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CHAPTER 1

INTRODUCT ION

Since the smooth surface of a culvert offers less resistance to flow
than a natural stream channel, water usually exits a culvert with a
greater velocity than it would if the culvert had not been there. This
increase in velocity can lead to excessive erosion or scour downstream
and to structural failure of the highway embankment and the culvert it-
self. For low outlet velocities, lining the downstream channel with
rocks offers sufficient protection against erosion and scour. For outlet
velocities greater than 18 feet per second, rock protection is not suffi-
cient. These velocities are usually reduced by the formation of a hy-
drautic jump which pushes the outlet flow to a greater depth and thus
produces a lower velocity. The hydraulic jump is usually produced by a
rather elaborate energy dissipator constructed at the outlet of the cul-
vert; but if the culvert is on a steep slope and under inlet control, a
hydraulic jump can be formed in the culvert itself. This allows the en-
ergy dissipator at the culvert exit to be simplified or even eliminated.

A way to form a hydraulic jump in culverts is to place circular
rings (roughness elements) on the inside perimeter of the pipe usually
near the end section of the pipe. This end section is usually set at
a milder slope than the rest of the culvert and is called a ring cham-
ber. The goal of this study was to develop the hydraulic design para-
meters necessary to design ring chambers that effectively reduce the
outlet velocities of culverts on steep slopes and under inlet contro] by

forcing a hydraulic jump to form in the ring chambers.




CHAPTER 2

BACKGROUND

In this chapter the hydraulic jump, the development of ring chambers
that form hydraulic jumps, hydraulic modeling and Froude numbers for this

study are discussed,
Section 2.1 The Hydraulic Jump

The hydraulic jump is a phenomenon where shallow, high-velocity flow
suddenly converts to deeper, lower-velocity flow. Much of the upstream
kinetic energy is lost in the turbulence of the jump. Thus there is less
potential for erosion and scour to occur downstream of the jump.

The hydraulic jump was first described by Leonardo da Vinci around
the beginning of the sixteenth century. It was not until the nineteenth
century, however, that Bidone systematically studied it and Breese wrote
the correct formulation of its momentum characteristics.

In 1936 Bakhmeteff and Matzke [1] first analyzed the upstream chan-
nel flow conditions in terms of its Froude number

_ 1)
F ?;E;T7; S - I D

where, V is the velocity of flow;
g is the acceleration due to gravity; and

d is the depth normal to flow (rectangular channels).




In 1957 Bradley and Peterka [3] noted five distinct forms of hydrau-
Tic jumps in rectangular channels and classified them with respect to
their upstream Froude numbers. When the Froude number eguals 1.0 the
water is flowing at critical depth and no jump can form. For Froude
numbers between 1.0 and 1.7 there is only a slight difference in the con-
jugate depths. For Froude numbers between 1.7 and 2.5 a series of small
rollers develop on the surface, and energy loss in the jump is low. For
Froude numbers between 2.5 and 4.5 a pulsating action is evident and the
Jump location can be irregular. In the case of Froude numbers between
4.5 and 9.0 the jump is stable. Energy losses in this jump classifica-
tion range from 45 to 70 percent. For Froude numbers above 9.0 the dif-
ference between conjugate depths is large, and energy losses may reach
85 percent.

In 1964 Silvester [19] provided the exact solutions for the con-
jugate depths and energy loss for hydraulic jumps in rectangular, trian-
gular, parabolic, circular and trapezoidal channels in terms of the up-
stream Froude number and showed them to be in agreement with available
experimental data. The equation for energy lost in a jump for any

channel shape is:

2d
- =2 F12x1 __..LE.
EL dl AZ (21 )
= e e e e e e e .1.2
B [2 + Flz]




dANr DIMNYYAAH 3HL 1'L°2 34NDId

UN e
A~ +P=3‘ADHINS J14103dS
—U — —— \.:

\
1
|
P 'Hid3a

°313-g507 ADYINI



A is the area of the channel cross sectian upstream;

A is the area of the channel cross section downstream;
d is the depth upstream of the jump;

d is the depth downstream of the jump;

E. is the energy just upstream of the jump;

Ef is the energy Toss in the jump; and

F is the upstream Froude number.

