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Abstract

Nanotechnologies has significant effects across various scientific and industrial
domains. The primary catalyst for the proliferation of nanotechnology is its
capacity to enhance product reliability, broaden application possibilities beyond
traditional functions, reduced costs, diminish size, and lower power consumption.
Furthermore, the integration of nanotechnology into materials science bolsters
material durability, yielding high-performance materials that make efficient use of
natural resources while attaining desired material properties with minimal resource
consumption.

This research included experimental studies of the extent effect of adding
nanomaterial (3% Nano silica (mix S), 2.5% Nano Titanium (mix T) and 1%
Carbon Nanotube CNT (mix C) as replacement of the cement weight) to the
concrete to improve its resistance ability to Incremental, Cyclic and Impact loads
and compared with normal concrete under same loading cases.

The mechanical properties of nano concrete were studied in terms of splitting
strength, compressive strength and unit weight.

Comparing the results with a normal concrete sample revealed that adding Nano
Titanium in mix (T) led to a highest compressive strength and splitting strength.
Microstructural testing, using Scanning Electron Microscopy (SEM) and X-ray
diffraction (XRD) and comparison with normal concrete in order to show the extent
of the effect of adding nanomaterials on the behavior of concrete.

Observing the X-ray diffraction (XRD) test results showed that the addition of
Nano Titanium Tio, in mixture (T) had a significant impact on the crystal structure
of the cement components in the concrete through the appearance of strong
diffraction patterns from the beginning of the diffraction at 2theta (10) to its end
2theta (76). After casting twelve models of reinforced concrete structures, each set
of four models were tested under one of the loading types, three of each made by

nano concrete and other made by normal concrete.



The first group of reinforced concrete samples made by using Nano titanium (T),
Nano Silica (S) and Carbon Nanotube (CNT) was tested under the effect of loading
applied incrementally with load rating of (1kN/sec). The recorded results were
compared with the sample made of normal concrete and it was found that the
addition of Nano Titanium in mix (T) and Nano Silica in mix (S), caused a higher
first cracking load and more ductile behavior than other structures.

Furthermore, it was observed that standard concrete in mix (N) and the concrete
containing carbon nanotube (CNT) in mix (C) exhibited similar or close resistance
to deflection. This suggests that incorporating 1% carbon Nanotube (CNT) into
mix (C) did not yield a beneficial effect on the concrete and resulted in the lowest
initial cracking load among the tested samples.

The second set of reinforced concrete specimens included adding Nano Titanium
(T), Nano Silica (S), and Carbon Nanotube CNT, tested under cyclic loading
condition. Comparing the results with a standard concrete sample revealed that the
addition of Nano Titanium in mix (T) led to a higher initial cracking load than the
other mixtures and it was observed that the addition of Carbon Nanotube (CNT) in
mix (C) displayed the lowest initial cracking load among the tested samples.

On the other hand, it was observed that the addition of Nano Silica (S) in mix (S)
gave the lowest value of deflection compared with the other specimens.

When comparing the impact of Cyclic and Incremental loads, it was found that the
same model with added nano Titanium (T), was more durable to cyclic loads than
to incremental loads by 20% percent.

When examining the last group of reinforced concrete structures to which
nanomaterials were added under the impact load and comparing the results with
the model made of normal concrete, the highest values of vibration to which the
model was exposed under the influence of the impact load was recorded in the

model with Nano Titanium (T).



The strain in the reinforcing steel for the columns has greater values for all mixtures
than that in the reinforcing steel of the slab this is due to the lateral impact loads
which led to develop tension forces in the columns.

The experimental results with incremental and cyclic loading cases were compared
with the expected results incoming from ANSYS computer program models for
Nano-concrete structures.

According to experimental work and numerical simulations using finite element
analysis, the initial cracking load values for specimens under cyclic loading are
generally consistent. When the load deflection curves from finite element analysis
were compared to the curves from the experimental works at the slab center under
incremental loading, the experimental curve revealed fluctuating behavior.
Nonetheless, the average experimental response reveals an acceptable match,

especially in the early phases of loading.
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