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Research and Analysis on Long Life of Marine Concrete Structure in Bohai Gulf
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Abstract: Durability of concrete structures in marine engineering around Bohai Gulf was studied. According to the
data obtained from a great series of experiments, the effect of mix design factors including different types of
supplementary cementitious materials and different water-binder ratios on the life span of concrete structure in marine
environment was carefully studied with the help of ChaDuralLife V1.0 life prediction model and software, which is
developed on the base of reliability and modified chloride diffusion theory. The results show that the reduction in the
water-binder ratio and the increment in content of fly ash and ground slag can effectively prolong the expected life
span of marine concrete structures. Taking the concrete structure with the steel cover thickness of 75 mm in sea splash
zone around Bohai Gulf as an example, the mix design which has the water-binder ratio of 0.30, fly ash content of
20% and slag content of 40% is corresponding to the longest life span of marine concrete. In this area, the minimum
thickness of concrete steel reinforcement in this mix design corresponds to the life span of 100, 200, 500 a are 60,
75, 120 mm respectively.
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Table 1 Mix proportion and basic performance of HPC
. . J—
Specimen  my/my  we /% weeps/ Y M proporton ke ) comife(isive Gas content - Slump/

C FA GGBS S G W WR AE SnmgprawYWMV% mm
Al-1 0.34 20 40 171 85 170 692 1123 145 4.05 0.0426 45.3 4.5 225
Al-2 0.34 20 35 192 85 149 692 1123 145 4.05 0.0426 48.2 5.3 225
A1-3 0.34 20 30 213 85 128 692 1123 145 4.05 0.0426 49.4 5.7 210
Al-4 0.34 20 25 235 85 106 692 1123 145 4.05 0.0426 51.7 6.0 225
Bl-1 0.32 20 40 181 91 181 663 1127 145 4.30 0.0453 50.8 5.2 210
Cl1-1 0.30 20 40 193 97 193 632 1128 145 4.83 0.0628 55.4 4.0 220
El-1 0. 36 20 40 161 81 161 719 1115 145 3.63 0.0403 55.9 6.2 240
Fl1-1 0. 34 15 25 265 66 110 688 1106 150 3.97 0.0529 58.1 4.5 230
F1-3 0. 34 10 25 287 44 110 696 1106 150 3.97 0.0529 55.3 5.0 225

(a) Dalian exposure point: wave splash area

1

(b) Qinhuangdao exposure
point: wave splash area
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Fig.1 Exposure test and indoor seawater immersion test of concrete specimens in Bohai Gulf
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(c) Indoor seawater immersion test

(a) Borehole location(size:mm)
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(b) Object picture
TRLBEE B 8 1 1 Bl L R 2 R

Fig.2 Layer-by-layer drilling sampling of exposed concrete specimens
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Fig.3 Chloride diffusion law of concrete specimen
F1-1 in splash zone
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Fig.4 Time-varying law of D, for specimen F1-1
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Fig.5 Chloride diffusion law of actual marine engineering

concrete structures
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Tablel Free chloride diffusion coefficient of concrete with different proportions

Coefficient Al-1 A1-2 Al-3 Al-4 B1-1 C1-1 El-1 Fl1-1 F1-3
DX 10%/(m*+s™) 1.84 2.01 2.03 1.65 1.58 2.00 2.39 2.46
DX 10%/(m*s™) 1.18 1.29 1.31 1.06 1.02 1.29 1.54 1.58

1 R AT I PR IR W 4 H Y IR A% 2 A o b T A
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Funahashi*' ) £ 1% 18 Ik X A1 % X C,=0.05%,
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0.630 4. A [A] i & L R %8 314 76 = P91 /K I 3 LA
TR 4 T2 B 5 W v 2 BRI 00 81~456 d Z J5 NAE 1)
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Fig. 8 Failure probability of concrete structures in
different marine exposed areas
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Fig.9 Reliability analysis of fly ash content on service life of concrete structures in marine splash zone
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Fig. 10 Reliability analysis of service life for concrete structures in marine splash zone with different slag admixtures
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Fig. 12 Effect of steel cover thickness on service life of
concrete structures in marine splash zone
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