Section 2.2 Development of the Ring Chamber

The use of circular roughness elements in culverts on steep slopes
and under inlet control, i.e. high energy culverts, was first studied
by Wiggert, Erfle and Morris [21,22] in 1972. They placed circular rings
inside the periphery of model culverts of constant slope. For the cul-
vert to flow full at the location of the dissipators, four dissipators
were needed. The upstream ring was twice the height of the three down-
stream rings and located twice as far from them as they were from each

other (see Figure 2,2.1). The downstream rings were sized and spaced

by the following equations:

0.06 < K/D < 0.09 . . v v v v v v . (2.2.1)

and

L/D = 1.5 e e e e e e e e e . (2.2.2)
where,

K is the height of the dissipators;
D is the inside diameter of the culvert; and

L is the spacing between the three smaller rings.



FIGURE 2.2.1% FULL FLOW RING CHAMBER

FIGURE 2.2.2 FREE SURFACE FLOW RING CHAMBER
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The above researchers also found that by maintaining a free surface
throughout the length of a culvert with rings in it, a greater velocity
reduction could be achieved than for full flow conditions. This intro-
duced the telescoping ring chamber (see Figure 2.2.2) in which the main
section (inlet section) of the culvert is governed by the usual design
parameters and the ring chamber diameter is sized by the following equa-
tion:

02 1fs Q2 1/s
0109 < D0 < 0.084g e e e e e e s (202.23)
where

Q is the amount of flow in cfs;

g is the acceleration due to gravity, and

Dy is the inside diameter of the ring chamber pipe in ft.

The above equation requires five rings sized and spaced as follows:

0.10 <« K/D0 < 0.15 . . . . .. ... (2.2.4)
and

1.5 < L/D0 < 2.5 e e e e e (2.2.5)
where K, D, and L are defined as in Equations (2.2.1), {2.2.2) and
(2.2.3).

This design produced a tumbling flow characterized by acceleration
between each ring and a hydraulic jump over each ring. Velocity
reductions ranged from 50 to 70 percent.

In 1974 the Ohio Department of Transportation (0ODOT) designed their
first ring chamber using the above equations for free surface flow. The
culvert and ring chamber were placed on a 4.4 percent slope. Pettit [16]

observed the following on the performance of this type of structure:




“On this structure we discovered the need to reduce the slope

of the ring chamber to 0.5% and add a settling distance beyond

the last ring station. The steep 4.4% slope established a

vertical velocity component that eroded a hole at the outlet

beyond the ring chamber. The settling distance provides a

sotid bottom for the flow section to drop from the top of the

ring to the level of the outlet channel. All subsequent ring

chambers have heen placed on the 0.5% slope {or less)."

0DOT also modified the shape of the rings from a solid ring to two
ring segments (see Figure 2.2.3.a). They felt water trapped in front of
the solid rings may cause problems during dry periods due to freezing and
thawing. The gap, G, at the bottom allows for complete drainage. A gap
was included at the top to help the culvert function as an open channel.
The upstream edge of the rings also had a 30-degree bevel added to aid in
passing debris. All of these changes were substantiated by Sarikelle
and Simon [18] of The University of Akron in a report published in 1980.

The value for K (see Figure 2.2.3.b) is one of the hydraulic para-

meters found in this study. The value for W is based on structural con-
siderations. Hydraulically W should be kept to a minimum but structural-
ly it should be wide enough to allow for reinforcing bars to be placed in
the dissipators to protect them from damaging collisions from passing
debris. Values of K and W in terms of D, can be found in Table 5.3.1.

