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Durability of concrete with nano-particles under combined action of aggressive
CO, and alkali aggregate reaction

ZHANG Maohua, ZHANG Wenyue, PANG Lue
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Abstract; Subway concrete is easy to be attacked by aggressive CO, in underground space, and alkali aggregate
reaction (AAR) is a severe durability problem which is difficult to find and repair. Durability decrease of subway
concrete caused by these two problems seriously affects the normal use of the subway tunnel. To investigate the
impact of nano-particles on the durability of subway concrete under the combined action of aggressive CO, and
AAR, two kinds of nano-particles ( nano-SiO, and nano-Fe,O,) were respectively mixed into plain concrete to
prepare concrete with nano-particles. Durability test was carried out by using a self-developed equipment, and
erosion depth, expansion, and sonic velocity were selected as indices to evaluate the durability of the concrete with
nano-particles under the combined action of aggressive CO, and AAR. Test results show that after mixed with nano-
particles, the erosion depth and expansion of the concrete were decreased obviously, while the sonic velocity was
increased significantly, which demonstrates that the durability of the concrete with nano-particles was better than
that of plain concrete. At the age of 182 d, the concrete with 2% of nano-SiO, showed the best durability
performance that the erosion depth and expansion were the smallest and the sonic velocity was the largest with least
decrease, followed by the concrete with 1% of nano-Fe,O,. The enhancement of durability was due to the special
physical and chemical properties of the nano-particles which improved the microstructure of the concrete and the
chemical composition in pore solution.
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Tab.1 Performance indices of nano-particles
GBS Y RIAR/ nm i aig/ % HREBY (m® - g7") i Y PH {H
a2k Sio, 20 SEIK 99.5 640 +60 6~8
UK Fe, 04 50 K 99.9 60 o
*2 RELIHMEEL
Tab.2 Mix proportions of concretes kg +m™’
TREE A G 7K K e HLAEE EHE R I 7K 5 TH L5 YK IR NaOH
SRRy PC 184.5 410.00 1191.5 614 1.025 0.000 0.00 2.049
NSO5 184.5 407.95 1191.5 614 1.025 0.041 2.05 2.040
gk Sio, NS10 184.5 405.90 1191.5 614 1.025 0.041 4.10 2.030
TR+ NS20 184.5 401.80 1191.5 614 1.025 0.041 8.20 2.009
NS30 184.5 397.70 1191.5 614 1.025 0.041 12.30 1.989
NFO05 184.5 407.95 1191.5 614 1.025 0.041 2.05 2.040
4K Fe, 05 NF10 184.5 405.90 1191.5 614 1.025 0.041 4.10 2.030
R+ NF20 184.5 401.80 1191.5 614 1.025 0.041 8.20 2.009
NF30 184.5 397.70 1191.5 614 1.025 0.041 12.30 1.989
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Fig.1 Compressive strength of concrete with nano-particles
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Fig.2 Erosion depth of concrete with nano-particles
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Tab.3  Fitting parameters of erosion depth of concrete

‘ DA RS -
TREEL G HRRER
a
PC 64.37 -73.680 0.997 0
NSO05 58.85 -125.860 0.996 5
NS10 58.52 -162.360 0.994 2
NS20 55.51 -263.720 0.990 0
NS30 60.40 -99.015 0.988 6
NFO05 59.90 -110.290 0.993 6
NF10 57.07 -253.780 0.996 0
NF20 58.48 -177.960 0.994 6
NF30 62.10 -86.210 0.994 0
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Fig.3 Expansion of concrete with nano-particles
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Fig.4  Sonic velocity of concrete with nano-particles
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