
Check the coefficient of uniformity of both
soils.

Soil A

Soil B

Thus, both soils A and B satisfy the require
ment that the coefficient of uniformity be
less than 20.

Apply design criteria to soil A,

Should be       5 to
prevent movement
subgrade soils
through the filter.

2.2
0.09

=  24 .4 which is not < 5.

Soil A is unsuitable because movement of

of

the subgrade soil through the filter material
is possible.

Apply design criteria to

(filter)
(protected soil)

soil B.

Should be      5 to
prevent movement of
subgrade soils
through the filter.

which is < 5.

(filter) Should be      25 to
(protected soil) prevent  movement of

subgrade soils
through the filter.

1.0
0042 = 2 3 . 8 which is < 25.
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Should be         5 to
permit water move-
ment through the
filter.

0.30
0.01

= 30 which is > 5.

Should be > 1.0
to prevent clogging
of the pipe.

Note that the soil particle size is usually
given in millimeters, while the hole size is
usually given in inches. The two dimen-
sions must be expressed in compatible
units before the preceding formula is used.
To make this conversion, multiply the size
of the pipe perforations, in inches, by 25.4
which represents the number of millimeters
per inch. For example, with soil B under
discussion—

which is > 1.0.

Thus, soil B satisfies all the criteria for a
good filter material while soil A dots not.

INSTALLATION OF A SUBDRAINAGE
SYSTEM

The most efficient and most practical type
of subdrainage system is one which ade-
quately performs the operations for which it
was intended and, in addition, was installed
with the care and skill consistent with its
purpose. Any attempt to lower the quality
of construction or to usc a sketchy or inade-
quate subdrainage system can result in dis-
astrous failures. Conversely, any attempt
to install an elaborate system of under-
ground piping where a simple V ditch
would serve as well is inadvisable.
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SECTION IV. SURFACE DRAINAGE DESIGN IN ARCTIC AND
SUBARCTIC REGIONS

APPLICABILITY

This section discusses the problems in-
volved in the design of drainage facilities in
arctic and subarctic regions. While the
design data presen ted has been developed
primarily for Alaska, the methods used are
generally applicable to other arctic and sub-
arctic regions.

Arctic

Arctic is defined as the northern region
which the mean temperature for the
warmest month is 50º Fahrenheit (F) or
less, and the mean annual temperature

in

i s
below 32º F. In general, the arctic coin-
cides with the tundra region north of the
limits of trees.

Subarctic

Subarctic is defined as the region adjacent
to the arctic where the mean temperature is
32° F or below for the coldest month and
50° F or above for the warmest month, and
where less than four months have a mean
temperature above 50º F. In general, the

subarctic coincides with the circumpolar
belt of dominant coniferous forests.

HYDRAULIC CRITERIA FOR COLD
CLIMATES

Rainfall

A study of rainfall intensity-frequency data
recorded at arctic stations indicates a con-
siderable variance between the average in-
tensity of rainfall for a period of one hour
and the average precipitation rates of com-
parable frequency for a duration of less
than one hour. This is evidenced when
compared with similar rainfall in the con-
tinental United States (CONUS). Even
within the area of Alaska, there was a
noticeable difference between the rains at
Juneau and those at Fairbanks. The
higher values for rainfall intensity were
used to develop design intensity-duration
(supply) curves, which are shown in Figure
6-64, For design purposes, a minimum
rainfall rate of 0.2 in/hr is recommended,
even where maps of intensity-frequency

Figure 6-64.
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Design-storm index. One-hour rainfall inten-
sities having various average frequencies of
occurrence in the arctic and subarctic
regions of Alaska are shown on maps in Fig-
ure 6-65, page 6-104. This figure, on
which rainfall depth curves are superim-
posed, is known as a design-storm index.
The curves are labeled by the one-hour
amounts of rainfall that are represented;
these, in turn, are coordinated with the in-
tensity-duration or supply curves of Figure
6-12, page 6-17, Figures 6-64 and 6-65,
used in combination, provide a means
whereby rainfall intensities sufficien tly ac-
curate for runoff computations for any dura-
tion may readily be determined.

Elevaton and physiographic orientation.
Present information is insufficient to estab-
lish quantitative conclusions of the effects
of elevation and physiographic orientation
for all locations. At the time a site is
under investigation, it would be helpful to
obtain even a short record of rainfall there.
Such a record may be compared with the
concurrent portion of a nearby long record
and proper frequency values assigned to
events in the short record, For example, a
temporary gage might have a maximum
hourly value of 0.60 inch some summer,
and the same storm might produce the
summer’s maximum hourly value of 0.40 at
a nearby long-record station. Similar com-
parison of other storms for the brief parallel
record might confirm the ratio of 6 to 4 as
an expression of the difference in the orien-
tation, exposure, and elevation of the two
stations. This ratio could then be applied
to the known 2-year, 1-hour value of the
long-record station to get the estimated
2-year, 1-hour value for the short-record
station, If the long-record station has a
2-year, 1-hour value for the construction
site, it would be 6/4 of 0.5 or 0.75. Arran-
gements usually can be made for borrowtng
a rain gauge for temporary use from the
meteorological agency of the area in which
the project is to be located.

Infiltration

In permafrost areas, infiltration for design
purposes should be considered zero. In

other areas, a good guide may be obtained
when test borings are made, Values normal-
ly would not exceed about 0.5 inch per
hour for coarse sands and gravels and
would be as low as 0.1 inch per hour for
clayey soils with low permeability.

STORM-DRAIN DESIGN

The type and capacity of storm-drain
facilities required are determined primarily
by the promptness with which design-storm
runoff must be removed in order to avoid
serious interruption or hazard in the use of
important operational areas as well as
prevent serious damage to pavement sub-
grades. It is presumed that all phases of
site reconnaissance have been carefully com-
pleted and that information is available
which shows topography, natural drainage
patterns, groundwater conditions, and
seasonal frost and permafrost levels.

