








MAXIMUM STRENGTH CEILING

Concrete mixtures have a “strength ceiling” where there is a very little increase in compressive or
tensile strength, despite improvements in binder quality or increasing cementitious content. When
concrete (LDC or NDC) reach this ceiling, the strength of the coarse aggregate particle or the quality
of the interfacial contact zone will determine the limiting strength. After reaching the strength ceil-
ing, a very strong NDC will demonstrate a small positive slope of the strength/binder relationship.
In contrast, the slope will be somewhat less with LDC. In concretes containing highly expanded
LDA there will be a flat line with essentially no further increase in strength. Beyond the strength
ceiling increasing binder content is ineffective for LDC and NDC. In some areas it is not unusual to
observe an overlap in the envelope of strength/binder relationships when concretes containing a
strong LDA are compared to concretes containing a moderately strong NDA. )

The strength/cementitious content curves of LDC using different LDA will have differing shapes and
maximums. These differences are due to the structural strength of the different vitreous ceramic
LDA’s and the characteristics of the pore system developed during the expansion process. The
producers goal is to manufacture a high-quality, structural grade LDA which has a system of well
distributed pores of moderate size (5-300m) surrounded by a strong, relatively crack-free vitreous
ceramic matrix. The size, shape, volume and distribution of the vesicular pores will determine the
LDA particle strength (compressive and tensile). In general, greater pore volume will correlate with
lower strength potential, however there are exceptions and each material needs to be individually
investigated.

POST-ELASTIC STRAIN CAPACITY

Because the interfacial bond between the LDA and the surrounding matrix is greater than the LDA
particle strength, the failure plane will pass through both LDA and matrix. In contrast, the tensile
strength of a strong NDA particle exceeds the matrix tensile strength, and consequently the failure
surface generally will pass around the NDA. The failure plane in NDC is usually through the con-
tact zone (NDA/matrix interface) which is often weakened by the accumulation of bleed water.

With LDC at common strength levels 20-35 Mpa (2900-5080 psi) the similar tensile strength and
elastic rigidity of the two components (LDA and matrix) will minimize stress concentrations and
micro-cracking. This contrasts with extremely high strength NDC containing a very strong NDA,
where the aggregates remain intact after the matrix fails and provide a measure of additional post-
elastic strain capacity and a greater resistance to splitting. Because of the lower splitting strength
and reduced post-elastic strain capacity of LDC it appears prudent to limit the coefficients for which
the ACI 318 requirements modify the NDC for shear, tension, torsion, development length and
seismic design criteria to 35 Mpa (5080 psi) for concretes containing LDA. Significantly higher
compressive strength LDC’s and SDC’s have been specified, approved and successfully used on
several major projects after a comprehensive testing program conducted on a specific mixtures
demonstrated that higher values were achievable. As pointed out by Rabbat, et al. [14] the seismic
behavior of LDC will be similar to that of NDC for strengths up to 6.0 ksi provided careful attention
is given to the amount, placement and detailing of confining steel reinforcement.



RECOMMENDATIONS

Recognizing the fact that concrete is heavy, and because construction generally involves
transportation, design professionals may consider SDC to improve structural efficiency and
lower transportation costs.

To assure an adequate curing regime that improves internal integrity and performance,
designers may consider the addition of LDA containing high moisture content to NDC to
enhance hydration through internal curing.

There is now an urgent need for comprehensive, industry wide investigations into the
physical and engineering properties of structural concretes with strength/density
combinations outside of traditional ranges.

Future code revisions should develop a seamless transition of criteria for engineering
properties for concretes of all practical combinations of achievable strengths with density
ranges from 1200-2500 kg/m? (75-156 1b/ft®)
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