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Effects of Expansive Agent and Super-Absorbent Polymer on Performance of
Ultra-high Performance Concrete
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Abstract: In order to reduce or compensate the autogenous shrinkage of ultra-high performance concrete (UHPC), effects of
expansive agent, super-absorbent polymer (SAP), expansive agent (EA) and SAP on the slump flow, setting time, strength and
autogenous shrinkage of UHPC were investigated. The results show that EA can reduce the slump flow and shorten the setting time of
UHPC, the addition of SAP increases the slump flow and the setting time of UHPC with EA. The EA addition of 4% can slightly
increase the compressive and flexural strength of UHPC, the EA addition of 8% can decrease the compressive and flexural strength of
UHPC, and the addition of SAP increases the compressive and flexural strength of UHPC with the EA addition of 8%. The
autogenous shrinkage of UHPC is reduced by 34.4% at the EA addition of 4%, and the autogenous shrinkage of UHPC is
compensated completely with a volume instability at the EA addition of 8%. The SAP addition can further reduce the autogenous
shrinkage of UHPC at the EA addition of 4% and increase the volume stability of UHPC at the EA addition of 8%. It is thus indicated
that the combined addition of EA and SAP could be an ideal approach to reduce the autogenous shrinkage of UHPC.
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Table 1 Chemical composition of cement  w/%

SiOz FCzO3 A1203 CaO SO3 MgO

242 24 2.8 64.3 1.5 1.5

w is mass fraction.

F2 EREVCFEM

Table 2 Chemical composition of silica fume w/%

SIOZ F6203 KzO CaO MgO NaZO

95.2 0.59 0.86 1.85 0.27 0.17

R3 BERFIRUFENR

Table 3 Chemical composition of expansion agent EA w/%

Si02 F8203 A1203 CaO SO3

1 1 4 70 18
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Table 4 Mixed proportion design kg/m3
.. . Water-binder ration
Test Cement  Silicafume EA  Quartz powder Quartz sand Steel fiber  Superplasticizer SAP -

Effective Extra Total
1 833.8 208.5 0 83.4 958.9 157 20.8 0 0.18 0 0.18
2 800.5 200.1 41.7 83.4 958.9 157 20.8 0 0.18 0 0.18
3 767.2 191.7 83.4 83.4 958.9 157 20.8 0 0.18 0 0.18
4 833.8 208.5 0 83.4 958.9 157 20.8 2.1 0.18 0.05 0.23
5 833.8 208.5 0 83.4 958.9 157 20.8 4.2 0.18 0.10 0.28
6 800.5 200.1 41.7 83.4 958.9 157 20.8 2.1 0.18 0.05 0.23
7 767.2 191.7 83.4 83.4 958.9 157 20.8 2.1 0.18 0.05 0.23

SAP—Super absorbent agent.
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Fig. 2 Effect of SAP on slump flow and setting time of UHPC
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