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C H A P T E R  2    

MATERIALS  

Section I. SELECTION OF MATERIALS 

2-1. Considerations. 

The varied factors to be considered in
selecting piles is covered in chapter 1, section
II Chapter 2 discusses selection of piles
based on the type of construction and the
availability and physical properties of the
materials.

a. Hasty construction. In hasty con-
struction, full use is made of any readily
available materials for pile foundations
capable of supporting the superstructure and
maximum load during a short term. The
tactical situation, available time, and
economy of construction effort dictate
construction.

b. Deliberate construction. In a theater of
operations, timber piles are normally avail-
able in lengths of 30 to 70 feet. They are also
relatively easy to transport and manipulate.
Steel piling is next in importance, especially
where deliberate construction is planned to
accommodate heavy loads or where the
foundation is expected to be used for a long
time. Small displacement steel H-piles are

particularly suited to penetrating deep layers
of course gravel, boulders, or soft rock such as
coral. Such piles also reduce heave of adjacent
structures.

2-2. Army Facilities Components
System (AFCS) materials.

Complete bills of materials for facilities and
installations of the AFCS are in TM 5-303.
These detailed listings, identified by facility
number and description, provide stock
number, nomenclature, unit, and quantity
required. For additional information con-
cerning AFCS installations involving pile
foundations, consult TM 5-301 and TM 5-302.

Section II. TIMBER PILES

2-3. Classification.

The American Society for Testing and
Materials (ASTM) classifies timber piles
according to their intended use (table 2-l).
Class A and class B piles are identical in
quality, but differ in size. Class C piles (not
listed) normally are not treated with pre-
servatives. Timber piles are further classified
in terms of marine and nonmarine use.
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a. Marine use. (2) Type II. Type II piles, pressure treated
with creosote, are suitable for use in marine
waters of severe borer hazard.

(1) Type I. Type I piles, pressure treated
with waterborne preservatives and creo- (3) Type III. Type III piles, pressure treated
sote (dual treatment), are suitable for use with creosote, are suitable for use in marine
in marine waters of extreme borer hazard. waters of moderate borer hazard.
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b. Nonmarine use.

(1) Type I. Type I piles are untreated.

(2) Type II. Type II piles are treated.

2-4. Characteristics.

A good timber pile has the following
characteristics.

 Free of sharp bends, large or loose knots,
shakes, splits, and decay.

A straight core between the butt and tip
within the body of the pile.

Uniform taper from butt to tip.

2-5. Source.

Usually, timber piles are straight tree trunks
cut off above ground swell, with branches
closely trimmed and bark removed (figure
2-l). Occasionally, sawed timber may be used
as bearing piles.

2-6. Strength.

The allowable load on timber piles is based
on pile size, allowable working stress, soil
conditions, and available driving equipment.
These factors are discussed in chapters 5
through 7. The customary allowable load on
timber piles is between 10 and 30 tons. Higher
loads generally require verification by
pile load tests. For piles designed as columns,
working stresses (compression parallel to the
grain) for various types of timber are listed in
table 2-2.
2-7. Durability.

A principal disadvantage of timber piles is
lack of durability under certain conditions.
Piles are subject to fungi (decay), insects, and
marine borers. Design life depends on the
species and condition of the wood, the amount

and type of preservative treatment, the degree
of exposure, and other factors. Chapter 8
discusses maintenance and rehabilitation.

2-8. Availability.

Timber suitable for piling is abundant in
many parts of the world (see appendix).
Timber piling may be obtained from local
stocks or cut from standing timber. The
native stock may be used untreated, or a
preservative may be applied as discussed in
chapter 8.

2-9. Maintenance.

Because of deterioration, considerable
treatment and maintenance is required on
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timber piles. Maintenance is discussed in
chapter 8.

