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Synopsis 

This report deals with the effects of open junc-
tions on the magnitude of pressure changes in storm 
drain systems flowing full. Rectangular boxes serving 
as inlets for surface flow alone and as combination 
inlets and pipe junctions were studied. Square and 
round manholes were also investigated. Several mea-
sures were evolved to reduce pressure losses for junc-
tion types otherwise characterized by especially large 
losses. The report covers the laboratory investigation 
and presents an analysis of the hydraulic character-
istics of most of the structures investigated. Methods 
for converting the test results into design methods 
are discussed. A concluding section presents methods 
for the design of inlets and junctions in storm drain 
systems flowing full, .together with illustrative exam-
ples. 
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Foreword 
It is customary in designing a storm sewer sys-

tem to make allowances for the losses which are in-
volved when flow passes through a manhole or other 
junction. The literature contains very little data on 
how these losses should be estimated. The losses 
have occasionally been computed on the basis of a 
theoretical analysis. There has been very little ex-
perimental evidence to verify the correctness of 
theoretical analyses, and practically none to verify 
the loss coefficients customarily used in checking the 
elevation of the hydraulic grade line. 

The experimental work described in this report 
was undertaken with the objective of measuring 
pressure changes at manholes and other junctions 
and deriving experimental coefficients which could 
be used by designers to estimate pressure changes at-
tributable to such structures. Only storm drain sys-
tems flowing full were tested. In general, the losses 
at junctions were found to be greater than indicated 
by the limited design suggestions available. For some 
types of junctions causing large losses, modified struc-
tures to reduce the loss were devised and tested. 

This report includes a complete description of 
the experimental work, the analysis of the data, and 
the development of a practical design method. Of 
necessity, design charts included in the report apply 
only to junctions in storm drain pipes flowing full . 
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CHAPTER I 

Scope of the Investigation 

Early in 1953 a research project intended to determine 
the hydraulic characteristics of junctions in storm drains 
was initiated by the Civil Engineering Department of the 
University of Missouri under the joint sponsorship of the 
Missouri State Highway Department and the United 
States Bureau of Public Roads. Since that time three in-
terim reports have been transmitted to the sponsoring 
agencies, and papers have been presented at the 1956 and 
195 7 meetings of the Highway Research Board. The pres-
ent report includes the results of all the tests, and the 
analyses both of the physical problem and of the test 
data. In addition, a section is included which is aimed 
primarily at improving and expediting the hydraulic de-
sign of storm drain junctions. While the complete original 
experimental data, as such, are not included herein, the 
results of the experiments are furnished in the form of 
plots. A limited number of tables of test data are avail-
able for research studies as a separate publication on re-
quest.* 

The objectives of this investigation were the deter-
mination of the magnitudes of pressure changes occur-
ring at common types of storm drain junctions, and the 
organization and presentation of these new data in a form 
usable in the design of storm drain systems. In addition, 
consideration was given to improving the design of the 
junctions wherever possible. 

Available design data concerning the capacity of in-
lets and pipes of storm drain systems have been, in gen-
eral, more reliable than those on junction performance. 
Examination of engineering literature reveals no reliable 
information on the extent of pressure changes which may 
occur at storm drain junctions. Past practice has been to 
assign an arbitrary but small value to the loss at such 
junctions. H owever, on the basis of the tests reported 
herein, the magnitudes of the pressure losses at such 
structures may be so large as to necessitate successive 
lowering of downstream junctions to provide for such 
losses, or to require substitution of entirely different forms 
of junctions to reduce the losses. In some cases it may 
be necessary to revise the design of the pipe system to 
compensate for junction losses. 

Full-scale tests of storm drain junctions would re-
quire flow rates and structures far beyond the capacity of 
most hydraulic laboratories. However, use of small-scale 
*From the Engineering Experiment Station, University of Missouri, Columbia, 
Missouri. 

models, operated under close and careful control, is an 
established and accepted practice in hydraulic engineering. 
The application of the results of model tests to field 
structures requires that the variables be expressed as 
dimensionless ratios equally applicable to both model 
and prototype structures. When an analysis based on the 
principles of fluid mechanics can be checked experimental-
ly, the test data may be interpolated or extrapolated with 
confidence and the results projected to prototype scale. 
In addition, when this situation obtains, only a limited 
number of tests is required to substantiate the analytical 
solution. 

In the tests reported herein all conduits were forced 
to flow full. That is, the entire conduit system was under 
hydrostatic pressure and the water surface elevation in the 
junction was above the crown elevation of all connect-
ing pipes. In a storm drain system flowing full, losses at 
individual junctions are cumulative upstream. As a con-
sequence, at some inlet the pressure line may be above the 
grate at the top of the inlet and water may not be able to 
enter. In the case of a manhole, the pressure may even 
lift the cover. While part-full flow in storm drains does 
occur, this investigation was restricted to full flow and 
the results apply only to this condition. 

The great majority of the tests concerned a junction 
box of rectangular shape. This shape was chosen because 
it is one commonly used by one of the sponsoring agen-
cies, the Missouri State Highway Department. It is 
ordinarily fitted with a structural-steel bar grate and used 
as a drop inlet as well as a junction. This inlet was tested 
with the following arrangements of pipes and grates: 

1. Flow through the short dimension of the inlet be-
tween pipes directly aligned in plan. 

2. Same as 1 above but combining with inflow from 
a lateral pipe aligned at 90° with the through pipe 
centerlines. 

3. Same as 1 above but with combining inflow 
through a top grate. 

4. Inlet with grate flow only. 
5. Inlet with combining flow from pipes opposing 

each other across the short dimension of the box 
with outflow through a pipe aligned at 90° with 
the inflow pipes. 

6. Same as 5 above but with combining grate flow. 
In addition, junctions of square and round shape, 

typical of manholes, were investigated as follows: 
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1. Square and round manholes with all flow turning 
90° while passing through the junction. 

2. Same as 1 immediately above with the addition of 
flow from an in-line upstream main. 

While the rectangular junctions were designed specifi-
cally as 1-to-4 scale models of the inlet boxes used ex-
tensively in Missouri, it is believed that the test results 
have a far wider range of validity. As a consequence, the 
pipe and junction sizes tested are reported as dimension-
less ratios so that the resulting pressure change coef-

ficients may be applied to other geometrically similar 
junctions of different scale. With the sizes of pipe com-
mercially available for the modeling material, the size of 
the inflow pipes could be varied from 0.524 to 1.91 out-
flow pipe diameters; the inlet box width from 1.05 to 2.00 
outflow pipe diameters; and the manhole dimensions 
from 1.05 to 2.10 outflow pipe diameters. While not 
every possible combination within these limits was test-
ed, the values stated represent the range considered neces-
sary to establish firm conclusions. 
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CHAPTER II 

Models 

The laboratory tests were conducted on small-scale 
models of the junctions. Metered rates of flow were sup-
plied to pipes feeding into the junction, or to a simulated 
gutter supplying flow through a top grate. A general iso-
metric view of the test equipment for a typical junction 
is presented in Fig. 1. Details of the system are discussed 
in the following sections. 

Water Supply System 
Water for the model was supplied by pumping from 

a recirculating reservoir. The supply system included a 12-
inch pipe from which several leads could be taken. The 
pressure in this supply pipe was held constant by means 
of an automatic pressure regulator between it and the 
pump. A venturi meter, accurate to 2%, was used to mea-
sure the rate of flow into one of the inflow lines and, 
when needed, a pipe orifice of approximately the same ac-
curacy measured the rate of flow to a second inflow line 
and another to the grate flow channel. A check was al-
ways made by measuring the total flow in the system by 
means of a second venturi meter. No discrepancy of a 
major magnitude was permitted. 

Water Supply to Models 
In supplying the model junction, a system including 

a header box, baffies, a rounded inlet, and straightening 
vanes was provided for each inflow pipe. Two rectangular 
header boxes were constructed of ¾-inch plywood lined 
with galvanized sheet metal. Their outside dimensions 
were 30 x 54 inches and 30 x 36 inches, respectively. 
Available depth in these boxes amounted to approximate-
ly 34 inches although it could not all be utilized due to 
the natural instability of the free surface within the header 
boxes caused by the flow entering from the supply pipes. 
To reduce this instability two baffles were installed in 
each box. Each baffle consisted of four layers of 20-mesh 
copper screen attached to a frame of wood strips. The in-
terior of a header box including the baffles is shown in 
Fig. 2. 

To connect the model pipelines to the header boxes 
carefully machined entrances were provided. This was 
done to establish a normal velocity distribution in the 
pipe as near the upstream end as possible, as well as to 
obtain a minimum head loss at the pipe entrance. Several 
layers of Plexiglass sheet were cemented together to form 

the stock from which the entrances were machined. 
Rounding to a radius approximately one-half that of the 
particular pipe was provided. A typical entrance is shown 
in Fig. 3. These entrances were attached to the header 
boxes with bolts and sealed with rubber gaskets. 

During preliminary testing of the laboratory equip-
ment, it became apparent that a spiral motion developed 
as the water entered the pipes from the header boxes. 
This was corrected by inserting a set of straightening 
vanes in each supply pipe entrance. A set of these vanes 
installed in the entrance section is shown in Fig. 4. 

In the tests involving flow through drop-inlet grates, 
sheet metal channels simulated the roadway gutters. These 
functioned as rectangular channels in contrast with the 
triangular flow section usually associated with such gut-
ters. A header box with means of stilling the flow and a 
rounded exit supplied water to this channel. The com-
plete unit is illustrated in Fig. 5. 

Model Pipelines 
Lucite tubing was chosen for the model pipelines due 

to the ease with which it can be fabricated and modified, 
and also because of its transparency. Such tubing was 
commercially available in stock sizes up to about 6 inches. 
The inside diameters actually selected were 5. 72, 4.75, 
3.75, and 3.00 inches. These sizes were large enough to 
eliminate undesirable scale effects yet small enough to al-
low the model to be handled with comparative -:ase-a 
factor of some moment due to the large number of 
changes in model geometry required in the course of the 
testing. Careful measurements were made to ascertain the 
presence of non-uniformities in diameter at different pipe 
cross-sections and, in fact, in different diameters at the 
same section. Such variations were found to exist, but 
their magnitudes were so small as to introduce errors of 
only secondary importance. 

Since the tubing came in sections approximately four 
feet long, it was necessary to join several sections to form 
a pipeline. Flanged fittings were employed for this pur-
pose. The flanges were made by cutting ¾-inch Plexi-
glas plate into squares which were carefully bored to fit 
the outside wall of the Lucite tubing. Plastic cement was 
used to attach the flanges to the pipe - the effect being 
to weld the two pieces into a unit. These flanges tend to 
maintain the roundness and alignment of the pipe ends. 
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Fig. 2. Interior of header box. 

Fig. 3. Rounded pipe entrance. 
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Fig. 4. Entrance section with straightening vanes installed. 

Fig. 5, Header box, channel, and model grate for grate-flow tests . 
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The flanges were connected with ¼-inch machine screws 
and nuts, and the seal between flanges was accomplished 
with gaskets cut from ordinary automobile engine gasket 
paper. These gaskets proved to be extremely durable, re-
quiring almost no replacement in over four years of opera-
tion. A joint connecting two sections of tubing is shown 
in Fig. 6. 

As a means of ensuring normal velocity distributions 
in the pipes, all lines were made as long as was compati-
ble with the physical dimensions of the laboratory. It has 
been stated* that 25 to 40 pipe diameters is a length of 
line sufficient for the development of fully established 
flow. In all the tests reported herein, the length-to-dia-
meter ratio was maintained above 40 with but one excep-
tion. When flow was admitted to the juoction box from 
a 5.72-inch-diameter pipe making an angle of 90° with 
the main line, laboratory space limitations forced a reduc-
tion in the length-to-diameter ratio to a value of approxi-
mately 34. This was still in excess of the lower of the 
recommended ·values. Furthermore, tests involving this 
particular pipe indicated that normal velocity distribu-
tions in the flow were fully established, since the piezo-
metric head line was straight well in advance of the en-
trance of the pipe into the junction box. 

Model Junctions 
During the course of this study, three primary shapes 

of junction structures were tested; viz., rectangular, square, 
and round as viewed in plan. The rectangular junction 
will be referred to hereafter as an " inlet box" or "inlet" 
since its shape is dictated by the necessity of attaching a 
bar grate of length adequate for the admission of surface 
flow. The square and round junctions were designed to 
simulate manholes and will be referred to as "manholes" 
in the following. 

In the fabrication of the inlet box, ¾-inch thick 
Plexiglas plate was used. Brass screws fitting into drilled 
and tapped holes connected the sides and ends of the box. 
Gasket paper, as previously described, effected the seal 
between the various components of the inlet box. Pipes 
were connected to the inlet box by means of a standard 
flange (see the section on Model Pipelines) with a smaller 
square piece of Plexiglas attached to fit a square cut-out 
in the wall of the box. This enabled the flanges to be 
bolted to the box without interrupting the smoothness of 
the inside surface of the box. Both bolts in drilled and 
countersunk holes and brass screws, as utilized elsewhere 
in the junction, were used in making the actual connec-
tion. A connecting flange is illustrated in Fig. 7, while 
the inlet box with pipes attached is shown in Fig. 8. 

For the tests involving flow into the inlet box through 
a top grate, the model grate was constructed of aluminum 

•Hunter Rouse, et al., "Engineering Hydraulics", p. 394, John Wiley and Sons, 
Inc., New York, 1950. 
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strips dimensioned so as to simulate the standard Mis-
souri structural steel grate at 1-to-4 scale. This grate was 
clamped to the top of the box. The supply channel, simu-
lating the roadway gutter, was as wide as the long di-
mension of the box plan, was level transverse to the flow, 
and was placed flush with the top of the grate. In addi-
tion a plate placed transversely to the gutter flow at the 
downstream side of the grate was installed to deflect into 
the box any water carried across the grate. Thus the en-
tire gutter flow was forced to enter the inlet box. A view 
of the grate assembly is included in Fig. 5. 

For the manhole tests the square junction (Fig. 9) 
was constructed in the same manner as the rectangular 
junction. Attachment of the pipelines to the square man-
holes was accomplished in the same manner as in the 
case of the inlet boxes. Round manholes were constructed 
within the square junction, with pipes attached, by insert-
ing a sheet metal liner having holes in its side pla<:ed to 
center on the pipes. Paraffin was placed in the space be-
tween the square box and the round liner, and formed to 
provide continuations of the pipe sections to the round 
manhole, terminating with sharp edges. Fig. 10 presents 
views of the round manhole and components. 

Outlet Box 
In order that the pipes might be forced to flow full 

it was necessary to submerge the downstream end of the 
outfall pipe thus causing the piezometric head line to lie 
above the crowns of all pipes. For this purpose a box 
fitted with an adjustable gate was constructed of Plexi-
glas plate. Provision was made for vertical movement of 
the gate in guides cemented to the box. The gate was 
held in the desired position by means of clamps. Flanges 
very similar to those used with the junction box con-
nected the outfall pipe to this outlet box. The outlet box 
and its fittings are seen in Fig. 11. 

Since the operation of the gate was quite similar to 
that of an ordinary sluice gate, stabilization of the head 
lines in the system was accomplished only very slowly. 
On the basis of experience gained with this model it is 
recommended that, while this arrangement accomplished 
its purpose, in other similar installations the box be so 
designed that flow will take place over, rather than under, 
the adjustable box side thus approaching suppressed weir 
flow. This would give quicker stabilization and more defi-
nite selection of the elevation of all piezometric head 
lines. 

Erection Details 

In all the configurations tested the pipelines were 
erected as nearly horizontal as was possible. This was 
done for convenience in joining header boxes, junction 
boxes, and tail-gate boxes to the various pipelines. More-
over, as long as the flow in the pipes is maintained full 



Fig. 6. Joint between two pipe sections. 

Fig. 7. Flanged section for connection to model junction. 
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Fig. 8. Model inlet hox with pipes attached. 

Fig. 9 Model square manhole with pipes attached. 

-9-



(a) Cylindrical sheet metal liner. ( b) Liner installed. 

(c) Closeup of pipe attachments. 

Fig. 10. Views of model round manhole. 
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Fig. 11. Outlet box with tail gate. 

Fig. 12 Adjustable stands. Note piezometer lead connection. 
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and under pressure the slope of the pipe does not affect 
the piezometric head line elevations. 

Since the pipelines of the various sizes had to be 
interchangeable and since the bottoms of the pipelines 
had to be maintained at an almost constant elevation, the 
exits from the header boxes had to be moved vertically. 
Hydraulic lifts were used for this purpose. Additional 
flexibility was provided by the adjustable supports seen 
in Fig. 12. 

Pressure Measurements 
Open piezometers, which indicate the elevation of 

the piezometric head line, were connected to the pipe-
lines and junction boxes. Holes 3/32 inch in diameter 
were drilled at various locations along the bottoms of the 
pipelines. Short sections of 3/8-inch Lucite rod having a 
3/32-inch-diameter axial hole were cemented to the pipe 
(Fig. 13) so that a continuous opening existed from the 
inner pipe wall to the outer end of the rod. Flexible tub-
ing having a %-inch inside diameter was then fitted over 
the projection and secured with a wire clamp (refer to 
Fig. 12). Each rube led to a ½-inch-inside-diameter Lucite 
tube used as a piezometer. All piezometers were mounted 
on the central instrument board shown in Fig. 14. Prior 
to each day's testing the piezometers and leads were 
cleared of air by running water under pressure into the 
top of each piezometer in turn, thus forcing the air from 
the leads into the model pipelines. Since all the tubing 
was transparent, the detection of any remaining air bub-
bles was a simple matter. 

In general, seven of the piezometers described above 
were connected to each of the model pipelines. While 
the taps were not exactly evenly spaced, they were rea-
sonably well spaced and any concentration of taps was 

confined to the downstream end of each pipe. The pie-
zometric elevations 25 or more diameters from the en-
trance of each pipe are more significant in locating the 
straight-line portion of the pressure line and hence were 
the ones given most weight (see Chapter IV) . A distance 
of 2 to 3 feet was the usual spacing between piezometer 
taps. Furthermore, the taps were placed as far as possible 
from the joints between pipe sections. 

For those tests involving flow through a grate the 
pressure change was defined as the vertical distance be-
tween the free-surface elevation in the box and the out-
fall pressure line. To measure the mean depth of the 
water in the box_ several schemes were devised, tested, 
and evaluated. Simply connecting standard piezometer 
taps to the box bottom proved somewhat unsatisfactory. 
A collecting ring attached to six similar taps situated 
around the box sides demonstrated improved characteris-
tics, but produced erratic results in some cases. The de-
vice finally evolved made use of small stilling wells in-
stalled at the four corners of the box. These were formed 
by cutting a ½-inch plastic tube longitudinally into 
quarters, cutting approximately 15 notches along both 
edges of each quarter tube, and cementing these quarter 
tubes inside each corner of the box, convex side toward 
the corner. The notches were included to provide connec-
tions to the full depth of water in the box. The tubes 
served to shield the piezometers from variations in the 
velocity distribution within the box. Leads from piezom-
eter taps at the bottom of each corner inside the shield 
were connected to a common piezometer on which the 
average water-surface elevation in the box could be read 
directly. The success of this arrangement is indicated by 
the fact that almost no pulsation of the water surface in 
the piezometer tube was evident. 

-12-



Fig. 13. Piezometer tap and attachment. 

Fig. 14. Central piezometer bank. 

- 13-



CHAPTER Ill 
Methods of Investigation 

Nomenclature 
In order that a systematic classification of the varia-

bles pertaining to the different pipes and configurations 
might be obtained it was necessary to establish a standard 
pattern of identification. To this end each pipe at a par-
ticular junction was assigned a number and the condi-
tions therein the corresponding numerical subscript. In 
the chapters dealing with the investigation, number 1 re-
fers to the outfall line and the following larger numbers 
refer in order to the lines met in turn in moving from the 
outfall in a clockwise manner in the plan view. In Fig. 15, 
D 1 and Q 1 refer to the outfall line, while D 2 and Q2 
refer to the first line ( in this case the upstream main) 
met in moving clockwise from the outfall. Configurations 
including more than two pipes are designated similarly, 
as will be seen when these systems are treated subsequent-
ly. A modified notation is employed in the section on 
design methods appended to this report. 

The notation of the variables will be defined at the 
point at which the variables first appear. In addition they 
are collected for convenience of reference in the following 
list: 

A - area of pipe 
a - junction length 
b - junction width 
Cc - contraction coefficient 
D - pipe diameter 
F - Froude number 
"111-
F - force 
f - Darcy resis~nce coefficient 
g - acceleration due to gravity 
H - total head 
h - change in piezometric head 
h' - piezometric head 
K - pressure change coefficient 
K - pressure change coefficient with all flow from 

lateral 
K' - total head change coefficient 
M - multiplying factor for K 
m - mean pressure coefficient 
Q - rate of flow 
R - surface resistance force 
s - depth of water in junction, "submergence" 
V - mean velocity in pipe 
y - specific weight of the fluid 
p - density of the fluid 

Dimensional Analysis 
A three-pipe system consisting of a rectangular box, 

two inflow pipes, one outfall pipe, and a top inlet grate 
is considered for purposes of the dimensional analysis. In 
addition to the variabtes necessary to define the geometry 
(the diameters D 1 , D 2 , and D 3 ; the junction length, a, 
and width, b), the rates of flow Q1 , Q2 , Q3 , and Qa; and 
the depth of water in the box, s, should be expected to 
be significant. However, Q1 , Q2 , Q3 , and Qa are not in-
dependent since they must satisfy continuity. Since condi-
tions within the junction appear to involve a free surface, 
the acceleration due to gravity, g, is included. Thus the 
functional relationships for the change in piezometric 
head, h . or the change in total head, H, between the out-
fall and an upstream pipe may be written as 

h,H = fd2(D1,D2,D 3,a,b,s,Q1,Q3,Qa,g] (1) 
Since all the terms are kinematic in nature, applica-

tion of the Buckingham '77-Theorem yields 

!2_,!:!....=f3,f4[D1,D1,.!2..L,D1,D1,Q1,Q1 ,Q I ] (2) 
D1 D1 D2 D3 a b s Q 3 QG gDr 

The last term in the bracket is a form of the Froude 
number of the flow in the outlet pipe; as such it is more 

2 

customarily written in the form F 1 = VDi . The depend-- g 1 

ent parameters in Eq. (2) can also be written in the form 
of loss coefficients if the diameter D 1 is replaced by its 

h 
dimensional equivalent vU2g; viz., K = 2 / 2 or 

V 1 g 
K'= 2/ . Accordingly the final expression takes the 

V 1 2g 
form 

The piezometric head coefficient, K , was the term 
adopted for this study. W hile the total head coefficient, 
K', is the parameter conventionally used, the designer of 
storm drain systems requires a knowledge of the pressure 
line elevation. The coefficient, K, will yield this informa-
tion directly without the complication of inclusion of the 
velocity heads as would be required if K' were used. 

In all systems the piezometric head change coefficient 
for flow from a given inflow pipe to the outfall will be 
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designated by the subscript reserved for the pipe from 
which such flow originates. 

Tes ting Procedure 

In practically all of the tests the end product of the 
testing was the determination of the change in piezomet-
ric head between each inflow pipe and the outfall pipe. 
This, of course, required careful establishment of the pie-
zo metric head line for each pipe. The piezometers de-
scribed in Chapter II were used for this purpose. Since 
during the testing of certain configurations a considera-
ble amount of surge was observed in the piezometers, 
readings were taken so as to determine the extremes of 
this fluctuation and the average was then calculated. To 
expedite this determination two sliding wire clips were 
attached to each piezometer tube to mark the highest and 
lowest positions of the meniscus. 

Determination of the piezometric head line for flow 
in the model ( described in Chapter IV) was facilitated 
through use of standard resistance slopes. Tests were made 
at the beginning of the laboratory program on long sec-
tions of the model pipe to determine the resistance slope 
for various rates of flow in two sizes of pipe, the 3.00-
inch and 5.72-inch. Plotting the results of these tests on 
the usual resistance coefficient vs. Reynolds number graph 
disclosed that the Lucite pipe had a resistance only slight-
ly greater than that of hydraulically smooth pipe with 
turbulent flow. This conclusion is in substantial agree-
ment with that reached by other investigators.* This 
higher value is caused mainly by non-uniformities in the 
pipe section and diameter, even though the walls are 
smooth. In addition minor misalignments at the joints 
between sections of the pipe could be a factor. Once the 
resistance coefficients for these two sizes had been deter-
mined, curves of resistance slope vs. discharge rate for 
*John L. French , "Second Progress Report on Hydraulics of Culverts; Pressure 

and Resistance Characteristics of A Model Pipe Culvert", pp. 5-6, National 
Bureau of Standards Report 4911, 1956. 

each of the four pipe sizes were prepared for use as de-
scribed in Chapter IV. These slopes were computed 
through use of the Darcy-Weisbach equation. In addition 
the slopes so determined for the intermediate-sized pipes 
were verified by tests in which such pipes were used to 
supply the junction box thus having favorable entrance 
conditions. 

In testing a particular junction configuration, the 
flow rate into each of the header boxes was set by means 
of valves and flow meters. A substantial period of time 
was allowed for stabilization of the flow within the model 
pipelines and junction before any attempt was made to 
read the piezometers. As a result it is believed that the 
recorded data represent steady flow conditions within the 
model. 

In order to investigate the effect of the total rate of 
flow and to ensure the accuracy of the test results, each 
configuration was tested with at least two different total 
discharges. Once the piezometers had been read for a 
given flow division and total flow rate, the depth of water 
within the junction box (the submergence) was changed 
by adjusting the gate of the outlet box and the test was 
rerun. 

In those tests involving flow through grates, quite 
a wide range of flows was used. When the grate flow was 
combined with the straight-through in-line flow, such 
grate flow was varied from O to 45% of the total flow. 
When merging with combining flow from directly-op-
posed laterals, the grate flow was set at 35% of the total 
flow. 

Recording Test Data 
All data on junction box size and shape, pipe sizes 

and alignment, rates of flow in each pipe, and piezometer 
elevations described by the corresponding piezometer loca-
tion were recorded in special tabular form designed to 
facilitate computation as discussed in Chapter IV. 
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CHAPTER IV 
Treatment of Test Data 

Determination of Pressure Changes 
The initial step in interpretation of the test data was 

the plotting of the piezometer readings against the loca-
tion within the system of the corresponding piezometer 
taps .. The plotted points thus represented the location of 
the piezometric head lines for each of the various pipes 
of the test arrangement. Straight lines representing stand-
ard resistance slopes ( see Chapter III) were fitted to the 
plotted points in order to eliminate any error which 
might affect the elevation of any single point. The greater 
weight in the determination of the position of the piezo-
metric head line was accorded the points nearer the down-
stream end of each pipe. In the upstream portion of the 
pipes the measured pressure elevations were found to lie 
somewhat above these lines due, of course, to the fact 
that the normal velocity distribution has not been fully 
developed in this section. 

The determination of pressure changes across the 
junction required the measurement of the vertical distance 
between the plotted upstream and outfall pressure lines, 
each projected to some common vertical plane or line. 
For convenience in design the point of intersection of 
these pipe centerlines at the centerline of the box was 
selected as the point of reference. In addition some prece-
dent existed* for this selection. These points are called 
*John S. McNown, "Mechanics of Manifold Flow," Transactions ASCE, vol. 
119, pp. 1103-1118, 1954. 

"branch points", several examples of which are illustrated 
in Fig. 16. 

In the case of flow through grates another definition 
of the pressure change was required. For these situations 
the . pressure change was defined as the vertical distance 
between the mean free surface in the box and the pro-
jection to the branch point of the outfall piezometric 
head line. The head in this case is that required to pro-
duce the force necessary to overcome effects of the falling 
jet from flow entering through the grate, and to acceler-
ate the water from zero velocity in the junction to the 
velocity in the outfall pipe. 

Calculation of Coefficients 
The data concerning pressure changes were tabulated 

by junction type for particular pipe sizes, together with 
information pertaining to the flow rates and flow divi-
sions. With the measurements of the inside diameters of 
the model pipe and the recorded rate of flow the mean 
velocity in the outfall line could be readily calculated. 
The pressure change coefficient was then obtained by di-
viding the pressure change previously discussed by the 
mean velocity head in the outfall. A tabulation of the 
type discussed in the preceding is presented in Table 1. 
These data are plotted as part of Figs. 28 and 29, referred 
to later in Chapter VI. 
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TABLE 1 

PRESSURE CHANGE COEFFICIENT COMPUTATIONS 

6 11 x 15 11 Inlet Box with Main and Lateral 

Square-Edged Entrance to Outfall 

Dl = 5. 72 II D2 = 4. 75 11 D3 = 3. 75 II 

D1/D2 = 1.20 D1/D3 = 1.53 

Q3/Q1 Q1 VJ/2g h2 K2 h3 K3 

gpm ft. ft. 