0DOT later modified the ring dissipators from a 2-piece to a 4-piece
design to further simplify their construction.and placement into the
ring chamber (see Figures 2.2.3.a and 2.2.4).

This study found that the 4-piece design could be modified to a new

2-piece design (see Figure 2.2.5} and still cause hydraulic jumps to form

in the ring chamber.
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Section 2.3 Hydraulic Modeling for this Study

Most hydraulics texts (see References [5,10,11,13,20]) derive the
equations and show the relationships that must be followed between the
small-scale model and the prototype for the model to predict the perfor-
mances of the prototype,

For a model to give exact calculations as to how a prototype would
work, all forces present in the prototype must be modeled. This is im~
possible so usually the single, dominant force is modeied and the results
are calibrated with similar or related prototype performances.

This study is basically an open-channel flow problem, therefore,
gravity is the single most dominant force effecting the performance of
the prototype. The important equation describing gravity flow is the

Froude number

v
(gL|)1/2

(2.3.1)
where L' presents the hydraulic depth (see Section 2.4).

The relationship to be followed is the Froude modeling law. It
states that the Froude number at any point in the model must equal the
Froude number at the corresponding point in the prototype.

The results obtained from following Equation (2.3.1) and the Froude

modeling law are reported in Chapter 4 and calibrated in Chapter 5.

Section 2.4 Froude Numbers for this Study

In the Froude number Equation (2.3.1), L' represents a characteris-
tic length which for open-channel flow is the hydraulic depth. This is
defined as the area of flow normal to the flow's direction divided by the
top width of the flow's free surface. For rectangular channels this is

10




simply the depth of flow, d. For circular channels the hydrautic depth

is a more complicated calculation. To simplify Froude number calculations

for circular channels in this study the hydraulic depth has been replaced

by the actual depth, d.

For those interested, the true Froude number for a circular channel

flowing less than half-full can be approximated using the equation below:

F' = 1,135 Ft.018 (2.4.1)
where F' is the true Froude number calculated with the hydraulic depth

and F is the Froude number calculated with the actual depth,

11




CHAPTER 3

EXPERIMENTAL SETUP

This chapter gives a brief description of equipment used and {ests

run to obtain the results reported in Chapter 4.

Section 3.1 CEtguipment

An adjustable-slope flume was used with a 32.8 ft. (10.0m) long
glass-sided channel with a cross section of 11.8 in, by 11.8 in. (0.3m
by 0.3m}. At one end, a headbox was built with a 4.0-in. diameter (all
diameters are inside diameters) pipe-stub jutting out. A 6.0-in. clear
acrylic pipe was connected to the stub which was in turn connected to a
joint with rubber sleeves that could accommodate either a 4.0-in., 4.75-
in., 5.50-in. or 6.0-in. clear acrylic pipe (see Figure 3.1.1). The
latter served as a model of an inlet pipe. The inlet was connected to a
model of the ring chamber.

The ring chamber was made of 1.25-in., 3.0-in. and 6.0-in. lengths
of 6.0-in. clear acrylic pipe segments taped together with clear weather-
stripping tape. Roughness elements were molded into the 1.25-in. seg-
ments before taping to form models of the dissipators used by 0DOT.
There were Z2-piece and 4-piece dissipators with heights, K, of 0.5-in.,
0.75-in. and 1.0-in. This gave relative heights, K/D,, of 1/12, 1/8 and
1/6 respectively. Holes were drilled in the inlet pipes and some of the
pipe segments so that the depth of flow could be measured with a point
gage. The ring chamber was set on an aluminum channel to align the seg-
ments on the bottom of the flume's channel. A 15-hp pump was used that
could detiver up to 1.25 cfs (35.4 1/s) of flow. The pump's discharge

was measured with a rotameter,

12
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where, Vi is the velocity in the inlet;
dj is the depth of water in the inlet pipe; and
£y is the elevation of the pipe inlet where d; is measured (Z;

was measured relative to the outlet being at zero elevation).

