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Effects of Various Measures on Service Life

of Concrete Structure in Tropical Marine Environment
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Abstract ; Due to the long-term corrosion affected by environmental factors, such as sea salt spray, wave-
splashing and tidal, a lot of chloride ions in concrete lead to a serious corrosion in marine reinforced concrete struc-
ture. As a result, the marine concrete structure is difficult to meet the requirement of 50 years for design service
life. In the present work, based on the chloride ion diffusion theory and reliability theory, the effects of structural
measures and additional measures on the service life of practical structure in the South China Sea were discussed.
The results indicate that the thicker concrete cover thickness can effectively extend the service life of concrete struc-
ture. Besides, additional measures also can extend the service life of the structure in tropical marine environment,
the most effective method is to use stainless steel instead of ordinary reinforced steel, and however, the high price
of stainless steel will limit its application. Compared with other kinds of additional measures, coated with silicone or
adding corrosion inhibitor is an effective measure to marine concrete structure. But only one additional measure was

used in one dimensional concrete structure that cannot meet the requirement of 50 years of designed service life.

x  WFSEHF:2017-05 -03
EETH - [H K&\ 5 78 & 83 R (973 3+ %1) (2015CB655100) , National Key Basic Research Development Plan of China (973
Plan) (2015CB655100) ; [H 5 FH SR Fh 2% 3 4 e B Tl H (51508272, 21276264) , National Natural Science Foundation of China(51508272,
21276264) s VLo = B 34 =B e 8 TR BE B 5 H (PAPD)
YEZ B A AR I (1985 —) , T, BTG 22 JE A g i 28 il K K A= 1 1R
T K & A . E-mail ; yuhongfa@nuaa. edu. cn



98 K22 0 AR O

2018 4

Key words: tropical ocean areas; concrete structure; additional measures; durability; service life; reliability

AT L4 WP BTN A I 45 A4 B BIF 5T 11
PR BT B 15 H 4R 1 2. X SUSE AL TE T
TEPREE AP L — BEPR 50 25 5 I . 5% [ B T
30 4RUTE Alsae M1 1B 1 ZHHE  # BUR A
A BT R SR TR AR BE L T AW L BT T
LU S I S G R 37 N AN G 113 N
FEHHSL ARG I IR R L R S 0 A
Tl AN AR 50 4, — el 20 FE A

HT T R A BT AR BT 95 L B A R 5 - A
IBE 50 4R A5 Ay 2R L — B mT 2R I 2 A9 Bl 47 B
FE . AT LS 9 D LR L2 SR AN 45 #9480 49
B 5417 75 A R U R B 3 T I B A e 42 L5 R
K 1 FRP fif FBA A AR 4.

N5 A A9 R e B e A P A e R TR I
ASTINAR L BH 25 A B 4 o0 Z R AR v AT 1) 9 S A RE.
5 B 3 B 1 i R R T AT Ik B K R o Y
3.500 YT G IREE L R Y 0. 700,

PSR N R T2 2 A R 0 A9 2 i DA e
U P SERRY A A & A5 A A R 73 2 T [ A 5 TR J—
JZ B ELTH G b i By 1 2 - A 2 1 A3 ) 5 ek 1]
H i sz

ek Jod 8 DA% 2 Y RE - 32 AT B 3 1) — o B A it
F R IR 9 /N 0 T 454 (L RE B AR BE L B
A0 ALEE N L I 5 KA I K U8 R A Al o SR o AR S i
P DTG E TR 35 - 1 B A0 FL BTG 3R i b R T —
JEAG K AL B )Z L 2T By AL R R AR B T R T E
Y 038 A TR BE £ R L It 05 9 o m] DL IR Bk £ A4
B i PEREAS B AR

2 1B R A R B TR A SR .
FE TR B 5 D )32 2 G PR A R A R L A
TR BGE 1 P9 T 42 o i A S PR R S5 BELA5 R A
A I R R L S el RS T R B R 4
~5 . AR 5 A A TR 0. 5~1 Z (A
I 7 65 AR Fre W

21 39 50k S RHCERP) fify 35 20 O 358 2T 4 3 o
kL CGERP) fify Al ik 21 4 36 38 2 & 44 BL (CFRP)
fit . FRP B ik B OB B A R0 R HIE 2 A
T A PERE. CFRP 1Y 32 28 i 7002 Bk 21 48 » 1 T Bk 1Y
e PEREAR # A5 5E . I 7 FRP i op . CFRP fifj 19
VU Pk e e 4. SR M T GFRP #fi i & . i T
TEBRNE IR LT T2 1k RE IR AL B W1 I . O HAE ¥ K Je

