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footing at this stage is approximately uniform and the value of this
settlement depends on the ratio of depth to width of footing. After
initiation of cracks the contact stress and also the settlement are too
high below the column in comparison with the edges of footing. It was
noticed from the results, for footings with column dimensions 0.5%0.5
m, that the increase of the ratio of footing depth to it is width from
0.133 to 0.233 the failure load increased by 23% and the cracking load
increased by 133%. In addition to that for the case of footings with
column dimensions 1x1 m, the failure and cracking load raised by
11.5% and 178% respectively. Furthermore, the results showed that
footings with depth over width ratio less than or equal 0.2 exhibited a
different behavior regarding the distribution of stresses and strains in
comparison with footings that have depth over width ratio more than
0.27 (block footings). The beam theory cannot be applied in the
design of block footings because the strain and stress distribution
along the depth of footing is nonlinear. Also the difference in failure
and cracking load between solid and stepped footing is small and the
cracking load for both footings is more than half of the failure load.
Finally and when it comes to the type of soil footing connection, the
results in which the bond between soil and footing is assumed to be
full are too close with contact elements between soil and footing
where the difference of failure load between the two conditions is
equal to 0.8% and 3.1% for footings with depth over width ratio equal
to 0.133 and 0.233 respectively.



Abstract

The present contribution involves a numerical study of the
behavior of reinforced concrete isolated footing due to the interaction
with subsoil under vertical static loads. The finite element method,
using ANSYS V11 commercial software was adopted in the study.
The 3D modeling of the soil footing system was represented by four
different elements that are available in ANSYS software. The brick
elements SOLID45 and SOLID65 were used to represent the soil and
concrete respectively, while the 3D truss element was used to model
the discrete steel reinforcement. The interaction between footing and
underneath soil was modeled by using the surface to surface interface
elements CONTA173 and TARGI170. In this study the nonlinear
behavior of all materials was taken into consideration. The Drucker-
Prager failure criterion was used to simulate the nonlinear behavior of
soil while William-Warnke failure criterion was used for concrete. For
steel reinforcement, Bilinear Kinematic Hardening with elastic
perfectly plastic model was adopted. The aspects that investigated in
this study, which influence the behavior of soil footing system, were
the ratio of depth to width of footing, dimensions of the column, soil
type, type of bond between soil and footing and finally stepped
footing. The results of the study indicate that the contact stress
distribution, before initiation of any cracks in concrete, is a function of
the relative stiffness of soil foundation system. It was found that, as
long as the relative stiffness classifies the footing as “stiff footing”,
the contact stress distribution underneath the footing is high at corners
and edges of footing. As the relative stiffness is reduced, the contact

stress underneath the footing edges reduce. The settlement of the



University of Mosul

College of Engineering

Analysis of Interaction between Reinforced
Concrete Spread Footing and Soil

Mahmood Mohammed T. Taher Maaroof

M.Sc. Thesis

Civil Engineering/ Structural Engineering

Supervised by

Prof. Dr. Mohammed Najim Mahmood

2019 A.D. 1440 A.H.



