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SYNOPSIS
This thesis is the report of an investigation to
determine the effect the upstream wingwall position
hag on the discharge characteristics of the rectangular
splllway when used on a "box inlet culvert®,
Tests were conducted over a wide range of model
size ratios with wingwall positions ranging from 45
to 90-deg. from the longitudinal axis of the conduit.
The relationship was determined for both free flow and
submerged flow conditions at the spillway section.
The test results indicate that the position of
the wingwall does affect the discharge characterlstics
for heads below the maximum for which the gpillway crest
functions as a long welr. When the spillway crest is
submerged the discharge characteristics are independent
of the wingwall position. |
"T--. Design recommendations based on the model studies

are presented.
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The purpose of this thesls has been to investigate

“

the erffect of the position of th

[}
h
o

upstrean wingwall on
the dlscharge capacity of the rectangular spillway when
used as a2 box inlet discharging through a closed top oubt-
let. The common name for this type of structure is the
"pox inlet culvert™.

The rectangular spillway is a structure that is beling
used extensively for erosion countrol work, particularly
where large gquantities of water are involved with relative-
ly small heads available. The rectangular spillway is a
structure consisting of three weirs at right angles toc each
other, forming three sides of a rsctangular box. The fourth
side of the box is open below the welr-crest elevation and
with a bulkhead abové the crest elevation extending to each
side of the chammel., Defining the terms as used in this -
thesis, that portion of the bulkhead over the outlet end

-

of the box will be referred to aé the headwzll and that

vortion extending beyond the sides of the box will be call-

ed the wingwalls. The dlischarge over the three weirs drops
L o)

“into the box and passes out the open end.

The open end consists of a closed rectangular conduit
or culvert to carry the water beneath a fill or roadbed
and to discharge it at the elevation of the‘bottom of the
conduit., The controlled head drop is thus egual to the
difference between the spillway crest and the outlet floor

elevations.

Conslderable work has already been done on determining -



the hydraulic characteristics of the rectangular splllway

when used as & box inlet or as a U-iype entrance for con-

crete flumes. A limited number of experiments were made
by Kessler at the University of Wisconsin 1/ in 1933 on
"Head Spillways". A more extensive investigation of the
rechbangular spillway was carried Qut by Huff for the
‘United States Scil Conservation Service at the St. Anthony

Falls Hydraulic laboratory 2/ and these results published

in 1944, The most recent investigation reported 3/ was al-
g0 carried out under the research program of the U. 8. Beoil
Conservation Service at the St. Anthony Falls Hydraulic
Laboratory.

A1l of the experiments to date have been limited to

conditions in which the bulkhead extended above and to
either side of the channel and was normal to the axis of -
the condult.

-

The University of Wisconsin tests were made with a
closed top cutlet and S0-deg. wingwalls. The tests Dby
Huf?f g/ Wwere made with both closgsed top and open top out-

" -lets and 90-deg. wingwalls. The 5t. Anthony Falls tesis
é/ wére made with open top ouﬁlets. The report by Huflfl
2/ has been ihe eriteria for the design of all rectangular
spillways with closed top outlets bullt by the U. 5. Scil
Conservation Bervice.

It is becoming increasingly avparent to &esigh engi¥
neers that in many instances 1t is ecomonical to‘use
wingwall angles other than 9C-deg. Freguently it has Dbeen

necessary to attachn rectangular spillways to existing road

ynrwz:c:n: LR SRR, S T T



e

culverts that already have been constructed with wingwalls
varying from 45 to 90-deg. with the longitudinal axis of
the culvert. Numerous cases have also arisen wherein the
use of wingwall angle of less than 90-deg. would have been
desirable for new construction work. Inasmuch as no pub-
lisghed datz were available to determine the wingwall
effect, the deslign engineer has been uncertaln as to the
degign coefficients that apply. As a result spillways,
when attached to existing culverts, are overdesigned to
be on the safe side and use of wingwall angles of
less than 90-deg. is aveoided in new éonstructioﬁ.

The study of submergence of the weir crest caused
by a rise in the downstream tailwater level is of 1little
value when the rectangular spillway discharges into a
cloged conduit. Structures of this type usually éérry
large flowsvbeneath.roadways as compared to the box in-

let drop spillway which has an open top outlet and fre-

o)

uently acts as an "island type dam® 3/. Inasmuch as

submergence causes 2 rise in the headwater level, which

~-in the case of a roadway would threaten to ovérflow the

road and cause an added .flood hazard, the desilgner should
take all possible precautions to assure that the hydraulic
design of the structure and channels will be such as to
prevent conditions of sgubmergence,

The extent of the submergence studles fmf this‘thesis
will bé to ascertain what effect, if any, the wiﬁgwall
position would have were submergence to occur, XNo attempt

will be made to predict the overall effects of submergence
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because of its felative unimportance to this type of
structure.

In field installations the lenzgth of wingwall,
whether in place or to be consiructed, is dependent.
upon the size of the angle and the fill slope reguired.
For this reason a study of the effect of the wingwall

lengthlon the discharge cavacity was included .in the

project.

- To answer a definite need for hydraulic designers
engaged in erosion control work, this investigation‘was
undertaken for the purpose of obtaining a set of design
criteria that would be applicable to structures having

different wingwall positions.
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NCOHMENCLATURE

Inside width of rectangular box at crest elevation
in feet.

Length of spillway crest from upstream face of head-
wall to the upstream weir face in feet,

Vertical drop from spillway crest to floor of spill-
way in feet.

Total inside length of spillway crest ( 2B - W ) in
feet. .

Depth of water above the spillway crest as measured
in the laboratory experiments in feet,

Velocity head in approach channel at head measuring
section in feet,

Total head on spillway ( h - hy ) in feet,
Acceleration of gravity ( 32.2 ft./sec? )
Discharge in c¢ubic feet per second. |

Angular position of the wingwall measured radially
outward from the plane of the "B" dimension.

= Coefficient in the formula § ='Gi'L gt-60
Coefficient in the formula @ = ¢ L HY+C
= Width of channel approaching spiliway in feet.

Tailwater elevation with respect to spillway crest.
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THEORETICAL CONSIDERATIONS

Hydraulic model studles have already proven to be

the most accurate means of predicting the hydraulic

design chafacteristics of the prototype. This model
prototype relationship is based on the principal of
"hydraulic similitude". The analysis of the basic
relationships of the various physical properties involv-
ed in the motion and in the dynamic action of the fluid
is called "dimensional analysis".

