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CHAPTER 1
INTRODUCTION

1-1. Purpose.

This manual discusses water disposal methods
which ensure the safe and efficient operation of
airport and heliport facilities, to describe an effi-
cient drainage system, and to detail problems that
can be caused by inadequate drainage systems.

1-2. Scope.

This manual provides design criteria for common
drainage and erosion-control structures for air-
fidldsand heliports, cover requirements for severa
types of pipe for varying whedl loads, and protec-
tion of storm drains against freezing conditionsin
seasonal frost aress.

1-3. References.

Appendix A containsalist of references used in this
document.

1-4. Problem areas.

a. The problem areas include culverts, under-
ground storm drainage systems, scour, riprap re-
quirements at culvert and storm drain outlets,
outlet energy disspators, natural and artificial open
channels, and drop structures.

b. Problemsin the design of drainage and ero-
sion-control structures for airfields and heliports
result from failure to follow a long-range master
development plan, inadequate basic data, and limi-
tation in time or funding. Problems in construction
and operation result from poor inspection and
construction procedures, and lack of periodic in-
gpections and follow-up maintenance. Thereis also
the misconception that drainage is considered to be
the least important factor affecting the performance
of aninstallation.

c. Adequate initid drainage facilities provide
satisfactory performance with little maintenance
and good long run economy, while faulty installa-
tionswill require extensve repairs, replacements or
other remedies.

1-5. Design.

a. Improper design and careless construction of
various drainage structures may render airfields and
heliports ineffective and dangerous to the safe
operations of military aircraft. Consequently, the
necessity of applying basic hydraulic principles to

the design of all drainage structures must be em-
phasized. Care should be given to both preliminary
field surveys which establish control elevations and
to construction of the various hydraulic structures
in strict accordance with proper and approved
design procedures. A successful drainage system
can only be obtained by the coordination of both
the field and design engineers.

b. Fue spillagewill not be collected in storm or
sanitary sewers. Fuel spillage may be safdly dis
posed of by providing ponded areas for drainage so
that any fud spilled can be removed from the water
surface. Bulk-fuel-storage areas will not be
consdered as built-over areas. Curbs, gutters, and
storm drains will not be provided for drainage
around tank-car or tank-truck unloading areas,
tank-truck loading stands, and tanks in bulk-fuel-
storage areas.

c. Waste water from cleaning floors, machines,
and arplanesis dso prohibited from entering storm
or sanitary sewers directly. Treatment facilities,
traps, or holding facilities will be provided as

appropriate.

1-6. Outfall considerations.

In some localities the upstream property owner
may artificialy drain his property onto the down-
stream properties without liability for damages
from the discharge of water, whereas in other areas
he may be liable for damage caused by such
drainage. Local law and practices should be re-
viewed prior to the design of a drainage system,
and the advice of the Division rea estate office
should be obtained.

1-7. Drainage law.

a. There are two basic rules of law applied in
drainage problems, Roman civil law and common-
enemy rule.

b. A number of states follow Roman civil law
which specifies that the owners of high land are
entitled to discharge their drainage water onto
lower land through natural depressions and chan-
nels without obstruction by the lower owner. The
elevation of land gives the owners of high land an
advantage allowing them to accelerate the flow of
surface water by constructing ditches or by im-
proving natural channels on the property or by in-
gdling tiledrains. The owners of lower land, how-

1-1
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ever, cannot prevent natural drainage from entering
their property from above because water may not
be carried across a drainage divide and discharged
on land which would not have received the water
naturally.

c. Other states employ the common-enemy rule
which recognizes that water is a common enemy of
al and that any landowners have the right to pro-
tect themsdaves from water flowing onto their land
from ahigher elevation. Under thislaw, the higher
landowners cannot construct drainage works which

damage the property of the lower owners without
first securing an easement. The lower owners,
however, are alowed to construct dikes or other
fecilities to prevent the flow of surface water onto
their property.

d. Both Roman civil law and the common-
enemy rule place the responsibility for damages on
the party altering the natural stream pattern of an
area or creating an obstacle which blocks the flow
of anatural stream.



TM 5-820-3/AFM 88-5, Chap. 3

CHAPTER 2
DRAINAGE PIPE

2-1. General.

A drainage pipeis a structure (other than a bridge)
used to convey water through or under a runway
fill or some other obstruction. Materias for
permanent-type ingtalations include plain or
nonreinforced concrete, reinforced concrete, corru-
gated steel, asbestos cement, and day and alumi-
num corrugated pipe.

2-2. Selection of type of pipe.

a. The selection of a suitable construction con-
duit will be governed by the availability and suit-
ability of pipe materials for local conditions with
due consideration of economic factors. It isdesira
ble to permit aternates so that bids can be received
with contractor's options for the different types of
pipe suitable for a specific installation. Allowing
alternates serves as a means of securing bidding
competition. When dternate designs are
advantageous, each system will be designed eco-
nomically, taking advantage of full capacity, best
slope, least depth, and proper strength and instal-
lation provisons for each materid involved. Where
fidd conditions dictate the use of one pipe materia
in preference to others, the reasons will be clearly
presented in the design analysis.

b. Factorswhich should be considered in select-
ing the type of pipe include strength under maxi-
mum or minimum cover, bedding and backfill con-
ditions, anticipated loadings, length of sections,
ease of ingdlation, corrosive action by liquids car-
ried or surrounding soil, jointing methods, expected
deflection, and cost of maintenance. Although itis
possible to obtain an acceptable pipe installation to
meet design requirements by establishing specia
provisonsfor several possible materids, ordinarily
only one or two aternates will economically meet
theindividua requirements for a proposed drainage
system.

2-3. Sdlection of n values.

Whether the coefficient of roughness, n, should be
based on the new and ideal condition of a pipe or
on anticipated condition at alater date is a difficult
problem. Sedimentation or paving in a pipe will
affect the coefficient of roughness. Table 2-1 gives
the n values for smooth interior pipe of any size,
shape, or type and for annular and helica
corrugated meta pipe both unpaved and 25 percent
paved. When n values other than those listed are
selected, such values will be amply justified in the
design andysis.
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Table 2-1. Roughness coefficients for various pipes.

n = 0.012 for smooth interior pipes of any size, shape, or type*

n value for annular corrugated metal

Corrugation size Unpaved 257 Paved

2 + 2/3 by 1/2 inch 0.024 0.021

3 by 1 inch 0.027 0.023

6 by 2 inch 0.028-0.033 0.024-0,028
9 by 2 + 1/2 inch 0.033 0.028

n values for helical corrugated metal (2 + 2/3 by 1/2 inch

corrugations)

Pipe diameter Unpaved 257 Paved
12-18 inches 0.011-0.014 X
24-30 inches 0.016-0.018 0.015-0.016
36-96 inches 0.019-0.024 0.017-0.021

% TIncludes asbestos cement, plastic, cast iron, clay, concrete
(precast or cast-in-place) or fully paved corrugated metal pipe.

2-4. Redricted use of bituminous-coated pipe.

The installation of corrugated-metal pipe with any
percentage of bituminous coating should be re-
gricted where fuel spillage, wash rack waste, and/
or solvents can be expected to enter the pipe.

2-5. Minimum and maximum cover.

a. Heliport and airport layout will typicaly in-
clude underground conduits which pass under run-
ways, taxiways, aprons, helipads, and other hard-
stands. In the design and construction of the
drainage system it will be necessary to consider
both minimum and maximum earth cover allowable
in the underground conduits to be placed under
both flexible and rigid pavements as well as beneath
unsurfaced airfields and medium-duty landing-mat-

2-2

surfaced fields. Underground conduits are subject
to two principal types of loads: dead |oads caused
by embankment or trench backfill plus
superimposed stationary surface loads, uniform or
concentrated; and live or moving loads, including
impact.

b. Dranage systems should be designed to pro-
vide the greatest possible capacity to serve the
planned pavement configuration. Additions to or
replacements of drainage lines following initia
construction are both costly and disrupting to air-
craft traffic.

c. Investigations of in-place drainage and ero-
sion control facilities at military installations were
made during the period 1966 to 1972. The facilities
observed varied from 1 to more than 30 years of



age. The study revealed that buried conduits and
associated storm drainage facilities installed from
the early 1940's until the mid-1960's appeared to be
in good to excellent structural condition. However,
many failures of buried conduits were reported
during construction. Therefore, it should be noted
that minimum conduit cover requirements are not
aways adequate during construction. When
congtruction equipment, which may be heavier than
live loads for which the conduit has been designed,
is operated over or near an aready in-place
underground conduit, it is the contractor's
responsibility to provide any additional cover
during construction to avoid damage to the con-
duit.

d. Since 1940 gross arcraft weight has
increased twenty-fold, from 35,000 pounds to
approximately 700,000 pounds. The increases in
aircraft weight have had a significant effect on
design criteria, construction procedures, and
material used in the manufacture and construction
of buried conduits. Mgor improvements in the
design and congtruction of buried conduitsin the 2
decades mentioned include among other items
increased strength of buried pipes and conduits,
increased compaction requirements, and revised
minimum and maximum cover tables.

e. For minimum and maximum cover design, H-
20, 15K, F-15, C-5A, C-141, C-130, B-I and B-52
live loads and 120 pounds per cubic foot backfill
have been considered. Cover heights for flexible
pipes and reinforced concrete pipes were based on
an analysis of output (Juang and Lee 1987) from
the CANDE computer program (FHWA-RD-77-5,
FHWA-RD-77-6, FHWA-RD-80-172). Wall crush-
ing, seam separation, wall buckling, formation of a

TM 5-820-3/AFM 88-5, Chap. 3

plastic hinge, and excessive deflection, as functions
of pipe size and stiffness, backfill conditions, fill
height, and live load were considered for flexible
pipes. Sed yield and concrete crushing, shear fail-
ure and tensile cracking, as functions of pipe size,
backfill conditions, full height, concrete strength,
steel content, and live load were considered for re-
inforced concrete pipe. Nonreinforced concrete and
vitrified clay pipe design are based on the American
Concrete Pipe Association's D-load design pro-
cedure based on a 0.01-inch crack.

f. Thetables (B-I through B-23) in appendix B
identify the recommended minimum and maximum
cover requirements for storm drains and culverts.
These cover depths are valid for the specified loads
and conditions, including average bedding and
backfill. Deviations from these loads and conditions
significantly affect the alowable maximum and
minimum cover, requiring a separate design
caculation. Most pipe seams develop the full yield
strength of the pipe wall. However, there are some
exceptions which occur in standard metal pipe
manufacture. To maintain a consistent safety factor
of 2.0 for these pipes, the maximum ring
compression must be one-half of the seam strength
rather than one-half of the wall strength for these
pipes. Table 2-2 shows cover height reductions for
standard riveted and bolted seams which do not
develop astrength equivaent to f, = 33,000 pounds
per square inch. The reduction factors shown are
the ratios of seam strength to wall strength. The
maximum cover height for pipes with weak
seaming as identified in table 2-2 can be determined
by multiplying the maximum cover height for a
continuoudy-welded or lock seam pipe (app B) by
the reduction factors shown in table 2-2.
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Table 2-2. Maximum cover height reduction factors for riveted and bolted seams.

&
L hal
N ek~
c uw-llw o~ ~
Lol ] & o [=))
— N . .
T C © o (=]
M~ m X .o
o
O |~
. =]
e nH|lo
- — O ~
v —~lo (=} o0
o > ]
— o X [ O o o
™~ [=]
~ o
[+]
-l
L) o«
— |0 oS o
2
x|0O o
[
[0 sa]
&
¢
>
bl
=4 L
L3 L wy (2]
| 8L © ~
(=200 =] .
Lol [] o o
NI
O
~ -
[sa]
x
U
N e (3] [aal O
™~ b0 wy ~r 3]
NIg .
| frl < o o
~Ni{wn
Q
W e < o
« glo [+ ] (=5}
v HlD .
> [<} o o
— N|Q
oS~
-
.
£ X
Ll V]
(380 Lo vy ~
DO ~.| ap O ("a}
-] <
~ - (=4 o
wny N
[
&0 ~3 o~ [ = =]
I+ — — — -
(4]
(0]
w
o ~r (=) N =] «©
[=HY O ~ o Laa} O
LA =1 <o o — — —
[ . .
-t o o < o o
=
[

g. Figures 2-1, 2-2, 2-3, and 2-4 indicate the respectively. Figure 2-5 is a schematic representa-
three main types of rigid conduit burial, the free- tion of the subdivision of classes of conduit instal-
body conduit diagrams, trench bedding for circular lationwhichinfluencesl oadsonundergroundconduits.
pipe, and beddings for positive projecting conduits,
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Figure 2-1. Three main classes of conduits.
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Figure 2-2. Free body conduit diagrams.
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Figure 2-3. Trench beddings for circular pipe.
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Figure 2-4. Beddings for positive projecting conduits.
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Figure 2-5. Installation conditions which influence loads on underground conduits.

2-6. Frost condition consider ations.

The detrimental effects of heaving of frost-suscep-
tible soils around and under storm drains and
culverts are principa considerations in the design
of drainage systems in seasonal frost areas. In such
aress, freezing of water within the drainage system,
except icing at inlets, is of secondary importance
provided the hydraulic design assures minimum
velocity flow.

a. Drains, culverts, and other utilities under
pavements on frost-susceptible subgrades are fre-
quently locations of detrimental differentia surface
heaving. Heaving causes pavement distress and loss
of smoothness because of abrupt differencesin the
rate and magnitude of heave of the frozen
materials. Heaving of frost-susceptible soils under
drains and culverts can aso result in pipe
displacement with consequent loss of alignment,
joint failures, and in extreme cases, pipe breakage.
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Placing drains and culverts beneath pavements
should be minimized to the extent possible. When
this is unavoidable, the pipes should be installed
before the base course is placed in order to obtain
maximum uniformity. The practice of excavating
through base courses to lay drain pipes and other
conduits is unsatisfactory since it is almost impos-
sble to attain uniformity between the compacted
trench backfill and the adjacent material.

b. No specia measures are required to prevent
heave in nonfrost-susceptible subgrades. In frost-
susceptible subgrades where the highest ground-
water tableis 5 feet or more below the maximum
depth of frost penetration, the centerline of the pipe
should be placed at or below the depth of
maximum frost penetration. Where the highest
ground-water table is less than 5 feet below the
depth of maximum frost penetration and the pipe
diameter is 18 inches or more, one of the following
measures should be taken:

(1) Place the centerline of the pipe at or
bel ow the depth of maximum frost penetration and
backfill around the pipe with a highly free-draining
nonfrost-susceptible material.

(2) Place the centerline of the pipe one-third
diameter below the depth of maximum frost pene-
tration.

c. To prevent water from freezing in the pipe,
theinvert of the pipe should be placed at or below
the depth of maximum frost penetration. In arctic
and subarctic areas it may be economically infeasi-
ble to provide sufficient depth of cover to prevent
freezing of water in subdrains; also, in the arctic, no
resdua thaw layer may exist between the depth of
seasonal frost penetration and the surface of
permafrost. Subdrains are of little value in such
aress because, unless protected from freezing, they
are usually blocked with ice during the spring
thawing period. Water freezing in culverts aso
presents a serious problem in arctic and subarctic
regions. The number of such structures should be
held to a minimum and should be designed based
on twice the normal design capacity. Thawing de-
vices should be provided in al culverts up to 48
inches in diameter. Large diameter culverts are
usually cleaned manually immediately prior to the
spring thaw. Drainage requirements for arctic and
subarctic regions are presented in TM 5-852-7/
AFM 88-19, chapter 7.

d. Thefollowing design notes should be consid-
ered for ingalations located in seasonal frost aress.

(1) Note 1. Cover requirement for traffic
loads will apply when such depth exceeds that
necessary for frost protection.
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(2) Note 2. Sufficient granular backfill will be
placed beneath inlets and outlets to restrict frost
penetration to nonheaving materials.

(3) Note 3. Design of short pipes with
exposed ends, such as culverts under roads, will
congder local icing experience. If necessary, extra
gze pipe will be provided to compensate for icing.

(4) Note 4. Depth of frost penetration in well-
drained, granular, nonfrost-susceptible soil beneath
pavements kept free of snow and ice will be
determined from data found in figure 3-5 of TM 5-
818-2/AFM 88-6, chapter 4. For other soils and/or
surface conditions, frost penetrations will be deter-
mined by using conservative surface condition as-
sumptions and methods outlined in TM 5-852-6/
AFM 88-19, Volume 6. In al cases, estimates of
frost penetration will be based on the design freez-
ing index, which is defined as the average air-
freezing index of the three coldest wintersin a 30-
year period, or the air-freezing index for the coldest
winter in the past 10-year period if 30 years of
record are unavallable. Further information re-
garding the determination of the design freezing
index isincluded in TM 5-818-2/AFM 88-6, chap-
ter 4 and TM 5-852-6/AFM 88-19, Volume 6.

(5) Note 5. Under traffic areas, and
particularly where frost condition pavement design
is based on reduced subgrade strength, gradual
transitions between frost-susceptible subgrade
materials and nonfrost-susceptible trench backfill
will be provided within the depth of frost
penetration to prevent detrimental differential
surface heave.

2-7. Infiltration of fine soils through drainage
pipejoints.

a. Infiltration of fine-grained soils into drainage
pipelines through joint openings is one of the major
causes of ineffective drainage facilities. Thisis a
serious problem along pipes on relatively steep
dopes such as those encountered with broken back
culvertsor tilling wells. Infiltration is not confined
to non-cohesive soils. Dispersve soils have a
tendency to dake and flow into drainage lines.

b. Infiltration, prevalent when the water tableis
at or above the pipeline, occurs in joints of rigid
pipelines and in joints and seams of flexible pipe,
unless these are made watertight. Watertight
jointing is especialy needed in culverts and storm
drains placed on steep slopes to prevent infiltration
and/or leakage and piping that normally resultsin
the progressive erosion of the embankments and
loss of downstream energy dissipators and pipe
sections.

c. Culverts and storm drains placed on steep
dopes should be large enough and properly vented



so that full pipe flow can never occur, in order to
maintain the hydraulic gradient above the pipe
invert but below crown of the pipe, thereby
reducing the tendency for infiltration of soil and
water through joints. Pipes on steep slopes may
tend to prime and flow full periodically because of
entrance or outlet condition effects until the
hydraulic or pressure gradient is lowered enough to
cause venting or loss of prime at either the inlet or
outlet. The alternating increase and reduction of
pressure relative to atmospheric pressure is con-
ddered to be aprimary cause of severe piping and
infiltration. A vertical riser should be provided up-
stream of or at the change in lope to provide suf-
ficient venting for establishment of partial flow and
dabilization of the pressure gradient in the portion
of pipe on the steep slope. The riser may also be
equipped with an inlet and used simultaneously to
collect runoff from a berm or adjacent area.

d. Infiltration of backfill and subgrade material
can be controlled by watertight flexible joint mate-
rials in rigid pipe and with watertight coupling
bandsin flexible pipe. Successful flexible watertight
joints have been obtained in rigid pipelines with
rubber gaskets installed in close-tolerance tongue-
and-groove joints and factory-installed plastic
gasketsingtaled on bell-and-spigot pipe. Bell-and-
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spigot joints caulked with oakum or other similar
rope-type caulking materials and sealed with hot-
poured joint compound have also been successful.
Metal pipe seams may require welding, and the
rivet heads may have to be ground to lessen
interference with gaskets. There are severa kinds
of connecting bands which are adequate both
hydraulicaly and structuraly for joining corrugated
metal pipes on steep sopes.

e. A conclusiveinfiltration test will be required
for each section of pipeline involving watertight
joints, and installation of flexible watertight joints
will conform closely to manufacturers recommen-
dations. Although system layouts presently recom-
mended are considered adequate, particular care
should be exercised to provide a layout of sub-
drains that does not require water to travel appre-
ciable distances through the base course due to im-
pervious subgrade material or barriers. Pervious
base courses with a minimum thickness of about 6
inches with provisions for drainage should be pro-
vided beneath pavements constructed on fine-
grained subgrades and subject to perched water
table conditions. Base courses containing more
than 10 percent fines cannot be drained and remain
saturated continuously.
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CHAPTER 3
INLETS AND BOX DRAINS

3-1. General.

a. Inlet structuresto collect storm runoff at air-
fields and heliports may be built of any suitable
construction material. The structures must ensure
efficient drainage of desgn-storm runoff in order to
avoid interruption of operations during or fol-
lowing sorms and to prevent temporary or perma-
nent damage to pavement subgrades. Most fre-
guently, reinforced concrete is the material used
athough brick, concrete block, precast concrete, or
rubble masonry have aso been used. The material,
including the dotted drain corrugated metal pipe to
handle surface flow if employed, should be strong
enough to withstand the loads to which it will be
subjected.

b. Field inlets are usually those located away
from paved areas. Box drains, normally more costly
than field inlets, are usualy located within paved
areas to remove surface drainage.

c. Loca practices and requirements governing
fidd inlets greatly influence design and construction
details. Experience has indicated that the features
described in paragraph 3-2 should be considered by
the designer.

3-2. Inletsversus catch basins.

