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Experimental study on synthesis and
tensile failure characteristics of hydraulic lime
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Abstract: Hydraulic limes are considered as an appropriate material for restoration and reinforcement
of stone historical relics in Europe. However, they have poor performance for the restoration of
sandstone historical relics in China. The synthesis mechanism and tensile failure characteristics of
hydraulic limes are studied by calcination of limestone and clay for different durations at 950°C in order
to explore appropriate restoration and reinforcement materials for stone historical relics in China.
Compositions of hydraulic limes with different burning time and curing ages. microscopic morphology,
shrinkage rate and tensile strength are analyzed. The results show that hydraulic limes contain
hydraulic components 2Ca0 « SiO, (C,;S). The components of hydraulic lime are similar to those of the
European hydraulic lime NHL5 after calcining for 8 hours. 1. 5Ca0 « SiO, « H,O(C-S-H) and CaCO;4
appear in hydraulic limes as the curing ages increase. At early ages (between 1 and 3 days)., the
shrinkage rate increases slowly with ages; At middle ages (between 4 and 6 days), the shrinkage rate
increases quickly with ages; And the shrinkage rate remains constant after 7 days. At early stages of
loading, the area of deformation zones increases with tensile stress. Localized bands appear by
merging adjacent deformation zones, and after the peak load, it develops into the macro-crack that
destroys the sample. As the curing ages increase, the tensile strength of hydraulic limes increases,
and a network structure is formed by overlapping of C-S-H and CaCO; in hydraulic limes, which
enhances the mechanical strength of the samples. The physical and mechanical properties of
synthesized samples are similar to those of European hydraulic lime NHL5. The samples with
homogeneous and controllable compositions have great applications in restoration and reinforcement
projects of stone historical relics in China.

Keywords: hydraulic lime; tensile stress; tensile strength; strain field; shrinkage rate; calcination



