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Concrete Carbonation under Nitric Acid and Bending Stress
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Abstract: To study the effect of acid gas and bending stress on the carbonation durability of highway tunnel lining,

the accelerated carbonation test of concrete under the combined action of nitric acid erosion and bending stress was

carried out, and the carbonation depth, carbonation substance content and microstructure of concrete were tested

and analyzed. The results show that both nitric acid and bending stress can promote the carbonation of concrete. With

the increase of nitric acid concentration and stress level,

the carbonization depth increases and the content of

carbonized substances decreases. Nitric acid erosion consumes alkaline substances and weakens the filling effect of

CaCO; on pores, forms microcracks and increases porosity. The bending stress makes the microcracks develop

further, form tensile cracks, and the microcracks are formed in coordination with carbonation.
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Table 1 Basic indexes of cement
Chemical composition(by mass)/ % . " .
Density/ Specific surface Fineness
Ca0O Sio, ALO, Fe,0, MgO f-CaO IL (grem %) area/(cm’+g ') (by mass)/ %
58.12 20. 30 4.45 2.28 0.23 0.75 4.05 3.10 3630 2.70
®2 BRIMEALLF284EE
Table 2 Mix proportion and 28 d strength of concrete
Mix proportion/(kg-m )
Water reducing J/MPa f/MPa
Water Cement Sand Crushed stone .
admixture
166.0 360.0 727.0 1137.0 3.6 32.3 5.1
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Table 3 Specimen number and corresponding working condition
HNO HNO HNO. HNO.
No. Stress level « 1)1/ No. Stress level « i/ No. Stress level C( 1)1/ No. Stress level d 1)1/
(mol-L ) (mol-L ") (mol-L) (mol-L ")
A-1 0 0 B-1 0 0.01 C-1 0 0.05 D-1 0 0.10
A-2 0.3f, 0 B-2 0.3/, 0.01 | c2 0.3, 0.05 | D2 0.3f, 0.10
A-3 0.5/, 0 B-3 0.5/, 0.01 c-3 0.5/, 0.05 | D-3 0.5/, 0.10
A-4 0.7f 0 B-4 0.7, 0.01 C-4 0.7/, 0.05 | D4 0.7 0.10
16
14 | 28d 13.50
L 14d a4 1267 1275 [
1o I 7d 142 1143 LL99 =25 11.96
Il 3 d 10.93 11.09 . . 10.89
10.34 10.52
0F g7 016 22
: ' 8.06| |7.87| [7.90| 8.05 8221 |7.89| |7.86| 8.03 |8:40
£ 6.83| (6.90| (122 736
T ool 1606] 621 611 :
4l y 5 ‘ 9 90 6 q B
2+
0
A-1 A2 A3 A4 B1 B2 B3 B4 C1 C2 C3 C4 D-1 D2 D3 D4

Specimen No.

& 2

1 PF P 8 A %

Fig.2 Carbonation depths of specimens
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