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Table 1 Chemical composition of seawater in the south China sea reefs mg/L
K* Na* Li" Ca** Mg* Ba®* cu? Mn?* Fe** A" NiZ B,0; SO& cr
505 10448 0.182 400.2 1212.8 0.064 0.016 0.242 1.198 0.038 0.008 14.510 3386 19756

®2 REUBKUFERS

Table 2 Chemical composition of simulated seawater

kg/m’
NaCl Na,SO,4 MgCl,-6H,0 KCl CaCl,
24.72 5.00 4.80 0.96 1.11
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Fig. 1 Recorded air temperature variations™”
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Table 3 Concrete mix proportions and basic mechanical properties

Strength Rust inhibitor Raw materials/(kgm’S) 28 d cube compressive
5 . B/W ratio Slump/mm
grade Type Dosage/(kg'm™~) Cement GGBS SF Water Sand Gravel Superplasticizer strength/MPa
C408 226 226 157 679 1131 5 0.36 4.7 176
CNCI 12 226 226 157 679 1131 5 0.36 43.1 171
AACI 12 226 226 148 679 1131 5 0.36 439 184
UMP 46 203 203 157 679 1131 5 0.36 42.0 175
HPA 32 226 226 129 679 1131 5 0.36 44.2 189
C50 226 226 157 679 1131 5 0.36 61.2 66
C80 261 261 58 141 686 1029 12 0.26 95.7 191

GGBS is ground granulated blast-furnace slag. SF is silica fume. B/W ratio is water/binder ratio.
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Fig. 2 Reinforced concrete specimens and components (Unit: mm)
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Table 4 Concrete components and specimens for field exposure test

Types of components Size/mm Rust Surface reinforcement C50 C80
and specimens inhibitor material Code Quantity Code Quantity
Xisha Island reef Beam: 1 1500%150%200 BIC50 4
CNCI BIC50N 4

Beam: 1II 1500x150%200 BIIC50 4 BIIC80 4
CNCI BIIC50N 4 BIIC8ON 4

Column 1500%200%240 CC50 4 CC80 4
CNCI CC50N 4 CC80ON 4

Cube 150x150x150 CUCs0 3 CUC80 3
CNCI CUCS0N 3 CUCSON 3
Prismoid 400x100x100 PRC50 12 PRC80 12
CNCI PRC50N 12 PRC8ON 12

Nansha Island reef Beam 500x85x100 BCCs50 3 BCC80 3
BEC50 3 BEC80 3

BSC50 3 BSC80 3

BDC50 3 BDC80 3

ccew BCCC50 3 BCCC80 3

ST BCSC50 3 BCSC80 3

DPS BCDC50 3 BCDC80 3

SPUA BCUCS50 3 BCUC80 3

CNCI BCC50C 3 BCC80C 3

AACI1 BCC50A1 3 BCC80A1 3

AACI2 BCC50A2 3 BCC80A2 3

UMP BCC50U 3 BCC80U 3

HPA BCC50H 3 BCC80H 3

CNCI BSC50C 3 BSC80C 3

AACIIL BSC50A1 3 BSC80AL 3

UMP BSC50U 3 BSC80U 3

HPA BSC50H 3 BSC80H 3

CNCI BEC50C 3 BEC80C 3

AACII BEC50A1 3 BEC80A1 3

UMP BEC50U 3 BEC80U 3

HPA BEC50H 3 BEC80H 3

CNCI BDC50C 3 BDC80C 3

AACIIL BDC50A1 3 BDC80A1 3

UMP BDC50U 3 BDC80U 3

HPA BDC50H 3 BDC80H 3
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Table 5 Criteria for rebar corrosion evaluation™!

