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The use of polymer concrete (PC) in construction requires
the development of an accurate stress-strain relationship
which can accurately predict the mechanical properties of
PC. Given that no constitutive equation for cyclic loading of
unsaturated polyester PC (UPPC) is available in the literature,
the goal of the current research has been to propose a rational
analytical model for estimating the mechanical characteristics
of UPPC under tensile and compressive loading.
Compressive and tensile cyclic and monotonic tests were
performed on specimens which had been cured for 28 days
and the average monotonic stress-strain curve was obtained
for the monotonic tests. The average maximum stress and
strain were determined for both the compressive and tensile
tests and the elastic modulus and energy absorption capacity
were computed and compared with the values for normal
concrete (NC) and high strength concrete (HSC) materials.
Analytical models for the monotonic and skeleton curves
for both tensile and compressive tests have been provided,
and the proposed models were compared to experimental
findings and other research results for validation. Stress-
strain relationships have been proposed for the unloading
and reloading paths and were compared with the cyclic test
results. The ultimate stress and strain for the UPPC were
three and five times higher, respectively, than for the NC
in tension testing. The ultimate strain for UPPC was almost
150% greater than the final strain of HSC in compression.
Under compressive loading, the UPPC absorbed to 2.33 and
5.3 times more energy, respectively, than the HSC and NC.
The results showed that the skeleton curves agreed well with
the monotonic curves for the compressive and tensile tests.
All of the proposed models agreed well with the available
experimental data and previous study results.

The other object of this study was to investigate the
effect of sulfuric acid on the mechanical characteristics of
unsaturated polyester PC (UPPC), which is the common type
of acidic solution that exists in sewer pipelines. Therefore,
45 cubic specimens were fabricated and cured for 28 days.
Thirty specimens were immersed in 5%vol and 15%vol of
sulfuric acid, and uniaxial compressive tests were conducted
in intervals of 7, 28, 56, 84, and 180 days. Moreover,
monotonic and cyclic tests were performed on cylindrical
and dumbbell-shaped specimens for compressive and tensile
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tests, respectively, to describe the stress-strain curves of
UPPC specimens exposed to a sulfuric acid environment for
180 days. The elastic modulus, energy absorption capacity,
and stiffness degradation ratio were computed and compared
with the corresponding values for controlling specimens as
well as normal concrete (NC) and high strength concrete
(HSC) materials. Results indicated that the maximum
decreases of the compressive and tensile strength were
observed in those specimens which immersed in 15%vol
of sulfuric acid; these reductions were 33% (70 MPa) and
21% (8 MPa), respectively, compared to the controlling
specimens. Although the specimens in 15% sulfuric acid
showed the most reductions in maximum strength and peak
strain when compared to those in 5% sulfuric acid, they
still have significantly higher compressive strength, tensile
strength, energy absorption ratio, and energy dissipation
than the NC and HSC results. The average envelope curves
of compressive and tensile cyclic tests for controlling
specimens and those specimens which submerged in 5% and
15% acid were depicted. Comparison between the envelope
curves and monotonic results indicated that the envelope
curves traced the monotonic stress-strain responses very
well. Also, appropriate stress-strain relationships were
proposed for tension and compression for specimens
exposed to sulfuric acid.

In the final section of this study, the effect of dip angle
and pipe diameter was investigated during the finite element
analysis of buried segmented Polymer Concrete subjected
to fault displacement. The ABAQUS software was used to
create a detailed pipeline model. The structural response and
damage failure performance of the pipe barrels and joints
were examined and discussed. The results revealed that as
the fault’s displacement increased, the rotation angle of the
middle pipe enhanced (pipe number 9). As the dip angle
increases, the relative displacement of middle pipe increases
due to the enhancement of the vertical displacement of the
pipes. Increasing the pipe diameter reduces pipe rotation
caused by damage to the pipe body. The equivalent bending
moment at the occurrence of the first failure was calculated
in respect to the fault angles and the pipe diameters. Due
to the increase of the elastic modulus of the section and the
occurrence of more strains in pipes with a larger diameter,
the highest bending moments were observed in these pipes.

Keywords: Unsaturated polyester polymer concrete
(UPPC), Chemical resistance, Monotonic and cyclic tests,
Constitutive equation, Energy dissipation, Buried Pipelines,
Fault dislocation
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