Similarly, the energy of flow at the outlet was found by

EO = '2""'" + do L I T S S S R (3-2-2)

The percent energy lost in the ring chamber is

E; - Eg
EL = —t X100 . ... ... .. (3.2.3)
All the above tests were done with the ring chamber on a slope of
0.005 ft/ft because this simulates the designs undertaken by ODOT. In
the preliminary tests the slope of the ring chamber was adjusted within
a range of -0.002 ft/ft to 0.025 ft/ft. The effect of these changes were
found to be relatively minor and, therefore, it was not considered to be

a significant hydraulic variable,

16




CHAPTER 4
RESULTS
This chapter gives the results obtained from three sets of model
tests. The first set is for four 2-piece dissipators with L/D0 = 1.0,
K/D, = 1/8 and with the ring chamber just full. The second set is for the
same conditions as the first set except the ring chamber was fully choked
with the hydraulic jump occurring one ring-chamber-diameter distance into
the inlet pipe. The third set is for three 2-piece dissipators with
L/b, = 1.0, K/D, = 1/6 and with the ring chamber fully choked as abave.
The graphs shown herein represent the data from the above tests as
listed in Tables 4.1.1.a. to 4.1.1.c. The first section is on Figures
4.1.1 to 4.1.9. The second section is on energy reduction graphs, Figures
4.2.1 and 4.2.2. The third section is on velocity reductions graphs, Fi-

gures 4.3.1 and 4.3.2.

Section 4.1 Figures 4.1.1 to 4.1.9

Figures 4.1.1 to 4.1.9 give the inlet Froude number (2.1.1) (found
where d; and Z; are on Figure 3.2.1) and the inlet relative depth (depth
normal to flow divided by the inside diameter of the inlet - d4/D;) nec-
essary to cause certain flow conditions in the ring chamber. For in-
stance, on Figure 4.1.1 the lowest line represents the best-fit through
data points taken from tests where L/D0 = 1,0, K/D0= 1/8 and where the
ring ;hamber diameter was the same size as the inlet pipe {Dy/D;j = 1.000)
and the flow was just full. Any point on this line gives the inlet
Froude number and the inlet relative depth necessary to cause the given
ring chamber to flow just full. Any point below this implies that for

that froude number and relative depth the given ring chamber would flow

17
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less than just full. Similarly, any pcint above this line implies that
for that Froude number and relative depth the given ring chamber would
flow more than just full,

The next line gives the inlet Froude numbers and inlet relative
depths for just full conditions when the ring chamber diameter is 1.091
times larger than the inlet pipe diameter, etc.

The only difference between Figure 4.1.1 and Figure 4.1.2 is that
the latter represents choked conditions. Figures 4.1.3 - 4.1.5 compare
individual lines from Figures 4.1.1 and 4.1.2 that have the same value
for 0o/Dj. They show how choking conditions allow for larger inlet
Froude numbers and inlet relative depths than Just full conditions for a
given value of Dy/0;.

Figure 4.1.6 is for fully choked conditions but with a shorter ring
chamber with fewer but larger dissipators; i.e., three 2-piece dissipa~
tors with L/D, = 1.0 and K/D, = 1/6.

Figures 4.1.7 to 4.1.9 compare individual lines from Figures 4.1.2
and 4.1.6 that have the same value for Dy/Dj. The closeness of these
lines shows that for fully choked conditions there is little difference
in the performance of ring chambers where there are four dissipators
with K/D0 = 1/8 or three dissipators with I(/D0 = 1/6.