Ecorr (VS. Cu/CuSO4)/mV Rebar corrosion characteristics

>-200 No corrosion probability > 90%
—200 to —350 Corrosion characteristics uncertain
<-350 Corrosion probability >90%

% 6 GB/T 50344—2019 H4E icor, FIKTINAR G ihiRZR Y
Table 6 Rebar corrosion rate based on i, according to
GB/T 50344-2019 1**

icon/(uA'cm’Z) Rebar corrosion rate

<0.2 Passivated state
0.2-0.5 Low corrosion rate
0.5-1.0 Moderate corrosion rate
1.0-10.0 High corrosion rate
>10.0 Very high corrosion rate
Display
screen
Computer host B
for testing
S "
s \\ /_-
T X v 1 &
6 N

L

Electrochemical Potential/V

workstation

CHI600E

[

@

" Concrete - 9, RE WE
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Keyboard

=
RS232

cooe

K3 AR A
Fig.3 Schematic diagram of electrochemical testing
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Fig. 4 Time-varying E.., (corrosion potential) curves of rebar in concrete with different rust inhibitors under simulated seawater

immersion conditions
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Table 7 E, (relative dynamic elastic modulus) value of
concrete components after field exposure on
south China sea reefs

Strength ~ Component E./%
grade type Post-field exposure test Reduction rate
C50 Beam 78.0 -22.0
Column 94.5 =5.5
C80 Beam 80.5 -19.5
Column 98.2 -1.8
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Table 8 Chloride ion concentration C, on the surface of
reinforcing steel bars in concrete specimens

Cy/%
Benchmark UMP AACI HPA CNCI
0.429 0.320 0.438 0.172 0.369
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Fig. 11 Distribution of C; in reinforced concrete after 3.5 a of field exposure on Xisha island
®9 BELERRLEHCREX)E®IEETESHNSHAE
Table 9 Distribution types of calculation parameters for concrete structure (splash zone) lifetime analysis model on South
China Sea Reefs
Sample Co/% Dy/(10 " m>s™) R m K k Ceol%

C40 OPC  N(0.01,0.002)  N(6.138,1.228)  N(0.293,0.059)  N(0.815,0.163)  N(1.810,0.362)  N(0.013,0.002)  N(0.050, 0.010)
CNCI  N(0.01,0.002)  N(5.288,1.058)  N(0.315,0.063) N(0.815,0.163) N(1.810,0.362)  N(0.011,0.002)  N(0.110, 0.022)
AACI  N(0.01,0.002)  N(6.180,1.236)  N(0.371,0.074)  N(0.815,0.163)  N(1.810,0.362) N(0.012,0.002)  N(0.130, 0.026)
UMP  N(0.01,0.002)  N(5.138,1.028)  N(0.455,0.091)  N(0.815,0.163) N(1.810,0.362)  N(0.008,0.001)  N(0.050, 0.010)
HPA  N(0.01,0.002)  N(2.799,0.560)  N(0.100,0.020)  N(0.815,0.163) N(1.810,0.362)  N(0.006,0.001)  N(0.050, 0.010)
C50 OPC  N(0.01,0.002)  N(3.950,0.790)  N(1.001,0.200) N(0.815,0.163)  N(1.000,0.200)  N(0.057,0.011)  N(0.060, 0.010)
C80 OPC  N(0.01,0.002)  N(2.840,0.681)  N(0.138,0.040) N(0.815,0.163)  N(1.000,0.200)  N(0.069,0.014)  N(0.050, 0.010)

(a) Rebar Failure Probability

(b) Reliability Index

Bl 12 CAO TR ¥E T S5 K 7E R it & BRI IR X PR IR A7 i

Fig. 12 Service life of C40 concrete structure in the splash zone of South China Sea reefs
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Extended Abstract

Introduction The South China Sea islands and reefs have emerged as key regions with far-reaching implications in multiple
domains, including national defense, maritime trade, resource exploration, and ecological conservation. The rapid expansion of
infrastructure in this area has made concrete structures the predominant choice due to their versatility and strength. However, the
local environment presents an array of formidable challenges. The durability of these structures is thus under constant threat, with
potential consequences for the integrity and functionality of the entire infrastructure network. Understanding and enhancing the
durability of concrete structures in such a harsh environment is not only essential for the immediate success of ongoing projects
but also for the long-term sustainable development and strategic positioning of the South China Sea islands and reefs.