Basic Considerations

Even though rainfall magnitudes are small
in arctic and subarctic regions, drainage is
an important factor in selecting an airfield
site and planning the construction. The
planner should be aware of several features
related to drainage in order to ensure a suc-
cessful design. These features include the
following:

• Sites should be selected in areas where
cuts or the placement of base-course
fills will not intercept or block obvious
existing natural drainage ways,

• Areas with fine-textured, frost-suscep-
tible soils should be avoided, if possible,
In arctic and subarctic regions, most
soils are of single-grain structure with a
very small percentage of clay. As a con-
sequence, cohesive forces between grain
particles are very small and the material
erodes easily. Frozen, fine-textured soil
profiles may also contain large amounts
of ice lenses and wedges.

• If the upper surface of the permafrost
layer is deep and if provisions are made
for lower temperatures, design features
of a drainage system may be similar to

Drainage 6-103



FM 5-430-00-1/AFPAM 32-8013, Vol 1FM 5-430-00-1/AFPAM 32-8013, Vol 1

NOTES:

1. Observation of rainfall at National Weather Service stations provides the basic data for this figure. These
stations are not located in the more elevated regions; consequently, wide deviations from the charted values may
exist at altitudes above 2,500 feet.

2. The influence of local topographic characteristics should be taken into account and evaluated at the time of
drainage design.

3. The lines of equal half-hour rainfall magnitudes correspond to the intensity-duration curves shown in Figure 6-64.

4. The once-in-50-years amount can be estimated by multiplying the once-in-2-years amount by the factor 2.2

Figure 6-65. Design-storm index for Alaska

6-104 Drainage



FM 5-430-00-1/AFPAM 32-8013, Vol 1

those used in frost regions of the United
States.

• The flow of water in a drainage channel
has an accelerating effect on the thaw-
ing of frozen ground. This may cause
the surface of the permafrost to dip con-
siderably beneath streams or channels
which convey water. Bank sloughing
and significant changes in channel
grades become prominent. Sloughing is
often manifested by wide cracks parallel-
ing the ditches. For this reason,
drainage ditches should be located as
far as practicable from runway and road
shoulders.

• In many subarctic regions, freeing
drainage channels of drifted snow be-
comes a significant task before breakup
each spring. In these areas, it is ad-
vantageous to have ditch shapes and
slopes sufficiently wide and flat to ac-
commodate heavy snow-moving equip-
ment. In other locations where flow com
tinues year round, narrow, deep ditches
are preferable to avoid icings.

• Large, cut sections should be avoided in
planning the drainage layout. Thawed
zones or water-bearing strata may be en
countered and later cause serious
icings. Vegetative cover in permafrost
areas should be preserved to the maxi-
mum degree practicable. Where dis-
turbed, it should be restored as soon as
construction permits,

• Inlets to closed conduits are commonly
sealed before freeze-up and opened
prior to breakup each spring.

• Fine-grained soils immediately above a
receding frost zone arc very unstable.
Consequently much sliding and caving
is to be expected on unprotected ditch
side slopes in such soils.

• Locating ditches over areas where per-
mafrost lies on a steep slope should be
avoided if possible. Slides may occur
because of thawing and consequent wet-

ting of the soil at the interface between
frozen and unfrozen ground.

• Maintenance equipment for drainage
facilities should include heavy snow-
removing apparatus and a steam boiler
with accessories for steam thawing of
structures which have become clogged
with ice. Pipes for this purpose are
often fastened inside the upper portions
of culverts prior to their placement.

Grading

Proper grading is a very important factor
contributing to the success of a drainage
system. The development of grading and
drainage plans must be carefully coordin-
ated. In arctic and subarctic regions, it is
necessary to eliminate soft, soggy areas.

Temporary Storage

Trunk drains and laterals should have suffi-
cient capacity to accommodate the project
design runoff. Do not consider supplemen-
tary pending above the drain inlets in air-
field drainage designs for the arctics and
subarctic. Formulate plans in sufficient
detail to avoid flooding even during the time
of actual construction.

ICINGS

An icing is an irregular sheet or field of ice
with no uniformity as to shape, thickness,
or size. All icings are similar with regard
to laminated structures, indicating that ir-
respective of shape, thickness, size, or
cause, the actual process of formation is
the same. Thin films of water traverse over
layers of ice or other material and, when ex-
posed to the cold air, freeze and form the
first or an additional layer of ice. As water
flow continues, the process is repeated, and
an icing with horizontal laminations con-
tinues to grow until either the source of
water supply is depleted or warmer weather
begins.

Types of Icings

For the purpose of analysis, icings may be
divided into three groups, depending
on the nature of the source of water

Drainage

largely
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supply For icings formed along rivers or
streams and adjacent areas having a source
of water above or below the riverbed, the
term river icing applies. If the source is
Irom groundwater flow above permafrost,
ground icing is the term most commonly
used This term should not be confused
with ground ice. which is often encountered
in the arctic and subarctic as deposits in
fine-graincd soils. The term spring icing
should be confined to when the source of
wa ter is from subpermafrost levels or sub-
permafrost water under hydrostatic pres-
sure. Spring icings are commonly large
and thick. Human activity can disturb the
ground regime sufficiently to cause or ac-
celerate the formation of all types of icings.

River icings. Most arctic and subarctic
streams carry large loads of sediment which
are not fed into the channels in uniform
quantities Consequently, the rivers are
quite wide and relatively shallow. Many
rivers have a braided pattern of several
smaller streams within the confines of the
main channels. These streams frequently
shift in transverse position and often do so
during one period of high flow. Winter flow
is ordinarily very small and shallow. Freez-
ing penetrates to the bottom of shallow
streams quite readily, but the river dis- -
charge continues as groundwater flow
beneath the riverbed. Because of thermal
effects of flowing water, the soil below
streambeds is unfrozen to greater depths
than soil located elsewhere Consequently,
It here is a large space for groundwater
storage and flow above the permafrost and
below all riverbeds. The head motivating
ground water flow is ordinarily quite large
and can result in large pressures above sec-
it ions where the groundwater flow is
retarded.