0 350 .297 -.261 -.88 -.250 -.84 
350 .297 -.260 -.88 -.252 -.85 
300 .218 -.196 -.90 -.188 -.86 
300 .218 -.199 -.91 -.189 -.87 

0.2 350 .297 .036 .12 .022 .07 
350 .297 .034 .11 .023 .08 
300 .218 .023 .11 .010 .05 
300 .218 .024 .11 .016 .07 

0.4 350 .297 .302 1.02 .250 .84 
350 .297 .305 1.03 .250 .84 
300 .218 .223 1.02 .181 .83 
300 .218 .219 1.00 .175 .80 

0.6 300 .218 .380 1.74 .313 1.44 
300 .218 .383 1.76 .313 1.44 
250 .152 .261 1. 72 .218 1.43 
250 .152 .259 1. 70 .221 1.45 

0.8 250 .152 .339 2.23 .293 1.93 
250 .152 .357 2.35 .307 2.02 
200 .097 .213 2.20 .181 1.86 
200 .097 .236 2.43 .198 2.04 

1.0 200 .097 .211 2.18 .197 2.03 
200 .097 .209 2.15 .200 2.06 
150 .055 .117 2.13 .126 2.29 
150 .055 .110 2.00 .116 2.11 
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CHAPTER V 
Flow Straight Through A junction Box 

The test program of this investigation was initiated 
by determining the effect of the rectangular inlet box on 
flow straight across the short dimension of the inlet be-
tween pipes aligned in plan (Fig. 15). The usual field 
practice in Missouri is to have the through pipeline enter 
and leave at the centers of the long sides of the inlet. 
This procedure was followed in the models . 

The restricted capacity of the inlet grates in inter-
cepting roadway gutter flow usually results in this inlet 
box being used with pipe sizes ranging from 12 to 24 
inches in diameter. Thus, the model pipe diameters of 
3.00, 3.75, 4.75, and 5.72 inches roughly correspond to 
field sizes of 12, 15, 18, and 24 inches at a 1-to-4 scale. 
Therefore this ratio was used in constructing the 6 x 15-
inch model of the inlet box. It will be demonstrated sub-
sequently that the relation of inlet box size to pipe diam-
eter is a minor rather than significant factor, and that 
pressure changes are determined almost entirely by the 
relation of the upstream pipe diameter to that of the out-
fall. Therefore the pipe-size ratios of the model are the 
only significant factors, and the pressure change found to 
occur for a certain ratio applies to all scales as well as to 
the approximate l-to-4 scale used here to model a specific 
structure. Tests of this inlet used as a junction box for a 
three-pipe system are discussed in Chapter VI and VII. 

The scope of the tests to determine the effect of junc-
tion box dimensions on pressure changes in straight-
through flow was extended by the use of models of square 
and round manholes. 

Types of junctions 
Rectangular, square, and round junctions as viewed 

in plan were investigated. The rectangular box was tested 
with flow through the short dimension for almost every 
combination of upstream pipe and outfall sizes. In these 
tests the distance across the rectangular junction varied 
from 1.05 to 2.00 pipe diameters. Supplementary tests 
involving re-entrant pipes permitted this distance to be 
reduced to 0.79 pipe diameter. In the course of the tests 
on manholes the range was increased to 3.33 pipe diame-
ters . 

Pipe Positioning 
Early in the investigation attention was given to the 

effect of different vertical positioning of the pipes. Con-
venience of attachment indicated that the bottoms of the 

pipes should be aligned on either side of the junction 
box (flowline alignment). Field practice, on the other 
hand, usually requires alignment of the pipe crowns. In 
order to test the effect of this variable, the 5.72-inch out-
fall was connected for two-pipe in-line flow through the 
junction box with both the 3.00-inch and the 4.75-inch 
inflow pipes. The inflow pipes were aligned with the 
outfall according to both of the schemes described above. 
The pressure change coefficients were almost identical for 
the two cases, with a slightly better pressure recovery 
with flowline alignment. This is to be expected since in 
this case the box bottom prevents diffusion of the jet in 
one direction. Accordingly the flow-line alignment was 
adopted for all tests. 

As in all other tests, the pipes were laid as nearly 
horizontal as possible and were made to flow full. 

Outfall Entrance Conditions 
The great majority of the tests was run with the 

entrance to the outfall pipe square-edged. Field construc-
tion specifications, however, quite often require expen-
sive shaping to round such entrance edges, thereby pre-
sumably increasing their hydraulic efficiency. On the 
other hand, it might be desirable to allow projections of 
the outfall pipe into the junction since this would obviate 
the necessity for cutting standard lengths of concrete pipe 
to terminate flush with the junction wall. To evaluate the 
effect of these entrance conditions, tests were undertaken 
on rounded and projecting entrances to the outfall pipe. 
The rounded entrance was made by fashioning a new con-
necting flange having a radius of rounding of ¼ the out-
fall pipe diameter (Fig. 17). A special collar was machined 
to simulate the projecting or reentrant entrance (Fig. 18). 
This collar had a wall thickness ot 1/12 the outfall pipe 
diameter and extended into the box a distance of ¼ the 
box width. 

Theoretical Analysis 
With reference to the dimensional analysis developed 

in Chapter III, D 3 , Q3 , and Qa do not apply to the two-
pipe system. In addition, the depth of water in the box, s, 
was maintained generally greater than twice the outfall 
pipe diameter, in which range it was found to produce 
only minor and unsystematic deviations. 

For the analysis the configuration illustrated in Fig. 
15 is considered. Continuity requires that the rate of flow 
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Fig. 17. Special flange for rounded entrance to outfall. 

Fig 18. Collars to simulate projecting entrances to outfall. 
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in pipelines 1 and 2 be equal. Thus 
Q 1 = A1 V1 = Q 2 = A2 V2 (4) 

in which the A's represent the cross-sectional areas of, 
and the V's the mean velocities in the pipelines. 

The momentum principle for fluid flow can be ex-
pressed by the vector equation 

LF = (QpV) (5) 
where LF is the resultant of all the external forces acting 
on the free body of fluid under consideration, p is the 
-density of the fluid, and ~(QpV) is the time rate of 
change of momentum. Expansions and contractions in 
flow section cannot be treated in the same fashion due to 
the unknown distribution of piezometric head over the 
contraction face in the latter case.* As a result, the two 
cases must be analyzed separately. 

Expansions (D 1/D 2 1): 
Reference is made to Fig. 19. The free-body diagram 

in this case is taken between sections in pipelines 1 and 2 
which are in zones of parallel flow. By projection of the 
piezometric head lines to the branch point ( see Chapter 
IV) consideration of losses due to viscous shear over the 
distance between the sections can be eliminated, if it is 
assumed that such losses can be approximated by the cor-
responding losses in the established flow. Thus the only 
forces remaining are pressure forces. 

Application of Eq. (5) to this case yields 
yh2'A2-Yhi'A1 + yh2'(A1-A2) = Qp(V1-V2) (6) 

in which y is the specific weight of the fluid, and the 
(h')'s are the piezometric heads obtained by projecting 
the piezometric head lines to the branch point. Embodied 
in Eq. ( 6) is the assumption that the piezometric head 
over the entire expansion face is essentially that of the 
approaching flow-a postulation which is in accord with 
usual practice.t Also included is the use of the quantity 
(A1-A2) with the shape indicated in Fig. 20 instead of 
the concentric annulus usually assumed. The experiments 
indicate that this difference of shape is of no importance. 

Eq. ( 6) when combined with Eq. ( 4) reduces to the 
simplified form 

hi- hl = Vi A1 - V~ A2 = 2 Vi [l _ !i_] 
gA1 2g A2 

But (h'2 -h'i) is the change in piezometric head which 
is designated by h.!· If the pipe diameters D 1 and D 2 and 

the coefficient K2 = ---P---/2 are introduced, the equation 
V 1 2g 

(7) 

*Hunter Rouse and J. W. Howe, "Basic Mechanics of Fluids" , pp. 154-155. 
John Wiley and Sons, Inc. , New York, 1953. 

tHunter Rouse, "Elementary Mechanics of Fluids", p. 257, John Wiley and 
Sons, Inc. , New York, 1946. 

is obtained. This is the final form for the pressure change 
coefficient for expansions. 
Contractions (D1/D2 :s; 1): 

The primary difference in the analysis of contractions 
as compared with that for expansions concerns the appli-
cation of the momentum principle, Eq. (5). In the case 
of a contraction (Fig. 21) losses due to boundary separa-
tion occur almost exclusively in the zone following the 
section of greatest contraction of the flow (where condi-
tions are denoted by the subscript c). As in the case of 
expansions, inclusion in the final equation of losses due 
to surface resistance is circumvented by projecting the 
piezometric head lines to the branch point. 

Continuity requires that 
Qi = A1V1 = QC =Acvc = Q2 = A2V2 (8) 

Eq. (5) can be applied between sections c and l to 
yield 

yhc'Acyh/Ai-R = Qp(Vi-Vc) (9) 
in which R is the boundary shear force in the pipeline 
and the (h')'s in this case are the piezometric heads at 
sections c and I. Eq. (9) is true by virtue of the fact that 
the piezometric head at section c must be constant com-
pletely across the section of area A 1 , since the streamlines 
of the submerged jet are parallel there. Eq. (9) combined 
with Eq. (8) reduces to 

h' - h' - !!:__ = _1 _ [vi A 1 - v AJ 
c 1 r A1 gA 1 J 

= 2 Vi [1 __ 1 ] 
2g Cc (10) 

in which Cc is the ordinary contraction coefficient.* 
The Bernoulli or energy equation written between 

sections 2 and c, in which region a small resistance loss, 
II'r, occurs, gives rise to 

h' + V; = h2' + V~ - Hr 
C 2g 2g (11) 

Combination of Eqs. (10) and (11) leads to 

h2-h1 - -- - Hr=- _c - ...:.i + 2 - 1 1 - -, , R v 2 v 2 v 2 [ 1 ] 
rA1 2g 2g 2g Cc 

_ Vi 1 _ Vi Ai + V + Vi Ii _ 2 ] (12) 
2g C~ 2g A~ 2g 2gl Cc 

If the piezometric head lines are projected to the 
branch point, the left side of Eq. (12) is approximately 
h2. The only discrepancy is the difference in the resist-
ance slopes for the two pipes multiplied by the distance 
between the box centerline and the contracted section. 

*Hunter Rouse and J. W. Howe, "Basic Mechanics of Fluids" , p. 49, John 
Wiley and Sons, Inc. , New York, 1953. 
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This is obviously of secondary importance. 

Inserting the diameters D 1 and D 2 , and K2 

into Eq. (12) results in 

K2 = 1 - (~:) 4 + (tc -0 2 (13) 

Eq. (13) is the desired formula for the pressure change 
coefficient for contractions in a two-pipe system. 

In Eqs. (7) and (13) the velocity head in the outfall 
pipe has been used as the quantity to which the pressure 
changes have been referred. Since in all the configurations 
considered in this report only one outfall pipe was in-
cluded while more than one inflow pipe was used in some 
cases, conditions in the outfall are the only quantities by 
which dissimilar geometries may be compared. The rate 
of flow in this line is the total flow through the junc-
tion box. While the velocity head in any of the lines 
might have been utilized, it is obvious from Eq. (12) that 
the simplest equation results from use of the outfall ve-
locity head. 

Model Tests 
Various combinations of sizes of the model pipes 

were erected in continuous alignment upstream and down-
stream of the rectangular inlet box. Arrangements were 
tested with equal-size pipes, with a smaller pipe upstream 
to provide an expansion of flow, and with a larger pipe 
upstream to provide a contraction of flow at the junction. 
The position of the pressure line of each pipe was meas-
ured, and the change of pressure across the junction box 
determined for various rates of flow. With different sizes 
of pipes, tests were made to determine the effect on the 
pressure change of alignments with pipe flowlines or 
crownlines coinciding. The effect of rounding the outfall 
pipe entrance was investigated, as well as the effect of the 
outfall pipe projecting into the inlet box. 

Test Results 
Effect of Froude Number 

Preliminary to comparing the test results to the theo-
retical pressure changes derived by analysis, it is advisable 
to consider whether the Froude number of the flow af-
fects the pressure change coefficients, as might be inferred 
from the dimensional analysis. The Froude number of 
flow in the outfall pipe £ 1 was defined as V f / gD1. Thus 
for a given pipe size, the Froude number could be varied 
only by varying the rate of flow. Fig. 22 presents a plot of 
K 2 vs. £ 1 with D 1/ D 2 as an auxiliary parameter. Seven of 
the eight curves presented indicate a definite lack of de-
pendence between the two variables. The remaining set 
of points represents tests with the smallest inflow line, 
for which the capacity of the system was so limited that 

the range of Froude numbers possible was similarly re-
stricted. However, the conclusion appears inescapable 
that the coefficient for a given geometry is independent 
of the Froude number. Reflection on the reason for the 
inclusion of the acceleration due to gravity bears out this 
conclusion. The Froude number in the outfall is not de-
pendent on the free-surface conditions in the box and 
therefore should not be expected adequately to represent 
these conditions. As a consequence, the lack of depend-
ence of K 2 on ,f1 is hardly surprising. Inasmuch as K 2 

does not depend on the Froude number, it follows that 
neither does it depend on the rate of flow; but rather is 
constant for a given geometry. 

Equal pipe sizes (D1 /D2 = 1) : 
Either of Eqs. (7) or ( 13) should be applicable to 

the analysis of flow in equal-size pipes. Both equations 
yield zero for K 2 , while the experiments indicate a posi-
tive but small value for this coefficient. 

It should be pointed out that in the derivation of the 
two equations mentioned, the junction width, b, was con-
sidered to be negligible; i.e. , the entire unit was assumed 
to behave as a sudden expansion or contraction, as the 
case may be. Still it seems reasonable that at some large 
value of the parameter b/ D 2 the jet will not remain es-
sentially intact while crossing the junction, and a con-
sequent larger loss will occur. This increase is due in part 
to viscous shear, but results primarily from the impinge-
ment of the spreading jet on the wall surrounding the 
entrance to the outfall. To test this hypothesis configura-
tions having values of b/ D 2 up to 3.33 were investigated. 
Fig. 23 presents the results of these tests. The effect of in-
creasing junction width seems to be a fairly uniform in-
crease in K 2 , although it appears likely that some limit-
ing value will be attained as the junction box is further 
enlarged. Definition of this limit was not attempted since 
the ratio of the distance across the box to the inflow pipe 
diameter was already near the upper end of the range 
likely to be encountered in practice. 

Expansions (D 1 / D 2 > 1): 
A series of tests was made with the available model 

pipes providing several ratios of inflow pipe to outfall 
sizes, and thus various degrees of expansion of the flow 
across the inlet box. The test results were compared to 
the theoretical analysis embodied in Eq. (7). 

In Fig. 24, Eq. (7) is shown as a solid curve in the 
area of negative changes of pressure, and the pressure 
change coefficients derived from the test data are plotted 
and suitably identified. Obviously the conformi ty be-
tween analysis and experiment is quite satisfactory. The 
large negative values are easily explained if it is recalled 
that the coefficients represent pressure changes and not 
changes in total head. Thus negative coefficients cor-
responding to pressure rises are to be expected whenever 
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the fluid is caused to decelerate. In the present case this 
is brought about by die increase in pipe diameter on the 
downstream side of the junction. 

Contractions (D1 / D 2 <1 ): 
Similar tests were made with various degrees of con-

traction of the flow across the inlet box, and the results 
compared to the theoretical analysis expressed in Eq. (13 ). 

In Fig. 24, Eq. (13) is shown as a dashed curve in 
the area of positive changes of pressure. The experimental 
pressure change coe~cients for this case are also plotted 
for comparison. It is seen that the conformity between 
analysis and experiment is also satisfactory for contrac-
tions of flow. 

Probably the most significant conclusion to be reach-
ed from the tests just described is the absence of effect of 
the box itself-at least for the range of the parameter 
b/ D 2 tested. 

Effect of Inlet Box Variations 
Since it has been shown that interposition of the in-

let box on the pipe line has little effect on the change of 
pressure, it would be expected that variations of construc-
tion details at the junction would not be effective in 
modifying its characteristics. However, the more common 
construction details differing from those used in the 
majority of the laboratory tests were investigated. It 
should be recalled that the test procedure involved join-
ing all pipes to the junction flush with the junction box 
floor. A flush square-edged entrance to the outfall pipe 
was used for all tests except a few designed to determine 

the effect of other entrance conditions. 
As was pointed out earlier, the vertical positioning of 

the pipe centerlines is immaterial so long as they are 
parallel and are aligned between limits in which either 
their crownlines or flowlines coincide. 

In expansions of flow, it may be expected that the re-
latively short distances across the junction will result in 
the expansion taking place in the outfall pipe. Therefore, 
flowline or crownline alignment, an outfall pipe project-
ing into the inlet box, or rounding of the entrance to the 
outfall pipe should all be of negligible effect in modifying 
the pressure change coefficients. These conclusions were 
verified. 

Table 2 affords a direct comparison between flush 
square-edged, projecting square-edged, and rounded en-
trances to the outfall pipe in expanding flow. 

Effects of projecting and rounding entrances to the 
outfall pipe on pressure change coefficients in combining 
flow are discussed in the next chapter. 

It seems reasonable that shaping of the bottom of 
the junction so as to continue a portion of the pipe sec-
tion through the box can effect no significant improve-
ment of the pressure change in straight-through flow. Al-
though this inference was not tested, the latitude for pos-
sible reduction of loss is small. 

Although rounding of the outfall entrance was not 
tested with contracting flow, it is evident that this will 
reduce the pressure change coefficients because the loss at 
contractions is primarily due to constriction of the flow at 
the change in pipe size and subsequent expansion of the 
flow in the outfall pipe. 

TABLE 2 

COMPARISON OF OUTFALL ENTRANCE CONDITIONS 

FOR THE IN-LINE TWO-PIPE SYSTEM 

WITH EXP ANDING FLOW 
Q K2 K2 K2 

gpm Square-edged Rounded Re-entrant 

D1 /D2 1.20 

250 -0.95 -0.91 -0.91 
250 -0.92 -0.92 -0.95 
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CHAPTER VI 

Inlet With Main and Lateral 

Description of Configuration 
The rectangular inlet box also serving as the junc-

tion of a lateral with a main is the basic unit for these 
tests. It is one widely used by the Missouri Highway De-
partment, and is usually placed 'in the parking lane with 
the long dimension at right angles to the curb and is 
covered with a grate designed to intercept roadway gut-
ter flow. For this reason it is sometimes called a drop in-
let. 

Where the inlet is one of a series along a roadway, 
the through storm drain main usually intersects the center 
of the long side of the inlet, as in the case of the straight-
through flow analyzed in the preceding chapter. At some 
locations a second drain pipe fro m another inlet across 
the roadway connects. to the inlet on the storm drain 
main. This latter arrangement of pipes, causing the inlet 
box to be used as a junction, is that discussed herein. 

The model inlet box tested was built as a 1-to-4 scale 
model of the 2 x 5-foot junction used in Missouri. Thus 
the model box was 6 x 15 inches in plan. A depth of 18 
inches, corresponding to a 6-foot prototype depth, was 
adopted for most of the tests. This model inlet is the 
same rectangular box as that discussed in Chapter V. The 
comments made there on scale ratios also apply to the 
present configuration. 

The pipe arrangement consisted of a through line 
and a pipe aligned perpendicularly to this main or 
through line, entering the narrow side of the junction 
box (Fig. 166) . The flowlines of all pipes were flush with 
the box floor. In none of these tests was flow admitted 
through a top grate. 

Pipes perpendicular to the outfall occur frequently in 
the discussions of this configuration and of those which 
follow; hence, for simplicity they will be referred to sub-
sequently as "laterals". In every case discussed in this re-
port the laterals carry flow to the junction box and only 
one outfall pipe is included in any of the systems. 

In this series of tests the outfall pipe generally had 
a flush, square-edged en trance at the junction box, al-
though a few runs were made to ascertain the effect of 
other outfall en trance conditions. In these additional tests 
rounded and projecting entrances of the type discussed in 
Chapter V were investigated. 

In combining flow such as that being discussed, the 
outfall should ordinarily be larger than any inflow line, so 

that values of D 1 / D 2 and D 1 / D 3 equal to or greater than 
unity were the only ones tested. Only two sizes of pipe 
were employed for the outfall pipe; viz., the 4.75-inch and 
5.72-inch diameters. 

Primary attention in this series of tests was directed 
toward situations in which the upstream main was of a 
size equal to or nearly equal to the outfall size. Thus the 
5.72-inch outfall was tested with the 4.75-inch and 5.72-
,inch upstream mains. All four lateral sizes were employed 
in each case, yielding D 1/ D 2 values of 1.00 and 1.20, and 
D 1/ D 3 values of 1.00, 1.20, 1.53, and 1.91. 

An abbreviated series of tests was made with a 5.72-
inch outfall and a 3.00-inch upstream main in combina-
tion with the 3.00-inch and 5.72-inch laterals. Thus the 
D1/ D 2 ratio of 1.91 was investigated with D 1 / D 3 = 1.00 
and 1.91. 

A further· series of tests was undertaken employing 
the 4.75-inch pipe for both the upstream main and out-
fall. The 3.00-inch lateral was used since this produced a 
value of D 1/ D 3 = 1.58. This was considered close enough 

to D1 / D 3 = 5·72 = 1.53 to serve as a useful comparison 
3.75 

to those earlier tests in which D 1/ D 2 was also 1.00 with 
the largest outfall. These tes ts thus served to prove the 
applicability of the dimensionless param eters to arrange-
ments of different absolute dimension. 

In a final series of tests the 4.75 -inch outfall was test-
ed with the 3.00-inch upstream main combined with both 
the 3.00-inch and 4.75-inch lat erals. Thus D 1/ D 2 was 
1.58 while D 1/D 3 was 1.00 and 1.58. 

Pressure Changes 

As was indicated previously, the piezometric head 
lines were projected to the branch point; and the pressure 
in both upstream main and the lateral were measured 
above that in the outfall. These pressure differences were 
then divided by the mean velocity head in the outfall to 
determine the pressure change coefficients, K 2 and K 3 , for 
the upstream main and the lateral, respectively. 

For the arrangement of pipes discussed in this chapter 
it is to be expected that the momentum of the flow from 
the upstream main will be preserved to some ex-
tent in crossing the box and will aid in maintaining flow 
in the outfall. On the other hand the momentum of the 
flow in the lateral should be anticipated to be relatively 
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ineffective in supporting the flow in the outfall. The flow 
from the lateral thus should be considered as a mass of 
fluid which must be merged with and carried along by 
the flow from the upstream main. As a consequence, the 
pressure at the exit from the upstream main should be 
expected to be the same as that at the exit from the 
lateral. The upstream pressure lines projected to the 
branch point should be at roughly the same elevation as 
the water surface in the junction, since the box pressure 
produces the force which maintains the flow in the out-
fall. These hypotheses were borne out by the tests, parti-
cularly when the lateral velocity was not excessive. In 
cases in which small laterals carry large rates of flow with 
resulting high velocities, the lateral jet should disrupt the 
flow from the upstream main, requiring higher pressures 
in the junction box. This was also substantiated by the 
tests. 

Moreover it is to be anticipated that, whenever the 
pressure at the exits from the upstream main and from 
the lateral are not greatly different, the analysis for K2 
should also be applicable with satisfactory accuracy to 
the calculation of Ka. This situation should occur when 
a relatively small proportion of the total flow in the sys-
tem enters from the lateral. 

Theoretical Analysis 
The analysis of the two-pipe system presented in 

Chapter III can be expected to apply to the system pres-
ently under consideration when no flow enters the junc-
tion from the lateral or from a top grate. Furthermore, 
the method of analysis involving the momentum concept 
should be useful in this case as well. As noted earlier, it 
seems logical to assume that the flow from the upstream 
main contributes the only momentum effective in the di-
rection of the outfall flow, and that the flow from the 
lateral furnishes an added mass to be carried into the out-
fall by the force of the box pressure. An analysis based on 
this foundation should be expected to be least accurate in 
those cases in which the lateral efflux velocity is high 
enough to cause the jet from the lateral to impinge on or 
penetrate that from the upstream main, thereby causing 
both to be deflected and diffused with an attendant in-
crease in the level of pressure in the box required to 
maintain flow. 

Continuity in this case requires that 
Qi = Q 2 + Q a (14) 

The momentum equation incorporating the theses 
stated above is 
yh/A2-yh/Ai + yh/(Ai-A2) = QiPVi-Q2PV2 (15) 

Eq. (15) contains the same assumption on the shape of 
the surface (A 1 - A2) as does the equation for expand-
ing in-line flow,* and the piezometric heads in this equa-

*See Eq. ( 6) and the following discussion in Chapter V. 

tion are again those obtained by projecting to the branch 
point. 

This may well be an opportune place to reiterate that 
only expansions are considered, since in combining flow 
it is unlikely that any other arrangement will be en-
countered · in the field. Thus the necessity of two separate 
analyses as in the case of in-line flow is obviated in the 
present situation. 

Combining Eqs. (14) and (15), and simplifying 

h2 = hi-hi = 2 [1 -(§:)2(!:)] (16) 

Recalling that K2 = ¾ ,. Eq. (16) may be trans-
V 1 /2g 

formed into 

which, of course, reduces to Eq. (7) when Qi = Q2 . 

Test Results 
While the division of flow rates between the lateral 

and upstream main is a primary variable, it is obvious 
that the same division may be obtained with any number 
of total rates of flow. In order that the effect of the total 
rate might be determined, at least two values of Qi were 
tested for each flow division and geometry. Table 3 pre-
sents some typical values of K 2 and K a for different total 
flows with the same flow divisions. These are only rep-
resentative values-some from other tests showed better 
agreement while still others were less consistent. How-
ever, on the basis of many hundreds of tests the conclu-
sion seemed appropriate that the value of the total flow 
rate exerted only a negligible and unsystematic influence 
on the pressure change coefficients once the geometry 
and flow division were fixed. 

Fig. 25 was prepared to demonstrate the effect of the 
lateral pipe size on K 2 while Fig. 26 accomplishes the 
same purpose as regards K a. It is apparent that K2 and 
K a are influenced to only a very slight degree by the size 
of the lateral as long as the lateral does not carry a major 
portion of the flow. Once the momentum of the lateral 
jet becomes sizeable compared to the outfall momentum, 
it should be expected to cause deviations from the theo-
retical analysis for the reasons discussed at the end of the 
section on Pressure Changes. The point at which these 
deviations become material will now be discussed. 

The horizontal lines in Figs. 25 and 26 are the traces 
of Eq. (17) . Obviously the conformity between test and 
analysis is quite good. To better examine this apparent 
agreement Figs. 27 and 28 are provided on which Eq. (17) 
is represented by the solid curves. The trend of the data 
is now quite apparent. Almost exact agreement between 
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TABLE 3 

EFFECT OF TOTAL FLOW ON LOSS COEFFICIENTS 

Ql K2 K3 Q1 K2 K3 
gpm gpm 

D 1 /D2 = 1.00 D1/D3 = 1.00 D1/D2 = 1.00 D1/D3 = 1.91 

D1 = 5.72 in. D1 = 5.72 in. 

Q3/Q1 = 0,00 Q3/Q1 = 0,60 

500 0.04 0.05 250 1.93 1.53 
400 0,04 0.04 225 1.98 1.58 
300 0,03 0,04 150 2.01 1.52 

Q3/Q1 = 0.20 Q3/Q1 = 0,80 

500 0,64 0,63 200 2,08 1.58 
400 0,65 0,64 150 2.18 1.58 
300 0.64 0.62 Q3/Q1 = 1.00 
Q3/Q1 = 0,40 

150 2.29 1.68 
400 1.09 1.06 120 2.18 1.83 
350 1.16 1.12 100 2.27 2.08 
300 1.08 1.06 

Q3/Q1 = 0,60 
D1/D2 = 1.91 D1/D3 = 1.00 

D1 = 5.72 in. 
450 1.45 1.34 
400 1.44 1.33 Q3/Q1 = 0,00 
350 1.42 1.30 
300 1.42 1.29 140 5.40 5.23 

Q3/Q1 = 0,80 
100 5,56 5.33 

350 1.69 1.55 
Q3/Q1 = 0,20 

300 1. 72 1.58 200 -2. 72 -2.57 
250 1. 77 1.65 150 -2.96 -2. 77 

Q3/Q1 = 1.00 Q3/Q1 = 0.40 

300 1.84 1.96 250 -0.61 -0.60 

250 1.84 2.02 200 -0.64 -0.62 

200 1.82 2.00 Q3/Q1 = 0,60 

D1/D2 = 1.00 D1/D3 = 1.91 250 o. 75 0,67 

D1 = 5.72 in. 200 0,69 0,56 

Q3/Q1 = 0,00 Q3/Q1 = 0.80 

400 0.12 0,12 300 1.58 1.36 
300 0.07 0,07 250 1.58 1.37 
Q3/Q1 = 0.20 Q3/Q1 = 1.00 
500 o. 73 0.65 200 1.90 1.96 250 o. 72 0,63 
150 0.65 0.56 150 1.91 2.12 

Q3/Q1 = 0,40 

350 1.17 0.88 
300 1.36 1.06 
250 1.31 1.03 
150 1.38 1.07 
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analysis and test exists from QalQ1 = 0 to the flow 
division at which K 2 or Ka, as the particular case may 
be, is zero. This, of course, occurs when the momenta of 
the upstream main and the outfall are equal, since the 

( Q ) 2 (D )2 
. . . quantity Q: o: m Eq. (17) 1s the ratio of these 

momenta. It is further evident that beyond the flow divi-
sion for which K is zero the equation gives a fairly good 
average value of the test points. When the lateral and 
outfall are of the same size, the agreement extends nearly 
through the entire range of flow divisions. Only when 
small laterals are employed (with consequently large 
values of the lateral momentum) does the deviation be-
come appreciable. As a consequence Eq. (17) can be de-
pended upon when Qa/Q1 <o.4 for any geometry and 
for all values of Qa/Q1 when the lateral and outfall pipe 
sizes are nearly equal. 

