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ABSTRACT

Due to wind wave actions, ships impacts, high-speed vehicles and others resources of loading,
structures such as high buildings rise bridge and electric transmission towers undergo significant
coupled moment loads. In this study, the effect of increasing the value of coupled moment and
increasing the rigidity of raft footing on the horizontal deflection by using 3-D finite element
using ABAQUS program. The results showed that the increasing the coupled moment value
leads to an increase in lateral deflection and increase in the rotational angle (oe). The rotational
angle increases from (0.014, 0.15 to 0.19) at coupled moment (120 kN.m), (0.29, 0.31 and 0.49)
at coupled moment (240 kN.m) and (0.57, 0.63 and 1.03) at coupled moment (480 kN.m) with
decreasing the raft thickness from (1.5, 1.0 to 0.5m), respectively. The computed maximum
lateral deflection decreases with increasing the rigidity of raft. The maximum deflection
decreases from (40 to 3mm) at coupled moment 120 kN.m, (150 to 60mm) at coupled moment
240 kN.m and (210 to 118mm) at coupled moment 480 kN.m with increase raft thickness from (t
= 0.5 to 1.5m) and the maximum reduction in maximum stress value and lateral deflection
mobilized due to applied coupled moment is noticed when width to thickness of footing ratio is
less than (w/t<12). The failure of the footing is noticed when the rotational angle is more than 4°
(a>4)
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1. INTRODUCTION

The disposal of a laterally loaded footing has been examined for over 40 years. Many researchers
have contributed to this area in different ways (e.g. field tests, model tests, centrifuge tests
analytical solution, and numerical analysis). Several numerical analysis methods for example
boundary element method and finite element method have been adopted. The previous
researchers such as Spillers and Stoll, 1964, Douglas and Davis, 1964, Poulos, 1971, and
Banerjee and Davies, 1978, showed the solutions to the displacement and rotation of a thin
vertical rigid plate with lateral load and bending moment. When the soil is represented by a
stiffness of the elastic spring, in other words, the soil is represented by the modulus of lateral
subgrade reaction. The earliest to use the springs represent the interaction between soil and
foundation, Winkler, 1867, showed the solutions of the equation are available for modulus of
elasticity constant with depth. Hetenyi, 1964, presented the solutions of the modulus of elasticity
varying linearly with depth Reese and Matlock, 1956 and Davisson and Gill, 1963, showed the
solutions of layered systems

In this paper the effect of changing the value of coupled moment for (raft footing—soil stiffness)
resting on loose sand was studied, the 3-D finite element analyses were carried out using
ABAQUS/CAE 6.10.1 program.
The parameters studied were:
1- Coupled moment values (120, 240 ,480 kN.m)
2- Raft thickness (t= 0.5, 1.0 and 1.5m) and the width of the footing to the thickness ratio
become as (w/t = 24, 12 and 8).

2. DEFINITION OF MOMENT OF COUPLE
Hibbeler, 2004, stated that the couple defined as the two parallel forces have the same
magnitude but opposite directions, and separated by a vertical distance (d), as shown in Fig. 1.
Since the resultant force is zero, the only effect of a couple which results in a rotation or
tendency of rotation in a specified direction and the couple moment is produced by a couple. The
value of coupled moment can be defined by Eq. (1).

M=f x d (1)

The idealization of couple moment and forces applied to the raft foundation model is illustrated
in Fig. 2.

3. FAILURE CRITERIA

For footing loaded laterally, the failure criterion is very important because it is usually less than
from footing loaded vertically. Many researchers have illustrated that the failure criteria of the
settlement are 10% of the width of footing, Jawad, 2009. The footing is loaded under the
coupled moment, no clear failure criteria can be listed, while the rotational angle of raft footing
or lateral deflection may happen due to loading the footing may be considered as the limited
value for failure.

4. INPUT PARAMETER IN ABAQUS

The behavior of square raft materials and sand soil are assumed to be a linear elastic material
during the 3-D analysis and the properties of raft foundation and sand materials are listed in
Tables 1 and 2, respectively.
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5. BEHAVIOR OF MATERIAL IN ABAQUS

The 3-D generalized Hooke’s law is favorite for isotropic linear elastic materials in 3-D stress
conditions. Hooke’s law is used to estimate the elastic strains associated with applied stresses
within a raft mass have isotropic materials which mean that the coefficients of elastic moduli,
such as (E, Young’s modulus) and (v, Poisson’s ratio) are included in calculations. The
Drucker-Prager was used to describe the behavior of sandy soil in which the yield behavior
depends on the equivalent pressure stress. The inelastic deformation of sand soil sometimes is
associated with frictional mechanisms such as sliding of particles across each other.

