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LIST OF PROGRAMS

For Culvert Design
Using the COMPUCORP 325
(file 2 starts at 38")

Calculates channel tailwater.
Determines an acceptable box size by calculating HW,.

Calculates outlet control performance curve data for
box culverts.

Calculates outlet velocity for box culverts in outlet
control.

Calculatés the performance of a square-edged inlet
with headwalls on a box culvert.

Calculates the performance of a 45° beveled inlet on
a box culvert.

Calculates the performance of the throat section of a
tapered inlet in a box culvert.

Calculates Bf and L] for a side-tapered inlet on a box

culvert with favorable face edge conditions. (See

Step 7 for definition of favorable conditions).

Calculates Bf and Lj for a side-tapered inlet on a box
culvert with unfavorable face edge conditions. (See
Step 7 for definition of unfavorabls conditions).

Calculates B for slope-tapered inlets on culverts with
favorable face edge conditions and either a vertical
or mitered face.

Calculates By for slope-tapered inlets on culverts with
unfavorable face edge conditions and either a vertical
or mitered face.

Calculates Ly, Lj, L3, L, and Taper for a slope-tapered
inlet on culverts with either a vertical or mitered face.

Checks crest control for either a side- or slope-tapered
inlet.

Calculates outlet velocity for box culverts in inlet
control. '
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Determines an acceptable pipe size by computing HW,.

Calculates outlet control performance curve data fof
pipe culverts.-

Calculates outlet velocity for pipe culverts in
outlet control.

Calculates performance of a thin-edged projecting inlet .
on a pipe culvert.

Calculates performance of an inlet with square edges on
a pipe culvert.

Calculates performance of an inlet with 45° bevels on a
pipe culvert.

~ Calculates the performance of a groove end projecting

inlet on a pipe culvert.

Calculates the performance of a groove end 1nlet with
headwalls on a pipe culvert.

Calculates performance of a tapered inlet throat in a
smooth. pipe culvert.

Calculates the performance of a tapered inlet throat
in a rough pipe culvert,

~ Calculates Bf and L; for a side-tapered inlet on a pipe

culvert if the face .has projecting thin edges.

Calculates Bf and Lj for a side-tapered inlet on a pipe
culvert if the face has square edges in a headwall.

Calculates Bf and Ly for a side-tapered inlet on a pipe
culvert if the face has 45° bevels or a grooved end.

Calculates outlet velocity for circular pipes in inlet
control.
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- LIST OF SYMBOLS

Symbol Units Description

o o

A £t.2  Area of Flow in the culvert barrel
Alpha Energy coefficient used obtain true
velocity head
B ft. Width of the culvert barrel
BA ft. Width of channel bottom
ft. Dimension of side bevel in plane of face
f ft. Width of face sections of tapered lnlets
D ft. Height of box culvert or diameter of pipe culvert
d ft. Dimension of top bevel in plane of face
dc ft. Critical depth of flow
dn ft. Normal depth of flow in a uniform channel
for steady flow
DHW El; fe. Design headwater elevation at the culvert entrance
Depth ft. A term to indicate the use of eitgher dy» 4
T™W or D In the calculation of outlet velocity
E ft. Height of side-tapered pipe culvert face section,
excluding bevel dimension
FALL ft. Approximate depression of control section below the
stream crossing _—
H, ft.  Depth of pool, or head, above the crest
HW ft. Headwater elevation; subscript indicates control
section
wa ft. Headwater elevation required for flow to pass face
section in face control
Hwo ft. Headwater elevation required for flow to pass face in
outlet control
Hwt ft. Headwater elevation required for flow to pass throat

section in throat control

iii
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Units

ft.

ft.

cu.ft/sec.
ft.

ft/ft
/1t
£t/ft
/£t

ft.

ft.

ftl

fv/ft

Description

Entrance energy loss coefficient

L]
Approvimate total length of culvert;
including 1n1

Dimensions relaulnr to tapered inlets.
(see sketches 1n Step 9) :

»Number of barrels

~ Manning roughness coefficient

Volume rate of Flow

Hydraulic radius

- Slope of culvert barrel

Slope of FALL for slope-tapered 1n1eus,
length : drop

'SIDpe of natural channel.

Sidewall flare angle, length : offset

Tailwater depth at outlet of culvert

. referenced to outlet inver: elevation

'Width of weir crest for slope-tapered

inlet with mitered fzce, or total weir
length for a depressed en tranca

ARz/B
a factor defined as \ 8/3 7
‘and used by Chow in “ B D873
determining normal depth

"Difference in elevation betTeen crest

and face section of a slope-itapered .
1n1et_w1th mitered face

Horizontal distances per foot of depth

for 51de slopes of channels, cotansent
of side slopes

iv



INTRODUCTION

The programable calculator as a culvert designing tool offers many
desirable features. Compared with the hand method, the calculator is
more accurate, less time consuming, and eliminates all the searching
through charts and nomographs. In one quarter of the time it takes to
design one culvert by hand, the designer could use the calculator to
design the culvert, checking four or five different sizes to find the
best one, while also evaluating several inlet configurations including
both side- and slope-tapered inlets.

In an office where it is not feasible to use a computer for culvert
design, the programable calculator becomes a desireable alternative. The
accuracy remains the same, and the calculator method offers a segment by
segment design approach. This method allows the culvert design parameters
to be changed as the design is proceeding along.

The procedure herein covers both box and circular pipe culverts and
follows the culvert design methods presented in "Hydraulic Design of
Improved Inlets for Culverts," Hydraulic Engineering Circular No. 13 (HEC
13), dated August 1972. The programs begin with the computation of
tailwater, proceed through the design of the culvert barrel, and conclude
with the design of the culvert inlet most applicable to the site. The
programs produce detailed inlet dimensions, performance curve data, and
the outlet velocity.

Since the procedure is subdivided into a series of programs, the designer
may enter the sequence at any point, provided the necessary input data is
available, and obtain the desired design results.

These box and pipe culvert programs have been written for use on the
MONROE. (formerly Compucorp) - 325 Scientist. It is expected that with
the equations, examples, and program listings, a designer will be able to
write similar programs for any other calculator he may have available.

Terminology used in this publication assumes that the designer is familiar
with HEC 13 and understands the principles and design philosophy expressed
therein.

This document was written by Messrs. Patrick D. Wlaschin, Mark M.
Chatfield, Albert -H. Lowe, and Romeo G. Magalong and was edited by
Mr  Philip L. Thompson.



PROGRAM LIMITATIONS

In addition to improved inlets, which include bevel-edged, side-tapered
and slope-tapered designs, this procedure includes programs for square-
edged entrances for box culverts or thin-edged projecting, square-edged,

or groove-edged entrances for circylar pipe culverts. = -

When computing headwater, the upper and lower limits of HW/D for
thin-edged projecting,.square—edged, groove-edged and beveled inlets
should be governed by the limitations of HEC No. 13, Because of the
polynomial best-fit equations used, the headwater for improved inlets
should be Tlimited to not more than 4.5D or not less than 0. 5D, '

When designing either a side-tapered or slope-tapered inlet, the number
of barrels, N, is lTimited to two. '

Calculations of outlet velocity for box culverts is Timited to a
maximum D/B of 2. : '

In prograhs for circular pipe where dn/D is greater than 0. 89 the
program assumes the pipe to be flowing full in calculating velocity.

When calculating H in the outlet control performance programs 1-2, 1-3,
2-1, and 2-2, it is assumed that the culvert is flowing full. :



PROCEDURAL OUTLINE
FOR BOX CULVERTS

STEP 1
Determine TW elevation from Q and channel geometry if TW

is based on normal depth in the natural channel.

Use progrém:#l-l , i\IEN\A -

|+—BW
Enter: n - Manning roughness coefficient for the natural stream
SO - Slope of natural channel
BW - Width of streambed bottom v
Z1 - Horizontal distance for side slope of channel

22 - Horizontal distance for side slope of channel
Q - Volume rate of flow

Read: dn’ (TW) ~ To obtain values of TW for other values of Q,
enter Q and press STOP START.

STEP 2
Using a known tailwater or the tailwater calculated in STEP 1,
determine an acceptable box culvert size in outlet control.

Use program #1-2 ’ Fh—‘"""“‘La'~————-—*J --}EE&

Enter: Q - Volume rate of flow El. Outlet

N - ﬁumber of barrels

La - Approximate total length of culvert, including inlet
.n - Manning roughness coefficient for the barrel

ke - Entrance energy loss coefficient

TW - Tailwater depth at the outlet of the culvert
Elevation of the outlet invert
B - Width of the box culvert

D - Height of the box culvert

3



Read: TW or‘dc+D, whichever is controlling

2.’
Hw0 - Outlet control headwater elevation

If Hw0 elevation is not approximately equal to DHW e]evation;
enter new B and D. Repeat until an acceptable HH is obtained.

STEP 3
With the selected box size and entrance conf1gurat1on enter the
following data to obtain outlet control performance curve data.

Use program #1-3

Enter: La - Approximate length of culvert, including inlet
n - Manning roughness coefficient for the culvert barrel
ko - Entrance energy loss coefficient

B - Width of box culvert

D - Height of box culvert

Elevation of the outlet invert

TW - Tailwater depth at outlet of culvert

Q/N - Volume rate of f]ow per barre]
Read: de - Outlet control héédwater_e]evation

To obtain values of Hw for other values of Q/N, enter Tw and
Q/N. Repeat for each Q/N.

Since these values of HW are used for performance curve
data, the different Q/N, values should reflect changes in Q,
not N. TW will vary with Q if TW is based on norma] depth
in the natural channel.



STEP 4

r'd

Calculate outlet velocity for box culverts in outlet control.

Use program #1-4

Enter:

TW - Tailwater depth‘at outlet of culvert
D - Height ‘of box culvert

B - Width of box culvert

Q/N - Volume rate of flow per barrel

Read: Velocity - computed differently depending upon

STEP 5

whether dc’ TW or D governs.

Select type of .inlet by performing the following inlet control

calculations and computing performance curve data.

Use program #1-5 if analyzing a square edged inlet with headwalls.

Use program #1-6 if anlayzing a 45° beveled inlet .
Use program #1-7 if analyzing the throat section of a tapered inlet.

Enter:

Read:

DHW Elevation

Elevation of the streambed at the face
B - Width of box culvert

D - Height of box culvert

- Q/N - Volume rate of flow per barrel

Elevation of face (or throat) invert - If this value
exceeds that of the streambed at the face, the program

will assume the elevation of the.streambed at the

face (zero FALL) in computing the performance curve.
FALL

wa (or Hwt) - To obtain performahce curve data,
enter desired Q/N's.



At this point, evaluate the box size chosen. The quest1on should

be asked, "Is the minimum FALL excessive for the type of 1n1et

being des1gned?" If the answer is yes, then return to STEP 2

select a 1arger box s1ze and proceed through STEPS 3 and 4 agalﬁ.

If the answer is no, the culvert is either adequate or over des1gned.
Use program # 1-13 to check the crest of depressed conventional or
beveled des1gns. , '

STEP 6 : .

If both the conventional and beveled inlet designs used are 1nadequate to
handle the design Q at the DHW elevation or with a reasonable FALL and a
tapered inlet appears to be both des1rab]e and econom1ca1 then desxgn the
tapered inlet throat. It is recommended that. both. 51de-tapered and sYope-
tapered designs be analyzed in order that the proper cho1ce be made. To.
design a side-tapered inlet, proceed as follows. To design a $lope~ta5eréd
inlet, go to STEP 8.

(SIDE-TAPERED INLET)

Use program #1-8 if the wingwalls have a 26° to 45° flare angle with
~ top edge beveled or 45° to 90° flare angle with bevels on top and sides:
(Favorable face edge conditions)

Use program #1-9 if wingwalls'have a 15° to 26° flare angle with top
edge beveled or 26° to 90° flare angle with no bevels. (Unfavorable
face edge conditions) ' ’



face slope-tapered inlet, go to STEP 10.

Enter: - wa - Headwater e]evation.with face control
Elevation of throat invert
'Taper + S - Sidewall flare angle plus
slope of culvert barrel, S = (So - FALL/La)
NxB - Total clear width of culvert
Q - Volume rate of flow
D - Height of box culvert

Read: Bf - to round off Bf, enter the new, higher B
value and press STOP START
L] - Length of improved inlet

f

Elevation of the face invert

~ Step 7 |
To complete the design of a side-tapered inlet, check crest control.