Since the size and shape of the junction should be 
expected to modify the pressure changes when a large 
part of the total flow is from the lateral, it is obvious 
that Eq. (17) should be applied only to junctions which 
are geometrically similar to the one tested; i.e., to a rec-
tangular inlet. Square and round junctions are discussed 
in Chapter IX. 

Effect of Outfall Entrance Conditions 
The effect of entrance conditions at the outfall pipe 

was also investigated for this three-pipe system of through-
main and lateral. In addition to the square-edged flush 
entrance utilized in the majority of the tests , two other 
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entrance types were tested. One was a square-edged pro-
jecting pipe with a wall thickness of 1/12 the outfall 
pipe diameter extending into the box ¼ the box width. 
The other was a flush entrance with the edge rounded to 
a radius of ¼ the outfall pipe diameter. 

In Fig. 29 the data showing the effect of entrance 
conditions on K 2 and Ka for the two pipe-size combina-
tions tested are assembled. The re-entrant condition is 
seen to have a negligible effect on lateral or upstream-
main pressure throughout the entire range of flow divi-
sions. The rounded entrance, on the other hand, does ex-
hibit a measurable reduction in K 2 and Ka in the range 
of flow divisions producing positi)Ve pressure changes. 
The degree of reduction of the lateral pressure due to 
rounding the outfall entrance is almost exactly duplicated 
in the upstream main. 

On the basis of these results it would appear that ef-
forts to improve the outfall entrance conditions can pro-
duce minor benefits, but only in the range of flow divi-
sions involving high proportions of lateral flow. It is also 
clear that reasonable projections of the outfall pipe are not 
detrimental, at least where the water carries no debris. 

Design Data 
The curves recommended for use in the design of 

inlets similar to those discussed in this chapter will be 
found in the section on design methods appended to this 
report, where all the design data have been assembled 
for convenience of reference. A discussion of the method 
of construction of these design charts is presented in 
Chapter X. 
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CHAPTER VII 
Inlet with Opposed Laterals 

This chapter is divided into two main sections-one 
concerning a configuration in which two laterals were 
connected to the inlet in line so as to oppose each other 
directly, and the other relating to methods of improving 
the flow characteristics of opposed-lateral systems. 

IN-LINE LATERALS 

Description of the Con.figuration 

Interception of storm drainage at low points often 
requires the combination of pipe flow from diametrically 
opposite directions, with discharge through a line at 90° 
with these two laterals in order to cross the highway and 
join with another storm drain system or to lead directly 
to a surface drainage channel. The usual arrangement 
places the two lateral pipes on a common centerline. Thus 
the two incoming jets are directly opposed and both are 
required to undergo a 90° change in direction of flow 
during passage through the inlet, (Fig. 16c). Overflow of 
these structures has been experienced in some cases. A 
large rise in pressure at such inlets may also interfere 
with the operation of other inlets upstream. 

Only flush, square-edged entrances to the outfall pipe 
were employed. The 1-to-4 scale ratio was maintained 
throughout, although it is recognized that the comments 
made in Chapter V on the applicability of the results to 
other scales still hold. 

At the outset of these tests a rather complete in-
vestigation _was contemplated, roughly paralleling the 
study of in-line flow with a 90° lateral. However, it soon 
became apparent that the magnitudes of the losses in-
volved in flow through this configuration with the later-
als in-line were so large that the arrangment should be 
avoided whenever possible. In addition, an analytical 
solution for the pressures involved was developed at an 
early stage and was found to be substantiated by the experi-
ments. As a consequence, the test program on this sys-
tem was curtailed and the major emphasis placed on the 
development of improvements which would avoid exces-
sive pressures in the laterals. These developments are dis-
cussed in a later section. For the inline laterals only a suf-
ficient number of pipe-size ratios were investigated to 
form a basis for evaluation of the improvements. 

Again the outfall pipe is referred to as pipe 1 and 
the laterals as pipes 2 and 3. With laterals directly op-
posed the following combinations were tested : 

(1) D1/ D 2 = D 1/ D 3 = 1.00, D 2/ D 3 = 1.00 
(2) D1/ D 2 = D1/ D 3 == 1.91, D 2/ D 3 = 1.00 
(3) D1/D 2 = 1.00, D1/ D 3 = 1.91, D2/ D 3 = 1.91 
( 4) D1ID 2 = D 1/ D 3 = 1.58, D 2/ D 3 = 1.00 
The tests involving modifications in the junction de-

sign will be reported later in this chapter under Meas-
ures for Improving Opposed-Lateral Flow. 

Theoretical Analysis 
Even though this arrangement of pipes should be 

avoided wherever possible, nevertheless it is recognized 
that under certain conditions the use of such a configura-
tion cannot be avoided. Therefore an ·attempt was made 
to analyze the mechanics of the flow so that design data 
might be available when needed. As often happens, this 
analysis was suggested and guided by the results of the 
tests. 

The first point revealed by the tests was that when 
the laterals were of the same diameter, curves representing 
K 2 and K 3 plotted against Q3/ Q1 were symmetrical with 
respect to the line Q 3 / Q1 = 0.5. This is as should be 
expected, since it obviously should make no difference 
what direction the flow is caused to turn, whether it be 
to the left or to the righ t. 

The second item of interest noted was the fact that 
in every case tested the pressure change coefficients for 
one lateral appeared to have a reasonably constant value 
over a considerable range of flow divisions. The extent of 
this range seemed to be controlled by the relative mag-
nitudes of the velocities in the two laterals. For all the 
combinations investigated, the first deviation of K from 
this constant value was perceptible when the velocity in 
the line with constant K became less than that in the 
line opposite. Thus K 2 deviated from its constant value 
when V 3 > V 2 , and K 3 when V 2 > V 3 • From this it was 
deduced that the coefficient pertaining to a particular 
pipe was controlled more by the flow in the pipe op-
posite than it was by the flow in the pipe itself. 

A rational explanation of the two phenomena just 
noted can be attempted if it is realized that the pressure 
rise in the lateral carrying the lesser-velocity flow must be 
due to the force of the opposing jet. To aid in visualiz-
ing the forces, it is assumed that a vertical flat plate 
divides the junction box in a direction normal to the 
centerlines of the incoming laterals in such a way as to 
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deflect the two jets. The resultant of the distributed pres-
sure along this plate due to one of the jets may be con-
sidered to be linearly proportional to the jet velocity 
head.* The net force exerted on the plate is the differ-
ence between the forces exerted by the two jets and may 
be considered as transmitted to the fluid and eventually 
to the wall of the inlet. The pipe having the lesser-veloci-
ty flow will be affected by this pressure differential over 
its entire area. 

The final particular to be scrutinized in connection 
with the tests concerns the magnitude of the relatively 
constant values which K 2 and Ka exhibited when V 2 ?.. Va 
and Va ?.. V 2 , respectively. Precisely at the point where 
V2 = Va, K2 and Ka both approached 1.6 in value for 
all the conformations investigated in this series of tests. 
Thus 1.6 might be taken as a "base" value for the pres-
sure change coefficients. 

An attempt is made in the following to combine the 
significant facts just outlined into a mathematical anal-
ysis of the situation. 

Utilizing a notation comparable to those previously 
employed, an expression embodying the fundamental de-
duction from the experiments may be written. 

v~ v2 h;-h; = m2- -m 3 - 3 
2g 2g (18) 

in which m might be referred to as a "mean pressure co-
efficient" and the piezometric head lines have again been 
projected to the branch point. The value of m for a given 
pipe is fi xed .by the ratio of the pipe size to the size of 
the low-velocity lateral. The means by which m may be 
determined will be discussed later. Addition and subtrac-
tion of h'i on the left side of Eq. (18) and division by 
the outfall velocity head results in the equation 

K3-K2=h32-/h2 =m/Q2\ 2(D1)4-m/Q3'-.,2 (D1)4 (19) 
V 1 2g \_Q1) D2 \_Q1/ \D3 

Assuming that m 2 and ma can be estimated, Eq. (19) 
still appears to contain two unknowns, K 2 and Ka. How-
ever, use may be made of the second fundamental ob-
servation discussed previously; viz., the constancy of the 
coefficients at a value of 1.6 until the velocity in the op-
posing lateral exceeds that in the lateral under considera-
tion. Thus Eq. ( 19) permits calculation of the variable 
one of the two coefficients once m 2 and ma are known. 

To determine the mean pressure coefficients Fig. 30 
is included. This figure presents the mean pressure (writ-
ten in terms of the velocity head in the lateral from which 
the jet issues) exerted by a circular jet over any con-
centric circular area of a plate held normal to the jet, 
within the limits of appreciably curved flow resulting 
from the deflection. The curve was prepared on the basis 

*Ralph W. Powell , "An Elementary Text in H ydraulics and Fluid Mechanics" 
pp. 52-54, The Macmillan Company, N ew York, 195 1. 

of a general knowledge of the distribution of pressure 
exerted by a jet together with experimental substantia-
tion. 

The end points of the curve were based on values 
given in the reference literature. A value for m at the 
lateral-diameter ratio of zero can be approximated by the 
stagnation pressure corresponding to the maximum veloci-
ity which occurs at the center of the lateral pipe. Rouse* 
gives an equation for the center line velocity 

Vmax = l.43vT+ 1 
Vmean 

in which f is the Darcy friction factor. In the tests under 
consideration the average value off was 0.018; according-
ly m = 1.42. A value slightly lower than this was finally 
adopted in order to obtain better agreement with the ex-
perimental data. 

At the other extreme Powell proposes a value of 
m = 0.33 for the case in which the pressure is distributed 
over the entire area within which the flow is sensibly 
curved. He suggests that this area is 6 times that of the 
issuing jet. This value of m is less than the correspond-
ing value indicated in Fig. 30. However, the bottom of 
the junction box restricts the expansion of the jet in that 
direction and the average pressure head (which, in effect, 

is equivalent to m V 2 
) is thereby increased over that 2g 

obtaining with a symmetrically expanding jet. Thus the 
higher value in Fig. 30 should be expected. 

For a diameter ratio of unity m must be approxi-
mately equal to the kinetic energy correction factor for 
the lateral flow, which in this case is roughly 1.05 . 

In order to determine the shape of the curve between 
these three values, recourse was made to the experimental 
data. Substitution of the test results into Eq. (19) for a 
given geometry and with all the flow through one lateral 
yields the value of m for that lateral. The results of the 
calculations and the pseudo-theoretical curve are presented 
in Fig. 30 together with the experimental data on which 
they are based. 

Test Results 
Eq. (19) is plotted in Fig. 31 together with the ap-

plicable experimental points. The correlation is clearly 
very good throughout the entire range of pipe-size ratios 
and flow divisions tested. In this regard it is appropri-
ate to note that the one set of tests involving unequal-
size laterals represents conditions as greatly different from 
equal-size laterals as was possible with the equipment 
available. Since Eq. ( 19) is substantiated for D 2 / D a = 
0.524, 1.00, and 1.91, it is reasonable to assume that it is 
also valid for intermediate conditions. Consequently, the 

*Hunter Rouse, " Elementary Mechanics of Fluids", p. 198, John Wiley and 
Sons, Inc., N ew York, 1946. 
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equation can be used with confidence in the construction 
of design charts for this configuration. 

To be noted in Fig. 31 are the large values of the co-
efficients accompanying substantially different velocities 
in the two laterals. Thus when unequal velocities in the 
two laterals are anticipated or may occur, adoption of this 
arrangement of pipes should be carefully evaluated. Means 
of avoiding large losses with directly-opposed laterals are 
discussed in the second half of this chapter. Also men-
tioned there is the results of application of Eq. (19) to a 
box of different relative size with a somewhat different 
pipe arrangement. 

MEASURES FOR IMPROVING OPPOSED-
LATERAL FLOW 

Description of the Modifications 
At once the most obvious and usually most easily 

adopted modification for the improvement of opposed 
lateral flow is the simple offsetting, as in Fig. 16d, of the 
outlets of the laterals into the inlet box so that they are 
not directly aligned. This approach was utilized for the 
test program and significant improvements were noted 
in almost every case. 

As a means of further reducing the excessive pressure 
losses encountered when opposed-lateral systems are em-
ployed, several combinations of plane and curved baffies 
and training walls, or "deflector devices", as they have 
been called, were installed in the inlet box. 

Since it is realized that situations may arise in which 
the laterals may not be offset, some sort of deflecting de-
vice placed in the inlet between the lateral pipes is neces-
sary if large losses are to be avoided. Toward this end the 
standard 6 x 15-inch model junction box was changed in 
size and shape and several other modifications made. 

Detailed descriptions of each of these schemes to-
gether with the relevant test results will be presented 
individually in the following. 

0 ffiet Laterals 
Two basic pipe-size combinations were investigated 

in this series of tests; viz., D 1/D2 = 1.58 = D 1/D3 , and 
D 1 /D 2 = 1.20 with D 1/D3 = 1.91. The former dupli-
cated size ratios used in one set of tests with in-line later-
als so that a direct comparison was afforded in this case. 

From consideration of the distribution of pressure 
created on a plate by a deflected jet it can be reasoned 
that a point at 1.3 diameters from the center of the jet 
would be subject to a very small pressure due to the jet. 
At one diameter the pressure is still small. Therefore, the 
offset of the lateral centerlines should preferably be a 
distance equal to the sum of the lateral diameters. With 
the 6 x 15-inch rectangular box and the pipe-size ratios 
tested in this series, the offsets were 1.18 and 1.67 times 
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the sum of the diameters of the laterals. 
In Fig_. 32 the experimental data on the offset laterals 

are presented. It will be immediately remarked that the 
losses were reduced considerably as compared with the 
directly-opposed laterals. In these tests the pressure change 
coefficients were always below 2.5 times the outfall veloci-
ty head, and generally were below 2.0. Perhaps even more 
important, the coefficients varied between very narrow 
limits throughout the practical range of flow divisions. 
Thus by simply realigning the pipes a material increase 
in the flow efficiency of the junction box was realized. 
While field conditions- existing utilities, etc.-may oc-
casionally preclude the required offset, ordinarily it can 
be obtained. 

No analytical solution for pressure changes at this 
type of junction is presently available. However, three 
significant facts are revealed by the limited experimental 
data. 

When the pressure change coefficients for the two 
laterals are plotted against the ratio of the momentum 
in the lateral farther from the outfall to that in the lateral 
nearer the outfall (as in Fig. 33a), it is seen that the mini-
mum values of both coefficients occur where the lateral 
momenta are equal. 

The second point of significance is evident in Fig. 
33b where the pressure change coefficients for the far 
lateral are plotted against the ratio of the momentum of 
the flow in the far lateral to that in the outfall. This plot 
shows that a common curve results for all size ratios 
when the far lateral carries nearly all the flow. In this 
range the coefficient seems to increase as the momentum 
ratio increases, a condition in general conformity with 
other tests of the rectangular inlet box serving as a junc-
tion. 

A similar plot for K 3 in Fig. 33c exhibits a pattern 
somewhat like that for K 2 , but without a coincidence of 
loss coefficients when the near lateral carries most of the 
flow. Here the effect of a smaller lateral pipe size in re-
ducing the coefficient is similar to that found in tests of 
small-size square manholes reported in Chapter IX. The 
lateral nearer the outfall pipe is close enough to be in 
the zone of acceleration of the flow entering the outfall. 
The pressure in the near lateral would therefore be less 
than in the far lateral for flow divisions near that for 
which the momenta in the far lateral and outfall are 
equal. The test data exhibit this characteristic perform-
ance. 

A group of curves, each for a particular value of 
D 1 /D 2 or. D 1 /D3 can be fitted to a plot similar to Figs. 
33b and c. Since ratios of the momenta of each lateral 
flow to that of the outfall are used, it is now possible to 
construct such curves in the form of design charts for 
these inlets with a portion of the total flow entering from 
an inlet grate. A discussion of the method of construc-
tion of the design charts is presented in Chapter X. 
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Deflector Devices 

Several deflector devices, incorporating deflecting and 
guiding walls, were added to the offset-lateral system to 
further improve the hydraulic characteristics of this con-
figuration. Details of these devices are shown in Fig. 34. 

The deflector devices used were of two basic types. 
In one a wall across the corner of the inlet was used to 
deflect the flow from the far lateral toward the outfall. 
It was realized that the deflected flow would follow the 
far wall of the inlet box, and thus tend to pass across the 
exit from the near lateral, with the possible effect of in-
creasing the pressure level in the near lateral. The second 
type, with a curved deflector across the far lateral termi-
nating in a wall extended to the near lateral, was evolved 
to avoid this possible adverse effect. 

In general, the devices produced the results antici-
pated. The pressure change coefficients for the devices 
shown in Fig. 34 are plotted in Figs. 35 and 36 with the 
experimental values connected by curves. 

The tests originally scheduled involved testing a num-
ber of devices with different sizes of far lateral and out-
fall . The limited time available caused a reduction in the 
tests to only one such comparison. 

To determine the effects of the shape of the corner 
deflectors and of the height of the deflecting wall, tests 
were made with Device No.2 (a curved corner deflector 
wall with a radius equal to the box width and a height 
1.85 times the far lateral diameter), and Device No. 3 (a 
plane wall at a 45 ° angle and with a height 1.33 times 
the far lateral diameter) . The pressure change coefficients, 
K 2 for the far lateral, and K a for the near lateral, are 
shown in Fig. 35. From the almost identical coefficients 
obtained it is evident that the shape of the wall in plan 
is not critical for the particular pipe-size ratios tested, at 
least if the plane wall forms an angle of 45 °, more or less, 
with the extended centerline of the lateral. It also appears 
that a wall height of one and one-third times the diame-
ter of the far lateral is sufficient. 

The effect of the reduction in width caused by the 
insertion of wall-type deflectors is shown by comparison 
of the pressure change coefficients for Device No. 4 with 
those for Device No. 6. The restriction 6f the width of 
the passage of the water from the far lateral to the out-
fall as in No. 4 produces higher values of K 2 , with a 
slight reduction in K a. Both results are to be expected 
from the pattern of flow. It should also be noted that in 
the range of approximately equal flow rates in the equal-
size laterals, the curved corner deflector No. 2 is about as 
effective as No. 6. The 45 ° angle wall, Device No. 3, is 
as effective as Device No. 6 only when the near lateral 
carries 50 to 60 percent of the total flow. Device No. 6 
obviously offers the advantage of holding the values of 
both K 2 and K a relatively constant over a wide range of 

flow divisions. 
It is apparent that addition of a top plate to Device 

No. 6, resulting in Device No. 5, is an ineffective expedi-
ent. The top plate merely reduces K 2 when nearly all the 
flow enters from the far lateral, a condition under which 
this type of junction is not likely to be used. 

The effect of changing the lateral-to-outfall size ratio 
was investigated with Devices No. 6 and 7. Fig. 36 shows 
the results of these tests. 

Pressure loss coefficients for both laterals in the off-
set arrangement can be modified by the use of deflector 
devices. The coefficient K 2 for the far lateral is generally, 
but not always, reduced. In the usual operating range of 
flow division between laterals (approximately in propor-
tion to their areas), Devices No. 2, 3, 5, and 6 result in 
pressure losses for the far lateral of about 1.3 to 1.5 out-
fall velocity heads as against 1.8 without deflectors, while 
Device No. 4 produces 1.8 which represents no change. 
Device No. 7 with unequal laterals indicates an increase 
in the loss coefficient to about 2. The pressure change 
coefficient K a for the near lateral is not always favorably 
modified by the use of deflector devices as can be seen 
through reference to Figs. 32 and 36. 

An over-all appraisal of the deflector devices tested 
would be to say that in general they effected some reduc-
tion in the pressure change coefficients. In addition, the 
wall types (Nos. 4 through 7) produced relatively con-
stant values of both coefficients over a wide range of flow 
divisions. The range of variation of the coefficients with 
the use of Devices No. 2 and 3 is greater, but still not 
large. This characteristic is in decided contrast to the per-
formance of the in-line opposed lateral system. However, 
it is believed, on the basis of the present investigation, 
that the improvement in the hydraulic characteristics of 
the inlet boxes with offset laterals, brought about by the 
use of deflecting and guiding walls, is so slight as to 
make their use unwarranted without further study in 
most cases. The devices will add to the cost of the junc-
tion and at times may offer an opportunity for clogging 
the system with debris. 

Modified Box 
As mentioned earlier, in the field the laterals may 

not always be offset, due to existing utility lines, etc., 
and a modification of the box geometry is necessitated. 
One such modification has been tested and appears prom-
ising. The basic features of this scheme are presented in 
Fig. 37. It should be noted that the in-line laterals were 
positioned nearer the outfall end of the box, a symmetri-
cal curved deflector was used to prevent the direct im-
pingment of one jet on the other, and the lower portion 
of the box was widened relative to the outfall in order to 
accommodate the deflector. The upper portion of such a 
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box could be built to the usual dimensions in order to 
receive the standard grate. 

Tests were run both with and without the central 
deflector. A material reduction in the pressure change co-
efficient is evident in Fig 38 when the deflector is used, 
especially when the flow is unevenly divided between the 
laterals. On these accounts the device should be of some 
utility when the use of directly-opposed laterals cannot 
be avoided. Use of the data in Fig. 38 for the design of 
junctions having a different geometry is not warranted 
since the pressure change values apply only to the pipe-
size ratios tested. However, it is to be expected that simi-
lar modifications of other geometries will work compara-
ble improvements in efficiency. 

An interesting feature connected with these tests con-
cerns the application of Eq. (19) to this box without the 
central deflector. While the box is not strictly comparable 
to the rectangular boxes previously discussed, being of a 
different relative size, still the lines in Fig. 38 represent-
ing Eq. (19) are seen to follow the trend of the experi-
mental data closely. Even though the system is geometric-
ally dissimilar to the previous configuration, the primary 
condition on which Eq. (19) is founded is met since the 

laterals are directly aligned and their jets do impinge on 
one another. Thus the correlation of the test data with 
Eq. (19) for this case adds confidence to the acceptance 
of the equation for in-line opposed laterals. 

Effect of Outfall Entrance Conditions 
While no tests were made to investigate the effect of 

rounded or re-entrant entrances to the outfall pipe, certain 
deductions based on tests of other configurations appear 
reasonable. The use of a projecting entrance should not 
be detrimental in this case, and it is probable that round-
ing the entrance may work a slight improvement. No 
quantitative data can be presented in this regard, but neg-
lecting the effects of rounding can lead only to a more 
conservative design. 

DESIGN DATA 

The curves recommended for use in the design of 
inlets with opposed laterals and without devices will be 
found in the section on design methods appended to this 
report. A discussion of the method of construction of 
these design charts is presented in Chapter X. 
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CHAPTER VIII 
Inlet With Grate Flow 

Since grate flow was combined with flow through 
several pipe arrangements, the tests concerning these dif-
ferent arrangements are reported separately in this chapter. 

GENERAL 

The same 6 x 15-inch rectangular box used in the 
other inlet-box tests was employed for the grate-flow tests. 
Outflow occurred through a single pipe connected to the 
inlet box so that its flowline was flush with the bottom 
of the inlet. The inlet box was so oriented as to have its 
long dimension perpendicular to the direction of the flow 
in the model roadway gutter, in this way conforming to 
the usual practice of the Missouri Highway Department 
and others desiring high-capacity grate inlets in locations 
where these do not constitute a traffic hindrance. Entering 
flow was introduced through a rectangular channel, which 
had a width equal to the long dimension of the inlet. 
The flow entered through a grate with bars parallel to 
the roadway gutter flow. As discussed in Chapter II it 
was designed to duplicate at reduced scale the standard 
structural steel bar grate used extensively by the Missouri 
Highway Department. A uniform depth of the roadway 
gutter flow was maintained across the length of the in-
let-a condition not strictly comparable to the triangular 
flow cross-section usually occurring in such gutters. 

The model grate itself was composed of 3/ 32 x 7 / 8 x 
7-9/ 16 inch aluminum strips placed on ½-inch centers. 
In order to permit the placing of the grate on the box 
in a manner similar to that used in field installations the 
grate was made wider than the box, necessitating the 
7-9/ 16 inch dimension. Inlet box heights were varied be-
tween 12 and 36-3/ 4 inches as discussed later. 

The pressure line position for the outfall pipe was 
measured by the same methods employed in the tests 
previously described. The mean elevation of the water 
surface in the inlet box was determined through use of 
the box-corner stilling wells and piezometer connecting 
ring detailed in Chapter II. Through these means the 
tests supplied data for the difference in elevation between 
the mean depth in the inlet and the outfall pipe pressure 
line, here projected to the center of the inlet. This dif-
ference in elevation was expressed in terms of the outfall 
velocity head. 

GRATE FLOW ONLY 

Description of Arrangement 
The series of tests discussed in this section differed 

from those discussed in later sections of this chapter in 
that in this case the only inflow to the inlet came through 
the grate. Thus this inlet represents the box farthest up-
stream in any pipeline at which flow in the drainage sys-
tem originates. In all of the grate flow tests reported later 
other inflow entered the junction and there combined 
with the flow through the grate. 

Since the inlet box may discharge through outlets 
aligned with the gutter in several different ways, two 
separate series of tests were run embracing the two most 
common arrangements. The outlet pipe was placed either 
at the center of the long side of the inlet, with the di-
rection of the outflow the same as that in the roadway 
gutter, or at the center of the narrow side of the inlet. 

The model was built as a 1-to-4 scale reduction of 
the prototype field structure. Consideration of the varia-
bles involved led to the belief that the rate of flow, the 
velocity in the gutter, the height of free fall of the jet, 
and the depth of water in the inlet would be effective. 
Consequently, provision was made for varying the gutter 
velocity at a given discharge rate, and for the use of two 
different box heights. The box dimensions were main-
tained generally as 6 x 15 inches as used in all the tests 
previously referred to . By submerging the exit from the 
outfall it was possible to vary the depth of water in the 
inlet and thus also the height of free fall. The different 
box heights were used to increase the range of variation 
of these same two variables. 

Test Results 

No satisfactory analytical treatment of the grate flow 
problem has been devised. As a consequence, the effect 
of each of the variables should be examined separately. 
However, as a general rule, it might be anticipated that 
in cases involving a square-edged entrance to the outfall 
pipe with a minimum free fall from the grate and with a 
minimum disturbance in the inlet a pressure drop ap-
proaching 1.5 outfall velocity heads as a minimum would 
result. Any increase in the turbuleJi].ce in the inlet brought 
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about by a greater fall or a lesser depth should be ex-
pected to increase this loss. 

Some of the earliest tests were designed to determine 
the influence of the velocity of the surface flow entering 
the grate. By controlling the depth of the gutter flow at 
the edge of the inlet for a given rate of flow, the veloci-
ty with which the jet began its descent into the inlet was 
regulated. The range of variation was from 1.7 to 5.3 fps. 
As a result the Froude number of the gutter flow was 
varied between 1 and 4. The effect of these variables on 
the coefficient representing the depth in the inlet was 
undetectable. 

Through use of box heights of 24 ½ and 36¾ inches 
the depth of water in the inlet, the height of free fall, 
and the ratio of one to the other were varied in this first 
series of tests. It had been felt that the fall-to-submerg-
ence ratio would be significant since it in effect repre-
sented the ratio of the energy possessed by the falling 
jet to the capacity of the water in the inlet to absorb and 
dissipate such energy. The tests failed to substantiate this 
supposition since with the same fall-submergence ratio 
several values of the depth coefficient resulted. 

Other parameters were investigated and one reduced 
the scatter of the experimental data to acceptable limits. 
This parameter was the ratio, s/ D 1 , of the depth of water 
in the inlet, or "submergence", to the outfall pipe diame-
ter. Two different outfall pipe sizes could be tested with 
the same submergence ratio and almost identical results 
obtained. 

Due to the fact that reasonably long outfall lines 
were required to adequately establish the location of the 
pressure line for this pipe, the resistance loss in the out-
fall forced the depth in the inlet to be held at rather 
large values. As a consequence, values of the submergence 
ratio less than approximately 4 could not be obtained 
with the two box heights used. At the lower submergence 
ratios possible the coefficients appeared to be increasing 
without any apparent limit. Since the submergence ratios 
below 4 are the ones of greatest practical interest, it was 
necessary to initiate a further series of tests using other 
box heights so that this range might be explored. 