Geometrical similarity exists between two objects
if the ratios of all corresponding linear dimensions
are egqual., This relationship is indepenéent of any
kind of motion and involves only similarity in form.
Inasmuch as practical reasons limit the number of model
tests that could be made, it was necessary to condﬁct ’
these tests so that the results determined would be
apvlicable over a large range.qf prototypes. The ratio
of homologous lengths in model and prototyve is expressed

a8

L, /L eI, | (1)

where L. = length of model, Lp = prototype length and

L

» = length ratio.

The tests were conducted with certain relationships
exisﬂing between the W, B, and D dimensions of the model
and consequently these same relationships as ﬁodified by
the length ratio (L,.) will exist on the prototype. The

head causing discharge through the welr is also a linear

10
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dimension and can be expressed in the form of equation 1.
The discharge through the structure involves

similarity of motion or "kinematic similarity". By

the incorporation of Froude's law, the ratio of homo-

logous discharge in model and prototype is expressed asg
/A = (L)Y ? (2)

where Qm = model discharge and Qp = prototype discharge,

Equation 2 is the dimensionless expression of the weir

formula |

=
Q=crLg 1>

- (3)
Since the discharge ratio is directly a function of the
linear dimensions involved, the discharge coefficlent
(C) is identical for both model and prototype, proﬁided
the discharge equation for both is as given in equation 3.
The prineipal of dynamic similarity wiil be neglected
in this'analysis inasmuch as the friction losses in the
size and shapes of models chosen can be assumed ﬁo be

very small and it 1s reasonable to assume that these

losses will also be small in the prototype. Because

' “the fluid flowing is water and flow is turbulent, in

both model and prototype it may be assumed that the
Froude law holds true.

Comparing the discharge characteristics of a cer-
tain size spillway operated with various angles of wing-
wall, with the characteristics for a wingwall position

normal to the axis of the conduit, the effect of the



wingwall positions can be predicted for the prototype.
The effects would be similar for both model and pro-
totyve.

The manner in which the.principal of similitude
is applied will be illustrated in the section of this

theslis describing the method of analysis.

12



DESCRIPTICN OF APEARATUS

All of the models used for making the tests of
the rectangular spillway were built of lucite. Actu-
ally only one model was consiructed but the design was
such that parts could be removed or added as desired to
give different values of B, D, and © in relation to the
fixed width W. (Figure 1.)

A constant rate of fiow was obtained by taking
water from the 220,000-gallon, 60-ft. constant head
tank adjacent to the laboratory. Free flow from the
tank was éontrolled by the gate valves in the lines
leading to the 4" x 2% and 8" x 4" calibrated Venturi
meters used for measuring the discharge.

The size of model that could be investigated was
limited by two conditionsy first, the range of diséharge'
over which an accurate flow measurement was attainable,
and second, the maximum width of approach channel that
could be constructed in the concrete tank assigned to
the éxperiment.

An approach channel of five feet in width was select-
ed, Following the recommendations of the St. Anthony
Falls report 2/ the ratio of the chennel width, W,, to
the length, L, of the box should be a minimum of 1.5
when the B dimension of the box is equal to 2W. .The
width of box, W, was set equal to 8 in. and B; when
equal-tb 24, is 16 in. resulting in a total iength,L,

of 40 in. A 60 in. approach channel width, W would
£ s cs

13



satisfy the above criteria. The recommended W, / L ratio
for B = W 1s given as 2.5 which again is fully satisfied
when W = 8 in. and W, = 60 in. The same agreement with

the design recommendation exists when B = O0.5W for W = 8 in.

To assure that adequate data would be obtained for
predicting the wingwall effect over a wide range of di-
mensions, three ratios of width of spillway (W) to length
of spillway (B) were selected so that B = O.5W, B = W,
and B = ¥, For each of these lengths three depths (D)
of spillway were selected so that W = D, W = 2D and W = 4D.
A hinged arrangement was used for attaching the wingwalls
sc that any desired angle (8) could be used in connection
with any ratic of B, ¥ and D.

The width W equal to 8 in. remained constant for 211
tests., The (B) values used were 4 in., & in. and 18 in.
When necessary, (D) values for each of these three lengths
were 8 in., 4 in. and 2 in. Preliminary calculations
indicated that models constructed with these dimensions

would have discharge values within the calibrated range

Tof the Venturi Meters, already installed in the flume.

The actual tests proved the adeguacy of the two meters.
The 5~ft, wide approach channel was filled with
sand to crest elevatlon over the entire area upsirean
from the wingwalls, Downstream from the wingwalls to the
channel bulkhead, the sand was banked to simulate £i1l
conditions. In order to prevent erosion, adjacent to

the weir, 2 sandsurfaced vlaster mat -in. 1o 3-in.

14



thick was extended out at crest elevabion around the

three sides of the box. This precaution was taken to

- assure that whatever discharge relationships existed

between the boxes would be a function of the selected
box dimensions and would not be affecﬁed by different
amounts of erosion.

Corrugated metal baffles were placed 5 ft. up-
stream from the upstream edze of the spillway crest.
The use of these baffles resulted in a smooth water
surface upstream from ﬁhe spillway crest.

The observed depth of water (h) was determined by
the use of a point gage installed 28 inches upstream
from the upstream edge of the spillway crest. This
distance was selected after sgeveral trials had determined
that depths recorded there would not be affected by the
drawdown profile of the spillway. At this point the
slight turbulence caused by the baffles was no longer
discernsble. The total head (H) at this point 1s the
sum of the observed depth and the velocity head.

For the purpose of studying the effect of the
wingwall position for condition of submergence, the
outflow conduit Adischarged under free-flow conditions
into a 5-ft flume separated from the 5-ft test channel
by a watertight bulkhead downstream from the wingwalls.
A hingeé elevating gate was placed in the outlet sgection
of" the downstream flume for regulating the tailwater

level., The elevation of the water surface above spill-

15
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way crest elevation in this flume was measured with a

point gage.

The zero reading for both the headwater and tail-
Wwater point gages with reference to the spillway crest
elevation was determined with a surveyors level and rod.
The entire model was rigidly attached to the channel
floor so that uplift forces would not affect the crest
elevation. The zero readings were checked at intervals

throughout the testing period.

Figures 2 through 4 are photogravhs of the model.



17



Fig. 3. Test channel looking downstrean
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Model in operation.(B = W) (e

45°)
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LABORATORY TECHNIQUES

Because the Venturli meters were upstream from the
test section, it was necessary to make certain thai all
water leaving these meters would be discharged out of the
test section over the rectangular spillway. The degree
of watertizhtness was tested by filling the test channel
with water prior to placing the model. The test channel
was considered to be sufficiently watertisht after a 26-hr.
test showed an elevation drop of 0.011 feet. With the
model in place, observations Tailed to indicate any
leakage around the modél. The acﬁual testing proceeded
in the sequence listed in Table No. 1.

