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ABSTRACT

Alluvial channel are closely linked with the development of civilization from the ancienl Hme,
Constructions of hvdraulic structures like dam, barrage. canals, bridges, atc, on the Fivers; serve
many purposes like storage o’ water, irrigation water supply, electricity gemeration, etc; thal
necded in day to day Jife. However, failure of these structures resulted in enommous loss of life
and money. One main reason for the failure of hydrmulic structures in alluvial channel is ciled as
sediment transport, For an example. Garde and Ranga Fuaju (2000) cited the farlure of |5 lam weir
on the Sullej River due (o degraded river bed. In Yellow river, bed level was lowered by &n
average of 4.5 m in a 30 km reach due ta less heavily sediment-laden water {Garde and Rogga
Raju, 2000} The sediment transport in alluvial channel significantly affecis the life of hyvdravlic
siructures founded on alluvial channels, Sediment deposition n the reservoir reduces LS waler
slorage capacity or sherten the design life of reservair. For an example, Srirame Sagar TEservor
in Andra Pradesh found 10 have lodt 25 % of its capacily during the first 14 years of impounding
{kothyari, |996). Owens et al. (2003} reported that 1086 of lakes, rivers and bays of the LISA
have sediment contaminated with toxic chemicals. Human activity sccelerated the changes
peeurring in the channel bed merphology that causes the varipus problems like reservorr
sedimentation, hydraulic structures filures, ageradation and degeadation, Nood problems, waler
quaolity issues, navigation problems, ete. Hence, the study on detachment and transporation of
sediment in an olluvial channel becomes imporant tor addressing the problems associated with

it

Understanding of incipient molicn of sediment particles is needed n estimation of sediment
iranspor. The incipient motion s characterized as the beginning of the movement ol bud
particles when the flow induced shear stross over ihee hed exceeds to & certain critical value,
Shiclds [1936) has been the pionesr for introducing the incipient motion corve widely known as
Shields curve for the computation of critical shear siress of uniform cohesionless sediment. The
uncgaal mobility concepl has been considered for the incipicnt motion of individual particles
present in sediment mixture (Egiazarofl 1963, Ashida and Michiue 1971, Hayashi et al. 1980,

Parker o al. 1982, Bridge and Bennett 1992, Kuhale 1995, Patel and Rangs Raju 1999, Wu ctal.




2000, Wilcock et al, 2001, ete). Most of the study, conducted for incipient motion of non-
uniform sediment, is of mixture sand and gravel. However, the critical shear stress still under
mvestigation for non-uniform cohesionless sediment especially in presence of silt. River bed
material consists of mixiure of cohesive as well as cobesionless maierials. Singh et al (2007)
reported that the Ganga river bed is consisted of sediment having clay, silt, sand, and gravel. Jain
(A8} reported the presence of clay, sand, and gravel mixture an the bank of the river Ganga at
Rishikesh. The erosion characteristic of cohesive sediment is significantly different from the
cohesionless sediment due to dominancy of physio-chemical properties of the cohesive sediment
(Kothyari & Jain 2010a). Several experimental studies have been reported on incipiem motion
for different cohesive sediment mixtures like clay-sand, clay-sili-sand, elay-gravel, clay-sand-
gravel, eic, (kamphuis & Hall 1983, Mitchener & Torfs 1990, Torfs e al. 2000, Ansari et al
2007, Kothyart & Jain 2008, Ahmad ct al. 2011, Wang et al. 2012). The computation of critical
shear stress i case of cohesive sediment mixture 15 still under investigation and needed 10 be
explored more especially in presence of sill and pravel wgether, Aberle er of. (2004) noticed an
caponential decay of erosion rate with time and concluded the erosion rate depends on bed
material properties, such as dry bulk density, water content, organic content and sand content
Empirical formulations have been derived for the computation of erosion rate of cohesionless as
weell as cohesive sediment by various researchers (Mever-Peter and Mitller, 1948, Parker, 1979,
Misri et al, 1984; Samaga et al, 1986; Parker, 1990; Mitchener and Torfs, 1996; Sanford and
Maa, 2 ; Aberle, 2004; Jain and Kothvari, 2000; Xu et al.. 2014). Most of the study in the past
has been conducted For cohesive mixture of mud-sand, clav-sand, clav-grovel, clay-sand-pravel,
ez, However, the study on the transport rate of sediments in the cohesive mixture of clav
consisting of silt and gravel together has not yel performed. Garde and Ranga Raju (2040}
delined the equilibrivm condition s “a certain length of an alluvial stream = said o be n
equilthrium if the amount of sediment coming inko this reach is equal to the sediment going out
from the same™, Stream equilibriom is significantly impartant in the study of sediment transport
as it responses o degradation and apgradation in the channel bed. Julian (2002} repored
vecurrence of degradation in response to carrying capacity of siream till a stable bed condition
reached and further there s no transpon of sediment due 10 development of an armor layer
corresponds 1o equilibrium condition, The rate of degradation of channel bed decreases with time

ae the erogion rate decreases wath Dime ["n"-:_lg;.l ol ml., 1992 Jain, 2008), The channel bad
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degradation is alfected by the variation of elay percentage in the sediment mixture. Formulation
for the computation of transient bed profile in case of cobesive sediment mixiure needs o be
investigated yet. The study of turbulence flow characteristics is useful in future references tor
linking it with sediment transpont study, Dey et al. (2011) conducted experimental study [for
turbulence characteristics near the bed of non-cohesive sediment corresponding to entrainment
threshold. Kose (2011) observed vertical distribution of wrbulence quantities on rough bed ol
trupezoidal open channel. Canollo ot al. (2005) presented resulte of an expermental study of
turbulence intensity in the gravel bed. Guo and Julien (2001) investigated the theoretical and
experimental results of suspended sediment on wrbulence paramelers and reported that vertical
distribution of turbulencé intensity decreases in the sediment-laden flow. Nikora and Goning
(2000) reporied different behaviar for the vertical disiributions of local mean velocitics.
turbulence intensities, and shear stresses over weakly and fixed gravel bed. Most of the abave
study has been conducted on channel bed made of cohesionless scdiment. Hence, twrbulence

charscterstics of flow over degraded cohesive bed need o be investigated.
Ihe present study aims on the following objectives:

I, Identification of correct parameters that influence mitiation of detachment condition and
erpsion rates of clayv-sand-silt-gravel mixtures having cohesive properties.
II.  Development of ratonal methods for computation of the condition for initiation of
detachment and crasion rate of cohesive non-uniform sediments.
L. Validation of the developed methods using laboratory data.
IV, To study the bed degradation profile of the cohesive hed comsisting of clay-sili-sand-
gravel, clay-silt-gravel and clay-silt-sand mixtures.
V. To study the wrbulence fow characteristics on degraded cohesive bed of non-unifonm

mixiuire,

Ihe experiments were conducted in a tilting flume having 16 m length, 0,73 m width and (.30 m
depth in Hydraulic Engincering Laboratory, Civil Engineering Department, Indian Institute of
Technology Roorkee, Roorkee, India. The channel had a test section of 6.0 m length, 0.7% m
width and 0.18 m depth starting at a distance of 7.0 m from the channel entrunce. Three types o I
cohesive sediment mixtures e clay-silt-gravel, clay-silt-sand-gravel and clay-sili-sand were

used i the present study, In all three cohesive sediment mixtures, the percentage of clay was




varied from 0% 1o 50% on weight basis while the other sediments (i.2. cohesionless sediments)

were leken in equal proportions, The test section of the channel bed was prepared using dynamic
compaction method. Incipient motion was examined for the coarsest particle presemt m the
mixlure Le. critical shear siress was measured for grave]l pariicles in case of clay-sill-gravel
mixture and clay-silt-sand-gravel mixture; however, mn case of clav-silt-sand mixture the
incipient motion was observed for sand particles. The transported sediment was coflected n
terms of bed load wsing rectangular trap Tor sand and gravel particles while suspended load
collected using integrated depth sampler for silt and clay particles. The trensient bed profile,
water surface profile along with the bed load and suspended load were measured simultancously
at regular time intervals. The flow in the channel was continued till the bed profile comes in
static state and collection of bed |oad becomes very less compared to initial bed load collected.
The degraded channel bed was established after the eguilibriom stape renched for the ranspon of
sediment from the channel bed. Then, the Vectrino+ ADV was installed over the Mume in the
working section part of the channel bed [or collecting the three dimensional velocity data, The
AD-velocity daia were collected corresponding to 0%, 30%, and 30% clay content in all the
degraded channel bed of clay-silt-gravel, clay-silt-sand-gravel, and clay-silt-sand mixtures. |he
data were collected in both directions i.e longitudinally and vertically. A four transducer beam
probe (down-leoking) of ADY was used to capture the instantanecus velocity components. The
dara were measured at o sampling rate of 100 He for duration of 2300 s to achieve a statistically

time-independent averaged quantity.

The eritical shear stress for the gravel pariicles was found to be lower in presence of silt. The
physical appearance of top surface of bed was dominating with gravel particles for lower ¢lay
content afier the incipient motion run. A new cquation is developed for predicting the critical
shear stress of pravel particle in cohesionless sediment mixture which shows a pood agreement
between observed and computed values. High clay percentage significantly increases the eritical
shear siress, Clay content and bulk density along with sediment size are identified as the main
parameters poverning the incipient motion in case of cohesive sediment mixture. A relationship
has been developed for the computation of critical shear siress of gravel particles that swited 1o
cohiesive sediment mixture of clay-pravel, clav-sand-gravel, clay-silt-gravel, and clay-silt-sand-
gravel. A relationship has also been developed [or the computation of critical shear stress of sand

perticles in cohesive sediment mixture of cloy-silt-sund. Clay content and excess shear stress
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along with time was found to be governing factors tor the computation of the fransport ralc (il
sediment, The moedel has been developed based on identificd parameters for the computation of
hed load transpott rale and suspended load Transpur rate respectively for clay-silt-gravel
rixire, ul:};-iilt-az||;d-gruw.-;| micture, and clay-sili-sand mixiure. Degrndation of channel bed
decreases with the increase of clay percentagc Increase in excess shear siress accelerates the
degradation, and the bed degradation found decreases with the increases of trme The maximum
degradation was found Lo ocour ol 50 em from the entrance of upstream working section for all
the three cohesive sediment mixture in the present study. A relationship has been proposed for
the computation of bed ntofile for cohesive mixtury of clay-silt-gravel, clay-silt-sand-gravel, and
cluy-silt-sand, The fluctuation for vertical distribution of velocity is higher in upstream seclons
than that of downstream scctions ever the degraded bed, The fluctuation in vertical distribution
of velocity was found reduced with increase of clay percentage. The maximur degradalion
section in the channel bed was noticed around the section where the resultant Mow velocity
appeared 1o be reversal he position of maximum value of normalized turbulence intensity,
irbulence kinetic encrgy, and Revonlds shear siress hae been found arcund the initial bed level

for cohesive mixture; however, this position of maximum value oecurs below the initial bed level

in case of absence of clay in the mixire.
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CHAPTER -1
INTRODUCTION

L1 INTRODUCTION

Wenthering is the first step in the transforming of solid rocks into sediments. In the process ol
Inrmation of sediment. the weathered product s eroded from ther ongial location by erosion
process that may be faken place due o action of pravily oF miming water or wind action or by
moving e, However, fluvial hydraulics deals with the process ol erosion, transporiation. and
deposiien of sediment in channels by the action of nmmng witer, Developmient of buman hife s
significantly linked with the progress in the knowledze of river engineering as most of the earty
civiliamtions developed near river valley, The progress i the knowledgze of hydranhe strctares
resulted in the construction of stnictures across the rivers which instrumental in the development
of civilization, For example, constnictions of dam scross the river serve the purpose of storage of
water, imrigation supply, electricity generation, ete. The construction of bndges connects the
pathway across the river. However, fnilure of these structures resulied in encmmous loss of life
and meney which beeomes the indicator of need to focus the study on the behavior of alluvial
chinnels in vespect of sediment transport. The sediment transport i alluvial chanmel significantly
affected the life of lyvdeulic structures made under alluvinl channels. Alluvial mvers are
senerally in a process of nawral adjpsiment through changes in cross-sectional geometry. b
elevation, slope, ete in response 1o the varitions in runeff and sediment niffow, Hewever, human
petivity aceclersted the chanpes occumng in the rivers, Deposttion of sedinents apstrzam of
dans. degradation of channel bed below dams, lecal sconr arcund hydraulic structures, ele, ave
some examples of changes i nver morphology due 1o hunsan sctivity, The guantity of sediment
coming with flow in alluvial channel plays o signaficant role in the erosion of chanrcl bed m
alluvinl river, Little or mo sediment in the incoming fow in channel may result i hungry water
oF sediment-starved water that leads o channel incision ‘and may cause the underminmg ol
bridees and other structures. Garde and Ranga Raju (2000 cited the failure of Islam weir on the
Sutlej River due to degmdation. In Yellow rver, bed level was lowered by an average of 435 m
in a 50 km reach due to less heavily sediment-laden water (Crarde and Riagga Raju. 2000, Few

|:1.:||11|:-||_'1. i Ehe E‘llt:-':iic'ﬂ| b |-|.I1'n.|1:',.'!".3|!|c1llt1-l'| have heen illusteated L"'IZ‘|"'"-"-'1|'|“'||E_'.|'| |'i|_-' L1t L3




which shows the bed degradation in alluvial chaniel, scour amund footing of bridpe and failure

ool bredge.

Fig. 1.2 Excessive scounng around footing of bridge on river Claikki, Punjab {Bumesh, 200 2
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Fig. 1.3 Failure of Bridge on River Gola ot Haldwani, Unrarakhand in 2008 (Ramesh, 2112)

The crosion of sediment from the bed in an alluvial channel starts when the hydrodynamic forces
that cause erosion cxceeds the forces within the sediment that resists i However, e
particles from the channel bed may need not result m the equal quantity of vield ag that erosion.
The part of eroded sediments may deposit i berween the reach before downstream end due 1o
insulficient camrving capacity of sadiment by flow or may be due 1o obstacles of hydmulic
structure like dam. The deposition of sediment in between the reach may have detrimental
effccts, for example, Kothyari (1006) reported a bndge constructed m 1218 ower a lorrent
crossing the Dehradun-Mussoorie road had a clearance of 16,7 m below its soffil, however. due
i deposttion of sediment particles or aggradation leads o reduction i glearance op 1o 122 m
1941, Sediment deposition in the reservair reduces it's the water storaps capacity oF shorten the
design life of reservoir, For ex., Srirama Sagar reservoir in Arkir Pradesh founl 1o have bost 23
%5 of its capacity during the first 14 years of mpounding (kethyan, 1996) Durgumoglu and
Singh {1993} reported the storage in Loiza Reservorr in Puerto Rico was reduced from 23.3 x 107
m’ 1o 14.4 x 10" my in 39 vears as o result of sedimentation, Erosion and transpon of scdiment in
a river channel may cause the issue of water quality that may have the harmful impact on the
squatic environment, wild life, and human life, Owens e al, (2005) reported that 101% of Iakes,
rivers and bays of fhe USA have sediment contaminated with toxic chenueals. Sedimentation or

silting in river channels and aggradation of bed may causes endangerng navigation and also




mipadted on the economic aspect, 06, 10 maniam the utility of the reservoir, dam, navigation
chammel, cie deposited saliments have o be removed periodically that costs enormously,
Dorgunoglu  and Singh (1993} reported a four wvear dredging’ project in Hlindis  cost
approxinubely %10 mullion for the removal of abouwe 2.7 x 107 m sediments from the pEirenm
delia portion of Loke Sprmgheld. 5o the chonge i mver bed morphalooy eauses the various
problems like reservorr sedimentation, hydeslic structures Gilares, agemdation, flood problems,
willer punhiny psaues, sd b s, ERN PRI TR B |‘:-|'q.'-|".l|;:||'|.-, cic. Henee, the "n.llll,l_l. ot chetwchment and
(msporiagion of sediment i an allovial channel becomes important for sustamable development

aml wse ol river waters as it understanding assists in contmoliing the various ssues reporiod
above,

2 BRIEF REVIEW OF LITERATURE

20 Doeipient Maotion for Cabesionless Sediment Misiune

Sedumieit Iri=pan i1 the movement ol solid partieles e sedinsent, :'-.'|'ri-;.'.'|||:-.' dide 1 &
comnbmatiomn of eravity st on e seduwment, and o the moverment ol the Muedwater mowhsch
the sediment is enmained. The mechanism of detachment and trnspont of sediment in alluvial
chommel s oan smprtant aspeet i the channel behaveor, The begimning of the movement of
secliment parteles, from the channed bed, 15 charactersed by the meipient motion condition in an
g elmne] Dow. Dhe meapeent moton condimon ocewrs when the tlew induced shear stress
g e baed exceeds 1w oa cerlain critical value known as critieal shear glress, Thie 'q.ll.lll_'.-' i
g el o is sigoileantly mopastanl s i = insiunsentl o selving variows problens Tike
sontl erosion, reservonr sedimmentation, desizn of stable chaonel, niver momholomical predictions
arel eltiser of deposition of fine sediment on sgquate life eic. Shelds | 19563 huve been the proneer
for aintrosdueing the meipienl mohon curve widely known s Shields curve for detenmimng the
critecnl shear stress o uniform cobesionless sediment, Later on incpiem molion for wnifonm
cohesiopless sedimenis was studied by Iwagaki {1956, Yang (1973), Yalin and Karahan { 197%),
and others, Several mvestgations on imspient metion of neo=-amiform colkswonliss sedimeni
were abse reporied m the leeature (Egiazarod® 1963, Ashida amd Michive 1971, Parker o af
1982, Brdge and Hennent 1992, Patel and Ranga Raju 1999, Dey and Debaath 2000, Wu or al.
I000), The meipient motion erienon is well established for the computation of critical shear

sticss i wgse of unilvnm colwsionles sediment (Garde and Ranga Raju 2000) However, the
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critical shear stress still under ivestigation for non-uniform cohesionless sediment cspecialiy m
presence of sill, The movement of fndividunl particles 1 sediment mixiure comes imder the
concept of unequal mobility and reported in the lierature by several investigations (Egiazarot]
1963, Ashida and Michive 1971, Huyashi er al. 1980, Parker of al, 1982, Dridge and Bennett
(992, Kuhnle 1993, Patel and Ranga Raju 1990, W et al. 20040, Wilcock et nl. 20000, etc). Maost
af the stedy. conducted for incipient motion of nop-uniform sediment. 15 of mixture saned awl
gravel. Many of the [omulation for incipicat matyon of non-uniform ¢ohesionless sechment arne
gimilar 1o the existing formulation of uniform sediment with adidinonal comection factors. For
example, Pridge and Bennett (1992) used the correction factor ns a Tunction of ndividual
particle size and arthmetic mean of non-uniform sediment while Patel and Rangalaju [1990])
wsed @ correction factor in terms of Kramer's uniformity coefficient which is a function of
particle size and its percemage. Wu ¢t al. (2000 used & comection [actor responsible for the
hiding-exposure effect m non-unifom sediment tmnspart and developed - equation for the
computation of eritical shear stress of non-wmform sediment based om that correction [hctor.,
Based on the comrection factors, a number of equations were developed for the contputalion o
critical shear stress af non-uniform sediment {EgazarofT 1965, Hayashi et al, 1980, Brudge and
Bennctt 1992, Patel and RangaKaju 1999, Wu et al, 2000, ec). However, most af The sty
conducted for ineipient motion of non-uniform enhesionless sediment is [or mixture of sand and
privvel

1.2.2 Incipient Motion for Cohesive Sediment Mixture

In nastsire the river bed material consists of mixture of colesive as well as cohesionless matenals
Singh ot al (K7} reported that the Ganga river bed is consisted of sediment having clay, silt.
sanil, aned gravel. Jain [ 2008) reported the presense ol clay, sanch, aned gravel mixture on the bank
of the river Ganga o Rishikesh i Himalyan Shiwnliks Figure 1.4 shows the bed material

composilicn in river Ganga a1 Rishikesh, [ndia
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Fig. L4 Bed material composition of CGanga river at Kishikesh, India (Jain, 2008

The surfice phvsico-chemicial forces are doominating in case of cohesive sediment as the
cobesive sediments are composed of small particles having lange specific area. Theses physico-
chemucal forces includes the Van der Waals torces and other bonding forees such as hydrogen
bond, cot-ion bond, chemical cementation between panticles by vanous compounds, the double
byer amd paricle mtcraction force cle. in the clay-water madivm (Jain 2008), Thise forces vary
with degree of sauraton. wpe of shear application, drainage condition. clay percentage, and type
ol elay ele, therelord, the resislance of cohesive sediment 1o the sheanng setion of the stneam

w15 yvet under investiganon,

[he erosion chamcteristic of cohesive sediment is significantly different from the
coheswonbess sediment due to donunancy of physie-chemical propertes of the cobesive sedment
iKothvari & Jain 2000a). On mixing the cohesionless sediment with coliesive sediment, the
resulting mixture possesses conam amount of cohesive property (Michener & Torls 1996,
Kothyari & Jain 2000a); therefore, o iz treated a5 cohesive sedimemt mixmre. In past, several
experimental studhies have been conducted on incipient motion for different cohesive sediment
mixmres like clay-sand, clay-sili-sand, clay-pravel, clay-sand-gravel, ete. {Dunn 1939, Kamplois
& Hall 1933, Mitchener & Torfs 1996, Panagictopoulos et al, 1997, Torfs et al. 2000, Julian &

Iores 2MKs, Adsnri ot el 2007, i"l.-l.:ll.ll:r'l.l.l'l. & Jain 2008, Alhimad et al, 2400 1, 'ﬁ’l.a-u:g el ol Ei]lzb_
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However, studies have nol been found on incipient motivn for the sediment mixiure which
includes the clay along with the silt and gravel panicles. And also o few studies were found
which conducted for incipient motion for the cohesive mixture of clay-siki-sand (e.z, Kamphuis

and Hall 1983).

1.2.3 Detachment anid Transport of Sediment
The resistance against the erosion is due 1o the submerged weight of particles in case of

cohesionless sediment: however, surface physico-chemical forces are dominating factors against
the erosion for cohesive sediment. When the shear stress due to stream flow exceeds the
resistance foree of the cohesive bed then detachment of sediment siars from the cohesive bed.
And further increase in shear stress due to flow causes the transport of sediment along with the
flow. The understanding of transport phenomena is important as it miy result in harmiul
consequences, The transport of sediment in the channel may reduce the cxpected design life of
hvdraulic structures by damaging it. Deposition af sediment ma) block the navigation channel
which may result in flooding. The deposition of fine sediment into gravel interstices acls W
impede infer-gravel water flow (Owens et al. 2005) which causes reduction in oxygen levels.

vital i benthic organisms.

Empirical formulations have been derived for the computation of erosion rate ol
cohesionless as well as cohesive sediment by various rescarchers {(Meyer-Peter and Maller.
|48 Einstein, 1950; Ashida and Michive, 1972: Engelund and Fredsec, 1976; Parker, 1979
Misti et al.. 1984: Parchure and Mehta, 1985; Samaga et al., 1986, Meala el al., 1989; Parker.
1990: Mitchener and Torfs, 1996; Jepsen ct al, 1997; Sanford and Maa, 2001; Aberle, 2004
Wong and Parker 2004 Jain and Kothyar, 2009 Van Procien and Winterwerp, 2010:

Winterwerp et al. 2012; Xu et al,, 2014)

Mitchenner and Terfs (1996) reported the presence of mud in the range of 3% to 15%
changes the erosion mode from cohesionless 1o cohesive hehavior, Aberle er of (2004] noticed
an exponential decay of erosion rate with fime and concluded the erosion rate depends on bed
material properties, such as dry bulk densily. water content, arganic content and sand content
ey also reported that the erosion rate of cohesive sediment in salt environment were five times
lesser than those ol the fresh water eavironment. Jain (2008) conducted the experiment on the

transport of cohesive sediment mixture (clay -gravel and clay-sand-gravel) and proposed the rate




ol hed foad transpor i which there 15 no feeding of sediment in the channel and transport of

sediment occurred due to excess shear stress developed on the channel bed by the clear water
incoming flow. Jepsen et al, (2010) measured cohesive sedimenl crosion rate directly using
adjustable shear stress crosion end transport (ASSET) Aume and reported the fine particles
maved in suspension while the coarse material {sand) ransported as bed Ioad. They concluded

that fine sediments with little or no sand eroded as aggregates and maintained their integrity in

the flume channel while moving as bed load while the natural sediments that have high % of

sand also eroded as aggregates, however, guickly disaggregated. Most of the study in the past has
becn conducted for cohesive mixiure of mud-sand, clay-sand, clay-gravel, clay-sand-gravel, et
However, the study on the transpart rate of sediments in the cohesive miture of clay consisting

af st and gravel :rr_gr:th et has not yvet performed,

1.2.4 Equilibrium and Channel Hed Degradation
A stream in equilibrium s defined as the one in which channel dimensions and slope are so

djusted over a period of rime that it carries incoming sediment load and water without
appreciable erosion or deposition (Mackin, 1948). Garde and Ranga Raju (2000) also defined the
equilibrium condition as “a certain length of an alluvial stream is said o be in equilibrium of the
amount of sediment coming into this reach is equal to the sediment going oul from the same™
Stream equilibrivm is significantly important in the study of sediment fransport as it responses to
degradation and aggradation in the channel bed. When equilibrivm condition in stream deviates
then a change occurs in alluvial channel geometry which may causes the lowering of channel bed
till the equilibriuvm condition of flow meached so that it balances between inflowing and
putlowing water and sediment discharses, Julisn (2002) reported a8 fomation of armor faver as a
representative of stahle bed conditions in cohesionless channel bed when the incoming flow in
the channel is clear water (i.¢. no feeding of sediment in the channel) and degradation occurred
in response to corrying capacity of steeam till a stable bed condition renched {in case of sufficient
b depth) further which there s no transport of sedimemt due 1o development of an armor laver
which coresponds to cquilibrium condition as there s no incoming sediment and no outgoing
sediment. The rate of degradation of channel bed decreases with time as the eragion rate decroase
with time (Vogel ot al. 1992 Jain, 2008) e, the todal load increases with time in a shower

manner. The channel bed degradation alsa affected by the variation of clay percentage in the
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sediment mixture, Formulation for the compusation of tolal bed load may serve as one of the

important tools in the madeling of sediment transpor ety

1.2.5 Turbulence Characteristics
Turhulence characteristics of flow in an open channel are very important in river hydraulics as 4

deals with the sediment ransport, contaminant transport, and river bed degradation. Turbulence
studies has been investigated in an open channe! Mow over the past decades on various aspecis
like turbulence characteristics of flow for uniform fow, sicady flow, unsteady flow, effect of
varying discharge, roughness of hed, sediment-laden flow, fined channel bed. weakly mobike
hed, vepetative channel bed, effect of bed forms, affect on sediment threshold, over block ramps,
and around obstructions (ex. pier, abutment) made in the channel hed, ete by varipus rescarchers
(Mezu 1977; Tominaga et al. [989; Lyn 1993 Song and Graf 1996; Ahmad and Rajaratnam
1998 Nikors and Goring 2000 Song and Chiew 200 Muzzamil and Gongadhariah 2003;
Celline and Lemmin 2004; Carollo et al. 2005, Dey and Barbhuiva 2006; Mazumdar and oiha
2007; Rodriguer and Gareia 2008; Kirkil and Constantinescu 2010; Kose 2011; Kumar and

Kaothyari 2012; Ahmad et al. 2013; Guan el al. 2014),

Wikowa and Goring {2000) compared vertical disiribution of local mean velocitios,

tourbulence intensitics, and shear stresses over weakly and fixed gravel bed, Guo and Julien

(2001} investipated the theoretical and experimental results of suspended sediment on turbulencs

parameters and reported vertical distribution of wrbulenee intensity decreasis in the sediment-

leden Mow. Carollo ot al. (2005) presented results of an experimental study of turbulence
Doppler velocimeter (ADY) and reported the
Dev et al,

d of non-

intensity in the gravel bed channel wsing acoustic

maximum value of wrbulence intensity reduccs as the roughness height Increases,

(2011} conducted experimental study for turbulence characteristics al ncar the be

cohesive sediment comresponding to  entramment threshold, Kumar and Kothyari (2012

rheastred turbulence characteristics of flow around circular uniform picr and circular compound

pier in the transient stage of scour hole, Ahmad et al. (2013) studied turbulence anelysis over the

block ramp using ADY. They found vertical turbulence intensity, Revnolds strosses and
turbulent kinetic energy increases along the block ramp length

Most of the above siudy has been conducted om channel bed made of cohesionless

sodiment, However in nature the channel bed Is composed of mixture of cohesive and nomn-




cohesive sedimeont. Wery few studies have been found on degraded channel bed that made of
cohesive sediment mixtare.  Jain et al. (2013) conducted experimental study for wrbulence
characterispics of flow on degaded channel bed of sand-gravel mixture. However, study vet
needed o be éxplored on degraded bed for cohesive mixiure of clav-sill-gravel, clayv-silt-sand-

gravel, and clav-sili-sand mikxturs,

1.3 THE PROBLEM IDENTIFICATION

The beiel and significant review presented above revealed that incipient motion for non-uniform
sediment still under investigation. It is illustrated that, in nature, river bed material may consist
mixture of cohesive and cohesionless sediment e mixture of clay, silt, sand, and gravel Tt has
been reported that few studies conducted for the computation of critical shear stress of cohesive
mixture of cloy-sand, clay-sand-gravel, clav-gravel, and clav-sili-sand. However, no
mvestipation vet carried oul Tor cohesive mixture thal contains silt and gravel toepcther along with
the clay, Turbulence characteristics of Mow are an imponant part in the swdy of sediment
trapsport. Very few zwdies has heen nvailable on wrbulence chamctenstiics of How over
degraded cohesive bed; however, study has not been reported i far on turbulence characteristics
of flow over degraded bed composed of clay-silt-gravel, clay-silt-sand-gravel, and clay-silt=sand.
It 13 also reported that erosion characienstics for cohesive sediment is significantly different from
the cohesionless sediment. Therefore, stedy is needed for sediment ransport under influence of
clay, The present study 15 intended 1o study the sediment transport under the milluence of

cohesion along with presence of sand, sill, and gravel which has not been taken up so far.

14 ORIECTIVES

The present study nims on the following objectives:

| T study the influence of cohesion on the process of incipient motion for three cohesive
bed consisting of clay-silt-sand-gravel. clay-silt-gravel, and clay-silt-sand mixtures
1. Identification of parameters influencing the initiation of detachment condition and
erosion rates for all the three cohesive bed.
i MDevelopment of rational methods for computation of incipient motion {or all the three

cohesive bed,
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V. Development of rational methods for compuiation of erosion rate for all the three
cohesive bed,

V.  Development of a rational method for the quantification of bed degradation profile of the
cohesive bed consisting of clay-sili-sand-gravel, clay-silt-gravel and clay-silt-sand
mixiunes,

VI.  To study the turbulence flow characteristics aver degraded cohesive bed of elay-silt-sand-

gravel, clay-silt-gravel, and clay-silt-sand mixtures,

1.5 METHODOLOGY

he present study inmtended to siudy the incipient motion, transport of sediment, and bed
degradation quantification under the influence of clay along with the turbulence characteristics of
How over degraded bed, These studics have been done by carried cut an extensive experiment in
Hydrauwlic Engineering Labormtory, Civil Engineering Depariment, Indian Institute of
lechnology Roorkee, Roorkee, India. Data have been collected through conducting the
experiments and then these data has been analyeed rigorously and finally analyzed data has been
putted in the form of a model for the computation of incipient motion, sediment transport rate.
and bed degradation profile. The other researchers’ data in the past has been used in the analysis
part as per the availability along with the present study data in order 10 make the present study
proposed outcomes verificd and have wider applicability. The velocily dala for turbulence
charscteristics of flow over the stabilized degraded bed has been collected wsing ADY
{Accoustic Doppler Velocimeter), The collected raw data of velocity has been filtered using
WinADV and computations have been made for turbulence characteristics of Mow e, for

turbulence intensity, turbulence kinetie energy, and Reynolds Shear stresses.

L6 LIMITATIONS

The cohesive mixture vsed in the present study consisted of silt, sand und gravel mined with
varying percentage of clay. The variation of clay percentage limited 25 [0-50Fa. Also the clay
mineral composition used in the experiments is of single twpe. Experiments were conducted with
uniform sediment of gravel of median size 5.5 mm, sand of median size 0.60 mm, and silt of

median size 0.062 mm. The percentage of weight for cohesionless scdfnent was kept equal in

11



ratic for all the mixtare. Flume used in the experiment is of rectangular shape and having

constant width with side glasses

1.7 STHUCTURE OF THE REFORT

For the purpose of lucid presentation, this thesis is divided into six chapters. Chapier | provides
the besics problems in respect of sediment transport in an atluvial channel along with the
abjectives, methodology, and limitations of the present study. Chapter 2 deseribes the state-ol-
the arl literature review for ingipient motion, transport rate of sediment, bed degradation studies,
pid turbulence characteristics of Now. Chapter 3 describes the experimental setup and procedure
adopted for the experimental investigations in the present study. Chapter 4 describes the results
and discussions which involve the analysis of the collected dma and the model development
hased on the data analvsed for the computation of incipient modion, transpon rate of sediment,
ardl bed degradation profile. Chapter 5 describes the velocity profile over the degraded bed along
with the turbulence characteristics of Mow e turbulence inensity, turbulence kinetic energy,

and Rewnalds Shear stress. Chapter 6 presents the outcemes of the presenl siudy
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CHAPTER - 11
REVIEW OF LITERATURE

2.1 GENERAL

The sediment existed in the nature may be broadly categorized as cohesionless and cohesive
sediment. Further, mixing of two or more different size of sediment resulicd in non-uniform
sediment. The formulation for the computation of eritical shear stress of uniform cohesionless
<ediment has been well established (Garde and Ranga Raju. 2000}, There are VATIuS
literature ¢xist on the study of incipient motion for non-uniform cohesionless and cohesive
sediment. The objective of the present study deals with the cohesive sediment. However, it 18
abserved that the critical shear stress for cohesive sediment converges into cohesionless
sediment under a specific condition. Henee, it is necessary 10 g0 through the literature for
non-uniform cohesionless sediment before attempting on cohesive sediment. Initial sections

of this chapter present the literature review on the inciplent motion of cohesionless ardl

cohesive sediments. Then the liwerature review has been presented on the detachment and

transpont rute of non-uniform sediment that includes cohesive as well as cohesionless

sediment. Then in the next section, lilerature review regarding the study conducted for the

computation of degradation bed profile has been presented. As one of the objective in the

present study deals with the velocity and wrbulence characteristics distribution of flow over
the degraded channel bed, hence in this respect the literature review presented on the study of

velociy and turbulence characleristics distribution of flow over channel bed in vartous

conditions,

29 CRITICAL SHEAR STRESS FOR NON-UNIFORM SEDIMENT
A5 the non-uniform sedimant classified into the cohesionkess and cohesive sediment, hence
this section deals with the literature review bused on the study for incipient motion for

cohesionless and cohesive sediment.

331 Critical $hear Stress of Non-uniform Cohesionless Sediment




This scction mainly focused on the litcrature review of non-uniform cohesionless sedimen
However, 4 widely used formula for the computation of eritical shear stress of upiform

cohesionbess sediment as per Shields (1936] and Brownlie (1981) has been presented here

Shields (1936) has been the picneer for introducing o curve. known as Shields curve, for
computing the cntical shear stress of uniferm cohesionless sediment. Shields curve (1936,
pletied between Sheilds parameter (i dimensionless eritical shear stress) and particles

Revnolds number, represented in the following form as

= - _r_"'i' : . [ R,':' =F{ T ) I )
f.r!' = ,r:l'l's,r.-u"..l B
21

Where, & i1s the dimensionless Shields number; ¢ is the Shiclds critical shear stress
(Nm*); g is the acceleration dug 1o gravity (m’s'); @, and g are the parlicle and floid
density 1kg-‘m"'r respectively: o, 15 the moedian size of the sodimemt (m): &, 5 the particie
Reynolds number; u. is the Mow shear velocity (m/sk and U is the Kinematic viscosity of

Auid (m*~/5)

Egiazaroll {1965) developed the formula for the incipient motion criteria af non-unilorm
sediment bascd on the assumption that the particle s entrained when the reference velocity
cquals the fall velocity of the particles and this reference velocity for a particle of size o was
taken al a distance 0,63 @ from the bed. He propesed the following expression for the

computation of critical shear stress of non-uniform sediment

e log(l9)

P

I i i ]
|'||' I;
; l‘l I

21
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Where 1., is the dimensionless critical shear siress for particle size corresponding 10
e, in sediment mixture; 1, is dimensionless critical shear stress as per Shields ereria for

mean size of sediment mixture; o, is arithmetic mean size of the sadiment maxture (m).

Hayashi ef al (1980) modificd the propesed equation of Egiazarofl (1965) for the
entrainment of individual fractions in the sediment mixture. They assumed the reference

velogity 1o st at a distance of 0.27 o from the bed instead of 0.63 &, as per Eglazaroff

{1965} and they also considered lift force responsible for entrainment of pariicles from the
channe! bed which is not with the case of Egiazarofl (1965), They expressed the following

relationship for the computation of critical shear stress of individual fractions in the sediment

s e,
.
? 1
To =l E{J for L e1.0
Toom 4 d,
(2.3)
LTI B i >1.0
|'_||I ] f
Iut__'fﬂ—"lJ d,
d,
(Z24)

Brownlic (1981) has given an ¢xpression for Shiclds curve such that the dimensionkess
critical shear stress of uniform cohesionless sediment could be computed through expression

inetend of using Shields curve. The following equation has been eapressed by him as:

f., = 0.22F + 0.0600)7"

(A5

ol

Where, ¥ =(ip, - phelde) /v

Parker et al. (1982) used the measurable but low value of sediment transport rate for

identification of incipient motion of sediment. They suggested the following incipient motion




crteris based on the dimensionless bed load transport raic for non-uniform colesionless

zediment ns:

i ||'_1_

« _ WA

~ 1 |24,
P

(2.6)

I

Where W Is the dimensionless bed load parameter: g, is the volumetric transport
rate per unit width for the " Fraction of bed load (m/s); and 7 is the proportion of fraction |

in the bed sediment

The value of W' was suggested as 0,002 for the incipient motion criteria. They also proposed

the following relationship for the computation of critical shear stress for sediment fraction in
non=uriform cohesionless sediment as:

-4

T i, I
T."'_ . r'l“.".' P
(2.7

Where, ., is the dimensionless reference critical shear siress of individual sedimem
that produces o smeall reference transport rate (< 0.002).

Wiberg and Smith (1987) derived an expression, based on the balance of forces acting on
individusl particles ot the surface of a bed, for the computation of ertical shear stress for both
uniform and heteropeneous sediment. They found that the critical shear stress for unifirm
sediment or well sorted sediment differs significantly when compared with poorly soried or
heterogenzous sediment and this difference is primarily duc to the relative protrusion of the
particle inte the MNow, the particle angle of repose. or bed pocket geometry resulis from
sediment mixture on the bed, Their derived expression for uniform sediment depends on the
near-bad drag force, lift force to drag force ratio, and particle angle of reposc for a given
particle size and densily while Tor mixed or heteropeneous sediment the critical shear stress

additionally depends on the relative protrusion of the grains into the low,
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Wilcocok and Southard (198%) conducted an experimental study and found the sorting of
the sediment mixture had little effect on the critical shear stress of individual Faction in the
sediment mixiure, They used the Refersnce Transport Method as per Parker ef el (1982} for
incipient motion of fractions comesponding o a very low, but measurable, dimensionless bed
load transport rate. Their results were apparently true for the recirculating system and the feed
system Le. the system where the ransporl rles of individual Frastions solely determined by
the flow @nd bed sediment (recirculating system) and the systems where the [racticnal

trangport rtes are imposed on the system {Teed system),

James (1990) presented o model based on the moments of farces acting on a particle for
predicting entrainment conditions for non-unifom cohesionless sedimemts, The methad
sdoptad is an extension of the pivoting analysis concept. The model was based on the
assumption (a) initial movement of particles will ke place by rolling, rather than sliding: (k)
entrained particles are spherical: (€] entrained particle will mil between tWwo adjacent
supporting particles; and (d) the distance between the particle centroid and the pivol XIS 15
assumed to be proportional to the characteristic dimension of the particle. The critical
condition was analyvzed in terms of the equilibrilm af the moments of all forces acting on 3
particle about the pivol axis. The following expression was developed for the computation of
critical shear stress as!
s, _ k ke, sinlg’ —.‘s‘.} _

2d (o, —1) 1653 1lag, BU.2kdyv, (Eak, KC kK, (k; cosg’ + ko HC ko, Lk, sing’ + &,))

(28]

Where, . is the shear velocity corresponding 10 incipient motion (misk 2, is the

relative density; @° is the pivet angle; §, is the slope af the bed in flow direction; v, is the

velochy profile correction factor; & i« the charecteristic dimension of supporting particies

im); C,, is the drag coellicient; C, Is the [ift coefTicient: k. is proportonality constant for

particle volume; &, is proportiomality constant or particle weight lever arm; k; 18

proportionality constant for drag force lever arm; &, is proportionality constant for Iift force

lever arm; ks is proportion of nommally projected area exposed: &, 18 proportionality consiant

| 7




for normally projected area; &, 5 proportion of parallel projected area exposed; k. i3
propartionality constant lor parallel projecied area; k. is proportionality consiant for velocity
position; and &, s multiple of bed particle size for grain roughness

Wilcock (1993) identified the degree of himadality for the computation of eritical shear stress
of individual sediment in the mixed size sediment. He propesed the following eguation for the

computation of the critical shear stress which depends upon mean grain size of mixture, size

of each fraction, and the degree of bimodality of the mixmre size distribution,

(2.9

Where, 1, 38 the relerence entical shear stress of individual sediment that produces a
small reference transport rate (< 0.002) |_."i.';r|1:1: 7 15 the Shiclds shear siress for individual
size graim; &, and M are the coctlicients that vary with the mixture grain size distribution

He reported the value of &, as (L6 for strong bimodal sediment. The valve of & could be

computed based on the degree of himodality of the mixture which is defined as
i .Ill.:l b

B = | et | YE
0

g, for 8 <8

for B, > B, (2.12)

Where, B is the Bimodality parameter; 8. is the mimimum value of ; £ and D,
are grain size of coarse mode and fine mode respectively in bimodal sediments: and P is the
proporien i moede in bimedal sediments.

Kuhnle (1993) conducted an experimental study in a laboratory flume for incipient motion of
gravel-samd mixture in proportion of gravel:sand as 0: 100, 10:90, 45:35, and 100:0. He found
that the critical shear stress for pravel particles in sand-gravel mixture deviated when
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compared with 100% gravel. He reported the higher value of ¢ritical bed shear stress with
increasing percentage of gravel sediment in the sediment mixture which may be due w the
inhabitation of the formation of a coarse bed surface layer caused by presence of the large

amount of sand n the mixiores.

Patel and Ranga Raju (1999) proposed o formulation lor the computation of eritical shear
siress ol non-uniform fractions in the sediment mixture that depends upon the size of the
sediment fraction, the geometric mean size and the geometric stanclard deviation of the
mixture, They carried experimental work in a ilting, recirculating flume having a width of
0.40 m, a depth of 0.52 m and a working length of 12.0 m. Five 1ype of sediment mIxtuee was
used in their experiment in which the median size of sediment range from 2.0 mm to 4.0 mm,

Ihey maintuined the recirculation of sediment by manually feeding hack the sediment

collected in the trap and care was taken 1o ensure that the [Tow was uniform and equilibrium
conditions had been attained. Equilibrium conditions have been attained when three
successive samples collected in the rap was sractically invariant with time in temms of
ransport rate. The incipient motion was considered corresponding 1o low discharge of
sediment transport by visual observalions. ‘They estimated the critical shear siress of the
medisn-sized sediment by three methods iLe. visual observation, largest grain method (LGM),
and reference transpont method (RTM} It was Found that RTM was well mached with the
experimental data results, however, they noticed the limitation of data plots needed in R1™
methods. 'The following relationship was proposed by them for incipient motion ol non-

uniform cohesionless sedimemt as:

e i ih
Fuy | 1 {2.13)
o d, |
d, =d cr, (2.14)

Where, T, _is the dimensionless critical shear stress of o size; o, is the geometric
standard devietion of the sediment mixture; and o 15 gl.:umﬂri-; mean size of the mixioure

(11},

Wu ef al. (2000) proposed a formulation for the computation of eritical shear stress of non-

uniform sediment in the sediment mixture of channel bed. They modified the Shields (1936)

&




eriteria by introducing a correction factor which siochastically related 1o sediment size and the

bed material. The formulation based on comection factor was given as
— [2:15)

Where, ¢ is the critical shear siress for particle size corresponding 10 o, in the

3
sediment mixture (N/m°); m, is an empirical parameter; |"'” is the correction factor: P and

P are the total exposcd and hidden probabiliiies, rcjpccti'.'ff:.:_ fion particle smee o, and

defined a=

= |.|'._
=i g i)
M
I'_‘E,'J':-.l' b if L)

Where, M, is the ol number of fractional particle in the sediment mixtures: o is
the particles staying in [ront of particle size d ; and P is the percentage of paricles
comrespording W o particles. They reported the value of r, | and w» as 0.03 and -0.6
respectively by using laboratory and field dati.

Shvidchenko er al. (2001) presented the results of an experimental study for incipient motion

of individual size fraction in sand-gravel composed stream bed. They concluded the

parametérs goveming the incipient motion were ratio of the sediment size to median size of

mixture, mixture standard deviauon, absolute value of median size of mixture, and the bed
slope, They proposed o formulation for the computation of critical shear stress of individual

sediment si72 in unimodalsweakly bimodal sediment mixture as:

060 _ s .
; (2.18)
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Where, £, is the hiding Function which depends upon relative size with respect 1o

L

median size and mixture standard deviation; and a,, is the mobility factor which depends upon

absolute value of median size of misiure.

Dey and Raju (2002) conducted an experimental study [or computation of critical shear
stress of gravel and coal beds under unidirectional steady-uniform flow. They identified the
parameters aflected the incipient motion were the Shickls parameter, particle Froode number,
non-dimensional particle diameter and non-dimensional fow depth. The incipient motion was
considercd when all fractions of bed particles (on the surface) had movement over i perind nf
time and collecting the removed particles in a wire-net downstream. They found the
sxperimenial results for gravel and coal bed was in disagreement with the standard curves
proposed by Shields (1936). The farllowing expressions have been proposed by them for the

computation of critical shear stress of gravel and coal bed as:

r,. = 00BSEI"d BT (For both gravel and coal bed) (2.19)
Toy = O.O13F 4. o { For gravel bed) [2.20)
r., = D0SRE; . 2 H" (For coal bed) (2.21)

Where, £, . d. ., and b are the dimensionless panticle Froude number, mon-
dimensional particle diameter and non-dimensional flow depth respectively

Zanke (2003) focused on the work of influence of turbulence on the initiation of motion of
sediment particles. In case of non-turbulent flow the critical shear stress is solely defined by
the angle of internal friction or the angle of repose of single grains, In turbulent fow,
[Muctuations in the shear stress as well as 1in forces produced by these fluctustions aflecting
the initiation of motion of sedimenl particles. He derived a relationship for computation of

critical shear stress under the inMuence of 1ifi force and the rbulence induced Nucwations as

7iand 4 2

] i | 1

N
rmr

Fi'l

[

. Tan qti_ -I|




Where, ¢ 15 the angle of intemal lriction; », is a factor which is multiple ofe i

15 standard deviation: and @, is time-averaged velocity atl a grain.

Dong (2007) presented a formulation for determining the relative critical shear stress of sand
fraction in & non-cohesive sand-silt mixture. He found that the computed relative critical shear
stress increases with the silt content, The predicted critical shear siress for the sand fraction
alsa found to increase with finer silt size for given silt content in sand-silt mixture. He
proposed the following expressions for the computstion of critical shear stress for sand

fraction in sand-silt mixiure:

L. !'1#,_.; _
T, SRS =
FIR.)=022R"" +0.06x 107" (3.34)
FOR, ) =0.2287"* +0.06x 100" 2.25)
| ke o |
i, = X (2.26)
Iy
'Re {
R' S (2.27
LI
d=d (1-P)+d P (2.28)

Where, r_, 15 the critical shear stress [or sand fraction in sand-silt mixture {}.’.'ml }
r_, is the critical shear stress for sand (N £, and R, arc gravity based particle Reynolds
number eormesponding to size o, and o, respectively; o, and , are the median size of the
sand and silt particles respectively: and 7, 15 the percentage of silt content in sand-silt
mixiure
Beheshti and Ataie-Ashtiani (2008) compared the incipient motion criteria among the
different methods that based on the Shiekls curve, the concept of probability of sediment

movement, and an empirical method based on movability number and concluded that the

method based on the movability number predict betier incipient motion criteria than the other

¥
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methods. He also proposed & formulation for the computation of critical shear velocity based

on the movability number as following:

Ly T
L =9 66Tdxd,” for . =10 {2.29)
11I'\.
N, O :
e 0.4738=d. for 13 =10 (2.30)
. 2 : = -:":I
.= B=LE "y, @31

Where, w, is the setling velocity of the partiche (m/s).

Patel er al, (2009} modified the formulation proposed by Parel and Ranga Raju (1359),
Modifled formulation was applicable for both unimodel and bimodal sedimenis for the
computation of critical shear stress of non-uniform fractions m the sediment mixture that
depends upon the size of the sediment fraction, the geometric mean size, and the geometric

standard deviation of the mixture and the modified relationship was proposed as:

T l|| AR
T 1054 1r (2.31)
o o
fuy = 00320 7 (2.33)

Gaucher e al (2010) investigated the effects of compaction on the erodibility of
cohesionless soil (e, misture of sand and gravel) through laboratory experimental study.
They carried the experiment in a horizontal, rectangular flume of 0.5 m wide, 0.7 m deep, and
approximately 6 m with glass walls and the test section was located at 3.4 m from the flume
entrance. They determined the optimum dry density as a function of s0il moisture for each
soil using Proctor’s Standard method and identified the maximum and minimum dry densities
of soil using a vibrating table procedure applicable to cohesionless goils. They found the soil
compacied at the Proctor optimum dry density have a higher resistance against the erosion
than those compacted at lower and higher densities. Further they tested the experimental data
with two commaonly used incipicnt motion criteria of Yang's (1973) and Shields-Yalin {Yalin

and Karahan 1979 criterion and found that the data mends exhibit a stronger correlaiion with

*




Yang's incipiemt motien criterion than Shiclds-Yalin®s criterion, They performed additional
validation tests an pon-compacted poorly graded sands and conclude that Yang's criterion is
less sensitive, with 2 nearly perfect agreement between computed and measured critical
values. They used the method of extrapelating the transport rates as a function of ahear stress

to o zern reference value for findmg the incipient motion condition.

Simées (2014) developed empirical criteria for incipient motion of particles which was based
on the movability number. Movability number is defined as the ratio of the shear velocity 1o
the particle’s seutling velocity and sctiling veloeity was caleulated as per Dietrich { 1932). The
incipienl motion criterion was developed based on the experimental data collected
independently hy many researchers. The following equations were used for the computation

of critical velocity hased on the moy ability number as;

PO (2.34)
ik
fl:l.'.-lrl-lI = e [ et | ]
A, = 0215+ —— 0075 (2.35)
ila
|
-l 3
" =P__ _E]ﬁ- d (2.36)
!.

=

Where, A s the mnvabiljiy it s COENESpo nding Lk in-::'rpir:rlt motion.

2.2.2 Critical Shear Stress of Cohesive Sediment

Dunn (1959) experimentally determined the eritical shesr stress required to initiate the
movement of soil particles by applving a vertical jet impinging upon submerged soil samples,
I'he magnitude of the shear was measured by replacing the sample with a shear plate coated
with soil particles. He identified the parameters like clay conlent, vane shear strength. particle
size distribution of cohesive sediments and plasticity index controlling the critical shear stress.
Dunn presented a formulation for the computation of critical shear stress using statistical
analysis techniques as;

S, +180 .
S B0 G0+ L3P (2.37)

r, =04+
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Where r, is the critical shear stress for cohesive sediment (M/m°k 5 13 the vane
shear strength in (N/m~) P is the cloy percentage (in fraction) by weight: and P/ is the
plasticity index of the soil
Smerdon and Beasley (1961} conducied the laboratory experiment (o study the behavior of
incipient motion of cohesive sediment {clay-sand) mixture by applying the tractive force
theory under various factors like plasticity index. dispersing rativ, mean particle size of clay
and perceniage of clay, They defined the point of bed failure arbitrarily as general mevement
of the bed maoterial, Tlm:.' decved the rldlnwmg relationships (Zha el al 2008 for

computation of crifical shear siress as

r. =DA9YI "R (2.39)

r =016, (2.400)

Lyvle and Smerdon (1965) conducied experimental study for incipient motion of cohesive
sediment mivture and correlated the critical shear stress with soil bed properties. The
experiment were carricd out in a laboratory flume having 71 fi length, 2.5 it wide and 1.33 i
deep with clear plexiglass sides and a1 constant bed slope of 0.2 %, They used seven Texas
soils in their experiment namely Amarillo fine sandy loam, Houston black clay, Reagan silty
clay loam, Lufkin fine sandy loam, San Saba clay. Lufkin clay (B-hordzon} and Lake Charles
clay, The incipient motion condition of cohesive sediment mixture was visually observed by
increasing the flow rate by small increments until the 50l began to erode and the shenr stress
was detarmined as the tragtive force acting on the soil by the product of the slope of the
enerpy gradient and the unit weight of water. The test were conducted under the three degrees
of compaction, i.&., at three values of the void ratio. They found the range of void ratio vanied
from 0.65 to 1.86 in the tests. They reported linear variation of shear stress with compaction
in terms of vaid ratio and the eritical shear stress were found to be increases with compaction,
They reported the determined eritical shear stress was best correlated 1o the soil propertics in
the Following order: plasticity index, dispersion ratio, percent organic matter, vane shear

strength, cation exchange capacity, mean particle size, calcwm-sodium ratio, and percent clay




and expressed the critical shear siress with the calcium-sodium ratio, the mean particle size.
and the lower plastic limit as bleow:

r o =00077 15, (1 2, )+ D.0D0796f, {2.41)

B, =-004388 " (1.42)

Where e, is the void ratio; J_ is the lower plastie limit: and R is the calcium-
sodium ratio.

Viurray (1976) investipated the crosion chamcteristics of cohesive sediment mixiure
composed of sand nnd clayey silt He conducted the experiment in a lebortory flume
constructed of plexizlazs. 152 em long, | lem wide, and | lcm deep with a headbox and
wilbos Tor the purpese of uniform flow distribution end trapping of sediments respectively.
Liniform sand (medizn size 0.50mm) was mixned with clayey silt in vanous proporions and
the clayey silt had the composition of 3% fine sand (=62 gnt ), 83%0 sill, and 10% clay (<2 jew
), The X-ray diffraction test revealed the composition of minerals of clayey silt as 32%
mantmorillonite. 400 illite. and 8% kaolinite, The properties of cohesive channel bed was
determined as liquid limit =33, plastic limit =26, and plasticity index =7. He found the bed
shear stress required o move a given rate of sediment increases with the percemage of fine
materials in the sediment bed as reported by Dunn (195%) and Smerdon and Beasley (1961}
Howsver, he noticed the eritical shear stress doesn’t increase as capidly with the percentage
fines as previously reported by Dunn {1959) and Smerdon and Beasley (1961},

Kamphuis and Fall (1983) conducted experimental study for the incipient moetion of
consalidated cohesive sediment mixture of clay-sand under a unidirectionul Now of clear
water. Thew used the enhesive sediment from the bottom of the Mackenzic River at lvorman
Wells, Canada as well as from & land-bhased location within the same formation, The
compaosition of sediment mixtare was as 30-60% quarte, 15-20% iron rich chlorite, 20-35%
illite. and 1-10% montmorillonite. The fine material .. silty clay has median size of (L0036
mm and coarser particle has 0105 mm. The cohesive bed was consolidation in the mnge of 48
kPa-350 kPa, Thev reported the linear variation of critical shear stress with unconfined
compressive strength and vane shear strength, The resistance of eohesive bed against erosion

was found 1o be increases with clay content and plasticity index. They noticed the progressive
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rate of erasion after the initistion of erosion and auributed this w the increasc In
hydrodynamic roughness at the soil surface,
Mitchener and Torfs (1996) investigated the erosion behavior of mud-sand mixture by using
both laborstory and field experimental data, Mud (passed through a sieve of size 62.5 um)
was mixed with two type of sand having median size of 150 4 m and 230 um in vanous
proportions. They worked on two types of mixwre ie. artificial mud-sond mixture and
undisturbed nutural mixtures, In case of artificial mud-sand misture, they found the light
increment in critical shear stress when the sand content was in the range of (% to 50% in the
sediment misture: however, the optimal value i.e. maximum eritical shear stress was observed
when sand content lied in the range of $0% 1o 70% by weight. They noticed the mode ol
erosion from cohesionless 1o cohesive behavior when mud content was in the range of 3% o
| 5%, [n case of undisturbed natural mixtures, they reported the increase in critical shear siress
with the bulk density of the sediment and proposed an equation Tor the com putation of critical
shear stress based on bulk density which is of the form as:
r.. = Ellp, - 1000)" (243
Where, r_ is the critical erosion shear stress for sand-mud mixture (Nfm®): p, is the
hulk density (kg'rn'); and E1=0.015, E2=0.73.
Panagiotopulos ef al. (1997) investigated the influence of clay on inciplent motion o sand-
estuarine mud mixture under steady and oscillatory flow conditions. The experiments were
canducted in a recireulating (Armfield) flume of 5.00 m Jong, .30 m wide, and 0.45 m deep
with an open wp and glass-sided wall, Two type of sand (median size of 152,50 mm and
21500 mm) was mixed with mud (median size bess than 50 ¢ m) and the mud contenl was
varving from 5 10 30 % by dry weight. They reported the critical shear stress inereases with
the increase of clay content in the mud. They found the critical velocity linearly increases
with the mud content under oscillstory flow conditions when clay fraction was in excess of
1184 and this attributed to inerease in mud content which surrounds the sand particles and
control the erosion behavior, They found no trend for erosion threshold when clay fraction
was less than |1% in mud and this auributed 1w increase in the angle of internal friction.
De Sutter et al, (2000) presented the incipient motion characteristies for the anificial

mixtures of non-cohesive and cobesive sediments under steady flow condition, The




experimental study were carried out inan 11 m long tilting (lume with semicircular cross-
gection (internal diameter of 039 m) and fived bed slope of 0.3%. The Tume wall was
covered with shrasive paper. The measurements were made i central section of the ume
which has the length of 4 m. The cohesive sediment used in the study was Kaolinite clay
{median size 7 am) and two type of sand (median size 230 mm and 320 mm). They visually
ohserved the sediment entrainment from cohesive bed in which clay is varying from 1) w
0%, They found a positive relationship between clay content and critical bed shear stress up
wy 286 clay.

Torfs et al. (2001} investigated the incipient motion condition for cohesive sediment mixture
under steady flow a9 m leng and 40 em wide recirculating flume, They have used three
tvpe of sediment mixture in the experiment consisted of Kaolinite (2 g4 m)+sand (0.23 mm),
clav-silt mud(25 g mF=and(0.23 mm), and montmerillonite (8 & mp-sand(0.23 mm). They
observed a lower eritical shear stress when o small quantity of fines is added o sand and
artributed it to & reduction in the inter-granular friction between sand particles due to partial
filling of pore spaces by fines. They reported that the critical shear stress was varying noi-
monotonically with fine grained weight fraction and concluded that the filling of fines in the
pore matrix of sand play an important role in controlling the incipient motion. They eoncluded
that the interactive nature of the fine sediments by spacé filling within the pores of the sandy
bed matrix plivs an imporant role in contralling the erosion. They have proposed the
formulation for the computation of critical shear stress for cohesive sediment mixture,
however, application of it confined to the original daa on which they are based. The
formulation was given as below:

i [
& ] mé-.l’ 'k""l'- # 'P-u {:lﬁ' _F}f ?.44}
E'..g I-a:".'..l tan #:j' Hllﬂ lﬂu

™
Il

Where, ¢ is the fine solids weight fraction. @, 15 the threshold value of ¢, below
which the bed matrix is not fully particle-supported; £, and &, are coefficients which depend

on hed composition and the degree of consolidation; X' s the bed dependent characteristic

coelficient { &' =0 implies the absence of fine maserial}; @, is an arca shape factor; o, is

it
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4 volume shape factor;, o, =, (C, /e )in which €, and ', are the lift and drag

-
coefficicnts respectively; and @ is the angle of repose for coarse grain

Julian and Torres (2006) investigated the hydmulic erosion of cohesive river bank an a 600
m reach of an urban ephemeral stream with active bank erosion in the Hitchcock Woods.
I'hey estimated the critical shear stress using silt-clay percentage based on the assumption Lhat
eritical shear siress would be maximum oand minimum at [00%  and (M silt—cloy content
respectively. They proposed a thind degree polynomial for the estimation of critical shear
stress which passes through shear stress of 0.0 N/m® which is the lower limit of the Shields

curve. The formulation was expressed as;
.. = 0.1+ 0.177948SC%) + 0.0028SC%%) 2.34E - S{SC%) (243}
Where, r_. is the critical shear stress for cohesive river bank (N/m ) and SE% is the

sill-clay percentope.

Ansari ef af. (2007) conducted experimental study in o tilting Mume of 30.0 m long, 1.0 m
wide and 0,60 m deep for cohesive sediment mixture of clay-sand. The cohesive sediment
mixture was prepared by mixing clay (median size (L0053 mm) with sand (median size 0.27
mm) in which clay varied from 3% o 20%. They reported the composition of clay minerals s
Kaolinite ( 10%6), Tlite (73%), and Montmorillonite {15%&) using X-ray diffraction test. They
conducted 235 experimental run for incipient motion and in each run the working sectien of
channel bed was compacted either by dynamic compaction method or kneading method as per
antecedent moistere content in the bed. They visually identified the incipient motion and
reported the appearance of a series of very fine parallel lines on the cohesive bed surface,
however, these parallel lines disappeared as the critical velocity was approached and then the
erosion became apparent by the removal of lumps or chunks from the bed surface. They
reported the factors affecting the incipient motion of clay-sand mixture were antecedent
meisiune content, clay content. plasticity index and void ratic, They proposed a functimal
relationship for the computation of critical shear stress for clay-sand mixlure, however,
reported + 50% error for that relationship for their most of the data. The proposed relationship
wits given below as:

r., =0.00K1+ PO (R 10 e (2.46)




r.. =r./g —2ed [2.4T)
o we= T (2.48)

Where, 1., is the dimensionless eritical shear stress of cohesive sediment mixture;

is the antecedent moisture content of cohesive sediment: B, iz the moisture conteni i
saturation: and P' is the percentage of the individual sediment in the sediment mixlure.

Kothvari and Jain (2008) swdicd the influence of cohesion on the incipient motion of
cohesive sediment mixtre of clay-gravel and clay-sand-gravel, Clay was vaned from 105 1o
5004 in cach sediment micture, They visually identified the incipient motion condition and
noviced it was changed with the clay percentage, antecedent moisiure characteristics, and the
applied shear stress. They reported three modes of erosion as per clay content namely pothele
arasion. line erosion. and mass erosion. They reperted the main parameters controlling the
incipient motion condition of the cohesive sediment mixture were clay percentage, void ratie.
and unconfined compressive strength of the sediment bed, A relationship was also proposed

far the computation of eritical shear stress of elay-gravel and elay-sand-gravel mixture as

bebow;

(r. /r_ y=09%1+P o i+ 000CE Y

A b ; 2.49)
st =UCE[ e = plad, (2.50)

Here. U5 is the dimensionless unconfined compressive strength of cohesive sediment
mixtare: and L8 is the unconfined compressive strengih of cohesive sediment mixture
(MN/m").

Ahmad er af. (2011) developed a formulation to compute the critical shear stress For sand and
mud mixnsre which ig based on the critical shear for pure sand and pure mud together with
fraction contents. The sediment used for the formulation was mud (mean size &0 grom) and
three type ol sand having median size of (L1323 mm, 0.2150 wm, and 0.230 mm. The
fammulation was calibeated with the experimental data from Panagiotopoulos ef af. | 1997 ) and
then validated using experimental data cited in Mitchener and Torts {19%6). The reported fhat

the new formulation has advanuipes over the existing formulation as it has only one tuning

L{1)
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cocfficient which can be casily determined using site-specific data and applicable for the
whale range of relative sand and mud contents, The formulation was made under the various
assumptions (i} Only the physical factors were considered and not the chemical and biological
factors: {ii} The sedimen: fraction and cohesion assumed 1o be the major contributing
parnmeters for the incipient motion; and (iii} The layer of sediment mixture i5 assumed
homogenecus with depth and in the horizontal plane. The proposcd fenmulation by them was

given as:

—e v g 4 (l-P)r.. (2.51)
Where, P, is sand percentage in Iraction; r, 15 the critical shear stress for erosion of
pure sand; 1, critical shear stress for erosion of pure mud; and B 5 an em mirical
coeTicients,
Wang of al. (2012) studied the influence of dry unii weight and particle size on incipient
motion of consolidated cohesive fine sediment in a rectangle piping Aume. The sediments
used in the test having the median diameters of 003, (L5, 0,08 and 0.1 mm. The
consalidation time for cohesive bed was varied from 1 10 60 days and accordingly critical
<hear siress was measured and related 1o the dry unit weight of the sediment. They observed
e incipient motion for cohesive bed cecurred only ot a few isolated spots. They reported the
influence to incipient motion was not significant when dry unit weight increases quickly:
however, incipient motion was strongly affected when dry unit weight increases slowly. The
influcnce of dry unit weight on incipient motion of cohesive sediment was greater with finer
mean particle size. They observed incipient moticn was more difficult when consolidation of

cohesive bed last longer.,

Xu et al. (2015) studied the influence of density of cehesive mud, on incipient motion of
cohesive cosstal mud taken from Huangmoohal Estuary, South China Sea; by conducting
experimental study in a laboratory flume of dimensions of 22.0 m=0.5 m={(L6 m which have
test section 2.0 m long and 0.1 m decp. They found the critical shear stress ranges from €.029
1o 4,191 N/m’ comespending to the density of cohesive mud ranges from | 100 to 1550 kg/m .
I'hey identified four types of erosion pattem namely fluid muds, strips, pieces, and blocks

corresponding to mud density [ g, F=1250 I-;g,.‘m‘. 1250 hge'm' < g, <1310 kg/m’, 1300 kg'm’

3l




’ ’ 3 e . 1 i §
< g <1400 kp'm®, and g =400 kpdm®, respectively. They concluded cratical shear strisss

increases with the increase of density of mued and proposed a refationship berween them as:
e ) (2.52)

Where r,, is the critical shear stress for mud (N, C, and C, are constanis related w the
mud cohesion w be determined by the experiment: @ is the mud density. They found value

of €, and C, Intheir experiment as 1.59 = 10 * (Nm/kg) and 3.06 respectively.

ZITRANSPORT RATE OF SEDIMEMNT

lmansport rate of sediment includes the bed load as well as suspended load of sediment
present in the sediment mixture. Sediments were detsched from the channel bed and then
transported over i as bed load and suspended load. This channel bed may be made of
cohesionless or cohesive sediment. Hence, this section presenis the literature review for the

study of transport ratle for both cohesionless and cohesive channel bed.

Froffitt and Sutherland (1983) modificd the existing transport rate formulae of Ackers and
White (1973 and Printal (1971) for the compugation of transpon rates and size distributions
of transported material by knowing the hvdraulic conditions and the bed-material prain soee
distribution. They introduced an exposure correction in the formulae of Ackers and White
(1973 and Pmntal {1971) for the bed load transpon prediction for cohesionless non-umifonm
sediments. The Ackers and White and the Paintal transport formulaz were maodified by

introducing exposure correction a8 given below:

For Paintal {197 1) formla

i "d
0.6« — <10 £, = |.c{ =} (2.53)
d, gy )
_IF ['ﬂ' -\.hl'l.rl
<06 £, =116 =L (2.54)
{ \d,

For Ackers and White (1975} formula
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3.7 g, =130 (2.55)
) '
0075« L1317 r =053 — f 2.
75< g . ﬁ:]ngldh]ﬂﬁ (2.56)
d .
— = 0075 £, = 0.40 (2.37)

i,
Where, o, is the scaling grain size; and ¢, is the exposure cormrection.

Misri e al. (1984) proposed methods for the computation of the bed load transport rates of
different fractions in a mixture. They carried the experimental work in a in a Gilting flume of
length of 16.0 m, widih of 0.75 m, and a depth of 0.48 m with four coarse uniform materials
and nine sediment mixtures as the bed matenal, The eroded sediment form the channel bed
were collected in a trap at the downstream end of the flume and then fed back manually at the
upstream end of the {lume at a constant rate W maintain scdiment equilibrium. Mhey also
assessed the accuracy of existing methods for the computation of bed load transpon rate and
concluded bed load transport of uniform sediment satisfactorily determined. however,
Einstein’s method hasn't predicted satisfactorily the bed load transport rates of individual
fructions in o mixture. The following equations were proposed by them for the computation of

bed load transport rate of individual fractions in a mixture as below:

5
|;-r-]3.'_1| z
= e (2.58)
p 11
L ik | -uﬂ.-.'-: — | J
% l"vrﬂ'l &
In@w | Fi {2.59)

Po = ¥ del.,'ﬁl."'nlr ;;:.f

Where £, 15 the coeflicient accounted Tor sheltering effect; k| s the coefficient dependent an
Kramer's uniformity coefficient; T is the total shear stress for the arithmetic mean size of

sediment mixture (N‘m®): &, is the dimensionless bed load transport rte; /, percentage of
i P i

13




any size present by weight in the bed load: g, 15 the bed load transport rate in weight per

unil width { N/m's): and 1, perceniage of any size present by weight in the bed material.

Samaga ¢f al. (1986a) modified the work of Misri er af (1984) for the computation of bed
losd transport for individual fraction in a cohesionless sediment mixiure. The experiments
were conducted in a recirculating tilting Mume 30.0 m jong, 0.20 m wide and 0.30 m deep
with four mixtures having different arithmetic mean diameters ranges from 0.256 mm to
.57% mm and different Kramer's unifarmity coefficient ranges from 0.230 w 0.463. The
thickness of channel bed wis reported as 0.15 m. The discharge was measured with the belp
af a calibeated orifice-meter and the total load concentration with the help of & width-
integrating sampler. They checked the existing methods of Proffite and Sutherland (1983) and
Misri et al. (1984) for the computation of the bed load transport of individual fractions in the
sediment mixtures and reported their limitations as the: inadequacies of the comrection factor
proposed by Proffitt and Sutherland (1982), non-applicability of Misri et al. (1984) methed
aver wide range of shear stresses. They reported the ratio of shear siress o critical shear siress
ranges from 0.50-1.50 for Misri et al. {1984} method; howwaver, it was from 3,309 80 for their
experimental study, They proposed modifications in existing relationship between the
dimensionless grain shear siress and the dimensionless bed load wansport ratc of Misni et al.

{ 1984} so that it will applicable to a wider range of shear stresses.

Samaga ¢ af. (1986b) conducted the laboratory experiment in which suspended load
transport rates were measured and eompared with both Einstein’s (1950} and HoltorfPs (1983)
methods of caloulation of suspended load for individual fractions. The experiments were
conducted in a recirculating tilting Mume 3000 m long, 0.20 m wide and §.50 m deep with four
mixtures having different arithmetic mean diameters ranges from 0256 mm to 0.578 mm and
different Eramer's uniformity coefficient ranges from 0230 to 0463, The thickness of
channel bed was reported as .15 m. They found the methed of Einstein (1950) and Holtroff
{1983) for suspended loaded transport of individual fractions in a mixture has not well
supporied by the flume date eollected during the study. They made the modification in the
existing relationship berween the dimensionless shear stress and the suspended transport rate
for uniforn sediment 1o make it applicable 1o non-uniform sediment. They introduced the

carrection factor tn existing equation of uniform sediment in order to prediel the transport rate

34
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of individual fractions in a mixture. the correction factor has been the function of
dimensionless shear stress, ratio of shear stress to critical shear stress, and Kramer's
coefficient. They found a fair agreement with the data of the Snake river suspended transpon

rate of individual particles.

Woo ef af, (1987) tested the applicability of the ¢xisting Einstein's {1950} sediment transport
formula and Colby's (1964) graphical method for predicting the total bed sediment discharge
in flows of clay suspensions. They used the flume data collected by Simons ef al. (1963) with
high concentrations of both fine sediments and sands 1o test the applicability of these two
methods, They reporied that the large concentrations of fine sediments increase the viscosity
and density of the suspension. They found that the sediment discharge as per Einstein's
method remains practically unchanged in presence of fine sediments and that Colby's
graphical relations yield results quite similar 1o those of Einstein without correction and
concluded Colby's eraphical method do not provide better prediction of the total bed

sediment discharge than Einstein's formula,

Swamee and Ojha (1991) developed the empirical cquations for the computation ol transport
rate of bed load and suspended load of non-uniform sediments. They assumed bed load w0
materials that transported within a height of two grain diameters from the bed and the resi i
suspended load. They used the previous existing data of Samaga ef al {1986). Einstein

(1950}, and Misri (1981) and proposed the following empirical equations:

For bed load transport rate
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Where, ¢. is the dimensionless suspended load trenspor rale paramencr for non-

uniform sediment and M is Kramer's uniformity cosfticient.

Roberts of af, (199%) investigated the effect of particle suze and bulk density on the erosion of
guartz particles which size ranged from 5 o 1,350 gom wwd bulk densitics manged (rom
approximately 1.65 te 1.95 grem ' They measured the erosion mie using Sedflume ot shear
stress ranged [rom 0.2 ta 6.4 Nim”, They found the sediments behaved in & non-cohesive
manner for larger particles while in cohesive manner for smedler particles. They observed that
the erosion rale decreases rapidly ss the bulk density increases for smaller particles and
attributed it to the increasing cohesive forces relative 1o the lifi end drag lorces, They
concluded that the ernsion rates as a strong decreasing function of density for the finer

particles and qsﬂEntJall'_..- indul_w.mhll'll of dtnii!}' for the larger T'ril.l"[i‘:lﬂﬂ.

