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ABSTRACT

Bridges are constructed to ensure and facilitate the communication over the flow of waterways
conveniently. However, these structures have detrimental effects on the hydrology and
morphology of the adjacent area of the rivers/streams as the waterways get constricted. In this
study, the effect of constriction of waterways due to bridge construction is reviewed through
various literature available. A significant portion of waterways is occupied by bridge
construction by bridge pier in case of small rivers compared to large rivers. The construction
or renovation of bridges may require placement of bridge piers in the channel or floodplain of
natural water ways. These piers will obstruct the flow i.e. the flow strikes piers and causes an
increase in water levels upstream of the bridge for subcritical flows and hence considerable
scours in bridge piers and its downstream side. The increase in water level is called as
backwater or afflux. The extent of backwater caused by piers depends mainly on their
geometric size, shape, their position in the stream or their spacing, the flow rate and the
amount of channel blockage. Here the subject of study is to know how bridge influence
channel flow and its effect in the water level variation at upstream and downstream of the

bridge.

The effect of different parameters of Road Bridge on water surface profiles has been studied
using popular HEC-RAS model. The variables under study are Manning’s coefficient for
different soils of the waterway, bridge pier shape and size, their spacing, contraction and
expansion widths towards the flow direction. For this, the HEC-RAS model has been setup
for water surface profiles for showing variation of afflux with variation of bridge parameters

both upstream and downstream sides of the bridge under steady flow condition.

There has been found a significant change in water surface elevation with and without bridge
condition in the river. The data of Alaknanda river reach starting from Devaprayag (a
confluence of river Bhagirathi and Alaknanda) up to Lachmoli, which is about 10 km from
Devaprayag are used in the study.

First the water surface elevation has been determined at the proposed bridge locations at
various River Stations (RS) with HEC-RAS programming at various cross sections of river.

Then the comparison has been made between the Water Surface Elevations for the same river
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cross sections and at the same River Stations after placing the Bridge for the various values
of steady flows (Discharge), Manning’s coefficient n, Sizes of bridge piers, Spacing of piers,
Piers geometry (shape), Contraction and expansion width of river etc. Then the corresponding
water surface elevations are noted which are later used for plotting the water surface profiles.
When there is no bridge at the proposed RS and for steady flow, for the constant discharge
when Manning’s coefficient n increases Water Surface Elevation increases, Velocity
decreases, Flow area at Bridge site increases, and thus Froude no. (Fr) decreases. But after
placing the bridge at the same location (RS), the bridge piers obstruct the flow at the upstream
and downstream sides of the bridge and hence there is significant changes in water surface
elevations at both sides of the bridge.

For the same Discharge, when Manning’s coefficient n increases Water Surface Elevation
increases, Velocity decreases, Flow area at Bridge site increases, and thus Froude no. (Fr)
decreases. Also, providing the same Discharge, when bridge pier spacing increases, Water
Surface Elevation decreases, Velocity increases, Flow area at Bridge site decreases, and thus
Froude no. (Fr) increases. For different pier sizes i.e. 2.0, 2.5, 3.0 m piers @ 10 m spacing and
for the same Q, when the bridge pier size increases, Water Surface Elevation increases,

Velocity decreases, Flow area at Bridge site increases, and thus Froude no. (Fr) decreases.

Similarly, for same pier size (i.e. taking 2 m pier) at different spacing @ 10, 15, 20 m spacing
and for the same steady flow Q, when the bridge pier spacing increases, Water Surface
Elevation decreases, Velocity increases, Flow area at bridge site decreases, and thus Froude

no. (Fr) increases.

Now, according to the Momentum method considering the shape of piers (or pier geometry),
when the coefficient of discharge Cd (Cd = 0.60 for Elliptical piers with 2:1 length to width,
1.0 for Triangular nose with 30 degree angle, 1.2 for circular, 1.33 for Elongated with
semicircular ends, 1.39 for Triangular nose with 60 degree angle and 2.0 for square nose)
increases, Water Surface Elevation at u/s side of bridge increases whereas it is constant at d/s
side, Velocity at u/s side decreases and there is no change at d/s side, similarly flow area at
u/s bridge location increases but no change at d/s side, and thus Froude no. (Fr) at u/s side

decreases and is constant at d/s side.
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To determine the effect of Yarnell coefficient k (k = 0.90 for semi-circular nose and tail, 0.90
for 90 degree nose and tail and 1.25 for square nose and tail), for the same steady flow Q, it
has no effect on any of the above parameters. Providing the constant k i.e. for a particular pier
when the flow Q increases, there is no change in Water Surface Elevation, Velocity, Flow
area and Froude no. (Fr). Also for the same coefficient of discharge Cd and n at the same time,
when the Discharge Q increases, Water Surface Elevation increases, Velocity also increases,
Flow area at Bridge site increases but the Froude no. (Fr) at u/s side increases while it is
decreased at d/s side. And for the constant n, when flow Q increases, Water Surface Elevation
increases, Velocity also increases, Flow area at Bridge site increases but the Froude no. (Fr)
at u/s side increases while it decreased at d/s side of the bridge.

Also for the particular soil having constant n and same pier size, if Spacing of piers increases,
Water Surface Elevation decreases, u/s velocity increases but d/s velocity decreases, Flow
area at u/s decreases and increases at d/s side, thus Froude no. (Fr) at u/s side increases while
it decreased at d/s side of bridge.

But for the multiple bridges, the effect of backwater is of local nature and does not extend
largely towards the u/s and d/s sides of bridge (here the spacing between the each successive
bridges is 1500 m) but it should be considered for the flood, river training and other hydraulic

effects of the river as well as bridge.

vl|Page



CONTENTS

CANDIDATE’S DECLERATION ..ottt i
ACKNOWLEDGEMENT ...ttt ettt en e i
AB ST RACT et b e e e e e nnreas ii
CONTENTS ... i e Rl T e Vi
LIST OF FIGURES,..... 0 . Tl s e cone i e sl saee s reenessannesneesannasnens viii
LIST OF TABLES.....of B B o . cicimnececcreennes b Sl Bl oo daeeeere @l nereesnensarnesnensans Xi
LIST OF ABBREVIATIONS ... .ottt b Xiii
CHAPTER — 1 INTRODUCGTION ..ottt iasiiisennieessneeessss e sree s sinessnesssnteesssdisenseeesnns 1
1.1 GENERAL BACKGROUND OF THE STUDY ....coiiiiiiiiiiiie i sirese e 1
T2 OBJECTEVES OF THE'STUDY ... i e B e 3
1.3 RESEARCH GAP/RATIONALE .....ccccoiiiiiieiieie et sbe et 4
14SEERY AREAR = &= ....& L e B .. B 4
1.5 ORGANIZATION OF THESIS... ..ot 7
CHAPTER -2 SELECTION OF MATHEMATICAL MODEL .........ccoooiiiiiiiiiiees 8
P 1 INTREGEUGEGT ION ... 8. B e ccoo oot Tt S ol T 8
2.2 HYDRAULIC CAPABILITY OF HEC —RAS ...t 9
2.3 HEC — RAS IN BRIDGE MODELLING ......cccttiiiiieiieeriiteniie et sni e 10
24 LITERATWRE REVIEW K. i ez i, lem g B, 11
CHAPTER -3 HYDRAULIC SIMULATION OF FLOW THROUGH HEC-RAS .......... 21
3.1 INTRODUCGTION ..ottt ettt e s nbb e s bneeannee s 21
3.2 METHODOLOGY/FLOW = CHART ..ottt 24
3.3 PREPARATION AND RUN HEC-RAS MODEL.......cccccoiiiiiieieeee e 26
3.3.1 GEOMELIIC DALA. ...t 26
BLBL2 FIOW DALA ... 26



3.4 CALCULATION AND RESULT EXTRACTION.....cccociiiiiiiiiiiini 30

3.4. 1 WITH NO BRIDGE CONDITION....ccciiiiiiiiiieseeee e 30
3.4.1.1 Variation of Water Surface Profiles with Manning’s coefficient n................ 30
3.4.2 WITH BRIDGE AND COMPARISON WITH NO BRIDGE CONDITION ...... 45
3.4.2.1 Variation of Water Surface Profiles with Manning’s coefficient n................ 45

3.4.2.2 Variation of Water Surface Profiles with Contraction and Expansion Reach

3.4.2.5 Variation of Water Surface Profiles with Pier Shape (Drag Coefficient Cd)
(Momentum Metod)....... ... coiieireecirneeneeiienseesambs Baess e ot Baeeseeseesfieereessnssesne BOALRL 85

3.4.2.6 Variation of Water Surface Profiles with Pier Shape (Yarnell Coefficient k) ... 90

3.4.3 VARIATION OF WATER SURFACE PROFILES WITH AND WITHOUT

BRIDGES IN SERIES (5 N0S.) ...ovoveeieeeieeeeeeeeeseeeseess e st sseeseseeeseess e sees s essee et esses 92
3.4.3.1 Data extraction for No Bridge Condition ...........ccevveveieiiiieniesie e, 92
3.4.3.2 Data extraction for Five Bridges iN SEri€S........cccovvvvveriiienrarieneeseesvisseesnnnns 94
3.4.3.2 Comparison of Water Surface Elevations with and without Bridges............. 96

CHAPTER -4 SUMMARY AND DISCUSSION OF RESULTS.......ccccovvieeriiieenieeee 100
4.1 SUMMARY AND CONCLUSION ..ottt st 100
4.2 FUTURE SCOPE OF WORKS ......oooiiiiiieiii e sime et 103

REFERENCES: ... B B B L e 104

vii|Page



LIST OF FIGURES

Figure 1.1:
Figure 1.2:
Figure 1.3:
Figure 1.4:
Figure 1.5:
6928 m).....
Figure 2.1:

DEM of Study Area extracted from HEC-RAS ..., 4
Schematic of Alaknanda River Reach (at 500 m interval) after Georeferencing . 5
Schematic of Whole River showing all the Cross Sections in HEC - RAS.......... 5
Schematic of Bridge Location at River Station 928 m .........cccccccevvievvcvcieeenene, 5
Cross Sections at Bridge Locations (River Stations 928, 2428, 3928, 5428 and

............................................................................................................................... 6
Definition sketch of flow through a bridge constriction. ...........cccooviiiiiennn. 12

Figure 2.2: Measurement of the backwater of the bridges: (a) plane view; (b) side view .... 14
Figure2.3: Bridge Reach (HEC, 1997) .......ccocceeiiinnriniinieeienees e dhesus e et e e veeeeseeas 18
Figure 3.1: Representation of Terms in the Energy EQUation ..........cccoveivvciienic e, 21
Figure 3.2: Methodology through HEC — RAS ... e 24
Figure 3.3: Water Surface Elevation vS Manning's N0. N .......ccocveueriieneienineneseseeee e 31
Figure 3.4: Water Surface Elevation VS VEIOCILY ........ccccuoiiiiiriiiiiisieeniee e 31
Figure 3.5: Water Surface Elevation vS FIOW area............cccooceviveiiiiniiii i 32
Figure 3.6: Water Surface EIeVation VS Fr ......cccoiviiiiiiiiiseseeieeese s 32
Setire 3.7: Vdlocy, VaIFE®. 8. 0. 5. L R e U Mt 33
Figure 3.8: Velocity vs Flow area at Q = 200 CUMECS. ........oouirieirreenieeiie e siesseseeesresiesnens 33
Figure 3.95ERYs BanniNg'SMio. B.. S B gL 34
Figure 3. 10: Velocity vs Manning's no. n at Q = 200 CUMECS.......cccerveriererririesiinenaizieneenns 34
Figure 3.11: Water Surface Elevation vs Manning's no. n at Q = 400 CUMECS .......cc.ceuvnnen. 35
Figure 3.12: Water Surface Elevation VS VEIOCItY .....ccccvoviiiiiiiiin i 36
Figure 3.13: Water Surface Elevation VS FIOW area ........cccooivviieeiiiiiniiae i 36
Figure 3.14: Water Surface Elevation VS Fr ... 37
FIQUIE 3.15: VEIOCITY VS FI ittt stk ettt 37
Figure 3.16: VElOCIty VS FIOW @rea.........ccuiiiiiiiieiesiiesieee et 38
Figure 3.17: Fr VS ManNiNg'S NO. N..c..oiueeiiieiiiienieeiesiee et se s e ste e s sbesneesneas 38
Figure 3.18: Velocity VS Manning's NO. N......ccveiverieiiesieeie e esee e e eee e ste e saeeaesnees 39
Figure 3.19: Water Surface Elevation vs Manning’s coefficient n at various Q................... 41
Figure 3.20: Water Surface Elevation vs Flow Area at various Q .........cccocevvevveseesverennnnnn 41

viii|Page



Figure 3.21:
Figure 3.22:
Figure 3.23:
Figure 3.24:
Figure 3.25:
Figure 3.26:
Figure 3.27:
Figure 3.28:
Figure 3.29:
Figure 3.30:
Figure 3.31:
Figure 3.32:
Figure 3.33:
Figure 3.34:
Figure 3.35:
Figure 3.36:
Figure 3.37:
Figure 3.38:

cumecs

Figure 3.39:
Figure 3.40:
Figure 3.41:
Figure 3.42:

cumecs

Figure 3.43:
Figure 3.44:
Figure 3.45:
Figure 3.46:
Figure 3.47:
Figure 3.48:

Velocity vs Froude no. (Fr) at various Q ........cccevvriereernsiie e e 42
Velocity vs Fr at Q = 200 cumecs with various n (No Bridge)..........ccccccevuenen. 47
Velocity vs Fr at Q = 200 cumecs (With Bridge) .......cccovveveviennenienieicnieinn 47
Water Surface Elevation vs Contraction Length at Q = 200 cumecs................ 56
WEIOCITY VS FI it 57
Water Surface EIevation VS Fr ......ccoiveiie e 57
Water Surface Elevation vs Contraction Length at Q = 400 cumecs................ 58
Velocity vs ... gl R e e 59
Water Surface EIeVation VS Fr.........cooviiiiicie e 59
Water Surface Elevation vs Contraction Length at Q = 600 cumecs................ 60
WEMCTTY VSIFT.......f e B eecome e B P TR e oo aee e 61
Water Surface EIevation VS Fr ..ot 61
Water Surface Elevation vs pier spacing at Q =200 CUMECS ........ccveveiveenennen. 65
Water Surface Elevation vs VEIOCItY .......ccoocceiieii i 66
Water Surface Elevation vs flow area...........cccocoviiiiiniiiciieesci 66
Water Surface EIeVation VS Fr ... 67
YeloCH VEIFE. . ... e o M o im0 e ceee [ e e e e QOO 67
Water Surface Elevation vs Pier spacing for same pier size 2.5 m at Q =200
............................................................................................................................ 68
Water Surface Elevation vS VelOCItY ........cccceiiiiiiiiiiii et 68
Water Surface Elevation vs FIOW area..........cccooveoviviinenvicie i eise e 69
Velalily vSTRr.... .0l el TR, 69
Water Surface Elevation vs Pier spacing for same pier size 3.0 m at Q = 200
............................................................................................................................ 70
Water Surface Elevation VS VEIOCITY ...........coooitieniniiiieee e 70
Water Surface Elevation vs Flow area at Q = 200 CUMECS ........ccccvvvrverrveeennn. 71
VEIOCITY VS FI oottt ra e e e nee s 71
Water Surface Elevation vs Pier size at Q = 200 cumecs and 10 m pier spacing
............................................................................................................................ 74
Water Surface Elevation vs VEIOCItY ........ccccoveiieiiiiiiicr e 74
Water Surface Elevation vs FIOW area..........ccooeveiiiiinniie s 75

ix|Page



Figure 3.49: VEIOCILY VS PIEI SIZE.......cciiiieiecie ettt ae e nnes 75
FIgUIe 3.50: VEIOCILY VS FI..oviieiciiee ettt na e nnes 76
FIQUIE 3.51: FI VS PIBI SIZE ..ottt bt sttt st nneas 76
Figure 3. 52: Water Surface Elevation vs Pier size at Q = 200 cumecs and 15 m pier spacing
............................................................................................................................................... 77
Figure 3.53: Water Surface Elevation VS VElOCItY ...........ccccviiiiiiiiiie s 77
Figure 3.54: Water Surface Elevation VS FIOW area.............couoveiiieiieniiic e 78
Figure 3.55: VEIOCILY VS PIEI SIZE....ccuiiuiiiiiiue ittt 78
Figure 3.56:0Vel0CTY VSa R Sate... . .ooveveineinreeecitentes nss Bana B e ee Teeesers eesressnssessessenneas 79
Figure 306 EFVSRIEr SIZE.. ot ..o B Bereeeceeens e evrsessgenseessesenPgealhr oeeeseeseesees 79
Figure 3.58: Water Surface Elevation vs pier size at Q = 200 cumecs and 20 m pier spacing

............................................................................................................................................... 80
Figure 3.59: Water Surface Elevation VS VEIOCItY .........cccouvviiiiiiiiieiiec e e 80
Figure 3.60: Water Surface Elevation VS FIOW area.........ccccoovviiiiiiiinc i 81
Figure 3.61: MelOoCILY VS PI€I SIZE........c.ccideiriunrinierraiuesrionrersnenseontbannibreessansessessssseessffeansnes 81
FEigUre 3.62: Welacity/SaRr.. &........ il . S e B e g s [ b e R 82
BiIGLIre 3.63: Br vs PIRTSIZE.......cc o i il M an e dene e e soms i rrnnseeseeses[erensnnnnnnnes JEUOIIRR 82
Figure 3.64: Water Surface Elevation vs Cd at Q = 200 cumecs and 10 m pier spacing, 2 m