Groundwater-flow retardation is a natural
process at many river sections because river
beds arc not homogeneous in water-carry -
ing capacity. Freezing of the water reduces
channel area and capacity in some sections
more than in others. The formation of
anchor ice on the bottom of the streambed
results in fur her constriction of the chan-
nel cross-section area. The water then

finds avenues of escape to the top of the ice
via weak points, cracks, and fissures.
Here, exposed to the cold atmosphere, the
water quickly freezes in thin sheets. This
action is progressive, and icing continues to
increase in thickness until the supply of
water is exhausted or finds a new outlet, or
until the beginning of warmer weather. A
bridge may shade the streambed and also
prevent the deposition of snow. Freezing
then would be more rapid beneath the
bridge than at either upstream or down-
stream locations. Subsequent penetrations
of frost would diminish groundwater -flow
capacity at the bridge section and induce
the formation of an icing above or at the
site. These icings can be of various shapes
and sizes, depending upon the valley topog-
raphy, the depth of the snow, the intensity
of cold, the water supply, and other factors.

Ground icings. Ground icings may take the
form of mounds having considerable thick-
ness but small areas. They may also form
as crustations if groundwater flow is in-
duced to the surface at points which are
not of great lateral spacing but are of about
equal elevation, In addition to a supply of
water, there is another requisite to the for-
mation of an icing—an area where the
water can be exposed to the cold atmos-
phere. A pavement kept clear of snow of-
fers an excellent site over which flowing
water can spread out into a thin film and
then freeze. Icings from groundwatcr above
the permafrost arc not likely to occur in the
arctic, as the permafrost there is too close
to the surface to permit any appreciable
storage in the active layer. This occurrence
is most severe in the southern zones of the
subarctic and on slopes which face south.
Groundwater flow may be induced to the
surface in various ways. It is not essential
that the seasonal frost reach the perma-
frost, although this very effectively blocks
groundwater flow. Partial freezing of the ac-
tive layer reduces the area of the section
which ground water must pass. The path of
least resistance may lead to the ground
surface via a frost crack or fissure or
through holes which have previously been
made by burrowing animals Water coming
to the surface in this way may flow
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considerable distances down slopes beneath
a snow blanket without freezing.

Various met hods have been tried to prevent
the occurrence of such icings. Some of
these have met with partial success. The
frost belt or dam has been advocated by
Russian investigators, but this method is
effective for only a few years. The thawing
in summer is accelerated at the site of the
frost dam, and eventually the permafrost
degrades sufficiently to permit groundwater
flow below the frost dam. Fences and bar-
riers have been used quite effectively under
special circumstances.

Spring icings. Icings that occur from ar-
tesian, subpermafrost water and springs are
ordinarily quilt thick and cover consider-
able area. Reference is often made to the
icing in the Momy River Valley of Siberia.
This spring icing is about 15 miles long
and 3 miles wide, with an average thick-
ness of about 12 feet. It does not melt and
form each year. Spring icings can be con-
trolled quite readily. The temperature of
the water emerging from the ground is or-
dinarily quite high and the water does not
freeze quickly if confined to a conduit. In
some cases, an insulated conduit may be re-
quired to convey the spring water to loca-
tions where the formation of icing will do
no damage.

Measures Against Icings

River icings. In the case of river icings,
depths to permafrost are ordinarily too
large to be blocked effectively by accelerated
freezing such as is induced by the frost
dam or- bell, In addition, the subbed river
flow is often in excess of what can be

stored as ice above the location of the
bridge to be protected. The control of river
icings then must be concerned with an in-
sulation of streambeds at the critical sec-
tion.

Ground icings. Ground icings can be con-
trolled to some extent by inducing the ice
to form upstream from the site in question.
This can be accomplished by the installa-
tion of frost belts. In open terrain, some
success can be achieved by merely keeping
snow removed from a strip crossing the af-
fected area in a direction transverse to
groundwater flow. Groundwater flow will
be blocked by freezing and forced to the sur-
face upstream from the cleared area. The
snow-free area also provides a cold space
on which surface flow can spread out and
freeze. If necessary, the depth of stored ice
can be increased by erecting some barrier
to the flow, such as an ordinary wooden-
stave snow fence on top of the ice initially
formed at the site of the frost belt. Be-
cause the process employs the removal of
snow, it is essential to shift the position of
the belt from year to year in order not to
unduly influence the depth to permafrost.
In timbered regions, it is obviously neces-
sary to maintain the frost belt at one loca-
tion to save the expense of tree removal.

Spring icings. If the source of water form-
ing the icing is a spring, then it is neces-
sary to resort to drainage or diversion to
control the occurrence. This sometimes re-
quires insulated channels. In the case of
springs, flows are ordinarily too large to per-
mit a storage of icc at or upstream from the
site.

FORDS, DIPS, CAUSEWAYS, AND BRIDGES

FORDS situation, and the terrain configuration

A ford is a shallow place in a waterway
make its use necessary and practical.

where the bottom, either naturally or by
human improvement, permits the passage

An increase in water depth can close a ford
for a considerable time. Streams in moun-

of personnel and vehicles. A ford is used tainous and desert country are subject to
instead of a bridge when time limitations,
the lack of structural materials, the tactical

sudden changes in depth. The increase in
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depth can be so sudden as to endanger per-
sonnel or vehicles in the ford.

Stream bottoms can be of such material
that much effort is required to make fords
usable.

Reconnaissance

Route reconnaissance should include the
selection of possible ford sites. Special em-
phasis is placed on the requirements to be
discussed in this section, Ford reconnais-
sance and required reports are covered in
FM 5-36.

Requirements

The characteristics of a good ford are a
slow current (usually less than 2 miles per
hour); low, sloping banks; good approaches;
and a uniformly increasing bottom depth
with a firm bottom material. Requirements
of width depth, and bank slopes for fords
are given in Table 6-23.

Location. A desirable location for a ford is
in the reach of the stream between bends.
At this location, the bottom depth is con-
stant between the banks with only a slight
channel in the center. The influence of

ly adaptable for improvement. In addition,
the variation in the shape of the banks is
not as pronounced in the reach area as it
is at the bend.