After model changes had been made, a plaster mat
was formed around the welr sides and allowed to harden
for 24-hrs. The approach channel was then leveled'to
crest elevation and the sand downstream from the wing-
wall was sloped up towards the channel bulkhezad to
simulate an actual fill condition.

Water was then allowed to enter the section at a

~rate just sufficient to cause flow over the spillway for

a miﬁimum period of ten minutes. This procedure was
adopted to aésure complete saturation.of the sand bed
of the ehannél.

The series of test runs began after this ten minute
period. The initial discharge (Q) and water depth (n)
readings were taken, Then the flow was graduallj in-

creased and for each increase in discharge,d, a2 new

20



TABLE No. 1.

Model Sizes Tested

Series of T I e
Runs No. Inches = Inches Degrees
1 16 8 90
2 16 4 90
3 16 2 o0
4 16 2 45
5 16 4 45
6 16 8 45
7 16 8 673
8 16 2 67%
23 16 8 521
22 16 8 60
11 8 8 Q0
10 8 4 90
9 8 2 90
13 8 8 45
25 8 8 52%
24 8 g 60
14 4 8 o0
15 4 2 S0
16 4 4 90
19 4 8 45
17 4 4 45
20 4 8 60
21 4 8 ™
26 8 8 g0
27 8 8 45
28 8 8 67%
29 8 8 S0
30 8 8 45
31 8 8 67%
32 8. 8 90
32 8 8 45
34 8 8 67+
25 8 8 45
26 8 8 45

W.= 8 in. for all series tested,
NumbersAQGFthrough 34 submergence data.

Numbers 35 and 36 wingwall length data.
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value of h was recorded. For each new value of g it
was found necessary to wait several minutes until
the head on the spillway became stabilized before de-
termining h.

The curves showing the relationship between { and
H, Pigures 5 to 7 1inclusive, show a definite break in
the head-discharge curve. This represents the point at
which the spillway crest is flooded from the effect of
fhe cutlet depth at the bulkhead. Another way of stating ‘
this is that the box inlet weir crest is the control sec-
tion at the lower flows while at higher flows the control
section shifts to the headwall., Many aﬁtempts were made
to determine the exact § and H values at which this
break would occur on the different models. This ﬁork
met with no success so it was decided to space ﬁhe runs
closer when it was evident that this flooding was immi-
nent. The result was that sufficient data was then
availavle to plot the transition curve between the two

condlitions of free and submerged flow. Beyond the trans-

‘ition region the time required for the head to stabilize

increased considerably over that under free flow conditions.

The flow Tor each model wés continued beyond the trans-

ition until the head was a minimum of twlce that record;

ed lmmedliately prior to the beginning of the transition.
This procedure was repeated for each test with the

exception that when only the depths of the models_were

changed 1t was not necessary to replaster. The veloecity
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head for each run was computed and added to the ob-
served depth to get the total head H, The velocity
head was determined using the depth and width of channel
flow at the head measuring gage. Tach series of runs
were plotted on field curves so that it was possible
to cbserve the nature of the resgsults being obtained
and to be able to select the dimensions for the next
gserieg., This manner of selective determination of what
tests to make was very valuable in that no time was
taken up in obtaining duplicate or unneccessary data.
The submergence tests were conducted on only one
size of model in which W, B, and D were all equal to
8 in. The wingwall angle (6) was the only variable

dimension. A constant discharge, 3, was set to flow

through the spillway and the free~flow head, h, fof this’

discharge was debermined. The level of the water in

the downstream channel was gradually increased in steps.

Upstream and downsiream water depths were recorded for

each stepr. ¥For each angle of wingwall tested these

~depths were recorded for three different discharges.

Upon completion of the first series of runs for the
first wingwall angle investigated,the ratio of the
free-flow head,Hd, to the length of bvox, L, was computed.
For the remainder of the angles tested the fixed dis-
charge was adjusted so nearly similar H/L values would
exist fbr the three flows tested at-each'positioﬁ of

wingwall. This procedure was followed to simplify

26
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the determination of the eff?ct of the wingwall position
upon the discharge under submerged conditions, |

The final laboratory tests were concermed with
the determination of the effect of length of wingwall
with all other variables constant. For tﬁis investi-
gation B, W, and D were set equal to 8 in. and the
wingwall angle, 6, at a 45 deg. angle. The base length
of wingwall at crest level was reduced to 2/3 and then
to 1/3 of the original length used in all vreceeding

tests. Tests were run through fhe full range of heads.

27



METHOD OF ANALYSIS

The first step in the method of analyzing the
data was to plot on log-log paper the @ versus H values
for each run. The reasoning accompanying this is as
. follows:

The discharge is a function of the head, that is

Q =f(H) or 9 =xH"

The plot of this equation on log-log paper presents
a graphic solution for the unknown values "EK" and "n"
fof each series of runs. The curves for eécﬁ size‘of
box, identical B/W ratios, tested were plotted on the
same sheet to illustrate the change in discharge char-
acteristics as a result of varying the depth of box (D)
and the wingwall angle 8. The curve sheets for the o
different B/W ratios of 2.0, 1.0 and 0.5 are Figures
5, 6 and 7 respectivelj. It will be noticed that a
spillway having a given length and width functions as
a welr until a head is reached where the spillway
crest is flooded out from the effect of the outlet
\ééﬁﬁh at the headwsall, This 1s the point on the curve
where the head-discharge curve breaks away on a different
slope. It will alsoc Dbe néticed that the head at which
the spiliway beginé to be flooded out is much higher
for the deep outlet than for the shallow outlet,

Inasmuch as three different sizes of models were
tested, no direct comparisén can be made in the discharge

capacity for identical heads on the spillway for all tests.



However, since the same width and length of model were
used fér different outlet depths and wingwall angles,
the comparative effect on the discharge capacity due
to the spillway depth and the wingwall position is
apparent,

The logarithmic nlots of all tests had an exponent
of 1.60 for the total head, H, for low heads when the
welr crest was the control section. The coefficient,

Cl, in the welr formula Q = ClLH1‘6O

for each group

of tests having similar lengtn to width ratios but
different wingwall angles indicates, in general, the
effect of the wingwall angle on the discharge capacity.
The coefficient, Cy, is also a function of the length-
width ratio on the discharge capacity for the groups
of tests involving different length-width ratios.

In 2ddition to determining the value of the discharge
ceoeffiecient, Cq, by graphical means a numerical analysis
was also made, The procedure followed was:

Q= L Hl.60 or G1 = o/ L H1'6O
i'\FOﬁheach run in a given series, Cj, was computed using
the known values of @, L and H. _An observation of the
€1 values indicated which of the runs were obviously
in error and these runs were not averaged in to find
the mean Cl value for the series., In all cases close
agreement existed between the graphical and analytical
Cq values.