RV VR A A — S Y AR BT 1) T R i
X B 5 50 7 B 114 3t T e AN T T Y

TR S e R W] R TR BE 2540 SR AR PR 3
B A7 S0 BH b S 1 A=k DATAT 75 1 400 538y i A 45 4k
IH e £ 114 i B R S8 1 W ke 58 2 i 3 A 3 PR A
LT R R B A S T A R R R B
7552 BN L TR AR T SR T R HGE R DL AR
TIE T IR BE - 2 TR A

B0 T TR I b 4 R T A 22 G ) AL S R R
e IR BE 1 45 F B AT B B9 IR AR 7 i - 2 Bk
AT APETT RS G C 2 A28, AT B IE
9 S IR R S R] 5 BE ol 2 X R IR B
P 1 75 2 T S 9 U5 - R TE 5 D0 10 06 4R A
ARG B0 T B IR A A3 i BEAT 0 A IR e T
22 BB 00 19 5 sk A %o S A A TR R T
B 473 TG B - 45 K 1 T3 A o I B RSCR O T R
P I R ROIR T 40 7 R 5 45 A 50 4 1 Ak 7%
A B T HE A AT TR BE - A A B A A i 2R
PR M.

1 ERERFaONER

L1 BFRMETRRIEUHEE FIBIER
L1.1 st 3% T #e Fick =24

HRAE 1997 4F Hooton 5511 iy BF 5% . 5 B ¥ 3
AZREEAE AL R T IR BE L N 2=/ 6 Fi bl
il 230 S W BE L S B B AR T L B
BAE. b i BRI R Y BB EM B,
h fa] B DL S AR TR BE - SRS T R A% AT AR P
il GERR O FWY B H Fick 55 — 9 BoE #4F 0 4
R GRS AR BE b RO BT O Y B Al
Collepardi " "I . Fick 25 @ MY 8
TN
A ¢ W] o N RE TE s o YA B
B D REEE TV AR W6 &R t=0.2>0
B ,e=co s WAL R 2=0,:>>0 Bt ,c=c,.

24 Fick 2 — ¥ HUE AR % B IR BE 11
LR R BE LA TA AR A T
FR A I TR) AR PE | 3 ThT SRS 5 o A I (R AR A

@)




%6

TR L A5 - AN [ 5 it X AT 98 P T 45 ) TR ASE 7 i ) 522 ) 99

DA B TR B 7 8 FH o 78 v 1) 25 AR

Mangat 57 % B, % T 92 BR 4% 1 (¥ 1R Bk 1 25
oy TR BE 1 S T YT RCR BT B R A A O
Thomas % IR X KR T 5B 19 0K By
[ A1 -

b= ()

K Do A D, oy BE Y B B A 2o A1 e B R E Y
R T HORE m S B [ AR 5K

Amey %0 L PR BE - R W EE T & = b
TR R AE AL R TR R C = ke AR
BRBOCR Co=kt'? Ck R H K0 500 T BB 79 HUR
A, Kassir %00y SEIG A5 H TR %E + 22 5% & mi )
ABETEEENEMEHELR: C.=C,(1—ec“).

LR TE S A R TR A R R
XA T HUER B R T 2R A B AR
R KB 2R A1 MR+ W S 7 8
FZH D, FRmT

D= D. = KD, (3)
e DS IR EE LA E TV BASGK |
S SR E - AE SR A P A AR SR I R R B
S 2 AR e A5 1T 1 LU AR

RELHAE T4 56 R 2l Nilsson

L
o

R = e, €Y

e BT e, 402 TRGE B ol L T R
ARET

Tuutti 197 Arva 20200 Fn 4y 20 KU BE— 4 1 B
58 3 W TREE 1 B S W B O 2R M R P R I

¢, = Rey (5)
L1.2 REXIAHTIVHFTA

AR RSN IR BE 4 0 SE PR E O0 E Bh 3
BRL21 R[22, 2o #E A5 1 [W) i 2% JE TR 6 1 510
BT RIS G RE ) U B AR BB N ) Y 28 Al DL S 2 A
e 5% MR 1) SRS T OB AR

oci KDyt ., 9%¢
o —71+Rt Ewe: (6)