6. FINITE ELEMENT EQUATIONS

The state of stresses with any point in the mass of soil is represented by a very small cube with
three stress components on each of its six sides (one normal and two shear components) as
shown in Fig. 3. The strain is known as the change of displacement per unit length and the
components of strain can be explained by driving of the displacements to the original length as
illustrated by Liu and Quek, 2003.

ox) 7 a(y) o(z)

_ou ov _ou  ow oV ow
E(xy) —@J“& Coa) = o S —E“LE 2)
Whereas u, v and w are the components of displacement in X, y and z directions, respectively.

Eq. (2) above which show six strain—displacement relationships can be written in the formula of
the matrix:

e=(L). () (3)

Where U, is the vector of the displacement vector and has been produced from.

(u)
(U) = (V) 4)
(w)

And L is a matrix of partial differential
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(0/ox) 0 0
0 (@©/oy) O
0 0 (0/dz)
L=
0  (o/oz) (o/oy) (5)
(0/0z) 0 (0/0X)
(@/oy) @/x) 0

7. NUMERICAL ANALYSIS

All the numerical calculations were made by the finite element program ABAQUS/CAE. The
3D-models were configured for the dimension of the soil and the foundation and each soil and
foundation properties were taken in the model.

The disposal of raft foundation was represented by linear elastic and the soil behavior was
considered the linear elastic model. In ABAQUS/CAE program a mesh of model type C3D8R
and 8-node linear hexahedral element were used and the total numbers of elements were (24392)
as shown in Fig. 4. The interactions between the base footing and soil were taken into account,
in order to define the properties of attraction in the program the movement between footing and
soil was considered a normal and a kind of attraction between the raft and soil was rough to
represent the full adhesion between the two surfaces.

8. STEPS, APPLIED LOADS AND BOUNDARY CONDITIONS

The armed forces are static forces, which are placed at the two edges of the footing; the distance
between them is vertical. The boundary conditions in the program were defined so as to prevent
movement in the z-direction. Fig. 5 describes the idealization of load and boundary conditions.

9. RESULTS AND DISCUSSION OF NUMERICAL WORKS

Figs 6 to 8 show the lateral deflection at the edge of the footing in the node where the forces
were applied with coupled moment curves resulting from the applied variable value of parallel
forces at the edge of footing when raft thickness is variable from (0.5, 1.0 and 1.5m). In general,
the results show that the increase in coupled moment value leads to increase in lateral deflection
and the rotational angle (a’) which is defined as tan for the percentage of lateral deflection (A)
divided by the perpendicular size of raft footing (w).

A
tana =— 6
" (6)

The rotational angle increases from (0.014, 0.15 to 0.19) at coupled moment (120 kN.m), (0.29,
0.31 and 0.49) at coupled moment (240 kN.m) and (0.57, 0.63 and 1.03) with decrease in raft
thickness from (1.5, 1.0 to 0.5m), respectively. From above figures, a value of the angle of
rotational footing at failure is more than 4°. Fig. 9 shows that the computed maximum lateral
deflection decreases when the rigidity of raft increases. It can be noticed that the increase in raft
thickness about (2t) has great influence on decreasing the value of maximum lateral deflection,
while the lateral deflection value does not change significantly when the thickness of raft footing
increases from (2t) to (3t). The maximum lateral deflection decreases from (40 to 3mm) at
coupled moment 120 kN.m, (150 to 60mm) at the coupled moment 240 kN.m and (210 to
118mm) at coupled moment 480 kN.m with increase in raft thickness from (t = 0.5 to 1.5m),
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respectively. It can be concluded from the above results that to reduce the lateral deflection the
width to thickness ratio should become less than (w/t < 12). Figs. 10, 11 and 12 show the
computed stress in the x-direction along the size of the raft in the perpendicular direction of
applied loads. The response of stress will increase with increasing the value of coupled moment
applied on the surface of footing. The stress will be decreased from (840, 410 to 180 kPa), (860,
430 to 210 kPa) and (660, 320 to 160 kPa) at raft thickness increase from (0.5, 1.0 to 1.5m),
respectively. Fig. 13 shows the increase in the raft thickness to (2t) has no effect on the
maximum stress will be mobilized in the raft due to applied coupled moment, while when
increasing the raft thickness to (3t) it is noticed that the reduction in maximum stress value
becomes more clear, in other words, the ratio of width of footing to thickness becomes less than
(w/t <12).