Use program #1-13

Enter: Q - Volume rate of flow
| N - Number of barrels
wa - Headwater elevation required for flow to pass
face section in face control
W - Weir length = 10 times the FALL

"Read: H
o

Maximum crest elevation

STEP 8

Design a slope-tapered inlet for box culvert. If designing a vertical
face slope-tapered inlet, proceed as follows. If designing a mitered

]
THROA
M, SECTIO
FALL
s
s —" s

SECTION
SYMMETRICAL FLAR|
ANGLES FROM 15° TOEQ)'

7 VERTICAL




Use program #1-10. if wingwalls have a 26° to 45° flare angle with
top edge beveled or 45° to 90° flare angle with bevels on top and SldESo
(Favorable face edge conditions)

Use program #1-11 if wingwalls have a 15° to 26° flare angle with top
edge beveled or 26° to 90° flare angle with no bevels. (Unfavorabie
face edge conditions) |

Enter: Q - Volume rate of flow
D - Height of box culvert
wa - Headwater elevation required for flow tq pass face
» section in face control
Elevation of face invert
y - Difference in elevation between crest and face
| section of a slope-tapered inlet with mitered face,
= 0 for vertical face

Read: Minimum Bf

Step 9 . _
Calculate design dimensions for slope-tapered inlet with vertiggk'fqgg,

Use program #1-12

Enter: . B - Width of box culvert
' D - Height of box culvert -
N - Number of barrels
B - Width of face section of improved inlet (May be
rounded up from results of program 1-10. or 1-11)

y - Difference in elevation between crest and face '
section of a slope-tapered inlet with mitered
face,
= 0 for vertical face o ' —



~ Taper - Sidewall flare angle
Elevation crest invert
Elevation throat invert
Sf - slope between the face and throat

Read:“ L2
L3
L
Taper
STEP 10

Mitered face slope-tapered inlet

MITERED

| Use program #1-10 if wingwalls have a 26° to 45° flare angle with top
edge beveled or 45° to 90° flare angle with bevels on top and sides.
(Favorable face edge conditions)

Use program #1-11 if wingwalls have a 15° to 26° flare angle with top
edge beveled or 26° to 90° flare angle with no bevels. (Unfavorable
face edge conditions)

Enter: Q ~ Volume rate of flow
D - Height 6f box culvert
wa - Headwater elevation required for flow to pass face
section in face control
Elevation of crest
y - Difference in elevation between crest and face
section of a s]ope-tapéred inTet with mitered face,
= (.4D)

Read: Minimum Bf



Step 11
'Ca1cu1at¢ design dimensions for slope-tapered inlet with vertical face.

Uée program #1-12

Enter: B - Width of box culvert

D - Height of box culvert

N - Number of barrels -

Be - Width of face section of improved inlet - (May be

rounded up from results of program 1-10 or 1-11)

y - Difference in elevation between crest and face
section of a slope-tapered inlet with mitered
face,
= (.4D)

Taper - Sidewall flare angle .

Elevation crest invert

Elevation throat invert 4

S¢ - Slope between the face and throat

Read:

STEP 12 _
Check crest control for a slope-tapered inlet with a mitered face.

~Use program #1-13

Enter: Q - Volume rate of flow
N - Number of barrels
wa - Headwater elevation required for flow to pass face
section in face control -
B - Width of box culvert

Ly - Distance between the throat and face

Taper - Sidewall flare angle

10



Read: "Hc

Maximum crest elevation

Step 13
Calculate outlet velocity for box culverts in inlet control.

- Use program #1-14

Enter: D - Height of box culvert
B - Width of box culvert
n - Manning roughness coefficient for culvert
barrel
Q/N - Volume rate of flow per barrel
S - Slope of culvert barrel

Read: dn/B

Velocity



. PROCEDURAL OUTLINE
FOR_CIRCULAR PIPE CULVERTS

STEP 1
Determine TW elevation from Q and channel geometry if TW
is based on normal depth in the natural channel.

] N s “=___;,4T(7"
Use program #1-1 Zq = o , = Z7

Enter: n - Manning roughness coefficient for the natural stream

So - Slope of natural channel

BW - Width of streambed bottom

Z1 - Horizontal distance for side's10pe of channel
: 22 - Horizontal distance for side slope of channel

Q - Volume rate of flow

Read: d_, (TW) - To obtain values of TW for other values of Q,

n’ ) - ) —

enter Q and press STOP START.

STEP 2
Using a known tailwater or the tailwater calculated in STEP 1,
- determine an'acceptable pipe culvert size in outlet control.

Use program #2-1

Enter: Q - Volume rate of flow
N - Number of barrels »
L, - Approximate total length of culvert, including inlet
n - Manning roughness coefficient for the barrel.
ké - Entrance energy loss coefficient |
TW - Tailwater depth at the outlet of the culvert
Elevation of the outlet invert | |
d. - Critical depth of flow
D - Diameter of the pipe culvert

12 .



Read: TW or 9c*D whichever is controlling

2
Hwo - Qutlet control headwater elevation

If Hw0 elevation is not approximately equal to DHW elevation,
enter new dC and D. Repeat until an acceptable HwO is obtained.

The value of dC may be obtained from charts in Hydraulic Design
Series 3, Design Charts for Open-Channel Flow, or any other source that

shows critical depth as a function of CUlvert size and Q. If charts
are unavailable, program #2-3 could be used to determine dc’

STEP 3
With the selected pipe size and entrance configuration, enter the
following data to obtain outlet control ‘performance curve data.

Use program #2-2

Enter: La - Approximate length of culvert, including inlet
n - Manning roughness coefficient for the culvert barrel
ke - Entrance energy loss coefficient
D - Diameter of pipe culvert
Elevation of the outlet invert
TW - Tailwater depth at outlet of culvert
d_ - Critrical depth of flow

c
Q/N - Volume rate of flow per barrel

Read: Hwo - Outlet control headwater elevation

To obtain values of Hwo for other values of Q/N, enter TW, dc and
Q/N. Repeat for each Q/N.

Since these values of Hwo are used for performance curve
data, the different Q/N, values should reflect changes in Q,

not N. TW will vary with Q if TW is based on normal depth
in the natural channel.

13



STEP 4 -
-Calculate outlet velocity for pipe culverts in outlet control.

Use program #2-3

Enter: D - Diameter_of pipe culvert
Q/N - Volume rate of flow per barrel
'Alpha - Energy'coefficient _
-Use 1.04 for concrete pipe
Use 1.12 for corrugated pipe
TW - Tailwater depth at outlet of culvert

Read: Velocity - computed differently depending upon
whether dc’ TW or D governs.

STEP 5

Select type of inlet by performing the following inlet control
calculations and computing performance curve data.

Use program #2-4 1if analyzing a thin-edged projecting inlet.
Use program #2-5 1if analyzing an inlet with square edges.
Use program #2-6 if analyzing a beveled inlet.

Use program #2-7 if'analyzing groove end projecting inlet.
Use program #2-8 1if anlayzing a groove end 1n1ét and headwalls.

Use program #2-9 1if-analyzing-

2 v o

Use program #2-10 if analyzing

Enter: DHW - Elevation
Elevation of streambed at the face.
D - Diameter pipe culvert '
Q/N - Volume rate of flow per barrel

Read: E]evation of face (or throat) 1nvert'- If this value .
exceeds that of the streambed at the face, the program
will assume the elevation of the streambed at the
face (zero FALL) in computing the performance gyrvé,'

14

tapered inlet throat. (smooth in]et)
tapered inlet throat. (rough inlet)



FALL ‘ v
wa (or Hwt) - To obtain performance curve data,
enter desired Q/N’s. '

At this point, evaluate the pipe size chosen. The question should
be asked, "Is the minimum FALL excessive for the type of inlet

being designed?" If the answer is yes, then return to STEP 2,

select a larger pipe size and proceed through STEPS 3 and 4 again.

If the answer is no, the culvert is either adequate or over designed.
Use program # 1-13 to check the crest of depressed conventional or
beveled designs. '

STEP 6
If both the conventional and beveled inlet designs used are inadequate to
handle the design Q at the DHW elevation or with a reasonable FALL, and a

tapered inlet appears to be both desirable and economical, then design the
tapered inlet throat. It is recommended that both side-tapered and slope-
tapered designs be analyzed in order that the proper choice be made. To |
design a side-tapered inlet, proceed as follows. To design a slope-tapered
inlet, go to STEP 8. ‘

(SIDE-TAPERED INLET)

Use program #2-11 if the face has projecting thin edges.
Use program #2-12 if the face has square edges in a headwall.
Use program #2-13 if the face has bevels or a grooved end.

15



Enter: HWe - Headwater elevation with face control
Elevation of throat invert
Taper + S - Sidewall flare angle plus
slope of culvert barrel, S = (So = FALL/L,)
NxD - Total clear width of culvert
Q - Volume rate of flow
E-DCEZT1.1D

Read: _ Bf -~ to round off Bf, enter the new, higher B
value and press STOP START
L] - Length of improved inlet
Elevation of the face invert

f

Step 7 S _
To complete the design of a:side-tapered inlet, check crest control.

Use program #1-13°

~ Enter: Q - Volume rate of flow

N - Number of barrels

HWe - Headwater elevation required for flow to pass
face section in face control

W - Weir length = 10 times the FALL

Read: H

Maximum crest elevation .

STEP 8

Design a slope-tapered inlet for box culvert. If designing a vertical
face slope-tapered inlet, proceed as follows. If designing a mitered
face slope-tapered inlet, go to STEP 10. A

T

W] SECTION
Sy .
FALL ‘ :
N X
| :
SECTION

. SYMMETRICAL FLARE
T ANGLES FROM 155 Y090

VERTICAL

16



ey

Use program #1-10 if wingwalls have a 26° to 45° flare angle with
top edge beveled Br 45° to 90° flare angle with bevels on top and sides.
(Favorable face edge conditions)

Use program #1-11 if wingwalls have a 15° to 26° flare angle with top
"edge beveled or 26° to 90° flare angle with no bevels. (Unfavorable

face edge conditions)

Enter: Q - Volume rate of flow
D - Diameter of pipe culvert
wa - Headwater elevation required for flow to pass face
section in face control

Elevation of face invert

'Y - Difference in elevation between crest and face
section of a slope-tapered inlet with mitered face,
= 0 for vertical face

Read: = Minimum Bf

Step 9

Calculate design dimensions for slope-tapered in]et‘withvvertica] face.
Use program #1-12

Enter: B - Width of pipe culvert

D - Diameter of pipe culvert

N - Number of barrels

Be - Width of face section of improved inlet (May be

. rounded up from results of program 1-10 or 1-11)

y - Difference in elevation between crest and face
section of a slope-tapered inlet with mitered
face, »
= 0 for vertical face .

17



Taper - Sidewall flare angle
E1evation,crést invert

Elevation throat invert

S¢ - slope between the face and throat

Read: L2
b3
L4‘
L
Taper
STEP 10

Mitered face S]ope-tapered.in1et

MITERED

Use program #1-10 if wingwalls have a 26° to 45° flare angle with top
edge beveled or 45° to 90° flare angle with bevels on top and sides.
(Favorable face edge conditions) |

Use program #1-11 if wingwalls have a 15° to 26° flare angle with top
edge beveled or 26° to 90° flare angle with no bevels. (Unfavorable
face edge conditions)

 Enter: Q - Volume rate of flow

D - Diameter of pipe culvert

wa - Headwater elevation required for flow to pass face

section in face control

Elevation of crest

y - Difference in elevation between crest and face
section of a slope-tapered inlet with mitered face,
= (.4D)

Read: Minimum Be

18



Step 11
Calculate design dimensions for slope-tapered inlet with vertical face.

Use program #1-12

Enter: B - Width of pipe culvert

D - Diameter of pipe culvert

N - Number of barrels

Bf - Width of face section of improved inlet (May be

rounded up from results of program 1-10 or 1-11)

y - Difference in elevation between crest and face
section of a slope-tapered inlet with mitered
face, ”
= (.4D)

Taper - Sidewall flare angle

Elevation crest invert

Elevation throat invert

Sf - S]opé between the face and throat

Read: L

STEP 12
‘Check crest control for a slope-tapered inlet with a mitered face.

Use program #1-13

Enter: Q - Volume rate of flow
N - Number of barrels
'wa-- Headwater elevation required for flow to pass face
section in face control
D - Diameter of pipe culvert
L] ~ Distance between the throat and face
Taper - Sidewall flare angle

19



Read: H

Maximum crest elevation

Step 13

Calculate outlet velocity for pipe culverts in inlet control.
Use program #2-14

Enter: D - Diameter of pipe culvert
| B ~ Width of pipe culvert
n - Manning roughness coefficieht for culvert
barrel '
Q/N - Volume rate of flow per barrel
S - Slope of culvert barrel

Read:  Velocity

- 20



Example Problems |
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Given:

Requirements:

BOX CULVERT EXAMPLE NO. 1

Design Discharge (Q) = 1,000 cfs, for a 50-year
recurrence interval

Slope of stream bed (S,) = 0.05 ft./ft.