The results of the free flow tests for Ci in the
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Tormula § = C1 L H1‘60

are given in Table Ho. 2 and
plotted on Figure 8 . The coefficient of discharge
for welr flow conditions is independent of the depth.
This is proven by virtue of the fact that the free
flow coefficient for a given length-width ratio was
the same for each value of depth tested regardless of
the chosen length-wldth ratio or the wingwall angle.
TABLE NO., 2
Test values of the coefficient 0y
in the formula Q = Cp L 5°%9,

Weir crest not submerged.

B = 0.5% B =W B =2

Wingwall W =8 in, W =8 in, W = 8 in.
Angle © B =4 in, B=281in, B = 16 in.
(degrees)

45 3.695 3.260 2.860

52% 3.540 3.070

60 3.975 3.700 3.200

675 3.145

75 4,060
90 4,133 4,000 3.550

It is evident that the discharge capacity of the
rectangular spillway is influenced by the position of
the wingwall, Figure & was then plotied to illustrate
these results on a percentage- wise basis.

The manner in which the depth of box affectsvthe
discharge is clearly illustrated on the head#aischarge

curves Figures 5 through7 . This method of plotting
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brought out several interesting facts which will be
discussed in connection with the experimental results.
The submergence data was next analyzed and this

too was found tc be adavtable to gravhical analysis.

 This data was analyzed in the same manner as that re-

ported in the St. Anthony Falls report 2/. The sub-
mergence as used may be defined as the ratig, in per
cent, of the water depth in the downstream channel

above the spillway crest to the actual depth over

the crest in the upstream channel. The increase in
head for a given submergence is the difference between
the actual head with submergence and the free-flow
head for the same discharge. The plot of the head-
submergence percentage curves, Figure 10, using nearly
identical head-length (H/L) ratios is presented to
illustrate the effect the wingwali pogition has on the
discharge characteristics of the rectangular spillway.

In the determination of the effect of wingwall

- length on the coefficient C1 for a given size box and

éﬁgle of wingwall, a logarithmic »lot was made of the
Q versus H values obtained for the full length of wing—
wall., The values obtained for @ and H for the sghorten-

ed lengths of wingwall were compared with this curve.



bl

Lot lt ‘"i""‘




DISCUSSION CF RESULTS

The main objective of this investigation was to
determine exactly what relationship the angle of the
wingwall had on the performance characteristics of ﬁhe
rectangular splllway, when used as a box inlet culvért.
This investigation was carried out with the purpose of
relating the discharge to head causing flow over a
wilde range of variable model dimensions so that the
end result would be a2 set of design criteria that could
be used for prototype construction, or could be used as

a supplement to existing criteria. In all of the tests

.‘run, Tthe model groups having wingwall angles of 90-deg.

can be assumed to have the same discharge characteristics
a8 those already presented by previous investigators
for standard rectangular spiliways with bulkheads nor-
mal to the axisg of the conduit.

Reference is made to Figure 8 in which the various

coefficients of discharge Cj for the different length-

width ratios (B/¥) are plotted against the correspond-

iﬁg‘wingwall aﬁglé. The exponent for the total head
(H) was found to be 1.60 for weir flow conditions. It
ié‘clearly evident from Figure 8 that the discharge
coefficient Cq and conseqguently the discharge, is maxi~-
mum for’the 80-deg., wingwall position and minimum for
the 45~deg. position. A line drawn connecting these

roints and the intermediate points from the tests at

other angles shows the variation in C1 for wingwall



positions between 45 and OC degrees,

Previously it was shown that, to satisfy the con-
ditions of similitude, the discharge equation for both
model and prototype must have the same exponent 1f the
‘mogel data is to be applicable to design of the proto-
typre. To be able to apply the coefficient, as determin-
ed by the laboratory model to a structure having similar
dimensions, the exponent of H must have a value of 1.50.
However, could this formula, with an exponent of 1.60,
have been used to design the prototype structure, it
would be applicable only for heads on the structure
below which the gpillway begins to be submerged. Hot~
withstanding the fact that even though the discharge
increases at a sléwer rate with increase in head above
the point of submergence, it is sometimes economical
to use design heads somewhat above the point of £lood-
ing. This is particularly true in instances where it
ie known that the peak discharge will sustain for only

a short period of time.

T -, Prior to continuing the discussion of similitude
and the manner in which the test data can be presented
for prototype design it is necessary to bring out what
occurs at and beyond the point of flooding. For this
purpose reference is made to Figures 5 through 7 .
These three head-discharge curves have identical
appearance; Each of the angles tested plots as an

individual straight line up to the point at which the
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depth of the box causes the spillway crest to be sub-
merged. For higher heads with all box'depths, the
head-discharge curves are seen to merge into one line
indicating that once the weir is submerged, the diséhagge
at a given head is no longer a fuﬁction of the wingwall
angle. Although it will be observed that the slope of
the head-discharge curves beyond the point of submergence
appears to be identical for the three different values

of D, no attempt was made to determine the equations

of the lines,

It may be noted from these curves that when the
Wingwall is at 90-deg., the crest will become submerged
at a lower head than that for the lesser angles. This
ig true only in the transition section from free overfall
to full submergence conditions. It is logical that this
would occur because of the relatiﬁely higher‘heads re-
quired to discharge the same quantity of water under
weir flow for the smaller wingwall angles.

In order that the test data could be adapted to

pfdtotype design, 1t was necessary to prepare coefficlent
curves using the weir formula @ = C L Hl‘go. The theory
in this case being that using the total head (E) with an
exponent of 1.50 and a variable coefficlent C instead

of a constant coefficlent C1, the eguation could bé

used for designing any size of prototype structure if
the value of (C) for.similar geometric dimensions were

used. In order that the proper value of C could be
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selected, it was plottei against the ratio of head to
spillway crest length (H/L). The value of H/L is a
dimensionless number which gives the same value of the
coefficient for similar heads on any size structure.
The tesgt data plotted on logarithmic paper showed a
straight line for that portion of the curve where the
flow over the spillway was not influenced by the depth
of the outlet. OCOn these curves, as in the original
head-discharge curves, each wingwall position plotted
ag parallel individusl straight lines up to the

point of flooding after which all poinis merged into
a single straight line. The curves are plotted on
Figures 11 through 13 . The three groups of curves
represent the three different B/W ratios tested.

