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The evaluated value in the previous research

l Deterioration prediction of rebar based on field testing l

@<::IDH Update on deterioration prediction by using corrosion rate

l Evaluation of load carrying capacity by Monte Carlo simulation of FEM analysis l

<

l Comparison with evaluation result estimated by conventional design formula l

<

l Configuration and calibration of safety factors l

Fig. 1 Flowchart of this research
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Table 1 Specification of target bridges

145 36~42H (2009)

. . Number . . Structural specification .

e | P | R T | | €| | I bt | Nombsrr | 20,
Bridge I | RC-T Girder 11.10m (-) 1 5.50m 1959 TL-14 45 3 3 50m
Bridge S | RC-T Girder | 35.18m (11.1m: Span 1) 3 6.95m 1954 T-9 50 4 3 700m
Bridge M | RC-T Girder 10.6m (-) 1 6.50m 1962 T-20 44 4 3 15m

2. Iﬁiﬁ?ﬂﬁﬁ {ﬁ!l: % ’& %J‘% L= iﬁg‘g_ % e RC—T*ﬁ' )] ﬁﬁﬂ‘ Table 2 Deterioration factors
ﬁ jj ﬂﬁﬂi Bridge I S M
Girder Al B[ c|a[B[c]a][B]cCc]|D
Diameter [mm] 10 28 8¢ 28 10 ¢ 28
iR Xz, HTHFIC XV b LIZRC-TH O FEPEMHTIC X Main rebar [ o [mean 49 57 90
6%#Mﬁ,ﬁhMMﬁi%ﬁmﬂﬁ%%%%wt:&#E, [\] 20 15 I
. Di t
T {j%g DIt ﬂ‘j—c Stirrup — m‘:\ean 20 242) 15 ‘ : 25
2- 1 ﬁ%*%&o)w% Cover [mm] sD 93 93 93
KGRI (U, SHE, MI) ORIL% & Table TR, Chordeioncomenon e | 87 [ 124105 | LI_{100]214] 395253
T H 19504~ 19604 R SNZRC-THIFGECTH Y, yﬁi Apparent diffusion | mean | 0.23[0.10[ 0.16 | 6.97 | 5.13]220]2.81[3.03
RT3 O0VERNS NS0 IS BN R SN0, 48 coefficient [em’/year] sD [0.06]0.03[0.04] 116 1.10
WA, PHERTE= U, BEEGERE, MO e nconent e} 075 Lo no
A7 EOBUIGRBR N IThNTZ, 7272 L, SIEIC OV TIE3IAN
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MmED,

AL &, TEHERET S EOE LA CTIRGE L7z,

Degradation was considered.

Fig. 2 Target rebar in deterioration prediction
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Fig. 3 Conceptual figure of deterioration prediction
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Fig. 4 Model of corrosion deterioration
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Table 3 Analytical Parameters
Bridge 1 S M
. 5. mean 50.0 12.6 28.2
Compressive strength [N/mm-] D 45 22 31
mean 3.1 1.2 2.1
. s —
Concrete Tensile strength [N/mm”] D following d}stnbutlon of
clement compressive strength
Elastic modulus [kN/mm?] mean 332 ‘ 182 | 27.0
SD same as above
. mean 9% [ 115 [ 719
Tensile strain limit [z] D same as above
Yield strength [N/mm?] 295
Elastic modulus [kN/mm?] 200
Rebar | Yield strain [u] 1475
element | Tensile rebar 10 ¢ 28 8¢ 28 10628
Stirrup 4412 448 469
Compressive rebar 14¢13 | 16913 | 16913
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Table 4 Ratio of initial values according to

| ‘ 1700

== . BT Figure 7
=7 1 _____ Bridge I | Bridge S | Bridge M
Flexural
I 40@265=10600 ‘ “410}» capacity 0.97 0.93 0.88
o Concrete —Rebar . Bond 11200 (Unit:mm)
shear 108 115 1.05
Fig. 6 An example of FEM model for shear capacity capacity
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Note: The full line indicates mean by reliability analysis, the dashed line indicates 95% non-exceedance probability value, and the colored line

indicates estimation by conventional calculation formula.

Fig. 7 Degradation of load carrying capacity (Upper; Flexural capacity, Lower; Shear capacity)
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Note: The dashed line indicates 95% non-exceedance probability value by reliability analysis and the colored line indicates adjusted estimation by

conventional calculation.

Fig. 8 Adjusted result of load carrying capacity (Upper; Flexural capacity, Lower; Shear capacity)
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Fig. 10 The application result of safety factor (Upper; Flexural capacity, Lower; Shear capacity)
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Calibration of Safety Factor for Evaluation of Load Carrying Capacity in
Consideration of Uncertainty on Deteriorated RC Bridges due to Chloride
Attack
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This paper proposed new safety factors in consideration of uncertainty on deteriorated RC bridges due to
chloride attack in order to apply to conventional calculation method. That is intended to evaluate
conservatively by conventional deterministic method without evaluating by statistical method in consideration
of uncertainties of deterioration factors as probability variables. Two safety factors, safety factor for
discrepancy of calculating method and safety factor for corrosion of rebar, were proposed as a result of
comparison between the capacity obtained by reliability analysis in consideration of uncertainties of
deterioration factors and the capacity of cross section obtained by conventional calculation method. Then, the
calibration to 95% non-exceedance probability value in the reliability analysis as a realistic evaluation value
was carried out. However, the safety factor for corrosion of rebar was defined as the function of which the
parameters were given by corrosion state, in order to consider the influence that an increase of uncertainty
according to degradation of rebar gave to the flexural capacity. Moreover, the safety factor to consider
variation in load carrying capacity of actual structure was proposed. And then, an example was set by
referring to the previous research that compared between the destructive test result executed to the girders on
a number of existing bridges and the calculation result. The capacity of cross section was evaluated

conservatively by applying the proposed safety factors to the conventional calculation method.
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