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Mesoscopic study on carbonation of bridge concrete anchorage in

subtropical humid environment
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(Ministry of Education), Tongji University, Shanghai 200092, China;
3. College of Architecture Science and Engineering, Yangzhou University, Jiangsu Yangzhou 225127, China)

Abstract; Concrete carbonization is the most common problem in the long-term service of infrastructure, and it is
also the key point in the durability design of the corresponding structure. The concrete carbonization is closely
related to environmental temperature and humidity, especially in subtropical humid and hot environment.
Currently, it is difficult to consider the complex time-varying effects of actual environmental states, and there are
deficiencies in describing the spatial random distribution of carbonation and the timing of disease emergence.
Therefore, this study focuses on the multi-scale calculation efficiency accuracy and the time-varying input of
subtropical humid and hot environment, establishes an efficient transfer model of material carbonation mechanism
and structural service degradation, and proposes a diffusion path mapping method suitable for carbonation analysis
of large volume concrete structures in complex service environment. Based on the detailed carbonization analysis of
a bridge anchorage system in the southeast coastal area of China, the carbonization depth of long-term service
process and the probability characteristics of reinforcement corrosion were predicted, and the solving efficiency and
accuracy were greatly improved. Combined with specific engineering maintenance strategies, the durability
improvement effect of protective measures is predicted, and the advantages of this method in the durability analysis
of mass concrete structures are also presented.
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Fig. 1 Flow chart of diffusion path mapping method
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Fig. 2 Side view and front view of anchorage structure
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Fig. 4 Modeling of key section of anchorage structure and solving of surrogate model
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Fig. 6 Differences in results of mesoscopic simulation and simplified simulation of carbonization in

subtropical humid environment

Rl ZRIAFSEZMEHURERANNKRLREEZR

Tab. 9 Difference of carbonization depth considering influence of subtropical environment and simplified environment state

; ; N R A st 1) / 2
T PR AR ) AL IR EE
20 40 60 80 100
: S H4 9 BE /mm 18.8 25.2 31.6 37.9 40. 2
H IR o
Y 95 % 43P IR B /mm 20. 7 27. 8 34.7 41. 4 43.9
(AEEEHHK: 3 h/P) o .
brRUEZE/(107° mm) 1.5 2.0 2.4 2.7 2.9
" SEX IR BE /mm 15. 4 22.7 30. 3 33.0 38.8
AR AN S T
o 95 %0 43 AL B /mm 16.9 25.0 33.2 36. 2 42.3
(R 48P BRI ) . -
Fr#E2/(107° mm) 1.3 1.8 2.4 2.4 2.7




5 4 3 5L, SR P IR PR B SRR S TR e B AL 0 WA T o1l
sor AR SR P 3o 44 S O 4 A T 0 3R 55

i TSI AREBE SR T, % 18 5 57 3 1 1 OF 3

E T 2008 4 12 H, BEAMGEAT 14 a, AR
Eoof I8 T B PR AL . R 10 o SR B R R
5l St BB =R T TR b A 6% 2K ol T2
N 4T 5 7 99 7 5% 0 i R S A B

Y e RE NPT S5 AL AR IR B
10 FERAIRE —
95% ST PIVREE ===

0 1 1 1 1 1
0 20 40 60 80 100
R AR I 1a)/a
E7 FRIAFEASKEZNSHAELSIEREL
8 BE B AL R BE XY L
Fig. 7 Comparison of carbonation depth considering influence

of subtropical environment and simplified environment state
3 RRFRR B L A 1 Rk 1L By P RBE
o2 )

3.1 ERRBEHPHEERALER
FRAE T G A W S 7 i AE S R IR A R B T

TG AR ALIRE B, 78 IR Rl E 45 #) 5 68 ) TR i AL
VBRI FE Al b, aT DUBR X i 244 BE B 47 4 it
RORTF I KE AL T o0 . 25 18 30 i e 45 4 Tief A
PEREOR B A48 T 00 2 SRR S BT IR 2 L IR
TG0 45 T 3 P BEL M7 20 358 0 B4R N 0 25 KRR
SIUBER S, KR iRZEP gk, H
TERIVAR DL SR 4P J7 AR B 22 . TRBE L 4%
e

S ) R A3 )/ a

JIRAL104E (¥ B 37

THEBEHE.

LI P e T

8 MRHWEHEMARREIFIEET 2020 F£ 10 A)
Fig. 8 Coating protection process of bridge anchorage

structure (taken in October 2020)
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Fig. 9 Local carbonization of anchorage under different protection schemes
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Tab.2 Statistics of carbonation depth of anchorage under

different protection schemes
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Fig. 10 Probability density distribution of anchorage

carbonization depth under different protection schemes
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