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PARTIAL FLOW CONDITIONS
ARCH CONCRETE PIPE

Sewers, both sanitary and storm, are designed to carry a
peak flow based on anticipated land development. The hydraulic
capacity of sewers or culverts constructed of precast arch con-
crete pipe flowing full under gravity conditions on aknown slope is
readily calculated from the Manning Formula. Most sewers, how-
ever, are designed to operate under partial flow conditions. Cul-
verts operate under either inlet control or outlet control. The type
of control under which a particular culvert operates is dependent
upon all the hydraulic factors present. Culverts operating under
inlet control will always flow partially full while those operating
under outlet control can flow full or partially full.

Detemination of the depth and velocity of flow in pipe flowing
partially full is therefare frequently necessary. This design data
presents a method for determining the values of the partial flow
depth and velocity in arch concrete pipe through the use of a
series of partial flow curves which eliminate tedious trial and error
computations.

A complete discussion of the hydraulics of sewers is pre-
sented in Design Data 4, and the hydraulics of culverts is
presented in Design Data 8.

HYDRAULICS OF CONCRETE PIPE

The most widely accepted formula for evaluating the hy-
draulic capacity of nonpressure pipe is the Manning Formula.
This formula is:

Q= _._1-”;36 x A X R% x § % (1)

where

flow guantity, cubic feet per second
Manning's roughness coefficient

cross sectional area of flow, square feet
hydraulic radius, feet

slope, feet of vertical drop per foot of
horizontal distance
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Table I provides values of 8 . Table I/ lists the full flow area, A,
hydraulic radius, R, and a constant, C,. For a specific pipe size
under full flow conditions, the first three terms of the right hand

side of Manning's Formula equal a constant [C, = (1.486/n) X
A x R*]. Values of C, are presented for the more commoniy
used values, 0.010, 0.011, 0.012, and 0.013, for the roughness
coefficient n for precast concrete pipe. Utilizing the appropriate
value of S from Table / and C, from Table /I, the full flow
quantity, Q., may be determined from Manning's Formula con-
veniently expressed as:

QF = C1 e SOVz (2}
Once the full flow quantity, Qg has been determined, the average
velocity, V, for full flow conditions may be calculated from the
basic hydraulic relationship:

v, = (3)
Ap
where
Q; = flow quantity, flowing full, cubic feet per second
V. = the average velocity, flowing full, feet per second
A_ = cross gectional area, flowing full, square feet

PARTIAL FL.OW HYDRAULIC ELEMENTS

For any size of pipe, curves showing the partial flow relation-
ship of the hydraulic elements, flow quantity, area of flow, hydrau-
lic radius, and velocity of flow in terms of the full flow conditions
can be plotted. Figure 1 provides such hydraulic element curves
and Table If full flow values for the hydraulic radius for arch
concrete pipe.

DESIGN METHOD

To determine the value of any one of the partial flow bydraulic
glements for arch concrete pipe, the following three step design
method is suggested:

1. Determine the full flow quantity, Q., and velocity, V.,

utilizing Tables / and If or other appropriate methods.

2. Determine the value of the ratic of partial flow to full flow of

the known hydraulic elements.

3. Determine the values of the unknown hydraulic elements

through the use of the partial flow curves.