Ansari ef al. (2003) investigated the wemporal variation of scour depth around circular bridge
piers founded in echesionless and cohesive sediments scparately. They camied the
experimental study in laboratory under steady and clear waser flow condition, They noticed
the signiticant difference for the geometry, location and extent of the scour hole around bridge
r-r'::r_q in 1.'IfI|"|':"!'i-i-"-"i-' sediments w hen c;:mpaﬁ_‘l] i eohesionless sedimenis, “H.'j found horse shoe
vorex as the prime agent causing scour i cohesive sedimenis. They developed the following
empirical relationships for the computation of tem poral variation of seour depth around bricge

piers in cohesive sediments

LA 03
o 1
b 15 ] | & for Pl =0 (2.62)
HI‘_,‘_ ! ”-. i l:i'- i
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gl o for Pr=4 (1.63)
d i | ..-. |
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Where. o is the maximum scour depth below the bed level in cohesive scdiment

g

(m¥; o . is the maximum scour depth below the bed lewel n eohesionless sediment {mk C.
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and ¢, rcpresents the cohesion and the angle of repose in dimensionless form for cohesive

sediment mixture respectively.

Wu ef @, (2003) proposed the methods for the computation of transport rates for nen-uniform
sediment in samd-bed channels based on the Transport Capacity Fraction concepl. They
reported that this method has the advantage of avoiding discrepancies due to the distribution
and number of class intervals in computing bed-material load, and it limits the errors in
computing concentrations for individual size fractions, Their approach incorporated the

sheltering and exposure effects exist in the sediment mixtures which represented by o, /d,

ratio. The following expression was given by them for the computation of tansport rates of

non-uniform sediment

T (2.64)

Where, [, transport capacity distribution function for size fraction /; £, traction of

bed material by dry weight; @, .8, and £, are the coefficients related to flow and

sediment properties.

Aberde ef al. {2004) collected cohesive sediments from several aqualic environments near
Church and Hamilton, New Zealand and measure the erosion rate of cohesive sediment by the
National Institute of Water and Atmospheric Research (NIWA} in situ Mummse in fresh water
and salt environment. The cohesive sediment had the combination of clay-silt-sand in which
sediment size ranges from 6 g m to 108 gm. They analyzed the erosion rute [or the collected
data from the NIWA in situ flume in several different aguatic environments by using

formulation proposed by Sanford and Maa (2001) given as below:

E=p (), =1, R0 (2.65)




Where, £ i 1the crosion rale lifk;l,f:il:-’sj; 2z} is the bulk density a sediment depth z
{l‘.!__r_l'rn"':l. J, 15 a local parameter (m/sPa); r, 15 total bed shear stress applied at 1= ru{.‘ﬂ_rm:}.

s ume(s), and ¢ 18 the vertical gradien of the critical bed shear siress (N/m ),

They used two methods, namely bulk and last step method. for the evaluation of the
parameters in Sanford and Maa (2001) formula and reported both methods leads to similar
results. They neticed an cxponential deeay of crosien rate with time an indicative of depth
limited ercsion, The erosion rate depends on bed material propertics. such as dry bulk density,
water content, organic content and sand content. They reported thar the erosion rate in salt

environment were [ive tmes lesser than those of the fresh waier enyironment.

Wan and Fell (2004) developed slot erosion test (SET) and hole erosion test (HET) to study
the erosion characteristics of soil in the cracks of embankment dams. They tested 13 types of

eohasive soil (median size for clay 5 g m and median size for silt 75 4 m) ranging from non-

plastic 0 high plasticity (60%) in which clay content was varying from 9% to 80%, They
proposed the erosion rate index which measures the rate of crosion tor coarse grained and fne

prained soils as piven below:
For coarse-grained soil:

. x
Fir = 0,620,016, = 00075~ 00445 ~0.0744w, +0.118 + 0.06 ICta[7.5.) (2.66)

# wmax

Where [, is predicted erosion rate index for the hole erosion st p, is dry density

T

b
L . 7 : fe i "
of the soil (kg'm'); |(1 j// ||::- the percentage compaction in percent; o, . is the
\ ’

o L
f W0

=————x100P% | is the watér conlent ratio in percent;
\ L

maximum dry density; Aw,

(T is the cptimum water content in percent: S is the degres of saturation in percent; and

Cladl7 5.) is the mass fraction finer than 0.005 mm in percent.

Far fine-grained soil:

Kk
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Where, Fines is the fines content (<0.075 mm} of the soil in percent; Ll is liquid

limit in percent: 7 is the plasticity index; and Pimhole 15 the pinhole test classilication

expressed as an ordinal number.

The values of the erosion rate index ranges from 0 10 6 which indicating thet soils can
difTer in their rates of erosion by up to 106 times. They noticed that the rate of erosion of
eohesive soil to he dependent on its ¢lay content, plasticity index, degree of saturation,
density, clay mineralogy and presence of cementing materials such as won oxides. They
reported the coarse-grained soil (non-cohesive) erade more rapidly than fine-grained soils,
They found a specimen compacted to a higher dry density. and the optimum water content has

& higher erosion rate index i.g, higher erosion resistance,

Wu et al. (2004) introduced a size gradation correction factor in the formulation of bed load
computation of single particle of uniform sediment so that it improves accuracy of
calculations for sediment mixture. They testes their method using laboratory and field data in
the median size range from 0.091-0.715 mm and concluded the proposed correction factor iy
expected o be applicable to laboratory flumes and natural rivers with median diameter that
rnges for sand size bed material, They noticed that the improvement on transport ratc by
correction factor is significant for data with standard devistion of bed matenal greater than 2,
while the corection is negligible foe data with standard deviation less than 1.5. The size
gradation correction factor expressed as a function of the geometric standard deviation of bed

material as below:

¥ F:_.'l. inn'l_]:

K,=¢ {2.68)

il

They observed the median diameter of sediment in transport is generally finer than the
median dismeter of hed material and developed a relationship between them with standard

deviation of sediment, The relationship was given as:
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Where, K, is the size gradation correction factor; b, 15 the exponent; and iy,

median diameter of sediment in transport (m).

Ravisangar ef af. (2005) investigated the erosional stability of cohesive bed, scithed Frism
concentrated suspensions, in terms of the sediment pere-water chemistry that include pH,
ionic strength. and natural organic matter. They conducted the experimental study in a closed
recireulating flume with & m length, 38 cm wide and 38 cm deep. The slope of the flume was
adjusted by a motorized serew jack locaied ai the tail end of the flume. The tast section
located at @ distance of 4.3 m downsiream from the inlet section of the flume. They observed
different siructures of settled beds with changes in chemical parameters and reporied that for
low pH and law otganic content conditions, the initial suspension before settling is
floceulated and for high pH or high organic content cenditions at low ionic strength, the initial
suspension is dispersed. They reported the possible particle asseciations in a clay suspension
were edpe-to-face, edge-to-edge, and face-to-face and noticed the particle interactions in beds
settled from Nocculated suspensions have predominantly edge-to-face associations, whercas

heds settled From stahle suspensions has face-to-face associations.

Dehnath of al, (2007) measured the erosion data for cohesive sediment mixture of clay-sili-
sand in several fresh and salt water enyironments in Wew Zealand using in situ fTume of the
sationial Instituie of Water and Atmaospheric Research, New Zealand. They portioned the total
erosion into resuspension and bed load. The erosion rate was estimated [rom direct
measurements of bed surface elevations by acoustic sensors, whercas resuspension rale was
abtained using data on sediment concentrations measurcd by optical hackscatter sensors. The
hed load contribution o the 1otal erosion rate is evaluated frem the conservation equation for
sediments. They reported that & commonly used assumption that the crosion rate is equal to
the resuspension rate i5 not always valid as bed load plays a significant role in cohesive
cediment erosion. The ration of crosion rate 1o resuspension rate gradually increased with
increasing bed-shear stress; however, it remained unchanged for shear stress greater equal o

0.5 Pa. They found that the resuspension component of the total erosion decreased with
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increase in clay content end attribured il to changes in sediment structure due o formation of
larger-sized sediment apprepates. The maximum value of ration of crosion rate to
resuspension rate obtained al around 33% sand content and then decreases with increasing
sand content, They reported the cohesion within the clay-sili-sand matrix decreases with
increase 0 sand content and il results in smaller sized sediment agpregates leading Lo
increased suspension load and decreased bed load. They eoncluded that the variability of the
erosion rate parsmeters were attributed to spatial and temporal variation of the vertical

structure of bed material properties, rather than Mume charseteristics,

Mostafa ef ol (2008) investigated the surface crodibility of undisturbed and remolded
samples of eohesive soils collected from different bridge sites in the form of large undisturbed
chunks. They conducted the experimental work in a laboratory flume of 14.5 m fong, 1.2 m
deep, and 0.73 m wide with a constant bottom slope of 0.0033. In their experiment, the
percentage of the coarse particles ranged from 6% to 29%. the percentage of fine particles of

size Jess than 6 4 m ranged from 20% to 46%, the percentage of particles size less than 4 em

.

ranged from 14% o 32% and the percentage of paricles size less than 2 4 m mnged from %%
to 22% as per by weight, They observed the particle erosion and mass erosion for both feld
samples and remolded samples. They found the ratio of mass erosion e particle erosion
resistance ranged from 3.7 0 54 for the undisturbed samples. The erosion resistance
incrensed with increase of moist bulk density and decreases with mean sediment size. They
noticed the crosion resistance increased with an increase of water content to a certain level.
Fhey introduced a non-dimensiona] soil parameter ¥ that incorporates wader conient,
plasticity and the specilic gravity of the soil and found 7 and the non-dimensionel erosion
resistances follow linear relationship. They formulated a relationship for the estimation of the
particle and mass erosion resistance from the measured water content, plasticity index, and the

maoist bulk density off & cohesive soil sample that represented by ¥ s below:

r,=-2367r+17.28 (2.70)

r.==10756x + 7959 (2.71)

o
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Where, ¢ and £ are non-dimensional erosion resistance for particle erosion and

mass erosion respectively; and § is the non-dimensional soil parameter that includes water

content, plasticity index, and moist bulk density of a soil sample.

Jain and Kothyari (2009) investigated the influence of cohesion on bed load transport of
fractions in cohesive sediment mixture. They used two cohesive sediment mixtures, clay-
gravel and clay-sand-gravel, in their experimental study. The proportion of clay (median size
0.0030 mm} in both the sediment mixture varied from 10%% to 50% by weight. The median
size for sand and gravel were reported as (.23 mm and 3.1 mm. They reported the significant
ceduction in the bed load transport rate of cohesionless material in the presence of clay in the
sediment mixture, They found the cdlay percentage and unconfined compressive strength of the
sediment bed were the main factors controlling bed |gad transport rate of in echesive sediment

= LLEres.

The following expressions were proposed by them for the computation of bed load
transport af gravel and sad for the cohesive sediment mixture of clay-sand-gravel and clay-

BTAVEL
For 0.02 <{5, 1., }< 0062

p 4]
* =1
d, . = 10ME, r. ] '*[.._ i'_l 1+ 008" | (2.72)
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Where ¢, is the dimensionless bed load transport parameter for sediment sized [ £,
is the exposure-sheltering coefficient for sediment size & ; P, dimensionless clay content:

and @ is the dimensionless angle of internal friction,

Jepsen ef al. (2010} measured cobwsive sediment erosion rae dirscily using adjustable shear
siress erosion and tansport (ASSET) flume. They also investigaled the transport processes of
bed load and suspended loed. Natural fine sediment was used taken from the mid channel of
Boston Harbor, Massachusetts, Canaveral, Florida, ond Savannah River Entrance Channel.
Creorgie, The fine sediments had the medmn size of 19 4 m and coarser had 1250 5 m sice
They reported the fine particles moved in suspension while the coarse material (sand)
transported as bed load and was caught in the bed losd traps. They analyzed three natural
mixed sedimernits with different sand fractions in which one was predominately fine with 16%
sand fraction and the other two mixed cohesive sediments had 63% and 86% sand content.
I'hey concluded that fine sediments with little or no sand eroded as aggregates and maintained
their integrity in the flume channel while moving as bed load into traps located downstream
end of flume. The natural sediments that have high %o of sand also croded as aggregates,
however, these ageregates quickly disaggregated and then sand moved as bed load while fine

particles moved predominantly in suspension.

Khullar er al. (2000} studied the ransport of suspended wash load through & coarse-bed
stream. The expenimental work conducted in a laberatory having recirculating tilting flume of
length 30 m, width 0.204 m and depth 0.5 m, The fume had a sieel bottom, a glass wall on
one side, and & painted mild steel plate wall on the other side. Sand and pravel were used as
sediment for flume bed in the experiment. Silt was used as the suspended sediment having
uniform size of median diameter 0,064 mm. They carried the experiments under different
concentrations of suspended sediment as wash load with three different coarse-bed sedimenis:
two having uniform sizes and one with non-uniform size distnbwion. They notlced no
difference between wash load and suspended load trangport rate and applied the relationship
given by Samaga ¢« (1986) lor the computation of suspended [oad transport mte which
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didn’t predict well the resulis for their data range. They modified the relationship of Samaga
er af. (19864) “”d A o n:!m;u'_.nshlp LTE T 1'|1'l."-F|I:|_'l-.|:|1- four the COrmputaTo of '-iIJ'.'-[."l::I"ILjL.'IJ load

transport rate a5 helow
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B i 70+ 1} S| == -".I'.'{ I | 3 + N0 logss :.:: !
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(2.73)

Where, £, is the shelering-exposure and interference parameter; and T is the tatal
shear Siress

Houssais and Lajennesse (2012) extended the work of Lajeunesse ef al (2010) trom uniform
sediment 1o nan-uniform or bimodal sediment to sce the eftedts of non-uniformity on bed load
transport rate. Mixture of small (median diameter 0.7+ 0.1 mm) and large (median diameter
23 + (14 mm} quartz prains were used for the composition of bed. They carried the
experimental work in a tilting flume of 240 cm length, 9.6 cm width, and 10 cm bed thickness
with side glass walls under steady and spatially uniform turbulent flow, They measured the
surface density of moving particles and of their average velocity for each size fraction. They
captured the motion of the particles using a high speed camera (230 images's, 1024 % 1024
pixele} positioned vertically above the bed, They measured manually the surface densities of
small and large moving particles by counting the numbers of particles of each size moving
downstream, The control parameters in their experiment were hed slope, water discharge, and
flow depth which ranged from 5 107% 1o 7= 107, 20 to 62 liter/min, and | @ 3 ¢m
respectively. They observed thai the critical Shiclds numbers for both small and large grains
deereases lincarly with the fraction of the bed surface covered with small grains. They found
the surface density of moving particles increases linearly W ith the Shields number and the
averape velocity increascs lingarly with the square ool of the Shields number. They
conchsded that when the particle comes in motion then the average velacity amd the surface
density of moving particles followed the same law irrespective of uniform or non-uniform
sediment. However, they found a difference regarding critical Shields number for non-
mifarm sediment when compared with uniform sediment case. In case of bimodal bed the

critical Shields number for a given grain size depends on the gran-size distribution at the bed

o
s

.l."l.l’.l."l..llli""l'i'iiilili'i




S 0080 ® 0000 9 0¢g® 0t 000 OGP OO TEOBOOTP GO OGO E

surfice and particle Revnolds number while in case of uniform sediment the critical Shields

number uniquely determined from the particle Reynolds number

Kothyari ef af. (2014) investigated the development of scour hole in the wake region of picr
placed over cohesive sediment bed under clear water condition. They used two types of
channel bed in which working section made of clay-gravel and clay-sand-gravel mixture with
clay varied from 20%% 1o 60%. They conducted the experimental study in a tilting Nume of 16

m long, 0.75 m wide, and 0.5 m deep and having the working sectien of dimension 6.0 m

length, 0.75 m wide, and (.50 m depth starting at & distance of 7.5 m from the channel
entrance, They Tound the shape, geometry, snd depth of scour hole developed in the cohesive
sediment case was significantly different from that of cohesionless sediments. They reported
the main factors controlling the scour hole development in the wake region of pier were clay
fraction and unconfined compressive strength of cohesive sediment mixture. They proposed
the equation for the computation of scour depth in the wake region of piers for both cohesive

sediment mixtures as below:

For clay-gravel mixture

ill 5 I (2,78}
r.I'__. ;'-"
F, =+ 2 v PO g

For clay-sand-gravel mixture

dw _ 1 {1,783
d | 98
F, =+ 1+ues ) (2.79)

Where, & is the depth of scour in the wake zone of pier in cohesive sediment (m);
d_is the depth of scour in cohesionless sediment at the end of run (mj; £, 18 parameler

representing the cohesion of sediment bed for clay-gravel mixwre; £, s perameter




representing the cohesion of sediment bed for clay-sand-gravel mixwre; and 1, is the

dimensionless L.

2.4 COMPUTATION FOR THE DEGRADED BED MPROFILE

Chollet and Cunge (1980) developed the model w simulate the variations of longitudinal
river bed profile during long periods of unsteady flow. The developed mathematical model
was the form of extension of existing models and it differentiated from other maodels by
considering the variable llow resistance resulting From the sand dunes. They used Engelund
and Hansen (1967) and Einstein (1950) methods for the computation of encrgy dissipation
and solid mansport intensity, Their sel of equation for the madel development hased on the
hypothesis followed as: (i} the flow is sssumed 1o be unidimensional; (i) liquid discharge
disturbances propagate at & much faster rate than solid transport: (iii) the liquid discharge is
assumed to he constant: and {iv) time-dependent liquid discharge variations were introduced

inthe farm of constant vaiue steps. Based on the hypothesis they used following equations:

i o S
( L — 4 B}, |+ E'-l"r — |} lle.-n
Ml 24° *
el
(l-a)}==+—=0 {281
' } & gk

Here. 1, Ll"l."] end ={x.1) arc the free surface level and the bed level respectively (m;
S, is the encrgy slope: I is the water surface width (m); A is cross sectional area of Dow
¥ - i - ] L} . . - -
fm-), € is discharge (m’s™), and 7 [x.1) is the solid transporl intensily. The system of
equations was solved numerically by using finite difference method described by Cunge and
Perdraaa § 197 2).
Krishnappan, B. G. (1985) developed 2 numerical model that predicts the long-term change
in the riverbed slope and estimates the change i river regime. They used Ackers and White
(19737 developed relationship for the estimation of sediment transpon rate. Enstein {1530]

method was used for the computation of average conceniration, They treated the unsteady

flaw as quasi-steady. The governing equations used in the model were:
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Here, ¥, is volumetric sedunent transport rate {m*s) P is wetted perimeter (m);
i, 15 the sediment input rate entering the stream laterally due to overland flow {m*/s), ete.;
¢, is the lateral inflow mate into the stream {mfs): AT 15 the denvative of A with respeot o x

when i is held constant (m); ©_ 15 the Nux-averaged tntal-load volumelric coneenlsation,

and £, is the volume of sediment on the bed per unit volume of bed layer.

First and second equation represented the flow continuity and momentum equations
respectively, whereas the thied equation was the mass balanve equation for sediment
rransported by the flow, The set of governing equations were sclved numerically using an
implicit finite-difference scheme. They tested the model using laberatory and field conditions
and reported good agreement with measured dota. The laboratory verification was carmed out
fior degradation and apgradation of sand beds resulting from the varation of sediment feed
rate st the upstream section of the channel. The field verification was done with the data
collected i the South Saskawchewan River reach below Gardiner Dam, in Saskatchewan,

Canada.

Lyn, I A. {1987) examined one-dimensional equations of unsteady sedimenl transport in
alluvial river. He siudied two physical cases (i) Where no change in upstream sediment or
walter discharge is imposed; and (i) where only a change in upstream sediment discharge is

considered. The povemning equation was represented as below:

o

= - %{érhh i {2.83)
L
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dr | &g,
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|
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Where, fi is the Now depth (m); 2 is the bed elevation {m); A represent the porosity

of the hed layer: g° is unit total volumetric sediment discharge (m°/sk; x is the horizontal

distance: and o iz the veloaity.

[Te examined the goveming cquations of unsteady sediment transport i their
dimensionless form and identilicd 1wo disparate tme o length scales, He used a formal
perturbation approach o the movable bed problem that allowed a complete treatment of the
characteristic eguation associated with the hyperbolic system. The numerical results were

shown with the illustration of the problem of sediment-deposition upstream of a dam.

Bhallamudi and Chaudhry (1991) presented @ one-dimensional, unsteady, coupled model
for studying apgradation and degradation i alluvial channels. They solved the Saint-Venant
cguations  for water flow and the sedimenl contimuly equation using second order

MacCormac explicit finite difference scheme. The governing equations were given as

Eﬂ-i ! {2.88)
= - |
g 8¢ gk iz ,
Ly | L e L ahZ 4 ghS, =0 (2.89)
o el oA 3 o

a'h| Bq’
Al V) PR, LR R (O (2.90)
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Where, ¢ is the discharge per umt width {m*/s).

Ihe numerical coupled model was applied to simulate apgradation due to sedimeni
overloading; base level lowering; and bed-level changes associated with the knick-poimt

migration. They used the data from Soni ¢t ab. (1980} and Bagin ct al. {1981} found the
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satisfactory agreement between computed and the experimenial data which validaies the

migdel,

Cui et . (1996) developed a numerical decoupled model [or bed aggradation of
heterogencous sediment and the downstream fining of gravel in rivers. Ihey used one-
dimensional St Venan! equations, 8 Keulegan resistance relation, the gravel transport relation
of Parker (1990), and the formulation of the Exner cquation for sediment conlinuily of
mixtures, The model explicitly includes the operative mechanisms and relies minimally on the

fitting of eeeflicients, The governing equations used were as:

gh &

= fuk)=0 F2.91)
o o

P T - W,

| =" 4l g | m (2.92)
2t &r[ﬂ o H] h

= 1 & :..

i i L (2.93)

g 1=4

The model was tested for three large scale experiments on downstream fining and they
found a good agreement between mosde] results and observations for aggredation, propagating
front and downstream fining processes, They used an empirical formulation in the model
preclict interfucial exchange fractions of material transferred 1o the substrate during the
process of ageradation. With the premise that a decoupled model might fail when applied o
the rapidly varying boundary conditions, they developed a fully coupled numerical model Tor
uniform sediment, and then a comparison was made between the decoupled and coupled
maodel a5 applied to uniform material, The model was also compared for strongly variation in
waler discharpe, sediment feed rate and downstream walter surface elevation. They repored

the identical results for the both twe models even when Frowde numbers near Lo unity.

Kassem and Chaudhry (1998) developed two-dimensional coupled and semi-coupled
numerical models for bed variations in alluvial channels. They solved vertically averaged

Navier-Stokes cgquations in transformed coordinates in conjunction with the sediment
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lransnont equation for the bed load. The governing equations for flow and scdiment in 2-D

wils given as:

S dlhw) S
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Whete, r,, and 7, are the shear swesses at the channel bowom in the x- and y-
iy : Ty 2 : i
direction respectively (N/m’) r. . r., and r_ represents the depth-averaged effective
LT |
strosses (MNm7 L

They simulated the transient hed and water surface profiles for aggradation and
degradation of channcl bed and using Beam and Warming altemating direction imphicit
scheme 1o solve the governing egquations. They used data of Soai et af. (1980) in both coupled
and semi-coupled models for the testing purpose and fourd negligible difference between the
results obtained from semi-coupled model and fully coupled model which contradicied the
conclusions of Lyn (1987). They reported that the semi-coupled model ¢an be used to
simulate the rapid changes of sediment transport at the boundaries without introducing
significant errors. They concluded semi-coupled model has more suitable applicability
compared to the fully coupled model for a wide mnge of applications, however, their

conclusions restricted to applications of bed loads with uniform sediment.

Cao ef al. (2002) tested the performance of three models for aggradation andd degradation
neocesses in alluvial river, namefy, (i) A fully coupled model [FUM) that employs the
complete equations and synchronous solution procedure (i) A partially coupled model (FOM)
that uses the simplified egquations compared to FUM but solved simultanecusly (i) the
commaonly used concept decoupled model (DCM) which is characterized by an asynenronous

solution procedure. The poveming cquations used were as;

=0

FEERENFEEEE ENE SN B N N N B N N N N NN EMNN B BN B BN I




At
h)+ g (2.99)

Ihey used three-node fourth-order interpolation scheme for testing the performance of

the models for the aggradation duc to overloading and (or the degradation due to sediment

dimimation. The method of characteristics (MOC) was used by them 1o solve the govermning
equations. They used the data of Soni ef of, (1980) for testing of the models. They noticed
riegligible effects on degradation when the continuity equations were simplified by neglecting
sediment storage in water column for the water-sediment mixture and bed material; kowever,
inaccuracy was moticed in the case of aggradation. They found the asynchronous solution
procedure worseén the physical problem mathematically due to need of extra upstream
boundary condition in the case of supercritical flow regime in upstream, They concluded that
the coupled system of complete goveming equations needs 1w be synchronously solved for

refined modeling of alluvial rivers.

Singh er af. (2004) developed a one dimensional fully coupled model that simulates the sharp
hydraulic and bed transients in alluvial nvers. The following ¢quations have been used as the

EOVEMing equations

oh 80 5
. (2.100)
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Here, € is volumetric bed load discherge (m'/s), and (' is volumetric suspended

- }y
load discharge (m°/s)




The dbove equations have been discretized with the generalized Preissmann implicit
finite differcnce scheme and the resulting sct of non-linear partizl difference equations was
solved by using Newton-Raphson iterative procedure. The features of mixed super critical
and sub-critical regime, non-equilibrium sediment transpon lor bed joad and suspended load,
criterion for limiting concentration of wash load were incorporated in the model, The model
was validated by simulating the Quail Creek ke failure, USA. They extended the model to
simulate the processes of grain sorting, wash load Transpon and non-equilibrium sediment

Lransport.

Aricn and Tuceciarelli (2008) simulated the sediment transport problem in unsieady Mo
conditions for artificial channels like sewer svstems. They used the various assumptions in
madel development: (i) transport equilibrium holds for both the suspended and the bed losd;
iy the solid load concentration does not affect the water density; (1) the Manning resistande
law, originally found for uniform flow conditions, holds i the momentum equation; and {iv)

lacal energy dissipation and erosion were neglected.

I'hey used the following goveming equalions
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Here, ¢ is Chezy friction coefficient im"*s) R is hydeaulic radivs (mp G,

" sranulometric size class; and N, number of granulometric classes

concentration of the
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Ihe double order approximation time and space marching scheme were used for the
solution of the governing equations. They reporied the advantage of the model as (i) reguired
less computational effort, and (i)} only information needed of size distribution, porosity,

relative density, and friction coefficient as the bed material properties.

Kothyari and Jain (2000b) developed one dimensional coupled numencal model to simulate
the bed degradation profile in cohesive sediment mixture. They used two types ol cohesive
sediment mixture clay-gravel mixture and clay-sand-gravel mixture; and in both mixtures clay
proportion was varied 10-50% by weight. They used the following governing equations in
coupled form for one-dimensional, unsteady flow in rectangular prismatic channel with no

lateral discharge of water and sediment.

i b e
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Here, q,, is the bed load transport rate of given size fraction present in cohesive
sediment bed (N/m/s); ¢, is the suspended load transport rate (N'mis) and », 15 the specific

weight of sediment (N/m™),

They used their developed relationship (Jain and Kothyari, 2009; 2010b) for bed and
suspended load transpent of cohesive sediment mixtures s the suxiliary egustions in the
numerical model. The system of governing equations mentioned along with the relationships
for resistance to flow and sediment transport were solved using the second-order explicit
essentially non oscillatory finite difference scheme proposed by Nujic (1993) and Singh and
Bhallamudi (1997). They tested the developed model for bed and water surface profile using
their experimental data and reported good agreement between observed and computed data.

hey also reported that model predicts good results for transient bed and water surface




profiles in case of cohesionless sediment (for sand-gravel mixture and gravel only) in which

clay poroCiiage wis Givon as Lol

(ian ef al. (2015) presented non-capacity one dirmensional fully coupled well-balanced model
i sirmulate Mows and nen-uniform sediment transport 3s both bed load and suspended load in
alluvial rivers. They used the following governing equations:
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Here, 1, is walcr level {m); T.1, are the total and size-specific sediment feeding roles
mer unit channel length [mz_-h] respectively; 2., 8 density of water—sediment micture
q'ug-';11:1; o, is density of saturated hed material ILE_-"m-':-; A3, is the velocity discrepancy
cocilicient: € is the size-specific sediment concentration; Ey, 3. are the twotal sediment
entrairment and deposition fluxes respectively (mes); [, .3, are the sizo-specific sediment
entrainment and deposition Muxes respectively (misk & iz the thickness of active layer tmh

f, is the fraction of the LB cize sodiment in active layer: f, is the fraction of the k" siee
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sediment in the interlface between the active layer and substrate layer: and £, is the elevation

of the botiom surface of sctive layer (m).

Thev incorporated active layer formulation to resolve the change of bed sediment
composition. The governing eguations were solved by the surface gradient method (SGM)
wlong with the finite volume Slope Limiter Centred (SLIC) scheme. They tested the model
with cases of irregular topography, including the refilling of dredged enches, aggradation
due 1o sediment overloading and Nood flow due to land slide dam failure and found well

matched agreement between the computed results and measured data,

7 5. TURBULENCE CHARACTERISTICS OF FLOW OVER CHANNEL BED

This section deals with the literature review on velocity and urbulence characteristics
distribution of flow over channel bed under vanuus aspecis of Now and channel bed. For ex.

over fixed chinnel bed, mobile bed, under bed forms, oscillatory flow, elc.

Tominaga ef al. (1989} invest gated the secondary currents and 3D flow structure in an open
channel {rectangular and trapezoidal ) flows using a carefully calibrated hot-film anemoimeier.
They earricd the experimental study in a tilting flume with 12.5 m length and 40 em x 4 om
cross-section. The test section was located at 7.3 m downstrea from the entrance of channel
where a fully developed, uniform flow was established by adjusting the bed slope and the
movable weir at the channel end. Their aim of study was to S6¢ the effects of the free surfoce,
the channel shape and the boundary roughness on secondary current structures and three-
dimensional wrbulent structures. For this, they classified the experiments into three groups (1)
smooth rectanpgular open channels in which chinnel width was fixed, the flow diepth was
changed in order to examine the effect of aspect ratio on secondary currents, (i) trapexoidal
open channels in which the side walls were inclined at an angle of 60°, 44° and 327 t©
harizontal plane (i} rectanpuiar rough open channels having roughness elements of gliss
beads with 12 mm diameter and they were densely aitached to the wall. The velocities were
measured in @ half cross-section at about 100 points with sampling frequency 30 Hz and
sampling time of 50 seconds, They found the difference in secondary curment stniciure existed
between the trapezoidal and rectangular open channel flow and this was attributed 1o the

generation of revered voriex in the region between the side wall and the frec surface in case of

3



imapeznidal open channel. When the boundary roughness condition was vacied then the span-

wize vortex scale increases as the ratio of the side-wall shear to the bowom wall shear
becomes larger, They repored that for each case the three-dimensional structure of the
primary mean velocity, the wrbulence intensities and the Reynolds stresses, and the span-wise

distribution of boundary shear stress affecied considerably by the secondary currents.

Lyn (1993) conducted an experimental study for the wrbulence characieristics off Dow using
laser Doppler velocimetry over the fixed chananel bed having different bed forms. The first
type of arificial bed form taken as wnrealistic dune type while the second type of bed form
approximates close to the geometry of real duncs. Both bed forms differing only in the
upstream geometry. The bed forms were made of treated wood, and a layer of 0.25 mm sani
was cpoxied onto the bed forms as grain roughness, He found the Reynolds shear stress
distribution was generally well approximaled by the fiat-bed profiles for regions of flow far
from the bed, He noticed that the turbulence characteristics have not follow the fiat-bed

hehavior in the lower part of the flow, however, matches fairly well over most of the fow

depih.

Song and Graf (1996) studied the mean flow and wrbulence parameters over a gravel bed in
an unsteady open channel flow using acoustic Doppler velocity profiler (ADVFE). The
discharge was measured with an electremagnetic Mow meter connected with the flume and the
meart flow depth was measured al six different locations with the help of ultrasonic
limnimeters having an accuracy aof 1 mm, They studied 33 hydrogeaphs for horizontal
velocity, vertical velocity and twrbelence profiles. They concluded that the mean horizontal
veloeity profiles Tittke affected by the unsteadiness of the hydrograph and the rising branch of
hydrograph having the larger horizontal velocity then that of falling branch. Also, the
horizonal, vertical rbulence intensity and the Reynolds shear were reported higher in the

rizing branch,

Wijetunge and Sleath (1998) investigated the effect of the sediment ranspon on the fuid
velocities and turbulence in oscillitory Mow vsing o laser Doppler anemometer (LDA). They

used the sediment consisted of nylon granules cylindrical in shape with length equal to

diameter (median dizmeter of 4.0 mm) and a specific gravity af 1.137. The purpase of using

this type of sediment was o ensure that the bed remained as nearly plane as possible

5
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throughout the tests and also o remove the need for sediment concentration measurements. A
single layer of sediment granules was glued Lo stainless stieel plates fixed rigidly 1o the bottom
of the tunnel. Then after removing the excess sediment the Nuid velocity were measured first
with the rigid bed and no moving sediment and then measurements were made over flat beds
in an oscillatory flow with known gradually increasing quantities of sediment. LA was
operated in two modes i.e. one in forward-scatter mode corresponding to low sediment
concentrations and second in back-scatter mode for relatively high sediment concentration,
The signal was passed to s microcomputer where it was sampled |00 times per cycle for 50
eveles with the help of a phase marker. They found that the turbulence intensity at any given
height above the initial bed level was less in flows with sediment motion when companed 1o

fixed bed provided the bed remained Tat.

Nikora and Goring (2000} presented experimental results for twrbulence structure over
irrgation canal with static and weakly mobile gravel beds. They measured instantancous
velocity using acoustic Doppler velocimeter in three set of experiments, One sel of
experiments corresponds 1o high flow rate with a weakly mobilke bed and other two sets for
lower flow rates with fixed bed. They conducied cxperiment at sampling frequency of 25 He
and time duration of poinl measurements was from 2 to 4 min, They found the resulis from
static and weakly mohile beds have a number of common features, like the existence of the
roughness sub-laver and the adjacent logarithmic layer in hoth cases, however; they noticed
the appreciable differences like wake region exist for fixed bed and not for weakly bed flaw,
reduction in the von Karman constant for weakly mobile bed flow, the thickness of the
roughness sub-laver was found larger for weakly mobile bed, the comelation coefficient was
lower for weakly mobile bed, and the variation in twrbulent intensity noticed to lower for
wenkly mohile bed. They concluded the difference between the two results (ie. weakly and

fixed bed) due to differences in span-wise spacing hetween eddies.

Song and Chiew {2001) investigated turbulence profiles in non-uniform open channel Flows
i.e. under both accelerating and decelerating Mows using a 31 acoustic Doppler velosimeter
They conducted experimenial siudy in an 18 m long. 60 cm wide, and B0 cm high
recirculating fMume tilted 10 a longitudinal bed slope In the range of -0.2% w 1%, The Aume

has glass walls and the flume bed covered with a rough aluminum plate on which sand
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particles of 2.6 mm dismeter were glued, They obtained 10 prifiles for accelerting fow and
15 profiles for decelerating Now under the sampling data frequency of 25 Hz for 2 minues.
Measurements were taken at five sections located at x =5, 7,9, 11, and |13 m along the flume
and the number of measuring points at each section vaned from 25 to 55 depending on the
water flow depth. They found both the turbulence intensities and the Reynolds siress were
decreased and increased in accelerating Mow decelerating flow respectively, when compared
with those in uniform flow. The data revealed that the Reyvnolds stress distribution 15 not
linear in cither an accelerating or a decelesating Mow. In an accelerating flow, it has a concave
form and the maximum value occurs close w the bed. For o deceferating flow, it has convex
form and itz minimum value oceurs at the water surface. They developed theoretical
expressions for the distribution of vertical velocity and the Revnolds stress based on the
Reynolds cquation and the continuity equation of 11D open-channel Mow. The following
equation was proposed by them for computation of the distribution of the Reynolds stress at a
piven section under known parameters of bed slope, bed roughness, water flow depth,

variation of water Mow depth along stream-wise direction, and cross-sectional velocity,

w42 e,
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Where, —u'v' is the Reynolds stress (m’/s'): dlydx is the spatial variation of flow

depth; z, is the vertical distance (m ) and m, is the constant in power law.

Ferro (2003) conducted experimental study for velocity measurement by an acoustic Doppler
velocimeter over gravel bed in a rectangular flume baving 30 m long, 0-77 m wide, and 0935
m deep and harizontal bed slope. The water discharge was measured by a concentric orifice
plate installed in the feeding pipe. He conducted experiment under five different bed
armngements {cl), ¢l ¢2, ¢}, and ¢4) chamcierized by dilferent concentrations of coarser
elements, and for the two hydraulic conditions of small- and large-scale roughness. The
experiments were carried out over a fixed bed (i.e, motion of pariicles not permitted) with
high roughness characteristics. The measuring reach was divided wang a refereace ares 0077
= 0-77 m’, and in cach area having a fixed number of coarser elements, The boulders were

placed on top ol the bose layer and were completely protreding from the bed. He found that
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the measurements of velocity profile vary with the concentration of boulder elements and the
depth/sediment ratio, For all bed arrangements when the values of the depih sediment ratic are
greater than 5-5 the velocity profile showed the dip and the logarithmic profile fits well with
the measurements: for depth sediment ratio less than §-3 but greater than 2 the velocity profike
for the bed shape of ¢0, ¢1 and 3 is logarithmic while for the bed shapes c2 and ¢4 it i5 8-
shaped. When the depth sediment ratio between | and 2 then the velocity profile for the bed
shapes ¢2, ¢3 and ¢4 is always S-shaped.

Carollo ef af, (2003) investigated the turbulence intensity profile over 9 rough gravel bed in a
rectangular flume of dimension 30 m long. 0.77 m wide, and (.65 m deep. The measurements
of velocily were made using acoustic Deppler velocimeter under steady flow. The 1est section
was located at 2239 m from the inlet section of the flume. The test secbion Was divided into
references areas of 0.77X0.77 m* and in cach area a fixed number pebhles (median diameter
5,43 em) was randomly arranged on the base layer of quarry rubble bed (median diameter
2.04 cm). The experiments were gonducted under four different arrangements ¢0, ¢l, <2, ¢3 of
the pebbles placed over the base layer and under no motion condition of particles. They
carried six runs for each arangement of bed by varving discharge and flow depth. They
reported the existence of two layers below and abeve the tops of coarse elements where the
wurbulence intensity profile shows 8 different trend. They reported that the turbulence
damping efficiency increases when the roughness elemenis protrude inside the flow. They
found the turbulence intensity showed an increasing trend with distance from the bed,

reaching a peak value then followed by a decreasing treend,

Bigillon f al. (2006) used the particle image velocimetry (PIV) technigque to investigate
characteristics of a wurbulent flow over & transitionally-rough fixed bed in an open-channel
flow. The distributions of velocities, turbulence intensities. Revnolds stress were measured in
A region above :'[e -:'-“i] = 10 due to the lack of quality image data in the near wall region
\ L7
of the transitionally reugh flows, They conducted the ex perimental study under uniform fow
conditions in which the low depth range from about 0025 m to about 0045 m; Reynolds
number in the range from about 4,500 1o 12,000 and the Froude number was in the suberitical
range of 0.4 1 (.5, They kept the width to depth razio in the range from about 7 to 12 to avoid
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side-wall effects. The roughness height of the bed was taken as equal 1o the mean size of sand

grain (000053 m). They used double-averaging procedure for the vertical distribution of the
mean stream-wise velocity Le. first time averaging of the velocity fields computed then
followed by a spavally longitudingl averaging of the vertical velocity profiles computed over
the time-averaged field. They found their results are very similar 1o those obtained for smooth
wills and show a good agreement with models previously derived for smooth walls, however,
they noticed some quantitative differences which accounts for the bed roughness effeots and

limited 0 the wall-region.

Rodriguez and Garcia (2008) messured 303 flow velocities and turbulence characieristics
using & micro acoustic Doppler velocimeter (ADV) over fixed rough bed in an open channel
flow. They carried the experiment in a tilting Mume 12.20 m leng, 0.91 m wide, and (L6 m
high and used crushed stone chips of mean size 0,57 em for fixed hydraulic rough bed. The
ADV was operated at 4 sampling rate of 25 Hz and velocity point was sampled for at least
120 = The test seclion was locaied at a distance of 6 m downstream from the channel entrance
where the flow was uniform and the boundary layer was fully developed. The secondary
circulation and flow variability over a rough bed were analyzed under two flow conditions (i)
aspect ratios (width over depth) of 8.5 and (i} aspect ratios of 6.3. The aspect ratios were
chosen such that secondary Mlows exhibited in the whole cross section. They Tound that the
hed shear stresses and turbulence patierns were consistent with the secondary flow cellular
circulations which contradict the general perception that secondary circulation cells die out at
an aspect ratio > 2.5 from the walls end they anributed this behavior to the bed roughness and

tor the difference in roughness between bed and walls

Ojha and Mazumder (2010) investigate the effect of the superposition of surface waves ol
dilferem frequencics on the mean Muid Mow and turbulence over anificial bed forms, They
carried the experiments in a recireulating Mume having dimension of 10 m long, 30 cm wide.
and 50 em deep. The velocity data were measured with the aid of 3-D micro acoustic Doppler
velocimeter (ADY) having down-looking probe at a rate of 40 Hz for 5 min with the lowest
point measured at 0,40 ¢m above the bed surface and the highest point at about 24 cm for cach
profile. The filtering of measured data were satistied the valee of the signal to noise ratio

(SMRY =135 and Correlation >70%. Before the fixing of bed forms the experimental run over
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the flat surface were performed for two Rewnolds numbers. The combined wave-current
experiments were performed with @ combination of two different Qows Reynolds numbers
and three different waves Reynolds numbers. They found that the superposition of surface
waves with increasing frequency leads to an increase in the apparent bottom roughness due (o
a vortex in the lee, They noticed that the effect of surface waves increases the fow sabiliny,
consequently reducing flow separation and enhanced mixing in the lee side of the bed form,

Reynolds shear stress was found to increase with superposition ol waves.

Dey o af. (20011) conducted an experimental swdy for the quantification of the near-bed
turbulence characleristics in an open trapezoidal channel Tlow over immobile and
entrainment-threshold beds for non-cohesive sediments. They used a four-beam down-looking
vectring probe to capture the instantaneous velocily components at a sampling rate of 100 He
pver duration of 300 ¢ to achieve a statistically time-independent averaged guantities. The
closest measuring location was taken at 3 mm above the bed and the sampling length used

was | mm in lower flow zone (i.e.z, /b < 0.2 ) while in the upper Mow one {ie.z, h=021)

the sampling length was taken as 4 mm, They filier the data using signal-to-noise ratio as 17
or above and the correlations between transmitted and reccived pair of pulses were greater
than in the range of 70+ §%. They found, near the bed, the departure in the distributions of
the observed time-averaged stream-wise velocity from the logarthmic law was more in
immohile beds when it compared with the entrainment threshold beds while the damping was
higher mear the bed for the sediment entruinment than that for immobile beds in case of the
Revnolds shear stress distributions, Dimensionless Reynolds shear stress distributions
strangly deviated from the linear law for hoth immohile bed and entrainment-threshold near
the bed. however, in upper flow wone the distributions were reasonably consistence with the

linear law.

Kiise (2011) investigated the distribution of turbulence intensity, Reynolds stresses for three
velocity components, and turbulence kinetic energies along water depth in an experimental
sudy using acoustic Doppler velocimeter (ADV) over the rigid rough bed in 3 rectangular
open channel. He used 100 Hz frequency for sampling the data and | min as the sampling
time for each measurement points, The data filtering eriteria for signal-to-noise-ratio (SNR)

were taken as 15 and correlaton (COR) erteriz as 7% or above. He found the distribution of
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murbulent kinctic energy (TKE) swuddenly increases very close to the bed and it reaches its

maximum at relative depth {ratio of vertical distance o flow depth) 0.02. then decrease by
following & Muctuating trend. The distribution of primary Reynolds stress component reaches

its maxmmum at relative depth 0.10.

Kumar and Kothyari (20012) compared the experimental results for flow patterns and
wrhulence characieristics within the developing scour hole around circular uniform and
compound piers. They conducted the experiment in a 20.0 m long, 1.0 m wide rectangular
channel using an acoustic Doppler velocimeter for the measurement of flow velocity. The test
seetion was located 12,0 m downstream of the Aume entrance and filled with uniform
cohesionless material e sand of median size 040 mm. They conducted four series of
experiment in which one for uniform circular pier of diameter |14 mm and the other three
serigs (o circular compound pier of diameter 114 mm and footing diameter 210 mm. In case
of circular compound pier. the top surface of the fooling was placed at three different
elevetions with respect 1o the general level of the channel bed, i.e., above the bed level, at the
bed level, and below the level of the channel bed. The wrbulence characteristics were made
around the piers in radial planes at 0°, 30°, 60°, 90% 120°, |50°, and 1807 from flow axis.
hey found that the velocity, wrbulence imtensities, and Reynolds shear stress around each of
the pier models st different venical planes exhibit almost similar profiles along the flow
depth. However, the measurements close to the pier have significant change in the vertical
profile of the flow parameters when position of the top surface of the footing varied with
respect to general bed level of the channel, They reported the diameter of the principal vortex
upstream of the compound pier was |11 tmes as large as that for the circular uniform picr
when top surface of the footing is above the general level of the channel bed. And the size of
the principal vortex is .85 times its size for the uniform pier when the top surface of the
footing was below the channel bed level. They observed the bed shear stress within the

scourcd region was much smaller compared with the bed shear siress of the approach flow,

Ahmad e af. (20013) conducted an experimental study for turbulence characteristics of flow
over a block ramp using neoustic Doppler velocimeter (ADV). They measured the data in a
rectangular channel having 7.5 m length, 1.5 m width, 1.0 m depth. and bed slope of 3.5%

under the masximum discharge of the system 0.462 m’s'. The crushed boulders of Yarying
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size 7-25 ¢m were placed on the channel bed. This chanrel bed has the thickness of 27 cm

I'he longitudinal turbulence intensity increascs along the ramp length. while the vertical
turbulence intensity decreases due to breaking of larger eddies by the protrusions on the bed
and transverse turbulent intensity initially decreases and then attains an equilibrium valuc.
Reynolds stresses and turbulent kinetic energy increase along the block ramp as a result of
development of boundary layer. Skewness coefTicients of the longitudinal and transverse
velogity components were observed 1o be uncorrelmed with the block ramp length whereas
skewness coefficient of vertical velocity component was observed to vary linearly with the

length of block ramp.

Guan ef af. (2014) carried experimental study in 2 tilting lume of dimension 12 m long. .38
m deep, and 0.44 m wide for the distributions of flow panerns, bed shear stresses, and
jurbulence structures in the approach flow and the equilibrium scour hole downstream of a
submerged weir under clear water scour condition. The weir has 10 mm thick rectangular
plastic plate and having the same width as flume and was located 4.5 m from the outlet of the
Mume. The flow velocities were measured using accustic Doppler velocimeter with @
sampling rate of 200 Hz and data sampling time was taken as 2 minules. The measured data
were filtered by maintaining the signal-to-noise (SNR} ratio above 13 and comelation above
70. They reported the significant change in the flow siructures by the presence of the war. A
recircalation zone and a flow reattachment region were found along the flume cenerline
longitudinal dircetion. The maximum turbulence intensities, TKE, and Reynolds shear
stresses were observed on the upstream slope of the scour hole and the maximum scour depth
was found at the rear of the flow reattachment region close to the leR Mume glass wall, They
observed the higher Reynolds shear stress near the hed when compared to the absolute values
of critical bed shear stresses immediately downstream of the weir. The secondary flows were

ohserved in the scour hole in the transverse direction.

Jain e af, (2015) focused on turbulence characleristics measurement aver degraded bed of
cohesionless sediment mixture of sand-gravel. They conducted experimental study n @
rectangular tilting flume of 16 m long, 0.75 m wide, and 0.5 m deep. The channel had a lest
section of 6.0 m length, 0.75 m wide and 0.13 m depth starting at a distance of 8.0 m [rom

channel entrace, The measurements of the instaniancous velogily, turbulence intensity and
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the Reynolds stress were made using acoustic Doppler velocimeter at three locations on the

degraded channel bed (1) 0.2 m from the start of test section (referred as section-1), (i) at
distance 0.5 m downstream of section-1 and (iii) at distatnee .5 m downstream of section-|.
The wrbulence intensity found 1o be increases and reaches the maximum value at near relative
depth of zero i.e. at the level of channel bed surface before the start of detachment and then
decreases towards 1op surface. The maximum value of the Reynolds stress also occurred at the
start of the depradation profile i, st the level of channel bed surface before the start of
detachment. They observed that the magnitude of wrbulence intensities and the Reynolds

stresses were reduced towards the downstream along the degraded bed profile.

Singh of al. (2016} investigated the effect of the superposition of surface waves of different
frequencies on the turbulent flow structure over the bed-mounted artificial cubic obstacle. The
30 velocity was measured using an acoustic Doppler velocimeter (ADY) in test scction
starting | | m downstream from the entrance in an open chanmel flume with 18.3 m long. 0.90
m wide. 0.90 m deep. and o constant slope of .00025. An artificial cube was made of wooden
cube (0,025 m width, 0.025 m length, and 0.025 m height). They performed three different
tests in their study: (i) current only over a flat bottom surface. (i) current only arcund the
cubic obstacle mounted on the flat surface, and (i) superimposition of surface waves of
different frequencics on the current flow over the cubic obstacle. The results highlight the
changes induced in the mean velocity profile. turbulent intensity, and Reynolds shear siress in
a plane of symmetry from the superposition of surface waves of different frequencies.
Modifications in the mean velocitics, turbulence intensities, and Rewynolds shear stresses with
respeet to the flat surface case, in the vicinity of the cube, have been explored, The
measurements were taken st seven different measuring locations along the centerline of the
flume from wpstream to downstream of the cube at the dimensionless distances {longitudinal
distance to cube height] of —2.5, —1.5, 0, 1.5, 2.5, 4.3, and 6.5, The data sampling rate was
taken as 40 Hz for 5 min duration, The lowest and highest measurement point was taken as
.42 ¢m and 14 ¢m above the Mat surface respectively and the mean flow depth was constant
at 20 e for all wests, The ADY data were filtered as per signal-to-noise ratio data =15 and the
correlation >70%. They compared the turbulence parameters characterislics between the
velogity profiles over the flat surface and those measured over the bed-mounted cube and

found that there was a shift of the position where the velocity profile met the flat-surface

i

0
®
b
®
®
©
@
®
®
=
e
L
-
@
o |
-
..
-
&
L2
&
&
#
&
L
&
-
®
L]
®
L)
&
L
€
&
L3
L



o9 00 00 ® 200 % 90 e @0 0o bW %P eSO P 9T R R

profile from the superposition of sutface wave. Near the bed, ag the frequency of the surface

wave increased, there was a shift in the locations of the positive bottom-nomal velovitics

behind the cube, which would likely affect the ksl sediment mubility. The stream-wise

wrbulent imensitics found to be increased towards the free surface. Thiy reported the

maximum Revnolds shear stress immediately behind the cube.

2.6 CONCLUDING REMARKS

This chapter discusses the lilerature review on incipient moticn, transporn of sediment, bed

degradation, and turbulence characteristios ol flow.

I iterature review reveals that most of the study has been reporied on the incipient
motien af the non-uniform cobesionless sediment for sand-gravel mixture. However,
presence of silt in the mixture affected the critical shear stress and it s still under
investigalion,
(in mixing the cohesionless sediment with cohesive sediment, the resulting mixture
possesses cenain amount of cohesive property and treated as cohesive sediment
misture. The erosion charscteristic of cohesive sediment 13 significantly different from
the cohesionless sediment due to dominancy of physio-chemical properties of the
cohesive sediment.
Qeveral experimental studies have been reporied on incipient motion for different
cohesive sediment mixtures like clay-sand, clay-sili-sand, clay-gravel, clay-sand-
gravel, However, the presencs of silt with gravel particies in cohesive mixture has still
the topic needed to be investigated.
\dentification of parameters is an important task in the development of equations for
the computation of transpont rate of cediment in the presence of clay in sediment
mixture. Those parameters needed to be explored more in case of cohesive sedimeni
mixiure.
Most of the mathematical models have been develaped for the computation of
degradation m a channel bed made of cohesionless sediment. Very few studies have
heen reported on cohesive sediment mixlure of clay-gravel and clay-sand-gravel.
Model development for computation of degradation needed to be extended for
cohesive sadiment in presence of silL
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Lilerature. rmevicw  imdicates  that  twrbulence characteristics of flow has  boen

nvestipated on various aspects like roughness of bed. scdiment-laden Now, lixed
channel bed, weakly mohbile bod, vepctative channel bed, over block ramps, and
around picr. ele. Most of the above study has been conducted on channel bed made of
cohesionless sediment. And the further investigation is needed to study the turbulence

characteristics of flow over degraded cohesive bed.
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CHAPTER - [11
MATERIALS AND METHODS

3.’ {;Fh[':lt.l"ld

This chapter deals with the properiies of sediment and its mixiure, experimental set-up &
measurements, channel bed preparalicn, experimental procedure for incipient motion and
transpart of sediment, bed level variations, and visual observations of the channel bed after the
end of the run. It also describes the experimental set-up and procedure for the collection of data
for the study of turbulence parameters. Keeping above points in mind, an extensive experimental
work was plinned and conducted in Hydraulic Enpineering Laboratory, Civil Engineering
Department, Indian Institute of Fechnolopy Roorkee, Roorkee, Indiz 1o study the sedimem
transport for the cohesive mixture of clav-silt-gravel, clay-silt-sand-gravel, and clay-silt-sand

under varying percentage of clay.

2. SEDIMENT AND ITS MIXTURE
3.2.1. Sediment Properties

Cobesive as well as cohesionless sediment were used in the present study. Clay was used s the
cithesive sediment while sil. sand, and gravel were used as cohesionless sediment Laboratory
tesls were conducted for the determination of clay propertics as per Indian Standard Code of
Practice [S-1498 (15 19700, Size of clay particle was determined throwgh lser pariicle size
analyzer while sieve analysis was used for the sire distribution of silt, sand, and gravel
sediments, Clay, silt, sand, and gravel had the median size (@ ) of 0.014 mm, 0.062 mm, (.60
mim, and 5.50 mm respectively. The size distribution for each sediment, used in the present
study, was shown in Fig. 3.1, The peometric standard deviation for sediment (o, ) of clay, sil,

sand and gravel were Z06, 108, .73, and 131 respectively. The o, was computed as

'II l{f-r..;..'-f-"-.: b+ ldg, fd,, |F (Garde and Ranga Raju 2004) where o, , & and o, arc the sediment

size such that §4%, 50% and 6% of material is finer than thal spze |'~:, w:_-gghl rq*,-;p{;_'”n:l:, I'he
refative density of silt, sand, and gravel was 2.65. The engincering propertics of clay like hguid

hmit, plastic imit, maximum dry density, optimum moisture content, cobesion, chiy minerabogs

were simmarized in the Table 3.1

b/




& d

Rnar (-}

i
.

L |
. f-n

.I i Cirpye
| —— S
' w— Nl
i — Llay
i
T r_'l i rere—
1000 THI00

\

Fig, 3.1
Table 3.1 Clav propenizs

| Clay properfies

I '.-il_|11i|‘| limit

Plastic limit

| Value
[38.90 %

[ Plasticity index

100

Particle 2iza (um)

[ 40 Y

L0 Y

E I"r!ﬂhmjmﬁi_

Size distribution for sediments used in experiments

Casaprande apparatiss

b makine threads of 3.00 mm

Lo 1

I.i.'.|_1'.-:l limit - Plastic limit

¥

i Saximam dry densit

i Optimum moishre conient

Cohesien

Angle of internal friction

Rolanive density

Clay mineralogy

-y - - g
1.70 glee

15000 54

{ Standard proctor compaction test

l_'-ﬂ 20 khim”

| =

[ Triaxial shear test

EEE

" [2.60

Ib.'.m:-liniw-

TH%s

| Wlite - 17 %

| Sdontmor lorite —

Pyenarmaier

|
¥-ray diffraction {XRLY} test

5 %




® 9 00 o ® 208 9 s 00 00 00 %9 He e O e Qg e PR e

3.2.2, Sediment Mixture

Three type of sediment mixture were used in the present study namely: clay-silt-gravel, clay-sili-
sand-gravel, and clay-silt-sand mixture, For preparation of sediment mixture. cohesive and
cohesianless sediment were mixed together in different proportions. Clay was mixed with sit
and gravel in various proporiions 1o abtam elay-silt-gravel mixwre. Similarly, clay-silt-sand-
pravel mixture snd cley-sili-sand mixture were obtained by mixing their corresponding
sodiments. In all three sediment mixture, clay was varied from 0% to 30% while cohesionless
sediments were varied in equal propoctions in the rest amount. Table 3.2 shows the variation of

all sediment propoertions in their mixiure

Tahble 3.2 Proportion of sediments in their mixture

Clay-silt-gravel mixture -{:|a:f-ﬁiilrﬂ-ﬁ;1d::grﬁvé| mixture Clay-silt-sand mixture
Clay % | 5% | Gravel% | Clay % G [Sand % | Gravel % | Clay % | Silt %o | Sand %
0 50 50 0 135 |333 113 0 50 |50
10 43 45 L0 30 ] 30 1) 45 45
[ 20 46 |40 20 26.7 | 267 26.7 FEEREL T
30 35 35 i 313 | 233 233 30 35 33

40 30 30 | 40 20 20 | 20 40 30 3

50 3% |15 150 16.7 | 16.7 h7 | 30 25 |;£=

|

1.3 EXPERIMENTAL SET-UP & MEASU REMENTS

The experiments were conducted on a tilting flume having 16 m length, 0.75 m width, and 0.30
i depth in Hydraulic Fngineering Laboratory, Civil Engneering Depariment, Indian Institute of
Technology Roorkee, Roorkee, India. The channel had a test sectinn of 6.0 m length, 0.73 m
width and 0,18 m depth starting at a distance of 7.0 m from the channel entrance. The depth ol
the test section in the channgl for scdiment filling was (.18 m which considered here as general
tevel of the Aume bed. In order to simulste the roughness of the test section on rest of the Nume
bed: a thin laver of sediment was uniformly pasted. The water flow in the flume was regulated

with the help of & valve provided in the inlet pipe coming from the overhead tank. A rectangular

bE




tank iz provided at the end of lume after the flow deflector for discharge measurement. A tail

eate is located at downstream end of lume for mamtaiing the fow depth, A depth integrated
sampler 15 installed just before the tail gate for the purpose of suspended load measusement. The
gicde wall of the channel 18 made of glass, The two-dimensional bed profiler s mounted on the

railing of flume for the bed fevel mensurement. A schematic view of expenmental set-up is

shown i Fig. 3.2,
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Fig. 3.2 A schematic view of experimental set-up of flume

3.3.1. Channel Slope Measurement

The channel bed slope was measured with the aid of two containers connected at their bottom
through & long plastic wbe as shown in Fig. 3.3, These containers were placed on the bed of the
fMume one at upstream and one at downstream end along the length of flume, The distance
between bwo continers was noted down, After filling of water in upsiream container; both
containers were left for sufficient time for equalization of water levels. Afler the equalization of
waler level in containers: the vertical drop in the water level was computed by subtracting the
water level of two containers that was measured by o pointer gauge mounted on the Nume mils.

The channel bed stope was compured through wertical drop in water level over the length

Hi
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between containers. [he measured slope has also been crose checked with survesor’s level and

results in hoth methods were found close 1o ench other,

Fig. 3.3 Cylindrical container connected with pipe used for the measurement of bed slope

3.13.2. Discharge Measurcment

The measurenent of discharge was carvicd ou volumetrically with tho help of a tank (dimension
[50 mx 1.20 m & (L&D m) provided st afrer the flow deflecror at the end of the Mume {Jam
2008, Flow deflector diverted the fow into tank and time was noted down for filling the tank
with water flow into the tank. Then the discharge was computed by dividing the volume of water

filled in the tank to time taken in filling the tank.

333 Bed Loxd Measurement

The sedimient was detached and transported through the channel bed by the action ol owsmg
water. The eoarse sediment gravel and sand were transporied as bed lopd wnd collected in a trap
placed at the end of the fuwme st after the tail gae as shown m Fiz 3.4, The trap wos

rectangular in shape and it was made of wire=mess supporied on the fron rod, 1L wias covered with
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w el clothe such thal bed lospd sedinments W@ retaincd on the Irtip. (e colleosed sediment in e

v was dried mmd wighied.

Fig. 3.4 Recungular trap wsed G the bed load collection

334, Suspended Load Measuremen

Il suspended lond was collected through a depth integrated sampler instatied at the end ol the
{lurme just befere the il gate locinon as shown m Fig, 3.5, The fine partcles, clay amd sill, were
detachied Trom the chisnnel bed aoud transported as suspended load. The suspended sediments im
the fomm of sediment-laden water were collecied na 13 liters capacity bucket by traversing the
depth ntcgrated sampler over the entire width ol Row, The eollecred sedimieni-laden wiler im the
buck et was welghted ond et for over 24 hours so that the suspeided sediment was settled down
ot the bottom of the bucket Afier senlement of fine sediments the water was removed from the
bucket and the weried sediment ot the bottom of the becker was wansterred o the pan and putted
i oven for dryine. The dricd suspended sediment wins w cighted el concentrition of suspendod

toad was comptited by dividing the weight of dey sediment 10 the measured weight of sedamen-

Latlens waler

.
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Fig. 3.5 Depth imegrated suspended load sampler for the collection of suspeaded foid

335 Bed and Water Surface Profile Mensurements

Twe-dimensional {20} bed level profiler was ssed to measure the profile of the channel bed. The
profiler congists of a support beam, a profiler carmtage. a probe, a power supply it and
contpuler a: =lycaieny 4n Fii_.'_. 1.5, Tlha =|J|l|.'".ll'| heam was mouiled over the hed wlere the kel
profile has to be measured. The protiler carriage drives on the suppert beam aleng the length of
the flume, The probe was fitted 1o the from of the prefiler carriage which moves vertically up-
down. As per the command instructed, the probe drives down at thar Tecation and takes a reading
by touchmg the bed. The surface profile was also measured using Hat gauge having a least connt
of 1.1 mm. The waier surfage profile was measured with the help of a pointer gauge having a
least count of 0.1 mm. Bed and winter surface profiles were taken at longimdinal spacing of 1.5 m
along the center ting of the Mume. Bolh profiles were measured at an bme tmerval of about 15
minutes for initial durations of the run when the hed level degradation was rapid and then the

interval was keeping high as 30, 60, and 120 minutes when the bed transients becomes grdual
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130, Velocity Measurements for Turbulence Parameter

The turbulence parameters were computed using 3D-velocity which was measured with the help
of Vecrring  ADV (Accoustic Doppler Velocimeter), The 3D-velocity data were collected using
g four trnsducer beam down-looking probe as shown in Fig 3.7, The down-looking prabe
consist cne sound emitter transducer and three sound receiver ansducer. The sound eminer
tramsducer genemles i agouste signal whtich is reflected back by sound scatiering pariicles
prosent i the water, and, then the seattered sound is recetved by the three receivers and How
velocity s measwred in three directions. The ADV was mounted over the miling of the flume
after the stabilization of the degrded bed. The ADYV measures the velocity m a sunphag volume
which s located at 5 cm away from e sensing elements, The data were measured ot o sampling
pate of [ Hz and for the longer duration of 2400 5 10 ensure the observaions beoome
stotionary, The datn were collected in both directions ve lonpiudially (along the How) as wiell

ns verincally (owards the free surface).
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Fig. 3.7 WVectnpo plus down-looking probe

34. COHESIVE BED PREPARATION

Three types of sohesive secliment mixmres ie. clay-silt-grovel, clay-sili-sand-gravel and clay-
silt-sand were used in the present study. In all three cohesive sediment mixiures., the percentags
of clay was varied from (%% 10 30% on weight hasis while the other sediments {i.e. cohesionless
sediments) were taken in equal proportions. For preparation of the channel bed, initially the
required sediments were dried and weighted as per proportion and then manually mixed rogether.
Water was added o sediment mixture and mixed them thoroughly well. The mixed sediments
were coverad with polyvthene and lefi for around 24 hours for uniform meisture distibution. The
sediments were mixed thoroughly again before placing it into the test seetion. The sediments
were filled in the test section and compacted in three layers for prepanng a cohesive bed. The
dynamic compaetion method was used for compacting the channel bed. In thes, each layer was
compacted with a cylindrical roller having weight equal to 400 N and the sides of channel were
compacted by hand rommer having rectangular bottom as shown in Fig. 3.8, To ensure bonding
among different layers, the lop surface was roughened by trowel belore laying the next layer
over it. After compacting all the three layers, exira sediments were chiseled off using shans edge

large knife. The finally prepared cohesive bed was lefit for around 16 hours in onder o achieve

15




he cohesive bonding between the cohesive and non-cohesive mawix (Debnah ¢ wf, 2007k,
Samples were wken oul from the downstream section of eohesive bed for the determanation of
their bulk density, unconfined compressive strength, and mosture content. The bulk unit weight
of sedpment mixiure was delermmned using standard core cutter method as per [15-2720 Pam
XXIX (1S 19753 Unconfined compressive strength (UCS) was determingd in laboratory as per
[S-2720 Part X (15 1991) taking cylindrical specimen samples from the compacted bed. Ve ater
content was determmined as et |J.I':-.' oven method for the -;.".:_'l]'|l|_‘.-:||_'11.'-ﬂ codigive hed n'.'t'll'l'n"i|1-\'.'|!|h.|i.l1j!
i all muns. Dry density of the channel bed was computed theough the measured value of bulk
dersity and water content of the bed. The void ratio of the channel bed was determined using the
computed value of dry densiy. Refore the beginning of experimental min, bed was sarated for
24 hours in order toachieve the feld s condition (Jamm 2008). For all e experimental runs, the

sediment beds were prepared afresh

() Miature preparstion |88 - 3| (b) Bed preparation

Fie, 3, 8{a-h) Prepamton of sediment mix e and cobesive chamne] bed

1.5 EXPERIMENTAL PROCEDURE AND OBSERVATIONS

31.5.1 Incipient Motion Process

For ench mm, n low discharge wis mitially allowed ity the flume and uniiomm flow was

manmined by operanng the tall gute. During the progess of establishing the unifonm Now. the
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sediment bed was inspected visually in order w cxumine the detachment of the sediment
particles. Tlere, the incipient motion was detected for the coarsest particle present in the mixtune
i.c. critical shear stress was measured for gravel partickes in case of clay-sili-gravel mixture and
clay-sili-sand-gruvel mixiure; and, in case of clay-silt-sand mixture the incipient moton was
ohserved for sand particles. If there was no detschment of the coarsest particles from the channel
bed then a small increment in the discharge was made and allowed in the flume and the bed
condition was ugain inspected carefully. This operation i.e small increment in discharge and
maintaining the uniform Mow was repeated till the beginning of the movement Ol Coarsest
pariicle veeurs. Visual observation method to identify incipient motion condition have been
carlier adopted by Kothyari and Jain (2008), however, in the present study quantitative
measurcment of sediment transport rate also has been  included for reliability in the visual
cbservations as reported in Table 3.3, The measurement of discharpe, water surface profile, and
bed surface profile were taken cormesponding o the flow condition 8t which inciplent molien
occurs. Both water and bed surface profile was measured at an interval of .50 m on the center
line of the 1est section along the longitudinal direction of flow. The mean velocity was computed
using the measured data of discharge and flow depth. Flow depth was computed as average of
difference between the measured bed and water surface profile at middle of each section on 51
em interval from epstream working seetion along the flow direction. Generally the sidewall
correction wis needed in laboratory flumes to sceount for the differences in surface roughness
between channel bed and sidewalls imade of glass in present study), For the computation of
critical shear stress the concept of effective shear stress on the channel bed were applied instead
of total shear stress by using Manning-Strickler roughness coefficient as per Einstein (1942} for
sccounting the sidewall correction which was earlicr applicd by Meyer-Peter and Muller (1948),
Misri et al. (1984) and Jain (2008), The above process corrgsponding i incipienl motion wis
done for esch ren. The 1otal number of run conducted for incipient motion were 76 in which 12
runs corresponding to cohesionless sediment and 64 runs for cobesive sediment and in cohesive
sediment mixture 22 runs on clay-silti-gravel mixture, 20 runs on clay-sili-sand-gravel mixture

und 22 runs on clav-silt-sand mixture were conducted
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Table 3.3 Range of mensured parmmeters for incipicnt motion of cohesive sediment mixture in the present study

Sisdimeril r
mistae b P "r_u_ _-"-_.'- T, W LCS | h L '{r-' R" 9 B
iH Mifm
a | ommy | oepies®y | 6 % | e’y | gmg L I i [Nrmedl | imlim®y
[ Clayade 0. | L3eTE | peae | 3 | Ty | o Bomt | oamee | ooonse | 1020 | EROOED- | g 3.

grvcl | 93 0 | FsMy | mosn B 523 | s §aZiy | boss | o800 | ogqa) | PLIE | OAGR | 4 en)
I,'l;l,-;-lll- R

e | pe | paus- | sree | 7aa- | oo 0O00- | U278 | 00080 | U | 0002- | CuEss-
prevel | 30 E | a5a LRI T80 g 17 24 D | T4 OOAS | IDOS | 0003 | 2H13
Chieare- i | BT | 17H LA | 1230- | 59 OO | 030da | QUODDT- | - | 0000 | Q48K
sand 12 s [masey |2oap fia0 | ioan | woe | nos fadon o0t | dam | oosey | 16d

Here, £ is clay percemage, o i5 arithmetic mean diameter of the eohesive sediment

mixre, ¥, is the bulk unit weight of the cohesive sediment mixture, . is weighted geometric

standard deviapon of the cohesive sediment mixture, W 15 antccedent moisture content of

cohesive sediment mixiure, CATS §s unconfined compressve strength of cohesive sediment

mixture, & is sverage {low depth, U7 s mean flow velecity, S, 15 encrgy slope, g, is the
transpart rate for coarser particles present in the cohesive sediment mixture, 7, s eritical shear
siress for the cohesive sediment mixture and Rowse number = B, =w, /&) ; where 15 & {von
Kérmin constant) = 0.41, w(shear velocity) = -,lfl.';.f.:ﬁ . s the density of water = 1004 B.'.Efm!,

w (sediment seuling velocity) [ Red® VO, 0+ (0.75C, Red 1" )] is determined as per

Ferguson and Church {2004) for sieve diameters for natural grains for which = 180 and ;=

10, BR={p.—p) p, 2= 98I mis-, o, (sediment density) = 2650 kgr'm?. p= Kinematc

vigeosity = 107" s
3.5.2 Visual Obscrvations for Incipient Motion

1.5.2.1 Visnal abservations for cohesionless sediment mixture

Incipient motion condition in case of cohesioniess sediment mixture was visually idemified and
the channel bed was alzo visually observed after the end of incipient motion run. In caso of
gravel-silt mixture and gravel-sand-silt mixture, it was observed that before the beginning of the
movement of gravel particle, the fine particle silt was lifted up i the Mow and washed away
along with the flow as no silt particles were observed at the top surface of the channel bed alter

the end of incipient motion run, Figure 3.%(a-b) shows the patches from the test section of the
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channel bed for gravel-silt and gravel-sand-silt mixmre respectively which depict the domimancy
ol gravel paricles on the top surface of the channed bed. In case of sand-silt mixtore, sand

particles were observed to be dominated on the channel bed alver the end of incipient meotion .

Fig. 3.9 Patches from the test section after incipient motion run for (a) gravel-silt mixtune, and

(b} grovel-sand-silt mixiure

74




1.5.2.7 Visual observations for cohesive sediment mixture

The peesent study loeused on the incipicnt motion process for cohesive sedient mxiure.
L risant msbion <omdition for the coarsest particles present in the cohesive sediment nrixlure
wits visually s well as guantitatively identified. In the process ol ineipient motion B was
observed that belore the heginning of the movement of coarsest particles the fine parcles {clay
and =il were stwted w0 leave the bed in e form of suspension axl the movement of coarsest
particles stared kter on. The bed load sediment was cofleeted in & rectangular trap installed at
the eid of Mume just after the tail gate for the quantitative measurements, The How condition at
which enuminment of coarsest panicle ceours was taken as incipient motion condition and
messurements were made comesponding o this flow condition. Three types of cobesive
sediment ixiures e clav-silt-pravel, elay-sil-sand-gravel and clay-sill-swml were used m the
present study. Tnall three cobesive sediment mixtures, the percentage ol eloy was varied from
VO, 1o 30% on welzht basis while the other sediments (i.c. cobessonless sediments) were taken
i equal proportions. It owos ebserved it cobesive bed prodiles comresponding W incipicn
motion varked with twe change i the percentages af ¢lay fivan T0%: w 50% for all the three
caliesive sadiment mixtere. Durine incipient mition, the coarsest particles from . the cihesive bed
v ohaerved o move e forme of bed load as a single particle or in the fopm of chunks
lependinge upon e bonding beween the partcles which depends on the clay pereentaae and
diiber Gaittl present di e sediment mxlune

I cose of clivp-sili-gravel misture, as the clny percentage varied [ [P w0 305 the
Fime partiches (b elay ond $il) present in the cohestve sedmment mixture mpidly came o the
suspension thus leaving the gravel panicles on the wp surface of the bed. Finally at the eod of
s the coliesive bed was appeared in the form of sheer and line erosion with the prescnee of
armvel partieles om the wop surface of the bad, For the cluy percentage belween 410% - S0, it was
dlserved et particles were aoded n the form of bunch or chunks as the bonding between the
pemiches were miuch betar due to the cohesive mature of (e clay paricles. At the end of run the
coliesive bad appears ke the nass groded mainly fowasds the upstreonm ol wirkang soeiun
Wiads erosion wis also found in fow runs comesponding 1o 30% of clay content, however, patiem
o linie eroaion wiss dominsting in most of the fus for 30% clay content m the mixture.