Table 4.1.2 gives the best-fit equation for each line in Figures

4.1.1, 4.1.2 and 4.1.6.
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TABLE 4.1.2 BEST-FIT EQUATIONS FOR FIGURES 4.1.1, 4.1.2 and 4.1.6
JUST FULL: WO, OF DISSIPATURY =4 @ L/v, = 1.0 K/D0 = 1/4

UO
EQUATION
Uy

d;

1.000 = 0,686 F =0.721
'D'IT' 1
aj

1.091 = 0,771 F =0.730
oy i
a;

1.263 = 0.994 F -0.799
.D‘T ]
a

1.500 = 2,617 F -1.232
'U"i" 1

CHOKED : NO. OF DISSIPATORS = 4 : L/D = 1.0 : K/D = 1/8

d.i '

1.000 = (0,706 F_—0.623
‘Ujl." 1
dj

1.091 = (0,785 F ~0.688
‘U']." 1
aj

1.263 = 0.876 F -0.6u8
'[j']-" 1

CHOKED : NO. OF DISSIPATORS = 3 : L/D0 = 1.0 : K/DG =1/6

a3

1.000 = (.827 F_-0.781
' 1
45

1.091 = 0.970 F ~0.840
T3 1
dj

1.263 = 1,424 F "0.947
Ty 1
¢y

1.500 = 2,548 F "1-214
A i
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Section 4.2 Energy Reduction Graphs

Figure 4.2.1 shows percent energy reduction, Eppp, as a function of
the inlet Froude number., All inlet relative depth values tested are rep-
resented. It is observed that there is close agreement between all
three best-fit lines.

Figure 4.2.2 shows the single best-fit line for energy reduction

for all three sets of tests. The equation for this line is
%Epep = 160.3[1n (FT.)]‘)-“‘7 -14.8 . ... . (4.,2.1)

where 1n(Fi) indicates to take the natural logarithm of the inlet Froude
number, Fi'
Section 4.3 Velocity Reduction Graphs
Figure 4.3.1 shows the percent velocity reduction, Vpgp, as a function

of the inlet Froude number. All inlet relative depth values tested are
represented here. It is again observed that there is close agreement
between all three best-fit Tines.

Figure 4.3.2 shows the single best-fit line for velocity reduction

for all three sets of tests. The equation for this line is

% Vpep = 127.4 [in (Fi)]“-395 -94.6 . . . . ... (4.3.1)
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CHAPTER 5
CONCLUSIONS
This chapter has three sections. The first section gives all the hy-
draulic design parameters necessary to design ring chambers, The second
section compares results from this study with those results obtained from
studies on prototype ring chamber tests. The velocity reduction curve is

calibrated based on these tests. The third section gives the procedure

to design ring chambers.

Section 5.1 Hydraulic Design Parameters

0f the three sets of tests the two for fully choked flow allow for
higher Froude numbers and inlet relative depths. There is not a large
difference between the results for the two sets with fully choked flow
(see Figures 4.1.7 to 4.1.9), so it is best to use the ring chamber design
that would be less expensive to construct. Therefore the design with
three 2-piece dissipators (see Figure 2.2.5), K/D0 = 1/6 and L/D0 = 1.0
should be chosen over the design with four 2-piece dissipators, K/D0 =
1/8 and L/D0 = 1.0 because it allows for a shorter ring chamber (usually,
at least 20% shorter). Thus the design should follow data presented in
Figure 4.1.6.

Figure 5.1.1 is a reproduction of Figure 4.1.6 with the D/ lines
lengthened to show the range over which they are supported by experimental
tests. All four lines stretch from relative inlet values of 0.60 to Froude
numbers of 7.0.

This graph may be used as a design aid to determine choked flow con-
ditions in ring chambers of various sizes. Designs with relative intet
depths and inlet Froude numbers falling on or below these lines are accept-

able,
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- Other hydraulic design parameters are discussed below.
Slope
A1l results in Tables 4.1.1.a - 4.1.1.c were obtained with the ring
chamber on a 0.005 ft/ft slope. Slight variations from this slope did
not affect the dissipative performance of the chamber. It is recommended

that the slope be kept in the range of 0.002 ft/ft to 0.007 ft/ft.