Allowable Headwater Elevation = 200

Elevation Outlet Invert = 172.5
Culvert Length (L) = 350 ft.

Downstream channel approximates an 8' wide
trapezoidal channel with 2:1 side slopes and

~a Manning's "n" of 0.03.

This box culvert will be located in a rural area
where the Allowable Headwater Elevation is not too
critical; that is, the damages are low due to
exceeding that elevation at infrequent times.

Thus, the culvert should have the smallest possible
barrel to pass design Q without exceeding AHW El.
Use a reinforced concrete box with n = 0.012.



WORKSHEET FOR CULVERT DESIGN

/m-\ PROJECT: ExamsLe */ _ DESIGNER: PDW

STATION: A | . pate:  _@/1/79

INITIAL DATA

Design Q 20 _=_ /000 cfs Channel Slope, S_=__©.08 _ ft./ft.
‘A{-:w Elevation = 200 ft. El. Stream bed at Face 90 _ ft.
Approx. Culvert length, . Barrel Shape Box

Ly= 350 ft. Barrel Material _Reme. _Cone.
El. Outlet Invert = 172.S ft. Barrel Roughness, n. __o.0l2

( See page 2 for natural stream data )

SUMMARY INFORMATION
FOR
SELECTED DESIGN

WEIR CREST
TOP EDGE OF FACE

[fﬁ\ Bcrre[ Shope Ond Moferial FE/”E [lOAC- BOX Q_U_L_DVEAT- JQ —

. i ‘
Face Edge Description 45° BeveLs
 De ‘u‘ i 3

Type of Improved Inlet Seore - 77?»5@50 INeer

Width of box, B = 7 ft.  Inlet length, L} = /5.22 ft,
Depth or Diameter, D = ___é__.__. ft.  Face to Bend, L, = //.72 _ ft.
Width of foce, 8= — /¥ ft.  Bend to Throat, Ly = 3:50 ft,
No. of Barrels, N = / Crest to Face, Ly = - ft.
inlet fall, FALL = 5.85 ft.  Side Taper = . 34 :1

Ba.rrel Slope, S = _ p.033 ft./ft.  Crest Length, W= - —ft,
T§p bevel heighf,‘ d= 3 in. Side bevel width, b = z.5 in.

Outlet velocity, V= IY. 43 5. /sec.

COMMENTS ON DESIGN:
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Use file 1, block 1

STEP 1

CALCULATE TAILWATER

Enter: 1. n= .03 ( channel ) .

2. So= ©.08 K n and So %ﬁv

3. BW= 8 ‘ Zy Z2
W —

4 ,Z] = ‘ ' '

5. 22 = ‘2.,<

( Enter ) (Read )

6 Q TW, Based on d_ . COMMENTS
/000 3.51 ‘
800 3.4
600 2.7

/200 3.85
STEP 2

DETERMINE AN ACCEPTABLE CULVERT SIZE

designing a box culvert.

& 40

. = /000 v
Q T AHW El 200
2. N= /
3. L = 350
4. n = _Q.0/2Z _ (Barrel)
5. ke = 0.2 _
" .
6. TW= ,3"51 \‘,El_o«nlef
7. Elev. outlet invert = 172, 5 -
( Enter ) ( Read ) (Read ) '
8. B- Ifbox |9, { Enter ) de+D or TW COMMENTS
‘ oi D —S HWo Vil |
V4 7 7.00 19/. 7% 0K - but try smaller size
7 6 6.00 | /9585 |ox - vse
G G 6.0 203,07 Exceeds AHW £,

(1) d_ values taken from Design Charts For. Open

C

-n

LT . A o -

Hydraulic Design Series No. 3, HEC #5, or
' 24

HEC #13

-Channel Flow,



STEP 3

OUTLET CONTROL PERFORMANCE CURVE DATA

Use file 1, block 3 if designing a box culvert

ENTER: 1. L= _ 350 :
2. n= Q:.0l12 (Barrel)
3. ke= 0.2
4, B= 7z (for box only)
5. D= b
6. Elev. outlet invert = 172.5
(2) (Enter) (3) (Enter) (Enter) (Read)
) Al R - o, COMMENTS
e
3.5] - /000 /95.85
3.9 — go0 /89.40
2.9 — 400 184.74
385 — /200 203.48

Note: Plot outlet control performance curve
(2) Obtain values from Step 1

3) dc obtqined from Hydraulic Design Series No. 3, HEC #5, or HEC 13

STEP 4

OUTLET VELOCITY WHEN CULVERT IS IN OUTLET CONTROL

If designing a Box Culvert
Use file 1, block 4

3.5/
2. D= 6.0
3. B= 7.0
/000

1. TW=

Enter:

Enter: 1. D=

2. Q/N=
3. Alpha =

4, TW=__

25

(1.04 for RCP, 1.12 for CMP)

(Read):
Velocity

23.80

(Read):

Velocity




STEP 5 ,,
INLET CONTROL CALCULATIONS AND PERFORMANCE CURVE DATA

(BOX CULVERTS)

Use file 1, block 6 if anaiyzmg a 45 beve!ed mlef
Use file 1, block 7 if analyzing a tapered inlet throat.

(PIPE CULVERTS)

Use—ﬁle—%—bleeké#e%miyan@w#—wwh asquefe edges—me—heedwe“-
Use-file-2,blockZif-analyzing-a-groove-end-prejecting-intets
Yse-file2,-block-8-H-analyzing-a-groove-end-inlet-and-headwalls.
Qse—ﬁ#e—%—-bleek—éﬂﬁe-na-hmﬂg&bevalede

Enter: 1. AHW Elev. = z@c
2. E]l‘. Stream bed at face = 170
3. B=.__.7 (Br-pipe )
4. D= é | . . ‘- Et Face !;\ven '
' ' CONVENTIONAL ‘or BEVELED
E1 (R?;Z‘i)e I {Read) (Read) | Note: Use Upper head Eng§ for Con-
' " (Enter) ir'weri* HW; ventional or beveled face: Lower
Q 5 Q/N ET- Throor FALL headings for tapered inlet throat.
: HW, COMMENTS
tnvert
Program No. -6 ’ Inlet and Edge Description 485° Bevers
/600 /1006 | _[77.33 | /2.66 | 206.00] .
' FALL (3 Too LARGE — TRY
TAPERED THEOAT TALET
-
Program No. /=7 ’ inlet and Edge Description . TAPELED THLEY THROAT
1000 /000 (BY. 1Y | 585 | 200.00] 6K- DrAw_PeercemancE
800 goo e /96 -1 _Coeves
__Goo Goo | 0 /93,
200 {200 e 209.48

- Note: Plot inlet control section performance curve
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"STEP 6°& 7
SIDE-TAPERED INLET AND CREST CHECK

4

( BOX CULVE.RTS )

'Use file 1, block 8 if wmgwal!s hcve a 26° to 45° flare angle
with top edge beveled or 45° to 90° flare angle with
bevels on top and sndes  (Favorable face edge condmons)

Cres

» Taper
_ (side~tapered)

- ( CREST CHECK )

Use file 1, block 13 for crest check on a conventional,
‘ beveled or side~tapered inlet.

Enter: 1. HW, = e
nier f 200 (Slope-tapered)

2. E1. Throat Invert = /54, ,/‘/

3. (Taper +S)=_ 4,033 (Toperis4:1t06:1), (S = S;FALL/Lol)

4, NXxB= 7 ( NXD for pipe )
5. Q= /009 .
6. D= A (E for pipe, where D < EXL 1.1 D)
| (4) (Read) B (Read) (Read) 7
~ Min. Bf Usfad L] El. face invert COMMENTS
70 .28 ‘ 20.50| 7. %0 _ /84.37 _

(4) To use a Bf that is rounded off enter new Bf and press START STOP
Enter: (Crest Check)

1. Q= /0006 2. N= / 3. HW, = 200 4.,W= 585

5. B= 0 6. L, = 0 7. Taper = 0

Crest Check: (Read) Hc 3,31 ', (Read) Max. Crest E1. = /196.4




STEP 8 THROUGH 12
SLOPE-TAPERED'INLET AND CREST CHECK

¢

Use file 1, block 10 for Bf if face has fqvorable edge ccndmons as in STEP 5

Enter: 1. = /006
2. D= A
3. HW.= 200 —
f SECTION
4. El Sfreambed af face = /90 (if vertical face) -
E1., Crest= {it-mitered-face) o ‘ -
5. y= (o)
(Read) Min. B, or higher rounded value Type of Face
f .
/3. 72 (Use /4.0) - Vertical, y =0 3
oo ‘ ‘ Mitered, y = .4D A

Use file 1, block 12 for L dimensions of an inlet with o verﬂcal’ face. . ‘ - | ; R ,-\:

Enter: 1. B=_'7 6. Taper=__ 44 .1 r""Lz“’
2.D=_§ 7.El.Crestlnv.=_ /90 f | '
3. N=_/ 8. El. Throat inv. = /g4/ 14 BE
4.8=_I4 9. 5=~__ 2 L‘*“‘*j

f f
@1te31) RUETIS 45

5. y=_0 VERTICAL MITERED -

P

(Read) 'Tcper Type of Face

/.72 ' 3,50 le) /5.22 4l 34 Verficclk, y=0
Mitered, y = .4D

(Read) L3 (Read) L4 (Read) ‘L

Enter: 1. Q= 3. wa= 6. l.] =
2, N= 4, W= 0 7. Taper = : 1
5. B= -
Crest Check: | (Read) HC = + (Read) Max, Crest E1. =

28



STEP 13

OUTLET VELOCITY WHEN CULVERT IS IN INLET CONTROL

Use file 1, block 14 if designing a box culvert (READ) | (READ)
MM—MMWM din/B [Velocity
Enter: 1.D = __ ( -
2. B = 7. (Use D if designing a pipe) aFnosrqBox g:v‘:’?
3. n = _0. D/2
4. Q/N= /000 .
5. S = 2.033 = (So = FALL/L)
S (READ)
Velocity

29
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PIPE CULVERT EXAMPLE NO. 2

Given: Same as example no. 1

Requirements: Use a concrete pipe with n

31

0.012



WORKSHEET FOR CULVERT DESIGN

PROJECT: Exampe *2 DESIGNER: __ PO W
~ STATION: ‘ pate: &/ =77
" INITIAL DATA

Design Q 56 . -_ /006 cfs Channel Slope, S_ = 0.05 fr./ft.
AHW Elevation = 200§, El. Stream bed at Face__ /70 ft.
Approx . Culvert length, Barrel Shape Ciecvear Fipe
Ly= 350 ft. Barrel Material _Remwr_Cowe,
El. Outlet Invert = 172.5 ft. Barrel Roughness, n, __@-.0/Z

( See page 2 for natural stream data )
€ P

SUMMARY INFORMATION
FOR
SELECTED DESIGN

Barrel Shcoe and Mafenol E&'MJF Couc Cite. PH‘E
Face Edge Descr:phon 4E5° BEVELS

WEIR

E,

CREST

L3
Type of Improved Inlet ScopE - TAPELED .'[ NLET e —
Width of box, B = o ft. Inlet length, L = 24.78
Depth or Diameter, D=__/ ___ft.  Face to Bend, L, =& /s 28
Width of face, Bf = £ 3.0 ft.  Bend fo Throat, Ly = 3: 59
No. of Barrels, N = / Crest to Face, Ly = —
Inlet fall, FALL=___ /0.3 __f+,  Side Taper = .26
Barrel Slope, S = 0_.07.0 ft./ft. Crest Length, W= -
Top bevel height, d= 2.5 in. Side bevel width, b=__ &5

Outlet velocity, V=

COMMENTS ON DESIGN:

TOP EDGE CF FACE

ft.
ft.
ft.
ft.

ft.

in,

Z9. I‘y ft./sec.




