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Abstract: The study deals with hydrological investigation of River, Stream and Flood path which interact with the 

proposed LITHELY ARCH BRIDGE Hydrological Investigation are preliminary studies which shall be carried out 

and this study focused on design discharge, to estimate their different return flood magnitude in order to size the 

openings of proposed LITHELY ARCH BRIDGE. This study focused on the calculation of velocities, flood levels 

and flood discharge of river in various return periods, suitable Hydraulic parameter as per IRC for different 

Geometries. This paper presents an analysis and comparison of different geometries, collection of data, analysis of 

river in the proposed ARCH BRIDGE, calculation of design discharge by using Empirical methods. 
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1. INTRODUCTION 
Bridges are one of the most important components of transportation system. Bridges are the structure which 

providing passage over a gap or barrier, such as river or roadway. Bridge is a structure build over a water body or 

any obstacle or depression to allow the passage for pedestrian or vehicle. Both urban and ruler area are linked by 

highways and bridges. 

Hydraulic is essential feature of bridge design. Fair assessments of flood levels, maximum flood discharge occurs at 

bridge site most of the time bridge structure fail due to flood or high velocity discharge. During design of bridge, 
maximum scour level are essential aspects of bridge hydraulics. Faulty determination of these parameter may lead 

to failure of structure. 

This research paper is based on how to prepare suitable proposal of bridge structure with respect to hydraulic 

parameters. In this research paper we are considering suitable geometries as per PWDs guidelines and IRC codes, 

estimation of waterway, % obstruction of water flow afflux calculation and scour calculation for lithely arch bridge. 

 

2.   ERECTION METHODOLOGY OF LITHELY ARCH BRIDGE 

Lithely arch system is very similar to the bridge stone or masonry arch bridges. For the casting of lithely arch 

precisely. 

2.1 Precasting Activity:  Precasting of Individual PCC blocks is to be done in precisely fabricated in mould for 

they required dimension. And thickness. These concrete blocks are then placed on level h frame (steel frame) those 

concrete blocks are then lined and leveled up in a straight line on h frame. Wire ropes are placed on top of concrete 

block is convert a single unit and use for lifting purpose only. Wire ropes are used to connect the individual block 

into a single unit and to give flexibility to the arch. 
Ferrules are provided so that wire rope get property anchored with concrete block the screed concrete of 60 mm 

thick provided on a top of PCC block. This is the process of casting of lithely arch bridge. 

Precisely fabricated steel mould will prepare for the casting of PCC socket. The socket is placed on a top of 

abutment and pier for arch strip. The socket top surface is aligned in such a way that to accommodate the angle of 

block at the end of the ring. Two sockets are required for each ring on either end. 

2.2 Half lift process: By using lifting arrangement lift of arch strip with the half of arch flatbed to trailer. The 

purpose of half lift is a transportation of arch strip from casting yard to site. 

2.3 On site activity: After marking of layout on site and excavation was done for casting of pier, abutment and 

foundation. Once casting and abutment are done precast sockets are placed on top of pier and abutment. Socket 

layout prepared precisely so that the arch strip to be placed at their position. 

2.4 Full lift activity: Full lift is the process in which an arch strip lifted from the tailor and simply placed over the 
socket. While full lifting arch strip gets its desired shape of the arch and hence called a full flash final lift. 

2.5 Arch strip placed on pier and abutment: The arch strip placed on socket with help of through lifting 

assembly. This process is done in specialized controlled under supervision of expert engineers. Successive arch 

strip was welded by the suitable diameters of TMT bars every lunching activity just to stabilize individual arch 

strips temporarily. 
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2.6 Back filling with circular opening: Plum concrete with lowest pump able concrete grade (70% plum and 30% 

concrete) can be filled above arch ring. Spandrel wall was used as permanent shuttering for backfilling of plum 

concrete was done a layer of approximately 1m. 

 

Fig. 1 

3.   THEORY OF HYDRAULIC DESIGN CALCULATION 

3.1 Preliminary Survey data:- 

Survey data should be as per the check list given in IRC clause 102 and as per the design circle and some important 

points to be seen in survey data are detailed below: 

3.1.1 Survey is a critical component of any flood report for a bridge includes Cross section for reach both 

downstream and upstream of crossing. 