Bottom Material. For a natural ford, the bot-
tom material should be hard, durable, and
interlocking. Such material will resist cut-
ting by wheeled traffic and erosion. The
general terrain will determine the bottom
condition, as follows:

Ž In mountainous country, sudden
freshet floods can transport large
boulders and stones along the bottom.
This material is deposited at the pass-
ing of high water or at locations where
the widening of the stream reduces the
velocity. It may be necessary to remove
this material before traffic can cross the
ford,

• In terrain of moderate or gentle slopes,
the velocity will tend to prevent deposi -
tion of fine material. This tendency and
the scouring action of the water will
leave a good, firm bottom. The bottom
material may be disturbed by traffic and
will require protection.

river action on possible fording locations is Ž In slightly sloping or flat terrain,
shown in Figure 6-66. Because of the in-
creased velocity of the water, bends result

streams meander and have low velocity.

in a deep channel that is difficult to im-
In addition, there is sometimes a high

prove. In the reach, the center channel is
water table. In such cases, the bottom

not so deep or sharp and therefore is readi-
material may be very soft. Such

Table 6-23. Requirements for military fords
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material will require a completely im-
proved ford with special emphasis on
bottom requirements, Timber, lumber,
matting, gravel, or gabions can be used
to improve trafficabilty.

High-Water Determination. Table 6-23 indi-
cates that a maximum water depth of 2 feet
is allowable for truck traffic. To ensure
maximum usc of the ford, it is necessary to
determine the depth at which the stream
will flow at frequently recurring times. Es-

in Figure 6-67, page 6-110, can be made by
direct stream observation, as follows:

Base Flow. Base flow is the normal flow
that occurs in a stream when there has
been no recent rain. The depth of this flow
is dependent upon the quantity of
ground water.

High-Water Flow. During the year, many
rainfalls normally occur that cause flows
above the base level, The velocity of such

timates of various depths of flow, as shown flows generates a slight erosion cut, as

Figure 6-66. River action

Drainage 6-109



FM 5-430-00-1/AFPAM 32-8013, Vol 1

Figure 6-67. Stream cross section

shown in Figure 6-67. The occurrence of
such flows tends to prevent the growth of
vegetation. Since these flows can occur
with relative frequency during the year, the
depth of these flows could control the use
of the ford. In the event the depth is
greater in places than the fording depth of
trucks (see Table 6-23, page 6-108), it may
be necessary to fill these gaps with rock or
gravel, However, such filling might cause
the velocity of flow over the ford to be in-
creased to the point that vehicles would
have difficulty using the ford.

Flood Flow. In the absence of records, it is
necessary to check stream banks for
evidence of floodwater levels. The highest
level of flood that occurs within a period of
two years is of particular interest. The
bend of a stream, especially with a high
bank on the outside of the bend, would
show an erosion cut that can be used to
determine the flood level, as shown in Fig-
ure 6-67.

Approaches. Carefully note the height of
the bank and the type of soil. This informa-
tion helps to determine construction require-
ments.

Stream Velocity. The normal stream velocity
at the fording site should not exceed 3 fps.

This velocity would, in most cases, occur at
low or moderate levels.

Cross Section. Make a cross section of a
ford location similar to Figure 6-66, page
6-109 and Figure 6-67. Include full details
of bank slopes, bottom slopes, bottom varia-
tions, and water depth. In addition, deter-
mine the average velocity of the stream
from measurements taken at equal intervals
across the stream.

Channel Condition. Make a record of the
character of the streambed. Include vegeta-
tion density and type, whether or not the
channel is scoured, and the type of soil.
This information will determine the value of
Manning’s n.

CONSTRUCTION

Two phases of construction are required for
fords—the development of the approaches
and the preparation of the bottom.

The maximum slopes for ford approaches
should be as recommended in Table 6-23.
Place material cut from the banks off to the
side and not in the stream, where it may
form an obstruction. Because traffic will
wet the slopes and cause eventual deteriora-
tion, provision should be made for protect-
ing the surface.
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Ford-bottom preparation will depend upon
site conditions. Fill short, deep gaps with
rock or gravel, preferably retained by wire
mesh. Soft, mud bottoms can be improved
by covering the bottom first with willow,
brush mattresses, or timbers, and sub-
sequently with metal planking, rock, or
coarse gravel. Even a hard and tenacious
bottom deteriorates under traffic conditions
and requires protective maintenance.

Consider these factors when raising the bot-
tom of the ford:

• The depth upstream from the ford in-
creases in proportion to the amount of
rise of the bottom of the ford.

• The velocity of flow over the ford in-
creases at an increased fording depth so
that vehicles may be difficult to operate
and control.

MARKING

Place marking posts at each end of the ford
and at as many intermediate points as may
be necessary. Mark a post at each end
with an index to indicate depth. Warning
notices should be clearly and prominently
placed to alert drivers that flooding can
occur suddenly and without warning.

MAINTENANCE

Examine fords after each flooding. Repair
scour damage upstream and downstream
with riprap, Remove boulders and other
debris to provide a clear passage for
vehicles,

DIPS

Dips are paved fords used for the crossing
of dry, wide, and shallow arroyos in semi-
arid regions subject to flash floods.

Reconnaissance

The preferred location of a dip is in the
straight run of an arroyo or wash, Deter-
mine the width between the banks and the
top elevation of the banks. In addition,
check the area above the dip site to deter-
mine if pending will occur and to what level.

Determine the type of soil in the banks and
bottom for construction requirements. In
addition, note the size and type of bottom
rock. This type of information gives an in-
dication of the volume and velocity of flash
floods which move or carry large material.

Investigate the area, especially the banks,
to determine the general flash-flood high
watermark. This information on the area of
the waterway, along with an approximation
of velocity as indicated by the rock or other
debris on the bottom, gives some indication
of the volume of flow. This information will
be necessary if bridging is required.