-

Use file 1, block 1

STEP1 _
CALCULATE TAILWATER

Enter: 1. n= 8.03 ( channel ) ‘
2. S°= Q.05 N nand S %
3. Bw=__8 7 Z3
le—— BW ——)|
4. z,=__ % |
5. Z2 =__ Z
( Enter ) (Read )
6. Q TW, Based on d_ COMMENTS
/000 3.5/
goo | 3./¢
¢ o0 2.7/
/2.00 3.85
STEP 2
DETERMINE AN ACCEPTABLE CULVERT SIZE
Use file 2, bloci_< 1 if designing a circular pipe culvert.
| .: . = .___&Q;o—.
Enfer: 1. Q AHWEL 200
2. N= / \
3. L= 350 4
4, n = _0.0/2 ( Barrel )
5.k = 0.2
Lo
6. W=__3.5 A
7. Elev. outlet invert = __ L 72.5 '
( Enter ) (Read )
8. ‘ 9. (Enter)ly 4Dor Tw| ! Eﬁ;d ) COMMENTS
(1) dc. = If pipe D 7 o
>7 7 7.0 [99.34 | ox-uUsE
?6.5 6.5 6.5 R06.71 | Exceeos AHW E/.

(1) dc values taken from Design Charts For Open-Channel Flow,
Hydraulic Design Series No. 3, HEC #5, or HEC #13

33
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STEP 3

OUTLET CONTROL PERFORMANCE CURVE DATA

Use file 2, block 2 if designing a pipe culvert

ENTER: 1. L= 350
2, n= ©0.0/2 (Barrel)
3. ke= 0.2 R
4-—B= {for-box-only)
5. D= 7
6. Elev. outlet invert = 172.5
(2) (Enter) (3) (Enter) (Enter) (Read)
T w 8 de-pipeonly |%  Q/N HW, COMMENTS
|_3.5/ > 7 1000 199.3¢
3./¢ | ?_ 7 ‘ _8oo ‘ 192,20
2.7/ 6.3 oo | 186.29
3.85 2 7 /200 208.08

Note: Plot outlet control performance curve
(2) Obtain values from Step 1

(3) dc obtained from Hydraulic Design Series No. 3, HEC #5, or HEC *13

STEP 4

OQUTLET VELOCITY WHEN CULVERT IS IN OUTLET CONTROL

4. Q/N=_

If designing a pipe culvert |

Use file 2, block 3

Enter: 1. D = 7
2. Q/N=_ 1000
3. Alpha = _ /.0
4 TW=. 3.5/ 34

(1.04 for RCP, +2-for€mp)

(Read):
Velocity

(Read):
Velocity

26.06




STEP 5
e INLET CONTROL CALCULATIONS AND PERFORMANCE CURVE DATA

(BOX CULVERTS)

Use file 2, block 6 if analyzing a beveled inlet.
‘Use file 2, block 9 if analyzing o tapered inlet throat. (Smooth inlet)

DIOL wkata: Gl O

..... -

Enter: 1. AHW Elev. = 200
2. E1. Stream bed at face = /90
M 3. B= V4 (D, if pipe )
| .4_ D= 7 ' E1. Face Invert
CONVENTIONAL or BEVELED
E1 (R?;Zci)é (Read) (Read) Note: Use Upper headihgs for Con~
Q 5 (Enter) ir.wert HW. | ventional or beveled face: Lower
" Q/N ET. Throat FALL headings for tapered inlet throat.
: HW, COMMENTS
L invert :
Program No. 2-G ’ Inlet and Edge Description “45° Bevees
| fops | /000 /72.27 | (72.72] 200.00] | .
: : ‘ Fue  Too Lrrg&E
Program No. 2-9 ' Inlet and Edge Description - Z48E£p FTAceT - SmooTh Twgont
/000 1200 /78.36|_ /0.43] 200.00] Foe = 1. 5D - ox
~ [C2e0 | 200 194,84
I S 7-T. ) 600 ' 190.79| Desaw TPecroemivee Cugves
1 /200 | t200 |  T— 205.92

Note: Plot inlet control section performance curve

‘ 2
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(BOX CULVERTS ).

~ STEP6 &7
SIDE-TAPERED INLET AND CREST CHECK

Cres

By o L)~ 8

Toper -
, (side-tapered)

( PIPE CULVERTS )

Use-file-2y-block 11-if the face has projectingthin-edges.
Use file 2, block 13 if the face has bevels or a groove end. = &
( CREST CHECK )

Use file 1, block 13 for crest check on a conventional,
: beveled or side-tapered inlet.

Enter: 1. HW.=_ 200

2. El. Throat'Invert = /79, 36

(S | ope~-tapered)

3. (Taper+S)= ¥, 020 (Taperis4:lto6:1), (S = SoFALL/L )

4, Nxg= 7 ( NXD for pipe )
5. Q= /000
6. D= -7 ( E for pipe, whereDS ES 1.1D)
4) (Read) B . (Read) ~ (Read)
Min. B, Usgd L] El. face invert | COMMENTS
9.42 | r0.00] 6.0 _ 179.98

(4) To L:se a Bf that i is rounded off enter new Bf and pr‘ess START STOP

Enter: (Crest Check)

1. Q= (000 2. N=__ [/ . 3. HWe=_ 2 o.» 4 W= /06.30

e oo

5. B= 0 6. L = 0 7. Taper = 0

Crest Check: (Reod) HC = 2.22 Y, (Regd) Max. Crest El. = /’7' 77

36 |
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STEP 8 THROUGH 12
SLOPE-TAPERED INLET AND CREST CHECK

4

Use file 1, block 10 for Bf if face has favorable edge conditions as in STEP 5.

2 >
Enter: 1. Q=_ /000 L l e
. ¥
2. D= 7 sad
FALL O
—1s .
- —
3. W= _200 s
4. E1. Streambed at face = /70 (if vertical face)
EH—Crest= : fifmitered-face)-
S.y=__ 0O
(Read) Min. Bf, or higher rounded valye Type of Face
/2.5b (UsE /3.0) ‘ Vertical, y =0
| - Mitered, y = .4D

Use file 1, block 12 for L dimensions of an inlet with a vertical face.

Enter: 1. B= 7 6. Taper = 4/ :1 i‘“Lz—‘Y 3

2. D= 7 7. El.CrestInv.= /90 1

— —_— 8 TAPER
3. N= [/ 8. E1. Throat Inv. = /79.3§ .
4.8=_/3 9.5=__ 2 é L—L.—«!

@Tto3) DU e T
5. y= o VERTICAL MITERED
(Read) L2 (Read) L3 (Read) L4 (Read) L] (Read) Taper Type of Face

2/.2% 3.50 o 24, 78] 8.26 Vertical, y =0

Mitered, y = .4D

Use file 1 black 13 for crest o ' -

Enter: 1. Q= 3. HWF= - b, L] =
2. N= 4. W= 0 7. Taper = R
/"‘"\ ‘ 5. B=

ICresf Check: (Read) Hc

Il

, (Read) Max, Crest El1. =

- .



STEP 3 '
OUTLET VELOCITY WHEN CULVERT IS IN INLET CONTROL

U&e—&la-lfblock—hh-i—das@mag-e—bemhe# (READ) | (READ)
Use file 2, block 14 if designing a pipe culvert dn/B [Velocity
Ehfer: ].. D = . 7 .
o 7 D if desiani X v
2, B~ (Use D if designing a pipe) For Box Coloam
3. n =. 000/2_4
4, Q/N= (000 o
5.5 = 0.02 = (So = FALL/Lg) |
| (READ)
Velocity
29.19

For pipe culvert

R e v s e s < e s e N 4 e e o e s 1 = e = s ket o 4 e < e et et v < mm i 5 < 4 e
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BOX CULVERT EXAMPLE NO. 3

Given: OSame as example no. 1 eﬁccept
Slope of stream bed (S, ) = 0.005 ft./ft.

Elevation Outlet Invert = 188.25

Requirements: Same as example no. 1

K

40



WORKSHEET FOR CULVERT DESIGN

PROJECT: M DESIGNER: Pow
STATION: _ ‘ DATE: 6/]/77
INITIAL DATA

Design Q 90 =__ /000 cfs Channel Slope, -So =__0,005 _ft fit.
AHW Elevation = 200 ft. El. Stream bed ot Face /70 ft.
Approx . Culvert lengfh., Barrel Shape ___ ZoOX
| L= F5¢0 ft. Barrel Material _ Kemws_Cone,
El. Outlet Invert = __/88.25 ft. Barrel Roughness, n. __©.0/2

- ( See page 2 for natural stream data )‘

SUMMARY INFORMATION

- FOR
SELECTED DESIGN

Barrel Shape and Material _Kemz Cowe. Box Cpeveer

Face Edée Description 45 ° UELS
Type of Improved Inlet None
Width of box; B = /0 ft.  Inlet length, L} = - ft.
Depth or Diameter, D = 9 . Face to Bend, L, = e— ft.
Width of face, Bf = — ft. Bend to Throat, L3 = - ft.
No. of Bcrrels, N = / Crest to Face, L, = — ft.
Inlet fall, FALL=___©0.92 ft.  Side Taper = — 1

" Barrel Slope, S=_2.005 ft./ft.  Crest Length, W = — ft,
Top bevel height, d = __ %5 ___in. Side bevel width, b=___ 5 in.

COMMENTS ON DESIGN:

Outlet velocity, V=

/€.97 ft./sec.
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STEP 1

CALCULATE TAILWATER

Use file 1, block 1 .
Enter: 1. n= 0.03 ( channel ) |
3. BWw=__8 Zy . , Z7
| e BW —
4.z, = 2
= 2
_5. 22
(Enter ) ( Read ) .
6. Q | TW, Based on dn COMMENTS |
— — == = e ' —
/000 G.l/
goo 5.5
600 4.8/
/200 6.65
STEP 2
" DETERMINE AN ACCEPTABLE CULVERT SIZE
Use file 1, block 2 if designing a box culvert. |
M@WW&
Enfer: 1. Q= /000
2. N= ___/
3.L=_350
a
4. n = _O.0/2 __ (Barrel)
5. k,= 05 $ 02
Lo
6. W=_06.l » T owm
7. Elev. ouflef .inverf = /58:25 ‘
( Enter ) ( Read ) (Read )
8. B - lfbox 19, (Enter )14 +D or TW »
8 : 8 Z:.93 R04.07 |Exceros ANWEL. Ke=.S .
9 ? 8./74 200. 40 05 AWl £¢ ke, 2
/0 ? 2.89 192,33 | okK- vse kez,2

(1) d values taken from Design Charts For Open-Channel Flow,
Hydrauhc Design Series No 3, HEC #5, or HEC #13 ”

.
N
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_STEP3
OUTLET CONTROL PERFORMANCE CURVE DATA

Use file 'l,' block 3 if designing a box culvert

ENTER: 1. L= __ 350
2, n= 8.9/2 (Barrel)
3. k= 2.2
4, B= /o (for box only)
5. D= 9 .
6. Elev. outlet invert = /88,25
(2) (Enter) (3) (Enter) (Enter) (Read) ,
7. . . . COMMENTS
TW ‘ 8 de=pine only S Q{:N - HW, _
/4 — /6006 /99.33
5.5/ | — 8oo /97.7]
4.8/ — | bos /96.31
£.65 — /206 . R0/.17

Note: Plot outlet control performance curve

(2) Obtain values from Step 1 ‘
(3) d ob’rcmed from Hydraulic Design Serles No. 3, HEC #5, or HEC 13

STEP 4
OUTLET VELOCITY WHEN CULVERT IS IN OUTLET CONTROL

If designing a Box Culvert

Use file 1, block 4

Enter: »1.. TW = é' // -
: " {Read):
2. D= 7 Velocity
3. B=_ /0 , o | 114,73
4. Q/N = /000

Enter: 1 =

o (Read):

2. Q/N= : Velocity
3. Alpha = - (1.04 for RCP, 1.12 for CMP) |

43
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STEP 5

INLET CONTROL CALCULATIONS AND PERFORMANCE CURVE DATA

(BOX CULVERTS)

Use file 1, block 5 if analyzing a square—edge inlet with headwalls,
Use file 1, block 6 if analyzing a 45° beveled inlet.