Catch basins are required to prevent solids and
debris from entering the drainage system; however,
their proper maintenance is difficult. Unless the
sediment basin is frequently cleaned, there is no
need for catch basins. Since catch basins are not
necessary when storm drainage lines are laid on
self-cleaning grades, proper selection of storm
drain gradients greatly reduce the need for catch
basins. Whenever practical ordinary inlets should be
used instead of catch basins.

3-3. Design features.

a. Structures built in connection with airport
drainage are similar to those used in conventional

congtruction. Although standard type structures are
usualy adequate, occasionaly specia structures
will be needed.

b. Grating elevations for field inlets must be
carefully coordinated with the base or airport
grading plan. Each inlet must be located at an ele-
vation which will ensure interception of surface
runoff. Increased overland velocities immediately
adjacent to field inlet openings may result in ero-
sion unless protective measures are taken. A solid
sod annular ring varying from 3 to 10 feet around
the inlet reduces erosion if suitable turf is estab-
lished and maintained on the adjacent drainage
area. Prior to the establishment of turf on the ad-
jacent area, sllt may deposit in a paved apron
around the perimeter or deposit in the sod ring
thereby diverting flow from the inlet. In lieu of a
sod ring, a paved apron around the perimeter of a
grated inlet may be beneficid in preventing erosion
and differential settlement of the inlet and the
adjacent area as well as facilitating mowing
operations.

c. Dranage structures located in the usable
areas on airports should be designed so that the
grating does not extend above the ground level.
Thetops of such structures should be 0.2 of afoot
below the ground line (finished grade) to alow for
possible settlement around the structure, to permit
unobstructed use of the area by equipment, and to
facilitate collection of surface runoff.

d. A gratingin aponded area operates as aweir
under low head situations. At higher heads, how-
ever, the grating acts as an orifice. Model tests of
agrating shown inthe typica plan of adouble inlet
grating (fig 3-1) indicate that vortex action
influences the discharge characteristics when the
head exceeds 0.4 foot. Hydraulically acceptable
grates will result if the design criteriain the above
figure are applied. For the entire area, the system of
grates and their individual capacity will depend on
the quantity of runoff to be handled and the al-
lowable head at the grates. Head limitations should
not exceed 0.5 foot.
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DISCHARGE IN C.F.S.
DETERMINATION OF TYPICAL INLET
GRATING DISCHARGE CURVE

Figure 3-1. Determination of typical inlet grating discharge curve.

e. A grating in asloping gutter will intercept all
water approaching the gross width of grate opening
if the length of grate is greater than the upper
trgjectory of inflow. Grating bars will be placed
parale to the direction of gutter flow, and spacers
between bars will be avoided or located below the
surface of the grate. Eighteen inches is the mini-
mum length of opening necessary for grates with a
ratio of net to gross width of opening of 2:3. To
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prevent possible clogging by debris, the safety fac-
tors mentioned below will be applied.

f. Discharge characteristics of gratings are pri-
marily dependent on design and the local rainfall
characteristics. A safety factor of 1.5 to 2.0 will be
used to compensate for collection of debris on the
field gratings in turfed areas. In extensively paved
aress asafety factor of 1.25 may be used in design.

g. Grates may be made of cast iron, steel, or
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ductile iron. Reinforced concrete grates, with cir- for load-carrying capacities. Selection of grates and
cular openings, may be designed for box drains. frames will depend upon capacity, strength, an-
Inlet grating and frame must be designed to with- choring, or the requirement for single or multiple
stand aircraft wheel loads of the largest aircraft grates. Suggested design of typica metal grates and
using or expected to use the facility. As design inletsis shown in figures 3-2 and 3-3.

loads vary, the grates should be carefully checked

" . OW' ‘ (o 3/4"x 3" SECT. [1/2"*1"sscr ] °
3/8" FILLET WELD 1/8~ FILLET WELD L=
I I T eEaEEss
| ’ 2 8 G [DDDDDED
Il B8 59 | HDeEEe
' Q, W . AR TN
_ | 88 fE | [ooaE0d
B 1% gy || (EGDe0E,
A e a8l E o F | [DDC]DDED=
L 138 My OO0 g
s 3 4 00000
\03”" 33/4" BAR. 31/2'xw:;;/:;ExL;/:;° N QQQQQ@ i
PLAN B . AN =~
e 2056" . .. 53/4”% 31/2” x 1/2* IRREGULAR T FRAME &
Uty 3/8 X: 33/4” BARS NOTCHED 122 PLAN
sxgn 12 FORG/G’(:Y'CROSSDARS; GRADE '——'22" )
i aRicH L P9 B B ] . b TR
g Bl T3 o L™ ‘ jue &
_=.v-_=' 11/4 nn/d"saf:vzggsj%‘ 3/4“% 12 "g"' of oF -
% S TO ANGLE - 4 SIDES ﬁNCHOR BOLT 4 3 Cogfés‘(gs NSNS
‘;,%Fl\acounsssoramcx - ‘ | N OF;‘“X 12" LONG 8%
L i, 10" —y— ZZZ4)  ANCHOR BOLT
~— ' T F 18" )
SECTION A-A il T SECTION B-B -
WELDED STEEL GRATE(D) .

CAST IRON GRATE (2

19 1/2” GRATE SIZE

3/4” x 12 LONG 3 COURSES

17 3/4” INLET OPENING ANCHOR BOL‘TJ OF BRICK
— £+ w 3 U2 NPT
. - ek Al gy NOTES:
. (- ] . € = R o
: /1 ' ) . 1. INLET GRATING AND FRAME TO
8 : : WITHSTAND AIRCRAFT WHEEL
D l ¥ D DE ; LOADS OF LARGEST AIRCRAFT
’ 3 . N TO USE THE FACILITY.
D E':] D En E e L3S . 2. DETAILS, DIMENSIONS, AND
° sz =3 » STYLES OF GRATES AND
° v 0| = l - FRAMES DO NOT REPRESENT
G < D @ TR g THOSE AVAILABLE FROM ANY
: % MANUFACTURER. SELECTION
: %D D D D C S OF GRATES AND FRAMES WiLL
: - . oo = DEPEND ON NEEDS FOR CA-
: ™ .l PACITY, STRENGTH, ANCHOR-
: / ] N6 x 3 1/27x 172G ® ING, AND SINGLE OR MULTIPLE
% > | IRREGULAR S 4 GRATES.
: . ‘ T FRAME : :
cod
PLAN SECTION C-C

CAST IRON INLET GRATE@

EXAMPLES OF TYPICAL INLET GRATES

Figure 3-2. Examples of typical inlet grates.



TM 5-820-3/AFM 88-5, Chap. 3

(@ =) S
4 2 . - f - ™
1 < ?- r m!v K W T B
T Mot b —— P
0 3 TER
A BETS B D A
A SRR L ERb Z eratenor | eratenor JUlll J[
LT _J"“"' 3 ff, g SHOWN SHOWN [
LA -y = °
aREs vl g I |
A2 il - LW |
\ I ) : L - i ,
L__2erm ] e <
e PLAN ey srouoine
t'——'_‘12 FIN. GRADE 5 s5.33/g% AROUND
32 &l PAVE WHERE NECE;_SA:/V, P
3 COLASES|™5d— 3/4" ® = 10" LONG TR (DL TR (IR (7 P
z| =1 oF BRICK [ -] ANCHORBOLT AN W A i)
Cy T ) s o GRATES A x
MERR 3/4 9 REINFORCING BARS T T~ . ',|._-j z
‘% '_{‘. 12 0.C. FOR DEPTH 3'TO 8", § . " LjAe
AN 7/87 $ BARS 12" 0.C. FOR__- 1"\ 7+ e
% L E— . perrusaTo 1 — ][ b §
> .k.—v—'ﬁ-v—.v M © . . * . '[- s
2 e Wt s . A 7 CER s
- euL 19” _Laﬂ h[ ‘.L'-:v——l——v-—\—\——\—\-—\——\—-.-——sJ >
a7 ] 5] 5 37/8" X
SECTION A-A 6-7 7/8”
ONE-GRATE INLET STRUCTURE SECTION B-B
THREE-GRATE INLET STRUCTURE
26"
-.
o1 | - - .
g OOl L afs o 9
g0 L. iooog) .- J"m | 4
je} = '}h [~
i A E W
g S000 S
= L ]
PLAN
FIN. G.L. . " 2'-6”
AROUND
INLETS - MILLED 16 1/4"
%0 0.4 83200 8585 gy Hittia - anare| 11 via5l
R TN / I SURFACES ——inggl, GRADE 3 COURSES OF BRICK
1 GRATES -{, § FJ : P ANCHOR BOLT
S E . o e Q. 2 =
e 3-57/8 fid S & - 2ot
. -'.::_:':':_'7—"'—'.“;_'-‘.\\ § Si{—.' r
¥ 7 " 3/4” & REINFORCING BARS {3} Ai- ¢
T a—
SECTION C-C DEPTHS 8 TO 17" — SECTION D-D
TWO-GRATE INLET STRUCTURE ONE-GRATE INLET STRUCTURE

NOTES:
DETAILS DIMENSIONS, AND MATER!ALS
FOR INLETS AS WELL AS FOR GRATES
AND FRAMES ARE ILLUSTRATIVE ONLY.

Figure 3-3. Examples of inlet design.

h. Commercidly manufactured grates and
frames for arport loadings have been designed
specifically for airport loadings from 50 to 250
pounds per square inch. Hold-down devices have
also been designed and are manufactured to pre-
vent grate displacement by aircraft traffic. If man-

34

ufactured grates are used, the vendor must certify
the design load capacity.

i. Thesize and spacing of bars of grated inlets
are influenced by the traffic and safety requirements
of the local area. Nevertheless, in the interest of
hydraulic capacity and maintenance requirements,



it isdedrable that the openings be made as large as
traffic and safety requirements will permit.

j.  For rigid concrete pavements, grates may be
protected by expansion joints around the inlet
frames. Construction joints, which match or are
equal to the normal spacing of joints, may be re-
quired around the drainage structure. The dab
around the drainage structure should include steel
reinforcements to control cracking outwardly from
each corner of theinlet.

3-4. Box drains.

a. Wherebox drains are used within paved areas
to remove surface drainage, no specia inlet
structures are required and a continuous-type
grating, generally covering the entire drain, is used
to permit entrance of water directly into the drain.
Box drains are generdly more costly than
conventiona inlets. Accordingly, their use will be
restricted to unusual drainage and grade situations
where flow over pavement surface must be
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intercepted such as near hangar doors. The design
and construction details of the box drain will
depend on local conditions in accordance with hy-
draulic and structural requirements. However, cer-
tain generd detailsto be followed are illustrated by
the typical section through a box drain in a paved
areashown in figure 3-4. The walls of the box drain
will extend to the surface of the pavement. The
pavement will have a free thickened edge at the
drain. An approved expansion-joint filler covering
the entire surface of the thickened edge of the
pavement will be installed at al joints between the
pavement and box drain. A ¥xinch-thick filler is
usually sufficient, but thicker fillers may be
required. Grating for box drains can be built of
steel, cast iron, or reinforced concrete with
adequate strength to withstand anticipated load-
ings. Where two or more box drains are adjacent,
they will be interconnected to provide equalization
of flow and optimum hydraulic capacity.
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Figure 8-4. Typical inlet and box drain designs for airfield and heliport storm drainage systems.

the drain wall while the thickened edge is restrained
from moving away from the drain, and the
Air Force Base. The design provides for the top of
the box drain wall to terminate at the bottom of the
abutting pavement. A typical drain cover is a

indicates a successful box drain in use at Langley

infiltration of detritus into joints. Figure 3-5

b. A number of box drains smilar to those
shown in figure 3-4 have failed structurally at sev-

erd installations, Causes of failure are the inability
of the drain walls to resist the movement of the

abutting pavement under seasonal expansion and
contraction, the general tendency of the dope
pavement to make an expansion movement toward

3-6
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design may also be used to repair existing box

be used to provide egress for the storm runoff. The
drains which have failed.
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lightweight circular pipes used for the grating
openings. While only 4-inch-diameter holes have

10-inch-thick reinforced concrete slab with inserted
been indicated in the figure, additional holes may

deteriorate. help Construction specifications
requiring careful backfilling around inlets will help

prevent the differential settling rates.

Figure 3-5. Repair box drains.

Inlet drainage structures, particularly box
drains, have been known to settle at rates different

C.

from the adjacent pavement causing depressions
which permit pavement failure should the subgrade
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3-5. Settlement of inletsand drains.

Failure of joints between sections of concrete pipe
inthe vicinity of large concrete manholes indicates
the manhole has settled at a different rate than that
of the connecting pipe. Flexible joints should be
required for dl joints between sections of rigid pipe
in the vicinity of large manholes, say 3 to 5 joints
along all pipe entering or leaving the manhole.

3-6. Gutters.

In general, curb and gutters are not permitted to
interrupt surface runoff along a taxiway or runway.
The runoff must be alowed unimpeded travel
transversaly off the runway and thence directly by
the shortest route across the turf to the field inlets.
Inlets spaced throughout the paved apron
construction must be placed at proper intervals and
in well-drained depressed locations. Gutters are
discussed in chapter 4.

3-7. Curbinlets.

The hydraulic efficiency of curb inlets depends
upon depression of gutter invert and a relatively
high curb; these conditions cannot be tolerated on

3-8

arfield or heliport pavements and therefore will not
be used.

3-8. Clogging.

Partia or tota restriction of open and grated inlets
caused by clogging with debris, sediments, and
vegetation is afairly common problem.

a. Magor factors responsible for clogging of
inlets are inadequate periodic inspection, inad-
eguate maintenance, and improper location of the
inlet relative to the hydraulic gradient in the
drainage system.

b. To prevent clogging of inlets serving drainage
basinswith characteristics and flows that contribute
and transport detritus, debris barriers should be
provided upstream of them.

3-9. Ladders.

Adequate ladders should be provided to assure that
rapid entrance and egress may be made by
personnel during inspection of facilities. Ladder
rungs should be checked periodicaly, since they are
often lost in the course of regular inspection and
maintenance work.



TM 5-820-3/AFM 88-5, Chap. 3

CHAPTER 4
GUTTERS

4-1. General.

Shdlow, structurally adequate paved gutters adja-
cent to airfield pavements are frequently required
to provide positive removal of runoff from paved
aress, to protect easily eroded soils adjacent to the
pavement, and to prevent the softening of turf-
shoulder areas caused by the large volume of runoff
from adjoining pavements.

4-2. Discharge capacity.

The discharge capacity of gutters depends on their
shape, sope, and roughness. Manning's equation
may be used for calculating the flow in gutters;
however, the roughness coefficient n must be
modified somewhat to account for the effect of lat-
era inflow from the runway. The net result is that
the roughness coefficient for the gutter is dightly
higher than that for a normal surface of the same
type. The assumption of uniform flow in guttersis
not strictly correct since runoff enters the gutter

more or less uniformly aong its length. The depth
of flow and the velocity head increase downslope in
the gutter, and the slope of the energy gradient is
therefore flatter than the slope of the gutter. The
error increases rapidly as the gutter dope is
flattened, and on very flat dopesthe gutter capacity
is much less than that computed using the gutter
dope in Manning's equation.

4-3. Design charts.

A cross section of atypical runway gutter and the
design charts are shown in figure 4-1. Safety and
operationa requirements for fast-landing speeds
make it desirable to provide a continuous longitu-
dinal grade in the gutter conforming closely to the
runway gradient thereby minimizing the use of
sumped inlets. A sufficient number of inlets will be
provided in the gutter to prevent the depth of flow
from exceeding about 21/2 inches.
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CHAPTERS
STORM DRAINS AND CULVERTS

5-1. General.

The storm-drain system should have sufficient ca-
pacity to convey runoff from the design storm
within the barrel of the conduit. Hydraulic design of
the storm-drain system is discussed in TM 5-820-
4/AFM 88-5 chapter 4. A drainage culvert is a
relatively short conduit used to convey flow
through a roadway embankment or past some other
type of flow obstruction. Culverts are constructed
from a variety of materias and are available in
many different shapes and configurations. Culvert
hydraulics and diagrams, charts, coefficients, and
related information useful in design of culverts are
shown in TM 5-820-4/AFM 88-5 chapter 4.

5-2. Headwalls and endwalls.

a. Thenormal functions of a headwall or wing-
wall are to recess the inflow or outflow end of the
culvert barrel into the, fill ope to improve en-
trance flow conditions, to anchor the pipe and to
prevent digointing caused by excessive pressures,
to control erosion and scour resulting from exces-
sive velocities and turbulences, and to prevent ad-
jacent soil from doughing into the waterway open-
ing.

b. Headwdls are particularly desirable as a
cutoff to prevent saturation sloughing, piping, and
eroson of the embankment. Provisons for drainage
should be made over the center of the head-wall to
prevent scouring aong the sides of the walls.

c. Whether or not a headwall is desirable de-
pends on the expected flow conditions and em-
bankment stability. Erosion protection such as
riprap or sacked concrete with a sand-cement ratio
of 9:1 may be required around the culvert entrance
if aheadwall is not used.

d. Inthedesgn of headwalls some degree of en-
trance improvement should always be considered.

The most efficient entrances would incorporate one
or more of such geometric features as elliptical
arcs, circular arcs, tapers, and parabolic drop-down
curves. Elaborate inlet design for a culvert would
be judtifiable only in unusua circumstances. The
rounding or beveling of the entrance in almost any
way will increase the culvert capacity for every
design condition. These types of improvements
provide a reduction in the loss of energy at the
entrance for little or no additional cost.

e. Entrance structures (headwalls and wing-
walls) protect the embankment from erosion and, if
properly designed, may improve the hydraulic
characteristics of the culvert. The height of these
structures should be kept to the minimum that is
consstent with hydraulic, geometric, and structural
requirements. Several entrance structures are
shown in figure 5-1. Straight headwalls (fig 5-1a)
are used for low to moderate approach velocity,
light drift (small floating debris), broad or unde-
fined approach channels, or small defined channels
entering culverts with little change in aignment.
The "L" headwall (fig 5-1b) is used if an abrupt
change in flow direction is necessary with low to
moderate velocities. Winged headwalls (fig 5-1¢)
are used for channels with moderate velocity and
medium floating debris. Wingwalls are most
effective when set flush with the edges of the cul-
vert barrel, aligned with stream axis (fig 5-id) and
placed at aflare angle of 18 to 45 degrees. Warped
wingwalls (not shown) are used for well-defined
channels with high-velocity flow and a free water
surface. They are used primarily with box culverts.
Warped headwalls are hydraulicaly efficient
because they form a gradua transition from a
trapezoidal channel to the barrel. The use of a
drop-down apron in conjunction with these wing-
walls may be particularly advantageous.



TM 5-820-3/AFM 88-5, Chap. 3

(a) STRAIGHT
HEADWALL

ANGLE OF

|
(b) “L” HEADWALL

APPROACHING
FLOW g

(c) FLARED WINGWALLS (d) WINGWALLS FLARED FROM

AXIS OF STREAM

Figure 5-1. Culvert headwalls and wingwalls.

f. Headwalls are normally constructed of plain
or reinforced concrete or of masonry and usually
consist of either a straight headwall or a headwall
with wingwalls, apron, and cutoff wall, as required
by local conditions. Definite design criteria appli-
cable to all conditions cannot be formulated, but
the following comments highlight features which
require careful consideration to ensure an efficient
headwall structure.

(1) Most culverts outfall into awaterway of
relatively large cross section; only moderate tail-
water is present, and except for local acceleration,
if the culvert effluent freely drops, the downstream
velocities gradudly diminish. In such situations the
primary problem is not one of hydraulics but is
usudly the protection of the outfall against
undermining bottom scour, damaging lateral
erosion, and perhaps degrading the downstream
channel. The presence of taillwater higher than the
culvert crown will affect the culvert performance
and may possibly require protection of the adjacent
embankment against wave or eddy scour. In any
event, a determination must be made about
downstream contral, its relative permanence, and
taillwater conditions likely to result. Endwalls
(outfall heagwalls) and wingwalls will not be used

5-2

unless justifiable as an integral part of outfal
energy dissipators or erosion protection works, or
for reasons such as right-of-way restrictions and
occasionally aesthetics.

(2) The system will fail if there is inadequate
endwall protection. Normally the end sections may
be damaged first, thus causing flow obstruction and
progressive undercutting during high runoff periods
which will cause washout of the structure. For
corrugated metal (pipe or arch) culvert instal-
lations, the use of prefabricated end sections may
prove desirable and economically feasible. When a
metd culvert outfall projects from an embankment
fill at a substantial height above natural ground,
either a cantilevered free outfal pipe or a pipe
downspout will probably berequired. In either case
the need for additional erosion protection requires
consideration.

g. Headwadlsand endwallsincorporating various
designs of energy disspators, flared transitions, and
erosion protection for culvert outfalls are discussed
in detail in subsequent sections of this chapter.

h. Headwalls or endwalls will be adequate to
withstand soil and hydrostatic pressures. In areas of
seasond freezing the structure will also be designed
to preclude detrimental heave or laterd



displacement caused by frost action. The most sat-
isfactory method of preventing such damage is to
restrict frost penetration beneath and behind the
wall to nonfrost-susceptible materials. Positive
drainage behind the wall is aso essential. Founda-
tion requirements will be determined in accordance
with procedures outlined in note 4 of paragraph 2-
6d. Criteria for determining the depth of backfill
behind walls are given in TM 5-818-1.

i. The headwalls or endwalls will be large
enough to preclude the partial or complete stop-
page of the drain by doughing of the adjacent soil.
This can best be accomplished by a straight head-
wal or by wingwalls. Typica erosion problems
result from uncontrolled local inflow around the
endwalls. The recommended preventive for this
type of falure is the construction of a berm behind

TM 5-820-3/AFM 88-5, Chap. 3

the endwall (outfall headwall) to intercept loca
inflow and direct it properly to protected outlets
such asfield inlets and paved or sodded chutes that
will conduct the water into the outfall channel. The
proper use of solid sodding will often provide
adequate headwall and channel protection.