As can be seen the lines are closge together and
not easgily read., An alternate method of determining
the value to use for C for a given H/L ratio, when the
wingwall angle 1s less than 90-deg., is to utilize the

curve sgheet, Filgure 9 , where the percent of discharge

is plotted against the wingwall angle. The method

outlined below will hold only for conditions of weir
flow over the splillway crest. |
The fact has already been proven that spiliway
discharge capaclty is a function of the wingwall angle
and that the discharge is maximum for the 90-deg. wing-
7all position. This is true for all heads less than

these for submergence. Therefore the C value for a

8
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lesser angle can be obtalned by multiplying the 90-deg. C

value by the percent of maximum dischafge as taken from
Figure 9 . For H/L values in the transition range of
the curve and beyond, it is necessary to obtain the C
value directly from Figures 11 through 13.

Submergence.

The thesls investigation is 2lso concerned with
the problem of the effect of the wingwall angle on
submergence. Three similar (H/L) values were tested
for three different positions of the wingwall and the
results are shown on Figure 10, It will be noted that
there ig a very marked increase in head.wéter level (BE)

with increase in submergence, there veing a greater

effect of submergence with the higher heads. This pattern

is true for the three angles tested.

Considering nearly similar H/L values, such as
C.128 for 90-deg., 0.12€ for 67%-deg., and 0.126 for
45-deg., it can be seen that for a given submergence,

say at 50%, the percent increase in head is less for

“the 90-deg. wingwall than for the 675-deg,, which in

turn is less than the 45-deg. value. This much smaller
increase in head for the lesser angles is due to the
fact that the head for the original free-flow for the
lesser angles is higher for the same discharge than for
the large angles. A reasonable assumptioalthen is that
if the position of the wingwall is suech as to cause 2

higher head for free-flow conditions, any effect of
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submergende is going to have less influence.

The relation that the position of the wingwall
~ has to the total head, H, required to discharge a given
amount of water for conditions of submergence is shown |
by the following sample computations. The percént in-
crease in head for the different percents of submergence
are taken from Figure 10C.

Assuming a free-flow head, H, of 0,215 for the
wingwall position of 90-deg., the H/L ratio is 0.1075.
The free-flow discharge for this head for the three
angles iss

90° 67%° 45°
Q( efs ) = 0.684 0.642 0.550
At 50% submergence (H) increases as follows:.
90°  e71°  a5° -
% Increase (H) - 24,5% 16.1% 11.5%

For a discharge of 0.684, the head for each case is:

96° 67%° 450

(H) Head rgd. 0.215 0.224 0.242
i ~%to discharge ‘

0.684 efs
A H Based on
% increase  0.053  0.036 0.028
Total Head H 0.268 0.260 0.27C
when crest is
submerged
Percent
variation £ .O0T5%  -2.25% £ 1.5%
from mean .

head 2.67 is



None of the many computations such as thege in-
dicated a head variation greater than 5% plus or minus
and the majority of the head values for a given dis-
charge were within 3% plus or minus of the mean value,

These computations indicate that, within the limits
of experimental error, the total head for submerged flow
will be the same regardless of the position of the wing-
wall., That this condition 1s true was shown previously,
Figures 5 through 7 , on which the corresponding head-
discharge values for all angles tested plot as a single
straight line once the spillway crest is submerged.

Since the angle of wingwall has 1little effect on
the head at a given flow for submerged conditions, it
is recommended that Figure 14 taken from the St. Anthony
Fgalls report 2/, be used for deslgn purposes.

Length of Wingwall.

The analysis of the data plotted on Figure 15
shows that the length of the wingwall does not affect
the hydraulic characteristics of the rectangular spill-
~way. The corregponding H and Q values for one thirg,

two thirds and full length of wingwall are similar,
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EXAVPIE

Assume that is is desired to attach a rectangular
spillway to a six foot square conduit having 45-deg.
wingwalls. The conduit is already in place. The
maximum allowable head over the structure is 2-0 (2 ft-
0 in.), and the maximum discharge is 200 c¢fs. Free
flow conditions must exist for this discharge.

The width and depth of gpillway are equal to the
width and depth of the conduit. Assume that the length

of box required is equal to 2¥.

D= 6-0 W o= 6-0 B = 2§ = 12-0

L
n

2B £ W = 30-0 H = 2-0 or iess
H/L = 2 / 30 = 0,0667

Substituting in the formula Q = ¢ L Ht-20
200 = ¢ x 30 x H1-50

¢ 51+°0 = 6,667

Enter the curve, Figure 11, for 6 = 45-deg. and

w
i

2 for an H/L value of 0.0667 to find the value of
2.42,

1130 = 6,667 / 2.42 = 2.76

Q
"

H = 1.968 (since H must be less than 2 this is
satisfactory. The value of H/L changes to 1.968 / 30
or 0.0657. The new value of D is 2.415. Substituting
thig into the equation:

Q@ =¢xLxH50 = (2,415) (30.0) (2.76) = 199.8 ofs

This is close enough to the desired 200 cfs and

therefore the size of box that will carry the expected

47



discharge safely is when W = D = 6-0 and B = 12-0,

As this flow was required to be weir flow the
alternative method i1s also applicable for determining
the box dimensions., Using the same base assumptions,
Figure 9 shows that when B = 2§ for a 45-deg. wingwall
position the discharge is 80.5 percent of that for a
90~deg. wingwall position.

The relative value of Q for designing the box
by this method is 200 / 80.5% or 249 cfs.

249 = ¢ x 30 x HY-ZO

¢ 150 = 8,30 (G is found to be 2.97 from the

90-deg. line on the curve sheet.)

r1-50 = 2,795

H = 1,985 less than 2, so satisfactory.

The value of H/L has changed to 1.985 / 30 or
0.0662 and the corresponding C value is 2.96,

Q=0CxLxHI0 = (2.96) (30) (2.795) = 248 cfs

The reduction in this diséhérgé due to the 45-deg.

angle results in 248 x 0.805 = 200 cfg which is the

' design discharge. The W, B, and D dimensions have not

changed.



CONCLUSIONES AND RECOMMENDATIONS

The model tests conducted for this thesis make it
possible to predict the effect of the upstrean wingwall
position on the discharge characteristics of the " box
inlet culvert”. 4 limiting condition for the use of
this data i1s that the angle of.the wingwall must be
the same on both sides of the box, a usual condition.

The discharge is a functlon of the wingwall posi-
tion for all heads on a given size structure below the
head at which the spillway crest becomes submerged. The
percent of the maximum discharge for a 90-deg. wingwall
is expressed as a function of the different wingwall
positions on Figure 9 . When the crest becomes sub-
merged, the discharge (Q) for a given head (H) is |
identicalhfor all wingwall positions between 45 and 90
degrees.

