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ABSTRACT

A hydraulic model of a depressed-inlet culvert 
simulating field conditions was constructed. The idea was 
to lay a conventional culvert horizontally with the invert 
at the toe of the downstream embankment and to dig a conical 
hole at the entrance with quite flat slope. This configu
ration should flow full and use the entire available head at 
a minimum water-surface elevation upstream of the embank
ment . . .

A graphical presentation of the collected data and 
an approximate analysis established the head-discharge 
relation for both the conventional and the depressed-inlet 
culvert. The difference between them was invariably in 
.favor of the'depressed-inlet culvert unless both were flow
ing full. The difference is marginal when the. slope of the 
conventional culvert is small and the length is short. The 
depressed-inlet configuration is especially advantageous if 
the allowable head-pool elevation is very limited and if the 
slope and the length of the conventional culvert combine 
to give a depression of the inlet of the horizontal culvert 
of at least one-half the diameter of the culvert barrel.
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CHAPTER I

DESCRIPTION OF PROBLEM

The culvert is in many ways a simple device being a 
relatively short conduit, usually round or rectangular, 
which provides a passage for the flow of water from one side 
of an embankment to the other. Geometrically it looks 
simple, and, qualitatively, the flow through the culvert can 
be described easily. At low heads (small flows), it will 
flow as an open channel and as a pressure conduit. At 
intermediate heads, it will act as a sluice gate.

How a culvert performs hydraulically and where the 
control section is will depend on the size, length, slope, 
entrance shape, and barrel roughness. Many conditions are 
possible. For open channel flow, as shown in Fig. 1, the 
control may be (a) critical depth near the entrance,
(b) critical depth at outlet, or (c) the flow depth in the 
downstream channel.

Fig. 1. Open channel flow through a culvert
1



At somewhat higher discharge,with the crown of the 
culvert submerged, several flow conditions can occur as shown 
in Fig. 2: (a) sluice-gate control at the entrance, (b) crit
ical flow at the outlet and full pipe flow for some distance 
down from the entrance, and (c) a backwater from the down
stream channel depth which reaches the crown somewhere along 
the barrel.

In the case of Fig. 2 the entrance is submerged but 
the outlet is flowing only partly full. However, only the 
first, (a), is truly a case of entrance control. It might 
also be possible for there to be a jump in the culvert which 
then may or may not flow full at the outlet, but with the 
entrance still controlling the flow. In this case,questions 
of air entrainment and of the pressure condition at the 
entrance would become important. .

(a) (b) (c)
Fig. 2. Submerged inlet, free outlet In culvert flow.

At even higher heads, Fig. 3. the culvert will flow 
full and the control would then be (a) at the outlet section, 
or (b) the downstream channel depth. Full-pipe flow equations



should describe either of these situations. However, it 
should be noted that in (a) there is a need to know the press
ure distribution at the outlet and in (b) the energy loss be
tween the outlet and the downstream channel.

(a) (b)
i?ig. 3* Full pipe flow through a culvert.

As the flow (and the head at the entrance) increases, 
the flow will successively behave as one and then another of 
the cases indicated in Figs. 1, 2, and 3• Under conditions 
where two types of flow are seemingly possible, the flow will 
behave least efficiently. However, at the transition condition 
there well may be a fluctuation between two types of flow and 
unsteady (oscillating) flow will result.

Only in full pipe flow can full advantage be taken of 
the entire culvert cross-sect ion and of the total head avail
able. This is one reason for the configuration of the drop 
inlet as an entrance to a culvert, Fig.
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Fig. 4. Drop-inlet culvert.

The drop inlet configuration is used only occasionally in 
highway construction. If the drop inlet is the same size as 
the barrel of the culvert, the elbow loss must be added to 
the entrance loss (which is about the same as for the stan
dard culvert) and friction loss in the full-pipe flow equa
tion. The water falling vertically in the drop inlet tends 
to entrain air and to form a strong vortex.

In 1959* Metzler and Rouse introduced the so-called 
broken-back type of culvert similar in operation to a drop 
inlet but with a slanting inlet under the embankment, Fig. 5«

Fig. 5. Metzler1s broken^back culvert.
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, In his version*, the inlet opening was flared laterally 

to twice the width of the. subsequent barrel. It is readily 
apparent that the enlarged inlet lets more water, into the 
barrel at low heads on the inlet and tends to allow the 
barrel to operate in full-flow condition, fully utilizing the 
differential head. He pointed out the doubling of capacity 
with inlet submerged and the possibility of predicting the 
transition of flow from the unsubmerged to the submerged con-. 
dition. Despite the excellent hydraulic performance of the 
broken-back culvert, it has never been accepted in practice. 
There are probably two reasons; higher cost, and a feeling 
that debris can enter the wide inlet and become lodged at the 
joint within the barrel.

Another variation on the drop-inlet culvert is the 
subject of this investigation. The idea is to lay a conven
tional culvert horizontally with the invert at the toe of the 
downstream embankment and to dig a conical hole at the en
trance with quite flat slopes. The cost of such a culvert 
whould only be slightly greater (the cost of the hole and of 
the extra length of culvert) and should have no. greater debris 
problem than a conventional installation.

1.1 Expected Performance 
The plan and profile of a typical, horizontal culvert 

with a depressed inlet is shown in Fig. 6. At very low dis
charges the control for the flow should be at the lip of the 
conical depression with critical flow occuring there, Fig. ?.
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Fig. 6. Depressed-inlet culvert
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Fig. 7• Low flow through a depressed-inlet culvert.

The deeper the inlet or flatter the cone slope, the longer 
will be the lip, or overfall. The relationship between dis
charge and head measured from the lip elevation should be

(1)
Q = Discharge in cubic feet per second

Where
o /oQ = C L h ^ -  w

L = Length of weir in feet w
C = Coefficient, as obtained by assuming crit

ical flow at the lip, approximately Sp: =1.09
27

h = Head over the lip in feet 
At very high discharges the culvert should flow full 

and have exactly, or almost exactly the same performance as

-V•+

Fig. 8. Large discharge through a depressed-inlet culvert
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The head-discharge relationship with the head mea

sured from the invert at the outlet should be '
1 /2 - 

Q = K A (H-ho) (2)
where,

K «' a function of the losses depending upon length, 
size and shape of inlet, and given by the 
expression 1_____  , /0

(kE+IL+^T
K ' ^E == coefficient of Entrance loss
f =  Darcy’s friction factor
L = length of the pipe in feet
-D = diameter of pipe in feet
cC - kinetic energy factor
H = the head, in feet, measured from the culvert in

vert at the outlet.
A = the area of the culvert barrel, in square feet

and,h = the position of the hydraulic grade line at the 
° outlet

The performance of the horizontal culvert flowing full 
should be almost the same as that of a conventional culvert 
flowing full. The only difference is a slight change in geom
etry at the entrance and slightly greater length. However, 
the head on the inlet is greater for the same water surface 
elevation than for a conventional type installation. There
fore, it is to be expected that the horizontal culvert will 
flow full at a lesser discharge than would be true for the 
conventional (and that there would be less air entrainment by 
vortices).



