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Abstract: The purpose of this article is to create a simple
general function to find the maximum base pressure of
biaxial eccentric loads under a trapezoidal and triangular
footing. Base pressure is the load per unit area below the
foundation. The first step is to derive a function linking
variables to the specific status by determining what vari-
ables can be observed in it and which variables are
expected to be extracted from it. This research will focus
on a specific status in foundation science and, thereafter,
will produce a factor named k that is multiplied by the load
divided by the area to find the maximum base pressure.
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1 Introduction

Footings are structural components that transfer column
or wall loads to the supporting soil of the structure.
Footings are designed to transfer these loads to the soil
without exceeding its safe bearing capacity, to keep the
structure from settling at its limit, to reduce differential
settlement, and to keep it from sliding and overturning.
The depth at which the bearing stratum is located, the

soil condition, and the type of superstructure all influence
the appropriate type of foundation. The foundations are
divided into shallow and deep types, each with significant
changes in terms of shape, soil behavior, structural func-
tionality, and structural systems [1]. The design of super-
ficial solution is carried out for the following load cases:
1) The foundations subjected to concentric axial load.
2) The foundations subjected to moment in one direction

and axial load (uniaxial bending).
3) In this case, the footings are subjected to axial load and

moment in both directions (biaxial bending) [1–4].

Isolated footing, combined footing, strip footing, and
mat foundations are examples of different types of super-
ficial foundations depending on their function [1]. A com-
bined footing is a longitudinal footing that supports two
or more columns in one row (usually two). In terms of
plan, the combined footing can be rectangular, trapezoidal,
or T-shaped. When one of the footing’s projections is
constrained or the width of the footing is restricted, a rec-
tangular footing is used. When one column load is signifi-
cantly greater than the other, a trapezoidal or T-shaped
footing is used. As a result, the footing’s projections beyond
the faces of the columns will be limited [5].

As a function of soil type, relative rigidity of the soil
and footing (both of which are important), and depth of
foundation at the point of contact between footing and soil,
soil pressure distribution under a foundation is deter-
mined. It is expected that the pressure distribution on a
concrete footing on sand will be similar to that shown in
Figure 1(a). The pressure distribution of a concrete footing
on clay will be similar to that seen in Figure 1(b). In
response to the load applied to a footing, the earth beneath
the footing deflects into a bowl-shaped depression, there-
fore relieving pressure beneath the middle of the footing. It
is usual practice to presume that soil pressure is linearly
distributed for the purposes of design. It is possible to have
a uniform pressure distribution if, as illustrated in Figure
1(c), the centroid of the footing corresponds with the resul-
tant of all of the applied loads [1].
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Due to the following considerations, it may be neces-
sary to use only one footing for two or more columns
during construction:
a) The proximity of the columns (e.g., around elevator

shafts and escalators).
b) The size of footings along the property line may be

limited because of the restrictions imposed by the prop-
erty line. The eccentricity of a column on the edge of a
footing can be compensated for by attaching the footing
to the column’s interior.

The rigid technique, which is the conventional way of
designing coupled footings, makes the assumption that [1–4]:
1) The footing or mat is infinitely rigid, and as a result, the

deflection of the footing or mat has no effect on the
distribution of pressure.

2) Soil pressure is linearly distributed if the centroid of the
footing is in line with the resultant of the applied loads
acting on the foundations, or if the pressure distribu-
tion is uniform.

3) Because the soil is incapable of withstanding tensile
pressures, the base minimum stress should be equal
to or greater than one hundred percent.

4) The maximum stress must be equal to or less than the
permissible capacity, which is the highest amount of
stress that the soil can withstand.

The most important parameter, bearing pressure, defines
the interaction between the footing and the soil support. It
refers to the contact force per unit area along the foundation’s
bottom [6].

In order to categorize footings subjected to high eccen-
tricity, the pressure region’s shape is taken into consideration.
It is then used to base stress calculations using Löser’s for-
mulation for the design of rectangular columns under biaxial
bending. Since the location of the neutral axis is initially
uncertain, a series of approximations is employed [7,8].

The main objective of the project is to compute the
maximum base pressure of biaxial eccentric loads under
a trapezoidal and triangular footing from a simple general

function, which is concluded in this research, because it is
not found in foundation analysis and design book.

2 STAAD-Pro program

STAAD.Pro is the most widely used structural engineering
software tool for the creation of 3D models, the analysis of
those models, and the design of multi-material structures.
It includes an intuitive, user-friendly graphical user inter-
face (GUI), visualization tools, comprehensive analysis and
design capabilities, and it integrates seamlessly with a
number of other modeling and design software packages.

