the relative-grain size effect, for
mixed-sized sediment, in a function. The relative-size variation was introduced in terms
of the flow velocity acting on different fractions. Ashida and Michiue (1972) Stated that

. Egiazaroff function (depicted in Figure 2.6) may be slightly modified in the form of
multlpllcatlve correction functlon : -

]\/Hsn et al. (1984) and Samaga et al. (1986) made advancements in this-field and .
=_the former investigator developed a conceptual model for the effect of a particular size of
sediment on the transport rates of the other particles, for mixed-size sediment. This
model comprises a coefficient known as the sheltering and exposure coefficient which

takes into account the relative grain size effects.

2 3.5, 2 3 Particle Size Fractlon Approach
'_ | In this approach bed load is computed on a. fractional transport basis. The
L -—':fractlonal transport rate is computed as if that fraction formed a uniform bed. The total .

":transport rate was then computed as & sum of the fractional transport rates wexghted by

, i -Z';the propomon ‘of each fractlon present in the bed ‘Models developed during the a

: ;‘prehmmary stages ok thls app roach did not 1“00rp0rate the relatwe 8ram sxze eﬂ’ect in:

e computatlon of tranSport of each size ﬁ'actlon A well known example of such"""‘{ii
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é,:;_:.’. models 1s: that of the B

Een moblhty hypothesis zng

Arter of al { r[n) sithdtrnta_l: %
_ 2) sitbstrata-based model.
usmg the- pamcl\, $328 Sactinn

WHInaal

-1

e equal mobility hypothesis. - Both categories are
~ explained below. iy i '

) With Equal Mobility Hypothesis
Park
rier et al. (1982) developed a bed load function (substrata-based) for a stream
of m
ostly gravel and coarser materials. He divided the bed-material into ten grain size
fractions to get a representative bed load transport function. He used the equal mobility
| hygothesxs according to which once the pavement is broken essentially all grain sizes,

including the Dy of the pavement, roughly will begin to move. In the development of

his function the equations were empirically fitted using field data from several streams,

- with median size ranging from 18 to 28 mm. The Parker et al. function is

1
_ W P (gDS): DS
bi T (s _ 1')

(2.29)
‘where

AN 0.0025exp[14.2(<1>So —1)—9.és(q>50._1)2] For 0.95<®,, <165 ‘

50

' a5
W= 112(1 - 0522) For @, >1.65

. - DS
(D 50 =

B

-0.982
. d
", = 0.0876 (-Jij
i

~ As clear from the equation the value of T*:s (reference Shields stress associated with the

Dgyo - of the- sulnpavement)‘ was taken equal to 0.0876. Parker et al. said since the

g 'correlatlon coeﬁlment R2 was. 0.9997 for the above men’aoned equation, therefore, tlns

el equatlon (w‘mch is Equatlon 9(a) of the Parker et al.) can be accurately replaced by the1 o
s followmg equatxon, taking the exponent value -0.982 equal to-1.

7, =0.0876 o

which is a simplified form of the equation 9(b) of the Parker et al. Other investigators

The mbdels'develdped L

TSI ) gD
Apreach can be classified into two categories: with: equal ;
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:Fxgure 2 6 Hldlng fun
— - 1985).. The:
DGS/Dm e 2

S T T T1 HT ! T
.JJJ‘}
= | -
Q = P
= ~ ~
O =3 ==y
= — i
= -
Ll -
5 )
P Egiazaroff -
Q -
S il
i = Einstein
10~" =
Equal Mobility A
- L LJ 11 11 A | \
2 x|0”2 T
- - | ;
2xl10 : 10~ |

ctions of Einstein and Eglazaroff (after Andrews and Parker

Einstein Hiding Function assumes rough flow K= Dﬁs, and
The Eg1azaroff relatlon is frorn Ashlda and Mmhue 1972)
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" “including Diplas i

iAs

HEes 2P b Aghw
" Wilcock (1992} and sy : ¢ u:h Wi VRl by (1992)’
i £ BT veast £t al (1995) foun
B Biker steal. e i ) d that the value of T*50 (= 0.0876) taken}

ific value and : ks
 streams. Later, Parker o that it could significantly vary for other

90\
transformed his subsurface grain size distribution based

equation (Parker et a] 198
2, Equation 2.29) in
to a surf:
based equatlon ace layer grain size distribution

Th
tested/cons € performance of the. latter equation has not yet been sufficiently
ed/confirmed.
o iy Therefore Equation 2.29 (Parker et al. 1982) is selected in this study
or testin

. g purposes as it is well known, although it is based on the concept of equal

mobility which may not hold for other streams.