RIAIES Ze™ ... "R ... W 0. TR i AL Y R 86
Figure 3.65: Water Surface Elevation VS VElOCItY ...........ccoouriiiiiiiiiieic st e 86
Ficure™3.66: Velocitiavs Co=..... . 0 A o 87
Figurg.67: Fryafed... M. .0 B R P 87
Figure 3.68: (a) Water Surface Elevation vs k at Q = 200 cumecs and 10 m pier spacing, 2 m
pier size (byMeloeity VS K. k. oo .. i e i BB w55 ee e o EEL B e cearesneesenenennnes 90

x|Page



LIST OF TABLES

Table 3.1: Manning’s coefficient n for various types of soils and waterways ...................... 29
Table 3.2: For No Bridge Condition and Q = 200 M3/SEC ........ccccvvevrvereeeeereeceee e 30
Table 3.3: For No Bridge Condition and Q =400 M3/SEC .........cccovveviveveeieeirceeeeeereeeis 35
Table 3.4: For No Bridge Condition and Q = 600 M3/SEC) .........cccvuevrverereeerieceeeeeereneeeeis 39
Table 3.5: For No Bridge Conditionand Q =800 M3/SEC) .........cccevrvvevrrrererererirerereereieneean, 40
Table 3.6: For No Bridge Condition and Q = 1000 M3/SEC .........ccceevevevceeeereeceee e 40
Table 3.7: Variation of Water Surface Profiles with Manning’s coefficient n (Q = 200 m®/s)

............................................................................................................................................... 45
Table 3.8: Variation of Water Surface Profiles with Manning’s coefficient n (Q = 400 m®/s)

............................................................................................................................................... 48
Table 3.9: Variation of Water Surface Profiles with Manning’s coefficient n (Q = 600 m3/s)

............................................................................................................................................... 50
Table 3.10: Variation of Water Surface Profiles with Manning’s coefficient n (Q = 800 m?/s)
............................................................................................................................................... 50

Table 3.12: Variation of Water Surface Profiles with Contraction and Expansion Reach

Length (for contraction 1ength 20 M).........ooeiiiiiiiiii it 54
Table 3.13: Variation of Water Surface Profiles with Contraction and Expansion Reach

Length (for contraction 1ength 25 M).......cooiiiieiieiees e 54
Table 3.14: Variation of Water Surface Profiles with Contraction and Expansion Reach

Length (for contraction 1eNgth 30 M)........oiiiiieieiiiiieeeee etk 55
Table 3.15: Variation of Water Surface Profiles with Contraction and Expansion Reach

Length (for contraction 1ength 35 M).......ccooiiiiiiic e 55
Table 3.16: Rearranging data for various Contraction Lengths (Q = 200 cumecs)............... 56
Table 3. 17: Rearranging data for various Contraction Lengths (Q = 200 cumecs).............. 58
Table 3.18: Rearranging data for various Contraction Lengths (Q = 600 cumecs)............... 60
Table 3.19: Rearranging data for various Contraction Lengths (Q = 800 cumecs)............... 62
Table 3.20: Rearranging data for various Contraction Lengths (Q = 1000 cumecs)............. 62

xXi|Page



Table 3.21:
Table 3.22:
Table 3.23:
Table 3.24:
Table 3.25:
Table 3.26:
Table 3.27:
Table 3.28:
Table 3.29:
Table 3.30:
Table 3.31:
Table 3.32:
Table 3.33:
Table 3.34:

Variation of Water Surface Profiles with Pier Size (2 m pier Size).................... 65
Variation of Water Surface Profiles with Pier Size (2.5 m pier size)................. 68
Variation of Water Surface Profiles with Pier Size (3 m pier size).................... 70
Variation of Water Surface Profiles with Pier Spacing (10 m pier spacing)...... 74
Variation of Water Surface Profiles with Pier Spacing (15 m pier spacing)...... 77
Variation of Water Surface Profiles with Pier Spacing (20 m pier spacing)...... 80
Variation of Water Surface Profiles with Pier Shape Cd ..........ccccevviiiieenne 85
Variation of Water Surface Profiles with Pier Shape K.........ccccocovveviinienenn 90
Data extraction for No Bridge Condition ............cccvvevieeiiiniesieeiie e, 92
Data extraction for Bridges in Series (Five Bridges in Series) w.....cccceevevenenn. 94
Comparison of Water Surface Elevations with and without Bridges................. 96
Water Surface Elevations with and without Bridges (Drawn in Excel)............. 98
Water Surface Profiles with and without Bridges (Obtained from HEC -RAS) 99
Summary Table OF RESUILS .......coeoviiieiiececee s 100

xii|Page



LIST OF ABBREVIATIONS

C: Expansion or Contraction loss coefficient k: Yarnell’s pier shape coefficient

Cd: Coefficient of discharge (pier shape
coefficient)

ch.: chainage

cumecs: cubic meter per second

CWSE: Critical Water Surface Elevation
d/s: downstream

DEM: Digital Elevation Model

E: East

GIS: Geographical Information System
GUIC: Graphical User Interface

he : head loss

HEC-RAS: Hydraulic Engineering Center
River Analysis System

km: kilometer
Lat.: Latitude
Lon.: Longitude
m: meter

n: Manning’s coefficient (roughness
coefficient)

N: North

Q: Steady flow (Discharge)
RS: River Station

u/s: upstream

WSE: Water Surface Elevation

xiii|Page



CHAPTER -1
INTRODUCTION

1.1 GENERAL BACKGROUND OF THE STUDY

When the bridge is constructed across the river, there is a significant increase in water level
at the upstream which creates an obstruction in the flow and local loss of stream energy. This
is due to the fluid friction in contact with the structure, and the stagnation zones that border
the contracting and expanding flow reaches. To maintain a steady flow, this local loss of
energy is compensated by an increase in potential energy immediately upstream of the

structure. A backwater is thus created which begins at the afflux location.

Information about the flow regime of any open channels (River) under different discharge
conditions is essential for the water resources engineers, planners and managers. In order to
know the depth of flow at different downstream reaches, water surface profiles are computed

using the information on channel geometry and roughness coefficient of the river reach.

River training works modify the existing flow conditions. For example, construction of levees
for the protection of a village or town increases the depth of flood flow. The human activities
and encroachment in the flood plain affects the river environment. Construction of
embankments along the river reaches drastically changes the river regime which has to attain
a new equilibrium state under changed condition. For releasing water from a reservoir,
knowledge of depth of flow at different downstream stations are required, to avoid damage to

lives and properties.

As mentioned above, in many engineering applications, it is necessary to compute the flow
conditions in channels having gradually varied flow. These computations, generally referred
to as water surface profile calculations, determine the water surface elevations along the
channel for a specified discharge. The water surface elevations are required for the planning,
design and operation of open channels so that the effects of engineering works and channel

modifications on water levels may be assessed.
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The continuity, momentum, and energy equations describe the relationships among various
flow variables, such as the flow depth, discharge and flow velocity. By solving these
equations, it is possible to determine the flow conditions throughout a specified channel
length. These analyses yield the change in flow depth in a given distance or compute the
distance in which a specified change in flow depth will occur. The channel cross-section,
Manning’s n, bottom slope and the rate of discharge are usually known for these steady state

flow computations.

By differentiating the energy equation for a channel section between two river sections, the

governing equation for gradually varied flow can be expressed as;
dx/dy = (So - St)/[1- (aBQ?(GAN]..evvver i (i)

where, St is the slope of the energy grade line, So is the slope of the channel bottom, a is the
velocity head coefficient, B is the bottom width of the channel, Q is the discharge and A is

the cross sectional area of the channel.
For the derivation of this governing equation, some assumptions are made. They are;

v The slope of the channel bottom is small.
v Channel is prismatic and there is no lateral inflow or outflow from the channel.

v’ Pressure distribution at a channel section is hydrostatic.

Several procedures to compute the water surface profiles have been developed. Some of the
earlier procedures used varied flow functions developed by integrating the differential
equation describing the gradually varied flow. Several graphical and mathematical methods
were developed for the integration of this equation or for solving the energy equation between
two sections. Some of these methods have been used in the various general purpose computer
programs for computing water surface profiles (Soil Conservation Service, 1976; US
Geological Survey, 1976; US Army Corps of Engineers, 1982). Some of the generally used

methods are listed below:
The most common and simple method is to calculate the profile reach by reach;

» Direct Step Method
» Standard Step Method
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Methods in which numerical integration of differential equation for gradually varied flow is

used:;

v Single Step Method: Euler Method, Modified Euler Method, Improved Euler Method,
Fourth-Order Runge-Kutta method etc.

v" Predictor-Corrector methods.

HEC-2 or HEC-RAS, developed by Hydrologic Engineering Centre, US Army Corps of
Engineers (1982), is based on Standard Step Method. It is being widely used in many countries
for Water Surface Profile computations and proved to be very useful. This method uses river
cross section data to define channel geometry; Manning’s roughness coefficient to define flow
characteristic along the main channel as well as for flood plain; and initial and boundary

conditions to arrive at the profile characteristics for different reaches.

Other than the water surface Profile calculations, HEC-RAS is used for many other
applications such as planning of various river training works, river and flood plain
encroachment studies, flood plain zoning, etc. It can also be used to prepare rating curves for
different reaches of a river network, which can be useful during floods, for the planning and

design of flood protection works along various reaches of the stream network.

1.2 OBJECTIVES OF THE STUDY

The Main objectives of the study are:

I. To determine the nature of change of water surface profile along the length of open
channel at the steady flow condition using HEC-RAS.

ii. To determine the backwater (afflux) at upstream due to bridge effect (its piers, nos.,
shape, spacing, contraction and expansion widths etc.) on water surface profiles.

ii. To create a comprehensive and solid idea that how the single and multiple bridges
(bridges in series) effects the backwater.

iv. To compare the model for Water Surface Profile providing steady flow with and

without bridge conditions.
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1.3 RESEARCH GAP/RATIONALE

Found lack of comprehensive and cumulative study of road bridge effects on water surface
profile at various cross section of natural channel considering the shape, size, nos., spacing of
piers. Also there is no such a literature available which can explain the effect of multiple
bridges (bridges in series) along the channel and effect of expansion and contractions portions
of river reach due to bridge at steady flow condition using HEC-RAS.

1.4 STUDY AREA

v Alaknanda River reach (A major tributary of River Ganga) Starts from Devaprayag (a
confluence of River Bhagirathi and Alaknanda) and ends at near Lachmoli, 10 km
upstream From Devaprayag (near Srinagar), Uttarakhand State of India.

v Lat. 30° 08’ 43" N to 30° 14’ 20" N and Lon. 78° 36’ 02" E to 78° 41’ 17" E.

v River Cross — Section taken at 500 m interval are georeferenced with ArcGIS and then
interpolated at 50 m intervals in HEC - RAS.

v’ Bridges are assumed to be located/placed at River Stations 928 m , 2428 m, 3928 m, 5428
m and 6928 m of river reach (from d/s to u/s side)

v" Simulation performed for 200, 400, 600, 800 and 1000 cumecs steady flow.
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1.5 ORGANIZATION OF THESIS

Chapter 1: Describes the General Background of the Study and the importance of the topic.
The chapter also includes the Objectives of the study, Research gaps/rationale and the

description of the Study area.

Chapter 2: Discusses about HEC —RAS and its hydraulic capability in Bridge Modelling.
This chapter also includes Literatures Review by different authors based on the water surface

profiles in the natural channels.

Chapter 3: Discusses the materials and method adopted for the hydraulic simulation of flow
at bridge locations. This chapter also includes methodology adopted for HEC-RAS model
setup, Calculation and Results extraction for no bridge condition and its comparison with the
bridge provided condition. It also covers the variation of Water Surface Profiles with and
without bridge condition (five bridges in series) including graphs and tables and finally the

results are analyzed for the various bridges in the river Alaknanda.

Chapter 4: The overall summary and conclusions are derived from the analysis, and future

scope of work presented in this chapter.
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CHAPTER -2
SELECTION OF MATHEMATICAL MODEL

2.1 INTRODUCTION

In this study, a popular and well known model namely, Hydrologic Engineering Center’s
River Analysis System (HEC-RAS) is used for Hydraulic simulation of flow around the bridge
in the rivers. This model is developed by the U.S. Army Corps of Engineers and it allows
performing one-dimensional steady, unsteady flow hydraulics, sediment transport/mobile bed
computations for quantifying the effects of new structures and their operation in the river,
HEC-RAS is an integrated system of software, designed for interactive use in a multi-tasking,
multi-user network environment. The system is comprised of a graphical user interface
(GUIC), separate hydraulic analysis components, data storage and management capabilities,
graphics and reporting facilities. The HEC-RAS system contains many one-dimensional river
analyses including the components for:

(1) Steady flow water surface profile computations;

(2) Unsteady flow simulation and

(3) Movable boundary sediment and transport computations.

A key element is that all the components use common geometric data representation and
common geometric and hydraulic computation routines. In addition to the three river analysis
components, the system contains several hydraulic design features that can be-used in the

water surface profiles computation.
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2.2 HYDRAULIC CAPABILITY OF HEC - RAS

General Capability of the HEC-RAS s to calculate the water surface profiles for steady and
gradually varied flow. The system can handle a single river reach or a full network of channels.
The steady flow component is capable of modeling subcritical, supercritical and mixed flow
regime water surface profiles. The computational procedure is based on the solution of the
one-dimensional energy equation. Energy losses are evaluated by friction (Manning’s
equation) and contraction/expansion (coefficient multiplied by the change in velocity head).
The momentum equation is utilized in situations where the water surface profile is rapidly
varied. These situations include hydraulics of bridges and evaluating profiles at river
confluences (stream junctions). The effects of various obstructions such as bridges and other
structures on the flood plain are considered in the computations. The steady flow system is
designed for application in floodway encroachments. Also, capabilities are available for
assessing the change in water surface profiles due to channel improvements, and levees.
Unsteady Flow Simulation component of the HEC-RAS modeling system is capable of
simulating one dimensional unsteady flow through a full network of open channels. The
hydraulic calculations for cross-sections, bridges, and other hydraulic structures that had been
developed for the steady flow component are incorporated into the unsteady flow module.
Additionally, the unsteady flow component has the ability to model storage areas and
hydraulic connections between storage areas as well as between stream reaches. Sediment
Transport/Movable Boundary Computations component of the modeling system: is intended
for the simulation of one dimensional sediment transport/movable boundary calculations
resulting from scour and deposition over moderate time periods; typically days, months or
years. Applications to single flood events are also possible. The sediment transport potential
is computed by grain size fraction, thereby allowing the simulation of hydraulic sorting and
armoring, if the case be. The model is designed to simulate long-term trends of scour and
deposition in a stream channel that might result from modifying the frequency and duration
of the water discharge and stage or modifying the channel geometry.

Here, the water surface profile determination and plotting is done with HEC-RAS for
steady flow and mixed regime condition for without and with bridge condition with
contraction and expansion coefficients of 0.1 and 0.3 respectively. Also for the bridges in
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series, the water surface elevations are determined with energy and momentum method taking
the shape, size, nos. of piers and lengths of contraction and expansion reach just upstream and

downstream sides of bridge (s).

2.3 HEC — RAS IN BRIDGE MODELLING

HEC-RAS, is one of the mostly widely used computer program for bridge modelling and is
one dimensional hydraulic analyses program with water surface elevation computation. The
basic computational procedure in HEC-RAS is based on solving the one dimensional energy
equation. Energy losses- are accounted for by friction (Manning's equation) and
contraction/expansion (coefficient multiplied by the change in velacity head). The momentum
equation is utilized in situations where the water surface profile is rapidly varied. These
situations include mixed flow regime calculations (i.e., hydraulic jumps), hydraulics of
bridges, and evaluating profiles at river confluences (stream junctions). Scour occurring at
bridge crossing generally include three components: 1) Long-term aggradation and
degradation of the river bed, 2) general scour at bridge (including contraction scour and other
general scour), and 3) local scour at the piers or abutments. Local scour in bridge piers
(Kothyari 2007, Mazumder 2008) occur due to obstruction by pier and pier foundation and
the consequent changes in the flow field around the piers. Because of variation in velocity
from top to bottom of a pier, the stagnation pressure head is the highest at top and lowest at
the bottom of pier, thereby inducing a pressure gradient, since the potential head is highest at
the top and lowest at the bottom of the pier. This causes a downward vertical flow impinging
the bed. At the pier base, two horse-shoe vortices develop due to flow separation. It is
primarily due to the vortex formation and the downward flow impinging on the bed that causes
scour at the base of the pier. Here only the effect of pier shape, size, spacing, contraction and

expansion widths on water surface profile has been considered rather than the scour.
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2.4 LITERATURE REVIEW

Various literatures available in the different sources can be reviewed thoroughly as below:

Kocaman Selahattin et al., (2014)

Accurate estimation of flow characteristics at and around bridge locations is main concern for
the bridge engineers both in terms of stability of bridge itself and the problems caused by
insufficient hydraulic design of it such as flooding due to the sudden increase in water level

upstream.

Depending on the flow situation, estimation of these characteristics can be difficult. Flow in
a compound channel is an example of such flow situation as there is a strong transfer of
longitudinal momentum from the fast moving flow in the main channel to the slow-moving
flow in the floodplain. This transfer is more pronounced at the interface between the floodplain

and the main channel.

The complexity of flow can increase by placing hydraulic structures such as abutments and
piers, which block the part of flow area. In such conditions, rapidly varied flow develops near
the structures due to the presence of the obstruction. Consequently, the flow is separated
downstream of the structure and a reverse flow and an adverse pressure gradient occur. The
water surface upstream of the structure increases and forms a backwater profile. A jet is
generally established in the bridge opening and continues into the region of expansion
immediately downstream of the bridge, where there is a strong turbulent diffusion and mixing

as well as a large amount of energy losses.