[ cnsie ol cluy-sili-sand-gravel mixiure, the visuil sppeatance of the bed profile {ie. ine,

el aind gss ersiond seems similar o as tut of clay-silgravel mixtune. For the clay
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percantage of 10% - 30%, sheet and line erasions were observed with the appearance of gravel
rl."l'lll.'ll.'!-i mixed with samid on the o surface of channel bed, however, the appeamnes of oravel
particles were dominating over sand particles, Mass erosion wis chserved mainly towards the
upstream working section when the elay percentape wis vamed from 20 - 50% and at the end of
o, it seems eravel and sand particles were tghtly held with the cabesive channel hed

k ii‘llr‘i-' 310 shows the vismal nhservatons i the form of crosiod pertler o0y top zurface of
the channel bed comesponding 1o inciplent motion for different perceniage of clayv in the
cohesive maxures o '!|l|ft"'ﬂl|l'j_'l'q'l'uc'| and -.'ln1.--:-i|t-~.:-1:'|-.|-:.Lr.|1. el For 11 clay conmtent in clivv-sali-
sl -eeravel mixture, the cohesive bed appears like fhe aravel pariclis were an the top surkace of
the hed while the hinesedimenis I'l.|:':-. el 2al1 ) washed wweany .ﬁ||x||__' witth fhe $low ol watcr, Sheed
erosion pattomn was observed corresponding 10 20% clay content in the eohesive seiliment
ik e of gliv-silt-sand-gravel as illustrnded in Fic 300000, Inthis, at the end of the run, 1he bed
appeared - ke sheer erosion after o thin laver of fine sediments wore omoved  Trom (he top
surtage of the bed, Lime was appeared on the lop surfice of the bed for 30% elav content in
eahesive sediment mmiure of cloyvesili-saml-ormve] mixre ag illustared in Fie, 3,100, Fisoare
LN ) qind 3.100d) show the nass erosion notieed for the 0% ad S0 ol clivy ooitenmt me 1
mismure of clav-salt-grovel.

In clav=silt-sand mixture. the appearance of the working section of the channel bad was
ebserved m two pars which differ significantly from each other. First part covers the minal
seciowe of 3,00 mom the working section while the remInIng seetion was covered by the 2° part
For the 10 - 20% of clay content, the lines were appeared m the 17 part of working section while
these lines were weakened towards the 2™ part of the working section. When clay content m
mixiere imcreases o 30% then |'|-d'&-|'“|{'||.:|' lime were ill'l-|1:,':“'l_"'|_| with ||_|||_1|,“ o the 17 part of v L1|||_:
section white these lines and lumps were significantly weakenad towarals the 2™ part. For the 40

0% of cley content, mnss ervsion with lumps wis appeired b the 17 part while mass crosion
weakened towards the 2™ pant. The wsnstion phase from line 1o mass erosion was scemed at
0% of chry content. Figure 3,11 shows the erosion pattern for imaiprent maotion on the working

setiom of l.'|.§|}'-5ii1-‘-’-.'ll'||.'|. mixiare hed COFTEE[H '||1.|_‘||:|:|F_l 1o thse 3005 and 20% ol clav eonteni

a1




Fig: 3. 10¢a-d) Visunl observatons for ingipient motion at clay-sili-sand-gravel and clay-silt-

gravel mixtre bed
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30 clay

Clay-mll-sand maxture

AP clay
Clay=sili=-sahd midise

Fiz. 3.11 Visual ohservations for incipient moton at clay-silt-sand mixture bed
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153 Transport of Sediments and bed degradation

3.5.3.1 Transport of sediments and bed degradation for eohesionless mixture

Three iypes of eohesonless sediment mixture were used i the present study, namely, gravel-silt,
aravel-sand-silt, and sand-sill mixtre. The flume was set ot pre-determined slepe amd flivay
discharge afler prepanng the channel bed Tor colesiomless sediment mixture. The erosion of
sedinsent from the channel bed was initioted ns the shear stress developad by the flow on the
chanmel bed exceeds the critical shear siresa. The transported sedunent was collected in 1erms of
e foad for sand and gravel pamicies while suspended load For sil parucles. The transsent bed
prafile. water surface profile along with the bed load and suspended loadd were mensured
simltaneously ot regular nme inervals. Initially the tine urerval 1or measurements were Kepl is
15 minutes as the vansport mte of sediment was observed to be Taster while liter on this time
vl weas merensed w30, 43, 60, 120 mimtes ns rarsport rabe decrease with passes ol mme.
(e duraton of each o wss counted il the bed profile secims o be o stanic combition ic. very
limss srt 1 sesliment transpoet occurring, The channel bed was visually observed after the end of
the run oo found thay move degradation on the bed was occurred towards the upstream side
conpared v dowmsiroadl o the working secuei. The wp surface of the chumel bed was
cosminated with geavel and sand afler the ewd of mn for gravel-silt mixore and sand-silt mixiure
respectively. The gravel particles mixed with sand were observed on the top surface of the
chammme] bed in case of gravel-sand-sile mixture, The rnge of paremeters on trnspor of sedunent

i eaze of cobesiontess mxture used in the present study has been shown in Table 3.4,

5.5.3.2 Transport of sedivents and bed degradation for cobesive mixture
e prosenn suly denls aw i the cobesive sodument axiune of clay-sit-gravel cliy-sil-sand-
el fd clav-sili-sal in which clay percentage varied from 10% & 0%, Similardy as m e
case ol colesionless sedunent ansiure he same procedure haz been udn.:tplw.l loar cohesive
sedinrert tmnspon. Adter the prepacation of cohesive channel bed the flume was set oo
pradelernnned slope and discharge, 1 ws ebserved thil geivel and sand particles vanspored a:
bl loend. Tienee, the collegtion of bed boad was messured for sand and gravel particles while
sispetided losd for clay and silt paricles. Mensureinent ol trassient bed profile, water surface

prasfile, bed loml, and suspended load was measured simullaneously at differem Lime intervals
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The flow in the channel was - continoed w1l the hed peefile comes in stathe state or corllectiosmn of

hed load hecomes very less compared 1o matial bed Toad collected

It was observed that bed load collection and duration of mm was: alfected by the clay
percentage present i the sediment miciore. The dumtion of mn increazes with the clay
percentage a5 1t vaned from 1% to 50% while collection of e lovad per umil time decrenses

with the increase olcliy perecntaga.

The appearance of the 1op surface of the channel bed after the exd of the mn was
ohsered amd Foord thir the |.?|_'9.-|..,:r al line rll':tlif'lr:F {clay and silt} I:|'i:=|'lpg"'l.‘-i!r'l-"l! at the end of mun
and gravel particles dominated on the top surface in case of clay-silt-gravel mixture for 11 - 20%,
clay content in the mixture, and, more degradation was observed n upstrsm warking seclon
than that of downstream working section as shown in Fig, 3.12(a-b). The dommancy of pravel
particles were reducing as clay content mereases from 10% 10 50% for elay-silt-gravel mixtore
and clavssil=sand=pmvel mixtune o ilustrated in Fig, 3.0 2a=d) 10w observed thal gravel and
sand particles detached as single particles m case of 1% and 20% clay confenl i the mixtune
while detsched in the form of Nakes or chunks for 400% and 50% clay content in the mixture, I
scecms like phase changing of desachment frome single particle o busch ferm oceurred at 30%.
clay content, bawever, dominaney of chunks detachment occrrred ar 40% and 50% clay content
in the mixture. The chamnel bed was croded like mass erosion along the chimnel fenpth in the
central part of the channel bed in case of 40%, and 5%, clay content as shown in Fig, 212441
Figure 3121, 1) illustrated the physical appearance of channel bed before aml alter the run for
% of clay content in the mixwre of clay-sili-saml. The range of pammeters on franspor of

secliment in case of cohesive mixture used in the present study has been shown m Tahle 5.5



Fig. 3.12(a-b) Physical appearance of the wop surface of the channel bed
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Fig, 2.12(e-f) Physical appearance of the top surface ofthe channel bed
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3.5.4 Tourbulenee Charmcteristic of Mow

The degraded channel bed was established atter the equilibrium stage reached f{or transport of
sediment from the channel bed, Then, the Vectring ADV was installed over the flume in the
working section part of the channel bed Tor eollecting the three dimensional velocity data as
shown in Fig. 313, The 3D-velocity data were callected comresponding 1o 0%, 30%, and 50% clay
content in all the degraded channel bed of clay-silt-pravel, clav-silt-sand-gravel, and clav-silt-sand
mmixiures. The data were collected i both dirgetions Le, longitudinally (along the central part of
the channe! hedyand vemically (iowards to free water surface from the channel bed botioe ). The
horizontal interval for velocity measurement was chosen as 20 em from staft of the upstream
wiorking section and measured up to 200 ¢m. The vertical measurements were taken at 3 mm, 5
mm. T mm, 10 mm, 20 mm, 30 mm. and so on from the bottom of degraded channel bed towards
the free water surfuce, The velocity measurements were not taken in wp 5 om of flow depth as per
limitation of the instrument. A schematic degram (Fig. 3,147 of the experimental set-up was
illustraung in the Cartesian coordinate system for deseribing the measurement points in the
working section of the channel bed. The origin of the coordinale system is sel al the junction of
solid and mobile bed with the intersection of the centerline of the Aume along the flow, The
velogity components in the Cartesian coordinate system x, v, and # are represented by u, v, and w
respectively, A four transducer beam probe (down-leoking) was used to caplure the instantancous
velocity components, The data were measured # a sampling rate of 100 Hz. The data samplings
were made over duration of 2400 s w achieve o sitistically time-independent averaged quantity.
Measurements obtained using an ADY was used to investigale the Ume averaged velocity

companents, trbalence intensity components, turbulent kinetie energy. and Reynolds stresses,
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Fig. 3.13 ADV set-up over the flime
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= T compuate NOT TO SCALE

W # 30w

Flume bed -

’ B

Fiw 314 Sehemalic disgram of experimental flume for ADY messurements

o CONCLUDING REMARKS

Ihis chaprer focused on the expernmental set-up and 15 procedurne

e The experiments were conductod on a iling Nume had a st section of 6.0 m length, 0,75
m width nod 018 m depth starung at a disiance of 7.0 m from the channet entrance

®  [he chamrse] Eed ;-.I-.||:-|.r was measuped with the aid of wo contminers conneetad ot their
hottom through w leng plastic wbe, The measurement of dischange was camied out
volumetrically with the help of a tank provided at the end of the flume.

o A rectangular trap, plaeed ai the emd of the flume just after the tal gate. 15 used for the
collection af bed load. The suspended load was collected through a depth integrated
sammpler mstalled al thie cond of the flume just basfisee il tail ala.

s A two-dimensional bed level profiler is used w measure the profile of the channel bed. The
channel bed profile was also measured by flar gauge of least coumt U.10 mm. The waier
surface profile was messured with the help of o pointer gauge having a least count of (.10
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Ihree type of scdiment mixiure wers uced in the present study namely, c ay-silt-gravel,

clay-silt-sand-gravel, and clay-silt-sand mixture. The dynamic compaction method hes
heen used for the preparation of cehesive b

The properties of cohesive hed ie hulk density, unconfined compressive strength, and
moisiure content has been determined through laboratory EX perimenis

The flow condition at which entraimment of gravel particles DCCUrs Wils taken as incipient
molion comdition and messurements of corresponding discharge. walcr surface profile, and
bed surface profile were laken.

[ he physical appearande of the top surface of cobesive bed was chserved ¥ isully after the
end of each run and found varied with the clay content in the mixture, [he dominancy of
gravel particles were reducing as clay content increases from 1% to 50% for clay-sii-
grivel mixture and clay-#ilt-sand-gray gl rmture.

The turbulence parameters were compuicd using 30-velocity which was measured W ith the
help of Vecwino ADV. The data were measured #i a sampling rame of 100 He and for the

longer duration of 2400 s o ensure the observalions DECOHIE stationary, The date were

colleeted in both directions 1.¢ longitudinally as well as v artically.
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CHAPTER = IV
RESULTS AND DISCUSSIONS

4.1 INTRODUCTION

e dita collected from the present cuperimental study are analyzed along with the previols diala
reported by the other investigators. The snalysis involves the development of pew formulations
hased on the dimensional analysis for the computation of critical shear stress, bed load transport
rate, suspended load transport rate and bed degradation profile for cohesive mixture of clay-sili-

aravel, clay-silt-sand-gravel, and clav-silt-zand

4.2 INCIPIENT MOTION FOR COHESIONLESS SEDIMENT MIXTURE
Mixing of two or more cohesionless sediment of different sizes resulted in cohesionless sediment
mixture or non-uniform cohesionless sediment. The incipient motion condition for unilorm
cohesionless sediment can be determined by Shield (1936) method using the Known pRremelers
of sediment properties (density and size) and fluid properies. However, presence of other size of
particles in the channel bed significantly affcets the inciptent motion condition (Dong 2007). In
cuse of non-unitorm sediment, the incipient motion condition may be defined for cach sediment
size present in the mixture. Most of the study, m case of nen-uniform sediment, has besen
conducted for the mixture of gravel-sand as reported in section 2.2.1 However, incipient maotion
for gravel particles in the presence of silt has not been studied yet, The present study foacuses Ul
the determination of critical shear stress lor gruvel particles in the two sediment mixture 1.€.
gravel-silt and gravel-sand-silt. To quantify the effect of non-uniformity, the eritical shear stress
determined experimentally for the channel bed having gravel particles only and compared i with
the critical shear stress of gravel particles in sediment mixfure

The ohserved dimensionless critical shear SUEss for gravel particles in the ixiire ol
aravel-silt and gravel-sand-silt has boen plotied on the Shialds parameters for the present study
dats as Mlustmted in Fig. 4.1, A shields curve is superimposed on the plot which shows eritical
hear siress for uniform sediment, The data of other investigators (Wileock et al. 2001 Patel and
Ranga Raju g99- Kuhnie 1993; and Misn (0R1} nlsp used n the plot to compare lhe resalis

arnong different sediment mixtures The eange of various hydrauhic parameisrs fior their study for

S
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the incipient mation is shown in Table 4.1 The critical shear siress for sediment present in the
segiment mixturg s penerally expressed in torms Of exposure and hides effest of the particle. |t
can be scen that, from Fig. 4.1, the data of present study for both mixtures faravel-sili and
gravel-sand-silt) lie below the Shields curve, The silt particles in the sediment mixtures werg
lifted up in the Aow from the channgl bed before the commencement of gravel particles
movement. The relatively less weighe of silt particles and weak tonding nature with the other
particles resulted casily suspension of silt particles in the flow. The removal of silt particles from
the channel bed diswrbed the position of gravel particles in the channel bed and as a
consequence of it, the movement of gravel particles started at low critical shear SITESS, A% per
Fig. 4.1. Kuhnle's (1993) data reveals that more eritical shear stress is required for the gravel
particles in sand-gravel mixture. This is due to fact that the presence of the large amount of sand
in the bed mixtures inhibited the formation of & coarse bed surface layer due to filling of sand in
mterstices of the gravel paticles. Data of Patl and Ranga Raju (1999) also lies slightly above
the Shields curve as they studied for the eritical shear stress of sediment having size equal to
mean size of sediment mixtire.

Table 4.1 Range of parameters for incipient motion

] ;‘.-nl_'. T -t NPT “Nulnh'r | [ : T ransport
mexture of rum d, Fii 5, T Roate
(mj {rml {-] . (MNm™ {Mimis]
[Presernt | Gravel | 4 conss | 0070~ | 0.0051- | 4545 |
2huacky | Rl 0097 ROOEs | dalb
r . - I 1174
Citavel } 00278 1 ':.I.I"I.-l. |:|_L.-|_| o |_:_-..:| Q.00 1
| &lh | 0.025 | 0.0103 | 544 0001467
| Gravel 4 T 0.025- | 0.0057- 178 |
| 0005 o
| | sand--sill 0203 | o o 002 [.253
=3 el = e ye _ |
filooe ral- 0. 0084- I -
| 'l.':. ||I|‘.'1:-Li-. frr:ll';.l.| 5 | r{::nﬁj 0.090. 0.0032- 2 874 !::4':'[':;': |
L=t - LH ) 1 | AP & 1 AE
| ! - |
2001} i:l."f:lﬁ 00056 5420
Runnle | Gravel- 9 UERUEIEE = OoL024=  f QU00038- | 0.250- | 0.00004-
(19931 [sand | 000087 | 0.1079 | 0.0016 | 1.4 0,023
Cimved 4 | RS T- A2 23- | B3l 7- Lk
Misi 000436 | 00793 | 0.01067 | 3044 | 0.000244
(981} Ciravel- 7 0032 - (o559~ | D.OD20]- 1.534- 020652
sand G002 | 01573 | 000329 | 2185
| | ’ | La100 —

sinee the mean size of mixture s smaller than that of gravel particles so the lesser

56

exposure available for their movement and resulied in higher critical shear sand-gravel mixiure.




Wilcock's et al (20017 data indicates low critical shear stress For gravel particics in sand-gravel
mixture in which percentage of gravel is higher than that of sand. Lower percentage of sand in
the mixture leads 1o higher exposure of gravel particies with flow due to madequate filling of it
in interstices of gravel particles and resulted in lower critical shear stress. It can be concluded
from Fig. 4.1 that the critical shear stress, i case of non-uniform sediment; deviates from that of
uniform sediment (represented as Shiclds curve). In view of this, equations have been developed
in literature for the prediction of critical shear sress ot individual particles in the sediment

RIS,

-l — Shigids curve_Browniies (185%)
B Fretean study_Gravel

- Present study _Gravel-sand-silf
»  Present sudy Gravel-Silt
& = Wilsoek el al (2001)_Gravel-sand
z / Patal and Rengafaju {1999 Gravel-sand
85 % Kuhnie [1883)_Grave-sand
= P Misd (1981)_Graval
z *  Misi (1981)_Graval-sand
E 2.1 b
.% \\\ x5 s
;S H"\-\.\. w of o ?ﬂ.‘;:l—'—__'_
z S R ———T"
& i K" B ﬂ
= i g
v %
oot = S e — .
1 10 100 1000 10000
Barticle Resmolds mmbe ]! = .".I af n Hy |
1. \ H w

Fig. 4.1 Variation of Jimensionless riticn] shear siress with particle Reynolds number

In the present study, the existing equadions of Eginzarofl (1963 ), Havashi ef al (1950}, and Wu

or @l (20007 i.e.. Eqs. (223, (2.4), and (2.13) respectively; has been used for computing critical
shear stress of gravel particles non-uniform sediment, The applicability of these egquations
have been checked using the data of present study along with the data of Wilcock er ai. (2001),

Kuhnle (1993), and Misri (1981). For this. a plot has been made between observed and computed

a7




value as illustrated in Fig. 4.1, Figures 2300}, £.20b), ond 4 2{c) show the coffipdnson between
abserved and computed value ol eriticil shear stress for gravel particle by Eqs. (2.2), (2.4}, and
(2. 15) respectively. Energy slope method was used to compute the observed eritical shear stress
for the data of present study, Figures 5.2(0), 4.2(b), and 4.2(c) depict that the cntical shear sirass
lor gravel particle is not well predicied by the existing Eqs. {2.2), (2.4), and {2.13). Therefone, a

new equation 15 required to develop for predicting the entical shear stress of gravel particle in

cohesioniess sediment mixture.
4.2.1 Development of a New Formulation

Analvsis of data revealed that crincal shear stress (¢ ) of gravel panticles in the sediment

mixiures is the [unction of following variables

[ T 0 By i) (&1}

Ulsing dimencionn| analveis, Eq. (4.1) can be rearranged into the following dimensionless form:

F P ody,

Ty = S (Ta =, —5) 42
‘ P," 4, o
25 e, |:|_',I_I|=

oy (o —,r'-'i.E‘-'.ll,

Fon
i (4.4)

(p, = 2od,

S [(da), ]
d, =4 {4.5)

P
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Here, 7., s the dimensionless critical shear stress (=) for gravel particles in the sadiment
mixture of present study; 1, is the critical shear swess (N'm”) as per Brownlic (1981 for
arithmetic mean siee of non-uniform sediment: 7, is the percentage of particles present in the
sediment misture as per | particles: JIr_w_L_ is the mean siee (mi of gravel particles: o is the
arithmetic mean size (m) of nor-uniform sediment which converted into mean size of individual
pariicle in case of uniform sediment: 2 and P, are the exposing and hiding probability,
respectively, of gravel particles by the particles o present in the sediment mixture.

Ihe data of present study were used for development of equation for the computation of
critical shear stress. A large number of tnals with the varigbles given in Eq. (4.2) led the

following relaionships for the computation of critical shear siress of gravel particle:

UL (11 e

=SE, (4.8

The factor (£, /£, ) in the formulation (14) governs the exposing and hiding effects for gravel
particles with the particles present in the sediment mixture, Relative size of gravel particles with
mean size of the sediment mixture is also instrumenial 0 enlminment of eravel particle, and is
presented in Bq. (4.8} by factori{d, _ /d, ). The value of the factors (P ei Fog) and {dyy fd,)
become equal to unity for uniform sediment and the fermulation ( [4) conyerges into the equation
for computation of critical shear stress for the uniform sediment as por Brownlie (1981). The
eritical shear stress computed from the proposed Fq. (4.8) is plotted against the observed onc in
Fig. 4.2(d} for the data of present study along with the duta of Wilcock et af (2001 ), Kuhnle
(1993}, and Misri (1981). Figure 4.2(d) shows a wood agreement between ahserved and
compuled vaiues compared o Figs. 4.2(a), 4 2(b), and 4.2(¢c). The critical shear stress is over-
predicted Tor the data of Wilcock ef af. (Z001). This is aitributed to lower observed shear stress

as they reported lewer transport mate. This eritical shoar stress is expected to be higher in order (o
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have uniform criteria in terms of quantitative measurement af bed load for incipient motion with
the other investigators. And this expected higher shear stress might be better gaverned by the
proposed Eg. (4.8). Hence, the proposed Eq. (4.8) well predicts the critical shear SUCSS of gravel

particles in sediment mixiure of :__'Ti‘-"rl.'|-kill1-j. g’ gl-silt, and pravel-sand-sill

4.2.2 Goodness of Fit Test

[he equaticn proposed m the present study along with the exisling equaticns proposed by
Esiazaraff (1965), Havashi er al, { 1980}, and Wu ef al {2000) for the computation of critical
shear stress of gravel particles in the sediment mixture were tested against the godness of it test

by using statistical methods adopted by Yang ef al. (1996 Le. using Eqgs. (4.9) - {4.118)

I'-'-.| oo :' i =
Dnscrepancy ratio, R, - (4.9}
LB ™.k o
YR
— H
Mean discrepancy ratio, £ = ':'r— {4.10)
YR, —R)
Standard deviation, o, = ‘lj e (4.11}

N—1

Here, (ro ). o (To,, ), 00e the compated and ohserved value of r._respectively, N is

the Lotal number of observations and @ i< the standard deviation for the discrepancy ratio,

Falsle 4.2 shows the results of siatistical performance as per the goodness of fit test for
thie proposed Eq. (4.8) and existing equations of Fetazaroff {1963} Eq. (2:2) Hayashi of af
[ 1080y Eqg. (2.4), and Wu ef al. (2000) Eq. (2.13) fior the date of present study along w ith the dat
of Wilcock e al (2001), Kuhnle (19937, and Misri (1981} The better statistical results were
found the proposed Egq. (4.8} at more than B5% data lies within the range ol description ratie of
(.50 — 1.50 and also other stalistics having betier value for Bq, {4.8) comparced 10 k4. (2.2),(2:4)

and (2.15) for all the data shown im Tahle 4.1
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Fable 4.2 Statistical analysis for computed and vbserved value of

1
| Equation

Proposed
Eq. (4.8

| Wu & @
| (20 Eg
s

Hayvashi  a
al,

| Ceiazarn b
{1965} [Eg.

i1orn | Wilenck

‘ Data

Meerepancy ratio

sediment mixiure

J Yo ol data in range

| 0.75-125 | 050150 |
Gravel-sih [ 100 [ 100 0008 |
| Present study . R [ |
| Cirgvel-=and-sill ;' 4 I 1021 | (00 | 1 0.7
i_ ..... - — e | |
Wilesck ot al: | Sravel-sand ,r 5 | 2347 | 4 il ||_|- 157
[ (Z001) |
Eahnle [1691) Ciravel-sand 7 LO72 | 4444 LR | 0337
| Misri (1981} Gravel-zand [7 [1.283 | 4286 [ E5.71 [ 0167 |
Cravel-sill 1 1521 | @ 3 [ 145 |
Present study F= — e B o' |
: Gravel-sand-silt 1 373 | D 1 (K TTEE I
Wilcock = al. | Gravel-sand 15 ar TE57 | 0 1] o400 |
{ (20001} | |
Kubhmde {1933 Crravel-sand i i 2445 i i} [ |- DEGD |
Misri (1981} Ciravel-sand [7 l A6 |0 71,43 Xre
. Gravel-silt F 1638 | O |25 RED
PI‘E:".'I'I 5.1 UI;:'L B G T T T T 2 '.
| - . Ciravé l-sand-sili i [ {435 10 [0l a,038
s al "L'_;rnu.-l-anml B |" 353 | [0 (k.3
, s gy
{2000 )
| Bouhnke (1903} Gravel-sand [ 55 565
| WAiEr I‘-H-i.i Grave|=camd EBE.TI
| Gravel-sil I =3
Fresent sty s ———
m—— | Gimvel-sand-sili 0
Wilcock e al, | Gravel-sand : M
(2000 |
Kuhnle { 16493) J[-:.nmc! =i | ¢ |20s5 [1r11 2133|077
b s ~ |_— —— ] —
| Misri (1981 | Gravel-sand E | 1490 | 0 57.14 [D.119 |

4.3 INCIPIENT MOTION FOR COHESIVE SEDIMENT

I e e 1T - » e H *
Che eritical shear stress for the unilorm cohesionless sediment is well represenied by the Shiclds

curve, which hag also been used in the form of Brownlie { 1981 ) equation for the computation of

dimensionless critical shear stress of the cohesionless sediment (Dong, 2007,

he incipient

motion af non-uniform cohesionless sediment mainly had the function of individual zediment
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gize arithmetic mean size of non-unitomm sediment, percentage of sediment. and ¢ritical shear
atpess ol uniform eohesionless sediment. However in Case of cohesive sediment, in addition of
the above parameters; clay percemage and strength of cohesive bed plays a significant role m
entrainment of sediment. Hence, 10 incorporate the above all factors the present study focuses G
the parameters which govemn the clay percentape. strength o the bed. and hiding-exposufe cffec
I'he strength of the bed depends on the compaction applied on the bid and is measured 0 lerms
of UCS (unconfined compressive strength) and reflecied by the casily measursble parameters
such as porosity and bulk density. To IncOrpoTSic hiding-cxpesure efttedt, different form ol
correction fectors had been gsed and correlated it as function of individual sediment si£e

arithmetic mean of non-unifonm sediment and percentage of sediment. In the present stud)

hiding-2x posure effect has been iaken into account in the form of weighted standard devistion of
sediment mixture. 015 a function of individual sediment s prithmetic mein SEe ol non-

unifarn sedivsent, and perceninge of sediment. Although the diflersm form of cormection taclors

has been tried in triale. however, Torm af w L-f_ght::d standard deviaticn prav des the best results

and hence used 10 present stady
The present siudy deals with the three cohesive sediment mixlurc pamely, clay-51il-

gravel, clay-sili-sand-gravel, and clay-silt-sand. The visual observations has been adopted Lo

identifying the mcipient mation condition, however, quantitalive measurement of sediment

transport rote also has been included for reliability in the - La] ohservations as reporied n Table

1.3, The range of various parameicrs related 1o different experimental runs for ¢lay-silt-gravel.

¢lay-sil-sand-gravel and clav-gilt-sand mixtare in the presen study were shown in Table 4.3,
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Table 4.3 Range of measwured paramerers dbr ncipigil mation of cabesive sediment mistire in the present sy

M i S I B N | T - 1
Sodmone y. | 5 | = | |
i : d, I3 o H L] H I 3, i, Gy | T

. | [ [ !

il fadis . | e i b ey | b fin i (A1 AN i i LA | s |

o | i 4 el RIS $ L : i =4 i ¢

lire-wali n |.3574 Ie B hill- 031 [TRTIre o il i [ | b |
B8 22 ¥l | 33043 200 J i 0% T Pl 77 ([N |.--4:_:.:. E i1l
Clas-nli : N |!-l_: 14 T I-l.': )
T i3 | 1134 410 rHE HEREITS | L 1185 TN ] [ E5E
e L. | Ll (BELT T 4% 1B R L i D 16 B T 312

L | : EEL | et | ; 1 e A |
LTyt Il n.173s5 | Rl | B JELS (Rl [l & (1. 1l ) L) ) ENHTEL 11 -EqH
(Tt | _-_. o _.:.,,..: £ e b 1538 B.0d | i :.:E: L1 _.|-I.'_ |..:|E'. I_'I:II

wWhere, £ is clay percentape, ¢, B5 arithmetic mean dameter of the cohesive sediment minture.
¥y 15 bulk unit weight of the eohesive sediment mixture. 7, 15 weighted goometric standard
deviation of the cohesive sedimemt mixwre, # is  antecedent malsture content of cohesive
sediment mixture, {478 is unconfined compressive strength of cohesive sediment mixture, A iz
average [low depth, L7 is mean flow velocity, S, is encrgy skope, g, i the transpori rate for
coarser particles present in the cohesive sediment mixture. T, is critical shear siress for the
cohesive sediment mixiure and Rouse number R, =w, k. ); where is & (von Kdrmin
constant] = 041, w. (shear velocity) Vi 2. o is the density of water = 1000 keim®,
(sediment settling velocity) = [{ Rad® 1O 1 +{0 T3, R 23" Y] is determined as per Ferguson
and Church (2004) for sieve diameters for natural erains for which Cy= 18.0 and O, = 1.0,
R=(p —Mip, g=9.8] mis, 2, (sediment density) = 2650 kg/'m’. o= kinematic visCosily

10" m'fs.

because of the presence of clay in the cohesive sediment mixture (kothvan and Jain 2010a), To
quantify the effeet of cohesion ie. presence of clay, the dimensionless critical shear stross of
cohesive sediment mixture (. ) is compared with that of cohesionless sodiment having the

same arithmetic mean size as that of the cohesive sediment mixture on the plt of Shields

parameters a5 shown in Fig. 4.3 in which abscissa Ri=(lp -p/megd) /Yy | & the

dimensionless particle Revholds number, Shiclds curve drawn on this plot corresponds to the

critical shear stress for the cohesionless sediment. The data for the plotting of Shields curve 15
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iaken from Brownlie (1981). Figure 4.3 depicts that the value of t._for cohesive sediment (5

higher and much above the line of Shields curve compared 1o that of cohesioness sediment for
mast of the data of present study as wall for the data of other investgatons However few value
of 7. in the present study {cohesive scdiment mixiures having gravel) is lymg below the ling of
Shields curve for the 10 - 20% of clay content ¢ ihe mixture. This may be attributed Lo the
presence of higher percentuge of silt in the mixture with clay content in the range of 10 - 20
and also the size of the gravel particles which 15 much larger than the fine particles present in the
mixture, Large amount of fine particles covers the top surface of bed and cohesion may not be
sulficient high {as low clay content) to bind the particles together on the Lop surface which
resulted in the exposure of gravel particles gt low shear siresses. Ansari (1999 aiso reporied that
few value of dimensionless eritical <hear siress were below the Shields curve for the cohesive
scdiment (clay-sand) mixture. It indicates the presence of clay and silt significanily ailects the
incipient motion condition. e present study made an stiempl 1o develop a relationship tor the
computation of critical shear stress ol gravel particles for cohesive mixture of clay-sili-gravel

¢ luy-sitt-sand-gravel, and clav-sill-sand.
4.3.1 Development of Relationships for Critical Shear Stress

The experimental study has been dJone due 1o the lack of governing equation for the icipient
ation of cohesive sediment mixture because of the complex nteraction between the flow and
cohesive sediment, The resistance against the erosion of cohesionless sediment 15 well controlled
by the sediment size and their density, however, the erosion of cohesive sediment 18 affected by
the several parameters dug 10 camplex physico-chemical properties of the clay Feotlyar and Juin
3010a), As such various parameters have hesiy oonstdered inthe present stody o develop relationship for
ihe critical shear stress of coarser particles present In the cohesive sediment mixture, HOWEVEr, only the
rapameters which vielded in benie s wore Tepresented in the analysis helow. The coamser partiele
here represenied by gravel for sohesive mixture ¢lay-silt-gravel and clay-silt-send-gravel: while sand
pepresents the coarser particle far the mixture of clay-sill-sand Following variables has been gonsidered

which affoet the eritical shear SIness of coarsar partcles presain in the cohesbve sediment s tuTEs 85
P

|1 19

ro= it PP g O ¥ b




Hlere, ¥, i the bulk unit weighy (MN/m"} of the cohesive sediment mixiure and ¥ is the unlt weisht of
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Fig, 4 3 Variation of dimensionless critical shear stress with particle Revaolds number for
cohesive sediment mixture and cohesionless sediment

Lising dimensional .'-I.'H‘||.'.':.'ii_ |'|_7|__ 14 12 can be convesied ik "-1i|i!1l-."1!ill’-'l1|-;.“-\.'_-. form as

== (P .o, =) {413
T i

Where. L (4,14}

Here. & Is the weighted geometric standard deviation of the cohesive sediment mixture.




Equation (4.13) represenls the functional relationship correspending to inCiplent MOLON
for coarser particles in the cohesive <ediment mixtures. Here parameicr £, accounts for the
presence of clay conient inn the sediment mixture and 10 consider the variability of compactness
of cohesive bed the parameter ¥,/ ¥, has been taken. As the mean SIZC of gohesive sediment
misiure { f ) is significanily different from the median size {d,, y of individual sediment present
in the mixture and this variability in cediment sizes creates the hiding-exposure phenumena.
henice to account this variability the parameter @, has heen incorporated for developing the
relationship for critical shear siress (he vanation of these parameiers L.e paramaters presented
in Fg. (4.13) with T, fr . hiss been illustrated through Figs. 4.4 = 4 6. Figure 4.4 depicls the

variation of P with 1t while the varlation of o and ¥, /¥, against the value of T, /T,

were shown in Figs, 4.5 and 4.0 respectively. The value of T, /1., increnses with the increase ol
clay percentage as {lustrated in Fig. 4.4 for the data of present study along with the datn
Kothvari and Jain (2008), Forfs ef al. (2001), De Sutter ef al, (20040, Anzari {19959, and
Panagiotopoulos €I of. | 1997). Similar resulti on the variation of clay pereemage with the critical
Jhear stress has also been reported by k.amphuis and Hall (19837, The value of 7 fr. has been
faund higher for clay-sill-sand mixture compared 1o sediment mixture having gravel

This is because ol the grealer bonding - for elav-sill-sand mixiure compared te cohesive
codiment minture having presence of gravel in the sediment mixture as gravel has large median
size compared o the other sediment which affects the bonding nslure between the partickes in the
mixture, The vatue of /T, lor the data of Torfs &f af (20017 and De Sutier o al, (20040 has
heen found much higher as they psed clay-sand mixture while the mud-sand mixture has the
lower valuwe of T /r,, a3 shown in Fig4.4. The effect of o, on 1, [T, has been shown in the
Fig. 4.5, which depicts ihat. the value of 1, [T, INCTEASCEW ith the increase of o for the data of

present study a5 well as other investigators dafa. In the earlicr studies, the variation of o was

not reported, therelore the value of & for the data of viher investigators has heen coamputed

using the Eq. (4.14), Figare 4.6 indicates that value of r /T, increases with the increase in

P Gimilar wend, also, noticed for the dotx of Kothyari and Jain (2008, Ansar § 19947, and
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e Sutter of of (20080). Mitchener and Terfs {1996) also reported similar resule fior the variation

of bulk density against the critical shear stress,
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Fig. 4.5 Variation af (7., [T ) with @,

in the ahove discussions, the value of 7/t has been found significantly varied for Lz
cohesive sediment mixiure with gray el from that of without gravel. Hence, fizr the computation
af critical shear stress of eoarser particies in the cohesive sediment mixiure Lwo formulations
have been developed i.e. one for the clay-sil-gravel with clay-sil- sand-gravel misture and other

for the clay-siti-sand miziure,
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n [
A farge number of trals with the parameiers given in Eq. {413} led the following
!L'=L1|-I.'I1':~hlr!'-. Iih r'|.| {4, 1 3) & 4. 16) for compuaton of critecal shear stress for clav-silt-pravel

with clay-silt-sand-gravel mixtore and chye-silt-sand misture respectivels

| 0 28PNy My e (4,15}

fa g opgon poi . amz Ko 16
: 12 (e :I | {4.14]

Lhe proposed | . (4. 150 developad using the data of the presenl studvy (¢ lay “sill- pravel and elav-
stit-sand-gravel mixture) as well as data of Kothyari and Jam (2008). The proposed Eq. (d.16)
developed using data of present study (clay-silt-sand mixture) and Ansari (1999) data. The

compacion level used in |'.-|¢|:Ii|r|||i._-|-| af cohesive channel bed may F"i‘l‘_'. a .‘iEE‘I'Iil_u;i.:-!:I’. rale in the




entrainment of sediment particles; hence, this compaction level may Serve as limitation for the
[ormulations (1 2) amd {13) developed in the present study which has been reported in Table 4.4,
The computed valee of _/r from Eg, {4.15) were plotted agamst the phserved value as
shown in Fig. 4.7 for the experimental data of present study (for cohesive sediment mixiune
having gravel) as well as for the daa of Kothvari and Jain (2008). The data of ather
investigators have not been wtilized in this figure due 1o unavailubility of the sudy on the
incipient motion of cohesive sediment mixture having preseace of gravel in the mixture. From
the Fig. 4.7, it is clear that the Eq, (4.15) predicts well the value of 7, /r. for the dats of
present study and as well as for the data of Kothyari and Jain (2008). The proposed Eq. (4.13]
also has a goed value of regression cociTicient (R = 0.78) for the dat used in developing the
equation as shown in Fig 4.7. Also a good value of regression coefficient is found for the
individual data set of present study (clay-sili-gravel and clay-gili-sand-gravel) and Kothyari and

Jain (2008} data {clay-gravel and clay _sand-gravel) as reported in Fig 4.7

Table 4.4 Range of (TS (KW' ) for compaction level used in the present atudy

I ":-i-.;-ﬂﬂmu'r'é' Clay perodnilaps
11 e [ 30% s 505
[ lay-slit-gravel i S 410757 | 127-1B38 T8.92-22.17 I0.IE42,17
Cley-l-sind-gravel |0 | DEAua.ya | 17.84-20.00 762074 | 1946-4325
[y -sifl=smnd | 05550703 14 T.ET-11.8% 17.84-30.28 23253406 T‘;.'”hﬁ
| e S — e ==

Simikarly 10 check the suitability of Eq. (4.14), the computed valoe of ©_ fr,, 15 ploted
against the observed value in Fig. 4.8 for the data of present study (for clay-silt-sand mixture]
and Ansari (1999 data. The data of other investigators on the study of clay-silt-sand could not he
utilized in this fgure dus to lack of availability of data corresponding to the parameters invalved
in Eq. (4.16) Figure 4.8 shows a pood value of regression coefficient (R” = 0.71) for the data
used in developing the Eq. (4.16). Data of prescn studv has reasonably good value of regression
cocflicient (RY = 0.82) which indicates thm predicked data are in good agreement with the

shserved dats. However, Ansari (1999) datn are not in good agreement (i3 R® = 0.42) with the
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proposed equation. This may be due to the absence of the silt particles in the sediment mixture as
clay-sand mixture was wsed by Ansari (1999) and limitation of clay percentage which varied
from 5% to 20%. Alco, Ansarh (] 0040) reporicd +50%% error fine in his proqosed ._-.._|u;||i|.|- foor the

determminstion ol dimensioniess eriical shear stress,
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4.3.2 Goodness of Fit Test

Ihe mean discrepancy ratio and aandard deviation are compuled o test the goodness of il
heiween observed and computed value corresponding to the proposed Eas. (3 157 and (4.16)
Fallowing Egs. (4 17y - (4.19) are used for e compuiation of he discrepancy TelID, Mmean

digcrepancy ratio, and stanslard deviation, respectly elv (Y ane ef af. 1990).
pank ! E

L T d -
Discrepancy ratio. i = — e (4.17)
[, [ Tala

Here. (r_ i1 ). and (F, [ To )a, 8 e computed and phmepved value of T 0T, respectivily

"ﬁ R
e

Mean discrepaney ratic, =1 {4.18)




Here, N is the total number of abser valions,

> (R~ Ry
=]
Standard deviation, o ]r'--i g (4,19}

Here, o is the standard deviation for the discrepancy ratio

The eguations proposed in the present study for the computation of critical shear stress ol
coarse particies in the cohesive mixtures are tested against the goodness of fil test by using
statistical methods adopted by Yang e all (1998) ic uzing Egs. (4.17) = {419}, The pOrESent
study data and other investigators data (Kothyar and Jain 2008, Torfs ef af, 2001, De Sutter el
af, 2000, Ansari 1999 were utilized 1o check the applicability of proposed equations on the basis
of statistical analysis to the various cohesive sediment mixtures. The proposed equations also
compared with the existing equations. For this purpose, equation of Kothvan and Tain (2008) and
smerdon and Beastey (1961) were taken as per availubility of data required,

Table 4.5 depicts that more than 80% data of the presenl study having sravel in the
sediment muxture as well as Kothyari and Jain (2008) daia lie 0 the range of 0,75 to 1,50 of
discrepancy ratio which indicates that the propased Ex. (4.13) is applicable 1o Kothyari and Jain
(2008} study ic. cohesive sediment mixture of clay-gravel and clay-sand-gravel, In case of
Ansar (19907 audy, 44% data of his study lies in the range ol 0.75 w0 [.30 of discrepancy ratio
(Ri) while no data lics in that range when daia of De Sutter & o/ (20000} used as they used clay-
sand mixture, Hence the proposed Eg, (4.15) §s well applicable to sediment mixtures having
cidy-gravel, clay-sand-gravel, clay-silt-gravel and clay-sili-sand-pravel ic. cohesive sediment
mixiure having presence of gravel in the mixture, The proposed Eq. (4.157 shows the better
results over the existing Eq. (2.49) for computation of critical shear stress of coliesive sediment
mixtures having gravel as per statistics shown in Table 4.5. And mast importantly the proposed
Eq. i4.15) shows the casily computable pirameters compared to the existing Eq. (2.49) of

kothyvar ond Tain (20083,




Fable 4.5 Statistical analysis of computed and ohserved (r fr. ) as per Egs. (4.17)- (415}

| ~Trorie ot gl (20013 | Monmmaerillonite 15 | 1.502 40 7

clay=sand |

Similar procedure has been adopted for the checking the applicability of proposed Bg

(1,161, It is found that the proposed Eg {4.16) is applicable to clay-silt-sand mixiure & T7% data
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of present study lies in the range of 0.75 to 1.50 of discrepancy rafio and other statistics are also
1 good and acceplable range as reported in Table 4.5. Fven the $36% data of Ansari {1999 fies in
thot range. However no onc data lies in that ranpe for clay-sand mixture of De Sutter er al
(2000, Hence, b, (4,16} can be used for computation of critical shear stress for the cohesive
sediment mixiure consisting of clay-silt-sand. It can be seen from the statistics in Tahle 4.5 (hat
the propased Eaq. (4. 16) shows better results Tor Ansari (1955 ) data over the existing Eg, (2.39) of
smerdon and Beasley (1961} which may be hecause of compaction level wsed in the
experiments. However, Eq. (2.39) shows the pood results for data of De Sutter ef af, (2000 and
torts er of. (2001) which may be gttributed (o compaction fevel in ¢lay-sand mixiure bed and

fess mumber of data used in their _-..[u-;j:.-_

4.4 TRANSPORT OF SEDIMENT FROM COHESIVE CHANNEL BED

ransport of sediment, from the channel bed, starts when the developed shear stress. due to
inceming flow, exceeds the eritical shear stress of that channel bed. Tt was observed that initinlly
the transport rate of sediment is higher; however, it [ decreasing with the passes of time and a
time comes when there is nearly no or very less transport of sediment observed 1.c. the chiannel
bed comes in an equilibrivm condition.  So, this section deals with the process of sediment
transpart that includes the sub-section in the form of equilibrium time, inital Lransport rate and

transport raie of bed load and suspended load cie.

4.4.1 Equilibrium Time

A stream in equilibrium 1z defined as the one in which channel dimensions and slope dre so
adjusied over o period ol ime that it camies meoming sediment load and water without
appreciable eresion or deposition (Mackin, 1948), Garde and Ranga Raju (2000) defined the
equilibrium condition of a reach as “a cenain length of an alluvial stream is said to be in
equilibrium if the amount of sediment coming into this reach is equal to the sediment going oul
rom the same”, However, a deviotion from equilibrium conditions allows the alluvial river
system for changing the chanmel peometry that may causes aggradation and / or degradation till
the cquilibrivm condition reached so that # restores the balance between inflowing and

owlflowing water and sediment discharges. Equilibrium time is treated as the time taken by the

Mo Bo resch in equilibrium eondition




discharge allowed in the flume.

T the present s

tudy. the erosion from the chatnel bed staris afler a given fow rate or

The rate of crosien from the channel bed is ligher imtially and

then decreases with time as collection of bed load in the trap was opbserved to be decreases with

e

negligible as illustrated in Fig
becomes very low as shown in Fig.

ihe corresponding total time taken

And a conditioin reached afier a me where the variation i the bed level hesomes

40 and also the tramsport of bed load and suspended load

4,10, This condition is treated as equilibrum condition and

is called an equilibrium time. The equilthrium tine for the

nrescit study varied with the elay percentage m the mixture, It is observed that the equilibrinm

e inercases:

focuses on the computation of il

with the increase of clay percentage as illustrated n Fig 4.11. This sechon

v equilibrinm time for three cohesive mixture Le. clay-silt

gravel, clay-silt-sand-gravel, and clay-silt-sand

Elevation [cm|

Fig. 4.9 Bed level variations for clny-silt-gravel mixture having 10% elav conten

e i i - -

Distance fem)
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g piarameters have beon considered in the development of formulation For the
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Here, ¢ is the equilibrium time (mm); P is e clay percentage m fraction; ¢ is the shear stress

(7)) developed on the test section of the channel bed due o the meeming Tow; o s the

eritical shear stress (N/m™) for cohesive sediment mmixtmne: g and oo oare particle amdd M
Il

1.|:\.|'|:1-||I|_':'\- ILI-_' m Il_"'ﬁ!"'l:;."'lil_-l..lj_ ..'. 1% -’l!'l1|‘!|||'q_'|lx MHEAN S50 l;I-I-II '||| IJ'IL" LI"I'I.":"\-"II.' "'\-I_'IIiII'!I_']Il -"-:-:-.‘:“”-L-..

and g is gravitational acceleration (nus™ .

i . 1 T. . = 5 f 1 i | ]
Equanion (4.20) can be represented in the dimensionless form using dimensional analysis as

brbon;

i .—.'"|]'-'_|'. ] [4.21)
T g - . SFCa - - 114
Here. £, 15 the dimensionless equilibrium time and computed as

w1
:'ll' (5=}, Qe

il ¥
Hero, § =2t —# g
J'l

r, i the dimengionless excess shear stress on e lest section of channel bed and computed as

— W {4.23)

T IET I L e | e . i

Equation (4.21) represents the functional relationship in the dimensionless Form for the
equilibrium time. The parameter ' has been taken in aceount 1o consider the effects of various
perceniage of clay whle the parmmeter ¢ accounts for the sediment transport phenomena. 1he

vilrmatiom of pammeters. & owith the dimensionless equilibrinm time has been dlastrmtel o Fi

= i e = 4 - i il ' ‘ H : : P
4120 And the vanabon of parameters ¢ with the dimensionless eguilibrianm fime has shown i

I FLLS 4. | Ja, & P 3b, aned 4 |_"i|., lor the .'||||k':\;|1'|;_- sediment mxire: elay .\.ilr eravel. clavegili=wemid-
gravel, and clay-silt-zand respectively Omly the present studv dota has beern used a5 thie odher

investigators s data has nog been available for the equilibrisem time computation
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Figure 4.12 shows that the dimensionless equilibriom time increases with clay percentage for all
the three sediment mixture m the present smay. The cohesive channel bed his becomes more
resistance against the erosion [or higher clay comtent in bed which may takee more time to feach
an equilibrium condition. Figures 4 13iah (b and {e) shows the decreasing trend for ¢ with the
increase of dimensionless excess shear stress for cach percentage of clay. A higher excess shear
ciress developed on the channel bed leads 1o higher erosion rite nd consequently renches
equilibrum state relatively faster, Ihe present scction deals with the formutation for the

computation of ¢ Tor all the three cohesive sediment mixture in the present study

Afier a large number of triale the following relitinnships arc proposed for the compaiahon oF 4,

for the cohesive sedmment mexiure i the e ALY
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/ OGR! i4.245
! L T [ T 3 Bl ol e {4.25]

=802+ Py " 4.2

Eyjuaticns {4.24), [4.23), and (3.20) reprisent the relationshup Tor the compatation of ¢ for the

soliesive  sediinend  imxture ol l_j..|'|--\.!||—"_'_|||'||'| '.'Ei:_'---I|:-'-:'I:I-:|-L'|'-E|'-l.'i aml  elav-sili-sancd
respect '-|.|:-.- hazed on the present study dati The computed value from crpuations {4.24), (4.25)

e (4261 Tor f shows o good sigreement with the observed data as well as pond repression

coelTicient as illustrmed in Fig, 4.04
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4.4.2 Bed Load Transpori

4.4.2.1 Initial bed load transport rate
I'his section deals with the development of a formulation for the computation of initial bed load

transport rate form the cohesive channe] bed in response 1o a given flow rate in the channel. It
was nbserved that the transport rase of sediment decreases with the increase of lime .. transport
rute will be higher in the initial periodd of time, Initial transpon rute of sediment is an imporiant
aspect in sediment transpon study as hagher initial transport rate may lead to higher degradation
in the channel bed. Hence, the total crosion from the channel bed as well as fransport rate of
sediment depends on the initial iranspon rate of sediment However. studies have not been
pertormed for the computation of initial transport rate of sediment from the cohesive channel bed

consisting of sediment mixture clay-silt-gravel, clay sill-sand-gravel, and clay-sili-zand

The wmitial bed load ransport raic 15 influsneed by the cobesion, so varicd with the chay
percemtage in the sediment mixiure, Figure 4,13 shows the initial bed load ranspart rate
decreases with the increase of clay percentage lor all the three cohesive mixture i.e. elay-silt-
gravel, clay-silt-sand-gravel, and clay-silt-sand in the present study. Higher percentage of clay in
the mixture binds the particles together more tightly and that responded 10 decreasing initial bed
load ransport with increase of clay percentage. The initial bed load transpor rate also depends
on the shear stress developed by the ivcoming flow and for this plet has been made between
dimensionless initiz! bed load transport rate and dimensionless excess shear stress ol ing arming
MNow in the channel, Dimensionless initial bed laad transpon rate was found fo be increases with
the increase of dimensionless excess shear stress for all the percentage of clay as illusirnted in
Figs. 4.16, 4.17, and 4.1% for sediment mixture clay-silt-gravel, clay sili-sand-gravel, and clay

Filt-spnd resmec tively
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The following parsmeters have been comsidered in the developovent of formulation for the

compautation of initial bed load transpon rule.
Yur = R, 00,.d,.80) {4.27)

Here, i), i the imitinl bed losd mansport mate { M m-sk P s thwe cliy percentage i fraction, 7 13
ihie shear stress (N7 developed due to the incoming flow, ¢ 15 the critical shear stress N/’
for cohesive sediment mixture: o, and o are particle and fud densities (Kgim'| respectively;
 is arithunetic mean siee (m) of the cohesive sediment mixiure; g is gravitationgl scceleribion

(s ) ond ©ois the kinematie visoosity of flud (mis),
Fguation (4.27) represented in the dunensionless fonm using dimensional analysis as below:

i = FP.7.) (4.28)
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Here, ¢, is the dimensionless initial bed load transport rate and compuned as

i = il (4.29)
\e, —glev

7. is the dimensionless excess shear stress and computed as

= (4304
L —.'.?'.'J’:-il'_

After a large number of trials the following relationships are proposed for the computation al

i for the cohesive sediment mixture in the present study:

B = 25446+ p )0 e (431}
Fe = 62001+ PV T (4 32)
for =233+ L T (4.33)

Equations {4.31), (4.32), and (4.33) represent the relationship for the computation of gy, for the

cobesive sediment mixtwre of clay-silt-gravel, clay-silt-zand-pravel, and  clayssilt=sind

L

=
N

5=

respectively based on the present study data. The computed value from equations (4.31), (:
and (4.33) [or ¢, shows a good spreement with the observed data as well as pood regression

vociTicient as illustrated in Fig 4.19.
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4.4.2.2 Cumulative hed load
The bed load croded and transported from the channel bed is collected in the trap located at the

and of the flume al different time intervals for each experimertal run. Cumulative bed load is the
aum of bed load collected et different time intervals Mrom the start of the run to the end of run
End of run in each experiment cormesponds to the equilibrium condition. The formulation for the
computation of the cumulative bed load for cohesive sediment mixture (clav-silt-gravel, clay-zili-
sand-gravel and ¢lay-silt-sand} has nol been reported vel, Hence, this section made an aftempt 0
develop a relationship for the compuiation of cumulative bed load transport for all the threo

cohosive mixture in the present study.

Several parameters hag heen considered 1o develop a formulation for the computation of
cumulative bed load. however, only the parameters which shows good results for the formulation

wete considered and represented in the analysis as below:
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Here, M, | is the cumulative bed load (kg) eollected till the equilibrium condition reached; [

is the clay porcentage in fraction; © is the shear stress (N/m” ) developed on the test section of the
chunne! bed due 1o the imcoming flow; ¢, s the eribcal shear stress (N/im®) for cohesive
sediment mixture; ¢ is the unit discharge (m'/g) Le, discharge per unit width of the channel; o,
and o are particle and fluid densities |_Lg."m-"| respectively; o iz arithmetic menn siee (m) of the
cohesive sediment mixture; b is the width (m) al the test section; [ is the length {m) of the test

section; and g is gravilational acceleration {m/s™ L

Equation {4.34) represented in the dimensionless form osing dimensional analysis as below:
¥ = - ; i %
My . =1P.r, ) (4.35)

Here, M,  is the dimensionless cumulative bed load till equilibrium condition of flow reached
which can be computed as

Y P ki (4.36)
F, [ t";rl_.‘]:lHrf-.

s the dimensionbess excess shear stress on the test section of channel bed and computed as

i, (437
(o, = pled,

hois the dimensionless Form of ow depth in terms of unit discharge and compuled ns

y ¢ . K
e £l {438}
il

Equation (4.35) represents the functional relationship for the dimensionless cumulative bed load,
The change in clay percentage in the cohesive bed influences the bed load transport; hence. w0
gooount the influence of colesion the paramcter ' has been considered. As the transpon ol
sediment occurs when the developed shear stress on the channgl bed exceeds in fair amoeunt from
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the critical shear siress, =0 to account this fransport phenomena of sediment the paramector T

has been taken into considerstion for the formulation development. Excess shear stress,
geveloped due to discharge; is responsible for the sediment transpors however, il is found nmot
encugh fo reprosent the phenomena and hence an additional parameter in ferms of discharge
included which plays a significant role in the support of sediment fransport phenomena, In this
view. the third parameter h° has been considered in the formmulation which represents the
dimensionless depth of flow in terms of unit discharge and it acls as a catalyst which enhances

the sccuracy in the computation lowards the abserved data,

The clfect of parameters invelved in Eq. (435) ie. R ., and A" on M has been
shown in Fig. 420, Fig. 421 and Fig. 4.22 respectively.  For this purpose, the data af present
study For all the three mixture {clay-stlt-gravel, clay-sili-sand-gravel, and clay-silt-sand ) has been

used along with the data of Jain (2008},
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Flp. 4.20 Vanation of M., with P
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Fipure 4.20 shows the decreasing trends line i.c. the value of M decreases with the

increase of P . The increase of clay content in the cohesive bed may leads to stronger bond

among the particles in the sediment mixture which resulied in increased crosion resistanee

against the Now and hence responded 10 less erosion and transport of sediment and consequently

M decreases with the increase of P, The decreasing trend line in Fig, 4.20 corresponds 10

the combined data of Jain (2008) along with the present study data,
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Fig. 4.21 Variation of M., with

Figure 4.21 shows the increasing trend of

supperted by Jain (2008) that showing the increasing trend line as illusirated in Fig. 4.

M2 withe!. The present study data is

21, The

increasing value of excess shear stress on the o arnel bed leads 10 the phenamenon of increasing

irend line
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Thic variation of third parameter b~ with MY has the increasing trend line as illustrated

in Fig. 4.22 which includes the data of present study as well as Jamn (2008) data, Since A is the
function of unit discharge, so &' increase as the discharge increases and increase in discharge
esulted in more erosion and transport of sediment which resulted into this increasing trend
phenomaensn,

Figures 4,20 — 422 indicates that the varution of M5 . with the parameters . Te  and

i differed for each sediment mixiore. lence, separate formulation for each sediment mixture in
|

the prosent study has been developed.
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Fig. 4.22 Variation of Mj, , with &’

Large number of trials led mto the followeng relationships as formulation for the

computation of M, , for the cohesive sediment mixture in the present study:
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ME, =130 B ()Y () (4.349)
Mo =026714+ L)Y (e, YT (h) (4.40)
My, = 07831+ R)" ") (4.41)

Fquations (4.39), (4.40), and (441) are proposed, using the preseat study data, for the
computation of M, , for the cohesive sediment mixture of clay-silt-gravel, clay-silt-sand-

pravel, and clay-silt-sand respectively

The compuied value of MY | were plotted against the observed ones for cohesive mixture of

clay-silt-gravel, clay-silt-sand-gravel, and clay-silt-sand as shown in Fig. 4,23, Fig.4 24, and Fig
4.25 respectively. The mean discrepancy ratio, standard deviation and percentage of data within
the error ling of 0.5 fold and 2.0 fold were computed for the proposed equations i the present
study 10 test the goodness of fit as per Yang ef al. (1996) and reported in Table 4.6,

[-'”l:lr ’ I'.

Distrepancy ratio, &, = -t (442
M g b

bt |1

Here, (Af5 3 and (A5, ), are the compuied and observed valee of (M Jrespectively.




g L

& Mo

=

= S L

E

[a]

)
clav-sili-gravel mexture Preserd snads
cla-sili-sand-grovel mistuee Present study
clav-sili-gand misture Pressat siudy
clav-pravel miznure  Ininf J008]
Clay-sand-grovel mixtwe Join 2008}

1 ™

10 100
Observed My,

Fig. 4,23 Comparison of observed and compuied value of M5, using Eq. (4.39)

Figure 4.23 shows the plot of computed value of M), against the observed ones for present
study data as well as for Jain (2008) data as per the propesed Bq. (4.39), Table 4.6 shows o good
value of regression coefTicient { & = 0.87) for the cobesive sediment mixture of clay-sib-gravel.
It alen showws that 95%, 93%, and 100% data lies in the range for discrepancy ratio of 0. 75-1.25,
0.75-1.530, and (0.30-2.0 respectively for the clav-silt-pravel mixture. Hence, the proposed Eq.

(4.39) well predicts the value of M for the sediment mixtere of clay-sili-gravel in the present

study.

134

8 009 g o @@ o ® P ¢ 8 08 o0 g 0 & s h dD oo b b e s e



Tabile 4.6 Statistical analysis of computed and observed value ol A

[ | |
Equation Diaia Cohesive L Clay | N _DM"F.“} rnlll]- _I R
sedlimend Y it W ol dala in range [T
mlxtire 75— 05— |us- |
| . " = 1138 L50 | 200 1
[ Cluy-silt-gruvel - |20 | 1002 | 9500 | 9500 | 10000 | 0.1043 | 087
30 N - = .
Present | Clapsiitand- | 10- |20 | 0.780 | 50.00 | 100.00 | 100.00 0.128 | 0.16
sty gravel |30 | | S L NS e
Proposed (Euy-sil1-zand [ 18- o1 0343 | Oouo0 | 00.00 oOoD0 | 0055 | 035
Eq. {4.39) _ | 50 - | 2 .
Jain Clay-gravel - 136 0831|1739 |1957 [&783 (0543 |07
[2KI% ] ) St Se| Y| S —
bty -sang-gravel 19 {1 | 0582 ) 2558 | 2558 | 4B.8s 0.291 | 031
50 =g
1 Clay-dilt-provel i | M | 1age | 7000 | 35.00 | gLoo | 0251 1 | 043 |
30 il (T [—
o sl _[ Eﬂll—ﬁ.:ulﬂ- 113- Elj 1[:':'5 10000 100000 ].l}l]‘ Eﬂ' ﬂ OBl '-:l &
anuly grovel k- N 1 r

| Propased Clay-sili-sard W- |20 |0.287 | 100.00 Iﬁﬂﬂ 10000 | 0093 | 0.79
| Eq. (440} i e e N [l =
i Iair L |J}"E.fl|'l"'\-‘| |-|:|r < DE’EE 1 .239]- 25 W 5&\-52 U?zz I 0.51

(25 | A ol | | — = A B
{ iay-sand-gravel i0- |43 |pE70 | 3488 | 41BG | §7.44 | 0418 | D26

0| _._....|5_ Lp g

Propased Clay-siltgravel | 1= [ 20 36 |Soo | 2000 |20.00 | 0340 §0.52
Eq. (441} [ . N it | ‘
Preweit | Cluyv-sill-sand- in- | 20 436 | 5.00 [ 7s00 | 75.00 0116 | 075
1|.I.'|-J} Eu. 1 §i =i
"y B R— - | 20 004

_I_

wmn T 700.00 | 100.00 | 0.102 |

Tain Clay-gruve - |46 | 1.354 ' 36.96 'IE.EEH_TLM "puit | 056
(2008; | S , | y _|
[ Cluy-sand-gruvel | 10- |43 | 1150 | 37.21 | 5116 | 7209 | 0.544 | 0.30

i) I
L
1 s

For the wide wpplicability of the proposed Eq. (4.39) the data of other sediment mixture
were dlso considered. The data of present sediment mixture ol cln}-5il1-sard~graw:'.. clay-silt-
sand along with the Jain (2008) data were used for the computation of M using Eq. (4.39)
and plo has been illustrated in Fig. 4.23 which shows the computation of MY for sediment

misture other than elay-silt-gravel not well predicted by proposed Eg (4.39) as low value o

regression gocflicient ( B =10.16, 0,35 0.27, 0.31) lound far those data as shown in Table 4.0.

135

Il'.'l.llli-l.lllllilllllll'lill'illl
i




Hence, the proposed Eq. (4.39) can be cxclusively applicable wo the sediment mixture of clay-

gilt=pravel of present study

Figure 4.24 shows the plot between computed and ohserved value of _.'!.}’;;' . a5 per proposcd Eqg.
(.40} for the present -Ile:. daia .;llr_'.n.g with Jain ¢200%) data, “The £~c|-:1|_| viloe of regrezsion
coefficient { £ = 0.76} found for the sediment mixture of clav-sili-sand-gravel in the present
study as shown in Table 4.6. This wabie also indicated the 100 % data lies with the crror line
which also illustrated in Fig 424, Hence, the proposed Eq. (4.40) well predicts the computed

value of M7, . Tor the sediment mixture of clay-silt-sand-gravel in the present study. Table 4.6

shows the good value of R' {= 0.7%) for clay-silt-sand mixture in the present study and also
[0 datta lies within the error line as illustrated in Fig 4.24 corresponding to the proposed Eq.
{d.40), however, deviation of data from line of dgreement (e under predicted) for clay-silt-sand
mixture shows the non-applicability of proposed Eq. (4.40) to this sediment mixiure Equation
(4.40) alse not applicable @ the sediment mixture of clay-silt-gravel in tho prescnt study as well
as to Jain (2008) data as Jow value of &' found for them as shown in Table 46, Hence, the

proposed Eq, (4.40) is applicable o clay-silt-sand-gravel mixture of the present study
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Fig, 4.24 Comparison of obscrved and computed value of My, , using Eq. (4.40)

Similarly, the proposed Eq. (4.41) well applicahle to the clav-silt-sand mixture of the present
study as good value of K (= (L79) found for the this mixture as shown in Table 4.6 and also
|00% data lies within the error Jine and arcund the line of agreement for this mixture a8
illustrated in Fig. 4.25. The good value of R (= 0.75) found Tor the sediment mixture of clay-
silt-sand-gravel corresponding to proposed Eq. (4.41) as shown in [able 4.6-and also 75% dnta
lics within the error line as plotted in Fig. 4.25 for this sediment mixture, however, deviation
from the line of agreement docsn’t allow the applicability of proposed Eq, (4411 1o the sedimeni
misture of clay-sili=sand-gravel. The low value of i found for the sediment mixiure of clay-
silt-gravel and Jain (2008) data as shown in Table 4.6. Hence, the applicability of Eq. (4.41]

found for the elay-sili-sand mixture in the present study.
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Fig. 4.28 Comparison of observed and computed value of M5, | using Fg. (4.41)

4.4.1.3 Bed load transport rate

This section deals with the transport rate of bed load and it depends on the various factors like
clay percentage, sediment size, shear stress, efe, The variaton of bed lead transpont rate with
clay porecniage, ime, and cxcess shear stress has been shown in Fig. 4.26, 4,27, and 428
respectiveny, The ranspont rate of bed load decreases with the increase of the clay percentage as
illustrated in Fig. 4.26 for all the three cohesive sediment miature used in the present study. The
increase of the clay percentage in the sediment mixtuse increases the influence of cohicsion which

leads 1o stronger bond among the particles and resulted in low transport rate.
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Fig. 4.26 Variation of bed lpad transport rate with clay fraction for the present study

[eansport rate is Tound to be decreases W ith time a

{llustrated in Fig- 4.27

section increases and resulied in lowering the shear stress that §

rale of sedment

With the Increage of time the

nd it supported by Jain (2008) data as
degradation in the upstream of working

eqds o decrense in the transpor
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Frg. 4.27 Variatson of b o fransport rate with time

Figure 4.28 shows the transport rate increases with the increase of excess shear stress os

higher shear stress leads o higher ransport of sediment

This section desls with the formulation for the computation of the bed load transport rate. Since
the transport rate depends on the clay percentage, excess shear stress, and time. And equilibrium
time is the function of clay percentage and excess shear stress: Hence, bed load transport rate can

b represented in the 1erms of time and equilibrium time as shown in Eg. (4.43).
= i ' 3
Gur = JUL oy ) (4,43}

Here, o, 15 the bed losd transport eate (N mus): 0o nme (5 ¢ ie cquilibeius oime (g and o'
T p | ' 1 ! i

s the imitial bed Ioad transpart rage (™Nmes)
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Fig. 4.28 Variation of bed load transport rate with excess shear SIFEss
Fguation (4.43) represente d in the dimensionless as below:

B LR I

5 (4, 44)
F. 4

Here, g, is the dimensionless bed load transport rate and computed as

T (4.45)
i

I'.II'I'

Equation (4.44) represents the functional relationship for the dimensionless bed losd transpor

ate. Plot has been made between observed dimensionless bed load transport raie and [unctional

i .- . 2 :
narameter of —and curve i lilled betwoen them which represent the formulation for the
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computation of dimensionless bed |load ransport rate ‘I_._.'_..“ | The hioed curve 15 ilusirated in Fig.

1729 430, and 431 lor the cohesive sediment mixturg of clav-sili-gravel, clav-silt-sand-gravel.
and clav-silt-sand respectively and the corresponding formulation from the fitted curve has been

represenied o Egs. (4.46), (44T), & (4,48 respectively,

o =1-0971-¢ (4.46)
[
! d

Jor = | = 0984 | —p : (4.47)

oy =1=-099% 1 —¢ ** (4.48)
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Fig. 4.29 Fitted curve for clav-sili-gravel mixiure in the prosent studs
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Fig. 4.31 Fitted eurve for clay-sili-sand mixiure in the present study
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The plot has been between the observed and computed value of dimensioniess bed load transpon
rate gnd regression analysis is done which shinws the good regression coefficient as illustrated in
Fig. 432 for all the three cohesive mixture used in the present study. Hence, the praposed
lormulation as Bg. (4.46), (4.47), & (4.48) is applicable fo clay-sili-gravel, clay -silt-sand-gravel,

ind clov-sill-sand mixture respectively for the present study
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Fig, 4.32 Comparison between computed and observed value of i,

4.4.3 Suspended Load Transport

4.4.3.1 Initial suspended load transport rate
Sediment is transported a5 bed Ioad amnd suspended load along with the flow in the channel.

Initial hed losd transpont rate is already discussed in the earlier section. This section deals with

the initial suspended load transport rate.

['he main purpoge of the study of the initial transport rsle of sediment is 10 know about the
mstantly transport of sediment from the channel bed in the response o a given flow rate. This

instant iransporl rate is here treated as the initial transport rate, Genesally, clear water [Tows in
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the downstream of a dam which causes the vosion instantly in the channel bed m the
downstresn of dant S0, the study of this mitisl or mstantly tanspot mw fves the idea of Ton
much sediment will be eroded from the channel bed so that 1t can be controlled by adiusting the

flow rote in such a way that the chamel bed downstraam of clam remiains safe

Initial transpon mmite of suspended load 15 found 1o be the function of clay pereenlage i the
seclument mixtre is well as shear siress. T decreases with the merease of clay pereentage a5
illustrated i Fig. 4.33 for all the three cohesive sediment mixiire wsed 0 the present study.
Variation of imitial suspencied load transport mte with excess shoar siress is shown in Frg. 4,34,
435, and 4.36 For clov-sili-grvel, clay cilt-ennd<gravel. and clay ssilt=-sand mixture rospectivels

whish indicates the tansport mie increases with the dimensionless execss shoear

10 -5
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Fig 433 Varistion of inital suspended load rransport rate with elay fraction m dimensionless form
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(he formulation for the computation of initial suspended load tmnspaort rate s becn made mn the
similar way as in casc of formulation of imiial besd load teangport rate. The following parameters

have been considered for the formulation development:

gl= P 5T 0, P8 8,0 4,45
Here, g, is the initial suspended load fransport rate (™ mesh,

Equation (4.49) represented in the dimensionless form ustng dimensiomal analysis as below

a = P, i4.50)
Here, ' is the dimensionless initial bed load transpon mte and compuited as

; T
. = — (451
(o, = lew

144




Ster a Lavee oimber of innlds il o llowing relaticaships are proposed for the eompelintion of ¢

for the cohesive sediment msture in the presem studs

i | -\"-: .'I||I Ir | "Iu-"nl'
¢" =197+ P Y T (453
' | 550+ 217 Ij_' | [4.54)
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e 457 Companson between conmputed amd observed value af ¢,

Eqpuations (4.525, (.33} and (4.54) represent the relationship for the compuiaton of ¢, for the
tubiesive  sedimem s of elay-silt-gravel,  clav-silt-sand-gravel, amd  clay-silt-sand
respectively based on the present study dats. The computed value from expuations (4.52), (4.53),
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and (4.54) for g, has been plotted against the observed ones as illusirated in Fig. 4.37. Figure
4.37 shows that the most of the present study data lies between the £ 20%serror ling and having a
good regression coeflicient which indicates a good match between computed and ohserved value

for the present siudy.

4.4.3.2 Suspended load transport rate
Transport rate of sediment studied separately for the bed load and suspended load. Bed load

transport rale has already been discussed in the carlier section and this section deals with the
iranspor rate of suspended load. In the similar way as in the case of bed load transport rate, the
suspended load transport rate also depends on the parameters like clay percentage, sediment size,
shear siress. cte. The variation of suspended load transpont rate with clay percentage. tim, and
excess shear stress has been shown in Fig 4.38, 4.39, and 4.40 respectively for all the cohesive
mixture used in the present study. The transport rate of suspended lond decreases with the

increase of the clay percentage as illustrated in Fig. 4.38
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Transpor rate is found to be decreases with time similar as in case of bed load ransport
rate @nd it supported by Jain (2008) data as illustrated in Fig. 4.39, Figure 4.40 shows the
transport mle inereases with the increase of excess shear siress as higher shear stress leads Lo

higher transport of sedimint.

This section deals with the formulation for the computation of the suspended load
transport eale, Since the transport rate depends on the clay percentage, excess shear stress, and
time, And equilibrium time is the function of cloy percentage a8 w ¢ll as excess shear SLress.
Hence. bed load transport rate can be represented in the terms of time and equilibrium ime as

shiown in Eg. (4.55).

g =001 .g,) (%.55]

Here, ¢, is the bed lad transport rale (Pwm-s) 7 18 Lme {z); ¢ s equilibrium time (s)! and §,

i5 the initial bed lowd transport rate (N/m/s).

Equation (4.55) represented in the dime nsionbess a5 below:

L] r § !
iy = e (4.56)
Lt
Here, L_.:; i< the dimensionless bed load transport mic and compauted as
g = {4 {4.57)
rli'I

Equation {4.36) represents the functional relationship for the dimensinnless suspended

load transport rate. Plot has been made between observed dimensionless suspended load

; i . i
transport rate ond functional parameter of and curve 15 fitted between them which represent

the formulation for the computation of dimensionless suspended Inad transpoert rate g, | The

fitted curve is illustrated m Figs. 4,41, 4.42, and 4.43 for the cohesive sediment mixture of ¢lay-

silt-gravel, clay-silt-sand-gravel and  clay=silt-sand respectively  and ithe corresponding
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[ormulation from the fitted curve has been represented as Eqo (4.58), (4.59) & (4.60)

respectively.

i,

.,

ol 4] ool 1]
:

- 1-0,365 Y754 -e M (4.58)

o

P =[5 | - {2,505

g =1—-0238 | =¢ : ]—I‘i.‘i:-i4 |—e 1 (46415
|

& Cluyoach prarvel migiurg: [Fresmm sudy
N & 23 Fitlml cures a2 e propesed By

i,

Fig. 4.41 Fitted curve for clay-silt-gravel mixlure in the present studs
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The plot has been made between the observed and computed vitlue of dimensionbess suspended
load transport rate and répression snalvsis is done which shows the pood regression coefficient
a5 tlustrated in Fig. 4.44 for all the three cohesive mixture used in the present stisdy, Hence, the
proposed formulation in the present study as Eqs. (4.58), (4.59), & (4.60) is applicable to clay-

silt-gravel, clay-silt-sand-gravel, and clay-silt-sand mixture respectively for the present study,

10« ' Clay-si-pravel mixnere Present sudy

s e,?@“
< Clay-sik-sund-gravel mixture Present stody ﬂ‘uﬂ-
R=0ns af /"/
= Clay=siR-smcl mexture. Present study
ol B8] /

;—; o
5 (00
= *
:-'l -
*
0.0%
0,00 - - ,
0,001 0.01 0.1 1 (1]

Dhserved @

Fig. 4.44 Comparison between computed and observed value of g,

4.5 TRANSIENT BED SURFACE PROFILES

Degradation in the channel bed occurs when the developed shear stress on the channel bed s
sufficiently large enough to mobilize and transport the bed particles and this degradation
continues Lill a stable bed condition reached, This section discuss the transient bed profiles at the
mid of flume width at a longitudinal interval of 20 ¢m along the Aow direction for different
percentage of clay in the sediment mixture of clay-silt-gravel, clay-sili-sand-gravel, and clay-sili-

sand. I'ransient bed profile varied with the clay percentage in the sediment mixture as well as
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with the excess shear stress which provides the power to erode the channel bed. The variation of
transient bed surfoce profile with the clay percentage has been shown in Fig. 345 which

indicates that degradation of channel bed decreases with the increase of clay percentage.