Construction

The subgrade should be of erosion-resistant
material or a rock-compacted base, and it
should be set between the cutoff retaining
walls. The pavement should be of concrete
or compacted macadam. The general con-
struction is shown in Figure 6-68.

Other factors of importance are as follows:

• The site should be in the reach of the
stream and well away from any bends.
There is more erosion in bends than in
straight stretches. If a very severe flood
occurred, a structure placed in a bend
might be destroyed.

• The structure should be set at right
angles to the flow to reduce scour.

Figure 6-68. Cross section of dip section
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Ž The structure must be set at true dry-
streambed level to avoid scour erosion
or silting. Under no circumstances
should the structure be set above dry-
streambed level.

Marking

The marking for dips is the same as for
fords.

Maintenance

Dips, like fords, must be examined after
each flooding, and scour damage upstream
and downstream should be repaired with
riprap, Remove boulders and other debris.
When macadam is used, it can be an-
ticipated that holes may be scoured in the
roadway. Consider stockpiling rock ad-
jacent to the area for immediate main-
tenance repair.

CAUSEWAYS

When it is essential to keep a roadway open
during floods of medium intensity, a raised
causeway can be used in place of a ford or
dip, This type of structure must be well

sited, carefully designed to pass the flow,
and strongly built, It must incorporate a
sufficient waterway at streambed level to
permit the passage of the design volume of
flow before the flood level reaches the top of
the structure. A typical design is shown in
Figure 6-69, The main design features of a
causeway follow.

Cross-Sectional Area

A sufficient cross-sectional area must be
provided to ensure that the flood level will
not submerge the structure. Consider the
following basic elements:

• The size and number of culverts or
other elements must be sufficient to
pass the flow. When the water elevation
upstream and downstream is above the
culvert crown, pipe equations should be
used for flow design,

• The inverts or lowest parts of the cul-
verts must be set at streambed level.

Ž The cover over the stream must be suffi-
cient to protect the waterway against
traffic loads,

Figure 6-69. Overflow (causeway)
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Embankment

Protect both the upstream and downstream
faces of the embankment against scour and
erosion. Heavy flooding or overtopping of
the structure will require complete protec-
tion in the form of a concrete or rock-
gabion facing. To further prevent excessive
scour and erosion, carry the protective
facings below the streambed and provide
them with aprons. Anchor the ends of the
structure securely into the banks in such a
way that there is minimum obstruction to
water flow.

Guardrails

Provide guardrails to guide and direct traf-
fic. Because the structure can be over-
topped, be sure to provide for ready replace-
ment of the guardrails.

Maintenance

Inspect the structure for scour or erosion
after each flow (hat causes partial submer-
gence or overtopping. Repair any damage
immediately otherwise, at the next heavy
flow, the structure could be destroyed.
Stockpiling of heavy rock and gabions at
each end of a structure may be required.

BRIDGES

This section presents elements of bridge
design other than the requirements for
structural design Bridges must conform to
the requirements of stream hydraulics in
the same way as all cross-stream structures
such as fords, dips, and causeways.

Location

The location of a bridge should be away
from bends in the straight section or reach

of the stream (Figure 6-66, page 6-109). In
this location, there are moderate, even
depths from bank to bank. The deep chan-
nel tends to be in the center. Abutments
will be placed on the edge of the stream.
Because of the even distribution of flow,
scour and erosion at the stream pier and
bank abutments arc not expected to be so
excessive as to cause maintenance problems.

Height

The height of a bridge depends upon the
flood-flow, high watermark. The height of
that mark will determine the profile or su- -
perstructure level of the bridges as follows:

Ž When the flood-flow, high watermark is
above the banks, a high-profile or high-
level bridge must be constructed to
keep the superstructure above the flood
level. This type of bridge is well above
bank level and may require a consider-
able length and height of approach.

Ž When the flood-flow, high watermark is
below bank level. a low-profile or low-
level bridge can be constructed. This
type of bridge presents fewer problems
than the high -level bridge, since ap-
proach ramps will not have to be con-
structed.

Abutments

The location of bridge abutments depends
upon an analysis of the flood level and the
cross section of the stream (Figure 6-70).
Analysis proceeds as follows:

Abutments placed at 1A and 1B of Figure
6-70 present the most direct solution be-
cause they are located on high, dry ground,

Figure 6-70. Waterway cross section at bridge site
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Use of these locations, however, may neces-
sitate more construction effort because of
the increased length of the bridge. This in-
creased length could result in the need for
intermediate piers and spans. With this
method, the full river waterway will be used
for the passage of flood water.

Abutments placed at 2A and 2B would
reduce construction time because fewer in-
termediate piers and spans would be re-
quired. In addition, the fill in areas 1A-2A
and 1B-2B could be accomplished as the
bridge is constructed. As can be seen from
the figure, this placement reduces the cross
section of the waterway, The following tech-
niques could be used to accommodate this
reduction in an available cross-sectional

Ž

area:

Ž The elevation of the bridge superstruc-
ture could be raised to account for the
rise in the flood level. In this case, use
substantial abutments that are well
protected against end scour.

• The superstructure elevation could be
left substantially at the original level,
and approach ramps over areas 1A-2A
and 1B-2B could be constructed as
causeways to allow for flow. Care must
be taken to ensure that there is no ex-
cessive scour or erosion below the cul-
vert outlet that would affect the road-
way.

Ž The roadway approaches in areas 1A-2A
and 1B-2B could be depressed below
the superstructure level. In this case,
the excess flood flow would pass over
the roadway approaches, thus relieving

EROSION

Erosion must be controlled to maintain an
effective and clear drainage system with a
minimum of maintenance and to reduce haz-
ardous dust conditions. Erosion may occur
at any point where the force of moving
water exceeds the cohesive strength of the
material with which the water is in contact.
Proper design of side slopes in cut and fill
sections (based on the type of soil) will
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the bridge flow. If this action is taken,
the roadway may not be usable at all
times. Since overflow is anticipated, the
construction of these approaches is
similar to construction of causeways
without the culverts. If the bridge is
designed properly, with fording depths
as outlined in Table 6-23, page 6-108, it
may be usable during floods under ex-
treme conditions.