At intermediate discharge it is still possible that 
the entrance to the barrel, would choke and drown out the lip, 
while still not flowing full throughout the barrel. Even for 
this condition the performance should be better than for a 
conventional culvert as the entire available head would be 
used, even though the entire cross-sectional area is not 
flowing full. . '

1.2 Possible Problems
There are several objections that might be made to 

the horizontal-culvert concept. If the hydraulic performance 
is sufficiently better than the conventional culvert, these 
must be solved, or shown to be of little consequence, in order 
to win acceptance for the concept. The first, obvious problem 
is that of scour of the slope of the cone. Grass may suffice 
for small installations, but riprap will probably be needed 
for larger culverts. A second, similar, problem is sediment
ation, or silting of the barrel. High velocities in the barrel 
should tend to keep it cleared out, but it is possible that . 
considerable silting could occur with low flows. This could 
be a very valid objection, but a raised lip on the cone could 
possibly solve the problem.

The other type of problem that might be anticipated 
is -standing water in the culvert following the rain. The 
objection should be to increased corrosion and to the breeding 
of mosquitos. A slight slope, even a slight adverse slope,
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might be the solution.to this problem» However, these.ques
tions do not need answers unless the horizontal culvert per
forms substantially better hydraulically than a conventional 
one.



CHAPTER II

METHOD OF STUDY AND EXPERIMENTAL APPARATUS

A hydraulic model simulating field conditions was 
constructed in the Hydraulics Laboratory of the University 
of Arizona. The details of construction of the model are 
presented in the Figs. 9* 10, and 11. The basin 16lx8 lx4l 
was constructed for the head-water pool. The water supply 
with a control valve to the basin was served by an elevated, 
constant-head tank. The supply line ended in a manifold tee 
which distributed the water across the basin quite uniformly. 
The constant-head tank was fed by a pump from an underground 
sump in the recirculating, system. To simulate the. embank
ment a 4*x8* sheet of plywood was placed at a slope of 2:1 
as shown in Fig. 9«

The culvert used in the experiment was a standard 6- 
inch-diameter, (Fig. 12), galvanized-iron, spirally- 
corrugated pipe made of 10 feet and 20. feet lengths which 
could be joined together to make a culvert 10, 30 or 50 feet 
long. The average diameter measured was 6.25 inches. The 
culvert discharge was free and was diverted to the 3'x3' 
return channel of the recirculating system. In the return 
channel a V-notch weir was installed.to measure the dis
charge. ' •

11



The V-notch weir was made up of aluminum plates, 
5/l6th inch thick, the details of which are shown in 
Fig. 10. The head on the weir, and the head-water pool of 
the culvert were measured by means of point gauges. To get 
a precise and. more consistent result a simple DC circuit 
operated by a 1.5 volt battery and with a microammeter was 
used. , • "

In the operational procedure following the control
valve was partly opened, and sufficient time was allowed so
that constant heads builf u p •in the head-water pool above the
culvert and the weir. The head-water depths were read by
means of the point gauges. The discharge was calculated by
the following weir relationship (plot of Q versus H is given
in Appendix) ? ,,q

Q = 2.48 H 0 •' . (3)
where,

Q — Discharge through the culvert in cubic feet 
per second.

H = Head above the V-notch weir in feet.
For the next set, of readings, the control valve was

opened further, and again sufficient time was allowed to 
reach the equilibrium, and the readings were taken. The pro
cedure was repeated with increasing head until sufficient 
data had been obtained, then the process was reversed (de
creasing head) to be sure equilibrium had been reached.

'With the mode of the study fixed, several sets of 
runs were made with culverts of different length and differ
ent slopes, as conventionally installed pipe culverts. Next
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(a)

i
(b)

Fig. 11. Aerial view of experimental layout
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Fig. 12. Section of 6-inch-diameter spirally 
corrugated pipe.
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the culvert "barrel was placed horizontal. The depressed in
let was constructed by raising the floor of.the basin by , 
half the diameter of the culvert barrel (without changing 
the level of the invert barrel), for each set of runs up to 
1.5 times the barrel diameter. The floor was raised in such 
a way that the base of the cone (lip) formed a circular weir, 
Pig. 6, around the inlet of the barrel and the invert was 
the vertex of the cone. The depression from the lip towards 
the invert was at a gradient of 1 vertical and 4 horizontal. 
It should be noted that the level of the invert remained 
unchanged with only the floor of the basin raised by one- 
half the diameter of the barrel successively to depress the 
inlet more and more. The greater.the depression of the in
let, the greater the slope of the conventional culvert that 
should be used as a comparison.

The measurements were obtained as explained in pre
vious paragraphs for variable lengths of pipe with the inlet 
depressed 0.5D, 1.0D, and 1.5D. .. All these experiments were 
conducted with a projecting entrance. Finally, a few read
ings were taken with a mitered type of inlet flush with the 
embankment slope. A summary of all the experimental data 
is presented in the Appendix.



CHAPTER III

ANALYSIS AND INTERPRETATION OF RESULTS

Qualitative analysis of the various flow situations 
was reasonably straightforward and in accord with the prin
ciples of fluid mechanics. In order to obtain numerical 
factors and transform the qualitative analysis into a quanti
tative analysis capable of predicting the behavior of the 
culvert» it was necessary to manipulate the experimental data 
and to make use of the experimental results of others,

3.1 Full Pipe Flow 
The analysis of the culvert flowing (Fig. 13) full 

is based on energy considerations with the standard expres- ' 
sion being

Where,
Z|! + y1 + Zl + k ê  + s  + v  w

VD = Velocity of approach in feet per second 
y = Upstream depth of flow in feet

- Datum head in feet above the outlet invert 
Vp = Mean velocity of flow in pipe in feet per second
Kg = Entrance loss coefficient 
f = Darcy-VJeisbach friction factor 
L = Length of pipe in feet 
D = Diameter of pipe in feet
Kp = Position head factor at the outlet
c£p = Kinetic energy factor, axial and rotational 

components included
18
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Again from the principle of continuity the rate of 

discharge in cubic feet per second equals the product of 
mean velocity of flow in the pipe in feet per second and the 
area of the cross-section in square feet.

