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Durability Design for Railroad Concrete Structures
subjected to Chloride Attack
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ABSTRACT

Durability design as well as service life prediction of RC structures is critical for sustainable
development of railroad concrete structures in marine environment. In order to predict the
service life of reinforced concrete structures subjected to chloride attack, it is necessary to
develop an analytical approach to predict the time and space dependent analysis on chloride
penetration of concrete structures up to the durability limit state, which is defined
conservatively as a time for the corrosion initiation, i.e., the time to reach the critical chloride
threshold value at the surface of the rebar in reinforced concrete structures.

In this paper, a performance—based durability design method is introduced for marine concrete
structures subjected to chloride attack. By using the design method, a service life design is
carried out for reinforced concrete bridges exposed to marine environment. Then, a
deterioration analysis due to chloride attack for service life prediction of reinforced concrete
structures is also carried out. Finally, current durability design method for marine concrete
structures specified in current railroad design code is analyzed. The analysis shows that
correct parameters like surface chloride concentration for the seashore in Korea and chloride
threshold level are necessary for accurate durability design.
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Step 1: Selection of limit state
Corrosion initiation : C (x,) 2 C,,
Xx :concrete cover
C,, : critical chloride concentration
. Ex M
Critical chloride/cement Parameter Unit conl:i(i’tsi‘;;es vai\i:: jg?;?;ﬁ
Bad qualit
Submerged 3.0 0.8
C, ) )
T Non-carbonated concrete Chloride content at surface weight’% of binder Splash 40 1.2
0.6 "u- g Atmospheric 2.0 0.6
HHHHlHMMWi——mCarbonated concrete Submerged 18 02
50 % RH 85%RH 100 % RH environment Critical chloride content weight?% of binder Splash 06 0.0
constant changing  constant Atmospheric 0.8 0.08
Low corrosion risk High corrosion risk ||| Low corrosion risk c Submerged
: Electrolytic < lack of ¢ - ? weight% of binder Splash 0.1 -
process impeded ack ol oxygen Initial chloride content ° Atmospheric
Step 2: Modelling of chloride ingress
P Unit Exposed conditions Structures H o
_ x " Submerged Pylon, pier 130 13
Clx,t)=C,|1- ¢ merge
(1) [ erf {WD D, = D‘,(T") N Splash Pylon, pier 130 13
cm Pylon, pier
Based on Fick's 2™ law Conerete cover Atmospheric (sbutment (8320) (81/35)
/super-structures)
t : exposure period D Submerged Pylon, pier 17~22
x : distance from surface Chiorid dn'ffu ) (x 1012) Splash Pylon, pier 5~10
C, : chloride surface concentration ot feﬁ l sion m2/s Atmospheric I(’;’;(:lltl;‘:)el;: 16~21
D, chloride diffasion coefficient atf =1, coefficient Jsuper-structutes) (6~11/2~7)
t,: reference period Submerged Pylon, pier 0.3~0.5
n : age factor n Splash Pylon, pier 0.3~0.5
- Pylon, pier -
Age factor Atmospheric (abutment 03 0 50 3 05
/super-structures) 03~0.500.3~0.5)
Submerged Pylon, pier 0.0767 -
¢ Splash Pylon, pier 0.0767 -
o year Pylon, pier
Reference time Atmospheric (abutment 0.0767 -
/super-structures)
Step 3: Quantification of stochastic variables
h Parameter Exposed conditions Structures H g
" Submerged Pylon, pier 1.32 0.22
Clx,t 1- L -
()= [ er‘f{z Dt :|] D, 7D0[ t] k K k, Splash Pylon, pier 092 0.15
Environmental factor Atmospheric Pylon, pier 0.92 0.15
- P (abutment/super-structures) (0.92/0.92)| (0.15/0.15)
k, + environmental factor Submerged Pylon, pier 1.0
k, :executive factor k, Splash Pylon, pier 10
Executive f: . Pyl i 1.0
recutive factor Atmospheric . AT PEL PPVEIN

