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Creep Properties and Microscopic Mechanism of Silica
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Abstract: In order to investigate the effects of silica fume dosing and rubber particle size on the creep properties of
cement mortar, orthogonal tests were carried out using 16 groups of specimens designed to analyse the unconfined
compressive strength, creep properties and microscopic characteristics of cement mortar with different silica fume
dosing and different rubber particle sizes, respectively. The results show that the rubber particles would reduce the
unconfined compressive strength and increase the creep deformation of the mortar, and the strength of the mortar
recovers and the creep deformation decreases after the addition of silica fume. Both rubber mortar and ordinary mortar
experienced three levels of loading, and the creep of rubber mortar lasted longer, while the addition of silica fume
significantly increased the load level at which the specimen suffered damage. The parameters of the Burgers model
are identified based on the test data of the decelerated creep stage and the isokinetic creep stage, and it is found that
they are in good agreement. The microstructure and fine-scale modelling show well the synergistic mechanism of
rubber and silica fume on the creep performance of mortar.
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Table 1 Performance indexes of silica fume

Appearance Specific surface area/(m*-g ')

w(Si0,)/ %

w(Cl ) /% 1L(by mass)/ %

White powder 21
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Table 2 Mix proportions of silica fume-rubber mortars

Unit: g
No. Cement  Water Sand  Silica fume Rubber
OM 450 280 1080 0 0
A0 450 280 864 62 0
A2 441 280 864 62 9
A4 432 280 864 62 18
A6 423 280 864 62 27
A8 414 280 864 62 36
BO 450 280 864 62 0
B2 441 280 864 62 9
B4 432 280 864 62 18
B6 423 280 864 62 27
B8 414 280 864 62 36
Co 450 280 864 62 0
C2 441 280 864 62 9
C4 432 280 864 62 18
C6 423 280 864 62 27
C8 450 280 864 62 36
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fume-rubber cement mortar specimen
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Fig.2 Creep test curves of silica fume-rubber cement mortar specimens
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Relationship between creep stress level and instantaneous strain of silica fume-rubber cement mortar specimens
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Table3 Fitting parameters of Burgers model for mortar
specimen

2

No. o¢/MPa E,/GPa py/(Pa-h) E./GPa 7/(Parh) R*

OM 18.22 9.458 21787.586 2930.179 857.354 0.985
A0 8.61 5.639 5091.966 1058.219 124.894 0.986

A2 9.55 6.307 6396.710 1483.456 181.818 0.978
A4 10.55 6.769 7693.480 2250.738 352.961 0.983
A6 11.15 7.634 9565.260 2373.481 430.438 0.984
A8 12.18 8.679 12836.530 2698.896 502.662 0.830
BO 11.62 5.977 5198.716 1271.030 147.943 0.989
B2 13.48 6.619 6833.415 1819.294 276654 0.977
B4 13.95 6.830 8415.596 2257.173 380.664 0.979
B6 14.77 7.876 9808.975 2442.059 431.184 0.978
B8 16.22 8.773 13 181.868 2728.211 648.882 0.989
CO 12.28 6.304 5888.081 1373.202 177.164 0.978
C2 14.19 6.667 7619.530 2052.453 317.860 0.978
C4  14.94 7.465 8596.841 2369.772 418.719 0.985
C6 15.67 7.994 10031.565 2451.837 499.826 0.981
C8 16.68 8.826 17284.405 2927.037 716.396 0.987
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Fig. 5 Fitting curves of silica fume-rubber cement mortar specimens using Burgers model
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