Q = VpA (5)
where,

Q = Discharge in cubic feet per second 
A = Area of cross-sect ion in square feet

Fig. 13• A standard culvert.

The pool upstream of the culvert is large enough so
V approaches zero and Vo^ can be neglected. The outlet was

2gfree (no tail water effects) and Metzler and Rouse (1959) on 
the basis of measurement, suggests that the piezometric (or, 
hydraulic grade) line intersects the outlet plane of a rec
tangular culvert slightly below the center for Froude numbers 
close to unity, or about halfway between the center and 
crown for high Froude numbers. In these experiments the 
Froude numbers calculated for different discharges varied 
from slightly above 1.0 to 1.3• Thus a value of equal to 
0.54 seemed adequate for the dafa collected in this study.
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.. In the above equation, the kinetic energy factor for 

the flow in the pipe is made up of. two components„ The usual 
value of q/ is due to velocity distribution across the pipe 
and the fact that the mean of the cubes is greater than the
cube of the mean. This would be a value of

■ ■ <

'T
and for pipe of this roughness would be equal to 1.09. In

^  = 1 f (v^) dA
- J  -

addition, the flow through this spirally-corrugated pipe 
acquires a swirl and there is additional kinetic energy.in 
the spiral flow. The energy contained in the spiral flow 
has been evaluated as follows

where

2Rotational Energy, R^=l laa per pound of mass (6)

I = Moment of inertia about the centroid of the
circular disk which in the analysis is assumed 
to be one pound mass of water flowing through 
the pipe of diameter equal to the pipe diameter.

2I = mr 
2

m =Mass of water in pounds
r =Radius of the circular disk (one half the diameter 

of the pipe)
Therefore ,•

R = 1 mrf co2 (?)A 2 2
<b= Angular velocity in radians per second .

The angular velocity was estimated by measuring the. 
(pitch) distance required to complete one revolution by the 
helix along the longitudinal axis of the pipe. Thus for one 
complete revolution (2 radians), let p be the pitch of the pipe.
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Thus,

A _ o r  _ (8)
p  27tr  27T "

where,
V =Mean velocity of flow In the axial direction In 

feet per second ” ■ V
Therefore»

RA = ^  mr2V^/p2 
Expressing the In terms of the velocity head we have,

: . ;

«<- =SS52BE2 ■ ' - <9) .

and the value of p measured was 1.25 feet per revolution so

■ -  ° - 8 5 4

• Because the velocity In the corrugations Is less than 
VA the spiral flow Is probably less than Indicated. The 
total factor should be the sum of the two parts but In the 
analysis It was taken as 1.85 .̂

In the determination of the dimensionless friction 
factor, the range of values were determined by comparing the
10, 30, and 50 foot culvert for the same discharges. Every
thing remaining the same except the length of the culvert and 
the upstream pool level, the additional head loss could be 
determined■from the H versus Q plot (Pig.14). Thus the head 
loss which is the energy required to. overcome the roughness 
of the culvert barrel can be expressed as

-  ̂ a L V  . (10)
L " f • TT ' 2^™



where,
H =Additional friction loss in feet
L =Additional length of the pipe in feet
The friction factor versus Reynolds number is shown

in Figo 15. These values are comparable to those quoted by
Silberman ( 1970). The coefficient of entrance loss in this
analysis could now be determined from the Eq, 4, and averaged
to be 0.8825 which is a reasonable value for a re-entrant
entrance condition. For the horizontal culvert z^ was, of
course, zero. For other slopes the value was LS .o

Knowing all the values from the above approximations,
1/2 5/2plots of H/D versus Q/g z D in dimensionless form are 

shown in Figs. 19-26 (pp 29-36)

3.2 Sluice Gate Control 
At intermediate discharges with the inlet submerged, 

but not sufficiently to cause the barrel to flow full, the 
flow condition at inlet may be that of a sluice gate. In 
these experiments it has been observed that the flow condition 
in the ten-foot long horizontal culvert, was that of sluice 
gate with free surface in the barrel. However, the flow con
dition in the thirty-and fifty-foot long horizontal culverts 
seemed to be indeterminate. This was due to the barrel being 
full for part of its length. It was observed by fixing mano-: 
metric tubes at distances 3« 8, and 47 feet from the inlet, 
that on the 3 and 8 feet distances the water level rose above
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the top of the barrel indicating it was flowing full whereas, 
at the 47 feet section it was not flowing full.

The analysis for the sluice gate case is based on 
energy considerations and is visualized as in Fig. 16.

H

Fig. 16. Submerged depressed inlet culvert.

In Fig. 16, y is the depth at the section where maximum con
traction occurs. Applying the Bernoulli Equation,

H + V  = y + li2 (11)
2g 2g

where,
H = Head above the invert outlet in feet
V = Velocity of approach in feet per second

. (negligible)
V = Mean velocity of flow in feet per second at the 
J section of maximum contraction
As the water flows into the barrel, there is a con

traction from the sides as well as from the top. It is 
assumed that the flow section at the contraction would be 
approximated by the square as shown in Fig. 1?.
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Fig. 17. Flow section in a submerged culvert

From the relationship between the contraction coeffi- 
cent and the loss coefficent

\  - Y z  -i> <1 2 >
C

the value or C was as obtained was u./3 c
where,

K = Coefficient of entrance loss E
Cc = Coefficient of contraction
A = Area of flow section in square feet = Cc c

Thus from Eq. (^ ).
y =(2-Cc)'-D (13)

H _ y + Q o + some rotational energy due to the
2gA

presence of the spiral in the culvert barrel.
At the exit of the culvert flowing full it was estimated 
that the rotational energy was 0.85^• In the short distance 
(and time) available here the rotation is probably less than 
fully established at a value of 1.60 is assumed.
Theref ore,



The plot of H/D versus is • presented in
Figs .19-26« The measured data for the 10 foot horizontal 
culvert, and for the conventional culverts, agree with this 
analytical relation. The heads for-the 30 and 50 foot hori
zontal culverts were higher than would be predicted by the 
"sluice gate" relation, indicating that a different control 
caused, the larger culverts to perform differently. Critical 
flow probably occurs near the outlet, and it would be neces
sary to compute a backwater to the intersection of the water 
surface with the crown of the culvert and then use the full 
pipe relationship back to the head-water pool. This involv
ed analysis was not performed; instead curves were drawn 
through the experimental points.

3.3 Open Channel Flow 
At low flows with the inlet unsubmerged the control 

section may be located at several sections as was shown in 
Fig. 1. A conventional, or a short horizontal culvert oper
ating with inlet control will likely flow at the critical 
depth near the entrance. This analysis of the culvert is 
based on Eq. (4) and is stated as -follows.
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H■yv̂Kx- S o  = o

Fig. 18. Critical Control near culvert inlet.