Step 4: Probabilistic analysis until acceptable probability of corrosion

Probability of chloride
induced corrosion
»
¥ Durability | Exposed Structures Nominal Effective chloride diffusion Age
p u failure | conditions cover depth (mm) coefficient (m?¥s) factor
’ Submerged Pylon, pier 130 21x 1012 0.3
~
¥ P,=10% Splash Pylon, pier 130 10x 1012 0.4
4
B=13 . Pylon, pier 130 20% 10712 0.3
Atmospheric
(abutment/super-structures) (80/50) (11X 1012/ 5% 10°12) (0.4/0.5)
+ Years
0 50 100 150 200
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" Cowver Foi iz D WIB Binder contents {kgim?) ) G Admix
Conditions | Structures (tn) (MFa) tpe | (10%s) ) A
QFPC Zlag FA
3-T-1 5.2 32 400 100 - 684 970
Pylon 130 45 3-T-2 5.4 32 400 - 100 684 970
Zubmerged 3-T-3 5.0 32 300 200 - 684 970
EZOnE 3-P-1 ] 40 3276 936 46.8 627 1004
Pier 130 35 3-P-2 8.1 40 3276 46.8 93.6 627 1004
SP-3 5.0 40 281 187 - 627 1004
T-T-1 5.2 32 400 100 - 684 970
Pylon 130 45 T-T-2 5.4 32 400 - 100 684 970 P
Tidal and TT3 | 50 32 300 200 } 634 570 | 6378
splash zone T-P-1 ] 40 3276 936 46.8 627 1004
Pier 130 33 T-F-2 9.1 40 3276 46,8 936 6277 1004 A -
T-F-2 5.0 40 281 187 - 627 1004 0,14~
A-T-1 5.2 32 400 100 - 684 970 '] 0
Pylon 120 45 A-T-2 5.4 32 400 - 100 684 970 '
A-T-3 5.0 32 300 200 - 684 970
A-P-1 2.5 40 3276 936 46.8 627 1004
Pier 120 35 A-P-2 2.1 40 3276 46.8 936 627 1004
Atmospheric A-P-3 5.0 40 281 187 - 627 1004
zone A-A-1 12.5 42 240 120 40 787 976
Abutment 20 30 A-A-2 13.0 42 240 20 20 787 976
A-A-3 5.0 42 240 160 - 787 976
g A-B-1 3.8 32 250 150 100 684 970
UpEr 50 45 | AB2 3.0 32 225 225 50 634 970
structure
A-B-3 5.0 32 300 200 - 684 970
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X, Mg a s J; Aag @
pc [Keal/K.m'] Ky~ T [Kealm'.s] R [Keal/m'.s]
r — Multi component heat of
- Constant - Constant hydration model of cement
GpdS/OP [ke/Pa.m'] (K + KONV P fhg/m.s] = Quyq= 0(DSD)/Ot iy s]
P - Water combined due to
- Pat.h depgndent - Random geometry of pores and hydration; bulk porosity change
moisture isotherms Knudsen vapor diffusion effect
GS' [mol.l/mol.m'] OS(=D ¢V Copnet asCc)) [mol/m's] Qcs [mol/m.s]
CC/ - Path'dep'endent - Chloride diffusivity with function of porosity|~ Bounded chloride ion along with
chloride ion transport . . . . R
- Diffusion and convection Freundlich isotherm
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Environmental conditions Surface chloride concentration (mol/) Temp (T) External R.H. (%)
Submerged zone 0.51 13 100.0
Tidal and splash zone 0.51 13 83.9
atmospheric 0.51 13 67.8




fu= * ;1= 45 MPa (pylon) JE—— « /14 = 35 MPa (picr) —a TPl
Dy of S-T-1 =52 D of T-T-1 =5 *mis* S <D, of TP-1=8.5%
" 0 " 10 of ) s 10 D, of T-P-1=8.5% I T
TP-2=9.1x1
e TT TP-3=5.0x1 —aTP3
8 8 8 8

Total chloride contents (kg/m?)
Total chloride contents (kg/m?)
Total chloride contents (kg/m’)
Total chloride contents (kg/m’)

Cover depth = 130 mm Cover depth = 130 mm Coverdepth = 130 mm Cover depth = 130 mm

chloride Critical chloride “ritical d
o Cridcal hloride | Critical chloride l— chloride e Critical chloride
[ content=1.2 kg/m content = 1.2 kg/m? content = 1.2 kg/m’ content = 1.2 kg/m:
0 o 0 o
o 20 W @ S0 100 120 1 0 20 w0 & 50 100 120 140 0 20 “ 6 S0 100 120 14 o 20 0 6 S0 100 120 140
Concrete cover (mm) Concrete cover (mm) Concrete cover (mm) Concrete cover (mm)

(a) Chloride distribution at submerged zone (b) Chloride distribution at tidal and splash zone

7
« f,x= 45 MPa (pylon) —a ATl —a— APl * £, = 30 MPa (abutment) —eAAl
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S 5 5 S
E sitical chloride) overdepth=130mm | £ sitical chloride ‘over depth = 130 mm E ritical chloride Cover depth = 80 mm E over depth = 50 mm
S | Critical chlorid Coverdepth = 130 £ | Critical chlorid: Cover depth = 130 £ | Critical chlorid o g Cover depth = 50
= content = 1.2 kg/fp® = conl nt = 1.2 kg/m? = con\cnl 1.2kg/m? e !

0 0 0 0

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 2 40 60 80 100 120 140

Conerete cover (mm) Concrete cover (mm) Concrete cover (mm) Concrete cover (mm)

(c) Chloride distributions at atmospheric zone
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(MPa) (cm) 250m 500m 1,000m 250m 500m 1,000m
e IR 27 5.0 21.0 15.0 9.5 13.0 9.5 6.5
PSC Beam 35 4.0 14.0 10.0 7.0 9.5 7.0 5.5
PF Beam 40 5.0 12.0 9.0 6.5 9.0 7.0 5.0
SH- 2 27 10.0 21.5 15.5 10.0 13.5 10.0 7.0
=9 9 3k 24 8.0 27.5 19.5 12.5 18.5 13.5 9.0
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