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ABSTRACT This paper presents a model for durability evaluation of concrete structures exposed to marine environment, con-
sidering mainly a build-up of surface chloride (Cg) as well as diffusion coefficient (D) and chloride threshold level (Cyy,). In this
study, time dependency of Cg and D were extensively studied for more accurate evaluation of service life of concrete structures.
An analytical solution to the Fick's second law was presented for prediction of chloride ingress for time varying Cg. For the time
varying Cg, a refined model using a logarithm function for time dependent Cg was proposed by the regression analysis, and aver-
aging integrated values of the D with time over exposed duration were calculated and then used for prediction of the chloride
ingress to consider time dependency of D. Durability design was also carried out for railway concrete structures exposed to marine
environment to ensure 100 years of service life by using the proposed models along with the standard specification on durability
in Korea. The proposed model was verified by the so-called performance-based durability design, which is widely used in Europe.
Results show that the standard specification underestimates durability performances of concrete structures exposed to marine envi-
ronment, so the cover depth design using current durability evaluation in the standard specifications is very much conservative.
Therefore, it is found that utilizing proposed models considering time dependent characteristics of Cs and D can evaluate service
life of concrete structures in marine environment more accurately.
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Table 1 Various diffusion models utilizing time dependent Cg

Cg functions Solutions to Fick’s second law References
Cs =constant Cex,H)=C, [1 —erf( X )} Crank 1983"
’ 2./Dt

2

Cs(f) =kt C(x,t)=k1{( 2Dt) rfc(zf_) (A/nx’ﬁ)exz/wt]

Cs(t) =kt €(x,0) =kt _"2/4D’_{ xx X }
s =k x.)=k {e 2ﬁerfc(2—ﬁ)

x >
) — e DiRe[d” erfc(_iz)]:l Kassir et al. 2002

Amey et al. 1998"
Uji et al. 1990°

Cs(f):CO[l — e"“/t] C(x,t):COI:I ‘erf(zA/D_t
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Fig. 1 Different representation for data on surface chloride
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Fig. 2 The mean value of the chloride diffusion coefficient
D (t) during exposure time from 0 to t
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Table 4 Conditions of a concrete structure in the marine

applications
Parameters Unit Values
Water binder ratio (W/B) % 30, 40 and 50
Replacement level of admixtures | % OPC and SG 40
Cover depth (x) mm 50 and 80
Distance from the sea m 100 and 250
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Fig. 4 Designed cover depth for 100 years of service life
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Table 5 Designed cover depth of marine components for 100 years of service life - standard spec.

) X, (mm)
Components W/B Bmdelr( contents | Xuq* OPC SG 40%
(ke/m’) (qum) 250 m 500m | 1,000m | 250m 500 m

Concrete slab 0.47 369 50 150 110 75 100 75

PSC beam 0.377 441 40 100 70 50 75 55
Preflex beam 0.34 507 50 85 60

Substructure 0.47 369 100 150 110
Retaining wall 0.51 345 80 175 125

*x4q values are cover depths designed by structural designer for structures

Table 6 Required cover depth of marine component for 100 years of service life - proposed model

) X, (mm)
Components W/B Blndelr( cot;tents X" OoPC SG 40%
(ki) (mem) 250 m 500m | 1,000m | 250m 500 m

Concrete slab 0.47 369 50 125 80

PSC beam 0.377 441 40 80 45

Preflex beam 0.34 507 50 65

Substructure 0.47 369 100 125
Retaining wall 0.51 345 80 145

*x,q values are cover depths designed by structural designer for structures

590 | =232 (E8ts =2F M193 5% (2007)




o714 R AA AR FH (p)lA A A A
F A%old, S& ¥4 sES Jehdth T8 P Al
2k 1ol M LH%”* ﬁhﬂ Al =g FES oush, o
= FRA A @) 2ol vepd & I,
omjgic}, B Aol A A
B2 JRAL A7lell meete A, & S8

Cs9t D9 A a2l
S s ol @i}%— w2} (1) A-td
FolR wigel] izt AA AT DE

() Agkd mdRE AXkE dA IEFATE
Hﬁliﬂ H At fE2RAE wEsie 0o i
e Wt % 1009, H3E AZALAT Buge= 1305
W& =S A% 71 AA 71E (PBD) sl AA
HEA (x) diFehs @A FHAST (DHE T
(3) D> D= 715k Ak wde] Fejzel 4A W
1A 447}6%} Fig. 59 ol#lg W+ 47
Azpel B Yehlgen, 1 A%E Tables 7, 8l
VR ST

A5 T4 L}HL** AA 7T
A FEREC] BEX YW £ 1008E RS se
D& #7413 A3, Tables 7, 89F o] BE F7HoA
Aerd mdo] o) ALk Dg7F PBDO ofsf AlkE
D, 2ot 2 U & 5 stk ol& Altd Rdo
A e A1 g A 7P vlE] BeEAed o

==
3 2%

o ols Qo W o

_—

o

Durability evaluatioﬂ L
Input design parameters

Input Data ‘Water binder ratio
Binder contents

Design diffusion coefficient (Dy) ~-}--+
Surface chioride concentration (Cg)

Chioride threshold level (Cy,) :
Using time-dependency l |
in durability evaluation 1

Cover depth
design

Computing
required cover depth (x;)----1 -
T

I )
) 4 ¥

Performance-based

design (PBD) method Input design parameters % :
Target service life | i
Input Data Reﬁgabmty tndex( §) .
Verification Given cover depth (x,) #==-F=< |
of designed l §
cover depth X H
Using Computing l
PBD method limit diffusion coefficient (D)
Go back
to the cover
depth design

End

Fig. 5 Flow chart of verification of proposed durability design
method

Table 7 Results of verifications for proposed models used in OPC case

X0 x.” (mm) X, (mm) Dy (<10 m’/sec) Dy o .
Components 2 2 Criterion | Deciston
(mm) | 250 m | 500 m |1,000 m| 250 m | 500 m {1,000 m| 250 m | 500 m {1,000 m| (<10 " m"/sec)
Concrete slab 50 150 110 75 125 80 40 - - 33.29 11.70
PSC beam 40 100 70 50 80 45 | << 10 - - - 6.99
Preflex beam | 50 85 60 40 65 30 | <10 - 24.23 - 5.70 deD“ OK
Substructure | 100 150 110 75 125 80 40 - 21.24 | 3329 11.70 .
Retaining wall| 80 175 125 85 145 95 35 - - 4027 14.59
" x values are cover depths designed by structural designer for structures.
? x, values are cover depths designed by the Korean standard specification.
Table 8 Results of verifications for proposed models used in SG 40% case
Components %ot x” (mm) %: (mm) \ Dcr(><10*'2m2/sec) ,112)d 2 Criterion | Decision
(mm) [ 250 m | 500 m 1,000 m| 250 m | 500 m {1,000 m{ 250 m | 500 m |1,000 m| (<10 " m’/sec)
Congcrete slab | 50 100 75 11.70
PSC beam 40 75 6.99
Preflex beam | 50 | 65 5.70 deD“ OK
Substructure | 100 11.70 '
Retaining wall | 80 14.59

Y x4 values are cover depths designed by structural designer for structures.

2)

St

[l

x,values are cover depths designed by the Korean standard specification.
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