(15)
where,

H = Head above the invert in feet at the inlet
yc= Critical depth near the entrance, in feet

2Since V /2g is negligible as already explained and 0
an amount of 60% of velocity head can be reasonably assumed 
as the kinetic and rotational energy contained in the flow
within such short distance, Eq. (15) becomes

critical is half the depth of flow and that for a triangular 
channel is one-fourth of the depth of flow. In this experi
ment , it is justifiable to assume a velocity .head equal to 
0.46 of the depth of flow, since the flow section in the pipe 
approaches, but it not quite, the rectangular section. Thus, 
the equation can be expressed as

(16)
Again the velocity head for a rectangular channel at
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PIPE HORIZONTAL
LENGTH LEGEND

A50

5

ANALYTICAL

%

3

2

1

o
0 0.2 0-4 0.6 0.8 1.0 1-2

F i g ,  1 9 .  Head-d i s charge relation for a conventionalhorizontal culvert.



.Oi
l

30
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Fig. 20. Head-discharge relation for a conventional
culvert, 0.5/y slope.
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1
H

T

PIPE SLOPE - 1.0/o 
LENGTH LEGEND

10' O
30' D
so' A

ANALYTICAL

0 0.2 0.4 0.6 0.8 1.0 1-2

Fig. 21. Head-discharge relation for a conventional
culvert, 1.0* slope.
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PIPE SLOPE - 1.5X, 
LENGTH LEGEND 

10' O
30 D

1
H

T

A N A L Y T I C A L

0 0.2 0.4 0.6 0.8 1.0 1.2.

Fig. 22. Head-discharge relation for a conventional
culvert, 1.5% slope.
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PIPE HORIZONTAL

LENGTH LEGEND

6

5

ANALYTICAL4

D
3

2

1

0
1.20 1.00.6 0.80.1 0.4

Fig. 23. Head-discharge relation for a depressed-
inlet culvert, n - 0 .5«
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PIPE horizontal
LENGTH LEGEND

h_l
__ D

P 30

50 A
6

5

ANALYTICAL4

H
D
3

2

0
0 0.2 0.4 0.6 0.8 1.0 12

Fig. 24. Head-discharge relation for a depressed-
inlet culvert, n=1.0.
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5
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Fig. 25. Head-discharge relation for a depressed-
inlet culvert, n=1.5•
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LENGTH LEGEND

lO* O
30' □
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6

5

ANALYTICAL4
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0
1.20.2 0.80 1.00.4

Fig. 26. Head-discharge relation for a depressed-
culvert, n=l.5 metered entrance.
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H = y + 1,6 (0.46 y.)c c .
yc = 0.577H . -

Equation (15) can now be expressed as
O.A23 H = 1.6 | 1 2  ̂ .(17)

where, ,
A. = Area of cross-section of flow in square feet and 

was actually measured for different value of y^.
The above values seem to agree with the experimental 

results for the short horizontal culvert (10 ft.) and the 
conventional (sloped) culverts.

In case of depressed-inlet type of culvert as shown, 
at low discharges the control should be located at the lip 
of the conical depression with critical flow occuring there 
(Fig. 7)• The discharge relationship is thus,

Q = C Lw (H-nD)3//2 . (18)
where,

n = the. ratio of the depression to diameter of the 
culvert. The value of C was determined fromfthe experiment 
and was equal to 3«06. In taking the value of Lw (weir length), 
the flow has been assumed to take place over the lip of the 
arc of the circle cut off by the embankment.

The ability of those analyses to predict the flow in 
the culverts of different length, slope and depressed inlets 
is shown in Fig. 19 to 26.



CHAPTER IV

CONCLUSION

If the headwater elevation allowable on a conven
tional culvert is sufficient to result in full-pipe flow, 
there is no advantage in the depressed-inlet, horizontal cul
vert. If the conventional culvert does not flow full, there 
is an advantage, hytiraulically, to be gained with the depress
ed- inlet configuration. Whether the advantage is consider
able or negligible, however, depends on the particular con
ditions .

CONVENTIONAL
C U L V E R T

DEPRESSED
-Ik'LET CULVERT

Fig. 2?. Typical installation of a depressed-inlet culvert.

As an example, in.Fig. 2?, both culverts are spiral
ly-corrugated, 4 foot diameter pipe with Kg - 0.88, f _ 0.0?, 
andoC=1.854. The value of f is based on Silberman’s (1970) 
results. The conventional culvert is 80 feet long and is 
laid on a slope of 1.5%. The depressed inlet culvert is

38
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slightly longer (82.4 feet), is laid horizontally and has a 
conical hole at the inlet or 1.2 feet with a slope of 1 to 4. 
The head-dlscharge characteristics are presented in Pig. 28. 1 

, For the conventional culvert on a 1.5$ slope, if the 
maximum allowable head were at the crown of the culvert, the 
flow would be 60 cubic feet per second. The depressed inlet 
culvert for the same head-pool elevation would handle 86 
cubic feet per second. From the schematic flood magnitude- 
frequency curves in Fig. 30, it can be seen that if 60 cfs is 
the 10 year flood, 86 cfs would be the 22-year, 45-year, or 
200-year flood for Q^q/^iO ratios of 2.0, 1.5, and 1.25 
respectively. This difference in flood frequency is substan
tial in terms of probable loss. If a two-foot head on the 
crown of the conventional culvert is allowable the flow would 
be 100 cfs. The flow for the same head-pool elevation in the 
depressed-inlet culvert would only be 11$ greater, or 111 cfs. 
If the 100 cfs represents the 10 year flood. 111 cfs repre
sents the 12, 15, and 22 year floods for Q^q/Q^q ratios as 
before. This advantage is still significant for the flat mag
nitude- frequency curve and just possibly significant for the 
moderate magnitude-frequency curve.

1 The comparison between a conventional and a depressed-
inlet culvert can be based on the different diameters to 
carry -the same discharge at the same head-pool elevation.
The 4-foot diameter conventional culvert on a slope of 1.5$
and with a 2 feet head on the crown at the invert carries
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100 ofs with a head-pool elevation ?.2 feet above the invert 
of the outlet. For the depressed-inlet flowing full the head 
discharge-head relation is

H = • (K fL ,) Vyif
D 2g P ;

Substituting the above values in the above equation and by 
trial, D = 3-73 feet = 44 inches. . If the head on the con
ventional culvert is limited to the crown, a similar calcu
lation shows that a 39 inch depressed-inlet culvert would be 

. ;sufficient to carry the flow at the same head-pool elevation.
«

In Fig. 29, all factors are the same as in Fig. 26, 
except that the conventional culvert is laid on a 0.25^ slope 
and the depressed-inlet culvert is 80.4 feet long and the 
depression is 0.2 feet.