«U&e—ﬁie-l,-block-l-&i-analyzmg%e&ed—mlet—#hmet
(PIPE CULVERTS)

. : AHW EL
Enter: 1. AHWElev.= 2006 = -
2. El. Stream bed at face = /70
3. B=— 10 (D, iipipe)
4, D= 7 . | El Face Invert
CONVENTIONAL or BEVELED
El (R?Zi)e (Read) (Read) | Note: Use Upper headings for Con_—
" (Enter) ir.werf HW, ventional or beveled face:  Lower
Q 5. Q/N ET. Throar FALL headings for tapered inlet throat.
s e HW, COMMENTS
: invert A
Program No. (=S +  Inlet and Edge Description. SQ, EPSES w/HfﬂD,’W#LLS .
_[000 2800 /88 .05 /.29 | zocooo| .
8oo | 800 ‘ (9803 | TRY BEVELED I1NLET
6oo Goo (96.20] . ‘-
| /200 | (20¢ 202, — .
Program No. A , inlet and Edge Description ¥5° BEvELS
1000 | (000 /57.07 .72 200.00 Face 15 MiNoE- Nor A/fcessﬂe}’
8co 8co | /98,27 1o merEASE S1BE JusT 7o
Goo é_é@ | (26.89| eeomuare Frel | -
(200 1 20/. 8T\ prAL) PECFORMANCE CURyES

Note: Plot inlet control section performance curve
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: STEP 13
OUTLET VELOCITY WHEN CULVERT IS IN INLET CONTROL

Use fEIe 1, block 14 |f desfgnfng a b?x culvert READ) T READ)
‘ b dn/B [Velocity
Enter: 1. D = 9 |
o = V42 (Use-Dif-desiant . .58 |16.97
| O ;/2_ . For Box Culvert
3.n = O/,
4. /N= (000
5.5 = _0.005  =(So-FALL/L)
| (READ)
Velocity

. For pipe culvert
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BOX CULVERT EXAMPLE NO. L

Given: An existing box culvert built on a roék foundation
requires modification to handle higher than
anticipated flows.

Original Design: Box size = 7' x 6!
Design discharge, Qgg = 350 cfs
Allowable headwater elevation = 100
Elevation outlet invert = 75.0
Elevation inlet invert = 92.5
Culvert length = 350 ft.
Barrel Slope, S = 0.05 ft./ft.
Channel Slope, Sy = 0.05 ft./ft.
Manning n = 0.012
Entrance configuration = square edges with headﬁalls

Downstream channel approximates a 6' wide trapezoidal
channel with 2:1 side slopes and a Manning's "n" 6f 0.03

Requirements: Medify-bex.sulvert to handle Qgy = L25 cfs.

47



WORKSHEET FOR CULVERT DESIGN

FOR

SELECTED DESIGN II‘

Barrel Shcpe and Material &M’F OQQ,C &t 004 verRr

1

Face Edge Descrlphon 45° Bevers %‘J,
-Ls ]

Type of Improved Inlet _ S 108~ TRPEE_EQ IMLIT —~L4 .
Width of box, B = 7 ft. Inlet length, L] = 8 ff'.‘
Pepth or Diovmefer, D=__0 __f. Faceto Bend, Ly = -
Width of face, Bf = 1 ft.  Bend to Throat, Ly = . o
No. of Barrels, N = | Crest to Face, L4 = - ﬁ.
Inlet fall, FALL = O ft.  Side Taper = <
Barrel Slope, S = .05 Ff./f'r; Crest Length, W = - ft,.
Top bevel height, d = 3 in. = Side bevel width, b = 3.5 in.

| | Outlet velocity, V= 32.27 }f‘f./sec.
COMMENTS ON DESIGN: __ Byrep Siwg- THAPERED Taier AS

PROJECT: Lxamos ™4 _ DESIGNER: __ PP W
STATION: ' 2 DATE: & /7/79
*INITIAL DATA

Design Q So. - 350 cfs Channel Slope, So =_0.65 fh/ft.

AHW Elevation = /00 ft. El, Stream bed at Face 92.5 ft.

Approx . Culvert length, | Barrel Shape Box

L= — 350 ft. Barrel Material Fg/m' CQMC
E1. Outlet Invert = 75 ft. Barrel Roughness,.n, O.Q__/_Za
( See page 2 for ndturcl stream data )
SUMMARY INFORMATION WEIR CREST

TOP EDGE OF FACE

ft,

RN ___EXTENSION oF THE EXISTING

Fox _CcuoLVERT,
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, © STEP 1
CALCULATE TAILWATER

Use file 1, block 1

Enter: 1. n= .03 ( channel ) |
2. So = g.05 | N nand S /4{
3. BW=__& 2 Z
- j¢—— BW ——
4. 7, = 2
5. 2,= >
(Enter ) ~ (Read)
Q TW, Based on dn A . COMMENTS
350 2.28
300 2.1
“00 2.44
Soo 2.73

STEP 2

DETERMINE AN ACCEPTABLE CULVERT SIZE

Use file 1, block 2 if designing a box culvert.
Use file 2, block 1 if designing a circular pipe culvert.

Enter: 1. Q=

AHW EI.
2. N=
3. L_=
& a
4.n = ( Barrel )
5. k=
e
6. TW= _
7. Elev. outlet invert =
( Enter ) ( Read )
8. B~ Ifbox |9, (Enter )|, +D or TW ‘
L (1) dc - If pipe D % HW_ COMMENTS
rhe S7er *2 /5
2AE ouvl/et ond
lcoryes the cxdtmg colver’.

(1) dc values taken from Design Charts For Open-Channel Flow,
Hydraulic Design Series No. 3, HEC #5, or HEC #13
' : 49
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SIEF 9
OUTLET CONTROL PERFORMANCE CURVE DATA

Use file 1, block 3 if designing a box culvert

4
) . . . - - - -
Uso-file-2, block-2-if dacigning-apipe-culvert-

ENTER: 1. L= ___3$0
2. n= . @.,0!2 (Barrel)
3. ke= 0.5 _
4, B=" 7 (for box only)
5. D= (3
6. Elev. outlet invert = 75
(2) (Enter) ) (Ehfer) (Enter)]  (Read) ,
__2.28 e 350 | £2.85 |
Z. /5 - 30__9 8 I .?Z
2.47 - 4060 ' 83.;88‘ .
2.7¢ - 1 50 | 86.25

Note: Plot outlet control performance curve

(2) Obtain values from Step 1 .
3) d obfcuned from Hydraulic Design Senes No. 3, HEC 5, or HEC “]3

o STEP 4

QUTLET VELOCITY WHEN CULVERT IS IN OUTLET CONTROL

If designing a Box Culvert
Use file 1, block 4 :
Enter: 1. TW = 2.28

v (Read):'
2. D= é Velocity
3. B = 7 //069
4. Q/N= 350
' I£ ' - . - . l I
Yso-file2,-blesk-3-
Enter: 1. D=___
_ (Read):

2. Q/N= | Velocity
3. Alpha = (1.04 for RCP, 1.12 for CMP)

L




STEP 5
INLET CONTROL CALCULATIONS AND PERFORMANCE CURVE DATA

(BOX CULVERTS)

Use file 1, block 5 if analyzing a Squore-edge inlet with headwalls. -
Use file 1, block 6 if analyzing a 45° beveled inlet.

H&MMW%&W,
(PiPE CULVERTS)

Enter: 1. AHW Elev. = /6¢
’ 2 E1. Stream bed at face = 7Z.5
3. B=—_ 7 (D, if pipe )
4, D= é ' ' | . E! Face Invert
' CONVENTIONAL or BEVELED
El (ReF?:ci)e (Read) (Read) Note: Use Upper headings for Con-
Q 5  (Enter) ir;verf wa ventional or beveled face:  Lower
" Q/N [TE7. Threar FALL -1 headings for tapered inlet throat.
: HW, COMMENTS
invert ‘ :
Program No. /-5 ’ Inlet and Edge Description SQ. £068S W/ HEANJIALLS
_J50 | 350 92.50 000 | 92.9/ | :
200 300 | 9. 07 | DrAW PRFORMINCE (LR YES
0D <00 y /700.8]| o
_Zoo | seo 10T.8% N
| Program No. /=& + Inlet and Edge Description —_¥5° GB&VELS
360 | 350 _72.50 | _©.06 | 99,30\ ¢Use -
CL.B00 | 3ee 28.55 | Doy PERFoRMAUCE e vE
LS00 | s00 , , 100,79 | TRY SIDE-TAPERED miET

Note: Plot inlet control section performance curve
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STEP 5 |
INLET CONTROL CALCULATIONS AND PERFORMANCE CURVE DATA

(BOX CULVERTS) | |

Use file 1, block 7 if analyzing o tapered inlet throat. .

(PIPE CULVERTS) A
Use-file 2, Llock-4-if anslyzing-atinmedged-projecting-inlet

UM%—MGM@%WMMHW
UMMWWW

Enter: 1. AHWElev. = /0O
2. El. Sfreom bed .af:‘face = ?Z.5 '
3. B = 7__ (D, if pipe )

CONVENTIONAL or BEVELED

El (ReFad) (Read) | (Read) Note: Use Upper headihgs for Con-
Q 5  (Enter) ;,:Ne::ce HWf ventional or beveled face: ‘
. N  FALL headings for tapered inlet throat.
Q/ E1l . Throat wa COMMENTS
- 1nvert »
Program No. Iy . Inlet and Edge Description _TA4ERE0 InLeT
JTco | 350 92,50 .00 9289 | | .
| 360 300 R 1 98,26 | Desw CorvE
4o | 400 79.50 | .
Y- 500 ' /0, 70
Program No. : , Inlet and Edge Descrlphon
\
\\

Note: Plot inlet control section performance curve
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STEP 6 & 7
SIDE-TAPERED INLET AND CREST CHECK

~(BOX CULVERTS )

Use file ] block 8 if wmgwalls hcve a 26° to 45° flare angle
with. top edge beveled or 45° to 90° flare angle with
bevels on top and sides.. (Favorable face edge conditions)

O d dov led 250 990 £} i 4 .

( PIPE CULVERTS )

<
UYse-fle-2-block-H-ifthe-face-hasprojacting—thin-edges.

Taper

Use—Fite-2,-block+3-i-the—face-has-bovels or |
( CREST CHECK ) |
Enter: 1. HW = | Toper
' F £00 (Slope-tapered)

2. E];i Thrdct Invert = QZ 5

3. (Taper+S)= 4,05  (Taperis4:1to6:1), (S = S=FALL/L )

4, NXB= 7 ( NXD for pipe )
5. Q=__ 445 FROM PERFORMANCE CURVE
6. D= é (E for pipe, where D £ EL 1.1 D)
(4) Read) | B8 (Read) (Read)
Min. B, | Uskd L, E1. face invert COMMENTS
086 | 17000 B o 92.90 | race oesisvEd Fok LAksE
(4) To use a B, that is rounded off enter new Bf and press START STOP FLOWRATE,

RECOMPUTE OUTLET CoNTROL PERFORMBNCE CcoRVE FoR CULVERT
Enter: (Crest Check) wirH AOD ITIONAL B FEET ANO AN IMPROVED N LET,
ta = 358 , ke »2

1.Q= 2. N= . 3. wa— 4. W=
5. ‘;‘?B = 0 6. L] = 0 7. Taper = 0
Crgsf Check:  (Read) Hc = ; (Read) Max. Crest E1. =
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STEP 3

OUTLET CONTROL PERFORMANCE CURVE DATA

Use file 1, block 3 if designing a box culvert

ENTER: 1, L= __ 358 |
2, ’n°= M__ (Bcrrél) READJDSTED For
3. ke= Q.2 ‘ NEW  Lq, ke
4, B= Z (for box only)
5. D= [7) |
6. Elev. outlet invert = 75
" (2) (Enter) (3) (Enter)  (Enter) (Recd) - |
7. CTw 8. 4 ; 19 Q/N HW, | COMMENTS
2.28 - 350 | 8180
2.47 - 400 82.5! Depk) Peesokmpvct]
L 2.76 = S00 847/ |  come

Note: Plot outlet control performance curve

| -(2) Obtain values from. Sfep ]

(3) d obfomed from Hydrouhc Desxgn Series No. 3 HEC #5 or HEC #13

\

STEP 4

OUTLET VELOCITY WHEN CULVERT IS IN OUTLET CONTROL

If designing a Box Culvert

Use file 1, block 4
Enter: 1. TW = 2.58 @ 445 cfs
| (Read):"
2. b= — 6’ Velocity
3. B= -7 1247
4. Q/N= LYE
Enter: 1. =
| ' (Read):
2- /N= , Velocity
3. Alpha = (1.04 for RCP, 1.12forcmp) | . |

4., TW=_




o STEP 13
OUTLET VELOCITY WHEN CULVERT IS IN INLET CONTROL

o il 2, blod 141 Sosiomi o pime o READ) | (READ)
. dn/B [Velocity
Enter: 1. D = é ; |
2.8 = 7 (Use D if desighing a pipe) ’FZ'SB C.?IZ.Z7
' t
3. n = 0.0/ 2 : or Box Culver
4, Q/N= 6/1/5
‘5. S = .05 - =(So - FALL/Ly),
| ' (READ) |
Velocity

For pipe culvert
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- Conclusion - Example Problem No. L

