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Neutralization process and mechanism of nitric acid-exposed-lining shotcrete
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Abstract ; Neutralization process and mechanism of long highway tunnel shotcrete lining structure in general
atmospheric environment which is contacted with nitrogen dioxide in automobile exhaust was analyzed. The
neutralization experiment was carried out by nitric acid solution (pH = 2) immersion method.
Neutralization process of shotcrete was examined via physical and mechanical properties, damage depth and
pH value and nitrate ion content of shotcrete. Afterwards, the mineral phases composition and microscopic
morphology of neutralization zone were characterized using XRD, TG-DSC and SEM, which investigated
the neutralization mechanism of shotcrete. The durability deterioration process of nitric acid exposed
shoterete included three steps of neutralization reaction, hydration products decomposition, and aggregate

spalling. The pH value of shotcrete decreased while nitrate ion content increased. With increase of
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experiment aging, hydration products (calcium silicate hydrate and Ca (OH),) content decreased while

(Ca (NOg )2’

corrosion products

calcium aluminate nitrogen hydrate and kaolinite )

increased.

Microstructure of neutralization zone was damaged, which results in a rapid decrase of the physical and

mechanical properties.

Keywords: tunnel engineering; lining shotcrete; nitric acid corrosion; ions content; corrosion mechanism
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Tabal 1 Mix proportion of experiment concrete kg/m’
fL 4 L KUE K W GO Ry ST A DK R SE R
C43F10

411 197 892 892 46 4.56
Wi R+
S43F10
) 411 197 892 892 46 4.56 18.24
% S5 ke 35 -
S43F10SF50

A - 411 197 892 892 46 50  4.56 18.24
W 5 A 2T Ak T
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Table 2 Compressive and splitting tensile strength  MPa

A YU 5 LB
B4 H
28 d 60 d 90 d 28 d 60 d 90 d
C43F10 40,14 54.22 57.34 6.68 4. 07 4.52
S43F10 54.22 35.75 42.63 4.07 3.85 5.08
S43F10SF50  57.34 41.63 52.24 4.52 4.29 5.12
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Production process of shotcrete specimen.
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Table 3 Grouping and Number of Test Specimens

A HCR
HIUREE 34 R
C43F10 S43F10 S43F10SF50
B SR A 400 mm>X 100 mm > 100 mm 34 34 34
Jo A 400 mm X 100 mm > 100 mm 34 34 34
PR R 100 mm X100 mmX100 mm 6 &1 X 3 41 X3 4~ 6 I I X 3 2 X 3 A 6 I I X 3 2 X 3 A
BEZIHIFIIRAE 100 mmX 100 mmX 100 mm 6 @) X3 41 X3 4> 6 I3 X 3 4 X 3 A4 6 I X 3 4 X3 A4
i1 5 400 mm > 100 mmX 100 mm 34 34~ 34
B a 100 mm X 100 mm>X 100 mm 6 # 1 X 3 A4~ 6 W X 3 A4~ 6 I X 3 A4
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Table 4 Physical and mechanical properties of specimen under nitric acid corrosion

_ X Bl S A5 4 45 5 R/ 6 B Bk R/ 0 AR PUR SR AR AR/ 00 AR B RIS R R R 4

fe B e g W% ) B 5 5 44 B e g W ) B T B
30 3.2 2.5 2.2 1.6 0.5 0.5 3.6 4.5 1.5 3.3 4.4 2.0
60 3.5 3.9 3.1 3.5 3.5 2.9 9.3 10.2 4.3 5.8 10.1 4.6
90 4.3 5.6 5.2 4.7 4.9 4.2 15.2 16.5 6.1 10.6 13.7 8.3
120 5.2 7.5 6.3 5.3 5.9 4.8 22.4 24.1 11.9 14.8 19.9  12.6
150 5.8 9.3 8.5 6.1 7.5 5.9 30.6 32.6 17.3 22.0 26.2  16.6
180 6.9 12.2 10.8 8.7 9.9 8.6 41.7 46.1 25.7 30.8 35.2  20.5
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Fig.2 Damage depth of concrete specimens
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corroded shotcrete
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products in concrete

3.3.2 KRFHamug MEKETFHRAML
FEF C—S—H A Wi 8 6 #E, IR BE - pH [ T K%,
C—S—HFK AFt KR LKRREM, Wi &4 4. C—
S—H ZMFIE L Ca>™ K SiO, « nH, O, i 5 5 V8 % +
LR e B o, KL fLig 2 (& 100, T
C—S—H 43, & i AFt K K 17 5 588 16 W2 Pk 3 455
L AFt HSOT # NO, R, JB B R B K
NO,-AFm, 7E IR BE + N H B S IK R 1 (| 1D . K
AN KA () fb 2 WARAE L B e 18 A0, AFt
FA AT AR b, R T S S TR B K Ak BT
WA B ARG, I, I8 SR TR E - B ) o M e
pH fH P T R 0 R e K.

3.3.3 mst R @ik B TmSHREE K



%54

I RIEF R BRARARAT B SRR P L A2 A LI 123

8 S|MUFBMC—S—HBERWHBREBIMEH SEM R A
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Fig. 9 Surface color changing of shotcrete

Fig. 10 SEM image of shotcrete immersed for 90 days
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