3.1.2 At least three cross sections on U/S and D/S spaced approximately 100-500 m apart.  

3.1.3 Cross section should be right angle to the flow and extend to higher than the highest expected flood level. 
3.1.4 The cross section reached sufficiently to allow the back water due to obstruction on downstream. 

 

3.2   DISCHARGE CALCULATION: 

The Discharge at bridge site calculating by using Empirical formula as detailed below: 

 

3.2.1      Inglis Formula: (For Western Ghat and Tapi Valley) 

Q = 7000 A 

      √ A+ 4 

Where,        Q =   Discharge in cusecs (ft3/sec)  

                    A =   Catchment area in sq. miles 

 
3.2.2     Modified Inglis formula: (Upper Parts of Western Ghats) 

Q = 4000 A 

                          √ A+ 4 

      Where,        Q =   Discharge in cusecs (ft3/sec)  

                 A =   Catchment area in sq. mile 

 

3.3     Discharge by Manning’s:  

The discharge calculated from above from Empirical Method has to fairly tally with the discharge calculated by 

Manning’s formula i.e. area-velocity method with use of hydraulic characteristics of stream.  

Manning’s velocity V (in m/s) = 1/n R2/3 S1/2            (As per CI. 5.4; IRC: SP: 13-2004) 

Where, n = Rugosity coefficient depending on roughness of bed and bank values. 

  R = A/P i.e., Hydraulic mean depth. 

  S = Hydraulic gradient. 

  Q = Discharge m3/s. 

  A = Area of cross section in m2            

  V = velocity of respective compartments in m/s.  
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3.4    Design High Flood Level (H.F.L):  

Determine high flood level corresponding to the adopted design flood discharge by using Manning’s equation by 

dividing that x-sec into suitable compartments preferably 3 and by using appropriate rugosity co-efficient. 

The discharge so worked out by manning’s formulae & with the design flood discharge shall be compared & ensure 

to have difference of not more than 2%. The design HFL shall be fixed accordingly. 

The highest flood level should be ascertained by intelligent local observation, supplemented by local enquiry, and 

marked on the cross-section. The highest of the calculated value of HFL & one known by local enquiry shall be 

adapted for further design. 

 

3.5    Ordinary Flood Level (H.F.L):  

 It is the flood level which normally occurs every year. 

 3.6    Determination Linear Water Way: 

 The width of waterway between the extreme edges of water surface at High flood level measured at right angle to 

abutment face. 

 3.6.1    Linear water way at HFL/OFL = A/D 

Where   A    = Wetted area of the discharging section at HFL/OFL. 

           D    = Maximum flood depth at HFL or OFL 

                       = HFL or OFL – Lowest bed level of central compartment. 

    Linear water way provided = no. of span x clear span 

Linear water way provided > linear water way required  

3.7    Span arrangement:  

The number of spans should be as small as possible, since piers obstruct flow. In small structure, where open 

foundation can be laid and solid abutment and piers raised on them. 

3.8    Percentage obstruction: 

The bridge proposal should not normally cause obstruction to the discharge of more than 20% to 25% at H.F.L this 

includes the obstruction cause by the approach roads and structure itself. The percentage of obstruction to 

discharge should be calculated for design H.F.L, O.F.L and normally the limits shall be satisfied. However, if the 

afflux and velocity are low then higher obstruction may not be objectionable. 
  In case of raft foundation, it is reasonable t6o assume total cross sectional area (available as 30 cm) above top of 

raft slab for calculating discharge through vents and corresponding percentage percentage obstruction and afflux. 

 

3.8   Afflux:  

The rise in the flood level of the river immediately on upstream of the bridge as a result of obstruction to natural 

flow caused by construction of the bridge and its approaches. 