It is readily apparent that the depressed-inlet 
culvert is only marginally better than the conventional 
culvert when, the slope is only 0*25.$ and the length is only 
80 feet. With a head-pool at the crown of the conventional 
culvert (4.2 feet) the comparative discharges are 60 cfs and 
65 cfs, an increase of less than 10$. With a 2-foot head 
on the crown of the conventional culvert, both would be 
flowing full and discharging 100 cfs.

From these few typical examples it should be clear 
that, the depressed-inlet configuration is advantageous if the 
allowable head-pool elevation is very limited and if the 
slope and length of the conventional culvert combine to
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Fig. 30 Schematic flood magnitude- 
frequency relations.



give a depression of inlet of -the horizontal culvert of at 
least 0.5D. The advantage is sufficient, in terms of either 
a smaller.culvert or a rarer flood so an investigation of 
the sediment aspects of the configuration would seem to he 
warranted.



APPENDIX 

EXPERIMENTAL DATA
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TITLE- FLO'.V THROUGH HORIZONTAL CULVERTS
NAME- LAVA R.BHATTARAI DATE- n. 15.1971
PIPE LENGTH- 50 Feet RUN 1
SLOPE-0 % 
TYPE- 1 ______  /

H t>*y w  w — .. . ■ n
-

SERIAL HI' IN FEET •h1 IN FEET DISCHARGE
HUMBER (CULVERT) (V-NOTCH) •Q' IN CFS

1 0.33 0.265 0.092
2 0.543 0.406 0.260
3 0.6U 0.432 0.320
4 0.735 0.475 0.39
3 0.855 0.507 0.46
6 1.138 0.563 0.60
7 1.477 O.616 0.74
8 -.715 O.640 0.82
9 2.09 . 0.676 0.92
10 2.686 0.718 1.10
11 2.40 O.696 1.01
12 1.877 0.653 0.86
13 1.320 0.593 0.69
14 0.65 0.445 0.33
13 0.50 0.373 O.215
16 0.42 0.323 0.15
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TITLE- FLOW THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.BHATTARAI 
PIPE LENGTH- 50 Feet 
SLOPZj— 0«5 %
TYPE- H

T
nnc—^

DATE- Il.i7.i97i 
RUN 2

SERIAL
NUMBER

'H' IN FEET 
(CULVERT)

•h’ IN FEET 
(V-NOTCH)

DISCHARGE 
«Q‘ IN CFS

1 0.263 0.288 0.113
2 0.286 0.312 0.140
3 O.486 0.442 0.330
4 0.938 0.472 0.340
3 0.564 0.482 0.400
6 0.599 0.497 0.440
7 0.621 0.503 0.455
8 0.670 0.515 O.48O
9 0.739 0.532 0.520
10 0.786 0.548 0.550
11 0.832 0.561 0.590
12 0.902 0.573 0.620
13 0.943 0.582 O.64O
14 I . 0 I 4 0.596 0.690
15 1.076 0.616 •0.740
16 1.530 0.651 0.840
17 2.332 0.712 1.070
18 1.900 0.682 0.960
19 1.320 0.640 0.800
20 1.150 0.618 0.750
21 0.810 0.560 0.580
22 0.410 0.490 0.265
23 0.332 0.346 0.180
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TITLE- FLOW THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.BHATTARAI 
PIPE LENGTH- 50 Feet 
SLOPE- 1 %
TYPE-

DATE-11.18.1971 
RUN 3

SERIAL
HUMBER

•H» IN FEET 
(CULVERT)

•h' IN FEET 
(V-NOTCH)

DISCHARGE 
1Q1 IN CFS

1 0.236 • 0.260 0.090

2 0.510 0.465 O.36O

3 0.575 0.490 0.420

4 0.660 0.515 0.485

5 0.760 0.555 0.560

6 1.040 0.616 0.710

7 1.239 O.646 0.820

8 1.717 0.670 0.900

9 1.868 0.697 1.020

10 2.166 0.718 1.090

11 2.517 0.740 1.180

12 2.910 0.763 1.280

13 1.971 0.706 1.050

14 1.664 0.680 0.940
15 1.443 O.664 0.820
16 . 1.014 0.609 0.720
17 O.864 0.580 0.640
18 0.502 0.463 0.360
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DATE- 11.19;1972 
RUN /A 4

SERIAL
NUMBER

«H* IN FEET 
(CULVERT)

•h1 IN FEET 
(V-NOTCH)

DISCHARGE 
‘Q» IN CFS

1 0.333 0.290 0.115
2 0.372 0.325 0.155
3 0.304 0.410 0.270
4 0.393 0.454 0.350
5 0.733 0.508 0.460
6 0.812 0.530 0.510
7 0.950 0.565 0.600
8 1.1x0 0.598 0.700
9 1.303 0.632 0.780
10 1.694 0.675 0.920
11 2.194 0.720 1.080
12 1.273 0.626 0.775
13 0.878 0.546 0.550
14 0.378 0.450 0.340
15 0.350 0.313 0.140

TITLE- FLOW THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.BHATTARAI 
PIPE LENGTH- 30 Feet 
SLOPE- 0 %
TYPE-
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DATE- 12.3.1972
RUN I t- 3

SERIAL
NUMBER

HP IN FEET 
(CULVERT)

•h1 IN FEET 
(V-NOTCH)

DISCHARGE 
«Q' IN CFS

1 0.250 0.285 0.108
2 0.304 0.322 0.150
3 0.342 0.348 0.180
4. 0.525 O.464 0.365
5 0.644 0.511 0.460
6 0.784 0.551 0.560
7 0.887 0.586 0.660 •

. 8 1.060 0.620 •0.750
9 1.430 O.664 0.890
10 1.790 0.699 1.010
11 2.247 0.733 1.150
12 1.600 0.681 0.950
13 1.055 0.620 0.750
14 0.717 0.533 0.500
13 0.508 0.454 0.350
16 0.447 0.422 0.290

TITLE- FLO'.Y THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.BHATTARAI
PIPE LENGTH- 30 Feet 
SLOPE- 0.5 % I 
TYPE- ------H n7*1 W T W -1-
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TITLE- FLOW THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.BHATTARAI 
PIPE LENGTH- 30 Feet 
SLOPE-j %
TYPE- H

T

DATE- 12.4.1971 
RUN 6

SERIAL
NUMBER

•H* IN FEET 
(CULVERT)

