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Advances in concrete pile durability in corrosive environment

LI Jingpei'?, LI Lin"*, CHEN Haohua'?, SHAO Wei'?*, YUE Zhuwen'"

(1.Key Laboratory of Geotechnical and Underground Engineering( Tongji University) , Ministry of Education, Shanghai 200092, China;
2.Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China.)

Abstract; The durability of underground concrete structures in corrosive environments is one of the hottest issues.
The current research works on the durability of underground concrete structures in marine and offshore chlorine salt
erosion environment and saline lake and inland saline sulfate environment were summarized based on concrete
corrosion mechanism, erosive ion diffusion mechanism, rebar corrosion mechanism, concrete strength and stiffness
damage and other aspects, respectively, and the damage characteristics and degradation mechanisms of
underground concrete structures under chloride and sulfate corrosion environment were discussed. Considering the
production technology of the PHC pipe pile and the bored pile, the deterioration mechanism of horizontally loaded
PHC pipe pile in marine environment and vertically loaded bored pile in saline soil environment were discussed,
respectively. The degradation laws of their load-bearing characteristic were investigated by considering the loading
mechanism of bored piles and PHC pipe piles, and the methods for predicting the service life of horizontally loaded
PHC pipe pile in marine environment and vertically loaded bored pile in saline soil environment were proposed.
Finally, based on the current study, the further research ideas and directions were proposed to provide references
for the durability research of reinforced concrete pile in corrosive environment and complicated stress conditions,
and as well as the formulation of relevant standards.
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Fig.1  Concrete cracks due to reinforcement corrosion in offshore
foundations
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Fig.2  Exfoliation of concrete of electric pole in saline-alkaline soil
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Fig.3 Corrosion process of steel bar induced by chloride ion
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Tab.1 Influential factors and computational models of chloride diffusion coefficient

W% W e )

SR 1 Doep [ (=g ) | 0 B0 i s R 2 ST s 0, ORI T 09T R
0

- : b [l L PRI b 0 AR , — WO 75% Dy JyHIRHE

R e g,

. t
o e : n ()
AR ! D.
R B 2 7 /e
) 1 A(-nm
wg f D+ Dy

1o HB B ],— BN 28 dym U8R A ; Do I i) 2 Ik ™ i ZR 4R
o TZERIK G TREE L MR BUE 23 s o RMZEE R G D, W AR EE T
TEALBIR B R A

A rac WELERY TR ;A A 5EBRMFAI TR D0 RAE NIV EE T LR
H; Dy A SERIRA R HOREL

(A R, (1) DGE 58007 T2 TR
S PE P T AR YR O, b TR T T
FEIRGE 1P 2 DL =400 P i, HAm 257 & 55
SR TAEIREE AT b i 9 BOHL A B 2250 3 F %%
B T RILIAEE T AYIREE LI IR F IR 3 Fick 25 —
SE AT ST S T RO
n_yffn o v
ot ox dy 0z
Xt T2k EE TR R T AY PHC B HE X T 4t
B A AR AR - 25, LT R 9 — R 2T
TEFEARAR R T 2R A

du 1 o( ou 1 9°u
—=D|——|r—|*t5 | (3)
ot r dr\_ or ol 1)

K (2) . (3) WAL Y 5O R, AR B8 TR B
R (A AR T TUART I PR A S B i 78 1 85, T 4 57 A
JNF 30 A RN s 25 A4, 328 T 46 0] SR AR A3 A8 46
Jiids o B AR R 22 0 v oK R A IR BE R A5
PAT BB 2] AT A B S T 0.

1.2 SNEFFEHLE

TRHEE K 7K Ak 7= ) — i 52 v P (pHL i
N 12.5~13.5) 1 AE R R Ak A 205 A A 2 1 2
PR 2 B B AR R, L A B Fe, O, AN
Fe, 0, BiAUAR A A AL RE G T A9 7 5 S8 B3R h 4R
557K A3 () fale, T A RS AR A P A A T > VK
F18) S B - 3] 3 0 77 2 T P, A 1 pHL (B A G
1%, BlA K R AR R >

o5 | R 0 3 % T B P P B IR 0 5503 ok s X6 O £
U R B R P B B I A

AT REM B E A BEE T REM . AmE
BT REMBMAE TS EEREAE TR
Fe[Clm1/[ OH™ )3 FhaRm 7k ) 4Rif, i Tl 5t
AT HREMBEmAEE L, AT B E R
R R 2R, B AR T R B A S —
IANVLEF XX R B, 98 EIR B £ P& (ACT) A
TRE - 1 A PR v TR 5E + 25 MO ZE S R IR G A BE
I AL SRS T I A BT TR P, Lk 2.
F2 ACIHEERAEGREEFRESBMERED

Tab.2  Values of critical chloride concentration specified by

ACI and British standard"
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Fig.4 Sketch of corroding steel bar induced by chloride ion
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Tab.3 Calculation model for erosion rate of steel bar in concrete
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Fig.5 Relative volume of reinforcement corrosion
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Fig.6 Mechanism of sulfate attack
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