When a depressed roadway or an ele-
vated superstructure is used, the ap-
proach to the bridge must have a gentle
slope to prevent vehicle impact on the
abutment and to ensure traffic visibility.

Drainage

The soil behind bridge abutments can be-
come saturated because of rain or other con-
ditions. This saturation can take place
whether the approach road is at the natural
grade of the soil or it is a filled approach.
When saturation occurs, static hydraulic
pressure on the back face of the abutment
generates additional overturning movement.
With wood abutments, this condition is
relieved naturally. However, if concrete
abutments are used, the pressures can be
relieved as follows:

Step 1. Use weep holes to pierce the
ments with bagged gravel backing on
soil side.

abut-
the

Step 2. Place gravel backing against the
lower part of the abutment drained by a per-
forated pipe at the footing elevation. Set
the pipe to drain out at the sides of the
abutment.

CONTROL

reduce the need for extensive erosion con-
trol measures. However, additional control
is usually required. Most methods of con-
trol are based on dissipating the energy of
water, providing an erosion-resistant sur-
face, or some combination of these techni-
ques. This chapter acquaints the military
engineer with the means available to reduce
or eliminate the erosive force of water.
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NONUSE AREAS AND OPEN CHANNELS

Terracing is a control measure designed to
dissipate the energy of overland flow in non-
use areas. Turfing, paving, Gunite lining,
and placing riprap are control methods
designed to cause turbulence and to in-
crease retardation, thereby dissipating the
energy of flow in open channels such as
ditches and pjpe outfalls. In cases where
even riprap will be eroded, the use of
gabions is a speedy and relatively inexpen-
sive means of dissipating energy.

TERRACING

A terrace is a low, broad-based earth levee
constructed approximately parallel to the
contours of the topography. A terrace
either intercepts and holds the water until
it infiltrates the soil or moves it as overland
flow to a suitable discharge point. A hardy,
vigorous turf should be planted to hold the

Figure 6-71. Terrace spacing and gradients

disturbed soil in place. Vertical spacing
and longitudinal gradients of terraces are
given in Figure 6-71.

TURFING

Ditches are often protected by placing
strips of sod (held in place by wooden
boards or stakes) perpendicular to the flow
path at intervals along the ditch, as shown
in Figure 6-72.

PAVING AND GUNITE LINING

Ditches having grades in excess of 5 per-
cent usually require paving or a Gunite
lining. Where a slope equals or exceeds 5
percent, paving must be extended down
slope at least to the point in the ditch at
which the erosive energy of the water is con-
trolled or absorbed without erosion damage.

Figure 6-72. Erosion-control checks
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Paving with either asphalt or portland-ce-
ment concrete provides superior erosion-
resistant linings in gutters, ditches, and out-
fall structures.

Gunite lining of ditches controls erosion ef-
fectively. Gunite is a mixture of portland ce-
ment and sand with water added just
before the mixture is sprayed from a high-
pressure nozzle onto the surface being pro-
tected. The Gunite lining is formed over
steel mesh placed over the bottom and
sides of the ditch. Gunite is sprayed to a
thickness of 1 to 1 1/2 inches, with the
steel mesh located midway in the thickness.
Human resources, time, material and equip-
ment expenses usually limit the use of
paving or Gunite linings to only the most
demanding conditions in TO airfield con-
struction.

PLACING RIPRAP

Riprap protection should be provided ad-
jacent to all hydraulic structures. When
placed on erodible surfaces, it prevents
scour- al the ends of the structure. This
protection is required on the bed and banks
for a sufficient distance to establish velocity
gradients and turbulence levels at the end
of the riprap.

Riprap can also be used for lining the chan-
nel banks to prevent lateral erosion and un-
desirable meandering. Provide an expan-
sion either horizontally or vertically (or
both) immediately downstream from
hydraulic structures such as drop struc-
tures or energy dissipators. The expansion
allows the flow to expand and dissipate its
excess energy in turbulence rather than
directly on the channel bottom and sides.
Riprap has been known to fail from-

Ž Movement of the individual stones
a combination of velocity and tur-
bulence.

from

• Movement of the natural bed material
through the riprap, resulting in slump-
ing of the blanket.

• Undercutting and leveling of the riprap
from scour at the end of the blanket.

Consideration must be given to the selec-
tion of an adequate size of stone, the use of
adequately graded riprap, the provision of a
filter blanket, and the proper treatment of
the end of the riprap blanket.

Selection of Size

Curves for the selection of stone size re-
quired for protection, with Froude numbers
and depths of flow in the channel shown,
are shown in Figure 6-73.

Two curves are given. One is for riprap sub-
jected to direct flow or adjacent to
hydraulic structures such as side inlets,
confluences, and energy dissipators, where
turbulence levels are high. The other is for
riprap on the banks of a straight channel
where flows are relatively quiet and parallel
to the banks.

With the depth of flow and average velocity
in the channel known, the Froude number
can be computed from the following equa-
tion:

value can be determined from the ap-
propriate curve.

Curves for determining the riprap size re-
quired to prevent scour downstream from
culvert outlets with scour holes of various
depths are shown in Figure 6-74, page
6-118. Make the thickness of the riprap
blanket equal to the longest dimension of
the maximum size of stone or 1.5 times

whichever is greater.

When the use of large rock is desirable but
impractical, substituting a grouted reach of
smaller rock in areas of high velocities or
turbulence may be appropriate. Grouted
riprap should be followed by an ungrouted
reach.

A well-graded mixture of stone sizes is
preferred to a relatively uniform size of
riprap. A recommended gradation is shown
in Figure 6-75, page 6-119. In certain loca-
tions, the available material may dictate the
gradation of riprap to be used. The
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Figure 6-73. Recommended riprap sizes for open channels

gradation should resemble the recom- plot. If the gradation of the available riprap
mended mixture as closely as possible. is such that movement of natural material
Consider increasing the thickness of the through the riprap blanket would be likely,
riprap blanket when locality dictates using place a filter blanket of sand, crushed rock,
gradations with a larger percentage of small gravel, or synthetic cloth under the riprap.
stone than shown by the recommended The usual blanket thickness is 6 inches,
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Figure 6-74. Recommended riprap sizes for culvert outlets

although a greater thickness is sometimes
necessary.