18 - #  Clay-silt-gravel misture Fresent study
0 Clay-silt-sand=gravel mixmure Present study
18 - = Clay=silt=seml mixiure Present sisly
:
14 :
12 4 ]
E i
o+ lrr
= 107 L
= H
2
T e :
2 #
6 i
i
4 4 E
3
-
2 i
s
5
L) :
a0 0.1 0.2 0.3 0.4 D5

Clay fraction (-)
Fig, 4.45 Variation of degradation with clay fraction for present study

Figure 4,46 shows the varation of transient bed surface profile with excess shear siress
developed by the incoming flow. It indicates that the channel bed degradution [nereases with the

increase ol excess shear stress as obvious,

Time parameter has also been considered 1o compute the bed profile in respect of time as bed
profile varied with time. The variation of bed profile with time has been illustrated i Fig. 4.47
which shaws the variation in bed profiles decreases with the increases of time ic. higher
variation observed in the inital period of time and aficr that it is decreases. In Fig. 4.47. only

data of sediment mixtures having 10% clay is included for the purpose of clarity of rend of data.
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It is ohserved that maximum degradation m the channel bed is oceurred towards the end ol time

i.e. at equilibrium tdme.

A plot has been made for degradation along the channel bed as illustrated in Fig. 4.48. Figure
448 shows the maximum degradation oecurmed at S0cm |-:ZII!IEiILI|']iI'Iil||"_-.' {rom theé entrance of

upsiream working section for all the three eohesive sediment mixture in the present study

1B -
16 4 &  Clav-sili-gravel mixture Presont study
2 Clay-sili-sand-gravel mixiire Present study -
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i ! .
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3 =
=z 101 -
: = B 142 s
2 8- . T
A 3 % v H
] = - i )
= C = F | ]
6 - g i it 5
|  §= il &
H 2= W
4 i EE =5 5
- a3 By
Bi ] ol
2 - ot Ei
imdy SE° It
J T T T | —— 1
0 1 2 3 4 -] ]

4

Fxgess shear stress {B/m™)

Fig. 446 Varation of degradation with excess shear stress for present study

As the channel bed profile iz varied with the clay percentage, excess shear stress, and time. S,
the following paranmicters have been considered in the formulation for the computation of

transtent bed profile.

= b,k ] {4.61)
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Here, = is the bed degradaiion at given location X and timer, = is the maximum degradation
in the channel bed which is the [unction of clay percentage and excess shear stress; £ is the
equilibrium time for which computation has been made in previous section; £, 15 the location

point of maximum degradation which 15 50 cm a5 per Fig. 444,
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Fig. 4.47 Variatien of degradation with time for 10% clay n mixtures

Before the development of relationship for the computation of bed profile =, the
formulation has to be made for the computation of maximum degradation {2,.. ) inthe cohesive
channe! bed. Maximum degradation of the channel bed is dependent on the clay percentage in
the mixture as well as shear stress developed by incoming flow. In this view, the variation of
= with P and ¢ has been shown in Fig. 4.49 und 4.30 respectively Figure 4.4% shows thal

o decreases with the increases of clay content m the mixture due to cohesion influence. Figure
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4.50 illustrated that =z, increases with the incresse of dimensionless excess shear siress [r]' fior

weda

each cohesive bed in the present study. Hence, the following parameters are considered for the

womputation of maximum degradation
g =P . 0.0ed..q) (4.62)

Here, g 15 the unit discharge :m:fﬁ:l.

L
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Fig. 4.48 Variation of degradation along the channel bed for present study

The functional form of Eg. (4.62) can be represented in the dimensionless form as

following:

158

© 0 0 2 ® g 0o s 000 00 20 ) 00 g0 00 00 e doo e eoe




B EEBREEREEEENEE NN EFNFEEERE NFE N B RSN B B B E BN B N I

T _."":_F. ;] (4.63)
[ I_.II_ L]
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Fig. 4.49 Variation of maximum degradation with clay fraction [tr the present study
After a large number of trials the following relationships are propased for the computation of

= . Tor the cohesive sediment mixiure in the present sudy!

He

RS T | B 5 W € 0 b 4.64]
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LIS P Y (e (4.63)

.“I_- L
<)

— I =2 IR+ P R yuon (.66}

Equations (4.64), (4.65), and (4.60) represent the relationship for the computation of =

for the cohesive sediment mixture of clv-silt-gravel, clay-silt-sand-gravel, and clay-silt-sand
respectively based on the present study data. The computed value from equations (4.641, (4.65),

and (4.66) for - shows a good agreement with the observed data as well as good regression

il

coefficient as illustraled in Fig. 4.51
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Fig. 4.50 Variation of maximum degradation with excess shear stress for preésent study
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Afler the computation of = the formulation for the computation of transient bed profile has

been proposed. Equation (4,61 ) can he represented 10 the dimensioniess form as Tollowing:

= - fiL -:'l—l (.67
:ﬂ|-| r.- !"l-'p' J
100 =
i 0 =
3
£
E
a-]

1
/ -_._-_,.r" =
- .-"J‘ .-’ff &  Clay<aib-gravel mixiure. Present stdy, B85

! - O Clay-ail=emmd-grave] miinee PresEnt study, =0
,-’f ,.-r""" -~ Lot : . e
- . g = Clay-siMesid mistune Present siady;, K=
.-"'"-f .F-"'.. :
I
- o
&1 v . — e e R
(ks | 1 10 100

Olhervnd i Lo

Fig, 4,31 Comparison belween compuled and observed =,
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lhe vanation of =/5pec with dimensionless paramelers #f; and A7, has been
plotted in Fig. 452 and 4.53 respectively. Figure 4.52 shows the channel bed degradation
ingreases with the increase of time os the degradation building up with progress of time. In Fig.
4.32 only daa of sediment mixtures having 102 clay is included for the purpose of clary of
data trend Figure 4.53 shows the degradation in the c¢hannel bed decrenses as moved from
upstream o downstream end longitudinally in an expenential fashion ie. more degradation
peeurred towards upstream compared to downstream of working section. The flow of waler is
clear ot the entrance of working section 50 il has enough capacity to erode and carry the sediment
along with the flow, however, its eroding capacity decreases as moved longitudinally from
upstream to downstream end of working section due 1o carrying of sediment with it. That"s why

comparatively more degradation cecurred towands upstream of working section.
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The following relationships are proposed for the computaticn of ransient bed profile for

the cohesive sadiment mixture in the present study based on functional relafionshup Eg. (4,67

; 1 e
f e lr -l:.'\-.ll..ri
. Lht{_f. | e (4.6%)
P EPT
= I.f'..'-)| L ¢ e [4.55%)
T A
- J I‘ .I.|-|I _.:II_|
e = | JE A — T 4.7
i 1 i . 4 I

Fouations (4.68), (4.69), and (4.70) represent the relationship for the computation of

transtent bed profile for the cohesive sediment mixture of clev-sili-gravel, cloy-silt-sand-gravel,
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and clay-silt-sand respectively based on the present study data, The computed value from
equations (4.68). (4.6%9), and (4.70) for &/2pay shows o good agreement with the observed datn
s wiell a5 good regression coefficient as illustrated in Fig. 4.54(a<) for all the three cohesive
sediment mixture used in the present study. The plot has also been made between computed and
observed value of degradation along the channel bed at cach point of 50 cmy interval a5 illusteated
in Figs, 4.55 = 4.69 [or the cohesive mixture of clov-silt-gravel, clay-sili-sand-gravel, and clay-
silt-sand which shows a good match between observed and computed bed profiles. The plot has
been made fior bed profiles for three different time perind i.e. during initial period of run, mid
period, and end of run for ex, Figs. 4.55 4.56, 4.57, 4.38, and 4.59 shows the bed profiles for
108G, 2084, 30%, 40%, & 509 clay respectively in the minture of clav-silt-gravel for initial, mid,

and end period of time,
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4.6 CONCLUDING REMARKS

This chapter discusses the results on incipient mation. transport rite of sediment. and transicnt

bed profile.

The analysis of present study reveals that initiation of detachment of particles from the
cohesive bed governed by the clay percentage, weighted geometric standard devintion,
prd bulk density of the cobesive mixture,

A melationship has also been developed for the computation of critical shear stress of
gravel particles in cohesive misture of clay-silt-gravel and clay-silt-sund-gravel, and for
sund particles in cohesive mixture 6f clay-gili-zand.

Transport rate of sediment is found to be higher in the initiel period of time; however, it
decreases with time, A relationship has been proposed for the computation of bed load
transport rate and suspended load transperl rate in terms of time, initial transport rate,
equilibrium time. Formulations has also been proposed for the computation of initiad
tramsport rate and equilibrium time which has the function of clay content and excess
shienr Slress

The variation of hed surface profile has been studied with time for cobesive mixture of
elay-silt-gravel, clay-sill-sand-gravel, and elay-silt-sand. Degradation 1= observed 1o be
higher in the upstream working section than that of downstream working section. The
degradation in channel bed s higher in the inftial period of time; however, it decreases
with time and attained nearly static bed profile ut an egquilibrium time. Degradation of
channel bed decreases with the increase of clay percemdage. Relationship has been
proposed bused on the present study data for the computation of transicnt bed profile for

cohesive sediment mixture of clay-silt-gravel, clay-sili-sand-gravel, and clay-sili-sand
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CHAFTER -V

TURBULENCE CHARACTERISTICS OF FLOW

5.1 INTRODUCTION
The velocity data has been collected over degraded bed of clay-sili-sand, clay-sili-sand-gravel,

and clay-sili-gravel mixtures in which clay content varies as 0%, 50%, and 5085, The results for

|
distribution of velocity, turbulence intensity, turbulence kinetic energy, and turbulence Reynolds
shear stresses over depraded bed have becn presented for clay-silt-gravel. clay-silt-sand-gravel,

and clay-sili-sand mixture. The results turbulence charactéristics have been presented in

praphical form for few runs; however, data of all runs has been incorporated in Appendis 13, |

E2FLOW VELOCITY

The experimentally collected raw data of flow veloeity were filtered before analysis it using
WinADY at the minimum signal-to-noise ratiool 17 and the minimum correlations cocfficient of
70%. The points al which 3D-velocity measurements were taken illustrated in Fig. 3.14 of

Chapter 3, The average velocity in three directions at these points could be compuled as

L%E’Iu. (5.1)

- | - =
=32 2
izl

Where, v .v aml w are the average velogity al any point in X, ¥ and z direction res pectively; u,.
v, , and w, represents the instantancous velogity in respective directions; and A is the number

of dota samples collected st that point.

The instanianecus veloeity fluctuations i longitudinal, |ateral, and vertical directions |
']

F ]
u v, ., }of the respective recorded instantancous velocities [ u,,¥,,w, ) wis computed from

the time averaged velocities { u, v, w) as per following cquations
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W, b=, (5.1‘:]

5.2.1 Longitudinal Velocity Profile

Che longitudinal scaled velocity profile has been plotted ageinst the degradation s different
sections over the degraded bed for all the three mixtiures used in the present stody as Blustrted in
Figs 8.1 o 3.8 In these figures, 2 is the vertical distance above or below the initial bed and z = 0
mdicated the initial bed level 1. bed level belore beginning of erosion from channel bed. These
plots bave been made comesponding e 0%, 30% and 30% clay coment in the mixmere, For ex,
Fig. 5.4 shows the velocity profile al different sections ol the channmel bed for ron no. 55C 9
having 30% clay content in the mixture of clav-silt-sand. The velocity plot has been made for
¢lay-sili-sand-gravel mixture for 30% clay content and For clay-silt-gravel mixture for 30% clay
centent as illustrated in Fig. 5.7 and 5.8 respectively, Velocity is found 1o be lower just sbove the
bed. However, it increases as moved horizontally towards downsiream or moved vertically
across the flow depth towards the free surface. Due to higher degradation at the upstream section
the depth of Mow mcreases ot that section which accounts for the reduction in velocity ar that
section; however, degradastion decreases towards the downstream ection that causes increase in

velogity towards downsirgam section.
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Fig. 5.1 Veloeity profile over degraded bed of clay-silt-sand mixware for run no. 55C 9
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Fig. 5.2 Velocity profile over degraded bed of clay-silt-sand mixiure for run no. 83C 12
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Fig. 5.4 Velocity profile over degraded bed of clay-silt-sand mixture for run no. S5C 19
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Fig. 5.3 Velocity profile over degraded bed of clay-sili-sand mixture for run no. 55C 21
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Fig. 5.6 Velosity profile over degraded bed of elay-sili-sand mixture for run no. S8C 13
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Fig. 5.8 Welocity profile over degraded bed of clay-silt-gravel mixture for run no. GSC 9

Velocity is found (o be lower just above the degraded bed at upstream section. It is due 10
higher degradation in the wpstream section of the channel bed that resulted in the higher low

depth which leads to lowering the Mew velocity, However, velocity increases as moved from
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upsiream 1o downsiream along the channel bed and velocity also increases s movid vertically

from the channel bed w free water surface, Similar trend of data has been observed for afl the

rurs

5.2.2 Vector Plot for Resultant Velocity

I'he vertical distribution of resultant velocily (resuliant of x=z plane) was plotied across the depth
of fow st different scetions topethier along the degraded bed corresponding to 50%, 30% and (1%
clay content in the channel bed for all the mixture as illustrated in Figs. 3.9 1o 5.16, For ex. Fig
5.9 shows the plot corresponding to run number SSC 9 which has 50% clay in the sediment
mixture of elay-silt-sand. The resuliant flow velocity (in x-7 plane) was found to be reversal near
the bed surface especially in the upstream of working section. This reversal flow mainly
observed around the section where moximum degradation taken place. The magnitude of
velocity is low near the bed surface; however, it increases as moved towards downstream
section. Velocity 15 increases across the depth of flow an each section as moved towards free
water surface from the bottom bed, However, variation in velocity was significantly noticeshle in
the upstream part of working section, The variation in velocity was [ound to be minimum aver
the degraded bed having 50% clay content. The varistion in velocity was reduced as the clay
percentage in the channel bad increases from 0% 1o 50%. This vanation in velocity is attributed
to the level of degradation in the channel bed which found to be decreases as clay percemage rise

from %% ta 50%. The similar trend of data pattern hos been found for all the three mixture
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Fig. 5.12 Distribution of resultant velocity for ¢lay-silt-sand mixture for run no. 55C13
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2.2.3 Turbulence Characteristics

After filtering the raw data of velocity, turbulence parameters like turbulence intensity (T1),
turbulence kinetic energy (TKE), and Reynolds shear siresses (RS8) were computed and
normalized with the parameter of shear velocity of approach flow. Shear velocity (m ) of

approach flow was computed by ,.,"_F;'Hh_. ; where g 15 acceleration gravity, & is hyvdraulic radius,

and & is bed slope,

The wrbulence intensity components in the x, v and z directions can be represented as follows:

T3 | 1N = aifi % -
i, — Ay =|?l{|p__—|.|] " {5.7)
= 1 e
""'--'-"'—|'_',;:E.i"-"3'|ﬁ' (5.8
= f . ea I g, D ?
1, =3 =l 2w, = w)'] (5.9)

Where T 11 and TT are the turbulence intensity in x, v, and 2 directions respectively, The
tarbulence intensity in x. v, and z direction were normalized with the shear velocity of approach

Flow (k. ) and represented as

T =71, fu (5.10)
71} =17, fu, (5.11)
TI: =171, fu. (5.12)

Turbulent kinetic energy s cne of the parameter of wrbulence flow and is computed as
' v 2w’

TRE == 3 [F.13)

Turbulence Kinetic energy is normalized with square of shear velogity corresponding tw approach

fTow as represenied below:
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_TXE (3.14)

M.

TRE™

Where, TRE™ 15 the normalized turbulence kKinetic energy

Reynolds shear stress in x-z plane = —#'w’ (2.13)
u""'H- s _"l“.'/;l;z (5.16)

Where, w'w" is the normalized Reynolds shear stress in X<z plame.

The parameters considered for turbulence characteristics of flow ares’ . v, w' 77, T1, .

PRE", and w'w'" in the present study, Figures 5. 17(a-d) to 5.24{e-0) show the plot for turbulence
parameters over the degraded channel bed for all three mixtures i.e. clay-silt-sand {550 mixture,
clay=silt-sand-gravel (GSSC) mixture, and clay-silt-gravel (GSC) mixture. Figures 5.17(a-d} to
5.22{a-¢) denote the plot for turbulénce parameters over the degraded cohesive channel bed mads
of clay-silt=sand mixture while Fig, 5.23(a-d)-(e-0) and 5 Id4{a-d)-(e-T} shows the wrbolence
characteristics plot for clay-sili-sand-gravel mixiure with 50% clay content and for clay-sili-
gravel mixiure with 30% clay content respectively. The parameter ' increases longitudinally
along the flow as well as vertically peross the depth of fow towards the free surfece of waler
shown in Fig. 5.17(a). However, velocity distribution in transverse and vertical directions
denoted as v“and w' found to be near to zero as illustrated in Fig. 5.17(b) and 5.17(c)
respectively. The vertical normalized profikes of the turbulence intensitics measured in the
streamwise, transverse, and vértical directions were plotted as illustrated in Fig. 5.17(d), 5.17(e),

and 5.17(1) respectively for clay-silt-sand mixture corresponding to run 55C 9.

The value of FI7, 77" and 17 was found 10 be maximum at section near o upstream

{i.e. 20 ¢cm) and their value decreases as moved longitudinally towards downstream section as

shown in Fig. 5.17(d). The similar trend has been found over the degraded bed having clay

content 0%, 30%, and 50% in case of clav-silt-sand mixture. The maximum value of 77, 17
and Tf was noticed around the initial bed level {i.e. 2 = U} at all sections for 30%6 and 50% clay

content degraded bed However, in case of 0% clay content bed the maximum value of
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mrbulence intensitics were observed below the initial bed level for upstream sections (Le. up to

80 em) and their maximuem value lies around initial bed level for remaining downstream sections
as illustrated in Fig. 5.17(d). The magnilude of maximum value of 7717 was noticed higher
compared o §7° and 77 . The maximum value of 777 was [oumd near to upstream section
which indicates the higher fluctuation in velocity exist there and this may be attributed (o
transition of bed from solid to mobile. The variation of turbulence mtensity found 1o be
increasing actoss the depth of flow (when moved wwards free water surface from the bottom
bed) and resches 10 maximum and then again decreasing. This trend has been seen for few
gactions towards upstream (e up o B0 em), however, as moved towards downstreem then it
increases in fairky uniform manner with less variations. At upsiream section (ic. up to 100 cm),
the value of ¥7; was noticed higher over 0% clay content bed when compared to 30% and 50%
clay content bed. However, this increment in turbulence intensity reduces as moved towards the

downstream section o5 shown in Fig. 5.17(d).

TRE" has been plotted ot ofl sections together over each degraded bed for all the three
mixture as shown in Figs. 5.17(gh to 5.24(g). The maximum valee of TKE" was found around
the initial bed level (i.¢ # = (b for 30%0 and 50% cloy content bed. In case of 0% clav. the
maximum value of TKE' was obtatned below the mitial bed level for upstream section {i.c. up to
&0 cm) and then maximum value shifted to occurs around initial bed level for the remaining
sections towards downstream. The higher varmtion in the value of TEE™ exist for upstream
seetion across the depth of flow (when moved from bottom bed to free water surface), however,
this variation reduces as moved towards downstream scetion for all the three (%, 30%, and 50%

clay content degruded bed.

The plot has been made for the distribution of normalized Reynolds shear stress o™’ al
all sections for all three mixture as illustrated in Figs. 5.17(h) 1 5.24(h). The maxmum value of
u'w'" at all section lies around the initial bed level for 30% and 50% clay content bed, however,
there ix different trend exist for (% clay content bed. In case of 0% clav contem bed, the
maximuin value of & occurs below the level of initial bed for upstream section (i.e. up o 120
cm), however, this maximum value of w'w"™ shifled w occur aroumd initial bed level as moved

towards downsiream section. The Revnolds shear stress w'w™ has its maximum value ot all
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section {except at 20 and 40 cm) for @ %o clay content bod when compared 10 30 e S11% ela
content bed. More variation (neross (he depth of flow) in the value of o has bt cxbseryvisd ol
upstream sections (i, up to 100 cm). however, this vanation across the depth of How recuces as

5 - 1] (] ca
moved wowards downstreim section. This trend has been found similar for 0%, 30%. anal 54

clay conten bied



-.-..-.-.-n---l-l.ﬂl-:-t-l--ll--

Bat

f IS 0N LN B0 NI PrEs=1[is-A]3 [0 pag papridap o siajaisied aauapngng jo aengliosig] (pee)g e #iy

LMINE =
LUTRIRT &
WAL -
NPT =
W +
WMnL Y
EINE @
gy *
(FTETVT |

[EENTYrg ]

LINRT} T
[ wapgy e
| ARIDHRT -
wanyT -
WINZT 4
w0 v
LR
LY
FRTTY

KUK W

#Hi

ro

.-H.
8o
o
i
T

i
wa
9
RN

50

[+

(3

i iy

#id-

raog

ol o
[ g

0

o
¥
o'n
B0

Hit

LU0
LI0EL
EIQGE =
LEIQEL =
RO+
wagog ¥
WA
Wl ¥
HENTY |

LI -

| Dgor
UDQZET #
W4T~
WINPT =
ungil
WNEIT ¥
NI .
WG

wiirm

WO

0 90

¥

£l

'

20 w0

&0

g0
]

]

9

bg
iq

&
ki
'u
20

sz




fi S5 OU LD J0f AN PUEs-jis- S0)0 o pay paprifap Ao samaunied 20w mugdm 0 vonngsicp (g-2)8 s 5]

WX =
WA #
LG -
LT
WgET ¢
WijOTw
URQE &
w0 i
Lo .
LT

MEMIDE
UEWIRT
WG] -
WApT =
WOTT +
CElii]
[SEm
L0
Linktr
WIN)T

5 % 00 0% 9 0o s o200 8 OoH P O S TP O P9 a0

#a

9'0-
i
i

if

-~ ¥0

FR
20

a0 BB BB
== 92

i n
1 L £-
e
"m_m
=
+ ' mEys
“FAN
“u
g BT Bk Tl
. _
_
¥ _
gy |
T._l_.

7o
9
Bl

(1]

L4}

wft

E6T

wenne
UEIgET
LRl )
L g
LUFED
LINT

[Ty
ALahp

unng

WO -
UDHT &
I -
WYY T =
WIDTT
AT ¥

uogg #
unf-m

RLIHT 4

o1 ] g ¥ T

we 'L o

{Z}

aa
1)
1k
-
1]
[
an
BT

1=)

0

L -

()

1]
rn
BB
B



.-.-..---_-_..--.-_-i_-t-ul-ﬂrt-l--l-

00T

T OS5 OU UL J0) UMK puss-ajrs-Aea (v pag paprifap aaao sepaintid s nging fo usinguisig] (p-rig s wig

TRy T n il . HOGNE ®

T am (2
WoggE s g g7 g1 g0 Tt | MRy B0 90 ¥0 D 0 ro-
WANGT = ) i ) i T BRG] = 2 L . 5
WO - ol ey - : aw
AT + _ w“” TR 4 : m__"_””
WL ¥ P, | weory S
i Il m__ " wiRe _.m_“_ 7
LIRS | NG 5 i
Wiyrm = WKy 50
wage # 2 uare | B “:.._

I
| w0z A (q) | wagnz = + {€)
| AHIEL * g0 £n - winare 1 g0 90 L] 20 ] -

wIpgt— [ = _ | WA - ) [ T
TR M“ WML = M.“
WIPZE | . LT .
HERUL ¥ - LS -
Wigg @ " ..N... WING . o ...._..w...
LU f | M”-“ W05 ¥ L] | MM
[ wxrm 20 Ly L gp
WIT & &0 LUO}T 4 i




R R R R ERREREERRRRRRRRRRREREERRRRRSSESEEEE==————
Tie
H_ .u_.m._.w oL und &._._ ....:._”_..“_:_ "___.__w. ..-___:. _"_.__.._ jin _._....._ __..___.___.._.u...__"_ IR ETH] ,.._.._“_..__._.”_E._.,.._ AT TR O 0NNy LEE] (Y288 p.u_._—
[
|
UOQE i e 341 i4]
E L i a - - B il ¥ i 4
LIHIET & 2 i i i k WYL & 1
WIHMIT A i) Wng7 = 2l
L E = _ 0 [Ty [ - #—.ﬂu I ax
WIAGT T + .‘_. E -.‘u* 4 o WnAzT . ..” & = - ..1“ _ LR
. ¥ - L L v, - i
WEGNT ¥ +@m % i WL W ¢E ;3 i |
By gLy 0 & a v ® lo &
I _._.___.ﬁ JI.....”.I- 0 wags @ S i..q. I .”..I_ 0
g ! ¥ Wang = L& BN
U N LR 50
WOT & r B0 LI B
I = —— L
wT Sl F1] WIIG0E U &)
WOOET # % B £ g0 oo WIOpHT # BE g7 81 g0 oo
LN T — TS - : s wana T — i+ F
2 mﬂ . . mﬂ.
= IEDE] =
L | g0 : l%r 50-
T B W01 ¥ o P - 70
n lu_n!- e
| i b = o b B
wwEs | + = oD ® ll ¥ L F
L8 ¥ .‘.__-__ (L ] LG 8 ? e . H.n_ |
il } ] - ¥l |
Wisie 8] LLOp -y
W37 & | L B W7 & - B0
| I 1
LR IR BN O BN BN BN BN BN B DN RN IR BN I N BN BN NN E N NNENEEENFERENE NN




07 J¥S% UL LN By 2R Xi PUES-I[IS-AR]2 J0 pag _u_u_u_.E.th faay sdapaunned asuapnging o sonngEnsIc] (pela e 3y

COL

()
(FTleTy [ S
qE 2 b
Ll = — . I-
QYL = X7y
LML = o
WZL | b
£n
LUCETETE o )
b7
U . -
i [y v
oagEm a0
i
T
iql
A
WINgE -
T g i LF 'l
QAT & =
LKL - [ 8l
WX = [ 90
WY 4 e
20-
waanL ¥ b
LR
i oz
i _ W
Uiy . I e
ATET T B

wiI0E >
WET #
WY —
[EEE 5 | LA
WL +
WAMOT '
IR .
LA
wiap

Wi &

A
WINgT &
Wangr =
Wa0eT =
WIDET +
WAL Y
UFIYE
LI} &
wagr |

LITE &

000 000002 0eRN0BOLOOGEE POOCPebDeBORAC®epoe e

[

k0-
(4

'm
o
90
b3 |

(e)

B
-
Fid
g i

n
7
ERY
i




EDE
U7 355 O LIS S0 AT LY PSS Sn) s jo pag papeafap soaoocaspainmnd aavagmomy jo sonngeasng] (y=abe) s Fg

X ) Tl [4)
VAR L - £ RAOEE. iy 8 9 ¥ z v z
e s
3ot - i W9 - ¢« BN s &
L gl + By l_,l.-_ nw...a 1
waget = ! ALy - * B s Y i
e * B Y. “g .
s || “=0ti+ B W * v -
i et m oy 2oy T o
05" wInaT ¥ - ® s,
T W.. | W 4 - 4.-. = 1“. i ] M.r
LTS A + o
wige - _ 0f [ u v -~ i
S bU Bt By s YT v
WGy L Wy ¥
RR0Ee gD WIT # 4 _
1 . 1
1
] .
=00t - I WIKT > JiL (3]
wiogr e ¥E Bl BT 50 o usgare 21 27 Bl LY g
i i i il HI i ; .ﬂl
s = : s
= i A
W= ".‘. ..-i_. o WIHFT = “__..._"..I._‘. | g0
sy X vy WL - & W Sy | vo
H._._._. 3 o * B A s
N gt u WL ¥ g g
W : g @ Y™
\ i L ¥ £
W & - w0 0 ¥ CE A e -
Wk M a7 WY E P
WY & ﬂn_ WL # . Tn
1

00 000600006000 ¢0 08P OCGS SIOOOPOELEGEOIONEBGLOEONOEOEEOLES




1 CVES UL UL 0] AR RIL UR=)]15=AE0 0 pag papriSap g0 siaawened sousngan jo uonngrsic] (peeins s dig

WM =
WHFL #
WYt =
W =
WPEY ¢
W T
LR
W
Wy

LRI

#E

S

g BT an )

LU E
W] &
LU T =
W] =
WIEL §
WL Y
LU
LN 1
wany Il
TET 8

ipl

40

WAL =
VER)HT &
LIRAT =
L -
AR
WIAGNL W
LS
W
waor .
WII0T &

Wwapag =
WANET =
WOgET 4
Lo w
Wigy -
waq
ey |
LT

A
-] 90 T ] o o -
|
+
g1 ¥ ¥ 'l o £
s 4
Ll
i
LT '
= 1T g
Il ._ k * ’_ 1

=

L |

20 89 00 Q0CR 00000 0L0CE PO OPORobOReE®ggoe e e

=

ujz

(e)

W/




1A

B %S 0N UL 20) JINTKI PURS-T)IS-SR]0 0 poy papiifap aaa sazamieind aouapngan o veimgasic (4230 € iy

L i . e 3]
WE0T LU
I 1 1- E- il B E i
W] & o1- WIAE] | LoEs
WIOGT = _ ILIALAT - |
wigE] - | 1 LIk - t' I-
. . E I*F-
wgTL - & WAOET + 2 " VY
o Y. 50 y W e | 50
LEpa LY » v _TE LT W & “ Tl R u
e By 8 YV - & x 0 2 t. % =
ucgge |y B @ ¥ 3 WX ¢ _Hx" @ 3 1 3
o v .ﬂ_ £ o & II o “.. 14_ o o
i 1 [ |
WA .‘... ...- vr L] LG ' ..4. 2 vy - .ﬂw _
Wy e 5 WA W &
WINT & WOT @
T i
I .
o a
W7 Ratl — M 13}
: ; HE ar 21 ik o
WIRT 4 m £ L m..H Ju -ﬂ o : WONAT # ] i
Wy - LA |
WanpT - a0kt - Ex
WINET | wapzT 4 o -
wagonT v Y LG0T ¥ “ﬁ l.-_.i_ . R i
-] J
R | wEe i.ﬂ-u. e Y _ 5
L B SRS T
- .—l
LIa K L3NG "ﬂ - n |
Wy widr [ 50 _
[AE= vl WG T i _ _
!

T EERNEEEEEEFEE N E N E N N N N BN N N BN NN NN




2000 00020 Q0P 0L000 00090 et00e®se00eee

ALDHEE =
WONAT #
wansL -
WLOrT =
WARTE
WO ¥
EERII R ]
WG
[EsT Y |

TR

LN -
wangzt
WINAT =
LT =
WIHGEL +
WHMT Y
IR
WG
[Ny |
W e

o0t

1€ 5% "Ou L. ACT] SRITVIRIEE] ﬂ_.n.__uwn.-_.nrﬂ...nﬂ_u..—_..- g _._.....uuﬂgﬂn._uu Jasr sasaiunemd SHEAILARY o Lo s _"_..T_u:ﬂw. .m_.._

4L
FE BT g1 1o T
_
4 . [
-mwﬂ e
o T et
® yt. %
L F o
re _rhq F_»
| |
+MA
) ED ro

inl

LY
£

iq]

B
o

oo
¥
g0
o3
]

o

am

o

WINZ
UEGT &
LA -
WL =
UFMITT =
WAL ¥
ugge
g
UM

LT o

LT -
LIS &
LhI =
WINPT =
e P
Wty
WilG .
wiafg x
Wiy
WIE A

+ i
] 9 i oo o -
4
R a9 o o ] oo
—— L 2 =
Fy 7 " V
e * N
» e =0 @
] ._1
._-_-_H.I._.
X L
MI.

249
34
k-
ca

i}
ki
1
21

b F
- g
Bl
oo

Fal]
i
9n
wa

12}

ufz

iz

Yt




208

LN iyl
TR} v e BTk}
[ I- § aoe
IIHIET # T WHIET #
LIneT = HEML =
wagwl - | WY -
HEOET = URRFL 4
50
UDIT W - woappy W
¥
UEH]E @ [ o LI e
W R LI
et | g1 PERy o] |
WYY & _ WIINE &
I
WIOaE = ) LT
waIpgl = FE 27 ol LUBET &
wapoy = - - ¥ _ KINGT =
'
uapoel = o0 BIIET =
UWRINET -+ ] LEET 4
wInOT v F o | winpTY
0 =
W & F | uige
Il
_..__UE.H - _ L0 &
(ITRTS 1 | Logg | wigem
LT & B W &
!

I'C 2y voll Linkd A0 AL _.u_.._.._n;___.wn..m_wn.._ Ju g _..u._.__.u__.....-m.r-_m.__ dasn _.“._r._._r.__._.-_.'._.r...& AL LI 0 WOTINg LESIC) A - | ITE ..__..I.__u._

El | E L
: o
- = "
P -..'._._I M |
-t e y 1.8 b ED
m:® ¥ -0 L
+* - _"_h_.i 3 Ih_.
t .= ;. 0
...4‘..___ 5, 8 |
50
1
L1 1
AT 1=
8 f7 1 o o
3 .
&
70
Ve
413
0 %
Zh
- D
on
70
1

29 @ 0 0% 0o o009 H O OY PHO 0 DO g EAeds gt O Pe e



26 00 0000 QOPQDEEOCLOSRO OO0 Do Bouwuooe®gaooe e

20T

7 0SS TOU UNE 10) XL pues-i|is-Ae[a jo pag papeadap saa0 siauiesed auangan jo vonnguisigg (p-elzzs 8y

(2l

L]
WOORT & 3k P | wapgr .
BE i Bl g0 &0 T B0 90 ¥o TD o o
Eu:“._“nl i i Ly | WoOHL & | T - L L + 'F
W T = wogg L —
r- WEOYT - (4 2
WZL | Wt |
WET
SN 5 ; [ <o
-
A = WO Y "
= =
g L WKE & =
N
W Fso LN S
ke i _ Wapz &
T | T
A iq)
db . L N o
i 7l £n Zir o0 1 20
WRL LT WINST &
WY = | WINST =
T - ¥ WaOY -
WITE + WIZEL -~
sn
WgOT ¥ 5 | wwarw
_
(L5 T B 3 WY &
LS K LMD
| weorm =0 LW
| wace waIE #




TT s "OL LIRS 0] SEnPULL pis-jjis- ._._n_?.n._u_ ¥ u.:.,__._._.iw“..._-_ s =iaaneind RBLEA| Q] 30 AR 1] ARf-= ”__I..ﬂ..... .n..._.,_

VST
U] &
wIpa] =
wanE =
WP +
L ia )
WR0E &
LG 4
LA
LLIN)E

RFEAINE =
WOET &
WA -
AT =
WEaRET +
winpr v
LA R
wixg x
EENTY |
WIINE W

£

o

O

Bt

EL

50

LLIZSPWE
LLIMTRE &
wWagor =
WINPT =
lacky] |
g ¥
LU0
LISG &
Wiy W
LOQE 4

WIIHIE
LWOORT

LT =
WINET +
WOT ¥
WrME @
wagy x
wary

LLIST

JHL

e 2 g1

20 i

51

&'a

| &

ujz

50 @8 00000 90099900 VOO 00 509 EaedHe goBeb e



L E EE B NN ENEBRBNNEEENENFEEENEFEEEFEEEREEEE B ENENEYE R B |

i} I

61 J550) O LN J0F 2nsI _”_w____..w._..u_-_.-n_ﬂma._.”__mn.._“ﬁ_.._ i pag ﬁ#?.ﬁﬂﬁﬁ I siapatueavd FUANGIN] JO uInQLAsI (preieTc B

i) s ()
WIIONE WINNF =
Ll iR ' oLk Fagl] L1} -
WIORT » RS WIHEL f .
1
1LI09T = i | wangr = 20
|
et 9 | st = am-
wIgrL - - ¥ o | wapzt ¢ o
: g | £'0-
wagar v & & & s .m_ | WopoT Y -
] : u | =
wong @ * mE e t et [ o e - '
[ ] ¥ “_ L 2 |
L0 x b o 00 ¥ : 0
W0 @ | &4 30 | '
WINT # | B0 LI # 0
el T i
lq) | _
A N __m”_
WML = | HHERE : 3 - : :
L] oy bl T 4] o= 20 a1 wa £0 a o
WEMET & - - LINHT & d_‘ u..”.,w. ‘ i b I
L ot |
AT — = LIS = .l....-_._i._..l X m . ? Bl
" a
WA = ; a0 WML = o _-._-.l_-_ " .l ™ -y
wWInFT + i WA | ”!M.I.. L] ] i 4 ™ & * FiD-
L+ =1 b . | * g
WIAHT v & WAL ¥ S . | ‘"
0= T = * o =
. T i Hnr - . &n
WA = A -m i _ q
i . ¥ 03 o
wiigy | g 3 . ¥0
wanz & Bt L7 & -]




TTE

] IS0 O UL 0] AITINIL [PARIS-pURS-1jIs-AR]D g0 pag papesdap 1aso sanaueied 230 ngin Jo vonmguiste] (y-atge T4

T
Lega ] &
LR 4
WL -
LIIp2T 4
wapny v
WI0g -
Wang =
STl |

W0 &

WINIOZ
WL @
LURA] =
WINPT -
WIAGET
LEE T
wag @
W X
LIEsT Y |
LWIOOT &

e

2

1 L
#1

20

fu)

£'o-

ay
P
i

F o

¥
0

&0

W07

RIXIET® Y

L
L=
WORET
WA ¥
LN
WA &
LRI
WIANE &

(8)

LM
WIHT # FE
LR | I
LI T =
ALIEE =
WpE Y
ALIH
WL
ATERTTY |
LERTE

B

1]

e
49t
o
Lo

'

a4
2'n
et Vi

29 89 9 V00 6 00O ¢ P H OO OOP 00 PO P e e H e gt DS e e




PO 49 0 L, 00 ¢ 0T 9 e ddOoa e P PpOeovege ® g aae e e

f TS UL LI A0 iRl aaeii-1)is-an)a o paq papeiiap jaao simawried asuapngam jo uoungansic] (p-eitT s S

WI00T =
LIANAT &
WAL -
Ll L
LURET =
WL ¥
L)
L)
Uy .
(TR

wIngpe -
WOORT &
WOL =
WHIFT =
WML+
WNOL ¥
WINE -
LG
LT

U @

[*a]
-
[z
i~

[}

g1

- &

e

S

ITE

WAROT =
LIIDET #
waggy -
WINET -
wInge 4
wagot ¥
W @
W E
MY
I &

i |

WO -
{ WL &
W97 -
WL =
WAOET =
UL ¥
Wwig e
ETRT ) e 4
RS TY |
LT B

L]
T =10 Orfy o ra i} -
i
|
[
RN
Bl wn LAl ol i i
[

(3l
ﬂ..
ST
I-

-
e
Rl
L

te]
H.l
BT
Te
.._._.._u.Mu
il
L



ETE

O VS EF LA LITY N SIEEXILLE _u..._.m_.u.u.._,.u.___.m....“.__.nu i P Eﬂ_ﬂuumu_m_ 12Aan siauelnd SO RGN for LA s g | .__._1.._”_._4. (% m_.m

3 L | &
U0z > e n () | wongs 3L I#)
5 L T I E & 0z LT e 5 0
WOET & LIET #
= - L i — T
T — WINe] =
UTMET - e I ] = 51
WHIET I WAL+ I
W W = LN v
[ el = s>
W | LI
wi0G He EE r o
LR TEY ] & wigym 60
Wanz ¢ usgze |
— I
o} . (=)
| w200 = S WL L
g ¥ 3 e I ] E {1 £ £ 1 i
Y IWEACET &
| woogte 00000000 e i L g .
| uspoT- WrinaT =
| - 1 W - 51
_ WapET 4 rs WOQET 4 i
WiIpOL ¥ LEOGTY -
o F S0 T
LE0gE & LiGE @
L) A ] LA 3 o
WO &% L. 50
_ LUST & LU
| q H
!

8928 ¢ 3¢50 00¢0 )80 BNt BRPLrIedagstodse




S3CONCLLDING REMARKS

This chapter inehades the sty of rbulence charscteristics of Now over degraded channe] bed

& AW wos wsed bor ._'q_'||||_'-,_'|_i_||.l__r iy 312 1-\_'|-::l|::|l.1'.-' dotn over the 1.|-.‘g|'-c|1'a'-:'.1 bad of |_'|'.1:|.'-=.||l-
argvel, clayesili-sand-gravel, and clay-silt-sand mixtore in which clay 13 vaned as U,
0%, and 50 WinADY was wsed for filienng the collected velocity raw data and data
processing which gives the outpul in terms of mrbulence purameters. Le. lurbulence
intensity, lurbulence Kinetic enengy, and Reynolds shear siresses.

e Welocity is found 1o be lower just above the bed; however, o mcreases as moved
lorizontally towirds downsteeam or moved vedically acrass the flow depth wowards the
free surlace,

o Monmalizad wrbulence intensity ¢ | decreases lengitudinally as moved from apstream
to ikvwmstremn end: as more :_'h.'gr.hl:lln'-rl resulted 1o omrre ".l.:'l-.'ll."H:-' fluctunbions

s The position of maximum saboe of 717 s been lound arowsd the mitial bed level (e 2
= (0} for cohesive mixmre in the present siudy! however, this position of maximum value
gecirs below the tmitind bed level. especially inthe upstream s tons, in case of (s clay
comtent i e mistue Normalized mdbulence kinetic energy { FRET ) and  somilized

|E_.-_|...||1I|_Ix ahear sicess [ o’ s the sinilar trend of data as thatof 17 .
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CHAFPTER - VI
CONCLUSIONS

The fallowing conclusions have beern drawn from the presen] study.

» Faor incipient motion in case of eohesionless sediment mixture

¥ Critical shear stress for gravel particles has been stwdied in presence of silt for
non-Uniform cohesionless mixture e for sediment mixture of gravel-silt and
rravel-sand-silt.

¥ The critical shear siress for the gravel particles was found to be low in presence of
silt which may be atiributed 1o early dislodaing of silt and subseguent exposure of
the gravel particles which cuuses movement of gravel particles o low critical
shear SUCss,

¥ The visual observations of the channel bed afier the end of incipient motion
reveals the dominancy of gravel particles on the top surface of the channel bed
due 1o remaval af silt particles from the 10p laver of channel bed

¥ The critical shear stress of grovel pamicles in case of non-uniform sediment
Jeviates from that of uniform sediment, Therefore. 8 new relationship in the [orm
of Fq, (4.8} is proposcd for predicting the critical shear siress o gravel particle in
non-uniform cohestonless sedment

¥ The eritical shear stress computed from the proposed relationsoip shows a good
apreement between observed and compuicd values for data of Misn (1981} and
Kehole (1993) along with the present study. Thus 1t is concluded that the
proposed relationship predicis well the critical shear siress of gravel partickes in
sediment mixture of gravel-sill, gravel-sand, and gravel-sand-silt.

¥ The proposed relationship developed in such a way that it converges inlo
Brownlic ( 1981) equation in case of umiform scdiment.

~ Forincipient motion in case of cobesive sediment mixture
¢ The experimental siudy has been conducted for incipient motion of coarser

particles present in cohesive sediment mixture for chay-silt-gravei, clav-silt-sand-
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gravel, and clay-silt-sand, The clay content in theses mixture vaned from 105 o
5%,

High clay percentage significantly increases the critical shear stress. It may be
attributed 10 strong cohesive bond ameng the parlicles present in the mixture that
resulted in higher resistance of crosion against the flow and leads 1o higher value
of critical shear stress,

The presence of silt lowers the ¢ritical shear stress expecially when there (s jow
clay content (up 1o 20%:) in the mixture, This is atiributed 1o exposure of gravel
particles due to disledging of silt at lower tractive shear siress,

Clay content, waber content, and compaction are the main factors that govern the
incipient mation, however, effect of clay conient is more pronounced. As  water
contenl in the mixture and (478 govern the bulk density. it is appropriate (o
consider clay ¢ontent and bulk density as governing parameters for studying the
incipient motion of cohesive mixture m addion 10 the sediment size,

The appearance of the top surface of bed was found different for varying
percentage of the clay in the sediment mixiure. The dominancy of gravel particles
were noticed on the top surface of the bed for 10% and 20% clay content in clay-
silt-gravel mixture and clay-silt-sand-gravel mixture. However, the dominancy af
gravel particles on the wp surface was decreases with increase of ¢lay percentage
in the sediment mixiure, Patiern of mass crosion was abserved for highc‘r 1.:|-I.I._'_~
content i.e. 40% and 50% of clay content in the mixture.

A relationship has been developed in the form of Eg. (4.153) for the computation
of critical shear stress of gravel paricles that is suited to cohesive sediment
mixture of clay-gravel, clay-sand-gravel, clay-silt-gravel, amd clay-sili-sand-
sravel, A relationship has also Been developed in the form of Eq. (4.16) for the
computation of eritical shear stress of sand particles in cohesive sediment mixture

of elav-sili-sand

# For transport rate of sediment

v

High transport rate of sedimént was found in the mitial peried of time which
called here initial transpont rate, However, mitial transport rate decreases with the

increase of clay percentage in the mixture,
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¥ Eqguilibrium time pe. time required for allotment of final scour s alfected by the

clay content in the mixture and found o be increases with the increase of clay
content in the mixiure

{lay content and excess shear stress was found (o be governing perameters for the
transport rate of sediment.

Relationships have been developed as Egs. (4.46) — (4.48) and Egs. (4.31) -
(4.54) for the computation of bed losd transport rate and suspended load transport
rate respectively for clav-silt-gravel mixture, clay-silt-zand-gravel mixwre, and

clay-sili-sund mixiure

r  For transicst bed profile

-

v The transient bed profiles at the mid of fume width at & lengitudinal interval of

50 ¢m along the Mlow direction for different percentage of clay in the sediment
mixture of clay-silt-gravel, clay-silt-sand-gravel, and clay-sili-sand has been
studied.

Clay percentage. excess shear stress, and lime are the main parameters that goverm
the transient bed profile: Degradation of channel hed decreases with the mcrease
of clay percentage. Increase in excess shear stress accelemiles 1ne degradation. and
the bed degradation decreases with the increases of time fe. higher degrudation
ohserved in the initial period of time and after that it is low

The maximum degradation was found w oceur al 50 cm from the entrance ul
upstream working section for all the three cohesive sediment mixture in the
present study

The relationships have been proposed in form of Eqs {4.08) (4.70% for the
computation of bed profile for cohesive mixture of clay-sili-gravel, clay-sili-sand-
gravel, amd clay-silt-sand

The relationships have also been proposed as Eqs. (4.24] —{4.20) & Fags, (464 ) -
{4.66) for the computation of equilibrium time and maximum degradation

respectively for all the three cohesive mixtures in the present study.

Far turbolence charmeteriztics of fow
lurbulence characteristics of flow: in terms of distribution of velocity, urbukence

imensity, turbulence kinetic energy, and Reynolds shear stress: using Acoushc

217




Naoppler Velocimeter over the degraded cohesive bed has been made in which clay

varied as (%%, 30%, and 30%:.

Velocity is found to be low just above the degraded bed especially at upstrcam
sections, However, velocity increases as moved 1o downstream along the channel bed
as well as moved vertically from the channel bed to free water surface

Mhe wvelocity fuctuation is higher in upstream sections than that of downstream
sactions for vertical distribution of longitudinal velocity over the degraded bed,

he fluctuation in vertical distribution of velocity was reduced as the clay percentage
in the channe! bed increases from 0% 10 50%. It may be attributed 1o the level of
degraded bed which Found to be decreases o= clay percentage rise from 0% ta 50%
(he wrbolence intensity  decreases longitudinally as moved from upstream o
dewnstream end: as more degradation resulbted m higher velocity fluctuations. The
position of maximum valse of turbulence intensity has been found around the nitial
bed level for cohesive mixture; however, this position of maximum value occurs
below the initial bed level, especially in the upsiream seetions, in case of 0% clay
conlent in the mixture

Normalized turbulence kinetic energy and normalized Revonlds shear stress has the

simtlar trend az that of wrbolence intensiy

2la

e 0000 0 g 000 6@ 00 8 0 0° 0 00 0000 e a0 00 0 0




® O 0 00 ® 0 00 % 9000 0 0B 06 00 00O O OB BSOS OB o0

REFERENCES

Aberle, 1., Nikora, V., and Waliers, R, (2004) “Effects of bed material properties on cohesive
sediment erosion.” Murine Geology, 207(1-4), 83-93.

Adkers, P, and White, W, R (1973}, “Sediment transport: New approach and analysis.” Jowrmal
of the Hvdraulics Division, 99 1), 20412060,
Ahmad, M. F., Dong, ', Mamat, M., Nik, W. B. W, and Mohd, M. IL (20110 “The eritical
shear stresses for =and and muod mesiore™ -[ij:J'fﬂqf Mathematical Sciences, 3(2). 53-71.
Ahmad, 2. Sharma, 1, and Westrich, B. (2013). “Turbulence characteristics of flow over a
bleck ramp.” Jowrnal of Water Resowrce and Hydrawdic Engiveering, 2(1). 21-29

Ahmed, F., and Rajoratnam, N, (1998). “Flow around Bridge Plers.” Jowrmal of Hyvtrandic
Erigmecriig, 124(3}, 288300,

Ansari, 5. A, (1999}, “Influence of cohesion on local scour” IIT Roorkee. Phl). Thesis,

Department of Civil Enginecring, Indian Institute of Technology Roorkes, Roorkee. India

Angari, 8. A, Kothvari, U. C., and Ranga Raju, K. G. (2003). “Influence of cohesion an scour
under submerped circular vertical jets.” Jorrmal of Hydroulic Engineerimg, 129(12). 1014~
LOEY,

Ansari. 5. A., Kothyvari, U. C., and Ranga Raju, K. (i (2007}, “Incipieni mation characteristics
of cohesive sediments.” ISH Journal af Hydraulic Engineering, 13(2), 108-121

Arice, €., and Tuceiarelli, T. (2008). “Diffusive modeling of aggradation and degradation in
aritficial channels.” Jowrnal of Hh dralic Engineering, 13408}, | DT9—[DEB.

Ashida, K. and Michiue, M, (1971}, “An investigation of river bed degradation downstream of
dam.” Proceeding of 14th Congresy af IAHR, Paris, France, 147-130.

Ashida, K., and Michiue, M. {1972). “Study on hydraulic resistance and bed-load transpart rate
in alluvial streams.™ Proceedings of the Jopem Society :.!i'r Civil Engineers. 39-04.

Beck. J. 5. and Basson, G. K. (20030 The Ryoroudics of e impacts of deam develapmien on the
river morphology, Water Besearch Comission Report No, 1102103, Sewh Africa

Hegin, £, B, Meyer, D. F., and Schumm, 5. A, (1981), “Development of longiludinal profiles of
alluvial channels in response 10 base-level lowering” Earth Swrface Processes and
Lo, &0 1), 49-6K,

Beheshti. A A and Atale-Ashtiani, B. [2008). “Analysis of threshold and incipient conditions
fur sediment movament.” Coasted Engrimeering, 55(5), 423430

Bhallamudi, § ™., and Chaudhey, M. H. (1991} “Numerical modeling of aggradation and

219




degradauion in alluvial channels ™ Sowrnal of Hvdraudic Engineering, | 1709 11451164

Bigillon, F., Ning, Y., and Garcia, M. H. {2006). “Measurcments of furbulence characterisnes in
an open-channel flow over o transitionally-rough bed using particle image velodimetry.
Foxp F Turds, 41, B57T=RB67

Bridge, 1. 5. and Bennete, 5. 1, (1992), “A model for the entrainment and transport of sediment
graing of mixed sizes, shapes, and densitics.” Weater Resources Research, 28(2), 337361,

Brownlic. W. B, (1981 ). Prediction of flow depth and sedinent discharge.

Cao, £., Day, K., and Egashira, 5. (2002), '['nuplrui and decoupled numerical modeling of flow
and rr|-'.1r|'||m||]L1|::|| evolution in alluvial rivers.” Journel! of Hydraulic Engineering, 128(3),
J0e—221

Carollo, F. G, Ferro, V., and Termini, . (2005) “Analyzing turbulence intensity in gravel bed
channels.™ Jowrnal of Hyvdranlic Engineering, 131{12), 1030-1061.

Celling, M., and Lemmin, U, (2004). “Influence of eoherent flow structures on the dynamics of
suspended sediment transport in epen-channel flow.” Jawrnal of Hvdrawlic Engineering,
L30(1 1), 10771088,

Chollet, J-P. and Cunge, J. A. (1980}, “Simulation of unsteady flow in ellavial streams.”
Applicd Mathemarical Modelling, 4(4), 134244,

Colby, B, R, {1964), Sediment transport in allevial chamels, US. Gealogical Survey. Report
No. 462-A. 47 pp.

Cui. Y., Paola, C., and Parker, G. (1996}, “Numerical simulation of aggradation and downstream
fining.” Jowrnal of Hyedralic Researeh, 34(2), 185-204

Cunge, I, A, and Perdreau, N (1973} “Mobile bed fluvial mathematical meadels,”

Dehnath. K. Nikora. V. and Elliott, A, (2007). “Stream bank erosion: In Situ Hume tests.”
Journal of Trrigarion and Drainage Engineering, 133(3), 256-264.

Dey, S, and Barbhuiva, A. K. (2006}, “Velocity and turbelence in a scour hole at a vertical- wall
abutment.” Flow Measwrement and Instrumentation, 17(1), 13-21.

Dev, 5. and Debnath, K. (2000), “Influence of streamwise bed stope on sediment Lhreshold
under stream flow.” Jowrmal of Irrigation and Drainage Engineering, 126(4), 255-263

Dey. 5. and Raju, U, V. (2002). “Incipient motion of gravel and coal beds.” Sadhana, 275
550-568

Dey, 5., Sarkar, 5., and Solar, L. (2011]). “mlgar-bed turbulence characteristics al the entrainment
threshold of sediment beds.” Jowrnad of Hydranlic Engineering, 137(9), 945958

Dictrich, W. B, (1982, ~Senling velocity of natural particles” Waler Resources Research, 18(hA),
[al 5-1426

220

BEEEREEEEFEENREE N BN & B B I B B B BN BN R BN A B R B BN B




P 5% 5 0% 0 Q¢ 0 020 O 0O S 0B 00 P 2O " O 90 O 8O SO o @

Dong, P, (2007), “Two-fraction formulation of eritical shear siresses for sand and silt mixtures.”
Jorrnal of Waterway, Port, Coosial, and (cean Engineering, 133(3 ), 238-231,

Dunn, | 5. (1959). “Tractive resistance of cohesive channels.” Jowrmal of Geotechnical
Engineering, 85(3), |24,

Durgunoglu, A, and Singh, K. P. (1993), The ecomamics of wsing seghimeni-crerapment redwcton
measwres i foke and veservoir desygn WRC report nu. 216, Profect Noo G-2007-03,
Liniversity of ineis.

Egiazaroll, 1. V. (1963). “Calepletion of nonuniferm sediment concentration,” Jowrnal of
Fyelroudie Division, 91(4), 215-247

Einstein, H. A. {1942}, “Formulas for the transporiation of bed load.” Transacfems of the
American Society of Clvil Engimeers, 107(1), 361-377.
Cinstein, H, A, (1930}, The bed-load furcrion for sediment rahsportation 10 open chanred fows

Technical Butlferin No. 1026, USDA, Soil Conservation Service, Washington

Engeluad, F,, and Fredsae, J. (1976). “A sediment transport madel for straight alluvial channels.”
Hydrology Research, T(5), 203306,

Engelund, .. and Hansen, E. (1967). A monograph on sediment (FaRSPert i rifervial xirecinis
Teknizk Forlag.

Ferguson, R. 1, and Church, M, (2004). “A simple universal equation for grain senling velocity.
Jowrmal of Sedimentary Reszarch, 7406), 933-937.

Ferra, ¥V, (2003). “ADV measurements of velocity distibutions in a pravel-bed Tume." Earih

Surfirce Procesves amd Lomdforms, 28, TO7-722.

Garde, R 1., and Ranga Raju, K. G. (2000}, Mechunics of sedimem! franspoariolion anel aifuvind
stream probiems, New Age Internaional, New Dethi.

Gaucher, J., Marche, C., and Mahdi, T.-F. (2010), "Experimenial investigahion of the hydraulie
crosion of noncohesive compacted soils.” Journal of Hydraniic Dmgineering, 13611} 9G]
913

Guan, D., Melville, B. W, and Friedrich, H. (2014). “Flow paticrns and turbulence structures in
4 scour hole downstream of a submersed weir.” Jowrmal af Hyvdranlic Eagimeermg. [ 4001},
H8—T6

Guo. 1. and Julien, P. Y. (2001}, "Guo-JulientAHROLpdE” Jawrnal of Hydraudic Researcd,
39(1), 11=23

Havashi. 1., Ozaki, 5., and Ichibashi, | (19807 “Study on bed load transpost ol sediment
mintures.” Froceeding of 24th Japamnese Conference an vefrantics, Japan, 3543,

Holtordl, G. (1983 “Steady bed mawenal trongpert i alluvial channels " Journal of Hvdvanlic
Frviyior, 109027, 683 R4

a1




Houssats. M., and Lajeunesse, B, (2012). “Bedload transport of a4 bimodal sediment bed
Jourral of Geopfnesical Research, | I N FO40E3), 1=13.

1S, B of 1, 5 (1970), “Classification and identification of soils for general eaginesring
purposcs. Ay 1R,

15, B of LS. (1975), “Determination of dry density od soils [n-place by the core-cutter method.”
IN: 2720, Pan XXIX

15, B, of 1. 5. {1981}, “Determmation of unconfined compressive strenath.” I8 2720, Part X.
Iwagaki, Y. (1956). “Hydrodynamical study on critical tractive force.” frams. of ISCE, 41, 121

Jain, B K. (2008). “Influence of cohesion on detachment and transport of clay-sand-gravel
mistures.” Ph.D. Thesis, Department of Civil Engineering, Indian [nstitute of Technolegy
Roorkee, Roorkee, India

Jain. R, K. and Kothyari, 11, €. (2009), “Cohesion influences on erosion and bed load transport.”
Water Resources Research, 45(WH6410), 1-17

Jain. B K., and Kothvari, U, €. (2010}, “Influence of cohesion on suspended load transpart of
non-uniform sediments.” Jonrna! af Hadrawlic Research, 48[1), 3343

jain, B K., Kumar, A., and Kothvari, U, € (2005]. “Turbulence statistics of flow through
degraded channel bed of sand-geavel mixture.” Jowrnal of Hydro-enviranment Research,
Iniemational Association for Hydro-environmen: Engineering and Resecarch, Asia Pacific
Drivision, 9, 308514,

James. C. %, (1990). *Prediction of entrminment condilions for nonuniferm, noneohosive
sediments.” Jowrng) of Hhefrawlic Research, 28(1), 251

Jepsen, K., Roberis. 1. and Gailani, 1. (2000} “Effects of bed load and suspended load on
separation of sands and fines in mixed sediment.” Jowrnal of waterway, port, coastal, and
acean enginecring, 136(6), 319-326

Jepsen, R., Roberts, 1., and Lick, W. {1997}, "E fects of bulk density on sediment erosion rates.”
Waier, Air and Soil Polluiion, 9901, 21-31,

Julian, 1. P, and Torres, R. (2006). “Hydraulic erosion of cohesive riverbanks ™ Geamarphology,
16{ -2}, 193-206.

Julien, B, ¥, {2002). River Mechanics. Water, Cambridge University T'ress, Mew York, 434 pp.

Kamphuis, J. W, and Hall, K. R. (1983} “[ohesive material ernsion by unidirectional cumrent,”
Jerenen af Pheolrowlic Engineeriing, 109 1], 4961

Kassem. A. A. and Chaudhry, M. H. (1998). “Comparison of coupled and semicoupled
pumerical models for alluvial channels.™ Sorral af H__I.-TIrFTF".Ilff' Erarineering, | 2a(K). To4
B2,

Khullar, ™. K., Kothyar, U, ., and Ranga Raju, k. G. (2010} “Influence of cohesion on

222

EHENENFEEEREBENEBRNE B B B I B B B I I B A B R B B B BRI I




suspended load transpert of non-uniform sediments.” Jowrnal of Hydraulic Eagaeering.
I 3648}, 534543

Kirkil, G., and Constantinescu, G. (2000}, “Flow and wrbulenée structure around an in-stream
rectangular cylinder with scour hole.” Waver Resources Hesearch, 46, [-20,

Kise, O (2011}, “Distribution of turbulence statistics in open-channe] Mow.” laternational
Journal of Hhe Physical Sciences, 614}, 34263336,

Kathvari, U, C, (1996). “Erosion and sedimentation problems in India." Erosion and Sedimen
Yield: Glohal and Regional Perspectives, FAHS Publ. na, 236, 1996, 331340

Kothyari, . €., and Jain, R, K. (2008). “Influence of cohesion on the incipient motion condition
ol sediment mixtures,” Warer Resotrces Research, 44, 115,

Kothyari, U C., and Jain, R. K. {2010a). “Emsion charactenistics of coheswve ediment
mixtures.” River Flow, B15-821.

Kothyari, U, €., snd Jain, R. K. (2010b). “Experimemal ond numerical investigations on
degradution of channel bed of cohesive sediment mixtures.” Water Resowrces Research,
46(12), 1=15

Kothvar, U. C., Kumar, A, and Jain, B, K. (2014). “Influence of Cohesion on Rivir Bed Scowr
in the Wake Region of Piers.” Jowrnal of Hydrawlic Engmeering, 14001, [=13.

Krishnappan, H. G. (1985). "Modchng of wnsteady flows in alluvial streams™ Jowrma of
Hudrewilic Engineerimg, 111(2), 257-266.

Kuhnle, . A. (1993), “Incipient motion of sand-gravel sediment mixiures.” Jourmal of
Hhdrauiic Engineering. 1190120, 1400-1415

Kumar, A., and Kothyari, U, C, {2012). “Three-dimensional flow chasacteristics within the scour
hole around cireular uniform and compound piers.” Jowrmal of Hedraullc ERgIReering.
1 38(5), 420-429.

Lvle, W. M., and Smerdon, E. T. {1965), "Helation of compaction and other soil properties w
erosion resistance of soils.” Trans, ASAE, 415411,

Lyn, D A [1987). “Unsteady sediment-transport modeling.” Jowmal of Hyerawlic Engineering,
[13{1), 1-14.

Lym, 1. AL (1993). “Turbulence measurements im open-channel flows over artificial bed forms™
Jotrnal of Hvdrawlic Engineering, 119(3). 106326,

Mackin, J, H. (1938). “Concept of the graded river.” Bulletin of the Geological Sociely of
America, 59, 463-311

Mazumder, B. 5., and Qjha, 5. P, (2007), “Turbulence statistics of fow due to wave-cumrenl
interaction.” Flow Measurement und Instewmentasion, 18, 129—138

Mchia, A. J.. Havter, E. 1, Parker, W. R, Krone. R B.. and Teeter. A. M, {1989 “Cohesive

123




sediment transport. |1 process deseription™ Jowrnal of fHvdraulic Engineerving, 115(8),

10761053,

Mever-Peter, E. and Miller. B. (1948). “Formulas for bed-load transporl.” Proceedings of the
2rd Meeting of the International Assoclabion af Hydvindlie Rerearch, TAHR, Smockholm,

3904
Wisri, B L, (1981). “Partial bed load transport of cearse nonuniform sediment.” ITT Roorkee,

Migri, R. L., Garde, R 1. and Ranga Raju, K G. (1984), “Hed load transport of coarse
nonuniform sediment.” Jowrnal of Hydraulic Engineering, 110(3), 312328,

Mitchener, H. and Torfs, H. (1996). “Erasion of mud/sand mixiures” Coastal Engineering,
2012}, 1-25

Mostafa, T. S.. Imran, 1. Chaudhey, M. H., and Kahn, 1. B. (2008). “Erosion resistance of
cohogive soils ™ Jowrmal of Hdraulic Research, 4o(6), 777-787.

Murray, W, A (1976). Erodibility of coarse Sand / clavey sili mixtures, Report No.41L.2, 15 pp

Muzzammil, M.. and Gangadhariah, T, {2003}, “The mean characienstics ol horseshoe vanex al
a eylindrical pier.” Jowrnal of Hydraulic Research, 41(3), 285-297.

Merw. L (19771, “Turbulent Structure in Compound Open-Channel Flows.” PhD. Thesis
Deparment of Civil Engineering, Kyoto universiy, Japan.

Nikora, V., and Gorng, D, (2000). “Flow turbulence over fixed and weakly maohile gravel beds.”
Journal of Hyvdranlic Engineering, 126(9) 679690,

Mujic, M. {1995). “Efficient implementation of non=0scillatory schemes for the computation of
free-surface Dows.” Journal of fypdramlte Research, 3301, 101=111.

Ojha, 8. P., and Mazumder, B. §. (2010). “Turbulence characieristics of flow over a scrics of 2-I}
bed forms in the presence of surface waves.” Joeral of Geophyxical  Research,
| 15(FO4016), 1-15,

Owens, P. N, Batalia, R, 1., Collins, A. 1., Gomez, B., Hicks. D M, Horowitz, A. L, Kondoll,
(i, M., Marden, M., Page, M. )., Peacock, D. H., Paticrew, E. L., Salomons, W.. and
lrustrum. N. A, (20055 “Fine-grained sediment in river systems: environmental
significance and management issues.” River Research and Applications, 21, 623-717,

Paintal. A, S (19711 “A Stochastic Model OF Hed Load Transporl,™ Jowrmal of Hveeanlic
Rexearch, H4), 527=554

Panagielopoulos, 1., Veoulgans, G, and Colling, M. B. (1997 “The mfuence of clay on the
threshold of movement of fine sandy beds.” Coastal Engineering, S2(1), 1943,

Parchure. T. M., and Mehta, A. J. (1883). “Erosion of soft cohesive sediment deposits.” Journal
af Hydrowdic Engineering, 111{10), 13051326,

Parker, G, (19791, “Hydraulic geometry of active gravel rivers.” Jowrnal of Hydraulic Division,

£24

P e 980 pg e e d® e 000 o0 B P o0 e e bed e 00 0




P 9 0000 ® 0 00 9 0 B9 O DO O OB 0O OB VS T O 9O P OO e o0

19509), 1185-1201.

Parker, G, (1990). “Surface-based bedload transpon relation for gravel rivers.” Jowrmal of
Fhvdrawlic Research, 2804), 417416

Parker, G.. Klingeman. P. C, and McLean, . G. (1982). “Bedload and size distribution in paved
gravel-bed streams.” Jowrpal of the Hyvavaulics Divixion, 108(4), 544-571

Patel, P. L., Porey, P. D., Ghare, A. 13, and Patel. 5. B. (2009, “Entrainment characteristics of
nonuniloem unimodal and bimodal sediments,” KNCE Jowrnal af Civil Engrimedring, 13(3).
1809y

Patel, P. L., and Range Raju, K. G. {1999), “Critical tractive stress of nonuniform sediments.”™
Jownal of Hvdrawdic Reseaveh, 37010, 39-58

Proffit, G. T,, and Sutherland, A. J (1983}, “Transport of non-uniform sedimenis ™ Jdowrnad of
Hydvanlic Rexearch, 21(1], 33413,

Van Prooijen, B, C., and Winterwerp, J. C. (2010}, "A stochastic formulation for erosion of
cohesive sediments.” Journa! of Geopliysical Nesearch, 115, 1-1 5.

Qian, H., Cao, Z.. Pender, G, Liv, H., and Hu, P, (2013). “Well-balanced numerical modeliling
of non-uniform sediment transport in alluvial rivers,” fmermarionad Josrmal of Sedinent
Research, Elsevier, 30(2), 117-130

Ramesh, B. (2012). “Near bed particle motion over transitionally rough bed using high speed
imaging.” Ph.D. Thesis, Civil Engineering, [IT Roorkes, India

Ravisangar, V., Sturm, T. W, and Amirtharajah, A, (2005). “Influence of sediment struciure on
erosional strength and density of kaolinite sediment beds.” Jowrnal of Hudrowie
Engineering, 131(5), 356-365.

Roberts, )., Jepsen, R, Goithard, I, and Lick, W (1998). “Effects of particle size and bulk
density on erosion of quartz particles.” Jowrnal of Hwdraulic Engineering, [24(12), 1201
| 267,

Rodriguez, 1. F., and Garcia, M. H. (2008}, “Laberatory measurements of 3-1 flew patierns and
turbulence in straight open channel with rough bed " Joarnal of Hydvanlic Research, 46(4),
454465

Samagr, B. R. Ranga Ruaju, K. G., and Garde, K. J. (1986a} "Bed load transpon of sediment
mixtares.” Sonwenal of Hydraidic Englacering, 112011, 1003-1018

Samagz, B. R, Ranga Raju, K. G, and Garde, R J. (1986b). “Suspended load transport of
sediment mixiures.” Jowrnal of Hydrawlic Enginecring, 1121 1), 1019-1035.

Sanford, L P, and Maax. 1. P-Y, (2001}, “A unified erosion formulation for fine sediments.™
Marine Greolopy, 1 79(1-2), 9-13

Shields, 1. A, [1936). Applicailor of similarity principles and wrbulence research fo frel-load
mavement Fublication o, 107

225




Chvidchenka. A. B.. Pender. G., and Hoey, T. B. (2001}, “Critical shear stress [or meipient
metion of sand/gravel streambeds " Water Resources Research, 37(8B), 12732181

Gimaes. F 1 M. (2014, “Shear veloctty criterion for incipient motion of sedimient,” Waver

Sewpnce and Engineering, Hohai University. Production and hosting by Elsevier B.V.. 72),
| 83—193,

Simans. [ B Richardson. .V, and Haushild, W. L. (1963) Some effects of fine sedimient an
_f?:ul' ".l‘.llh'.'?'i‘l'.l"f{'llﬂ.

Singh, A. K., Kothyeri, U C,, and Ranga Raju, K G. (2004}, “Rapidly varying transient (lows in
alluvial rivers.” Jowenal of Hydraulic Research. 42(5), 473480,

Singh. M., Singh, 1 B, and Miller, G. (2007). “Sediment characteristics and transportation
dynamics of the Ganga River.” Crenmorphaleay, BO(1=1), 1844173,

Singh, & K., Debnath, K.. and Mazumder, B. 5. (2016). "Turbulence sttistics of wave-current
Moww over a submerged cube.” Jowrmal of Waterway, Porr, Coastal, aied Clcean Enginecring.
142(3), 1-20

Singh, U K, Ahmad, Z. and Kumar, A. (2013), "Turbulence structures over miobile-bed of
cohesive sediment mixture.” Hwdro 2013 linternational, IIT Madras, Chennai, 714720,

Singh, V., and Bhallamudi, 5. M. (1997). “Hydrodynamic maodeling of basin irrigation.™ Jowrre
af frvigation and Droimage Enginecring, 123(6), 407414

Song, T., and Chiew, ¥. M. (2001). “Turbulence measurement in nonuniform open-channe! flow
using acoustic Doppler velocimeter (ADVE™ Jowrmal of Engineering Mechanics, 127(3),
219232,

Song, T., and Graf, W. H. (1996). “Velocity and turbulence distribution in unsieady open-
channel flows,” Joanal of Hvdraulic Engineering, 122(3), 141<154

Sani. J. P Garde, R, )., and Raju Raju, K. G. [1980). “Aggradation in streams due 10
averloading.” Jourmal af Hyvdraulic Division, 106, 117132,

De Sutter, R, Huyvgens, M., and Verhoeven, R. (2000}, “Transport of sediment mixtures.” The
pole of erosion ond sedimend ranspard in puirient e contarinaril transfer, [AHS
Publicarion Na. 263, Walerlon, Canada.

Swamee. P. K. and Ojha, C. S. P. (1991). “Bed-load and suspended-load transport of
nonunifonm sediments.” Souwrnal of Hyvdraufic Engineering, 117(6), 774787,

Tominags, A., Nezu. L, Eeaki, K. and MNakagawa, H. (1989). “Three-dimensional turbulent
structure in straight open channel flows.” Journal of Hydrantic Research, 2701), 149-173.

Torfs, J.. Jiang, 1. and Mehta, A. J. (2000), “Assessment of the erodibility of fine/coarse
sediment mixtures.” Proceedings in Muavine Science, 109-123,

Vogel, K. R, MNiekerk, A van, Shngerland, R, 1. and Bridge. J. 5. (1992). "Routing of
heterogeneous sediments over movable bed: Model verification.” Jowrnal of Hvdvaulic

Py i




E N E B R E N I N R R E T T E T Y

Enginecring, 1 18{2), 263-279.

Wan, C. F., and Fell, R, (2004). “Investigation of rate of crogion of soils in embankment dams.”
Jowrnad of Hydranlic Ergineering, 130(4), 373380

Wang, J.. Guo, W., Xu, H., Jin, Z. and Zhou, Y. (2012). "Study on incipient motion of
consolidated cohesive fine sediment.” Applied Mechanics cmd Murerfols, 204208, 154-
35K,

Wibery, P. L., and Smith, J. 1. (19587). " aleulations of the criticnl shear stress for motion of
uniform and heteropeneous sediments.” Waner Resources Research, 23081, 14711480,

Wijctunge, 1. 1, and Sleath, J. F, A, {1998). “Effects of sediment transport on hed friction and
turbulence. " Jornal of waterway, port, coastal, and ovean engineering, 124(4), 172178

Wileock, P. R. (1993). “Critical shear stress of natural sediments.” Journa! of Hydraulic
Engineering, 1194), 4915303,

Wilcock. P. R, Kenwaorthy, S T., and Crowe, ). C. (2001 ). “Experimental study of the trinsport
of mixed sand and gravel.” Water Resowrces Research, 37(12), 13493358

Wilcack. P. R.. and Southard, J. B. (1988}, “Experimental study of incipsent motion in mixed-
gize sediment,” Warer Resources Research, 2H7), 11371151

Wintcrwerp, J. C.. van Kesteren, W. G. M., van Prooijer. B., and Jacobs, W, (2012) "A
conceplual framework for shear flow—induced crosion of soft cohesive sediment beds.”
Jorormal of Geaplysical Research, LITC10) CHOUZ0,

Wong. M., and Parker, G. (2006). “Reanalysis and correction of bed-load refation of Meyer-
Peter and Miller using their own database.” Jowrnal of Hwdraulic Engmesring, 132011,
[ 1591158,

Woo, H. Julien, P. Y., and Richardson, E. V. (1987). "Transport of bed gediment im clay
suspensions.” Journal of Hydraulic Engineering, 113(8), 10611066,

W, B, Molinas, A., and Julien, P Y, (2004}, “Bed-material load compuiations for nonuniform
sediments,” Jowrnal of Hvdraulle Engineering, 130(10), 1002=1012,

Wy, B, Molinss, A, and Shu, A. (2003), “Fractional trensport of sedimenl mixtures,”
Imtermational Jowrnal of Sediment Research, 18(3), 232-247.