Afflux should be as small as possible and generally shall not exceed 0.6m.If calculated afflux is less than or equal 

to 0.300 m then assume afflux as 0.300 m and if it is more than 0.300 m then take afflux as it is. Afflux is 

calculated by the following formulae: 

 

3.8.1 Afflux at H.F.L by molesworth formula (in case of high-level bridge) 
Afflux (ha) = [v2/ 17.86 + 0.0153][(Q/Q - Qobs )2-1] 

Where V = Mean velocity in m/s  

                  =    Total design discharge (manning’s) 

                        Total area of Channel (Manning’s 

              Q = Total design discharge in m3/s 

              Q1= Unobstructed discharge in m3/s 

                  = Q-Qobs 

                 Qobs = Obstructed Discharge in cu.m/s 

 

3.8.2     Afflux at H.F.L by submerged weir formula (In case of submersible bridge) 

Wetted area of channel at H.F.L = Wa in m2 

 

3.9   Scour Depth:  

When the velocity of stream exceeds the limilting velocity, which the erodable particles of bed material can stand, 

the scour occurs. The normal scour depth is the depth of water in the middle of stream when it is carrying the peak 

flood discharge. 
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                  4.  TABLE 1 HYDRAULIC PARAMETER COMPARISON SHEET 

 

Catchment Area (in Sq.km) 

 

Trial 1 Trial 2 Trial 3 

Block Size (in m) 0  0.65 X 0.61 X 0.4     0.59 X 0.57 X 0.4 0  0.67 X 0.65 X 0.40 

No. of Blocks 21 29 37 

Rise (in m) 3.06 2.86 5.17 

Span (in m) 10.59 15.12 20.77 

Span / Rise 3.46 5.28 4.017 

No. of Span Provided 6 4 3 

Catchment Area (in Sq.km) 217.05 217.05 217.05 

Slope 0.00165 0.00165 0.00165 

Discharge by Inglis Method (in Cumecs) 1772.665 1772.665 1772.665 

At O. F. L. 
 

Discharge by Manning’s Method (in Cumecs) 

 

531.799 531.797 531.796 

Tallied O. F. L. (in m) 623.911 623.896 623.869 

% Obstruction 17.93 8.34 8.34 

Afflux (in m) 0.028 0.012 0.012 

Linear Waterway Required (in m) 44.876 43.463 43.99 

Linear Waterway Provided (in m) 63.54 60.48 62.31 

At H. F. L. 
 

Discharge by Inglis Method (in Cumecs) 

 

1772.662 1772.668 1772.662 

Tallied H. F. L. (in m) 626.676 626.756 626.686 

% Obstruction 16.91 10.1 11.51 

Afflux (in m) 0.083 0.048 0.055 

Linear Waterway Required (in m) 56.328 53.765 54.57 

Linear Waterway Provided (in m) 63.54 60.48 62.31 

Length of Bridge (in m) 73.446 67 68.26 

Vertical Clearance (in m) 1.746 1.688 2.451 

R. T. L. (in m) 629.698 629.645 630.337 
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5. RESULT AND CONCLUSION: 

The block size and span by rise ratio is different for all trials as we seen in table 01. 

5.1 Discharge calculation: By comparing two Empirical formulas, we always considered maximum discharge so 

in this case, the catchment area same for all trials so discharge is Q = 1772.665 Cumecs. 

5.2 The O.F.L. and H.F.L. will be calculated by trial-and-error method, by considering maximum discharge. 

Hence manning’s discharge are different because the OFL and HFL is different for all trials. 

5.3 In all trials obstruction to discharge at O.F.L. and H.F.L. is less than 25% which is safe for all trials as per 

IRC 78. 

5.4 As per IRC: SP: 13 Afflux should be as small as possible and generally shall not exceed 0.6 m.If calculated 

afflux is less than or equal to 0.300 m then assume afflux as 0.300 m and if it is more than 0.300 m then take 

afflux as it is. 
5.5  In all trials, linear waterway provided is greater than liner waterway required. Hence it is safe for all      

       trials. 

5.6 In all trials, Road top level is different, because road top reduce level is a combination of H.F.L. + Vertical 

clearance + Depth of Superstructure + Afflux. 
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