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punching resistance), empirical perforation formulae
or analyses by use of simple two-mass vibration
models are applicable [21].

Mahmoudpour et.al. (2011) presented a coupled
scaled boundary finite element model to examine the
dynamic response of a structure considering the soil-
structure interaction. The analysis was performed in
time domain. The material behavior of soil and
structure was assumed to be linear. They reported

Factors Controlling Design of Machine
Foundations

The most important parameters for the design of
machine foundation are the operating frequency of
the machine, the natural frequency of the foundation
soil system and the amplitude of vibration of the
machine at its operating frequency. One of the key
steps in current methods of dynamic analysis of a
foundation soil system to predict the resonant
frequency and amplitude under dynamic loading is to
estimate the stiffness and damping of the foundation
soil system. Based on the assumptions that foundation
is a rigid body attached to the surface of an elastic
half-space, many investigators presented the stiffness
and damping factors for the foundation considering
various modes of vibration, various contact stress
distributions, displacement conditions and various
shapes and sizes.

Several theories have been proposed for the design of
machine foundations resting on soils that idealize soils

Description of the Problem

The present finite element formulations and solution
procedures are applied for the transient dynamic
analysis of a variety of plate on elastic foundation
examples with material nonlinearities. A concrete
foundation with dimensions (3x3x0.3) m is placed on
the foundation soil (15 m) deep and (9 m) away from
the edge of plate. The boundary conditions are chosen
such that all the lateral boundaries and the base of the
problem are restricted both horizontally and vertically.
The geometry, loading conditions and all details of the
problem are shown in Figure -1.

The foundation is subjected to the transient dynamic
load described by the following equation:

F (t) = 0.5 - 0.5 cos(2mt/T,)

Copyright © 2016 SciResPub.

that when the system was subjected to sine excitation,
the reduction in displacement and base shear was
more significant when the loading frequency was close
to natural frequencies of the structure. The reduction
in displacement and base shear was more significant
for the second mode than the first one, thus
considering SSI in dynamic analysis of the structure
affects the higher modes more significantly[22].

as homogeneous elastic half -spaces. In reality,
however, soils are rarely homogeneous. The soil in the
natural strata can exist in a state consisting of a hard
rock at shallow depth and consisting of different soil
layers having different properties. All these methods
are based on approximations and assumptions and,
therefore, a considerable engineering judgment is
required to take into account the several parameters
affecting it. It is well established that stiffness of the
foundation soil system depends on several factors,
namely initial static stress, magnitude of dynamic
stress increment, the distribution of stresses over the
contact area, variation of shear modulus with depth,
layering in the soil medium, embedment of footing,
etc. Hence, the nature of dynamic loads and non-
homogeneity of soil make the analysis and design of
foundation subjected to dynamic loads more complex
(Thangaraj and llamparuthi, 2010).

P (t)=p, f(t)

Where:
T: time for each point,
T,: impact duration, and
po: the peak amplitude of the load.

The loading function is shown in Figure-2. The
duration of this dynamic load is (0.5 sec.) with a time
step (At = 0.01 sec.). The properties of the material for
concrete and soil are summarized in Table (1). The soil
foundation is cohesionless dense sand with an angle of
internal friction, f equals 40°. The nonlinear behavior
for both soil and concrete are considered.

The Drucker-Prager model is used to model the soil
elasto-plastic behavior, while the concrete parameter
is used for modeling the behavior of concrete. The 8-
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node brick elements in ANSYS are used to represent the soil and the interface elements are modeled by
the concrete of using three-dimensional surface-to-surface (Target
Foundation and the soil under the foundation which 170 and Contact 174) contact elements connected

are denoted by Solid 65 for concrete and Solid 45 for with concrete and soil.

Size of Foundation

3I=3=0_3
b ﬁ ( =
— 1 1 a
L=—1L—
[ 15m

a lp 5 - lp

Front wview

Side wview

a) Three-dimensional finite element model.

b) The finite elements mesh for the solid model
(ANSYS Manual V11, 2007).

Fig.1: Typical finite element mesh.
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Fig.2: the loading function.