W, W, Wangz 5. 5. Y., and lia, Y. (2000}, *“Nonuniform sediment transpor in alluvial rivers,”
Jowrnal of Hvdraulic Research, 380603, 4217434,

Xu, 0., Bai, Y., li. C., and Williams, 1. (2015). “Experimental study of the density Inlluence on
the incipicnt mation and erosivn modes of muds in unidirectional flows: the caze of
Huangmaohai Estuary.” Geean Dywamics, 65(2), 187201

Nu, Y. Hand, H., Chu, F., and Liu, C {20714} “Fractal model for surfice erosion of cohesive

b b e

coediments.” Fracialy, 22035 1430006,

Frr




valin. M. 8. and Karahan, E. (1979). “Inception of sediment transport' Journal af fhe
Hivadrantics Division, ASCE, 105(11), 1433-1443,

Yang, C. T. (1973). “Incipient motion and sediment transport.” Joarral of the fhdraalics
Twdsdom, W 100, 16791 T4

Yang C T. Molinas, A and Wi, B. (1998). “Sedument transport m the Yellow River,” Journa
;-_,"-.nlllr'| P LR e |r|l.":.;.l'u|..'|,'r g, '::l. 5} 230244,

Fanke. U, C. E. (20031, “On the influence of turbulence on the initiation of sediment motion.”

s

Internationa! Jowrnal of Sedinent Rervaarch, 1R, 1731

ho. ¥, Ho T, ), ¥, Liao, H. 7., Wang, 1. 5., Fan, B. L., and Yao, 5. M. {2008}, “Rescarch on
cohesive sediment erosion by flow: An overview" Selewce i Ching, Series E
Techmolagical Sciences, 5111} 20012012

B e ®HO B g o0 s &0 98 0 2o 8" 8 T H 00 % d e By %o e 0 g




622

TLE00 | 09100 | 67100 | I8500 | 000 | 9441 OWwG | 0Os8T | o0oOE | coOE | DKDE | opor | s¢
3600 | 96000 | 60LDO | {SPDO | 00D 1281 8¢ | 0OSET | OOOE | DODE | ODOE | 0001 52 |
| 06E0D | BETOD | £EIDO | ¢¥S00 |  DOD (98T et's | DOSAT | DODE | DODE | OO0 | 0OD ¥i
“5g¥D0 | 19000 | €9%00 | EOS00 | 000 | E5L1 | v90L | ODSET | ODOE | OOFOE | OOOF | OO0 | ZF
DISEG | 0S000 | 9pZ0D | ESE00 | Wb ik GFOC | ESG1 | Seeel | O0O'ST : oost | ooos | T
BIZLO | 5000 | TZZ00 | £O0WOD | EEEE booz | S¥91 | SeEL | 00ST - post | ooos 1z
| w0910 | €2100 | OZZO0 | BEEOOD | ITiv 090E ThtT | Se6EL | DOSE x post | 00D5 oE
TLFTD | 9600D | EEI00 | SEZ00 | §Z0E | LeO0¢ | PATL | SIGEL | DOST . 0OSE | o005 | 6T
LERDD | TBOOD | WETO'D | GOEOD | 6B /81 | 9011 | fwigl | DODE | - OOOE | oOOv | BL |
| ¥Z¥I'D | POIOD | OEZO0 | L6800 IR'RT T0'&T POvT | TRIST 00'0E . 00Ok 000t (4
SETT'D | §BODD | BDEDD | [850°0 | 6012 6T | ZHEl | fwi9'1 | OOOE : DODE | ooOF [ 9T
(V10 | 09000 | ZCEDOQ | S8v0'0 | i17E B8l | Or9L | IWOT | DOCE . oo0E | ooor | ST
| 50500 | L6000 | ECTOO | BLECO | HEW il | G0t | GOSE’T | OOSE - | oose | oonE vl
{6500 | L1100 | vELDO | T8E00 | oBIl | Ss81 [ v9Ot BOSET | OOSE - 0USE | O0°DE El
[orsp0 | Zri00 | IELDD | BUPOD | SETL 9L L1 TLL | GOS6'T | OO0'SE = DOSE | OO'DE 71
99vD0 | 6000 | 1ZI0D | BLEQD | LEOT (BL1 | THTL | BOSET | OOSE : OSE | OOOE Il
£SH00 | 0BO0D | 660D | Z[E0Q | (801 OELT | 1901 | GOSBE | DOSE : 00'SE | ODOE ot
(ZP0D | Sv000 | LE100 | vREOD | 454 | 199t GTIL | 9L | 000b - wor | ooof B
SBEOD | FR00D | €100 | EAOD | s | fwel | BETE | IZE | 000K : 00OF | 000k F_ |
BEPOD | DZIO0 | €6000 | EOEOD | S6S 9, ¢l | SYET | 9aEeE | 0O0W > oooy | ooz £ |
Svv0D | 66000 | 96000 | BeraD | woc | b9ur | ETTL | SUZE | OGO x toor | 000 3|
Z6E00 | wBOOD | £BO0C | Z/20'D | 00D EEGL | SRLT | EOSZ | DOUSK - gosy | o0l 5
SEECTD | we00'0 | €800°0 | S5Z0'0 opo | TIEL BIPT | EMOSE | OOSK 22 005y | 00701 4
TZEDO | 6000 | 64000 | SSTO0 | 000 GUZT | SUSL | €W0SZ | OOSH : posy | o000t E
OE0U | S£0000 | SO1000 | EEEDO | 00D 3581 | EcOl | €w0GT | OOSE | oose | oot Z
“IPEDC | £900'0 | OTIO0 | €3€00 | 00D QELT | €091 | EvDSE | 0OSH — | oose | oowr | T
Tew) | @) [ () | fol [ {6 [&) 1] & W | e @ |
() I Bhw) | (w) | e Ne] [ Q) | (sl [ww) | jeneig | pues WS Ay ‘on
e g 5 | v | s | % .._ " (%) suonJodosd juawipas uny |

wonom juardizuy 1o samanneind SONEIPAY PuE jUSEIPYS

V= XIONAddY

e ® 8 0 00 9 00 80 b & 90O OO e 08 SOy o0 0 g BB s




----il-iinnllill--_ii-ﬁ-_l-t-i-ill

DEZ
180Z°C | ¥EO0D | 61100 | B9E00 | OZ 62 I661 | O0LT | 6020 - O00f | DODE | ODOp | WS

TSYC0 | 65000 | ECIOD | ELEOOD | S0FE 0F61 | Se9T | fvoro O0OE | OODE | o00Ov | IS

| o1izo | evooo | SGI00 | TESO0 | SE'LE sTor | Zrer | Tvozo 000E | 000F | ODOP | 95

| Dfzzo | 5000 | L1100 | SSECD | STEE St bl 9y vl | IVOC O ODOE | 000E | o0O¥ | S
OpLT0 | 6EO0D | STIOD | EOMOD | ¥EUT 0E61 | 1950 | 6SEZC - 00SE | O0SE | ODOE | 95
EI60C | ¥5000 | G110°0 | L6£00 | BE'8T v08T | TFET | BSELD 2 DOSE | DOSE | O00E €5
65020 | 15000 | TTIOO | 94600 | BTOF oroz | 8091 | 65EZ0 . oo'se | oo'sE | oooe 15
/910 | two0'D | STI00 | BeE0Q | EEbE 8C61 | EZST | 6SEZ0D - DUSE | 00'SE | O00E 15
E0OT'0 | ES00°0 | ®000 | TLZ00 5L aff1 | 1T | 9s9t0 - poov | oooy | oooz | oS
(VD0 | £30000 | THODD | SZE0D 598 goal | TZeT | 94920 | - 000 | oo0y | o002 &Y
SSEL'0 | L2000 | ZI00'0 | £5¢00 |  TCH oTEl | 0591 | 94920 - | oo'ox | ooy | oooz BY
OSPL'O | LEOOD | £L00'0 | 99200 | 6811 8561 | STEL | 94920 : 000F | 000¥ | 0002 v
(0010 | OFOOD | Zi000 | GUEDO EO0L TEWT | BITD | EGGLD - | oo'sy | wasy | ooot oy

| 8OIT'0 | Tv00'0 | OEO00 | $SEOC 565 DEZl | OZEL | EBBZD - DOSY | 0OSP | DOOL 5v
16I1°0 | 85000 | QL00°0 | EBEOO B9 | Wil | 0S| EG6ZD e DoSy | ooy | oot L
SEZ10 | pSO0'0 | TL000 | £4FOQ 63 8161 296l | EGBZD | - oosy | oosk | 000 | £F |

| 08’0 | pROD'D | Z6IOD | EZROO | TH'SZ E0OT 59bl | OWED'L | £991 | £991 | [991 | 00WS I
UEOT'0 | GE00'0 | ZIZ00 | €5S000 | SV6T S5El | EWZL | OFEOT | 991 | £991 | (991 | 000 i

| EDET'D | TBO00 | L1200 | OLFOD | SCEW 90TZ | E9pl | DweOT | 04l | 991 | (99T | 0005 | oOb
EREL0 | ZOTD0 | S8T00 | SZw00 | TOOF LL'0T GLPT | Oveot | 2991 | £9901 | 2901 | 000S 5E |
BEGO0 | £9000 | C¥I00 | BSE00 | B 6C STO¢ | OUEL | DBEct | OOOZ | OOOC | OODE | OO0 | BE
vPELD | 85000 | 29100 | €00 | ZU8E (F0{ | 10wl | OBECL | DOOZ | 00GZ | DOOZ | 00OV | L€

{1000 | 09000 | S9T00 | 8900 | EOUZ OO | BLEL | OSECL | OOOZ | OOOZ | OODZ | OOO® 9

| EBLO00 | 99000 | SSI00 | STROOD | 8491 T161 TUZL | OBELL | O0OZ | OOOZ | OODZ | OOV SE
B0LO00 | €BOOD | £F10'0 [ 1900 | 4841 OFG] | Z9°C0 | OZvp'T | EEEZ | EEEL | PEEZ | OODE | BE
O7G00 | BYOO'D | SELOD | 96200 | 7681 ZEGT | SUBT | OZywT | EEE€C | €EEZ | EEEC | 0O0E EE |

| SvA0'0 | OO0 | CTOO | wEEOD | 0002 6561 (VET | DEpeT | EEEZ | €EEL | EERZ | DOOE 3

| 74800 | €600'0 | TPI00 | @bECO | Gp6L | OR6I TEEL | OZobT | €rer | €EEf | EEE | OOOE i3

" §4500 | TOT00 | £TT0°0 | TeeOD | 599 pwBL_ | OCII | O9v9T | (997 | ¢£8%%7 | eg9e | oooe | Of

| 19400 | S9T0'C | EETOD | Sow00 | 6vd 96 91 s9gV | 0ov9 T | 99t | f9'9r | 99 | ook &2

06000 | SEIOU | DELDD | 98900 | %18 9 6l 8591 | 09v9T | 99t | ¢99f | 99z | ooof 8L
0ZEOD | YPIOOC | LEL0O | £9900 |  £54 SLHL | bWOL | 09991 | (997 | (997 | 99 | OOOC T

7 O < BT [G] ] b | @ | & W (€] T




IEL

EBLO0 | 98000 | B9OOC | 69E0D : : - DIEED -~ [ogos [mos | - | 08 |
6500 | ve00d | 89000 | TiE0D : - : OTEED - | ooos | O0'0S Y sE
€500 | 950000 | 69000 | OLED'D - - OTEED - 0O'0S | D0°0S - B
TZE00 | 55000 | B9000 | SLE0°0 : : - OIEED | - G0'Ds | DO0S - L
ZeE0D | 6000 | 12000 | ObZOD : . = DIBLT | OODS : 0o0s - ol
CE0EO0 | £000D | 12000 | SKTO0 | - 3 : OIRLT | 0ODs 0005 : & |
BLE00 | UOOD | 69000 | ESTOD | - . - grelz | oOvos | - | 00°CS : oL
YREQD | SOTOD | 4000 | Z¥EO0 $ ; - OLRLT | 0008 : oo 0s = EL
LIEOD | Z800'D | /OO0 | ?SEDD : - . DYSOZ | EEEE | EEEE | EE'EE : 7
T9E0D | Z600'0 | EO9000 | 520°D . . : ops0 | EEEE | EEEE | EEEE | - 1
VSEOD | £900°0 | TL000 | €SZ0D : : ~ | ows0z | EcEc | EEEE | EEEE — | o
BOE0D | TL000 | S{000 | E9L0D . - - QpSDZ | EEEE | EFEE | EEEE : 63
BIS0D | 79000 | vOSO0 | EBLDD : = - 000S S - - : _ P
11500 | 54000 | 65v0°0 | 85200 : 1 00055 g : - 1 B
GISOD | S800°D | GZ¥00 | 10400 - - : 0005'S - = N
_L1S00 | 15000 | rpe00 | 14600 w T = : m005S | U0O0L - 5
[vp70 | GEDDD | BROOD | TLZOD | 96T (98T | 1651 | SELTD - ooz | bO'sE | Loos =]
9EGT0 | veDDD | LROOD | E£pZO0 | SSOZ [98T | §L4T | SELTD | - 00GE | DO'ST | Cois £9
[Z3/T0 | 400D | BziOD | £0%0°0 | 6LEZ TOBT | T4l | SELTD - oSz | o00SZ | 0005 | 19
ELBTO | COLOD | GLOOD | OSEOD | 9E1€ w6l | ETLT | SELLO : p0sZ | 005 | 000S 13
9EED | BIIOO | €100 | #wEDD | WPEE 0AEL | BE6T | SZLTD - [omsz | oo'sZ | 00DS 04
T BOZED | ZZTO0 | OGOOD | 19200 | B6TE 661 | €651 | SeLL0 - | ogst | oSz | 00DS | S
G izl | fon) (6] () (£ (=) fsi | {€) (zl FiIN

e® & 0 00 008 00 b e OV OO O PP PR g e oS



e 0O P00 099 % T P9 Se O e D O vt ¢tOge g enee

IEL




1374

Y000 0 - LEO0 0 a0 91D gLl | TZ00D|  EDSOD 06 rvoszoon | o1 177 %59
£0007D - [EOOD 000 910 DELT | L2000 | EOSOO Db: | WOSZ000 | OT | Detosa |
+100'0 : SE00D orn ste | OEel | 1Zenoa | e0sge 089 | woszoom | OF | BTt 95D
6T00'D . 0e00 0 ano 310 | 0fit | trenowm | EDSDO 03 | $0SCOOD | O | ®UT 2D |
P00 D - OO 0o o F1%" Of'LT | TZL0OD |  EOSKD 085 pOsZODE | AT LT T7I59
£B00 D EYOLD 0e'o Lo DELL | 122000 | E0SUD DEs | WisZoow | 0T | 9TT 350
GROD 0 Oagea [T ] L OE £7 TEEna0 EDSNQ (114 LT R ot L] A |
TETOD . L0600 o 310 0E'LT | Tei00w | EDSUO Ofr | voSzooo | OT | U7 250
ESTO'0 - ZE00 0 000 orD | ofLf | tRiopD | EOSOD OEE | v0SZO00 | O | €9 259 =
LGI00 - 4800 0 a0'0 910 DELL | 12£000 | E0S00 nLE | woszoow | AT | ZU0059
(2200 : o o0 ora | CELE | 124000 | EUSOO OfF | s0szoo0 | BT | 10T 250
pazOn 5 SETHD oo 810 OE'ZT | TRLDND | EOSDO [ pOSEOOD | OT OUTIsD
E200 _ 20100 oo ot | oerr |tzeoo0| E0s00 | Oiz | voszoow | OT | 6139 il
rSE0 D0 - galon ono aUD | 0giT | 1IDOD | 0800 Dz | s0SZ0O0 | OT | BT 359
TOEDD - YO0 O 800 ave | OEet | recoom | €oSoo otz | wostood | OF TS
7SE0'D - E8TI0 00’ aro DELT | 1Zeoom | RS0 531 YOSZODD | O o1 259
R0 - EPROD o0a GT0 | OELT | IE4000 | EOSOD Dzt | 0Seo0D | OT | 1S3
ESE0'D - EZ90 0 o a0 | Offr | tzepod | EOSDO 5 Wszoo0 | 0T | #1950
(9800 . <0600 00D aT0 | O54T | TZ200D | E0SOD o WISZ000 | of grase | |
908070 E AN owo q1'Q QLT | TTLOON E0S00 BE YOSTOO0 ot g 1 |
TEElD - rRELD aa'n ogT'o 1 mth..u_n_.n_ E R 5% : rOSEODD At 'l 25D T8 |
ler) (z1) (xid | fo1) (&) (8l ) {1 {s] () (€ 2 | M
—ﬂ____EH! {5/w/n) {5/ wifn) | ) - [ i) - {=fwi) ()] {) (5] | -~ -
y ) P TIT . adojs _ ot b ury
diy L Ty £ R L) o adieyasg | awinj T Ae[D
s o w1 podsuen g saounemnd N Mmepiy puE URIpRS
1~ XIONAddY

0 00 000008 00000000 000 0060080040t 0gee880600s




o 00 2000 POt oRORRReRPQEPRPRUEBSile®egencece

vEL
B9Y0'D LZsd an' S0 GULT | 9viooD | wosSO0 o1 | vstoon | or | BriTise
£550°0 . 0900 aoo SI'0 | BULL | 9%60000 | ¥OS0D o8 WSIOUD | O1 | B¢l os® |
BEE00 6% 0 an'e ST’ BTLT | 996000 | #050°D 54 POSZO0D | O | &rT 259
L0L0°0 : 162070 ano 510 RLZT | Gee00D |  $0SOYD i POSEDOD | O | opi e
TEEnD - EEOT O ao'e ST0 | GEEF | 9rGo00 | wosop 5§ vosEone | OF | SKT SD
BR010 e[ st 000 SI'0 | GLLL | 9960000 | wOSKD St YOSEODD | O | bvi 259 | EJsD
 wOlod - atood a0 oro 5590 | 120000 | 80600 b | WOSZOOD | O | £v1 9
BODOT - ELO0 an't or'a ooar TZLOmQ BOLD SE9 | PDSI0O0D i DO 5
51000 - " ag00 aU0 | Oro | 9S9r | T7000 | BOLOD 69 | WOSZOOD | O | Tv1 360
T awon . = L¥oon ana ara ool | TELO00 | BOSOD 565 | #OSI00G ot bt 358
£200°0 - 1900°0 a0n oL 9590 | TZL00D | BOLOD SPS | YOSEOND | OF | BEE 259
LED : ELOD0 aod oto oot TEE00 D EOSOD CRIr FOSZO0 G at BET 250
qL0 " EHO0D an'a OCd | 9%9C TELOCF MLID b FOSECHN D 01 LEL 359
TR - T6O0'D 000 0T aoar | 1ZLO00 | ROMOD | SEE WOSZOOD | O | BET 25
T ETiOD 000 OL'0 | 9591 | TZL00D | #O0LOD 9 | vOSE0OD | 0L | SET 25D
[ LSO i ; BrFLOD L oLo 9590 | TZL0OD | BOe0D SEE POSIOOD | O 1259 | 0
rTE0 0 ! LETO0 Dad of'0 . 55T TRLMMY Y BOD cOoE FOSE00D a1 EET J59
ESZ00 BrI00 00D o0 | 9591 | tzebon |  mo400 & | vOSEOOD | OF | ZET 259
T 1 S = SOE0D i orn O cIz | poszogo | Of | TET 259
TEEQ'D SEED'D o' oo g5aT TELna #0L00 <8I FOSE00'0 ar 08T 350
pzE0D | | SEr0 0 00D OUD | 959 | 1ZZ000 | BOMOO | S5 | vOSZOO0 | @ | GCL 959
EEEOD - E650°0 ool orn 9¢aT | t2i000 | ROLODD 5T w0SZOO0 | Of | ®ET 059
00500 £0L0°0 oo oro | 959r | tzzoon | Boco0 56 WSE000 | of | LBV ISD
GEb0T " : PTRO a0 ot | eset | tzzoon | Eoion =0 wezo00 | of | 971 %9
61300 Y60 0 ao'o ove | ssur | reeoon| enoo s voczon0 | or | cztTmen
5SRO0 FEELD aamn ore 9591 | 120000 | S0L00 | SE woone | o | wrasy
{9011 FErt 0 000 ore 8goT | TIA00'0 | 9000 I #OSZ000 | OF EZ T 359
66110 - E£STD Do DO | 991 | treoow E_E.u st | voszooD | or | ZzT s | zoso
fer) | fed | G | few) | is) g | e fa) | s ) (e} (z) 14




CEL

W00 D 19100 oo | fro | sest |sveoon| eocow | 6 | vosiwo | O | LU |
THO'T - RaZ0'0 oo Zro BEOT | 9veiRD | FoIOD et ¥OSTO00 | O 91 259
oo - Liz0'n Q00 | ITD | GESL | 9ve000 | ZHOD e | vosgown | ot | set "358
Lol SEED O 000 £ REOT | GvSO0D | Zoé0n Az POSEOOD | 01 bLT 35D
— mwao - DRV 0o Zr0 | GE91 | owsOUD | 20400 oaT | voszodD | O | ELT 259
39700 190D ) 7i0 | GESD | 9¥s000 | Zoi00 as1 | voscoen | oF | E£1 59 |
WED'D 1000 oo 10 | BEOT | 966000 | Z0L0D 07T | POSZOD0 | O1 | EEU 359
SZE0D 1= oo0 | zto | 69t |owsooo | Toeoo | De | veszooo | of | oe1ose
RESO'G £980°0 000 1o 6E01 | ows00n | TOLO0 =, POSEOYO | O B9°T 25D
DaLO0 - 20500 0 | £r0 | 6E9L | 96000 | £OLDD 0s | roszoom | ot | B9T 35D |
[ weon EOTTD 00D Zio GEQT | 9wBOUD | 2000 5F pUSEOUD | OL | 49T 259
BSTLD : PEIETD poo o GEAL | FE00D oo e FOSEN0'D at 99 [ 250
REFTD SETD aon | ZTDo EG1 | oveODD | Z0L0D ol poSIo0n | OL | S91 359 ¥ 159
W00 O RO0a'D 000 ST0 | 6Ll | ovedoo | viean BEL | FOSZOO0 | O0 | 9T 259
T - P10 0 00 S0 | 614l |oweooo| tosoo SOf | POSZOOD | 0T | E9T 959
T troom - BI000 oD S0 | GVil | 99000 | mSoO | 49 | pOSZODD | o1 | 297 059
L1000 : sz000 o0 | 5T0 | GTLt | 96000 | wison | Ges | voszdod | ot | 197 359
i pTO0) EEQLDD L1 ET0 BT LT GbROn0 b1 =0 ] 44 POST00 0 it 09T e
aEno- o = SeIon ogo 1o ALEL w-mm,n.._u. IS T4 POSENOD nt Mm.._nl.u.mm_
w00 : EL00T 000 | ST0 | GUZl | 9¥6000 | vO0S0D | Sk | POSCOOD | OF | BT 359
[ sano0 : s0I00 000 | Sro | GEZT | oveooo| eosoo | ST | WDSEOOD | 01 | 251359
FEOOD se100 000 SI0 | GTZT | 9¥600Q | #0500 0%F | voszooo | of | 951 %59
[ [ LR CRID 4 5E0 GTLT e D w0 4% ._.M.m:__u.._“_ at =, il .
V10D bSI00 0D S10 | GLZL | SYGO0D | w500 Dzf | woszoon | OT | 51 35D
05700 . ETE00 Do'D sT0 | 6LZT | 9rvEo0D | #0S00 6T | pOSZOOD | 01 | §£51 359
BH100 - BECOD bo D eTD | 6zl |oveoon | wst0 | osr | ooszooa | b | 25T 88
L9in0 EOR0D oo 140 GULT | 9vE00'0 | bOADD HET pOGIOO'D (i} 151 19 N
PIEDD - ELe0D 00D 510 SLLL | 976000 | #0SDD st1 voszood | or | 0s'T KD
let) lzT) (11} fo1) ] (&) (e) (! (s) ] Ie) (2l ]

YN F N EEFEFEEEREEEENENE RN NN NENZESE N BB IS BN B NN N




AN E R NEENEERE N NN EN I EERNREENENFEEES BT BN FYENE X |

e
Pl L | . 5 B | ._.n.vm”._m“_u_ 055 D _ Qi fT QW00 anean Sf BITLoDa 174 EEE 250
61200 - £6607 565 0 | 801 | 9ve000 | soudo st BTTZOO0D | OF | T oSO | 00 |
E&RON = [ £55 T | o'l Q¥E000 aninn 57 ByEyamn (114 TEE 358
Pl 8 | ELRTD 555 10 - P Q0’0 2000 a1 SEZEO00 OF M-..H...Nnu.mu = [ L
NI = L1007 EQE e PELT qrE000 Tosn o D HEEEQ0 0z BL'E 2459
¥i00D 60000 | EOL O | $941 | 96000 | TOSOO 5{9 | 8ZzZ000 | O | BUE 59
G0 i £900°0 0L H“_”..._u PO°LT qQeed0 0 g £1a SFFRION e £L H:gm_
AP L0000 b 34 ) a1 | ¥a £l GrEd0d TOS0°O gy gIzznna (KT oLy 159
G400 Qoo EDL HHI,m-.., E B P L] SrE0T EOS ey coy pr i T (1} SUE HE
(1100 - 9EL0Y UL 10 | vidl | 96000 | Zos00 bzw | 8izzoad | OF | L7 MO
OET00 9LTOrD EL T P¥ET e EOs -3 BTZE000 oz STE 59
GLT0 0 3 L ] ; . EQTL It POLT Qrpd00 0500 443 g n# T xo T
TLLam - OETO] UL It PeET TG00'a EO5S0 D " ST | BT 0T ITE I
BET0T I5I00 | EDL ITD | 9Ll | 9ve00Y |  Z0SDO SIz | sZzZp0d | O | OrE ;o
weew | - | sezon £0L ITD | ¥eLil | Sve000 | Z0SG0 SiT | BZZZOOD | O | 6 052
LAk ] - DOEQN e IT'D FEET SPAOOD - 205070 ol BITTIDOD az BE %9
600D .um,m_u._w.n 1 m_n_._m It'n T L T A 20500 144 BITTLOD aT LT 5D
FEIOD = LOp0'D EOL ITn A BrE I L050°0 5F BITEOOD 4 I 1
[ S0 ~ | ievop | eod | tro | wedn | Gesoon | zosod DI | szzzoon | ©f | SZ o
BESOD 3 L¥S0D E0e 7T bl | Gre0OD | Z0SID 55 8I7Z000 | O | wE o
BEQDD - EEG00 0L TN FOLT QG000 ToOcna (n}:d grrIann o 3 i 2
- g=EnD BLEGD £0°L It P94l | SrE0n0 | Toson st greEa0n | OF | 22 0
50600 : YrBl 0 04 10 | 9Ll | Gped00 | 20S00 ot gILTO00 | 02 ' 250 )
HO00 - © Szo0n | 000 e GE91 | 97B0000 | 70T 58 | vosmon | o1 | muose | |
€000 : 0E00D oo 710 | GE91 | 996000 | 10400 /5 | WISTOOO | Or | 191 50
I+ 0 = 2500 | g T | BE9T OrEmd0 20L0°0 oS LTG0 1] afr 1 a8
9S00 - L6000 i id ET0 | 6591 | 9p6000 | zoemg owt FIECD0D ot | &Ll 259
2o . | SETOD ooo TFO | GFST | 6000 | RO (v | pOSIOOD | OF | BLT 359 E
i) (i3 an | fow | 68 | B | @ | @ | m | e @ ()




152
[ szoon _ FEOO D TS =T it | itz | zizmo | o6 | gerzono | o2 | 1sErso |
P00 -~ | ssoo0 v T Zo4T | LLLCO'D | ZLbD b Ziz000 | Of | 052 %9 |
FE000 - ~ grten W o | if£1 | teeoon| zreeo ek | @czeoon | oz | ewZ 259 |
22000 T . 19100 Th's e T g |tzeoon| oo Tve | gezzooC | 0z | ®¢T XD i
YROOD - 15700 T 110 | 8Lt | treood | EHOD DOE | ECLIODD | O | LPE 359
¥E00D . |  mson ¥s 0 | 4wi1 | 124000 | 7100 iz | geezoo0 | o | 9vT 25D "
BT : GSE00 | I¥S o | 4¥L1 | TEoom | ZLEDD ovt | eezzooa | a& | S¥E %9 y
RELDD - #IE0D s T | fril | 1eeoom | Enon cit | srzzoon | 2 | weTOS |
CZED D . 16ECD 7S 1TD | cwct | 1ezoon | ETiDO o5t | werzoon | oX | EWT 059 |
SZEDD - 9ED D s Teo | @il | 100D | ELNO oet | Bzzaoo® | 0z | evE o50
POED D . 990 0 we | 1T0 | Lril |iZfoo0| @0 | oot | eeziooo | @2 | ivE 39 ]
[ iew0n : L6800 tre | TU® | £®er | VEDOD | ITL0D o | sfemooo | o2 | OvEISD N
BEXN D - L8500 WS o (Lt | tzeoon | ITeno 09 | Bizzood oz | e€TED
252ir0 - 16900 s 1o iger | tzeoon | taoo ar grrEpOD | o | EETSD
w0 ; fverd | T¥Ss | L0 | £BAT | 1Ze000 | chedo e | mizeoon | oz | iEC %o E
PSOT 0 - taI10 IFE | TUD | &RLL | 124000 | rndo 5t ggoon | 0 | €T Mo | 40|
20000 £ 000D 565 TTD | Scii | 9G0OD | B0L00 | DO | BEZEIOOD | OZ SET 250
e - G200°0 TEC T Gedl | ewenon | EOLOD 004 3zZIO0D | 0 | wEZ 28D
[ rmoD - BEDO D SE'S TT0 | Gc4t | 9veoon | enc0e ove | srzzoon | 02 | EET MO =
ErQOrD = cepaad | 56 Ito gret | wE0DD | B0L00 Qe EETTOO0 0z PET 5B
15000 - PEOID oG AT T oty | eczeooo | o | 1§¥ %69 |
£RO0D : LD 565 70 | 941 | GR600D | BOLDD oof | Bczeono | o | veg %59
stiog . DELOD SRS ITn YT | 9vea00 |  BOLOT ook g2zIo0n | OE T e ]
SKI0 : ZEL0D e | 270 | srit |oveoon | o0 | vz | sezaowo | o | seToss |
JEL00 - I0ED D 565 i 041 | ovsoon | SO czz | szziono | 02 | ifC 359 |
| 90600 - 92500 56% ZT0 | 9ol | oweoono | woo a3t | mzzzoo0 | O0F | 92T 69
ETvlD . EBSO 0 6% A 80T | opbO00 | BNOW ot HELLOO0 e SEE %0
BTS00 = 12400 SRS 710 | 9LLL | 9rs000 | 8NOD 06 RZIIOO0 | 0T | vri %9
(e1) (z1) (143] lot) () isl e} 5 | s v | (el () (x)
AN FTEEESEEYYE ERE T o B B3 N BB N I B I BN T A



o088 PGB ePOPry e g00nNePopPerPiotProuneos

BEZ

STROD TE£0N LEOL Lo pEer | tzenon | stsom | st 1561000 | OF TE 259 6259
FA00 D - atooo 5L o Z9G9L | TZ£DOD | 1IS0D 018 8TTZDOD | OF | LT WO

Tinmp i wuann {5 IT'o i | 8 TrL 'k 1san k! frEenng L1 T8 arxsn |

SID00 - £1000 (51 oo 799t | tzioon | 11s00 Dz arzeon0 | or | 9@ wo

000 ALOO0 {5 4 & b BT TEemn 11530 LT ATETLOD L1 4 ST HD

LEDOD - ETO0D L5 TED zogr | tzenon | TrSoD 519 RTZZOO0 | 0F | pLT %KD

15000 Lennn T o zasr | trioon | 1rson DS srrIDOD | OF | £L7 WO

S¥000 . trooo L5 tTn fas TEL oo 11800 =05 HICconn 0 m__n.ﬂuu-mu

yeoon - vEOOD 5l ITD 7900 | TZZ000 | 11500 iy ®TZEOOD | OF | LT %KD

ESOOG = £r000 FAW ITn fast TEL0070 TTE0'0 st SEFEOLD 14 AL e

SEO0D EFODD £5E o zoer | tzemon | TrsoD cTr SIZI0O0 | 07 | 697 260

orten e I TTD 7oL | TZL0000 | 11S0D coE grrIoon | 62 | 297 %O

971on - TS000 5L FTD T9SC | TEL000 | TrSOD SSE §IZZO00 | O | £57 359

gPTO0 - 7i000 (5L TTD 7990 | TZL000 | TIS0D STE |rZIO0D | OF | 997 %O

S4TH0 H +OITOG 5 Lt'n i ] 8 TEL 0 TT500 1 HEZTOOG i1 o mn |

BETOD - GHTOD L5L ITD 7990 | TZL000 | 11SDD 59T BIZZOOO | ©0f | 9T B |

aLzen - q&TOn T o TOGL | TZL0OD | TISDD DET grzzooo | or | £97 %A |

zazon - 670N [ o TOSL | TEL00D | 1ES0D [ wrzzooo | 0z | 797 5O

GIEDD - oawoo E5L 150 T99r | woon | 1is0O DFt HrzIoOm | 0Z | 197 B9

(R0 * S0 L5L T L9l [Finhn 5o oLt BEETO00 nE 097 1o

Z2F0D - 99500 L5 10 7o9r | [Z000 | TIS0D 0% grzzoon | oz | &5T B0

SN = G590 L5¢ 4 i Ty'ar [ELon'n TES'N &5 BEEEOOD i ne A5'7T 758

£R90°0 - cz200 L5L 1o zoar | tzioom | tisaw ¥ grzzoon | oz | o5 mo
o0 - FOET0 i5L 1 ryel | wioon | iS00 st Eziooo | oz | 95T 59 A
ShEOND ¥ BhRAD L5L LL g B 1E£a0a LSO 418 BELLO0 0 ne Lo i 13 A5
0000 - OO0 s 1o (ALl | 12£000 | 1100 %L BrIIOOD | 0z | ¥LZ 259 |

1000 - L1000 1¥'s o | ¢@it |[weooo| oo | o | sezeooo | oz | esToso

1000 . 000 146 o AL | 1zenon | zrave G REZIOOG | 0z | 25T %o

[£1) (z1) 1343 {ot) (&) (&) i (9] (<) (%) (€) {z) It)




BEE

~ s [ ewuo T | @i | Taen] we | eor | veewon | ue | 6re 3o
BV o= 0I500 £z 'T0 | ZEe1 | TZ00D| tie0 ai [eETOOD | Ok | BZE 250
S5 D BLE0D fzor | ove | &sLt | mooo| 0o S5 | tsstoo0 | e | L7049
IO - ZyE0rD £z 01 I fELT | Trenon | theon or TEsLO0G | DE $7'E 359
SELOD : DELOD izl | zto iHE1 | TriDoD | LEL0D 5T TS6I00D | Of | SLE 350
T 0600 Tor | ET0 | Ll | sELoon | vReod o1 TeeTOO0 | DF | PUE 269 | 01389 |
T wmD = | ttene 201 | tro | otet | wiwe0| 9is0 ~es | 1satoom | ©E | EZF 353 _
01 1 BL0U D wor | Tvo | oeci | Teioon] eiswo | sie | weetooo | o | eressd
[ oo : 200D ot | tio | oeet | tezomo | 9iso0 91 | 1setoon | DE | 1€ 35
51000 92000 g0t | 310 | oear | 12io0m | 9iso0 coa | 15610000 | 0f | DZ€ IS
[ teooo : EEDD O 1801 o BELL | 12000 | 97500 s@s | Tsstood | 0% GLE 29 il
T RIDoD - | cfooD ot | Lo DELL | szLoon | SISO €55 156T00D | DE | RT'F 359
- TH00 D : LEO0'D g0t | 310 | OFLL | /LoD | 91500 | Sgs | 1SEIOO0 | O | LVE 359
[ ssmoo T | woom | wor | LU0 | O£ | 12000 | 91500 SE¢ | 1Seo00 | O0f | 9UE 259
20000 . BEDDD 1201 tt0 | DLl | 1zz0od | 91500 cor | 1961000 | OE | SLE 259
oo - 2S00 0 1501 10 | OE4t | tz£00D | 91500 7 | 156000 | OE | vTE %9 =
700D - 55000 TR 110 | 0f4r | mzeoon | 91500 et | 1serood | Of | €UF %9
(210D s 04000 ol | ti0 | DEZl | TZi000| 9isU | OFE | 1sM000 | OF | EPE 35O il
19100 , 2000 1e01 1To | OELT | tez000 | 91500 DIE | 161000 | OE | TTE 159
IO . EGO0D Tl 110 | OEdl | rzeoon | 9tsod niz | 1eemwon | mE | OTE 19
I BETO0 - LETD ot (10 AT | TEi000 | SIS0 1] Teeiong | of FEBD | H
TBI0Y - EOZ0D RO o DELL | ZLDOE | 9TSOD otz Te6M000 | DE T
| ans0 - S0ED D T80 110 | OEL1 | LZL000 | 51500 OFE | seiooD | DE | €O
ET8Q0 : 2850°0 1201 o | 0ELl | tzcooo | srsod o1 | 1Se1O00 | OE | 9E J59 T
S6TDD = A t3at 0 0F T | Tziooo | e1S00 e 1561000 | DE L 250
c080'0 - 21500 T 10 | OFLT | TZi0DQ | OTSOD 0 TS6t000 | DE | WE X9
00400 - RISDD ot | LL0 | DELt | LZiooo | 91s0°0 v {CEIDCO | OF | ©F 250
S0 gRa0'0 1801 o pe'rt | ERLOQD | GTEOD (1] 1SBIR0D ot TE D
[£T) rd ) (11} i1l {s) (&) (£ (9] {s) (r) (gl | (zh |_“.:. |

N T EEE T NET EEET T S I NN N N B N RN RN



2o 89 dPAaAS PPNl e t000@PevrPtaa®yaoens

OFZ
oo x Q50 BE'TT BOD FLT IpE000 m BTS00 SLE ISEEOCTD oE LSE 55
zotao - 9000 SETL | 800 | 9Lt | av6000 | BIE00 SvE | 1S6I00C | OF | 95%F 50
55100 000 SETT | 800 | 9LLt | av6000 | BTS00 DOE | 1561000 | OF | S5F %9
TEI0n £ TOTOA CE'TL 8070 QLT D00 | RISD'O Ofe TeGEOCd 0% 755 25D
sTron gEt00 SETr | BOO | 9LLT | ave000 | BIS00 Ovi | 1561000 | OF | 5% W9
BEr00 = TLTOY _ CE'TT 800 GLET geEelid | BIEDD OTeE TEETO0D 0E IS'E &
ERT00 FEION | SETI B0 BELET 0T _ BISOD DET ESETOCTD [R}3 ﬂ.mlw.zﬂ._l.. |
FREOD | BaIld CE'TI BOQ 9LLT Ipelid . BTS00 (1 8 FSRLOCTD 0E 05'E B9
BEE0D - 5E00 | SETL | 800 | 9LLT | 9¥6000 | BTS00 SET | US6LO00 | Df | 6vf %60
. FOFO0 | : BTEDT | SEII B0 LT 2 bl k| BTS00 i ¥ ESETOCD OE B 259
BEROD - LSED | SE°IT B0 9i°LT QeI | BTEOD SOT [SEDOCD g LE D
£Tz00 ET900 | EBEIT B0 GLETE oy Brson [&]=] LSETO0D ] 3 SF'E 50
EEFOD | EE=0D SEIT BOQ QLT greldd | EI=0D 2L FSRPOCD OE SF'E J89
sEr00 - 09500 SETL | BO00 | 9LLT | 9¥6000 | BTS00 05 | ©S6IOCO | Of | i %O
T agso0 5200 SETL | BUD | 9LLt | 9ve000 | 1500 sk | 1sel000 | Of | vt %o |
PSI00 - LOF0T SE°TT 200 9,°tT | 9veD00 | RISOOD | OF | 1SGIODG | OF | IvE ;9 | N
[RROD L L9800 SE'IT 20°0 BLEY SR0E0 _ BIEOD £ TSRO0 fF _”n_..ﬂ.ruﬂnu._ TL 355
L0000 = 200000 LdTUOn 1 0 [ TEL00D “ TTLOD oL ISRTO0D aE oF'E 55
9TmaQ = STonn fEon rai| [ TELO0DD [ TIion qog TSaIo0D 4} 3 GEE J59
vEna0 2000 LTOT | Z10 | CELl | TZL000| W00 565 | 1561000 | OF | BEE X9
o - SE00D O | ZT0 | (T | TZ000 | TUO0 SES | IS61000 | OF | (EE 359
o100 1500 [TOL | Zvo | (Eer | TRLOOD| TLOW0 Siv | 1561000 | OF | 9EE 169
DATAD = | ELODD £E0T TTo CRLT TIioon ELLOD LIE TSGEIO00 0E SEE 059
IOEaa = R RN ] Ero Lo FELL LELDOD LLeaOd LY | TRETE0D (13 FEE 5%
L0600 Erioe Ol | 10 | LELT | LEZiO00| TLO0 S6t | 1561000 | OF | EEE 259
ErEda - ORIOD ET0T TL (BT TEL00n TELOR oEL TSETo00 | e Hm.mlu.v:.m_
ELE0D : 6TE0D [TOL | L0 | L8ir | TEio0n| THO0 ST | 1560000 | OF | [EE 259
SERID = EQslo LI 18 Lo il LEfEKIT) LA il LA LT | (113 OEE I55
(e} (1) (1) ot | & | ® | @ | @ (s) W | ® | @ W




Lit

Qpan0

SOLDRy

_. oo oo 0 g1t | trn | see 055 | 1561000 | DE | SHE 259
8000 95000 GEIL | ti0 | ss% | ovconn | 000 aze | 1oeloon | oF | vEE 59
BEDO D - 0a00 0 GETL oo SSEl | 9we0D0 | S0£00 267 [SGlogq | 0€ | E9f 269
10Te0 05000 SHTL o coar | SeeIO0 | o000 T SEI000 | OE | CHE 359
LPEr D £900°D B TT 11D S50 | ove000 | SOLOD T 1551000 | OF | IHE 250 B
[ fewe T swoo EETT | 110 | S5ET | SvGODD | SOMD ooy | 1551000 | 06 | O%E 59
E6T0D 06000 TR I10 | S981 | 9vco0n | 90400 DIf | tSeiood | 0F | BLE 59 il
91200 - 26000 GaT1 | 110 cLgl | 9pE0O0 | S0L00 0sE 1561000 | OF | BIE 959
9%70°0 stoo | EFIT | LEO SoRC | SbEDDD | 90L0°0 SIE [S6T000 | DE | LLE 059
08200 : 2TI6D EFTl | TTo | sSs8l | Sweoon | 90400 Sz | 1561000 | OF | 9LE 359 =
19200 = | a0 GEET 110 | SooT | SeEODD | G040 g5z 1SEIDOD | O0fF | SLE 259
QTED'D L4 ESO0D BETL i ] CSHT a0l a oLl D L. TLEIO0H e _..____..mju..m.m__
| SOEDD - ZREND 68 11 Tro S EL | SPEOOD | S0LKD gt L56I00D | DE | E£LE %0
RIVOD - oLroo 6811 | 1to | 5Bt | 9vsoDD | socvo oEl IS61000 | DE | ELE J59
TiEDD - BrS0D GRIT o SGE1 | avEO0T | 9000 50T 1561000 | 0 | ILE 259
T 1zi00 = | eraon BETL (1o | sser | Ges00m | sn00 S 1561000 | OF | OLE 359
FEEOD £ ETL0D GETT o ESEE | IMG000 | A0LDD G¥ [5& 1000 nE o )
B160°0 - §ZR00 TRY 10 SSAL | 9v6DDT |  30L0D o [S6TO0D | OF | B9 M5
150TT - 8010 GETL | 1D | SCHL | 9¥EDDD | 90000 &1 561000 | UE | £9E 359 | 21359
T000°D : 20000 SETL | @00 | SCd1 | aveoon | EisOO Did | 1selop0 | OF | S9E 259
90000 - 50000 SETT | ®00 | o941 | 9wenon | Ei00 069 ISEI000 | OF | S9E 29
OTo0'o . 01000 SE'LT B 84'.T | 9ve000 | 21500 g TSRL00D OE P'E 340
~ at0og = | Lo00 ETl | 800 | 9L |9venon | ssn | 85 | [s6lo00 | OE | ESE 358 |
~ suo0g sovo | SeT | 850 | 94iv | ove0D0 | E00 | OFS | 16000 | 0 | 3E %0
. EE000 : oE000 EE 1T 200 i1 | owGoDD | BIS00 oT¢ | 15GI000 | OF | 19 249
WPO0 0 6E00°0 EETI 700 9¢'(T | OweOOD | BISOD e Te6l000 | OF | 09E 5D
[ sooe T oo SETE | ®0o | 9ci1 | 9vs0o0 | BISO0 osv | 1ee1000 | DF | 65F %O
QEODD : EL00°0 BE'TT ] guit | 9reloin | EBLSOD 0 PSHLOa0 nE $5' 8D |
[€T) (zr) {tt) fot) ] (8l 1) 19} (sl ¥l e (z} i1




.III'I..II.II'I'.I.IIl“.ﬁ..'li..‘...l..l_l

Fia

RELONO IEE0D BOTZ | 10 SEET | 122000 | 26900 o6 vi9T000 | O | 1Zb 259 .

G50 - GEPO'0 GO'TE 7170 il TEL0Q'D L6900 v - RLATHGN aw (o7 e 1] |
| ._”mm__ﬂ__"._ f450'n a0 #T°0 Sial ranan LHA00 OF FLATDOT aF BL 't 48 |

ESSO0 - 08900 GITE P10 CE'hBT ra0o SHA0D c1 FEITMIT aw ETF 259 pT 350 |

L ; ATa0n LT 91 2281 TEdaaa B0500 0ER PLATHON iF LTF 258

91000 : 0z00°0 vz | o .91 | TZL000 | s0s0d O¥2 | PSTOOO | OF | GTF 250

SEDOD £200°0 irzr | 9tg 8481 | TCL000 | S0500 0EC ¥(3T000 | OF | STb 259

5000 . 9z00°D LrEE | ond BLBT | 1ZL000 | sos0o Soc viaT0Q0 | OF | FTb D59 “

ff0an B qI000 LITE a1 a Bs8T IELnn 2 1 ST4 FLATON ir ELF 250

SEDOD - | osooo LT 9T BLBT | 172000 | E0S0Q CES bITO00 | OF | ZTF 25D

BIT00 : SEDD'D LT a1 BRI ®T | 1Z£000 | Ensno Sib | b9TOOD | OF | T0F 350

THIOn 9000 cver | otg BLBL | 124000 | E0S00 Sth b(IT00D | OF | OTF 259

BLEOD £S000 (it 910 BLBL | ILLO0DD | EOSOO OrE piaT000 | OF | &% 259

"Biron = B49000 LTEE 510 2081 IT00 20500 & FESTHT 0F 5 250

ezoo | - | ootoo LTE 3170 88l | tzaon | E0Se0 SE? wOT000 | oOF Ly o

REEOD = T wpto@ | LTEZ 9Te | BL81 | 124000 | ®0S00 0st wITOT | OF | 9¥ 350

FEROD = GRTOD fTTT. 41 %L | tZe00n | e0sno nrt piatan | or | &9 %o _

¥E50°0 : £920°0 irTz | atd 88T | 122000 | 80500 06 OT000 | OF | ¥¥ 2O

62900 ; TEEDD [Ttz | are 8081 | [Z£000 | S0500 o5 9000 | Ov | E¥ %0

THI0D ¥ SEP0'D LT'EE a1 Hi'8T TFo00'a B0S00 3 FLATOO ar il 15 |

vEDOD : CESOD LTTE 31D 9091 | Tzi000 | 80500 ET | w9T000 | OF | [ 25D | £12%9

OO0 . FTIHIT GR'TT TT SRR SRl RN R S _ ES6 IO (i3 I E 158

ROOGD - EI00D | GETI TT0 | SS9T | ove000 | 20400 cor | TSGEDOO | Of | THE 240

E1000 - 92000 GE'TL LT0 | SS8t | ope000 | 900 SEr TS6I000 | 0F | OBE :5©

s ¥ RO RE'LL 4 &)} SO Salld | Sann L1114 Ls6T000 i mw|mrﬂu_mm_._
T - TE00T G TT U0 | SS®T | 9GO0 | 90400 ©/9 | 1%GI00C | OF | ERE 59

n.m:al.“_ﬂ - CERO GETL ITn GoHT OERRO | anen S5 TSETO0Y 113 (BE K5

R . LR BRLL tt'o GERT SR angan g1 TEETON e ﬂm_mlu.hﬁu

(et (z1) 144] (ot) (6] ] () {a) (s} it) (€] 1 | i)




27

£he00 - | v Zowl | TTD | 8281 | SW0D0 | 00 | Sv | BA9TO0D | Op | GF¥ X9
200 - TLon 2681 1o g 81 | avbooD | 200D o | siotoo0 | Or | Evb 35D | 9189
wooe Q1o E6 8L 510 | tosl | 9ve0QD | NOSDD 05 aRTO00 | O Ly'y 158
IO A SLOFD ChBR S0 10T SirR0D 050'0 ELl PESTOLD oo gy D
7o . 17000 7680 | SiO [T | 9wbO0D | TOS0D Sl | oD | v | Sww 05D
LE000 % L7000 a8l S0 | (D61 | 96000 | 10500 o9 | watoan | v wesg | |
Len0'a OEEFQ e EL g0 | I0RT sk T4 (1% .uhﬂ._“n_._“_...n_ op mr.._”.. 55 R
rL00D - PSINO 6 BT 5tD 105t | oweooo | 10s00 kv | wom00m | o | Zow 59 |
T&HOOD - Gl D |mm..m._“ sLo [O'GT e '0 TOSS IER FEOTO0'T (1)) .n.__...n_IU_mn_.
RTID : o000 26 91 cto | tosT | 9vepon| 1osoD BeE | wesiono | ov | ove 25D
DETO'D - L0 8L | Sto | 106t |sesovo| Tosao S0E | veswonn | ov | GEw 05D
LTE0D . 7000 | eS| SU0 | 06T | 9v60000 [ TS0 st | wooo | o | BEVIsO
98070 i BEI0D TE BT ct'0 | E0BT | @eDlm | 10500 521 | wioloon | ov | iev 59
vIrO0 - L1000 e9L | SiD | tOGT | SeG0OD | 10S00 e | wistoom | op | 9Ev 3s9 |
L0500 : TLE00 7681 | StD | 106f |gweopu| 100D 8 vZ3lO00 | OF | SEF 050
SrS00 - votog | 1681 | Sl | TO6E | 9v6oom | 10500 c5 | scotton | v | vEv IsD
1Ean'd T 7681 50 TORT | 9vE0O0 | 10500 gk YORIO0T | OF | EEV OS2
TELON TL500D 68T LA gl T0AL QPG00 0 Tasao 51 |. HESTINT am ZE ¥ 25D RT 255
POLD : (D | 0TE ¥1°0 CEGT | 122000 | CEROD &L peatiog | Oy | P 359
PO D - g£Loon | BT YLD st | TELOO0 | L6900D 060 $£9100°D b 0Fb 50
zzooD | - 0 0 g | 0 cE61 | L4000 | (6900 =19 | ¥Z8i000 | OF | BEFISD
bEO00 : A0 0 stz | ve0 | Seer | 1Z00| £5900 | Ovi | wmwmoo | ov | sreso
Ewoon | - avos0 | s0TZ | ¥i0 | Seet | Koon | 6300 | sav | wiSLOOW | oy | 20369
Toton Z=000 BOTZ 1D cEsl | TZ/000 | £690°D coF | wi9toon | Op | 9Tb 250
1510 : R000 505 | crer [ tzaoa| ieswn | S1E | wowon | ov | sevosa | =
81100 - az100 B0 YO0 | SEEI | TGLDOU | 69070 ez | piotonm | Ok | sZy D

[ ersop - 8700 cotz | U0 | SE6l | TIZOOD | (60 | OBt | wstoow | ov | €TV 59
YEEDD . TIE0D SOTL | i | SE60 | T2L000D | L6900 €1 | wat00D | ov | ZZv a9 1
(eT) (z1) (141 {ot) (sl (B) | L | 19 (st | i) (€) | |

[
& ® ® ¢ 00O o0 Py to 60 909 o0 8P e e p s e ge e Be e




© 0 00 020 090000 0000 0e® o0 debetose®ggannee

T
8100 . FH0T RCOE ELD | £E0T | 9vB00°0 | L0500 DIZ | BGETOOD | 05 | @5 259 |
sezon - PRNOD BT'OE | U0 | (P02 | w6000 | 2000 DEL | BEE(OOO | 05 | £5 959 _
OEEO'D - EILOD | RZOE FI'D | £LF07 | 96000 | LDSOD DSL | BGETOOD | 05 | 95 259
gtegn | - | Ewion REOE iTo if07 | owstoa | fosoo ozt BEEfDON | 05 | % 3589
Tetan 3 FR L BEOE £1'n 180 AE00'a LO50'C & BAE OO0 L3 ¥5 59 I
6EP0D - 75200 RTOE | ETD | LE07 | w6000 | Z0S00 e REETOOO | 05 | £C 250
GE50'D > BFELD TR o | cf0f | SeGO0d | Zog0o ae peEtonn | 6% | re 940
££90'0 - Grb00 | HLOE iL0 | LF0f | Sve000 | £0S00 51 B6EIOOT | 0% UeI59 | L1359
000D - 20000 THET TTD | @281 | 9we000 | Zoi00 OTE | eamoon | OF | 69°F %O
50000 #1000 7681 tre | o8t | ewedod | rocon pE: | wi9t000 | oF | 89 Mo
STO0'D - TO0D 76RT IT0 | ®L81 | 9wednn | 7oZon Df3 | womoon | ov | 9% %o
i 01000 - CEADD T I | 828t | Gveoon | focoa Dla | kot000 | oF | %8F %o _
Y100 - FFO0D T6HT 0 | BLED | 9vG00O | ZOCOD SES | P9IO000 | O | S9F 359 _
| 100D - 75000 76 A1 TTD | 881 | 9w6000 | 204000 OBF | iOmOOQ | O | t9F 50
£E00D x 18000 64T [0 | 881 | 9w6000 | I0L00 Sy | w9100 | OF | E9% 35D
LEDOD - 0L00D ZEET U0 | BLED | 96000 | ZDZ00 DOF | RL9T000 | ov | z9% 59
[ EsooD - GEOOD 7691 IT0 | ®Wl | 9we000 | Zoco0 nif | wowon | ov | 190 %8
LE00'D - z6000 2GR tTo | BLBL | 46000 | 20000 57 | w9000 | oF | 09'F 35D
| oo - LZT0D I6HT [L0 | BLET | 96000 | ZDZ0D S6E | we9TO0D | OF | ESP 059
9800'0 - 55100 | Z6'ET IT0 | BUBL | 9¥G000 | D00 SOF | wOI00 | Oor | BSR 05D
LELOD - FRIOT | 7RI [U0 | BCED | 96000 | DD SEZ | %900 | OF | 2% 05D
nzzom - 1200 | Z6BL | IL0 | BORD | 9vE000 | Z0Z00 | S61 | w4000 | Ov | 955 259
LOZ0D . 99207 ZEHL o REHD | G¥G000 | f0L0G | 09U | ve9TDOG | OF | S5 259
| mwgn | - | eszoo T6'ET 10 BUEY | 9EOOD | Z0Z00 | oWl PLIDDD | Or | ¥SF 359
£EEDD - SZEOT [T o T ort | wswoo | ov | esvse |
L2600 - LLED 1L i BUBl | SYEOOD | ZOALOD 0ol | eio000 | oy | 2% 259
LES0T - YERDT Z68T | 10 | BBl | SesDOD | aemo 8 pSIODD | Op | 15 359
21900 I - LI5S0 0 ZeaL 100 | RLRI | 960D | 20000 4 bLBIO0D | O | 05t KO
_ . . T e il . |
{e1) | z1) {rt) {ot) &) | (=) {e) (El] {s] it {€) (z) it




SkE

] - TE00 0 _ fTzy | #ID | o9oi | sveaon| 6900 | oer [ merwow | 05 | sesaso
EOROO ] 5000 L1 e g gwnz | Seelod | SRS aaw HGETO0D 45 SES 359
9700 - TeO0D | LTEV PTD | 0907 | 9v600°D | SESOD nvE BREIODD | 05 PES 5O
S0E0 0 600D ftze | sT0 | owor |oesann| chee0 | D0Br | seeroo0 | 05 | EE'S 359 -
ERTNO I 9EI00D L1I'EP PTO | O9OL 000 CEI0 OTT HEETOD 0 ns TES 157 |
19E0°D . #0r00 TTer | PTO | 0507 | oweoon | SE90D ovT | EeEloDe | B5 | 1E6 5
LA D BLZDD (TZv | ¥10 | 090¢ | 9v60N0 | SENO DOF | BeEMDU | Os | DES 59
¥55000 . BegoD vze | vIo | o0z | ovet00 | 690D | 9 RSEI0OD | 05 | 625 159
£F900 - a0 ETEF 10 O¥0E | SwEDON | LRAND &F BEETOOD = BT'5 25D
C EROD = FLE00 LT 2k w0 090C | vGo0D | SE00 51 REELO0D | 06 | £2°5 259 | 8169
£000°0 - EODND BL OE ETD (0T | owBOOT | L0SDO ned geELOOT | 05 | 92 259
FOD b0 ar0f | £r0 | oz | oveoon| 000 | OFs | weEiDdD | 05 | S0 9
J000°D . 5000°0 908 £T0 LETE | opB00n | LDSDD ot REEIDOD | ©5 | bZ’S 35D
ROOO'D ; <0000 ¥ 0T EID | LEDZ | 9v60OTD | LDSD'D Ob. | ®6ETO0D | 05 | EZS 259
nron'n GO03°G BIOE ETD LEDE | 4wEOOD LR O ns4 SEETMN T s TrS 359
FTamD TIHFD. | BZOE | STD | (EWZ | 9¥E00D | 209D 059 | WeElDOD | 0% | 1S 59 |
B100°0 PEOOD arof | Fro | fEuz | oo | coso0 | 073 | Eeewon | 0S| 02539 |
FL000 : RT00'D #0708 £T0 ZE0Z | ove000 | LOS0D Doc | BREMOOD | 05 | BUS 19 |
GLOOND E 1000 B0t ETd LE'DE | 9FRDOT | £0S0°0 (ifs BEE 1000 0% BT'S 359
Tro0'D . TEOO'D BL 0% ET'D LEUE | 9weO0D | L0500 s HRETDOG | 0% LTS %9 |
#7000 2 bl BE Ot £1°0 [€0Z | 9ve0c0 | cowoo | 9y | B6E1000 | 05 | 9TE s
3E00°0 : TROID azor | eTo | oz | oveoon| cosod SEw | msel000 | O0S | SU5 259
15000 3000 HEOE ETD LEOE | stsO00 | L0507 S REETOD s Y5 255
g000 . 15000 WIOE | ETO | LEOZ | 9RGODO | L0500 SiE | EGETOOD | 08 | ECS 35D
BS000 - £900°D B 06 §T0 | (E0Z | 9v60000 | LOS0°D OEE AGETDOD | 05 ILS 359
85000 I - 65000 BT0e | EU0 | O | 9veodd | 40500 0% | seclooo | OE | TTS %9
2L00'0 . BS0O'T BOE | ETD (0T | 9ve000 | L0t 0i | ®efloon | DS | DTS 25D
£010°0 - 55000 HE'OE 00 | CEDZ | owsDDO | £050%0 art | seEge | o | &% 30
let) e | [ em | e | & | 2 Is) s | W | [2) ()




® 9 60 00 0O 0 SO RLEPOISEOOOGEO OO OPOBSROEOSEPPOPOROSECS one e

T
vEROD L x | HL00 0 FETE 1D EFOT TE£aoa easoea DEL EGETOOD _ 0= 9'S 59
a0 - YZ100 bWZE | STD | ErOT | TZeond | e0son § | ®EEIOOD | DS | £9'S ;%O
qEsnn : SOTT FiFTE aTn BEOT TEAan'a ensnn =1 ) BRETOOD | 0% wm_..mﬂ.u.mﬂ._.
[ mﬁ...nn.mn_ﬁ__ = [2Ed Irir*2E 910 Gi'OF TELO0'a £0s00 oe EGETOOD os s %5
0530 ¢ - S0 PbZE | STD | GPOC | TZZ000 | E0GOD &1 | BGeloon | 05 | 095 ;%O | 01388
50000 : 20000 BERE | 9TD | v5OT | 12e000 | 96900 508 | BEETOOD | 05 | 655 359
TI00 0 e BERE | 9TD | o0 | treoon| weson Sh¢ | RGETOND | DS | B85S %O
L = STI00 RETRE 5T°0 FoOT TEZL00°0 49070 9 EGETODD 0s hm.mﬂu.mm_
5£000 : 61000 GEE | 910 | ¥50C | LLLODD| 96900 | 085 | BGEIO0D | D5 | 855 %9
BS00Y 52000 GEWE | 910 | vS0 | 120000 | 96900 | 005 | BoEwo00 | 05 | 558§ %9
TEI . TEQDD | BETRE G0 ez TEAO0n0 SEO00 [kt BRETOOD ns Lo 50
OFToM - #&A00 BERE 410 O TFLO0n 0 HEa0°0 | REEIOOD a5 £5'8 M5
BT O£aoo GEEE 5170 _ PEOT TEA000 G900 s | BGETOOD os 55 159
c<ton - £2000 | GE®E | 9T0 | 507 | 124000 | 96900 | OvZ | SEFIOOD | 05 | 195 %9
0 - TLO0 | GERE | 910 | bS0T | 122000 | 96300 6T | BGELOOD | 05 | 055 59
BTEED . 5100 _ BERE qTD T TZA00°0 SE90°0 OEL BEETOOD os mw_mﬂluﬂm“_
DSTod 5 LOE0D | EEBE 510 FEE TELOG'a S590°0 GEL BeETOOD g f%'s 250
BOET - GBI BEFE ST D FS0E aan'a SR90°0 & ERETOOD s hu_..mﬂu.._..mu |
i BEENQ . GLT00 BE'EBE | STD FoOT Traaoa k=l 0% BEETO00 0% gL 5D . _
BRI - QED D BERE | STD | w507 | TZe00a | seann s¢ | sstwon | o5 | s xs0
i m_.m.m.n“..n_“.. . PERND GE'RE ST'0 BEOT TTdnna 59070 0% BEETO0T s Ph'E 35D _ |
B9 E ELEdT GE'BE at'o ¥50E TEL00'a &590'0 -1 O a5 E¥'E 3585 Gl F55 |
B0 - LD (UTv | ¥LO | [90C | G600 | 56800 0% | B6ELOAD | OS | Z¥5 250
| <io00 - | vio0n (UZv | o | Doz | ovsoow | seso0 DRt | msewpon | os | e s |
9EO0T - | 07000 {UTy | vro | owor | aweood | S690'0 of¢ | ssfwon [ os | ore 8o
LS00 x ATOOD LW T 090z G0 SEIOD 034 HEETD L] BES 259
= _m_.M_u_u.n_ - FEDD WD _ LTEIR FL 9oL SrGndd .. Y00 (&% HHETDUD i EES 153
amel | - | G000 | SR | VRO | OXOE | OMROND| SHWO0 | 065 | BEEIOOD | 05 | LESORD |
e ] fEm 184} {or) 18] B | W 9 | 8 | v (€] () )




i

TEGCTD _ - | o500 oan 10 VBT | L2L00°0 | £E00 vt | 18E000 | i Fi D 50
EEZLD - ieote | 0 | tr0_| 89T | vtwon| easou b | wafbro | 0 | ELOSD
vEpl 0 - weilo | ooo | ETD bHa1 | 1240000 | EE900 SE TeaeoD | o | zrooasm | 1rase
EDOOD YI00D 00 710 | [0SOt | ove0nD | 01500 05 | 18ZooD | O | TEOOSE
L100°0 55000 non M0 | 0581 | 96000 DISOT pev | iBiZOO0 | 0 | 010739 |
600 . T i 1] 000 48] peat | ope0o0 | OUSROO0 Azl 1aczo0'd a B0 J50
68000 0z10D —o T tvo | o591 |oveeon | Oisoo | der | teenoo | D | 80 %9
0600'0 e CEROD “pon | TiD 0581 | BrS0OD | OISUD oz | 1sczoon | O L0 359
W00 TiepD | 000 7to | D591 | 9we000 | OISU0 avi | teiood | O 90 350
[ sse0D : TE500 o | zto | wsar | wweeou| 0100 o1 | 18£ZoOD | B | SO 59
BLEND : 7i900 oo ZTD D59T | ovGobD | GLSKD STl TRLZOOO | O w0 250 i
= §150°0 - £1800 o 10 gso1 | 9vE000 | CISEO 0 reezoon | 0 £0 10
SERUD - FILLD 000 710 | oeer | wwepon | o100 ot Tezzonn | O To s |
PETTD oraTD oo 7rn ocor | ovea0n | OLSHO 51 Tezpow | @ | TO %2 | 1zXm
0000 - LDODD Wy g 910 gF0Z | 10070 | E0S0°0 096 gEE[OOD | 03 | 85 259
FO0O'D - Stoon —7e | oto | evor | reioon|  weseo cs@ | BeEE0OD | 05 | 405350 __
L - §z000 | ¥eif | 910 | 6vor | 124000 | €050 c7g | BEEID0O | DS | 8ES 389 |
T rtooo . aobn | erie | 9T0 | ev0c | 12000 | €0S0D sz | EEETOOD | 05 | $L6 089 E
L100°0 1E00°D ozt | aro | 6v0r | tziooD | EOS0D oz | ®sEl000 | 06 | WS 259
G - EEDOD w72t | arp | ebbz | £2i000 | EQSDD <9 | ®sElooD | 05 | €4S 259 ]
DEOG D - yEQO'D | PYZE 10 gvoz | rzio0d | oS00 §yE gEIOON | 06 14§ 259
55000 - FEOXD b ZE 1D BPOZ | LEL00D | EDSIO cEY SREIDOD | 05 | TS 369
LL00D - 29000 ez | 9vo | 6w0T | 5Zi000 | EQSOD otv | moewon | 05 | oL€ %D
£zl 1000 2 | B0 | w0z | 1ziooo| meso0 | Oc | seewon | oS | 699 359 -
LETD = FE00 0 b TE ot EroT | TZLO0D | EOLDD SrE SEELDUD £ e e
[ ext00 - Y5000 vz | 910 | 6vor | 5Zcoon | E0s00 sz | ®Ecioon | 05 | (95 %3
BLIOD - 79000 si | oLm | 60T | 1zeoo0 | E0S0°0 czz | gGEtono | 0§ | 9957059 o
QEE0Q BO0] Eu...H,m gIia [T ol TZ00 oS00 5971 S6ET000 a5 Sos A80
€ @ | oo | & | @ | W fa) @ | W @] @ n |

EE N EEAEEERE N E NN N N B N O B N BN B B B A N N B B B




® o 90 %0 850 OO &b 0P PR ¢ 90 ot e O ae ® g g9peeeas

BrE
[ foooo _ - aToon aeo Lo ro'at | treoon | ooson avs teeooon | o T g 259
oo _q FdRfuR] 0o ttn Fi- -1 TELA0D foea'a Q& TRLO000 a | Irg e
£7000 : £0000 | OO0 ) 7o'ar | TzeonD | 00500 Afk TELZO0T | 0 | Ovo 250 —
1500 ¥ OO amn o rqr TEan'n SN0 (14 3 TR 3000 0 BED D88
£E000 - £SZO0 0o D ZOGT | TZO00 | 00500 OOE TLZ000 | 0 | €50 59
YETO D ¥LEDD oo 1o a9t | tecoot | o0sO0 DET VBLZOOD | 0 | £E0 359
79E0D . TEPO D oo T 7997 | 12000 | 00500 oot 182000 | 0 | 980 259
0TSO0 {500 000 o 2091 | TELOOD | 00S00 ort | wewmon | o | oo |
FEBOD - LT noro o rogr | Teso0n | oosoo 0% 182000 | o YED 50
POIOD - TOOT0 oD re faal LEL00] ooscg 113 18£z000 o EED 250
G010 - ST DY e £99T | LCLOUD | DOSOD st | weeooo | o0 ED J59 | FLI5D
000 O TEODD ) o a1 | ov6n00 | EDLOD 095 TREE00D 0 TED 59
62000 EE00 1 D00 ITo | 79T | oee000| e0c00 e o0 | o | oeome |00
GAOND TRIO0 0ero o B9l | oveoDD | EDLOD oy 1842000 | O &0 %0 | |
ZETO0 - ZTECD 00D T BTOT | 9PGOOD | EDZOD 0% 12000 | O | 820 %O
SOEQ D - LR oeY ) BC9L | sve00D | ToL0D 06T 127000 | D | LZ0 359
lss00 SESOT oero EED BEr9l | 9veDO0 | EDOD ot TEfIDO0 | D 370 %D
T Ieion = TELOD 0o it grat GiR00D hedn [Fild e I000 0 £E0 8
LEGOD - tLOt D BeD o RE91 | sweoon | Eneon oot 182000 | 0 | pzo o |
SSZL0 ~ - | szsto 000 | ZIo | BZ9T | ope0O'D | €000 0% ec000 | o0 | €zoosm |
SI9L 0 . (85L0 oo o gral | swwoon | EDeoD 0 oo | o 200 259 | ECJ59
9000 0 - | ezoo0 00D | ELD | #EO91 | 220000 | ER90D S5 | t8izoon | o | 120 359
 EFDOD - 74000 0o LD PI9T | T2i00D | £R9OD SFS wezoon | o | 0z0Tase
B0 tZLon | oo Lo swar | tzzoon | RSO0 it 1eiz000 | o | 1o sm
vizoo | - | oD 0o e ¥891 | TZé00D | £BS00 SGE TeZ000 | o | UG 5o
 0%E00 - oREOD | 00D ELO | »ES9L | 12000 | RO S9E | IRL0OD | 0 | LU0 259
64500 s ale0n | 000 EL'D peal | t2c0000 | e@sad SBE teizoan | o 510 259
L| .Rms: : 16800 _ 0o EI0 | vEOL | 1Ze0oo | EES00 5i1 BZZ000 | O ST 0 59
(ET) | ) ft1) | for) | fe} | 8 [ f&) | is0 | (&) | {w | le) iz} L]




BYi
LISh0 [ osioo | eecon | w00 #00 [agr | oGODD | Z0s00 % | ocEtoon | Ot | 827 7559 |
BELDD Te80D | 26800 o0 BOO | {981 |9veO000 | Z0SOD <z GSElo0D | O | LEL 356D
| SBED D 0010 | 6BE00 oo 800 | (980 | 9vE0OD | TOSDD o1 | gesionD | Gt | 92T 255 | 12859
oo 1000 SO0 0 aoa 10 | ESLl | 17000 | L0500 85 | 0S81000 | 01 | STE 559 .
YOOl © 12000 “1zoon 00 0| §6il | 12000 L0s0 6 | osstonD | o0 | #ET X559 —
[ 10030 TZn0 o 27000 oy U o ESCT | 1240000 | 20500 579 | ocELopD | Db | ECT 2589
~ oooo £2000 §E00°0 oo 110 ESCT | TLL000 | 000 65 | 0581000 | OF | 2ET 355D
{00 Zeor0 | 65000 oo | T0o | EEir |TziooD| fosoo | Ses | oseiove | or | 12T ]
[ Gtooo L2000 £nto o na 110 | E541 | TRLO00 | L0500 <E5 | osEtoDD | Of | DET 2559 -
52000 EEO0D 0500 0 00" 10| §eit | TeLoo0 |  £0s00 cos | osstomo | o1 | BL'T 295D T
TEOD D ¥EOO 0 75000 oo | it | eeci |tzzoom | eosen | siv | os#rmo | oL | 91T 3689 i
| FRO0D SE0D'D 45000 400 1o EFLT | TZeO0D | L0NOD St psEtoon | of | £1773559
25000 05000 500 0 100 TTo | EELr | Tmoon| fmo0 | Ste | oseleno | o | 9TT D =i
[ oeoow 2800°0 Be0D D oD D | £5LE | TZLODD | L0s00 S8t | 0SEl00 | 01 | SUT 255D 1
18000 2o o 29000 DO'D 0 | £SLT | TZ:000 | L0500 cs¢ | osgwoan | 0% | TV SS9 ==
30100 7000 saooo | ooo o ESel | 122000 | 20500 <7f | osetoom | oOf | ETT 088D | .
[ e REDO'D 340070 000 00 | ESL0 | TCZO0D | L0500 57 | osetoma | 01 | TET 365D
s L0 26000 pro | IO | E5iT | 12000 | 0500 53z | OSETOOC | OO | TUT 2889
oTzo0 ZETOD oI DOD 10 | €sit | TzZooo | L0500 SE7. | OSEIOOD | OL | OTT 2559 =
a0z T SEl00 000 10| feel | ncoon | zoso0 sz | osetooo | 01 | &7 3559
3 BrI0d (0 fa ] ERTOO oo it'a ESLEE TTL0070 £acoo a1 DERTAOD al .w T 558 ||
142070 BOZO'D gEZO0 | 000 10 | ESLE | TEe00°0 | £050°0 Set | ocaroon | oF | 4138
£950°D aze0y 06200 pon | U0 | E5L1 | 12000 | i@ | son | DSeTooo | OF | ST B
C mmeD 1070°0 TZE0D oo0 | IT0 | £SE1 | TZLGUD | L0500 <. | oseioo0 | D1 | ST 2559
i LHS D EGTOD EFEDD 0o'o o £vil | 172000 | £pS0O 57 0SEI00D | OT vl 2550 ;
1 qrtoo gg9riro BEFrOD ¥ 1540 ES'LE TEE0h0 L0500 Ok ORI [H) ......wlu.,.ﬂmmu
02800 29500 24500 200 Ti0 | €541 | 1ZZoon | 0500 oz nsaIooD | O | ZT 9588
| &os00 ZELOND SELOD e | TT0 | 54t | IZLoma | L0500 ot DsEl000 | 0% | viosss | Tasse
l£T) [z1) 149 ot} | (&) I=) (g | (st | s} le) Iz} [t}
22 00 090 ¢ 96 o0 0 0 60 060 6O a 00 00wt o0 aga " e e