The effect of submergence is identical whether
caused by an excessive rise in the upstream headwater

level or by an increase in the downstream tailwater

Tlevel.

The length of the wingwall has no effect on the
discharge characteristics of the splllway crest and
consequently the wingwall can be built to conform solely
to the site conditions.

The design of a prototype structure for ratios
of lengths within the limits tested can be made directly

from the curves plotted on Figures 1l through 13, The



method used 1s shown in the example. It is alsc felt
that the test resulte are applicable for use with
existing criteria, based on tests using only 90-deg.
bulkheads. The discharge that will occur for a givén
head for angles within the limits tested can be deter-
mined from Figure O ,

For heads above those at which the weir crest
begins to submerge, the position of the wingwall need
no longer be considered. The determination of the
discharge for a given upstream head or for the changed
value of the upstreanm head due to a rise in the down-
stream tallwater level can be Tigured as if the wing-

walls were normal to the axis of the conduit.
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cfs

0.114

0.171
0.250
0.314
0.38%4
0.458
0.539
0.619
0,721
0.878
0.965

1.140
1.390

S 1.562

1.660
1.860
1.995
2.065

OBSERVED and COMFUTED DATA

Run No. 1.

6 = 90°

(c)

2.595
2.715
2775
2.810
2.845
2.865
2.865
2.960
2.905
2.945
3.015

2.945
2.920

1.945

1.753
1.262
1.073
0.834

Run Ho. 2.
B2 D=4/2
(Q) (H)

efs ft.
C.1l1l2 0.054
0.169 0.068
0.226 0.084
0.251 0.090
0.279 0.098
0.325 0.107
0.359 0.113
0.408 0.125

submergence

0.450  0.135
0.469  0.139
0.579 0.170
0.756 0.233
~1.070 0.487
1.335 0.880

"o = 90°
(C)

2.690

2.790
2.790
2.720
2.790
2.830
2.770

2.720
2.715
2.475
2.018
0.962.
0.503



B = oW
(Q)

cfs

0.0512

0.0655 .

0.0933
0.1259
0.1608
0.1303
0.,1465
0.1565

0.1780
0.1982
0.2120
0.2205
0.2480

0.2790

0.2890
0.4150

OBSERVED and COMPUTED DATA

Run XNo,
D =%W/4
(H)

ft.
0.0332
0.0384
0.0477
C.0578
0.0679
0.0594
0.0642
0.0673

0.0749
0.0811
0.0884%
0.1023
0.1221
0.1347
C.1573

0.2962

3.

& = 90

(c)

2.560
2,620
2.690
2.720
2.730
2.700
2.710

2.700

2.600
2.575
2.415
2.100
1.745
1.690
1.715
0.770

D=W/4 o = 45°

Run Ho. 4.
© B = 2f
(<) (1)
cfs t.
0.7690 1.1383
0.7100 0.9483
0.5680 0.5986
0.3850 0.2534
0.2660 0.0985
0.204C  0.0923
0.1810 0.0880
0.1748  0.0830
submergénce

0.1550  0.0780
0.1402 0.0725
0.1232 0.0672
0.1070 0.0620
0.0958 0.0570
0.0810 0.0526
0.0654  0.0463

(c)

C.189
0.231
0.368
0.905
2.190
2.180
2.200
2.200

N
°
o
W
m

.

-
wm
Ul

2,120
2.085
2,110
2.005

1.958
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= oW
(Q)

- bl

cfs .

0.137
0.151
0.204
0.250
0.281
0.337
0.362
0.297
0.426
0.465
0.524

Run No
D =y¥/2
(")

-

0.0696
0.0822
0.0886
0.1011
0.1090
0.1222
0.1266
0.1343
0.1430
0.1514

0.1614

0.1926
0.2397
0.3563
0.7558
1.0390

OBSERVED and COMPUTED DATA

~ Run No. 6.

. 5.

e = 45° B = oW
(¢) (Q)
o cfs

2.250 0.344

1.920 0.411

2.230 0.476

2.235 0.567

2.340 0.660

2.356 0.760

2.410 0.922

2.400 1.087

2.350 1.162

2.37C 1.235

2.370 1.360

submergence

2.280 1.600

1.945 2.195

1.245 2.695

0.581 1.515

0.432 1.920

2.165
2.650

D=W

(1)
ft.

0.1197
0.1363
0.1499
0.1682
0.1865
0.2126
0.2310
0.2599
0.2706

0.2969 -

0.2991

0.3830

0.5520

0.8435
0.3506

1 0.6280

0.6380
0.8050

56

2.500
2.450
2.455
2.470
2,455
2.325
2.490
2.460
2.480
2.470
2.500

1.950
1.605
1.045
2.219
1.160
1.028
0.989




OBSERVED and COMPUTED DATA

Run No. 7. Run No. 8,

B=2f D=% o =67 B2 D=v/4 o=673°
Q) () (c) @ @ ()
cfs v ft. ctfs ft.

0.392 0.1196 2.840 C.1305 0.0611 2.595

0.609 0.1595 2.870 0.1470 0.0664 2.578

0.745 0.1820 2.880 0.1642 0.0707 2.620

0.866 0.1960 2.995 0.1652 0.0710 2.620

0.832 Q.2083 2.940 0.1722 0.0737 2.580

1.040 0.2295  2.840
0.609 0.1595 2.870
0.079 0.0470 2.320

submergence
1.310 0.2749 2.725 0.1983 0.0820 2.535
1.552  0.3751 2.022 0.2280 0.0962 2.295
1.795 0.5880  1.190 - 0.3020 0.1690 1.303

0.4705 0.4078 0.542
0.7000 0.9723  0.219



=

B =%
(Q)

cfs
0.0914
C.08%90
0.1293
0.1410
0.1533

0.1765
C.1640
0.1805
0.1940
0.2280

. 0.2910

0.4810

Run N
D =W/4

(1)
ft.

0.0600
0.0640
0.0770
0.0820
0.0860

0.0943
0.0911
C.0972
0.1042
0.1222

0.1816

0.4697

OBSERVED and COMEUTED

C. 9'

e = 90°

(¢)

3.105
3.055
2.020
3.000
3.040

3.045
2.980
2.980
2.890
2.570
1.880
0.747

"Run No. 10.

B =Y

())

cfs
0.0812
0.1057
0.1500
0.2310
0.2660
0.3015
0.3810
submergence
C.424
0.480
0.51=2
0.567
0.653
0.805

1.249

DATA

D =W/2
(H)

-

0.0573
0.0667
0.0831
0.1090
0.1202
0.1305
0.1502

0.1663
0.1864
0.1974
0.2165
0.2475
0.3317
0.7697

2.960
3.070
2.140
3.210
3.195
3.200
3.275

3.130
2.980
2.940
2.820
2.650
2,105
0.925
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\
<3

cfs
0.425
0.613
0.540
0.292
0.055
0.151
0.212
0.297
0.351
0.393
0.492

1.008

1.190
1.290
1.720
2.195

OBSERVED and COMPUTED DATA

Run No., 11.