In the case of a bridge pier, occurrences of a horseshoe vortex in front of the pier and lee-wake
vortices behind it increase the complexity and are very important for the scour and scour
protection studies. Similar flow pattern can be observed for the bridge abutments.
Development of scour has to be well understood by bridge engineers as most of the bridge
failures occur due to the local scour, which is highly correlated with the flow processes, around
bridge piers and abutments. Moreover, a significant amount of problems caused by bridge
constructions is corresponding to the backwater. It is essential to estimate the increase in the
water surface level due to bridge constrictions especially in flood conditions. Maximum

backwater height called afflux is also one of the key parameters in bridge design.
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Figure 2.1: Definition sketch of flow through a bridge constriction.

The water surface profiles obtained from different flow conditions show similar trends; they
rise upstream, forming backwater profiles and show a sudden drop through the bridge
contraction. Later, they are fluctuated further downstream and reach normal depth
downstream of the channel. As can be seen, reasonable agreement between the measured and
computed water surface profiles was captured in the upstream directions of the bridges.

The maximum increase in water level above the normal unobstructed level due to the
constriction is known as afflux (maximum backwater). It occurs along the upstream region of
the bridge constriction at a distance which is approximately equal to bridge opening. Accurate
estimation of the afflux is the main objective in the design of a bridge construction and studies

regarding backwater calculation.

Bridges act as an obstruction against river flow, resulting in alteration of the flow
characteristics and a change in the original geometry of the nearby river bed. In subcritical
flow, one typical kind of flow alteration caused by bridges is the back-water phenomenon,
which results in an increase in the water surface level upstream and a reduction downstream
of the bridge; a wide longitudinal extent of the river reach is also affected. The interaction
between bridge obstruction and river flow increases flooding risks and thus the probability of
bridge damage, traffic disruption, loss of human life and economic losses. Researching the
influence of bridges on flood control is therefore of critical importance.

12| Page


http://journals.sagepub.com/doi/full/10.1155/2014/905217

The variation in the water surface level and the extent of the backwater-affected river reach
are highly dependent on the river section, bridge geometry and characteristics of the flow and
the floodplain (Luigia and Kebede, 2013). Many methods for investigating the backwater at
bridge crossing sections have been developed. Yarnell (1934) developed the most widely used
empirical equation for calculating the increase in water level caused by bridge piers. In that
study, 2600 experiments were carried out considering the influence of several parameters on
the afflux, including the shape of the piers, the width, the length, the angle and the flow rate.
However, Yarnell (1934) did not compare the equation developed with the large amount of
data collected through the experiments. Moreover, Yarnell’s experiments involved a relatively
small percentage of circular columns, which are now a commonly used pier shape. Through
experimental studies using a large physical model, Charbeneau and Holley (2001) developed
a new equation including a further two parameters as a modification of the equation proposed
by Yarnell (1934). Suribabu et al. (2011) also suggested a modified equation, including one
more parameter. Regrettably, neither of these two modifications gave a clear physical
explanation of the newly added parameters in the equations. Charbeneau and Holley (2001)
also reported that the length of the two-dimensional mound of water immediately upstream of

a bridge pier is no greater than the channel width.

Salah EI-Alfy Kassem et al., 2009: The flow constriction due to piers of Road bridges results
in producing backwater rise upstream such bridges, especially at floodplain periods. This
backwater rise depends mainly on both flow properties and geometrical characteristics of
piers. In the research, the backwater rise due to bridge piers was experimentally investigated
for extreme ratios of piers thickness to channel width (tes/B) under a wide range of both
subcritical and supercritical flow conditions between bridge piers. The backwater rise
upstream bridge piers depends mainly on both flow type between piers and constriction ratio,
while it is secondary depends on geometrical shape of pier end noses. Also, the experimental
results illustrates that the backwater rise at supercritical flow conditions between piers agreed
satisfactory with the corresponding computed values from the most widely relationships
published by Yarnell than that for subcritical flow conditions between piers. The results of the
backwater rise due to constriction of flow by bridge piers presented in his research paper are
employed in development of two formulas, which could be used in computing backwater rise
at both subcritical and supercritical flows between bridge piers.
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Seckin et al. (2009a, 2009b) applied artificial neural network techniques to derive a

regression-based formula for estimating bridge backwater based on laboratory and field data.

In many countries, rapid economic development has led to a sharp increase in traffic volume,
thus requiring the construction of additional bridges across rivers and canals. Such
construction could cause interactions with existing bridges and affect the characteristics of
river flow and sediment motion (Wang et al., 2016a, 2016b). Most of the studies considered
single bridges or piers, and little research considering the backwater of a group of bridges has

been reported.
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Peck W. W. et al., (2001).

It was found that transition reach lengths recommended by HEC-RAS documentation were
the most accurate, and recommendations made as part of the HEC-2 program result in over
calculation of water surface elevations. It was also found that use of the energy method for
bridge calculations during high flow events which experience only pressure flow results in

calculated water surface elevations that are much higher than observed data indicates.

In 1976 the Corps Hydraulic Engineering Center (HEC) introduced HEC-2 ‘Water Surface
Profiles’ (HEC, 1982). This computer program was designed to compute water surface
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elevations along a stream or river reach. It was designed to accommodate bridges, culverts,

dams, and weirs, as well as unconstricted reaches.

HEC-2 provided two methods for computing flow profiles through bridges: the normal bridge

and special bridge methods.

The normal bridge method computes a water surface profile through bridges by use of the
energy equations and the standard step method. This method assumes energy losses are caused
by flow contraction and expansion upstream and downstream of the bridge, and by friction.
Water surfaces are computed by use of the standard step method while energy losses are added
at the required places. Empirical methods are used to compute losses due to contraction and
expansion of flow and friction losses are computed using Manning’s n factor. The normal
bridge method requires six river cross-sections to compute a water surface profile through the

bridge.

The special bridge method uses a method developed by Yarnell for factoring in the hydraulic
effects of bridge piers. This empirical method was developed based upon over 2,100 flume
experiments utilizing various shapes and sizes of bridge piers. Based upon these experiments,
pier coefficients were developed to account for the most common shapes of bridge piers.
This method requires only four cross-sections for computations. The bridge opening is

approximated by a trapezoid.

The Corps was quick to take advantage of this technological improvement. In 1995 HEC
introduced the River Analysis System (RAS) (HEC, 1995). HEC’s stated intention is for RAS
to replace HEC-2. RAS provides capabilities similar to HEC-2. The major improvement
however, is the addition of a graphical user interface. While requirements for data input by
the user are similar between HEC-2 and RAS, the graphical capabilities of RAS provide great
assistance in detecting bugs and errors in data input. Graphic capabilities for output data are
much improved as well. Users can plot cross-sections and bridges and overlay water surface
elevations as needed. This provides extensive help in visualizing situations and comparing
alternatives. RAS also provides improved computation methods based upon new advances in

hydraulic engineering theory since the introduction of HEC-2.
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Due to its increased flexibility and user-friendly graphics, RAS is becoming the method of
choice for hydraulic bridge design. Based upon an informal survey conducted by the author
of state Departments of Transportation in the southeast United States, WSPRO was the
software of choice for the 1980’s and early 1990’s. The majority of state DOTs contacted

are now using or considering the use of RAS for bridge designs.

Extensive documentation concerning RAS is available from HEC. An experienced RAS user
will find the Hydraulic Reference Manual (HEC, 1997) the most useful of these. HEC
provides a detailed discussion of the theory of RAS in this manual. It also contains
recommendations for dealing with various modeling situations the user may encounter.
Further details and discussion can be found within the course notes provided as part of RAS

training classes offered by HEC and the National Highways Institute.

While HEC (1997) provides an overview of RAS's application of the WSPRO method,
Sherman et.al. (1986) discuss the WSPRO methodology in detail as it was originally
implemented. Shearman provides theoretical background and data requirements for using this

method for bridge analysis.

Shearman also provides charts and tables for assistance in determining the discharge
coefficient (K") which is required for the WSPRO analysis method. The concept of the
discharge coefficient was first presented by Kindsvater, Carter, and Tracy (1953) for use in
indirect measurement of flow through bridges. The authors present four categories of bridge
constriction based upon the type of bridge abutment and roadway embankment. The base
coefficient is determined based upon the type of bridge opening and the degree of floodplain
constriction caused by the bridge. The base coefficient is then modified for several factors
based upon charts developed empirically from laboratory data. These charts were later
modified by Matthai (1967) to reflect additional data.

Brunner and Hunt (1995) performed a comparison of RAS, WSPRO, and HEC-2. Their study
contains a discussion of the similarities and differences of the fundamental computational
methods of each. Using a sample consisting of thirteen bridge sites located in Louisiana,
Alabama, and Mississippi with seventeen flood flows they determined the mean average

absolute error for each computation method by comparing calculated water surface elevations
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to observed field data. Based on these results they concluded that all three programs computed

water surface elevations "within the tolerances of observed data".

Biery and Delleur et al., (1962) developed a method for the prediction of the afflux at bridges
based on laboratory studies using rectangular channels. However, it was found this method
could lead to errors when applied to compound channels (Atabay et. al., 2008a, 2008b). Many
other laboratory and field studies (Kaatz and James, 1997; Seckin, 2004; Seckin et. al., 1998)
have shown that the energy equation used by the bridge sub-routine in HEC-RAS (Hydrologic
Engineering Center River Analysis System) (HEC, 2002) is capable of producing accurate
estimates of water surface levels in river reaches constricted by bridges. However,
considerable inaccuracies may arise in its application depending on the parameters chosen by
the user (Seckin et. al., 2007). Raju et al. (1983) used experiments to investigate the effect of
blockages on the drag coefficient of circular cylinders and obtained a relationship between the

energy loss, afflux and drag force.

The Bridge Reach

One element common to nearly all literature concerning bridge hydraulics is the concept of
the bridge reach. The bridge reach is the portion of the river that contains the bridge. It is
normally defined by a four to six cross-sections. Energy losses within the bridge reach are
greater and much harder to predict than in'an unconstricted river reach. As a consequence,

water surface elevations may vary greatly within the bridge reach.

The Corps (1959) divides the bridge reach into three sections based upon the primary method
of energy loss. These are the transition length downstream of the bridge crossing, the
transition length upstream of the bridge crossing, and the width of the bridge. The Corps
concluded that energy losses in the downstream reach are primarily due to expansion as the
active flow area expands from the constricted bridge area to the larger unconstricted
floodplain flow area. This downstream transition is referred to as the expansion reach. Losses
in transition area upstream of the bridge are caused by contraction of the active flow area from

the large floodplain into the smaller bridge area. This upstream bridge reach is called the
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contraction reach. Losses within the bridge area itself are due primarily to friction, impact,

and eddies caused by the bridge piers and abutments. Exact computation of losses in the bridge

length depends upon the method used. Figure below illustrates the sections of the bridge reach

Figure 2.3 below.
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As previously mentioned, a bridge reach is defined by a minimum of four cross-sections. The

most downstream cross-section is located at the point where the active flow area has expanded

to the full, unconstricted floodplain width. This is called the exit section (1).

The most upstream section is located at the point where flow is just about to begin to contract

from the full floodplain width to the width of the constricted bridge opening. This is referred

to as the approach section (4).

When modeling a bridge, it is generally advisable to include cross-sections some distance

upstream and downstream of the bridge reach. This ensures that all other influences on the

local water surface elevations are included.
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Cross-section Spacing

Spacing of cross-sections within a hydraulic model is an issue of some importance. HEC
and FHWA recommend that cross-sections be placed where the channel experiences some
significant change (i.e. sudden channel widening or constriction). RAS has built-in
provisions for monitoring this and a successful RAS run can often have numerous
warnings concerning cross-section spacing. A large change in depth, conveyance, or

velocity head triggers a warning to the user that cross-section spacing may be too great.

There is some discussion as to how often cross-sections should be placed. In the
comparison of modeling software types Brunner and Hunt (1995) find location of cross-
sections to be more important than the type of model used, however, they do not provide
guidance concerning this. Gates et al. (1998) performed a study of this issue. Numerous
cross-sections on a river reach were surveyed. They then did a statistical analysis of how
the various cross-section properties varied with different sampling resolutions. Average
slope, cross-section area, and other hydraulic parameters were determined using cross-
sections at various spacing resolutions. Average slope was shown to vary significantly
when using small spacing increments, but this stabilized quickly at larger increments.
They also found that differences in elevations over long distance appear to be influenced

by large-scale trends, but differences over small distances appear to be nearly random.

Selection of Bridge Modeling Method

RAS provides four different methods for modeling bridges in low-flow situations, and

two for bridges in high-flow situations.

RAS documentation (HEC, 1997) provides the following guidelines for selection of a low

flow modeling method:

v" Where losses are predominately friction and piers are a small obstruction, the
energy, momentum and WSPRO methods may all be used accurately.

v" Where pier losses are experienced in addition to friction, the momentum method
is recommended.

v The Yarnell and WSPRO method are capable of modeling only subcritical flow.
The energy or momentum methods must be used if flow passes through critical
depth within the bridge reach.
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v" For supercritical flow, the momentum method is recommended where pier impact
and drag losses are large.

v At bridges where piers are the major cause of energy loss the Yarnell and
momentum methods are best.

v During high flows, when flow through the bridge is not pressurized the energy
method is recommended.

v" When the bridge deck and roadway embankments are a large obstruction the
pressure and weir method should be used.

v" When flow over the bridge and embankment is large, the energy method is best.

Various methods concerning the selection of bridge modeling methods are available in the
literatures. The most valid method for each bridge site will be determined by comparing
results of all methods to observed data. These results should provide some

recommendations for selection of low and high flow methods.

Johnson et al. pointed out that bridge piers, bridge abutments, and roadway embankments
all create local obstructions that cause the flow to become highly three-dimensional. In
fact, it is believed that any vertical obstruction in a channel makes formerly unidirectional
flow become highly three-dimensional. Biglari and Sturm have also recommended using
3D model in order to capture the local flow characteristics causing local scour around

bridge abutments.

One-dimensional numerical models have been widely used for prediction of water surface
profile around bridges such as HEC2, HECRAS, ISIS, and MIKE11. Alternatively, Mantz
and Be on developed two one-dimensional analytical models, namely, Afflux Estimator
(AE) for more detailed analysis of the water surface profiles and Afflux Advisor (AA) for
the rapid estimate of the afflux rating. They verified their models with the experimental

data used in their study and a large-scale field data.
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CHAPTER -3
HYDRAULIC SIMULATION OF FLOW THROUGH HEC-RAS

3.1 INTRODUCTION

Though there are various methods like Standard Step Backwater Method, Afflux Estimator
Models with consideration of expansion and contraction losses etc. available, Water
Surface Profile in this case is calculated using the HEC-RAS programs for effective and

better results.

Water Surface Profiles are computed from one cross section to the next by solving an
energy equation with an iterative procedure called Standard Step Method. The Energy

Equation can-be written as follows.

Zo + Y2+ (02V2429) = Z1+ Y1+ (@aV122g) + he voovveven, (1)

Or, WS2+ (02V2%2g) = WS1+ (a1V12/29)

Where, WS1 and WS> = Water Surface Elevations at sections 1 and 2 resp.
V1 and V2 = Average velocities

a1 and a2 = Velocity weighting coefficients

g = Acceleration due to gravity

he = Energy head loss

A diagram showing the terms of the energy equation is shown below:
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Figure 3.1: Representation of Terms in the Energy Equation
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The energy head loss (he) between two cross section is comprised of friction losses and

contraction or expansion losses. The equation for the energy head loss is as follows:
he = LSt + C | 02V2%29 — 0aV1%2g | covvvviiiiiiiiiiiie )

Where, L = Discharge weighted reach length

St = Representative fraction slope between two sections

C = expansion or contraction loss coefficient

The unknown water surface elevation at a cross section is determined by an iterative

solution of equations 1 and 2. The computational procedure is as follows:

1. Assume a water surface elevation at the upstream cross section (or downstream cross
section if a super critical profile is being calculated).

2. Based on the assumed water surface elevation, determine the corresponding total
conveyance and velocity head.
With values from step 2, compute Sf and solve equation 2 for he.

4. With values from step 2 and 3, solve equation 1 for WS.

Compare the computed value of WS> with the value assumed in step 1; repeat steps 1

through 4 until the values agree to within 0.01 feet (0.003 m), or the user defined tolerance.

The criterion used to assume water surface elevations in the iterative procedure varies from
trial to error. The first trial water surface is based on projecting the previous cross section’s
water depth on to the current cross section. The second trial water surface elevation is set
to the assumed water surface elevations plus 70% error from the first trial (computed water
surface — assumed water surface). The third and subsequent trials are generally based on a
‘Secant’ method of projecting the rate of change of the difference between computed and

assumed elevations for the previous two trials.

For a sub-critical profile, a preliminary check for proper flow regime involves checking
the Froude number. The program calculates the Froude number of the balanced water
surface for both the main channel and the entire cross section. If either of these two Froude
numbers are greater than 0.94, then the program will check the flow regime by calculating

a more accurate estimate of critical depth using the minimum specific energy method. A
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Froude number of 0.94 is used instead if 1, because the calculation of Froude number in

irregular channels is not accurate.

For a super critical profile, critical depth is automatically calculated for every cross section,

which enables a direct comparison between balanced and critical elevations.

Stream junctions can be modelled in two different ways in HEC-RAS. The default method
is an energy based solution. This method solves for water surfaces across the junction by
performing standard step backwater and forwater calculations through the junction. The

method does not account for the angle of any of the tributary flows.

