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Abstract

Shell foundations are increasingly used in engineering projects
as structural elements below buildings, towers, arched dams, and similar
structures, For example, in Havana, the New City Hall was a building
with 24 floors, and folded shell footings were chosen as the footings for
this structure. The study and design of such types of foundations have
evolved significantly since the mid-20th century and have been widely
employed, particularly in soft soil conditions. They serve as economical
alternatives to shallow foundations when there are high loads
transmitted to weak soil.

The current study primarily aims to understand the load-
settlement behaviour under the influence of static vertical loads within
two main domains. Firstly, the laboratory work domain involves a
model with dimensions of 50x50%60 cm and sections of selected shell
footings manufactured to achieve the study's objectives and for the
properties of sandy silt soil obtained from the village of Khawaja Khalil
in the north of Mosul city.

The second domain was dedicated to a numerical study using the
Midas GTS NX software. The theoretical study included the
representation of both the laboratory model with the footing sections
and the soil type used in the first scope. It also involved a numerical
study that encompassed variables related to soil properties and the
properties of shell footing sections, The isotropic-Mohr-Coulomb
model was used to represent the soil, while the foundations were
represented using the isotropic-linear-elastic model. The study included
three types of soil: clayey, silty, and sandy soils. In terms of footing

sections, the pyramidal, conical, and pyramidal pentagonal inverted and



upright for each type were all looked at. These were studied along with
traditional flat footings like square, circular, and pentagonal footings.
The study also examined the shell foundation efficiency factor, which
describes the relationship between the ultimate bearing capacity of the
footing relative to the ultimate bearing capacity of flat footing.

The laboratory results showed that shell footings generally have
a higher load-carrying capacity than traditional flat footings. Upright
shell footings have a higher load-carrying capacity than traditional
footings at the side slope angle (6 = 63°). In particular, the pyramidal
upright shell footing can hold more weight than the other models tested
in the lab at a side slope angle of 63°, which is a 24.4% increase in the
load-carrying capacity value.

The numerical results revealed that inverted shell footings within
the side slope angle range (15°-30°) have a higher load-carrying
capacity than upright shell footings. On the other hand, upright shell
footings within the side slope angle range (45°-63°) exhibit a higher
load-carrying capacity than inverted shell footings. The addition of an
edge with a length of (cm10) has a more significant impact on the
increase in load-carrying capacity compared to adding an edge with a
length of (cm20), except for certain foundation sections at a side slope
angle of (45°).

Increasing the embedment depth is effective and influential in
increasing the load-carrying capacity of shell footings. Upright conical
and pentagonal pyramid shell footings are more effective when the
embedment depth changes to (cm40-50), while upright pyramid shell
footings are effective when the embedment depth changes to (cm50—

60).



The shell efficiency factor (1) of inverted shell footings is higher
than that of upright shell footings. The inverted pyramidal shell footing
with a slope angle of (15 to 30°) exhibited higher efficiency compared
to other types of footings, with values of 52.58% and 51.7% for the
specific types (IP_A DF50 E10,IP_B DF50 E10).

Shell footings work best on sandy soil, then silty soil, and less
well on clayey soil. The load-carrying capacity of these foundations on
sandy soil 1s greater compared to other soil conditions. The results
showed that the upright pyramidal shell foundation (numerical
laboratory model) could hold the most weight compared to the other
foundations, with values of 14.1 kN, 17.5 kN, and 19.5 kN on clayey,

silty, and sandy soils, respectively.