From the performance curves it can be seen that the
addition of bevels does not satisfy the Qgp of L25 cfs
at the AHW elevation. It is also seen that the addition
of a side-tapered inlet increases the capacity of the
culvert to LL5 cfs at the AHW elevation of 100 feet.
This increase is obtained with the side-tapered inlet

" built at the same slope as the existing barrel and

channel. The side-tapered inlet is the least costly
type of modification that will handle the increase flow.
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EQUATIONS AND FLOW CHARTS

USED IN PROGRAMS
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Program 1-1

Store Enter n,
Entries — So" BW, Z,,
_ 22, 5
 Initialize
d =1
n
.l
Calculate A
.| Calculate Q
| Using Mamnings
Equation
Q (cale) = Q (entered) Yes
No
Adjust 4
n
Equation
Q= 1.486 AR%3 s 01/ 2 (Basic Bquation)
n
R = A/WP
A=BWd +1/22.d°+1/272.4d°
n 1% 2°n
- |52 ‘
WP—BW*-dn Zl + 1 + dn Z2+lv

d, 1s calculated to + .0001
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Program 1-2

: Enter
Q, N, Ly, B, ke
TW, & El. out
let invert

Store Enter _ Calculate
entries 2
. Y
v : »  Primt Calculat
- Store’ o Calculate ‘dc +D Hi g HC: g e+ D+
H . H 2 . )
: El. outlet invert
Store Calculate _ 1
a ™ d Print - " Calculate L,
c c Print
o ‘ , ™ ] ﬂwof H+ TW + W, -
El. outlet invert
_sTOP ] —~
Hﬂof- H +bho’¥ Elev. Outlet invert (Basic Equétion) - {2)
where :
Ha )+ kg + 2oL, | (o/NeDY2 (2)
733 | 64.4 - '
[zt
hy:= dc.-+ D or TH, whichever is greater : (2)
y A \ 2/3 : .

and d_ = 0.315 (a_ﬁ) - _ (2)

Note: d¢ cannot exceed D
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Prog" ram 1-3

Enter
La’ N, ke! B, D, yes Make
El. outlet de =D
{nvert
no
Store
Storé Enter Calculate |
iy do + D .
all ™ & Q/N
entries 2
<
Calculate
store || Calculate 4 ves HWo= H+ dc + D +
H H 2
El. outlet invert
1
Store | Calculate L
d = d Calculate
c . % HW = H + ™ + Print
Hd,
» El. outlet invert}
STOP | !
Hdg = H +.h + Elev. Outlet invert (Basic Equation) (2)
where
T A (q/NBD)? (2)
BD 1.33 64.4
B+D
hy = d. +D or TW, whichever is greater {2)
2
and d_ = 0.315 (@) ¥3 (2)
¢ NB)

Note: dg cannot exceed D
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Program 1-4

Store Enter " .
811 T,w’ D) Bs Make
entries Q/N do =D
Store Calculate
d. d ) X
c et c ) Calculate
A
using d.
Calculate
\4
no . ,
e L
Calculate Print
A .
using T v

Vv ='A£N_and A=Bx depth Of wateh (dc’ TN, or D)
X . ’
d. = 0.315 ()23
NB

TW is based on program #1

To find area use d. or TW, whichever is greater, but not to
exceed D : o
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Program 1“5, 1"6, & 1-7

Calculate Store Print
Sti;e El. Face inver}—wEl. Face v El. Face
. :ries invert invert
en .
‘ v Calculate
Enter FALL
Q/N
3 yes
Store Calculate
X ot
: x
N
i Print
Calculate FALL = 0 [ FALL
Hf/D or Ht/D
. | ] lculate
gto::,: Calculate (.:laiW;uor nwt
n, [€] Heor R
y
Print
HWf or
Hwt
STOP

(Square edge in headwall) 2 3 4 ‘ 5
Hf -122117 + .505435x - .10856x° + .0207809x - .00136757x" + ,00003456x (3)

D

(45° Bevels) 2 3 4 5
Hf = 1566086 + .3989353x - .0640392x~ + .01120135x° - .0006449x" + .000014566x (4)

—

D

(Tapered inlet throat) 5 3 . 4
H = .1295033 + .3789445x - .0437778x" + .00426329x° - .000106358x (4)

°l

AHW Elev. < Hf Elev. face invert
Where x = KE§§7§ and (AW ELEV. - H ) - E1ev. Streambed at face = FALL
_ | Elev. face 1nvert + Hf wa
(Same procedure for Ht)
T
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Program 1-8, 1-9
Store Enter
[+ 2
all (wa‘El. throa Store
invert Calculate L
entries Taper+ S, 1
D
Sto ' 4
v Q/D§72 L, Calc;};te
. Q/D
‘ Calculate
‘ L8
Store jo— Assume .
Ly8 LS =1
Calculate
He
R Enter L+ S
15
store  h—" Calculate El. throat calculated
x : invert .
x . \ ,
(Note: This can be entered
. ) at the start if the
Store . Calculate Calculate number gf ,q:egisters
B permit it)
e S Bg El. Face inver
1 A
e Print
Round off P;int 1. Face
B (optional) - £ invert
"
S ——
(Solid Curve - Favorable edges) ‘
. ' : 2 .
8= 0+ [-1.13607 + 3.69853x + .12128x" - .205339x> + .0256923x"]
D , . _ : R
(Dashed Curve - Unfavorable edges) '

s [-1.219 + 4.3x - 61532 + 02733 + .0027x%]
_97.23 : . : :
D . :

where x =
D

Ly = [Bg - NxB] TAPER,

ﬁﬁ.; He = (HWe - Elev. Throat Invert - L15),

S= So - FALL/L,,

E1. face invert = El. throat invert + L4§

RO

Note that it is necessary to know B¢ before Ly can be
Since it is also necessary to know Ly in

order to compute Bs assume L1S = 1, and compute By,
If the computed LS is greater than zhe

computed.

Ly and L3S.
assumed value, recalculate Bg using the calcu

value.
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Store
all
entries

Program

1-10, 1-11

Verticle Fac
Enter
Q, D, HWg, El.
\ face invert

Y

Bf = —05 [-2.265863+7.942441x-4.0352094x

B¢

Calculate
He=(HWf - El.
face invert)

!

Calculate
He=(HWg ~ (E1.
crest - y))

!

Calculate
: x

Store

Calculate

(Solid Curve - Favorable edges)

(Dashed Curve - Unfavorable edges)

2

+1.619481x

Store
| all
entries

3

_.3458214x

4

= Q- [-1.353 + 5.150x - 1.130% + .1578x° - .014ax* + .0011x°](4)

D
where x = He/D;

Ng = (wa - E1. face invert) for verticle face

He = (HWe-(E1. crest-y)) for mitered face
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?

Program _ 1-12

3

Recompute L

ol L3 ™ B£;NB Tape

Enter
B, D, N, B¢, y, Tapey),
S;;;e El. crest, El. thropt
S
entries lavert, ¢
Calculate
. 1,
Store
Ly
Stzre Make
Store Calculate
L, L2
y h
Store Calculate
Lj Ly
Calculate
Check L,
Min L, = 0.5NB

Ly = Sgy + D/S;

~ Ly
Adjust Taper
- (L2+L3) S;ore
——— 3
(Bs~NB)
: 2
,/ 1
)
S;g;:r Print
. Ly.
3
Print
L3
Print
»L4
1
Calculate
Ly
Print Print
Ly Taper

(5)
(5)

L,= (E1. Crest Invert - E1. Throat Invert)'S¢ - L,  (5)

L1 = L2 + L3 + L4

Check Lp = [Bg - NxB) TAPER - Lj

" Note:

66

(5)

Y = 0 for verticle face
Y is positive for mitered face

If check Ly > Ly, adjust Ly = [Be = NxBY TAPER - L,

If Lp > check Lp, adjust TAPER = (Lp + L3)/[Bg - NxB]

* Can use a conditional jump:



Program 1f13

Verticle Face

Store
- all
entries

Enter
Q, N, wa:
w

Store

Mitered Face

Enter Store
‘Q, N, HWg, all
B, Ly, Tap¢r entries

A
Calculate Stbrev
w W

!

Calculate

H. = 0.50 (g) 2/3

Max. Crest Elev. = wa - Hc

W

Calculate
Max. crest El.

b

Print
Max. crest
El.

(5)

(5)

W=NB+2 [L1/Taper] for mitered face slope-tapered inlet (5)

W =10 times FALL for side-tapered inlet
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Program 1-14

Make
d,/B = /3 |

d,/B > D/B

no

. Caleculate

4

Calculate

A

68

(8)

Store 4m—n Calculaté A 4
all gox 18 flowin
entries ful_
. ‘_
o Calculate
St i3
;re - Calc;late v
Print
Print v
X
Store
: Calculate Calculate Store
/B [ Tam a3 [T /B
§ ¥ '
: ¥
Print
d /B
X = n
1.486 S1/2N
if X > 1.1, velocity = _Q
BxDxN
if .22 < X < 1.1, velocity =
f' Bxdnx
and d _ ’ ’ R 4 |
oo = 046 + 2.34061X - 1.53643%° + 1.636594%3 ~ .677621%"
ff X < .22, Velocity = Q |
‘ - ‘ xd, X
and G, = 036402 + 3.648378UX ~ 15.152238%° + 64.991913%> ~ 110.31635%"
B ' . '
d, = dy x B ‘
B
dp is Timited to 2 A=Bxd, V=0/A
B.
Note: dh cannot exceed D



Program 2-1

Enter 3
Q, N, Lys 1y ke Make
TW, & El. out do =D
ljet invert

%
3
Store Enter C:lc:lgte
all d &D c
entries ¢ 7
b
Print Calculate
Store o Calculate : es| de 42. D H,= H + dc +D H
2
i B El. outlet invert
no
Print Calculate
™ HW=H+ TW + Print
_— o
El. outlet invert l'Iwo
e STOP ‘ i
HWg = H + hy + El. Outlet Invert - {Basic Equatfon)

29n2L
Where Hw|1 +k ¢ 8 (Q/n«oz 2 2
[ € (0/4)1-33] . ) @
d +D

hy = c or TW,whichever is greater
2

dc must be read from charts and entered into calculator.

However, if your calculator is large enough to
calculate d. then calculate it rather than enter
it. Program 2-3 calculates dc'

Note: d. cannot exceed D
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Program 2-2

Enter v v
La» 15 ke, D Make
dc = D
El. outlet
invert
Store .- Enter : C:lc:lgte
all ™, de, Q/N dc
entries . : 2
4
. ) ' - s Calculate
Store » Calculate ye s B ¢ gk D +
H H Lo
‘ El. outlet invert
y
Calculate :
Print
HWQ= H+ TW + HWO

El, outlet {invert

5+opi

Hdg = H+ ho + E1. Outlet Invert (Basic Equation)

2
Where H=|] + +.2;?.'3._':9.____ (Q/NT\'DZ)Z
e (p/4)1.33 1/

d +D ’
hy = € 5 or TW,whichever is greater

!

dc must be read from charts and entered into calculator,

However, if your calculator is large enough to
calculate d. then calculate it rather than enter
it. Program 2-% calculates dc'

Note: dc‘ cannot exceed D
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Program 2-3

Store Enter
all D’ QIN’
entries Alpha
9
Calculate
Z
\
Store Calculate
R
x x

Calculate
d./D

4

Calculate

z =__Q
N(sz.z)-‘i

ot
p2.5

x = log Z

if x » log .7

£

D

if x £ log .7

de

D

d. = dc xp

71

Calculate
4./D

2

d. _ ]0(—.0244603 + .2017057X - .64009815X" -

- .0915565X

.695619%3)

3



Program 2-4, 2-5, 2-6, 2-9, & 2-10

Use éame flow chatt as programs #4a, #4b and #5, except enter D
for B in addition to entering D at its regular place.

(Thin Edged Projecting) 5 3
He = 187321 + .56771x - -156544° + 0447052«

D™ - .00343602x* + .000089661x> ()

(Heédwa]l - Sq. Edges) 5 | 3
Hf = .087483 + ,706578x - .253295x~ + .0667001x

—ca——

D~ - .00661651x" + 00025067195 | | (6)
(Beveled edge) _ ’

He = 063343 + .766512x - .316097x2 + 08767073

D - .00983695x% + .00041676x> (6)

(Tapered inlet throat - Smooth inlet)
’ 4

Hy = 22115 + .3927x - .0414x% . 0082x3 + 00034 - .00003x°  (7)

D

(Tapered inlet throat - Rough inlet)
fy = +2252 + .3471x - .0252¢° .0011x% + .0005x® - 00003, (7)

——

D A Elev. - Hf = Elev. face invert

| Wheré X = ——87§~ and (AW Elev. - Hf) - Elev. Streambed at face = FALL
-~ ND¥/e :

Elev. face invert + Hf = wa

(Same procedure fbr Ht)

-
Program 2-7 & 2-8

Use same flow ¢hart as'prdgrams 1-5, 1-6 and 1-7 except enter D
for B in addition to entering D at its regular place.