Although the STAAD input can be constructed using
the Modeling mode, it is necessary to be familiar with
the command language in order to use it effectively.
Given an understanding of this language, it is simple to
comprehend the problem and to contribute or comment
on data as needed. If possible, in general, the order in
which commands should be written in an input file should
be the same as the order in which they are written in the
previous section. The commands are performed in the order
in which they were entered. As a result, the data required for
the proper execution of a command must be provided before
the command is issued (e.g. Print results after PerformAnalysis).
Otherwise, the commands can be provided in any order, with
the exception of the ones listed below:
i) All design-related information can only be provided

once the analysis command has been issued.
ii) It is necessary to supply all load cases and load combi-

nations in the same package, with the exception of
circumstances in which the CHANGE and RESTORE com-
mands are utilized. In the latter section of the input, it is
possible to include additional load situations.

The application stores all of the information submitted
as input. Within an existing data file, new data can be
added, existing data can be deleted, and existing data can
be updated.

Figure 1: Pressure distribution under foundation: (a) foundation on sandy soil; (b) foundation on clay soil; (c) uniform distribution equivalent.
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STAAD-PRO program is used to analyze a footing above
soil with (two-dimensional samples) and solved it to pre-
dict the maximum base pressure below it that will produce
due to applying load. This program is one of many pro-
grams which were used for the analysis of the structures
such as (ANSYS, SAP, ROPOT, etc.) [9].

Analysis using plate/shell finite elements, solid finite
elements, and a surface element (entity) were included in
STAAD.

2.1 Plate/shell element

The hybrid element formulation serves as the foundation
for the Plate/Shell finite element. The element can have
three nodes (triangular) or four nodes (rectangular, quad-
rilateral). If the four nodes of a quadrilateral element do
not all lie on the same plane, it is preferable to model them
as triangular elements rather than quadrilateral elements.
There may be variations in the thickness of the element
from one node to the next.

With finite elements, it is possible to model “surface
structures” such as wall, slab, plate, and shell construc-
tions. A MESH GENERATION capability is available for
the convenience of those who need to generate a finer
mesh of plate/shell elements over a vast amount of space.

The element may also be used solely for PLANE STRESS
action (i.e., membrane/in-plane stiffness) if the user so
desires. This should be accomplished through the use of
the ELEMENT PLANE STRESS command.

2.2 Geometry modeling considerations

When modeling with the plate/shell element, it is impor-
tant to remember the following geometry-related modeling
rules:
1. Automatic generation of a fictional fifth node “O” (cen-

tral node) at the center of the element by the software is
performed.

2. It is critical that when assigning nodes to an element in
the input data, the nodes be specified in either a clock-
wise or counterclockwise direction. In order to maxi-
mize efficiency, related elements should be numbered
in the same order.

3. The aspect ratio of the elements should not be too high.
They should be on the order of 1:3, and preferably less
than 1:4, when compared to one another.

4. Individual pieces must not be altered in any way. Angles
between two adjacent element sides should not be

considerably greater than 90 degrees and should never
be greater than 180 degrees, for example.

2.3 Load specification for plate elements

There are several load specifications available, including
the ones listed below:
1. Joint loads at element nodes in global directions.
2. Loads are concentrated at any point within the element

that has been specified by the user in either global or
local directions.

3. Consistent pressure is applied to the element surface in
either global or local directions.

4. Uniform partial pressure is applied to a user-specified
section of the element surface in either global or local
directions.

5. Pressure on the element surface is linearly variable in
local directions.

6. Temperature stress is caused by a rise or decrease in
temperature that is uniform.

7. Temperature load resulting from a temperature differ-
ential between the top and bottom surfaces of the ele-
ment [10].

Dams, retaining walls, turbine foundations, culverts,
and other embedded structures are some of the applica-
tions for STAAD.Pro in the building industry. Other appli-
cations include bridges and highway structures as well as
industrial and chemical plant structures and commercial
and industrial-related buildings [11]. The main goal of this
work is to find this parameter “k.” After that, pressure is
obtained under the trapezoidal and triangular foundation.

3 Formulation of the new models
and case study

This research will take care of a specific phenomenon in
foundation engineering science; it is to find the maximum
base pressure under a triangular and trapezoidal footing
for eccentric loads. So to study this phenomenon, we first
have to identify the variables that are used to get the equa-
tion that gives the maximum base pressure and therefore
including them. The variables are in that function as fol-
lows [12–17]:
• maximum Base Pressure under Footing (q);
• applied Loads (P);
• area of footing (A);

Base pressure under triangular and trapezoidal footing  3



• factor as a function to Nx and NY (k);
• the largest dimension of the base (b1);
• the smaller dimension of the base (b2);
• the length of the foundation (L);
• the coordinate of applied load toward x (X);
• the coordinate of applied load toward y (Y);
• the number of element toward x direction (Nx);
• the number of element toward y direction (Ny).