Distance to First Dissipator

The distance from the beginning of the ring chamber to the first
dissipator, L,» should be 1.33 diameter lengths long. If it is less than
this value and the inlet pipe to ring chamber is built as in Figure

3.1.1, Section B-B, the flow could shoot over the first dissipator.

Drainage Gap

The drainage gap, G, between the two elements that make up each dis-
sipator was sized by the Ohio Department of Transportation [14] to be in
the range:

~11-3< 6/, < 6.1_5. (5.1.1)

In this study, G/D0 = 1/8. Therefore, it is recommended that

1 1
I3 ¢ G/D0 < 3 (5.1.2)

To make Table 5.3.1, G/DO was set equal to 1/8.

Dissipator Thickness

The dissipator heights, K,'as listed in Table 5.3.1 are according to
thos= given by the Ohio Department of Transportation [14] and are based

on structural considerations.
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Settling Distance

The settling distance, Lg, is the distance from the last dissipator
to the end of the culvert. In this region water held back by the last
dissipator quickly tumbles to a lesser depth and attains a greater velo-
city. The settling distance should be Tong enough so that the vertical
velocity component downward does not increase the erosion potential at
the culvert's exit. This acceleration to a lesser depth is completed

within a two-diameter distance after the last dissipator.

Venting
When a hydraulic jump in the ring chamber is produced it can cause a

negative pressure in the inlet pipe that works with the load above in
trying to crush the inlet pipe. This negative pressure can be relieved
by venting the pipe anywhere upstream of the hydraulic jump (see Figure
5.1.2). It is known that venting causes the exiting velocity to increase
but the amount of increase 1s unknown because in the models venting
causes the outlet velocity to be too turbulent fo accurately measure. If
venting is desired, the diameter of the ring chamber should be increased
to the next available size than determined by the design procedure in
Section 5.3 (other hydraulic parameters should increase for the new Dg

as in Table 5.3.1). This will decrease the exiting velocity and tend to
compensate for the venting effects. In an unvented ring chamber the max-
imum possible pressure reduction is 14.7 psi. Assuming the unit welight
of the soil cover to be 120 lbs/ft , or 0.833 1bs per in per foot of
cover depth, the maximum pressure reduction in the pipe would be equiva-

lent to an increase of 17.6 ft. in soil cover.
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Tailwater Effects

The results in this report were obtained with no tailwater effects,
Any tailwater associated with the prototype would tend to be conserva-
tive. A tailwater with a depth greater than 1.5d, would reduce the out-

let velocity a few percent more than that given by Equation 5.2.2 below.

Section 5.2  Prototype Ring Chamber Tests and Model Calibration

In reference [22] tests were done in models similar to those tested
in this study. The results for 6-inch diameter models were compared to
results obtained from tests on an 18-inch prototype concrete culvert under
the same flow conditions. Similar tests were also reported by Sarikelle
and Simon [18] in an 84 inch ring chamber with a 60 inch inlet pipe (in
these tests the ring chamber only flowed 61-64% full). The results ob-

tained from these studies are listed in Table 5.2.1.

41




TABLE 5.2.1 COMPARISON OF MODEL AND PROTOTYPE ENERGY REDUCTIONS

MODEL PROTOTYPE % MODEL % PROTOTYPE % DIFF.

DIAMETER DIAMETER ENERGY ENERGY IN ENERGY
(Dg IN.) (Dy IN.) REDUCTION REDUCTION REBUCTICN
6 18 87.2 65.0 25.5
6 18 83.6 53.0 36.6
b 84 90.0* 55.8 38.0
6 84 90.0* 60.2 33.1

*tstimated value based on resuTts in Reference [18].