•h' IN FEET 
(V-NOTCH)

DISCHARGE 
•Q* IN CFS

1 • 0.200 0.220 0.059
2 0.290 0.330 0.160
3 0.459 0.445 0.360
4 0.574 0.511 0.460
3 0.647 0.532 0.520
6 0.708 0.569 0.600
7 0.807 0.598 0.690
8 0.900 0.610 . 0.728
9 1.013. 0.633 0.780
10 1.340 0.664 0.900
11 1.535 0.690 0.980
12 2.052 0.734 1.150
13 2.500 0.770 1.280
14 1.440 0.683 0.960
15 1.180 0.650 0.850
16 0.818 0.605 0.700
17 0.553 0.487 0.420
18 0.409 0.408 0.270
19 0.234 0.281 0.109



DATE- 12.6.1971
RUN #- 7

SERIAL
NUMBER

UP IN FEET 
(CULVERT)

•h1 IN FEET 
(V-NOTCH)

DISCHARGE 
«Q« IN CFS

1 0.335 0.362 0.200
2 0.391 0.395 0.250
3 0.429 0.420 0.285
4 0.499 0.461 0.370
5 0.607 0.515 0.480
6 0.727 0.560 0.590
7 0.770 O.58O 0.670
8 0.802 0.598 0.690
9 1.070 O.663 0.900
10 1.348 0.707 1.040
11 1.750 0.746 1.200
12 1.9H 0.761 • 1.250
13 2.300 0.800 1.400
14 1.600 0.730 1.140
15 1.244 0.696 1.000
16 0.960 0.650 0.850
17 0.860 0.622 0.770
18 0.565 0.494 0.430
19 0.470 0.450 0.340
20 0.286 0.325 0.155

TITLE- FLO.7 THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.BHATTARAI 
PIPE LENGTH- 30 Feet 
SLOPE-1.5% .
TYPE— —----—H p71 w w
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TITLE- FLOW THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R. EHATTARAI
PIPE LENGTH- 10 Feet 
SLOPE-0 %
TYPE-

PAT E- 12.7.1971 
RUN YA- 8

SERIAL
NUMBER

•H‘ IN FEET 
(CULVERT)

•h' IN FEET 
(V-NOTCH)

DISCHARGE 
•Q« IN CFS

1 0.383 0.370 0.210
2 0.446 0.410 0.270
3 0.313 0.450 0.340
4 0.671 0.523 0.500
3 0.818 0.566 0.600
6 0.900 0.598 0.690v
7 1.000 0.624 0.755
8 1.101 0.647 0,830
9 1.380. 0.715 1.070
10 2.192 0.768 1.300
11 2.000 0.750 1.235
12 1.328 0.707 1.040
13 1.200 0.660 0.880
14 0.965 0.616 0.740
13 0.720 0.540 0.540
16 0.333 0.464 0.365
17 0.250 0.275 • 0.100
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DATE- 12.8.1971 .
RUN #- 9

. |

SERIAL
NUMBER

•H* IN FEET 
(CULVERT)

•h1 IN FEET 
(V-NOTCH)

DISCHARGE 
IN CFS

1 0.250 0.285 0.110
2 0.353 0.359 0.195
3 0.500 0.454 0.350
h 0.593 0.504 0.450
5 0.778 0.565 0.610
6 0.859 0.600 0.700
7 1.030 0.640 0.810
g 1.372 0.696 1.000.
9 1.598 0.722 1.100

• 10 2.037 0.766 1.280
11 1.924 0.756 1.230
12 1.230 0.674 0.920
13 0.754 0.560 0.590
14 O.664 0.530 0.510
15 0.586 0.503 0.443
16 0.435 0.416 0.280
17 0.297 0.321 0.147

'TITLE- FLOY/ THROUGH HORIZONTAL CULVERTS
NAME- LAVA R.EHATTARAI
PIPE LENGTH- iq Feet
SLOPE- 0.5 % 
TYPE-
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TITLE- FLO.Y THROUGH HORIZONTAL CULVERTS
NAME-3 LAVA R.BHATTARAI DATE- 12.9.1971
PIPE LENGTH- iq Feet RUN 10
SLOPE- i % 
TYPE- 1 _________

H
*y - - w w 1

-

SERIAL 'II' IN FEET •h' IN FEET DISCHARGE
NUMBER (CULVERT) (V-MOTCH) «Q» IN CFS

1 0.361 0.374 0.216
2 0.520 0.470 0.380
3 0* 660 0.535 0.520
4 0.761 0.570 0.600
5 0.917 0.624 0.760
6 1.030 0.650 0.840
7 1.254 0.688 0.970
8 1.434 - 0.711 1.050
9 1.950 0.762 1.260
10 2.500 0.814 1.480
11 2.280 0.796 1.400
12 1.627 0.732 1.130
13 0.842 0.602 0.700
14 0.755 0.580 0.640
15 0.596 0.513 0.470
16 0.434 0.420 0.290
17 0.238 0.285 0.110



57.

TITLE- FLO1// THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.BHATTARAI 
PIPE LENGTH- 30 Feet 
SLOPE- 1.5%
TYPE- H

T

DATE- 12.10;1971 
RUN /A ii

SERIAL
NUMBER

*11 • IN FEET 
(CULVERT)

'h' IN FEET 
(V-NOTCH)

DISCHARGE 
'Q' IN CFS

1 0.315 0.340 0.170
2 0.410 0.409 0.270

>3 0.430 0.420 0.280
4 0.300 0.462 0.360
5 0.710 0.556 0.580
6 0.812 0.600 0.700
7 1.220 0*663 0.890
8 1.460 0.695 1.000
9 1.900 0.720 1.100
10 2.230 0.747 1.200
11 1.700 0.702 1.040
12 1.120 0.640 0.820

• 13 1.060 O.636 0.800
14 0.900 . 0.612 0.730
15 0.635 0.530 0.510
16 0.431 0.432 0.310
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DATE- 12.11-. 1971
RUN il— 12

SERIAL
NUMBER

HI' IN FEET 
(CULVERT)

•h« IN FEET 
(V-MOTCH)

.DISCHARGE 
«Q» IN CFS

1 0.385 0.370 0.210
2 0.446 0.410 0.270
3 0.515 0.450 0.340
4 0.671 0.523 0.500
3 0.818 o. 566 0.600
6 0.900 0.598 0.690
7 1.000 0.624 0.755
8 1.101 0.647 0.830
9 1.580 0.715 1.070
10 2.192 p.768 1.300
11 1.528 O.707 1.040
12 1.200 0.660 0.880
13 0.965 0.616 0.740
14 0.720 0.540 0.540
15 0.535 O.464 0.365
16 0.250 0.275 0.100