® 0 00 20 0P QR CeO RIS OIERNOIOGEO® OCPOEORPROPRONOSIEOPOPQRERPGgopooeon

L1L T
| ¥LIO0 £l DoLG Y oo 80D WHL | 9veonD | seS00 SEL | USEWOU | OF | 951 J559
B 19000 91100 ooo 900 IZWL | ovedon | 6500 557 OSEIOD | O | 55T 450
GULOD FSLo 0 BE100 ooo 200 TEat I-mu.m_n_n_.n_ SRS SEE DSRIO0 0 % 51 2559
REZOD BRLOD 1910m oo 800 TCHT | ops0DD | SEDOD Sz | osEmoOD | of | £ 7559
OEZOND ZZIO0 £¥200 oo 0o TERT | 9FGODD | S6900 5iT | osewon | 6f | 151 9550
BEEOD £ LREQD oo BOD IEH] | 9P6ODD | S6900 SFL | OSEOOD | 0% | 15T 2559
F 100 TEEDD OLEDD ooro BO'D IE8l oGO0 D CeROG Sit (SR i 14 05T 3550
o pls00 | 90D 92500 | 00O | BOD | 1CEL | 9v600D | Ses00 <¢ | oseloom | ot | TSS9 |00
FRLOG c950°0 arann oo 800 | TrE1 | ovsoDD | Seson 9 OsEIOOD | O | K1 3550
SOEDY L300 SR o RO TERT | roo0n | 565070 57 osEWOD | et | L1 35
EZOLT STH0D PLGOD oo RO ICEL | 9PGODD | S690°0 5T OSEIOOD | OF | 9v1 1559
BIETD 091D TEZLD Ooo o Ie'gt Crhom'n CRoO 0t (5R100°0 ] ST 2550 £ 2555
T 90000 BLO00 oo BUD | 9Bl | 9v6ODD | 20500 OvS | osewOD | of | et sse
1000 S100°0 #1000 oo 80D (981 | opeODD | ZOSOD coc | oweoon | or | £l Jeen
L2000 SZ00°0 61000 o0 0 200 981 | orGODD | 20500 505 | osEOOD | 6L | fel 2450
SEDO G FEDDD BLOGD ouw BT (L | SPEODD | oS00 S0 | OSEWOD | 0F | Wl 2559
] vEDOD 62000 oo 0T [981 | GpGODD | Z0SO0 SIv | OSEIOOD | Of | o¢T 3550
1000 55000 ZE0OD oo BOD | £980 | 9vG00D | Z0S0T OV | OSBIOOD | O | 661 2559
REODT Spun°D £E00T oo 8O0 (98T | opsooo | zosoo 56z | osEmOO | 01 | FET 4SO
| 00 00D 62000 000 a0 | Z9®ml | ove000 | 2000 5502 | 0SAI000 | O | ZET 248D
SO0 ELOUT £¥ag ouo 300 £EL | 9ve0oD | fosoo O | OSBWOD | 0F | 9T 2559
[ Etioo oorom SEO0D ooo 200 990 | 9veo0e | zosoo &t DSBI0OD | 01 | ST %50
_..mlnm_.._... SELDD eSlgn oo 200 L9481 QEEa00 fasog st nmmﬁm_.:u 41 FET 35D
| oo | Lvzoo LEZ0T oo 200 (9FT | ope000 | zosoo 0§t DsETOO0 | 01 | BT 9D
" fozoo EFED O ZEELD 00 200 LORL | owe000 | Zosoo aat DSHTODG | O | 261 20
tseun D O SEFDT 0o HOD (9L | WE000 | ZOS00 5% OSHIOO0 | 01 | 1E 959
BELOD EIL0D LLE0T ] 500 LUEL | 9v6000 | ZOSDO ot OSHIDOO | 01 | OF1 3550
| titao | 5900 SESO D o B0 | L9EL | 9ve000 | 20500 g5 | osgwoo | o1 | sziosso |
|
(131] fz1) (134} fot) &) | I8l () (9] (=) (v} (€l fz) (x)




L4 T4

BRI 2T500 BE500 15t oo | SEBL | tziooo | testd % oporoOT | O | €T 2559

12800 ELLOD L6800 15¢ | ord | GEst | Leeedd | teso 0 | svomood | o | 22 %0 |
25600 EU600 aze0n | 5L | OT0 | GEBL | 12000 | T690°D a1 3¥9I000 | O | TF 0o | 57559
<0000 ¥0a0 0 gooon | 00D oD | 9cil | tzeooo| Tewo | 0s8 | osswon | Or [ 197 3560 1
000 | 6RmU o000 | oo0 | OT0 | 9LfT | tZeoon |  TE9OW Doc | DsEmG0 | O | OFT 0%9 |
(000 | 91000 1000 oo | oro | sczt |tzioco| tesou | wew | ocewoon | OF | ecTomS |
FT00D DEODD SE00D 000 OT0 | OLE1 | TZL000 | LeAOD Dt | oSamooD | or | BT omm
£200°0 ZE000 L9000 ban | oro | SCit | wzooo|  teend oof | oestoen | of | erase | |
SEOND EX000 vs000 | 000 aTo | 9Cit | 12000 | TESOD SIE | DsRo00 | OF | 96T %8O -
£500°0 BS00 0 TL000 o o0 Gret | Tee000 | TEIOD 7z | osRloon | O | SeTIssD
£800'0 1L000 fitoo | o0D 010 ril | teLooo | tes0n S5 | 0SEI000 | OF | T 480
C0TOD ERODD | SIT00 OoD oTD | 9c41 | TaZonD | TeROD Tz | oeEoon | Of | ELT 3559 ]
T "~ 85000 £eT00 et arir | tzzgon0 | seve | et | OSETODD | o | @T B
ZZ00 oo oeTon 000 or'e | St | Tieoon | 1ee0D @1 | osmooD | OF | 1T SD ]
gszono | 8100 tzo oo | oro | 9cir | tzeopo| 16400 =t | peEtoon | of | OL°T oS8
STED00 bLI0 O LETOD 0ro oT0 | 9ri1 | teLonn | 16wr0 01 | DSEIOG | O | BAT 3559 ]
STHOD ZE%0 0 SRTOD oo OTD | 9iil | TZZopD| L6300 06 DEEIOUD | 01 | §9°T 2550
trsln - wesoo E5F00 qoo | otD | oiir | tioon | 16900 5L OSEIODD | ©O1 | 49T 3859
16900 5900 YO0 wo oD szl | TZL00G |  TE90'D 0e gsEtoon | O | 991 2859
98400 L0 T 000 orn 9ril | LZL0OD |  LESOD a7 peatoen | Of | 591 3559 B
BERND LB 95810 00D ot 9LL1 | TLL0DD| TEWD 0 | DSALOOD | o1 | ¥or 2%sm
SLTT'D EOTT0 Tzate 00D oTD | 9ril | 122000 | 16800 5t DeETDIG | 01 | €07 288 | poss3
20000 100D TT00D 00 §00 178l | 9rE000 | SRAND cEs | osetoon | D | 29T 2559 0
S100°0 SIO0D 21000 000 E0D TCEl | 9vEDOG | SAa0D LS psETODD | OT | 19T MSH
DECD 0  szon SE00T oo | Eo0 | TrE | w600 | Gwon | s | psewo0 | Op | perdss
SP00°0 tE00D L2000 D00 | go0 | TTEl | ove0D | SAIOO STF | 0GetO0D | Of | 651 2580
399000 9000 w000 Bo'D F00 | TCEL | 96000 | SESOD SSE | DSRTOND | OF | BST 3559
EG00'D BL00'T L9000 coo | 800 | TrEr |oveoon | Geown | sze | osetoon | or | £S1T8S9 i
(1) (zn) w | o | | m | @ | 9 (s} W | ®| @ | m

'S N EEEEEEEEREEEETTEEEESE T N NN NN B NNEJBESEN BB N




S0 00200000000Vt enten P00 ers 000 s00nnce

Fd T

04000 oS00y S0 753 LT0 | OWET | 1ZL000| 00S00 | O®e | 9yelonn | €2 | EEE 055D
oD 5000 rznon L6 | L1O | SEET | TZ£000 | 00500 ozt | avelooo | e¢ | 0e7 3589

SELOD FRI0T Fr00D FiE (T o€l | 1ZZ000 | 0OSOO 051 9eo1000 | 0F | GZT OSSD

BOELD sZT0'a LI00'D £ Lt S¥'6T | TZL000 | 00500 011 a¥31000 | 0f | 8L J5%9

52700 REIO0 £900°0 08 iT0 | SVET | TZ4000 | 00500 OLT | 9eUI0D0 | 02 | LfT d5sD
[ e B0 S1I0D EC6 | LT0 | GW6T | 124000 | DOSOO | SET | 9v3I00D | 02 | 927 0589
# w0 | eeeo 9100 16 [0 | SwEl | 124000 mson | sol apstoon | a2 | sz ossn

Gy ) SER00 TPZ0'D €46 evo | ower | teoon | oosoo | sE 9PITO0D | 02 | ¥2T o550

s0500 ETRID AEEND B LT 9v'61 | tzo0D | DOSOO 0 9vaTON'D | 02 | £27 2850

0¢500 6400 0T0D €06 LTO | 9L | L2£000 | 0OSDO 66 | owatooo | 0z | ZZE o959

96900 26500 L¥SO0 £06 (Ve | 9vET | TZioun | mOSOO | ov 9yIT000 | O | TZZ 9550

vELOD PO D L] EL6 (vo | owsl | 12000 | posoo 52 apitopd | oF | bZEasso

SO000 LEi0D £ZL0°0 £L6 LU0 | 9vel | teeooo | moso0 OF | 9vIto00 | OZ | GIC 3550 | 93559

90000  LOOOD RO 0 5L ore | sest | teeoon | 16900 D9 | opsto0D | o | ®I7 0550

EL00D PIDOD PTODD 5L OT0 | SEET | T2L000 | 16900 Svs | 9¥INO00 | OF | LUE 9559 |

YEOO'D LZtoo BZOTD Iy or'e SERT | TZL000 | tes00 | sop OpITOND | OZ | ®rZ Jes0
| aE00°o 05000 I¥0010 54 ot'o SEET | TZL000 | TED00 oee | swatowo | o | sreosss i
_ £L00°0 LEDOD 19000 5t oTo SEEL | [L000 | 6900 uzE 9pIIO00 | OF | ®LE 3559

LETOD RSL0 0 ILoTn 151 OT0 | SEST | 000 | 16500 €41 | 9y9w000 | 02 | E£rZ J5s0
| esion Le000 LRI (¢ | ore | sist | tzoon| Teano osz | svatopo | oz | zreTosss

“szron S600°0 PLT I OT0 | SEEr | Zioon | 16800 1T opiOO0 | OF | TLE 258D | |

95E0D »aIT00 VZTO'D (5t OO | SE'ET | 200D | 16900 | O6L | oiiobn | 02 | OLF 3558
 toeoD LEE0 RETOD 5 oln SE'El | 170000 | 16900 [T opal000 | OF | &L 2550

£DED'D P00 1tzon 54 OT0 | SEBT | QL0000 | 16900 S¥T | 9ylODD | 02 | FE 2550 e

ov0n SZEDD 0700 5y OT'0 | SESET | TZZ00D | TE300 | 0L | 9eRi000 | OF | £f 2559

BEPOD | GeE00 1§00 e OO0 | SEET | 17£000 | 6800 001 | 9¥31000 | 0T | o€ 2559 |
_ zESO D azw o STV 0 {5¢ OT0 | Se8l | Lzzo0D | 16900 o8 | gvmopn | O | S 3559 1
. UZa0 o EOS0 D BEWIT) T N GE'dl | 12000 | 16900 = avsToDg | ¢ | e 3550

[£t] fet) |ty | ) | (8 el 9l f8 | W (] @ | (W |




EST

| avato00

rEND SEEND BLEN D B 1D trEL | w6000 | wEsod o1 pz | 57 X5

aFeo 2L E0T] e cvg | 110 bwEL | BE000 | FEI0U oot | svatoon | ot | €5t %58

F950°0 TR0 22600 co'H 110 YL | 9ve000 | vN00 o8| gveioon | og | £ST 3558

1900 9550 0 £8500 =48 TTD | test | oveo00 |  wES0D 0% spatoan | 07 | 95C 2559 =
192070 s ¥oLOD e o | yyar | Sreoo0| 690D n avoloon | OF | 5SS 2558

s O (IEn 0 csea0 | 4% | WD | vwes |oviouo | wewoa | OF | 9+91000 or | veT 3558 0
FEOLO 7atL O fRILD | S8 Lo bvET | 9v6000 | ¥HI0D ot | svatono | Of | &5¢ 255D | #9959
§000°0 L0000 000D BT cr0 | 9691 | 9we000 | 4GEOTD azs pet000 | 0F | I5E 2550 |
E00D'Y S1000 50000 6¥ TD | 9691 | OvE000 | L6wI0 ma | weloa0 | & | 1573550

07a0° os00 D FODD O B9 ELD | 9691 | 9re000 | 4GP0 ooe | opatoon | Of | D&E 3559

REDOD THO0'D fion0 | 6r3 | G0 | 9691 | 9v00D | LHYOD cTv | ovetoon | O | &vE 0558 i
BYDOD 73000 gtoon | Gwd F10 | 9691 | Ope00D | LevDD 9t | SpetOoD | O | BYE 2559

pL00 SI000 1000 e cro | 969r | Sve00D | L6000 Jte | ovelopn | OF | ovE 059

&O10 36000 rEO0T B8 f10 36al | oea000 |  LEGGO hgz | 9tetoon | O | 9vE 358D —
OBLOD MEIDD 0o10'0 549 T10 | 9691 | 9¥6000 | L6v0D ez | avotooD | 0T | SwE Is5S

LrEn D 35100 G100 o Ero | eGat | Gve0o0 | £sb0D Rl | Svetono | op | wwE s

EGCO 0 G100 Triad Bt'D sT0 | 99T | 9y6000 | L6WDO or | 9vat0o0 | O0f | EvE Jss ]
WREQD FET0D orio o A%’ T10 | 969t | 96000 | L6l cr1 | owatopn | 62 | ZvE 9559

Sor0'D 96700 LETOD 5v9 ELD | 969T | 9¥E000 | £GrOD =6 | svetooo | of | I¥E I5590 B
VoS00 BLE0 PREDD Bra | £L0 | 9691 | 9v600'0 | £ev0D sz | seatmon | 0z | ovZ 3sso

19500 £FElD [ U | ER3 ET0 o591 GeEI00 LR 0 ..___m.. e AN BT GE'T 2550

E£90°0 vESOD Es00 | 6v3 T10 | 9591 | 9veLOD | iBbOD SE grato0d | OZ | 9EZ J%9 =
SBLOTD DEI0D. L7300 5F9 | ELO | 9§97 | 9v6000 | AEWDD st | wewaon | 0T | LETam9 | “
fEROD S0 IR0 E¥D ETd 9691 | Gve000 | L6v00 ot a¥atoDD | O | 9FZ 0559 | 559
S000°'0 GO0 EEN TN BB L 97’61 T .“_E__...“_u.__.._. (=1 aFF100'0 né SE¢ 2550 .
ETO0T £200°0 5000 D £26 ito | ove1 | tzeoon| 0000 oas | 9retoaD | ot | vet 0%

BZ00 Bv0 D BO00 0 b6 | £ro | 9vel | TZa00| 00s00 | 0% | 9191000 | 02 €E T 2559 |
LT 3007 Tw0n | E£6 710 | 9v6l | 1Z£000 | 00500 o | ovetonn | 0z | EZET J559

(e1) (e} () o | @ | @ | w | & [ ® w (@] @ ()

TN YR EEEREEEE N EY R N E NN N N B E BN NENE NN BN S BN




® 0 90 e EPRCOVOIIP QD DO POPSPSIOEOQROeE®oonne0e

BaF

9E200 EBEOD RLEOD | 00'0Z £v0 | E96T | ovsoro | 96000 at rep1000 | O | #TE o550 HH.

£000°0 £000°0 Z000°0 a6t €10 | O96L | 9pG000| SIS00 | O3C | CeRlO0O | OF | CUE 0559

N1000 #0000 B0 ap'sT T'a 926T | OPE00D |  SIS00 oFa ZvPTODD | OF | OUE Jseo - =]
. SE000 £000°0 £000'0 a6 ETG | 9g6T | 96000 | Siso0 0ES | ZvKIO0D | OF | SU'E 2559

HE00D too's | Etooon el ET'O 9867 | 96000 | SISOO OEy | TevlOUD | OE | BOE 55D

16000 £100°0 3100 [ 96T | EU0 | 9861 |9ve000| SISOU | OE | urEODO | OF | EUE 9559

SHLOD BIO0'0 37000 o el ELD | 9260 | 946000 | SISOD SEE | TevlO0D | OF | 2Uf 3559
___Zoroa BTO0D 200 ] O'ET €0 | eger |9esean| sison 08T | TPPOOD | OF | TOE J5%o — =

S970°0 Brn0n ELO00 S BT ELD 9EGlI | 9¥B000 | S1500 SEZ IPEIOND | OF | 0L 2559

BOEDD 000 SE10°0 O% 61 E0 | o8l |o9¥e000| sSIS0D 051 PTOr'0 | Of | 6F 2559

SEFOD T0T0°0 PLTOY 46T £l 9861 | 9¥600°0 | STS0D @91 | IPPIOND | OF | FE 2559

ERD FHIOn ansoo or 6T £1°0 9EET | OPEOUD | SIS0D 0ET ZrblOlo | Of L ETI8En

tosan 597070 0500 Iv Gl £10 SE'5l | %6000 | SISO0T 0L | evViOO | OF | 9E 3553

FESOD rSE00 ZIR0Q 9yl | EL0 | 98Bl | 9sB00D | 51500 06 | IvvIOND | OF | SE 3550

DSI0G ek LiF0D [T ET'D | SEGT | 996000 | 51500 B | wbIO00 | OF | WE 2559 Bl

LZL0r £150°0 IS0 9wl | FT0 | 9%GT | 9M000 | SISOO 0 VIO | of | EE WD

Z6L0T aig00 s0s0n av el fto SR | 9se0000 | Grco0 | ot VI00 | OfF | 2E 25D

R0 BL50°0 T8900 96T £T°0 95T | 996000 | ST1500 ot IWVIOUO | OF | TEJ%9 | 635§D
[ oooon oLoao TTo0n co'm 00 | PEET | O%G000 | #6900 099 | Yp9to00 | Of | 697 J55n

L1000 P00 LT00°D 59’8 0 | BT | 9v600°0 | #6900 045 | SPOTO00 | Of | 897 0559 |

DEE ®TO0 17000 com o *e'ET | GeR000 | w00 0er GPOTOUD | OF | L6°7 J550

YEO0T 05000 Tetdra 50’8 10 | #¥FRT | 996000 | #6300 O8E | SHOID00 | O | 957 J5%n __
g 000 B0 0 cag ) vET |ovi000 | we30D | SEe | svoroo0 | o2 | 597 D550 |

BOLED T600T sa00d S9B | 100 | weBL | OvG000 | #6500 | Osc | svotouo | o | v9 2589

[FIOD ST10°0 SA00 58’8 o PREL | 9960070 | FBI0D 05z | SOI00 | Of | ES 0559

EELOD EFLOD TTI00 sorm 1o ¥P'ET | OpGO0D | ¥EI00 0oz sPalOUQ | OC | £ 3550

ISL00 1 omwe | 12w S9g o FYEL | 9vB0O00 | vES00 Bl SO0 0 | O | 19 0559

LD D 16200 L 598 o PwEL | 9VR00D | $ES00 vt sratodo | Or | 097 359

(51) (zn) ) o | w | ®m | @ | @ s owW |® (x)




552
T Z7an 0 LE00 0 76T | HiD | I6GL | TZi000 | 0E900 ols | Tovtoon | OE | 9vE 0%59 .
Lono DEO O (000 7681 | #I0 | tobi |TZi0D0| 0690n | 9w | DRRIOBD | OF | Sy E 358D ij
£600°0 Woa'o OO 2631 an 56T | 17000 | oelaD | o2y | oevtoon | O | wrE 255D
98100 Groa 0 09000 e an | et |isibcn| oewn | £k | memooo | o | TWE 9 |
T L5000 #9000 J68C | B0 | ¢ast | 12eo0n| Deswo | OEE | Twwtowo | OF | ZeE 3860
EOED'D (RODD 000 7oL | 810 | 680 | 12£000| 06900 | 652 ZyviOD0 | OE | IFE 3559
S2ED'D TIGL 16000 | 7681 BI0 | Z661 | TZZODD| 06900 0tz | replon@ | oF | OFE 35S =l
F5e00 BL10°0 GETO0 7591 aU0 | Ze6f | 17000 | DGIOD s31 | ZeRlOO0 | 0 | SEE 0%S® |
SEe0 0 EED D 000 T A0 (66T | 1260000 | 0GIDO ozt | ZeviDDD | U8 | ®EE %O _
SE90°D 15800 FEED D 64T | ®TO0 | 66! | [Z2000 | 06300 06 TveiobD | OE | LEE J559
Shi0D 0900 wEr0 0 6L | B0O | Z66T | t7200D| o900 | 09 Terio0t | OF | 9EE 0% | |
E9R00 B0 EBI0 0 68t | @10 | 266D | TEeoon | 06%0D bE ropTOO0 | QE | SEE 6EH HM
EOUD' 2000°0 goOOU | o007 FUD | GOGL | 96000 | 96900 oL | eewtoon | 0F | vEE 2568
5000 0 1000 ET00°0 000z | tEo | e96t | oveson | Seeno 0% | IeTOOT | 0 | EEE 2559
H000 1 FZ00'T 1zo00 o002 | tto | tast |9wono| @eann | 9y | Teetoo0 | 08 | ZE€ 255D
A0 RZ00'T ET00°0 o0t | Ev0 | Bver | 9e0rn| 9sion | 0v | feeiqod | @€ | TEE 959 |
9000 FEOOD SEO00 BODZ | €U0 | 6960 |9ve000 | 9600 | S8E | ZERLOOD | O | Q€ %59
BL000 APO0T S0 0007 | ETD | 6U6T | 900 | 9RGHD DZE | Zevl000 | 0F | GCE 9559
| SR00'0 RA00 D ELUD 0 0007 £1D GIGT | 96000 | 96900 T I¥oI00D | OF | BEE J559
E0L00 RLIOD LTI00 o0z | EUD | 6961 | 96000 | 96800 Ser | Crelood | OF | LZE 059
EFIO LT0D BETOD o00z | U0 | G960 | 9vE0X0 | 36900 961 | trelood | OF | 9ZE 3550
B0I0 0 LRTIOD TEI0D soor | ELD | G961 | OveD0D| 96%00 | Spt | gevmood | 0f | SEE 2859
YREQ 700 (Ei0D | 000 | Ev0 | EFGET | 9r6000 | OGN0 c11 | zeetoon | Of | bEE 2659
TEED TSE0n vleon | DODE 1% BUGL | 97SOD0 | 96900 58 LYPI000 | Of | ECE 255D
£050 0 FEROD gav00 | Dot | £T0 | GYGL | 9vEO00 | 9830°0 5g TPPID0D | OE | ZLE J559
FELO0D ¥EOD ELs00 DODE £1 G361 | Ov6000 | 9EA0D [z ZvpioDD | OF | IZE 259
PO LTL0% 79900 DOoE eT'e G961 | GreOOD | 95900 GE | rewlo0D | DE | OE D559
TIRDD EFE0°0 € LRI oo ELG [P N S0 G500 (iF ZEPT00M ae E0'E 2558 ]
(£1) @ | am o | &) B | (o (a) (s} (#) el () i)
"E N RN EEEFEEFFEEEYEE N E NN NENNESE NN NN NBENBENNNN;




22 00 S0 AR OPOCEE VDB OO OIPSPPOEOPOSROEPPoroeons

a5t
OLFO D SPIO0'0 L9 | st ELD gt | teeovo | oisoD oot | BECLOOO | Or | 9 55D
SE50T ETE00 £1me | 9l Zr0 ZUBL | tzeoom| o1soD D8 | FEZIDOO | OF | 5 J%9
fEs0n Jie0n fREOD T Ern tLBL TEEM0 OTs00 [ FEETO0 G Ok Pl 2559
zEan D aTwrn 20D 0saT ZTD ZUET | teeoon | o1sOD bt REZIOND | OF | EF 3559
HLLOD SHAD W00 5L Zrn zrel | teeooe | orsod bE BEZIONQ | OF | Z¥ 2559
BRLON 0500 glan'n 95T o TLAL LSRN OTS0°0 114 FETLN 11 L'y 3559 um.mmm_
£000D 2000 0o | T £To O2EL | 12000 | ZIS0TD 08 | IEPLOOD | Of | 9% 3559
#0000 TTod0 /0000 | - wT ETD 0a'6L LEcgan ET50'D L1 A i i 99°E 2559
£T00°0 ] atoon | ¥EUI £TD ORET | T2£0000 | ZTSOD 095 | IUbTOOD | Of | S9F 3558
S1000 ST §T000 | st £To BR'ET | TZLo0a | ZISOD 005 IeETO00 | OF | v9E esh
THO0D ATO0D vT00°D LT FTD OF6T | Tecooo | TTS0D 0¥S | TPPLOOD | OF | £9F 2559
500D vzo00 | coom | r@4T | ET0 | DRET | tmoon| Zieon 08k | IvPLOOO | OF | I9% 3559 | :
Sp000 LEMDG ERO0'D UL ET'D 036l LEcn £ L5000 174 EA [ i 19°¢ 2559 |
F200°0 EPOO0D 37000 YT £TD O=ET | 122000 | ZTSOD s TPEIOOD | OF | 09F 8sO
£8000 £500°0 TEOOD YECT EL'D o=ar | wzeoca| zsom oog IvPTOOOD | Of | 656 258D | i
HTTOD £900°0 TR0 YR ELD OEEL | tzeooo | £Eso e PELOND | Of | ¥5% 95%D
7ITOD SEOD'D ESI00 YET ETD oFET | treodo|  zrsoo DL LobtO00 | Of | LSE %89 |
ST 00L0'D £010'0 b1 | L0 | 086L | [zemo| ZIsoo 09T | ZOvLOUD | OF | 95% 0580 |
trOEDD EbTOn o100 PEET ET0 el TELBaG ZT50°0 L FrtLona f g e
RIPO0 £0T0°0 GOZ0- VLT ETO OR6T | 12000 | ZESOD DOT | IvbTOOO | OF | #5% 0559
P £ ELED'D LTea el T GL L0070 | TISEFD o IREFTON0 0E ES'E 650
1E50T ESPO'D VIFOd PELT £i0 | ONGL | L2:000| Zis00 0s ebkonD | OF | ISE 0559
T RESO'D R bR £r ORET | [Z400°0| Z1ISO0 E TPRIOFD | DE | 19°F J5%0
20800 9070 TESOD T T _ oREl | tzeoro| ziseo 51 reRIOOD | DF | 0%E 3559 .EM
90000 20007 £000°0 26781 eT0 | ZEGT | TZ0KD | 06900 EZ TPNTO0D | DF | GFE 3559
£I000 ZT00°0 RLO0D 2691 | LG | 661 | L2000 | 06900 <19 TeFI00D | OF | BWE 3559
| 87000 ST Hoo0 R | 810 TEEL | 12000 | 0900 | €55 | TRVLOOD | OF | /E 3559
(€T) fexd | () for) | I8} _ i) () 9 | Is) ] ] 12 ()




L5T

F000'D £000°0 70000 017 Y10 | ozor | tZeooo| iemn | Sk qertonD | oF | PE¥ 355D
T L0000 EO000 ot | wto | ozo | 124000 | lesno t19 | BECToO© | OF | EEP IE0 B

OO0 D 21000 000D | 04T To | broz | 1zi0o0 | 46900 | G585 | eeewen | v | TEW 255D

stoqn | L1000 BOUG O 5iz | wiD | 0z0Z |TzionD| (ewn | Osv | BETMOOD | ov | TEY J55D =

L 32000 £L00'0 T0iz | vio | ozor | 1zzoco| e OB | BEZLood | 0% | DEV 55D | |

e | BEDOO | #E0DD toiz | vio | DrDz | lziooo | cewoo ger | gezioon | ob | 6w 3550

w00 aooe T emon | toiz | »ro | Otoz |VIODG| tes00 | Ol | wermon | ov | AV 3D )

TEO' 99000 75000 —f | or0 | 0oz |Tii000| &es00 | Ds¢ | SEEWOND | Ov | LTF IO i

600D EED0 0 vADOD EOVLE vT'D pzgz | THONO | £BS0D e BEZIOOD | OF | 90'% J559 —

FETO'D ECEOD pblOD | EOLE ¥i0 | OZDZ | 1Z:000 | 6300 DET rzIOOG | Ov | ST 358

16100 LInn sfzon | EOEE P10 0Z0Z | L6000 | LE30O 051 gETIODD | OF | pIy JSSD

fezen Lri0n SIE00 coiz | ovo | DLoz | tZionn| L6800 0tL | seCioon | Oy | ET¥ 2559
i EEEDD LOEDD BLEDD EOER ] pzoz | 174000 | 650D [ RETTONGD | OF P

(REQD EPEDD REDD | EOZ | yiO | Oa0r | Tm0an | L6900 W gEziong | Ob | t2¥ JsE9
1w EREND w00 | EOLZ | ¥iO0 | oOZOc | tzeooo |  Z&90D 05 gezionn | o | 02v 2559

59500 Trr 0 SEFDD T £L ) DZOZ | 1740000 | L6800 HE BETIODD | OF | 6L 3550

£680'0 | saso0 {8500 eniz | sro | oroz | tzioon | £es00 g | secopo | ov | mEwassd ||

OGEND wOL0TD (eon | Eoex pE0 | GTOR | 12000 L6900 51 geTiOOD | ov | £0625SD E_M.w

YOO D £000'0 20000 arat 2TD | TUGT | 1cooo| OIS00 c§L | GETIODD | Op | 9UW 2559 1
BT 50000 £O000 EYE T 710 | Ziel | 170000 | DISDO w9 | seZlooD | Op | SCF 2559

TE00 0 G000 0 a0 a9l EL U FTGE | TELOX0 | 01500 Gpe RETIOOG | 0¥ E.u.mw..q_...ui |

15000 pLOC 0 R000°0 g/ a1 Z10 TU61 | weoon | 01s00 Gev | mEZtonD | ov | STv 250

000 croorn PIOO0 989t Pl | | TTBL TZE00'0 L] OfE EELTOLCO Ok ﬂ.__.....lnﬁ-mﬂ.

CZ1o'D OEQ0' TE00'D ozt | LD | TVl | tesoo | 6IS00 9E | WECTO00 | O | 1w 9550

s8I0 Y00 tE0nD 9cet | %0 7161 | [Z20000 | OISOC Diz | BEZIOOO | O® | OTY 255D

vSI00 £RO0D 550070 agar 710 | Zretr | rzeogo | oo atz | sezzonn | oy | &% 7550

ETE0D S LD SH00'0 0L 9T zto | ziet | weioo| oisoo 39t | gezioo | ob | @® o |

RRED'D VLD 76100 991 ZT0 | TU6T | L2000 | olso0 0ET | wEctoOD | @ | &' 65D

(39] lzn) (1) fot) 6) | [g] 1) 18] (s) [v) e | @ | ()

A EEEEEEFEEFFEEEREYEE E E NN R RN Y N ES BB N NN




2099 ® 0 @0 Qg &9 60 9O 00 oD 0o PePe ®See ®goee e

g5t
BEEOD LTIO'D TZT00 PLGE ETD S10E ] ._w.u"w_ﬁm_uﬂ LEsorn a51 BECTOOD or L9k 2555
tTe00 sr100 18100 vl 6T | ETO | SO | 9vGon0 | Isod OET | BECTOO® | O | O9°p O550
LEv 15100 28T00 6T | £LO STOF | aweOOd |  ZISOO aat BECIOOG | Ov | 65T D580
|CL00 LETIOD TETOD AT _ ETd¥ s1°0F G000 FLSen CH BEFTOOND [ ] ; =T L d_
ZESOD A5T0'D EQED'D PLGT _ ET ST 0T Q000 TES0°0 (1T FETTOOG oF h.mnvl.u_.mmm_.. _.
b [ DESIR Fis g FL'BE [ ETD sT°Or Q00 Tisoo o BETTOONO [ g F 1550
ERI00 200 rI0 vi6T | ETOD | STOZ | 996000 | ZEsoD T BETIO00 | OF | 550 7550
SrL00 arsog 6ES00 |- TS ETD 5108 SeL00°0 frEann £l BECTOONG Ob ¥E'r 550 H_..n.Mm._“u .
EQ{00 CTO0 O OTo £l BL FT LEOF GeE0n’0 Ghann QL RETTOOWD 0k mm.whu.mﬁm__ __
SO0 [l n i ] TZ000 E1EE FT O LETDE QEea0n 0 oo ] RETTLOD i Hﬂ;u.“ﬂﬂ_wﬂ. _
FOE00 Lioan 4 3001 g ] CLHE FLQ LEOE OrE00'0 Q00 595 EELTOO D oF TEF 555 |
otodo ZE00D o0 ZigE | pL0 | LEOF | 906000 | 96900 0£S | BEZTOOD | Ov | OSb 2550
bT0070 BE00°0 LY000 ZIBL | PI0 | LEDZ | 9vB0000 | 85900 005 | EECTOOG | OF | 6vF JS5D
ETU070 1] e L=t FURT - LE'OE GeE00°0 S5ann fize] 3 BETTOOD [k ] m'.wumm'
ST000 15000 mm.__u_u_n_ ZIBE FLO LEOT B0 SH90°0 i BETLEOD Lr L' 3550
Lt Ul BP0 90D el BE AN LEDE S9E00°0 5900 oor BEITOOO oP 9FF 1550
E500°1 {900 0 BLODD | ZIBE ¥I0 | {E0F | 9960000 | 95900 STf | BECTOOD | Ov | Ser 1559
2900 000 | 93000 T8z | PID | LE0F | 9ve00'0 | 96900 | 082 | Berto0® | oF | wev 2559
EOL0 L0070 Se00'0 T et A ] LE0E SPG0a0 __ QE300 LT BELTOOD K3 EvE J55%
SELOD 50100 yiino LU YO (507 | SvAOOD | 9RS0'0 g61 | BECLOOD | Ov | EwE 3559
YETOD 5100 15100 7U82 | vTO | {£02 | Gve000 | 96500 g91 | BECTOOD | ¢ | TiF 2559

. oLioD toz0 92200 AT, ¥I0 (07 | oveooD | 96900 Ger | meftooD | Ov | ovy 1559
.m.m.mqn_ SO0 SOEDD iTar 10 fE0E G 0 QERON (=i ] QEFTOND Ciir o T [
BISD'D ETEQ'D | FIE0'0 TT'ET 7o LEOE StGo0n 0 G200 -1 HECTOOD ot BE¥F 3559
E_"_”m_mu...n_ Erp0g QeSO A ' AN RO SEE00 0 SEQ0 0 op SETTaoo or LET X550
vZL00 T L] 15900 ZCHE | U0 | LEO | Sve00D | 6969000 OF | #ETIOnD | oF | 46 2659
BIBO D LZTEOD b 4] _ CLBE FL G LEOE SEEI00 Ehano cI SETOONM i SE°F 2550 H._mﬂmN._“n H
Aeh lam) ) | forl | 1s) 1l el (8l Is] it] (€} izl (t)




B4

b b T _ ETS010 oeen'n ST 5o BOTE TZA0KD LRl D GBI PEOTOO 1 m._”..nlu...._ﬁm_ ...__m.w._._.-
fo0n | oood oooo | itdge | SU0 | ZLOZ |Gwepo0| 1DSOD | O6L | wEDIOOD | 05 | LTS I559
500070 20000 90000 oy | S0 | fLOF | 9ve00D | G0S00 s1. | weomeon | 08 | 9T'S 3559
VU0 | E000D ZI000 toar L0 [0 | 9v600D | 10500 559 | sEDWOO | 05 | 515 3530
CT00'D [ Eooon 01007 o 510 (DT | 96000 | TOSUD 265 | vzowo0 | 0% | 515 %D
19000 50000 100D wor | SO 10027 | oveDND | LOSOD SES | vEQIOOD | 05 | EL'S 2559
YO0 | L0000 57001 or sT0 | LLOL | 9¥s00D | 10500 ciw | PEOOOO | 05 | Z0S 2559
000 20000 5000 ooy | SL0 | f£0f |oveoon| 10500 | Siv | weowooo | 05 | Tr'G 2559
LE00°0) 11000 YEOD0 Lo 0w €10 coor | 9vs000 | T0S00 5E pEOIOOG | 05 | 0TS 459
YO0 P00 ¥SO00 EO oY S0 LLOT | ave000 | 10se0 S5z | vEDIODD | O% | 66 omo
LED0D ZZ00 0 22000 [ODv | &S00 | ZL0f |9moio | f0so0 | see | wolooo | o5 | esTasse -
SZTOD SEO0D (1100 waor | SUO 1107 | aweon | LOSOD SIT | FEOIOOD | 0S5 | &% 7559
RETOD L1000 BR10D 0oy cL0 (407 | 9weooo | 105000 OET | eEOTOGD | 05 | 95 3559
n.mH_uﬂ_u .n_m.._._u..n_ ayToo _ ._”_u._unw. CED LE02 GeE00°D s antT .vmﬂ.“,..ﬂ...-.n.__ Im.'_m £E 3580
§Tv00 oz 0 YOEO D wov | Ste | £LOT | 9vE0eO | 10500 o veolooD | 0§ | ¥ 2sso
£0S00 76100 PEED D WOv | 10 | LLDZ | 9ve000 | L0SOD s | wenwoo | o5 | esasse
14500 LIEUD GEEOD LoD 510 LL07 | GEGDOD [ TOSOD OE wEOlOOD | 05 | 6 I8 .
[ ]3 D ERpE0d o1s500 100 5T0 LL0F QGO0 RGO LT FEOLOOT as 5 558 uw“w
EQDO 000 EQO000 A T ETd SUOT | 9vE00D L1500 Qil REZTOND 1 E..wwu.wma
GO0KD ‘90000 £000'0 WL BT ET0 | STOZ | evedon | Ziso0 059 | SEZIOOD | Ov | 690 3559
020070 G000 000 D PLEE 10 ST0Z | 9v600m | 21500 0Sc | SEZIOOD | Ov | 89b 480
FEDN D B0 €000 | w6 | EUD | SIGL | 9vG000 | ZiU0 | oy | 8671000 | Ov | £9'wssD
19000 51000 20000 | #e6f | €D | STOZ |Shebdn | ZISOD | D6k | RECIOOD | Op | 3997558
200 D ar00 0 €000 yist | €U0 | S0z | awe0D0 | ZISDD OEE | BEZIOOD | Ov | S9% 258D
1100 ESOCD FPO00 ¥ 6L T SU0Z | OvEDDD | ZTSOD 0z | BEZIOOG | OF | 9% 2559
QLIon rEO0g frooo PLBE ET'D sV SR D Trmon n__"m.l BEITDOD D i m:...w.._u_lu.mm_u
1700 GROTD 5000 ViEZ | ELO | Stof | 9ve00D| Z1S00 WSl | SEZIODO | Ov | 9% 245D
(€L} iz {11 (oT) (&) (&) (el E]] (s) I} (€} Fd) (x|

minily




.lililtiilii-riillliitlil-lllliIlIll!l

Dat
tlgdd | 9000 | 60000 VBl o SoET | 1ZZ000| Z1500 0= | pEoOO | OS5 | 995 %0
mmn__n_ 0 DE0on aTooD 9%6l1 flin LS BL LELOD'D il Eu g | (g5 FELTH0D 4 TS 2850
EFOOD EEDO'D Z1000 95l ZTD ss®r | Tzz0DD | ZISOO oSk | PEOIDOD | 05 | ves 2SO
56000 k00 0 91000 Gl Lo Si Rl | tzeoom | frso0 ook | wEoIo00 | 0% | frs %0
9000 ES00°0 vEODD 996l rn SeRlL | tZzoUn | ZisoO SOE PEOIDOD | 05 | I¥S 265D
G000 | OeOTD FEOOn 9eL o SR TELO0 L1500 55T ERTHO ] 05 | I¥5 2550
= ._.n..._...n.m._.m. Filo'n Lo 9% 6l o L LELODD fis0a 1[4 rEGIO0 % | 0¥S 2955
SETOD LETO'D £900°0 av'Gl I SRl | tZeo0 | Z1s00 SEL PEOTDOD | 05 | GE'S 25SD
LHEOD aun RO00 9% 61 tt'n 59 Rl LELOO0 «150rn (1023 FE0TT 05 HiS 5D
S1P00 zaron | OLIOD 9 EL o SOEI | 122000 | 21500 e PEOIDOD | DOS | £55 70
L0500 SREQD TEEOD 96l ITw L) TEEON 1500 (v WD 05 9£"5 ¥5D
50900 £970°D i EIA o seet | treoon | ziSoO 51 VEOIDOD | 05 | SE'STHESD Hmmw
 foom | Fdoop | zIoOo STER sTD S0TT | TZD00 | 6900 08L VEQTOOO | 0S5 | ¥E'S XS0
W00 0 £000 D st ST 5T e tr | tezoon | seson T LE0TO00 | 05 | £5'5 3950
Liaon E000D FE00D STER sT'0 STT | TELODD | L6900 S8S | PEOTODO | D5 | ZES 29D
£E000 FO00 D SEOOD STEP ST QTT | TZL000 | 46900 OT§ | veDwo00 | 05 | ©ES 2559 |
EOON T TeO0 LTl sL0 1 TRLB00 LRS00 S FERTOOT 5 015 558
viooo | £100m BYO0TD STER ST oI TT | TELO000 | 4E9OO Sif | vEOIOOD | OS | 625 2559
45000 | TEooD £900°D SIER S0 | o0rr | trionn | Zesan 6T WEDIOOD | 0% | RIS 3552
F900'0 LEMD L6a0D STER st OFEr | tz£00D | cED 55t | etowoo | o5 | o5 oS
© eoon ZFO0'D POLOD STER S0 | S¥IZ | 1Z£000 | 6800 siz PEDIDOD | 05 | SC'S 2559
Emaon m.m@..n_ SOLON | - BEER ST | SH'TE TRLann Fil 2L SR rEOTORD {5 T8 2555
BEROD DEDOD 1EI0D | STEW S00 | 80E | 12000 | £6%00 551 VEDIDOD | €% | S 3559 l
[ LI20D FELOT velon | srER sT0 | eotr | trsaon | JemOn | 20 WEOTOOD | 06 | £0°S 7550
LOE0D BELOT 09700 STEF 510 axIz | weaon | L6900 56 vEOTOOD | OS5 | 'S5 3550
T SEE0T E9EQT STEW 510 90°1Z | 1Z£000 | L6900 58 PEOIOOD | ©S | LE'5 3558
Bl 09t0e | eeeOD Sttw | S0 | S0UC | TRLOQW) fe30 | Ok WEDIOOD | 05 | OE5 9889 ) 0 |
| @sen | ewgn | Zew0w | stew | S 9ie | Zeoon | cesrd | st | weowon | o | eiaT2es9 .
! i ol B i o |
(€1) Gy | i | fen) | (e 18] 2} (=) fs) [¥) (€) (2} (m |




192

w000 EYODD | £9000 oo | a0 [ 691 | 1L000| 100 | v | wszooo | o | o oo | |
VEOOD L5040 FLOOD a0 ROD gral | TEL0N0 TLE0n O6E paliona L] 60 59
B LD b0 ER00 D pro | B0 | 9581 | tZLoow | TISOO pst | vsozoo© | D | BO 258
 imzrd | ceood | 90100 ooo 5000 691 | 1LL0000| 11800 Diz | weozoon | O | £07 3559 i
L 70D $7T00 oD | w00 | 600 | 9691 | [ZOpO0| TES00 T TGz | #speoca | 0 | 90 %59
| soroo GOEOD gizot | 000 zon | ssar | 1Zood | Tis00 |  GED yeozoow | D | 5D 2559
BFS0 0 EDFO0 aTeoD oo | soD | 9eat | trzbo0| TISED 06 502000 | 0 | ¥0 2559
990D ~ BELOD 20800 000 o0 | et | tzzooe| mison | 08 veozood | O | ED 055D
| emE0n BELTO 800 000 B0D | 9591 | 1Z£000 | TTS00 by vGIZOOD | 0 | 209559 i
T LEST bEOT D ooo Erals] ogor | wroon | 1iS0m | @2 FE0Z00°0 i} 103559 HMM
OO0 0 £000°D OEG0 D o | wb0r | ovea0n| ew0 | o9 | veowoo | oS | E9E 3859 ]
00070 go0n | ECOOD r's? stp | fooz | 9ve0oD | LE9070 i3 | veClonD | 05 | €5 3559 =i
f1000 | 1000 z200'0 ez | st ciof | sveoon | e%00 | 06s | veotod | 05 | swsIss9 ]
[ sroo STO0G TE00 0 st | sto | ooz |evedgn | v | €IS VEDIODD | 05 | 095 1559 |
GEDOD G000 SE00'0 <t | sto | o0z |Ive00n| cesno | S | $S0I00D | 05 BEE IS0 | |
5000 ozOOD | LRO0D trer | 10 | EOCZ | 9ve000 | (6500 “otv | vEowoo | 05 | 856 0588 ]
2000 ¥EDO'D 95000 Tvst cTo | 00T | SvEO0D | L6900 O0SE | ¥EOIODD | 05 | L5 2559
oring LvD00 10%0 0 ooz | SrD | E0O7 | 9ve0e0 | L8900 O0F | PEDIODD | 05 | D95 550
L0100 ER00 0 STIoG | st | svo | E0w0Z | 9weoo0 | £630°0 ovz | pE0wOD | 0% | 555 2559 N
SEIOT 16100 10700 T g1 00T | aweO0D | £650°0 GeT ¥EOIODD | 05 | ¥5'S X559
0zE0' D &170°0 €200 wez | Er0 | f00C |oweoo0 | esso0 | s YEOTOOD® | D% | £5°C 2559 =
DD STEDD 59710 st 510 £00Z | 9vE000 | L6900 o8 vEDIOUD | 0§ | 5% 2559
D500 Q080D FEEDD Wiz | Sto | Eoor | ove0od | £880°0 05 7EOI0D | 08 | 195 2559 |
TEoa o EOSD D 61500 wsr | Srg | €007 | Ove00D | LESOVD 5t YEOIOOD | 05 | 05 359
92,070 FESON aEaln 14 T 510 FoE | Gveldd LEA0D o1 FEOTCD D as fik's 3550 Hmw
70000 DI0OC ROODD | SWEL fr0 | SSET | teL000 | #1500 o8 | seotore | 08 | B¢ 0859 .
0000 LT000 ROGD'D aveT | 00 | GSAL | TZL000 | ZiS00 ore | veotooD | 05 10T 650 ].
(€1} | (zx) {11) (o1} 4] (8 ¥4] 3l Is) W) | (e 2y | (1

T EEEREEEFEETEEE X E M N I B I O B AN B N I BN I B




9

IFOD BTZTD I1551°0 oo 6070 BLZT | 9we00D | zesoo | 68 | rsofood 0 (E'D 7S50

Es0d LESla SO8T0 - oon B0 BT LT ORE00'0 CHRDD e a0 i L
T BT610 SEDZ 0 000 60 | BTl | 9ws000 | zesoo 6v | veozooo | 0 | SEUT%SD

STTH LETTD BEIZ 0 000 6070 GIL1 | 9vGO0'D | Z6SOG 0F PSOTOAT 0 PET 559

ZIFT O | EErtd PLELD ) 50°0 621 | 9rs0on | 7ESOT p1 PEOTO00 0 EE'0T3559 H_”_M
T toooo LEad'o £700'0 o0 110 OEZT | 9vGO0D | GOSDO ORE FEOZOA'D 0 ri sse | 3

DEDUD £o00'0 75000 a0 o Gt | 9PE00D | 60500 STE PEOTO0'D 0 | 1E0TIssn

TIoro BOTO'D HELOD 0o 1T'a 0ELE | SPED0D 60500 LT ®SOTO0D i 0o 355
i mqm.”..._u HELOD thIon o0 1T'n LT SeR00 &HO500 Ml .vmﬁ.m_u.n.n_ ] mm.nlu.mmw

LEEOD QErQ'D trek0'n 0 o OELL ShE0FD BO5R00 BT FSOTOND 1} BE0T 3550

09500 0o 2000 oo o 0FLT | 906000 | GOS0 7} *COZO0 O 0 | txoTass0

FELOD EOLT'D 10010 aao o | 0f4T | weoooo |  sosoo &5 FSOTO0D 0 _.-w.m..ﬁ.__um_.wm..w el

SEHOD SELLD GEET'D oo tra ELL Srai0 G fROG00 ik FEOEOND 0 _ SEN 255D

— 1

BSOED 55aT 0 65TT'D e o | ot | oveona| Bosoo 51 ¥OOZO0'D 0 v2'07 3550 uﬂ.mm_u

L0000 SE0D D aE00D 0oo 00 | L04T | TLLOOO| ®e900 BTE | 7S0C000 | O | 20 2559
| vzoon R500 0 10100 000 | e00 | g0t | teepo0| es900 | ez | vSORODO | O | PE0 3559

00T LoD &0T0°D aon 600 I0LT | TeeD00 | 2es0D RZZ | wSOZO0D o | tzo D

11L0D 2970°0 OzE0'D ao'n &0 (ot | tzeooo| BEsgn FET PCOZOOD | O | 020 0SSO

%0z00 | wetoo SGHFD o #0°0 (OLT | Tzeooe | BesoD EFT | #S0L0000 0 | 610 D5SD

ELEOD TESD'H PEiOrD aoo o LO0LT TEE00 BEA00 ECL | u.E_u?n i} BL 02555
I q1L0n LEGD'D REOT'D a0 B0 | £0ER Tr2D0 0 EEA00 £R | wSOZOND 0 LT 2559

LL£0n S1#1D azETn oo 60D et | Teepoe | emano g *COTON D o | erp 359
B OE9T'0 OLFT'0 aevn &0'0 Jodt | 1reonn| eeson oF $SOZ00'0 o0 | stwoossy

GEELD HEET'D ROLL D a0 600 | LO0%T | tzeodo| gesan 52 FSOLO O o 17072559 H.,Mm

£0000 £ 100D LT00°0 000 600 | 9591 | 000 | TISQO ey FLOLO0Y 0 | eeoasss ||

HUL 13 ozo0n TE0 D 000 600 9591 | [ZZ00O | TIS0D 099 | ¥SOZ000 | © | ZCD 2550

0200T 36000 15000 | 000 | 600 | 9696 | LfeDr0| TiS00 | s | rS0Z000 | 0 | EUD 2559

(£T] lzt) {rr} ~ lot) (5] g | (& | {9 {s) | I8 Azl (]




€57

[ geson SO0 | Gva | #ta | W& [won| ees | st | eezowd | 01 et s | |
%6500 fFa00 . &9 fro | il | sevono | ETEDQ % | eezeoco | O £7T 5%
TT0D BTL00 Er e cro | twin | soeoonO | ETEDD 53 G6EODID | OF | 2V 0SS
fFRDO SERID BF9 ETD Ll arnn O ETEOD ._m."_ REZO000D ot TZLT 5%
T U EFLLD - 670 ETD | WLl | See0on | ETEOD o€ G620000 | O | OTT %5 |
e | moenw = — €10 Trgl | s9v0D0 | €1E00 51 cooyn | Of | ETT %S | 235
OO0 SEDN D ’ o bT'D RUGL | Soe00D [ TS0 =29 BEZDDOO | UL | BTTOSS

. sooo | dsood | - Bt 9 T ave1 |sawin| iS00 | 9% | 660000 | OF | LTT IS |
BT000 2000 - vio | ETEL | Sos000 | (S0 e | mezo000 | O | SUTOSE |

[ ozenn LEON - BF 9 vLD FTEl | govono | iswoo v | GeZoDOD | Of | GSUTSS
000 oTwn | £t 9 ¥1°D BT GL | SovDDD | TSmO st | e6{o000 | 01 | ¥UL O
vSO00 SE101 T Ew ¥T0 | ®UGL | cevoon | ESe00 off | GGIOODD | 4L | ETTISS
TLO0D IRz 0 - =T Jro | ves |sewovt| venn | e | eefoooo | of | ZET I =1
WILID feeoo | - 3o | Bret |wvavn| w0 | oec | eecowod | or | TETISS =
5100 SEBOT - 679 BLD RU'GL | S5b00D [ TSeOO 06T G6TOOOD | OF DU 288
15207 Teso [ gra b0 | WUl |Govooo| tsvoD | SeT | 6se0000 | Of 6T 355 ]
52E07 agenn . — T yro | Gter |seoon| tewn | i1 | berosord | O | 8T
LLE0D 11800 - K vto | Ever | savoon | TeedD o8 | 660000 | D1 | L1 3% B
CE DRG] 69 Yo BTGl | SavD00 | TSWO 58 5620000 | OT ¥E IS _
¥ ZTETD : 79 ¥I0 | SLGT | See000 | 15e0°0 0% BECOOOD | OF 51 255
TASOT sI1D | . | &¥a $T0 f1'6T | SoEGOD | 1SPOCD or G670000 | O 'l S
EF90T SESLD . 6P FT0 BUET | SavdDiD | TSWOO i3 GECODOD | OT E'T 48
aIztD POLLD : ] eTD | BUGL | SIvoon | TSR0 ot ceiooon | ot | TTO8E |
pgs10 pEETT . sv9 | 7LD | SUeL | sowndro | 15v00 o7 | eecosoo | oF | rross | TS
20000 0D BE000 000 500 Tl | oreoD | 6500 | vt | psOzeO | D o 7550
HTO0T S6I00 SPL0D w00 G0 | SUZT | 9pe000 | 2880 oot | vsbzwgo | O | Ow0 3989

[ ze00D SEHOD 96500 oo EoD | erZt | avepoo | zewod wr | rcozoon | @ | 860 2550
S5EOD 70800 ER60 D 0eD e00 | 6UZl | 9pe00D | 18000 CIT | vSOZp00 | D | 9603559
et} (z1] frl for) &) () w | s ) | W | le | (1)

T EEEREEEENFEEREETE N EEEE R N OB E B B N E N R BEE NN



© 9 00 22 00°Q 0220000000 0000 vose®goeessces

[ T
BSBO0 | TSIYO | - E0L | »T0 | TEBT | TLT00W | EweD0 | Sf | G6Z0000 | OT | 25T 255
L6000 TE£ri 3 B0l i 1 fERl CLE00°0 EPRl0 T4 EEE0ND o1 187 %%
OrET 0 BESIT - 0L b0 | PERT | 200D | EEEOO o1 ERZOOOD | o1 TR v 5%
0000 ETOON 2 ELR | . 0E LT ELT000 aInn nsa B0 01 AT 5%
01000 FED0TD - oS P10 | 0Ffl | zLz000 | ZEZDOD 0es B6Z000D | O1 T
EEOOT 09001 : 65 210 | occi | zezood | gecwo 01 BEE0000 | €1 | T XS
Sp000 | emoon - SES zra DELT | 2420000 | 26200 =Y BEZOOOD | OT | owioes |
HEO0T ZELQ D 565 £ oELl | zzooo | zeeoo DBE BEZOOOD | ©1 R
ILE0 0 CEI0 0 : 56 5 rru DELl | ZLZ0OW | Z6Z0O | OFE | GGZODOD | ©1 | evl 055 |
GRTAER| RO 2 1R 1 | OE°ET cagina CRED Qe ERE0U00 01 B 265
JEEDT _zseon [ ; | sE% zro | DELl | zrzovw | zezoo 0zt EEz000D | 01 TS |
TEPO O FERD T - | 5 i oELT | zizooa | zezoo 0sT B6Z0000 | o1 T %S
gs00 | seso0 | | ses ere | pesl | pieo00 | 26200 oot sizoo0n | o1 | oS
219071 0T . 565 rrd | oeLl | zczooo | zezoo 55 BEZONOD | 01 | &1 XS
- sfo0 | Eefod | - | sss | zo | oeer | zeoooo| zezoo or BEZODOD | ©1 BE'T 255
EL=Th TEROn : 65 AR OE°ET R0 TRING 143 BRTOMD ot o i
E1600 Z9tt : 65 Z1 g ot LT | Zezooa | zezon ot sizoood | o1 | etss £ 355
w0000 12000 - 579 ElQ vl | S9R000 | E1E0D ned BGZ00OD | O1 SE T 265
SO0 G 3 a¥'a ETH | T¥FET SR ETEND atg G600 01 PE'T X5
TEOOG £88071] = 819 ETd - SAR00 0 ETEOD F4 BEEOO0D o1 EET 5% |
5000 #2000 - ) ETn | mver | sowooe | greno nok G6ZOO0D | OT TS |
EL000 S60070 Bira ET D Wil SR G h ELEMD ook GET D 0t TE1T 56
6000 FPI00 - L) ETD | Ivil |<aw00d | ECEDD avE E6z0D0OD | OT TR
TOTQ LLT00 = B £T'h Iril SRR D ELEDD b BETHD 0T ETT 55
OpTon OO : BTD ETD | LD | S3e000 | ETEDD LT 6 0000 ot BT T 8%
GZTO0 PSZ00 - 69 ET'D eT | saroro | EnEnD SET GEZOOOD | OT | 271 255
LHI00 OTEND | : B9 £10 FiT | s3vDon | s1f00 o07 GECOOOD | 0T 97T 55
OaEdn £9R00 | BrS | ETD LT | S9E00'0 cLER'd TR faiN00'0 ot sT1 55
(€T [£43) kel fom | sl 18] ) 9 | (8] vl | (8 1z) 1)




5oz

_ 40000 Leoo D e8Il | Etn | ®oer | Zizooo | S0 0F9 | ®9zaoon | OF | b1Z 0SS

21000 1000 : et | Ero | @56t |zezono| swwoo | 5w gaznaon | O | EUT 355 -

LEDO'D L0000 BE11 TTD | ES6L | titoun | Smo0 sts | B9zolm | 0 | TET S

T 22000 = L BTl t10 | 561 | zitooo | SeRD Ser | §SEQ0OG | Of | TTE 255

IETHD BZT00 . TEFIT | ETD | BSEL | L7000 | SHOD cgf | 9Z00D | Of | 01Z 3

LT 9070'0 BTl D gcer | Zz7o0n | srda OEE | €9fopdo | oF L 155

PDED'D REZ0 0 - 1T = £10 | BG5BT | Zifooo | Steo'n w2 samon | of &7 755

Eg CHEN O . B8 TL FT0 | BS6I | zitooo| SweOD otz | meznoom | OF £ 88 )
[ izeo0 RpOD : 6E'TT £1°0 BEGL | ZLZ000 | SPEOD ¥l | s9fooan | o 97 5%

1800 w500 o [ ero | 56t |zzzowe| swop | ozt | wemooo | or | ST

SO0 66900 : EETT €0 | 8561 | ZLZDDO| SevOD S5 | maz000D | OF e J5% |

[9u00 95L00 : ST il | EiD | 8S6l | Zit0o0| swead 0a gerom0n | O | £ 35

LBEO'D | zooro SR IL £1°0 BS61 | TL{O00 | SeROT 5E aoioDoD | 02 7T S 1

571D T y0zI O : T eeit | €10 | BS6l | Zizoun | SHRDD 51 s90ouD | O 1T 355 5358

0000 02000 T T zeer | zgouo| W00 | 08 | Gemdl00 | 0 | ®LIS
[ soono - ayooe : o't T Teet [zzmn| &wo0 | %5 | Eecomo | 6F | G910

71000 FOTOC - E0L ¥iD ZEET | 2LZ000 | SO Tar | EEI000D | OT | ¥

BEOD'D ERTYD : EO°L Y0 | CERT | Zizonwo | EvvOD sov | G6I000D | OF | &9E %S

Er00' BEZOD - FoL | vie | Zeel | zezowo| Eveod DEE | G6CO0CD | OT | 291 265 =

To100 £9200 - T EDL vto | zeer | zzzowo| ev00 | 620 | eesoog | o0n | WL

EFTOD STEDD - | e #10 zegt | zizoon | Eewo0 ofr | eezoonn | 0T | 05T S

OEIOD 38E0'T - T ot ¥1°0 TERT | ZLEO00 | TeRdO0 cg1 GETOODD | DT | 651 355 -

LREDD 1 sts00 - oL ¥T0 | CERT | Zicoon| Eve00 pET | eGzODOG | OT | BST 35S

STrOD BB D - E0L oro | zeet | zizooo| Ewao | St | eezoood | oF | (ST

qav00 21900 : Enf Y0 | ZEBT | ZLZ0O0 | ERRDD D6 | 6eZooon | OT | 95105

59507 L0 - oL sT0 | Zeer | zizoon| eredD o | setoood | of | sgv s |

PEBDD ZEROD EDE ¥LO fEB1 | TiTo0n | EFPOO i1 BETONOD | O ¥ T 055
T DoOT'D . 0L Y0 | ee8l | fifooD | Ewe00 <v sezonOD | OT | €91 088 |
=) z1) o o | &) | B | o [} & | | = iz} |

.-..'J..“‘l".‘....‘.-"....l..".l.




23 00 0 L0P QOGP ROV OQOOIN PO OOPPOEOBPROIE® Q0000

gar
000 60T 5o 61D BLEL | tow000 | OpenO 0¥ BOZOOOD | 0T | T 255
L0010 gTton ca'g BID | BUBC | SOMD0Q | Cwb0D SRE | B9ZDOOTD | oF | vE 35S
5000 E6T0°D S8 BI0 | ®LWC | SOMOOD | OvbDO | SZE | E9Z0OOD | OF | O0E
28000 £Eran tog 610 SLET | COMOOO | DEHDD CHZ ROZOOOD | OF | 66T %8
#5100 ETEOD Sog 510 BLBL | 590000 | OPPDO | OSE | B9ZOOOD | OF | BEC 368
DELOD SEE0D SE BED WD | SSE000 | DR oz BOZOOOD | OF | fE7T 355
EETOD #OFO'D - SoR §T0 BUEL | SSw00D ?E._n._ DT | EB9ZDOOD | X ST 255
SZZOD LEFDD SO H 60 | BOED | S9R000 | w0 08T | BAZOODD | 07 | ST %5
SEEOD 050D cEg 510 9Ll | SOWODD | DewlO vt BOTOOOT | OF | bz 5%
TaF00 0B50'D SHH FE0 BLET | S9L0DD | CVROO SIT E9TOODD | ©OF EET 755
RESHT Tr50 D S H 510 BLET | 36000 | ORR00 56 BUZOODD | ©OF | I£7T 58
#5800 EZLOD 598 | S0 | B8l | S9000| Cew00 | S | BezoaoD | oz | e s
SZL00 STR0D S sT'O BLBT | SO6000 | Ceed0 | 08 Razann | OF | 08T NS
25RO 0D co'g sT'0 9e9l | SORODD | Gew00 S | B9zDOOD | o | 627 %55
L0010 ERETD g ST0 BLBL | SSVO0DD | O¥v0O | OE E9ZOO0D | OF | BZZ 355
ESETD 0rsT g CH R BI0 BIHL | SHAO0D | 0RO g1 BUEDOOT NE (a1 £ 255
£000'0 L1000 T8 | LT0 | orst |zizovo| E0E0O | 04 | B9ZOOOD | 0 | 92 3%
21000 REDO'D e Lo OURT | z£2000 | EOEOO 019 RIZDIOD | O | STZ 6%
I SERD 15000 T ito OT ST | 242000 | EOL0D Gl BOTOO0D | OF | wEE oSS
T £900°0 e LT OUSL | ceZoon | BOEUD OEW B9LOOOT | OF | Ef°C 355
SETD 101070 LT LT OL'SL | 220000 | GOSOO DiE BOZO0O0D | 0F | TET 0SS
91700 baten e tro | orst |zizooo| eogoo SOE | 8920000 | o0F | fri o
zEnT £ET s LED DLl | 242000 | EOS0O Qbz | B9ZD0OT | 0Z | 0F7 055
[ omeon 7RiOD e ita | orer | zizoon | eotoo OBL | E9TOOOD | O | 6r7 S _
9450 rOS D 1T Lre OUBL | ZEZ000 | EOEDD DET §9Z0000 | O | SIT 355 ¥
S490T) 66500 e (10 | OU¥L | ZLzOon | BO0RDD 06 ESI0D00 | 0 | L1065
T ERS0'h ITE LT OLsL 2EL000 BED'D 0L HIE000 O g a1 358 | =
L0 r6L0D e L0 OUSL | 222000 | BOEDU i BIZODDO | 02 | STEO6S | 9S
fex) f21) [139] for} | (sl el el fa) (<) fx) (el R |




LT

T EEwlD FEvt | ST0 | @96t |cdoo0 | e | 091 | 9EZ0000 [ oe | wEss |
WEEND OrS0 0 TTEEwE | SO0 | €61 | Legovn | Ewv0d 511 | SEzoDOD | Of L'E %S =]

P00 E90°0 RN sto | #S6L | ZLI0OD | &R % seroooD | OF T

F350°0 ZTLOD EERT | STO gl | teoonn | Ewv00 M SEZODOD | OF 5E 255

P 500 cEwr | SID | SSET | zzton0 | EvO s | sezoard | OF | VESS

F6L0D 00 Eete 51D a5 Gl | Zizoon | EeRO0 ov | 90000 | DOf EEI® |
0Es00 FRE0D SEPf | GTO0 | $SG1 | ZL0000 | EWNOD 0 | eceooon | o0F [ ZE S

BYOT U 10810 | e 510 | BRI |zicooD| EwAOD ol | agzoooD | OE I'E 058 £ 355
Y00 O 51000 - 51 51D giil | Sovo0 | SOEQD 0z9 | semooom | or | 9T IS8 i
100D FLDO'0 L5 510 arel | wowOnD | SDEOTD 09 | sewoono | o2 9z J5

LEQ0 D TE00 0 . LSt sto | acet | sowoon | soeoo s | Eopp0pn | 0F | 09T Oss |
SO0 Tv0no - 15t st 0 ar2t | supo0n | SOEOO ooe | gozopad | 0z | BSE IS8 =
EL0O 0 i il E5L £1'0 G641 | cayborg | S0E00 nEy goraarn | 02 REZ 05

E900 © +OT0D 151 cro | 9440 | Soe00D | SOEOD DLE | geroOOm | OF | £S5 65

0100 5STOD 15t o0 | Scit | sawoon | SaEno Cze | =ozoooo | O | 95 & 9SS

FELOY EL200 “f5L | sto | seer |sowooo| soevo | 082 | 9970000 R | S5 0%

11200 TTEDD st co | 9Ll | sevoon | SOEDD Dtz | Eogonom | oE | vl 9%

R10 0 060 : 15t cTD | 904t | S5v000 | SOETD ol | 2ezoood | O | ESZ 355 3
BZHOD EESOD 5L er0 | 9r41 | Dw000 | S0E00 oet | sotooon | or | ST S

BGED 0 L7900 5L ET'0 s f1 | S4v0DD | SOECO Dol | sezooowm | 0 | 152 055

L5070 ££50°D - L5¢ 511 aril | SowOU0 | SOEQD o getopo | O | 0SZ 355 1
L30T 27000 5L eT0 | 9ril | Swooo|  SOECD 09 gozoonD | OF | 6P S

oPLOD L0800 (51 §T'D GUL1 | S9P0UD | SDECD ¥ gozoDOD | DZ | BE 055

rIE0D 12800 . L5t 5T0 aiLl | Sov0o0 | SOEOD % | sotoono | o€ | ivd S

28500 EAL'D - | is¢ cTo | oLl | swnon | saeed 51 gozponD | OF | 9WE 55 3755
£0000 BL0 | w98 610 B. 8T | S9v000 | OpPOD 0t RO7OOOD | OF | Svl 356

0000 LE00D - G 500 8081 | Savonn | GeRd0 gt | eszopon | O | ¥rT 35S

PTBD £SH0D . SHE 510 BEL | SOwU00 | ORRDD o6r | B9Loo00 | 02 Ew'T 265

(1) z1) ) | ton) | (el g |l (9) s | m | e fz) |

'TEEEERERETFTEEEFEEEZYE A e I B NN BN N BN RN N NN



A B R B NE R EEEEREEN S ENFNE EEEFNFFEEE AR ENFFEEEREE

89

YSHOD TTHDD BERAT TT° TR So0'0 OLEDD L SEei00n 0% 13 s 5
LH00 |_...m..mn_..n_ BEAL e 0 HI SEmi0°0 OTEND v SEE0000 OE GE'E 255 T 5%

L0a'0 BLa0T BT 0E £Th orol | sswoon | ewo oe9 | otzoooo | of | bEE 0SS

o0a0'D 500D RETE E1h Or'0f | S9vo00 | ‘w00 |  ses 9£z0000 | OF EE'E 265

510010 DEanD BT OE Lo oror | sevooo | ewwoo se¢ | StzoooD | oF | ZEE S

QEDO D 600D BE0E (U3 | oror | savoon | Zeeo0 SZ¢ | 9tZoOOD | OF | IEE 55

w000 (610D BZ0E | LT0 | 0707 |S9w000 | fow00 | S9E | 9EZ000D | OF | GEE 95S

ozLon BETOD 8T 0E L1 oro: | ssvoon | Zpb00 SOE | ofzoo0D | OF | GCE OSS

S T DETO'D BTOE LT0 DI'0Z | G900 | Leb0D Doz SEZOOUD | OF | BTE 258

PELOD E9F0°D 80E Lt oo | savooe | o stz | otzoooo | oF | frE Oss

ERZOT ZP0 D | BIOE Lo DCOL | SOV000 | Leb0D &Ll 9EZOOOD | OF | OZE 35S

TREND TESDD | #'0e LT 0ol SIPOOD | LFRD El SEE0000 Ot T

160D BEW D | BTOE ito oot | savooo | ivvo'o 501 gezoooo | O | boE oSS

a0sio EZLO°D BT LT0 OIOZ | S9v000 | Leb00 5 9EZO000 | CF ELE D55

e BIFOD aT0E iTa or'or | seroon | e 55 gEgoo0n | OF | ezE ss

BT 12800 | szoe | tra | orol | semooo | Lewoo | ok GEZOOOT | OF | [T O55

_ SR D ELE | ~BT'oe LT 0z o7 SH0D LRI T4 SECO0D TE 0TE J55
{ L6010 QLI EEATS LT 0707 | SO0 | Lebd 01 9EZO00T | DF BIE J85 01 255

| OB QL00'D | egw2 RL'a 86T | 2£Z000 | VRO SPL sezoo00 | oE ETE 255

L0 iG] EEFT 5T°0 A5GT TETOO'D ERROD TLY GEIOD 0 0E LUE 2u%

LU 190070 £EwT ST BS6T | LLTOOD | ERRDO S5 | OEzooon | OF | 9TE 358

ST000 AR b33 560 g5'al LETODD EFFDD cIs SETO)D 0E SI°E 255

kg ] CH FERT A | BCET LETA0'0 R i GELD0T 0k ti mﬂumm

L9000 OT1O'0 T gTa 856t | 2£7000| EveD0 | SOy | OEZODOO | Of | €T 25

| S600D BELOD EEWE 510 SC6T | L7000 | EWROO o5E GEEDOOD | DE | L€ Iss

_ SULH Y TES10°D EEWZ | U0 | 8560 | 1LZ000 | ERROO OOE | GEZODOO | OF | TCE 058

| FLTOFD [T L EE®E 510 89l Fuarai [ EFFOD oL SEI000T 13 OU'E 255

[ LEZ0u ESEOD EEDT 510 BOEL | ZZZOOO | S¥POD ooz QETOno g | 0F & %S
(€T {zt) (199] lot) (&) I8} (e) (sl 1s) v} | (8 | @ ()




000

L2

_,|| TIOD ¥R LT arn OEGT | £LZ00D | BOSCO Obz | SECODOD | OF | W9E 255
T Eooo Te00D T smec | 9ro | okel | zzoon| ReeDO co¢ | 9ezooen | OF | EOE 255
1000 050U 0 VR LT alD | 0§61 | ZeTo00 | WOECD 018 | gEzoonn | OE | 29'E 268 =

1000 ¥000°0 : PELL | 9tO | ORGL | tetooD | BOECD 505 | 9EZocO® | OF | 9 0SS ]

[ D w00 | vELL | 9to | OE6l | fLZo0d | SOE0D SIv | oetooo | 0 | o09f 25

T o500 ECIED | vBel | OTD | OFET | LL2000 | SOEOD &8¢ | 9te00D0 | OF | GSE 995

38100 ESI00 wELl arD | 8%l | fezobn | EOEDO Sz | 9Ez0000 | OF | BSYE 9% ]
2200 16100 ~eir T oo | wwor |cczonu| mose0 | st | oezooow | B | 4sE3S |
BE0 D P IR) L2 FELL 9T (]! TLT00N BOEDTD GO SEL0000 e o5t g ||
BRED'D HEEDD L aro | OEet | (4IDOD | BOE0D net | orzpooo | OF | SSE 2SS
BEEOD EOVDD - vH L1 arn | CEel | 1L0000 | HOEDO Stt | oEoooo | BE | ¥SE S
&080'T 6P wELl aTa DRGL | 127000 | S0EDO 5i SECO00D | DE | ESE 265
5680 0 LEEDD - vei1 | ar0 | ower | TLTOOD | BOEDC 8§ | 9ecoo0D | OF | ZSEISS =
LTE0 T 90D VLT GTD | OREl | ILZ0OD | BOEDD 5t jEZOOOD | Of | 15E 256 | TI3S
300070 91000 - 5@l | ZTD | vO®L | Soeo0D | 010D L | ofropod | OF | 05 258 .
T1a0 EEDDD - | Br el 10 | soEr | sovoo'o | OTECD oF9 | otzooon | DE | 6E O5S B
BEND'D O 0 L T YO BT | S9%00D | OTEDT DSs | 9temoon | DE | BWE 255

3 BEOOD F900'D gt 90 D *OEL | S9v000 | OEE0D O QECOOOT | O | AWE 58
33000 0EDI'D T 710 YOBL | Se000 | D1Er0 Ot | DEZODOD | OF | OwE 55
EEL LOLw o re | 2to | vowr | owoo | wiean | osf | sercooo | o | sve %%
oaT0'n TET0D - 8k To | v0ET | 9000 | OTE00 crE sfzooon | Of PE J55 i
SHT0'0 6LIDD HEE 7T0 | vOEL | 59000 | OL€00 ngr | SEzo000 | Of | GE S
Tezon 20200 - TR o YOEL | S9voOD | GIE00 OTf | 9ecoouo | oF TF'E 255
w0 YEI0°0 REEI 20 | posr |sov000 | O1e00 | OGT | 9620000 | OF [ WETISS
VEvoD anga 0 RERL 70 WOAT | 59000 | OLED'D ort | 9Fzoonn | O | DYE 35S
12500 VIO acEr | ero | poRl | Sovono | 00w ST | o000 | Of | GEE 355 |
ESD D AGS0°D HE 81 zi0 | 0BT | S9v000 | OO0 06 SEZODO0 | OF | BEE 06
ZLLOD zeann | | meH 7o YO'ET | ses000 | OLEoD 0L 9ETODO0 | OF | £57% 25%
(€T} (zt) 1l (ot (6] _ (8] (4] (El] (sl L e | = | |

l#lﬁHiil..-i._l.lllillilil'i'-—‘t‘ll!lﬁ.i'!