A box having a height of 23 inches was used with a 
5.72-inch outfall and a 12-inch high box was employed 
with a 3.00-inch outfall so that in the lower ranges the 
same submergence ratio could be obtained with different 
absolute values of the submergence. Both of these boxes 
were 6 x 15 inches in plan and used a 15 inch gutter. 

In further tests, the 12-inch high box was reduced to 
6 x 7.9 inches in plan and finally to 3.15 x 7.9 inches in 
plan. The latter box was geometrically similar to the 
23 x 6 x 15-inch box with the larger outfall pipe. In all 
these tests the gutter flow left the overfall at very close: 
to the critical velocity. 

Figs. 39 and 40 present the results of the tests on 

these simple inlet boxes with the outfall leaving the box 
from the long side (box-side flow) and from the narrow 
side (box-end flow), respectively. Results with the higher 
of the boxes indicated a continuation of the trend of the 
experimental data at the higher submergence ratios. Both 
the lower box having the 6 x 15-inch plan section and 
the one having the 6 x 7.9-inch plan, on the other hand, 
produced markedly reduced coefficients at the same sub-
mergence ratios. This is attributed to the fact that the 
outfall pipe in the case of the higher box was large 
enough to allow high rates of flow. As a consequence the 
resulting jet from the grate flow struck the side of the 
box. In box-side flow the jet then continued downward 
more or less as a continuous sheet, passing across the 
entrance to the outfall, thereby raising the water level in 
the inlet. With box-end flow the downward moving jet 
set up a spiral motion in the water which apparently re-
quired a higher pressure level to overcome. With the 
lower box and smaller outfall the jet struck the water 
surface well away from the wall. Thus the adverse effects 
mentioned above were not present in either box-side or 
box-end flow. 

The 3.15 x 7.9-inch box only 12 inches in height 
gave water depth coefficients corresponding to those of 
the 6 x 15 x 23-inch box for both box-side or box-end 
outflow. The apparent cause is that the jet again strikes 
the box wall because of the reduced width of the box. 

It would be gratifying to discover a parameter such 
as s/ D 1 which would satisfactorily relate all submer-
gences, outfall diameters, flow rates, and box heights. 
However, with the available laboratory equipment and 
test procedures it was impossible to define a conclusively 
significant parameter for cases in which the submergence-
to-ou tfall-diameter ratio was less than 4. In this range 
Figs. 39 and 40 indicate a different relationship for each 
separate geometry as discussed previously. Due to the 
fact that changes in flow rate or pipe size influenced the 
resistance slope in the outfall and hence the water surface 
elevation in the box, it was extremely difficult to isolate 
a single variable or dimensionless parameter in order to 
determine its effect. 

It should be borne in mind that, while low values of 
s/ D 1 may be quite common in the field, the simple inlet 
must of necessity be the structure furthest upstream along 
any storm drain line. Consequently, the flow through 
such a structure is necessarily limited and the velocity 
head in the outfall is thereby restricted. Thus, a reasona-
ble error in the pressure change coefficient can be reflected 
in only a slightly inexact value for the water surface ele-
vation in this one inlet. Since pressure changes are cumu-
lative upstream in a storm drain system, an error at the 
initial inlet is less critical than one at a down stream in-
let. As a consequence, a more or less arbitrary value for 
the coefficient at the initial inlet may be appropriate. ln 
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the section on design methods at the end of this report 
the upper envelope of the test data was used for the de-
sign curve for such inlets. Calculations performed for field 
inlets indicate that only under extreme circumstances will 
the jet strike the opposite wall. Consequently, the values 
recommended may be unduly conservative. However, suf-
ficient data were not obtained to justify use of the lower 
values. 

An interesting feature of the test results is that the 
pressure change coefficient approached a value of 1.6 
when the submergence was in the range of 10 to 12 out-
fall pipe diameters. This is in substantial agreement with 
the value of 1.5 obtained by assuming a minimum dis-
turbance in the box and also is in fair agreement with 
other configurations where the inflow enters only through 
pipes. 

Effect of Outfall Entrance Conditions 
No tests were run in which the effects of rounded 

and projecting entrances to the outfall were investigated. 
However, based on tests of other configurations certain 
conclusions can be deduced. 

It seems likely that a projecting entrance will have 
a relatively greater effect on grate flow discharging from 
the inlet box side than it manifested in any of the other 
configurations. This is due to the fact that the projection 
forms an obstruction to the descending sheet from the 
grate and in addition places the outfall entrance behind 
the jet. No quantitative estimate of the effect can be 
made, but since it will tend to reduce the pressure level 
in the inlet, it is safe to disregard such effects altogether. 

It would certainly be conservative to neglect the ef-
fect of rounding the entrance to the outfall even though 
it is likely that such rounding is slightly beneficial. 

GRATE FLOW WITH THROUGH FLOW 

Description of Arrangement 

Two series of tests were undertaken involving the 
combination of flow through grates with flow through 
the two-pipe inline system. In these tests the roadway 
gutter flow entered the box on the upstream side thus 
paralleling the flow in the upstream main and in the out-
fall. The ratio D 1 / D 2 was given the two values of 1.00 
and 1.20 while grate flows amounting to 0, 15, 30, and 
45% of the total flow were admitted at critical velocity. 

Test Results 
Figs. 41 and 42 present the results of these tests. In 

these figures QG denotes the rate of grate flow and Kc 
the pressure change coefficient for inlet water levels with 
such flow. The curves shown represent the values ob-
tained in assuming that Eq. (17) , which was derived for 
in-line flow with a 90° lateral, can also be used in deter-

mining K 2 and KG. Obviously Eq. (17) conforms to the 
lower values, but higher values are also possible. 

To examine the cause of these higher values Fig. 43 
was prepared. The data now appear to follow a trend in 
which greater submergences yield lesser coefficients. This 
is in agreement with observation made during the per-
formance of the tests. When the submergence was low, 
the jet from the grate struck the exposed opposite wall 
of the box and was deflected downward. It was thus 
forced as a sheet to impinge on the submerged jet from 
the upstream pipe. A consequent increased contraction at 
the entrance to the outfall, coupled with considerable air 
entrainment, resulted. The combination of these effects 
caused an increase in the pressure level required in the 
inlet box and therefore yielded larger pressure change 
coefficients. On the other hand, higher submergences 
mitigated to varying degrees the effect of both of these 
detrimental actions, and the coefficients were consequent-
ly smaller. In Fig. 43 the flagged symbols along the line 
s/ D 1 = 5 represent the values obtained by use of Eq. 
(17) with the discharge ratios indicated. 

For most designs it is probably sufficiently accurate 
to take account of the grate flow by the use of additive 
increments to the coefficients obtained by use of Eq. (17), 
said increments depending on the submergence. Such a 
procedure was followed in constructing the design charts 
in the section on design methods which is appended to 
this report. 

GRATE FLOW WITH OPPOSED LATERALS 

Only one series of tests was rnn in which flow 
through a grate was combined with in-line opposed-lateral 
flow. In this case the grate flow amounted to 35% of the 
total flow. 

It again appears possible to make certain deductions. 
The primary effect of the grate flow was to raise the base 
pressure used in application of Eq. (19) from approxi-
mately 1.6 into the range of 1.8 to 2.0. _With this modi-
fied base pressure Eq. (19) can be used to calculate K 2 

and K 3 • Fig. 44 presents the test data. The curves super-
posed thereon are given by Eq. (19) with the base pres-
sure adjusted to 1.8 outfall velocity heads. Satisfactory 
agreement is evident, at least for situations in which 35% 
of the total flow entered through the grate. 

Unfortunately the instrumentation for measurement 
of the water surface elevation in the inlet was imperfect 
at the time of this series of tests. Consequently no con-
clusive data on the water surface elevation coefficient can 
be presented. However, it appeared to conform with the 
pressure level in the high-velocity lateral. 

No tests were made for cases in which the laterals 
were offset or in which deflector devices were employed. 
However, it is likely that conditions in the lateral further 
removed from the outfall establish the level of the pres-
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sure in the junction. This level is about 1.4 to 2.0 out-
fall velocity heads above the pressure line in the outfall. 
It is unlikely that the grate flow can have anything but 
a secondary effect on the coefficients, which may probably 
be allowed for by an additive increment of approximately 
0.2 applied to the coefficients without grate flow. 

OTHER CONFIGURATIONS 

Due mainly to limitations on available time, no other 
geometries were tested with grate flow. On the basis of 
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the tests already discussed it is likely that an additive in-
crement-usually about 0.2-will suffice to take into ac-
count any grate flow. 

DESIGN DATA 

The curves recommended for use in the design of in-
lets with flow through top grates as discussed in this 
chapter will be found if\ the section on design methods 
appended to this report. A discussion of the method of 
construction of these design charts is presented in Chapter 
X. 



CHAPTER IX 

Manholes 

Fully as important to the dtsigner of storm drain sys-
tems as the inlet boxes previously treated are the square 
and round junctions commonly placed at changes in pipe 
alignment or grade. Such junctions are customarily desi-
ignated as "manholes". Since in this report only pipes 
flowing full are considered, changes in grade may be 
neglected. As a consequence, the testing of manholes re-
duced to studies of three-pipe systems consisting of an 
upstream main, a 90° lateral, and an outfall (Figs. 16e and 
16£). Primary attention was directed toward situations in 
which most of the flow was carried by the lateral, since it 
had been found in the inlet box investigation that the 
box size and shape must be ineffective so long as the 
momentum of the flow in the upstream main is greater 
than that in the outfall. 

Because it was felt that a reasonably simple pattern 
must exist and because available time was limited, not 
every pipe-size combination was tested with each size of 
manhole. Omitted in the testing were cases with opposed 
laterals, and the vertical off-setting of such laterals, in-
tended to accomplish for manholes what the horizontal 
offsetting had for inlet boxes. 

The tests revealed that the magnitude of the pressure 
changes at various divisions of flow between the lateral 
and the upstream pipe were related to the pressure change 
when all the flow came from the lateral. To aid in the 
analysis of the results of the model tests, the pressure 
changes for all flow from the lateral were first systematized 
with respect to pipe size and manhole size. Then a meth-
od was evolved for reduction of the pressure change coef-
ficients from these maximum values to yield the proper 
values when less than the total flow was carried by the 
upstream in-line pipe. The analysis of pressure changes at 
manholes is therefore divided into these two parts in the 
following discussion. 

ALL FLOW FROM A 90° LATERAL 

Preliminary Considerations 
Conditions under which all the flow in a storm drain 

system must be turned through 90° are very common. In 
any system of considerable length such direction changes 
occur because of the usual practice of conforming to the 
street pattern while following land slopes. 

It is evident from the corresponding tests of inlet 
boxes reported in Chapter VI that pressure losses in such 

systems may be rather large. Means of reducing such 
losses would obviously be desirable. Such methods of loss 
reduction should preferably retain a junction only large 
enough to provide access for maintenance. As a conse-
quence, curving the pipeline to a considerable radius is 
eliminated, while deflectors within the usual manhole are 
acceptable. Reduction in the total loss may possibly be 
accomplished by introduction of a deflection angle into 
a lateral (probably requiring an access structure), and 
subsequent joining of the _lateral to the outfall at an acute 
angle at a junction somewhat further downstream. Such 
structures were not investigated. 

It would seem probable that the size and shape o( 
the manhole should affect the pressure changes across the 
junction. As a consequence, both square and round man-
holes of different absolute size were tested. 

Description of Configuration 
The basis of all the tests on manholes was the three-

pipe system of upstream main, 90 ° lateral, and outfall 
mentioned previously. In some tests with deflectors, flow 
from the upstream main was precluded by the shape of 
such devices . In tests with the three-pipe arrangement no 
flow was admitted from the upstream main in this prelim-
inary but fundamental phase of the investigation. 

Most of the tests were run using a square model 
manhole. Only five series of tests were made with round 
manholes. In addition several deflector devices were tested 
with these manholes, some with more than one combina-
tion of lateral and outfall pipe sizes, and some with both 
square and round manholes. 

The square model manholes tested had side dimen-
sions of 6.00, 6.25 , 7.00, and 10.00 inches, while the round 
manholes tested were 6.88 and 9.88 inches in diameter. 
The ratio of the manhole side dimension or diameter to 
the outfall pipe diameter ranged from 1.05 to 2.10. This 
range represents the practical extent of the value of this 
parameter likely to be encountered in the field . 

The lateral pipe size was varied so as to cover ade-
quately the range of D 1/ D 3 from 0.83 to 1.53. A few tests 
were run with this ratio established at 1.91, and one test 
was run at 0.656. Data for manholes at which the lateral 
is larger than the outfall are required as such cases occur 
at changes of grade. The test with the extreme ratio 
D 1/ D 3 = 0.656 was run in order to verify the contention 
that at very small values of D 1 / D 3 the box should be-
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have as a large reservoir, the coefficient of pressure change 
thus approaching a value of 1.5. This test served to estab-
lish the validity of this reasoning. 

Two series of tests were run in which the entrance 
to the outfall was rounded to ¼ the outfall pipe diaipeter. 
All other tests employed flush, sharp-edged entrances to 
the outfall. 

The methods of testing and of determining the pres-
sure change for the manholes were the same as in the 
case of the inlet boxes. 

Test Results 
It seems unlikely that a sound and general theoretical 

analysis can be devised for the manhole problem. In any 
event the limited number of tests possible within the 
available time could not substantiate such an analysis. As 
a result, graphical solutions were desired for these cases. 
Similar solutions for loss-reducing devices were consider-
ed to be acceptable. 

Square Manholes 
Data derived from the tests on square manholes in 

which all the flow turned 90° are presented in Fig. 45. 
Some of these data were modified to fit the empirical 
analysis for cases in which part of the flow is carried by 
the upstream main. The method by which these modifica-
tions were effected is discussed later in this chapter under 
Combining Flow. Suffice it to say that the data presented 
are in general on the conservative side wherever they do 
not agree completely with the tests. 

The curves shown in Fig. 45 are for constant values 
of the ratio of the manhole side dimension to the outfall 
pipe diameter. They were faired in to best fit the experi-
mental data, guided by the fact that the pressure change 
for the lateral must be controlled to a large extent by the 
momentum of the flow therein. Thus the curves should 
be approximately parabolic in shape, reflecting the pres-
ence in momentum considerations of the square of the 
pi pc-diameter ratio. 

To be noted in Fig. 45 is the effect of the manhole 
size. As this is decreased relative to the outfall pipe dia-
meter, the pressure loss is also decreased appreciably. This 
is attributed to the fact that in a very small square man-
hole the wall opposite the lateral is nearly flush with the 
side of the outfall pipe and thus deflects the flow into 
the outfall. As the manhole is made larger relatively, the 
effect of the wall is reduced and in these cases the lateral 
flow may substantially pass the outfall pipe, thus adverse-
ly affecting the pressure change. These contentions are 
further supported by the tests involving deflectors. In 
moderately large manholes straight walls placed flush 
with the side of the outfall pipe and opposite the lateral 
exit, effecting a reduction in manhole width, exhibited 
significantly beneficial effects. 

In addition to the general effect of relative manhole 
size on the pressure change coefficient 'R.3 , two effects of 
the size of the lateral pipe relative to the outfall may be 
noted in Fig. 45. With small manholes, K:i decreases 
with increasing D 1 / D 3 , and with large manholes 
(b/ D,>1.50), K 3 increases with increasing D 1/D3 . 

An increase in the pressure change as the lateral pipe 
size was reduced was also observed in the earlier investi-
gation of rectangular inlets with combining flow in which 
junction boxes of large dimension transverse to the out-
fall pipe were used. The data from these model tests aid-
ed the determination of the curves of Fig. 45 for the 
larger size square manholes, but are not shown as they 
do not apply to the design of manholes. 

Round Manholes 
The results of tests on round manholes are also in-

cluded in Fig. 45. Apparently the round manhole is a 
more efficient transition than its square counterpart un-
der certain limited conditions. However, definite con-
clusions on the extent of pressure loss reductions with 
such manholes are not possible with only the extremely 
limited number of tests made. Two sets of tests with 
D 1/D 3 = 1.53 indicate a reduction in K3 on the order of 
0.6. Two other tests with D 1/D 3 = 1.20 disclose a re-
duction in the neighborhood of 0.2 . While these material 
improvements do appear to accompany the use of round 
manholes, the trend indicates that in the neighborhood of 
D 1 / D 3 = 1.00 the reduction is less than 0.2. Therefore, 
the design curves presented in the section of this report 
devoted to design methods neglect such reductions. It is 
there recommended that the data on square manholes 
generally be used unchanged for round manholes. 

Deflecting Devices 
Several deflecting devices were installed in the man-

holes to determine their effectiveness. Examples of these 
devices are illustrated in Figs. 46 and 47. While Devices 
No. 8, 9, 10, 11, 12, 13, 14, 15, 16, 25, and 26 were de-
vised for use with three-pipe systems, the results when no 
flow is carried by the upstream main are germane to the 
present discussion. 

A wall parallel to the manhole side and flush with 
the outfall pipe may be considered equivalent to a man-
hole as large as the outfall pipe diameter; i.e., b/D 1 = 1.00, 
as shown by the K3 values in Fig. 45. Wall-type deflectors 
at an angle of about 10° to the outfall centerline, as il-
lustrated by Devices No. 14 and 25 , were quite effective 
in reducing the pressure loss across the manhole as com-
pared to equal-size manholes without deflectors, as in-
dicated in Fig. 45. 

Curved deflector walls, such as Devices No. 17, 19 
and 23, and a wall at 45 ° to each pipe centerline, such as 
No. 21, were the most effective means of reducing the 
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Device 17 a 19 - As shown 
Device 18 a 20- Bottom rounded 

b 

Device 23 - As shown 
Device 24- Bottom rounded 

0 
.0 

b 

Device 21 - As shown; without fairing 
Device 22 -With entrance fairing 

b 

Device 25- As shown 
Device 26- Bottom rounded 

Fig. 46. Deflecting devices for manholes. 
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loss of pressure at a manhole incorporating a 90° angle 
change in pipe alignment. It may be noted in Fig. 45 
that No. 17, with curved wall, and No. 21, with plane 
wall, produce nearly identical pressure loss at the same 
pipe-size ratio. In general the 45 ° or curved deflectors 
used with a lateral pipe smaller than or equal to the out-
fall (common conditions for 90° angle changes) provide 
improvements of a magnitude great enough to justify 
their installation. 

Deflectors like Devices No. 23 and 25 did not ex-
hibit significantly better hydraulic properties in the round 
manholes than their respective counterparts, No. 19 and 
14, did in the square manholes. 

Where the use of small pipe sizes requires determina-
tion of the manhole size on the basis of ease of access 
rather than on connection requirements, the values of 
b/D1 may be rather large with resulting large pressure 
changes in the manhole. In these cases, deflecting devices 
with heights only slightly greater than the outfall pipe 
diameter may be employed to reduce these losses, while 
still retaining adequate working room in the manhole. 

Rounding of the junction of the deflecting walls and 
the manhole floor, toward the end of maintaining the 
shape of the pipe through the manhole, produced only 
small effects when they were indeed detectable. These ef-
fects were not in every case beneficial. Rounding tends to 
deflect the lateral jet upward causing it to be diffused to 
a greater extent than is possible with the un-shaped in-
vert. In any event, the indications of the tests certainly 
do not support the desirability of rounding from the 
hydraulic point of view, and they most assuredly are an 
item of added construction expense. However, filling the 
corner between the floor and a curved or 45 ° deflector 
such as No. 17, 19, 21, or 23 at the entrance to the out-
fall pipe may be desirable to reduce the possibility of 
debris catching in the comer. 

COMBINING FLOW 

Preliminary Considerations 
The tests involving flow through all three pipes of 

the manhole configuration were continuations of the 90° 
angle change tests just described with the addition of an 
investigation of the effect of various divisions of flow be-
tween upstream main and lateral. Since it was felt that 
Eq. (17), derived for and applied to the rectangular in-
let with through and lateral flow, would be adequate for 
manholes when most of the flow is carried by the up-
stream main, major attention was given situations in 
which most of the flow entered from the lateral. 

Description of Con.figuration 
The same general arrangement and pipe-size ratios 

were employed as in the cases in which all flow was car-

ried by the lateral. The main-to-outfall pipe-size ratio was 
generally small, but a few tests were run with upstream 
mains nearly as large as the outfall pipes. 

Analysis 
No satisfactory theoretical analysis of flow through a 

manhole has yet been formulated. However, an entirely 
empirical modification of the equation for rectangular in-
lets-Eq. (17) -has been devised which yields very prom-
ising results. Somewhat different equations are required 
for the upstream and lateral coefficients, K2 and K a, re-
spectively. 

For the upstream main the equation 

(20) 

is proposed, in which K 2 is the value of K 2 when all the 
flow enters the manhole from the lateral as shown in 
Fig. 48. 

For the lateral pipe the equation 

- [ (Q D )2D,/D,] K 3 =K 3 1- ~.!:::.l-
Q1 D2 

(21) 

is proposed, in which K a is the value of Ka when all the 
flow comes from the lateral as shown in Fig. 45. The 
variable exponent was devised to reflect the fact that at 
large values of D 1 / D a the curvature of plots of K a vs. 
Q a/Q 1 is greater than at small values. 

Both of Eqs. (20) and (21) satisfy two necessary 
conditions. They correspond to the experimentaJ,-data 
when Qa/Q 1 = 1, and they have the value zero when the 
momentum in the upstream main equals that in the out-
fall. The necessity of the second of these two conditions 
was established by the test results. That Eqs. (20) and 
(21) do indeed satisfy this requirement is evident if it is 

. d h h . (Q2 Di)· h. recognize t at t e quantity Qi 0 2 1s not mg more 

than the square root of the momentum ratio between the 
upstream main and the outfall. To obtain values of K2 

and K a for discharge rates less than thos.e prevailing at 
equal upstream and outfall momenta, resort must be had 
to Eq. (17). 

Test Results 

In-Line Main Pressure 
Data derived from the tests on square and round 

manholes in which all the flow turned 90° are presented 
in Fig. 48. Although the in-line pipe carried no flow, in 
the tests it filled with water from the lateral as flow was 
established, and served to measure the pressure level in 
the model manhole. Together Figs. 45 and 48 give com-
plete data on pressure changes for conditions in which 
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all flow turns 90°. 
The curves shown in Fig. 48 are for constant values 

of the ratio of the manhole side dimension or diameter 
to the outfall pipe diameter, as in Fig. 45 . The plotted 
points for K 2 at Q3 / Q 1 = 1 in Fig. 48 are obtained by 
plotting K 2 against Q3 / Q1 and then extending curves 
through the values for Q3/Q1 less than 0.85 in accordance 
with Eq. (20). The procedure of plotting points and 
drawing curves in Fig. 48 was similar to that described 
for the construction of Fig. 45. 

Plots of K 2 and K 3 vs. Q3/ Q1 from the test data re-
vealed that both often reached maximum values with 
some flow from the in-line pipe rather than at all flow 
from the lateral , as might be implied by Eqs. (20) and 
(21). However, for all flow from the lateral the values of 
K 2 and K 3 were materially less than at lesser portions of 
lateral flow only when the lateral pipe was significantly 
smaller than the outfall. Conditions of a small size lateral 
pipe with a high proportion of the flow are not common 
in field practice. Therefore the methods used to deter-
mine K2 and K 3 at all flow from the lateral are consider-
ed to be justified. Any errors in estimating pressure 
changes are on the side of over-estimation. 

Square and Round Manholes 
Several typical plots of observed values of K 2 and 

K 3 vs. Q 3 / Q 1 are shown in Figs. 49-51. The curves shown 
represent values given by Eqs. (20) and (21) based on 
the K 3 and K.2 values of Fig. 45 and 48, respectively. 

Those curves in Fig . 51 were obtained through use 
of the values for K3 for round manholes as given in Fig. 
45 rather than from the curves, which apply only to 
square manholes. Obviously the conformance of the equa-
tions to the test data is satisfactory, even when markedly 
different upstream main pipe diameters are employed. 
This is ind1cated in Fig. 49 and is significant in that quite 
different ranges of the parameter Q3 / Q 1 are involved. 
Certainly, use of Eqs. (20) and (21) in the construction 
of design curves for manholes is entirely warranted. 

It is worthy of note that the only distinction be-
tween the square and round manholes is manifested in 
the different values (in general lower) of K3 required for 
the latter. Otherwise, the application of Eqs. (20) and 
(21) is exactly the same for both shapes. 

Deflecting Devices 
Several deflectors, as shown in Figs. 46 and 47, were 

installed for the purpose of reducing pressure losses at 
manholes. Results of the tests on a few of these deflectors 
are presented in Figs. 52 and 53. Several conclusions can 
immediately be drawn from these graphs and others were 
based on test results which are not included in Figs. 52 
and 53. 

Corner deflectors intended to turn the flow from the 

lateral and reduce its impingement on the through flow, 
as incorporated in Devices No. 8 and 11 (Fig. 52), were 
generally ineffective in reducing pressure losses. In fact 
Device No. 8 had an adverse effect on the lateral pres-
sure loss for large values of Q3/ Q1 due to the throttling 
effect at the deflector. 

Rounding or shaping of the manhole bottom also 
proved to be ineffective. As evidenced by Devices No. 13, 
15, and 26, (Figs. 52 and 53) the pressure loss for the up-
stream main was markedly increased by the rounding 
when most of the flow was carried by the lateral. This 
was ascribed to the tendency of the rounded bottom to 
deflect the jet from the lateral upward thereby causing 
the jet to be diffused more thoroughly than it was with-
out the rounding. Certainly no major improvement ac-
crues with the use of rounding to approximate the pipe 
section at the junction between the deflectors and the 
manhole floor. Consequently, its use is not recommended. 

Device No. 16 (Fig. 52) exhibited some reduction in 
the lateral pressure loss when almost all the total flow 
was carried by the lateral. However, at lower values of 
Q3/ Q 1 with V 2 V 3 the loss was increased over that pre-
vailing for the same pipe sizes without the deflector. As a 
consequence, use of deflectors similar to N o. 16 is not 
recommended. The offset of alignment between the up-
stream main and outfall necessary to accommodate this 
type of deflector does not appear to be justified. 

Simple wall-type deflectors, extending from the side 
of the upstream pipe to the outfall and therefore at an 
angle of about 10° with the through-pipe centerline, as 
exemplified by D evices No. 14 and 25, proved to be the 
most effective of those tested. Significant reductions in 
the lateral pressure loss resulted from their use without 
the adverse effects exhibited by the other devices previ-
ously discussed. Deflector walls parallel to the outfall 
pipe and without bottom rounding were also tested rn 
square manholes. These appeared to be only slightly less 
effective in the reduction of pressure losses than the 10° -
angle deflectors so long as the manhole side dimension 
did not exceed 1.5 D 1 . The parallel wall was less effective 
in the large manholes. 

On the basis of the necessarily limited number of 
tests on wall-type deflectors at an angle to the outfall 
pipe, the lower two curves in Fig. 45 were added to take 
care of these deflector types. The tests with parallel wall 
deflectors, also limited, served to define the curve for 
b/ D 1 = 1.00 in Fig. 45. Reduction of K 2 by angled de-
flector walls is not as great as in the case of K 3 • On the 
basis of the test data available, a curve for b/ D 1 = 1.00 
was added to Fig. 48 for use in defining K2 for both 
zero-angle and 10° deflector walls. Further reduction of 
K 2 for the angled deflectors does not appear justified. 
With Figs. 45 and 48 the pressure changes in manholes 
with the recommended wall-type deflectors may be cal-
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culated using Eqs. (20) and (21) , just as they may be for 
manholes without deflecting devices. 

The two series of tests in which a rounded outfall 
entrance was employed indicate an average reduction in 
K 3 of approximately 0.25. A reduction of 0.2 may be ap-
plied to both K 2 and K 3 for purposes of design. Dimin-
ished reductions as greater portions of the flow are car-
ried by the upstream main will result through use of 

Eqs. (20) and (21) . 

DESIGN DATA 
The curves recommended for use in the design of 

manholes similar to those discussed in this chapter will 
be found in the section on design methods appended to 
this report. A discussion of the method of construction 
of these design charts is presented in Chapter X . 
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CHAPTER X 

Applications to Design 

While design data are not necessarily a proper addi-
tion to a research report, inclusion of such material frees 
the designer from the necessity of constructing design 
curves, tables, etc., from the results of the investigation. 
Appended to this report is a section on design methods 
which includes ten design charts and several examples of 
their application. The purpose of the present chapter is 
to discuss the application of the analyses and test results 
presented in the preceding chapters to the construction of 
design charts. 

