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Analysis of concrete durability and life prediction of

shield segment in cross-sea metro
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and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: According to the working condition of Xiamen Metro Line 2, the environmental category and action grade of the shield
segment in transoceanic section were determined. The chloride ion content of the recommended mix concrete was calculated from the
chloride ion content of each raw material, and the chloride ion diffusion coefficient test and the compressive strength test were carried
out for the recommended mix concrete. Based on the initial corrosion stage of steel bar ¢;, the stage of rust expansion and cracking of
the service life of concrete structure ¢, was predicted.

concrete cover ¢, , and the stage of obvious deterioration of concrete function ¢

c? do

The assessment methods in the Quality control standard for high performance concrete in harbour engineering (JTS 257-2—2012) , the
Assessment standard for durability of concrete structures ( CECS 220:2007) and the multi-factor coupled evaluation (MFC) method were
used respectively. The results show that the service life of recommended mix proportion of Xiamen Metro Line 2 is greater than 100
years, which can meet the requirements of 100 years.
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Tab. 1 Recommended concrete mixes

I P K BER b/ K/ VISTVENNE v/ VAR -3 VA A VA ¥ § i

W/B B/ % % (kg - m™) (kg-m>) (kg-m™) (kg-m™) (kg-m™) HE/%
DX 145 0.335 45 38 140 230 63 125 — 0.9
BRK DX245 0.315 45 37 140 244 67 133 — 0.9
DP123 0.315 45 42 140 244 67 133 1.5 1.1
. SX245 0.330 45 38 140 233 64 127 — 0.9
A SXP123 0.315 45 42 140 244 67 133 1.5 1.1
WX145 0.335 45 42 135 222 60 121 — 0.6
JEW WX245 0.315 45 42 135 236 64 129 — 0.7
WP123 0.315 45 44 140 244 67 133 1.5 0.8
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Tab. 2 Concrete performance values for recommended mixes
AEFY AR . N o .
e T Sooa SETT B E/ MPa SRS
R Gi' ‘ Dyeu/ (1077 m™ + 577) 9 BE BRI (A
B/ % MPa
28 d 90 d 7d 28 d 90 d
DX145 0.054 2.5 1.6 51.0 59.7 65.2 49.8
Bk DX245 0.051 2.3 1.4 59.0 65.8 70.5 55.9
DP123 0.051 3.8 1.8 59.1 69.9 72.5 60.0
— i SX245 0.052 2.9 1.9 55.6 65.9 71.2 56.0
a SXP123 0.050 3.7 1.9 60.4 71.6 73.3 61.7
WX145 0.056 2.1 1.7 52.2 62.7 68.7 52.8
e WX245 0.053 2.0 1.6 58.8 65.6 72.5 55.7
WP123 0.051 3.1 1.9 55.5 69.8 69.9 59.9

1, BTG 20 (2) #EAT , 2 S RO BUEAR Y TR BE - P Ab O PRS2 AH AL E BUE AT 343 1 . &S8O

{E 8 o, RTTRAR LR 3,
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Tab. 3 Calculation parameter values and results of ¢,

R Y= ¢/mm  D/(107%m* -s7") C./% Co/ % v C./% t/a
DX145 55 0.180 0.5 0.054 1.2 5.4 89
B DX245 55 0.157 0.5 0.051 1.2 5.4 102
DP123 55 0.202 0.5 0.051 1.2 5.4 79
. SX245 55 0.213 0.5 0.052 1.2 5.4 75
- SXP123 55 0.213 0.5 0.050 1.2 5.4 75
WX145 55 0.191 0.5 0.056 1.2 5.4 84
JEH WX245 55 0.180 0.5 0.053 1.2 5.4 89
WP123 55 0.213 0.5 0.051 1.2 5.4 75
t, FTHEAE (4) 3647, & SBOE e 1, ATHREE R IR 4,
x4 1 TESHEVERER
Tab. 4 Calculation parameter values and results of ¢,
L = ¢/mm d/mm fon/MPa A/ (mm - a™) t/a
DX145 55 22 49.8 0.002 9 31
E=J17e DX245 55 22 55.9 0.002 9 33
DP123 55 22 60.0 0.002 9 34
. SX245 55 22 56.0 0.002 9 33
e SXP123 55 2 61.7 0.002 9 34
WX145 55 22 52.8 0.002 9 32
JEiH WX245 55 22 55.7 0.002 9 33
WP123 55 22 59.9 0.002 9 34
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Tab. 5 Calculation parameter values and results of 7,

BHIE 2 d/mm A,/ (mm - a™) 1,/a
DX145 22 0.06 9

BRK DX245 22 0.06 9
DP123 22 0.06 9
SX245 22 0.06 9

=i
SXP123 22 0.06 9
WX145 22 0.06

JEM WX245 22 0.06 9
WP123 22 0.06 9

PRI, B TS 35 7 3K T A 5 2 B B ARFR o, 435 6 PR
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Tab. 6 Predicted service life for recommended mixes by the JTS method Bf{I.a
HHE s 1 t, t t,
DX145 89 31 9 129
B DX245 102 33 9 144
DP123 79 34 9 122
SX245 75 33 9 117
=i
SXP123 75 34 9 118
WX145 84 32 9 125
Je ) WX245 89 33 9 131
WP123 75 34 9 118

H12% 6 TN AR A HU A FHARRR ¢, A9 B0 S5 SR AE 117 ~ 144 a, 3K F 100 a, RERE I 2 6 100 a (1
4.2 (REXEMmAEIEEFRAE) (CECS 220:2007) il R

1 CECS PP J7 ik T A 45 HEFE L & FL AR AR PR o, 4038 7 Bios . iR 7 W0, HERERC & LA AR R
t, BTN AR 136~ 172 a, ¥ KT 100 a, EGEHH L 100 a FIER
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Tab. 7 Predicted service life for recommended mixes by the CECS method HB{I.a

RHE i 1, t, t t,

DX145 110 31 9 150
B DX245 130 33 9 172

DP123 101 34 9 144
. SX245 94 33 9 136
—ht SXP123 97 34 9 140

WX145 101 32 9 142
Feib WX245 111 33 9 153

WP123 96 34 9 139
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4.3 ZEZEME(MFC)fmls R
M Z R ZRA (MFC) J B () 45 e A F P P AR ¢, an3e 8 Frs, 6 8 nl i, #EXE B & LL
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Tab. 8 Predicted service life for recommended mixes by multi-factor coupling evaluation method HB{I.a
HBHE G L L, ty L,
DX145 71 31 9 111
K DX245 97 33 9 139
DP123 60 34 9 103
. SX245 65 33 9 107
- SXP123 73 34 9 116
WX145 68 32 9 109
Feib) WX245 77 33 9 119
WP123 60 34 9 103
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Fig. 1 Comparison of the calculation results of the three prediction models
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