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Complete hydraulic analysis

for existing culvert

Perform site visit, determine
drainage area, and develop
hydraulic survey scope.

check floods.

Compute tailwater from surveyed
cross section for the design and

Complete hydrologic calculations
———=1 for the design and check flood per
Chapter 3.

'

Determine critical depth, d., of the
culvert for the design and check
floods.

Is the tailwater

Yes

below critical depth?

No

Compute inlet control headwater
(HW;) for the design and check

floods.
!

(de + D) /2?

Yes

'

Compare to the average of
the critical depth and barrel
diameter (d. + D) / 2.

Is tailwater greater than

No

!

ho = tailwater

ho = ((dc + D)/2)

Compute HW/D using the
appropriate inlet control
nomographs in HDS-5.

Compute HW by multiplying the
barrel diameter or rise.

road overtopping

Yes

y

Is the ELni below the

Compute ELni by adding the HW;
value to the upstream invert of the
culvert (EL)).

No

Compute outlet control headwater
(HW,) for the design and check

<

Recompute. Guess a headwater
elevation. Determine overtopping
discharge (Qo) using equation 5.9.

-

!

Determine inlet control discharge
based on headwater elevation and
inlet control nomographs. Add inlet
control discharge to the
overtopping discharge to
determine total discharge.

Is total discharge = design
or check flood discharge?

floods.
}

Determine Ke from Table 5-B-2 in

Appendix 5-B.

Determine headloss, H.

'

Yes No




Determine the full barrel area of

the pipe, Asui.

Determine the hydraulic radius,
R, using the full barrel of the pipe
(Asun / Psun).

Is the h, above the crown
at the downstream end of
the pipe?

Yes No

' '

Use Asm and R for A and R.

Compute ho/D. Using this value
for d/D, solve for Apar/Arui and
Rpart/Rru using the partial elements
chart (Figure 7-7). Use Apat and
Rpart for A and R.

!

Compute outlet velocity using the
Continuity Equation, V = Q /A, for
design and check floods.

!

Compute headloss, Hi, using
equation 5.5 for the design and

check floods.

Compute outlet control headwater,
HW,, using equation 5.11.
Calculate ELno.

Is the ELn, below the road
overtopping elevation?

Yes No |—>

Recompute. Guess a headwater
elevation. Determine overtopping
discharge (Qo) using equation 5.9.

!

Subtract Q. from the total discharge
and recompute the outlet velocities
in the design and check floods.

!

Recompute the headloss using
equation 5.5 and the outlet control
headwater using 5.11.

Does the computed outlet control
headwater equal your guess?

Is ELno > ELni? <

Culvert is in outlet control.

Headwater = HW,.

Yes ja—~1—{ No

Yes No

Culvert is in inlet control.
Headwater = HW..

|




Complete hydraulic analysis for proposed
culvert replacement or culvert extension

Culvert replacement?
Or extension?

Extension

Replacement

!

Use the continuity equation to
guess at the proposed culvert size.
Determine minimum flow area
using continuity and assuming the
maximum outlet velocity of 6 ft/s.
(A=Q/V,V =6 fils).

Is ho from the existing calculations
at or above the crown of the pipe
of the initial proposed guess?

Yes No *
Determine initial proposed culvert
‘ size based on minimum flow area.
. Account for any area reduction
Use the partial elements chart with recessing of the proposed
(Figure 7-19) to determine Apart. inverts, per Section 5.3.4.

Solve for outlet velocity using the
Continuity Equation using Apart (V
= Q /Apart).

Is ho from the existing calculations
at or above the crown of the pipe
of the initial proposed guess?

IsV <6 fpsor
consistent with natural
channel velocities?

Yes

No

No l
[-— Add energy dissipation. Use the partial elements chart
(Figure 7-19) to determine Apart.
Solve for outlet velocity using the |

Continuity Equation using Apart (V
=Q /Apart)-

=1 Yes

Yes

- Increase pipe size.
IsV <6 fpsor
consistent with natural
channel velocities?
<z No
Repeat all steps for determining
headwater for the proposed culvert using |-
h, from the existing calculations.
Is the proposed headwater equal or
less than the existing for the design
and check floods? Does it meet
Maximum Allowable Headwater in
Replacement — Increase pipe size and
recompute.

Yes No |—— Extensions — Improve entrance conditions,
add an overflow pipe above the OHWM, or
replace pipe.

A
Is the proposed
outlet V < 6 fps?
Is the outlet velocity
No consistent with natural No

channel velocities?
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