2-10. Other properties.

a. Length. Length maybe adjusted by simple
carpentry (sawing). Timber piles may be cut
off if they do not penetrate as far as esti-
mated. Piles driven into water substrata can
be adjusted by sawing off the pile tops above
water level. They can also be sawed under-
water using a saw supported by a framework
above the water level. Short piles may be
easily spliced.

b. Flexibility. Timber piles are more flexibile
than steel or concrete piles which makes
them useful in fenders, dolphins, small piers,
and similar structures. They will deflect
considerably, offer lateral resistance, and
spring back into position absorbing the shock
of a docking ship or other impact.

c. Fire susceptibility. Timber piles ex-
tending above the water line, as in trestles or
waterfront structures, are susceptible to
damage or destruction by fire.

2-11. Shipping and handling.

Timber piles are easy to handle and ship
because they are relatively light and strong.
Because they float, they can be transported
by rafting particularly for waterfront struc-
tures. They can be pulled, cleaned, and reused
for supplementary construction such as false-
work, trestles, and work platforms.

Section III. STEEL PILES

2-12. Classification.

Steel piles are usually rolled H-sections or
pipe piles; although wide-flange (WF) beams
are sometimes used. In the H-pile, the flanges
and web are of equal thickness. The standard
WF shapes have a thinner web than flange.

The 14-inch H-pile section weighing 73 pounds
per linear foot and the 12-inch H-pile section
weighing 53 pounds per linear foot are used
most frequently in military construction.

a. H-piles. Steel H-piles are widely used
when conditions call for hard driving, great
lengths, or high working loads per pile. They
penetrate into the ground more readily than
other types, partly because they displace
relatively little material. They are par-
ticularly suitable, therefore, when the bearing
stratum is at great depth. Steel piles are
adjustable in length by cutting, splicing, or
welding.

b. Pipe piles. Pipe piles are either welded or
seamless steel pipes which may be driven
open-ended or closed-ended.

c. Railroad-rail piles. Railroad rails can be
formed into piles as shown in figure 2-2. This
is useful when other sources of piles are not
available.

d. Other. Structured steel such as I-beams,
channels, and steel pipe are often available
from captured, salvaged, or local sources.
With resourceful design and installation, they
can be used as piles when other, more
conventional piles are not available.

2-13.Characteristics

a. Resilience. A steel pile is not as resilient
as a timber pile; nevertheless, it is strong and
elastic. Large lateral loads may cause
overstressing and permanent deformation of
the steel, although the pile probably will not
break. A steel pile may be bent and even
kinked to some degree and still support a
large load.

b. Penetration.

(1) H-piles. A steel H-pile will drive easily
in clay soils. The static load generally will

2-5



FM  5-134

be greater than the driving resistance pile and be carried down with it. The core
indicates because the skin friction in- of soil trapped on each side of the web will
creases after rest. In stiffer clays, the pile cause the pile to act as a large displacement
may have the soil compacted between the pile.
flanges in driving. The clay may grip the
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(2) Pipe piles. Pipe piles driven open-end
permit greater driving depths, as less soil
displacement occurs. Pipe piles can be
readily inspected after driving. If small
boulders are encountered during driving,
they may be broken by a chopping bit or
blasting. Pipe piles are often filled with
concrete after driving.

2-14. Source.

a. AFCS. Steel piles can be obtained from
AFCS as described in paragraph 2-2.

b. Local supply. In combat, piles or material
to construct them can be obtained from
captured enemy stock or from the local
economy within a theater of operations. Full
use should be made of such captured,
salvaged, or local materials by substituting
them for the standard steel bearing piling
indicated by AFCS. Old or new rail sections
may be available from military supply
channels, captured stocks, or unused rails in
captured territory. Figure 2-2 shows methods
of welding steel rails to form expedient piles.
Such expedient piles are usually fabricated in
lengths of 30 feet.

2-15. Strength.

The strength of
permitting long

steel piles is high, thus
lengths to be handled.

Lengths up to 100 feet are not uncommon,
although piles greater than 60 feet require
careful handling to avoid excessive bending
stresses. Pipe piles are somewhat stiffer than
rolled steel sections. The allowable load on
steel piles is based on the cross-sectional
area, the allowable working stress, soil
conditions, and available driving equipment.
The maximum allowable stress is generally
taken as 0.35 to 0.50 times the yield strength
with a value of 12,000 pounds per square inch
(psi) used frequently. Allowable loads on
steel piles vary between 50 and 200 tons.

2-16. Durability.