Methods To comprehensively study the durability and service life of reinforced concrete structures in the South China Sea
islands and reefs environment, a long-term exposure test station was established in this area. This test station was designed to
closely simulate the actual environmental conditions of the South China Sea islands and reefs, providing reliable test conditions
for studying the durability of concrete structures.

In the experiment, different types of concrete specimens and components were prepared. These included specimens with
different corrosion inhibitors and different concrete strength grades. Electrochemical tests were carried out to monitor the
corrosion status of reinforcing bars. The natural corrosion potential and polarization resistance of the reinforcing bars were
measured using advanced electrochemical testing equipment. Mechanical property tests were also performed to evaluate the
mechanical performance of the concrete structures. Compressive strength, flexural strength, and tensile strength tests were
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conducted on the concrete specimens and components. Chloride ion content analysis was carried out to understand the penetration
and distribution of chloride ions in the concrete. The ChaDuraLife model was used for service life prediction. This model takes
into account various factors such as chloride ion diffusion, concrete strength, and environmental conditions to predict the service
life of the concrete structures.

Results and discussion The experimental results showed that different corrosion inhibitors had different effects on the corrosion
of reinforcing bars in concrete. The SBT-KLJ(IV) hydrophobic pore-filling agent (HPA) exhibited excellent anti-corrosion
performance. After 1227 d of corrosion, the natural corrosion potential of the steel bars in the concrete specimens with HPA
shifted positively, and the polarization resistance continuously increased during the erosion period from 365 d to 730 d. In the
chloride ion erosion environment of the islands and reefs, adding HPA reduced the chloride ion content on the concrete surface by
approximately 59.9% compared to concrete without the corrosion inhibitor.

The mechanical property tests of the concrete components after on-site exposure experiments indicated that the durability of
concrete structures with different strength grades varied significantly. C80 concrete showed better resistance to seawater erosion
and mechanical properties than C50 concrete. The service life prediction results based on the ChaDuraLife model demonstrated
that adding a rust inhibitor or increasing the concrete strength grade could effectively extend the service life of the reinforced
concrete structure in the splash zone environment of the South China Sea islands and reefs. The HPA rust inhibitor was
particularly effective, and under certain conditions, it could extend the service life of the concrete structure to over 50 years.

Conclusions In conclusion, the research findings have several important implications. The HPA corrosion inhibitor has
demonstrated excellent long-term stability and anti-corrosion performance in the South China Sea islands and reefs environment.
Its ability to enhance the electrochemical stability of reinforcing bars and reduce chloride ion permeability makes it a preferred
choice for marine engineering applications. The significant improvement in the durability of concrete structures with HPA
inhibitor has been clearly established through experimental and modeling results. The differences in durability among different
strength grades of concrete highlight the importance of appropriate material selection for the specific demands of the South China
Sea islands and reefs infrastructure. C80 concrete's superior performance in terms of chloride ion resistance and mechanical
properties indicates its suitability for critical structures where enhanced durability is required. The comparison with the national
standard emphasizes the need for further research and innovation to develop more effective strategies for improving the durability
of reinforced concrete in this harsh environment. This could involve exploring new admixtures, optimizing concrete mix designs,
or enhancing construction and maintenance practices. The data and insights obtained from this study provide a solid foundation for
future research and engineering applications, guiding the design and construction of more durable concrete structures in the South
China Sea islands and reefs. Ultimately, these efforts will contribute to the long-term safety and functionality of the infrastructure
in this strategically important region.

Keywords South China Sea reef exposure station; reinforced concrete; electrochemistry; rust inhibitor; life prediction