5-3. Scour at outlets.

In genera, two types of channel instability can de-
velop downstream from storm sewer and culvert
outlets, i.e., either gully scour or localized erosion
termed a scour hole. Distinction between the two
conditions can be made by comparing the original
or existing sope of the channel or drainage basin
downstream of the outlet relative to that required
for stability asillustrated in figure 5-2.

ORIGINAL GROUND (STABLE SLOPE)

SCOUR HOLE

FLOW

~OR/g
= U,

STABLE
—__ SLOPE

GULLY SCOUR

Figure 5-2. Types of scour at storm-drain and culvert outlets.

a. Gully scour is to be expected when the
Froude number of flow in the channel exceeds that
required for stability. It begins at a control point
downstream where the channel is stable and
progresses upstream. If sufficient differentia in
elevation exists between the outlet and the section
of stable channel, the outlet structure will be com-
pletely undermined. The primary cause of gully
scour is the practice of siting outlets high, with or
without energy dissipators relative to a stable
downstream grade in order to reduce quantities of
pipe and excavation. Erosion of this type may be
extensive, depending upon the location of the stable
channd section relative to that of the outlet in both
the vertical and downstream directions. To prevent
gully erosion, outlets and energy dissipators should

be located a sites where the dlope of the
downstream channel or drainage basin is naturally
moderate enough to remain stable under the
anticipated conditions or else it should be con-
trolled by ditch checks, drop structures, and/or
other means to a point where a naturally stable
dope and cross section exist. Design of stable open
channelsis discussed later in this manual.

b. A scour hole or localized erosion can occur
downstream of an outlet even if the downstream
channdl is stable. The severity of damage to be an-
ticipated depends upon the conditions existing or
created at the outlet. In many situations, flow con-
ditions can produce scour resulting in embankment
erosion as well as structural damage to the apron,
endwall, and culvert.
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c. Empirica eguations have been developed for
estimating the extent of the anticipated scour hole
in sand, based on knowledge of the design dis-
charge, the culvert diameter, and the duration and
Froude number of the design flow at the culvert
outlet. However, the relationship between the
Froude number of flow at the culvert outlet and a
discharge parameter, or Q/D,*?, can be calculated
for any shape of outlet, and this discharge parame-
ter isjust as representative of flow conditions asis
the Froude number. The relationship between the
two parameters, for partial and full pipe flow in
square culverts, is shown in figure 5-3. Terms are
defined in appendix E. Since the discharge param-
eter is easer to caculate and is suitable for appli-
cation purposes, the original data were reanalyzed

5-4

in terms of discharge parameter for estimating the
extent of localized scour to be anticipated down-
stream of culvert and storm drain outlets. The
equations for the maximum depth, width, length,
and volume of scour and comparisons of predicted
and observed vaues are shown in figures 5-4
through 5-7. Minimum and maximum tailwater
depths are defined as those less than 0.5D, and
equal to or great than O.5D,, respectively. Dimen-
sonless profiles aong the center lines of the scour
holes to be anticipated with minimum and maxi-
mum tallwaters are presented in figures 5-8 and 5-
9. Dimensionless cross sections of the scour hole at
adistance of 0.4 of the maximum length of scour
downstream of the culvert outlet for all tailwater
conditions are al'so shown in figures 5-8 and 5-9.
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Figure 5-9. Dimensionless scour hole geometry for maximum tailwater.

5-4. Erosion control at outlet.

There are various methods of preventing scour and
erosion at outlets and protecting the structure from
undermining. Some of these methods will be
discussed in subsequent paragraphs.

a. Insome situations placement of riprap at the
end of the outlet may be sufficient to protect the
structure. The average size of stone (d,) and con-
figuration of ahorizonta blanket of riprap at outlet
invert elevation required to control or prevent
localized scour downstream of an outlet can be

estimated using the information in figures 5-10 to
5-12. For a given design discharge, culvert di-
mensions, and tailwater depth relative to the outlet
invert, the minimum average size of stone (dy,) for
a horizonta blanket of protection can be
determined using datain figure 5-10. The length of
stone protection (LSP) can be determined by the
relations shown in figure 5-11. The variables are
defined in appendix E, and the recommended con-
figuration of the blanket is shown in figure 5-12.
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Figure 5-11. Length of stone protection, horizontal blanket.
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b. The rative advantage of providing both ver-
tica and laterd expansion downstream of an outlet
to permit dissipation of excess kinetic energy in
turbulence, rather than direct attack of the
boundaries, is shown in figure 5-10. Figure 5-10
indicates that the required size of stone may be
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reduced considerably if a riprap-lined, preformed
scour holeis provided, instead of a horizontal blan-
ket at an dlevation essentidly the same as the outlet
invert. Details of a scheme of riprap protection
termed "performed scour hole lined with riprap”
are shown in figure 5-13.
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Figure 5-13. Preformed scour hole.

c. Threewaysin which riprap can fail are move-
ment of theindividua stones by a combination of

TM 5-820-3/AFM 88-5, Chap. 3

velocity and turbulence, movement of the natural
bed material through the riprap resulting in
slumping of the blanket, and undercutting and
raveling of the riprap by scour at the end of the
blanket. Therefore, in design, consideration must be
given to selection of an adequate size stone, use of
an adequately graded riprap or provision of afilter
blanket, and proper treatment of the end of the
blanket.

d. Expanding and lining the channdl downstream
from a square or rectangular outlet for erosion
control can be with either sack revetment or
cellular blocks as well as rock riprap, as placed
shown in figure 5-14. The conditions of discharge
and tailwater required to displace sack revetment
with length, width, and thickness of 2, 1.5, and
0.33 feet, respectively (weight 120 pounds);
cellular blocks, 0.66 by 0.66 foot and 0.33 foot
thick (weight 14 pounds); or riprap with a given
thickness are shown in figure 5-15. The
effectiveness of the lined channel expansion relative
to the other schemes of riprap protection described
previously is shown in figure 5-10.
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Figure 5-14. Culvert outlet erosion protection, lined channel expansions.
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e. The maximum discharge parameters, Q/D,>?
or ¢/D_¥?, of various schemes of protection can be
calculated based on the above information; com-
parisons relative to the cost of each type of protec-
tion can then be made to determine the most prac-
tica design for providing effective drainage and
eroson control facilities for agiven site. There will
be conditions where the design discharge and
economical size of conduit will result in avalue of
the discharge parameter greater than the maximum
value permissible thus requiring some form of
energy dissipator.
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Recessing the apron and providing an end sill will
not significantly improve energy dissipation.

Rectangular and other shaped outlets

f. Thesimplest form of energy dissipator isthe
flared outlet transition. Protection is provided to
the local area covered by the apron, and a portion
of the kinetic energy of flow is reduced or convert-
ed to potentia energy by hydraulic resistance pro-
vided by the gpron. A typica flared outlet transition
isshown in figure 5-16. The flare angle of the walls
should be 1 on 8. The length of transition needed
for a given discharge conduit size and tailwater
Stuation with the apron at the same eevation as the
outlet invert (H = 0) can be caculated by the
following equations.

Circular and square outlets (eq 5-1)

(eq 5-2)
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Figure 5-16. Flared outlet transition.

g. The flared transition is satisfactory only for
low values of Q/D,*? or ¢/D_¥* aswill be found at
culvert outlets. With higher values, however, as
will be experienced at storm drain outlets, other
types of energy dissipators will be required. Design
criteria for three types of laboratory tested energy

5-18

dissipators are presented in figures 5-17 to 5-19.
Each type has advantages and limitations. Selection
of the optimum type and size is dependent upon
local tallwater conditions, maximum expected
discharge, and economic considerations.
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Figure 5-19. Saint An

h. Thedilling well shown in figure 5-17 consists
of avertical section of circular pipe affixed to the
outlet end of a storm sewer. The recommended
depth of the well below the invert of the incoming

585 7 END TR
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SiLL N cur ofF waLt

LINE SECTION

4.5d,

- — 4)
Lg 038

(5
(8

thony Falls stilling bastn.

pipeis dependent on the slope and diameter of the
incoming pipe and can be determined from the plot
infigure 5-17. The recommended height above the
invert of the incoming pipe is two times the
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diameter of the incoming pipe. The required well
diameter can be determined from the equation in
figure 5-17. The top of the well should be located
at the elevation of the invert of a stable channel or
drainage basin. The area adjacent to the well may
be protected by riprap or paving. Energy
disspation is accomplished without the necessity of
maintaining a specified tallwater depth in the
vicinity of the outlet. Use of the stilling well is not
recommended with Q/D,*? greater than 10.

i. The US Bureau of Reclamation (USBR)
impact energy dissipator shown in figure 5-18 isan
efficient dilling device even with deficient tail-
water. Energy dissipation is accomplished by the
impact of the entering jet on the vertically hanging
baffle and by the eddies that are formed following
impact on the baffle. Excessive taillwater causes
flow over the top of the baffle and should be
avoided. The basn width required for good energy
dissipation for a given storm drain diameter and
discharge can be cdculated from the information in
figure 5-18. The other dimensions of energy
dissipator are a function of the basin width as
shown in figure 5-18. This basin can be used with
Q/D_*ratios up to 21.

5-22

J.  The Saint Anthony Falls (SAF) stilling basin
shown in figure 5-19 is a hydraulic jump energy
disspator. To function satisfactorily this basin must
have sufficient tailwater to cause a hydraulic jump
to form. Design equations for determining the
dimensions of the structure in terms of the square
of the Froude number of flow entering the
dissipator are shown in thisfigure. Figure 5-20 isa
design chart based on these equations. The width of
basin required for good energy dissipation can be
calculated from the equation in figure 5-19. Tests
used to develop this equation were limited to basin
widths of three times the diameter of the outlet.
But, other model tests indicate that this equation
also applies to ratios greater than the maximum
shown in figure 5-19. However, outlet portal
velocities exceeding 60 feet per second are not
recommended for design containing chute blocks.
Parallel basin sidewalls are recommended for best
performance. Transition sidewalls from the outlet
to the basin should not flare more than 1 on 8.
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Figure 5-20. Design chart for SAF stilling basin.

k. Riprap Will be required downstream from the
above energy disspators. The size of the stone can

be estimated by the following equation.
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— ._V_ 3 rF = 0 1/3 (eq 5-3)
dw_n( \/g_D) or F (ds/D) eq

This equation is aso to be used for riprap subject I. Smaller riprap sizes can be used to control
to direct attack or adjacent to hydraulic structures channel erosion. Equation 5-4 is to be used for
such asinlets, confluences, and energy dissipators, riprap on the banks of a straight channel where
where turbulence levels are high. The riprap should flows are relatively quiet and parald to the
extend downstream for a distance gpproximately 10 banks.

times the theoretical depth of flow required for a Trapezoidal channels
hydraulic jump.

dso = 035D ( )3 or F =142 ( dso/D )1“‘ (eq 5-4)

<
8

Equation 5-5 isto be used for riprap at the outlets
of pipes or culverts where no preformed scour
holes are made.

Wide channel bottom or horizontal scour hole

A\
dse = 0.15D 3 orF =188 dso/D ] V3 (eq 5-5)
' ( VED) ( ' )
% D deep scour hole
dso = 0.09D M 3 orF=223 dso/D |3 (eq 5-6)
VgD
D deep scour hole
0.055D v 3 F =263 dso/D | Y/3 (eq 5-7)
dso = 0.055 i or F =2 ! eq o
Vgh '

These relationships are shown in figures 5-21 and 5-22.
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Figure 5-22. Scour hole riprap sizes.

m. Examples of recommended application to es-
timate the extent of scour in a cohesionless soil and
severd dternate schemes of protection required to
prevent local scour downstream from acircular and
rectangular outlet are shown in appendix C.
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n. User-friendly computer programs are avail-
able to assist the designer with many of the design
problems discussed in this chapter (Conversation-
dly Oriented Red-Time Program Generating
System (CORPS)). These programs are available
from CEWES-LIB, U.S. Army Engineer Water-
ways Experiment Station, PO Box 631, Vicksburg,
MS 39180-0631.
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CHAPTER 6
OPEN CHANNELS

6-1. General.

One of the most difficult problems associated with
surface drainage facilities is the design of effective,
stable, natural, open channels that will not be sub-
ject to severe erosion and/or deposition. Tests
show that performance is poorer and requires more
costly and more frequent maintenance to provide
effective drainage channels. Open channels which
meet the arfield and heliport's safety and
operationa requirements will be used since they
provide greater flexibility, a higher safety factor,
and are more cost effective. Drop structures and
check dams can be used to control the effective
channel gradient.

6-2. Channel design.

The following items merit special consideration in
designing channels.

a. The hydraulic characteristics of the channel
may be studied by using an open-channel formula
such as Manning’s. Suggested retardance coeffi-
cients and maximum permissible velocities for
nonvegetated channels are given in table 6-1. Re-
tardance coefficients for turf-lined channels are a
function of both the turf characteristics and the
depth and velocity of flow and can be estimated by
the graphical relations shown in figure 6-1. It is
suggested that maximum velocity in turf-lined
channels not exceed 6 feet per second. In regions
where runoff has appreciable silt load, particular
care will be given to securing generally nonsilting
velocities.
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Table 6-1. Suggested coefficients of roughness and maximum permissible mean velocities for open channels
in military construction.

Maximum
permissible mean
velocity
Material Manning's n ft/sec
Concrete, with surfaces as
indicated:
Formed, no finish. . . . . . . 0.014
Trowel finish. . . . . . . . . 0.012
Float finish . . . . . . . . . 0.012
Gunite, good section . . . . . 0.016 30
Concrete, bottom float finish,
sides as indicated:
Cement rubble masonry. . . . . €.020 20
Cement rubble masonry,
plastered. . . . « « « ¢ .« 0.018 25
Rubble lined, uniform section . . 0.030-0,045 7-13
Asphalt:
Smooth . . . ¢« ¢« ¢ « + « & + & 0.012 15
Rough., . + « ¢ ¢« ¢« ¢ o ¢« « &+ & 0.016 12

Earth, uniform section:

Sandy silt, weathered. . . . . 0.020 2.0
Silt clay. o ¢ o o o o0 0 s s 0.020 3.5
Soft shale « « v o« « « « & » & 0.020 3.5
Clay « v & « & s o o o o 0 o e 0.020 6.0
Soft sandstone « « « ¢« « &+ o 0.020 8.0
Gravelly soil, clean . . . . . 0.025 6.0
Natural earth, with vegetation. .  0.03-0.150 6.0
Grass swales and ditches1 e e e e 6.0

1 See figure 6~1.
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GRASS SPECIES

<6

6-12 >12

BUFFALO

BLUE GRAMMA

BLUE GRASS
BERMUDA
LESPEDEZA SERICEA

1.6
1.5
14
1.4
1.3

1.4
1.3
1.3
1.2

1.3
1.2
1.2
1.1

EXAMPLE:

DETERMINE n FOR 4-INCH BERMUDA GRASS CHANNEL WITH

R =09and S =0.010.

FROM TABLE k = 1.4 AND FROM GRAPH, FOLLOWING
DASHED LINE, n IS EQUAL TO 0.125.

Figure 6-1. Retardance coefficients for flow in turfed channels.

b. The selection of the channel cross section is
predicted on several factors other than hydraulic
elements. Within operational areas the adopted
section will conform with the grading criteria con-
tained in AFR 86-8 or TM 5-803-4. Proposed
maintenance methods affect the selection of side
dopes for turfed channels since gang mowers
cannot be used on dopes steeper than 1 vertical (V)
to 3 horizonta (H), and hand cutting is normally

required on steeper dopes. In addition, a study will
be made of other factors that might affect the
stability of the side dopes, such as soil
characteristics, excessive ground-water inflow, and
bank erosion from local surface-water inflow.

c. Earth channdsnormally require some type of
lining such as that obtained by developing a strong
turf of a gpecies not susceptible to rank growth. In
particularly erosive soils, specia methods will be
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necessary to establish the turf quickly or to provide
supplemental protection by mulching or smilar
means. For further discussion of turfing methods,
see TM 5-803-13/AFM 126-8. Where excessive
velocities are to be encountered or where satisfac-
tory turf cannot be established and maintained, it
may be necessary to provide a paved channel.

d. A channd design cdling for an abrupt change
in the normal flow pattern induces turbulence and
causes excessve loss of head, erosion, or
deposition of silt. Such a condition may result at
channel transitions, junctions, storm-drain outlets,
and reaches of excessive curvature, and special at-
tention will be given to the design of structures at
these locations.

e. Channe design in appendix D must include
measures for preventing uncontrolled inflow from
drainage areas adjacent to open channels. Thislocal
inflow has caused numerous fallures and is
particularly detrimental where, due to the normal
irregularities experienced in grading operations,
runoff becomes concentrated and results in exces-
Sve erosion as it flows over the sides of the chan-
nel. A berm at the top edge of the channel will
prevent inflow except at designated points, where
inlets properly protected against erosion are pro-
vided. The inlet may vary from a sodded or paved
chute to a standard field inlet with a storm drain
connection to the channel. Erosion resulting from
inflow into shallow drainage ditches or swales with
flat side slopes can be controlled by a vigorous
turfing program supplemented by mulching where
required. Where excavated materia is wasted in a
levee or dike parallel and adjacent to the channel,
provison will be made for frequent openings
through the levee to permit local inflow access to
the channdl. A suitable berm (minimum of 3 feet)
will be provided between the levee and the top
edge of the channel to prevent doughing as a result
of the spoil bank load and to minimize movement
of excavated material back into the channel.
Example problems in channel design are shown in
appendix D.

f. Fed observations indicate that stable chan-
nelsrelatively free of deposition and/or erosion can
be obtained provided the Froude number of flow in
the channel islimited to a certain range depending
upon the type of soil. An analysis of experimental
data indicates that the Froude number of flow
(based on average velocity and depth of flow)
required to initiate transport of various diameters
of cohesionless materia, d,, in arelatively wide
channel can be predicted by the empirica relation,
F = 1.88 (dyy/D)*®. The terms are defined in
appendix E.

6-4

6-3. Design procedure.

a. Thisdesign procedureisbased on the premise
that the above empirical relation can be used to
determine the Froude number of flow in the chan-
nel required to initiate or prevent movement of
various sizes of material. Relations based on the
Manning formula can then be applied to determine
the geometry and slope of a channdl of practica
proportion that will convey flows with Froude
numbers within a desired range such that finer
material will be transported to prevent deposition
but larger material will not be transported to pre-
vent erosion.

b. Appendix D contains an example problem for
the design of achannel using this procedure. It will
satisfy the conditions desired for the design
discharge and one that will ensure ho deposition or
erosion under these conditions.

6-4. Drop structuresand check dams.

a. Drop structures and check dams are designed
to check channel erosion by controlling the effec-
tive gradient and to provide for abrupt changesin
channd gradient by means of avertical drop. They
also provide satisfactory means for discharging
accumulated surface runoff over fills with heights
not exceeding 5 feet and over embankments higher
than 5 feet if the end sl of the drop structure
extends beyond the toe of the embankment. The
check dam is a modification of the drop structure
used for erosion control in small channels where a
less elaborate structure is permissible.

b. There are numerous types of drop and grade
control structures. They can be constructed of con-
crete, meta piling, gabions, riprap, or a combina
tion of materials. Design of many of these struc-
turesis beyond the scope of this manual, and if the
designer needs design information for a specific
type structure, the publications in the bibliography
should be consulted.

c. Pertinent features of atypical drop structure
are shown in figure 6-2. The hydraulic design of
these structures can be divided into two generad
phases: design of the weir and design of the tilling
basin. It is emphasized that for a drop structure or
check dam to be permanently and completely
successful, the structure must be soundly designed
to withstand soil and hydrostatic pressures and the
effects of frost action, when necessary. Also, the
adjacent ditches or channels must be completely
stable. A stable grade for the channel must first be
ascertained before the height and spacing of the
various drop structures can be determined.
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Figure 6-2. Details and design chart for typical drop structure.

d. The following design rules are based on hy-
draulic considerations only. They are minimum
standards subject to increase on the basis of other
congderations such as structural requirements and
special frost condition design.

(1) Discharge over the wer should be
computed from the equation Q = CWH ¥? using a
C vaue of 3.0. To minimize erosion and obtain
maximum use of the available channel cross section

upstream from the structure, the length of the weir
should be adjusted to maintain a head on the weir
equivaent to the depth of flow in the channel. A
trial-and-error procedure should be used to balance
the crest height and width with the channel cross
section.