Table (1) Material properties for concrete and soil in the basic problem.

Symbol Definition Value
' Compressive strength (MPa) 25
Concrete EC Young’s modulus (MPa) 23500
£ Tensile strength (MPa) 3.1
N Poisson’s ratio 0.15*
Pe Density (kg/m°) 2400
Interface U] Coefficient of friction 0.6*
Es Young’s modulus (MPa) 50
Cu Cohesion 0
Soil o] Frication angle 40°
N Poisson’s ratio 0.3*
ps Density (kg/m°) 1800

Notes: *Assumed value, E . =4700~/fC and fi-0.62/fC

Copyright © 2016 SciResPub.
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Effect of elastic modulus and strength
of soil

The effect of modulus of elasticity for soil is studied in
this section. The impact load amplitude is changed to
different values (25, 75 and 100) kN. Three values for
modulus of elasticity are used (Es=50, 20, 10) MPa
with (B=3 m, L=3 m, t=0.3 m). These values of elastic
modulus correspond to dense sand, medium and loose
sand respectively. The corresponding values of the soil

angle of internal friction (@) are 40° 36° and 32°,
respectively.

Figures (3) to (6) clarify the effect of the modulus of
elasticity for soil on the vertical displacement and
vertical stress, and it can be seen that:

For amplitude loads (p = 25, 75 and 100) kN, when the
modulus of elasticity for soil decreases from (Es= 50 to
20 and 10) MPa, the maximum vertical displacement
at node (81) at the center of foundation increases by
about (14.0 and 18.9) %, respectively. On the other
hand, the decrease in the modulus of elasticity for soil
from (Es=50 to 20 and 10) MPa leads to decrease in
the maximum vertical stress at node (81) depending
on the amplitude of load by about (0.1 and 6.4) %,
respectively.

From Figures (3) to (7), it can be noted that when the
amplitude of loads increases from (25 to 75 and 100)
kN, the maximum vertical displacement and stress for
modulus of elasticity for soil (10 to 20 and 50) MPa
will increase.

Copyright © 2016 SciResPub.

From Figure (4 a), the maximum vertical displacement
takes place at time (0.24 sec.) for modulus of elasticity
soil (10 MPa) and amplitude loads (25, 75 and 100) kN,
while the maximum vertical displacement occurs at
time (0.26 sec.) for the modulus of elasticity of soil (20
MPa) and the same amplitude loads, Figure (5 a). This
leads to a conclusion that the increase of soil stiffness
decays the propagation of stress wave within the
foundation.

From Figure (6 a), the maximum vertical stress takes
place at time (0.37 sec.) for modulus of elasticity of
soil (10 MPa) and amplitude loads (25, 75 and 100) kN,
while the maximum vertical stress occurs at time (0.21
sec.) for modulus of elasticity soil (20 MPa) and the
same amplitude loads, Figure (7 a).

From above figures, it can be observed that decreasing
of the modulus of elasticity results in increasing the
maximum displacement and reducing the maximum
stress. The greater modulus of elasticity means that
the soil is stiffer, i.e. the soil will experience less
amount of settlement. The results for this case are
similar to those obtained for modulus of elasticity of
the soil (50 MPa). Maximum vertical stress and
displacement are smaller because the geometry of
foundation, especially its thickness, makes its behavior
as a rigid foundation. The foundation carried most of
the applied loading and small loading is carried by the
soil
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Fig.7: Dynamic response of the foundation to impact load, vertical stress, t=0.3 m, B=3 m, L=3 m, E; =20 MPa.

Conclusions

As a result of the finite elements analysis carried out in
this study, it was concluded that when the modulus of
elasticity for soil decreases from (Es=50000 to 20000
and 10000) kN/m2, the maximum vertical
displacement at the center of foundation increases by
about (14 and 19) %respectively. On the other hand,
the decrease in the modulus of elasticity for soil leads
to decrease in the maximum vertical stress depending
on the amplitude of load by about (0.1 and 6.4) %,
respectively. The time at which the maximum vertical
displacement takes place increases as the soil modulus
of elasticity increases.
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