When the angle of the tributary plays an important role in influencing the water surface
around the junction, a momentum based method can be used. This is'a one-dimensional
formulation of the momentum equation, but the angles of the tributaries are used to

evaluate the forces associated with the tributaries flows;

A series of program options are available in HEC-RAS to restrict flow to the effective flow
areas of cross sections. Among these capabilities are options for ineffective flow areas,

levees, and blocked obstructions.
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3.2 METHODOLOGY/FLOW - CHART
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Figure 3.2: Methodology through HEC — RAS
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Here, HEC-RAS is adopted for determining water surface elevation and then water surface
profiles are plotted either using the same or through Microsoft Excel spreadsheet. The
programming uses two types of data namely, River data and Bridge data. The river data
includes river cross section, geometry of section, flow data like discharge, boundary
condition etc. whereas the bridge data includes the deck size, shape and sizes of piers, nos.,
spacing, expansion and contraction reach lengths etc. The Bridge data are used for bridge
modelling which are necessary for the water surface elevation. After getting the water
surface elevation one can easily determine or plot the water surface profiles which are
closely interrelated with the flow area, velocity at the section of measurement, Froude no.

etc.

After getting the River data and Bridge data, they are entered in to the HEC-RAS
programming and data analysis is done. The analysis is done for Steady flow along with
Bridge modelling condition. For steady flow we use 200, 400, 600, 800 and 1000 cumecs
adopting mixed regime flow with 0.012 as boundary condition. For bridge modelling, deck
width 10.0 m in the direction of flow is taken. Also we use the pier size of 2.0, 2.5 and 3.0
m for the simulation. Similarly pier spacing of 10.0, 15.0 and 20.0 m is used in the analysis.
For the analysis of results for pier shape we use different pier coefficients (coefficients of
discharges Cd) from 0.60 to 2.00 for various pier shapes. Also to find out the effects of
contraction and expansion widths due to bridge we use the equal contraction and expansion
width 20.0, 25.0, 30.0 and 35.0 m at the upstream and downstream of the bridge section
and the water surface elevations are noted for the section at 50.0 m upstream and
downstream of the bridge axis. For various cases we vary Manning’s coefficient from
0.025 to 0.045 for different types of soils as waterway of river may contain different types

of soils having different n.
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3.3 PREPARATION AND RUN HEC-RAS MODEL

For the preparation of one dimensional HEC-RAS model for steady flow analysis,

following two types of data are entered as described below and the model run accordingly.

3.3.1 Geometric Data

v

River Cross - Section data obtained from DEM image using ArcGIS for 10 km river
reach at 500 m interval has been entered.

The river cross sections is then interpolated at every 50 m intervals.

Bridge data at different locations are not available, so bridges are assumed to be located
at different locations for bridge modelling (i.e. bridges are located at 928 m, 2428 m,
3928 m, 5428 m and 6928 m chainage of river reach length).

3.3.2 Flow Data

<

Flow regime is considered as a Mixed Regime (supercritical, subcritical and mixed).
Steady flow 200, 400, 600, 800 and 1000 m®/sec has been used for steady flow analysis.
Water Surface Elevations for different cases of steady flow (discharges) with variation
of different parameters (i.e. water surface elevation vs Manning’s coefficient n, water
surface elevation vs velocity, water surface elevation vs flow area, velocity vs flow
area, velocity vs Froude no. (Fr), Fr vs n, velocity vs n) at the upstream and
downstream side of the proposed bridge location (with no bridge condition)
obtained from HEC-RAS are then plotted in graphs to find the water surface profiles.
Similarly, Water Surface Elevations for different cases of steady flow (discharges)
with variation of different parameters (i.e. water surface elevation vs Manning’s
coefficient n, water surface elevation vs velocity, water surface elevation vs flow area,
velocity vs flow area, velocity vs Froude no. (Fr), Frvs n, velocity vs n) at the upstream
and downstream side of the bridge location (with bridge condition) for single and
multiple bridges as obtained from HEC-RAS are then plotted in graphs.

Since there is no observed afflux due to bridge piers is available, afflux obtained from
HEC-RAS is to be used for Water Surface Profile determination for single and multiple
bridges.

Afflux obtained after placing the bridges are then compared with no bridge conditions.
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v Steady flow for Single and Multiple bridges and their backwater effect has been

analyzed.

Suggested values for the Manning roughness coefficient for designing soil and water

conservation earthworks, such as grassed waterways, grade banks and shallow relief drains

for various waterways are given below.

Typical values for Manning’s coefficient n for different types of waterways are:

Waterway type - bare soil Minimum | Design Value | Maximum
Fine sand colloidal - 0.020 -
Sandy loam non colloidal - 0.020 -
Loam - 0.020 -
Fine gravel > 2 mm - 0.020 -
Coarse gravel < 60 mm - 0.025 -
Low Plasticity (stiff) clay - 0.025 -
Soils with stony surface - rounded - 0.035 -
Soils with stony surface - angular - 0.040 -

Waterway type - grassed, constructed Minimum | Design Value | Maximum
waterway, in sand to fine gravel soils

Average depth of flow is 2 or more times 0.025 - 0.030
grass height

Average depth of flow is 1 to 2 times grass 0.030 - 0.040
height

Average depth of flow is similar to grass 0.045 - 0.070
height

Average depth of flow is less than one half 0.070 - 0.120
grass height
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Waterway type - grassed, constructed Minimum | Design Value | Maximum
waterway, with pasture species

Average depth of flow greater than height of - - -
grass

Low grass (<250mm) 0.025 0.030 0.035
Tall grass (250-500mm) 0.030 0.035 0.050
Waterway type - grassed, constructed Minimum | Design Value | Maximum
waterway, in stiff (low plasticity) clay and

coarse gravel soils

Average depth of flow is 2 or more times 0.030 : 0.035
grass height

Average depth of flow is 1 to 2 times grass 0.035 - 0.045
height

Average depth of flow is similar to grass 0.050 - 0.075
height

Average depth of flow is less than one half 0.075 - 0.125
grass height

Waterway type - minor natural Minimum | Design Value | Maximum
streams <30m wide

Straight bank, full stage, no rifts (shallow 0.025 0.030 0.033
stony sections) or deep pools

Straight bank, full stage, no deep pools, 0.030 0.035 0.040
some weeds and stones

Winding bank, some pools and shoals 0.033 0.040 0.045
Winding bank, some pools, shoals, weeds 0.035 0.045 0.050
and stones

Light shrubs and trees — natural vegetation 0.040 0.060 0.080
Medium to dense shrubs and trees — 0.070 0.100 0.160
natural vegetation

Scattered shrubs, grasses and weeds — 0.035 0.050 0.070

degraded natural vegetation
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Waterway type - major natural Minimum
streams >30m wide

Design Value | Maximum

Regular cross-section with no boulders or 0.025 - 0.060
shrubs
Irregular and rough cross-section 0.035 - 0.100

Table 3.1: Manning’s coefficient n for various types of soils and waterways

After analyzing the above values of Manning’s coefficient n we take the value for River

waterway type (major natural streams >30m wide) as varying from 0.025 to 0.045 for

water surface elevation determination in HEC-RAS programming.
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3.4 CALCULATION AND RESULT EXTRACTION

341 WITH NO BRIDGE CONDITION

3.4.1.1 Variation of Water Surface Profiles with Manning’s coefficient n

u/s RS 953 d/s RS 903
WSE | Velocity | Flow WSE | Velocity | Flow
Fr n Fr n
(m) (m/s) | area m? (m) (m/s) | aream?
145.43 4.41 45.31 0.93 | 0.025 | 145.27 4.26 46.94 | 0.91| 0.025
145.76 3.85 51.95 0.77 | 0.03| 145.61 817 54.09 | 0.75 0.03
146.05 3.45 57.91 0.66 | 0.035 | 145.89 3.31 60.37 | 0.65| 0.035
146.3 3.16 63.31 059 | 0.04| 146.14 3.03 66.02 | 0.57 0.04
146.54 2.93 68.33 0.53 | 0.045 | 146.36 2.81 71.28 | 0.52| 0.045
Table 3.2: For No Bridge Condition and Q = 200 m3/sec
Water Surface Elevation vs Manning's no. n at Q =200 cumecs
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Figure 3.3: Water Surface Elevation vs Manning's no. n
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Figure 3.7: Velocity vs Fr

Velocity vs Flow area at Q = 200 cumecs
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Fr.vs Manning's no. n at Q = 200 cumecs

1 28 u L] - | =
0.9
0.8
0.7

0.6

0.5

Fr

0.4
0.3
0.2

0.1

0.025 0.03 0.035 0.04 0.045
Manning's no. n

—0—u/s

—e—d/s

== U/s
—=@==d/s

33| Page



(S,]

»
n
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Figure 3. 10: Velocity vs Manning's no. n
(For No Bridge Condition and Q = 400 m®/sec)
u/s RS 953 d/s RS 903
! Flow Flow
WSE | Velocity WSE | Velocity
area Fr n area Fr n
(m) | (mis) ) (m) | (mis) i
m m
146.45 6.02 | 66.48 1.1 0.025 | 146.38 557 | 71.79 1.02 | 0.025
146.89 526 | 76.09| 091| 0.03| 146.72 5.01| 7981 0.89 0.03
147.31 466 | 8574 | 0.78|0.035| 147.13 4.44 | 90.02 0.75 0.035
147.67 424 | 9429 | 0.68| 0.04| 147.48 4.04 | 98.94 0.66 0.04
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Figure 3.16: Velocity vs Flow area

Fr.vs Manning's no. n at Q = 400 cumecs
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Figure 3.18: Velocity vs Manning's no. n

(For No Bridge Condition and Q = 600 m?/sec)

u/s RS 953 d/s RS 903
Flow
WSE - | Velocity |  Flow WSE | Velocity
(m) (m/s) | aream? 2 : (m) (m/s) ar;eza i
147.1 7.41 80.98 1.26 0.025 146.86 7.19 83.41 | 1.25 0.025
147.47 6.69 89.67 11 0.03 147.15 6.63 90.5 | 1.12
148.18 5.62 106.8 0.87 0.035 147.99 5.33 | 11254 | 0.84 0.035
148.63 5.08 118.18 0.76 0.04 148.42 482 | 124.48 | 0.73
149.02 4.67 128.46 0.68 0.045 148.79 444 | 135.19 | 0.66 0.045
Table 3.4: For No Bridge Condition and Q = 600 m3/sec)
(For No Bridge Condition and Q = 800 m®/sec)
u/s RS 953 d/s RS 903
WSE Velocity Flow 3 i WSE Velocity | Flow -
(m) (m/s) area m? (m) (m/s) | area m?
147.66 8.5 94.16 1.37 0.025 147.39 8.27 96.74 1.36 | 0.025
148.15 7.54 106.04 1.17 0.03 148 7.09 | 11281 111
148.85 6.45 124.06 0.95 0.035 148.65 6.1 | 131.22 0.91 | 0.035
149.39 5.77 138.56 0.82 0.04 149.17 5.46 | 146.48 0.79
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Table 3.5: For No Bridge Condition and Q = 800 m%sec)

(For No Bridge Condition and Q = 1000 m*/sec)

u/s RS 953 d/s RS 903
WSE Velocity Flow WSE Velocity Flow
Fr n Fr n
(m) (m/s) area m? (m) (m/s) area m?
148.19 9.33 107.2 1.44 0.025 | 147.87 9.15| 109.26 | 1.45] 0.025
148.73 8.27 | 120.91 1.23 0.03 | 148.44 7.99 1251 | 1.21| 0.03
149.49 7.08 | 141.23 1 0.035 148.8 7.38 | 13543 | 1.09 | 0.035
150.04 6.37 | 156.92 0.88 0.04 | 149.82 6.01 | 166.41| 0.84 | 0.04
150.56 58| 172.56 0.78 0.045 | 150.31 5.48 | 182.62 | 0.75 | 0.045
Table 3.6: For No Bridge Condition and Q = 1000 m®/sec
Water Surface Elevation vs Manning's no.n at various Q
151
==@==n0 bridge u/s at 200 cumecs
150 no bridge d/s at 200 cumecs
£ 149 =@==n0 bridge u/s at 400 cumecs
c
g 148 no bridge d/s at 400 cumecs
IS
E =@=n0 bridge u/s at 600 cumecs
i 147
8 =@==n0 bridge d/s at 600 cumecs
O 146
(% =@==n0 bridge u/s at 800 cumecs
E 145 =@==n0 bridge d/s at 800 cumecs
IS
; 144 =@—no-bridge-u/sat1000 cumecs
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Figure 3.19: Water Surface Elevation vs Manning’s coefficient n at various Q
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\elocity vs Flow area at various Q
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Figure 3.21: Velocity vs Froude no. (Fr) at various Q

Here, observing all the results for No Bridge Condition and for all steady flows (Q = 200,
400, 600, 800 and 1000 m®/sec) while varying the Manning’s coefficient n, the water
surface elevation (WSE) increases as the Manning’s coefficient n increases at the both
upstream and downstream side of the bridge i.e. water surface elevation and Manning’s
coefficient are directly proportional to each other at the upstream and downstream of
bridge section. Hence Water Surface Elevation vs Manning’s coefficient curve at the
upstream and downstream side run parallel with each other because there is no obstruction

in the flow.

Also, when the water surface elevation increases, velocity decreases as the Manning’s
coefficient n increases at the both upstream and downstream side of the bridge i.e. water
surface elevation and velocity are inversely proportional to each other as the Manning’s
coefficient n increases at the upstream and downstream side of the bridge section. Hence
the Water Surface Elevation vs Velocity curve at both upstream and downstream are

parallel with each other because there is no obstruction in the flow at both the sides.

Similarly, when the flow area increases, water surface elevation increases as the
Manning’s coefficient increases at the both upstream and downstream side of the bridge
i.e. water surface elevation and flow area are directly proportional to each other as the
Manning’s coefficient increases at the upstream and downstream side of the bridge section.
Hence Water Surface Elevation vs Flow area curve at the upstream and downstream site

are parallel with each other.
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Also, when the water surface elevation increases, Froude no. (Fr) decreases as the
Manning’s coefficient increases at the both upstream and downstream side of the bridge
i.e. water surface elevation and Fr are inversely proportional to each other at the upstream
and downstream side of the bridge section. Hence Water Surface Elevation vs Froude
no. curve at the upstream and downstream side are parallel with each as there is no

obstruction in the flow at both the sides.

Now, when the flow area at bridge section increases, velocity decreases as the Manning’s
coefficient increases at the both upstream and downstream sides of the bridge i.e. velocity
and flow area are inversely proportional to each other at the upstream and downstream
side of the bridge section. Hence Velocity vs Flow area curve at the upstream and

downstream side are connected with each other and seems to be a single line.

Similarly, when the velocity increases, Froude no. (Fr) also increases as the Manning’s
coefficient increases at the both upstream and downstream side of the bridge i.e. velocity
and Fr are directly proportional to each other at the upstream and downstream side of the
bridge section. And here the Velocity vs Froude no. curve at the upstream and
downstream side are parallel with each other as there is no obstruction in the flow at both

upstream and downstream sides.

Also when the Manning’s coefficient increases velocity decreases at the both upstream
and downstream side of the bridge i.e. Manning’s coefficient and velocity are inversely
proportional to each other at both the sides of the bridge section. Hence Velocity vs
Manning’s coefficient curve at the upstream and downstream side are parallel with each

other.

Now, as shown in Figure 3.19: Water Surface Elevation vs Manning’s coefficient n at
various Q, the results for No Bridge Condition and for all steady flows (Q = 200, 400, 600,
800 and 1000 m®sec) while varying the Manning’s coefficient n shows that the water
surface elevation increases as the Manning’s coefficient increases at the both upstream and
downstream side of the bridge i.e. water surface elevation and n are directly proportional
to each other at the upstream and downstream of bridge section for the particular flow. So
the Water Surface Elevation vs Manning’s coefficient curve at various Q, at both sides

of the bridge are parallel with each other.

Also, as shown in Figure 3.20: Water Surface Elevation vs Flow Area at various Q the
results for No Bridge Condition and for all flow (Q = 200, 400, 600, 800 and 1000 m3/sec)
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while increasing the Manning’s coefficient n shows that the water surface elevation
increases as the flow area increases at the both upstream and downstream side of the bridge
i.e. water surface elevation and flow area are directly proportional to each other at both
sides of bridge section for the particular flow. Hence the Water Surface Elevation vs
Flow area curve at various Q, at the upstream and downstream sides are overlapped on
the corresponding upstream and downstream curves as the flow is unconstricted at any

section.