D=W

(H)
ft.

0.1615

- 0.2059

0,1903
0.1265
0.0459
0.0830
0.1028
0.1285
0.1420
0.15%4
0.1761

0.2960
0.3939
0.4727
0.8297
1.3896

o = g0°
(c)

3.280
3,280
3.260
3.245
2.755
3.155
3.215
3.225
3.280
3.280
3.330

3.120
2.410
1.985
1.128
0.670

B =Y

(Q)

cfs
0.640
0.625
0.587

0.525

0.469
0.417
0.345
0.283
0.230
0.199
0.160
0.142
0.116
submergence
0.689
C.T40

- 0.800
0.929
1.280
1.980

D=¥W

(#)
£t

0.2358

C.2327

0.2235
0.2081
0.1938
0.1814
0.1571
0.1396
0.1242
0.1140
0.0987
0.0916
0.0813

0.2490
0.2602
0.2716
0.32021

0.4277 .

1.1030

Run No. 13.

2.800
2.780
2.780
2.770
2.750
2.700
2.770
2.710
2.635
2.585
2.575
2.560
2.500

2.765
2.760
2.820
2.795
2.285
0.857




B =W/2
(Q)

cfs
0.396
0.378
0.347
0.316
0.267
0.176
0.160
0.142
0.125
0.113
0.093%

0.4328

0.456
0.480
0.518
C.573
0.842
1.092

Run No. 14, Run No.
D=W e =090° B=%W/2 D=Wk4
& @ B @
0.1937  3.485
0.1886  3.460
0.1784 3,460
0.1673  3.465
0.1510  3.420
0.1174  3.280
0.1103  3.270
0.1033 3.210
0.0951  3.200
0.0871  3.300
0.0769  3.240
submergence
0.2088  3.440 0.152  .0.1063
0.2149  3.4%0 0.183  0.1215
0.2240  3.395 0.212  0.1366
0.2370  3.360 0.242  0.1546
0.2611  3.220 - 0.316 0.2361
0.4374  2.180 0.450  0.5100
0.8021

1.140

OBSERVED and COMPUTED DATA

15,

e

(c)

3.280
3.245
3.142
2.980
2.262
0.926

[ 1 .
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CBSERVED and COMPUTED DATA

Run ¥o. 16.

| Eun No. 17.

B=%W/2 D=4/2 e=9° B=wW/2 D=/l

(Q) () (¢) (Q)

cfs ft.
0.1320
0.1775
0.1920
0.2187
0.2340
0.2670
0.2840
0.3070
submergence
0.332 0.1782 3.310 0.3360
0.376 0.1905 3.390 0.4040
0.433 C.2263 5.020 0,4320
0.465 0.2551 2,705 0.4720
0.517 0.3127 2.222 0.5210

1 0.659  0.5190  1.320 0.7820

- (5)
0.1031
0.1253
0.1314
0.1425
0.1496
0.1626
0.1698
0.1798

0.1910
0.2191
9.2351
0.2650
0.3376
0.7367

6 = 45°
(c)
2.990
3.000
3.025
3.025
3.030
3.050
3.045 -
3.045
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B = W/2
(Q)

cfs
0.1690
0.1890
0.2000
0.2140
0.2230
0.2310
0.2480
0.2580
0.2745
0.2830
0.2960
0.3160

0.3280

0.3670

0.4100

- 0.4650
- 0.5380

0.6450
0.8060
0.9500

OBSERVED and COMPUTED DATA

Run XNo,
D =W

(5)
ft.

0.1193
0.1294
0.1344
0.1%95
0.1435
C.1476

0.1546

0.1587
0.1658
0.1688
0.1748
0.1800
0.1870

0.1972

0.2124
0.2306
0.2577
0.3087

- 0.3964

0.6493

19. _Run No. 20.
o = 45° B=W/2 DZIIVW o=

(c) (Q) (H) (¢)

cfs . :
3.080 0.1500 0.1063 3.240
2.050 0.1695 0.1154 3.245
3.045 0.1845 0.1225 5.230
5.080 0.1980 0.1285 3.220
3.080 0.2090 0.1336  3.210
3.060 Q.2310 C.l422 3,235
3.060 0.2810 0.161¢ 3.240
3.040 0.32120 0.1730 3.250
3.050
3.060
3.040
3,100
3.050
3.145
submergence

3.140 C.4070  0.2026 3 345
3.150 9.4770 0.2269 3,310
3.085 0.5330  ¢,2489 3,200
2.820 0.5930 0.2750 '3 ,080
2.420 0.7290  0.3606 2.525
1.360

- 0.9410 0.5995 1,320

60°

62




B=W/2
(])

cfs
0.3780
0.3600
0.3325
0.3150
0.3000
0.2835
0.2650
0.2510
0.2382

0.2193

0.1985
0.3015

OBSERVED and COMEUTED DATA

Run No. .21,

D =%
&)
0.1879
0.1827
0.1753
0.1706
0.1651
0.1590
0.1519
0.1469
0.1418
0.1337
0.1256
0.1661

e = 75° B =2
(c) (Q)
cfs
3.485 0.250
3,460 0.285
3.400 0.3328
2.250 0.356
3.350 0.405
5.350 0.454
3.355 0.504
3.345 0.560
3.345 0.666
3.360 0.780
3.345 0.923
3.340 0.407
0.581
submergence
1.080
1.263

Run ¥o.
D =Y

()
£t

0.0904
0.0997
0.1115
.1157
0.1253
0.1358
C.1454
0.1560
0.1777

0.1931

0.2150
0.1254
0.1602

0.2401
0.2693

22.

& = 60°

(¢)

2.760
2.720
2.720
2.710
2.740
2.720
2.725
2.725
2.670
2.755
2.775
2.750
2.720

2,760

2.715
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B = o
(2)

cfs
0.2235
0.2635
0.2990
0.3435
0.3780
0.4250
0.4695
0.5150
0.5770
0.6370
0.7300
0.8055
0.8670

OBSERVED and COMPUTED DATA

Run No., 23.

