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C H A P T E R  7

D I S T R I B U T I O N  O F  L O A D S O N  P I L E  G R O U P S

Section I. DESIGN LOADS

7-1. Basic design.

The load carried by an individual pile or
group of piles in a foundation depends upon
the structure concerned and the loads carried.
Under normal circumstances, pile foun-
dations are designed to support the entire
dead load of the structure plus an appropriate
portion of the live load.

7-2. Horizontal loads.

Determining horizontal loads acting on piles
used for bridge supports is of particular
importance in military construction. Piles
which support bridges crossing rivers are
often subjected to a variety of horizontal
loads.

Pressure of flowing water.

Forces of ice.

Impact of floating objects.

Effects of wind on the substructure and
superstructure.

Methods of computing these loads are
described in TM 5-312.

Section II. VERTICAL PILE GROUPS

7-3 Distribution of vertical loads.

a. Resultant at center of gravity. Piles
under a structure act as a group in
transmitting the loads to the soil. The
distribution of loads to the individual piles
depends upon the amount of vertical and
horizontal movement at the base of the
structure and the amount of rotational
movement about some center. If the base of
structure is rigid and the piles are all vertical,
a vertical load (or several vertical loads)
applied at the center of gravity of the pile
group will be distributed equally to all the
piles. Thus, assuming that the resultant (R)
of all vertical loads passes through the center
of gravity of the pile group (figure 7-l), the
load (Pv) on each pile is given by the following
formula.
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n = number of piles in pile group
b. Resultant not at center of gravity. If

where the resultant of all the vertical loads acting
on a pile group does not pass through the

R = resultant of all vertical loads center of gravity of the pile group, the
distribution of the loads to the individual

= load acting on each pile piles is indeterminate. Discussion of the

= summation of all vertical loads
approximate method for determining the
distribution of loads follows. This method

acting on pile group should be suitable for military applications.
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7-4. Calculating distribution of loads. where:

Before approximate methods are used for Pv = vertical load on any pile
vertical pile foundations, it is important to
know the limitations involved. The ap- = resultant of all vertical loads on
proximate methods disregard the charac-
teristics of the soil and piles and the restraint

pile group

of the embedded pile head. For vertical pile
foundations where the soil and piles offer

n= number of piles

great resistance to movement, approximate
methods give results equivalent to those

ex = distance from point of

obtained by more refined methods.

a. Resultant eccentric about one axis.
(See figures 7-1, 7-2.) If the resultant (R =
is eccentric only about one axis, the Y-Yaxis,
the load on any pile (Pv) is given by the
following formula.

intersection of resultant with
plane of base of structure to

cx = 

Y- Yaxis

distance from Y - Y axis to pile
for which Pv is being calculated

moment of inertia of pile group
about Y - Y axis with each pile
considered to have an area
of unity

Iy = 
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b. Resultant eccentric about two axes. If
the resultant is eccentric about both the X
and Y axes, the load on any pile (Pv) is given
by the following formula.

where

= distance from point of
intersection of resultant with
plane of base of structure to
X-xaxis

= distance from X - X axis to pile
for which P, is being calculated

= moment of inertia of pile group
about X - X axis

c. Moment of inertia of pile group. The
moment of inertia of a pile group about either
the X-X or Y-Y axis (figure 7-2) can be
calculated by the following formula.

(n2 - 1) (number of rows)

where

Ap= the area of one pile, assumed to
be equal to 1

S = pile spacing in feet

n = number of piles in each row

Since Ap equals 1, if there are four piles per
row and two rows (figure 7-2), the moment of
inertia about the Y-Y axis is given by the
following formula.
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Iy= S2 (4) (42 -1)(2 rows)
12

Iy =10 S2

If there are two piles per row and four rows,
the moment of inertia (Ix) is given by the
following formula.

Ix = S2 (2) (22 -1)(4 rows)

Ix =  S2

d. Example.

(1) Task. Calculate the load acting on each
pile if the resultant 
of gravity of the pile group, X = 0 feet.
Calculate the load acting on each pile if the

acts at a distance X=-4 feet.

(2) Conditions. Assume that the bent (figure
7-3) is subjected to a load
including both dead and live loads. Assume
that the resultant of the vertical loads
acts at a position -X feet to the right of the
center of gravity of the bent. Distances to
the left are plus and distances to the right
are minus.

(3) Solution. If the resultant acts at the
center of gravity of the pile group, the load
acting on each pile is the same and is given
as follows.

If the resultant acts 4 feet to the right of the
center of the gravity of the bent, the load
acting on each pile can be computed from
the following formula.

acts at the center

resultant

of 135 tons
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ex
= -4 feet (center of gravity of the

pile group to the point of
application of the resultant)

where:
The moment of inertia J can be computed as
follows.
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(4) Tabulations. The remaining computation
can be tabulated as shown in table 7-1. The
loads on these piles vary from 3 tons for pile
one to 27 tons for pile nine. To check this pile
foundation, the allowable load of each pile
should be calculated by the procedures estab-
lished in chapter 5.

Section III. VERTICAL AND BATTER
PILE GROUPS

7-5. Load distribution from structure to
piles.

where

Substituting these values of n, ex, and Iy
into the above equation gives the
following.

where:

cx = the distance in feet from the
center of gravity of the pile
group to the pile for which P, is
being calculated. (The value of
CX can be either plus or minus
according to the established
sign convention.)

7-6

Batter piles are used in a pile group to absorb
all or part of the horizontal loads when the
group is unstable with only vertical piles. Pile
groups that consist of a combination of
vertical and batter piles are indeterminate
except where the piles are symmetrical about
the transverse and longitudinal axis of the
foundation. In this case, a vertical load
applied at the center of the pile group will be
distributed equally to all piles.

7-6. Determining distribution of loads
to groups containing batter piles.

a. Limitations. A method similar to that for
vertical pile groups is also used for de-
termining the load distribution on vertical
and batter piles. This method has limited
accuracy and should be used only in hasty
construction in a theater of operations.
Computed values are used in permanent
structures or structures which must carry
heavy loads.

b. Application. In applying the approximate
method, the load imposed on each vertical
and batter pile is assumed to act in the
direction of the pile (figure 7-4).

Calculate the vertical component of load, Pv,
on each pile as follows.
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where:

= resultant of vertical loads on a
pile group

n = number piles

= summation of all moments
about the center of gravity of
pile group at the level of pile
fixity due to XV and
(figure 7-4)

c x = distance from center of gravity
of pile group to pile for which
Pv is being calculated

Iy = moment of inertia of pile group

The relationship between the vertical and
horizontal load components and resultant
axial pile load is shown in figure 7-5. Calculate
the horizontal and axial components as
follows.

where

Ph = horizontal component of
pile load

Pa = axial component of pile load

x = coefficient of horizontal batter

y = coefficient of vertical batter

= angle (in degrees) of the batter

The horizontal component of axial loads on
the batter pile is assumed to add to or resist
the horizontal thrust depending upon the
direction of batter. The horizontal load on
any pile is the algebraic difference between
the resultant horizontal load and the
summation of the horizontal components of
axial loads on the batter piles divided by the
number of piles.

The vertical, horizontal, and axial com-
ponents (figure 7-4) may be represented by a
force polygon (figure 7-6). The batter piles
have reduced the’ magnitude of the total
horizontal load from as follows.

These operations can be interpreted
graphically or computed mathematically.
After constructing the force diagram or
computing the lateral loads and bending
stresses on each pile, the loads are checked to
determine if they are less than the allowable
lateral resistance and bending stresses.
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