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Title of the thesis:
BEHAVIOR OF FOAM PARTICLES LIGHTWEIGHT CONCRETE WITH TIME

ABSTRACT

The time dependent behavior of lightweight concrete with polystyrene foam particles (LWC)
was experimentally and theoretically evaluated in this study. Polystyrene foam is used as
lightweight aggregate to produce lightweight structural concrete with unit weight 1900
kg/m®. The experimental program consisted of two phases; namely, the LWC mechanical
properties and the LWC time-dependent behavior. The mechanical properties incorporated the
compressive and tensile strength of concrete as well as its elastic modulus. The second phase
included the LWC time-dependent behavior under compressive loading with variable stress
levels; and the LWC time-dependent behavior under flexural loading with variables stress
levels and compression reinforcement. Moreover, steel creep apparatuses were designed and
built for this study. In the second phase, nine 15x30 cm cylinders of LWC were cast, tested
under three different compressive stress levels (20%, 40% and 60%), and compared its creep
behavior with three 15%30 cm cylinders of normal weight concrete (NWC). Test was run on
concrete specimens up to an age of 280 days. Furthermore, six LWC beams with cross section
(10x20) cm, 95 cm length and span 75 cm were tested under two different sustained loads
(25% and 50% of ultimate load) and compared time-dependent behavior with two NWC
beams. Beams were subjected to sustained load up to an age of 120 days.

Results showed that LWC with polystyrene foam particles exhibits a significantly higher
drying shrinkage than NWC with an increasing percentage of 31%. LWC with polystyrene
foam particles and NWC with equal compressive strengths were recorded equal creep strains
during the test period. Generally, the time dependent strain (shrinkage plus creep) of the LWC
with polystyrene foam particles under compressive sustained load was found to be higher than
that of NWC, with the same compressive strength, with an increasing percentage about 9%.
The creep strains of LWC with polystyrene foam particles seemed to be proportional to the
stress to strength ratio. The time dependent deflections of the LWC with polystyrene foam
particles beams were higher than those of NWC beams with increasing percentage about 25%,
hence, the time dependent behavior of the LWC with polystyrene foam particles in
compression and flexure were almost the same as compared with time dependent behavior of
the NWC. Addition of compression steel reinforcement (As’) to LWC with polystyrene foam
particles beams reduced time-dependent deflections. Sustained load level and LWC time-
dependent deflection was directly proportional.

Finally, models and equations proposed by different codes were used to evaluate the obtained
experimental results. From the theoretical study, it was found that Bazant-Baweja B3 Model
gave superior shrinkage strains prediction for LWC with polystyrene foam particles. The ACI
209R-92 presented preferable predictions of creep strain and time dependent deflection of
LWC with polystyrene foam particles.
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