10. VISUALIZATION OF NUMERICAL WORKS

The results obtained from the program have been presented and the visualization of deflection
displayed can be seen in Figs. 14 to 19, where the three-dimensional full contour mapping of
lateral deflection for varied coupled moment and raft thickness are shown.

11. CONCLUSIONS

1- In general, the increase in coupled moment value leads to increase in lateral deflection
and increases in the rotational angle (")

2- Lateral deflection decreases when the rigidity of raft increases, in order to ensure
minimum lateral deflection, the footing width to thickness ratio should be less than (12).

3- The response of stress will increase with the increase in the value of coupled moment
applied on the surface of the footing

4- The stress decreases when the raft thickness increases and the least value of the stress
mobilized by the applied coupled moment is when the width to thickness ratio is less than
(12).

5- At failure, the angle of the rotational footing is more than a > 4°
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13. SYMBOLS

d= vertical distance between forces, m.
f=force, m.

t= thickness of raft, m.

u= displacement in x-direction, m.

v= displacement in y-direction, m.

w= displacement in z-direction, m.

&, = strain in x-direction
&Y = strain in y-direction
&L = strain in y-direction
&XY = strain in xy-directions
EXZ = strain in xz-directions
&YZ = strain in yz-directions

> f

Figure 1. Definition of the coupled moment, Hibbeler, 2004.
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Figure 2. Top view of raft footing and points of applied loads.
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Figure 3. Stresses in three dimensional element.
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&

Figure 4. Meshing model of the raft with soil.

Figure 5. The load applied and boundary conditions.

80



Number 10 Volume 24 October 2018 Journal of Engineering

Coupled Moment (kN.m)
0 200 400 600 800 1000 1200

Z"@H\\\*\*\*ﬂ
10 \
\,\ \

15
: AN
= 20
S
)
S 30
s
3
35 _( - 1\
Raft Thickness (m)
400 —a— 15m
a5 1 —€@— 10m
—A— 05m
50 L J

Figure 6. Coupled moment versus deflection in the node where the forces were applied (F=10
kN).
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Figure 7. Coupled moment versus deflection in the node where the forces were applied (F=20
KN).
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Figure 8. Coupled moment versus deflection in the node where the forces were applied (F=40

kN).
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Figure 9. Coupled moment versus max deflection for different raft thickness.
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Figure 10. The distribution of stresses along raft width in the x-direction at (raft
thickness=0.5m).
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Figure 11. The distribution of stresses along raft width in the x-direction at
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(raft thickness=1.0 m).
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Figure 12. The distribution of stresses along raft width in the x-direction at
(raft thickness=1.5m).
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Figure 13. Max. Stresses in the x-direction versus coupled moment.
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Figure 14. Full contours of lateral deflection (m) at raft thickness = 0.5m and F=10 kN.
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Figure 15. Full contours of lateral deflection (m) at raft thickness =0.5 m and F=20 kN.
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Figure 16. Full contours of lateral deflection (m) at raft thickness = 0.5 m and F=40 kN.
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Figure 18. Full contours of lateral deflection (m) at raft thickness =1.0 m and F=40 kN.
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Figure 19. Full contours of lateral deflection (m) at raft thickness =1.0 m and F=20 kN.

Table 1. Properties and dimensions of the raft.

Property Value

Unit weight of concrete((yc KN/m®) 24

Elastic modulus of concrete (Ec, 23.5x10°
kN/m?)

Raft width (w, m) 12
The thickness of raft (t, m) 05,10
and 1.5

Poisson's ratio of concrete (v) 0.15

Table 2. Characteristics of sand soil.

Relative Density (RD %) 30
State sand Loose
Angle of friction (@) 29.0
Cohesion(c, kN/m?) 0
Poisson's ratio of soil(v) 0.3
Modulus of deformation(Es, KN/m?) | 10000
(Gs) 2.65
The dry unit weight of soil (ys, KN/m®) | 15.3
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