Although deterioration is not a matter of
great concern in military structures, steel
bearing piles are subject to corrosion and
deterioration. The effects of corrosion,
preventive measures taken to protect steel
piles, and remedial measures to correct
previous damage are discussed in chapter 8.

2-17. Shipping and handling.

a. Transporting. Although quite heavy,
steel piles are easy to handle and ship. They
can be transported by rail, water, or truck.
Precautions should be taken during shipping
and handling to prevent kinking of flanges or
permanent deformation. Steel pipes must be
properly stored to prevent mechanical
damages.

b. Lifting and stacking. H-piles can be
lifted from the transport with a special slip
on clamp and a bridle sling from a crane.
Clamps are attached at points from one fifth
to one fourth of the length from each end to
equalize the stress. To make lifting easier, a
small hole may be burned in a flange between
the upper third and quarter points. Then a
shackle may be attached to lift the piles into
the leads. Piles should be stacked on timbers
so that they are kept reasonably straight.

Section IV. PRECAST CONCRETE
PILES

2-18. Classification.

Precast concrete piles are steel-reinforced
members (sometimes prestressed) of uniform
circular, square, or octagonal section, with or
without a taper at the tip (figure 2-3). Precast
piles range up to 40 or 50 feet in length
although longer lengths may be obtained if
the piles are prestressed. Classification is
basically by shape and is covered in
paragraph 2-20.
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2-19. Characteristics. difficulty requiring both the chiseling of the
concrete and the cutting of the reinforcing

Precast piles are strong, durable and may be rods.
cast to the designed shape for the particular
application. The process of precasting is not 2-20. Source.
available in the theater of operations. They
are difficult to handle unless prestressed, and Precast concrete piles are manufactured in a
they displace considerable ground during casting yard, at the job site, or at a central
driving. Length adjustment is a major location. The casting yard is arranged so the
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piles can be lifted from their forms and
transported to the pile driver with a minimum
of handling (figure 2-4). The casting yard
includes storage space for aggregates and
cement, mixing unit, forms, floor area for the
casting operations, and sufficient storage
space for the completed piles. The casting
yard should have a well-drained surface that
is firm enough to prevent warping during the

period between placement and hardening.
Cement and aggregates may be handled by
wheelbarrows or buggies. Additional storage
space may be needed for the completed piles.

a. Forms.  Forms for piles may be of wood
(figure 2-5) or metal. They must be tight to
prevent leakage, firmly braced, and designed
for assembly and disassembly so that they
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can be reused. Forms must be thoroughly
cleaned and oiled with a nonstaining oil
before use.

b. Reinforcement. For precast concrete piles
subjected to axial loadings, steel rein-
forcement provides resistance to the stresses
caused by handling and driving. Three
methods of handling concrete piles are
illustrated in figure 2-6. Depending on the
method used, the size and number of
longitudinal reinforcement bars are
determined from design charts in figure 2-7.
These charts are based upon an allowable
stress of 1,400 psi in the concrete and 20,000
psi in the steel, without allowance for impact.
Minimum reinforcement cages are assembled
as shown in figure 2-4. Adequate spiral
reinforcing at the pile head and tip is
necessary to reduce the tendency of the pile to
split or span during driving.

c. Placement. When concrete is placed in
the forms by hand, it should be of plastic
consistency with a 3-inch to 4-inch slump.
Use a concrete mix having a l-inch to 2-inch
slump with concrete vibrators. Reinforcement
should be properly positioned and secured
while the concrete is placed and vibrated.
Details concerning the design of concrete
mixes are contained in TM 5-742.

d. Curing. Forms should not be removed for
at least 24 hours after concrete is placed.
Following the removal of the forms, the piles
must be kept wet for at least seven days when
regular portland cement is used, and three
days when high-early strength cement is
used. Curing methods are discussed in TM
5-742. Pending and saturated straw, sand, or
burlap give good results. The piles should not
be moved or driven until they have acquired
sufficient strength to prevent damage. Each
pile should be marked with a reference
number and the date of casting.

2-21. Strength.