General 
Since the test results reported in the previous chapters 

were generally in dimensionless form, the creation of de-
sign charts from them was a relatively simple matter. 
However, in order to be easily read and interpolated, the 
design charts required regular values of the parameters 
( 0.6, 0. 7, 0.8, etc.) rather than the uneven values dictated 
by the available model pipe sizes and used throughout 
the discussion of the test program and results. 

Obviously, in cases for which analytic solutions were 
obtained, it was only logical to utilize such solutions in 
constructing the design curves. When the design data 
were based directly on the test results without analytical 
substantiation, dimensionless ratios were still employed 
in order to widen the applicability of the data. 

The design charts presented in the section on design 
methods cover all the configurations tested with the ex-
ception of those arrangements involving loss-reducing de-
vices used in conjunction with offset opposed laterals 
(Chapter VII) . Sufficient data were not available for these 
devices to permit generalization to design curves appli-
cable to all such devices . 

For purposes of constructing the design charts the 
rectangular inlet boxes used as junctions were considered 
to admit flow through a top grate even though the par-
ticular configuration was not tested in the laboratory 
with such flow. Justification for this procedure will be 
discussed in conjunction with each of the design charts. 

Discussion of the application of the results of the 
investigation to design will be discussed in the numerical 
order of the charts as presented in the section on design 
methods appended to this report. 

Chart 1 

This chart presents the notation, nomenclature, and 

general definitions employed in the section on design 
methods. Several of the symbols are different from those 
used heretofore in this report. Such a notation was adopt-
ed mainly to conform with that employed elsewhere in 
hydraulic design. The modified subscript notation is 
employed for purposes of identifying the location of a 
particular pipe in a given system. In storm drainage work 
it is customary to designate inlets and manholes by num-
ber. Consequently, to avoid confusion a system of letter 
subscripts was adopted as itemized on Chart 1. 

Chart 2 
This chart presents design data for the rectangular 

inlet used to admit flow through a top grate only. As ex-
plained in Chapter VIII, the test data on this arrange-
ment are the least conclusive of those on any of the con-
figurations investigated. The indication is that at low 
values of the submergence-to-outfall-diameter ratio (less 
than about 4) a separate curve is applicable to each in-
dividual geometry tested. Unfortunately this is also the 
range of greatest interest to the designer. In such a situa-
tion best practice dictates that the largest possible values 
be used. In this particular case there is no absolute as-
surance that the curves presented in Chart 2 are indeed 
the highest possible. However, they are approximately 
the upper envelopes of the test data presented in Figs. 39 
and 40. 

One characteristic of the structure to which Chart 2 
applies has a mitigating influence on the uncertainty 
mentioned above. Such inlets are necessarily limited in 
the amount of water they can and should admit. As a 
consequence, the velocity head of the flow in the outfall 
may be quite small thereby relegating any erroneous 
values of Ka to relative unimportance in the calculation 
of ha. 

Fortunately, uncertainties of the type associated with 
the simple inlet do not appear to be present when such 
inlets are used as junctions. 

Chart 3 

Design data concerning rectangular junction boxes 
without grate flow but with an upstream main and out-
fall directly in-line across the short dimension of the box 
are presented in this chart. As in the case of all the other 
design charts only those situations are considered in 
which all pipes flow full. The pipes are positioned verti-
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cally so that they are between the limits of flowlines 
aligned or crowns aligned. An offset in plan is also al-
lowable provided the projected area of the smaller pipe 
falls within that of the larger. 

The theoretical analyses for this configuration pres-
ented in Chapter V were sufficiently well substantiated by 
the experiments to permit their use in the construction 
of design curves. Eq. (13) was used in plotting the posi-
tive values for Ku in the range Du/D0 > 1, while Eq. (7) 
was used similarly for the negative values for Ku in the 
range Du/D0 < 1. 

In Fig. 23 is shown the results of tests on varying 
junction widths combined with equal-size upstream mains 
and outfalls. A small but consistently positive value of 
the coefficient is indicated for these cases even though 
Eqs. (7) and (13) both yield zero. For a box width of one 
outfall pipe diameter the coefficient is approximately 0.05 
and increases to approximately 0.2 when the box width is 
increased to three outfall pipe diameters. As a conse-
quence, three curves are shown in Chart 3 for three dif-
ferent relative box widths. The coefficients obtained ex-
perimentally again approach those indicated by Eq. (13) 
at approximately Du/D0 = 2.0 and the curves are con-
structed accordingly. On the other hand, as Du/D0 be-
comes small, the effect of the junction width diminishes 
so that the entire curves may be easily constructed. 

The curves referred to above concern only square-
edged entrances to the outfall. Rounding the entrance to 
about ¼ the outfall pipe diameter is most effective for 
contracting transitions (Du/D0 > 1 ). The values of Ku 
for these conditions may be calculated from approxima-
tions of the contraction coefficients. The trend of the 
data for such contractions indicates the coefficient to be 
about zero when equal-size pipes are employed with boxes 
having widths up to two outfall pipe diameters. For 
values of Du/D0 < 1 the data in Fig. 29 show conform-
ity between Ku and the theoretical values, and so permit 
sufficiently accurate determination of the curve for rounded 
entrances. 

With regard to the rounded entrances discussed 
above, it can be shown that the effect of such extra-cost 
items must necessarily be small. For example, if the up-
stream pipe has a diameter 1.25 times that of the outfall 
(a rather extreme case with all flow straight through), 
the contraction coefficient defining the area of the con-
tracted flow in an outfall with square-edged entrance is 
0.67. Eq. (13) thus yields a value for the pressure change 
coefficient of 0.83. Rounding the entrance to a radius of 
¼ D 0 will increase Cc to about 0.73 and consequently 
yield 0.73 for the pressure change coefficient. A very large 
radius of rounding (say ¼ D 0 ) will further reduce the 
pressure change coefficient to approximately 0.65. Thus a 
reduction of only 0.18 is obtainable even under these 
rather extreme circumstances. 

It must follow that shaping the junction floor so as 
to carry the upstream pipe sector to the outfall cannot 
increase the contraction coefficient materially even if car-
ried to the extreme of shaping to the mid-heights of the 
pipes. Probably 0.75 is the maximum contraction coeffi-
cient obtainable thusly with a square-edged entrance and 
Du/D0 = 1.25, so that the pressure change coefficient 
can be reduced only about 0.1. With more nearly equal 
pipe sizes the effect of such shaping is virtually undetecta-
ble. Consequently, such shaping is not recommended for 
the design of such junctions. 

Chart 4 
This chart presents design data for flow straight 

through a rectangular inlet with flow also entering the 
inlet through a top grate. 

Moderate amounts of such grate flow should logical-
ly be expected to have little more effect on the situation 
obtaining when all the flow enters from the upstream 
main than to increase the pressure to the value required 
to accelerate the entering grate flow. Any further increases 
in the inlet pressure (and consequently the pressure in 
the upstream main) required to overcome the interference 
of the falling jet on the movement of the main flow 
through the inlet box should be expected to be minor as 
compared with the pressures required when all the flow 
enters through the grate (Chart 2). However, even if 25% 
of the total flow could be admitted through the grate 
without any adverse effect, the analysis for through flow 
with a lateral indicates that an increase in the upstream 
pressure will be required. For example, if Du/D0 = 0.87 
and the upstream pipe carries 75% of the total flow, a 
pressure head rise of 0.5 outfall velocity head is necessary. 
Thus, negative pressure changes caused by a smaller up-
stream pipe carrying almost all the flow are not likely, to 
be encountered if flow is admitted through the grate. 

The test data support the above reasoning as shown 
by Figs. 41-43 where they are compared with Eq. (17), 
which was derived for the case of through flow with a 
lateral. Thus, Eq. (17) may be used as a starting point in 
the construction of design curves: Then the effect of vari-
ous amounts of grate flow as indicated in Fig. 43 may be 
incorporated if a depth of water ( or submergence) in the 
inlet is specified. The submergence for which the primary 
curves in Chart 4 were prepared was 2.5 outfall pipe di-
ameters. The supplementary chart was then added to ac-
count for the effects of other submergences, as indicated 
in Fig. 43. 

As in the construction of Chart 3, an upward adjust-
ment of the curve of Qu/Q0 = 1 is necessary to take 
account of the fact that the pressure change is not zero 
with equal-size pipes. The curve for A/Du = 2 in Chart 
3 was used for this purpose. This modification is reduced 
to insignificance for Qu/Q0 less than 0.7. The principal 
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upward adjustment of the curves is made in order to con-
form with the results of the tests with grate flow. Other 
values of A/Du likely to be encountered in design should 
modify Chart 4 only slightly, if at all. 

While all the curves in Chart 4 apply to square-
edged outfall entrances, rounding may be taken into ac-
count through use of the data in Fig. 29: If one-half the 
total flow enters through the grate, rounding the outfall 
entrance to ¼ the outfall diameter reduces the pressure 
change coefficient approximately 0.2 .. Lesser proportional 
rates of grate flow result in smaller reductions due to 
rounding. 

Chart 5 

Presented in this chart are the design d2.ta for inlet 
boxes used as junctions for in-line mains and laterals. 
Construction of this chart was accomplished through 
methods similar to those used in the construction of 
Chart 4. It was based on the same type of reasoning and 
reflects the influence of some of the same test data. 

When grate flow is added to the flow in an in-line 
upstream main and outfall, the ratio of the grate flow to 
the flow in the outfall may be included directly on the 
chart since QG/Q0 = 1 - Qu/Q0 . When flow from a 
lateral pipe is included, such a direct substitution is not 
feasible. A supplementary graph is required to account for 
the increase in pressure due to the disturbance in the in-
let caused by the grate flow. 

The controlling pressure and momentum forces arise 
from the flow in the upstream main, so that the ratios 
Qu/Q0 and Du/ D 0 will govern. Thus Eq. (17) may be 
utilized if the proper changes in the notation are made. 
The results of the use of this equation need only be modi-
fied to account for the effect of the grate flow. 

While no tests were run in which grate flow was 
admitted to this pipeline arrangement, results with the 
other configurations guided the construction of the sup-
plementary curves. All rates of grate flow should increase 
both Ku and KL to some extent. However, such increases 
were found to be small when no lateral pipe was in-
cluded. In addition, these increases were independent of 
the upstream main-to-outfall pipe size ratio provided the 
depth of water in the box was 2.5 times the outfall pipe 
diameter or greater. For lesser depths these additive incre-
ments increased both with the pipe size ratio and with 
the proportion of the total flow admitted through the 
grate. Three separate supplementary diagrams were added 
to the basic data in Chart 5 to handle the effect of sub-
mergence. 

As was noted in Chapter VI, Eq, (17) applies with 
comparable accuracy to the calculation of both Ku and 
KL. As a consequence, the data in Chart 5 are equally 
useful in the determination of either coefficient. 

No curve for Qu/ Q 0 = 1 was included since grate 

flow, flow from the lateral, or combinations of both cus-
tomarily will account for at least 10% of the total flow. 
The values shown for the curves for Qu/ Q 0 = 0.8 and 
0.9 have been adjusted upward slightly to account for the 
effects of distance across the inlet indicated by the tests. 
These adjustments were similar to those required in the 
cases of Charts 3 and 4. 

Chart 6 
Design data for the rectangular inlet with two later-

als directly opposed at the center of the long side of the 
box are presented in this chart. 

The tests on this configuration without grate flow 
proved the reliability of Eq. (19) for such an arrangement. 
These tests also verified the applicability of the mean 
pressure coefficients presented in Fig. 30. Consequently 
this equation and figure form the basis for Chart 6. 

The pressure change coefficient, Khv, for the lateral 
carrying the higher velocity flow was found to have a 
reasonably constant value ( approximately 1.6) in tests 
without grate flow. This results from a right-angle deflec-
tion of the flow toward the outfall. The constancy of the 
coefficient was indicated by tests with both equal and 
greatly different lateral pipe sizes and with both equal and 
greatly different lateral and outfall pipe sizes. Thus, it 
seems likely that use of other inlet box sizes or other 
pipe-size ratios can have only a negligible effect on this 
factor. 

It is reasonable to conclude ( and the tests bear out 
the conclusion) that the addition of flow through a top 
grate cannot have a material effect on the pressure in the 
lateral carrying the higher-velocity flow. A pressure level 
in the inlet sufficient to accelerate the flow to the velocity 
of the flow in the outfall already exists. The one series 
of tests in which grate flow was combined with opposed 
lateral flow indicated that an increase in the base pressure 
(Khv) to a value of about 1.8 is appropriate. 

Inlets to which water is carried by opposing laterals 
will usually be located at low points in the pavement 
grade. Thus, gutter flow will generally approach the grate 
from both directions with a consequent mingling of the 
two falling jets. A lesser tendency tQ set up spiral flow 
in the inlet will result. Since the inlet is supplied by two 
pipes as well as the grate, it is reasonable to assume that 
the gutter flow will not be a major portion of the total 
flow. Consequently, an increase in the coefficient of 0.2 
to account for the effects of grate flow should be conserv-
ative. As mentioned in the preceding paragraph, the one 
series of tests (in which the grate flow amounted to 35% 
of the total) verified this conclusion. In constructing 
Chart 6 the base pressure was increased accordingly and 
an equation similar to Eq. (19) was utilized (see below). 

Eq. (19) must be modified when grate flow is con-
sidered because in this instance the ratio Q 3 / Q 1 is no 
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longer fixed simply by Q2/Q1 . Resorting to the notation 
of the section on design methods, Eq. (19) may be re-
stated as 

Then 

K,.+a + m,.(~:·)'(~~.)']-m,.(~:)(~)' 
Since the m-values may be obtained from .Fig. 30, the 
above equation is readily solved. It may be stated alterna-
tively as 

K 1v = H-L 

in which H is the pressure factor for the higher-velocity 
lateral ( the bracketed quantity) and L is that for the 
lower-velocity lateral. 

The latter of the two factors discussed above is not 
modified by the relative size of the opposing lateral since 
the pressure differential is exerted on the area of the low-
er-velocity lateral. However, the m-value for the higher-
velocity lateral and, consequently, the value of H are 
modified by the relative size of the opposing laterals as 
indicated in Fig. 30. The graph of H presented in Chart 
6 was prepared for a lateral-diameter ratio of unity. A 
similar graph for Dhv/ D 1v = 0.8 was superposed. It was 
found that the two sets of curves could be made to coin-
cide by simply shifting the abscissa scale a small distance 
to the right and slightly changing the divisions of the 
scale. Such a scale was added to the graph for H in Chart 
6. Interpolation and extrapolation within moderate limits 
should be considered proper in this case. 

Chart 7 

Design data for the rectangular inlet with two later-
als opposed but offset in plan view are presented in this 
chart. 

Construction of this chart was considerably compli-
cated and exact definition of the curves was rendered dif-
ficult due to the fact that no analytical solution was avail-
able for this case. However, the difficulties were overcome 
through careful examination of the test data coupled with 
the use of graphical solutions of the problem. 

In Fig. 32 it is seen that the pressure change coeffi-
cients for both laterals vary through only a limited range. 
Consequently, it may be reasoned that the patterns for 
KN, the coefficient for the lateral nearer the outfall, and 
KF, that for the lateral farther from the outfall, may be 
extended with confidence to lateral diameter ratios some-
what outside the range actually tested. In addition, the 
effects of grate flow should be minor, as they were in the 
case of directly opposed laterals. 

The low points of the curves presented in Figs. 336 
and 33c, corresponding to equal momenta of the flows in 

the two laterals, would be shifted toward the left if a por-
tion of the total flow enters through a grate. However, 
calculation of the amount of shift required with 20% of 
the flow entering through a grate discloses that such a 
shift is not material. Another factor lends support to this 
conclusion. In practical problems of storm drain design 
the friction slopes for the various pipes must be kept rea-
sonably close to those of the other pipes of the system. 
Thus, if the friction slopes of the laterals vary between 
one-half and twice that of the outfall, the ratio of the 
lateral momentum to that in the outfall when the lateral 
momenta are equal can vary only within fairly narrow 
limits. As a coRsequence, the offset of the low points in 
Figs. 336 and 33c can cover only a narrow range as the 
grate flow varies from 0 to 20% of the total flow. 

The design curves in Chart 7 are based on the pat-
tern exhibited in Fig. 33 with the low sections of the 
curves somewhat widened to include the effects of grate 
flow in moderate amounts. In addition, all test values of 
the coefficients have been increased by 0.2 to provide for 
the estimated effects of such grate flow. The abscissa is 
the product of the flow ratio and the reciprocal of the 
corresponding diameter ratio. Consideration of the two 
distinct notations employed in the body of the report and 
in the section on design methods discloses that the ab-
scissa scales in Chart 7 are the square roots of the corre-
sponding scales in Figs. 336 and 33c. 

Chart 8 

Design data for the lateral pressure change coefficient 
for square and round manholes with upstream main, 90° 
lateral, and outfall are presented in this chart. 

The chart for K L, the coefficient for the change in 
the lateral pressure with all flow from the lateral, is ob-
tained from Fig. 45 by conversion of the pipe-size ratio. 
Construction of the curves for equal manhole size ratios 
in Fig. 45 was discussed in Chapter IX. These curves ap-
ply to square manholes with square-edged entrances to 
the outfall. 

To determine the coefficient for the lateral pressure 
change with flow supplied by both the lateral and an up-
stream main, it is necessary to apply Eq. (21) to the val-
ues of K L found from the chart. The nomenclature is 
changed to t hat used in the design charts . The upper 
graph of Chart 8 presents solutions for the multiplier of 
KL in Eq. (21). By use of both graphs KL may be de-
termined, since K L = K L x M L. 

Tests with round manholes were very limited. It is 
evident that the change of pressure from lateral to outfall 
is somewhat less with round manholes than with square 
manholes of equal dimension, as shown in Fig. 45. It is 
also apparent that little reduction of loss m ay be obtained 
with equal-size lateral and outfall , and th e greater of 
these reductions occur only with small lateral pipes. Until 
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further experimental investigations may be completed, a 
conservative course would be to use the KL values for 
square manholes in the design of round manholes, as well. 

Chart 8 may also be used for determination of pres-
sure changes for the 90° -lateral pipe for cases in which 
deflectors are used in manholes. The curves for parallel-
wall deflectors (B/ D 0 = 1.00), deflectors at 5° to 15°, 45 ° 
or curved corner deflectors were obtained directly from 
Fig. 45 . The corner deflectors may be used only for a lat-
eral pipe without an upstream main. For the wall-type 
deflectors KL = KL x ML may be obtained by use of 
Chart 8 in the same way as for manholes without deflec-
tors, merely by reading KL from the appropriate curve. 

Chart 9 
Design data for the upstream main pressure change 

coefficient for square and round manholes with a lateral 
pipe are presented in this chart. Together Charts 8 and 9 
give design data for both the lateral and the upstream 
main for most pipe size combinations and flow divisions 
occurring at such junctions. Other less common cases may 
be designed through the use of Chart 10. 

Construction of Chart 9 from the test data closely 
paralleled that of Chart 8, being based on Fig. 48 and 
Eq. (20). In this case, the multiplying factor Mu for the 
upstream main at a manhole with a lateral pipe is not a 
function of the lateral pipe size relative to the outfall 

pipe size. Therefore the exponent for (~: ~:) in Eq. 

(20) is constant, and only one curve appears in the upper 
graph of Chart 9. 

Tests of round manholes did not show changes in Ku 
as compared with square manholes of comparable size. 
Therefore Chart 9 applies to both manhole shapes. 

Wall-type deflectors exhibited a reduction of loss for 
the various sizes of square and round manholes. However, 
the pressure change coefficient K u for deflector walls at 
an angle of approximately 10° was not significantly less 

than for parallel wall deflectors . Thus, the curve for 
B/ D 0 = 1.00 in Chart 9 may be applied for both types. 
No curve for corner-type deflectors is included, since 
these preclude flow from an upstream main. 

Chart 10 

Charts 8 and 9 present design data for manholes for 
most cases of positive pressure change coefficients. Where 
the momentum of the flow in the upstream in-line main 
exceeds that in the outfall, that is when Qu/Q 0 x D 0 / Du 
exceeds 1.0, the coefficients are negative. Chart 10 is pre-
sented to provide for these cases of negative coefficients 
and to extend the range of application of the charts to 
cases of DL/ D 0 less than 0.6, which cases involve posi-
tive pressure change coefficients. 

Chart 10 was based on Eq. (17), with minor increases 
of the coefficients to account for the known effect of dis-
tance across the manhole as indicated by Fig. 23 . The 
chart may be used to determine both K u and KL since 
these coefficients are essentially equal in the range covered 
by the chart. 

Chart 10 applies both to square and round manholes 
with equal reliability. Changes in manhole size commonly 
encountered do not affect negative pressure change coef-
ficients and have little effect on positive coefficients in 
the range included. In addition, use of deflector walls has 
little effect on the coefficients in the flow distribution 
range included by the solid line curves. 

Rounding of the entrance to the outfall pipe to a 
radius of 1/s D 0 will practically eliminate any increase in 
the coefficients given by Eq. (17) caused by greater dis-
tances across the manhole when square-edged entrances to 
the outfall are employed. Rounding will also be effective 
for Du> D 0 . Coefficients for rounded entrances to the 
outfall pipe, at Q u = Q 0 , are shown in Chart 10. The 
relation between the curve for rounded entrances and the 
curve for square-edged entrances at Qu/ Q 0 = 1.0 may be 
used as a guide for evaluating reductions in Ku and KL 
for rounded entrances to the outfall pipe. 
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CHAPTER XI 
Summary 

In storm drain design no data concerning the hy-
draulic behavior of operi junctions has been available up 
to the present time. The present report not only presents 
a discussion of the results of a test program involving a 
wide variety of such junctions, but also presents data and 
methods for the hydraulic design of these structures. De-
signs based on these data can be made with assurance so 
long as the basic limitations of the data are not exceeded. 
Primary among these is the restriction to full-pipe flow. 

In addition to the quantitative results discussed above 
several qualitative conclusions of interest to the designer 
have been reached and are reiterated below. 

1. In flow involving an upstream main aligned with 
the outfall, shaping of the invert, rounding of 
the outfall entrance, and other similar modifica-
tions heretofore thought to be beneficial were 
found to be ineffective. On the other hand, pro-
jecting entrances to the outfall were found not 
to be detrimental. 

2. In the case of an in-line main with a lateral, 
rounding of the outfall entrance was found to 
be effective in reducing pressure losses when 
large portions of the flow were carried by the 
lateral. However, reentrant entrances did not ex-
hibit adverse effects in such cases. 

3. Directly-opposed laterals should not be employed 
when they are expected to carry flows having 
greatly different velocities. 

4. Horizontally offsetting such opposed laterals was 
found to measurably improve the hydraulic char-
acteristics of these junctions. 

5. Loss-reducing devices were found to be of little 
benefit when combined with the offsetting of the 
laterals as described in 4 above. 

6. Flow entering the inlet from a top grate was found 
to increase the piezometric head losses when such 
flow was combined with other inflow from pipes. 

7. Such grate flow was found not to be susceptible 
to any analysis attempted, partly because the ef-
fect of each of the variables could not be isolated. 

-81-

8. In manholes the pressure loss is decreased as the 
manhole size is decreased relative to the outfall 
pipe size. 

9. In small manholes the lateral pressure change de-
creases as the lateral pipe size is decreased rela-
tive to the outfall pipe size. In large manholes 
the reverse is true. 

10. Deflecting devices in manholes were found to be 
quite effective, particularly those involving flow 
from a lateral only. Those deflectors used with 
three-pipe systems were somewhat more bene-
ficial in reducing the lateral pressure loss than 
they were for the upstream main. 

On the basis of the experience gained during the 
course of the project reported on herein, it would appear 
advantageous to consider further studies of this type con-
cerning the topics listed below. 

1. Further study of the offset-opposed-lateral system 
both with and without devices is required to es-
tablish the design data more definitely. 

2. Further study of the drop inlet is required in 
order that the effect of each of the variables may 
be illuminated. Such a study must be designed 
in a manner different from that already used so 
that the variables may be independently con-
trolled. 

3. Manholes with opposed laterals should be inve,sti-
gated. In this case the effect of vertically offset-
ting the laterals should be determined since in 
most cases horizontal offsetting is not possible 
with such structures. 

4. Further study of round manholes is required to 
establish the amount of improvement accruing 
to their use. 

5. Pipes entering the junctions at angles other than 
90° with the junction wall should be tested. 

6. The most pressing need for further study involves 
the investigation of pipes flowing partly full. 
Such a situation is very commonly encountered, 
often with super-critical flow in the pipes. 
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INTRODUCTION 
In storm drain systems flowing full, all losses of 

energy through resistance to flow in pipes or by cha_nges 
of momentum and interference with flow patterns at Junc-
tions must be compensated by an accumulative series 0f 
rises of pressure along the system from its outlet to its 
initial upstream inlet. The purpose of the accurate deter-
minations of pressure changes at junctions is to include 
these values in a progressive calculation of pressure eleva-
tions proceeding upstream along a storm drain system. 
In this way it is possible to determine the water surface 
elevation which will exist at each structure. With this in-
formation, the designer may adjust sizes and junction 
types to arrive at a final design of the st~rm dra!n system 
which may be expected to perform sansfactonly under 
the storm runoff conditions for which it was designed. 

It has been customary to express losses in conduits 
in terms of total head. Most handbooks and textbooks 
give coefficients for loss of head for certain simple ?Pes 
of conduit transitions or pipe fittings. These coefficients 
multiplied by the mean velocity head in _the ~onduir give 
the fall of the total head line in the d1rect10n of flow. 
Such a method is suitable for the design of dosed pipe 
systems. 

On the other hand, the elevation to which water 
rises in storm drain junctions open to atmospheric pres-
sure is the factor governing their design, and nor the 
elevation of the total head line. Of course, in an inlet at 
the upstream end of a storm drain, the water level ~use 
be above even the total head elevation of its outfall pipe. 

Model rests of a pipe system with combining flow 
revealed that the loss of total head at junctions could be 
of the order of several times the outfall velocity head. 
In addition, the factors defining the loss of head for pur-
poses of calculation were quite complex. A much simpler 
method of design follows when the test results are ex-
pressed in terms of the change of pressure at a junctio_n. 

Thus the method of calculation of the pressure line 
elevations not only produces directly the information re-
quired to appraise the performance of a storm drain _sys-
tem, but permits the use of simplified methods of design. 
In view of the numerous combinations of size ratios, 
shape factors, and flow divisions possible for storm dr~in 
junction and its connecting pipes, any solut10n must in-
volve some complexities at best. Therefore a degree of 
simplification is desirable. Consequently, throughout this 
presentation the loss of head at a junction is dealt with 
in terms of the corresponding change of pressure. 

A pressure change will occur wherever there is a 
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change in pipe size or alignment. The experimental and 
analytical investigation providing the basis for these de-
sign methods demonstrated that the pressure _chan~e from 
the outfall pipe to any upstream pipe at a Junct10n can 
be expressed as the product of a coefficient and the mean 
velocity head in the outfall. Design curves derived from 
the investigation give the pressure change coefficient for 
each pipe at a specific type of inlet or junction. Where 
two upstream pipes are involved at a junction, the de-
sign charts provide a coefficient for each, deter~ined ~y 
its position and the proportion of total flow earned by 1t. 

The term pressure change rather than pressure loss 
is generally used, since a lower pressure can occu~ in a 
smaller in-line upstream pipe. The more general case 1s that 
of a drop in pressure from the upstream to the down-
stream pipe. In this instance the pressure change coef-
ficient is of positive sign, showing that the upstream 
pressure is greater than the downstream. . 

The design charts also provide means for calculating 
the water surface elevation in a rectangular inlet fitted 
with an efficient bar grate capable of admitting relatively 
large rates of flow into the storm drain system from a 
roadway gutter. Here also the method is to find a pres-
sure change coefficient fwm the appropriate design chart 
and use it as a multiplier for the outfall pipe velocity 
head. The same chart used to find the inlet water depth 
above the outfall pipe pressure line is used to find the 
pressure line elevation of any upstream pipe discharging 
into and submerged by water in the inlet. 

The methods used to construct the design charts are 
not discussed. It is expected that design offices using the 
design methods given here do so only after the_ engineer 
with principal responsibility for design has reviewed the 
complete report of the investigation and analyses on which 
these methods are based. 

I t is desirable co emphasize that calculation of pressure 
changes at storm drain j unctions by means of these _design 
charts can be applied only to j unctions at which all pipes m-
to and out of the junction flow full. It follows that the 
water surface in an inlet or junction must be above the 
crown elevation of all pipes connecting to that structure. 

The design chart, or charts, for each inlet and junc-
tion type, or combination inlet and junction, is included 
and explained in the order listed in the table of contents. 

OVERALL SYSTEM DESIGN 
Application of pressure changes at a junction to the 

design of a storm drain system begins with a completed 
layout of the system in which the rate of flow into each 



inlet and in each pipeline are known. This generally in-
volves tentative elevations of the inlet and junction flow 
lines and the slope of each pipeline, since the selection of 
the proper pipe size is related to the slope of the pipe 
and the rate of flow. 