(2) The relation between the height of drop,
h, critical depth at the drop, d., and the required
stilling basin length, L, is defined by the equation

6-5
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Ls = C,Vhd_ (eq 6-1)

where C,_isan empirical coefficient between 2 and
7, as shown in figure 6-2. The stilling basin length
and end sl height can be determined from the
design curvesin figure 6-2. Optimum performance
of the basin is obtained when the tailwater-critical
depthratiois 1.25 to 1.67. However, the basin will
function satisfactorily with higher tailwaters if the
depth of tailwater above the weir does not exceed
0.7 d.. The dilling basin walls should be high
enough to prevent the tailwater from reforming
over the walls into the stilling basin. Riprap pro-
tection should be provided immediately down-
stream from the structure. Guidance provided in
paragraph 5-4k can be used for design of the riprap.

e. A designillustrating the use of the above in-
formation and figure 6-2 is shown in the following
example. Design adrop structure for a discharge of
250 cubic feet per second in atrapezoidal channel
with a 10-foot base width and side dopes of 1V on
3H, and a depth of flow of 5 feet. The amount of
drop required is 4 feet. If the crest is placed at
invert of the channel, the head on the crest, H, will
be equal to the depth of flow, 5 feet.

Width of Crest, W

Q=CWH?'? (eq 6-2)
250

W= 7.5 feet (eq 6-3)
3x(5)3 2

Since the base width of the channel is 10 feet, the
weir crest should be made 10 feet long and raised
up to maintain a depth of 5 feet upstream. If the
width determined above would have been greater
than 10 feet then the greater width would have had
to be retained and the channed expanded to
accommodate this width.

f.  With width of crest equal to 10 feet determine
head on the crest:

6-6

Q=CWH?? (eq 6-4)

H=(250/3x10)**=4.1 feet (eq 6-5)

Thus, crest devation will be 5-4.1 = 0.9 feet above
channd invert and distance from crest to down-
streams channel invert, h, will be 4+0.9=4.9 feet.

Critical depth, d;

2 2
de= “H=- (41)=2.73 feet (eq 6-6)
3 3
h 49
— =— =18 (eq 6-T)
d. 273

Ls .
=44 (eq 6-8)
Vhd,
Lg=16.09 feet (use 16.1 feet) (eq 6-9)
n
— = 04 (eq 6-10)

d.

h'=0.4x2.73=1.09 feet (use 1.1 feet) (eq 6-11)

The tailwater depth will depend on the channel
configuration and dope downstream from the
gructure. If these parameters are the same as those
of the gpproach channd, the depth of tail-water will
be 5 feet. Thus, the tailwater/dc ratio is 5/2.73 =
1.83 which is greater than 1.67 recommended for
optimum energy dissipation. However, the
tailwater depth above the crest (5.0- .49 = 0.10)
divided by critical depth (2.73) is (0.1/2.73=0.04)
much less than 0.7 and the basin will function sat-
isfactorily.

Riprap design:

dso =D M 8
o = \/5

(eq 6-12)
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V = Discharge/area a end of basin = 250/ 10 x
deo = 5( '32.2><5) 3 = 0.306 feet (use 4 inches)  (eq 6-13) 5 =5 feet per second
Riprap should extend approximately 10 times depth

of flow downstream from structure (10 x 5 =50
feet).
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CHAPTER 7
CHUTES

7-1. General.

A chute is a steep open channel which provides a
method of discharging accumulated surface runoff
over fills and embankments. A typical design is
shown in figure 7-1. Frost penetration beneath the
structure will be restricted to nonfrost-susceptible

materials using procedures outlined in paragraph 2-
6b and note 4 of paragraph 2-6d, since smal in-
crements of heave may serioudly affect its drainage
capacity and tability. The following features of the
chute will be given special consideration in the
preparation of the design.

7-1
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Figure 7-1. Details of typical drainage chute.

a. Theberm at the edge of the fill will have suf-
ficient freeboard to prevent overtopping from dis-
charges in excess of design runoff. A minimum
height of wall of one and one-half times the com-
puted depth of flow is suggested. Turfed berm
slopes will not be steeper than 1V to 3H because
they cannot be properly mowed with gang mowers.

b. A paved gpproach gpron is desirable to elimi-
nate erosion at the entrance to the chute. A cutoff
wall should be provided around the upstream edge
of the apron to prevent undercutting, and consid-

7-2

eration should be given to effects of frost action in
the design. Experience has shown that alevel apron
minimizes erosion of adjacent soil and is sdlf-
cleaning as a result of increased velocities ap-
proaching the critical section.

7-2. Design.

a. The entrance to the chute can be level or a
drop can be provided as shown in figure 7-2. The
advantage of providing the drop is to reduce the
depth of headwater upstream. The dimensions of



the structure can be determined from a known dis-
charge and alowable head or width of chute by
using the charts provided in figure 7-3. The curve
with D=0 is for a level approach to a drop. The
following equation can be used to determine the
discharge at given head and chute width when no
drop is provided.

TM 5-820-3/AFM 88-5, Chap. 3

All of the curves shown in figure 7-3 were devel-
oped with the radius of an abutment equal to three
times the width of the chute. If it becomes
necessary to increase the radius of the abutments
because of upstream embankments or other rea
sons, as will probably be the case for smaller
chutes, the equation for D = 0 should be used for
design since the radius of the abutments will have

Q=31WH?* (eq7-1) little effect on the discharge.
] P
>
?____.
b—
A I
L B I o4 14
—‘__._l ’-
i Y
f IV:3H
PLAN
CHUTE CHANNEL

3
— 1>

—
- T B
Qh

.
APPROACH INVERT/ LW

SECTION A-A

LEGEND

B = LENGTH OF DROP FEET

D = DEPTH OF DROP FEET

W= CHUTE WIDTH, FEET

H = UPSTREAM, HEADWATER DEPTH, FT.
Q = DISCHARGE, CFS

Y,

Figure 7-2.  Details of typical drop intake.
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b. The depth of flow in the chute can be
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Figure 7-3. Drop structure calibration curves.

computed using Manning's equation

7-4

1.486

— Asquzla

n

(eq 7-2)
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where: causng the depth of flow to increase which
Q=Discharge, cubic feet per second necessitates increasing the side-wall height. The
n = Roughness factor chart in figure 7-4 can be used to determine the
A=Area, square feet amount of air entrainment and thus the total depth
S = Slope, feet per feet of flow which is equal to the depth of air plus the
R=Hydraulic radius, feet depth of water.

Air becomes entrained in flow through steep chutes

1.0

0.8 SUGGESTED DESIGN CURVE 7
C = 0.701 LOG ((S/q"/5) + 0.971—_|

dajr
dyir and dyaier

S
N\
N
®

AIR CONCENTRATION -C
=
a

/]
/ |
X
"{°a /\ CURVE OF BEST FIT
7
l

//w'" ° C=0.701LOG,,(S/q"°) +0.853
0.2 ;
olo / ; ] [ |
o STANDARD ERROR (0 ) = 0.059
/o /] .
S
/gb :
0.0 L \ §
0.04 0.06 0.1 0.2 04 06 1.0
S
RV
LEGEND NOTE: C = RATIO OF AIR VOLUME TO AIR-
PLUS-WATER VOLUME

MINNESOTA DATA

x S-013 q - DISCHARGE PER UNIT WIDTH, CFS

o S:026 S = SINE OF ANGLE OF CHUTE

¢ §$-0.238

0 SI0%% INCLINATION

+ S-0.61

e S=071

8 S§S-087

a S=-097
KITTITAS DATA

o S-0.18

Figure 7-4. Air entrainment in chute flow.
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c. Adequate freeboard is most important in the
design of a concrete chute. The critical section
where most failures have occurred is at the en-
trance where the structure passes through the berm.
Asindicated earlier, a minimum freeboard equal to
one and one-half times the computed depth of flow
is recommended. A minimum depth of 3 inchesis
suggested for the chute. Minor irregularitiesin the
finish of the chute frequently result in mgor flow
disturbances and may even cause overtopping of
sidewalls and structura failure. Consequently,
specia care must be given to securing a uniform
concrete finish and adequate structural design to
minimize cracking, settlement, heaving, or
creeping. A suitable means for energy dissipation or
erosion prevention must be provided at the end of
the chute.

7-3. Design problem.

a. Design aconcrete chuteto carry 25 cubic feet
per second down a slope with a 25 percent grade.
The alowable head is 1 foot and Manning's n is
0.014.

b. Solution one. Using equation 7-1 with no
drop at the entrance, Q=3.1W(H)"®, with Q=25
cubic feet per second and H = 1 foot.

25=3.1W(1)"° or W=8.06 feet (eq 7-3)
Use W = 8 feet

Now

7-6

A=Wd=8d (eq 7-4)
and

area 8d 8d
R = = (eq 7-5)

wetted perimeter N W+2d - 8+2d

Use Manning's equation (7-2) to determine depth
of water:

1.486 1486
_ A SUTRHMS _ A(0.25)"/ZR?/3=25  (eq 7-6)

n

1.486 8d  u
2% = —— x8dX(0.25)"x (g 7-7
0.014 8+2d

Solving for d by trial and error, the depth of water
is d=0.186 foot. For use in figure 7-4, the size of
the angle of the chuteis egual to 0.243 and g=Q/
W=25/8=3.125. Thus, Sq"° equals 0.1935, which
corresponds to a design air concentration T = d;/
(d,;+d)=0.471. Solving for d;, gives 0.166 foot.
Then, thetotal depth of flow is depth of water plus
depth of air, 0.352 foot. Wall height should be 1.5
times the total depth of flow or 0.528 foot. One
should use 0.5 foot. Thisdesign is shown in figure
7-5.
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Figure 7-5. Design problem—solution one.

c. Solution two. A drop will he provided at the
entrance. Therefore, a width of chute can he se-
lected and the appropriate length and depth of drop
determined from the curvesin figure 7-3. For this
design select awidth of 2 feet. Then H/W =% =
0.5 and Q/W°? = 25/(2)%2 = 4.42. From figure 7-3
find a curve that matches these values. This is
found on the curve for D/w 1.0, on the chart for
B/W=4. Therefore, B=8 feet and D=2.0 feet. Using

Manning's equation (7-2) to determine depth of
water as in the first solution, find d,=0.493 foot.
From figure 7-4, with q equals 12.5, sine of angle
of dope equals 0.243 and d,, equals 0.493 foot,
determine the depth of air to be 0.311 foot. Thus,
total depth is 0.804 foot. Use 0.80 foot. Wall
height is 1.5 times 0.80 foot, or 1.20 feet. This
design is shown in figure 7-6.

-7
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Figure 7-6. Design problem—solution two.
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CHAPTER 8
CONSTRUCTION DRAINAGE

8-1. General.

Proper consideration of drainage during construc-
tion can frequently prevent costly delays and future
fallures. Delays can occur not only because of
damaged or washed-out facilities but because of
shut-down resulting from environmental consider-
ations. Proper construction drainage is critical to
efficient and timely completion of earthwork.

8-2. Planning.

Efforts to control delays or damages caused by
construction drainage must begin in the planning
stage and carry through design and construction.
Guide specifications have been developed by Divi-
sion offices, but it isimpractical to prescribe fixed
rulesto cover dl eventudities. Protective measures
cannot generally be reduced to biddable contract
Items.

8-3. Environmental degradation.

Every construction activity can create environ-
mental impacts to some degree. Although the ef-
fects are usualy temporary, it is important to
minimize damage by anticipating problems and
applying protective standards of performance.

8-4. Protective measur es.

Control of runoff problems during construction can
be costly. Congderation of the following items will

aid in maintaining satisfactory drainage during the
construction period.

a. Maximum usewill be made of exigting ditches
and drainage features. Where possible, grading op-
erations will proceed downhill, both for economic
grading and to use natural drainage to the greatest
extent.

b. Temporary ditches will be required to facili-
tate construction drainage. A particular effort will
be made to drain pavement subgrade excavations
and base courses to prevent detrimental saturation.
Careful consderationswill be given to the drainage
of al congtruction roads, equipment areas, borrow
pits, and waste aress.

c. Temporary retention structures will be re-
quired in areas where open excavation can lead to
excessive erosion or discharge of turbid water to
local streams.

d. Random excavation will be hald to a mini-
mum, and finished surfaces will be sodded or
seeded immediately.

e. Instalation of fina storm drain facilities and
backfilling operations will be planned and timed to
render maximum use during the construction
period.
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APPENDIX B
COVER TABLES

Notes

(1) Except where individual pipe installation designs are made, cover for pipe beneath roads, streets,
runways, taxiways, aprons, parking lots or similar areas will be provided in accordance with tables B-1
through B-23.

(2) Cover depths are measured from the top of the pavement to the top of the pipe.

(3) Dashesindicate alowable load isless than load on pipe; blanks indicate that pipeis not specified by the
applicable standards.

(4) Cdculations are based on 120 pounds per cubic foot backfill compacted to 90 percent of CE 55 (MIL-
STD-621) or AASHTO-T99 density (100 percent for cohesionless sands and gravels).

(5) Pipe provided by certain manufacturers exceeds strength requirements established by indicated
standards. When additional strength is proved, the allowable cover limits may be reduced accordingly.

(6) Regardless of minimum cover requirements, the distance from the top of the pipe to the bottom of the
dab for rigid pavements must exceed the values below to prevent cracking of the slab.

Minimum Cover

Pipe Size i Gear-Load
ipe Size in.
less than 100 kips 100 kips or greater
6-60 0.5 1.0
66-120 1.0 1.5

(7) Reinforced concrete pipe Classes | through V refer to ASTM size designations (Classes | through V).

B-1
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Table B-1. Suggested maximum cover requirements (feet) for 1%2- by Va-inch corrugated steel pipe.

Pipe
Diameter 18-Gage 16-Gage
in. 0.052 1in. 0.064 in.

H-20, 15-K, F-15, C-130, C-141, C-5A, B-1, and B-52 Loads

4 555 695
6 370 463
8 278 347
10 221 278
12 184 231

B-2



Table B-2. Suggested maximum cover requirements (feet) for 2%s- by Ye-inch corrugated steel pipe.

TM 5-820-3/AFM 88-5, Chap. 3

Dizizier 16-Gage l4-Gage 12-Gage 10-Gage 8-Gage

in, 0.064 in. 0.079 in. 0.109 in. 0.138 in. 0.168 in.
H-20, 15-K, F-15, C-130, C-5A, C-141, B-1, and B-52 Loads

12 236 295
15 188 236
18 156 196
21 135 168 236
24 117 147 206
30 94 117 164
36 78 97 137 176
42 83 117 151 185
48 72 102 131 162
54 89 115 142
60 75 98 121
66 64 83 103
72 70 87
78 74
84 62
90 50
96 42

B-3
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B-4

Table B-3. Suggested maximum cover requirements (feet) for 3- by 1-inch corrugated steel pipe.

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in, 0.064 1in. 0.079 in. 0.109 in. 0.138 in. 0.168 in.
H-20, 15-K, F-15, and C-130 Loads
54 59 74 105 135 166
60 53 67 94 121 149
66 48 61 86 110 135
72 44 55 78 101 124
78 41 51 72 93 114
84 38 47 66 86 105
90 35 43 63 81 99
96 41 58 75 92
102 39 55 71 86
108 35 50 65 80
114 32 46 60 74
120 42 55 68
C-5A Load
54 59 74 105 135 166
60 53 67 94 121 149
66 48 61 86 110 135
72 44 55 78 101 124
78 41 51 72 93 114
84 37 47 66 86 105
90 33 43 63 81 99
96 41 58 75 92
102 38 55 71 86
108 33 50 65 80
114 30 46 60 74
120 42 55 68
(Continued)
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Table B-3. Suggested maximum cover requirements (feet) for 3- by 1-inch corrugated steel pipe.—Continued

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in. 0.064 1in, 0.079 in, 0.109 in. 0.138 in. 0.168 in.
C-141, B-1, and B-52 Loads
54 59 74 105 135 166
60 53 67 94 121 149
66 48 61 86 110 135
72 44 55 78 101 124
78 41 51 72 93 114
84 37 47 66 86 105
90 34 43 63 81 99
96 41 58 75 92
102 38 55 71 86
108 34 50 65 80
114 31 46 60 74
120 42 55 68
C-141, B-1, and B-57 Loads

54 59 74 105 135 166
60 53 67 94 121 149
66 48 61 86 110 135
72 44 55 78 101 124
78 41 51 72 93 114
84 37 47 66 86 105
90 34 43 63 81 99
96 41 58 75 92
102 38 55 71 86
108 34 50 65 80
114 . 31 46 60 74
120 42 55 68
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Table B-4. Suggested maximum cover requirements (feet) for 5- by 1-inch corrugated steel pipe.

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in, 0.064 in, 0.079 in, 0.109 in. 0.138 in. 0.168 in.
H-20, 15-K, F-15, and C-130 Loads
54 52 66 93 120 148
60 48 59 84 108 132
66 43 54 76 98 121
72 39 49 69 89 110
78 36 46 64 83 102
84 33 42 59 77 94
90 21 39 55 71 88
96 37 52 66 83
102 34 48 62 78
108 32 45 60 73
114 42 55 67
120 38 50 62
C-5A Load
54 52 66 93 120 148
60 48 59 84 108 132
66 43 54 76 98 121
72 39 49 69 89 110
78 35 46 64 83 102
84 31 42 59 77 94
90 28 38 55 71 88
96 36 52 66 83
102 32 48 62 78
108 30 45 60 73
114 42 55 67
120 38 50 62
(Continued)
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Table B-4. Suggested maximum cover requirements (feet) for 5- by 1-inch corrugated steel pipe.—Continued

Pipe

Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8~Gage
in. 0.064 in. 0.079 in. 0,109 in. 0,138 in. 0.168 in,

C-141, B-1, and B-52 Loads

54 52 66 93 120 148
60 48 59 84 108 132
66 43 54 76 98 121
72 39 49 69 89 110
78 35 46 64 83 102
84 32 42 59 77 94
90 30 39 55 71 88
96 36 52 66 83
102 33 48 62 78
108 31 45 60 73
114 42 55 67
120 38 50 62

B-7
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Table B-5. Suggested maximum cover requirements (feet) for 6- by 2-inch corrugated steel pipe.
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Table B-6. Suggested minimum cover requirements (feet) for 1Y2- by Ya-inch corrugated steel pipe.

Pipe
Diameter 18-Gage 16-Gage
in, 0.052 in. 0.064 in.
H-20, 15-K, and C-5A Loads
4 1.0 1.0
6 1.0 1.0
8 1.0 1.0
10 1.0 1.0
12 1.0 1.0
F-15, C-141 Loads
4 1.0 1.0
6 1.5 1.5
8 1.5 1.5
10 1.5 1.5
12 1.5 1.5
C-130 Load
4 1.0 1.0
6 1.0 1.0
8 1.0 1.0
10 1.5 1.5
12 1.5 1.5
B-1 Load
4 1.5 1.5
6 1.5 1.5
8 1.5 1.5
10 2.0 1.5
12 2.0 2.0
B-52 Load
4 1.5 1.5
6 1.5 1.5
8 2,0 1.5
10 2.0 2.0
12 2.0 2.0
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Table B-7. Suggested minimum cover requirements (feet) for 2%- by Yz-inch corrugated steel pipe.

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in, 0.064 in, 0.079 in, 0.109 in. 0.138 in. 0.168 in.

H-20 Load

12
15
18
21
24
30
36
42
48
54
60
66
72
78
84
90
96
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b et b et ped et pd et b
o o « e

LU UnNOOOOO

e R B S S R S SRS
e e .
Lhhnununnuhnh OO

e e e el
L I
|V, U, IR, IR, N, RV, T, T, e e

15-K Load

12
15
18
21
24
30
36
42
48
54
60
66
72
78
84
90
96

.

— b o b e
. . . .
oo O oo

(GRV.EV. NoNeloNoNo]
e e b b b et e
Lubhhubnbhunnnin © O

fred et et et et et e et
s e . . .

e N e
. o o .
[V R, NV, IV, RV, U, IRV, |

e e e e e
. . o
Lthhununbnnbhninn
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Table B-7. Suggested minimum cover requirements (feet) for 2%- by Ya-inch corrugated steel pipe.—

Continued
Pipe
Diameter 16-Gage l4~Gage 12-Gage 10-Gage 8-Gage
in. 0.064 in, 0.079 in. 0.109 in. 0.138 in. 0.168 in,
F-15 Load
12 1.5 1.5
15 1.5 1.5
18 1.5 1.5
21 2.0 2.0 1.5
24 2,0 2.0 2.0
30 2.0 2.0 2.0
36 2.0 2,0 2.0 2.0
42 2.0 2.0 2.0 2.0
48 2.0 2.0 2.0 2.0
54 2.0 2.0 2.0
60 2.0 2.0 2.0
66 2.0 2.0 2.0
72 2.0 2.0
78 2.0
84 2.5
90 2.5
96 2.5
C-130 Load
12 1.5 1.5
15 1.5 1.5
18 1.5 1.5
21 1.5 1.5 1.5
24 2.0 2.0 1.5
30 2.0 2.0 2.0
36 2.0 2.0 2.0 2.0
42 2.0 2.0 2.0 2.0
48 2.0 2.0 2.0 2.0
54 2.0 2.0 2.0
60 2.0 2.0 2,0
66 2.5 2.0 2,0
72 2.5 2.0
78 2.5
84 2.5
90 2.5
96 2.5
(Continued)
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TM 5-820-3/AFM 88-5, Chap. 3

Table B-?. Suggested minimum cover requirements (feet) for 2%- by Ya-inch corrugated steel pipe.—
Continued

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in, 0.064 1in, 0.079 in. 0.109 in. 0,138 in. 0.168 in,

C-5A Load

12
15
18
21
24
30
36
42
48
54
60
66
72
78
84
90
96

N = et bt et et e
[oNeoNoNoNeNollV, BT R,

oLttt

.
.