Now, as shown in Figure 3.21: Velocity vs Froude no. (Fr) at various Q the results for
No Bridge Condition and for all flow (Q=200, 400, 600, 800 and 1000 m®/sec) while
increasing the Manning’s coefficient n shows that the velocity increases as the Froude no.
(Fr) increases at the both upstream and downstream sides of the bridge i.e. velocity and
Froude no. (Fr) are directly proportional to each other at the upstream and downstream of
the bridge section for the particular flow. And hence Velocity vs Froude no. (Fr) curve at
various Q, at the upstream and downstream sides are parallel with each other because there

IS no obstruction in the flow at both upstream and downstream sides.
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3.4.2WITH BRIDGE AND COMPARISON WITH NO BRIDGE CONDITION
3.4.2.1 Variation of Water Surface Profiles with Manning’s coefficient n (Q = 200 m3/s)

No Bridge 1 bridge 2 m pier 10 m spacing
Afflux m
u/s RS 953 d/s RS 903 u/s RS 953 d/s RS 903
n
. Flow | Flow CWS _ Flow CWS . Flow
WSE | Velocity WSE | Velocity WSE Velocity WSE Velocity
area Fr area Fr Elv area Fr Elv area Fr u/s | dfs
(m) (m/s) (m) (m/s) (m) (m/s) (m) (m/s)
m2 m? (m) m? (m) m?
145.43 441 | 4531 | 0.93 | 145.27 426 | 4694 | 091 | 146.53 | 145.3 2.94 | 68.14 | 0.53 | 144.53 | 145.12 6.23 | 32.09 | 1.53| 0.025 11| -0.74
145.76 3.85 | 51.95 | 0.77 | 145,61 37| 54.09 | 075 | 146.56 | 145.3 291 | 68.82 | 0.52 | 144.56 | 145.12 6.11 | 3272 | 149 | 0.03 0.8 | -1.05
146.05 345 | 5791 | 0.66 | 145.89 331 | 6037 | 065 | 146.59 | 145.3 2.88 | 69.56 | 0.52 | 144.44 | 145.12 656 | 3049 | 164 | 0035 | 054 | -1.45
146.3 3.16 | 63.31 | 0.59 | 146.14 3.03 | 66.02 | 057 | 146.74 | 1453 274 | 729 | 0.48 | 146.14 | 145.12 3.03| 66.02| 057 | 0.04| 044 | 0.00
146.54 2.93 | 68.33 | 0.53 | 146.36 2.81 | 7128 | 052 | 146.91 | 1453 261 | 76.71 | 0.45 | 146.36 | 145.12 281 | 7128 | 052 | 0.045| 0.37 0.00

Table 3.7: Variation of Water Surface Profiles with Manning’s coefficient n (Q = 200 m®/s)
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Water Surface Elevation vs Manning's no. n
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Velocity vs Fr at Q = 200 cumecs with various n (No Bridge)
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Figure 3.22: Velocity vs Fr at Q = 200 cumecs with various n (No Bridge)

Velocity vs Fr at Q = 200 cumecs (With Bridge)
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Figure 3.23: Velocity vs Fr at Q = 200 cumecs (With Bridge)
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(Q = 400 m¥/s)

No Bridge 1 bridge 2 m pier 10 m spacing
Afflux m
u/s RS 953 d/s RS 903 u/s RS 953 d/s RS 903
n
Fl Fl
WSE | Velocity o WSE | Velacity | Flow WSE CWS | Velocity iy WSE CWS | Velocity | Flow
area Fr Fr area Fr Fr u/s d/s
(m) (m/s) 2 (m) (mfs) area m? (m) Elv (m) (m/s) - (m) Elv (m) (m/s) area m?
146.45 6.02 | 66.48 11| 1464 557 | 71.79 | 1.02 | 148.51 | 146.66 3.47 | 115.3 | 0.52 | 14558 | 146.42 747 | 5355 | 152 | 0.025 | 2.06 -0.8
146.89 5.26 | 76.09 | 0.91 | 146.7 501 | 79.81 | 0.89 | 148.54 | 146.66 3.45 | 116.1 | 0.52 | 145.61 | 146.42 737 | 5428 | 149 | 0.03| 165 | -1.11
147.31 466 | 85.74 | 0.78 | 147.1 4.44 | 90.02 | 0.75 | 148.58 | 146.66 3.42 117 | 0.51 | 145.43 | 146.42 796 | 50.26 | 1.66 | 0.035 | 1.27 -1.7
147.67 424 1 94.29 | 0.68 | 147.5 4.04 | 98.94 | 0.66 | 148.62 | 146.66 3.39 | 117.9 | 0.51 | 14548 | 146.42 779 | 51.35| 161 | 0.04 | 0.95 -2
147.99 3.92 | 102.1 | 0.61 | 147.8 3.74 107 0.6 | 148.76 | 146.66 3.29 | 121.6 | 0.49 | 147.78 | 146.42 3.74 | 107.04 0.6 | 0.045 | 0.77 0
Table 3.8: Variation of Water Surface Profiles with Manning’s coefficient n (Q = 400 m%/s)
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(Q = 600 m3s)

No Bridge 1 bridge 2 m pier 10 m spacing
Afflux m
u/s RS 953 d/s RS 903 u/s RS 953 d/s RS 903 n
WSE Velocity Flow WSE Velocity Flow WSE CWSs Velocity Flow WSE CWs Velocity Flow
Fr Fr Fr Fr u/s d/s
(m) (m/s) area m? (m) (m/s) area m? (m) Elv (m) (m/s) area m? (m) Elv (m) (m/s) area m?
147.10 741 | 80.98 | 1.26 | 146.86 719 | 8341 | 1.25| 150.08 | 147.74 3.79 | 158.29 | 0.52 | 146.41 | 147.45 829 | 7237 | 152 |0.025]| 2.98 | -0.45
147.47 6.69 | 89.67 | 1.10 | 147.15 6.63 | 90.50 | 1.12 | 150.11 | 147.74 3.77 | 159.15 | 0.52 | 146.20 | 147.45 890 | 6740 | 167 | 0.03]|2.64]|-0.95
148.18 5.62 | 106.80 | 0.87 | 147.99 5.33 | 112,54 | 0.84 | 150.15 | 147.74 3.75 | 160.14 | 0.51 | 146.25 | 147.45 8.73 | 68.74| 162 | 0.035| 197 | -1.74
148.63 5.08 | 118.18 | 0.76 | 148.42 4.82 | 124.48 | 0.73 | 150.19 | 147.74 3.72 | 161.27 | 0.51 | 146.27 | 147.45 8.69 | 69.06 | 161 | 0.04]| 1.56 | -2.15
149.02 4.67 | 128.46 | 0.68 | 148.79 444 | 135.19 | 0.66 | 150.23 | 147.74 3.69 | 162.50 | 0.51 | 148.79 | 147.45 444 | 135.19 | 0.66 | 0.045 | 1.21 | 0.00
Table 3.9: Variation of Water Surface Profiles with Manning’s coefficient n (Q = 600 m3/s)
(Q =800 m%/s)
No Bridge 1 bridge 2 m pier 10 m spacing
Afflux m
u/s RS 953 d/s RS 903 u/s RS 953 d/s RS 903
. Flow ] n Flow . n
WSE Velocity WSE Velocity Flow WSE CWS Velocity WSE Cws Velocity Flow
area Fr Fr area Fr Fr u/s d/s
(m) (m/s) - (m) (m/s) area m? (m) Elv (m) (mfs) - (m) Elv (m) (mfs) area m?
147.66 859416 | 1.37 | 1474 8.27 | 96.74 | 1.36 | 151.41 | 148.66 411998 | 0.52 | 147.1 | 148.34 8.96 89.3 | 152 |0.025| 3.75 -0.29
148.15 7.54 106 | 1.17 148 7.09 | 112.8 | 1.11 | 151.44 | 148.66 3.99 | 200.7 | 0.52 | 146.85 | 148.34 9.64 | 8297 | 168 | 0.03| 3.29 -1.15
148.85 6.45 | 124.1 | 0.95 | 148.7 6.1 | 131.2 | 0.91 | 151.47 | 148.66 3.96 | 201.8 | 0.51 | 146.91 | 148.34 946 | 8453 | 164 |0.035| 2.62 -1.74
149.39 5.77 | 138.6 | 0.82 | 149.2 546 | 146.5 | 0.79 | 151.51 | 148.66 3.94 203 | 0.51 | 146.95 | 148.34 934 8.65| 161 | 0.04| 212 -2.22
149.85 528 | 151.6 | 0.73 | 149.6 5 160 | 0.71 | 151.55 | 148.66 391 | 2044 | 0.5 | 146.98 | 148.34 9.27 | 86.27 | 1.59 | 0.045 1.7 -2.63

Table 3.10: Variation of Water Surface Profiles with Manning’s coefficient n (Q = 800 m?/s)
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(Q = 1000 m?s)

No Bridge 1 bridge 2 m pier 10 m spacing
Afflux m
u/s RS 953 d/s RS 903 u/s RS 953 d/s RS 903
Flow Flow n
WSE Velocity WSE Velocity Flow WSE CWS Velocity WSE CWS Velocity Flow
area Fr Fr area Fr Fr u/s d/s
(m) (m/s) ) (m) (mis) area m? (m) Elv (m) (mf/s) 2 (m) Elv (m) (mfs) area m?
m
148.19 9.33 | 107.2 | 1.44 | 1479 9.15 | 109.3 | 1.45 | 152.54 | 149.49 4.2 | 238.4 | 0.562 | 147.72 | 149.12 9.49 | 105.33 | 1.52 | 0.025 | 4.35| -0.15
148.73 8.27 | 120.9 | 1.23 | 1484 7.99 | 125.1 | 1.21 | 152.57 | 149.49 418 | 239.4 | 0.52 | 147.75 | 149.12 9.41 | 106.26 | 1.51 0.03 | 3.84 | -0.69
149.49 7.08 | 141.2 1| 148.8 7.38 | 135.4 | 1.09 152.6 | 149.49 416 | 240.6 | 0.51 | 147.49 | 149.12 10.07 99.33 | 1.65|0.035| 3.11 | -1.31
150.04 6.37 | 156.9 | 0.88 | 149.8 6.01 | 166.4 | 0.84 | 152.64 | 149.49 413 | 2419 | 0.51 | 147.84 | 149.12 9.2 | 108.66 | 1.46 0.04 26| -1.98
150.56 5.8 | 172.6 | 0.78 | 150.3 5.48 | 182.6 | 0.75 | 152.68 | 149.49 411 | 243.4 0.5 | 147.56 | 149.12 9.89 | 101.09 | 1.61 | 0.045 | 2.12 | -2.75

Table 3.11: Variation of Water Surface Profiles with Manning’s coefficient n (Q = 1000 m?/s)
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Here, analyzing all the results for Bridge Condition and at Q = 200 m%/sec, while varying
the Manning’s coefficient n, the water surface elevation at the upstream side increases with
smooth rate as the Manning’s coefficient increases and at the downstream side between
the Manning’s coefficient 0.030 to 0.035 there is sudden increase in water surface
elevation as the flow changes from subcritical to supercritical condition at which the

Hydraulic Jump occurs.

Likewise as shown in Table 3.7, when there was no bridge at RS 928, the upstream side
of the bridge at 50 m u/s from bridge axis (u/s RS 953) the water surface elevation was
145.43 m but after providing the bridge (1 bridge 2m pier 10 m pier spacing) the water
surface elevation at the same river section (u/s RS 953) was found to be 146.53 m (i.e.
afflux of 1.10 m). But at the downstream side which is 50 m d/s from the bridge axis when
there was no bridge (d/s RS 903) the water surface elevation was 145.27 m but after
providing the bridge (1 bridge 2m pier 10 m pier spacing) the water surface elevation at
the same section of the river (d/s RS 903) it was found to be 144.53 m (i.e. decrease in
water surface elevation by 0.74 m) for the same value of Manning’s coefficient n. (0.025)
and steady flow 200 m3/sec. Also after providing the bridge the water surface elevation
determined at u/s site RS 953 was 146.53 m whereas the critical water surface elevation
was 145.30 m, it means that the water surface elevation observed was higher than the
critical water surface elevation, which is the definition of subcritical flow at upstream side.
Also at the d/s side of the bridge (d/s RS 903) the water surface elevation determined at
RS 903 was 144.53 m whereas the critical water surface elevation was 145.12 m, it means
that the water surface elevation observed was lower than the critical water surface
elevation, which is the definition of supercritical flow at downstream side. It means that
the flow changes from subcritical to the supercritical flow as a result of which the

Hydraulic Jump occurs at d/s of bridge.

Similarly as shown in the same Table 3.7, and for Manning’s coefficient n. 0.030 when
there was no bridge at the upstream side of the bridge (u/s RS 953) the water surface
elevation was 145.76 m but after providing the bridge (1 bridge 2m pier 10 m pier spacing)
the water surface elevation at the same section of the river (u/s RS 953) was found to be
146.56 m (i.e. afflux of 0.80 m). But at the downstream side when there was no bridge (d/s
RS 903) the water surface elevation was 145.61 m but after providing the bridge the water
surface elevation at the same downstream side of the bridge (d/s RS 903) it was found to

be 144.56 m (i.e. decrease in water surface elevation by 1.05 m) for the steady flow of 200
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mq/sec. Also after providing the bridge the water surface elevation determined at u/s side
RS 953 was 146.56 m whereas the critical water surface elevation was 145.30 m, it means
that the water surface elevation observed was higher than the critical water surface
elevation which is the definition of subcritical flow at upstream side. Also at the d/s side
of the bridge (d/s RS 903) the water surface elevation determined at RS 903 was 144.56
m whereas the critical water surface elevation was 145.12 m, it means that the water
surface elevation observed was lower than the critical water surface elevation, which is the
definition of supercritical flow at downstream side. It means that the flow changes from
subcritical to the supercritical flow as a result of which the Hydraulic Jump occurs for the

Manning’s coefficient 0.030.

Hence, by observing all the Tables (Table 3.7 to 3.11) we found the similar trends of
variation of water surface elevations with the changes in other related parameters and

hence following conclusions have been made:

v' As the Manning’s coefficient n increases the water surface elevation increases,
velocity decreases, flow area at bridge location increases, and thus Froude no. (Fr)
decreases.

v But as the river cross section remaining constant for the same discharge, the flow
may change from subcritical to the supercritical condition.

v Upstream flow condition is always subcritical but the downstream flow may be

subcritical or supercritical depending upon the river section geometry.
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3.4.2.2 Variation of Water Surface Profiles with Contraction and Expansion Reach Length
Contraction (upstream) Length 20 m

For Upstream Length = 20 m (Contraction Length = Expansion Length)

River | Discharge Q =200 m%s Q =400 m*/s Q =600 m%s Q =800 m¥s
Station . . . ! Flow . Flow
Min Ch WSE | CWSE | Velocity Flow WSE | CWSE | Velocity Flow WSE | CWSE | Velocity WSE | CWSE | Velocity
Fr Fr area Fr area Fr
El (m) (m) (m) (mfs) area m? (m) (m) (mf/s) area m? (m) (m) (mf/s) " (m) (m) (m/s) )
m m
953.00* 141.93 | 146,51 | 145.30 295 | 67.82 | 053 | 14850 | 146.66 3.48 | 11497 | 052 | 150.07 | 147.74 3.80 | 157.89 | 0.52 | 151.40 | 148.66 401 | 199.33 | 0.52
928 Bridge
903.00* 141.86 ‘ 144.56 ‘ 145.12 ‘ 6.11 ‘ 32.73 | 1.49 ‘ 145.42 ‘ 146.42 ‘ 7.99 | 50.06 | 1.67 ‘ 146.18 ‘ 147.45 ‘ 8.95 | 67.04 | 1.68 ‘ 146.83 | 148.34 | 9.70 | 82.51 | 1.69
Table 3.12: Variation of Water Surface Profiles with Contraction and Expansion Reach Length (for contraction length 20 m)
Contraction (upstream) Length 25 m
For Upstream Length =25 m
River | Discharge Q =200 m/s Q =400 m/s Q=600 m3/s Q=800 m3/s
Station . . ! . Flow . Flow
Min Ch WSE | CWSE | Velocity Flow WSE | CWSE | Velocity Flow WSE | CWSE | Velocity WSE | CWSE | Velocity
Fr Fr area Fr area Fr
El (m) (m) (m) (mf/s) area m? (m) (m) (mf/s) area m? (m) (m) (mfs) A (m) (m) (m/s) )
m m
953.00* 141.93 | 146,53 | 1453 294 | 6814 | 053 | 14851 | 146.7 347 | 11531 | 052 | 150.1 | 147.74 379 | 15829 | 0.52 | 151.4 | 148.66 4| 199.77 | 052
928 Bridge
903.00* 141.86 ‘ 144.53 ‘ 145.12 ‘ 6.23 ‘ 32.09 | 153 ‘ 14558 ‘ 146.4 ‘

7.47 | 53.55 | 1.52 ‘ 146.4 ‘ 147.45 ‘

8.29 | 72.37 | 152 ‘ 147.1 | 148.34 |

8.96 | 89.3 | 152

Table 3.13: Variation of Water Surface Profiles with Contraction and Expansion Reach Length (for contraction length 25 m)
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Contraction (upstream) Length 30 m

For Upstream Length = 30 m

River | Discharge Q =200 m%s Q =400 m®/s Q =600 m%s Q =800 m¥s
Station . . , . Flow . Flow
Min Ch WSE | CWSE | Velocity Flow WSE | CWSE | Velocity Flow WSE | CWSE | Velocity WSE | CWSE | Velocity
Fr Fr area Fr area Fr
El (m) (m) (m) (mfs) area m? (m) (m) (m/s) area m? (m) (m) (m/s) 1 (m) (m) (m/s) )
m m
953.00* 141.93 | 14654 | 1453 292 | 6845 | 053 | 14853 | 1467 346 | 11567 | 052 | 150.1 | 147.74 3.78 | 158.68 | 0.52 | 151.4 | 148.66 4| 20019 | 052
928 Bridge
903.00% 141.86 ‘ 1445 ‘ 145.12 | 6.36 | 31.47 | 157 ‘ 14555 | 146.4 | 757 ‘ 52.86 ‘ 155 | 146.4 | 147.45 | 8.38 | 71.56 ‘ 154 | 1471 | 148.34 | 9.04 ‘ 88.45 ‘ 154
Table 3.14: Variation of Water Surface Profiles with Contraction and Expansion Reach Length (for contraction length 30 m)
Contraction (upstream) Length 35 m
For Upstream Length = 35 m
Station ) | | . Flow ] Flow
Min Ch WSE | CWSE | Velocity | Flow WSE | CWSE | Velocity | Flow WSE | CWSE | Velocity WSE | CWSE | Velocity
Fr Fr area Fr area Fr
El (m) (m) (m) (m/s) area m? (m) (m) (m/s) area m? (m) (m) (m/s) , (m) (m) (m/s) ,
m m
953.00* 141.93 | 14656 | 1453 291 | 6875 | 052 | 14854 | 1467 345 | 116.01 | 052 | 150.1 | 147.74 3.77 | 159.07 | 052 | 151.4 | 148.66 3.99 | 200.62 | 0.52
628 Bridge
903.00*

