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ABSTRACT

Lightweight structures have become a preference for developing advanced civil
infrastructure in the current time. Lightweight construction materials are advantageously
used for emergency shelters, defense facilities, and other structures geographically
located at places that pose complex construction and transportation challenges. These
materials can also be used to build structures that protect army soldiers from harsh
environmental conditions and man-made attacks at the forward posts. Structures at such
posts could be subjected to blast and impact, and extreme weather could also pose
significant challenges, especially for structures at high altitude areas. Rapidly deployable
modular structures that can be assembled from prefabricated lightweight building units
could be suitable structures for the aforementioned applications. Therefore, this study
aims at assessing the behavior of different lightweight and high-performance building
units made of fiber-reinforced polymer (FRP), FRP and foam sandwich, ultra-high-
performance concrete (UHPC), natural fiber-reinforced foamed concrete (NFRFC), and
bio-composites under various loadings. Compared to other conventional structural
materials, composite materials generally have better physical and mechanical properties,
such as low density, low thermal expansion coefficient, high specific strength, and high
specific stiffness. As a result, composite materials are suitable for use in civil structures
subjected to extreme loading conditions. However, there are various uncertainties
associated with composites including variability in material properties and applied loads.
Therefore, it is essential to investigate the behavior of composites considering these

uncertainties.

In this study, suitable numerical models are developed for FRP, FRP and foam sandwich,
UHPC, and NFRFC building units. Moreover, a finite element model is developed for a
full-scale FRP and foam sandwich modular structure subjected to various blast load
scenarios. Different deterministic and probabilistic numerical investigations are
conducted on the buildings units and structures subjected to static and blast load.
Furthermore, the effect of different protection coatings, i.e., foamed concrete and
polyurea, on the blast resistance of the building units is studied. Application of polyurea
coating enhances the blast resistance of the structures significantly. Notably, the behavior
of the FRP composites, having various configurations, is studied under different blast

load scenarios. Here, the failure of the FRP composites is determined by implementing
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various failure criteria, namely, the maximum stress, Tsai-Hill, Hoffman, and Tsai-Wu
failure criteria. Moreover, the stochastic performance assessment of FRP composite is
conducted using Monte Carlo simulation and generalized polynomial chaos methods in
this doctoral research. In addition to the building units, a selected connection, i.e., anchor
channel, is investigated under static and high-rate loadings. Experimental studies are also
conducted to assess the behavior of FRP and foam sandwich beams, and anchor channels
under static loads. Indentation failure in the FRP facesheet and shear failure in the foam
core are obtained as the most governing failures in the sandwich composite beams.
Concrete edge breakout is obtained as a dominating failure mode for anchor channels
under shear load. Furthermore, the effect of moderate and high loading rates on anchor
channel shows enhancement in the influence of structural inertia, and further, increases

the localized failure, i.e., shear cracks around the channel.

Climate change has become a worldwide problem, and many conventional construction
materials are contributing to the carbon footprint. Stubble burning also causes a huge
amount of greenhouse gas emission (GHG) in many countries every year. Therefore, the
environmental impacts of stubble burning in India and alternative bio-composite
production have been compared. Subsequently, the use of natural fibers in civil
engineering structures is studied, as an alternative to conventional construction materials.
Finally, a trial production of prototype bio-composite building units is carried out. The
production of the building units is accomplished through a startup initiated as part of this
doctoral study. Thus, this doctoral research contributes to reliable modular structures
made of lightweight and high-performance materials subjected to extreme loadings.
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