S . . .
o far as the equation parameters are concerned g is bed load discharge per unit

width for the ith. grain size fraction of the bed-material, D = stream depth; S = slope of

energy gradient; s = specific gravity; P, = a size fraction; and W™ = dimensional transport
rate.

b) Without Equal Mobility Concept ‘f

Diplas (1987) in a study used data of Oak Creek (collected by Milhous 1973) and

" developed a bed load transport function for gravel bed streams, which is valid for the

whole range of Shields stress (). This function incorporates the effect of hiding and is -

" independent of the concept of equal mobility. The hiding function used. by Diplas

depends ongsy andDy/Dsy. He stated that its dependence ons, suggests that the use of -
a single grain size to descnbe the- mobility of a mixture is inappropriate and therefore,

' knowledge of the complete size distribution of the bed-material is necessary to calculate

4 the bed load transport rate of poorly ! sorted material for a wide range ofr,650 values. In -

developmg this functron he used drmensronal analysis and a new similarity approach et
%5

In an experimental study with a recirculating flume Wilcock and Southard (1988) :

Hil 'ffound that at equ1hbnum the transport rates of all fractions were not equally mobrle :

A Based upon the study results they developed a bed load tranSport ﬁmctron wﬂh a gram i

& f‘-vi'}‘-'sme drstrrbutron of the bed load similar to the grain size dlstnbutron of the bed—matenal 2

- f_;_;_";.;-_Wlth thJS functlon fractlonal transport rates are computed as ‘ R R el
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d 't 7-

3

a2 'A:Whéfe py is the. proportion of each fraction in transport, f; is its proportion in the bulk
e bed sedxment mix, and @y, is the total transport rate. '

e " Later on, Parker (1990) transformed his substrata-based gravel U'aﬂSPOTt model
o '(.Parker etal, 1982) into a surface-based model. His new model includes the concept of
** hiding, according to which coarser surface grains are intrinsically less mobile than finer -

surface grains. This model stands independent of the concept of equal mobility, even

afs Ehough the concept was used as a convenient approximation in developing it. Recently,
" Cui et al. (1996) used this model successfully (along with the transfer function of Toro-
Escobar et al. 1996) in the development of numerical model for bed aggradation of

heterogeneous sediment to study downstream fining of gravel in rivers.

2.3.5.2.4 Grain Size Distribution Approach
It relies on the Rosin distribution and how its parameters depend on the flow

discharge and bed stress. Shih and Komar (1990) first employed this approach on Oak
Creek data (collected by Milhous, 1973—) and concluded that the grain size distribution of
bed load gravels in Oak Creek follows the Rosin distribution at flow stages which exceed
that necessary to initiate break-up of the pavement in the bed-material. The distributions
systematically vary witn flow discharges and bed stress, such that at higher flow stages
the grain snzes are coarser while the spread of the distribution decreases. Based upon
these result they formulated a differential bed load transport function for individual gram—
 size fractions. During the development . of this function they utilised the dependence of

twa parameters -(ie. k and s) in the Rosin distribution upon the two flow stress

P parameteré (represented byt’and gy). The developed function for each size fraction is

9.(D;,7)=4,()) A(D,,7) - . @31)

7) = frequency curve for the .

v ‘&.-Rosm dlstnbutlon and equals : o hss B
-1 s i SIS
o] e
(D.,r) 100(—) ) exp Bl ke _,,(2.3_2) .

In thns relation 's’ 1s a dlmensmnless factor that controls the overa]l spread of dlstnbuuon

where qs ' total bed load transport per unit width; f(D,

and 'k' "'s'» the mode of dlstnbutlon “The values of s and 'k' can be denved from the

_Hoflng re!anons in terms of umt dlscharge qw -
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5=10.0 >

k= 627923

l asihardjo (1991) used the
oad dlscharge Computation modei,

o (2.34)
ot Recent| . ;
Y. Inp excess discharge theory to develop a bed

d ir this model he actually combined the grain size
1stribution approach with the

. bed load U ausjal concepts (with particle size fraction)
lntro uce [ (,

i d by Wilcock and Southard {1 ‘18? vy, Iis bed load transport model is
'i’ “r

Gy = S B\‘! ! ) (2.3 5)

normal (Gaussian) size distribution

f;b': 1 E/@—[(D‘_D"')z:l

20

for bed load with log-

(2.36)

for bed load with ideal Rosin size distribution

,:» : .‘ . _ Ky Di b Di : ’ ’

arld B is a function of (f,;, S); fomi can be obtained similar to fy; but for the bed-

miaterial. This model has the attraction that it considers both the particle size fraction of
bed-material and bed load, but it has fundamental problems.

2.3.6 Critical Assessment Of Sediment Transport Theories

Since the sediment transport theories have been developed using the threshhold
conditions of bed load movement, problems associated with the conditions _are.
incorporated in the structure of the formulae. The velocity theory has relatively less

problems (stated in article 2.2.6) however there is scarcity of research work on this

theory. On the other hand, stream power is a product of tractive stress and mean flow =~

velocrty (a) =l consequently, associated problems with the application of both the

load transport 1s related to the shear stress on the bed or the water flow. Dlsadvantages oy

-assocrated wrth the shear stress theory are so many and so s1gmﬁcant that certam;_i;

F u"" 'tlons regardmg the accuracy and vahdtty of the tractrve stress based’ formulae anse

other : hma: -tor‘remember whtle usmg bed load transport formulae _1s the ‘ ’emp1 f- ‘.__‘
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e methods are multlplymg, s0 do the predicted results based on this theory It can be il o

that u'respectwe of the way in which bed load formulae are developed the rate of bed;_




