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ABSTRACT

Excessive expansion (overexpansion) may occur in a relatively short period of time when
hardened paste of rapid hardening cement is subjected to water absorption after heating.
In this study, hardened specimens of rapid hardening cement were prepared in different
sizes, heated under different temperatures between 65°C and 120°C, and then immersed in
water to investigate their expansion behavior, as well as cracks in appearance and changes

in the strength of the hardened cement.

It was found that overexpansion was likely to

occur when the heating temperature was above 100°C, and that the effect of overexpansion

was more significant in the smaller specimens.

In the specimens with larger sizes and

restrained by steel reinforcement, even when heated at above 100°C, the effect of
overexpansion was found to be limited to the vicinity of the surface of the hardened cement,
with no significant impairment to the mechanical properties as a structural member.

Keywords : Ultra rapid hardening cement, Heating temperature, Overexpansion,
FEttringite decomposition, Cracking, Reinforcement restraint,
Restrained expansion test, Mechanical properties
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Fig.4 Effect of heating temperature on
expansion rate of unreinforced specimen
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Fig.5 Effect of heating temperature on expansion
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Fig.6 Large longitudinal and transverse cracks in
unreinforced specimens heated to 120°C Fig.7 Axial cracking of restrained specimens
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Table 1  Final expansion rate and visual appearance of specimen
(R RO RBRBIRE ENEBE O VENKR)
Size Restrained Heating temperature
(cm) condition 80°C 90°C 105°C 120°C
4X4X16 unreinforced 2.0% 5.5% 5.3% 7.0% (6days)
No cracks | Nocracks | Some fine cracks | Large vertical and horizontal cracks
Restrained 1.2% 2.6% 1.9% 1.83%(6days)
(0.62%) No cracks | Nocracks | Some fine cracks Large axial crack
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Table 2  Final expansion rate and visual appearance of specimen
(HERAEDORBRBIRE ENBE O VEINIKR)
Size Restrained Heating temperature
(cm) condition 80°C 105°C 120°C
10%10%x40 | unreinforced 1.8% 2.7% 3.0% and 10%
No cracks No cracks Cracks and warp of specimen
Restrained 0.8% 1.0% 1.1%
(0.95%) No cracks No cracks No cracks

#¢Loading tests were carried out on the shaded specimen.
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Fig.11 Fine cracks at the edge of unreinforced
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Fig.14 Young’'s modulus of restrained specimen
after expanded
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Assumed situations  Temperature

400°C

200°C

150°C

120°C

Asphalt construction

Mass concrete
Steam curing
Direct sunlight

80°C

LMOI  No expansion

Over expansion

105°C
90°C A

Phenomenon and experimental results

Rapid and excessive expansion
Unreinforced specimen: Many Cracks,
Warp

Restrained specimen: Large axial crack
Mechanism: Transformation of Ett to
metaetringite, regeneration of Ett by water
absorption

» Unreinforced large specimen: 0.2~0.3%
» Expansion restrained by rebar restraints
» The larger the specimen size, the smaller

the expansion.

e The effect on the load bearing capacity of

constrained expansion specimens is small

Fig.15 Effect of heating temperature, specimen size and restrained on occurring excessive expansion
(BERREICEZ SMBEE. RS S UVHEKTEZOZE)
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