NN N e b e e e
. * o
[l N IRW, RV, IRV, T, R, R, |
* & »
* o e o

NRDN NN N =
. . .
. @

.
NuUnnooOoOoO0 OO0

MR NDNNDN NN
.

-141 Load
12
15
18
21
24
30

.

.
.

NN NN NN~
o OO OWm

WNHNNDNDNDNDRND
. a e o
[«NURVBGRY, NoeNe e Nl

42
48
54
60
66
72
78
84
90
96

NN NN RNNDNN —
. o o .
SRV RV, BelNeNoNeNely,| o]

WNBNNDNDDNDDND
« o o .
ownmunuvun b O
WWwwLwNhN NN
« o & o o & o
[oNoNeNoRV NGBV NV, RV, N o]

(Continued)
(Sheet 3 of 4)

B-12



TM 5-820-3/AFM 88-5, Chap. 3

Table B-7. Suggested minimum cover requirements (feet) for 2%- by Yz-inch corrugated steel pipe.—
Continued

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in. 0.064 in. 0.079 1in. 0.109 in. 0,138 in. 0.168 in.

B-1 Load

12
15
18
21
24
30
36
42
48
54
60
66
72
78
84
90
96

PR NN

s & e o o @

WWNNDMNMNMNDDNDND
. « e = e o

OO ULULUL OOOCO

LMoo OO

WWwwwhroNhdDdD DN
[N eNalallV, BV, RV, N Rl

WWWWLWWWWHNN
* o o o
QO OO OCOCOCOoOuUVmWun

B-52 Load

12 2.0
15 2.0
18 2.5
21 2.5
- 2.5

3.0

3.0

WWwwWwwhhNNDNR
e o o e =
oo ooV ULULOO

24
30
36
42
48
54
60
66
72
78
84
90
96

- e o
LU UnNOOCOOOOO

WWwwwwwLwhh N
QOO OCuULmuLnL

.
. ¢ o

LWWWwWwwWwwwwWw
. .
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TM 5-820-3/AFM 88-5, Chap. 3

Table B-8. Suggested minimum cover requirements (feet) for 3- by 1-inch corrugated steel pipe.

8-Gage
0.168 1in,

12-Gage 10-Gage
0.138 1in,

0.109 in,

16-Gage 14-Gage
0.079 in.

0.064 1in.

Pipe
Diameter

in.

H-20 Load

W W wn N n N N n N
e o o e o o . e @ e & o
L e B B A B I B B B B I

NNV Ny ymnnnunnm
s & e & & & & & + s 4
L B B I R R N I ]

555555555550
. o L]
111111111112

55555555550

e« & s & =
11111111112

5555555

1111111

OOV AN®RTOWOWNODTO
NOONMRNOANANNO O =N
— = -

15-K Load

555555550000
e« » & & 2 & &
111111112222

555555550000
e ¢ e s e o o o

555555500000
L]

" e o @
111111122222

NINNINNOOOoCOO

— e e~ NN AN NN

1.5

N nnn oo

. e .
—t e e e el NN

54
60
66
72
78
84
90
96

102
108
114
120

(Continued)
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TM 5-820-3/AFM 88-5, Chap. 3

Table B-8. Suggested minimum cover requirements (feet) for 3- by I-inch corrugated steel pipe. —Continued

Pipe
Diameter

8-Gage
0.168 in.

10-Gage
0.138 in.

12-Gage
0.109 in.

14-Gage
0.079 in,

16-Gage

0.064 1in.

in.

F-15 Load

C OOV I NN
® ® & s e 8o & e @ o e @

NN NNNNNNNNNN

O O C VNI LN N VNN
¢ e 5 o & & e & e o o o

ANANNANNNANNNNNN

005555555555

222222222222

05555555555

22222222222

C-130 Load

005555555550

s ® s o e ® o s o+ o

222222222223

055555555500

222222222233

055555555000

.
222222222333

VNI NVINNOOOoOO

NN NN ANNNNNNH O™

TOWNOTOWN®TFO
NOPOSNNOONONO O ~N
L e B B o |

(Continued)
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TM 5-820-3/AFM 88-5, Chap. 3

Pipe
Diameter
in.

Table B-8. Suggested minimum cover requirements (feet) for 3- by 1-inch corrugated steel pipe.—Continued

12-Gage 10~-Gage 8-Gage
.109 in .138 in. .168 in.

14-Gage
.079 in,

16-Gage
.064 in

C-5A Load

000555555000
222222222333

005555550000

* o & o

222222223333

005555500000

222222233333

05555500000
. .
22222233333

0555500
2222233

T OWNTOWNRTO
NWOWO SN~ OANONO O~ N
— ot —t —

C-141 Load

NINOOCOOOOCO O N
e o e e 5 & s 2 0 & 0+
NN MMM MMM o nom

500000000555
. e

L]
233333333333

500000005555

.
233333333333

00000005555

e e & s o s s

33333333333

0000005
3333333

T OWNOFTOOWN®DFO
NOYONROIITRNO O —AN
— —

(Continued)
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TM 5-820-3/AFM 88-5, Chap. 3

Table B-8. Suggested minimum cover requirements (feet) for 3- by 1-inch corrugated steel pipe. —Continued

Pipe
Diameter

l6~Gage 14-Gage 12-Gage 10-Gage 8-Gage
0,079 in. 0.109 in. 0,138 in. 0.168 in.

0.064 1in.

in.

B~1 Load

OO0 OC O OO N NnUVnNM

MMM MMM

OCCOOCOONNMMnNnO

NN N OGNS

000005555500

33333333444

0005555
3333333

FOWANODFOLNTO
N OO~ O O~
— o — -

B-52 Load

000555550000

e & o o s 0 e o 0 .

33333333444/4

005555500000

e o ¢ o & ¢ o s o =

33333334/444/4

055555000000

e & e o o & .

3333334/4/4/444

05555000005

e o o o o

33333444444

FTOWVWNLT OWOWNDFO
OV ONM~NOAAROLO ~ N
—_— = -
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Table B-9. Suggested minimum cover requirements (feet) for 5- by 1-inch corrugated steel pipe.

Pipe

[
00
L)
O
1 O
QO ~—t
(]
U =
af -~
L
O ©
1 N
O -
- .
o
o =
o0 -~
L]
[ )
1 ©
o —
-— .
o
[T~
Q0 -~
o
oo
1~
b =]
-— .
(=]
[ =]
&0
L]
o<
1 O
NeN ol
— .
o
-
[ ]
] .
E
[}
e
(=]

H-20 Load

555555555555

111111111111

555555555550

111111111112

555555555000

111111111222

5555555500

1111111122

5555555

1111111

54
60
66
72
78
84
90
96
102

108
114

120

15-K Load

555555500000

.
111111122222

555555000000

111111222222

555550000000

111112222222

5555000000

1111222222

T O OWNOFOON®DTO
NO OO O ~N
— -

(Continued)
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TM 5-820-3/AFM 88-5, Chap. 3

Table B-9. Suggested minimum cover requirements (feet) for 5- by I-inch corrugated steel pipe.—Continued

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in. 0.064 in. 0.079 in., 0.109 in. 0.138 in. 0.168 in.
F-15 Load
54 2.5 2.5 2.0 2.0 2.0
60 2.5 2.5 2.5 2.0 2.0
66 2.5 2.5 2.5 2.5 2.5
72 2.5 2.5 2.5 2,5 2.5
78 2.5 2.5 2.5 2.5 2.5
84 2.5 2.5 2.5 2.5 2.5
90 2.5 2.5 2.5 2.5 2.5
96 2.5 2.5 2.5 2.5
102 2.5 2.5 2.5 2.5
108 3.0 2.5 2.5 2.5
114 2.5 2.5 2.5
120 3.0 2.5 2.5
C-130 Load
54 2.5 2.5 2.5 2.5 2.0
60 2.5 2.5 2.5 2.5 2.5
66 2.5 2.5 2.5 2.5 2.5
72 2.5 2.5 2.5 2.5 2.5
78 2.5 2.5 2,5 2.5 2.5
84 3.0 2.5 2.5 2.5 2.5
90 3.0 3.0 2.5 2.5 2.5
96 3.0 3.0 2.5 2.5
102 3.0 3.0 3.0 2.5
108 3.0 3.0 3.0 3.0
114 3.0 3.0 3.0
120 3.0 3.0 3.0
(Continued)
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Table B-9. Suggested minimum cover requirements (feet) for 5- by I1-inch corrugated steel pipe.—Continued

Pipe
Diameter 16-Gage l4-Gage 12-Gage 10~Gage 8-Gage
in. 0.064 in. 0.079 in. 0.109 in., 0.138 in. 0,168 in.

C-5A Load

54 2
60 2
66 2
72 2
3
3
3

78
84

96
102
108
114
120

WWwbwwwwropoNoN
QOO OOOoOULmnunn
QOO OWLnNnLnnno

« « =
WWwWwwWwWwMhNNNDNN
WWwwWwWwWwhMNMNNMNNDNDNN
e s e s o e o » .
cCoOoOoOCcCULMUULULULOO
WWWwWwhoRoNNMDNNNN
e v o e o » s v e
[eNeNeRaoRV, R0, R0, NV, IV, BT, R il

C-141 Load

54 3
60 3
66 3
72 3.
3
3
3

78
84
90
96
102
108
114
120

» 8 o ® ® ¢ e s
s o o
* o & o & o »
LMULuULMUOCOOO0OOODOO0
s s e & ¢ o
LU nooo oo OoWL

SfLWLWWWLWWLWWLWWWW
oCLULULULOOOOO

WWwLwWLwwL wWwwwWww
WWwwwwwwwbwowN

WWwwwww wwwwww
.
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Pipe
Diameter

Table B-9. Suggested minimum cover requirements (feet) for 5- by 1-inch corrugated steel pipe.—Continued

8-Gage
0.168 in,

14-Gage 12-Gage 10-Gage
0.109 in, 0,138 in.

0.079 in.

16-Gage
0.064 in,

in.

B-1 Load

000000555550
333333333334

000005555500

e o e s

33333333334/4

000055550000

33333333/444/4

0005555000

e« o o .

3333333/44/4

oM n N OO
[3alsa K B NOATES SR 3

FOWNOFTOOVWNRTO
NOVO N0 DO O — AN
— -

B-52 Load

005555000000
333333/4/44/4/4/.—.

055550000000
.« .
333334444444

055550000005
33333/4/.-./4/4/444

5550000055
.
333/4/44/4/4/4/4
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B-22

Pipe
Diameter

1-Gage
0,280 in.

5-Gage 3-Gage
0.249 in,

0.218 in.

7-Gage
0.188 in.

10-Gage 8-Gage
0.168 1in.

0.138 in,

12-Gage
0.109 in.

in.

H-20 Load

1.5
1.5

1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

60
66

wy
.
-

72

']
.
-

78
84
90
96
102
108
114

1.5

N
.
-

1.5
1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5
1.5

wy
.
-

[T}
.
—{

1.5

wy
.
—t

1.5

2.0

120

15~K Load

1.5
1.5

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
L.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
2,0

(Continued)

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
2.0

1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5
2.0

60
66
72
78
84
90
96
102

Vel
.
—

1.5
1.5

Y
.
L]

1.5

1.5
2.0
2.0
2.0
2,0

2.0

[Ta}
.
—

2.0
2.0

(')
.
—

108
114

1.5

2.0

2.0

2.0
2.0

[Ta}
.
-

120

Table B-10. Suggested minimum cover requirements (feet) for 6- by 2-inch corrugated steel pipe.
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Table B-10. Suggested minimum cover requirements (feet) for 6- by 2-inch corrugated steel pipe.—
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Table B-10. Suggested minimum cover requirements (feet) for 6- by 2-inch corrugated steel pipe.-
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Table B-10. Suggested minimum cover requirements (feet) for 6- by 2-inch corrugated steel pipe.-
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Table B-11. Suggested maximum cover requirements (feet) for 2%s- by Ye-inch corrugated aluminum pipe.

Pipe
Diameter 16-Gage l4-Gage 12-Gage 10-Gage 8-Gage
in, 0.060 in. 0.075 in. 0.105 in. 0,135 in, 0.164 in,
H-20, l5-K, F-15, C-130, C-141, B-1, B-52 Loads
12 117 147 206 265 324
15 94 117 165 212 259
18 78 97 137 176 216
24 58 73 103 133 162
30 47 58 82 106 129
36 37 49 68 88 108
42 41 58 75 92
48 51 66 80
54 45 58 71
60 52 64
66 58
72 53
78 48
84 45
C-5A Load
12 117 147 206 265 324
15 94 117 165 212 259
18 78 97 137 176 216
24 58 73 103 133 162
30 47 58 82 106 129
36 37 49 68 88 108
42 41 58 75 92
48 51 66 80
54 45 58 71
60 52 64
66 : 58
72 53
78 48
84 45
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Table B-12. Suggested maximum cover requirements (feet) for 3- by 1-inch corrugated aluminum pipe.

Pipe
Diameter 16-Gage l4-Gage 12-Gage 10-Gage 8-Cage
in. 0.060 in. 0.075 in. 0,105 in. 0.135 in. 0,164 in,
H-20, 15-K, F-15 Loads
30 54 67 94 122
36 44 55 78 101
42 37 48 67 87
48 30 42 58 75 92
54 25 35 51 67 82
60 21 30 47 60 74
66 19 26 42 54 68
72 24 38 50 62
78 20 33 45 57
84 18 30 43 52
90 27 40 48
96 25 36 45
102 23 33 42
108 21 30 41
114 19 28 37
120 18 26 34
C-130 Load
30 54 67 94 122
36 A 55 78 101
42 38 48 67 87
48 32 42 58 75 92
54 2 36 51 67 82
60 24 32 47 60 74
66 21 28 42 54 68
2 26 39 50 62
78 22 34 45 57
84 20 32 43 52
90 ' 29 40 48
96 27 36 45
102 25 34 42
108 24 32 41
114 21 30 37
120 20 28 35
(Continued)
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Table B-12. Suggested minimum cover requirements (feet) for 3- by 1-inch corrugated aluminum pipe.—

Continued
Pipe
Diameter 16-Gage l4~Gage 12-Gage 10~Gage 8-Gage
in, 0.060 1in. 0.075 in. 0,105 in. 0,135 in. 0,164 in.
C-51 Load

30 54 67 94 122

36 44 55 78 101

42 37 48 67 87

48 30 42 58 75 92
54 25 35 51 67 82
60 21 30 47 60 74
66 19 26 42 54 68
72 24 38 50 62
78 20 33 45 57
84 18 30 43 52
90 27 40 ' 48
96 25 36 45
102 23 33 42
108 21 30 41
114 19 28 37
120 18 26 34

C-141 Load

30 54 67 94 122

36 44 55 78 101

42 38 48 67 87

48 32 42 58 75 92
54 28 36 51 67 82
60 24 32 47 60 74
66 21 28 - 42 54 68
72 : 26 39 50 62
78 22 34 45 57
84 20 32 43 52
90 29 40 48
96 27 36 45
102 25 34 42
108 24 32 41
114 21 30 37
120 20 28 35

(Continued)
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Table B-12. Suggested minimum cover requirements (feet) for 3- by I-inch corrugated aluminum pipe.—

Continued
Pipe
Diameter 16-Gage l4-Gage 12-Gage 10-Gage 8~Gage
in, 0.060 in. 0.075 in. 0.105 in. 0,135 in. 0.164 in.
B-1 Load
30 54 67 94 122
36 44 55 78 101
42 38 48 67 87
48 32 42 58 75 92
54 27 36 51 67 82
60 23 32 47 60 74
66 20 27 42 54 68
72 25 39 50 62
78 22 34 45 57
84 19 32 43 52
90 28 40 48
96 26 36 45
102 24 34 42
108 23 32 41
114 20 29 37
120 19 27 35
B-52 Load
30 54 67 94 122
36 44 55 78 101
42 37 48 67 87
48 31 42 58 75 92
54 27 36 51 67 82
60 23 31 © 47 60 74
66 20 27 42 54 68
72 25 39 50 62
78 22 34 45 57
84 19 32 43 52
90 28 40 48
96 26 36 45
102 24 34 42
108 23 31 41
114 20 29 37
120 19 27 35

(Sheet 3 of 3)
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Table B-13. Suggested maximum cover requirements (feet) for 6- by I-inch corrugated aluminum pipe.

Pipe
Diameter 16-Gage l4-Gage 12-Gage 10-Gage 8-Gage
in. 0.060 in. 0.075 in. 0.105 in. 0,135 in, 0.164 in.
H-20, 15-K, F-15 Loads
48 28 36 51 66 80
54 25 31 45 58 71
60 22 28 40 52 64
72 23 33 44 53
78 21 30 40 48
84 28 37 45
90 26 34 42
96 24 32 40
102 23 30 37
108 20 28 35
114 19 26 33
120 18 25 31
C-130 Load
48 28 36 51 66 80
54 25 31 45 58 71
60 21 28 40 52 64
72 22 33 44 53
78 20 30 40 48
84 28 37 45
90 26 34 42
96 23 31 40
102 22 29 36
108 20 27 34
114 19 25 32
120 17 24 30
(Continued)
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Table B-13. Suggested maximum cover requirements (feet) for 6- by 1-inch corrugated aluminum pipe.—

Continued

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage

in. 0.060 1in. 0.075 in. 0,105 in. 0,135 in. 0.164 in.

C-5A Load
48 24 34 51 66 80
54 21 28 45 58 71
60 18 24 40 52 64
72 19 30 44 53
78 17 27 40 48
84 25 35 45
90 23 32 42
96 20 29 40
102 19 27 35
108 17 25 33
114 16 23 31
120 15 22 28

C-141 Load
48 27 35 51 66 80
54 23 30 45 58 71
60 20 27 40 52 64
72 21 32 44 53
78 18 29 40 48
84 27 36 45
90 25 33 42
96 22 31 40
102 21 29 36
108 19 27 34
114 17 25 32
120 16 24 30

(Continued)
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Table B-13. Suggested maximum cover requirements (feet) for 6- by 1-inch corrugated aluminum pipe.—

Continued
Pipe
Diameter 16-Gage l4-Gage 12-Gage 10-Gage 8-Gage
in, 0.060 in. 0.075 in, 0.105 in. 0,135 in. 0.164 in,
B-1 Load
48 26 35 51 66 80
54 23 30 45 58 71
60 19 26 40 52 64
72 20 32 44 53
78 18 28 40 48
84 26 36 45
90 24 33 42
96 22 31 40
102 20 28 36
108 18 26 34
114 16 24 32
120 15 23 29
B-52 Load
48 26 35 51 66 80
54 22 29 45 58 71
60 19 26 40 52 64
72 20 32 44 53
78 18 28 40 48
84 26 36 45
90 24 33 42
96 21 30 40
102 20 28 36
108 18 26 34
114 . 16 24 31
120 15 23 29

(Sheet 3 of 3)
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Table B-14. Suggested minimum cover requirements (feet) for 2%s- by Ye-inch corrugated aluminum pipe.

Pipe
Diameter 16-Gage l4-Gage 12-Gage 10-Gage 8-Gage
in. 0.060 in. 0.075 in. 0.105 in. 0,135 in. 0.164 in,

H-20 Load

12 1
15 1
18 1
24 1
1
1

30
36
42
48
54
60
66
72
78
84

[oNeNeNo oo R

e el e el
eNoloNoNoNoNoNeNe)

Pt it b et b et e et e et
.

[eNeNoNoReNe No ool o]

O Y ol o e e e B B I
e o & o o »
NMNOODOOOOOOODOOOO0

15-K Load
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Table B-14. Suggested minimum cover requirements (feet) for 2%- by Ye-inch corrugated aluminum pipe.—

Continued
Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8~Gage

in. 0.060 in. 0.075 1in. 0.105 in. 0.135 in. 0.164 in.

