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Study on nitrate ion diffusion of lining shotcrete exposed to nitric acid
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Abstract; Durability degradation of shotcrete-lining-long-highway-tunnel in general atmospheric environment which
is corroded nitrogen dioxide in automobile exhaust was analyzed. Shotcrete was immersed in nitric acid solution with
pH of 1.0, 2.0 and 3. 0. The pH values and nitrate ion diffusion of concrete specimens which were immersed in
nitric acid solution were measured by using solid-liquid extraction method and electrochemical method. In the
meantime, the influence factors of pH values and nitrate ion diffusion on shotcrete was discussed in terms of
immersion aging, pH value of nitric acid solution, steel fiber and formation way, respectively. Result shows that
the pH value of normal shotcrete was higher than that of normal concrete, while nitrate ion content was lower.
Therefore, the durability of shotcrete exposed to nitric acid was better than that of normal concrete. As nitric acid
solution pH value was less than 2, the pH value and nitrate ion content of steel fiber reinforced shotcrete were
higher and lower than those of normal shotcrete, respectively. It was indicated that steel fiber can obviously

improve the shotcrete durability exposed to low pH value nitric acid.
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Tab. 1 Mix proportion of experiment concrete kg + m’
Bl & b K SRR i Ky B VN e BB 7K 5] HEE
C43F10 411 892 892 46 197 / 4.56 /
S43F10 411 892 892 46 197 / 4.56 18. 24
S43F10SF50 411 892 892 46 197 50 4.56 18. 24
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Tab. 2 Compressive and splitting tensile strength of concrete specimens MPa
P 3 B BERLPURL R B
NG
1d 28 d 90 d 1d 28 d 90 d
C43F10 9.37 40. 14 57. 34 1.75 3.68 4.52
S43F10 10. 21 28.78 41. 63 1. 43 2.97 4. 29
S43F10SF50 13.71 40. 19 52.24 1.72 4. 36 5. 12




ER: ] +*

N
b2

: BHTR Rkt SHR EE £ NO, ¥ 7

1.3 MAMIKIE A%
1.3.1  IREE s MR IR ViR

5 PR EE LA R AR I UL pH AR 1. 2 A 3
M R S WA A T SR IR WG, BRI 30d A1
AR, R I AT 6 /\ﬁ’\ﬁ;ﬁ I8 45
B RHIREE B T BT RA 60 CHET 24
h, iR ERG, BHTE 75 80K S
PR A g 3617 2% 4, AR — AT AE b iR
E. ARJE, A B RN SRR K R R 4 d
wJa, KRR NAH R pH B B 5 R 1 W R AR IR
WAL, RIGWE, & 12 h R pH i+ &2
W pH B, FF R o b 4l R Y8 3 IR A W pH,

FH pH A MfaEE 1+0.1, 2401 1 3+0.2
Zh. RWHEWE 7 d ER—K, Bk
NO; &85 i R w2,

FE B 26 AH B 0 3R T 18 10T e, ) 0 A ) B
PERE (B PR | i) Al S RE (5L R BUE

SREE . BERPUBIIREE). Ho, ok e
P (NM-AB 3R g J P IR 48, b md Rt o )
X BEATIAR, (L) TSN B s AR

Ei t
= =X 100% (1)

EnL(J n

K. E MR R Eo, 5 n X505
TREE LA R R, MPa; E. hiREE L4103
PEA R, MPa; ¢, o055 n 850 5 0 1R 5% 1 4 75 ol )
W, sy oo R TR BE W0 GG R R B I s
i ©s.
1.3.2 R&E+ pH{EHM NO;, &&

REEL pH A NO;, &Ik AH 100 mm
X 100 mm X 100 mm {37 5 PRI, 485 1
A A 3 M. RGN, SRR
A E R A — 4k 7 ) AT 4y R HOKy , H o B A
FH 1l~10mm & 1lmm B 12, EEEH 11~
20 mm%E 2 mm B 1 2. WG, SR A G
(IR EE Ry R ZE K FE BT b R 1. 20) A AL 57
SRR, i Al IR = ik iR ¢+ pH il (C2100
Pro 5230 % pH i, RN A NO, JBEEI/RHKE
(PXSJ-216F & Fit, iRl ey).

E = X 100% =

G, A HREIRE L NO, &,
MN(); X 107MN% XV o
W = ( = )x100% (2)

s Waor AR EE - dokiEtE NO, bR EE 18
RIFRE A, B#E 0.001%; My A NO, JE

JRIFE, HL62.01 g/mol; G A Br MY IR EE 8 K
Bk, g, RIREL 10. 000 0 g; V ki i iR &E + %

K 7 KARR, L, A8R5H 0. 2 L.
2 WBE RS

2.1 HEBREMERIWENFZEREE
TSR 4= b TR 6 1 1) A B (B g PR B . )
TR RE (DUE SR | BFRTHIoR ) R T I 1.

1006
95
_5'21(5
El
E 90l-#-C43F10, pH=1
R —-S43F10. pH=1
= —A-S43F105F50, pH=1
= —0-C43F10, pH=
g5l 70-S43F10, pH=2
[2-S43F105F50, 4)H =2
—&-C43F 10, H
—8-S43F10, pH
g0 FES4IF 104 '50, pH 3 , ‘
0 30 60 90 120 150 180
LS B/d
(a) FHXF Bh SR PEAR
257-8-C43F10, pH=1
-0-S431'10, pH=1
—4-S43F105F50, pH=1
2 —n—(,43F10 pH= i
-0-S43F10, pH=
_ —A-S431'108F50, )H_Z
< 15[-8-C43F10, pH= i
S -8-S43F10, pH=
| “%-S43F108F3
£ 10F
3
o5t
0
i 30 60 90 120 150 180
EL S 9/d
(b) AR
-8-(C43F10, pH=1
70~+S43F10,TH:
—A-S43F105F50, pH=1
£ 602 C43F10, pH=
v -0-S43F10, pH
_—A—S43I‘IOSIFSO

= 40'%%4%10#50 pH=3

30 6'07 90 120 150 180
R/
(c) AHRSPTH IR AR

50743710, pH=1
2 S43FI0 pli=
—A-S543F 105 JH=1
40r-o-C43F10, pH i
-0-S43F 10,
343 105F so H=2
301-8-C43F 10, ?
—#-S43110,
—;as—smrlosrfso pH=3

/

RS B R i B 45 R /%
[
O

3I0 6IO 9I0 1 é() 1 é() 1 éO
R
(d) FHR B LR I B e 8
B1 HEBEEMEBERLTWENZMEE
Fig. 1 Physical and mechanical properties of

concrete exposed to nitric acid
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Fig. 3 Nitrate ion distribution in pore solution of

concrete with nitric acid
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e

3 e

SR P I 9 A6 B3 A e Ak 2 23 A ik, D) S i TR
MR EE 1 pH A NO; &%, 40471 pH HAS
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ARSI BE VR RE T R S IR pH AR

(2)HMR iR MR e £ pH EFFAL, W NO, &8
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S B NTRIR T 3 5 R RE L. YR MR pH
EAKRT 2 i, LT LEm SR EE - fLiE W pH A
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