Design

An ideal riprap design would provide a
gradual reduction in riprap size until the
downstream end of the blanket blends with
the natural bed material. Unless this is
done, turbulence caused by the riprap is
likely to develop a scour hole at the end of

the riprap blanket. However, the extra ef-
fort required to provide gradual reduction
in riprap size is seldom justified. Double
the thickness of the riprap blanket at the
downstream end to protect against under-
cutting and unraveling. An alternative is a
rubble blanket of constant thickness and
suitable length, dipping below the natural
streambed to the estimated depth of bottom
scour.
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Figure 6-75. Recommended gradation of stones for riprap

GABIONS

Gabions are large, steel, wire-mesh baskets,
usually rectangular and variable in size,
designed to solve erosion problems at a low
cost, Widely used in Europe, gabions are
now accepted in the United States as a valu-
able and practical construction and main -
tenance tool. They can be used in place of
sheet piling, masonry construction, or crib-
bing.

Description and Assembly

Gabions are supplied from manufacturers
in flat, folded bundles. For ease in hand-
ling and shipping, the number of gabions
per bundle varies according to the size of
the gabions. The box gabion is a rectan-
gular cage or basket formed of woven,
hexagonal, galvanized steel, wire mesh with
4- to 8-inch openings and divided by dia-
phragms into cells. To assemble, remove a
single gabion from the bundle and unfold it
on a hard, flat surface to straighten un-
necessary creases and kinks. Fold the
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front, back, and end panels to a right angle
to form a box, as shown in Figure 6-76.
Securely lace the vertical edge and
diaphragms with binding wire,

Figure 6-76. Assembly of a gabion

Installation

Before placing the gabions, make the
ground surface relatively smooth and even.
Place the assembled gabions in position
singly or wired together in groups suitable
for handling. It is convenient to place the
gabions front-to-front and back-to-back to
expedite the stone-filling and lid-lacing
operation. Lace the basket along the
perimeter of all contact surfaces. Where
there is more than one course of gabions,
the base of the empty gabions placed on
top of a completed row must be tightly
wired to the latter as shown in Figure 6-77.

When using 3-foot-high gabions, place them
empty and lace for approximately 100 linear
feet. Anchor the first gabion firmly and
apply tension to the other end with a come-
along or by other means to achieve the
proper alignment. Anchoring can be
accomplished by partially filling the first
gabion with stone. While the gabions are

being stretched, inspect all corners to make
sure the lacing is secure and the corners
are closed. Keep gabions taut while they
are being filled with stone.

Where water, soil, and atmospheric condi-
tions allow, galvanized wire mesh can have
a life of 40 years or more, For soils and
water showing a pH factor of less than 7 or
more than 12, plastic-coated wire must be
used to form gabions.

Filling Procedures

The best filling material is one that allows
flexibility in the structure and, at the same
time, fills the gabion compartments with a
minimum of voids and maximum weight.
Ideally, the stone should be small, just
slightly larger than the size of the mesh
(usually 4 to 8 inches). The stone should
be clean, hard, durable, and resistant to
weathering and frost action.

Fill the gabions to a depth of 1 foot. Then
place one connecting wire in each direction
and loop around two meshes of the gabion
wall, as shown in Figure 6-77. Repeat this
operation twice or until the gabion is filled;
then fold the top shut and wire it to the
ends, sides, and diaphragms.

Pack the stone inside the compartment as
tight as practical, To protect the vertical
diaphragm during the filling operation, tem-
porarily place rebars and lace them along
the upper edges.

Some manual stone adjustment is required
during the filling operation to prevent
undue voids. Fill the gabion slightly over-
full and allow for subsequent settlement;
then lace the lid down with binding wire to
the tops of all the sides and to the tops of
the diaphragm panels. Since it is neces-
sary to stretch the lid to fit the sides exact-
ly, use a short crowbar or special tool
designed for this purpose.

The strong interconnection of all units in a
gabion structure is an important feature. It
is essential that the lacing be done properly.
Adjoining gabions are wired together by
their vertical edges. Empty gabions,
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stacked on filled gabions, arc wired to the
filled gabions at front and back.

Gabions may be filled by almost any type of
earth-handling equipment such as a
payloader, crane, conveyor, or modified con-
crete bucket. The use of rounded stone, if
it is available, reduces the possibility of
damage to the galvanized wire during
mechanical filling.

When the depth of the water is too great for
the gabions to be filled on site, fill them at
a dry location nearby and place them under-
water by crane or barge,

Figure 6-77. Assembly and construction of gabions
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Maintenance and Repair

Maintenance and repair are simple proce-
dures; therefore, gabions are inspected at
least once a year. Holes can be patched
with small panels of mesh, and broken
wires can be repaired by using the method
shown in Figure 6-78.

Thickness

The thickness of gabions may be calculated
by considering the gradient of the channel,
the steepness of its slope, the type of
material forming the banks and bed, and
the curvature of its course. A 12-inch-deep
lining is suggested for channels having
reasonably straight alignment, side slopes
of less than 35 degrees, and a flow velocity
of about 10 fps, as shown in Figure 6-79.
Use an 18-inch gaion lining for curved
channel sections with a side slope of 45
degrees. Use 36-inch stepped-back gabion
protection for sharper side slopes. For a
steep channel slope, a combination of lining
and weirs may be required.

In the case of easily erodible soil, a layer of
filter material or permeable membrane of
cloth woven of synthetic fibers is required.
The gabion should be filled with stone
small enough to allow at least two overlap-
ping layers,

In designing a gabion-lined channel, the
roughness factor or coefficient (n) in
Manning’s formula may be assumed to be
between 0.025 and 0.030, If the gabions
are grouted, the roughness factor can be as-
sumed to be between 0.012 and 0.018.