The differences in energj reductions between the model and proto-
types are because of viscous forces that are of lesser magnitude than
gravity forces but still significant. As a pipe's diameter decreases,
the percentage of the total energy losses due to viscous forces increase.
Thus it would be expected that there would be more energy reduction in
the model than in the prototype. Based on this and the results reparted
in the final column of Table 5.2.1 it is recommended that for prototype
designs the energy and velocity reduction values obtained by Equations

4.2.1 and 4.3.1 be reduced 33.3 percent.

The calibrated energy reduction equation becomes
% Epep = 106.9 [1n (F3)] 0-3%7 _ 756 ., . . ., . (5.2.1)
The calibrated velocity reduction equation becomes

% VRep = 85.0 [In (F3)] 0395 - 63,1 . . . . . (5.2.2)

Figure 5.2.1 is of Equation (5.2.2). This graph should only be used for

culverts 18 in. or greater in diameter.
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Section 5.3 Design Procedure

this

The steps necessary to design a ring chamber based on the results of
study are given below.

Find Qutlet Velocity

Find the outlet velocity of the culvert without a ring chamber on

it. This can be accomplished by using information given in Refer-
ences [6,7,8,17] or any other approved design manuals and/or pro-
cedures. If the computed outlet velocity is greater than 18 ft/sec
and the culvert is flowing under inlet control, a ring chamber based
on this study can be used to reduce the gutlet velocity.

Assume Ring Chamber Diameter Size, D,

Assume a ring chamber to intet ratio, Dy/Dj. To start with choose
that diameter of ring chamber from éommercia]ly available culvert
sizes such that Dy/Dj is close to 1.25. The length of the ring cham-
ber L, is then obtained from Table 5.3.1.

Find New Slope of Inlet Pipe

Find the new slope of the inlet pipe now that a ring chamber with a
slope of 0.002 ft/ft to 0.007 ft/ft is to be attached to it. This in-
volves some simple trigonometry.

Find New Inlet Velocity and Normal Depth

Find the new velocity dnd naormal depth at the end of the culvert

Jjust as in step 1 above but with the new slope found in step 3.

Check Figure 5.1.1

Find F; and check Figure 5.1.1 to see if the assumed ring chambef size
was correct. If not, repeat steps 2 to 4 with increasingly larger or

smaller ring chamber diameters until the result checks with those

44



TABLE 5.3.1

RING CHAMBER DESIGN GUIDE

{See also Figure 2.2.3.b and Figure 2.2.5 for dissipator details.)

Lo

o
D W p— dK
_A A 11{
Ls L Lt Le |
0, 0y L) L Ly L, K G W
Ginad | (fe) 1o (fey | ety | eey | ety 1 Ginoy | Gin) | (dnl)
36 3 4 3 6 16 6 4 7
42 3-1/2 6 |4-172| 9 24 7 5 7
48 4 6 a-1/2 | 9 24 8 6 8
54 | 8-172 6 a-172 | 9 24 9 6 8
60 § 8 6 12 32 10 7 9
66 | 5-1/2 8 6 12 32 11 8 9
72 6 8 6 12 32 12 9 9
78 | 6-1/2 10 | 7-172| 1s 40 13 9 9
84 7 10 7-172 | 15 40 14 10 9
90 | 7-1/2 10 | 7-172| 15 40 15 11 9
96 8 12 9 18 48 16 12 10
102 | 8-172 12 9 18 48 17 12 10
108 9 12 9 18 48 18 13 10
114 | 9-1/2 14 |i0-12| 21 56 19 14 10
120 10 14 |10-172] 21 56 20 15 10
126, | 10-1/2 14 l10-172| 21 56 21 15 12
132 11 16 12 24 64 22 16 12
138 | 11-1/2 16 12 24 64 23 17 12
144 12 16 12 24 64 24 18 12
150 | 12-1/2 18 |13-172| 27 72 25 18 12
156 13 18 |13-1/2| 27 72 26 19 | 12
162 | 13-1/2 18 |13-172] 27 72 27 20 15
168 14 20 15 30 80 28 21 15
174 | 14-1/2 20 15 30 80 29 21 15
180 15 20 15 30 80 30 22 15
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shown in Figure 5.1.1. (For Dy/Dj values not represented by equations
on Figure 5.1.1 it is necessary to linearly interpolate between the
two closest lines that are represented by equations. For instance, if

0o/Di = 1.4 it is necessary to linearly interpolate between the lines

Dy/Dj = 1.263 and Dy/D; = 1.500.)