Combining these variables in an equation gives:

= ×q K
P

A
, (1)

where ( )=K F Nx Ny, .

K is a parameter that depends on the number of ele-
ments toward x- and y-axes. To find out the maximum base
pressure under a trapezoidal and triangular footing equation
(1) is used. It works without any eccentric loads from the
center of the area of the footing, and the “Finite Elements”
theory of the foundation was used to calculate it by using a
software program, that is, Staad-pro Structural Analysis v8i.

3.1 Assumption

a) Homogeneous materials along the footing.
b) Modulus of elasticity in tension and compression zones

are equal
c) Plain section before loading remains plain.
d) The plane of loading must contain a principal axis of the

footing cross section, and the load must be perpendi-
cular to the longitudinal axis of the footing.

e) One type of load was studied its constructed load.
f) The number of elements is constant in this research.

3.2 Case study

The case studied by this work was started by a rectangular
shape of (2 × 2) m dimensions, and the dimensions
were decreased gradually in the one-dimensional even
to form a triangle and in between them is a trapezoidal.
So, a thickness that is taken of 0.5 m. The applied concen-
trated load is (100 kN) and this force starts from the biggest
edge even narrowed edge units (m) as in the following
format (Figure 2):

These dimensions which are b1 and b2 shall be varied
depending upon the trapezoidal shape studied until reaching
a zero value of b2 to create a triangular shape. The study of the
number of elements toward x is taken to be 20 elements in this
case study, and their function depends on the coordinates of

constrained loads that moved toward (x) direction and the
length of the foundation are as follows (Figure 3):

=
×

nx
X

L

20

. (2)

Therefore, to study the number of elements toward (y),
ten elements were taken for this case study, and the func-
tion was derived based on the coordinate loads in the
direction of x and y, and the length of the foundation, in
addition to the largest dimension b1 and the smaller
dimension b2, as follows (Figure 4):

| |
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=

×
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(3)

These variables have been made from the curves that
change between the maximum stress values along the
change (ny). The resulting curve represents on the vertical
axis a coefficient named (K), and the horizontal axis repre-
sents the percentage of (nx; Figure 5).

Y

x b2

L

b1

Figure 2: Footing model with starting axis.

Figure 3: Coefficients (k) with ratio b2/b1 = 0.

4  Mohammed Qasim Shaaban et al.



It was a study of the change of footing dimension from
a rectangle shape to a triangle, passing through the trape-
zoidal between b1 and b2 as a rate of b2/b1 as the amount of
change that will make this parameter (K) include any after
being smaller than b1 (Figure 6).

4 Results and discussion

The result of this research was to find the coefficients (k)
from these curves. Where (K) was drawn on the vertical

axis, against nx and ny besides the b2/b1 variation in each
curve and as shown in the following graphics charts
(Figures 3–8):

To verify the use of equation (1) and to find the coeffi-
cient k, an example was taken, which is a rectangular
footing and the force is subjected at the center of the shape.
Therefore, the maximum pressure below the base will be
the force divided by the area directly. So, when the magni-
tude of the force is 100 kN and the rectangle has dimen-
sions of 2 m width and 4m length, the calculation of the
pressure under the foundation is 12.5 kN/m2.

Figure 4: Coefficients (k) with ratio b2/b1 = 0.2.

Figure 5: Coefficients (k) with ratio b2/b1 = 0.4.

Figure 6: Coefficients (k) with ratio b2/b1 = 0.6.

Figure 7: Coefficients (k) with ratio b2/b1 = 0.8.
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When using the above graphs that it is varied from
triangular to rectangular with in between trapezoidal,
for the same example, we go to Figure 8 where b2/b1 = 1,
then get the value of k equal to 1, and thus multiply
by dividing the force by the area through the use of equa-
tion (1) and governed the same pressure is 12.5 kN/m2

(Figure 9).

5 Conclusions

The study concludes that an equation had been derived to
calculate the maximum base pressure for the applied load
for both trapezoidal and triangular footing systems with an
eccentricity in both directions. This derived equation would
be so helpful tool in practical engineering. The process of this
equation involves a simple multiplication of the extracted
coefficient K and the total load and then divides it by the
footing area of the system.

6 Recommendations and
limitations

1) The case studied in the present work was concentrated
load. The future work must take into consideration
other types of loads. So, this is another direction for
the development of research that is to check whether
the value of the coefficient (K) will be modified or not.

2) Another direction for the development of research is
that the number of elements in each direction has not
changed, so it can be changed to investigate coefficient (K).
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