Figure 6-78. Method of repairing a broken wire

Figure 6-79. Typical channel lining using
gabions

Gabion-lined channels may be designed
using Manning’s equation and the proce-
dures for open -channel design.

Uses

Gabions can be used in the following ways:

• Protective and antierosion structures on
rivers (for example, revetments, groins,
or spurs).

• Other antierosion structures (for ex-
ample, weirs, drop structures, and
check dams).

Ž Channel linings.

• Seashore protection.

• Low-water bridges or fords.

• Culvert headwall and outlet structures.

• Bridge abutments and wing walls.

It is often necessary to modify the jnlet and
outlet of a culvert by using transition struc-
tures to reduce entrance losses and to in-
hibit erosion. Therefore, the two most com-
mon devices for which gabions are used are
headwalls and outlet aprons.

Headwalls or wing walls are designed to
protect the slopes of an embankment
against scour, to increase culvert efficiency
by providing a flush inlet as opposed to
projecting one, to prevent disjointing of sec-
tional-pipe culverts by anchoring the inlet
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and outlet, and to retain the embankment
slope. These structures are built in a
variety of shapes: straight, L-shaped,
flared, and warped. A typical plan using a
headwall and an outlet apron with a culvert
is shown in Figure 6-79. Straight head-
walls arc generally used on small, roadside
culverts under driveways and in small chan-
nels having a low approach veloc ly. They
arc also recommended where there is a ten
dency for lateral erosion to develop at the
outlet.

An apron is often required at the outlet of a
culvert to reduce the outlet velocity and
thereby inhibit scour. Gabions are well
adapted for use here because of their rough-
ness, flexibility, and durability. See Figure
6-80.)

Table 6-24 indicates the type of gabion
protection required for various ranges of out-
let velocities

Figure 6-80. Culvert inlet or outlet using gabion headwall and channel lining

Table 6-24. Requirements for gabion protection
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CULVERT OUTLETS

Most culverts operate under free outfall con-
ditions (that is, there is no control of tail-
water), and the discharge possesses kinetic
energy in excess of that occurring naturally
in the waterway. This excess kinetic energy
must often be dissipated to control damag-
ing erosion. The extent to which protective
works are required for energy dissipation
depends on the amount of excess kinetic
energy and the characteristics of the
material in the outlet channel. In general,
scour occurs at average velocities in excess
of about 1.5 fps in uniform-graded sand
and cohesionless silts, 2.5 fps in well-
graded sand, 3.0 fps in silty sand, 4.0 fps
in clay, and 6.0 fps in gravel. These
velocities should be used only as a general
guide.

If possible, make a study of local material
to determine its erosion tendencies prior to
a decision on the degree of protection re-
quired. The study should consider three
types of outfalls offering three degrees of
protection: plain outlets, transitions, and
stilling basins. Plain outlets provide no
protective works and depend on natural
material to resist harmful erosion. Transi-
tions provide little or no dissipation on the
works themselves but result in a spreading
of the effluent jet to approximate the cross-
section flow of the natural channel, thus
reducing the concentration of energy prior
to releasing the flow to the outlet channel.
Stilling basins result in dissipation of ener-
gy on the protective works.

PLAIN OUTLETS

If the discharge channel is in rock or a
material highly resistant to erosion, special
erosion protection is not required. This
type of outlet should be used only if the
material in the outlet channel can with-
stand velocities about 1,5 times the velocity
in the culvert, At such an outlet, side
erosion from eddy action or turbulence is
more likely to prove troublesome than bot-
tom scour.

Can tilevered culvert outlets may be used to
discharge a free-falling jet onto the bed of
the outlet channel. As a result, a plunge
pool will be developed. The depth and size
of the plunge pool depend on the energy of
the falling jet at the tailwater and the
erodibility of the bed material.

TRANSITIONS

Outlet headwalls and wing walls serve the
dual purpose of retaining the embankment
and limiting the outlet transition boundary.
Erosion of embankment toes can be traced
to eddy attack at the ends of such walls. A
flared transition is effective if it is propor-
tioned so that eddies induced by the ef-
fluent jet do not continue beyond the end
of the wall or overtop a sloped wall.

As a guideline, it is suggested that the
product of velocity and flare angle not ex-
ceed 150 degrees. For example, if effluent
velocity is 5 fps, each wing wall may flare
30 degrees; but if velocity is 15 fps, the
flare should not exceed 10 degrees. Unless
wing walls can be anchored on a stable
foundation, a paved apron between the
wing walls is required. Special care must
be taken in the structure design to
preclude undermining.

A newly excavated channel may be expected
to degrade, Proper allowance for this action
should be included in establishing the
apron elevation and depth of cutoff wall.
Warped end walls provide excellent transi-
tions that result in the release of flow in a
trapezoidal cross section which ap-
proximates the cross section of the outlet
channel. A warped transition is made at
the end of the curved section to reduce the
possibility of overtopping as a result of su -
perelevation of the waler surface. A paved
apron is required with warped end walls.
Riprap is usually required at the end of a
transition-type outlet.
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STILLING BASINS

At culvert outlets where a high concentra-
tion of energy or easily eroded materials
make excessive erosion likely, a stilling
basin or other energy-dissipating device is
required. For TO construction, riprap or
simple, concrete stilling basins are usually
required. There are many types of energy-
dissipating devices such as hydraulic-jump
basins, roller buckets, flip buckets, impact-
energy-dissipating devices, and stilling
wells. In unusual cases involving major
structures, the use of a special type of
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device should be considered. Three types of
dissipators which may offer a solution are
the hydraulic-jump stilling basin, with
details developed at the St, Anthony Falls
Hydraulic Laboratory; the impact-energy dis-
sipator, with details developed at the
hydraulic laboratory of the Bureau of
Reclamation; and stilling wells, These dis-
sipa tors are beyond the scope of TO con-
struction, Design procedures are not in-
eluded in this manual.
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