Precast concrete piles can be driven to high
resistance without damage. They are as-
signed greater allowable loads than timber
piles. As with other pile types, allowable
loads are based on the pile size, soil
conditions, and other factors. Customary
allowable loads range from 20 to 60 tons for a
10-inch diameter precast concrete pile and 70
to 200 tons for an 18-inch square precast
concrete pile.

2-22. Durability.

Under ordinary conditions, concrete piles are
not subject to deterioration. They can be used
above the water table. Refer to chapter 8 for
additional information on durability.

2-23. Availability.

Precast piles are available only when the
casting facility is nearby. See paragraph 2-20.
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2-24. Shipping and handling.

a. Handling. Piles should be handled in
accordance with the procedure selected for
design (figure 2-6). For placement, piles may
be lifted by cables and hooks looped around
the pile at the desired point. To prevent wear
to the cable, use short lengths of wood or
other cushioning material, Piles designed for
two-point support (figure 2-6, 3) and lifted by
cables require the following arrangement.

A sheave is required at point A so that the
cable will be continuous from point B over
the sheave at A to point C. This cable is an
equalizer cable since the tension in AB
must be the same as that of AC. Unless an
equalizer is used, care must be taken in
lifting the pile so that tension in the cables
is equal; otherwise, the entire load may
rest on one end.

When the pile is raised to a vertical
position, another line, CD, is attached.
When drawn up, the sheave at A shifts
toward C.

An additional line is needed with this
cable arrangement to prevent the pile from
getting out of control when it is raised to a
vertical position.

b. Shipping and storage. If piles are to be
stacked for storage or shipment, the blocking

between the tiers must be in vertical lines so
that a pile in a lower tier will not be subject to
bending by the weight of the piles above. An
example of improper stacking is shown in
figure 2-8. A forklift or specially equipped
front-end loader can be used to move piles
from the storage area to the work area.
Whenever possible, locate the casting site as
close as possible to the job site. Trans-
portation by barge is the best method, if
feasible.

Section V. CAST-IN-PLACE PILES

2-25. Classification.

Cast-in-place piles are either cased or
uncased. Both are made at the site by forming
a hole in the ground at the required location
and filling it with a properly designed con-
crete mix.

a. Cased. The concrete of a cased pile is cast
inside a metal casing or pipe left in the
ground. The casing is driven to the required
depth and cleaned before placement of
concrete. If the casing is relatively thin, a
mandrel is used to drive the casing. Many
different kinds of shells and mandrels are
available commercially, but not through
military supply channels. Those of foreign
manufacture may be available in a theater of
operation.
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b. Uncased. Uncased concrete piles referred
to as drilled piers are frequently used. Various
augers are used for drilling holes up to 72
inches in diameter with depths up to 60 feet or
more. Auger holes are excavated by the dry
process. The bottom of the pier maybe under-
reamed at the base, if desired, to provide
greater end-bearing area or resistance against
uplift forces. Drilling mud advancing through
submerged granular materials keeps the hole
open. The dry shaft is filled with concrete. A
tremie pipe is used through the drilling mud.
Steel reinforcement may be used in the
concrete.

2-26.Characteristics.

The characteristics of cast-in-place piles
depend greatly on the quality of workmanship
and characteristics of the soils and support
environment. Materials for concrete con-
struction are readily available in many
military situations, thus drilled piers have
some military application. They require large
diameter augers. Installation requires better
than average workmanship. Groundwater is
influential in determining the difficulty of
installation. Even small inflow quantities of
water may induce caving, thus requiring the
use of casing or drilling mud. Drilled piers
can provide a rapid and economical method
of pile installation under many conditions.

2-27. Strength and durability.

Cast-in-place piles are strong. Large loads
can be carried by cast-in-place piles depending
on the cross-sectional area of the pile. Like
precast piles, cast-in-place piles are durable.
If the pile is cased, even though the casing
should deteriorate, the concrete portion will
remain intact.

2-28. Construction.

Construction of cast-in-place piles is
described in chapter 4.

Section VI. SHEET PILES

2-29.Classification.

