CHAPTER 6
CONCLUSION

SECTION ONE
RUBBERIZED CONCRETE AT LOW VOLUME FRACTIONS

= Cube compressive strength is strongly affected by the change of the studied
parameters and their levels. In general, as expected, the cube compressive
strength decreases gradually with the increase in rubber content.

= Rubberized concrete yields a ductile mode of failure comparing to that of
conventional concrete.

= The addition of silica fume increases the compressive strength significantly.

= The change in rubber type slightly affects compressive strength of rubberized
concrete.

= For rubber surface treatment, the effect on compressive strength 1s hardly
significant.

* From the effect of two factors interactions, the best compressive strength is
obtained by the combination of these factor levels; C30 concrete grade, 0.5%
rubber volume fraction and the addition of 10% silica fume as a replacement of
cement by weight.

= The actual cube compressive strengths of the mixes, which are not included in
the principle block, are very close to the calculated expected values from the
classical method of analysis. Thus, the 1/9 fractional factorial of 375 design is
applicable and can be used to predict the compressive strength or any other
property conducted in the study for any treatment combination.

* For slump test results, rubberized concrete achieves slump varies from 10 mm
to 60 mm as compared to 30 mm to 32 mm for control mixes without rubber.

= Rubberized concrete that contains rubber particles at 1.5% volume fraction gives
slightly higher slump values than that of 2.5% rubber.

= Rubber type has the most significant effect on slump values. Fiber 8 yields high
slump of 43mm as compared to 27mm and 17mm for crumb rubber and Fiber 4,

respectively.

= The surface treatment of rubber particles has the least effect on slump values of
the studied parameters.
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= For static modulus of elasticity, almost all the rubberized concrete mixes yield
lower static modulus of elasticity than the control mixtures.

= Rubber volume fraction has the most significant effect on the static modulus of
elasticity, while rubber type has the lowest effect on the static modulus of
elasticity.

= The results reveal that, the elastic modulus of rubberized concrete decreases
gradually with increase in rubber content.

= Impact resistance of rubberized concrete improves significantly with the
addition of rubber particles comparing to normal concrete.

= The impact resistance of rubberized concrete with fibrous rubber seems to be
suitable for applications where high impact resistance is required.

= The surface treatment of rubber particles has the least effect on Impact resistance
of the studied parameters.

= From the effect of two factors interactions, the best impact resistance is obtained
by the combination of these factor levels; C30 concrete grade, 2.5% rubber
volume fraction and the addition of 0.2% polypropylene fiber.

= Flexural toughness is also improved by the addition of rubber particles. Also
the concrete mass was able to withstand loads even when it was highly cracked.

= Rubber type has a significant effect on flexural toughness, as rubber fibers yield
to improve flexural toughness of rubberized concrete.

* From the effect of two factors interactions, the best flexural toughness is
obtained by the combination of these factor levels; C30 concrete grade, 2.5%
rubber volume fraction and the addition of 0.2% polypropylene fiber.

= For abrasion resistance, all rubberized concrete mixes have abrasion resistance
comparable to control mixtures.

= Rubberized concrete with crumb rubber vyields the best abrasion resistance
comparing to that of rubber fibers.

= The addition of silica fume enhances the abrasion resistance of rubberized
concrete significantly.

SECTION TWO

In the second section of the research, rubber was used at high portions in concrete as
sand replacement by volume. Also, the properties of rubber-cement and rubber-
epoxy composites were investigated.
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RUBBERIZED CONCRETE AT HIGH VOLUME FRACTIONS OF
SAND REPLACEMENT

* Thermal conductivity decreases significantly with the increase in rubber
content for rubberized concrete, as the reduction in k-value at 100% fine
aggregate replacement is 58.6%.

» The ACI model for thermal conductivity of concrete is not applicable for
rubberized concrete as the actual k-values are lower than the wvalues derived
from the ACI model.

= The implementation of rubber particles into concrete improves the sound
insulation properties by 69% at 100% fine aggregate replacement.

* The maximum reduction in density was recorded by 20% at 100% replacement
of fine aggregate. Also, the absorption increases with the increase in rubber
content.

= Compressive strength decreases significantly when rubber particles are used
as fine aggregate replacement. The maximum reduction in compressive strength
for rubberized concrete is 93% at 100% fine aggregate replacement.

= Tmpact resistance yields the same reduction for rubberized concrete.

= Despite of the reduction in impact resistance, the number of blows
corresponding to the crack propagation improves with the increase in rubber
content.

= Flexural strength of rubberized concrete decreases significantly with the
increase in rubber content. Furthermore, large deformations are recorded for
rubberized concrete, especially at high rubber contents.

RUBBER-CEMENT AND RUBBER-EPOXY COMPOSITES

= Rubber composites have distinguished thermal and sound insulation
properties. As the average thermal conductivity of rubber-cement and rubber-
epoxy composites are 0.47 and 0.25, respectively.

» The sound attenuation coefficient of rubber-cement and rubber-epoxy
composites varies significantly with the change in rubber type.

= The average dry unit weight of rubber-cement and rubber-epoxy composites
are 1200 and 900 kg/m’, respectively. Thus rubber composites may be
considered as a lightweight material, based only on the unit weight test results.

= Rubber-epoxy composites exhibit a significant elastic _behavior especially for
Fiber 8§ and Fiber 4 as it retains to its original dimensions after unloading. Thus,
it may be suitable to be used as contraction and expansion joints.
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RECOMMENDATIONS

- It is recommended to study the durability properties of rubberized concrete at
low volume fractions with different types of rubber particles, as rubberized
concrete seems to be promising in terms of freezing and thawing resistance.

- Further investigation is needed to study the damping capacity of rubberized
concrete at different rubber contents, as rubberized concrete is expected to
improve the damping capacity of concrete.

- The new composites of rubber-binder, especially rubber-epoxy, conducted in
this investigation are very promising in terms of sound and thermal
insulation, so more investigation 1s required to determine other properties like
sound absorption, damping capacity and 1impact resistance. Also, more
investigation 1s required for rubber-epoxy composites to predict its behavior
as contraction and expansion joints.
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