141.86 ‘ 144.46 ‘ 145,12 |

6.48 | 30.87 | 1.61 ‘ 14552 | 146.4 |

7.67 ‘ 52.13 ‘ 1.58 | 146.3 | 147.45 |

8.48 | 70.79 ‘ 1.56 | 147 | 148.34 |

9.13 ‘ 87.6 ‘ 1.56

Table 3.15: Variation of Water Surface Profiles with Contraction and Expansion Reach Length (for contraction length 35 m)
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Rearranging above data

For Q = 200 cumecs

u/s RS 953 d/s RS 903 )
Contraction/

WSE L | Flow WSE : :

CWSE | Velocity . CWSE | Velocity Flow . Expansion

area r r
(m) (m) (m/s) 2 (m) (m) (m/s) area m? Length m
146.51 | 145.30 2.95 67.82 0.53 | 144.56 145.12 6.11 32.73 | 1.49 20
146.53 | 145.30 2.94 68.14 0.53 | 144.53 145.12 6.23 32.09 | 1.53 25
146.54 | 145.30 2.92 68.45 0.53 | 144.50 145.12 6.36 31.47 | 1.57 30
146.56 | 145.30 291 68.75 0.52 | 144.46 145.12 6.48 30.87 | 1.61 35
Table 3.16: Rearranging data for various Contraction Lengths (Q = 200 cumecs)
Water Surface Elevation vs Contraction Length at Q = 200 cumecs
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Figure 3.24: Water Surface Elevation vs Contraction Length at Q = 200 cumecs
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For Q =400 cumecs

u/s RS 953 d/s RS 903
Contraction/
Flow
WSE | cws Velocity . WSE | cwse Velocity | Flow . Expansion
area r r
m) | EM | (mhs) 2 (m) (m) (m/s) | area m? Length m
148.50 | 146.66 3.48 | 11497 | 052 | 14542 | 146.42 7.99 50.06 | 1.67 20
148.51 | 146.66 3.47| 1153 | 052 | 14558 | 146.42 7.47 53.55 | 1.52 25
148.53 | 146.66 3.46 | 1157 | 052 | 14555 | 146.42 7.57 52.86 | 1.55 30
148.54 | 146.66 3.45 116 | 0.52 | 14552 | 146.42 7.67 52.13 | 1.58 35
Table 3. 17: Rearranging data for various Contraction Lengths (Q = 200 cumecs)
Water Surface Elevation vs Contraction Length at Q = 400 cumecs
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Figure 3.27: Water Surface Elevation vs Contraction Length at Q = 400 cumecs
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Figure 3.28: Velocity vs Fr
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Figure 3.29: Water Surface Elevation vs Fr
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For Q = 600 cumecs

u/s RS 953 d/s RS 903 )
Contraction/
WSE .| Flow WSE , :
CWSE | Velocity . CWSE | Velocity Flow . Expansion
area r r
(m) (m) (m/s) i (m) (m) (m/s) area m? Length m
150.07 | 147.74 3.80 | 157.89 | 0.52 | 146.18 | 147.45 8.95 67.04 | 1.68 20
150.08 | 147.74 379 | 1583 | 052 | 146.4 | 14745 8.29 72.37 | 152 25
150.1 | 147.74 378 | 158.7| 052 | 146.4 | 14745 8.38 7156 | 154 30
150.11 | 147.74 377 | 159.1 | 052 | 146.3| 147.45 8.48 70.79 | 156 35
Table 3.18: Rearranging data for various Contraction Lengths (Q = 600 cumecs)
Water Surface Elevation vs Contraction Length at Q = 600 cumecs
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Figure 3.30: Water Surface Elevation vs Contraction Length at Q = 600 cumecs
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Figure 3.31: Velocity vs Fr
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Figure 3.32: Water Surface Elevation vs Fr
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For Q = 800 cumecs

u/s RS 953 d/s RS 903 )
Contraction/
WSE L | Flow WSE - :
CWSE | Velocity CWSE | Velocity Flow Expansion
area Fr Fr
(m) (m) (m/s) 2 (m) (m) (m/s) area m? Length m
151.40 | 148.66 401 | 199.33 | 0.52 | 146.83 | 148.34 9.70 82.51 | 1.69 20
151.4 | 148.66 41 199.77 | 052 | 147.1| 14834 8.96 89.3 | 152 25
151.4 | 148.66 41 200.19 | 0.52 | 147.1| 148.34 9.04 88.45 | 1.54 30
151.4 | 148.66 3.99 | 200.62 | 0.52 147 | 148.34 9.13 87.6 | 1.56 35

Table 3.19: Rearranging data for various Contraction Lengths (Q = 800 cumecs)

For Q = 1000 cumecs

u/s RS 953 d/s RS 903 )
Contraction/
WSE . e flow WSE - :
CWSE | Velocity . CWSE | Velocity Flow . Expansion
area r r
(m) (m) (m/s) 3 (m) (m) (m/s) area m? Length m
152.53 | 149.49 4.20 | 237.90 0.52 | 147.41 149.12 10.28 97.32 | 1.69 20
152.5 | 149.49 4.2 | 238.37 0.52 147.7 149.12 9.49 105.33 | 1.52 25
152.6 | 149.49 419 | 238.83 0.52 147.7 149.12 9.58 104.43 | 1.54 30
152.6 | 149.49 4.18 | 239.31 0.52 147.7 149.12 9.66 103.51 | 1.56 35
Table 3.20: Rearranging data for various Contraction Lengths (Q = 1000 cumecs)
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Now, for the analysis of results for variation of Water Surface Profiles with Contraction
and Expansion reach length, we take the contraction and expansion length equal to each
other. i.e. 20.0, 25.0, 30.0 and 35.0 m towards upstream and downstream from the Bridge
axis (at RS 928 m).

From Table 3.16, for steady flow 200 m*/sec and Manning’s coefficient 0.025, the water
surface elevation for contraction length 20.0 m (at upstream) RS 948 is 146.51 m whereas
at d/s RS 908 it is found to be 144.56 m. The flow area at u/s side of bridge is 67.82 m? but
it is only 32.73 m? at d/s side. Velocity at u/s side is 2.95 m/sec but at d/s side it is 6.11
m/sec which is very high as compared with velocity at u/s side. Obviously the Froude no.
(Fr) also changes with the variation in all above parameters. Also at u/s side the critical
water surface elevation is 145.30 m which is lower than the observed water surface
elevation of 146.51 m at u/s side, it means the flow at u/s side is subcritical flow. But at
the d/s side (RS 908) for expansion length 20.0 m, the water surface elevation observed is
144.56 m but the critical water surface elevation is 145.12 m. Here the critical water
surface elevation is higher than the observed water surface elevation so the flow at d/s side

is said to be in supercritical flow.

Similarly, from the same Table 3.16, the water surface elevation for contraction length
25.0 m at upstream RS 953 is 146.53 m whereas at d/s RS 903 it is found to be 144.53 m.
The flow area at u/s side of bridge is 68.14 m? but it is only 32.09 m? at d/s side. Velocity
at u/s side is 2.94 m/sec but at d/s side it is 6.23 m/sec which is very high as compared
with velocity at u/s side. Obviously the Froude no. (Fr) also changes with the variation in
all above parameters. Also at u/s side the critical water surface elevation is 145.30 m which
is lower than the observed water surface elevation of 146.53 m at u/s side, it means the
flow at u/s side is subcritical flow. But at the d/s side (RS 903) for expansion length 25.0
m, the water surface elevation observed is 144.53 m but the critical water surface elevation
is 145.12 m. Here the critical water surface elevation is higher than the observed water

surface elevation so the flow at d/s side is said to be in supercritical flow.

Observing all the results for contraction/expansion reach lengths, when the
contraction/expansion reach lengths increases the water surface elevation at u/s side
increases but decreases at d/s side. Similarly velocity at u/s side goes on decreasing but

increasing at d/s side, flow area at u/s side increasing but decreasing at d/s side as a result
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of which the Froude no. (Fr) at u/s side is almost constant but at d/s side it is continuously

increasing as the contraction/expansion reach lengths increasing.

After analyzing all the above tables (Table 3.12 to 3.20) we have the following

results/conclusions.

v" When the contraction/expansion reach lengths increases for the particular steady
flow, the water surface elevation at u/s side increases, velocity decreases, flow
area decreases and the thus the Fr remains constant. But at the d/s side water
surface elevation initially increases or decreases depending on the river section
geometry as a result of which the velocity, flow area and the Fr fluctuates
accordingly.

v Flow changes from subcritical to supercritical depending on the river section

geometry and flow condition.
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3.4.2.3 Variation of Water Surface Profiles with Pier Size (2.0, 2.5, 3.0 m)
For 2.0 m pier size and n = 0.025, different pier spacing (Q = 200 m%/s)

Contraction or expansion length = 25.0 m

u/s RS 953 d/s RS 903

pier

WSE | cws - WSE | Flow spacin
Velocity | Flow CWSE | Velocity pacing

, Fr area Fr
(m) (m) (mf/s) area m (m) (m/s) .

146.53 145.3 2.94 68.14 | 0.53 | 144.53 | 145.12 6.23 | 32.09 | 1.53 10.00
146.52 145.3 2.95 67.9 | 0.53 | 144.49 | 145.12 6.37 | 314|157 15.00
146.4 145.3 3.06 65.26 | 0.56 | 144.57 | 145.12 6.1 3281|148 20.00

Table 3.21: Variation of Water Surface Profiles with Pier Size (2 m pier size)

Water Surface Elevation vs pier spacing at Q = 200 cumecs
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Figure 3.33: Water Surface Elevation vs pier spacing at Q = 200 cumecs
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Figure 3.34: Water Surface Elevation vs Velocity

Water Surface Elevation vs flow area at Q = 200 cumecs
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Figure 3.35: Water Surface Elevation vs flow area
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Figure 3.36: Water Surface Elevation vs Fr
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For 2.5 m pier size and n = 0.025, different pier spacing and Q = 200 m%/s

u/s RS 953 d/s RS 903 pier
CWSE | Velocity | Flow WSE CWSE | Velocity | Flow spacing
WSE (m) Fr Fr
(m) (m/s) area m? (m) (m) (m/s) area m? m
146.68 145.3 2.8 71.38 | 0.5 | 144.44 | 145.12 6.57 30.46 | 1.64 10.00
146.66 145.3 2.82 71.04 | 05| 14454 | 145.12 6.19 32.29 | 151 15.00
146.51 145.3 2.95 67.76 | 0.53 | 144.49 | 145.12 6.39 31.28 | 1.58 20.00

Table 3.22: Variation of Water Surface Profiles with Pier Size (2.5 m pier size)

Water Surface Elevation vs Pier spacing for.same pier size 2.5 m
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Figure 3.38: Water Surface Elevation vs Pier spacing for same pier size 2.5 m at Q = 200 cumecs
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Figure 3.39: Water Surface Elevation vs Velocity
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Figure 3.40: Water Surface Elevation vs Flow area
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For 3.0 m pier size and n = 0.025, different pier spacing and Q = 200 m%/s

u/s RS 953 d/s RS 903 pier
CWSE | Velocity | Flow WSE CWSE | Velocity | Flow spacing
WSE (m) Fr Fr
(m) (m/s) area m? (m) (m) (m/s) area m? m
146.83 145.3 2.68 74.72 | 0.47 | 144.36 | 145.12 6.89 29.03 | 1.75 10.00
146.8 145.3 2.7 74.11 | 0.47 | 14447 | 145.12 6.45 31 1.6 15.00
146.62 145.3 2.85 70.15 | 0.51 | 14455 | 145.12 6.14 32.55 1.5 20.00

Table 3.23: Variation of Water Surface Profiles with Pier Size (3 m pier size)

Water Surface Elevation vs Pier spacing for same pier size 3.0 m at
Q = 200 cumecs
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Figure 3.42: Water Surface Elevation vs Pier spacing for same pier size 3.0 m at Q = 200 cumecs
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Figure 3.43: Water Surface Elevation vs Velocity
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Water Surface Elevation vs Flow area at Q = 200 cumecs
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Now, for the analysis of variation of Water Surface Profiles with Pier Size, we take 2.0,

2.5 and 3.0 m pier size for different pier spacing and steady flow 200 m%/s.

Now, observing the results in Table 3.21, for 2.0 m pier size, when pier spacing is 10.0 m
the WSE at u/s side (RS 953) is 146.53 m with CWSE 145.30 m. The velocity is 2.94
m/sec, flow area is 68.14 m? and Fr 0.53. But at d/s side (RS 903) the WSE is 144.53 m
with CWSE 145.12 m and flow area of 32.09 m? with high velocity 6.23 m/sec and Fr
1.53. Also for the same pier size of 2.0 m but pier spacing 15.0 m the WSE at u/s side (RS
953) is 146.52 m with CWSE 145.30 m. The velocity is 2.95 m/sec, flow area is 67.90 m?
and Fr 0.53. But at d/s side (RS 903) the WSE is 144.49 m with CWSE 145.12 m and flow
area of 31.40 m2 with high velocity 6.37 m/sec and Fr 1.57. And for pier spacing 20.0 m
the WSE at u/s side (RS 953) is 146.40 m with CWSE 145.30 m. The velocity is 3.06
m/sec, flow area is 65.26 m? and Fr 0.56. But at d/s side (RS 903) the WSE is 144.57 m
with CWSE 145.12 m and flow area of 32.81 m? with a high velocity 6.10 m/sec and Fr
1.48.

Similarly, for 2.5 m pier size, when pier spacing is 10.0 m the WSE at u/s side (RS 953) is
146.68 m with CWSE 145.30 m. The velocity is 2.80 m/sec, flow area is 71.38 m? and Fr
0.50. But at d/s side (RS 903) the WSE is 144.44 m with CWSE 145.12 m and flow area
of 30.46 m? with a very high velocity 6.57 m/sec and Fr 1.64. Also for the same pier size
of 2.5 m but pier spacing 15.0 m the WSE at u/s side (RS 953) is 146.66 m with CWSE
145.30 m. The velocity is 2.82 m/sec, flow area is 71.04 m? and Fr 0.50. But at d/s side
(RS 903) the WSE is 144.54 m with CWSE 145.12 m and flow area of 32.29 m? with
velocity 6.19 m/sec and Fr 1.51. And for pier spacing 20.0 m the WSE at u/s side (RS 953)
is 146.51 m with CWSE 145.30 m. The velocity is 2.95 m/sec, flow area is 67.76 m? and
Fr 0.53. But at d/s side (RS 903) the WSE is 144.49 m with CWSE 145.12 m and flow
area of 31.28 m? with a velocity 6.39 m/sec and Fr 1.58.

And, for 3.0 m pier size, when pier spacing is 10.0 m the WSE at u/s side (RS 953) is
146.83 m with CWSE 145.30 m. The velocity is 2.68 m/sec, flow area is 74.72 m? and Fr
0.47. But at d/s side (RS 903) the WSE is 144.36 m with CWSE 145.12 m and flow area
of 29.03 m? with a very high velocity 6.89 m/sec and Fr 1.75. Also for the same pier size
of 3.0 m but pier spacing 15.0 m the WSE at u/s side (RS 953) is 146.80 m with CWSE
145.30 m. The velocity is 2.70 m/sec, flow area is 74.11 m? and Fr 0.47. But at d/s side
(RS 903) the WSE is 144.47 m with CWSE 145.12 m and flow area of 31.00 m? with
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velocity 6.45 m/sec and Fr 1.60. And for pier spacing 20.0 m the WSE at u/s side (RS 953)
is 146.62 m with CWSE 145.30 m. The velocity is 2.85 m/sec, flow area is 70.15 m? and
Fr 0.51. But at d/s side (RS 903) the WSE is 144.55 m with CWSE 145.12 m and flow
area of 32.55 m? with a velocity 6.14 m/sec and Fr 1.50.

Comparing all the results above (as shown in Table 3.21 to 3.23) we can conclude the
following:

> with different pier spacing of 10.0, 15.0 and 20.0 m and for different pier size (2.0,
2.5 and 3.0 m), when the pier spacing increases for a particular pier size (say 2.0
m), u/s WSE decreases, velocity increases, flow area decreases and Fr also
increases. But at the d/s side when pier spacing increases WSE may increases or
decreases as a result of which velocity, flow area and Fr may also increases or
decreases accordingly which is mainly due to the flow regime and river section
geometry.

» The flow at u/s side is always at subcritical flow but may change to supercritical

flow at d/s side of bridge.
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3.4.2.4 Variation of Water Surface Profiles with Pier Spacing (10.0, 15.0 and 20.0 m)
For 10.0 m pier spacing and n = 0.025, Q = 200 m®/s

u/s RS 953 d/s RS 903 pier
. Flow _ Flow size
CWSE Velocity WSE CWSE | Velocity
WSE (m) area Fr area Fr m
(m) ) | m | m s |

146.53 145.3 2.94 | 68.14 | 0.53 | 144,53 | 145.12 6.23 | 32.09 | 1.53 2.00

146.68 145.3 2.8 | 71.38 0.5 | 14444 | 145.12 6.57 | 3046 | 1.64| 250

146.83 145.3 2.68 | 7472 | 0.47 | 144.36 | 145.12 6.89 | 29.03 | 1.75| 3.00

Table 3.24: Variation of Water Surface Profiles with Pier Spacing (10 m pier spacing)

Water Surface Elevation vs Pier size at Q = 200 cumecs and
10 m pier spacing
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Figure 3.46: Water Surface Elevation vs Pier size at Q =200 cumecs and 10 m pier spacing
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Figure 3.47: Water Surface Elevation vs Velocity

74| Page



\elacity m/s

Water Surface Elevation m

147

146.5

146

145.5

145

144.5

144

20

Water Surface Elevation vs Flow area

25

= Sapet—— —_— =

30 35 40 45 50 55 60 65
Flow area m?

