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HYDRAULICS OF CULVERTS:

The hydraulic characteristics of horizontal elliptical
pipe offer advantages, under certain conditions, over cir-
cular pipe commonly used for culverts, For minimum cover

‘conditions, or where vertical clearance is limited by exist-
ing structures, horizontal elliptical pipe is particularly suit-
able, since the vertical height is less than the height of
hydraulically equivalent circular pipe. Horizontal efliptical
pipe also offers the hydraulic advantage of greater capac-
ity for the same depth of flow than most other structures
of equivalent water-way area.

The hydraulic design of culverts establishes the
minimum pipe size which has sufficient capacity to dis-
charge a required flow within an allowable headwater
depth. The factors affecting the hydraulic capacity of a
culvert are illustrated in Figure 1. For any given head-
water depth, these factors interact to control the hydraulic
capacity by one of the following means:

1. Geomefry of the inlet

2. Combined influence of size, shape, slope and

surface roughness of the culvert pipe

3. Tailwater conditions at the outiet

The type of control under which a particular cul-
vert operates is dependent on the location of the control
section which limits the maximum discharge through the
culvert. In the hydraulic design of culveris where the out-
let is not submerged, two principal types of control are
usually considered:
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FLOW WiTH INLET CONTROL

Under inlet control the control section is located
at or near the culvert entrance, and for any given shape
and size of cuivert, the discharge capacity is entirely
dependent on the inlet geometry and headwater depth.
Inlet control will exist as long as water can flow through
the culvert at a greater rate than water can enter the
inlet. The capacity of a culvert is limited by the degree of
contraction of the flow at the entrance. Therefore, if a
culvert is to function as an efficient hydraulic structure
under intet control conditions, an inlet geometry resulting
in minimum contraction of the flow at the entrance is of
utmost importance. The geometric shape of the socket
end of a concrete culvert pipe provides a more efficient
entrance than the sharp edge of a corrugated metal pipe
with or without a headwall.

FLOW WITH OUTLET CONTROL

Under outlet control the control section is located
at or near the culvert outlet, and for any given shape and
size of culvert, the discharge capacity is dependent on
all of the hydraulic factors upstream from the outlet.
Outlet control will exist as long as water can enter the
culvert through the inlet at a greater rate than water can:
flow away from the entrance. The primary factor limiting
culvert capacity when operating under outlet control is
surface roughness. Therefore, a culvert pipe with an in-

FIGURE 1: Factors Affecting Culveri Capacity

FIGURE 2: OQutlet Control Energy Relationship
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R=inside vertical height (rise} of pipe
S=inside horizontal span of pipe
HW=headwater depth at culvert entrance
L=length of culvert
n=surface roughness of the pipe wall,
usually expressed in terms of
Manning’s n
S,=slope of the culvert pipe
TW=tailwater depth at culvert outlet

HW=H+h,—S,L —h,

where
HW=headwater depth, feet
H=head loss, feet (velocity head, entrance loss head
and friction loss head)
ho=vertical distance from culvert flow line at
outlet to “control” point, feet
Sy=slope of the culvert, feet per foot
L=length of culvert, feet
TW=tailwater depth, feet
de=critical depth, feet
RxS=inside rise x span of pipe