As a consequence of junction losses, it may be found 
necessary to modify the tentative design of a storm drain 
system as computation of pressure line elevations proceeds 
upstream along the pipes and across the junctions. At 
each junction open to atmospheric pressure, the water 
level will be at the elevation of one upstream pressure line; 
generally, but not always, the higher one. Then a necessary 
step in design is to compare each inlet or junction water 
surface elevation to the roadway gutter elevation at that 
point, or a similar control, to assure that a safe clearance 
will exist under design conditions. 

Design calculations to check the pressure elevations 
in the storm drain system must begin with a known pres-
sure elevation above a given datum at some downstream 
point, generally the outlet structure. The rise of the pres-
sure line along the pipe to the first upstream junction is 
added to this known initial elevation to obtain the out-
fall pressure line elevation at the upstream junction. The 
pressure line rise through the pipe length is the resistance 
loss, or friction loss, in the pipe. 

Thus is determined the outfall pipe pressure line 
elevation at the first junction upstream from the storm 
drain system outlet. The pressure change for each up-
stream pipe at this junction is then added to the com-
mon outfall pipe pressure elevation at the center of the 
junction, thereby accounting for all losses at the junction 
and giving a starting elevation for a similar calculation to 
be made along each upstream pipe. 

Certain points concerning application of such a de-
sign method may be noted. To conserve time in comput-
ing, the outfall pressure line elevation determined at a 
junction should first be compared to the elevation of the 
top of the outfall pipe and the gutter. Because of usual 
losses at the junction, it is known that upstream pressure 
elevations and the water elevation in the inlet are general-
ly higher than the elevation of the outfall pressure line. 
Comparison to limiting conditions will indicate whether 
the design may or may not be acceptable at this stage. 

Pressure losses are large at junctions involving any 
considerable proportion of joining flow and at right-
angle turns of a pipeline at a manhole. The loss is often 
in the neighborhood of 1.5 outfall velocity heads, which 
may be thought of as the friction loss in 100 to 250 feet 
of pipe. While the resistance loss in a pipeline is entirely 
or nearly compensated by the fall of the pipe grade in 
the downstream direction, losses at junctions are not. 
Where a storm drain system flows full, the usual practice 
of placing the crowns of smaller upstream pipes at the 
crown elevation of the outfall, thereby providing a drop 
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in flowlines, does not eliminate nor compensate for pres-
sure loss at a junction. 

Design of a storm drain system to flow full requires 
that conservative methods be used throughout. Since the 
resistance losses in pipelines and the pressure losses at 
junctions are both determined by the square of the veloc-
ity of flow in the pipe, the total rise of the pressure line, 
or hydraulic grade, increases rapidly with any increase of 
peak rate of flow in the system. For example, a rate of 
flow 10% greater than that estimated for design purposes 
will increase the total rise of pressure about 20%. That is, 
in a line of storm drain with a fall of 10 feet and ac-
cumulative junction losses of 3 feet, a 10% increase in 
the peak flow rate will raise the water elevation two and 
one-half feet in the first inlet in the system. 

DESIGN EXAMPLES 
As the design charts for the determination of pres-

sure change at a particular type of storm drain junction 
are presented and their use explained, an example is 
worked out to demonstrate the method of application of 
most of the charts. These examples were selected from a 
small street drainage system developed to provide inlets 
and junctions suitable for this purpose. Fig. D-1 shows 
the system from which various inlets and manholes were 
selected as design examples. 

Each inlet is numbered; e.g., 1-4, and the design rate 
of flow into each is shown. The accumulated design rate 
of flow in each pipe line between inlets is given, to-
gether with the pipe diameter in inches and the length 
in feet from center to center of inlets. The pipe slope is 
not stated, but appears in the summary tabulation at the 
end of the design discussion. The two manholes included 
are designated M.H.-1 and M.H.-2. The pipe arrangement 
at each inlet and manhole is evident from the plan, and 
serves to identify the design chart which is to be used for 
the determination of the corresponding pressure change 
coefficients. These, in turn, are to be used to calculate 
the pressure change in feet for each upstream pipe. Water 
levels in the inlets are similarly determined from the same 
chart. 

To avoid complications arising from the numerous 
items which the designer of storm drains must consider 
and bring into proper interrelation and balance, these in-
lets and manholes used as examples are each considered 
here as separate structures. The elevations stated and pres-
sure elevations calculated are, however, part of a co-
ordinated system. This is demonstrated in a tabular sum-
mary at the end of this booklet on design. 

NOMENCLATURE (CHART 1) 
The nomenclature used for explanation of the meth-

ods for the design of storm drain junctions is summarized 
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Chart 1. Junction types and nomenclature. 
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in Chart 1, where sketches of the junction types also ap-
pear. 

In this presentation of design methods, provision is 
made for reserving numbers to designate inlets and junc-
tions by using a system of letter subscripts for identifying 
pipes. The letter subscript is applied to the pipe diameter 
D, its discharge Q, and the resulting velocity of flow, V. 

The letter selected designates the function of that 
pipe at the particular junction under consideration. These 
letter subscripts are used consistently for each pipe of sim-
ilar function at all junctions. Thus D 0 designates the 
diameter of the outfall pipe at any junction, Du that of 
the upstream pipe, DL that of a lateral entering the left 
side of a junction, viewed looking downstream along the 
direction of the outfall pipe, and DR a similar lateral at 
the right. Similarly, Q 0 , Qu, QL, and QR designate 
the rates of flow in the several pipes. 

In design applications, the outfall pipe is always used 
as the basic measurement. Pipe size ratios are stated as 
the ratio of upstream to outfall pipe diameter; e.g., Du/D0 

or DL/D0 . Flow ratios are similarly stated; e.g. , Q u/Q0 . 

Pressure changes are stated in terms of outfall velocity 
head; that is, the pressure change coefficient Ku equals 
the pressure change hu in its ratio to V~/2g. 

The line diagrams of Chart 1 illustrate the pipe posi-
tions and the function of each as supply or outfall for 
each type of inlet and junction involved. A detail plan 
is included to show junction and pipe diameter dimen-
sions used. These dimensions may be in inches, feet, or 
any other unit of linear measurement since they are used 
in the design charts only as ratios of one to another. 
The charts included in chis section are based on tests of 
round pipe, and apply strictly to pipes of circular cross 
section. However, the charts will apply accurately enough 
to pipe of any cross section, if the same type of pipe is 
used for all conduits at a junction, and if the pipe area 
may be stated as a constant times the square of the dimen-
sion used to identify its size. 

Another diagram on Chart 1 shows a through main 
at a junction of a 90° lateral, with pressure lines and 
total head lines superimposed. It will be noted that the 
relative elevations of the various total head lines are not 
dealt with in this sketch. The pressure line for flow in a 
pipe is the elevation of a line defined by the elevations to 
which water would rise in a series of open tubes con-
nected to the pipe. The pressure line is frequently referred 
to as the "hydraulic grade line." 

The same diagram shows the pressure lines projected 
to a point above the "branch point", this being the loca-
tion in plan of the intersection of the outfall pipe and 
lateral pipe centerlines. A similar point of reference, the 
center of the junction box, is used for the upstream in-
line pipe and its pressure line where no lateral is pres-
ent. The change of pressure at a junction is measured by 
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the difference in elevation between the outfall pipe pres-
sure line and an upstream pipe pressure line, along the 
vertical line through the branch point. The vertical di-
mensions hu and hL indicate the change of pressure for the 
upstream in-line and lateral pipes, respectively. The ad-
jacent equations on Chart 1 state how each is calculated. 

At all junctions where a change of pressure occurs, a 
loss of total head must occur whether the pressure change 
is positive or negative. This basic fact may be used co 
check pressure results in unusual cases, although as ex-
plained in the introduction, computations for the design 
of storm drains flowing full may be made more readily by 
dealing with the pressure line. 

GENERAL INSTRUCTIONS FOR USE OF 
DESIGN CHARTS 

Several operations are common to use of the design 
charts for various types of junctions. Instructions for per-
forming these recurring procedures are consolidated in 
the following General Instructions. In the detailed in-
structions for use of the individual charts, references to 
these General Instructions are made by number (Gen. 
Instr. 1, etc.). The General Instructions follow. 

1. Determine and tabulate the elevation of the out-
fall pipe pressure line at the branch point or inlet 
center ( refer to Chart 1). 

This elevation is obtained by adding to the 
elevation of the pressure line at the preceding 
structure downstream the pipe friction loss hf 
= L x sf 
hf = friction loss, in ft. 
L = length from center to center of structures, 

in ft. 
Sf = friction ( or resistance) loss per ft. at the 

given race of flow for the given pipe flowing 
full. 

2. Calculate the mean velocity head of the flow in 
the outfall pipe. 

vi = ....!_ x (_s._) 2
, in ft. 

2g 2g Area 
g = acceleration of gravity = 32.2 fc./sec 2 • 

Q = rate of flow in pipe flowing full, in cu. ft . 
per sec. 

Area of pipe = 0.7854 D2, in ft.2 • 

D = pipe diameter, in ft. 
3. Calculate the required flow rate and size ratios . 

Examples: Qu/Q0 , QL/ Qo, QG/Qo, etc. 
Du/D 0 , DL/ D 0 , B/ D 0 , etc. 

4. Estimate the depth of water in a rectangular inlet 
with flow into the inlet from a top grate, either 
alone or combining with flow from an upstream 
pipe. 

d = total depth of water, in ft. 
= ( outfall pressure line elevation minus inlet 

bottom elevation) + K vi 
2g 



K = the pressure change coefficient for the inlet 
water depth (This is estimated as detailed 
for each type of inlet. Such estimates are 
not necessary for inlets with in-line or off-
set opposed laterals.) 

5. Use the coefficients K from the charts for inlets 
and junctions with square-edged entrance to the 
outfall pipe ( entrance flush with box side, with 
sharp edges). 

6. Use reduced coefficients K , where applicable, for 
a rounded entrance to the outfall pipe (rotJ.nded 
on ¼ circle arc of approximate radius ¼ D 0 ) or 
for an entrance formed by the socket end of a 
standard tongue-and-groove concrete pipe. 

Chart 2-insignificant effect; make no reduction. 
Chart 3-read directly from chart. 
Chart 4-reduce K u by 0.1 for usual proportions 

of grate flow; by 0.2 for Qa about 0.5 
Qo-

Chart 5-reduce Ku and KL in same manner as 
Chart 4. 

Chart 6-insignificant effect; make no reduction. 
Chart 7-insignificant effect; make no reduction. 
Charts 8, 9, and 10-see specific instructions for 

each case. 
7. Calculate pressure change. 

To calculate the change of pressure at a junction, 
working upstream from the outfall pipe to an 
upstream pipe, the design chart applying to the 
type of junction involved is selected. The pres-
sure change coefficient for a specific upstream 
pipe is read from the chart for the particular 
flow rate and size ratios already calculated. The 

y2 
pressure change is calculated from h = K x 2; . 

The coefficient is a dimensionless number, and 

therefore, the change of pressure will be in feet. 
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8. Apply the pressure change. 
The pressure change, in feet, for each upstream 
pipe is added to the outfall pipe pressure line 
elevation at the branch point to obtain the eleva-
tion of each pressure line for further calculations 
upstream along that pipe. In some cases the up-
stream pressure line at the branch point will be 
at a lower elevation than the downstream pres-
sure line. Where this less common situation may 
occur with a particular type of junction, it is 
mentioned in the instructions for use of the 
specific chart. 

9. Determine the elevation of the water surface. 
The elevation of the water surface in a junction 
or an inlet (with or without grate flow) receiv-
ing flow from a pipe or pipes will correspond to 
that of the upstream in-line pipe pressure iine. 
At a junction with offset opposed laterals, the 
water surface will correspond to the elevation of 
the far lateral pipe pressure line. At a junction 
with in-line opposed laterals, the water surface 
will correspond to the elevation of the pressure 
line of the higher-velocity lateral pipe. 

Each of the inlet and junction types for which de-
sign charts were derived from the analytical and experi-
mental investigation are now listed separately, the chart 
number appropriate for each is stated, and detailed in-
structions are given for determination of the change of 
pressure through use of the chart. In most cases, use of 
the chart is illustrated by pressure change calculations 
made for specific inlets and junctions of the storm drain 
system shown in Fig. D-1. A complete tabulation of all 
data regarding the storm drain system used as a source 
of examples is given in Table D-1, which includes a sum-
mary of the pressure change calculations for each inlet 
and junction. 





CHART 2 

Rectangular bilet With Grate Flow Only 

Pressure change coefficients are presented in this 
chart for use in determining the elevation of the water 
surface in a rectangular inlet with all inflow entering 
through a top grate. Separate curves are included for the 
outfall pipe connected at the box end ( short dimension) 
and the box side (long dimension). The coefficient Ka 
depends on the pipe position and the depth of water in 
the inlet. 

To use the chart: 
1. Note whether outlet is at end or side. 
2. Determine outfall pipe pressure line elevation-

Gen. Instr. 1. 
3. Calculate outfall velocity head-Gen. Instr. 2. 
4. Estimate a value for water depth d. 

a. Outfall pressure line elevation minus inlet bot-
yz 

tom elevation plus Ka ...2. equals d. 2g 
b. Estimate Ka as follows : 

7 .0 for end outlet ] pressure line to bottom 
5.0 for side outlet not over 2 pipe diameters 
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4.0 for end outlet ] . . for higher pressure Imes 3.0 for side outlet 
5. Calculate the estimated relative water depth d/D0 . 

6. Enter Chart 2 at this depth d/D0 and read Ka 
from the curve for the particular outfall pipe lo-
cation. 

7. Calculate ha as indicated on the diagram on the 
chart and by Gen. Instr. 7. 

8. Add ha to the elevation of the outfall pressure 
line at the inlet center to obtain the water sur-
face elevation in the inlet. 

9. From this water surface elevation subtract the 
elevation of the inlet bottom to obtain a more 
precise value for the water depth d. 

10. Repeat the above procedure with the improved 
value of d from step (9), if necessary. Such re-
petition may not be necessary if the estimated 
d/D0 of step (5) was reasonably accurate. 

11. Check to be sure the inlet water elevation is be-
low the top of the inlet so that inflow may be 
admitted. 
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CHART 2 

Examples 

Inlets 1, 8, and 10 of Fig. D-1 illustrate inlets to 
which Chart 2 applies for box-side outfall (Fig. D-2), 
and Inlets 9 and 11 illustrate inlets to which the chart 
applies for box-end outfall (Fig. D-3 ). The determination 
of the water surface elevation in the inlet proceeds in the 
same manner in either case. 

Known quantities are the gutter elevation, the in-
let bottom elevation, the inflow rate, the outfall pipe dia-
meter, and the elevation of the downstream ( outfall pipe) 
pressure line. (See tabulations in Figs. D-2 and D-3 ) . 
From these data the velocity head of the outfall flow and 
the depth from the downstream pressure line to the in-
let bottom may be calculated. Next d/ D 0 is estimated, 
including an allowance for h 0 . Then K 0 is read from 
Chart 2 and multiplied by the velocity head in the out-
fall to obtain h 0 , the rise of the water surface elevation 
above the pressure line. Finally h0 is added to the outfall 
pressure line elevation to obtain the water surface eleva-
tion, d/D0 is recomputed to determine the accuracy of the 
estimate made initially, and the clearance of the water 
surface below the gutter is checked. 
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E -"-*~,e/e Slorm Drain lJes(.yn 

/nlels I, 6, ( 10 

P/an Eleva/ion 

Item !!!!!Ll Inlet 8 Inlet 10 

Gutter elevation 486.28 487 ,29 483,77 
Inlet bottom elevation 482.00 483,90 479.00 
Qo = Qo C, f ,S, 2.4 2.6 2,6 
Do in. 2 12 12 12 
Outfall velocity head Vo/2g ft. 0.15 0.17 0.17 
Downstream pressure elev. 484.34 486.38 48o.86 
Press. elev, above bottom :rt. 2.34 2.48 1.86 
Estimated d/Do 2.8 3,0 2.5 
Water depth over press. line 

Chart 2; KG 3,3 3 ,1 3,7 
Rise, Ko X V6{2g ft. 0.50 0,53 o.63 

Water surface e evation 484.84 486.91 481.49 
Check d/Do 2.84 3.01 2,49 
Clearance, gutter to water ft. 1.44 o.38 2.28 

Fig. D-2. Rectangular inlet with grate flow only (box-side flow). 

4 

In/els 9 and II 
0(///4// ,,P1/'e /ron1 
/n/el .6ox end Q .. 

.5; z· /n/41 boJt 
w1//2 lo,P ~rale 

'"i:==f±:==l====:::::::::r-

I r Pr~s~re ~ne 

Plan 

Gutter elevation 
Inlet bottom elevation 
Qc = Qo c.f.s. 
Do in, 
Outfall velocity bead ~/2g 
Dovnstream pressure elevation 
Press. elev. above bottom 
Estimated d/Do 
Water depth over press. line 

Chart 2; KG 2 
Rise, KG X Vo/2g 

Water surface elevation 
Check d/no 
Clearance, gutter to water 

E le v,g//on 

Inlet 9 Inlet 11 

483.94 485.Bo 
48o.50 482.00 

1.6 2.0 
12 12 

ft. 0.07 0.10 
482,61 485.20 

ft. 2.11 3.20 
2.5 3,5 

5.0 3,1 
:rt. 0,35 0,31 

482.96 485.51 
2.46 3,51 

f t. 0.98 0.29 

Fig. D-3. Rectangular inlet with grate flow only (box-end flow) . 
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CHART 3 
Flow Straight Through Any Junction 

Pressure change coefficients are presented in this 
chart for use in determining the elevation of the pres-
sure line of an upstream in-line pipe relative to that of 
the outfall. The pipe centerlines must be parallel and not 
offset more than would permit the area of the smaller 
pipe to fall entirely within that of the larger if projected 
across the junction box along the pipe axis. The shape of 
the junction in plan is not significant in determining the 
pressure change. The effect of junction size and outfall 
pipe entrance conditions are included in the chart. Nega-
tive pressure changes occur with an upstream pipe smaller 
than the outfall pipe. That is , at the junction center the 
upstream pressure line is below the outfall pressure line 
for this case. No flow other than that from the upstream 
in-line pipe may be involved where this chart applies. 

To use the chart: 
1. Determine the outfall pipe pressure line elevation 

-Gen. Instr. 1 
2. Calculate the velocity head in the outfall-Gen. 

Instr. 2. 
3. Calculate the size ratios Du/D0 and A/D0 -Gen. 

Instr. 3. 
4. Note whether the outfall pipe entrance is to be 

square-edged or rounded (note Gen. Instr. 6). 
5. Enter Chart 3 at the pipe size ratio Du/D0 and 

read Ku at the curve for the proper value of 
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A/Du for a square-edged entrance condition, or 
at the dashed curve for a rounded entrance. 

6. Calculate hu (positive or negative) as indicated 
on the diagrams on the chart and by Gen. Instr. 
7. 

7. Add a positive hu to ( or subtract a negative hu 
from) the elevation of the outfall pressure line 
at the junction center to obtain the elevation of 
the upstream pipe pressure line at the same loca-
tion. 

8. The water surface elevation in the junction cor-
responds to that of the upstream pipe, whether 
above or below the outfall pressure line. 

9. Check to be sure the water surface elevation in 
the junction is below the top of the junction box 
so that overflow may not occur. 

Comments: For a square-edged entrance to the out-
fall pipe, values of A/Du less than 1 do not appreciably 
reduce the values of K u shown for A/Du = 1. Ku in-
creases for distances A/Du greater than 3, but such values 
are not usual in storm drain construction. For rounded 
entrances, the curve shown will apply with sufficient ac-
curacy for all values of A/Du up to 3. 

No example of the use of Chart 3 is presented, since 
Chart 4 is similar and applies to somewhat similar situa-
tions. Examples of the use of the latter chart are included. 
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CHART 4 
Rectangular Inlet With Through Pipeline and 

Grate Flow 

Pressure change coefficients are presented in this chart 
for use in determining the common elevation of the up-
stream in-line pipe pressure line and the water surface in 
the inlet. The in-line pipes connect at the inlet sides (long 
dimension) and must meet the alignment requirement 
stated for Chart 3. As much as half the total flow may en-
ter through a top grate. The main graph of Chart 4 in-
cludes effects of various proportions of grate flow for a 
relative water depth d/ D 0 of 2.5 . Increments of Ku for 
other relative depths are shown in the supplemental 
graphs; positive increments for d/ D 0 less than 2.5 and 
negative for greater depths. 

To use the chart : 
l. Determine the outfall pipe pressure line eleva-

tion-Gen. Instr. 1. 
2. Calculate velocity head in the outfall-Gen. Instr. 

2. 
3. Calculate the ratios D u/D 0 and Qu/ Q 0 -Gen. 

Instr. 3. (The grate flow ratio 
Qa! Qo = 1 - Qu/Qo) -

4. Estimate a value for the water depth d. 
a. Follow Gen. Instr. 4. 
b. Estimate K = 3 Qa/Q0 . 

5. Calculate the corresponding relative water depth 
d/ D 0 . 

6. If the estimated d/ D 0 is approximately 2.5, enter 
the lower graph on Chart 4 at the pipe size ratio 
Du/ D 0 and read Ku at the curve or interpolated 
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curve for Qu/ Q0 ; then proceed as in step (9) . 
7. If the estimated d/ D 0 is other than 2.5 , follow 

step ( 6), then enter the upper graph on Chart 4 
at the given Du/ D0 and determine the increment 
of K u required to account for the effects of the 
estimated relative water depth d/D0 . 

8. Add K u from step ( 6) and the increment from 
step (7) to determine the total value of K u, 
Note that negative values of Ku may occur. 

9. For a rounded outfall pipe entrance or one consist-
ing of a pipe socket, reduce Ku according to Gen. 
Instr. 6. 

10. Calculate hu as indicated on the diagram on the 
chart and by Gen. Instr. 7. 

11. Add hu to the elevation of the outfall pressure 
line at the inlet center to obtain the elevation of 
the upstream in-line pipe pressure line at the 
same location. The water surface elevation will 
correspond. 

12. From this water surface elevation subtract the 
elevation of the inlet bottom to obtain a more 
precise value for the water depth d. 

13. Repeat the above procedure with the improved 
value of d from (12), if necessary. Such repeti-
tion may not be necessary if the original esti-
mated d/ D 0 of step (5) was reasonably accurate. 

14. Check to be sure the inlet water elevation is be-
low the top of the inlet so that inflow may be ad-
mitted. 
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CHART 4 
Example 

Inlets No. 2 and 6 of Fig. D-1 illustrate inlets to which 
Chart 4 applies. Calculations for Inlet No. 2 are present-
ed in Fig. D-4. 

Known quantities are the gutter elevation, the in-
let bottom elevation, the pipe and grate inflow rates, 
their total-the outfall flow rate, the pipe diameters, and 
the elevation of the downstream ( outfall pipe) pressure 
line at the inlet center. From these data the velocity head 
of the outfall flow, the ratios Du/D0 and Qu/Q0 , and 
the distance from the downstream pressure line to the in-
let bottom may be calculated. Next d/D0 is estimated, in-
cluding an allowance for hu. Next Ku is read from Chart 
4 (the lower graph in this case) and multiplied by the 
velocity head in the outfall to obtain hu, the change of 
pressure. Then hu is added to the outfall pressure line 
elevation to obtain the elevation of the upstream in-line 
pipe pressure line, to which the water surface in the in-
let corresponds. Finally d/D0 is recomputed to check the 
estimate made initially, and the clearance of the water 
surface below the gutter is checked. 
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Examp/eSform Or,,11'n Des/9n_ , ...... 

In/el/Vo. 2 

a.i Z-4-
L,;,e1..z 

L.//U /-Z 

E/evallon 

Item 

Gutter elevation 485.09 
Inlet bottom elevation 48o.oo 
Qo c.f.s. 1.8 
Qu c.f.s. 2.4 
Qo c.r.s. 4.2 
Do in. 2 15 
Outfall velocity head v0itf rt. 0.18 
DOWlllltream pressure elev ton 483.15 
Pipe size ratio Du/Do o.ao 
Flov ratio Qu/Qo 0. 57 
Press. elev. above bottom ft. 3.15 
Estimated d/Do 2.7 
Chart 4; Ku vi, 1.40 
Pressure rise K x rt. 0.25 
Upstream pressure ffne and 

water surface elevation 483.40 
Check d/Do 2.72 
Clearance, gutter to water ft. 1.69 

Fig. D-4. Rectangular inlet with through pipeline and grate fl.ow. 
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CHARTS 

Rectangular Inlet with In-line Upstream Main and 
90° Lateral Pipe 

(With or Without Grate Flow) 

Pressure change coefficients are presented in this chart 
for use in determining the common elevation of the two 
upstream pipe pressure lines and the water surface in the 
inlet. Flow into the combination inlet and junction box 
is supplied by an upstream main, in-line with the outfall 
and flowing through the short dimension of the inlet, and 
a 90° lateral pipe connected at one end of the inlet box, 
supplemented by flow through a top grate. The main 
graph of Chart 5 applies directly for no flow into the in-
let through the grate. Increments of Ku and KL for grate 
flow conditions are shown in the supplementary graphs 
of the upper portion of the chart. 

To use the chart: 
1. Determine the outfall pipe pressure line elevation 

-Gen. Instr. 1. 
2. Calculate the velocity head in the outfall-Gen. 

Instr. 2. 
3. Calculate the ratios Du / D 0 , Q u/ Q 0 , and 

Qa/ Qo-Gen. Instr. 3. 
4. If no grate flow is involved, enter the lower 

graph on Chart 5 at the pipe size ratio Du/D0 

and read Ku ( or KL) at the curve or interpolated 
curve for Qu/Q 0 ; then proceed as in step (10). 

5. With grate flow, estimate a value for the water 
depth d. 
a. Follow Gen. Instr. 4. 
b. Estimate K = 1.5. 

6. Calculate the corresponding relative water depth 
d/ D 0 . 

7. Enter the lower graph and obtain Ku ( or KL) as 
in step ( 4) , this value applying for Q0 / Q0 = 0. 

8. Enter the appropriate upper graph on Chart 5, 
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for the particular d/ D 0 nearest that estimated in 
step (6), at the given Du/ D 0 and determine the 
increment of Ku ( or KL) at the curve for Q 0 / Q0 . 

This increment accounts for the effects of grate 
flow and is always a positive value, even when 
Ku of step (7) is negative. 

9. Add Ku from step (7) and the increment from 
step (8) to obtain the total value of Ku. Note 
that in unusual cases the total value of Ku may 
be negative. 

10. For a rounded outfall pipe entrance or one con-
sisting of a pipe socket, reduce K u and KL ac-
cording to Gen. Instr. 6. 

11. Calculate hu (also equal to hL) as indicated by 
the diagram on the chart and by Gen. Instr. 7. 

12. Add hu to the elevation of the outfall pressure 
line at the branch point to obtain the elevation 
of the upstream in-line pipe pressure line at this 
point. The elevations of the lateral pipe pressure 
line and the water surface in the inlet will cor-
respond. 

13. From this water surface elevation subtract the 
elevation of the inlet bottom to obtain a more 
precise value for the water depth d. 

14. Repeat the above procedure with the improved 
value of d from step (13) , if necessary. Such rep-
etition may not be necessary if the original 
estimated d/ D 0 of step (6) was reasonably ac-
curate. 

15. Check to be sure the inlet water surface eleva-
tion is below the top of the inlet so that inflow 
may be admitted. 
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CHART 5 

Examples 
Inlets No. 3, 5 and 7 of Fig. D-1 illustrate inlets to 

which Chart 5 applies. Calculations for Inlet No. 3 are 
presented in Fig. D-5, and for No. 5 in Fig. D-6. 

Calculations for Inlet No. 3 are presented first. 
Known data in this case are the gutter elevation, the in-
let bottom elevation, the pipe and grate inflow rates, their 
total-the outfall flow rate, the pipe diameters, and the 
elevation of the downstream (outfall pipe) pressure line 
at the branch point. From these data the velocity head 
of the outfall flow, the ratios D u/D 0 , Qu/Q0 and 
Qa! Q 0 , and the distance from the downstream pressure 
line to the inlet bottom may be calculated. Next d/ D 0 is 
estimated, including an allowance for hu. Next Ku is ob-
tained from Chart 5, using a base value from the lower 
graph and adding an increment from the upper graph for 
d/ D 0 = 2. The total for Ku is multiplied by the velocity 
head in the outfall to obtain hu, the change of pressure. 
Then hu is added to the outfall pressure line elevation to 
obtain the elevation of the upstream in-line pipe pres-
sure line at the branch point. The pressure line of the 
lateral pipe and the water surface in the inlet will cor-
respond to this upstream in-line pipe pressure elevation. 
Finally d/ D 0 is recomputed to check the estimate made 
initially, and the clearance of the water surface below the 
gutter is checked. 

