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Effect of Air Entraining Agent on Capillary Water Absorption of Mortar
before and after Freeze-Thaw Cycle
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Innovation Center of Engineering Construction and Safety in Shandong Blue Economic Zone, Qingdao University of
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Abstract: The influence of air entraining agent content on the capillary water absorption test of mortar before and
after freeze-thaw cycle was conducted by weighing method, and its mechanism was investigated from the microscopic
point of view by low field nuclear magnetic resonance and scanning electron microscopy. The results show that the
capillary water absorption coefficient of mortar decreases with the increase of air entrainment without freeze-thaw
cycle. The air voids cut off the connectivity of pores, resulting in increase of the tortuosity of water transport channel.
After freeze-thaw cycle, the water absorption curves of mortar specimens show bilinear characteristics. Freeze-thaw
damage cracks can quickly absorb water and transmit water to the pores and air voids, resulting in acceleration of
early water absorption of mortar specimens, which is more significant in low air entrainment mortar. As the moisture
in the crack increases gradually, the subsequent water absorption of mortar specimen is mainly through the capillary
pores and air voids, and the water absorption rate decreases. There is an obvious linear correlation between the
capillary water absorption coefficient of mortar and the volumetric percentage of capillary pores of air entrained mortar
with and without freeze-thaw cycle.
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Table 1 Mix proportions of mortars

Mix proportion/(kg-m™*)

Specimen my,/mg w(air entraining agent)/ % o(air)/ %
Cement Sand Water
MO 0.6 500 1350 300 0 1.5
MO05 0.6 500 1350 300 0.005 8.3
MO10 0.6 500 1350 300 0.010 10.9
MO15 0.6 500 1350 300 0.015 15.0
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Table 2 Testing parameters of the LF-NMR

Magnetic field Number Number Echo Waiting
intensity/MHz of scan ofecho  spacing/ps  time/ms
6.87 200 30 000 150 8 000
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Fig.3 AW of air entrained mortar specimens
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Fig.4 Fitting curves of capillary water absorption coefficient of air entrained mortar specimens after 20 freeze-thaw cycles
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Specimen MO MO005 MO010 MO15

Volume fraction of cracks 0.133 0.053 0.042 0.028
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Fig.8 Microstructure of mortar specimens before and after freeze-thaw cycle
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Table 4 Fitting equations between capillary water absorption
coefficient and volumetric percentage of capillary pores

N/times Fitting equation R*
0 y=1.92X10 "2+0.009 7 0.989
20 y=1.99X 10 *2+0.095 5 0.911

VRN 351 D 0 B A0 R K P R RS s
P R U, HoRk o G A ot b Gk TR A0 4L AL
M = i AL [E AR 10 VR il 0 5 SR
A K s G BT e BT 10 AT D - fhy T8RS 0548 b
I LR AR BOR  RECE T B A AL, 22K
oy P i TE R K A B S AOR B

frrrrr ettt ttet

(b) Water transport in higher air entrainment mortar
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Fig. 10 Schematic diagram of water absorption in freeze-thaw damaged air entrained mortar
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