TITLE- FLO'.Y THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.BHATTARAI
PIPE LENGTH- 10 Feet 
SLOPE- 2 % .
TYPE- --------H [x

-%----7 & - W T  -
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TITLE- FLO’.7 THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.EHATTARAI 
PIPE LENGTH- iq Feet 
SLOPE- o %
TYPE - JLo_________

H I  ___TT

ax w

DATE-12.I?.1971. 
RUN //- 13 
n— 0*5

SERIAL
NUMBER

•H« IN FEET 
(CULVERT)

•h' IN FEET 
(V-NOTCH)

DISCHARGE 
•Q' IN CFS

1 0.310 0.309 0.135
2 0.474 0.424 0.295
3 0.568 0.480 0.400
4 0.775 0.558 0.585
5 0.954 0.603 0.720
6 1.332 0.677 0.940
7 1.636 0.715 1.070
8 2.440 0.787 1.360
9 2.050 0.760 1.240
10 1.254 0.665 0.900
11 0.850 0.584 0.650
12 0.781 0.559 0.590
13 0.660 0.517 0.480 ‘

14 0.496 0.442 0.326
15 0.384 0.363 0.200
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TITLE- ' FLO'.7 THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.EHATTARAI 
PIPE LENGTH- 30 Feet 
SLOPE- 0 %
TYPE - X o __

TT

AX ' >k5?

DATE-12.18.1971
RUN //- 14 
n- 0.5

SERIAL
NUMBER

•H» IN FEET 
(CULVERT)

‘h 1 IN FEET 
(V-NOTCH)

DISCHARGE 
•Q* IN CFS

1 0.352 0.320 0.147
2 0.430 0.370 0.213
3 0.508 0.414 0.280
4 0.600 0.460 0.358
3 0.708 0.490 0.420
6 0.813 0.528 0.500
7 0.980 0.574 0.620
8 1.148 0.602 0.710
9 1.353 0.632 0.780
10 1.865 0.692 0.980
11 2.100 0.710 1.060
12 2.250 0.722 1.100
13 1.640 O.664 0.900
14 1.200 0.610 0.730
15 0.880 0.538 0.540
16 0.842 0.533 0.520
17 0.692 0.490 0.420
18 0.332 0.281 0.108
19 0.299 0.273 0.100
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TITLE- FLOY/ THROUGH HORIZONTAL CULVERTS
NAME- LAVA R.BHATTARAI
PIPE LENGTH- 50 Feet
SLOPE- 0 % 
TYPE - J

DATE- 1 2 . 2 0 . 1 9 7 1
RUN /A 15
n — 0 . 5

SERIAL
NUMBER

•H' IN FEET 
(CULVERT)

•h1 IN FEET 
(V-NOTCH)

DISCHARGE 
•Q' IN CFS

1 0.330 0.265 0.095
a 0.520 0.384 0.230

3 0.837 0.507 0.450

4 1.105 0.555 0.580

3 1.460 0.611 0.730
6 2.097 0.673 0.920

7 2.550 0.710 1.060

8 1.720 0.636 0.800

9 1.274 0.584 0.660

10 0.947 0.528 0.510
11 0.734 0.478 0.390
12 0.593 0.428 0.300

13 0.462 0.368 0.210

14 0.417 0.333 0.170

13 0.320 0.280 0.107
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TITLE- FLO;/ THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.BHATTARAI 
PIPE LENGTH- 10 Feet 
SLOPE- o %
TYPE -

DATE- 1.5.1972 
RUN //- 16 
n-1

SERIAL
NUMBER

'II' IN FEET 
(CULVERT)

•h' IN FEET 
(V-NOTCH)

DISCHARGE 
1Q' IN CFS

1 0.567 0.407 0.265
2 0.576 0.444 0.330
3 0.604 0.495 0.430
4 0.722 0.537 0.530
5 0.867 0.583 0.650
6 0.986 0.615 ' 0.740
7 1.550 0.702 1.020
S 1.800 0.724 1.12C
9 2.660 O.8O4 1.460
10 2.200 0.760 1.270
11 1.244 0.667 0.900
12 1.040 0.625 0.760
13 0.893 0.590 0.680
14 0.780 0.550 0.560
15 0.564 0.400 0.255
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DATE- 1.6.1972
RUN #-17
n— 1

SERIAL
NUMBER

•H* IN FEET 
(CULVERT)

«h' IN FEET 
(V-NOTCH)

DISCHARGE 
•Q1 IN CFS

1 0.613 0.460 0.365
2 0.742 0.506 0.455
3 0.880 0.531 0.510
4 1.003 0.570 0.610
5 1*266 0.620 0.760
6 1.567 0.662 0.890
7 1.955 0.705 1.030
3 2.500 0.760 1.250
9 1.262 0.620 0.760
10 0.818 0.525 0.500
11 0.560 0.380 0.210
12 0.550 0.308 0.134
13 0.540 0.278 0.104

*

TITLE- FLOY/ THROUGH HORIZONTAL CULVERTS
NAME- LAVA R.EHATTARAI
PIPE LENGTH- 30 Feet
SLOPE- 0 
TYPE - Q ---

H iTT
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TITLE- FLO7/ THROUGH HORIZONTAL CULVERTS
NAME- LAVA R.EHATTARAI
PIPE LENGTH- 50 Feet

DATE- 1.7.1972
RUN //-l8
n-1SLOPE- 0 % 

TYPE - J

SERIAL
NUMBER

•H* IN FEET 
(CULVERT)

•h* IN FEET 
(V-NOTCH)

DISCHARGE 
«Q» IN CFS

1 0.530 0.308 0.134
2 0.622 0.440 0.320
3 0.641 0.453 0.340
4 0.936 0.528 0.500
3 1.088 0.555 0.580
6 1.432 0.608 0.720
7 1.367 0.653 0.860
8 2.126 0.680 0.940
9 2.600 0.712 1.070
10 1.816 0.652 0.850
11 1.611 0.630 0.780
12 1.360 0.596 0.700
13 0.802 0.496 0.440
14 0.730 O.48O 0.400
15 0.544 0.278 0.104



YITLE- FLOW THROUGH HORIZONTAL CULVERTS
NAME- LAVA R.BHATTARA1
PIPE LENGTH- 10 Feet

DATE-1,12.1972
RUN //-i9

SLOPE- 0 % 
TYPE -

n- 1.5
Q--

TT
SERIAL
NUMBER

1H1 IN FEET 
(CULVERT)