® 509 te

SRR R0 2R 0000t ePraCanes

et
£rirn GaT0'0 = JETE {1 STOT CLTO0G SEFND oy ROT0D0 0 0¥ 2L oI55
[ ozoo £5700 - 9E1E | LT0 | STOZ | ZL0000 | Sev00 6T | POTOND | Ov | fiwoss |
RIS BYEDD - 95 IE o SIOC | 240000 | SEv0D 1 VOZOOO0 | OF | 9ZF 355
LOECT 2P0 0 - 9g°LE it ST0Z | 242000 | ssbon SIT | POZDOOD | O | sEiv 35S
o5E00 0500 - 9E'TE £T'n SI0¢ | Z:Z000 | sewoo 06 POZOOO0 | OF | eZb 058
6k a0 - 9E'TE | ZT0 | Stoz | zetoon| seeom 09 OZOOU'D | O | EZV 35S
3taan 60400 . 9ETE (U0 | stog | gecovo| sewoo o VOLOOOD | O | Zev 05S
10D §150°0 - 9E TE (0 | stoz |zezomn|  seenD 3 YOZOODD | OF | TE¥ 355
SEE0D 90600 - 9 1E (0 | stoz |zovo| ceeon ot »OROOOD | Or | OZv 35S | PLOSS
siono E100°0 - STET | Si¢ | SEGT | S9eD0n| TEROD 00 | sozoonm | OF | &Lv 085
_ L0000 62000 - §TEZ | SI0 | SEGT | S4r0uw| teeoD 0ES | *0Z0000 | OF | ®OF 055
[ Lionn 1800 0 : cTEz SI0 | SEET | 5900000 | Tee00 05 | *0T0000 | OF | LI¥ 385
BEODD w3000 = cTEr gro SE Rl COiD Liinli [1]8 FOE000C oy OT'F 255 hi
L5000 EBI0D - STfr | S0 | SEGL | S9v0000 | twwoD oSt | ¥OPDOOO | OF | SOw 385
78000 6LI00 - STET ST'0 CEEl | SOpOOD | TPUOD OGE | soZOO0D | Or | D 355
62000 [ siton - STET £1'0 SEGL | S9M000 | Lewon SSE | tozoo0e | or | srv Oss
| zeoan STT00 - STEF | SU'0 | SEEL | £9v000 | TR0 o6z | woz0000 | or | 20w Jss
LIIrn 9L20°D - erer | sto SCEL | SOMOO'D | Lwb0d osz | vozoo00 | ov | iiv 25
[ Ezzoo FYE0D - STEE sTO GEEL | SOM00 | [RpOD S07 | vooo0e | O | OLw 3%
LEEDD g970°0 - STET 510 SEGL | 90000 | TRROD 0T | »00o00 | ov EP 55
ET#00 L950°0 - SEER &0 SEET | SH000 | TebO0 OET HIone | o ¥ 55
DR L7900 - STEL | S0 | SE61 |swooD| Twwoo SOT | »070000 | ov | Lv s
OES Srgird + CTET 210 ._..._.._m.m.n CoR00'n Ll 1 a5 FOTODOD ¥ Fy 255
[ cmon OTLod - STET S0 | SESL | SSYOUO | Tev0D ag YOLOOOO | oF 5y 155
ETEOT SeLgny . STEL 510 SERL [ ssODo | TEMOD s rOIO000 | or by 255
SEROT SrE00 - ST'ET S0 | SEEL | SOMODO | Ive0D SE F0T00 | oF E% 55
FSG0 T - STEL | SI0 | SEEl | swvooO | TRROO 5T yO7O000 | of TV 25
ZELLD [ zeotw STEE GI'0 | SE6T | sovooO | Iev0O at s0zDOOD | OF Ty %8 | 1S
{24] lzt) f1r) o) | sl g) fe) (g) sl | (g) (2} (1]




TiE

W | L5100 - ez | 110 | Te&T |tizonn| TOEG0 | ORT | votoooD | Op | 98V IS

BLFDD | cszo0 - Zer | cip | Zeel | zizeon| oo | 05t | poZONO 0w | S5b OS5

55500 BREOD : T r0 | ther |zizove| teeon | it | eozeowo | Ov | ¥SWOSS .
i Lar0D Nz EL 710 | Ze61 | TiTooa | 10§D 08 voroDO | OF | ES b O5S

E220°D " 1oean - 0TEZ | LTD | 2660 | Z£Z0000 | TOELD b5 | wozoooe | O | ESwadss | 9T0SS
foopo | stooe w0ve | 10 | 0@6] | sovooDn | EEE0D DE¢ | vozpooD | op | ISP ISS

E000 0 ZE000 anvE | <10 | OREl | sevoon | Zieon sts | wozoooo | ov | DSF 355

91000 g | - aUPE | LID | OEeL | Sovooo | ETEVD cex | somooon | o | e¥wWOSs |
pEN D weone | - a0vE | £T0 | OSGL | SawooD | ZIEVD Ser | rOTDOOD | O | Bvb J55

EoOTD 29000 . S I iTo | ogel | cevaon [ zieen <ic | rozonow | Op | Lvw 05

1100 w000 | aove | fto | omer | sswooo | PLE00 SEr | vozooom | OF | 9V 0SS

29100 38000 - a0ve | ZTo | oeel |cowod | ziepD | SeC | vOZOODD | Ov | Sww 25 i
LETOYD EOTOD - | 90rE LTD OF Bl | Seb0Dm | ZTEDD a9z #OTO0070 o ey 055

winn | | Geiod . a0 bE iTe | OREl | S9w000 | CHEDQ cor | som0o0D | O | Eww OSS

GLED'D aTon = G'RE LT°0 . M:nwm._” S0 fLenn n_wh wosmnn ot (4N n_lln_m_v

o geEoD | 20'vE LT oA et | swooD | Zwon | o2 yozo000 | oF | TR ass |
LES0D TR0 . W PE ) DEEl | ses000 | fiR00 DOT | wozoDOD | o | OFr 58 :
GTHD FYS0D : oI vE (10 | o5&l | S9v000 | ZIEDD 5L poTOOOD | OF | BED 055
SL0D 47a00 a0vE 110 | 086 | SevoDD | ZIEDD o VOEDIOD | O | WY 6%

19400 oofon - 90 vE iva 06T | SEs00M | ZTE00 " gy FOTOMND ¥ LEF 255 |

DIR0D nsénon 0¥E £10 op'ET | S9voom | ZTE00 0E pozopow | v | SEPOSs [ ST 85
ELO0°0 ETO00 OE'TE LT0 L'z | TLrODD | SERND atd 0000 oy SEF J5%

00D 67000 : SETE | LE0 | St0f | zezooo | see00 sec | sozooon | Ov | EEY 05

STooD 39000 : oett | Ir0 | 5r0¢ |fi000| SEX00 | Si5 | v0E0000 | Op | EEV O

gran'a R0 . | g IE LED SLne LTO00 SERN1 oy A LN or FE [

LE00'D SL00°0 : I ore L0 | STOZ | Z4IDOD|  SERDD 06f | rotooon | Oy | TET 5%

1930°0 iTme - SETE | 410 | stoz | zeroon | sevon ceE | wozoooo | ov | OEW 258

ZE0OCD HAGTH . HE'TE o | stor | getood |  SERDD LT $0200070 ity BT Y 755

(£1) ) (1) (ot} W | W | @ fal s | e i€ i |

e ® 00 ©© 0 e o o 0O 000 &0 &0 9 2O 000 ® Hbabe gt P ee PP




Tt
#3500 20900 5507 | clv | f9W | s9vooo | Zoeno 07 ELIOUOY | OS5 | EES J55
Z5L00 540 - SS0L | £10 | L9490 | S9w000 | TOE0D ot ELTOODD | 05 | 2€5 088 | 8IOsS
000 0 PI000 BLEL | EI'0 | WGl | Sow00D| Zoe00 nEL £Ll0000 | ©s | 1ES 35
hﬂun_.n_. (EL00 BLET El'd [ 6T SO0 a1 ] e H..ﬁ.._ngn_._u 419 OEs 355
12000 pE0'0 6LEZ | ®10 WG | S9p00D | 2500 vas | fetooon | o5 | 6TS 055 |
EEODD Leoa BLEL B0 MGL | SSr00°0 | PaR0D OEF E41000'0 37 BTS 0SS |
VDU £R00°D i 6UEC | W10 | 10GL | Sv000 | few00 | 0SF | ELI0000 | 05 | 2% 0%
£9000 LD 6LEL | s8I0 6L | S3v0a0 | zSE0D 06 | ELTODDD | 0§ | 925 55
02000 FELTD - BLEL 210 1060 | S8¥00°0 | 7St0r0 OVE | ELI0000 | DS | 526 755
90100 BT BLEZ Lo ST | Saw000 | ZSEOD 581 ELTOOOD | 05 | wEsS 78S
BLTOD vITI0 BLET LU el | s9w000 | ZseO0 i ELIDDOD | DS | ELS 055
EECO D PTG | = BLEZ | ETO | TM'BL | SOMDO'D | ZS400 | o0z | ELi0000 | 05 | zEe oS |
SHED D SEEND 6.7 | 10 | UGl | Sovomo| Zswo0 | 041 | E£iDoO0 | 05 | 125 %5
LEFD D | lzwoo - BUEZ | BID | TET | wamion | T5v00 Ol | ELIODDC | O£ | 025 %% |
Q&R0 D (sog | . GLET | BIO ID'GL | SOw00°0 | 25800 STT ELIOOOQ | U5 | 605 755
BTS00 ey | 6egt | wio | wer | swooo | zswon 56 ELI0000 | DS | BUS 385 |
E9S0°0 £5An' - GLEL | §I0 | TOBI | 30000 | 25800 08 EL10000 | O5 | 4TS 255
w990 0 LELDD : 6UET | BT0 | TO'ED | Sovobn | zswon 0g £200000 | o5 | 905 5
BELO 01800 - GUET | 810 | 06T | S9p00D | rReO 0% €LT000°0 | 05 | GIG 268
GESTY EHEDD * Bl ET IT0 | TOET | S9k00D | T560D 5f ELrobaS o5 FI'S 255
TETTY 560D . 6T | o e | 9000 | ZSEDD 5T BLIOOUO | 05 | ETS OS5 | £EOSS
Z000°0 WOro | - 0762 | L0 | Ee6l | 242000 | TOE0O bz | vOIOOOG | OF | E9F X5
oTeno 91000 - 0062 | 4COD 660 | etove | 1oeno DS | vOromoOe | v | 29% IS
| azoon 61000 - DP6E | ft0 | zeer | zezoon | toeno bbS | eOZODOD | b | T9F 355
| Bo00n ¥EOo o E Orer .__._"._.u_ : 26 &L LR TOHED D DER POEDCO O % owE 255
ERO0°0 o0 - | oEsz | «ro eoel | cerovn | T0ECO DIr | YOIO00G | v | B5¥ 0SS
[ty Lrol'o - orsr | LTD reer | zezooo | 1ogmo DEE vOTO000 | O | BS ¥ 255
LRI £600 C i DEEL | LU0 | zeer |zizove| 10e00 | ez | voroooe | v | £Sw 3ss
(€T Zr) | et | dem) | el [ 8} 1e) la] (s} i (g) (z) ful




ELL

BEL0D 9900 - S5t | 4v0 | Tewt |woooo| eeeno | ¢ | RT000D | 05 | 19 5 255 |
 rR0D A e0'D : 56 62 itD | 1gel | terooe | @Ew00 G| ecipoon | o8 | 095 8%

#0600 1E800 =3 TSl | D10 | TEET | Zit000 | BENO 5T ciwonD | 08 | B55 0% | orws

5000'0 £000°0 : T _ {981 |zzzov0| BOEDD | L | EZIO000 | 05 | 855 0SS

o | ewod ver | oro | @t |fitoon| #meon | s | 0000 | 05 | &85 JSS

L1000 EZD0D . %61 atn | feBt | zizoon | @O0 coc FiTOODO | 05 | 955 358 |

15000 YEOD D : o 6L 310 | (981 | ZitO0D| BOEDD Sey | EL10000 | 05 | 556 A

co00t 00 0 “oret | 9D | L9891 | Lel00D| BOEOD OLE | Ecwoun | 05 | bS'S 355

180070 0000 5 9y &1 arn | CoBl | ZiI000 | BSUD GE | ELI0000 | 5 | E5S 3

FEI0D VROT O : Tavet | mo | iser | zizovo | @oRod Gsz | ECl000 | 08 | 75S 9%

T aplon BEEDD SrEL | 910 | (98[ | ZLcopn | BOE0D eT | £f10000 | 05 | 15508 |
apena 1ZZ0 - 9 ET alo | £98T | Zlzo00| BOE0D ovl | £L10000 | 05 | D55 255 d
sard OLED O awEl | 910 '9§T | LLZo00 | E0E0D | 00T | ELLOOOD | 05 | 675 058 .
G500 SIFOD : 6T w10 798l | zezopo| #oson | 09 EfTOCOG | 06 B¥'G IS5
(ELDD | 650D - 50 6L ai0 798t | tizoon | BOE0O oz 0000 | 08 | £FS 55 | 6t 3,.ml
T000'0 Te00n | - SE 0L 1o s9er | soron| oo | e | ELooon | 08 | aweOss ]
ao000 DEOOD - 5507 LU0 | LSBT | 5ow00°0| ZOEOD 579 ELIDOOD | ©F S5 255
RTD g00' - se0Z | 410 | Z9BT | S9v00°D | ZOEOD SE5 | ECIODOD | O5 | F¥S 25 =
EEDDD 9001 - 50T ire JO8T | sot00'0 | TOEOD owr ELlooog | 0s £ S 25 .
v000 | 0d000 3 co0z | LED | L9gr | sowco'o | ZDEOD zot | ELIODOD | DS | IWS 058 |
&£00'D ROTO0 5507 it0 1091 | S9v000 | COEDD er | Ecioton | ©5 | eS8 B
ZOT0D TETOD - 5507 L0 ST | SopODD | ZOECD T £LI0000 | 05 | DS 258
FL100 LE100 : segr | LD | Z98t | €ewdn'm [ 20600 ST | ELIGODD | 05 | BES 058 i
ZEZOD ErI0 . T Gsur | ito | i99% | Swood | zoerd et | Efthumn | 05 | BE'S 255
ZR0D 90800 - Z6p7 | LLD | L9E1 | S9v000 | COEOD STT | £eto00Q | D& | 45 358

T 1g0D ‘eaeon " ccoz | (T0 | 98T | SsrobD | ZoE0D g ELL0O0D | 0S| 9E'S 255
S5¥0D 020 " csoz | ito | comt |sewooo | moE0D | OS ELTOODD | 05 | SES %S
SES0D SEL0D - 55 0T (1D | 98T | De000 | 2060°D 5E SLTOOON | 05 | bE'S 268
[en) e | ) o) | (6 | W@ | W | {s) (v | () 4] {r)




® 000 20000 ¢0 000000000 0000000000 °00000ae

il

pZ00 0 ¥00 D : oo 0T0 | Seer | zeobo|  e0EeD 0F9 | TECOOOD | 0 | 210 XSS

L' Sb000 - 03D 0T 96 49T CETO D e 509 TET0G00 1l T 5% ._.

0 TZT00 0o oTo 8601 | LLI00°0 | A0E0D Sar 1EE0000 | O OTO 355

EAO0°H Brifg odqd a1 ST TELnon BOEQ'D OEF TEE000°0 il B0 155 ;

S0OL0°D 6L10D - DI | OL0 | 9591 | ZLZ00°0 | S0E00 $9f | 7es0000 | O g0 355

ZEL BPE0 0 - o9 | ovo [ seer [zceooo| soeoo | soe | teeoooo | o | e oss

fES ELEDD - Ll ! _ ot aEat FLrnon 2E00 1 g IEEOO0D | 0 m.n_l.mw.m

OEEn 0 FISHD - oog | ot'o 691 Fl i () BOEDD SAT FELOOOD 1] 50355

200 E690 0 - 000 | oU0 | 9691 | ZiI0D0 | S0EO0 | OLT | PEEOOUD | O | #D 35S

BLLOD BIS0D : 000 | OTD | 95oT | 22000 | s0e00 | sL | tee0d0 | © | EO 35

ESED £1050 | - 000 OU'0 | 9681 | zetdon| eoEco 5 TEEOODD | © TS

RGOT 0 L0 - ' ot{ op"ot w00 20E0'D 1} 3 EEEDDI O Q ._“._ulu.mm| FZ 055

E0000 50000 | sEsz | LT@ | TEEL | teop0 | BEROQ UL | ELIDOOO | @5 | £L5 35

£000'0 SN0 - | SiSz | 4UD | TWBL | Zi70D0 | BEVOD 0S9 | EcloO0m | 0S5 | 9.9 35S — ]

¥I000 2070 - | sese | iv0 | teer | Zizooo | BEROD D65 | E£10000 | o5 | 525 3ss

SN0 0 _ = L0 T2RL FLFON'0 REROD aﬂm. ELTOOD D oS e L4 5 :

CEa's fena'g | - | GE'SZ L1 1960 | 747000 | BEWDD Bt ELlomg | oS £LS 255

RSO0 Yoo | - | sesc | £i0 | ISEC | 247000 | BEROD 0Tp | ELIDOOD | 05 | 245 355

GEO0 D <L0TD : SESZ | LTO | TERT | 242000 | REROO OSE | £CT0000 | 05 | L5 958

bTIO0 FR00°0 - 5650 | £L10 | 1880 | zzzoon| mEwoO GOFE | ECTOO00 | o5 | o025 oass

FSIAD 2100 : ST | L1 | 1980 | 27000 | REGOO 002 | E£100000 | €5 | 695 35S

aIzo'e L i T £1% L8'HL [l ] ERN] EERODO STE ELTODO g LF -] 95 255
| ge SEI00 - | o652 LT 1980 | ziZo00| REROD 8T E10000 | o8 | £9% 355

HEZO'D 2700 SEST | LT0 | I®WL | fL000 | REROO §51 | EC10000 | o0 | 995 255

SIE0N TEEDD : T L0 8% LETO0 | BEROOO Tl | ELTO00 D o oL i o

Eenn OOa' 0 i _ 17 T LT ._”m.ﬂn. ZEEO0n0 BERDOO 201 m_n._._u__H_d.. o5 a9 155
 agsoo 200 - | sesc | et | 1@Mc | o000 BEw0O 5E EL10000 | 05 | €95 255
BT Ersa0 | - | s#sz | 4vo | el | mxopo| eevoo 59 eetoord [ o5 | easass

(£1) (1) (131} _ o) | I8l gl | @ | (3 1s) vl g (2l (1)




GEL

E0O00 | GEooo | oo | 100 | &0eT | cav00T | BEPOG | 6L | 1EEO0OD | O | OwOTOsS |
FiooQ BI00 o [NERE] ET'D LT =Ll g BEREN S TEEQDND o BE'D Um._.w
i FEDI D 1000 | - po 0 o LUE1 | SOPODD | &S0 SES TEE0O0T | O BED 155
0L00D BLI00 00e Tto | 0t | swio | BEWID cer | TEEODDO | O | 50 5% -
GpInD TSE0D : 00D o | seva0 | 6EW00 | e | TEEGoOD | D | ov0 0w ]
| w0 RISO0 vo | 1to | (Ufi | 90D | gm0 | Sse | teeosou | O 56095
[ azwon IEITD : 000 IO | (4L | cawiod | EEw0 & | teeoogt | O bED 255 ik
EVS00 SEElT - 000 | tto | Zoit | sawooo | eewno S5T | TEEGOOD | O | EED XSS
BG40 0 SZB0 D 0o0 Tt0 | 0Ll | 900D | 6EbOD SEL | TEEOOOG | O | ZED 58 [
 eggo | wevo | - | o IT0 | 0Ll | s9w0D | GEROD 06 Teeqoon | © 160 255
BLTT'D S6ILD - o0 1T IOl | savDo0 | GERDD | 09 TEE00DD | O DE 0 355
T oosi 0 : 000 ITo 0Ll | sovoom | GewdD | DE TEE000D | O &2 0 355 e
[ ELT O naGL e " oo v | iwr1 |sovoon| semo | st | meenoon | @ | BeIss | €2 35
FO00'0 LZ00D we Tto | erit | tezoon | mevoo | St | TEEQO0D | O ro s |
7000 10000 = | mo LD T (1 | LLZ00D | ZEMID oTe TEEDOOG | O 970 355 1
LEN0 FRO0D - B .E_.g o | ETil n_,.,mma..m cewD | 025 ﬂmm.s.u.m 0 w“.n.u_uum |
A0 N EvIdD = oo T BLLT L0 FEV'D 0¥y TEEQROG o ¥e 0 5%
EROOD LOELE0 £ ) naa i1 “m.n...__.—. ZETDOY TERD CEE TEEDODD a tE0 155 :
JET0 0 TIEDD 000 o T 41 | ZeP00D | TEWDO gL | teconoo | O Z20 755 .
TLInn oo £ ooo tt'o BT TLTOND CERDT) GiT TEEDDOD 0o : nﬂ.n.IUmﬂ ]
[ s 99500 : oo | Tio | 6Tit | ziwoon| e | s | Teeooo | 0 | 0Z00385 | B
T RIEDD : o Tro | §r0 [zzwoo| Zewo | s | TEEWOO | 0 | 608 .
T gwe00 RLLLD . 000 Tta | srir |zetooo | zeeno 06 TEEQDOU | 0 | B10 %5
#1907 rEEro . OO0 T 6LLl | zeroon | zerod T TEEQO0D | D L1355
BT fste | | oo0 Tvo | eULT | fiTonO | ZEXGD o T6E0000 | O | 9D 355
£i5i 0 98LT0 aoa Lo Fiil | Zezoop| TERDD | S TEEOOCD | © STD 358 | ZTOSS
20000 100 | “uoa OU0 | 9691 | fefo00 | HOEC'D feg WE0O0D | O T 55
IO EPO0D oD arn BEOT | 2L7000 | BOEDD 5L 1E€0000 | O €TD 5%
e e | tm L fem | e | ) | ia) la) € | wm (@] (1)




9Lr
0000 SI007] - oop | TTY 09T | SSRI0W | EMEDD OkR TEEOMG g e |
[ o100 | oviod - 0o 110 EC9T | SH0000 | EQEGD nee TEEDOOD | O §50 188 | I
REONT 090a-0 - oo 10 €491 | S8t000 |  EOTUO oz3 TEsoDaa | 0 750 255 — |
Te00'D €200 - ooo | 1to €491 | SHAOD0 | EOECD S¥5 TEE0000 | 0 150 355
EBOO'D L6000 - oo 1o EL91 | SOWO00 | EOECU |  SEp TEEDIOD | O 080 358 =
STLOD 0FI00 - 000 0 €091 | SopODD | E0EOTD =T TEEDOOD | O | EPO 255
A0 OELaD - OO0 | 160 | Ec9T | SIY000 | EOECO | OLE | TEEDOGQ | @ | EXO 3%
AEZOD £SEDD - DO 110 /91 | S9%00°0 | eoe0n | ST TREDOOD | O LT s
SEEOD TN - 000 110 49T | SOvODD | €0ECO 17 TEEDOOD | o o4'0 355
T BES0'0 - 000 T'o €91 | Sa¢000 | £QE0D S5t TEEDN0D | O S0 355
vE900 76300 : W0 wo. | EC91 | ssvo0o _|Em_=._u OIT | [EE00OD | O | w0 355
B £6L00 - 000 | TU0 | E£91 | cIv0DD | EORU0 | S | TEEDOOO | 0 | &0 0% l
ZEOTD EHT D - oo it ££91 | S9¥000 | EDEQO o% TEEDDOD 0 i s i 4
29210 DIPLD oo o EZ91 | sivoon | eos0a 0% 1E0000 | 0 | Twd 356 | wzosc |
(ex) (z1) (1) o) | e | @ | w | (s W || m |




L

g8 | D | %0 go | &0 g0 | ot | E1 | 9T #T. | A3 ¥E 7z | €21059 |
50 b0 Vo 50 Lo %6 | wsa | tt | &r | ot | % r | =P 61 ZTT 959
L B e & | o | v o s of | £z | ver | O | WU %O
gt | &v [ wr | of | &t 0E ¥E | 6F 1's | OF L8 | OEL | OpL | 021159
&% | £ {1 0'e ve | OF vE | &t LS 69 g8 | 871 oRY GIT 259 |
[~ 01 LT 0z 51 BE | G¢ Bt 5'Y &9 | we | s | oza | ®EL®
91 a1 ¥1 oz ve T S€ | BE gy | v9 gL | ver | 095 | L1709
§t | o1 L' T | EF L EE L't <k ¥9 | vi | % | oes | 6¥E3Se |
91 51 L1 6 ET B EE | OF £t 55 i T oy | SIT 59
L EE RE g1 | 2 97 [ 9% ot 5 559 | 90T | DEv | ¥TT 359
vr | ¥1 ER 61 | et | 51 0 0 E 5E | E% g9 | oor | Ok | EL1 59 |
] vl 5 g 12 ¥z | 8L £ | 6 s £9 6 DIE | ZXT %9
z1 £ v 9T 0z bt |« TE | LE iy | 09 6 pEE | 101 259
i 71 1 Pl g1 T ' e SE ¥v | BS ] LB piE | 0T 259
S ET | F3 | &3 o EZ g7 | % WY 55 1’8 Dz | 612059 |
K 11 1 r1 €1 BT 1T 5t | RE | EF 15 Lt vz | A1 |
01 01 11 0T | E1 L1 LK £ BT 6§ v | EL o1z 117359
610 60 [ Tt T 51 ot | v 5t vE 9y L3 51 9T 2590
50 ot g0 | ot | It €T g1 61 ez | OF | ¥ | 09 | Oar | 5% AR
50| 60 60 01 21 Tt w1 5T 61 97 5E | B 5t vT 59|
%0 B &0 B0 01 01 Tl 51 a1 T o' Ty 5p E1 58
L B0 70 £ go | 80 60 | LT ET 61 9E 3 gE | 1259
B0 Lo &0 La op | 80 | &0 B0 Tt | vI iE: £ 51 [T 259 |
T | Go | @0 | ey | [T w | @ | & ir) () [T |
mg9 | Wgs | Wos | wey | WOy | wEE | w0E [wez | woz | el [wgr | wge | (o | ON
_ ST JUAIAL JE (3] uanEpEiag - awml] | HOUEARSH) |

a|jod asRpns pad UL 1] SHOIEAISSG()

2 - XIAONAdd Y

e ® 00 009 00000 o 00 00009 0000 sadegptPee s




.---ln.r-in..--lili-itlcil--il.lii

8L2
[ 11 0t 0% | Tt 1T €1 | 91 | e o 6% g T8 | 09 | IST 259
1 | &0 20 0 0T ZT | bl BT UE £V | b s¢ | ou | 18T 389 |
1 1T o1 &0 a0 ot | % L1 6T 6 | &v | s9 | s | ostoss
el I'T T1 60 | 07 o1 i & I e | <v | 19 DT | 6T 259
z1 1 01 ot | &0 50 60 £ i zE o't 55 o8 | s¥T 259
Z1 I 0T | &0 50 B0 L0 T 61 | &¢ | 9% BE 59 | L¥T 959
i 0T o1 60 70 0 THEL 91 97 TET ps | T ose
01 60 | 60 610 Lo ¥0 | Lo | o1 i 12 81 RE | oF Sb'1 05D
. to | o 20 L0 80 ot 20 D 1 o1 Tz | sT | & rr'L 359
' 51 5T o TE TE 0v TS v [ | ¥It | ¥t | owe | &v1 059
b 51 3 st | T e | o IS E (8 | ETL | vl | se | vl ose
£ 50 a1 £ Te | 1% oy i G 98 | ETT | S¥l | Se9 | T#E 59 |
g1 | §1 L1 BT WZ | &t | @t B¥ T9 | €8 | 01 | vwl | ss | ovros
L1 | 9t 97 T 6T | ¥i T ap Bs | T1® | o0 Tt Y | GE'L J58 |
7T | ot TS T 2z £ Et 9 BE | TOL | Z€1 | sew | 86T 059
£ £T | 91 vi | st 07 T T EL 96 | TEV | sty | it 959
57 9T | st | &3 5T i 0 % Zs | &9 £6 | 6T | SeE | 9T 283 |
i G £1 | I1 Vi 61 | 8¢ ov | 1S 93 B8 | 71 | &9 | SET 258
7T §T | vE 1 vT 6T | {1 | #F 05 £3 78 171 SEE verasa |
ET It r't 1 T g1 vi € | gb e 8. | 9T1 | SDE | £€L 959 |
= T | 1% T £t 91 | &7 EE et 95 v TT1 | s | ot s
| &0 | w1 60 o1 T st | vt | of 6E 1's B9 zor | s | €T 08
a1 | o1 60 | &0 [ st | ot IE ot Ly EQ 96 | S8T | OFT 259 |
'O g0 | 80 or [ 71 | ¥r | &7 ¥t | i EY s 58 51 | 62T %9 |
Lo §0_| =0 | o1 £l ¥t | 1 £2 6Z | ®E | 05 | 9 | &t | ®T 50 |
B0 L0 g0 | &0 [ 1T ET | of 3 bz EE | bk [T 56 (T 259
Lo £0 L0 50 | 0OF T vl BT | ET | 6 bE E 9 | wwrose |
50 50 (0 | &0 'L T | ¥l LT 0r | 97 | &% 9 05 | 27T 258 |
¥o | %0 £0 | @0 | ot R 91 | e1 | TE Lt € [ reross
r1) 0 | @0 | 0 | () o | @ W ® | in (£ ] m |




BT

[#1 [ &1 61 61 Zi 0 Th 2 69 v | to | £o1 | ws | meiose |
| 6T B 61 6T | Ul TE | EF 15 | i az | ®11 | os1 | 00s | 01359
91 31 | i1 LT Ll &1 HE 5% | 59 vi | STt | 5%l | ovw | 6T 259
St £ 0l a1 ST 5z L v va | i | Zzul | Evi | Oip | se1Tosa
5T | 91 ST ST 91 52 EE v | o8 | €L | T | 4fr | W | Wt |
[ ¥3 sT | 91 bl Cl X TE (3 £5 0z | &D0r | OEl | O | 9LV 2
¥I_| €1 | ¥1 wl 91 EZ oe T35 | ws | =8 | sor | @z | oer | SET 36D
T 0T Tt Pl gt | 1t g I 79 | oor | rZt | o9 | w19
50 | 0T 0T et i £ 57 P v | 9% 76 | o0l | 08T | £L10%
T 60 0l LT ET 91 7z | Of T® | s | 08 | tor | 6sT | T |
6D 0t 60 TT | o1 v ot st | BE Lo T¢ | ve | ozt | BT 59
50| 60 i 01 60 Tl 91 - £E | UV g9 | €8 06 | 0L1 359
80 60 G0 70 o1 1T | T 61 Bl i i 5t | Si B9 1 59
Lo 0 #0 60 61 ol T CR: v 5E | €5 79 09 | 8y1 8o |
— & L0 KU B0 o1 60 ot £1 91 T'E £Y BS | &¢ | 497 2%
90 L0 (0 | 80 o1 60 50 ot ey | PE TE ¥ of 957 759
0 S0 £ 9D g0 g0 ot 60 It | 91 £2 | v ot 0T 259
60 0T 01 1T vl T1 e Y 65 §Z | €0r | 9%l | 05t | w1359
60 01 T ¥l 1T | TE By 65 vi | EOT | 9EL | GOL | E9T 050
€D 0t 01 Ll ¥l or | TE £y gs | v 7ot | GS& | &Sv9 | €97 )9
E0 60 01 1 51 61 L' er 5 | ©TL | Zop | se1 | %8s | 19769
£ 0 D1 a vl Bl 0E £t £s rZ | tot | wer | ses | 09T :s®
#0 60 01 T ET L1 0 T Ts i &6 | CEl | Sy | 651 )9
| &0 o1 60 60 z1 ¥ T Tt o< Ti £6 | ®Zf | S | 851 59
ot 01 0T | ET vl w1 97 TE % ¥ 99 ¥% | &i1 | Sty | (51259
BT ot Tt | &t vl LT £ vE vy X T8 | 11 | O8e | 951735B
Tl ot T 'l Tl 51 i TE £y | 8% g¢ | gor | OSE | S5T 59
0T 1 01 60 0T £ 51 7T Dy | 9% [ | 001 | O | veE 60
B 0T o1 ot T et 31 52 BE £S L' ¥ 06C | £51 259 |
G0 | &0 [ @0 () ton (o) (&) (wh (o) {s) (v} () @ |

TR EEREEREEEEETE i i o B I B B AN BN N B B N




® e 88 © 5800 O 29 0P oo 9SO P8 Pae®e tOoee® ggeonoeoe
(e

o1 01 Tt vl 51 | 1t LT [z 55 we | tor | err | ove | seT s |
01 50 a1 £l 51 g1 ¢z | & L5 69 6 E0T 51T LT 350

| =1 T ot z P o1 Tz VE T g g | 16 591 9T 259
bl i1 1 T1 £T ¥ 61 I LE a5 B 6L ozt ST 359
El | w1 | €1 ET 1 bl 91 ET TE gy 69 e 06 | vzso
BT 1 Il 01 1 | ET 5% | ER Bz | % 'y 9'g S £CT 159
o1 | o1 T I i | 1 E'T €1 | oz EE gy | 9% Sy | et 5o
70 ED 0T 50 'L o1 A i T ve 9E | ¥ sz 27 259 |
70 ) £ Lo 60 60 01 ot 1 a e I'E ol 0Z7 359
&0 ot T | 51 6T 1T TE iy E'S 9 b8 Hil 0a¢ 607 159
60 | Ix 1 6T TZ TE Ey £S5 b3 be | 821 | si9 | sr7e

wa | Bt | T3 g1 0z £7 0 b ks £ £% | 9¢r | S | LrE 259
B0 0 [ ot v BT X: 6 L zs | 3 I8 | TI1 | s& | 91t 19
B0 60 | 60 Tl o Lz £3 HE s £9 L | STL | S | Sit 2%m
i E0 01 1 THET 51 rE 6r 65 ve | ot | o | widaso
50 | 01 0t Tt ST 0z 57 TE v'E cc g9 | 101 SHE £17 359
't Tl aT it Fl 51 £ 6T oy 47 e L6 CLE ITE 159
1 07 TT £l <1 8T b7 2T 5t tr | §s | %% sit 1 259
It B0 It ET 9L 61 €7 L2 £E £t #F | 98 3T o' 159
01 01 11 vE | 1 81 17 5T 52 BE ey 0B 5L &7 359
T 60 ET E'T g1 a7 67 v i3 ' 5% o' ot 27 250

[ ET T It 21 rT 9T g1 T2 Lz TE Uk 63 S1T LT 359
' T o'l ¥ | ¥1 et a1 61 BT 0'E WE 9 ¥ 97 359
0T | ot 60 o1 ' 1 ET L1 e | £% EE LS 0 57 259
60 0T | 60 50 1T £l BT | ¥t | TF £Z TE 1S <5 P 5D |
&0 60 o'l 0T [ 11 a1 01 21 ‘1| oz T "y O ET %o

| %0 L0 20 60 | ¢p 01 11 o't £1 LT E'Z <E SE 2% %9
2 50 L0 a0 | ¢0 i 60 Lo 50 ET £1 £T ai [ %9

E 61 61 oz X TE 't TS 69 | &% 1ZE | §51 569 | ZBL 359

[ r1) (51 (z1) an | ) | & (g (L) W | s | i if) (T3 (i




B 50 | 60 o1 | 80 g0 | &0 g6 | »: [ Ft | we | ¥ ov | (57 %59 |
L0 ®0 | %0 BO | &0 B0 o 20 ot a1 | 12 OE < st 359 |
EiNE: go | 90 Lo 80 90 60 o | rr | Bt 61 | 01 | SsE I
1 4 v | BT | @k | o | ¥ ;5 g | &6 | T £Er | ow | ¥SE IS |
£l Z 1 £ 07 pE | IV 45 w5 | ok [ o | oo | oe | B T 259
et | v | T ¥T | 02 gz | tv | ®s | ¢8| rEERECEEEECEES
&T | 91 v €1 61 5T | S ye | 28 | €6 | 80U [ wer | osv | 18 z o |
Pl i ¥l 51 g1_| EL | 9t 1S i | e | wor | tep | oep | ONE %I
51 o1 9 L1 L1 T? | ¥ ay THEL 6% | 7ot | ok | SeTD
e ET €1 | FI g1 T T %% | ew | 8 | 6t 56 | tZ1 | GPE | B¥Z 35O
i | or | ET | 53 ot _ &7 BE 25 £ G | it | oo | T O
R TT | El z1 £ L1 ot BE 7€ | ¢9 | vy | Vil Gz | ove 258
ot &0 | t1_| % fr_| 41 | ¥k | SF v | €9 gL | Lot | vz | S¥Z )82
60 71 0T 01 Tl 01 it T'E ve LS £L L'6 SL1 vy 259
&0 oL 60 B0 11 [ 6l £1 oy pg | &9 76 | 051 | EvE D |
50 | €0 | 60 | %O i ET | 91 vl 9€ gy | v9 | L% el | eve 59 |
0t ga | o1 | 01 | 1% 1 'L 0t e | &e | 95 | ot | gor R
1 ot 60 50 i TT | E1 21 LT 9E 6t 53 5¢ o 352
Tl Tl ot 60 &0 ot T 51 rz | tE | €V s |\ 09 | BEZ 59 |
7 0t 60 ot B0 o1 T3 €T 51 gz | 9E | 6V s | BEZ 25D |
| o1 60 g0 RO 60 Tl T | & 51 12 6T gE i LE T 259
[ s0 co | zo | D vt | 60 | 60 [1 Ty | &t | oz | €7 st | sz %9 |
| B0 B0 o1 21 o' UE BE T [ eet | 0OL | SEZ 359
ot | 60 o1 L Tt e 6E s e | U6 771 | Ewi | o009 | vET 359 |
01 [ e | ¥F gT_| oF qE o | ¥ ve | EI1 | TWL | OvS | EETOSS
01 Ty | A% 5T AT B £'E s | O e LE4! FET oy | 26T 25D |
i 1 £ ¥T | W 9 i VE 'S 5 &t | g0 | c61 | oev | 1ET 359
B T £t | S% &L | s5¢ 0E o5 25 | =8 | vm | & | oes | 966D
£1 | E1 77 | €1 | 91 ¥t | 8% ' 7S 5. | ®or | vEr | DOE | GET IS
n | @n | @) | an |l (6 (8} © | @ | @ | & | (£) (4 i

..I‘.I.Illlll.'l'...'i_.I_'.'I_.l'_lll_l_ll




988 00000 O P ) 9ol o0 OPe Be "g 0 e PO0B O P ggoaaeawe

282

1 [l 1 o1 T | % Ft | &2 | 1% Ao 65 g9 | otz | ®% 259 |
T P 01 0T | 1 £ g £ e T Ee T8 | ot | £t 059
Z1 Tt 1 g0 | 11 Z'T BT | &t 6T B E By L's | on 3'E 259
at 1T 60 07 ol 1 ST | Of | %2 | ¥E | €w 15 8 | §f 5D
T | o 0T 60 5D | ¥T | zt | 91 | 1% 6T | &€ | &¥ 09 WE 259
R 60 B0 50 | ®0 | ot b7 it £ | wq §'E Sv | E€ 059
60 &0 60 81 ra | Zo | o 1 b'L L 07 LT GE £E 259
60 £a L0 50 | 50 Lo 20 11 60 | 1T 1 ¥T | o TE 259
g0 | &0 | 1T ET 9 T 0’ L't s £ 5L PIT | 018 | 807399
T 50 | 1T | €1 91 0Z | oOF Ty TS £9 g¢ | ver | s8¢ | uwtose
60 50 o1 £ 9T | T2 B Ty s 29 e ¥I1 | oZz | 9L 959

T g0 60 | 1 5T rL EL | o s | 09 E'L EZt | S0 | Sitosm
g0 | %0 o1 T1 3T 1z L7 LE s 85 oé | ozr | sta | werase
60 60 60 | 1 b 0z 57 VE 'y 5 | o8 | &1t | oms | et ose

01 T o1 01 £l gL | €2 v or L5 £8 | TIT | 505 | i 259
D o1 0T 11 bT THEE U'E 9E 97 S | g0l | Si¢ | 17059
80 | €0 | &0 TT £l £ 11 i EE 'y | TS [ vor | sk | oL7 289
B0 | 80 | 8D 0T 1 9T | 01 9z D€ | 4% e | zor | s | 697 %9

Lo 60 | &0 T 't b1 &1 vz I T b 86 | e | ®97 250 |
20 Lo [ z1 | 2T | st 81 £z T Ly ¥6 | St | /97 %0
[ T | o1 0T 21 | &1 9T 97 og | or | 9v | w5 | ve | st | s6f 59
01 50 T & ET | ST | &% R o' 5y ¥S | &8 | sez | s97 s
01 0T ot | 11 vl ET 2 g2 | EE | 7v s | e® | ssz | wross
(1 I 650 o1 i1 9t | 11 gz | TE 6% 3y 18 | DEC | 97 359
&% T or | T 11 ¥ L1 ¥Z | 62 ve [ €v | sz [ ooz | 9t 2%
o1 07 UL o1 71 ETL | s1 12 97 61 BE 59 | ot | 197 158

r'T i &0 | 01 Tt 0T E'l 51 7T 57 K 53 DIT | ooz 359
A 60 | &0 T 60 | T1 | T 81T | Tt L'E s 03 657 259

| &0 | &0 DT 50 Lo a0 g1 [ 1 =T | £t L' £F | 5% BS L 959 |

o0 | e | @0 | o (1) ] ® | @ W | & i © | @ (1)




EBE

1 | 11 £t vi | 12 0 gy | 55 ¥s | 9i FOT | SIT ges | EE 259
60 0t L €1 Tt BT T 1% | &L | Toi | vex | wmw | %€ 8D |
60 6D D1 bl 61 9t D' r'g 5S £l 96 | SIT | G | SEE 25D |
B0 0 Tl ET | 91 | ®t 5% 5 LS oL oF | 60T | SSE | YEE 959
o1 o Dl Il vl 6L T'E Y s 59 ve | DL | Gee | EEE 59
0t 0T 11 11 £ Lt 61 (5 tv | £S5 9f | va SIIETEEN
11 T | 01 gT | v 51 91 vE vl ¢e | B9 | 8 | sei | JEE 359 |
| &0 0T | 60 | 60 01 ¥t | EX 0E €€ | 05 z9 ¢ | OEL | OEE J59
E0 20 50 o1 0l ET 81 L 5 ¥ LS 19 D01 | BLE 359
L Lo B0 #0 g0 | vr | 91 | ET oE v | 9r 5'S S | 8t 259
L0 L0 Lo g0 5o | 11 vl B [ wE oy | TS 55 | ZE 959
90 L D %0 0T zT 51 0z gz | St | ©% Dy | 97F 059
g0 | 9D L0 L0 70 g0 | ¥l vl 31 Tz Lt g€ 5T STt 259
o | to 90 | Lo 90 B0 B0 60 'l Vi BT 51 ot pIE 250 |
&0 50 P 81 Tz | 9t 0F gt Tv | %9 | 68 | vl | o | €CEO
50 | 01 | T Bl ez st | DOf 9E e 2 68 | WUl | G | EED
gn | & | €1 | *% | IR 5% i ve £ 9 | e | Em | ol | ITE %D
&0 01 bl 1 i v BT £E | v | 99 La 21T 593 | OFE )59
ol 6 o 8 o E o T £ gE 0w B m-w 58 LEk SEh al't Ulmul
| &0 ot El 5T Bl e o' TE 6% 'k g | 60T | 655 | BUE X9
0t o1 1T A B (44 ST L'E uE L9 pr | 90T | SIS ITE 259
LT 1l 21 EL Ll 0z v TE 9% | 59 Te | E01 | S6r | 9UE 25D
o7 T T ET | 97T 12 T BT | SF ' B 56 S5y | i€ 59
o1 | ot £ vt | £ gt 2 O B vd | 92 | 56 | Sev | ¥t 39
DT T | ¥t E'T 97 91 0T ¥ Bt £9 i | 18 OBE | SLE 259
TT Tt TT 1 5T L1 12 0% L'E on | ¥L | S® DEE | ITE 59 |
1 T Tl T £l 0T 61 gz | 9% g5 | Ui e8 ooE | TTE 059
T3 0l L aT T 1 61 9z vE s | 13 | #e WE | UTE s
Il vt | o1 0 Il Tl oT | £¥ £E T | 9 | €2 | om | GE X5 |
(1l en | ap | an | lo} 6! 1] W | @ | & | o | @ | ]

20 0006000806098 00000 000 00 0000 oadespgededosn




P00 00000 0P Q00 P e Pet 0o 0g0e tPBe®ggoa e e

var
[ &0 or T Ll 1t | 9% TE £t Ly | 1E Tl BTIT | O&l o9 150
50 T 21 £l (4 g TE £ £ | TR | W BTT | 069 | ©9¢ 359
0T | o1 ET | L1 [t E: TE Z¥ | £¥ | TB | QU | BtT | O | WE %0
T 1 v IR Fa 57 TE 7w L T8 | SOU | ®IL | <8 | 9% %0
1 7T £l 2T TZ 5 £ 5] 3% oE o1 RL: ovs | I9F 259
q T | ¥i T ¥t | o9t UE 6 E X 6L SOt | 91L | oIS 19°F 259
0l T | £1 i1 £z 9Z | OF Y Ev | 81 pOT | SIC | OBF | 09'f %59 |
0T | t1 £l a7 & 5z 0 | 8E v | s¢ | vot [ g1t [ osk | est mm
Wil 5 T 71 5T 07 vz 87 BE ot T 26 60T Sav §5°€ 50
11 T €1 vl L1 Tz T SE oY oe £6 901 SLE ISE % |
1 £t €T ¥t | 91 | 1% 47 £E | 1v 53 P6 | EOT | SwE | 95% 5O
o1 Tt £l El 51 0z £ | 15 | o ta | 06 B6 | O0E | S5€ %9 |
01 FE | 2% 71 5 ET | %2 0f | §f g 58 | 4§ 0z | vSE 059 |
0T | ot | 11 2t ¥ T | Tz | wt 6'F ng Te | 16 | o fEE 350
60 D1 1T 11 £1 L. | TT v o 25 Lt HE 01z | 25t ;%9 |
0T | 50 o1 ot 1 £t | &1 | vz gt 55 ve | vE 08t | ISE 59 |
o1 | e T1 1T 1 | vt 1 | gt £ | UL | &f | oSt | OSE 359
50 0T T1 Tt ET ¥ | 8% | ¢t LE | 0% £9 | 8¢ | seT | 6FE %9
T3 | TR 0T i g ET g7 | 1T 5 | 9v | 09 | 24 02l | sFE %9
50 0T 01 Tt | P71 It &1 61 't E¥ | ¥5 | 99 cot LFE 5D
70 T 50 B0 o | 1% €1 0t oF 0w € o 06 WE 259
BET &0 50 o0 '] ' v L1 87 | rE Ty £5 5¢ SWE 259
40 70 80 | 40 510 0T Z7 bl vi BZ | 9¢ 5Y 09 | erE2sD
Lo g0 | 40 20 20 60 Pt [ &r | &t | #%F e | BE | < EFE 259
90 | so | zo | ®o | fo B0 0 1T | bl B €2 | 0f | 0F | zrexo
50 9 g0 0 | oo &0 g0 | 60 &0 r1 51| oF 51 e 259 |
ot o T £ T LE " 65 6% LE ETT | TEI Swl OPE 259 |
[ &0 ot 1 £T F TE By | &% 6o £z | ETC | OFT | 589 | ke %0 |
ot 01 1 o1 E1 bE £F L 29 ] ZIT | ®{1 | 565 | BEE B8O
o f | &N (n o1} () %) (L (4] s | | @ izl (1)




SHE

[[go | 90 | 60 | %0 50 | 0% T FT | ¥l or | et %1 o5 £v 059 |
50 40 0 Lo | 90 £ 50 11 01 z1 £ ri 0g Ip 59
€0 | 50 50 50 50 g0 | S0 Lo {0 | &0 60 v g1 | Ty ose
70 60 El £ rE 1E b —a | 9L | 06 | VIT | OF | S | TEEOS
g0 61 it | & e | EE T za | 9 5a_ | wit | o6 | 9t | IE
60 | 0T | T 5T I'i Ut £ £9 52 im | wil | %t | GEL | D6 J59
60 &0 71 91 rt 0f Ty 9 er | 9a | Tm | sEr | so¢ | e¥e o
0T o1 £1 w1 e 62 | OF os | ot =% | tt1 | ver | s | esE s |
| 60 80 0T T e ¥T e B =2 | T8 | fot | zEL | S | tEEDEO |
01 20 0 £1 L oz HE LS oL T§ vol | TEI 19 | 9FE 59
| ot T | 11 T | 91 I LE V'S e Fo | ter | wii | 0S5 | SEE S
60 | 07 0t z'l Ll 9z CE 75 | €9 v g6 | 971 | Ofs | WEE 059
or | Ot 1T ET 97 v EE DS 79| Tt 6 | vIL | 06k | €BE 5D
650 01 ol i1 91 Tz (43 it &4 oL vG 171 | ooy | &€ 059
D1 0t TT TT 51 e EE % s ra | 06 | ®IT | Oy | T8E 5D |
60 ol i1 21 51 bz TE v LS v9 | @8 | Sl | Dop | OBE 069
60 610 o1 't 91 ot | OE T ¥s ry L8 TIT | OLE | 6LE 359
BE 6D 50 o1 91 tZ | oE | 1V v T3 5§ | 601 | 0 | ®LE 25D
§10 01 50 ol ¥ oz | L% RE Ts g5 78 wOT | St | it 18
60 G o1 TT ¥l | &I 87T LE 0 v’ 6L | 001 | 58z | WE )58
6D i 50 'l ET L v vE 2 e wi ok 6z | SUE 259
LR g% | vl 71 ET 57 gz | 1% ¥y 55 'k 16 g7z | wLE 95D
'L T1 o1 T 1 £t L1 BE ot 0s £9 vE DEt | ELE 259
gT | 11 Tl TT | 60 21 5T ¥ 5 L LS wi S | ELE 959 |
T ot 60 0T ot i v 61 oE | Z¢ | TH L9 501 LLE 259
&0 6D 20 A0 5T | T £T LT 97 | LE 9 BE 6 | OLF 959
60 g0 60 6O 20 1 1 51 Tl | TE LE 6% ¥ BIE 6D |
60 50 w0 70 50 o 0T b1 g1 | 91 61 ot 0 | s=9F 359 |
Il g 90 L L0 B0 B0 TT 1 T Lz gz | ST {9 59 |
Go | @n | ar | @ | ) | W i#) 0 {9} 5) (3 (s () T

S ® 90 905000 00 98 86060 00 0008 006 0000 ¢abops®ePoew




©0 0029000008000 00000000000 06000°P0se0oe

Gt
0 | 50 3 50 ¥o £ | L0 80 | 60 It 61 o1 | st [ 5w 959 |
§0 | 60 T | &1 | &1 I'E | vE 9¢ T ve | e | # | o6k | tew 2o
50 50 o vl 61 TE vE 9€ BS L | €11 | 1 | 083 | Oer 050
60 60 | 0L bl ot TE £E S E S i ETT | STI | s189 | GIF 359
| 50 o1 T | 91 61 i e vE %' e | o1 | TIE | ovs | BEw oSO
T [ i L 5T EE vE 5 g9 | TOl | o0 | o | czvoso
i Ul 21 (i £ 97 ' I'E £ £'9 s | ®E b | 9TF 250
T £t ET €1 | #1 57 IT: 67 TS g5 | #v EE | SIE | S2¥ 259
T'T vl v 91 (1 o 57 L1 T TL | £9 T8 | oz | vy 59
E: 0T z 51 T | 0% ¥ 51 ¥ | ¥t a5 | 04 0BT | EZ¥ 259
TT 50 11 L vl 01 T <z | o% FE Ly 19 | SET | ITF 259
T | &0 &0 T & L1 0z v 0E | €% o'v s 06 | 1z¥ 259
60 €0 | s¢ | o1 1T 57 a1 TZ ¥ | LT EE Ty 09 oz 259
60 g0 | &0 0T 11 el Vi Lt gL | 61 5 UE i3 Bl 159
L0 L0 | 50 50 E L0 80 | 50 | T | €1 L1 Te ST RLT 059
g0 | 60 | @@ T a1 r7 | wE LET 6§ 59 zor | oE6 | [Tv )50
g0 | &0 R T aT 77 vE o' oS €5 §9 | Ol | o | suv oo
R0 50 60 e | Y 1'E EE o' 0's g% ¥9 | 00r | oL | sty %9
g 50 60 Tt | ST 1z TE e L'y g5 T LE 0! | pI'b 259
B0 60 60 0T [ g1 | &1 0E S5E bp Zs ss | 16 513 | ETF 259
60 60 o1 Tt vl g1 LT £E Tk oS 55 'R S5 | ITF 159
B0 R0 Tt | 2% 91 61 57 zE 5 ¥ v's 08 | S¢ | 1T% 259
£a 20 ot | vE 51 0T o2 TE £E Ty 2’5 EL Sif oTE 59
60 60 ol Tt 51 g1 Tt 97 B2 SE oy Ly | e | &% 258
§0 50 a1 I'T [ L1 | ot EC | 9% TE o'v oe | mz | svose
£0 ot 11 | T T 9'1 T BT 'z ¥z g% ¥'S =T L'y 350
&0 01 o1 TT | €1 <1 £ oz 6T Tz 82 av | o5 9% J59
£0 01 ¥ | v | ER vl £ L Bl 6T | Tt Ty 0zl 5y 359
(0 [ mo | €0 | &0 | 11 Tl 5T vl 9T 91 | 0T 9t | s vy 359
o | (gD N | an | on | w | @ (L) (y) G | W ] () (1)




fH7

(=0 [ o1 ¢l it | &1 ve B2 Ty | €5 | 95 | 5 | 001 | O | 15t 259 |
[ o1 | o1 1 Tl 61 2z BT o'y rs | ES e o6 GZE | 09¥ 59
Dt o3 | It | .00 1 Vi 9z LE gy s 58 16 | S8 | 6S¥ISH
@0 | 6O 60 11 91 X re 5§ Ev K 6L 58 97 | ®s5v 50 |

| 60 &0 ol ' '3 T | £¢ | EE | UV g 3¢ rH SEz | L9F J5D
DI 60 0t ET vl g | e | o zv | &¥ Ti | VL | 56t | 95% X9 |
o1 | 60 01 £l £l gt | 0% | Lf Et T 539 53 | 091 | 5SSt %0
RO | &0 11 T T | 1 | &° 4% BE t¥ | b% < EETE
B0 01 1 vi £t | &1 a1 it 9f | BE Z'5 0 DET | ESv 059 |
&0 g0 o1 £'1 £1 TT | 41 | 0O% ZE 5 | 9% 5% oot e
6O &0 | 60 Tl 11 o1 £ L1 97 TeE | 8¢ B 08 | 157 959 |
B0 ot DT B0 o1 | &0 1 v T 6 of | tr | S8 | O9W3E9 |
| o1 60 pt | %0 | 6O 20 60 T1 gt Iz 57 EE 5p BF Y )59
RO L0 a0 | 90 (0| B0 B0 i A 31 61 vi pE | ®Fb 259
B0 &0 ot £1 91 Ti | Of v 0% L a8 | vor | 058 | ivv %9 |
80 &0 S EL T vt | 0% | o% | o8 | @ £6 | ©Ol | SiL | w5
[ &0 50 Tl vT 91 0z | O TF 5 a¢ | T | ToL | Sz | Svv 259
01 0T & BT 9 Tt 62 oy | 0% £l T6 | &6 | 01 | wv e |
L o1 T1 1 v | O T LE L e | %% 46 bss | EbY 259
K i o1 A L1 [3 SE BY &' z] EE Der | Zv¥ 259
0 60 01 'Y £t a1 i TE £w | v9 L v bEr | WF 250
50 | &0 | &0 0 1 v 61 Bt 6§ 65 | vl fi DiE | ory 359
oT | E0 | @O D1 Tl 51 0z L2 3 b's 9 T SE | GEV JSD
70 20 60 | 60 T ¥l L1 0T T ’E ve | S5z | ®EP %D |
60 £ g0 | &0 11 3 g1 [ 87 6L ry 1's ¥S ST | LE¥ 25D
o' 60 L0 £ 60 0T P 9T = Lk gy gt | OEL 9EY 25D |
o1 g0 | L0 | 90 | o1 3 Tt 51 T2 | DF g E i 58 | SEV 159 |
| 6T 01 60 B0 o | 80 T E'T r1 5t T'E Ef EEEEE
60 g0 | L0 g0 97D L0 ot 51 ET &1 i 97 GE EEY 259 |
131 ey | (@) | ap 16 W | W (9] ™ | ® | B | @ ()

9 90 0 5080 0 00000 O OP B GO OO0 oOReptP B TE




LA A B BN EENE N NN E N Y R E R A N Y

BEL
60 | 50 THET ST 51 iC | 61 5§ Lt B'L 58 | 059 | T€5 %O
£l 01 o1 [ v T | vz | &% | € | it Il €8 | o3 | oremo
[ Tt 60 g0 T = 71 T 87 T at 5 o8 | 095 LS 159
1 0 60 ot £T 5T £z Lz oF vt o o | 0%s ET'S 259
1 6t | &0 T 1 ¥ 12 LT g€ 5y ¢ vi ues TR
BT TT Tt £y 1 91 £L gz oE £ 58 | I cay a1's 50
E'l 1 ET 1 E1 ¥ | ¥ 97 EE | OF 13 8% SEr | ErS 5D |
bl bl It ET A R Ve | LT | TE T 09 59 | SOy | T 259
91 5T | o1 5T 1 T Tz az 57 5E 9 1e it TS 50 |
51 L 8 ET 1 w.._n.. ...._.w. e e N..m 05 L5 QcE 1S 355 .
G 51 ot 71 L1 01 61 ST 651 EE Ly 55 O0E TS 259
[ 1 5L It £ g1 ST o1 vz g7 | 8L <p £5 iz ors 250
B T ¥l o1 51 ST | €1 re L1 B ov | os | o | 65259 |
z1 1 T £ 1 5T 9T £7 g7 L7 LE Ly otz gt 140
T | ot 71 T Il ET L1 7T v 5T THET 0BT L' %9

TE

O

T

9t

Fe

(41

o7

I

9T

6T

[

ET

ol

B71

ol

gl

ol

St




[ T &3 | &3 E | Tl Tl €T FT | &z | W L9 61 | 05% 259 |

o1 | o1 at I o1 %5 L bk v 31 ET T 7o | 0s1 | 6vS 1%
B0 | 0T 610 g0_| ®0 50 01 T vl 0t L'E ¥ oft | ovs 050
g0 | &0 | 60 0T £a 60 60 [ 51 T? | &t iv [T
Bo | &0 | wo 70 90 | LD R0 50 | ¥t | Bt | 9% BE ng | 9rs 259
90 L0 £0 | 60 fo | £0 | &0 | = ZT al £ £t S 55 259
g0 | 0 | o0 | &0 g0 | 90 B D Lo 50 1 g1 | <2 R EEEE
90 90 Lo €0 | v0 | &0 Lo B0 g0 | &0 | €t 9 &t | Evs 259 |
Lo 00 L0 Lo v 61 21 LT 71 9E By | f01 | OvE | IFS 259
(o | £o 0 Lo ¥o o1 | 13 1 | Tt 9 g &% | £L0L | OBL | I¥S 2SO |
{0 | ®0 | 80 B O ¥o | 60 | TT L1 2 SE &b | SOl | 0eL | OFS 59

—Ep | #0 60 60 ¥O E0 Ut 91 g bE 6¢ | Tor | (98 | GES O
60 o1 0l T1 | 0 g0 | 1 L1 12 5 | B 56 | 085 | ®E5 059
% &0 0T a1 g0 | 11 £ D' g€ 6F | ¥6 DES | 465 259
i ot 50 60 70 go | &0 | 91 61 £E R 69 niF | 9es ¥9
£ Tk | TFE 0T | 80 F 0 TT | &1 vz | €€ | 9v | we | 00 | se50so |

ECEE T 60 0t Lo T 51 e E vv | &L | OvE | vES 150
01 Y B D 20 &0 €0 | 1t | 57 'z o€ Ty Tl osE EE'S 59
0T 60 60 | 80 6D §0 | Ol 51 BT 87 LE rg | oez | 765 159 |

 §D &0 X0 on ¥o 1 20 bl L1 52 | £ 0% Ob1 | TES 25O

| w0 | &0 Lo Lo Lo il ot 71 51 T 62 | ¥ o1 | 0ES 5D

| wo o | o 50 | 90 01 50 E'T ET i gr | 9t 59 625 250
re | <o 60 51 70 g0 | €0 o1 | 33 £l 02 97 o 975 259
L0 EL 51 0 9’0 £o | 90 Lo Lo 11 ST iy | s LTS 250
0t 01 EE. | ¥d 1l ¥l IE B LE ¥ B 58 L 975 259 |

| 0T 51 Il 2T | 7 ¥1 e 8T L'E 6 ¢ | o8 DER | s2'€ %9
o't 60 | 01 #1 €T | ET oz 87 9t Er B LE DLL WS KD
El 60 01 5t w1 o1 T2 | 22 gg | L'p L £ DL | §2S 259 |
50 | 01 TT | St 5T 91 12 BT 9'E 9y Bl LB pRS | 'S 359

Lo | G0 (1 an (] ] (5) W | o i) | ) (2) ()

A EEEREEEFFEETEEF E R E A E NN E N E N BN N NNEE B BN BN



P2 20 002000000000 0an000 0ot 20000000008

0-T
BT vo | 9¢ | s0 | fo | &0 | 80 (0 | 8O 1T g7 &7 Gl 0 %9
1 <1 ST g1 1 Bl LT Le 6T vE R ] 096 #5758
ot 51 3T o1 | Wt oz 21 0T 61 vE 2y Ui SER | 44T 25D
51 g7 BT 61 L i Bl [FId BT 'E L) i T4 LT A e L)
51 i1 8T a1 o 0T 61 [z BT | %% 9% 5L 59/ GL'S 350
FT 91 oY 51 | LT 71 Bl [z Bl EE L vi | s | w5 3se
FL | ST ¥I | 57 5T | 9T L 6 rt T a T'L 676 | &% 359
€1 Vi 5T ET v1 5T | &7 a1 ST o | vy 29 c¥S TL'S 259
71 Ft | €T T v vl v 9t 9T 6T 0w v'e SEv 125 959
L'L T | EE E1 A ET v {1 51 LT 9 1's SEF | 0£97359
1 Xt | o1 T T 1 XT_ | &% ET bz EE g5 | oee | 955y
BT et T ™ &1 1T T 5T T Tz T'E 5 GYE | #9°5 25D
o1 1T T T 01 11 ot T 1T LT B T Sz | 95 359
50 &0 6 £ r1 | o1 10 0T 50 BL | 9¢ v | stz | 995 259
50| &0 610 g0 | &0 L0 L0 60 0T bl EZ oE S
(0 £0 L0 30 {0 | 80 L0 20 50 T 81 0t 0zt v9'S 59
[ 0 g0 L0 o | 90 &0 g0 g g0 ot £1 5z st £9°5 250
90 0 90 90 &0 50 90 50 20 80 a1 07 Sy {95 359
50 90 90 50 50 9D =) 50 g0 g0 50 | i oE 19°5 259
a0 S0 90 o 0 90 E0 F0 50 a0 £ 60 & 09's 259
b T ¥l £T | v T ST 81 Tz L'z 9 zg Tor S0% 55’5 15D
T ¥t | eT P vl 51 Bl bz T 5¢ z9 | TOL | stL | 5% 259
P st | ¥t 5T v 51 i 0z T ' TS | oot | oe9 | iS5 959
RS g1 ET T3 vl ST It EL | ot 5 5 I'6 08S 955 59
3T | 91 5T 5T t1 51 g1 5T T £F 9% | E6 00S 555 759
ST 97 9T vl £L | pI vl 0z 12 TE re | &e it ¥ET 950
&t o't 5T T v EL | €1 BT 1z 0 | &v | we | 0% | €55 259
v 51 a v VT | €l v £t Tz 87 | 9v | &L | OO0 | 55 %9
il vl T 'l L | £1 vl T 61 it | 1t i | ok [55 59
w0 [ WO [ @D | G | G | W | & e (9) @ | ® W@ (1)




[ % | o7 [ oF | €¢ 91 61 v'E T TE | 22 | emw | w¥e1 | Ofr | KV B
B0 | U1 It £l 51 51 E€ £s 69 s% | ©w | @€t | 0@ | 620 %9
| o1 rt | 21 v &1 g1 | 6f | 8% 549 18 507 | OET | O0sc | BIOSY
£l Z1 ET 1T 51 L1 o T, ee | 9L | SOl | veu | oez | LE0 I8
o1 | z© | 11 rT | €t 51 X 6E ¥ 69 | &6 | ©TIL | otz | 9TO0TIsH
S REE 0t A £l B T 5 b 25 58 L6 091 | SC0 359
g0 | 60 o'l 0 a1 ot £ e vE | 97 £'S 14 poT | bE0 259
50 70 L0 0T | 01 71 g | &% re Tt £v | 1S ga | €z0 350
g0 | so | =0 | 50 | SO | 40 T | El st | #1 | 9t | vE | Ue | Eeesso
&0 60 60 ¥0 | 1 £1 g1 BE 9 g6 | Zet | OVl si5 | 0 259
E0 60 ol B O el Bl B 51 2 ¥ | oIt | ®Er | SEs | 0200 |
ot ' 01 B O T'1 El Ll B2 95 | &8 | 91t | Set | Sy | 6TO 59 |
el BD &0 &0 m.._u ! [ 2T I . Lk FOL h.m.m m_m.m. m_._”ﬂuwm....u
ol g0 | 60 60 60 TT 91 51 'S g9 | ¥& | Tl GO | L1059
¢0 | w0 | %o | &0 | et | vi | ST £ ow | 09 | IF | Tor | sz | SU0359 |
| 90 | ¢n Lo Y r'a B0 | ET L 9E ) L' 5 sl | SUO 359
10 g0 90 L #0 L0 It 97 TE tv | SS i ¥l | W10 K9
b e 50 50 L0 50 50 11 ET t'? gE | 6E | IS 08 | €100
£0 50 ED 90 70 €0 B0 Tl vl £'1 5T ZE SE o9 |
|90 a0 L0 B0 1T L1 9z by 59 £ 80T | OET pEE | 1107259
a0 L0 L0 B0 T i1 ay v 5e | T® | vor | st | ey | OUO XD
90 90 L0 Lo Tl £1 | 92 | ¥ g9 | 18 £0T | 9L | Ouv pO 359
B'0 £0 90 60 Z1 LT Lz £ £9 i E6 wit meE B0 059
B0 B0 20 60 1 b1 52 6E g5 vt 76 | € | Ok | L0258
Lo 60 0T ol S Tl L€ Ly 1 gg | 10T | OW e
£t 80 £0 &0 01 EL il 5T BE | OS TL L8 g1 | S0 |
T 50 £0 O 01 11 €1 | 61 B 't 19 we ST PO 259
| Lo 50 90 50 80 TE Tt BT & gL | 6F I 09 E0 359
50 | 90 o 50 L0 B 30 g0 | Z1 97 £ T, i z0 %9 |
| 1} (et (z1) an | tem el | W w | B | B | © @ |

" E EEEEETEETE N EE X E N R N RN BN RN NN B




s 90 P00 COQQRIBOYOOPBR OORECREOREOP EENENNFENEEE

267
60 | O B0 B0 | o1 et 97 i ¥ §9 | 80T | 971 | Skk | LT 250
50 g0 | o1 50 60 It re | ze e g9 | zot | o | sw | 9rT oS
#0 o1 e b ¥l Z £ TE o'y ge | oot | vzt | see | ST osso
60 o1 Tl £ E1 o1 52 TE gE 55 36 611 SSE | PIT 3559
E'r Tl Tt T z1 vl Iz | &% 9'E 15 v6 911 | Se& | U0 3559
B ot | 1T T 1 ET | 0¢ BT | Ef 6b 68 | €T | s6¢ | 1T 9559
i ot | Ti L 21 ¥i | 6T L7 0 rv TE a0 97 | 1T 1559
0T 60 o1 01 tt | #r | &7 a7 62 kv 8¢ TOT | Se¢ | OUT 3559
o1 60 01 0T | &0 er | LT 57 £z Ty £L T ST | &1 2559
60 60 us | ¥ 11 'l 51 v 57 E€ 99 £E 891 | BT 0859
T 60 | 60 i ot b £ | &2 bE 55 | 98 | set | £79559
g0 | 60 | %0 50 50 11 51 i 7 '€ 75 | s S0L | 97 0559
to | =0 60 60 0T | o1 £ 61 02 8z Et 59 5 51 2559
0 &0 50 0T 60 T Tt | oF &1 Vi PE 95 50 T 2559
0 £D 610 60 [ o7 o1 £ 't L't 14 bE L't 0E £1 2559
| 90 90 | 81 60 Z1 ET 1 v 5T aT | ®¢ | 2t | o2 7172559
b0 50 50 L0 50 01 £l z1 o1 g1 1T [T ot U1 2559
90 90 20 L0 a1 5T | 4% vE £'a e L6 STL | 08 | €v0 359
g0 | ¢0 Lo L0 11 51 I Ty E T £6 | vel | 06v | Tro 959
90 90 in 0 21 | 91 [ 5y 19 ti 56 44 DEY or'a 159
90 {0 20 20 T 1 5T Ir g5 g9 0’6 91t OLE 6E'0 15D
Lo L0 B0 | 0T £l 2T | zE g€ e z9 g L0 | oof | se0 )59
90 0 | &0 | ot T | &1 61 B | G [ vs L e DT LED 259
30 a0 o | wo 7T | ¥ | & ZZ T'E = 13 18 091 IE0 J59
50 50 THET 0T _| &0 | €1 g 9z | ®F 1S | 29 OIT | SEQ 1S9
s0 [ so | zv L0 80 | e | e0 | 21 g1 5 9E L't e BE 350
ve | so <0 0 T Lo 50 ZT x| £F OE | FEG 35D
0 | EO 50 50 o | 80 €0 5] L0 i 51 B 51 FED 259
EIEET ot £1 9T | o7 | 7% ¥S 'L BB | OTT | 9%l | 095 | 1£0 050
) | (D Zo | (o T Y (8] (L () T T Y T R A I N 7 T R T




E6T
a0 £ 20 ol et 51 L1 01 T TIRED I8 | sz | 9v1 oS
0 | 90 B0 01 it £1 i CA 61 3 SE L9 ol Sy T 2559
Lo R TT | ¥t | Bt | Bt Lt B B9 | EOT | L2l | ovi | 99 | w1 058D
‘o | w0 | o1 €1 | o2 87 Ry 25 §9 | EOT | 9ZL | O®l | 5 | trt J55
{0 | 8D ot ET 0e 81 Ly L's ga | zot | 97 | oWl | S05 | ewi 2559
E0 | 8D of | % pE | 9t L 5 g9 | zot | 941 | GEL | b | TW1 IS
90 £0 20 0t | vz [ s L9 oot | ser | WE STk | ovl 055D

| o1 L0 61 60 T | 1T X ES (] €6 | EIT | ¥EL | OvE | 6E1 355
<0 | o L0 20 £1 BT | Sf 0's 19 T6 | TZl | OFL | S6r | BET 2659 |
90 a0 g0 | &0 it 81 5 ar LG LE RTT | BZF | S9¢ | LET 9589 |
50 91 L0 50 91 I L ¥ ¥S T8 Vil | ST 077 | 9ET 3559 |
5D HO g0 1 51 e DE 7 ¥6 | ¢ | Sm | vex | ost | Se10SsS
L0 &0 &0 01 £l me | &t | Lf 7% | &L | 101 | BIr | boT | ¥ETISED
60 60 ot z1 3T | &8 v I 2 79 76 | OTr | 0l | EET 2559
70 BE_ | % Ty | FI &1 | E£f T sv | 6§ we | ELL | 001 | TE1 JS9
20 60 60 £ €T | ST L 61 IE £S Wi | SO 58 | TET J%9
20 50 Dt v: | on | ¥t 0F 31 EE 9t L9 46 0f | of1 39
50 &0 0T TT ¥ 1 61 T T'E §f | 09 | 69 S5 | 60T 559

| 80 g0 o't T £l ¥ | ¥t a1 1T | v TS 9L oy | sl %9

L0 g0 | 0T Z'1 i1 E1 9T LT ik 5z BE 25 52 1T 3559

| 10 £0_ | &0 07 T T b1 Wl 51 Bl 3¢ v E ot | 92T 2559

L Lo 6O 1 VT pz | EE gE £S5 T8 | Zer | 9Er | G589 | STV J6sD
w0 B0 50 z1 T | 0% ZE BE r's T8 TZL | 9ET | 559 | W1 559
¥0 L0 60 T 51 0T 2E LE z's T | TZL | SEl | S8 | EZT 55O |
Lo {0 | 80 T b1 TE EE LE TS L oer | 5l Ges | ZT1 2550
Lo ] B0 0T ' Iz EE | ZE &t I | BIT | WER | 585 | TOE 39
0o 50 0 T E'T it | EE 9E ERd 7z | %L | tet | 5es | Orwosss |
50 £o L0 o't ET vz £€ 5E %, £ ZT1 | OEL | 505 | 611 J%9
60 ot 80 ¥% | ¥1 VT DE F'E E¥ §9 | OTt | &2T | S | BI'T 2559
iF1 k| (T (| ten ) (¥ (L {9} (5 () {£) (T i