D=V

0.0902
0.1016
0.1092
0.1188
0.1271
0.1376
0.1461
0.1564
¢.1672
0.1796
0.1902
0.2039
0.2161

Run No. 24,

D=W

(1)
£t

0.0756
0.0787
0.0839
0.0880
0.0920
0.0961
0.0992
0.1033
0.1084

0.1135

0.1227
0.1320
S 0.1422
0.1589
0.1795

0.2164

0.2340
0.2708

o = 522° B =Y

(¢) (2)

, cfs
2.485 0.1170
2.440 0.1283
2,489 0.1415
2.510 0.1528
2.510 o.i633
2.500 0.1747
2.520 6.1844
2.500 - 0.1945
2.540 0.2090
2.510 0.2225
2.640 0.2530
2.620 6.2816
2.600 0.3160

0.3880
0.4690
0.6240

- subméfgénce9“”
0.7030
0.8690
1.0120

0.3023

o = 60°
(c)

2.810
2,910
2.915
2.925
2.925
2.935
2.960
2.930
2.930
2.910
2.940
2,925
2.950

- 3.065

5.080
3.100

2.1C5

- 3.085

3.050
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OBSERVED and COMPUTED DATA
TETE
=W D=W o =52°
() (@) (c)
cfs ft. .
0.1160 0.0727 2.96
0.1265 0.0797 2.81
0.1455 0.0878 2.80
0.1609 0.0958 2.72
0.1760 0.0990 2,82
0.1860 0.1031 2.81
0.1940 0.1061 2.82
0.2150 0.1134 2.82
0.2420 0.1225 2.82
0.2600 0.1286 2.82
0.2940 0.1389 2.84
0.3280 0.1485 2.87
0.3920 0.1637 2.96
0.4670 0.1823 3,00
0.5440 0.2027 2.98
0.6140 0.2191 2.99
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SUBMERGENCE DATA
B=W D=W ©L=2ft

Run No. 26. Run No. 27. Run No. 28,
H = 0.215 ft H = 0.210 ft H = 0.213 ft.
Q = 0.679 cfs: Q = 0.517 cfs Q = 0.626 cfs
H/ L =0.1075 H/ L =0.105 H/L=0,1065
e = 90° e = 45° e = 6740

. ?%. ?t. H%. F ?F.
0.215 ' 0.000 0.210  0.000 0.213 0.000
0.513 0.412 0.218 0.017 0.394 0.305
0.480 0.367 0.220 0.043 0.345 0.246
0.466 0.359 10.221 0.068 0,303 0.199
0.418 0.304 0.224 0.086 0.268 0.155
0.382 0.264 0.233 0.120 0.259 0,143
0.322  0.193 0.262  0.167 0.249 0.125"
0.261 0.127 0.257 0.165 0.237 0.104
0.251 0.111 0.303 0.225 0.232 0.056
0.238  0.090 0.392 6.327' | 0.222 0.03%

0.228 0.067
G.22

(01
(&}
.

o
-.q



SUBNMERGENCE DATA
BzyY D=%W L=2ft

‘Run No. 29. Run Ho. 30. Run Yo. 31.
H = 0.243 ft. H = 0.240 £t H = 0.2427t
eEE LEEE Ui
e = 90° o = 45° 6 = 67%°
. 6. 1. . =
0.243  0.000 0.240  0.000 0.242  0.000
0.496 ©0.385 0.252  0.012 0.257 0.044
0.450  0.262 0.254  0.035 0.260 0.068
0.421 0.249 10.258 0.075 0.275  0.118
0.356 0.195 0.260 0.090 0.298 0.156
0.317 0.148 0.267 0.125 0.330 0.196
0.284 0.114 0.281 0.15% 0.358 0.229
0.280 0.103 0.354 0.257 0.381 0.251
0.261 0.062 0.396 0.297 0.395  0.269
0.256 0.026 0.463 0.386 0.436 0.318

0.470 0.367




SUBMERGENCE DATA
Bi=Ww D=% L=2ft

Run No. 32, Run No. 33. Run No. 34,
H = 0.256 Tt H = 0.252 ft H = 0.252 Tt
Q = 0.825 cfs Q = 0.672 cfs Q = 0.800 efs
H/ L=0.128 H/ L= 0.126 H/ L =0.126
e = 90° e = 45° e =67%°
. el .tk g, th.
0.256  0.600 0.252  0.000 0.252  0.000
0.480 0.302 0.264  0.030 0.482  0.345
0.436 - 0.254 0.268 0.053 0.466 0.324
0.409 0.225 0.273  0.075 0.414  0.257
0.401 0.216 0.279 0.102 0.378  0.224
0.361 0.176 0.296 0.144 0.347  0.191
0.340  0.151 0.340  0.208 0.318 0.156
0.311 0.110 0.383 0.25 0.301  0.132
0.274 0.053 0.434 0,313 0.282  0.111
| 0.450  0.388 0.273  0.070

0.270 0.042
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WINGWALL LENGTH DATA

B=% D=W L=27ft o=45°
. Run No. 35
16 inch Wingwall ( 2/3 full size )

(Q) () (h¥) (H)
cfs ft. t. ft.
0.1407 0.089 0.0016° 0.0906
0.1660 0.093 0.001¢ 0.0940
0.1770 0.099 0.0020 0.1010
0.1930 0.110 0.0020 0,.,1115
0.2145 0.114 0.0022 0.1162
0.2313 0.120 0.0024 0.1224
0.2520 0.127 0.0025 0.1295
0.2720 0.133 0.0026 0.1356
0.2075 0.145 0.0028 0.1478
0.3475 0.153 0.0032 0.1562
0.4030 0.171 0.003%6 0.1746 -
0.4850 0.191 0.0040 0.1950
0.5270 0.202 : 0.0042 0.2062
0.5560 0.210 0.0044 0.2144
0.5960 0.219 0.0046 0.2236
0.6390 0.229 0.0049 0.2339
0.7620 0.257 0.0055 0.2625
0.8830 0.284 0.0060 0.2900
Run No. 36
8 inch Wingwall ( 1/3 full size )
0.0997 0.069 0.0013 0.0703
0.1685 0.096 0.0019 0.0979
0.1865 0.103 0.0020 0.1050
0.2080 C.112 0.0021 0.1141
0.2210 0.117 0.0022 Gc.1162
0.2470 0.125 0.0025 C.1275
0.2720 0.134 0.0026 0.1366
0.3115 0.146 0.0028 0.1488
0.3660 0.160 0.0033 0.1633
0.4210 - 0L.175 0.003%6 0.1786
04790 ) 0.181 . 0.,0040 0.1945
0.5260 0.201 0.0042 0.2052
0.5880 0.2186 0.0046 0.2206
0.6400 0.231 0.0048 0.23%58
0.7450 0.250 0.0056 0.2556
0.8470 0.274 0.0060 0.2800

The range of the velocity head (hy) values as given
above are representative for this project.
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