70

Figure 3.48: Water Surface Elevation vs Flow area
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15.0 m pier spacing and n = 0.025, Q = 200 m%/s

u/s RS 953

d/s RS 903

Pier
WSE CWSE Velocity Flow WSE CWSE | Velocity | Flow .
Fr Fr Slize m
(m) (m) (m/s) area m? (m) (m) (m/s) area m?
146.52 145.3 2.95 67.9 | 053 | 144.49 | 145.12 6.37 31.4 1.57 2.00
146.66 145.3 282 | 71.04 0.5 | 14454 | 14512 6.19 | 32.29 151 2.50
146.8 145.3 27| 7411 | 0.47 | 14447 | 14512 6.45 31 1.6 3.00

Table 3.25: Variation of Water Surface Profiles with Pier Spacing (15 m pier spacing)

Water Surface Elevation vs Pier size at Q =200 cumecs and
15 m pier spacing
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Figure 3. 52: Water Surface Elevation vs Pier size at Q = 200 cumecs and 15 m pier spacing
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Figure 3.54: Water Surface Elevation vs Flow area
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For 20.0 m pier spacing and n = 0.025, Q = 200 m®/s

u/s RS 953 d/s RS 903
. Flow ] pier

WSE | CWSE | Velocity WSE CWSE Velocity Flow ]

area Fr Fr slze m

(m) (m) (m/s) ) (m) (m) (m/s) area m?

m
146.4 145.3 3.06 | 65.26 0.56 | 144.57 145.12 6.1 32.81 | 1.48 2.00
146.51 | 1453 295 | 67.76 0.53 | 144.49 145.12 6.39 31.28 | 1.58 2.50
146.62 | 1453 2.85 | 70.15 0.51 | 144.55 145.12 6.14 32.55 1.5 3.00

Table 3.26: Variation of Water Surface Profiles with Pier Spacing (20 m pier spacing)

Water Surface Elevation vs pier size at Q =200 cumecs:and
20 m pier spacing
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Figure 3.58: Water Surface Elevation vs pier size at Q = 200 cumecs and 20 m pier spacing
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Figure 3.59: Water Surface Elevation vs Velocity
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Water Surface Elevation vs Flow area
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Here, for the analysis of variation of WSE with Pier Spacing, we take 10.0, 15.0 and 20.0
m pier spacing for different pier size (2.0, 2.5 and 3.0 m) and steady flow 200 m®/s.

Now observing the results in Table 3.24, for 10.0 m pier spacing, when pier size is 2.0 the
WSE at u/s side (RS 953) is 146.53 m with CWSE 145.30 m. The velocity is 2.94 m/sec,
flow area is 68.14 m? and Fr 0.53. But at d/s side (RS 903) the WSE is 144.53 m with
CWSE 145.12 m and flow area of 32.09 m? with a velocity 6.23 m/sec and Fr 1.53. And
for same pier spacing and 2.5 m pier size, the WSE at u/s side (RS 953) is 146.68 m with
CWSE 145.30 m. The velocity is 2.80 m/sec, flow area is 71.38 m? and Fr 0.50. But at d/s
side (RS 903) the WSE is 144.44 with CWSE 145.12 m and flow area of 30.46 m? with
high velocity 6.57 m/sec and Fr 1.64. And for 3.0 m pier size, the WSE at u/s side (RS
953) is 146.83 m with CWSE 145.30 m. The velocity is 2.68 m/sec, flow area is 74.72 m?
and Fr 0.47. But at d/s side (RS 903) the WSE is 144.36 with CWSE 145.12'm and flow
area of 29.03 m? with high velocity 6.89 m/sec and Fr 1.75.

Again, as shown in Table 3.25, for 15.0 m pier spacing and 2.0 m pier size the WSE at u/s
side (RS 953) is 146.52 m with CWSE 145.30 m. The velocity is 2.95 m/sec, flow area is
67.90 m? and Fr 0.53. But at d/s side (RS 903) the WSE is 144.49 m with CWSE 145.12
m and flow area of 31.40 m? with a velocity 6.37 m/sec and Fr 1.57. And for same pier
spacing and 2.5 m pier size, the WSE at u/s side (RS 953) is 146.66 m with CWSE 145.30
m. The velocity is 2.82 m/sec, flow area is 71.04 m? and Fr 0.50. But at d/s side (RS 903)
the WSE is 144.54 m with CWSE 145.12 m and flow area of 32.29 m? with a velocity 6.19
m/sec and Fr 1.51. And for 3.0 m pier size, the WSE at u/s side (RS 953) is 146.80 m with
CWSE 145.30 m. The velocity is 2.70 m/sec, flow area is 74.11 m? and Fr 0.47. But at d/s
side (RS 903) the WSE is 144.47 with CWSE 145.12 m and flow area of 31.00 m? with
high velocity 6.45 m/secand Fr 1.60.

Now again, as shown in Table 3.26, for 20.0 m pier spacing and 2.0 m pier size the WSE
at u/s side (RS 953) is 146.40 m with CWSE 145.30 m. The velocity is 3.06 m/sec, flow
area is 65.26 m? and Fr 0.56. But at d/s side (RS 903) the WSE is 144.57 m with CWSE
145.12 m and flow area of 32.81 m? with a velocity 6.10 m/sec and Fr 1.48. And for same
pier spacing and 2.5 m pier size, the WSE at u/s side (RS 953) is 146.51 m with CWSE
145.30 m. The velocity is 2.95 m/sec, flow area is 67.76 m? and Fr 0.53. But at d/s side
(RS 903) the WSE is 144.49 m with CWSE 145.12 m and flow area of 31.28 m? with a
velocity 6.39 m/sec and Fr 1.58. And for 3.0 m pier size, the WSE at u/s side (RS 953) is
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146.62 m with CWSE 145.30 m. The velocity is 2.85 m/sec, flow area is 70.15 m? and Fr
0.51. But at d/s side (RS 903) the WSE is 144.55 with CWSE 145.12 m and flow area of
32.55 m? with a velocity 6.14 m/sec and Fr 1.50

After analyzing the above results, we can conclude the following:

» For the constant pier spacing with different pier size, when the pier size increases
u/s WSE increases, velocity decreases, flow area increases and Fr decreases. But
at the d/s side when pier size increases WSE decreases velocity increases, flow area
decreases and Fr also increases which is mainly due to the flow regime and river
section geometry.

» The flow at u/s side is always at subcritical flow but it may change to supercritical

flow at d/s side of bridge.
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3.4.2.5 Variation of Water Surface Profiles with Pier Shape (Drag Coefficient

Cd) (Momentum Method)

Effect of Cd for various Pier Shape (2m pier size and 10 m spacing)

u/s RS 953 d/s RS 903 Cd for
various
] Flow ) Flow Cd
WSE | CWSE | Velocity WSE | CWSE | Velocity pier
area Fr area Fr Description
(m) (m) (m/s) (m) (m) (m/s) shape
m? m?
Elliptical
piers with 2:1
146.38 | 145.3 3.08 | 64.93 0.57 | 14453 | 145.12 6.23 | 32.09 | 1.53 0.60
length to
width
Triangular
146.42 | 145.3 3.04 | 65.89 0.55 | 14453 | 145.12 6.23 | 32.09 | 1.53 1.00 nose with 30
degree angle
146.45 | 145.3 3.01 | 66.37 0.55 | 14453 | 145.12 6.23 | 32.09 | 1.53 1.20 Circular pier
Elongated
piers with
146.46 | 145.3 3| 66.66 0.55 | 14453 | 145.12 6.23 | 32.09 | 1.53 1.33 .
semi-circular
ends
Triangular
146.47 | 145.3 2.99 66.8 0.54 | 14453 | 145.12 6.23 | 32.09 | 1.53 1.39 nose with 60
degree angle
Square nose
146.53 | 145.3 2.94 | 68.14 0.53 | 14453 | 145.12 6.23 | 32.09 | 1.53 2.00 )
piers

Table 3.27: Variation of Water Surface Profiles with Pier Shape Cd
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Water Surface Elevation vs Cd at Q = 200 cumecs and
10 m pier spacing, 2 m pier size
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Figure 3.64: Water Surface Elevation vs Cd at Q = 200 cumecs and 10 m pier spacing, 2 m pier
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Velocity vs Cd
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Now, analyzing the variation of WSE with Pier Shape (Drag Coefficient Cd) in
Momentum Method, we take the different values of Cd for different pier shapes. The

values of Cd are taken from 0.60 to 2.0 and steady flow 200 m3/s.

As shown in Table 3.27, for Cd = 0.60 (Elliptical piers with 2:1 length to width) the WSE
at u/s RS 953 is 146.38 m with CWSE 145.30 m. The velocity is 3.08 m/sec, flow area is
64.93 m? and Fr 0.57. But at d/s RS 903 the water surface elevation is 144.53 with CWSE
145.12 m and flow area of 32.09 m? with high velocity 6.23 m/sec and Fr 1.53.

Also, for Cd = 1.0 (Triangular nose with 30 degree angle) the WSE at u/s RS 953 is 146.42
m with CWSE 145.30 m. The velocity is 3.04 m/sec, flow area is 65.89 m? and Fr 0.55.
But at d/s RS 903 the WSE, CWSE, flow area, velocity and Fr remains same as in the case
of Cd = 0.60.

Similarly, for Cd = 1.2 (Circular shape pier) the WSE at u/s (RS 953) is 146.45 m with
CWSE 145.30 m. The velocity is 3.01 m/sec, flow area is 66.37 m? and Fr 0.55. But at d/s
RS 903 the WSE, CWSE, flow area, velocity and Fr remains unchanged as in the previous

case.

Again, for Cd = 1.33 (Elongated piers with semi-circular ends) the WSE at u/s (RS 953)
is 146.46 m with CWSE 145.30 m. The velocity is 3.0 m/sec, flow area is 66.66 m? and Fr
0.55. But at d/s RS 903 the WSE, CWSE, flow area, velocity and Fr remains unchanged

as in the previous case.

Now, for Cd = 1.39 (Triangular nose with 60 degree angle) the WSE at u/s (RS 953) is
146.47 m with CWSE 145.30 m. The velocity is 2.99 m/sec, flow area is 66.80 m? and Fr
0.54. But at d/s RS 903 the WSE, CWSE, flow area, velocity and Fr remains unchanged

as in the previous case.

Now, for Cd = 2.0 (Square nose piers) the WSE at u/s (RS 953) is 146.53 m with CWSE
145.30 m. The velocity is 2.94 m/sec, flow area is 68.14 m? and Fr 0.53. But at d/s RS 903

the WSE, CWSE, flow area, velocity and Fr remains unchanged as in the previous case.

Hence, analyzing the results with different values of Cd for different pier shapes (0.60 to
2.0) when the pier shape coefficient Cd increases u/s WSE increases, velocity decreases,
flow area increases and Fr decreases. But at the d/s side for all values of Cd, WSE, velocity,
flow area and Fr all remain constant at d/s side as the effect of Cd is of local nature and

does not extent over a large area downstream but the small change in Cd caused the
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changes in all the parameters like water surface elevation, velocity, flow area and Fr at

upstream side of bridge.

Hence, we can conclude that:

v The upstream WSE for square nose pier is found to be maximum among all above

shape piers. The increasing order of water surface elevation at u/s side of bridge

due to various shape of piers are summarized below.

Cd for various Cd Description Remarks
pier shape
0.60 Elliptical piers with 2:1 length to width
1.00 Triangular nose with 30 degree angle
1.20 Circular pier
1.33 Elongated piers with semi-circular ends
1.39 Triangular nose with 60 degree angle
2.00 Square nose piers
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3.4.2.6 Variation of Water Surface Profiles with Pier Shape (Yarnell Coefficient k)

u/s RS 953 d/s RS 903 k for
. Flow ) Flow various Cd
WSE | CWSE | Velocity WSE | CWSE | Velocity ] L
area Fr area Fr pier Description
(m) (m) (mis) , (m) (m) (ms) )
m m shape
Semi-
circular
nose and
146.53 | 145.3 2.94 | 68.14 | 0.53 | 144.53 | 145.12 6.23 | 32.09 | 1.53 0.9 | tail
90 degree
triangular
nose and
146.53 | 145.3 2.94 | 68.14 | 0.53 | 144.53 | 145.12 6.23 | 32.09 | 1.53 1.05 | tail
Square
nose and
146.53 | 145.3 2.94 | 68.14 | 0.53 | 144.53 | 145.12 6.23 | 32.09 | 1.53 1.25 | tail
Table 3.28: Variation of Water Surface Profiles with Pier Shape k
Water Surface Elevation vs k at Q = 200 Velocity vsk
cumecs and 10 m pier spacing, 2 m pier y
size L
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Figure 3.68: (a) Water Surface Elevation vs k at Q =200 cumecs and 10 m pier spacing,

2 m pier size (b) Velocity vs k
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Here, observing the results in Table 3.28 for variation of WSE with Pier Shape (Yarnell
Coefficient k), k = 0.90 (Semi-circular nose and tail) the WSE at u/s side (RS 953) is
146.53 m with CWSE 145.30 m. The velocity is 2.94 m/sec, flow area is 68.14 m? and Fr
0.53. But at d/s side (RS 903) the WSE is 144.53 with CWSE 145.12 m and flow area of
32.09 m? with a high velocity 6.23 m/sec and Fr 1.53.

Hence, analyzing the results with different values of k for different pier shapes (0.90 to
1.25), for all values of k there is no effect on WSE, velocity, flow area and Fr at u/s and
d/s side of bridge section. So we can say that the Yarnell’s Momentum method has no

effect on WSE determination.
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3.4.3 VARIATION OF WATER SURFACE PROFILES WITH AND WITHOUT BRIDGES IN SERIES (5 nos.)

3.4.3.1 Data extraction for No Bridge Condition

n=0.025
Discharge 200 m%/s 400 m®/s 600 m3/s
River i
Station MinchEl | wse | cwse | o | Flow wse | cwse | * | Fiow WSE | CWSE V_elo Flow
(m) (m) (m) % area m? i (m) (m) 4 area m? g (m) (m) oy area a
(m/s) (m/s (m/s) m?
)
8471.18* 159.11 163.07 0.94 212.69 | 0.18 | 164.58 1.17 | 341.85 0.2 | 165.68 134 | 4485 | 0.2
8425.73* 159.04 163.05 1.03 194.13 | 0.2 | 164.56 1.28 | 312.86 | 0.21 | 165.65 1.46 | 411.39 | 0.22
6953.00* 154.56 156.93 156.9 3.71 53.86 0.98 | 157.66 | 157.79 | 4.86 82.34 1.09 | 158.26 | 158.51 | 5.57 | 107.69 | 1.14
6903.00* 154.4 156.72 | 156.66 3.59 55.65 0.95 | 157.8 | 157.53 | 3.99 100.3 0.85 | 158.77 | 158.23 | 4.08 | 147.03 | 0.78
5430.78* 151.28 155.71 212 94.3 0.44 | 156.9 2.75 | 145.69 | 0.49 | 157.77 3.23 | 185.94 | 0.52
5375.22* 151.23 155.64 2.18 91.93 0.46 | 156.84 2.77 144.2 0.5 | 157.72 3.22 | 186.51 | 0.53
3953.00* 148.52 152.18 3.35 59.67 0.74 | 153.29 4.24 94.42 0.81 | 154.15 4.8 12495 | 0.84
3903.00* 148.44 152.07 3.28 61.02 0.73 | 153.19 4.12 97.06 0.79 | 154.06 4.64 | 129.37 | 0.81
2453.00* 14491 149.03 2.04 98.14 0.4 | 150.91 2.27 | 17597 | 0.37 | 152.55 2.37 | 253.19 | 0.34
2403.00* 144.81 148.98 212 94.54 0.42 | 150.86 235 | 170.11 | 0.38 | 152,51 244 | 24543 | 0.35
953.00* 141.93 145.43 145.3 4.41 45.31 0.93 | 146.45 | 146.66 | 6.02 66.48 11 147.1 | 147.74 | 7.41 80.98 | 1.26
903.00* 141.86 145.27 | 145.12 4.26 46.94 0.91 | 146.38 | 146.42 | 5.57 71.79 1.02 | 146.86 | 147.45 | 7.19 83.41 | 1.25

Table 3.29: Data extraction for No Bridge Condition

92| Page



n=0.025
) Discharge 800 m¥/s 1000 m3/s
River
. ) ) Flow ) Flow
Station Min Ch WSE | CWSE | Velocity WSE CWSE | Velocity
area Fr area Fr
El'(m) (m) (m) (ms) ) (m) (m) (mis) ,
m m

8471.18* 159.11 | 166.57 1.48 | 540.68 | 0.21 | 167.34 16| 623.71 | 0.21
8425.73* 159.04 | 166.54 1.61 | 496.39 | 0.23 167.3 175 | 5726 | 0.23
6953.00* 154.56 | 159.62 | 159.14 457 | 1749|082 | 160.44 | 159.67 45| 22217 | 0.75
6903.00* 154.4 | 159.66 4.07 | 196.34 | 0.71 | 160.48 4.06 | 246.17 | 0.65
5430.78* 151.28 | 158.55 3.58 | 223.47 | 0.54 | 159.27 3.85 | 259.45 | 0.55
5375.22* 151.23 | 158.51 3.53 | 226.32 | 0.54 | 159.23 3.78 | 264.72 | 0.55
3953.00* 148.52 | 155.03 4.99 | 160.29 | 0.82 | 155.96 4.96 | 201.44 | 0.76
3903.00* 148.44 | 154.97 4.78 | 167.25 | 0.79 | 155.93 4,73 | 21151 | 0.72
2453.00* 144,91 154 243 | 328.61 | 0.32 | 155.31 248 | 403.11 | 0.31
2403.00* 144,81 | 153.96 2.51 | 319.03 | 0.33 | 155.27 2.55 | 391.66 | 0.32