F-15 Load
12 1.5 1.5 1.5 1.5 1.5
15 1.5 1.5 1.5 1.5 1.5
18 1.5 1.5 1.5 - 1.5 1.5
24 2.0 2.0 1.5 1.5 1.5
30 2,0 2.0 2.0 1.5 1.5
36 2.0 2.0 2.0 2.0 2.0
42 2.0 2.0 2.0 2.0
48 2.0 2.0 2.0
54 2.0 2.0 2.0
60 2.0 2.0
66 2.0
72 2.0
78 2.0
84 2.0

C-130 Load
12 1.5 1.5 1.5 1.0 1.0
15 1.5 1.5 1.5 1.5 1.5
18 1.5 1.5 1.5 1.5 1.5
24 2.0 1.5 1.5 1.5 1.5
30 2.0 2.0 1.5 1.5 1.5
36 2.0 2.0 2.0 2.0 1.5
42 2,0 2.0 2.0 2,0
48 2.0 2.0 2.0
54 2,0 2.0 2.0
60 2.0 2.0
66 2.0
72 2.0
78 2.0
84 2.0

(Continued)
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Table B-14. Suggested minimum cover requirements (feet) for 2%s- by Ye-inch corrugated aluminum pipe.—

Continued
Pipe
Diameter 16-Gage l4-Gage 12-Gage 10-Gage 8-Gage
in. 0.060 in. 0.075 in. 0.105 in. 0.135 in. 0.164 in.
C-5A Load
12 1.5 1.0 1.0 1.0 1.0
15 1.5 1.5 1.5 1.0 1.0
18 1.5 1.5 1.5 1.5 1.5
24 1.5 1.5 1.5 1.5 1.5
30 1.5 1.5 1.5 1.5 1.5
36 2.0 2.0 1.5 1.5 1.5
42 2.0 1.5 1.5 1.5
48 2.0 2,0 1.5
54 2,0 2.0 2,0
60 2.0 2,0
66 2.0
72 2.0
78 2.0
84 2.0
C-141 Load
12 1.5 1.5 1.5 1.5 1.5
15 1.5 1.5 1.5 1.5 1.5
18 2,0 1.5 1.5 1.5 1.5
24 2.0 2.0 2.0 1.5 1.5
30 2.0 2,0 2.0 2.0 2,0
36 2.5 2.0 2.0 2.0 2.0
42 2.5 2.0 2.0 2.0
48 2.5 2.0 2.0
54 2.5 2.5 2.0
60 2.5 2.5
66 2.5
72 2.5
78 2.5
84 2.5
(Continued)
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Table B-14. Suggested minimum cover requirements (feet) for 2%s- by Yz-inch corrugated aluminum pipe.-
Continued

Pipe
Diameter 16-Gage l4-Gage 12-Gage 10-Gage 8-Gage
in. 0.060 1in. 0.075 1in, 0.105 in., 0.135 in. 0.164 in.

B-1 Load

12 2
15 2
18 2
24 2,
2
2
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B-52 Load
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Table B-15. Suggested minimum cover requirements (feet) for 3- by 1-inch corrugated aluminum pipe.

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in, 0.060 in. 0.075 in. 0.105 in. 0.135 in. 0.164 in.
H-20 Load
30 1.0 1.0 1.0 1.0
36 1.0 1.0 1.0 1.0
42 1.5 1.5 1.0 1.0
48 1.5 1.5 1.5 1.0 1.0
54 1.5 1.5 1.5 1.0 1.0
€0 1.5 1.5 1.5 1.5 1.5
66 1.5 1.5 1.5 1.5 1.5
72 1.5 1.5 1.5 1.5
78 1.5 1.5 1.5 1.5
84 1.5 1.5 1.5 1.5
90 1.5 1.5 1.5
96 1.5 1.5 1.5
102 1.5 1.5 1.5
108 1.5 1.5 1.5
114 1.5 1.5 1.5
120 1.5 1.5 1.5
15-K Load
20 1.5 1.5 1.5 1.5
36 1.5 1.5 1.5 1.5
42 1.5 1.5 1.5 1.5
48 1.5 1.5 1.5 1.5 1.5
54 1.5 1.5 1.5 1.5 1.5
60 1.5 1.5 1.5 1.5 1.5
66 1.5 1.5 1.5 1.5 1.5
72 1.5 1.5 1.5 1.5
78 1.5 1.5 1.5 1.5
84 1.5 1.5 1.5 1.5
90 1.5 1.5 1.5
96 1.5 1.5 1.5
102 1.5 1.5 1.5
108 1.5 1.5 1.5
114 1.5 L.5 1.5
120 1.5 1.5 1.5
(Continued) (Sheet 1 of 4)
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Table B-15. Suggested minimum cover requirements (feet) for 3- by 1-inch corrugated aluminum pipe.—

Continued

Pipe
Diameter

8-Gage
0.164 in.

10~-Gage

0.135 in.

12-Gage
0.105 in,

14-Gage

0.075 in.

16-Gage
0.060 1in.

in.

F-15 Load
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C-130 Load
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102
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(Continued)
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8-~Gage
0.164 in,

10-Gage

TM 5-820-3/AFM 88-5, Chap. 3
0.135 in.

12-Gage
0.105 in,

C-5A Load

Continued

l4-Gage
0.075 in.

16-Gage
0.060 1in,

Pipe
Diameter
in.

Table B-15. Suggested minimum cover requirements (feet) for 8- by I-inch corrugated aluminum pipe.—
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TM 5-820-3/AFM 88-5, Chap. 3

Table B-15. Suggested minimum cover requirements (feet) for 3- by I-inch corrugated aluminum pipe.—

Continued

Pipe
Diameter

8-Gage
0.164 in.

1l4-Gage 12-Gage 10-Gage
0.105 in. 0.135 in.

0.075 in.

16-Gage
0.060 in.

in.

B-1 Load
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B-52 Load
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Table B-16. Suggested minimum cover requirements (feet) for 6- by 1-inch corrugated aluminum pipe.

Pipe
Diameter 16-Gage l4-Gage 12-Gage 10-Gage 8-Gage
in, 0.060 in. 0.075 in, 0,105 in, 0.135 in. 0.164 in.

H-20 Load

48
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15-K Load
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Table B-16. Suggested minimum cover requirements (feet) for 6- by I-inch corrugated aluminum pipe.—
Continued

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in. 0.060 in, 0,075 in. 0.105 in. 0,135 in. 0.164 in,

F-15 Load
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60
72
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84
90
96
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108
114
120
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C-130 Load
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Table B-16. Suggested minimum cover requirements (feet) for 6- by 1-inch corrugated aluminum pipe.-
Continued

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in. 0.060 in. 0.075 in. 0.105 in. 0.135 in. 0.164 in.

C-5A Load

48
54
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C=141 Load
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Table B-16. Suggested minimum cover requirements (feet) for 6- by 1-inch corrugated aluminum pipe.—
Continued

Pipe
Diameter 16-Gage 14-Gage 12-Gage 10-Gage 8-Gage
in. 0.060 in. 0.075 in. 0.105 in. 0,135 in., 0,164 in,

B-1 Load

48
54
60
72
78
84
90
96
102
108
114
120
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B-52 Load
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Table B-17. Suggested cover requirements for corrugated polyethylene (PE) pipe.

Pipe
Diameter Minimum Maximum
in. ft ft
H-20 Load
12 1.0 9.6
15 1.0 9.7
18 1.0 10.0
24 1.0 10.3
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Table B-18. Maximum feet of cover for reinforced-concrete culverts.

Pipe Loads: H-20 highway,
Diameter 15-K single wheel, F-15 aircraft

in. Class I Class II Class TII Class IV  Class V
12 11 14 20 25
15 11 14 . 24 25
18 11 14 29 30
21 12 17 34 33
24 12 20 35 35
27 12 23 33 40
30 12 23 32 45
33 12 23 30 45
36 12 24 30 45
42 12 24 30 45
48 13 25 27 40
54 13 25 27 35
60 10 13 25 27 35
66 10 14 25 27 35
72 11 14 25 27 35
78 12 16 25 27

84 12 16 25 27

90 12 16 25

96 12 16 .25

102 12 16 25

108 12 16 25

(Continued)
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Table B-18. Maximum feet of cover for reinforced-concrete culverts.—Continued

Pipe Loads: H-20 highway,
Diameter 15-K single wheel, F-15 aircraft

in. Class I Class II Class III Class IV  Class V
12 10 13 20 25
15 10 13 24 25
18 10 13 28 30
21 10 16 34 33
24 10 19 35 35
27 10 22 33 40
30 10 22 32 45
33 10 22 29 45
36 10 23 29 45
42 10 23 29 45
48 10 23 29 40
54 10 23 26 33
60 -— 11 23 26 33
66 - 12 23 26 33
72 - 13 23 26 33
78 10 14 23 26

B4 10 15 23 26

20 10 15 23
96 10 15 23

102 10 15 23

108 10 16 23

(Continued)
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Table B-18. Maximum feet of cover for reinforced-concrete culverts.—Continued

Pipe Loads: H-20 highway,
Diameter 15-K single wheel, F-15 aircraft

in. Class I Class II Class III Class IV Class V
12 -— - 16 22
15 - - 20 25
18 - - 25 28
21 - 20 32 31
24 - 20 34 34
27 - 20 32 40
30 - 20 31 45
33 - 20 27 45
36 - 20 26 45
42 - 20 26 45
48 - 20 26 40
54 - 20 26 32
60 - - 20 25 32
66 - - 20 25 32
72 - - 20 25 32
78 - - 20 25

84 —= _— 20 25

90 - -- 20

96 - - 20

102 - - 20

108 - - 20
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Table B-19. Minimum feet of cover for reinforced-concrete culverts.

Pipe
Diameter Load: H-20 highway

in. Class 1 Class II Class I1I Class IV Class V
12 2.5 2.5 2,0 2.0
15 2.5 2.5 2.0 2.0
18 2.5 2.5 2.0 2.0
21 2,5 2,0 2,0 2.0
24 2.5 2,0 1.5 1.5
27 2.5 2.0 1.5 1.0
30 2.5 2.0 1.5 1.0
33 2.5 2.0 1.5 1.0
36 2.5 2,0 1.5 1.0
42 2.5 2.0 1.5 1.0
48 2.5 1.5 1.0 1.0
54 2.0 1.5 1.0 1.0
60 2,0 2.0 1.5 1.0 1.0
66 2,0 1.5 1.0 1.0 1.0
72 1.5 1.5 1.0 1.0 1.0
78 1.5 1.0 1.0 1.0

84 1.0 1.0 1.0 1.0

90 1.0 1.0 1.0

96 1.0 1.0 1.0

102 1.0 1.0 1.0

108 1.0 1.0 1.0

(Continued)
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Table B-19. Minimum feet of cover for reinforced-concrete culverts.—Continued

Pipe
Diameter Load: 15-K single wheel

in, Class I Class II Class IIT Class IV  Class V
12 2.5 2.5
15 2.5 2.5 2.0 2.0
18 2.5 2.5 2.0

21 2.5 2.0 2.0 2,0
24 2.5 2.0 1.5 1.5
27 2.5 2.0 1.5 1.0
30 2.5 2.0 1.5 1.0
33 2.5 2.0 1.5 1.0
36 2.5 2,0 1.5 1.0
42 2.5 2.0 1.5 1.0
48 2.5 1.5

54 2.0 1.5 1.0 1,0
60 2.0 2,0 1.5 1.0 1.0
66 2.0 1.5 1.0 1.0 1.0
72 1.5 1.5 1.0 1.0 1.0
78 1.5 1.0 1.0 1.0

84 1.0 1.0 1.0 1.0

90 1.0 1.0 1.0

96 1.0 1.0 1.0

102 1.0 1.0 1.0

108 1.0 1.0 1.0

(Continued)
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Table B-19. Minimum feet of cover for reinforced-concrete culverts. —Continued

Pipe
Diameter Load: F-15 aircraft

in. Class I Class II Class ITI Class IV  Class V
12 4.0 4,0 3.0 2.5
15 4.0 4,0 3.0 2.5
18 4,0 4.0 3.0 2.5
21 4.0 3.0 2.5 2.5
24 4.0 3.0 2.5 2.5
27 4.0 3.0 2.5 2.0
30 4,0 3.0 2.5 2.0
33 4,0 3.0 2.5 2,0
36 4.0 3.0 2.5 2.0
42 4.0 3.0 2.5 2.0
48 4.0 3.0 2.0 2,0
54 3.5 2.5 2.0 2.0
60 4,0 3.5 2.5 2.0 1.5
66 3.5 3.0 2.5 2.0 1.5
72 3.5 3.0 2,0 2.0 1.5
78 3.0 2.5 2.0 2.0

84 3.0 2.5 2,0 1.5

90 2.5 2.5 2,0

96 2.5 2.5 1.5

102 2,5 2,0 1.5

108 2,5 2.0 1.5

(Continued)
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B-52

Table B-19. Minimum feet of cover for reinforced-concrete culverts.—Continued

Pipe
Diameter Load: C-130 aircraft

in. Class I Class II Class IIIX Class IV Class V
12 . 4,5 3.5 3.0
15 . 4.5 3.0 3.0
18 4,5 3.0 3.0
21 . 3.5 3.0 3.0
24 5.0 3.5 2.5 2.5
27 5.0 3.5 2,5 2.0
30 5.0 3.5 2.5 2.0
33 5.0 3.5 2.5 2.0
36 5.0 3.5 2.5 2.0
42 5.0 3.5 2,5 2.0
48 5.0 3.0 2.5 2.0
54 5.0 3.0 2,0 2.0
60 - 4,5 3.0 2,0 1.5
66 - 4.0 2.5 2,0 1.0
72 - 3.5 2.5 1.5 1.0
78 4.0 3.0 2.5 1.5
84 3.5 3.0 2.0 1.0

90 3.5 2.5 2.0
96 3.0 2.5 1.5

102 3.0 2.0 1.0

108 2,5 2.0 1.0

(Continued)
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Table B-19. Minimum feet of cover for reinforced-concrete culverts.—Continued

Pipe
Diameter Load: C-5A aircraft

in. Class T Class II Class III Class IV Class V
12 - - 7.0 4,5
15 - - 6.0 4,5
18 - - 5.0 4,0
21 - 7.5 4,0 3.5
24 - 7.5 4,0 3.5
27 - 7.5 4,0 2.5
30 - 7.5 4.0 2.0
33 - 7.5 4,0 1.5
36 - 7.0 4,0 1.5
42 - 7.0 4,0 1.5
48 - 7.0 3.0 1.5
54 - 6.5 2.5 1.5
60 - - 6.0 2.0 1.0
66 - - 6.0 1.5 1.0
72 - - 4.5 1.0 1.0
78 - - 4.0 1.0
84 - - 3.5 1.0

90 - - 2.5
96 - - 1.5

102 - - 1.0

108 - - 1.0

(Continued)
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Table B-19. Minimum feet of cover for reinforced-concrete culverts.—Continued

Pipe
Diameter Load: C-141 aircraft

in. Class I Class II Class III Class IV Class V
12 - - 6.0 5.0
15 - - 5.5 4,5
18 - - 5.0 4,0
21 - 7.0 4.5 4.0
24 - 7.0 4.5 4,0
27 - 7.0 4.5 3.0
30 - 7.0 4,5 3.0
33 - 7.0 4.5 3.0
36 - 7.0 4,5 3.0
42 - 7.0 4,5 3.0
48 - 6.5 4,0 3.0
54 - 6.0 3.5 3.0
60 - - 6.0 3.5 2.5
66 - - 5.5 3.0 2.0
72 - - 5.0 3.0 1.5
78 - - 5.0 3.0
84 - - 4,5 2.0
90 - - 3.5
96 - - 2.5

102 — - 2.0

108 - - 1.5

(Continued)
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Table B-19. Minimum feet of cover for reinforced-concrete culverts.—Continued

Pipe
Diameter Load: B-1 aircraft .

in. Class I Class II Class III Class IV Class V
12 - - 7.5 5.5
15 - - 6.5 5.5
18 — — 5.5 5.0
21 - 8.0 5.0 4,5
24 - 8.0 5.0 4,5
27 - 8.0 5.0 3.5
30 - 8.0 5.0 3.5
33 - 8.0 5.0 3.5
36 - 8.0 5.0 3.5
42 - 8.0 5.0 3.0
48 - 7.5 4.5 3.0
54 ‘ - 7.5 4,0 3.0
60 - - 6.5 4,0 3.0
66 - - 6.5 3.5 2.5
72 - - 6.5 3.0 2.0
78 - - 6.5 3.0
84 - - 5.5 3.0

90 - - 5.0
96 - - 3.5

102 - - 3.0

108 -- - 2.0

(Continued)
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Table B-19. Minimum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: B-52 aircraft

in. Class I Class II Class III Class IV  Class V
12 - - 5.5
15 - - 6.0 5.0
18 - - 5.0
21 - 7.0 4.5
24 - 7.0 4.5
27 - 7.0 5.0 4,0
30 - 7.0 5.0 4,0
33 - 7.0 5.0 4,0
36 - 7.0 5.0 4.0
42 - 7.0 5.0 3.5
48 - 7.0 5.0 3.5
54 - 6.5 4,5 3.5
60 - - 6.0 4.5 3.5
66 - - 6.0 4,0 3.0
72 - - 6.0 4,0 2.5
78 - - 6.0 4,0
84 — - 5.5 4,0
90 - - 5.0

96 - - 4,5

102 - - 4,0

108 - -= 3.0
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Table B-20. Maximum feet of cover for nonreinforced-concrete culverts.

Pipe
Diameter Load: H-20 highway
in. Class I Class IT Class III
4 28 36 43
6 20 26 31
8 15 20 23
10 13 16 19
12 12 15 16
15 11 14 15
18 10 13 14
21 -9 12 14
24 8 12 14
27 8 11 13
30 7 11 12
33 7 10 11
36 7 9 11

(Continued)
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Table B-20. Maximum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: 15-K single wheel
in. Class I Class II Class III
4 28 36 43
6 20 26 31
8 15 20 23
10 13 16 19
12 12 15 16
15 11 L4 15
18 10 13 14
21 9 13 14
24 9 12 14
27 8 11 13
30 8 11 12
33 7 10 12
36 7 10 11

(Continued)
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Table B-20. Maximum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: F-15 aircraft
in. Class I Class II Class III
4 28 36 43
6 20 26 31
8 15 20 23
10 13 16 19
12 12 15 16
15 11 - 14 15
18 10 13 14
21 9 12 14
24 8 11 14
27 7 11 13
30 7 11 12
33 6 10 11
36 6 9 11

(Continued)
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Table B-20. Maximum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: C-130 aircraft
in. Class I Class IT Class III
4 28 36 43
6 20 26 30
8 15 20 23
10 12 16 18
12 11 14 16
15 10 137 14
18 8 12 14
21 7 12 14
24 6 11 13
27 — 10 12
30 ‘ - 10 11
33 - 9 10
36 - 8 10

(Continued)
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Table B-20. Maximum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: C-5A aircraft
in, Class I Class II Class III
4 27 36 43
6 19 25 30
8 12 18 22
10 9 14 17
12 - 12 14
15 - 10 - 12
18 - 9 11
21 - 8 11
24 - - 10
27 -— - 4
30 - - -
33 ~ - -
36 = - -

(Continued)
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Table B-20. Maximum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: C-141 aircraft
in. Class I Class II Class III
4 28 36 43
6 19 26 3¢
8 13 19 22
10 10 15 18
12 8 13 15
15 - 11 13
18 - 11 12
21 - ‘ 9 12
24 - h4 11
27 - - 10
30 - - 9
33 - - -
36 - -- -

(Continued)
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Table B-20. Maximum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: B-l aircraft

in. Class I Class TII Class III
4 27 36 43
6 19 26 30
8 13 19 22
10 - 14 17
12 -— 12 14
15 - 10 12
18 - 9 11
21 - - 11
24 B - 10
27 g — 8
30 - - -
33 - - -
36 - -- -

(Continued)
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Table B-20. Maximum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: B-52 aircraft
in, Class I ‘Class II Class III
4 27 36 43
6 19 25 30
8 13 19 22
10 10 14 17
12 8 13 15
15 - 11 13
18 - 10 12
21 - 9 12
24 — -- 11
27 - - 10
30 - -- 8
33 - -- -
36 =< -- -
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Table B-21. Minimum feet of cover for nonreinforced-concrete culverts.