Inlet No. 5 involves the same basic through pipe-
line and lateral pipe arrangement as Inlet No. 3, and al-
so has flow through a top grate. It might appear that 
Inlet No. 5 does not meet the requirements for use of 
Chart 5, in that the in-line flow is through the length of 
the box rather than across its short dimension. However, 
this deviation from the more usual arrangement of In-
let No. 3 is not sufficient to effect a significant change in 
the hydraulic performance. 

Calculations for Inlet N o. 5 are presented in Fig. 
D-6. The same procedure is followed as was given in de-
tail for Inlet No. 3. 
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E Xa"1ple Sform LJr1/n Desian 
; ::, 

In/el /Vo. 3 

lli! 
Gutter elevation 
Inlet bottom elevation 
Grate inf'low Qo c.t.s. 
Upstream in-line flow Qu 
Right lateral flov 
Outfall now Qo c.t.s. 
Outfall pipe diem. Do 2 in. 
Outfall velocity head Vo/2g, tt. 
Flow rat101 Qu/Qo 

Q;;;/Qo 
Pipe size ratio Du/Do 
Downstream pressure elevation 
Press, elev. above bottom ft , 
Estimated d/Do 
Pressure rise coef, for U, S, 

main and lateral 
Chart 5; Ku z 1.05 + 0. 25 

Pressure rise l,30 VS;~ tt. 
Upstream pressure line e ev. 

tor main and lateral and 
water surface elev, 

Check d/Do 
Clearance, gutter to water tt. 

483,94 
Ji.79.19 

1,5 
4.2 
1.6 
7,3 

18 
0.27 
0.58 
0.21 
o.83 

482.12 
2,93 
2.1 

l.30 
0,35 

482.47 
2.18 
1.47 

----

~-/.6 

Plan 

Une J-4 

;./,,;,/er Svr/4ce 
~"°.SS</.-S_e h-n,r ~· 

--+=~,,..j------L Xi~ 
i-==f==:::r1r-,-Pre.s.surt!' hi-,e -

Linez-
0.,,-Ltne 9-~ 

Elev~h'on 

Fig. D-S. Rectangular inlet with in-line upstream main and 90° lateral pipe with 
grate flow (through line parallel to short dimension of box). 

In/e/ A/o.s 

Item 

Gutter elevation 
Inlet bottom elevation 
Grate inflow, Qo c,f,s, 
Upstream in-line now, Qu 
Lett lateral flow, Qr. 
Outfall flow, Qo c,f,s, 
Outfall pipe diem. Do 2 in, 
Outfall velocity head Vo/2g ft, 
Flow ratios Qu/Qo 

Qo/Qo 
Pipe size ratio Du/Do 
DOWlllltreem pressure elevation 
Pressure elev. above bottom ft. 
Estimated d/Do 
Pressure rise cost, for U, s. 

main and lateral 
Chart 5; Ku .. o,45 + 0.10 

Pressure rise 0,55 x ~/2g ft. 
Upstream pressure line elev. 

for me.in and lateral and 
water surf-ace elev, 

Check d/Do 
Clearance, gutter to water ft, 

Inlet 5 
482.78 
476,30 

2.6 
21.8 
2.6 

27.0 
30 
o,47 
0.81 
0.10 
0.90 

479.44 
3.14 
1.4 

0,55 
o.26 

479.70 
l.36 
3.08 

~-c-6' 
LJq-Z7N 

r----+-IW!f-l&.---

Fig. D-6. Rectangular inlet with in-line upstream main and 90° lateral pipe with 
grate flow (through line parallel to long dimension of box). 
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CHART 6 

Rectangular Inlet With In-Line Opposed 
Lateral Pipes Each at 90° to Outfall 

(With or Without Grate Flow) 

Pressure change coefficients are presented in this 
chart for use in determining the elevation of the pressure 
line of the lateral carrying the lower-velocity fl.ow of two 
in-line opposed lateral pipes supplying a combination 
junction and inlet box. The pressure change coefficient 
for the higher-velocity lateral is a constant and so is not 
read from the chart. An inlet of this type may be used at 
a low point of street grade where lateral pipes supply 
fl.ow from up-grade inlets in both directions, and the out-
fall pipe is located at right angles to the two lateral lines. 

The chart may be used for cases with all probable 
ratios of fl.ow rates in the two laterals, with or without 
grate fl.ow. For this type of inlet and junction, the pres-
sure changes are not modified by the depth of water in 
the inlet. The water surface elevation here will cor-
respond to the pressure line of the higher-velocity lateral. 

To use the chart: 
1. Determine the outfall pipe pressure line eleva-

tion-Gen. Instr. 1. 
2. Calculate the velocity head in the outfall-Gen. 

Instr. 2. 
3. Calculate the velocities in each of the laterals to 

determine which is the higher-velocity and which 
the lower-velocity lateral. 

4. Calculate the ratios Qa/ Q 0 , QijQo, Qiv/ Qo, 
Dhv/ D 0 , D 1J D 0 and Dhvl D1v-Gen. Instr. 3. 

5. Determine H from the left-hand graph on Chart 
6. Enter the graph at the pipe size ratio Dhv/ D 0 

( note the two scales) and read H at the curve or 
interpolated curve for Qhv/Q0 . In entering the 
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graph, note that unequal size laterals (Dhv/ D 1v 
not equal to 1.0), effect an offset of the scale for 
Dhv/ D 0 . Interpolation between the two scales 
shown is used for intermediate values. Extrapola-
tion beyond the scales is satisfactory. 

6. Determine L from the right-hand graph on Chart 
6. Enter the graph at the pipe size ratio D 1v/ D0 

(note only one scale is involved) and read L at 
the curve or interpolated curve for Q 1v/ Q 0 . 

7. Calculate K 1v = H - L with grate fl.ow involved. 
With no grate fl.ow, K 1v = (H - L) - 0.2. 

8. K.hv = 1.8 with grate fl.ow involved. With no 
grate fl.ow, Khv = 1.6. 

yz y2 
9. Calculate h1v= K1v X _Q and hhv = K hv x~ 2g · 2g 

10. Add h1v to the elevation of the outfall pipe pres-
sure line at the branch point to obtain the eleva-
tion of the lower-velocity lateral pressure line at 
this point; similarly, add hhv to the outfall pipe 
pressure line elevation to obtain the elevation of 
the higher-velocity lateral pressure line at the 
branch point. 

11. Determine the water surface elevation in the in-
let, which is equal to the lower of the two lateral 
pressure line elevations ( that of the higher-veloci-
ty lateral). 

12. Check to be sure the inlet water surface eleva-
tion is below the top of the inlet so that inflow 
may be admitted. 
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Chart 6. Rectangular inlet with in-line opposed lateral pipes each at 90° to outfall 
(with or without grate flow) . 
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CHART 6 

Example 

Inlet No. 4 of Fig. D-1 is a typical inlet to which 
the design methods of Chart .6 apply. The calculations of 
pressure changes at this inlet with in-line opposed laterals 
are presented in the left-hand column of the tabulation in 
Fig. D-7. 

For this inlet with in-line laterals, the known data 
are the gutter elevation, the elevation of the inlet bottom, 
the lateral pipe and grate inflow rates, their total-the 
outfall flow rate, the pipe diameters, and the elevation of 
the downstream ( outfall pipe) pressure line. (Not all are 
tabulated here, in order to conserve space, but are avail-
able from Fig. D-1 and Table D-1). From the lateral pipe 
flow rates and sizes the velocity in each of the laterals is 
determined, and the two laterals are identified as higher-
velocity and lower-velocity. In this case lateral 6-4 from 
Inlet No. 6 to Inlet No. 4 is the higher-velocity one. 
From the known data and the above determination, the 
ratios Qa!Qo, Qhv/ Qo, QivlQo, DhJ Do, D1vlDo, and 
DhJD1v ( obviously 1.0 in this case) are calculated. Next 
the velocity head of the outfall flow is calculated. Then 
the elevation of the downstream pressure line is tabulated 
for convenience in adding the pressure rise, which is now 
calculated by use of Chart 6. The pressure factors H and 
L are read from the chart, and identified by the lateral to 
which the D and Q of the two graphs apply. The dif-
ference between H and L (2.8 - 0.6 = 2.2) is the pres-
sure change coefficient KR = K 1 v for lateral 3-4, the 
lower-velocity lateral. The constant coefficient KL = Khv 
is 1.8 because grate flow is involved. Each coefficient is 
multiplied by the velocity head of the outfall flow to ob-
tain the pressure changes h Iv and hhv for the laterals. The 
pressure change is always positive, that is, producing a 
rise in pressure upstream, for inlets of this type. Thus 
h1v, the pressure rise, is added to the elevation of the out-
fall pipe ( downstream) pressure line to obtain the eleva-
tion of the pressure line of the lower-velocity lateral 3-4 
at the branch point. Similarly, hhv is used to obtain the 
elevation of the pressure line of the higher-velocity lateral 
6-4. The water surface elevation in the inlet corresponds 
to the latter pressure line. Finally, the clearance of the 
water surface below the gutter is checked. 
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IN-LINE OFFSET OFFSET 
Item Laterals 3-4 Far Lat. 6-4 Far Lat. 

Gutter elevation 482.78 482.78 482.78 
Inlet bottom elev. 476.50 476.50 476.50 
Flow ratios Q(J/Qo 0.23 0.23 0.23 

Qy~Qo 0.33 o.44 
~Qo o.44 0.33 
~v1Qo o.44 
Q1v Qo 0.33 

Pipe size ratios DJ.v/Do D-av/Do 0.67 
DF /Do .. DN/Do 0.67 0.67 

Factor Qy/Qo x Do/Dp 0.50 o.66 
{;qf/Qo X Do/Dff 2 o.66 0.50 

Velocity head Vo/~ :rt. o.47 o.47 o.47 
Downstream pressure eleva ion 48o.o4 48o.o4 48o.o4 

Chart 6; factor H tor lat. 6-4 2.8 
factor L tor lat. 3-4 o.6 
KR= H-L, lat. 3-4 2.2 
KL lat. 6-4 1.8 

Pressure rise lat. 3-4 2.2 X 0.47 l.o4 
lat. 6-4 1.8 X 0.47 0.85 

Chart 7; K tor 3-4 KF 2.0 KN 1.4 
K tor 6-4 KN 1.4 KF 1.9 

Pressure rise, 3-41 2.0 X 0.47 0.94 
Pressure rise, 6-4, 1.4 x o.47 o.66 
Pressure rise, 3-4, 1.4 x o.47 o.66 
Pressure rise, 6-4, 1.9 x o.47 0.90 
Upstream pressure elevation 

Line 3-4 481.oa 48o.98 48o.70 
Line 6-4 48o.89 48o.70 48o.94 

Water surface elev. in inlet 48o.89 48o.98 48o.94 
Clearance, gutter to water, :rt. 1.89 l.8o 1.84 

In this case, select offset lateral arrangement with line 3-4 in the tar 
position because the lower pressure at the downstre"'1 end of line 6-4 is 
needed to minimize the water elevation in inlets 8 and 11. 

Fig. D-7. Rectangular inlet with opposed lateral pipes each at 90° to outfall (with 
grate flow). 
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CHART 7 

Rectangular Inlet With Offset Opposed 
Lateral Pipes Each at 90° to Outfall 

(With or Without Grate Flow) 

Pressure change coefficients are presented in this 
chart for use in determining the elevations of the pres-
sure lines of each of the two horizontally offset opposed 
lateral pipes supplying a combination junction and inlet 
box. The inlet is used in the same situations as those to 
which Chart 6 applies, but the pressure rise of the lower-
velocity lateral is restricted by locating the lateral pipes 
to enter opposite sides of the inlet box with their center-
lines horizontally offset a distance not less than the sum 
of the two lateral pipe diameters. One lateral enters one 
side of the box near the outfall pipe end, and one, des-
ignated the far lateral, enters the opposite side near the 
other end. 

This chart is used for all probable ratios of flow rates 
in the two laterals, with or without grate flow. For this 
type of inlet the pressure changes are not modified by the 
depth of water in the inlet. The water surface elevation 
here will correspond to the pressure line of the far lateral. 

To use the chart: 
1. Determine the horizontal distance between the 

centerlines of the opposed flow laterals at the in-
let; if more than the sum of the pipe diameters, 
this chart will apply. 

2. Determine the outfall pipe pressure line eleva-
tion at the branch points - Gen. Instr. 1. An 
average elevation applicable to both is sufficiently 
precise. 

3. Calculate the velocity head in the outfall-Gen. 
Instr. 2. 

4. Calculate the ratios QF/Q0 , QN/Qo, DF/ Do, 
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and DN/D0 , observing the nomenclature of Chart 
1- Gen. Instr. 3. 

Qp Do d QN Do 5. Calculate the factors -- x -- an - x -
Qo Dp Qo DN' 

noting that the pipe size relations are the recipro-
cals of the usual ratios. 

6. For the far lateral, enter the left-hand graph of 
Chart 7 at the abscissa value from step (5) and 
read KF at the curve or interpolated curve for 
DF/Do. 

7. For the near lateral, obtain KN from the right-
hand graph by a similar procedure. 

8. For an inlet with grate flow, calculate hF and hN 
by multiplying the outfall velocity head by the 
corresponding coefficient KF or KN. 

9. For a junction without grate flow, calculate hF 
and hN by multiplying the outfall velocity head 
by the corresponding reduced coefficients 
(KF - 0.2) or (KN - 0.2). 

10. Add hF and hN to the elevation of the down-
stream ( outfall pipe) pressure line to obtain the 
elevations of the pressure lines of the two laterals 
at their branch points. 

11. Determine the water surface elevation in the in-
let, which is equal to the far lateral pressure line 
elevation. 

12. Check to be sure the inlet water surface eleva-
tion is below the top of the inlet so that inflow 
may be admitted. 



2.0 

1.8 

1.6 

KN 

1.4 

1.2 

1.0 
0:4 

Near Lateral 

0.6 0.8 1.0 1.2 1.4 

-C: ., 
:§ .... .... ., 
0 
0 

Elevation Sketch 

2.6 

For Lateral 
2.4 

1.6 
0.4 0.6 0.8 1.0 

Chart 7. Rectangular inlet with offset opposed lateral pipes each at 90° to outfall 
(with or without grate flow). 
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CHART 7 

Examples 
An alternate arrangement of the lateral pipes at In-

let No. 4 of Fig. D-1 can be effected to produce an in-
let with offset opposed laterals of the type to which 
Chart 7 will apply. Two different arrangements are pos-
sible, each placing one of the laterals in the far position. 
The pipe arrangement is shown in Fig. D-7 and the cal-
culations of pressure changes are shown in the center and 
right-hand columns of the tabulation in the figure. 

With either placement of the laterals in the offset 
arrangement, the known data are the gutter and inlet bot-
tom elevations, the fl.ow rates, pipe diameters, and eleva-
tion of the downstream pressure line, all of which are the 
same as for the in-line lateral arrangement. From these data 
and using the designation of the laterals as far and near 
in position, the ratios QalQ0 , QF/Q0 , QN/Q0 , DF/D0 

and DN/D0 are calculated. Then the factors composed of 
the fl.ow ratio times the reciprocal of the pipe size ratio 
are calculated. Next the velocity head of the outfall fl.ow 
is calculated and the downstream pressure elevation is en-
tered in the tabulations. 

Chart 7 is used to determine the pressure change co-
efficients, working with each lateral arrangement separate-
ly to avoid confusion. Considering lateral 3-4 as the far 
lateral, as shown in the center column of the tabulations 
in Fig. D-7, KF for lateral 3-4 is found to be 2.0 and KN 
for lateral 6-4 is found to be 1.4. Each coefficient is multi-
plied by the outfall velocity head to obtain the pressure 
rises hF and hN for the corresponding laterals. Then each 
pressure rise is added to the elevation of the downstream 
( outfall pipe) pressure line to obtain the elevation of each 
lateral pipe pressure line at its branch point. The water 
surface elevation in the inlet will correspond to the far 
lateral pressure line, that is, pipe 3-4 in this case. Finally, 
the clearance of the water surface elevation below the gut-
ter is checked. It will be noted that the pressure line of 
lateral 6-4 in the near position is at a lower elevation 
than that of lateral 3-4 in the far position. 

The alternate offset lateral arrangement, with lateral 
6-4 in the far position, is examined in the right-hand 
column of the tabulations in Fig. D-7. The procedure for 
use of Chart 7 is similar to that shown in the center 
column. In this case lateral 6-4 is found to have the high-
er pressure line elevation. Although the pressure differ-
ence at Inlet No. 4 is not large, it is significant in this 
case because pipeline 6-4 has the larger discharge rate and 
consequently the greater friction slope for its fl.ow. Since 
the pressure line in pipe 6-4 is steeper in this example than 
that in pipe 3-4, it is advisable to select the arrangement 
at the inlet which places pipe 6-4 in the near position, 
that is, the design shown by the center column in Fig. 
D-7. 
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Alternate Designs for Pipeline 4-5 of the Storm 
Drain System Examples 

In the examples given for use of Charts 5 and 7, a 
pipe 27 inches in diameter was used for the main from 
Inlet No. 4 to Inlet No. 5, as shown in the plan of Fig. 
D-1. Also an offset lateral pipe arrangement was selected 
at Inlet No. 4, placing lateral 3-4 in the far position rela-
tive to the outfall. 

The original arrangement shown and used in the 
preceding examples was based on the existence of ob-
structions below the street surface which required a mini-
mum elevation for the top of this pipeline from Inlet 
No. 4 to Inlet No. 5. Note that the flowline of the 27-
inch pipe was placed low to coincide with the flowline 
of the 30-inch pipe outfall from Inlet No. 5, as shown in 
Table D-1, the summary tabulation of the design example. 
Provided vertical clearances in the street were sufficient, 
a 30-inch pipe would generally be used for line 4-5 to 
avoid a short section of a pipe size not used elsewhere on 
the job. 

Fig. D-8 shows a comparative tabulation for the 
original design with a 27-inch pipe from Inlet 4 to In-
let 5 and an alternate design using a 30-inch pipe. De-
tails of the use of the charts are not given here since the 
preceding examples have demonstrated the methods. It 
may be noted that the 30-inch pipe upstream from Inlet 
No. 5 results in a higher pressure line elevation for pipe 
4-5 at Inlet No.5, but the reduction of the friction slope at-
tendant to the use of the larger pipe produces almost 
identical elevations at the downstream side of Inlet No. 
4 for the two designs. Of course the pressure increase at 
Inlet No. 5 with the 30-inch pipe upstream is caused by 
the reduced momentum of the flow in line 4-5 . In the 
computations for the design of Inlet No. 5, use of Chart 
5 will properly account for these effects through the value 
of the pipe size ratio Du/D0 used to enter the chart. 

The reduction of the pressure line elevations at the 
branch points of laterals 3-4 and 6-4 on the upstream side 
of Inlet No. 4 shown by Fig. D-8 is therefore due entire-
ly to the reduced velocity head of the flow with the 
larger size of pipe 4-5 . This example is included to dem-
onstrate design methods available where the rise of pres-
sure is restricted in the upstream reaches of systems flow-
ing full. 
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ALTERNATE DESIGNS FOR PIPELINE 4-5 

Inlet 4 
Offset Laterals 

SELECTED DESIGN 27" Pipe Inlet 4 to 5 

Gutter elevation 
Inlet bottom elevation 
Out:f'all f'low, Qo c.:f'.s.2 
Out:f'all velocity head Vo/gg :f't. 
Pressure elev. D. s. side o:f' 5 
PreHure rise at inlet 5, :f't. 
Friction slope in 4-5, :f't/:f't 
Friction loss in pipe 4-5, h:r, :f't. 
Pressure elev. D. s. aide o:f' 4 
Pressure rise at inlet 4 

at line 3-4, ft. 
at line 6-4, :f't. 

PreBBure elev. at D. s. end line 3-4 
Pressure elev. at D.S. end line 6-4 

482.78 
476.50 

21.8 
o.47 

0.0050 
o.34 

48o.o4 

o.94 
o.66 

48o.98 
48o.70 

ALTERNATE DESIGN -- Use 30" Pipe Inlet 4 to 5 

Pressure elev. D. s. side of inlet 5 
Chart 5; Ku= 0.75 + 0.10 
Pressure rise 0.85 x V6/2g' ft. 
Pressure at U. s. side 
Friction slope in pipe 4-5 
Friction loss in 4-5, :f't. 
Pressure elev., D. s. side o:f' 4 
(Note no significant change from 27" 

pipe design) 
Outfall velocity head 4-5, :f't. 
Pressure rise at inlet 4, same 

o:f':f'eet lateral design; Chart 7; 
at 3-4, 2.0 X 0.311 :f't. 
at 6-4, 1.4 X 0.311 ft. 

Press. elev. at D. s. end 3-4 
Press. elev. at D. s. end 6-4 
Note: 

0.0028 
0.19 

48o.03 

0.31 

0.62 
o.43 

48o.65 
48o.46 

S =0.0060-
Elev. 4-76 . .!JO 

482.78 
476.30 
27.0 
o.47 

479.44 
o.26 

479.44 
0.85 
o.4o 

479.84 

Reduction that could be effected it clearances permit use of 30" 
:f'or 3-4 • 48o.98 - 48o.65 = 0.33 feet. Therefore all pressure 
elevations at inlets 3, 9, 2 and 1 vould be 0.33 feet leee; simi-
larly, preeeure elevations at inlets 6, 7, 11 and 8 vould be 0.24 
feet lees. 

Fig. D-8. Alternate designs for pipeline 4-5 of the storm drain system examples. 
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PRESSURE CHANGES AT MANHOLES 
This section presents methods and charts for de-

termining pressure changes at square and round manholes 
on storm drain systems flowing full . Two examples il-
lustrating the use of the design charts as applied to round 
manholes are drawn from the storm drain system of Fig. 
D-1, which is summarized in Table D-1. 

Charts 2 through 7 each dealt with a rectangular in-
let box admitting grate flow and having a specific ar-
rangement of pipelines. Charts 8, 9 and 10, supplemented 
by Chart 3, apply to square and round manholes with 
various pipeline arrangements but with no flow admitted 
through the top of the junction structure. Since no one 
chart presents a complete solution for manholes, the fol-
lowing explanation of methods for the determination of 
pressure changes is divided into sections relating to the 
particular configuration instead of into sections relating 
to each chart, as was done in the case of inlets. 

Manhole on Through Pipe Line-Chart 3 

Pressure change coefficients are presented in Chart 3 
for use in determining the elevation of the pressure line 
of an in-line pipe upstream from a manhole with through 
flow only. The pressure change coefficient is controlled 
primarily by the relative diameters of the upstream and 
outfall pipes, and secondarily by the distance across the 
open manhole if the outfall pipe entrance is square-edged. 
Rounding the outfall entrance eliminates the effects of 
manhole size relative to the pipe and reduces the coef-
ficients to a limited degree. Manhole cross-section shape 
is not significant. Thus, the values of Chart 3 apply equal-
ly to round, square, or rectangular manholes. Shaping of 
the bottom of a manhole to continue a portion of the 
lower sector of the pipe cross-section through from pipe 
to pipe is ineffective in reducing losses. Complete in-
structions for use of the chart are given in the previous 
discussion of Chart 3. The nomenclature used for all man-
hole types is given in Chart 1. 
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Square Manhole at 90° Deflection-Chart 8 

Pressure change coefficients are presented in this 
chart for use in determining the elevation of the pressure 
line of an upstream pipe connected by means of a square 
manhole to an outfall pipe at a 90° angle. The manhole 
conditions covered by this chart do not involve an up-
stream pipe in-line with the outfall pipe. For this and 
other manhole charts, the lateral pipe is designated by 
the subscript L irrespective of its right-hand or left-hand 
position. The coefficients given by the chart apply di-
rectly to manholes having a square-edged entrance to the 
outfall pipe. Coefficients for a rounded entrance are ob-
tained by reduction of the chart values as stated below. 
The design of manholes with deflector devices is dis-
cussed separately. 

To use the chart: 
1. Determine the outfall pipe pressure line eleva-

tion-Gen. Instr. 1. 
2. Calculate the velocity head in the outfall-Gen. 

Instr. 2. 
3. Calculate the ratios DL/ D 0 and B/ D 0 -Gen. 

Instr. 3. 
4. Enter the lower graph of Chart 8 at the pipe size 

ratio DL/ D 0 and read KL at the curve or inter-
polated curve for the manhole size ratio B/ D 0 . 

For all flow from a lateral, KL = KL. 
5. For a rounded outfall pipe entrance or one formed 

by a pipe socket reduce the chart value of KL by 
0.3 as defined by Gen. Instr. 6. 

v2 
6. Calculate the change of pressure hL = KL x ---2.. 2g 

( always positive for 90° deflections) . 
7. Add hL to the elevation of the outfall pressure 

line at the branch point to obtain the elevation of 
the lateral pipe pressure line at this point. 

8. The water surface elevation in the manhole will 
be above the lateral pipe pressure line. To de-
termine the water-surface elevation use Chart 9 as 

instructed in steps (12) through (18-) of the in-
structions for a square manhole at the junction 
of a 90° lateral with a through main. 

9. Check to be sure the water surface elevation is 
above the pipe crowns to justify using these charts 
and that it is sufficiently below the top of the 
manhole to indicate safety from overflow. 

Note: No example of use of the chart is included; see 
example for a round manhole. 

Round Manhole at 90° Deflection-Chart 8 

Pressure change coefficients may also be obtained 
from this chart for use in determining the elevation of 
the pressure line of an upstream pipe connected by means 
of a round manhole to an outfall pipe at a 90° angle. 

To use the chart: 
1. Proceed as instructed in steps ( 1) through ( 4) for 

a square manhole at a 90 ° deflection to obtain a 
base value of KL for the particular values of 
DL/ D 0 and B/ D 0 . 

2. To provide for the effects of the round manhole 
cross section, reduce KL in accordance with the 
following table : 

. - DL Reduct10ns of KL for -- = 
Do 

B 0,8 1.0 1.2 
Do 
1.75 
1.33 
1.10 

0.3 
0.2 
0.1 

0.2 
0,1 
o.o 

o.o 
o.o 
o.o 

The reduced values apply for a sharp-edged en-
trance to the outfall pipe. 

3. With a well-rounded entrance to the outfall pipe 
from a round manhole, reduce KL of step (1) by 
0.3 with no further reduction for manhole cross 
section shape. 

4. Follow steps ( 6) through (9) as detailed for square 
manholes at a 90° deflection. 
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To find KL for the lateral pipe, first read KL 
from the lower .;iraph. Next determine ML. 
Then 
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·.:· .- : . . . ····~-~--
Dashed curve for curved or 45° angle deflectors 
applies only to manholes without upstream in -
line pipe. 

Use this chart for round manholes also. 

For rounded entrance to outfall pipe, reduce 
chart values of l<L by 0.2 for combining flow. 

. .. . 
Curved 

----.-1------ -

Elevation Sketch For Qu/Qox Do/Du>I use Chart 10. . . : . : . -: 

For DL/Do <o.6 use Chart 10 . Angled 

V,2 
hL• KLi 

Plan of Deflectors 

Chart 8. Square or round manhole at 90° deflection or on through pipeline at junc-
tion of 90° lateral pipe (lateral coefficient). 
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CHART 8 

Example 

Manhole No. M-2 of the example storm drain lay-
out of Fig. D-1 is a typical round manhole to which 
Chart 8 applies. Calculations for determination of the 
pressure change at this manhole are presented in Fig. D-9. 

Known data are the elevations of the top and bot-
tom (fl.owline) of the manhole, the manhole diameter, 
the rate of fl.ow, the two pipe diameters ( equal in this 
case), and the elevation of the downstream ( outfall pipe) 
pressure line at the branch point. 

From these data the ratios DL/ D 0 and B/ D 0 , and 
the velocity head of the outfall fl.ow may be calculated. 

Chart 8 ( for square manholes) is used to obtain the 
pressure change coefficient KL even though Manhole No. 
M-2 is round (where QL = Q 0 , KL = KL) . First, KL 
for a square manhole is read from the chart at 
DL/D0 = 1.00 and B/ D 0 = 1.33, and this value is re-
duced by 0.1 for the round manhole in accordance with 
the table contained in step (2) of the instructions for the 
use of Chart 8 for round manholes. The outfall pipe en-
trance is sharp-edged in this case, so no further reduction 
is made. Next, KL is multiplied by the outfall velocity 
head to obtain hL, the change of pressure ( or pressure 
rise) at the manhole. Finally, h L is added to the outfall 
pressure line elevation to obtain the elevation of the 
lateral pipe pressure line at the branch point, or manhole 
center. 

