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Working with water

Culvert hydraulics
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g Outline and detalled hydraulic design

HR Wallingford

Working with w

Data requirements and data collection

Outline (conceptual) design

> |dentify all criteria and constraints
Detailed design for new culverts

> Free & surcharged flow

> Inlet & outlet control

> |terative process (trial size)
Assessment of existing culvert capacity

> Surcharged & free flow

> Inlet and outlet control

> |terative process (trial flow)




ZHRWa,,mgm Outline (conceptual) design

Working with w

|dentification of all constraints
Sketch design

Leading dimensions and levels
Estimates of:

> parrel dimensions
> design flow
> tallwater & headwater elevations

> Inlet & outlet invert levels

> other requirements (screens, maintenance, etc)
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CONCEPTUAL DESIGN
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Sketch design: Longitudinal sections (not to scale)

Levels in mAD
Free flow culvert

HWL
21.70

Surcharged culvert

HWlnax 27.70 7 5g
Y
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ZHRWa..mgm._ Detailed design for new culverts

Working with w

Design flow rates (high and low)
Tallwater elevation
Trial size

> conceptual design

> review
lterative process

> vary trial size

> maximum upstream level
Free and surcharged flow




Z HR \Walingforc Analysis steps
1 Normal depth method
2 Backwater method
3 Inlet control
- design table and charts
4 Head loss due to trash screen
5 Outlet head loss
6 Head loss due to bend
/ Inlet head loss
8 Head loss due to friction
9 Compound roughness
10 Scour check




Z HR Walingforc High flow estimation

Peak flow required for culvert design

How to estimate this?




Z HR Wallingford Tallwater elevation

Working with w

Normal depth calculation (single cross-section)
Backwater method (several cross-sections)

> Calculation

> Hydraulic model
Observations
Combine methods




47 waingor Free flow design

Working with wa

Inlet control

> Critical depth near inlet
Outlet control

> Critical depth at outlet or downstream of outlet

> Backwater calculation through culvert for
upstream water level

Select control with highest upstream level




FREE FLOW DESIGN
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Inlet control
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Working with water

Points for water surface profile calculation

The water depth calculated

at three stations




47 g Surcharged flow design

Working with wa

Inlet control

> Critical depth near inlet
Outlet control

> Critical depth at outlet or downstream of
outlet

> Sum of headlosses through culvert for
upstream water leve

Select control with highest upstream level
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SURCHARGED DESIGN
‘—ll Outlet head loss
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Working with water

Definitions for surcharged flow under outlet control




Z Assessment of existing culvert capacity

HR Wallingford
Working with water

Dimensions fixed
Flow unknown
Sketch of culvert
Initial flow estimate
Taillwater depth

> rating curve
Surcharged and free flow analysis
lterative process (vary flow)




S Surcharged flow analysis
allingtord

Working with w

Inlet control and outlet control
Select control with highest upstream level

Outlet control method calculates sum of
headlosses through culvert for upstream water

level

Use of analysis modules




ZHRWaIIingfo;:S Free flow anaIySiS

Working with w

Inlet control and outlet control
Select control with highest upstream level

Outlet control method uses backwater
calculation through culvert for upstream water

level

Use of analysis modules
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Any questions?

HR Wallingford
Howbery Park, Wallingford, Oxfordshire OX10 8BA, United Kingdom

tel +44 (0)1491 835381 fax +44 (0)1491 832233 email info@hrwallingford.com