FRES 5 W 06 LA By B 4 1 i) LUAS B S 3 147
AU BE RN T

{l—erf 5 L l
= cot+ (eg —¢o) KDty o
A+Rd—m'
D
o erf B2 R, erf(u) — jz—J“e’gdt.
—Jo
1.1.3 ZZ(R BT HELFRER
IR A YRS B AR L TR KA
) — Y 4™ 5 a0, H 2 78 S B 1Y) 40 7 T Bk - 45 4 T
TR A QA A5 YN U A R LR
DIV BE -4 808 Jr FE oA BEaE L, 36T 1/4 TR KR AIR
i e L B2 ) = W [T L T -

Po a1 o

(8

ozt ay* D, aT

W B B 300 B %A S AL FEAR B Newman 3¢
R e B [l 2% R R S - A T 45 SRR T .
P FR BB I ) 1) A28 Ak DL K 235 4 Sl B 52 ol o Rl DA
B 4 1/4 TR PR G B F 9 HOH G 5 i
e

. erf

Cf = Cop + (C_\ - C'o) i KDOtGI

{lerf =

A+Rad—m

L2 ETAERESSBETY BELHWARREL
EMRRFEIFHE

AR TT A 2R A SCEZOR I fE
WK B AR E SR HEAT TE . — R B R ORI
Wit ML A S5k Y BT — 9 2 SR Ml 25 A ] BE Y 7 ik X
T3 1 A DI RE R UK S Taylor Z8URETT
SR BOHE B R R — U I 30 2o R H A 3 T
S5 R Y AT 5L L SOPR O — IR B R T X R OT TR Y
SRR SR I S RE ok BN % A BE AL B B D KL

t

N
1m KD, IR 9
A+R)U—m)

W IIREREL Z = G(X, . X, -, X)) L H
Xo o Xy oeee o X, 2 278 52 Wi 45 40 W] 5 B TR R 19 BE AL
T i, v0x, o pex, sox, o gy, sox, T EARE B
B 5 AR 22 L B TS A — IR SR
5 0] LAAS 31 D RE pR RO R IK O

Z = glux, spx, s spx )+

O o _
2 S (X =) (10)

24 AL A L Sy ELIROA TE 25 23 A



100 R RS 2 4l CH IR 2 RO

2018 4

DIRE eREL Z 197 SE R bR 1 22 50 551 h

pe = 8Qux spx, o0 s pex ) (1D
_ N (Og g
7 «/2 (aX,- 'M“%-) (12)
4% T 2 E AT 5E B S AR
( s AT )
B=§f~gffl? #&2 (13)
U3 2] o)
i=1 iy

Xt T8 IE 1 B 9 BB AL, L AT A TR
B 45 b IR A% 75 i 1 1 HE B2 43 BT B L B g 02 B9 A o
ol 4y GBS T A R Cu ) ] 2RO S B B T
SRR FE GRS LR ZEE o O H B EE
FEECe) LT IRERE Z = ¢ — .

MVRE - P S 2R i QR BE R 2 R
2 )OMHAEBEFITE(HOBHKRAEAE &R
CBP coo << cf OB S ETR BE 4 P X0 55 T AR pr =
O(— B . R G AT AT A EE S .

2 HMBEMFBRERERERSY

2.1 WIENAR

ARIT S A i T S T e R ) Bl % 08 AR A2 2]
iR RS R PN A U 7 S L -/ A R
TRTE 29 “C A AT . 3k Se R 5% PR R ] LA 2 e 165 & ik 1Y)
TR BE T 450 B 25 1k, IR B2 XTI 5 T 25 48 e 4% 7% A 1Y
SO, TS A X RS TR B s e AR
Nernst-Einstein 78, 415 M 20 CH =32 30 C
BF B RH IR BORT ARG I — 3 SOAR 22 5 4 1 4
T A AR T L AN RE NG A T TR R AR S Y
Vb e AR %) B 77 TR R A 5 A I T AR B T S R )
B, B 1 A g TR e B A R BE 1 45 AL 0 K B

FAESY A MR R — A TP Y — 4
BER N A5 A FEAT AT RE S M TS I L ds R 2 18
1E B — 2 GBS 9 OB N G R ST R
B PR HE R AT S5 A ORI TE 1) 4R B T
BEA A A7 A 48 2 43 #r

() AR FLY A 1K

() ST e

A1 difit s s msrmi
Fig. 1 Destruction of concrete
structures in the South China Sea
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Tab.1 Basic parameters of concrete structures
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Tab.2 Parameters for model calculation
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Fig. 2 Reliability analysis of building A under different thickness of protective layer
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