Pipe
Diameter Load: H-20 highway
in. Class I Class II Class III
4 1.0 1.0 1.0
6 1.0 1.0 1.0
8 1.5 1.0 1.0
10 1.5 1.5 1.0
12 1.5 1.5 1.0
15 2.0 1.5 1.5
18 2.0 1.5 1.5
21 2.0 1.5 1.5
24 2.0 1.5 1.5
27 2.0 1.5 1.5
30 2.0 1.5 1.5
33 2,0 1.5 1.5
36 2.0 1.5 1.5

(Continued)
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Table B-21. Minimum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: 15-k single wheel

in. Class I Class II Class ITI
4 1.0 1.0 1.0
6 1.5 1.0 1,0
8 1.5 1.5 1.0
10 2.0 1.5 1.5
12 2.0 1.5 1.5
15 2.0 1.5 1.5
18 2.0 1.5 1.5
21 2.0 1.5 1.5
24 2.0 1.5 1.5
27 2.0 1.5 1.5
30 2.0 1.5 1.5
33 2.5 2.0 1.5
36 2.5 2.0 1.5

(Continued)
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Table B-21. Minimum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter lLoad: F-15 aircraft
in. Class 1 Class II Class III
4 2.0 1.5 1.5
6 2.0 2,0 1.5
8 2.5 2.0 2,0
10 2.5 2.5 2.0
12 3.0 2.5 2.5
15 3.0 2.5 2.5
18 3.0 2.5 2.5
21 3.5 2.5 2.5
24 3.5 2.5 2.5
27 3.5 3.0 2,5
30 4,0 3.0 2.5
33 4.0 3.0 2.5
36 4.0 3.0 2,5

(Continued)
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Table B-21. Minimum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: C-130 aircraft
in. Class I Class II Class III
4 2.0 1.5 1.0
6 2.0 2.0 1.5
8 2.5 2.0 2,0
10 3.0 2.5 _ 2.5
12 3.0 2.5 2.5
15 3.5 3.0 2.5
18 3.5 3.0 2.5
21 4.0 3.0 2.5
24 4.5 3.0 2.5
27 - 3.0 2.5
30 - 3.0 3.0
33 - 3.5 3.0
36 - 3.5 3.0

(Continued)
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Table B-21. Minimum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: C-5A aircraft

in. Class I Class II Class III
4 1.5 1.0 1.0
6 2.0 1.5 1.5
8 3.0 2.0 1.5
10 6.0 2,5 2,0
12 - 3.0 2.5
15 - 3.5 2,5
18 - 5.5 3.0

21 - 6.5 3.0
24 - - 3.0
27 . - 3.5
30 - - -
33 - - --
36 - - --

(Continued)
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Table B-21. Minimum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: C-141 aircraft
in. Class I Class 1I Class III
4 2.0 1.5 1.5
6 2.5 2.0 2.0
8 4,0 2,5 2.5
10 5.5 3.5 3.0
12 6.5 4,0 3.5
15 - 4,5 3.5
18 - 5.5 4.0
21 - 6.0 4,0
24 — - 4.0
27 -— - 5.0
30 . - 6.0
33 — - -

36 - - -

(Continued)
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Table B-21. Minimum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: B-1 aircraft
in. Class 1 Class II Class III
4 2.5 2.0 2.0
6 3.0 2,5 2.0
8 4,5 3.0 2.5
10 - 4.0 3.5
12 - 4,5 4,0
15 - 6.0 4,5
18 - 6.5 5.0
21 — - 5.0
24 - - 5.5
27 — - 6.5
30 —— - -
33 - - -
36 = - -

(Continued)
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Table B-21. Minimum feet of cover for nonreinforced-concrete culverts.—Continued

Pipe
Diameter Load: B-52 aircraft
in. Class I Class IT Class III
4 2.5 2.5 2,0
6 3.5 3.0 2.5
8 5.0 3.5 3.0
10 6.0 4,5 3.5
12 7.0 5.0 4.5
15 - 5.5 4,5
18 - 5.5 5.0
21 - 6.5 5.0
24 - - 5.5
27 - - 6.0
30 - - 6.5
33 - -- -
36 - - -
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Table B-22. Maximum feet of cover for vitrified clay culverts.

Pipe Load: H-20 highway, F-15 aircraft

Diameter Extra Standard

in. Strength Strength

4 38 23

6 27 16

8 22 14

10 20 13

12 18 12

15 16 11

18 15 10

21 15 9

24 15 8

27 14 8

30 14 8

33 14 8

36 14 8

39 14

42 L4

(Continued)
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Table B-22. Maximum feet of cover for vitrified clay culverts.—Continued

Pipe Load: 15-K single wheel
Diameter Extra Standard
in. Strength Strength
4 38 24
6 27 16
8 22 14
10 20 13
12 18 12
15 16 11
18 15 10
21 15 9
24 15 9
27 14 8
30 14 8
33 14 8
36 14 | 8
39 14
42 14
(Continued)
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Table B-22. Maximum feet of cover for vitrified clay culverts.—Continued

Pipe Load: C-130 aircraft
Diameter Extra Standard
in. Strength Strength
4 38 23
6 27 15
8 22 13
10 19 12
12 17 11
15 15 10
18 14 8
21 14 7
24 14 7
27 | 14 6
30 13 6
33 13 6
36 13 6
39 13
42 13
(Continued)
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Table B-22. Maximum feet of cover for vitrified clay culverts.—Continued

Pipe Load: C-5A aircraft
Diameter Extra Standard
in. Strength Strength
4 37 22
6 25 13
8 21 11
10 18 9
12 16 -
15 13 _
18 12 -
21 12 -
24 12
27 11
30 10 -
33 10 _—
36 10 -
39 10 -
42 10
(Continued)
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Table B-22. Maximum feet of cover for vitrified clay culverts.—Continued

Pipe Load: C-141 aircraft

Diameter Extra Standard

in. Strength Strength

4 38 23

6 26 14

8 22 11

10 19 —-—

12 16 -

15 14 -

18 13 -

21 13 -

24 13 _

27 12 -

30 11 -

33 11 _

36 11 -

39 11

42 11

(Continued)
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Table B-22. Maximum feet of cover for vitrified clay culverts.—Continued

Pipe Load: B-1 aircraft
Diameter Extra , Standard
in, Strength Strength
4 38 23
6 26 14
8 21 11
10 18 —
12 16 -
15 13 —
18 12 -
21 12 -
24 12 -
27 11 _ -
30 10 -
33 10 —_—
36 10 -
39 10
42 10
(Continued)
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Table B-22. Maximum feet of cover for vitrified clay culverts.—Continued

Pipe Load: B-52 aircraft

Diameter Extra Standard

in. Strength Strength

4 38 22

6 26 14

8 21 12

10 18 10

12 16 8

15 14 -

18 13 -

21 13 -

24 13 -

27 12 -

30 11 -

33 11 -

36 11 -

39 11

42 ‘ 11
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Table B-23. Minimum feet of cover for vitrified clay culverts.

Pipe Load: H-20 highway

Diameter Extra Standard

in. Strength Strength

4 1.0 1.0

6 1.0 1.5

8 1.0 1.5

10 1.0 1.5

12 1.0 1.5

15 1.0 2.0

18 1.0 2.0

21 1.0 2.0

24 1.0 2.0

27 1.0 2.0

30 1.0 2,0

33 1.0 2.0

36 1.0 2.0

39 1.0

42 1.0

(Continued)
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Table B-23. Minimum feet of cover for vitrified clay culverts.—Continued

Pipe Load: 15-K single wheel
Diameter Extra Standard
in. Strength Strength
4 1.0 1.5
6 1.0 1.5
8 1.5 1.5
10 1.5 2.0
12 1.5 2,0
15 1.5 ’ 2.0
18 1.5 2.0
21 1.5 2,0
24 1.5 2.0
27 1.5 2.0
30 1.5 2,0
33 1.5 2,0
36 1.5 2.0
39 1.5
42 1.5
(Continued)
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Table B-23. Minimum feet of cover for vitrified clay culverts.—Continued

Pipe Load: F-15 aircraft
Diameter Extra Standard
in, Strength Strength
4 1.5 2,0
6 2.0 2.5
8 2.0 2.5
10 2.0 2.5
12 2,0 3.0
15 2.5 3.0
18 2,5 3.0
21 2.5 3.5
24 2.5 3.5
27 2.5 3.5
30 2.5 3.5
33 2,5 3.5
36 2.5 3.5
39 2.5
42 2.5
(Continued)
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Table B-23. Minimum feet of cover for vitrified clay culverts.—Continued

Pipe Load: C-130 aircraft
Diameter Extra Standard
in. Strength Strength
4 1.5 2.0
6 2.0 2.5
8 2,0 3.0
10 2.0 3.0
12 2,5 3.0
15 2.5 3.5
18 2.5 3.5
21 2,5 4,0
24 2.5 4.0
27 2.5 4,5
30 2.5 4,5
33 2.5 4.5
36 2,5 4.5
39 2.5
42 2.5
(Continued)
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Table B-23. Minimum feet of cover for vitrified clay culverts.—Continued

Pipe Load: C-5A aircraft

Diameter Extra Standard
in, Strength Strength
4 1.0 2,0
6 1.5 3.0
8 2,0 3.5
10 2,0 6.0
12 2.0 A
15 2,5 -
18 2.5 -
21 2.5 -
24 2.5 -
27 2,5 -
30 3.0 -
33 3.0 -~
36 3.0 -
39 3.0
42 3.0

(Continued)
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Table B-23. Minimum feet of cover for vitrified clay culverts.—Continued

Pipe Load: C-141 aircraft

Diameter Extra Standard

in, Strength Strength

4 1.5 2.5

6 2.0 3.5

8 2.5 4,5

10 2.5 5.5

12 3.0 6.5

15 3.5 -

18 3.5 -

21 3.5 -

24 3.5 —_

27 3.5 -

30 4,0 -

33 4,0 -

36 4,0 -

39 4.0

42 4,0

(Continued)
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Table B-23. Minimum feet of cover for vitrified clay culverts.—Continued

Pipe Load: B-1 aircraft
Diameter Extra Standard
in. Strength Strength
4 2.0 2.5
6 2,5 4,0
8 3.0 5.5
10 3.0 -
12 3.5 z—
15 4,0 -
18 4,5 -
21 4,5 -
24 4,5 -—
27 4,5 -
30 5.5 -
33 5.5 -
36 5.5 -
39 5.5
42 5.5
(Continued)

(Sheet 7 of 8)
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Table B-23. Minimum feet of cover for vitrified clay culverts.—Continued

Pipe Load: B-52 aircraft
Diameter Extra Standard
in. Strength Strength
4 2.0 3.0
6 3.0 4,5
8 3.0 5.5
10 3.5 6.0
12 4,0 7.0
15 4,5 -
18 5.0 -
21 5.0 -
24 5.0 -
27 5.0 -
30 5.0 -
33 5.0 -
36 5.0 -
39 5.0
42 5.0

(Sheet 8 of 8)
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APPENDIX C
OUTLET PROTECTION DESIGN PROBLEM

C-1. This appendix contains examples of recommended application to estimate the extent of scour in a
cohesionless soil and alternative schemes of protection required to prevent local scour.

C-2. Circular and rectangular outlets with equivalent cross-sectional areas that will be subjected to arange
of discharges for aduration of 1 hour are used with the following parameters:

Dimensions of rectangular outlet = W, = 10 feet, D, = 5 feet

Diameter of circular outlet, D, = 8 feet

Range of discharge, Q = 362 to 1,086 cubic feet per second

Discharge parameter for rectangular culvert, ¢/D,¥? = 3.2 t0 9.7

Discharge parameter for circular culvert, Q/D %= 2t0 6

Duration of runoff event, t = 60 minutes

Maximum tailwater el = 6.4 feet above outlet invert (>0.5D,)

Minimum tailwater el = 2.0 feet above outlet invert (< 0.5D,)

C-1
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Example 1 - Determine maximum dépth of scour for
minimum and maximum flow conditions:

RECTANGULAR CULVERT (see fig 5-4)

MINIMUM TAILWATER

D, 0.375 4 14
5;- = 0.80 <;§%%) t (eq C-1)

[o}

0.375

D = 0.80 (3.2 to 9.7) 6?1 5

sm
(eq C-2)

=9,3 ft to 14.0 ft

MAXTMUM TAILWATER

D 0.375 4 1o
5o = 0.74 (5335) t (eq C-3)

D_ = 0.74 (3.2 to 9.7%-37% (60)°-1 (5)
(eq C-4)
= 8.6 ft to 13.0 ft
CIRCULAR CULVERT (see fig 5-4)
MINIMUM TAILWATER

D 0.375

S0 = 0.80 - tO.lO (eq C-5)

D 5/2

o Do

C-2
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D__ = 0.80 (2 to 62375 (60)%:! (8)
(eq C-6)
= 12.5 ft to 18.9 ft
MAXIMUM TAILWATER
D 0.375
sm _ Q 0.1 _
5 = 0.74 (—37%> t (eq C-7)
o) D
(o]
D_ = 0.74 (2 to 6%:37% 60)% ! (8)
(eq C-8)

= 11,6 ft to 17.5 ft

Example 2 - Determine maximum width of scour for
minimum and maximum flow conditions:

RECTANGULAR CULVERT (see fig 5-5)

MINIMUM TAILWATER
v 0.915 .
5 = 1.00 (D—ﬁ-z-) t (eq C-9)

W _=1.00 (3.2 to 9.7)0’915

0.15
- (60)°* 12 (5)

(eq C-10)

= 27 ft to 74 ft

C-3
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=

W =W +2
smr sm 2

)

o _ 10 5
—2——(27t0 74)+2——§

29.5 ft to 76.5 ft

MAXIMUM TAILWATER

W =0.72 (3.2 to 9.7)
sm

=

- L ._.0
W =W+ 5

smr sm

W

sm 0.915 0.15
D_ = 0,72 (ﬁi) t

(o} D
(o]

0.915

(60)0.015

= 19 ft to 53 ft

=

10 5
(19 to 53) +2——7

= 21.5 ft to 55.5 ft

CIRCULAR CULVERT (see fig 5-5)

MINIMUM TAILWATER

W_ =1.00 (2 to 6)

sm

C-4

U|2

D
o

sm _ dO Q 0.915 t0.15
D 572

0.915 (60)0'15 (8)

.= 28 ft to 76 ft

(eq C-11)

(eq C-12)

(eq C-13)

(eq C-14)

(eq C-15)

(eq C-16)



TM 5-820-3/AFM 88-5, Chap. 3

MAXIMUM TAILWATER

W 0.915
sm _ Q 0.15
D 0.72 <—S7—2-> t (eq C-17)
o D
o
W= 0.72 (2 to 627 (60)%" 1 (8)
(eq C-18)

= 20 ft to 55 ft

Example 3 - Determine maximum length of scour for
minimum and maximum flow conditions:

RECTANGULAR CULVERT (see fig 5-6)

MINIMUM TAILWATER

L 0.71
Sm = 2.40 SI t0.125 (eq C_19)
D 3/2
o D
0
L, = 2.4 (3.2 to 9.7y% 71 (60y0+125 (s
(eq C-20)

= 46 ft to 101 ft

MAXIMUM TAILWATER

0.71
sm _ q 0.125 _
5= = 4.10 (—375) t (eq C-21)

C-5
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0.125

L= 4.10 (3.2 to 9.77%71 (60) (5)

= 78 ft to 171 ft

CIRCULAR CULVERT (see fig 5-6)

MINIMUM TAILWATER

Lom _ 2 40 (9 0.71 .0-125
D : 5/2

o D
o

Lsm = 2.4 (2 to 6)0.71 (60)0'125

(8)

= 52 ft to 114 ft

MAXTIMUM TAILWATER

Lom _ 510 (9 0.71 ,0-125
D, Y

(o]

L = 4.10 (2 to 6271 (60)0-125

(8)

= 90 ft to 195 ft

C-6

(eq C-22)

(eq C-23)

(eq C-24)

(eq C-25)

(eq C-26)
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Example 5 - Determine depth and width of cutoff wall:

RECTANGULAR CULVERT, Maximum depth and width of scour = 14 ft and
76.5 ft

From figure 5-8, depth of cutoff wall

0.7 (Dsm) = 0.7 (14)

= 9,8 ft
From figure 5-8, width of cutoff wall = 2 (W = 2 (76.5)
smr
= 153 ft
CIRCULAR CULVERT, Maximum depth and width of scour = 18.9 ft and

76.0 ft

From figure 5-8, depth of cutoff wall = 0.7 (DS ) = 0.7 (18.9)
= 13.2 ft n

From figure 5-8, width of cutoff wall
= 152 ft

2 (Wsm) = 2(76)

Note: The depth of cutoff wall may be varied with width in
accordance with the cross section of the scour hole at the
location of the maximum depth of scour. See figures 5-8 and 5-9
of main text.

Fxample 6 - Determine size and extent of
horizontal blanket of riprap:

RECTANGULAR CULVERT

MINIMUM TAILWATER
dgg D T 4/3
From figure 5-10, = 0.020 T (7?75) (eq C-27)

/3

d o = 0.020 (5/2)(3.2 to 9.74"3 (5

(eq C~28)

= 1,2 ft to 5.2 ft

C-9
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L
From figure 5-11, BER = 1.8 <;§9?> + 7

] D
o

Lsp= [1.8(3.2 to 9.7) + 7] 5 = 64 ft to 122 ft

MAXIMUM TAILWATER

d50 DO 4/3
- = 0.020 7 3;2
o D
(o]
dgo = 0.020 (5/6.4)(3.2 to 90.77*3(5)

= 0,37 ft to 0.76 ft

D
o

2

LSp =3 (3.2 to 9.7) 5 = 48 ft to 145 ft

CIRCULAR CULVERT

MINIMUM TAILWATER

C-10

(eq

(eq

(eq

(eq

(eq

(eq

(eq

C-29)

C-30)

c-31)

Cc-32)

Cc-33)

C-34)

C-35)
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/3

4 = 0.020 (8/2)(2 to 6)*/3 (8)

50
(eq C-36)

= 1,6 ft to 7.0 ft

D
o

L
8 -
—D;-P- = 1.8 <ﬁ§> + 7 (eq C-37)

Lsp = 1.8 (2tob6) +7 8 =285 ft to 142 ft (eq C-38)

MAXIMUM TAILWATER

d D 4/3

50 o Q -

5;_ = 0,020 ™ <;37%) (eq C-39)
o

4 = 0.020 (8/6.4)(2 to 6)*/3 (8)

50
(eq C-40)
= 0,50 ft to 2.18 ft
EEP. Q 4
=3(— -41
5 3 ( 5/2> (eq C )
o D
o
L =3 (2to6) 8 =48 ft to 144 ft (eq C-42)

sp

Use figure 5-12 to determ ne recomended configuration of

hori zontal bl anket of riprap subject to m ninum and nmaxi mum
tailwaters.

C-11
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Example 7 - Determine size and geometry of riprap-lined
preformed scour holes 0.5- and l.O-D° deep

for minimum tailwater conditions:
RECTANGULAR CULVERT (see fig 5-10)
0.5-D0-DEEP RIPRAP-LINED PREFORMED SCOUR HOLE

d50 Do 4/3
Dot = 00125 (—‘}—D3 2> (eq C-43)

o

4. = 0.0125 (5/2)(3.2 to 9.7)%/3

s (%)

(eq C-44)

= 0.73 ft to 3.2 ft

l.O—Do-DEEP RIPRAP-LINED PREFORMED SCOUR HOLE
dso' D 4/3
B0 = 0.0082 73 <—‘}-D3 2) (eq C-45)
373

dg, = 0.0082 (5/2)(3.2 to 9.7y43(5)
(eq C-46)
= 0.48 ft to 2.1 ft
CIRCULAR CULVERT
O.S—DO—DEEP RIPRAP-LINED PREFORMED SCOUR HOLE
d D 4/3
50 _ o/ Q -
ﬁ;- 0.0125 & <;§77> (eq C-47)
(o]

C-12
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- 0.0125 (8/2)(2 to 6)%/3 (8)

dsg
(eq C-48)
= 1,0 ft to 4.4 ft
l.O—DO—DEEP RIPRAP-LINED PREFORMED SCOUR HOLE
d D 4/3
50 _ o Q
30 _ 0.0082 -2 (_7_135 2) (eq C-49)
o o]
dgo = 0.0082 (8/2)(2 to 63 (8)
(eq C-50)

= 0,66 ft to 2.9 ft

See figure 5-13 for geometry.

Example 8 - Determine size and geometry of riprap-
lined-channel expansion for minimum tailwaters

(see fig 5-15)

RECTANGULAR CULVERT

dso Do 4/3
5 = 0.016 <—§}§> (eq C-51)
(o] D
(o]
4/3
d = 0.016 (5/2)(3.2 to 9.7) (5)

50
(eq C-52)

= 0.94 ft to 4.1 ft

C-13



TM 5-820-3/AFM 88-5, Chap. 3

CIRCULAR CULVERT

d50 Do Q 4/3
57— = 0.016 % <—7—D5 2) (eq C-53)
° (o)
dgq = 0.016 (8/2)(2 to 643 (8)
(eq C-54)

= 1,29 ft to 5.6 ft

See figure 5-14 for geometry.

Example 9 - Determine length and geometry of a flared
outlet transition for minimum tailwaters:

RECTANGULAR CULVERT

2.5¢(ma/p ) /3
L Do 2 o
p- = 0:30| 7y <D3}2> (eq C-55)
o} y ‘
1/3
L= 0.3 (5/2)2 (3.2 to 9.7)2:3(2/5) 5
(eq C-56)
= 80 ft to 616 ft
CIRCULAR CULVERT
) 2.5(mw/p )3
; 0.30 (2 Q7 ° (eq C-57)
—— TR . _o eq _
Do ™ DZ 2

C-14
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1/3
L - [0.3 8/2)2 (2 to 6)2°3(/®) ]s

(eq C-58)

= 114 ft to 645 ft

See figure 5-16 for geonetric details; above equations devel oped
for H- O or horizontal apron at outlet invert elevation wthout
an end sill.

Exanmpl e 10 - Determ ne dianeter of stilling well
requi red downstream of the 8-ft-di amoutl et:

o D5

D, 0 1.0
From figure 5-17 T = 0.53 (%—75) (eq C~59)
o

DW = 0,53 (2 to 6) 8 = 8,5 ft to 25.4 ft (eq C-60)

See figure 5-17 for additional dimensions.