Chart 9 is used to obtain the water-surface elevation 
in the manhole. Instructions for its use for this purpose 
are given in the section dealing with a round manhole at 
the junction of a 90° lateral with a through main. In the 
case of example Manhole No. M-2, the coefficient Ku for 
an upstream in-line pipe with no fl.ow (QL/ Q 0 = 1.00) 
is found from Chart 9 to be 1.7. This coefficient will de-
fine the depth of water above the downstream pressure 
line for no in-line fl.ow, whether or not the in-line pipe 
is actually present. Then Ku is multiplied by the outfall 
velocity head to obtain hu, the depth of water over the 
outfall pressure line. Next hu is added to the elevation 
of the outfall pressure line at the branch point to obtain 
the elevation of the water surface in the manhole. Finally, 
the clearance of the water surface below the manhole top 
is checked and found to be ample. 
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Item 

Top of M.H. elevation 
Bottom M.H, el evati on 
Lateral flow QL c . f , s. 
Outfall flow Qo c . f . s . 
Outfall pipe diameter Do in. 
Pipe s ize ratio DL/Do 
Manhole diameter B in. 
M, H. size ratio B/Do 
Outfall velocity head v8/2g. ft. 
Downs tream pressure elev. 

Pressure rise coefficient (sq .-edge entr .) 
Chart 8 KL for sq . M. H. 

KL for rd. (less 0 ,1) 
Pressure rise 1.4 x 0 . 52 ft . 
Upstream pressure line e l ev. 
Wa t er s urface 

Chart 9 Ku 
Water depth over outfall pressure 

1 , 7 X 0 , 52 f t. 
Water surface el evation 
Cl ear ance, water bel ow top ft , 

MH-2 

480 . 21 
472.47 

41.0 
41.0 
36 
1.00 

48 
1.33 
0 .52 

475 .47 

1.5 
1.4 
0.73 

476 . 20 

1.7 

0 .89 
476. 36 

3 . 85 

Fig. D-9. Round manhole at 90° deflection. 
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Deflectors in Square or Round Manholes at 90° 
Deflection-Chart 8 

Pressure change coefficients are presented in this 
chart for use in determining the elevation of the pressure 
line of an upstream pipe connected to an outfall pipe at 
a 90° angle by means of a square or round manhole mod-
ified by flow deflectors. Deflectors in a manhole effective-
ly eliminate the effects related to the shape of the man-
hole. The basic types of deflector walls which may be 
constructed in square or round manholes to effect a re-
duction of the pressure loss are detailed and described 
in the comprehensive report of the investigation. 

The deflectors which are most easily constructed and 
are as effective as more complex types provide a vertical 
wall to guide the flow toward the outfall pipe. The wall 
need not be higher than the outfall pipe diameter and 
must fill in that par~ of the manhole opposite the lateral 
pipe exit so that it is flush with the side of the outfall 
pipe. Three basic types of such deflector walls are possi-
ble and are included in the curves of Chart 8. These three 
are (1) walls parallel to the outfall pipe centerline or 0° 
walls, (2) inclined walls, limited to an angle of abouF 15° 
to the outfall centerline if an upstream in-line pipe is to 
be used, and (3) walls at 45 ° to both the lateral and out-
fall pipes, or walls curved on a radius of about the man-
hole dimension extending from lateral to outfall, and 
therefore to be used only when no upstream in-line pipe 
is involved. Rounding of the corner formed between the 
deflector wall and the manhole floor is not required, and 
may be detrimental in some cases. 

To use the chart : 
1. Determine the outfall pipe pressure line eleva-

tion-Gen. Instr. 1. 
2. Calculate the velocity head in the outfall-Gen. 

Instr. 2. 
3. Classify the type of deflector used: 

a. Parallel wall-0° 
b. Inclined wall-5 ° to 15 ° 
c. 45 ° or curved wall. 
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4. Calculate the ratios DL/ D 0 and B/ D 0 . No dis-
tinction between square and round manholes is 
necessary. 

5. If B/ D 0 is 1.5 or less, enter the lower graph of 
the chart at the ratio DL/ D 0 and read KL at the 
curve for the appropriate deflector type. In the 
case of a parallel wall, use the curve for B/ D 0 = 
1.00. 

6. If B/ D 0 is more than 1.5 and less than 2.0, use 
the same dashed curve for 45 ° or curved deflec-
tors, use the curve for B/ D 0 = 1. 10 for 5 ° to 
15 ° angle deflectors, and use the curve for B/ D0 

= 1.20 for 0° angle deflectors. 
7. A rounded entrance to the outfall pipe or one 

formed by a pipe socket is less effective in reduc-
ing the pressure change with deflectors than when 
deflectors are not used. A reduction of KL by 0.1 
may be justified. 

8. Calculate the change of pressure 
y2 

hL = KL x _Q, (for QL = Qo, KL = KL), 2g 
9. Add hL to the elevation of the outfall pressure 

line at the branch point to obtain the elevation 
of the lateral pipe pressure line at this point. 

10. The water-surface elevation in the manhole will 
be above the lateral pipe pressure line. To deter-
mine the water surface elevation use Chart 9 as 
instructed in steps (2) through (8) for deflectors 
in a manhole at the junction of a 90° lateral with 
a through main. 

11. Check to be sure the water surface elevation is 
above the pipe crowns to justify using these 
charts and that it is sufficiently below the top of 
the manhole to indicate safety from overflow. 

Note: No example of the use of the charts for manholes 
with deflectors is included. The procedure is the 
same as shown in the example without deflectors. 





Square Manhole on Through Pipeline at junction of 
a 90° Lateral Pipe -Charts 8 & 9 

(Larger Size Laterals: DLI D 0 > 0.6) 

Pressure change coefficients for use in determining 
the elevation of the pressure line of the 90° lateral pipe 
are obtained from Chart 8, and the coefficients for the 
upstream in-line pipe are obtained from Chart 9. The 
diameter of the lateral pipe must be at least 0.6 of the 
diameter of the outfall pipe to permit use of these charts. 
Pressure changes at junctions of smaller laterals may be 
obtained through use of Chart 10. The coefficients given 
by the charts apply directly to a square-edged entrance to 
the outfall pipe. Coefficients for a rounded entrance are 
obtained by reduction of the chart values as stated below. 
The design of manholes with deflector devices is dis-
cussed separately. 

To use the charts: 
1. Determine the outfall pressure line elevation-

Gen. Instr. 1. 
2. Calculate the velocity head in the outfall.,-Gen. 

Instr. 2. 
3. Calculate the ratios Qu/Q0 , Du/D0 , and DL/D0 . 

If D L/ D 0 is less than 0.6, use Chart 10 instead 
of Charts 8 and 9. 

4. Calculate the ratio B/ D 0 and note if the outfall 
entrance is rounded. 

5. Calculate the factor Qu x Do ; if this is greater 
Qo Du 

than 1.00, use Chart 10 instead of Charts 8 and 9. 

For lateral pipe: 
6. Enter the lower graph of Chart 8 at the ratio 

DL/ D 0 and read KL at the curve or interpolated 
curve for the ratio B/ D 0 . 

7. For a rounded outfall pipe entrance or one 
formed by a pipe socket as defined by Gen. Instr. 
6, reduce the chart value of KL by 0.2. 

8. Determine the factor ML by entering the upper 
graph of Chart 8 at the value of the factor 

Q u Do d h . -- x -- an at t e curve or interpolated curve 
Q0 Du 
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for DL/ D 0 . 

9. Calculate KL ML x KL. 
10. Calculate the lateral pipe pressure change 

y 2 
hL = KL X _Q. 2g 

11. Add hL to the elevation of the outfall pipe pres-
sure line at the branch point to obtain the eleva-
tion of the lateral pipe pressure line at this point. 

For upstream in-line pipe: 
12. Enter the lower graph of Chart 9 at the ratio 

DL/D0 and read K u at the curve or interpolated 
curve for B/ D 0 . 

13. For a rounded entrance to the outfall pipe or one 
formed by a pipe socket, reduce Ku by 0.2. 

14. Determine the factor Mu from the upper graph 
of Chart 9. 

15. Calculate Ku = Mu x Ku. 
16. Calculate the upstream in-line pipe pressure 

y2 
X _Q_ 

2g change hu = Ku 

17. Add hu to the elevation of the outfall pipe pres-
sure line at the branch point to obtain the eleva-
tion of the upstream in-line pipe pressure line at 
this point. 

For water surface: 
18. The water-surface elevation in the manhole wiH 

correspond to the upstream in-line pipe pressure 
line at the branch point. 

19. Check to be sure that the water surface elevation 
is above the pipe crowns to justify using these 
charts and that it is sufficiently below the top of 
the manhole to indicate safety from overflow. 

Note: N o example of use of the charts is included. See 
the example for a round manhole at a junction of a 
90° lateral. 
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Elevation Sketch 

To find Ku for the upstream main, first read Ku 
from the lower graph. Next determine Mu. 
Then 

Ku• Ku x Mu 

For manholes with deflectors at 0° to 15°, read Ku on curve 
for B/Do• 1.0 

Use this chart for round manholes also. 

For rounde9... entrance to outfall pipe, reduce chart 
values of Ku by 0.2 for combining flow. 

For deflectors refer to sketches on Chart 8. 

For Ou/Oo x Do/Du> I use Chart 10 

For DL/Do<0.6 use Chart 10 

v! 
hu • Kurg 

Chart 9. Square or round manhole on through pipeline at junction of a 90° lateral 
pipe (in-line pipe coefficient) . 
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Round Manhole on Through Pipeline At Junction 
of a 90° Lateral Pipe-Charts 8 and 9 

(Larger Size Laterals: DL! D 0 > 0.6) 

Pressure change coefficients may also be obtained 
from Charts 8 and 9 for use in determining the elevations 
of the pressure lines of the 90° lateral pipe and the up-
stream in-line pipe connected by a round manhole to an 
outfall pipe. 

To use the charts : 
1. Proceed as instructed by steps ( 1) through ( 6) for 

a square manhole at a similar junction to obtain 
a base value of KL. 

For lateral pipe: 
2. To provide for the effects of the round manhole 

cross-section, reduce KL in accordance with the 
following table: 

d . - DL Re uct10ns of KL for - = 
Do 

B 0.6 0.8 1.0 1.2 
Do 
1.75 0.4 0.3 0,2 0.0 
1.33 0.3 0.2 0.1 o.o 
1.10 0,2 0.1 o.o o.o 

The reduced values apply for a sharp-edged en-
trance to the outfall pipe. 

3. With a well-rounded entrance to the outfall pipe 
from a round manhole, reduce KL obtained in 
step (2) by 0.1. 

4. Determine the factor ML from the upper graph 
of Chart 8 and proceed as instructed in steps (8) 
through ( 11) for a square manhole to complete 
the determination of the elevation of the lateral 
pipe pressure line. 

For upstream in-line pipe: 
5. Proceed as instructed in steps (12) through (17) 

for a square manhole at a similar junction to ob-
tain the elevation of the upstream in-line pipe 
pressure line. Note that no reduction of K u is to 
be made for effects of the round manhole cross-
section. 

For water surface: 
6. Proceed as instructed by steps (18) and (19) for 

a square manhole at a similar junction. 
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CHARTS 8 AND 9 

Example 
Manhole No. M-1 of the example storm drain lay0 

out of Fig. D-1 is a typical round manhole to which 
Charts 8 and 9 apply. Calculations for the determination 
of the pressure changes at this manhole are presented in 
Fig. D-10. 

Known data are the elevations of the top and bot-
tom of the manhole, the manhole diameter, the rates of 
flow in each pipe, the pipe diameters, and the elevation 
of the downstream ( outfall pipe) pressure line at the 
branch point. 

From these data the ratios D 1/ D 0 , Du/D 0 , Qu/ Q 0 , 

and B/ D 0 , the chart factor Qu x Do , and the outfall 
Qo Du 

velocity head may be calculated. The values of DL/ D0 

and Qu x Do indicate that charts 8 and 9 are applicable 
Q0 Du 

in this case. 
Chart 8 (for square manholes) is used to obtain the 

pressure change coefficient K L for the lateral pipe even 
though Manhole No. M-1 is round. First, KL for a square 
manhole is read from the lower graph of the chart and 
reduced by 0.2 for the round manhole in-accordance with 
the table of step (2) of the instructions for use of Chart 
8 for round manholes at the junction of a 90° lateral 
with a through pipeline. The outfall pipe entrance is 
sharp-edged in this case, so no further reduction is made. 
The upper graph of the chart is used to obtain the 
multi!Jlying factor ML, then KL is obtained by multiply-
ing KL by ML. N ext, KL is multiplied by the outfall 
velocity head to obtain hL, the change of pressure ( or 
pressure rise) at the manhole. Finally, hL is added to the 
outfall pressure line elevation to obtain the elevation of 
the lateral pipe pressure line at the branch point. 

Chart 9, for square or round manholes, is used to 
obtain the pressure change coefficient Ku for both the 
upstream in-line pipe and the water depth in the man-
hole. First, K u for all flow from the lateral is read from 
the lower graph of the chart and is used without modifi-
cation since the outfall entrance is square-edged in this 
case. Note that no reduction is to be made for the round 
manhole cross-section. 

N ext Mu is read from the upper graph of the chart 
and Ku is obtained by multiplying K u by Mu. Then Ku 
is multiplied by the velocity head in the outfall to ob-
tain hu, the change of pressure. Next, hu is added to the 
outfall pressure line elevation to obtain the elevation of 
the upstream in-line pipe pressure line at the branch 
point. The water surface elevation in the manhole is the 
same as the pressure line for the in-line pipe. Finally, the 
clearance of the water surface below the top of the man-
hole is checked and found to be ample. 
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Item 

Top of M,H. elevation 
Bottom M.H. elevation 
Lateral flov QL c.f.s. 
Upstream in-line flov Qu c.f.s. 
Outfall flov Qo c.f.s. 
Lateral pipe ratio DJ./Do 
In-line pipe ratio Du/Do 
Chart factbr Qu x Do= o.34 x 1.50 

Qo Du 
Manhole diameter B in, 
M,H, size ratio B/Do 2 
Outfall velocity head Vo/2g ft, 
Dovnstream pressure elev, 

Lateral pressure rise coefficient (sq,-edge entr.) 
Chart 8 KL for sq, M,H, 

KL for rd, M,H. (less 0 ,2) 
Chart 8 ML 

KL= KL x ML 
Lateral pressure rise 1,0 x 0,52 ft. 
Lateral upstream pressure elev. 

Upstream pipe pressure rise coefficient 
Chart 9 Ku for sq. or rd, M.H. 

Mu 
Ku=KuxMu 

Upstream pressure rise 1.3 x 0,52 ft, 
In-line upstream pressure elev. 
Water surface elevation 
Clearance, vater below top ft. 

M.H.-1 

481.62 
473,33 
27.0 
14.o 
41.0 
o.83 
0.67 
0.51 

48 
1.33 
0.52 

477.15 

1.45 
1.25 
0.80 
1.0 
0. 52 

477.67 

1.8 
0.74 
1.3 

o.68 
477.83 
477.83 

3,79 

Fig. D-10. Round manhole on through pipeline at junction of a 9()0 lateral pipe. 
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Deflectors in Square or Round Manholes on 
Through Pipeline at Junction of a 90° 

Lateral Pipe-Charts 8 and 9 
(Larger Size Laterals: DL/D0 > 0.6) 

Pressure change coefficients are also presented in 
Charts 8 and 9 for use in determining the elevations of 
the pressure lines of the lateral and in-line pipes at a 
junction of this type, with either a square or a round 
manhole modified by flow deflectors . Deflectors in a man-
hole effectively eliminate the effects related to the shape 
of the manhole. Deflector types are described in the in-
structions for use of Chart 8 for a manhole with deflectors 
at a 90° deflection of a storm drain. The curved and 45° 
deflectors cannot be used in a manhole on a through 
pipeline because of the space required for through in-
line flow. 

To use the charts: 
1. Proceed as instructed in steps ( 1) through ( 9) for 

deflectors in a manhole at a 90 ° deflection, dis-
regarding references to 45 ° or curved walls. 
Through use of Chart 8 these steps will give the 
elevation of the lateral pipe pressure line at the 
branch point. As noted in the instructions for a 
manhole of this type without deflectors, Chart 10 
must be used when D.L/D0 < 0.6 or 
Qu x Do ) 1.00. 
Qo Du 

For upstream in-line pipe: 
2. Enter the lower graph of Chart 9 at the ratio 

DL/D0 and read Ku for all manhole sizes and 

any deflector wall angle from 0° to 15 ° at the 
curve for B/D0 = 1.00. 

3. For a rounded entrance to the outfall pipe or one 
formed by a pipe socket, reduce Ku by 0.1. 

4. Determine the factor Mu from the upper graph of 
Chart 9. 

5. Calculate Ku = Mu x Ku, 
6. Calculate the upstream in-line pipe pressure change 

y2 
hu = Ku x~ 2g 

7. Add hu to the elevation of the outfall pipe pres-
sure line at the branch point to obtain the eleva-
tion of the upstream in-line pipe pressure line at 
this point. 

For water surface: 
8. The water-surface elevation in the manhole will 

correspond to the upstream in-line pipe pres-
sure line at the branch point. 

9. Check to be sure that the water-surface elevation 
is above the pipe crowns to justify using these 
charts and that it is sufficiently below the top of 
the manhole to indicate safety from overflow. 

Note: No example of the use of the charts for manholes 
with deflectors is included. The procedure is the 
same as shown in the example without deflectors. 
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Square or Round Manhole on Through Pipe Line 
at junction of a 90° Lateral Pipe-Chart 10 

(Smaller Size Laterals DL/ D 0 < 0.6) 

Pressure change coefficients are presented in Chart 
10 for use in determining the common elevation of the 
pressure lines of the lateral and in-line pipes at a junction 
of this type for cases of pipe sizes or flow divisions out-
side the range over which Charts 8 and 9 may be applied. 
Charts 8 and 9 are more reliable within their range and 
should be used if possible. Neither manhole shape nor 
size nor relative size of lateral pipe modify the coef-
ficients of Chart 10. The chart may also be used for di-
rect connection of a 90° lateral to a main without use of 
a manhole. The coefficients of the chart apply directly to 
a square-edged entrance to the outfall pipe. Coefficients 
for a rounded entrance are obtained by reduction of the 
chart values as stated below. Deflectors in the manhole 
are not effective in the ranges covered by Chart 10, and 
therefore need not be used. 

To use the chart: 
1. Determine the outfall pipe pressure line eleva-

tion-Gen. Instr. 1. 
2. Calculate the velocity head in the outfall-Gen. 

Instr. 2. 
3. Calculate the ratios DL/ D 0 , Du/ D 0 , and Q u/Q0 . 

Note that use of Charts 8 and 9 is advisable if 
the size and flow factors are within their range. 
Chart 10 should not be used for Qu/Q 0 <0.7 if 
other solutions are possible. 

4. Note whether the outfall entrance is to be 
rounded or formed by a pipe socket as defined by 
Gen. Instr. 6. 

5. Enter Chart 10 at the ratio Du/ D 0 and read Ku 
(also equal to KL) at the curve or interpolated 
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curve for Qu/ Q 0 . 

Q D 
6. If Q: x D~ was found to be greater than 1.00 

in an attempt to use Charts 8 and 9, Ku of step 
(5) will be negative in sign, thus providing a 
check on proper use of the charts. 

7. For rounded entrance from the manhole to the 
outfall pipe u.se the reduced values from the 
chart. 

8. Calculate the change of pressure 

hu = hL = Ku xvi . hu and hL are positive or 
2g 

negative depending on the sign of Ku as read 
from the chart. 

9. Add a positive hu to or subtract a negative hu 
from the elevation of the outfall pipe pressure 
line at the branch point to obtain the elevation 
of the upstream in-line pipe pressure line at this 
point. 

10. The elevation of the lateral pipe pressure line at 
the branch point and the water surface elevation 
in the manhole will correspond to the upstream 
in-line pipe pressure line elevation found in step 
(9). 

11. Check to be sure that the water-surface elevation 
is above the pipe crowns to justify using these 
charts and that it is sufficiently below the top of 
the manhole to indicate safety from overflow. 

Note: No example of use of Chart 10 is included. The pro-
cedure is similar to that of other examples. 
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Chart 10. Square or round manhole on through pipeline at junction of a 90° lateral 
pipe (for conditions outside range of charts 8 and 9). 
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SUMMARY OF STORM DRAIN EXAMPLE 
In the introduction to this presentation of design 

methods for determining pressure changes at junctions 
of storm drains flowing full, mention was made of the 
use of examples selected from a storm drain system in 
order to demonstrate application of the design charts. 
The example calculations presented in Figs. D-2 through 
D-10 all apply to the storm drain layout shown in Fig. 
D-1. The complete system shown there is now t!eated as 
a unit by means of an assembly of the results of the cal-
culations for the individual inlets and junctions in a tabu-
lation appropriate for over-all design. 

Design of any storm drain system to flow full re-
quires two basic procedures. Assuming the system has 
been laid out in plan, as in this case, with all inlets lo-
cated and the rate of inflow to each determined, the first 
steps are to sum the rates of flow in each pipe, select all 
pipe sizes, and calculate the resistance loss in each length 
of pipe. The second step is to calculate the pressure 
changes at each junction. The pressure elevation, or 
hydraulic grade line, is determined at the branch point 
of each junction or inlet and the pressure change at the 
junction is added, working progressively upstream along 
each pipeline. Through examination of the water-surface 
elevation in each junction, the acceptability of the design 
may be determined. 

Therefore, a satisfactory method of tabulating data 
regarding the design of a system, such as that of Fig. D-1, 
should provide means of calculating the sizes of pipe by 
working downstream along the system, and then for com-
puting the pressure line elevations by working back up-
stream from some control point in the system. It is not 
intended that any one method or any specific form of 
tabulation be recommended here. A summary tabulation 
is included with this presentation of design methods only 
to show that the objectives may be accomplished. 

The summary tabulation of Table D-1 applies to the 
plan of inlets and storm drains of Fig. D-1 introduced in 
this section on Design Methods. Each of the junctions 
shown, including those used as design examples to dem-
onstrate use of Design Charts 2 and 4 through 9, is in-
cluded in the summary. It is not desirable or necessary to 
prepare a tabulation of design factors and pressure eleva-
tions for each junction, as was done in the design exam-
ples. The form used for storm drain design should in-

elude all data necessary for determination of the pressure 
change at each inflow pipe at each junction. In addition 
it should permit determination of pipe size, slope, friction 
slope, and velocity head for each pipeline. 

The tabulation used here is prepared to simulate 
use of a printed form intended for use with a variety 
of storm drain systems. Thus the type of conduit used 
and the Manning resistance coefficient n are indicated. To 
permit general use and still not require a sheet of great 
width, it is necessary to avoid including separate columns 
for all possible factors. Accordingly, some data required 
for even a simple system such as that illustrated must be 
shown in any available space. 

To prepare a storm drain design by such a method, 
the data on tentative elevations of gutters and inlet bot-
toms are tabulated, and will therefore furnish data for 
pipeline elevations and slopes. The flow rates into each 
inlet are summed to determine the rate of flow in each 
pipe. With flow rate and pipe slope known, the pipe size 
may be selected,.and then the friction slope and velocity 
head for full flow in the pipeline computed. 

It cannot always be determined at this stage that a 
pipe will flow full. At low discharge rates, a pipe gener-
ally will not flow full unless the downstream end is suf-
ficiently submerged. Therefore the column in the table 
for friction slope St should provide for listing the normal 
depth of flow dn at the pipe slope S for those pipelines 
in which partly full flow seems probable. The pressure 
elevation calculations made later will determine whether 
Sr or dn applies. 

The pipe-size ratios and flow ratios required in using 
the design charts should be listed to permit rapid check-
ing of the design. The calculations to determine the pres-
sure elevation at each manhole and inlet are carried out 
at the right side of the tabulation. The basic system is 
that commonly used for storm drain design, beginning 
at a determinable pressure line elevation at a downstream 
point, in this case the unsubmerged pipe outlet consist-
ing of a headwall with wingwalls and apron. The fric-
tion loss hr is added to the pressure elevation at the 
downstream end of a pipe line, then the pressure rise at 
the junction for each upstream pipe is added to give a 
new starting elevation for the next line of pipe upstream. 
The complete design tabulation for the storm drain layout 
of Fig. D-1 is shown in Table D-1. 

D-50 



t, 
I 
Vt .... 

Oesi!Jlation 

Inlet Pipe 
No, 1 ine 

1 
1-2 

2 

2-3 
9 

9-3 
2-3 

3 
3-4 

8 

8-7 
11 

11-7 
8-7 

7 

6 
7-6 

6-4 
3-4 

4 
4-5 

10 
10-5 
4-5 

5 
5-1 

l'.xhti og Pip, 
11-1 

M-1,2 
11-'2 

11-2 t, 

Outlet at er, 
apron 111d wl.i 

Elevations Flow Q· cfs 

Gutter 
at Inlet Enter Outfall 

inlet bottom inlet pipe 

:El.evat ~on da1 ~400 00 feet 

86.28 02:00 2,4 

85,09 80.00 1.8 
2,4 

4,2 
83.94 Bo,50 1.6 

1.6 
8:,.94 79,19 

4,2 
1.5 

7,3 
See 11 llet 4 

87 .29 83.90 2.6 

2.6 
85,Bo 82.00 2.0 

2.0 
2.6 

85.Bo 81.30 2.6 
7,2 

84.18 79,43 2,3 
9,5 
7.3 

82.78 76,50 5.0 
21 .8 

83,77 ' 79,00 2.6 
2,6 

21.8 
82.78 76,30 2.6 

'27,0 
14,0 

81.62 73,33 -
41.0 

Bo.21 72,47 -
outlet 41 .0 

ek; 
gwalls 

TABLE D-1 SUMMARY OF STORM DRAIN SYSTEM EXAMPLE 

EXAMPLE STORM DRAIN DESIGN USING PRESSURE CHANGE FACTORS FOR JUNCTIONS 

Outfal 1 pipe Type Cone , n= 0.01 3 Pipe s ize ratios Flow ratios Pressur~ elev. calculations 

F,L, elev, Pressure r ise Elev, Inlet Elev, Elev. Size 
Sr fu II h f = y2 Do K in and Pi pe No, Leng. Slope D LxS, 2g Du QG Qu Opposed D.S. side at U, S. loss 

at next 
u. s. D.S. ft, s in. or[d n] o;; DR Qo laterals of in let Chart Rise U,Str, ft, ft. Pipe } total side of h, 

or M.H. feet inlet 
Do grate inlet 

above sea 1 ~-1 

- - 1.00 - - 84.34 2 3.3 0.50 84,84 1 
82.00 Bo.25 208. .0084 12 .0045 0,94 0.15 0.94 84.34 [0.64•] o.Bo - 0,43 0,57 - 83,15 4 1,4 0.25 83,40 2 

Bo.oo 79,44 162. .0035 15 ,0042 o.68 0.18 82.~ o.68 83.15 - - 1.00 - - 82.61 2 5,0 0.35 82. 9 
Bo.50 79.69 67, .0121 12 ,0020 0,14 0.07 0 , 14 82.61 

[0,4A'] 
0. 83 0.67 0.58 82.12 1-~] 82.47 0.21 - 5 0,25 1.3 0.35 3 

79.19 77.64 238, .oo65 18 .0048 1.14 0,'27 Bo.98 1.14 82.12 

- - 1,00 - - 86.38 2 3.1 0.53 86.91 8 
83.90 81.Bo 262. .008o 12 .0053 1.39 0.17 84,99 1.39 86.38 - - 1.00 - - 85.20 2 3.1 0.31 85.51 11 

82.00 81.80 67. .0030 12 .0032 0.21 0.10 0.21 85.20 
1.5] 0.67 0.67 0.36 0.36 - 84,52 5 0.3 1.8 0.47 84,99 7 

81.30 79,43 232. .oo8o 18 .0047 1.09 0.26 1.09 84.52 
1.00 - 0,24 0.76 - 82.96 4 1.05 0.47 83-43 6 

79,43 77 ,64 276. .oo65 18 .0082 2.26 0,45 !ear 'actor o.66 Bar I 1,4 o.66 Bo.70 2.26 82.<36 
Both :P'ar l actor 0.50 hr L 2.0 0.94 Bo.98 - 0.67 Opp. 0,23 - Bo.04 7 4 

76.50 76.30 67. ,0030 '27 ,0050 0.34 0.47 79,70 0.34 Bo.04 

- - 1.00 - - Bo.86 2 3,7 0.63 81.49 10 
79.00 77.Bo 218. ,0055 12 ,0053 1.16 0.17 1.16 80.86 

0.45] 0.9() 0.40 0.10 0.81 - 79,44 5 0.10 0,55 o.26 79,70 5 
76.30 73.83 412. .oo6o 30 .oo~ 1.77 0.47 1.77 79,44 

75.02 ... J .0034 24 ,00 not iE volved B/'OJ a 1.3 o.68 77,83 - -plan o.67 0.83 1.33 - 0.34 - 77,15 1.0 0.52 77.67 11-1 

73 .33 72,47 250, .0034 36 .0038 0.95 0.52 B/J);J 0.95 77.15 
1.00 1.33 - - - 75,47 8 1,4 0.73 76.a, V-'2 

72.47 72.21 170. .0015 36 .0038 0.65 0,52 o.6';) 75.47 

72. 21 Qf rf>I: : 2.E3 pres ure 11 1e abcn flow line • 0.87 z 3.00 - 2.611 74-82 
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