(Groove - edged projecting) S 3 4
Hf = .108786 + .662381x - .233801x" .0579585x° + .0055789x
D - .000205052x> ‘ (6)

(Groove - edged with headwalls) > 3 4
Hf = . 114099 + .653562x - «233615x° + .0597723x +’.006]66338x

-1 5
D + .000242832x AHW Elev. = He = Elev. face invert (6)

Where x = -5%75— and (AW Elev. - Hf) - Elev. Streambed at face = FALL
N .

Elev. face invert + He = HW

£ M

(Same procedure for Ht)
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' program 2-11, 2-12, 2-13

Enter
S:;;e HWgyEl. throat St
m 1 . T E ore
/ ) entries S?Vs;gz Q’age Cal;:late L,
store |, | Assume
LS Lls -]
L; for the Calculate
firgt time? L8
Calculate
He
) Print
Calculate Ll
Store  je— x '
B x
‘ i
Enter <Ei§
Calculate El. throat calculated
A invert
f \
(Note: This can be entered
. ‘ Y at the start if the
tore i ber of iste
Calculate number reg rs
B Calculate
£ Bf El. Face inver permit it)
N )
' Round off Print
Bf (optional) P~ Bf
:
L JE
(Thin Edged Projecting)
Ap o= —Lo 2 [.0188 + 1.1505x + 181674 - L9623 + .1974x - .0148:51(7)
E .
, (Headwall with Sq. Edges)
Af = _Q > [-.0048 + .9426x + 2.9784x2 - 1.792x3 + .4228x4 - .0357x5](7)
2 .
. E , .
(Beveled edge) 4 5
A= Q= [0.0+.73932x + 3.2904x2 - 1.764x3 + .3744x° - .0287x°1(7)
. E
where x = .fg, He = (HWg - Elev. Throat Inv. - LIS)
B = aA El. face invert = E1. throat invert + [4S
£ = ‘
St L= (Bf - NO)Taper  S= S, - FALL/L,
——
A ’ E is the height of the face of a side-tapered inlet.

It is usually equal to D, however, it can vary be-
tween D and 1.1D.
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Program 2‘14

Store
all
entries

Pipe is
flowing full
Calculate A

- - Calculate
Calculate v
d,/D ’
y
4 \ Print
. v
‘ Calculate  Calculate
d_/p , 4
n -
X= On (computed by program #11a) (8)
1.486 51/ '
B2.567
= log X
if .24 ¢ .34, ¢

s 0 10(-685734 + 2.097532;7 + 1.1258362%)

D
if X <.24, 9 _ 10(+3063639 + .907884z + .192615,%)
D

For d >R: (R = D/2)

A =wR? - (aR? Cos™! (r/R)/180) + r(R2 - y2)*5
Otherwise: '

A= (R cos™! (r/R)/180) + r(RZ - r2)-5
r= ABS(R - d )
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WORKSHEET FOR CULVERT DESIGN

PROJECT: p bESlGN,EFl:
STAT‘ION: DATE:
INITIAL DATA '

Design Q = cfs Channel Slope, S = ft./f,

AHW Elevation = ft. El. Stream bed at Face ft.

Approx. Culvert length, Barrel Shape -

Lo= | ft. Barrel Material
El. Outlet Invert = ft. Barrél Roughness, n.
( See page 2 for natural stream data )
SUMMARY L%FéORMATlON | —

Barrel Shape and Material

SELECTED DESIGN

Face Edge Des.cripfion

Type of Improved Inlet
Width of box, B =

ft.

Depth or Diameter, D =

Width of face, Bf =

ft.

ft.

No. of Barrels, N =

Inlet fall, FALL =

ft.

Barrel Slope, S =
Top bevel height, d =

ft./ft.

COMMENTS ON DESIGN:

Inlet Ieﬁgfh, Li=_ _ f,f_.v
Face to Bend, L, = - — ft.
~ Bend to Throat, Ly = , ft,
Crest to Face, Ly = ft.
© Side Taper = __-___ | .1
~ Crest Length, W= _ _ — £t,
Siae bevel width, b = _ i in,
Outlet velocity, V=_____ ___ft./sec.
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STEP 1
- CALCULATE TAILWATER

Use file 1, block 1

Enter: 1. n= | ( channel )

2. So= | & nand S, /{
BW = | 2y 22

3.
lé—— BW ——)
4, Z, =
1
5.2,=
( Enter ) (Read ) '
6. Q TW, Based on d_ . COMMENTS

STEP 2
DETERMINE AN ACCEPTABLE CULVERT SIZE

Use file 1, block 2 if designing a box culvert.
Use file 2, block 1 if designing a circular pipe culvert.

Enter: 1. Q=
ARW EI:
2. N = h_'_/-—\
3. L =
a e
4. n = ( Barrel ) \41\ T~
INC T
5. k = 1 ™
e T
6. TW = - \JE. Outlet
7. Elev. outlet invert =
( Enter ) : ( Read ) Read
8. B- Ifbox |g, (Enter) dc+D or TW (Hev?/ ) COMMENTS
(1) de. = If pipe D |—— o

(1) d values taken from Design Charts For Open-Channel Flow,
Hydrauhc Design Series No. 3, HEC #5, or HEC #13

17



STEP 3
QUTLET CONTROL PERFORMANCE CURVE DATA

' Use file 1, block 3 if designing a box culvert
Use file 2, block 2 if designing a pipe culvert

L= |

n= (Barrel)

ke= .

B= (for box only)
D=

Elev. outlet invert =

(2) (Enter)
W

(3) (Enter)

(Enter)] = (Read)
dc- pipe only ‘HV

Q/N HW,

COMMENTS

4. Q/N =

. D=

2, Q/N=

Note: Plot outlet control performance curve
(2) Obtain values from Step 1 ' o »
~ (3) d_ obtained from Hydraulic Design Series No. 3, HEC #5, or HEC 13

_ _ STEP 4
OUTLET VELOCITY WHEN CULVERT IS IN OQUTLET CONTROL

If designing a Box Culvert

Use file 1, block 4

. TW=_

If designing a pipe culvert

Use file 2, block 3

3. Alpha = | __ (1.04 for RCP, 1 12 for CMP)

4, TW = ( . 78

.(‘ReAad),: 1

| Velocity

1 (Read):
Velocity




STEP5

(BOX CULVERTS) |
Use file 1, block 5 if analyzing a square-edge inlet with headwalls.

Use file 1, block 6 if analyzing a 45° beveled inlet.

Use file 1, block 7 if analyzing a tapered inlet throat.

(PIPE CULVERTS)
Use file 2, block 4 if analyzing a thin-edged projecting inlet.

Use file 2, block 5 if analyzing an inlet with square edges in a headwall.
Use file 2, block 7 if analyzing a groove end projecting inlet.

Use file 2, block 8 if analyzing a groove end inlet and headwalls.

Use file 2, block 6 if analyzing a beveled inlet.

INLET CONTROL CALCULATIONS AND PERFORMANCE CURVE DATA

Use file 2, block 9 if analyzing a tapered inlet throat. (Smooth inlet)
Use file 2, block 10-if analyzing a tapered inlet throat. (Rough inlet)

Enter: 1. AHW E!ev_. =

2. El. Stream bed at face =

=

3. B= (D, if pipe )
4, D= “El Face invert
’ CONVENTIONAL or BEVELED
E (Ri::ci)e (Read) (Read) | Note: Use Upper headings for Con-
Q 5 " (Enter)]| ir;ver'r HWf ventional or beveled face: Lower
* Q/N ET. Throot FALL headings for tapered inlet throat.
et HW, COMMENTS

Program No.

Inlet and Edge Description

Program No.

Inlet and Edge Description

\

Note: Plot. inlet control section performance curve
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STEP6 & 7 .
SIDE-TAPERED INLET AND CREST CHECK

(8OX CULVERTS )

Use file 1, block 8 if wmgw0|ls have a 26° to 45° flare angle
with top edge beveled or 45° to 90° flare angle with

bevels on top and sides. (Favorable face edge condmons)

Use file 1, block 9 if wmgwalls have a 15° to 26° flare angle
with top edge beveled or 26° to 90° flare angle with no
bevels. (Unfavorable face edge conditions) :

( PIPE CULVERTS )

Use file 2, block 11 if the face has pr0|ecf|ng thin edges. -
Use file 2, block 12 if the face has quare edges in a headwall.
Use Flle 2, block 13 if the face has bevels or a groove end.

( CREST CHECK )

Use file 1, block 13 for crest check on a convenhonal

beveled or side-tapered inlet.

f

2. El. Throat Invert =

“Enter: 1.

HW

quer ;
(Slope-ta pered)

3. (Taper +§)= (Taper is 4:1 to 6:1), (S = SSFALL/L )
4. NxB= ( NXD for pipe ) |
5. Q=
6. D= (E for pipe, where DL EL 1.1D)
4) (Read) (Reod)
Min. B El. face invert COMME»NTS

{.‘

4) To use a B, that is rounded off enter new Bf and pvf‘éss START STOP

Enter: (Crest Check)
1. Q= 2. N= 3. HW, = 4, W=
5. B= 0 6. Ly=__ 0 7. Taper= 0 |
Crest Check: (Read) H_= r (Read) Max. CrestEl. =
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STEP 8 THROUGH 12

SLOPE-TAPERED INLET AND CREST CHECK

z

Use flle 1, block 10 for B if face has favorable edge conditions as in STEP 5.

Use file 1, block 11 for B

Enter:

1.

Q:

D=

HW]c =

; if face has unfavorable edge conditions as in STEP 5.

El. Streambed at face = (if vertical face)

El. Crest = ' (if mitered face)

y:

(Read) Min. Bf,‘ or higher rounded value

Type of Face

Vertical, y =0

Use fi e 1, block 12 for L dimensions of an inlet with a vertical face.

Mitered, y = .4D

"heck:  (Read) Hc=

+ (Read) Max, Crest E]. =

Ente: 1., B= 6. Taper = :1 ' I‘“Lz“l 3 : WEIR -pEST
’ YOF SOGE OF Face
2. D= 7. El. Crest Inv. = f I . it
_ rest Inv . | e < 5 T
3. N= 8. El. Throat Inv. = | 1Y -
. P = ‘
4, BF‘= 9. sz 2] L“L"“"" -'{LA —-' j-—.z
(2:1 to 3:1) SYMMETRICAL FLARE g
5. y= VERTICAL MITERED
(Rec L (Read) L, |(Read) L, | (Read) L (Read)  Taper Type of Face
- 2 73 4 ] ,
, Vertical, y =0 , R
Mitered, y = .4D
Use fil 1, block 13 for crest check on a slope~-tapered inlet with mitered face.
Enter: 1, Q= 3. HWf= 6. L] =
2. N= 4. W= 0 7. Taper = : 1
5. B=
Crest
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STEP 13,

OUTLET VELOCITY WHEN CULVERT IS IN INLET CONTROL

Use file 1, bléék 14 if designing a box culvert
Use file 2, block 14 if designing a pipe culvert

Enter: 1. D =

A WN
m,Q:w
Z
"

= . - (Use D if designing a pipe)

» _ =(So- FALL/L) |

82
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Uyl
* (07
*{U3
*03¢
¢G5
c0{b
QU7
LRTR
eLUUY
010
11
sUl2
*il3
014
315
*0l6
*Ull
*(18
*019
szl
*321
*Jci
*023
s02¢6
+ (25
°026
2027
s(2¢
*329
* 030
s331
*(32
*(33
*(34
* {35
*036
° (37
e3¢

- +039

sJ4u
*uU4l
*U42

*043

*04a
*U45

001
032

033

034
3co
Cul
uG2
032
033

034

360
002
0u3
03z
033
034
300
gud
Vb
032
033
634
359
0o
005
632
033
636
300
0U5
203
0Gb
032
033

Q34
30U

vub
gul
300
HEVEY]
3L0
010
201
3l
uds

Caléulates channel tailwater.