Sheet piles vary in use and materials. They
may be classified by their uses. They differ
from previously described piles in that they
are not bearing piles, but are retaining piles.
Sheet piles are special shapes of interlocking
piles made of steel, wood, or concrete which
form a continuous wall to resist horizontal
pressures resulting from earth or water loads.
The term sheet piling is used interchangeably
with sheet piles.

2-30. Uses.

Sheet piles are used to resist earth and water
pressure as a part of a temporary or
permanent structure.

a. Bulkheads. Bulkheads are an integral
part of watefront structures such as wharves
and docks. In retaining structures, the sheet
piles depend on embedment support, as in
cantilever sheet piling, or embedment and
anchorage at or near the top, as in anchored
sheet piling.

b. Cofferdams. Cofferdams exclude water
and earth from an excavation to facilitate
construction.

c. Trench sheeting. Trench sheeting when
braced at several points is termed braced
sheeting.

d. Small dams and cutoff walls. Sheet
piles may be used to form small dams and
more frequently cutoff walls beneath water-
retaining structures to control seepage
through the foundations.

e. Bridge piles. Sheet piles are used in the
construction of bridges and left in place. For
example, a pier may be formed by driving
steel sheet piling to create a circular enclosure,
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excavating the material inside to the desired available sizes and shapes are given in
depth, and filling the enclosed space with
concrete.

f. Groins and sea walls. Sea walls are
parallel to the coastline to prevent direct
wave and erosion damage. Groins or jetties
are perpendicular, or nearly so, to the coast-
line to prevent damage from longshore
currents or tidal erosion of the shore when the
motion of the water is parallel, or at an angle,
to the shoreline.

2-31. Materials.

a. Steel sheet piling. Steel sheet piling
possesses several advantage over other
materials. It is resistant to high driving
stresses, is relatively lightweight, can be
shortened or lengthened readily, and maybe
reused. It has a long service life, either above
or below water, with modest protection. Sheet
piling available through military supply
channels is listed in table 2-3. Commercially

TM 5-312. The deep-arch web and Z-piles are
used to resist large bending movements
(figure 2-9). Sheet pile sections of foreign
manufacture, either steel or concrete, should
be used when available. The sizes and
properties may differ appreciably from types
commonly available in the United States.

b. Fabricated timber sheet piling. Timber
sheet piling may be fabricated for temporary
structures when lateral loads are relatively
light. Timber used in permanent structures
above water level requires preservative
treatment as described for timber piles
(chapter 8). Various types of timber sheet
piling are shown in figure 2-10. The heads are
normally chamfered and the foot is cut at a 60
degree slope to force piles together during
driving.

(1) Wakefield sheet piling. Wake field piling
is used in water and where hard driving is
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anticipated. Three rows of equal width a tongue-and-groove can be provided by
planking are nailed and bolted together so nailing a strip of wood on one edge forming
that the two outer planks form the groove
and the middle plank forms the tongue.
Three 2-inch x 12-inch or three 3-inch x
12-inch planks are usually used to form
each pile. Two bolts on 6-foot centers and
two rows of spikes on 18-inch centers
between the bolts hold the planks together.
When bolts are not used, the spikes should
be driven in offset rows spaced 12 inches
apart.

(2) Tongue-and-groove piling. Milled
tongue-and-groove piling is lightweight
and used where watertightness is not
required. If heavier timbers are available,

the tongue and two strips on the opposite
side forming the groove. Timber (6-inch x
12-inch) may be interlocked by cutting
2-inch grooves on each side and spiking a
spline of hardwood, such as maple or oak,
into one groove of the next timber.

(3) Offset timber sheet piling. An in-
termediate type of sheet piling can be
fabricated consisting of two rows of 2-inch
x 12-inch or 3-inch x 12-inch planking
which are bolted or spiked together so that
the joints between the two rows of planks
are offset.
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c. Rail and plank sheet piling. Railroad d. Concrete sheet piling. Typical concrete
rails and planking can be used in expedient sheet piling (figure 2-12) may be advan-
sheet piling (figure 2-11). The planks should tageous in military construction when
be leveled along both edges to fit snugly materials for their construction are available.
against the adjacent rail. This piling is Due to their strength and durability, they
installed by alternately driving a rail, then a adapt well to bulkhead construction.
plank.
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