S Y 2 @ p 2300 00 0T )Yy PO NG G0 8O e »oglaghBadoes



AR AR AR EENEEEENFNENNEEENENFNENETEENEEEEITANNFEER X

s
g1 1 g1 T &% | ¥E | D05 | ¥s5 | 5% 06 | 911 44 SEE | SLT 659
o1 T 9T £ 9 FE g s 79 78 | OT1 §'IT 867 | WCT 2550 |
T'1 F1 : LT | L] ml.l._ -3 +'E g9k I'e e 2L o7 CEIL L ﬁn..nln—.mmm.v

o £l 51 FE: re FE £ LF 25 'L 96 &01 561 | TLT 2559
£ | ¥% | &5 | 9t | €& | % P | sF | 5% | 99 | U6 | vor | so1 | TLT 2%
e El 51 i1 Tt TE LE | TH TS gL | 98 | 00T | SEL | OCT D559
'l £l 1 i1 e 62 5% | @t | = k9 | T8 vE 501 69T 1550
i1 g1 £T 5T e G TE VE L B 5L ] (2l ﬂm-nlu.mmm
1 1 1 vt ET ET 87 61 6t I Ue g8 5L £9T 1550
01 11 THETEE: 51 i 5T | e E¥ E b i 09 | 99T 2559

BEE 1 rl el El ¥l T | 1% 67 vk Tr T Gt SI°T 559
0T | 11 1 71 zT | ET a1 | el Tz 62 ow 19 gt | 1 55
oT | 2t It It W | O ¥T | §T LT 'z 6% 9% St | e9173559
o | ot i1 51 or I'E | EF r 6L o1 9ET TeT S65 | Z9T J559
g0 | o1 'l 51 07 0E £F 7t gL £oT | 9T T'ST SES | TOT 3559

[ 50 0T Tt ST 51 0E T zc g4 eor | SET r'st civ | 09T D5%e
50 1T g 91 5T 62 ar | 1S TL | sot | #ET 8L SI¢ | 657 2559
o1 T 71 97 Bl 0'E ot & ve | 01 ZEL wPT | SSE | BST 3550
o1 1 El 91 #1 E BE | L¥ 09 56 TET T¥L SZE | £5T 3559
60 7T LT LT a7 TE IE | S% ¥s | £6 | OfL GEL | &6¢ | 951 2558

| o1 1 £ %t a7 5F GE vy 95 56 ¥ 7T TEL g | EETTIRh
#r | ¥% | wx 0t T TE GE v Ts L8 | 91t | BIt | Tt | wer osm
e | ¥ | % ZT vE 5§ o' e | &y | es [ vu | wEt | sor [ €SV s

| %0 | &0 ET 4 57 TE L'E 6E Ty £t Vol | TN SiT | 25T 2559

0 | €D ot L1 £ TE vE | 9% ¢ | 59 g6 | BIT Gt IST 2559 |
£ 60 T1T <1 07 9z gE £ | o» | T3 E'R w1l STT | 05T 2550 |

[ 2o 50 o1 £1 L1 T Lz 0t 5'E a5 2 g4 58 6’1 D550 |
L B0 G0 1 g1 0 v T OE v | ¥¢ | SOT 59 BF'T 3559
g1 20 60 T1 v 1 oz ET 97 | SF ' 96 S T 550
E0) | €0 | GO | G | fen ] (8 | @ | @ () {£) (z) (1)




567
0 50 o | «0 | €0 i | 0% | ¥% 91 9 | 6F | 6% oL | EZT J55D |
T ¥ &0 o &0 Lo B0 T TE | EW TS CEEEE
[ Eo v T &0 20 5 0 ro 0t 51 5z §E | ¥ | 1CE 9559
| #0 | 0O £0 50 g0 | vo | 99¢ o | 3t | e 51 Ve 5 | OC¢ 559 |
70 ¥ ED £0 50 w0 v 20 50 11 &1 I’z BT | BLE 2559 |
T €0 | et | ¥y | Wi vz | LE s i 5 | 0T | fe1 | o089 | BUZ 3559 |
L0 0T £l 1 Bl e LE 1S o9 S'L H0T Lel srs | LT 559
T 0T £ vl L1 5T 9 € B 0'a 9z | cot | 9er | S5 | 91T 559
g0 | &0 1 ET | &1 5T | VE oY 55 ve S0l | S | CBE | SUT 0589
L0 o1 | Tl it 9T v TE 'Y LS i toL | 1o oZE | vTZ 2689
%0 g1 ¥ | T a1 97 6T cR vs | 99 6 L1l Sil ELT 2559
01 FT | 5% 'l 1 £7 ST Th 1§ £9 o | Tl | 052 | 212359
ED £t | 81 pT | L1 1t vE EY gy | 09 58 501 stz | 112 2558
#0 1 vt £T | 9% BT EZ BE ' 5'5 T® | £0T | 06l | 017 0%9 |
60 D1 £T 1 ¥t | vz | te | % Ty 1S B HE ss1 | & 2559
60 ot T 3 5T 01 ET w1 ¢ | 05 FL ' Syl | 87 089
B O 50 DT 01 It Bl 1T ¥ Lk v 7L SR Pt | LT %9
IE 60 o1 T ET 81 11 Y X Tt 69 0 DOT | 9T J559 |
2’0 80 &0 &0 T o1 | et Tt TE vE 0 TL 0B 57 550
20 80 20 L'0 50 £ ol nz | 81 61 ES 93 53 | ¥Z 559 |
Lo o | L0 90 Lo Lo ¥ L 5 52 sy | 8% bs | £f 2D
Lo 0 30 80 L €0 B0 £l 51 e 9§ B 0E 27 559
5 9’0 90 Lo 30 90 L0 Fl ¥1 | &7 g | 9%F 51 TZ %9 |
RO 60 5T 17 o' T v e | £1 | 9o | O | ver | 0sa | te1ssO
a0 &0 51 0t 0t 9 6% 75 b'i oor | O€r | wbt | 095 | 087 3550
Lo 50 51 0T g LE 6P 85 =t | so1 | 82t | vel | 08 | 6.7 59
9’0 70 g1 | 1% Lt 9g | 87 RS TL | ror | £Cr | E£vl | O%y | BLT 0650 |
07 B0 51 0z 92 3E ¥ L5 59 | oot | wer | CEL | ose | w18
ET 0t 5T | 61 Lt SE TS o' £ b vzl | 971 | SIE | LT 258 |
¥ | k0 | @y | ap | oo | & | | W g1 ) ¥} {5) W |

Y T TEEEEETEEFEE N E R FEE N E NN BN Y NS E BN NN



R LA EENENENERERNF N EEEFEEENFEFFEEXNEBEEEFEANYEEEN
gal

01 0T 60 01 E'T 57 vE Ty s v 0TI A 51 757 2559
o'l o1 o1 1 T | st | ¥ 't s | &¢ 0Tt | 003 | 15T 2559

| O T1 IT o1 1 'z €% Iy ['s T 601 Tzt oos | o057 2sso
et | o1 o1 ' 'L re &€ Ty 6b 29 g0t | o Sty | EFZ 2559
60 &0 T3 o 60 0z 9 iy L'F E9 | £OL | £11 SOE | BWE 2559

60 | o1 T 0T 80 it EE o | st 19 | &6 | ¥It | GE | irT 2550
60 &0 60 i 0T X ot ¥E i £5 1 o1l 08z 9T 2559
20 €0 | oOT I 7T TZ L7 <E BE pe 7’8 ot O£z | Sre Jss9

[ o g0 0T ET 1t 61 57 TE T TS L 66 S8l | el 05s9
20 50 80 | £ 0T [T T7 67 TE Bt ¥'e 06 SST | EFT 2659
90 £0 80 | TT oL L1 17 9z of bt 5 5L ST | 27 %59
Lo 80 L0 50 | 50 51 &t | e g7 BE o' 69 56 | IrZ 2550
90 | 0 | ¢0 T &0 1 g7 | EF A B Tt 9 ot OvE 550
5 5 90 | ¢0 60 1T ¥T | et rt IE e | s 55 | BEE 559

| 5@ 50 90 g g0 60 £t || & 61 5Z | 9¢ £ SE | BEV 2559
0 (0 | 50 o0 £0 20 pr | #I g1 oz CF vE oz LET 2550
sp | g0 | an 0 £a 80 g0 | 0T TT &1 Uz 9 ¢ or | sezasse
1o 20 ®0 50 TT 81 €1 | & Iy | B9 a 0L GBIl 09 | seZ X9
50 g0 20 50 T1 L1 T | &2 o 54 a0l &1l 098 | e ss9 |
90 | 0 30 5T £1 a7 't e oy B9 | 90t | ®U1 | 088 | EET 0559

T £ g0 g0 Tt £1 17 I'E LE L9 0L &1l ot | T asso
50 £0 £ B0 Tl £1 ve 6 FE 58 | tor L1T | 0% | 1T 255G
50 90 L 50 o1 91 TT TT o't 1 56 ¥IT OIE | DET J559
50 5°g Lo B0 il 51 1z T | T B TE& | LOT | 05T | 627 2559
S0 50 90 60 Tl 1 61 T B ¥'s S8 €6 | O01Z | 827 JS8D
Yo 0 | w8 B0 ol 1 g1 iz 97 15 B 06 0L £TT 850
60 50 50 B0 T T 57 0T €2 | &F L | T® | SE 927 1550
¥a 50 30 70 ot T T T 0T | vw £9 e SOl | st 7889
¥O 50 S0 a0 ot 0T 1 T i 'y {9 o bT { 2559
Pl | G0 | @ | a0 | i | & | s W[ ® [ & [ ® | © | @ R




(6T

[ &0 ¥o | §0 | &0 g0 | e£r | 8% | &3 BT v <z | BB | & | IUE 55
s0 | 90 (o | &0 o 31 g1 | 6¢ | 0¥ 89 ¥e | oac | TUE 3559
50 50 L0 L0 0 0T ¥l i rz | Lk 9 5L SET | OFE J559
v 50 50 i 60 01 z1 91 (44 FE LS gL | o8l BE J559
50 50 a0 50 | #0 i B 37 re TE R EE |t | BE 0359 |

5 | wo 50 L0 7o iR T1 | Lt i oE o | b8 | ORL | £ 0559

&0 <0 ¥ an | &0 pr | 17 T | oz | ®t WY 19 DIt | ¢ J550 |
50 ¥ ¥O S0 L0 50 o1 £t | &1 vz | 1¥ B 06 SE %50
¥ vo 50 =0 £o o1 1 ¥ Bl e HE 0 0L | VE 59
ED vo sg | 90 Bl L0 60 E1 51 Tz 0 Tr DS | EE 559 |

| €D £ vo | SO 90 a0 #0 | T ¥ o 9z vE | O | TE SO
i 0 ¥o | ¥0 %0 50 {0 60 01 't 91 TT o1 TE 3559
60 50 o1 51 v'Z £'E Tr €S ¥ | &8 | TZL | fE1 | 089 | 69073559
p1 610 B0 51 Wi ¥E | t¥ ES £9 F@ | T2l | UEL | 065 | 89¢ 3559

| 1t 01 D1 ¥l iz Vi Py ES £ cw | oz | 6T | oer | (97 259 |
ol 0T o1 ¥T | i e | v £5 9 TE §IT | L€l | OBt | 9972559
ot BE | v ¥ | ot e e U's 9 08 | 6T | VEl | SEE | SYT 0550
B 01 £l vi 61 0 G b 03 9z | 9%t | Tel | 08¢ | ¥9E 05D
5D ot i £1 LT 57 TE ¢ | 95 | T 11 g1l [T £9°7 2555
RO 60 ol £1 51 ET VE Zv | ES | £9 | vor | SEL | oo | w97 83
g0 60 o1 2 9T | 2T rs oy os | v9 ¥6 | oIt | 0iT | T9EOsse
B0 #0 50 i g1 | I i UE By | L9 T& | om | v | 09T 3559
80 | &0 | 07 VT V1 81 wE VE 5% L5 g8 | £or | DZL_| 65 3559 |

| 80 | o1 B0 T MEE Lt az | t€ | ¥ £'% 6L For | oOOr | B5Z 2559 |
Lo B0 60 vt £l 51 ¥ [ E 6 TL 6 0 | £57 2559
B0 L0 £0 60 i 't ol e TE Ty E'D 16 05 | 952 2559
57 L0 (o 70 o T a7 [ L7 3 S ] S | s5¢ 0559
50 Lo L' 40 ot 0T £t Tl T? 51 %) T | O | veZ 255D |
<0 90 50 90 B0 | 01 il ET gt | tZ 62 v oL | ES'7 2559
{r1) (31 (zoy | (n (i) (i) W | W | @ (s} n | (o ()

0 @0 00
® 20 a0 & 8 0o 00 0 o 20 00 0 g9 0eaga 8o o



9o © @ ® 0 0 ® 0 ©® 9o " 0 ® 80 00 ® 00 O 9t e ¢ e e ® g g e e @

362

80 70 L0 I 90 0| ¥l zi 62 T [ €8 | SSL | TFE 9559 |
B0 | to | g0 | o 50 o | o1 81 % 'p 7' €y 0Tz | Ov'E 3559
a0 | %0 | <0 €0 a0 a0 11 I x: 5 25 L9 | go1 | eEE %59
a1 50 | 90 50 50 3 0T 51 1T 5t ¥ 04 Dzl | BE'E 2859
5] 5Q 5 ( 50 €0 50 50 £l g1 b3 B E TS 06 | LEE 2559
90 50 50 ¥ 50 50 | 8D 1 g1 v TE EY 09 | 9€'F 3559

c'g 5 v 50 50 g0 | #0 [ e0 | zr | s1 | vz | ve | of | seeossn
g0 50 £0 B0 71 et e | ez | e | wve | &1t | mor | soi | wew oo
50 (o FO B O T 57 Iz T EE ['s | S0l | 901 | S95 | EcE 3559
[ s0 | o ro | sa | 11 PT | T2 £¢ TE o8 | 9TF | wOT | sSov | ZEE 2559

<P (o Lo m | o1 ET €T IZ 6 3 TTI 10t §0p | TE'E 2659
0 | %o | fo | w8 | ol TT | &t | o2 Sz | o5 | @01 | ®6 | seE | 06 2559
L 50 £0 L0 50 1 L1 2T ve &y 101 S 02 | 6ZE 2559
30 Lt 50 o | &0 Bl i 0T X Ly 56 TH | L | BLE 0559

v | fo Lo B0 | &0 Z1 9T 61 Y 9% | 88 | 68 | SEL | L 0559
30 30 £o | g0 | o1 ET 41 gt | or | s I8 5§ | ORL | 92’ 2550
a0 r'o Lo 0 01 £l LT £ 6T Ty g T8 | S¥l | ST'E 0559
1) .__..|.n- b o) BO 1 E'T £T T'Z = 9T h.lm 9% B SLT TEE 559
90 40 ‘o Lo 01 T 91 07 'L EE 95 r'L S8 | ELE 3559
510 50 50 £ 60 €1 g1 61 Tt TE TS EE 8 | I 2550
€0 50 50 a0 20 T 5T 61 I 27 'K v'a ps | 12'¢ %s0
s0 | {0 | so o0 oo 60 £t Bl 0z 97 3 95 s€ | 0T 2559
50 50 =0 70 50 B0 TT £l T z1 e ¥ ot | 6LE 2559




B&2
0 | v 50 a0 50 50 30 L0 1, g | EE ot ¥ J559 |
<0 g0 | vo ¥ <0 a° 50 90 L0 ¥t | ‘T2 vz | OE Ty 2559
B 50 a0 <0 v 59 g0 an 50 20 1 51 o T'v 2558
L0 g0 | ®o E0 o1 ET | 91 12 vi | ¥ Fg | LOL | 08L | (9% 3559
L0 Lo Ko | &0 o1 vio | Bl i (& Ty | we | tol | o | 99E 5%
90 ry | il 80 ol 1 a1 e v 'y w8 | 001 | 093 | S9'E 2559
L0 TS {0 70 Tl 51 ¥t | Tt | tr | E® 6 008 | vOE IS5
g0 | =0 a0 00 &0 0T | ET L1 1z 0¥ 08 v eS| EOE 2550 |
[ L0 20 L0 Dt 10 71 ¥l BT | 9t | & 06 08y | C9E 559
90 L0 9 Lo 60 | 0T o1 PY IT | L% re | s oz | L9E 2559
50 90 90 {0 Lo o1 o1 o1 91 bE ¥s T3 09f | D9E 550
§0 | 50 39 | 90 | &0 0 8D ol 91 r'E ag | i E | BSE J559
g0 | 90 90 0 Lo La &0 | T1 9T | TE g 59 b2 | BSE 2559
—=p [ zo | #0 | 90 | o | w0 | ¥t | 07 51 | 8 5E 5% | Bl | £5E 050
50 20 Lo L' 50 90 Lo 50 Pl B | Sf Y 91 | 95 J55O
(o | Lo B0 00 Ri] L0 a0 o 51 vi oE | T¥ BET | SSE 0559
50 90 ¥0 | 50 £n o | &9 1 vl rT 5T | f% Q0T | PSE 2559
50 v 5D 20 50 e | e B0 4 BT e b1 DL | ESE D559
31 90 L0 L0 50 o | 4D 80 01 5T 21 51 D5 | Z5E J%59
Lo 50 50 9'q 90 o | L0 Lo g0 1 at | 07 EE | ISE IS0
L ¥ 30 v 10 €0 | 50 BO g0 | &0 11 o7 g1 | DSE 088D
KL 90 L0 R0 ot £l vi ot Tr g5 | L6 | 90 | seL | 6ve 289 |
90 30 THED 0T ZT £1 o 'y L's §6 | <ot | s | evE oS
Lo 50 30 80 0T 1 | It vE e | 65 | L6 | EOL 5SS | LVE 0559
Lo B0 | ®0 20 0t 0T | ot - oy RS 56 Tol | Ofs | 9vE 259
80 T 70 Lo 50T T1 0z L1 6E 5 16 | 86 9y | GE J%9
Lo g0 70 Lo T Tl e 97 | LE ¥ £t | ¥6 Ozw | biE IS0
20 Lo 50 T 60 zT - L HE rg | €8 T6 | Gk | EPE 559
L 50 #0 L0 50 T | BE | ¥t vE r's we 68 | OEE | IvE )59
k1) (1) iz an | ey ) | (L) (9) i) i | 8 (2 i |
® % & 00 0 @
©0 000 a0 0P RO s00Pe0oenegtassoe



® 9 9% ® o & % 9 ® o9 RS ag v e ® 00 O 9t e b e e T g ge9e e e

0oE
80 g0 | o1 | oT e €7 £E 6F TS 59 B¢ | 6 | St5 | ZE¥ 0559

60 | &0 60 | 01 0t 3T TE 6E s 5'g [T g6 | o0sy | 1Ew 55O
80 | GO 80 o1 ot 57 TE vE b e £ o6 06 | oEt 580

| &0 80 &0 01 6 EE I'E % 3 EY £'9 T I'6 0% 6L'F 2550
£e 20 80 60 B T BE 3 £ 0o L9 L'g Qlf | sr't oss9 |
Ly L0 | 80 0T 9 BT | 9% rE BE 85 E £L | OS5 | LT¥ 2559

| 80 | ta £0 ED 1 g1 +'T 67 9E v s Vi 01z | 9zt Jss0
g | ¢D {0 &0 T 1 7T 97 TE 6% £S T o8t | szt Jsso
£0 %0 £o Lo 0T L o't 97 BT oF v g9 0st VEF D550
90 30 90 Lo g0 T i1 Tt v T | v¢ | E9 | Ol | €2t 2559

50 40 50| 90 B0 B0 | t% | o1 | 2% | St | GE 9% S6 | 2% ossa

50 50 50 <0 L0 20 60 | E£T | 81 e PE ot o: 2t 2550
¥ D co 50 50 90 1o ED z1 £t vi L7 g'F 05 0Tt 2550
0 v 50 90 £0 0 20 1t £l 81 T vE 8E BLt 2553
D o 50 30 L0 L o | &0 ot £1 £z 57 T 2L'F 0559
£ Vo vo | 90 Lo 50 Lo L0 Lo 07 91 iz st | arvasse
60 60 0t &0 TT 0z 17 T 9'c 1L 18 58 G8¢ | 9T'F J559
80 0T | &0 &0 ot BT LT Ty £5 0L 08 5 599 | srv Jss9
B0 40 L0 Lo ) L T k| Bt Td 6L vE Y5 | UT'F 0559
20 1o g0 L0 I 0z % 6 5 69 08 TR 0fF | EL'F 550
£0 Lo 5 Lo L0 T T LF s £9 B TR | OLE | ZI'b 7559
£ 90 Lo £ a0 ¥L g £E 9 v 6L oe oI | TI'F 3550
B0 Lo aq 4 Lo T'T - o9'r Er T3 A gL | LT ﬁﬂ.ulu_m..m.w_
0 IR L0 g 90 Lo 1 17 6E 9c G £ o1z &% 2558
L0 90 Lo 50 50 o0 & S S £E &Y 0o oL | oor Bt 550

L 40 40 5 97 a0 01 £1 87 £ ee I OET | Lb 3559
9D 90 50 ) 90 I 50 o1 B Lf 2y 98 Dot 3y 2558
b 50 S0 50 an a0 10 60 Iz EE iy By o3 5 F 559
[ 50 ro 5D 5'0 50 g0 I 5T 97 L'E 6 09 bl 550
(1) ir1) x| () 1 {6 (1] () (9) (s () ® | @ (




EOE
%0 | 6O : : Tt i wE g | % ST | To¥ 7559 |

L0 20 20 K0 20 0t Tt g1 | E¢ 1% TS £5 | OEL | 09'%IS5D |
L0 g0 | &0 g0 6O 6D 'l T | 1E 6T #% | 6v | ODOr | 657 3559
Lo L 20 %0 | &0 &0 50 bl &1 52 | Ev | 5P 58 | Ba¥ 0559
a0 (o | B0 B0 Lo B0 B0 1 51 | T LE o | O (S J550

; =i g |m._“_ Lo ] G0 h._m_ a8l &1 £l ot ...._.m E'E o5 n.__m.ﬂ_lu.mm_wl
50 50 | S0 a0 50 €0 £0 | t0 | 60 | ¥I i 9¢ SE | 59F 559
90 90 B O 50 tu L0 90 [ o ot g7 TT | St | b5V 2589 |
50 60 [l L1 vi | 9€ B Bs oL 6L 76 | vol | O | ¥SY I559
ol 0T 11 BT Vi SE oS L's T Te | wor | St9 | ISPUSSY |
ot ot o1 L't v7 bE 8y 9’ iy 9 I's £01 95 | TS¥ 2559
50 ot 01 ¥ v SE b 55 | 89 | 91 §8 | 10 | ks | 0S¥ Iss9 |
01 60 B0 vl e EE Ev g% B9 L't 52 1ol pos | 6vF I550
| 0 510 £l it 3 oy | ES L9 5'¢ BE 66 osr | By J559 |
§0 60 o1 1 | ve | rr | ®E 1'e <9 EL 98 | 96 OEF | i¥t DS5D
ot T3 T v BT | sz | vE E¥ e | EL | &% L TR
[ or | 11 z1 I E1 o€ R Be | 0L bR £ %6 | 5¢¥ IS0
60 0t o TT 91 5l Lz EV 55 E 6L 29 gL | vkl 55D
g0 o't 60 Tl L' T | 5% i I's e | we | €8 057 | €y 255D |
Lo B0 8D | 60 T v 0T £f 5y ES g9 | 9t S61 | Tvw J559
] L0 AU o7 vl 11 ot g7 | U 2 1 | T 91 | T35SO
Co 90 80 60 Tl T r1 ¥ LE [ €5 | 099 SEL | Oy 1558
50 o L0 o | ot B0 Pl 51 LE 5F g¢ | 19 0T | 6EW OO |
50 90 a0 L0 B0 cp | TT £T a7 D'E TF 55 St BE'Y D350

| s0 50 a0 50 T EL i 80 4 97 ¥E | BV 5y | £ 2559 |
¥0 £'0 50 9 L0 Lo g0 a0 g1 | o2 st | ¥ of 9t v 550
ra KO 5@ 50 30 o | «0 20 o1 vl Bl T'E Sl | SEv 0950
50 | 60 ot Tl 17 §T | Ef v | €5 | 19 ge 16 | su | vew »sd
B0 60 ol Tl z3 7z EE 6E gg | 99 8 §6 | G189 | Eev 059 |

o [ &0 | o | p o} | W (9 (5} v | (0 (z m

e 0 @ 6 % 0o ® o0 b oo o0 D Oo 0 0P o0 s oo g BP PR




L B N B NN EBEEIENEENEBENNEBEEEENFENEERERENEEEERENNEE RN |

e
90 50 | 90 | oo [0 | B0 | 6D Tl ¥ | 93 - g1 o | 07 J559
bO b 50 B0 0 L0 20 0t Il vi 6T £1 §T_ | GI'S 3559
. ED ¥0 ¥O 50 50 Lo ro 70 80 &0 T o1 ST | BIS 2559
50 70 60 60 60 Tl 61 61 Tt T's L5 £S 0. | LIS 0559
60 60 60 50 50 | 2t 61 oE or zc L5 ES | si | gus ased
a1 60 01 B0 &0 EL e e o oS 5 s 69 | LT 2959
80 B0 o1 | w0 B0 TT g1 8z 6T s 35 zs | s65 | vU's 2589
g0 13 &0 60 20 60 L1 B 5 BF 55 T's SES ET'S 559
g0 | 1t o | o7 Lo iy 51 Lz 6% L't ES 6 siy | IT'S 2SS9
1 T | o1 50 &0 It 91 5T LR 'Y 0'c Lt €l | 106 3580
01 60 60 0% #0 1 (A v'E LE ve | oF 5’k sse | orsosso
6D 60 80 0T 50 B0 | o1 sz SE Tr | 1¥ 'y S6Z | B 2559
RO 60 Lo 80 50 B0 | 0T vZ | EE 6f LE BE SEZ | BS 3559
LD 60 B0 | c0 | ¢o | &0 | &n T | 1 vE 33 5 Sil | 4% 3D
Lo 50 L0 #0 50 BD 0T 61 £1 e | ®¢ TE | OEL | 9% 3559
50 20 a0 50 Tl B0 60 a1 £1 57 Bt ae oL | 5% 3559
50 | 40 90 Lo 50 20 50 £T 61 0t 0z BT i b5 3559
50 a7 s0 | ‘0 90 L0 L0 60 | &1 [ g1 07 0§ | E% 550
90 v o c0 | 90 T 50 Lo 40 T | ST | &1 0% 7% 2550
50 <o v 30 | 50 30 a0 e 60 50 | 1T ET 1 T5 2559
E1 £} | =% 1T 60 £ 97 6% ¥y be | 89 £e | o | oivoss
ET |zt ' T 13 £1 97 | &E Ty ve | #9 L 053 | 69% 2559
Bl Tl Tl 11 %] £1 v e 5y 79 29 o¢ 056 | B9'% 255D
ot |zt T 0T Tl ¥ vz | ®% £ £9 | 99 g¢ | o | v 5 |
o1 0T 50 B0 0t £l 61 <f Tr ) v bi OBE | 99°% 2559 |
B 610 80 60 60 21 a1 1t B e B'S z9 | T4 DEE | 59 2559
60 o1 0T | so | &0 7T 51 €7 *E £c 59 g9 062 | v9% 558
| &0 &0 20 &0 610 Tl o1 TT o't £t £5 ¥y | 0OIF E9T 2559
60 0T a0 50 HQ el 51 €T | Lt Ty #5 ¢9 | 081 | 29V 2580
1) [ €1 | @ | GO [ ton) T w | (o 5 | ® | 1 (1]




EOE
v 50 | 50 50 40 50 0l 5O | TT T | 11 | £ o1 BFS 255D
0T 60 | OF 71 91 £ 5t 5y ES 9 Li ¥ | O0DB | A¥S 2559
01 DT ot | 7T 9l Z7 KT iE) & i Wi vl | LvS 3559
g% | 4K A D &0 L1 zt T ve #s | 19 51 | E£L | 099 | 9w J59
£l 0l 60 | o1 51 T wE L 65 | 59 v Bl OFS | S5 2550
~ ED 60 01 I'T 1 LT | TE 0y €5 £9 Tt | & 05k | vps 3539
GO g0 | &0 50 ot g | B e | % 25 69 i OF | Evs 559
B0 | 80 Lo B0 1 w1 b vE ic 1% = bs | SE | Zvs 159
| &0 B0 g1 TR Tt 8T B Ly 9P ag og 552 | 1S 2559
10 Lo 80 80 1 60 T €7 £v ow 9y By £t | OFS 0859 |
co L0 80 &0 I 0T | o1 | 61 SE SE qE Tt SEL | BE'S 0559
50 L0 £0 g0 | §0 60 Tt b1 62 0 [ CE 06 | 8E5 259
g0 90 | &1 L0 B0 20 4] 60 ¥Z 9T 12 LT 09 LE5 05509
so | 90 | so | Z6 | &0 | o | &0 1] £ i ¥1 | 61 REEEE
v 50 Fn 0 90 | 50 L0 W0 07 1 60 11 ST | SES %59 |
L0 g0 0 o1 01 vl £7 TE | ¥¥ (s | T 59 | OBL | vES 0D
I 60 O o'l ol ET ET VE by LS T | 99 0L | £E'S 0559
BO o1 | &0 60 07 ¥l £ Lt by 5 oz | %9 | g8 | zes oo
RO 01 21 01 1 ¥i_ | v i E 45 50 £'9 o1s | TE'S 559
01 ¥t | i 1 T 1 £T 67 | O 55 EE BS SEF | OES5 0559
| &0 01 v | bt | Et ¥ e Lz | 9 T's v9 | 5 GLE | BIS 2559
i ] 71 o'l il ET 6T W 3 LY e | v 567 | 8IS 2559
20 50 | 0T 1T 01 T3 8T | ot B vy 85 Ty | st | 4TS %559
0 o1 ot 0T B0 i1 T | Z71 5t v 5 15 STC | 905 %9 |
io 60 6 0 50 0T ot 1 g1 e re | oS EE S8 | ST'5 2559
B B0 60 60 80 T | 1Tt 5T £ vE gp | 8% Sl e
 ED £ g0 | 90 50 T | &t £T i g Ve Vi SZT | €05 2559
La TIED £0 a0 B0 | KL 1 £1 57 HE 0T 56 | 2L'S 2589
3a 50 Lo £o Lo E0 £ | ot 51 Tt FE | it 59 | TZ'S 0539
i1 Gn | @ (11 (i) l) (%) o | @ | © | @ i) (7} i

®% & 6 0% o oo b oo v DO SH OO OO o D gt EO BN




ek
BD 60 | 80 60 1) 0T ET L1 £l e £9 26 or SO0 2559
&0 w0 g0 | &0 50 L0 Tt ST 21 v 6% ¥9 5z ¥I°0 2559
60 1T 1 T 51 51 £ Iy 6 Ef 16 | &CT | 088 | ECD J559
T | 11 Tl 51 9 51 £z Ty 65 L 16 | BII e
01 1 £l ET 51 (T | 2 v | #% re 68 | gzt | ovs | 1o 3ss9
01 £1 £1 £T 91 91 bz 6E | 9% 59 78 It ol | OU'D 2559
&0 £T v £l L1 O 5T gE ¥'s 38 '3 v o6E 60 J559
01 i1 FL | WL B 9T | ¥Z 9g TS T8 | 6L | LTT | OSE | €0 3%%D
01 01 It 51 91 91 r? £E oy rs £L g0 | 04T 07555
T1 T £ 1 v &1 51 6T 87 6t e aq ot | otz | oo
1 TT Tt ET b1 5T g1 ET TE £y 85 16 SE1 50 2559
Il £l £ TE £l v LT BT 97 SE g E¥ 0k VO 559
[t it Tt T b1 £ 5t L1 it 37 Ev 52 09 E0 2558
'l TT ot T T TT o BT B'1 4 LE ] oy Fa [l =
60 [T L0 £0 B0 60 11 El bl 51 62 i 0z 1073559
B'D ¥D 20 o1 71 9T FE Lo EY re vre | b6 DL | EZS 3559 |
RO ¥0 60 610 'l I LT ZF 'y T ve 56 09 | 795 2559
50 §0 60 g0 | z1 g1 97 2 'Y £ re v6 D65 | 195 2550
&0 &0 B0 B0 11 L ¥ Tk : 6'S aL £g EE 51E ﬁﬁ.ﬁ....umnm
80 £ B0 01 1 a1 et Zr L5 79 T8 T6 S5 | 655 3559
60 | o1 | so | o1 I €1 | Tz | oF £'g 59 | o8 | 68 | Oy | Bus 2ss9
BT 91 | =t Ul 'l Tl 77 9 'S 0'g gL v'E DSE | 455 2558
0 ot 1 'l I a1 61 £F 9y 95 69 L DOE | 95'S J559
&'0 60 T o' E1 51 Lt 8 8t 5 THEL OV | 555 2559
¥0 L0 01 50 T r'1 r'T T £E BE | Z§ £9 S50 | ¥5°5 2559
T 0 60 o 0T 1 ET i B EE | E¥ | 55 | s&r | €55 2559
| so £0 20 £0 50 o T £T Te BT EE oy R 755 2550
| 50 90 80 2’0 £'0 50 &0 vl R T 5T | bE 05 155 0559 |
| o 50 30 50 {0 &0 oL i i1 5T | 8% be st 05°S 2550 |
r1) €1 | GO (n o) I6) (8] w (sl | & i) i) [ m |




L0k

89 ) #0 | &9 £1 1 FT | 0f | 4t £€ | v | &V E'S i ET 955 |
Lo 50 w0 | 11 11 g1 L1 vi 0E 9E ar ve oE T 5
Lo 5O T ap | 01 vl ¢l It | 5T LE £F ot PT35S
B0 50 z1 L g1 a1 71 TE | ES | woi | weL | ST | el | 10 0SSO
| 80 Lo €L | vt | ¥l a1 et DE ve | sot | €9l | €91 | 0L | OVD 8D
60 | 80 vi ¥'T 51 7 Tz BT Ts | €01 | OFT | GET b1 | 6E0 IS0
90 £a £ aT | a1 P I ar | LY 6B 671 | TEl L1 | BED 55D
6O 01 £ L1 91 z1 Bl 51 ¥y | EL 17T | SEl B8 | LED 2559
9D L0 11 51 ET L1 <1 E1 ge | 09 | TIL [ BT B | 9E0 I559
¥o | O 80 et 60 30 Tl 61 e vy bE 90T | 6 | SE0 0559
50 a0 pT | &0 &0 £0 60 91 9z 5E it | &% 0E | vED 0552
TR yo | 90 | SD | 97 0T £t | V£ | & £ 59 ¥T | Ee0 9559
1 1 1 ¥l 6T Bl 12 £ we | 6i | Ozt | Ter | oBe | ZEO SS9
z1 60 1 't 51 51 0z Tt b'E tL TT1 | TEL | 5e5 | IE0 %9 |
1T | 60 ] vl ¥l Bl 5T | vt £E 72 | 071 | 671 | 4 | OF0JSH
T | B0 50 ET ¥l L1 71 61 61 T8 | o1 | LIt | el | 610 %D
1t B0 go | £1 Z1 g1 £Y gl 5¢ | £S5 | O | wit | &l | 80089
11 | s0 | 80 | 2t 1 £ a7 91 FZ | &v | Zot | WII THEELEE
60 L0 Lo T | 80 ol vl 97 61 LE T EL 65 | 9t0 0559
90 so | 90 (o 30 LD ot 1 st 5 s 9 EE | SE'0 2859
o £0 £0 v¥0 | <0 g0 g0 g0 | OT 112 e £5 51 e
Tt ET B a1 R £ | €% 0E 5% T | LEL | 9vi | B2E | ETOD OO
ET £t 6T LT g1 B It BT By T8 | LEL | L9l | €8z | ZZOD5SO
i ¥ L1 i 6T | LT o2 B2 v 51 | se1 | opt | s | 1203559
vl v 51 91 o LT ot 9L i i TEl £l €81 | 070 3859
1 T v ¥1 gr | 21 1t 9z OF rL | vEt | owt | Evl | 6LOESD
01 2T o ol Lt a1 61 5T B 58 | ©i1 | ®EL | EC1 | BEOI5SD
¥i It L1 g w1 ¥l o £ ¥E L's 1ot Tl Ed L1707 2559 |
o1 | tr | OF €T | oI rl 51 1 Lt v 4 LT 03 | a0 3559 |
¢ | &0 | @ | Go | (D @ | & (L) () ig) (¥ {5} w |

©® 0009000 20000000 oo 00 0000 podegeO®eosoe



® e 0 0§29 &0 P VSS a0 PDe® 6 et d Ve P g gooa e

9E

| r1 1 &1 £t 9t te iy ES £s | s | £8 | EOT | O9v | ZET 3s%
Fl ¥t 1 2% 0z ST 82 0y 0's s £ ve | 18 ooy | IET 358
T £r or 71 77 a7 E 'y D g3 0 | 16 OFe DET 95t
ot 7T i L1 12 ve vE Et g ¥a st | 98 S1E 6T 355
L1 o1 T €T | 02 £C LE ot £ 09 'l 18 9T BZT I55

[ ot | o1 oL | &% | &% [z 67 ¥E i 95 B 51 ST | £ZT I58
60 ol 50 'l o1 5T o 33 £t Zs 19 £9 oDz 97T 255

ETEET 60 o1 vT LT ET 6 VE | 8% 15 5 oLt GZT 758
50 | 80 60 50 1 51 &1 5T TE | v 15 #s ST VT T 355
B0 20 Lo 50 £ | ¥1 I5; £Z | &2 BE | 9% | % 55 | EZ1L 3%
[0 L0 L0 g0 &0 Z1 5T LT £ £F Iy | BF ) ZET 35S
I'o an L0 &0 g0 | ot | £1 9T 61 LE vE | oF 5t 121 88
90 50 50 70 Lo gm | o1 T ¥T £ 9z | TE OF DTT 755
50 50 57 a0 a' £n (0 20 Tl 51 g1 | 11 st BL'T 255 |
TE TE EE VE 6 | LF a9 v 06 701 TiT | 7zl S9 BT T 055 |

TE £E_| € vE i EL L9 L | 68 Zor | UIT | eIt | S8 | 41T O
TE £ | VE 5E 6 ot 99 I L8 Z0T oLt P 505 9T T 255

| ..__”_. t E'E | TE IE o O Ty or 98 OFFL a0 LCl o m.—..nru.mm
6T Zf | TE VE 9 ¥r | tu B 58 26 v | 9t S9E vI'T 255

B 0f T'E 1 gE Eb 65 [t 78 96 <ol £zl | O EL'T IS5
3z 27 67 0E vE BE 9% T ae £F 00T | 91 | s9z | ZTT 0S5 |
L L2 BT & TE FE s () g #'e b6 601 DET ITT 258
rE ez | ot 97 0'E oE | v E 1L 8 88 TOT | 067 | 017 2ss
e 1z | £ i 3 4 5T 5K I's 59 Lt T8 osE | SPT 6T J5%
Bl 61 Iz £ £r | ET 53 Y 19 T L £8 511 8T 268
g1 #1 61 e 0z fi g7 L'E T8 £ 71 T 08 [T 58
F1 g1 | 91 61 a1 £T 57 EE IS £ g3 te 59 Te 3
5y 1 51 1 BT 97 T TE I @ 9% £9 79 | 05 | Sross |

[ 50 | a1 | zv | €1 [ o% | 6T | €T | wz | Z€ 0% | 85 | 1o | v | wEoss
{r1) (g1 Tl (i (o1} (i) (m) (ch (2 | ® | @ () (1)




LOE
ET 91 g1 ¥t | ¥z | ot | ¥E ve Ts | TL | #% | oov | sz | teross
€T | .S | &1 1 £t 6L | EE 6F a9y 99 g €6 0ez 09T 55
¥T | i | &1 | 8% B £ | 7% | 9 | te | 19 | Si | &E | s | 68155 |
7 zl £l b1 1 We gz | &% FE L% B9 08 DST | B51 05
01 60 0T | fT | 9% iz 57 0E Ef | 1% za £ ST | 451258
B0 B0 o1 ET 51 31 22 57 Iz | vr v a'd 06 95T 255
0l 0| 60 | O 1 s1 | Ot rT 6T LE 67 03 o C'T 258
60 70 g0 Bt | ¥r | £ i EE 57 TE 5F | 4% 55 kST 355
B0 20 L0 &0 01 Tt &1 81 Iz | 6% r | 1% st ES 17358
o 50 L0 B0 0 o1 v &7 ¥ | v BE 9 SE | Z51 2%
g o0 | 90 30 £0 Ol ¥ £1 5T BT ot L% 67 15T 255
Lo 50 50 L 50 90 | &0 EC ol BT Tt 5 2 ot 05T D55
91 LT t1 | ot pE | &F St Ly L5 oz | vE 66 099 | 6¥T 55 |
31 a1 R 0z 17 4z 9 L't g5 69 | 18 g6 | D45 | BYT OS5 |
51 a1 al T ve §Z | SE | 9" Fs | &9 | te | 96 | o5 | AT A5
¥1T_| ¥E oT | @1 v ¥z | £ E r's 54 BL i 05y | OFT 2SS
¥ T $1 51 5T | ET | O B Lw 65 TL ' OEE | SPT IS5 |
¥t | FX | X vl 51 0% 5T 5% i3 s | 59 2L OEE v T 255
2t €1 [ & ¢t BT e T T e Tl it | ERT 2SS
[ 11 4 01 1 51 0z 8 i oy ¥s | 99 (44 A
#0 50 | 60 01 T E7 51 0t Ve ov g | &% 05T | w1 ss
50 | 60 | 80 ol 1T XL | ®3 g7 | %¢ | 9E TF ts | oot | owross
60 a0 70 a1 &t | €1 | 5% | & T | Of ¥E L't 55 | BET 255 |
80 g0 L0 L0 L'a g0 | 171 Pl 97 e Lz TE oF BE1 255
L0 L0 90 90 L0 60 0T o'l 1 8T oE 5T 0f (6T 258
Lo o 90 S a0 a0 L0 B0 g0 11 £1 L1 ot RET 255
| €1 £1 21 EL T e 5y ¥'s 6 8L 6H 601 09 SET 258
ET 1 &1 zi 5 TE 5% 5 65 | &L g8 | 6OT | 019 | tET 365
vl 9 81 Tt ¥z EE ¥t | S 6S L1 E¥ | LOT | OB | FEE 256
tr1) (g1 v | anp | e o | B | W (9} i5) i) (%) @ | m

AN ENFETEEEE ENEEREENRNREMN NN NN NBENNNIWNYNENYBEE NN N




L EEEENENNENENFNENNFNEEENEFNFNEEFESNFEEENENEER N ENEENEERE N |

BOE
tT | o1 1T | €7 FT_| ¢ 9r | vE ok 9p 09 | ER | S | WZZ 9SS
21 11 01 ET 9T | 17 bz F'E LE vr Y 0f¥ | ETT 355
T o1 60 11 L 5T ET: 0'E v'E 6E zs | 49 oLt 2T J%e
Tt g0 | 80 6'0 1 91 61 I TE 5E ¥y | @9 S0E TZT J55
1 oT &0 6O it E1 1 vT £z 3 g€ | 15 | O | OZZ 9%
o1 | &0 a1 610 60 Z1 5T EL £7 BT | ©f E¥ | OBT | BIZ 0SS
Lo {0 g0 Lo 20 01 'l o't BT £ | @2 SE gt BT 155
90 0 o 90 L0 &0 ot £T ot | 1 22 8L 06 LT 358
30 50 30 La <0 a0 50 ot ¥ | LT 61 v oL 3T T 155
50 £0 | v0 g0 | 0 | 0 | SO 90 60 11 ET I €€ | ST 385
¢t | T | E3 1 91 TZ 0'f Iy s T 51 o1 029 bTT JSS
It T | 21 T oL | IZ TE | ¥ 7% TL T vOT gt €17 J8%
TT ot | 1 o ot | Z® zc T e EOT S1g Ire 2%s
ot 01 Lt £l i1 T 1 | IV % 63 ] 46 o ITZ J%s
50 ot 0T Z'1 8T 0z 9'7 BE Bt £E3 Il 58 S8E 0T’z 258
B0 E0 | O L't 51 61 | vt 5'E Et 85 0'é T8 O 87055
R0 R0 a0 &0 €T g1 £t r'e &% | 15 | E% | ¥L g9z | BT 8T
| o | ro 50 50 i I 01 I ZE Tt £5 | s | out LTS
90 | ¢n £ B0 1T 51 rT | et g2 9F o5 65 113 o7 255
[0 | 90 g L0 01 ¥ LT [ 9z | fE S | ¥6 | 021 | St %5
90 5 50 50 B0 1 v 91 £7 67 Tk 05 6 ¥ 088
50 Co &0 30 to | G0 F | wl = vE ot b 09 ET 955 |
50 b0 90 50 5'0 Lo | 60 IT 91 0% 7% 7E SE TT 58
Fo £0 ¥o | s0 | 98 | 80 90 I TT o1 Tt F'E3 €1 17 J55
£l L1 BT, | £z | #% FE ™ | % 9 L8 96 | 911 | 09 | 99T 158
1 BT 61 bz BT SE o TS Ta T8 I6 511 555 SaT 955
£1 BT | oz E'Z B2 e 6'E oS 65 '8 96 511 St Fa'T 255
[ 91 B 17 I BT TE 8 I B AL 96 | ETT | sovr | E9T OS5
o1 (T | oz 0z o'z 0F LE ap 55 Lt £6 £01 OEE i T
iy | e | &) iy | G () (g) Y m | © | w | D (1] n




i vi | IT | 1 1 | T A7 SE | ¥ rs | ®3 DE1 | E5¢ 256

' T £ Z1 W1 9T 61 T e B ap | 19 oEl 25 ¢ J5h
60 o't 'l T IT 51 T Te | 9% £ Ly 55 Dot 157 0%
O T 0T ol 17 21 v i Tt a1 SE ap i G5 T IS5

90 | 80 Bl 50 | 80 0 1 &1 &1 WE TE | ¥ TICEEE

| 5O 30 20 L0 &0 o1 t1 | ET 91 1z £7 9f Sy T 0%
U 50 £ 0 | so | 8O 80 01 £l L £l 0E 0f VT 5
v £0 90 £0 Lo ' g0 | %0 60 £ 91 1T &1 oy Z 255
Iz T z1 £z TE T €35 ¥ re Te | EOT | 9T | Op9 | S¥ZT IS
71 EZ 3 rE TE v £s | €9 wL Te | ZzOT | &0 | ©uss | vWTOSs
1T Te Tl 5T DE Ty Z5 [ eL 0% zor | 91T | oeb | EvE 255 |
12 X £'7 e ¥z | Tt 75 6% Ti | gg | var | ¥it | mew | ZwT 068

T £7 T 7 LT Oy o5 B | 69 58 8 DLL | SBE TrE 55
0z EZ Tz 'z 5T LE 2 5% 99 | 18 E6 | E01 | 5@ | OvE IS
21 12 0?7 i BT vE 5% T3 73 i 59 | 46 | S8 | GET IS
71 0z ET | &Y 1z Dt v B ¥ 55 | Tt 78 6 psz | RET 55
i1 21 9T | £1 6T 51 BE X 5% B9 | 8¢ | o8 e | £€7 %8
51 91 1 ElL 11 £e re £t L' K 7L T Bel | SEL I5S
¥l ST a1 51 5T vT | TE D¥ Ly 09 Ia | &t par | Sed J5
T ¥ T 51 51 51 5L i v oG ) Tt DL | PEL 55
A 71 T ' T 1 57 Th Y TS 65 a9 &1l EET 5%
60 Tt Tt £t S EET: 44 gt Lt Bt £S ¥9 TEEECE
0 60 7 2t Tt £1 61 97 v'E Ty Y 76 ! 1T 755
to | w0 DT | &0 | EU 0T 51 Tz | Df &€ £y s 09 DEZ 255

8P £0 g0 §0 L g0 | TT | LT ve tE L€ vy Sk 687 155
0 50 a0 a0 90 90 0T ¥T 61 37 0t 9¢ | ot BT 755
50 Vo a0 L0 ap Lo 71 LT ET | O 57 6L | ot (T 255 |
[E TT ot Bl L1 bz <7 wE Ty Br 59 Fh 0L | 92T 055 |
01 FT | 11 ¥T | ®1 T &g SE | tr | &Y £ 06 DI8 | SLT 5%
(e (£1] (zn} (i (n1) la) m | W o [ & (¥} ® | @ i

ERNFNENEEFENEENRENENERENN N3 N I B NN S e B N N



® 9 290 09 86 9° ¢ % 9909 8PP e® S Ceote TTOEREeP®ggae e

OTE
| 50 50 v’ £0 ELY 80 L0 g0 0T LA T X 57 OTE )55
50 KO ED 50 ¥ 90 £0 70 LT 11 51 TZ ot 61E 255
T ET 1 R 7T e L't L'y oo oL Es o | & | WIE S
r1 ET ET 61 £z | et I L'y e 63 £e 9B | 549 | LTE 955
ET | #1 1 | 61 2 ZE | 9% o | ®5 | £9 | Of | B | i | 91% s
rT 1 1T | 61 E? E 9 vy S 95 59 | ZB | 515 | STE 355 |
£l p £l BT ¥z 1E St e s 'E Lg §L | S8 | PLE IS8
- 1T | T ET g1 7T BT £t BE ES T3 EQ T SOF | EUE 35S
L't T 71 L g LT TE 5E Y 15 [ £ ODSE | TTE 255
[ i £l &F | 1% vz | 61 YE | St | €5 | &% | V8 | DO | ILE %5
0t 60 1 1 61 e L TE Th | &% B¥ 55 orz | OTE 35S
60 650 It ET | €t | 1% 57 B L'E vy 5¥ is ooz | 6§ 258
70 20 60 | U1 o 0z E7 (T E'E oy T L | 08T | ®@E 955
B0 Lo ﬂ._.u = B0 'l 91 Bl e B'E 9 9E Ly BLL LE 55
I 90 Lo ag F 0O et 91 BT 57 0t TE 2E 55 9§ 355
90 | S0 <0 50 I 0T ET LT T2 57 vz | v o ST B3
5a 50 0 X €0 20 07 51 BT TE b 0E 05 'E 55
§'0 v ¥ E'0 b0 9'0 80 3 5'T £1 | & £ o EE 255
¥ £0 £0 EC ro | Eo 90 50 £l (& 61 vZ | OE T 255 |
v £0 0 PO [ 50 v y'a 01 I g1 Ll ol LE 5%
I'Z T 12 1z L oE Ty E'S 79 b 98 | &6 | 09 | 297 J58
'z 17 1T 1 5% £'E Uy s re vi 97 66 | 019 | 197 255
| 0% 0z Tt re rz | zE T T'S TS vL 98 | 86 | 055 | 09T 25
0z 6l £z Lz 9z tE 'Y I's e E'L '8 L6 D6 | 65T 58
BT 61 (' e 52 TE 6E L g5 ot 18 [ ¢6 DeEy | 8STISS |
Bl B 61 T ET 0E o & ¥E o T 16 DiE | 5T 355
BT LT 61 51 e 97 T s oS z' e | 98 StE | 95¢ 958
91 51 91 £ 61 ET 81 e sv | 95 | 99 | U8 DFZ | 55T 955
ST | §T v o1 €'l 0z st | et Ty 0 BS £Z | oz | ps7 oS5 |
bl | G0 [0 [ | | @ | & W | © | ® | © (2} ()




TE
0T | o1 | 1 ET FT | 41 5z | Te | Tr | #s | 9 | €8 | Oe9 | GREIS
ol it | Tl T ED g1 g2 | 1 GE ¥’ e | US D55 | BYE IS
T et 1 | 91 ET | &1 st | OE e | 1S 95 | LL | 06y | IVE IS
o1 T i I 31 i Le SE | LD £s T OEy | OFE J%
T | @7 21 1 T 51 17 97 ZE | E¥ | 67 59 OBE | SVE 2%
71 TT | tt e 1 vt | &1 | El oE Iv | S¥ | 6% | SE | WHE OIS
L rL 11 0t o1 71 £ Tt T [%; T €5 | o8¢ | EVE DS |

%% ] 1% 11 | &0 o1 T BT | st | ¥e | o6 5y | O0fZ | ZWE I |

o1 | Tt 0T | &0 B0 i T L1 i TE EE or | 01 | IFE O
01 0t L #0 | 6D 70 Tl 51 vz 81 TE 5 oyl | OvE 355

| ot 60 g0 [ Lo 50 T 8'1 g1 _| vz | ®¢ 2 A EET
0t &0 | &p | %0 | so | ®o | of ¥ ot | vz | ve | 6T | 06 | BFE XS
&0 60 | BO L0 50 th | BB | &3 ¥I L1 1t | st O LEE 355
I g0 L0 S0 50 a0 g0 | 01 I Fl Bl 17 5 | 9EE XS
90 a0 51 ro 9 50 L0 O o1 & £1 9T 0T SE'E 255
[ 51 9T | &1 1z re Tt Tr T 9% | B9 | 75 063 | BEE 255
51 51 91 61 e £z | 2% e gy | 45 | 89 £6 | S8 | €6E 25 |
51 51 51 61 TE ¥E | EE 'y gr | 9% e 6 S6r | ZEE 255
91 51 51 L1 5% - v LE 6§ 5 ¥s | 59 g8 GEY TEE 85 |

EEEE VT | §1 61 e Ut 9 rY 15 19 Ed 9t | OEE 55
¥ w1 £l ¥i | Hi TE Lz EE FE oy LS i GDE | L€ 35S
£l ¥T | 2t TN 61 g¢ | LF aF Ty £5 TL | 09 | BLE 955
57 1 ET AL A £T | TE 8% e | BE 6 a9 sit. | (T8 XS |

[T VI St ET T | 9% | Y | &% TE §'E <y THEESEES

[ v 51 £1 i T vl BT 1 L L€ v | ES SET | STE 355
zT £1 T £ Tl A 97 0z BT | 9% re | 8y | sot PUE 35S
11 0T o1 T o1 T €T L1 i 57 | € Ev | S fTE 055 |
50 | B0 60 610 60 11 T bl w1 12 oE B E 5% e 355
B0 | t0 L0 50 &0 01 B0 Tt bl BT - 5¢ oF | 12€ M5
i1 e | @y | (| Gep ® | @ (L) @ | s | ® | W i i

% 00 P P80 o0 Do Ve OO DO 200 BYPSe , pgregne oo



0 90 0200000 P 089080000 0000t "0 Pggeao00e

ZTE
91 T 61 Tz ¥ 52 | €% 9 | v Vs 7L 1L 06E | wlv 355
97 91 g1 er | T2 ET T <E o' ['s L9 L9 cf 1y J55
[ g1 5T 9T 71 6'1 1z L TE BE Ly 73 T9 062 2Ty 155
bl 51 ot ST LT 0z 52 TE ot £ gg 95 057 1T 955
5T | 1 £l v £t | %% Tz 62 Ve | B¢ oS s sz | OU¥ 35S
51 | =1 FT £ T oz 92 vE | € | sy | ev | ot | swoss |
b1 b £1 1 £1 51 g1 | zt LT o L't v 0ft gt 255
[ 1 £1 T1 T 21 ET I 02 v | OE LE | ov =0T £'¥ 255
T 1 TT TT TT 1 5T 1 't gr | vE | #% D6 9% 355
K 0t o1 €1 | &1 KT ¥t | % 61 ’r | €z vE o9 &% 355
610 60 80 50 60 0t T | KBS L1 &t | 9T TE oS T¥ 255
80 | =0 g0 | 01 01 6’0 T | 1 £ v1 | Tt | &% SE E£F 055
o0 | =0 o | Lo 60 &0 o 5. ot | ¥t | §1 | ¥t 5T TV 255
ETET 50 | a0 50 a0 70 61 go | T | v1 | 17 ol R
vl T | &t | BT 21 5T TE oE or | I5 oa T8 i 9T 155
1 | 5T &1 o'z e T TE ¥E | T¥ _ 0's €5 | IR S0 E9E 5%
vl 3 97 Tt 21 £ e 9E oF 4y 5 9 013 | 9% 25§
1 ET | #1 51 03 [ LT vE re | ey | 0s | El TEEE
r1 [ it 5 £1 91 61 5z TE SE | B 5 f9 5TF | 09°F 155
1 o1 ot TT P I Tz e £F | LE o £g SOF | 65€ 2655
T1 60 60 Tt z1 31 oE T T'f TE 3 L5 STE | 95°F 255
60 0 | w®w 60 a1 £l £ £ BT o'f £'E DS | 5% 15'E 955
B U 60 B0 | BD | 60 T a1 Tt 57 £t 62 £¥ SOZ | 8S'E 258
TR g0 | £0 60 01 (4 81 12 3 8 9% pst | ssEass |
ta | to | @0 [ oo La 70 (3! [ o 51 i TE ST | peEass
00 | o 50 | 90 90 Lo 60 | o1 ET 51 12 vz 5L FSE 255
L o 50 50 Lo Lo 60 T 1 I oz | ss IS'EJSS |
50 | ¥O £0 £0 v 0 30 50 | Z0 g0 01 i1 o1 52 1S'E 255
¥t | 01 | TT | £t | #1 91 9z Tt Ty ES ) b'E OL. | OSE 358
) | 0 | GO | o | o0 | (e (g) () o | (s w | ® | @ i




fTE
60 o1 0T It | %t £ a1 T e EE GE | EV T | EVF I55
20 B0 60 oL £l £1 51 [ 5t | GE | zE o' oSt IV 35S
[ e | €0 &0 | 60 | TI g% | £t | &1 re 9% B TE HEEGE-
a0 | 0 ¥0 | 60 | o1 | of | 1 5t | O0F | %% Gt B ot | ovv s
97 90 I T 01 50 Tt | e | 91 | O% iz ¥i | S | BEW S
L 50 %0 ag | ®O B0 60 | O £T | a1 | &1 P | & BEY 255
50 50 50 90 {0 | s0 | ®0 | &0 [ g1 | ot 91 £ L6y 0%
¥ 50 | f0 ED | SO ¥o 3 50 9 K0 & el | D€ 5E'¥ 355
a1 1 | &1 51 71 61 mE | LF 9t | Lp | 9 08 OIZ | Sev 2ss
a1 971 W 6T | fL 0E | 62 LE C'E v | 9 6L 08S | WE'Y 355
91 o BT 12 £z [T’ 57 9E 5¢ | s¥ | 09 97 | 618 | £Ew %55 |
aT | 91 it | &1 EC 5z | vt 9E v X 65 te | owr | zEW S
b1 61 5T 91 81 11 TE e 5 be ¥5 99 DEE | TEW® 355
£ £l 51 ¥l | BT 61 vz | 0F | E¥ v ES 14 SEE | OF ¥ 955
1T | 2 €1 vi 91 L1 1z | 9t £'F 0y 1s 95 S/T BLF 155
Z1 Tt Ll ey | 53 9T | &I £ oeE | SE 9'p s Db BZ'Y 55
D1 Ul 0T &0 1T 1 1 ui 51 £E | v | 8v S61 | LT¥ 8
B0 &0 [ a0 60 | &D 1 g1 1T 3 rE | 8% o¥l 9Tt J55
Lo 20 ®0 Lo 50 o1 T #l 51 0E EE Ty MEETES
A Lo 9T L0 Lo 70 0T T g1 57 67 LE i b9 J55
90 90 50 50 L0 L B0 L& LA 3 9z (4 04 EZY 288
51 50 ¥ ¥o | 90 50 (0 £a L'l #1 e 3z ob ZZv .5
S0 5D £0 50 v0 90 40 S0 &0 1 61 1T ST Y 55
Bl 5D 50 o 50 L0 50 <0 sp | Tl 51 91 at 0Ly 25s
g1 | 91 il 51 e Tt EE 0'F ES v 58 18 oo | 6T¥ 358
91 g1 g1 | ot T TE vE BE zs ¥a | 58 TR | Deo | eT¥ 358
97 [ g1 12 ET | OF 5E GE 15 E9 8 08 DES | LD 355
LT LT 61 Tz | w1 67 € LE By T4 | &L gL | 0I5 | oUw 258
[ R 61 1 £Z oz i g 5y B T 05k | STF 55
b | D | @n | auo | k| e (%) w | m {z) R (2 n
% 00 P P % o s b 09w v 0O P 20 8 Oe S L prege e



20990 @0 80 Q e PO SANSOE® S o0 "0 gy

vIE
20 60 60 | T1 CTERIERE T | st | Uk E¥ TS | o1 | 12§ 358
&0 g0 60 01 0T €1 91 2T ¥ | 61 BE gt ObT 0z %%
| o | w0 [ &0 | s@ TR ' 5T ¥e | &t bE ¥¥ | ST | 615 956
ag L0 80 60 0T 0T 1T ¥ 61 97 0E v 6 8IS 5%
0 90 Lo 0 | ed [T 01 Tt | e v B2 TE 08 TS I58
50 50 50 50 L0 610 61 0t ¥l 17 52 VE | 09 9L'5 85
€0 50 v0 £ 50 | <0 | &0 60 Z'l gL 12 I'E i SL'S 5%
50 o v 50 | &0 90 | 80 o | o1 5% | B% | 9t | SE | WS %55
v0 €0 | so | vo | so ‘o 30 50 B0 It L 0c sl EL'S 155
0T TT £l ¥T | 51 a1 0z 7 7T 67 by 65 0iL £97 255
01 11 vl b1 5T LT 0z rT 87 67 by g 009 79y 355
1T 'l £l 61 et 1 61 £z | ¢ gz £y 95 ovs 9y 355
1 Tt £T T 5T 3T 07 T 9z 52 v 75 0Er 09y 355
I Tt £1 1 51 a1 61 rL £7 vT LE iy olp S ¥ J55
01 ot 11 1 b1 ST g1 0T T 1t 9§ St OEE 857 J55
50 ot T o1 1 £l = | 2% | Bt | *t¢ vE | Tv | Db ISy 355
50 %0 60 &0 £0 0T Z1 T L1 'L oE <f o8l 95t 8%
o 20 Lo 50 0 80 5 | % 1 ST 9z | 6% OST | SSP I5%
50 | so 517 30 50 B0 60 T ¥T | E1 ¢ | &% SIT | #S¥ 358
50 g0 50 <0 in 90 g0 20 50 T | £T | oz o8 £5P 055
€0 b 0 F'0 b0 v 90 < 50 20 T | #1 oS 76y 5%
[ 1 <1 1 &1 7T 57 g7 TE v 95 LS B2 oEL I5F 255
5T ST L1 51 Tz 5T a1 £E - 9% Ls T 579 0S¥ J5%
6T 91 L1 81 e 57 81 TE | Tv | % 55 Td 5ES B J55
5T | ST LT gz | IZ bz S 82 o s s o9 St RV'F D55
1 vl et ET 12 E7 9z | 1% gE ot it 19 SHE L'y J85
T | ET 1 a1 &'l 0F e LT 5E El G L5 SitE Ot IS5
rT | 1 Tt £T | S3 I 1 97 FE ov Iy 75 56T ST IS5
P T 1 1 £l vl &1 v TE | 9% £e | 6% | opor vt J5s
ir1) a0 | @o | o | e | & | (& (L) W | ® | | e | @ i




STE

K L L0 T L g0 | D01 Z1 FT | 1 £1 62 | Oy | 055 255 |
0 | ¢0 | 90 50 L0 F0 | 20 50 TT | st 61 £1 00U | 66 0%
9n | sd 50 50 70 ro | &0 90 B0 11 ET g1 ba | svs s
[ vo [ s0 | <o €0 ¥ 50 b o 30 8 g0 | &0 £l 0z £v5 05 |
It l T | £1 | 6T 17 ff | ke | &t £ 95 | €9 ObL | 9vs5 955
T | ¥ | &t L1 61 e HE Tt Ty | 9 95 9 Sf9 | Sb'S 053
[ £1 1 a1 Dz re re | 1% Y 1S €5 _ 19 %65 | wbs 05
1T & ¥t | 91 D2 12 52 TED ¥y | tS _lmm W | £ I8 |
T 0T ET vt | L1 0z £ | ®¢ LE | s% gr | E5 | S5 | T¥S 0%
0T | 60 T El ST 61 12 97 FE Ty £V | 9% 6 | IrS 58
T | ot I bl st | 81 61 &2 | UE 5 GE Ty 0¥z | OvS 05
60 o1 x| T vl a1 | &1 £7 te E'E aE T SBT | 665 386 |
Bo | 60 | &0 T 2T | st | it 0z v 87 | &€ VE | %51 | BES 0595 |
[ ¢o B0 01 01 Tl 1 | & g1 Tz | st 62 B2 §11 | L6558
Lo Lo 60 I 1T 01 | El 5T 51 [z | 9t 5% 58 | 9E'S 3%
Lo 90 L' 6D 0t 61 TT | E1 9T | 81 Tz | 1t 0 565 255
a0 | 90 &0 | #0 | 8B | o1 B0 | 11 Tt r R £l 5 | vis 055 |
L 50 5’0 ¥0 | sD L0 T 20 ot 't b1 51 0z EE'S 355
50 v E0 | wo b o Lo s Lo g0 B0 01 vl ot 7EC 085
T £l £ Bl L T T EE v P ri 08 0L | 165 %5
[ €T £l 51 gl gt | 3t | 4t EE | ¥V i TL | 0% 0v8 | OE'S )68
T | et 'L BT BT TR vE £ ¥ i | 6L | D95 | 6L ;%S
& 21 €T ¥l o1 T 97 e v | IS 1L | 6 oEF | 825 53
11 r1 | En vl 91 61 52 0E Te | T8 | OL | ®i os» | £T€ 358 |
T TE | EF £l 51 g1 £t LT av r's ra | Si | o | 925 255
01 Tl 11 Tt v L1 (i gz | BE | 8% 9 T bf | 55 55 |
50 ot 1 T ¥T | S1 i ve ok P £ £9 | &t | bzs 0ss
80 60 o 1 w1 g1 Tz o TF oe 75 ta | st | ECS 955
5O 01 o1 £t £l 51 &t €2 £z | o oy te | ooz | zrg s
D | €0 | @ | ap | ) | (6 i) w | W (s} i [ W | W

® 28 0 w0 P ad oo d Oy 9P PE P 00 C O )PENge el e



? >8P E 9 0° g st g QAN Ooa® 0P eeole POEe YR gaee 0

aTE
£0 La 50 50 90 LG 50 | 40 | ¢t | 8% | 5% | ®E | & T
g0 | 90 | so 50 9g ro 50 L0 0T b 7l 7T 0% T'0 58
B 't 1 ¥l L1 rz | o I3 0§ b's 9 TL | one | i£5 s
B TT 7T 5T L7 ¥ o' 9'€ 0's £'E 1'g T4 059 94’5 288
B T £l T 21 X 5T oE o Y 09 T 065 | L5 055
W= i ¥ &1 Bl e | §C | &€ S¥ | Bv | &% | L | OB6 | wi%§ 355 |
1T | o1 £T_ | ST 1| oz | sz UE | tv | &% | &S | TLZ | Ofw | €25 355 |
1 | 11 £l ' 9'1 61 £7 F7 LE b 95 69 DI Irs 255 |
T'1 TL | &% ¥T | &1 e1 17 97 5E BE s 59 DSE 145 I5%
1 ot ot T [ 91 61 £z £t g IR £9 S0F | 045 355
| o1 | et Tt Tl 1 ¥i £t of TE rE Er Ls A ECEES
g0 &0 60 g Tl £l o1 LT g1 e 5€ 15 51T B9S J55
B0 &0 o1 ] R T o 4 ¥l 9T i B'Z TE av SEl 195 55 |
L0 w0 0 ot | 1 T ET a1 Tt w7 TE v ST 99°% 15§
L0 L0 B0 &'l o8 ot £T - 2T Fe LT BE L frs i [
90 Lo 70 20 610 0T T1 £1 aT 12 57 St sat V'S J5%
90 90 £0 g0 g0 60 o1 Ty | vt | 8y | TZ | TE 4 | £9'5 255
50 90 90 0 70 30 £0 Tt | €T | &t | ®1 87 59 | 2975 358 |
50 oD 90 £ 50 60 i T 't £1 3T | 9% st | 195 155
¥ o Y 90 a0 L0 &0 ED ot rt Ll bl vz OE D9's 5%
£0 b0 g0 | §0 50 a0 B0 ot 80 510 1T L1 51 655 955 |
B L Tl 5 £z 67 TE LE s g SEd 29'S 755
01 ¥ | 9E | wt Bl L't Tz 6% TE T3 TS g 565 155 755
07 | T1 U1 T £1 91 17 87 TE IE 6t g5 <05 9€'s 58
50 | ot ot ot 71 b 51 9z 67 | 9¢ ap g OfF | 555 255
) G0 &0 ot T E'T i LT 5c B £FE ' o5 0EE P55 355 |
o'l 50 &0 o1 T 1 51 TZ 5T Ut SE 57 01t £S5 55
01 | 0 | &0 | &0 | &6 | @1 £1 it | Tr | 97 TE OF | O | 256 5% |
| &0 Lo 50 80 60 it | 1 ¥t | FL | 1 | ®wz | ¥t DEL | 15% 255
irn) g1l (z1} () (o1} (6) (r) W | 0 | (= () (€l () ()




LTk

T | 21 ET | "3 ST | ov | vE | 82 | € | v» re va | 06 | TED 355 |
60 60 T1 | €t 91 | ET o' ve EE | 6F T L' 08 | DED 5
20 20 &0 It £1_|_¥3 ¥i_| ¥t L1 EE RE | 9°¥ G | 6C0 25
90 90 B0 B0 50 T | €1 T | ot A_ Bt 37 TE T WED 355 |

[ ET vl L1 61 ¥ BE I's e b'd B6 | L7l | S8 | ZT0 955
T t3. | ¥t | X 51 e B LS Fe v # g6 | o1 | Ol | 97035
TT 21 i | £1 | &% | ¢ | 9% it TL | % S6 | Eer | ks | STOISS
Tl ET v et B 17 62 Fe | 59 5¢ | £8 | £1v | O | w0 IS
T1 1 £ 51 &1 61 2T Ty 65 ta | wi Dol | SeE | ETD 2%
4] 1 £1 vl 51 971 i 0¥ E'S 74 r'L 16 G6F | 720 055
Tt r1 E ET €T | LT | vt S5t B Y L3 99 | 8 57 | TE0 IS
01 TT 2T i Tt ¥1 | L1 g RE 0s | &5 | Ef | set | oroass |
01 | ot ¥ | oY Tt st LT 01 5 | LF 95 69 | 1 | BI0 35

B 50 T L g0 | 11 £l 11 62 EE Ly i I BLO %5 |

ETE B0 30 L0 g0 T <1 ¥L | IE Ty 0' 55 LT°0 55
9o | ¢o | £0 | 8¢ 90 | ®0 | 01 21 r1 | €z | GE Ty | se | 910 35
50 90 e | s0 | so i &0 B0 It £t 2T | B¢t 51 | ST0 25
7 Tl 51 g1 e BT BE 6y g 64 T'6 L1 T ES

[ 11 Tt | s1 81 1 T BE 6" £ 6L T6 | 0T | S5 | E€105S
ot 1 T B 'z P BE Gy | E9 | 94 06 | sor | ogs | er0 258

| o7 50 ET £ 0 R 5E Ly s | 9 I8 | 101 | S5 | U0 %S |
1 | o1 £l 51 FL | Ft | E% | ¥P L £l 5 6 | 59 | OO 35S
50 | 60 11 ET 21 e £t 1% 55 ve 28 o | Det e
i B0 o1 1 51 Bl Lt BE TS | L9 b THE g0 055 |
T B0 ot T b T i CE Ev | 09 zi 98 | S50 Lo 358
Lo L0 80 B0 1 €T 21 oz FE | 1% g | &4 0zt TR
L] g0 | 0 | 40 | OT 1T 51 0z BE | ¥ T ro | om 50 255 |

| ®D L0 90 | ¥ 90 | 90 't £ E EE Y Z5 D1t vO 055 |
B0 | 40 L0 50 20 v g0 T | 8t ¥T KE £y 5 £0 I55
P | @0 | @b | an | @p W | W (L) 1 (s} ®» | © | @ i

# P EDOCOP AL B U o900 00 00 80se _(GngnOveodes




P AT PO P AT RICL g S ATy O0d09enPe "tarRhagoees

8LE
51 91 61 gz | vz TE E'b a5 T 3 | &% 811 | ore | po0 oes
51 I 61 6T | re £E | £F 55 Té L8 26 911 DL £SO 255
BT b'T ST &1 Tt EE tr | ¥S 69 vE 56 E1T | O3 | 750 255
T £1 ¥T | o1 Tz TE 6F e €9 | 6L 78 S01 | 505 | 150 255
1 b1 51 971 61 67 ot | v €5 | I I8 T 8y | 050 35S
b1 5 a1 21 | % L7 £ £ &S ) g D6 Sy | BVO 5§
T 91 g1 12 £Z 67 7€ | ts 13 | &9 T8 DLE | B0 8%
o't 1 51 51 0t LE ST EE Ly 5% 9 EL S6 | (w0 IS5
o T ET €T | &1 51 £1 5T Ty Bk g5 | g9 | 1z | a0 958
ETEHER Tl 1 vi 51 1t vz | Z€ e 6t B | 551 Sp0 095
ag | §0 0T 60 it €1 LT zT | &% | &% b ns ol e 5%
a0 L0 E aq L0 T1 £l T | £z TE | S Tw 5t EvD 355
50 50 50 v 90 L L L T2 v L7 T'E Ep Zv0 2SS
90 <0 X 50 50 £0 o | ¥ | 5% | LT | t% v 0E 170 255 |
a1 e | 2% E7 K ty | £5 | vs ri 76 | £OT | £€1 | we. | ovo ass
&1 oz IT €7 0'E e £'5 ¥ £ | 6 | £m TET 549 BE'D 55
L1 61 ET ¢z | OF 6E 75 g 5L a8 tot LI 585 HE'D J55
T | 0 £z | 1t IE: 9 E By | 8% Ti 8 9% | £11 | se6v | LED 35S
T | 91 | zt | £ EE: EE | Sv | vs B9 | it T6 | 011 | Sev | 9807355
1 | & 6T | 02 £7 TE | ¥ &b €9 | 1z F® | ZOT | S | SE0 35S
T | o1 81 g1 7z THEEET ES ¥ gL | EB S | vED 355
T | &t | = 97 61 £1 TE | LE | b¢ g5 | L9 £8 61 EE'D 255
Bt | st | &1 91 91 0T 97 | EE ¥y | 2% 9 | ¥E | %1 | 6025
T T (@ [an [0 [ @ | @ | @ | @ | @ 6 T © o i