Example 11 - Determine width of US Bureau of Reclamation type VI
basin required downstream of the 8-ft-diam outlet:

W

VI Q 0.55
From figure 5-18 B;— = 1,30 <}§73) (eq C-61)

D
o

0.55
Wyt = [1.3 (2 to 6) 18

(eq C-62)

= 15.2 ft to 27.9 ft

See figure 5-18 for additional dimensions.

C-15
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Example 12 - Determine width of SAF basin required
downstream of the 8-ft-diam outlet:

W 1.0
SAF _ _9Q .
From figure 5-19 ) = 0.30 < 5/2> (eq C~63)
o D
)
W = 0.30 (2 to 6) 8 = 4.8 ft to 14.4 ft (eq C-64)

SAF

See figure 5-19 for additional dimensions.

Example 13 - Determine size of riprap required downstream
of 8-ft-diam culvert and l4.4-ft-wide SAF basin with
discharge of 1,086 cfs

q = Wg__ = %%Q% = 75 cfs/ft (eq C-65)
SAF *
v, = % = ___l0_86__2 = 21.6 fps (eq C-66)
0.785(8)
e =L -2 - 3.5 ¢ (eq C-67)

1 Vv 21.6

d2 = 8.4 ft (from conjugate depth relations)

MINIMUM TAILWATER REQUIRED FOR A HYDRAULIC JUMP = 0.90 (8.4)
= 7.6 ft

\ 3 )
d., =D |— (eq C-68
>0 (ng)

C-16
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(eq C-69)

(eq C-70)

(eq C-71)

C-17
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APPENDIX D
CHANNEL DESIGN PROBLEM

D-1. Design procedure.

The following steps will permit the design of a
channel that will satisfy the conditions desired for
the design discharge and one that will ensure no
deposition or erosion under these conditions.

a. Determine gradation of material common to
drainage basin from representative samples and
Seve analyses.

b. Determine maximum discharges to be experi-
enced annually and during the design storm.

c. Assume maximum desirable depth of flow, D,
to be experienced with the design discharge.

d. Determine the sizes of material to be trans-
ported by examining the gradation of the local ma-
teria (9zes and percentages of the total by weight).
Particular attention should be given to the
possihility of the transport of material from upper
portions of the basin or drainage system and the
need to prevent deposition of this material within
the channel of interest.

e. Compute ratios of the diameter of the materi-
asthat should and should not be transported at the
maximum depth of flow, (ds/D.

f. Compute the Froude numbers of flow re-
quired to initiate transport of the selected sizes of
cohesion less materials based on the eguation, F
1.88 (dy/D)"?, to determine the range of F desired
in the channel.

D-2. Channel design.

a. Dedgn the desired channel asindicated in the
following steps.

(1) Assume that a channdl is to be provided
within and for drainage of an area composed of
medium sand (grain diameter of 0.375 mm) for
conveyance of a maximum rate of runoff of 400
cubic feet per second. Also assume that a channel
depth of 6 feet is the maximum that can be toler-
ated from the standpoint of the existing ground-
water level, minimum freeboard of 1 foot, and
other considerations such as ease of excavation,
maintenance, and aesthetics.

(2) From Figure D-1 or the equation

F=188 (dso/D)"/?, (eq D-1)

the Froude number of flow required for incipient
transport and prevention of deposition of medium
sand in. a channel with a 5-foot depth of flow can
be estimated to be about 0.12. Further, it is indi-
cated that a Froude number of about 0.20 would be
required to prevent deposition of very coarse sand
or very fine gravel. Therefore, an average Froude
number of about 0.16 should not cause severe ero-
sion or deposition of the medium sand common to
the basin with aflow depth of 5 feet in the desired
channdl.

D-1



TM 5-820-3/AFM 88-5, Chap. 3

4 r-

T

EROSION

c
w
Q
3
5 \
[a]
2
e}
oc
w \
\
005 = \ aoe?””h
0.024,” \
DEPOSITION 50 =
5 0004,”
m \
0.01 A 'O S A L ' B Earers " "
0.2 05 1 5 10 20 30

DEPTH OF FLOW, FT

Figure D-1. Froude number and depth of flow required for incipient transport of cohesionless material.

(3) The unit discharge required for incipient
transport and prevention of deposition of medium
sand in a channel with a 5-foot depth of flow can
be estimated to be about 7.4 cubic feet per second
per foot of width from the equation

q=10.66 dso /3D ¢ (eq D-2)

or figure D-2. In addition, it is indicated that a unit
discharge of about 13 cubic feet per second per

foot of width would be required to prevent dep-
osition of very coarse sand or very fine gravel.
Thus, an average unit discharge of about 10 cubic
feet per second per foot of width should not cause
severe erosion or deposition of the medium sand
common to the basin and a 5-foot depth of flow in
the desired channel.
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Figure D-2. Depth of flow and unit discharge for incipient transport of cohesionless material.

(4) The width of a rectangular channel and
the average width of atrapezoidal channel required
to convey the maximum rate of runoff of 400 cubic
feet per second can be determined by dividing the
design discharge by the permissible unit discharge.
For the example problem an average channel width
of 40 feet is required. The base width of a
trapezoidal channel can be determined by
subtracting the product of the horizontal com-
ponent of the side dope corresponding to a vertical
displacement of 1 foot and the depth of flow from
the previoudy estimated average width. The base
width of atrapezoidal channel with side slopes of

IV on 3H required to convey the design discharge
with a 5-foot depth of flow would be 25 feet.

(5) Thevduesof the parameters D/B and Q/
vgB® can now be calculated as 0.2 and 0.0225, re-
gpectively. Entering figure D-3 with these values, it
is apparent that corresponding values of 0.95 and
0.185 are required for the parameters of SBs/n?
and F, respectively. Assuming a Manning's n of
0.025, a slope of 0.000203 foot per foot would be
required to satisfy the SB®/n, relation for the 5-
foot deep trapezoida channel with base width of 25
feet and IV-on-3H side slopes.

D-3
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(6) The Froude number of flow in the channel
isdightly in excess of the value of 0.16 previously
estimated to be satisfactory with a depth of flow of
5 feet, but it is within the range of 0.12 and 0.20
considered to be satisfactory for preventing either
severe erosion or deposition of medium to very
coarse sand. However, should it be desired to
convey the design discharge of 400 cubic feet per
second with a Froude number of 0.16 in a trapezoi-
dal channel of 25-foot base width and 1V-on-3H
side dopes, the values of 0.0225 and 0.16 for
QvgB® and F, respectively, can be used in conjunc-
tion with the figure D-3 to determine correspond-
ing values of SB*®]/n? (0.72) and D/B (0.21) re-
quired for such a channel. Thus, a depth of flow
equal to 5.25 feet, and adope of 0.000154 foot per
foot would be required for the channel to convey
the flow with a Froude number of 0.16.

(7) Thedopesrequired for either the rectan-
gular or the trapezoidal channels are extremely
moderate. If a steeper dope of channel is desired
for correlation with the local topography, the feasi-
bility of alined channel should be investigated as
well as the alternative of check dams or drop
structures in conjunction with the channel previ-
oudy consdered. For the latter case, the difference
between the total drop in elevation desired due to
the local topography and that permissible with the

D-4

01

05 1

Fch=0/“g%‘3‘

Figure D-3. Flow characteristics of trapezoidal channels with 1V-on-3H side slopes.

dope of an aluvia channel most adaptable to the
terrain would have to be accomplished by means of
one or more check dams and/or drop structures.
(8) Assume that thereisasource of stone for
supply of riprap with an average dimension of 3
inches. The feasibility of ariprap-lined trapezoidal
channd with 1V-on-3H side dopesthat will convey
the design discharge of 400 cubic feet per second
with depths of flow up to 5 feet can be investi j%ated
as follows. The equation, F = 1.42(d./D)™*, or
figure D-4 can be used to estimate the Froude
number of flow that will result in failure of various
sizes of natural or crushed stone riprap with
various depths of flow. The maximum Froude
number of flow that can be permitted with average
size stone of 0.25-foot-diameter and a flow depth
of 5 feet is 0.52. Smilarly, the maximum unit
discharge permissible (33 cubic feet per second per
foot of width) can be determined by the equation,

g= 8.05d,,"* D" (eq D-3)
or figure D-5. For conservative design, it is recom-
mended that the maximum unit discharge be limited
to about two thirds of this value or say 22 cubic
feet per second per foot of width for this example.
Thus, an average channel width of about 18.2 feet
is required to convey the design discharge of 400
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cubic feet per second with a depth of 5 feet. The channd with side dlopes of IV on 3H would be
base width required of the riprap-lined trapezoidal about 3 feet.

FROUDE NUMBER

UNSTABLE

!

P STABLE
d50 < 3

02 lllllll 1 Il l|llll| 'l

J
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Figure D-4. Froude number and depth of flow for incipient failure of riprap-lined channel.
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Figure D-5. Depth of flow and unit discharge for incipient failure of riprap-lined channel.

(9) The vaues of D/B and Q/v'gB°can be cal-
culated as 1.67 and 4.52, respectively. Entering
figure D-3 with these values, it is apparent that
corresponding values of 4.5 and 0.52 are required
for the parameters of SBY®/n? and F, respectively.
Assume n = 0.035 (d,)"® and calculate Manning's
roughness coefficient of 0.25-foot-stone to be
0.028. A slope of 0.00245 foot per foot would be
required for the 5-foot-deep riprap-lined
trapezoida channel with base width of 3 feet and
1V-on-311 side dopes. The Froude number of flow
in the channel would meet the 3-inch-diameter
average size requirement for riprap as well as the
maximum recommended value of 0.8 needed to
prevent instabilities of flow and excessive wave
heights in subcritical open channel flow.
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(10)  Similar analyses could be made for
design of stable channels with different sizes of
riprap protection should other sizes be available
and steeper sopes be desired. This could reduce
the number of drop structures required to provide
the necessary grade change equal to the difference
in elevation between that of the local terrain and
the drop provided by the dope and length of the se-
lected channel design.

(11)  Thefeadhility of a paved rectangular
channel on a dope commensurate with that of the
locd terrain for conveyance of the design discharge
at either subcriticadl or supercritical velocities
should dso be investigated. Such a channel should
be designed to convey the flow with a Froude
number less than 0.8 if subcritical, or greater than



1.2 and lessthan 2.0 if supercritical to prevent flow
instabilities and excessive wave heights. It should
also be designed to have a depth-to-width ratio as
near 0.5 (the most efficient hydraulic rectangular
cross section) as practica depending upon the local
conditions of design discharge, maximum depth of
flow permissible, and commensuration of a slope
with that of the local terrain.

(12)  For example, assume that a paved
rectangular channel is to be provided with a
Manning' s n = 0.015 and a slope of 0.01 foot per
foot (average dope of locd terrain) for conveyance
of adesign discharge of 400 cubic feet per second
at supercritical conditions. A depth-to-width ratio
of 0.5 is desired for hydraulic efficiency and a
Froude number of flow between 1.2 and 2.0 is
desired for stable supercritical flow. The range of
values of the parameter SB?]/n?(70-180) required
to satisfy the desired D/B and range of Froude
number of supercritical flow can be determined
from figure D-6. Corresponding values of the
parameter vgB® (0.44-0.68) can also be determined
from figure D-6 for calculation of the discharge

Q=0.48Vg(1.5)%/ 2=419 cubic feet per second
Similarly, based on the magnitude of a Froude

number of flow equa to 1.4, the channel should
convey adischarge of 432 cubic feet per second:

V/g(7.5%3.75)3
5

Q=14

Obvioudy, the capacity of the 7.5-foot-wide chan-
nel is adequate for the design discharge of 400
cubic feet per second.

= 432 cubic feet per second
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capacities of channels that will satisfy the desired
conditions. The calculated values of discharge and
channel widths can be plotted on log-log paper as
shown in figure D-7 to determine the respective
relations for supercritical rectangular channels with
a depth-to-width ratio of 0.5, a slope of 0.01 foot
per foot, and a Manning's n of 0.015. Figure D-7
may then be used to select a channel width of 7.5
feet for conveyance of the design discharge of 400
cubic feet per second. The exact value of the
constraining parameter SBY¥/r? can be calculated to
be 87 and used in conjunction with a D/B ratio of
0.5 and figure D-6 to obtain corresponding values
of the remaining constraining parameters, QvVgB°=
0.48 and F = 1.4, required to satisfy all of the
dimensionless relations shown in figure D-6. The
actual discharge capacity of the selected 7.5-foot-
wide channel with a depth of flow equal to 3.75
feet can be calculated based on these relations to
ensure the adequacy of the selected design. For
example, based on the magnitude of a discharge
parameter equal to 0.48, the channel should convey
419 cubic feet per second:

ed D-4)

(ed D-5)
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Figure D-6. Flow characteristics of rectangular channels.
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Figure D-7. Discharge characteristics of various channels.

(13)  The feashility of a paved channd
with a slope compatible with that of the local
terrain for conveyance of the design discharge at
subcritical conditions should be investigated.
However, it may not be feasible with dopes of 1
percent or greater. Paved channels for subcritical
conveyance of flows should be designed to provide
Froude numbers of flow ranging from about 0.25
to 0.8 to prevent excessive deposition and flow
instabilities, respectively, If rectangular, paved
channels should be designed to have a depth of
width radio as near 0.5 as practica for hydraulic

efficiency; if trapezoidal, they should be designed
to have side dopes of |V on 3H and a depth-to-
width ratio of 0.3.

(14) For example, assume a subcritica
paved channel with a Manning's n of 0.015 and
dlope of 0.01 foot per foot isto be provided for a
design discharge of 400 cubic feet per second. The
maximum dope and discharge permissible for
conveying flow with a Froude number less than 0.8
inahydraulicaly efficient rectangular channel with
a minimum practical width of 1.0 foot can be
determined from figure D-6. For aD/B = 0.5 and
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Froude number of flow of 0.8, the corresponding
vaues of SB¥¥/n? and Qv gB°® are determined as 30
and 0.275, respectively. Solving these regulations

S=30 n¥/B'/3=0.00675 foot per foot

Q=0.275VgB5/2=1.56 cubic feet per second

Greater widths of hydraulicaly efficient rectangular
channels would convey greater discharges, but
dopes flatter than 0.00675 foot per foot would be
required to prevent the Froude number of flow
from exceeding 0.8. Therefore, a rectangular chan-
nel of the most efficient cross section and a dope as
steep as 0.01 foot per foot are not practical for
subcritical conveyance of the design discharge and
the example problem. A smilar analysis for any
shape of channel would result in the same conclu-
sion; stable subcritical conveyance of the design
discharge on a slope of 0.01 foot per foot is not
feasible.

(15)  Assuming that the average slope of
the local terrain was about 0.001 foot per foot for
the example problem, practical subcritica paved
channels could be designed as discussed in
paragraphs (16) through (19) below.

16 Based on the desired range of Froude
numbers of flow (0.25 to 0.8) in a rectangular
channel of efficient cross section (D/B = 0.5),
figure D-6 indicates the corresponding range of
values of the restraining parameters SB*¥/n° and

Q=0.16Vg(11.5)%/ 2=407 cubic feet per second

Similarly, based on the Froude number of flow to
0.47, the channel should convey a discharge of 422
cubic feet per second:

g2(11.5x5.75)8
11.5

Q=047 V

Therefore, the 11 .5-foot-wide channel is sufficient
for subcritical conveyance of the design discharge
of 400 cubic feet per second and, based on figure
D-1, issufficient for transporting materials as large
as average size gravel.
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= 422 cubic feet per second

for S and Q based on n = 0.015 and B = 1 foot
yields

(eq D-6)

(eq D-7)

QVgB® to be from 3 to 30 and 0.085 to 0.275,
respectively. The relations between discharge and
channel width for subcritical rectangular channels
with adepth-to- width ratio of 0.5, a slope of 0.001
foot per foot, and a Manning's n of 0.015 can be
plotted as shown in figure D-7 to select the 11.5-
foot-width of channel required to convey the design
discharge of 400 cubic feet per second.

(17) Asacheck, the exact value of SBY ¥/n?
can be calculated to be 10.1 and used in conjunc-
tion with a D/B ratio of 0.5 and figure D-6 to
obtain corresponding values of the remaining con-
straining parameters, QvgB® = 0.16 and F = 0.47,
required to satisfy al of the dimensionless relations
for rectangular channels. The actual discharge
capacity of the selected 11.5-foot-wide channel
with adepth of 5.75 feet can be caculated based on
these relations to ensure the adequacy of the
selected design. For example, based on the
magnitude of the discharge parameter (0.16), the
channel should convey 407 cubit feet per second:

(eq D-8)

(eq D-9)

(18) A similar procedure would be followed
to design a trapezoidal channel with a depth-to-
width ratio of 0.3, a slope of 0.001 foot per foot,
and a Manning's n of 0.015 utilizing figure D-3.
For example, in order to maintain a Froude number



of flow between 0.25 and 0.75 in a trapezoidal
channel with side dopes|V on 3H and a depth-to-
width ratio of 0.3, the constraining parameter of
SBY3/n? would have to have a value between 2 and
15 (fig. D-3). The relations between discharge and
base width for these subcriticd trapezoida channels
were plotted as shown in figure D-7 to select the
12-foot-base width required to convey the design
discharge of 400 cubic feet per second.

Q=0.15 Vg (12)5/ 2=425 cubic feet per second

g 45.6x3.6°
Q=063 V 2
33.6

Therefore, the selected trapezoidal channdl is suffi-
cient for subcritical conveyance of the design dis-
charge of 400 cubic feet per second and based on
figure D-1 issufficient for transporting materials as
large as coarse gravel.

b. Having determined a channel that will satisfy
the conditions desired for the design discharge, de-
termine the relations that will occur with the an-
ticipated maximum annua discharge and ensure
that deposition and/or erosion will not occur under
these conditions. It may be necessary to
compromise and permit some erosion during design
discharge conditions in order to prevent deposition

=458 cubic feet per second
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(19) Asacheck, the exact value of SBY ¥/n?
was calculated to be 10.2 and used in conjunction
with D/B of 0.3 and figure D-3 to obtain corre-
sponding values of the remaining constraining pa-
rameters, QVgB°=0 15 and F=0.63, required to
satisfy the dimensionless relations of trapezoidal
channels. The actual discharge capacity of the se-
lected trapezoidal channel with a base width of 12
feet and aflow depth of 3.6 feet based on these re-
lations would be 425 and 458 cubic feet per
second, respectively.

(eq D-10)

(eq D-11)

under annual discharge conditions. Lime
dabilization can be effectively used to confine clay
soils, and soil-cement stabilization may be effective
in areas subject to sparse vegetative cover. Sand-
cement and rubble protection of channels may be
extremely valuable in areas where rock protection
is unavailable or costly. Appropriate filters should
be provided to prevent leaching of the natural soil
through the protective material. Facilities for
subsurface drainage or relief of hydrostatic
pressures beneath channel linings should be
provided to prevent structural failure.
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APPENDIX E

NOTATION

2
Cross-sectional area, ft .

Offset for weir notch
ventilation, ft.

Base width of channel, ft.
Length of notch, ft.

Bottom width of approach
channel, ft.

Coefficient.

Depth of flow in channel,
ft.

Diameter of circular cul-
verts, ft. ;

Depth of scour, ft.

Maximum depth of scour,
ft‘

Diameter of stilling well,
ft'

Depth of uniform flow in
culvert, ft.

Critical depth, ft.

Depth of approach flow,
ft,

Depth of flow upstream of
hydraulic jump, ft.

Theoretical depth of flow
required for hydraulic
jump, ft.

L

50

ch

sp

Diameter of average size
stone, ft.

Froude number.

Froude number of flow in

3
channel, Fch = Q/ gA~/T.

Acceleration due to grav-

ity, ft.secz.

Head, depth of recessed
apron and height of end
sill, ft. Also,
horizontal,

Height of fall or drop in
structure, ft.

Height of longitudinal
sill, ft.

Height of transverse
end s111, ft,

Height of end sill.

Gross perimeter of grate
opening, length of flared
outlet transition, length
of apron, length of basin,
fe.

Length of scour, ft.

Maximum length of
scour, ft.

Length of stone
protection.
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E-2

W

Manning's roughness
coefficient.

Discharge, cfs.

Discharge per foot of
width, cfs/ft.

Slope of channel bot-
tom for partial pipe
flow and slope of
energy gradient for
full pipe flow.

Depth of stilling well
below invert of
incoming pipe, ft.

Tailwater depth above
invert of culvert
outlet, ft.

Top width of flow in
channel, ft.

Thickness of sack
revetment

Thickness of cellular
blocks

<1

v,

sm

smr

Thickness of breast wall
at notch, in. and
duration of flow, min.

Average velocity of
flow, ft/sec. Also,
vertical,

Volume of scour, ft3.

Length of weir, width
of flume, ft.

Width of scour from cen-
terline of single
circular or square
outlet, ft.

One-half maximum width
of scour from center-
line of single
circular or square
outlet, ft.

One-half maximum width of
scour from centerline of
single rectangular out-
let, ft.
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