953.00* 141.93 | 147.66 | 148.66 85| 9416 | 1.37 | 148.19 | 149.49 9.33 | 107.2| 144

903.00* 141.86 | 147.39 | 148.34 8.27 | 96.74 | 1.36 | 147.87 | 149.12 9.15 | 109.26 | 1.45

Data extraction for No Bridge Condition

93| Page




3.4.3.2 Data extraction for Five Bridges in Series

n=0.025
Ri Discharge 200 m¥/s 400 m¥/s 600 m¥/s
iver
. . Veloci | Flow Veloci | Flow Velo | Flow
Station MinCh El | WSE CWSE WSE | CWSE WSE | CWSE )
ty area Fr ty area Fr city area Fr
(m) m | (m | m | m , m | (m ,
(m/s) m (m/s) m (m/s) m

8471.18* 159.11 163.07 0.94 | 212.69 | 0.18 | 164.58 1.17 | 34185 | 0.2 | 165.68 1.34 | 4485 | 0.2
8425.73* 159.04 163.05 1.03 | 19413 | 0.2 | 164.56 1.28 | 312.86 | 0.21 | 165.65 1.46 | 411.39 | 0.22
6953.00* 154.56 157.83 156.9 2.24 89.15 | 0.49 | 159.11 | 157.78 | 2.71 | 147.63 | 0.51 | 160.08 | 158,51 | 2.99 | 200.96 | 0.51

6928 Bridge
6903.00* 154.4 156.2 156.66 5.39 37.08 | 1.64 | 156.99 | 157.53 | 6.05 66.14 | 1.49 | 157.54 | 158.23 | 6.74 | 88.96 | 1.49
5430.78* 151.28 155.89 | 154.55 1.96 | 10188 | 0.4 157.3 | 155.48 | 2.44 | 163.66 | 0.41 | 158.39 | 156.23 | 2.79 | 215.32 | 0.42

5428 Bridge
5375.22* 151.23 155.64 2.17 9199 | 0.46 | 156.85 277 | 14466 | 05 | 157.76 3.18 | 188.42 | 0.52
3953.00* 148.52 152.87 | 151.72 2.49 80.43 0.5 | 154.42 | 152.86 | 295 | 13553 | 0.51 | 155.61 | 153.72 | 3.23 | 185.92 | 0.51

3928 Bridge
3903.00* 148.44 151.11 | 151.59 5.63 3554 | 1.48 152 152.7 6.77 59.06 | 1.51 | 152.68 | 153.55 | 7.51 | 79.87 | 1.53
2453.00* 144.91 149.17 | 147.69 1.94 | 103.12 | 0.38 | 151.09 | 148.66 | 2.17 | 183.98 | 0.34 | 152.74 | 149.42 | 2.28 | 262.67 | 0.32

2428 Bridge
2403.00* 144.81 148.99 2.11 9485 | 0.42 | 150.88 2.34 | 170.89 | 0.38 | 152.53 2.44 | 246.31 | 0.34
953.00* 141.93 146.53 145.3 2.93 68.15 | 0.53 | 148.51 | 146.66 | 3.47 | 11531 | 0.52 | 150.08 | 147.74 | 3.79 | 158.28 | 0.52

928 Bridge
903.00* 141.86 144,53 | 145.12 6.23 32.09 | 153 | 14558 | 146.42 | 7.47 5354 | 152 | 146.41 | 14745 | 8.29 | 72.37 | 1.52

Table 3.30: Data extraction for Bridges in Series (Five Bridges in Series)
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n =0.025

Bi Discharge 800 m3/s 1000 m¥/s
iver
Flow
Station Min Ch WSE | CWSE | Velocity . WSE CWSE | Velocity | Flow .
area r r
El (m) (m) (m) (m/s) ) (m) (m) (m/s) area m?
m
8471.18* | 159.11 166.57 1.48 | 540.68 | 0.21 167.34 16| 62371 | 0.21
8425.73* | 159.04 166.54 1.61 | 496.39 | 0.23 167.3 1.75 5726 | 0.23
6953.00* | 154.56 160.9 | 159.14 3.2 | 249.84 | 0.51 161.81 159.7 3.24 | 30856 | 0.48
6928 Bridge
6903.00* 154.4 160.1 3.59 | 22272 | 0.6 161.01 3.57 | 279.89 | 0.55
5430.78* | 151.28 159.34 | 156.84 3.04 | 263.01 | 0.43 160.19 157.4 3.25 | 308.11 | 0.43
5428 Bridge
5375.22* | 151.23 158.58 3.47 | 230.4 | 0.53 159.34 3.69 | 270.86 | 0.53
3953.00* | 148.52 156.58 | 154.45 3.47 | 23082 | 05 157.4 155.1 368 | 27149 | 0.51
3928 Bridge
3903.00* | 148.44 153.27 | 154.26 8.02 = 99.75 |-1.53 153.77 154.9 8.45 | 11834 | 152
2453.00* | 14491 154.19 | 150.07 2.36 | 33856 | 0.3 155.48 150.7 242 | 41341 0.3
2428 Bridge
2403.00* | 14481 153.97 25 | 31951 | 0.33 155.26 256 | 391.14 | 0.32
953.00* | 141.93 151.41 | 148.66 4.01 | 199.75 | 0.52 152.54 149.5 419 | 23845 | 0.52
928 Bridge
903.00* | 141.86 147.1 | 148.34 8.96 89.3 | 1.52 147.72 149.1 9.49 | 10534 | 152

Data extraction for Bridges in Series (Five Bridges in Series)
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3.4.3.2 Comparison of Water Surface Elevations with and without Bridges

No Bridge Condition With 5 Bridges in Series Afflux at various Q (n = 0.025) Remarks
Discharges
200 400 600 800 1000 200 400 600 800 1000 200 | 400 | 600 | 800 | 1000
(Q) m¥/s
RS WSE (m) WSE (m) Afflux (m)

8471.18* | 163.07 | 164.58 | 165.68 | 166.57 | 167.34 | 163.07 | 164.58 | 165.68 | 166.57 | 167.34 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

8425.73* | 163.05 | 164.56 | 165.65 | 166.54 | 167.30 | 163.05 | 164.56 | 165.65 | 166.54 | 167.30 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

6953.00* | 156.93 | 157.66 | 158.26 | 159.62 | 160.44 | 157.83 | 159.11 | 160.08 | 160.90 | 161.81 | 0.90 | 1.45 | 1.82 | 1.28 | 1.37 | u/s of Bridge at RS 6928

6903.00* | 156.72 | 157.80 | 158.77 | 159.66 | 160.48 | 156.20 | 156.99 | 157.54 | 160.10 | 161.01 | -0.52 | -0.81 | -1.23 | 0.44 | 0.53 | d/s of Bridge at RS 6928

5430.78* | 155.71 | 156.90 | 157.77 | 15855 | 159.27 | 155.89 | 157.30 | 158.39 | 159.34 | 160.19 | 0.18 | 0.40 [ 0.62 | 0.79 | 0.92 | u/s of Bridge at RS 5428

5375.22* | 155.64 | 156.84 | 157.72 | 15851 | 159.23 | 155.64 | 156.85 | 157.76 | 158.58 | 159.34 | 0.00 | 0.01 | 0.04 | 0.07 | 0.11 | d/sof Bridge at RS 5428

3953.00* | 152.18 | 153.29 | 154.15 | 155.03 | 155.96 | 152.87 | 154.42 | 155.61 | 156.58 | 157.40 | 0.69 | 1.13 | 1.46 | 1.55 | 1.44 | u/sof Bridge at RS 3928

3903.00* | 152.07 | 153.19 | 154.06 | 154.97 | 155.93 | 151.11 | 152.00 | 152.68 | 153.27 | 153.77 | -0.96 | -1.19 | -1.38 | -1.70 | -2.16 | d/s of Bridge at RS 3928

2453.00* | 149.03 | 150.91 | 152.55 | 154.00 | 155.31 | 149.17 | 151.09 | 152.74 | 154.19 | 15548 | 0.14 | 0.18 | 0.19 | 0.19 | 0.17 | u/s of Bridge at RS 2428

2403.00* | 148.98 | 150.86 | 152.51 | 153.96 | 155.27 | 148.99 | 150.88 | 152.53 | 153.97 | 155.26 | 0.01 | 0.02 | 0.02 | 0.01 | -0.01 | d/s of Bridge at RS 2428

953.00* | 145.43 | 146.45 | 147.10 | 147.66 | 148.19 | 146.53 | 148.51 | 150.08 | 151.41 | 15254 | 1.10 | 2.06 | 2.98 | 3.75 | 4.35 | u/s of Bridge at RS 928

903.00* | 145.27 | 146.38 | 146.86 | 147.39 | 147.87 | 14453 | 14558 | 146.41 | 147.10 | 147.72 | -0.74 | -0.80 | -0.45 | -0.29 | -0.15 | d/s of Bridge at RS 928

Table 3.31: Comparison of Water Surface Elevations with and without Bridges
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Here, comparing the results between Bridge Condition and Without Bridge Condition for
the multiple bridges in series in the same river reach at the upstream and downstream side

of the bridges.

The modelling is done for five bridges which are located at RS 928, 2428, 3928, 5428 and
6928 m and are at equal distance (1500 m) apart from each other in the same river reach.
The flow simulation is done for the five nos. of steady flow (200, 400, 600, 800 and 1000
cumecs) and the results for the Water Surface Elevations obtained are expressed in the

tabular form as shown above tables. (Tables 3.28 to 3.30).

From the results as shown in Tables above, at the u/s side of Bridge at RS 6928 i.e.at ch.
6953.00* the WSE for steady flow at 200 cumecs when there was no bridge is 156.93 m,
but after placing the bridge at RS 6928 it was found to be 157.83 m (i.e. afflux 0.90 m at
u/s). Also at the d/s side of bridge at RS 6928 i.e. at ch. 6903.00* the WSE for steady flow
at 200 cumecs when there was no bridge is 156.72 m, but after but after placing the bridges
at RS 6928 it was found to be 156.20 m (i.e. decrease in water surface elevation by 0.52

m).

Similarly, from the results as shown in Tables above, at the u/s side of Bridge at RS 5428
i.e.at ch. 5430.78* the WSE when there was no bridge is 155.71 m, but after placing the
bridge at RS 5428 it was found to be 155.89 m (i.e. afflux 0.18 m at us). Also at the d/s
side of bridge at RS 5428 i.e. at ch. 5375.22* the water surface elevation for steady flow
at 200 cumecs when there was no bridge is 155.64 m, but after but after placing the bridge
at RS 5428 it was found to be 155.64 m (i.e. there is no change in water surface elevation
at d/s side).

All the flows and their corresponding WSE and afflux values are shown in above Table.
Hence, we can say that there is a similar trends of changing water surface elevation and
other parameters and there is always some rise in backwater (afflux) at the upstream side
of bridge for any steady flow. But the condition may always not be true at the downstream
side of bridge. At the d/s side, the water surface elevation may rise or fall as compared
with the u/s WSE depending upon the width of channel, river geometry and river section
at the site of consideration. Hence the effect of backwater vicinity at the bridge location
due to bridge parameters is of localized nature and cannot be extent up to a large area of
upstream and downstream of bridge.
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Water Surface Profile without Bridge
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Table 3.32: Water Surface Elevations with and without Bridges (Drawn in Excel)
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Table 3.33: Water Surface Profiles with and without Bridges (Obtained from HEC -RAS)
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SUMMARY AND DISCUSSION OF RESULTS

CHAPTER -4

4.1 SUMMARY AND CONCLUSION

After analysis of the all the parameters related to cause the change in water surface

elevation in the one dimension steady flow with bridge and without bridge condition,

following results and conclusions are obtained. The summary of all results can be

expressed in the Tabular form as shown below:

. Flow Area at | Froude no.
Parameters Effect WSE Velocity ) ]
bridge site (Fr)
Manning’s
. . Increases Increases Decreases Increases Decreases
coefficient n
Pier Spacing Increases | Decreases Increases Decreases Increases
Different pier size at
equal spacing (2.0, Increases Increases Decreases Increases Decreases
2.5, 3 m piers @ 10
m spacing)
Same pier size at
giferent spaging (2.0 Increases | Decreases Increases Decreases Increases
m pier @ 10, 15, 20
m spacing)
Shape of piers
U u/s u/s u/s
Cd (Momentum increases/ .
Increases decreases/d/s | increases/d/s | decreases/d/s
Method) d/s
constant constant constant
constant
k (Yarnell’s Method) No effect
For the constant k
Discharge Q Increases Increases Increases Increases Constant
For the constant n
u/s
Discharge Q Increases Increases Increases Increases decreases/d/s
increases
u/s u/s
Spacing of piers Increases | Decreases | increases/d/s | decreases/d/s Increases
decreases increases

Table 3.34: Summary Table of Results
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For no bridge condition and steady flow

For the Constant Steady Flow, when Manning/s no. n increases Water Surface Elevation
increases, Velocity decreases, Flow area at Bridge site increases, and thus Froude no. (Fr)

decreases.

For bridge condition and steady flow

But after placing the bridge at the same location, the bridge piers obstruct the flow at
upstream and downstream side of the bridge and hence there is significant changes in the

water surface elevations at both sides of the bridge.

On the basis of variation of the different bridge parameters, the water surface elevations

also varies accordingly.

For the same Discharge, when the bridge pier spacing increases, Water Surface Elevation
decreases, Velocity increases, Flow area at Bridge site decreases, and thus Froude no. (Fr)

increases.

Also for different pier size at equal spacing i.e. 2.0, 2.5, 3.0 m piers @ 10 m spacing and
for the same Q, when the bridge pier size increases, Water Surface Elevation increases,

Velocity decreases, Flow area at Bridge site increases, and thus Froude no. (Fr) decreases.

Also for Same pier size at different spacing i.e. 2 m pier @ 10, 15, 20 m spacing and for
the same Q, when the bridge pier spacing increases, Water Surface Elevation decreases,

Velocity increases, Flow area at Bridge site decreases, and thus Froude no. (Fr) increases.

Now, according to the shape of piers or as per pier geometry, when the coefficient of
discharge Cd increases, Water Surface Elevation at u/s side of bridge increases whereas it
is constant at d/s side, Velocity at u/s side decreases and no change at d/s side, similarly
Flow area at u/s Bridge side increases but no change at d/s side, and thus Froude no. (Fr)

at u/s side decreases and is constant at d/s side.

Now as per the effect of Yarnell coefficient k, for the steady flow Q, it has no effect on

any of the above parameters.
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For constant k

Now as per the effect of Yarnell coefficient k, for the same k, when the Discharge Q
increases, there is no change in Water Surface Elevation, Velocity and Flow area at Bridge

site, and thus no change in Froude no. (Fr).

For constant Cd and n together

Now for the same Cd and n at the same time, when the Discharge Q increases, Water
Surface Elevation increases, Velocity also increases, Flow area at Bridge site increases,

and thus Froude no. (Fr) at u/s side decreases while it decreased at d/s side of bridge.

Now for the same n, when the Discharge Q increases, Water Surface Elevation increases,
Velocity also increases, Flow area at Bridge site increases, and thus Froude no. (Fr) at u/s

side decreases while it decreased at d/s side of bridge.

For same n and same pier size, if Spacing of piers increases, Water Surface Elevation
decreases, Velocity at u/s side increases and d/s side decreases, Flow area at Bridge u/s
side decreases and d/s side increases and thus Froude no. (Fr) at u/s side increases while it

decreased at d/s side of bridge.

The results and conclusions are of much more important because the variation of water
surface elevation and corresponding water surface profiles due to bridge are not only
related to bridge hydraulics but are caused due to the river section geometry and bridge
modelling method. The results are very useful for finding stagnation zones of bridge site
and are also the measure of finding the afflux and backwater effect to the vicinity of the

bridge site.
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4.2 FUTURE SCOPE OF WORKS

The stability of bridge is very important aspect as it is used for transportation purpose

because without stable bridge structure in the roads there is no possibility of

communication between the two places. The well-functioning of bridge can be assured

only by the effective hydraulic and geometric design of bridges. So in the designing stage,

maximum backwater (afflux), effective area, stagnation zones, contraction and expansion

lengths of river reach and effects of piers (size, shape, spacing, numbers etc.) can be well

designed and their effects should also be considered very efficiently. The simulation of

steady flow in HEC-RAS gives the effects of such bridge parameters on the water surface

profiles.

1.

Therefore, it is advisable to use the HEC-RAS programming for the fast, efficient
and reliable results for the determination of backwater effects due to road bridge in
any natural channel (like river). The afflux or backwater analysis can be used for
the bridge designing and modelling and also for the design of river training
structures around the bridge.

The modelling in the river reach can be used widely in the determination of effects
of contraction and expansion lengths. The modelling greatly affects the upstream
and downstream reach as the flow can be changed from one regime to the another
at the same river section after providing the bridges.

The effect of single bridge at the particular river station and its vicinity can be
measured. Also the effect of multiple bridges in series at the particular spacing
upstream and downstream of the river cross section can be determined with the
HEC-RAS programming which can be very beneficial in the analysis of flood and
stagnation zones due to those bridges.

For bridges over major rivers the guide bunds and other protection measures should
be designed at least for floods and soil erosion controlling purposes. The effective
zones can safely be handled with the help of HEC-RAS.

Since the area near bridge site is of high concern, the hydraulics related to bridge
and river should be treated as major importance for the stability and smooth

functioning of bridge.
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