*h’ IN FEET 
(V-NOTCH)

DISCHARGE 
•Q' IN CFS

1 0.830 0.430 0.300
2 0.840 0.475 0.390
3 0.847 0.528 0.500
4 0.890 0.576 0.630
5 0.910 0.596 0.690
6 I.024 0.626 0.770
7 1.140 0.650 0.850
6 1.480 0.697 1.000
9 2.010 0.766 1.250
10 1.740 0.732 1.130
11 1.375 0.686 0.970
12 0.871 0.568 0.600
13 0.851 0.548 0.550
14 0.843 0.500 0.450
15 0.841 0.475 0.390
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TITLE- FLOY/ THROUGH HORIZONTAL CULVERTS
NAME- LAVA R.BHATTARAI
PIPE LENGTH- 30 Feet

DATE- 1.12.1972
RUN /A 20

SLOPE- 0 % 
TYPE - _j

SERIAL
NUMBER

'11' IN FEET 
(CULVERT)

«h' IN FEET 
(V-NOTCH)

DISCHARGE 
'Q' IK CFS

1 0.834 0.439 0.320
2 0.843 0.510 0.470
3 0.874’ 0.536 0.520
4 1.020 O.58O 0.640
5 - 1.158 0.606 0.720
6 1.315 0.632 0.790
7 1.472 0.653 0.850
8 1.806 0.692 1.000
9 2.300 0.740 1.180
10 1.650 0.675 0.920
11 1.160 0.60? 0.720
12 0.930 0.560 0.590
13 0.920 0.557 O.56O
14 0.840 0.473 0.350
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TITLE- FLOY/ THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.EHATTARAI 
PIPE LENGTH- 50 Feet 
SLOPE-0 %
TYPE -

DATE- i#1/f#1972 
RUN //- 21 
n-

SERIAL
NUMBER

•H* IN FEET 
(CULVERT)

«h‘ IN FEET 
(V-NOTCH)

DISCHARGE 
•Q» IN CFS

1 0.832 0.430 0.500
2 0.838 0.467 0.570

3 0.842 0.490 0.420

4 0.945 0.527 0.500

5 1.082 0.553 0.560

6 1.255 0.584 0.650

7 1.377 0.600 0.705
8 1.614 0.628 0.780

9 1.984 0.669 0.910
10 2.500 0.710 I.06O
11 1.855 0.656 0.860
12 1.398 0.602 0.710

13 1.215 0.579 0.640
14 0.984 0.536 0.520

15 0.975 0.533 0.510
16 0.866 0.508 O.46O
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TITLE- FLOW THROUGH HORIZONTAL CULVERTS
NAME- LAVA R.EHATTARAI
PIPE LENGTH- 10 Feet
SLOPE- 0 %
TYPE-

DATE- 1.15.1972
RUN //- 22
n ~ 1.5

SERIAL
NUMBER

' H ' IN FEET 
(CULVERT)

'h'XH FEET 
(V-NOTCK)

plSCiLiitGE 
'Q'IN CPS.

1 0.839 0.512 0.470
2 0.841 0.528 0.500
3 0.846 0.549 0.560
4 0.847 0.566 0.600
5 0.890 0.594 0.680
6 0.912 0.605 0.720
7 0.959 0.618 0.745
8 1.187 0.662 0.890
9 1.586 0.711 1.060
10 2.044 0.755 1.230
11 2.400 0.780 1.340
12 1.370 0.694 0.970
13 0.968 0.618 0.745
14 O.926 0.608 0.730
15 0.868 O.580 0.650
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DATE- 1.16.1972
RUN tt- 23
n “ 1.5

SERIAL
NUMBER

' K 1 111 FEET 
(CULVERT)

•h'lH FEET 
(V-KOTCK)

DISCHARGE 
■Q‘IN CFS.

1 0.836 0.493 0.420
2 0.841 0.324 0.500
3 0.989 0.572 0.615
4 1.166 0.607 0.720
5 1.423 0.643 0.820
6 2.303 0.738 1.180
7 2.010 0.710 1.050
8 1.368 0.661 0.890
9 1.067 0.587 0.660
10 0.933 0.558 0.580
11 0.921 0.555 0.570
12 0.860 0.537 0.530
13 0.838 0.509 O.46O
14 0.832 0.470 O.38O

e

TITLE- FLO'.V THROUGH HORIZONTAL CULVERTS 
NAME- LAVA R.EHATTARAI
PIPE LENGTH- 30 Feet 
SLOPE- 0 % |
TYPE- p ---

H  - L  - y t  v v - '
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DATE- 1.17.1972 
RUN #- 24
n-1.5

SERIAL
NUMBER

'H 1 IN FEET 
(CULVERT)

•h1IN FEET 
(V-NOTCH)

DISCHARGE 
•Q'IN CFS.

1 0.830 0.428 0.300
2 0.836 0.500 0.440
3 0.960 0.532 0.500

4 1.086 0.555 0.570

5 1.200 0.576 0.630
6 1.345 0.597 0.690

7 1.396 0*627 0.770
8 2.020 0.670 0.910

9 2.500 0.710 1.060
10 1.355 0.600 0.695
11 0.962 0.533 0.500
12 0.900 0.515 0.473
13 0.832 0.467 0.370

14 0.829 0.452 0.350

TITLE- FLO'.V THROUGH HORIZONTAL CULVERT; 
NAME- LAVA R.BHATTARAI
PIPE LENGTH- 50 Feet 
SLOPE- 0 %.
TYPE- F -------- ztztj-j ?

H i-
J T



NOMENCLATURE

Area of pipe (ft.̂ )
Area of flow section (ft.^)
Coefficient of discharge 
Coefficient of contraction 
Diameter of pipe (ft.)
Darcy friction factor
Acceleration due to gravity (32,-20 ft/sec. )
Position of the hydraulic grade line at outlet (ft.) 
Available head (ft.)
Moment of inertia 
.Entrance loss coefficient 
Position head factor at the outlet 
Length of culvert (ft.)
Length of the circular weir (ft.)
Mass (lb.)
Ratio of the depression to the diameter of the culvert 
Discharge (cfs)
Radius of pipe (ft.)
Rotational energy (ft. lb/lb.)
Velocity of approach (ft./sec.)
Mean velocity of in pipe in axial direction (ft./sec.)
Mean velocity of flow at the section of maximum con
traction (ft./sec.)
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Mean, velocity of flow in pipe (ft./sec.)
Depth of flow (ft.)
Critical depth of flow (ft.)
Upstream depth of flow (ft.)
Datum head (ft.)
Kinetic energy factor, axial and rotational components 
Angular velocity (radians/sec.)
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