Find Reduced Outlet Velocity

Find the reduced outlet velocity with Equation 5.2.2 or Figure 5.2.1.
If the outlet velocity is greater than 18 ft/sec additional measures
will be needed to reduce this velocity.

Check if Venting is Necessary

If venting is necessary, the diameter of the ring chamber should be
increased to the next available size greater than that found in step

5 above. Whether or not venting is necessary, find other hydraulic ,

parameters for the design Dy value from Table 5.3.1.
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APPENDIX - SAMPLE PROBLEM
A culvert needs to transport 130 cfs of water through a horizontal
distance of 300' and a vertical distance of 24'. Tailwater is 3.0'.
Hydraulic analysis indicates the culvert would be under inlet control
and 48" in diameter. Is a ring chamber necessary, if so, what is its
design?
1. Find Qutlet Velocity.
Q = 130 cfs Assume n = 0.012
slope = 24/300 = 0.08 ft/ft
1.45 ft.

From Reference (6] Depth
30 ft/s

Vi

30 ft/sec > 18 ft/sec so a ring chamber is needed.

2. Assume Ring Chamber Diameter Size, D,

Assume Dy = 60" o _ 60 _
U}' =15 - 1.25
From Table 5.3.1 L, = 32 ft.
60"
3. Find New Slope of Inlet Pipe
Slope of ring chamber = 0.005 ft/ft
Elevation = 0.005(32) = 0.16'
Remainder = 24 - 0,16 = 23.84"
23.84
Slope of inlet pipe = ~276

0.086 ft/ft
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4. Find New Inlet Velocity and Normal Depth

From Reference [6] Depth = 1.43 ft,.
Vi = 31 ft/s
5. Check Figure 5.1.1
- 31 .
F'i - —-——-———-—«1/2 = 4.6
[9(1.43)]
d . D .
Allowable ' = 1,424(4.6)70-9%7 = 0,34 for © = 1.263, appr. 1.25
o T
i i
d,
Actual ! =1.42 = 0.36 > 0.34 N.G. Repeat steps 2-4 with D,=66"
U B

1
2. Assume New Ring Chamber Diameter Size, Do

New D, = 66"

o = b6 =1.375
18

L

From Table 5.3.1 L 32 ft.

Opgn

3. Find New Slope of Inlet Pipe.
Since Lgggn = 32 ft, slope of inlet size remains equal
to 0.086 ft/ft.

4. Find New Inlet Velocity and Normal Depth.

From step 4 above Depth = 1.43 f¢t

31 ft/s

Vi
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o
"

_130cfs _ 2
Ao = Toafeys = 6-70 ft

19.4 ft/sec > 18.0 ft/s Check tailwater

From standard circular section tables, UEY

d

. 0o _ -
yields IE; = 0.324. do 1.78 ft.

1.5dy = 2.67 ft < 3.0 ft Tailwater controls.

Since the tailwater » 1.5d,, it can be assumed that Vo can be further

reduced a few percent which would make V, approximately equal to 18 ft/s.

7. Cneck if venting is necessary.

If a vent is added Dy should be increased to the next size or

72",

Find hydraulic parameters from Table 5.3.1.

If a vent is added: If a vent is not added:

Dg = 72¢ Dp = 66
Ly = 8' Ly = 8
L =6 L = 6!
L = 12¢ ) L = 12¢
Lo = 32' Lo = 32°
K = 12" = 11"

= 9" = g"

= gv = gn
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