*G4t
*{47
e(48
*049
*05¢L
v 051
*05¢
*053
*054
*05%
«056

- o517

*0b8
*g59
*(60
*Ub1]
*0(62
*D63
*064¢
*065
*066
=067
*J68
*069
*070

T eg71]

*072
*074
075
076
077
*078
*079
*38¢C
sUtl
*uB2
*083
e84
085
*086b
*U87
sUB8
*J89
*U90

621
310
Jgubd
023
3i¢
bul
024
002
G2l
210
063
023
3i0
RNt}
G20
300
011
310
004
162
021
001
020
062
021
626
310
005
162
621
g0l
020
Ub62
021
023
310
Jug
021
310
003

020

063
023
~310
Gl1l

83

Re

RC

RC

RC

ST

KC

S

*091
*J3¢
*093
*094
*y95
*496
*097
*098
°499
*109
°]101
©102
*103
«104
*1C5
*lub
«107
*108
*1G69
119
°111

o112

le113
o114
o115
o116
{*117
le118

1119

lel20
121
0122
123
128
°125

*126

sle?
*128
*129
*130
+131
©132
*i33
*134
*135

020
025
026
o2
024
Go3
027
023
310
011
023
3iu
g2
062
023
uol
12
004
010
goe
024
310
001
022
31¢C
Gos
G20

110

354

0c2
320

007
312
007
354
002
063

- 023

310
0o7
g23
310
010
020
360

XC

RC

iC

‘RC

RC

ST



*136
<137
+138

*139

*140
¢lt]
*142
*143
*l44
*145
*146
el47
*148
*149

*159

*151

010
302
000
350
0ol
202
310
000
635
035
222

634

112
224
350
003
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6001
e 062
*003

*004.

* 005
* 006
«007
«J08B
«0GS
sJ1Q
°011
012
013
*014&
*015
*(1l6
*017
*(18
*yls
e 20
2l
022
*U23
e(24
*yz5
(26
e (27
(28
*{0259
* 030
031
*032
«033
* 034
*035
«036
°037
“038
“«039
*040
041l
* 042
*043
044
*U45

001 .
032
633
034
300
001
ou2

932

033
034
3090
002
003
032
033
034
3L0
0603
Gos4
032
033
034
360
604
635
032
033
634
364

005

006
G32
033
034
KETRY)
ute
307
g32
033
034
3ou
o7
201
222

Glo

4

2  Determines an scceptable box size by calculating HWO.‘

[ %3]

0

*Jbéb
*d41
*U48

*049 .

*U50
*051
°052
#0353

© .054

*055
* (56
*057

*058

*(59
*J60
*0bi
*lb2Z
*063
*Ub4
2065
*066
*067
*U68
*069
*070
*071
*072
°073
074
*(GT5
*076
077
*078
*079
*J8¢
*(81
=382
*y83

-*08¢

e085
*0&6
*087
*y88
*089
* 094y

032
033
034
300

010

011

032

033
0634
300
011

310

004
162
623
310
063
623
0?2
011

624

026
310

013

023
310
011
D24
0C2
02a
026
310
0160
021
31lv
011
027
025
026
00L&
924
003
627
021
021

85

*091
*U92
*09:
0924
*(9%
*US0b
*0917
*(98
*09%9
*100
*101
=182

-0103

s10¢
*105
*106
*107
* 168
*109
*110

*111 .
112

113
*114
115
*116
e]117
*118
°119
°12¢
*121
*122
*123
*12¢4
125
*126

*1271

*128
*129
*130
=131
°132
=133
*13¢%
*135

001
021
310
g05
023
026
310
001
B24
310
Do2
324
310
210
024
310
011

027 .

162
024
006
004
012
004
020
300
000
310
061
024
319
602
024
310
010
025
026
002
024
003
827
023
012
003
001

"

RC

RC



«136
137
«138
*139
140
141
162
°143
slt4

*145

©146
o147
*18§
$149
*150
«151
*152

153

*15¢4
*155
156
°*157

158

«159
*160
e161
*162
*163
+164
*165
»166
*167
«168
*169
e170
e171
*172
173
*174
*175
e176
«1 77
«178
*179
*18C
«181
«182
*183
+184
«185
«186

005
022
300
c12
310
611

. 020

356
002
310
011
300
012

202

310
011
g21

310~

012
024
002

022

30u
013
310
voe
020
035
€35
356
G603
310

013.

034

‘350

004

203

310
005
034
310

606

204
112
021
310

000 -

621
310
007
820

s  +187

- »188

ST 189

d 190
RC 2191

$ *192

035
035
034
112
350
0ul

86
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1 3 Calculates outlet control performance curve data for
‘ ' ’ »box culverts.

eGC1 001 1 *Lv46 032 1D *391 3190 RC
{02 032 1 u U471 033 & s 092 010 8
*302 333 s 8 *U4s 034 PT *(9%93 024 %
004 036 wT  *L49  3uU ST 094 310 KT
*U0S 300 % *056 010 : 8 *U95 0y u
*3G6 Oul 1 051 310 RS *096 024 +
eJ07 002 - 2 052 gie2 2 *097 310 KC
*00& 032 I U *053 162 SU. ey98 005 5
309 033 S S *U54 023 x " 099 027 )
*0106 034 PT - (55 31y RC *100 162 sy
011 350 ST (56 001 1 *101 024 +
*vlz 002 - 2 '*057 o023 x *1062 006 s
*0l3 GLI. 3 *058 032 2 . elU3  uug -
016 032 1 O *U59  ull 9 slué 012 d
*0i5 033 s S slbyu- 024 o+ 105 004 “
Q1€ 034 FI *061 0z6 ( *106 020 =
017 300 ST *062 310  RC 107 3y ST
+(18 003 3 *U63 004 . *l1U8 000 0
019 Jus u. *U64 023 x 1% 310  "Rg
*020 032 1 D *065 310 RC 110 Q1 3
*Uz1 033 s s *066 005 5 111 024 +
©0272 0354 PT * b7 g24 + 112 310 K
eiZ3 304G 57 *U68 vi2 2 113 00% "
*024 304 w *U69 024 + 114 9025 ¢
«325 6L5 s (070 ~L2e ( *115% 026 -t
°26 032 1 D 071 3160 RC . 116  Go2 . 2
*027- 033 s s 072 0us ¢ *117 024 +
s028 034 PT ':;: g;; RC* «118 003 3
*(G29 3 ST . - ‘ 119 027 )
eU3L  Gu5 5 015 TNLOOo5 S5 .125 gpo3 x
*0U31 y0sb 5 *u76 027 ) *121 Q12 g
*032 432 1 U *Ul7 025 - a¢ 122 003 .3
*033 033 s s *UT8 026 ¢ *i23 o001 1
*034 034 PT *073 004 “ 124  UUS . 5
035 30y - ST *UB0  u2s + 125 022 . -
2036 Qub s °*U81 003 3 °*126 309 ST
*037 201 L 2 *282 027 - *127 9012 d
*U3B 222 LP 2 083 w27 ) *128 316 ke
“039 Ou7 7 *084s 021 + *129 (05 s
G40 ¥32 I D *G85 061 1 *130 §20 =
041 033 s S *086 021 I 131 356 Jc
etz 034 PT . *087 310 kC *132 Qo2 2
*UL3  3JU.. T 88 003 -2 133 310 RC
044 007 -7 *089 o023 x 134 4GS 5
*G&S 011 e U990 026 ¢ *135 300 ST
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e136
*137 .

*138
*139
2140
*141]

*142
<143

‘144
*145
* 147

©148
149"
*159

=151

*152.

*153
*15¢4

" *155

*156
©]1517
*15¢%
*159
°160
«]161
e lbZ
*163

*]164

.16Y
166
167
s 16E
*169
*1Tu
171
eilzZ
.173

012

202

310
Uos5
021
310

012
024

662
022
300
013
310
uo7
G20
035
035
356
003
310
013
350
004
203

310

0u7

204

021
Jio
uGo
vzl

310
Q0o

020
034
112

350

vl
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”

1 4_' Calculates outlet velocity for box culverts in outlet

" “control. -
«001 Jul 1 (46 001 1 *091 ¢03 k)
Uy use2 1 O °047 U2 = *08%2 020 S
*003 03% b S UG8 351  JC *U9%3 035 P A
*UUG 034 PT *UtS QU1 ‘1 *094 035 P A
*505 3uu 5T «U50 31u RC *(95 U334 PT
*UUb YUl 1 «uS51 001 2 *096 12 D 7
*UuUT L2 2 *(52 0¢2 e *097 350 I
*(usd U32 o * 053 31y KC *98 033 S S
U009 U3 S 8 - ey54 GL2 2
LETREY Js4 PT *055 620 =
e0ll 30U ST «056 356 jc
* 012 vu2 2 - (57 QG2 C 2
*Ujid Le3 23 «(58 3140 KC .
*1& 032 1 D +059 002 2
*J15 033 S 5 s0EL 300 ST
*yle 034 PT *U51 001 1
«L1T . 3de ST o622 202 L 2
*Ul8 Uyl - *u63 310 - RC
*UlYy  vua 4 «Ub 4 001 1
*L20 G321 D *065 063 5
«J321 Uu33 S 5 « 066 350 3
*dyesi L3 FT e 0617 003 3
sUe3 35y ST «U68 201i L 3
26 U4 s *U69 310 RC
° 25 2ed UF 2 070 Q005 5
*526 310 RC *071 022 -
eg27 Uut 4 «072 310 RC
s0Zb wed + *073 0062 2
*429 313 ke : ‘e GT4 02U =
*U306 U3 3 *075 3% JC
*=J31 025 a *i76 004 ¢
*032 V26 { o e(77 310 RC
*U33 002 2 .78 G2 2
°U 34 b2 + *GT79 30u ST
*035% WLL3 3 sUBL  UDS . §
+ {36 0e7 ) 061 204 L o«
«u3l J2s x *US. 310 RC
eu36 012 d U835 U0S ’ 5
U3y U3 3 *GB4  U63 A
*Udu uul 1 085 203 L3
4] Cu$S 5 subE c23 x
*udbs U2« - *0B87 310 RC
*L 43 3oL ST s UBE Uug p
“U4e UUS 5 “UB9 024 +
*yLS Jlu RC *U90 - 310 RC
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e b

ooc &0

e @

Lot B o Y ol oy
i Lo

RRVATR)
=067
*008F
003
0130
sl
=01z
2013
o(l4
015

16

syl

0l

2015
020
ep 021
p*022
022
"o (24
}=025
s (26
be27

e Q2R

-2 (29
Q33
0031
o032
e(33
o {J34
23
gwuse
o037
e 38
re(39
‘o040
° 041
"o 042
143
LRV Y
o4&
°*U4b
L 47
*048

301
032
333

‘03h

3ud
NN,
032
U3l
034
3oy
LY
L3
032

033
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 Calculates the performance of a square-edged inlet
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' Calculates the performance of a 45° beveled inlet on
a box culvert.
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Calculates the performance of the throat section of a

tapered inlet in a box culvert.
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Calculates Bf and Lj for a side-tapered inlet on a box

culvert with favorable face edge conditions.
Sstep 7 for definition of favorable conditions).
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| Calculates Bf and L} for a side-tapered inlet on a box
culvert with unfavorable face edge conditions.
Step 7 for definition of unfavorable conditions).
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10 Calculates B¢ for slope-tapered inlets on culverts with
favorable face edge conditions and either a vertical

or mitered face. o
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11 ~ Calculates B¢ for slope-tapered inlets on culverts with
* unfavorable face edge conditionms and either a vertical
or mitered face.
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Calchlates L1, Ly, L3, Lg and Taper for a slope-tapered

inlet on culverts with either a vertical or mitered face.
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Checks crest éontrol for eithér a side~ or slope~tapered

inlet. ’
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S R T S 'Calculates—outlet velocity‘for box culverts in inlet
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2 ~ Calculates outlet control performance curve data for
pipe culverts. :
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Calculates outlet ﬁelocity for pipe culverts in

outlet control.
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Calculates perfdrmance of a thin-edged projecting inlet

on a pipe culvert.
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2 5 . " talculates performance of an inlet with square edges on
a pipe culvert. '
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2 6 . Calculates performance of an inlet with 45° bevels on a
pipe culvert. :
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inlet on a pipe culvert. :
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headwalls on a pipe culvert.
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9 Calculates performance of a tapered inlet throat in a
smooth pipe culvert.
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Calculates the performance of a tapered inlet throat
~in a rough pipe culvert.
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Calculates Bf and Ly for a side-tapered inlet on a pipe

culvert if the face has projecting thin edges.
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12 Calculater Be and Ly for a side-tapered inlet on a pipe
culvert'if the face has square edges in a headwall.
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13 Calculates Bgf and Lj for a side~tapered inlet on a pipe
‘ culvert if the face has 45° bevels or a grooved end.
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