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1 INTRODUCTION 

Both maintenance, having a technical factor, and 
management, having social and economical factors, 
including the budget to apply it, are necessary for the 
long-term safety of social infrastructures. Consider-
ing the maintenance, the deterioration mechanism in 
the structure has been analyzed, and various methods 
for repair and strengthening, such as ISO 16311 and 
some Japanese guidelines, have been proposed. On 
the other hand, considering the management, the life 
cycle cost (LCC) for one structure has been investi-
gated. However, there is little research on the 
maintenance and management of several structures. 
In particular, management aiming at reasonable 
maintenance is important, especially in Japan, when 
the performance of the structure is evaluated over 
time, the tax revenue decreases, and an previously 
built structures become obsolete. 

As a result, a subcommittee on “priority in 
maintenance and management of deteriorated con-
crete structures (JSCE-342)” was organized from 
May 2010 to December 2015. The committee con-
sisted of three task forces. The first working group 
calculated the structural performance of the deterio-
rated reinforced concrete. There are two types of an-
alytical models, including a rough model that uses 
some input data based on easy inspection techniques, 
and a detail model that uses several input data based 
on the high-level inspection system. In addition, the 
maintenance procedure for prestressed concrete (PC) 
structures was investigated. The second working 
group summarized the non-destructive test methods, 
which obtained the physical properties of concrete 
and steel bars. In addition, these results looked at the 
input data for the models designed in the first work-
ing group. The third working group simulated the 
case studies. Based on three types of deteriorated 
speeds, the time-dependent performance of selected 
concrete bridges was considered using the models 
and systems designed by the previous two working 
group activities, and the LCCs were calculated. 
Moreover, in the simulated scenarios, the structures 
were repaired by preemptive or corrective mainte-
nance. 

This article introduces a part of the final report, 
which was published in November, 2015. In Section 
2, examples of the case study promoted under the 
flow of ideal maintenance (shown in Figure 1) are 
introduced. In Section 3, a method to investigate the 
substitution value of the performance evaluation 
model for the deteriorated member on-site is ana-
lyzed. In Section 4, modeling techniques for evaluat-
ing the structural performance of deteriorated mem-
bers is analyzed, while differentiating tbem from the 
model used for the design of a healthy member. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flow of ideal maintenance. 
 
2 CASE STUDY PROMOTED UNDER IDEAL 
MAINTENANCE FLOW 

When the maintenance priority is determined only by 
considering social factors, such as the importance of 
the structure or budget, the risk of accidents, such as 
the bridge collapse, increases because the deteriora-
tion degree and soundness are ignored. Therefore, 
the maintenance priority should be decided while 
considering the engineering data on the state of the 
structure. However, practically, maintenance is pro-
moted in accordance with evaluation based on the 
standard grade. This is effective for structures which 
share a similar design and structure type, and are ex-
posed to similar environment actions. However, 
many local governments and administrators maintain 
structures, the deterioration of which progresses in-
dividually. As a result, countermeasures for achiev-
ing safety may be taken excessively. Therefore, it is 
anticipated that performance-based maintenance may 
eliminate unnecessary repair and strengthening in the 
future, as shown in the ideal flow in Figure 1. In this 
section, a case study on the maintenance of  a target 
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structure, including the structural analysis, is ex-
plained. 

The target structure was built using concrete with 
a water cement ratio of 65%, and the distance from 
sea was set at three levels of ~400 m, ~100 m, and 
~10 m. The deterioration progress is shown in Table 
1. Two types of maintenance limits were also set 
based on the social importance, including a case 
where concrete did not exfoliate due to expansion 
under steel corrosion, and another case where the ul-
timate load performance satisfied a required value. 
Furthermore, the costs of construction, inspection, 
and repair were used based on the standard value of 
in 2014. 

Trial calculations were carried out for 34 cases. It 
was confirmed that corrective maintenance was ef-
fective because the risk of exfoliation decreased 
when the deterioration progress was fast. In addition, 
in the case of preemptive maintenance, when current 
patch repair was carried out without removing the 
concrete in which chloride was included in sufficient 
quantity, re-deterioration and re-repair were repeat-
ed. Consequently, the maintenance cost increased to 
10 times the construction costs, and the LCC was 
remarkably higher. Therefore, it was thought that it 
was extremely important to carry out the repair so 
that the re-deterioration did not occur once the state 
of the structure was grasped by the chloride content. 
In this case, the ratio of cost of the detailed investi-
gation among the entire LCC was even smaller. In 
addition, the development of the new repair method 
would be effective for prolonging the service life. 
 
Table 1. Deteriorated situation and its year. 

Distance from 
 sea (m) 

Deteriorated situation 

~400 ~100 ~10 

Damage is not seen. 10 yr 10 yr ￬ 
Corrosion crack and float occur. 30 yr 25 yr 10 yr 
Partial float and exfoliation of 
cover concrete with corrosion is 
seen. [see Figure 3.(1)] 

70 yr 40 yr 25 yr 

Large-scale exfoliation is seen. 
Remarkable section loss of steel 
is occurred. [see Figure 3.(2)] 

90 yr - 40 yr 

 
3 PARADIGM OF NONDESTRUCTIVE TEST 
FOR ADVANCEMENT OF MAINTENANCE 

The result derived from the grading evaluation may 
have an excessive safety factor. Therefore, nowa-
days, when the number of aged structures increases, 
the number of targets that require repair may also in-
crease, and a lack of workers, cost, and time to repair 
are matters of concern. Thus, it is unfavorable to en-
courage the grading method for evaluation of the 

structural performance in order to avoid excessive 
repair work in future.  

The problem to provide the information of the 
nondestructive test for necessary input data to the 
structural analysis in the structural performance of 
deteriorated members was also discussed. As a re-
sult, it could be verified that a method for an aged 
member to convert the information from nondestruc-
tive tests into physical or mechanical properties of 
materials was different from that for a sound mem-
ber. Especially in the case of the deteriorated mem-
ber, there are insufficient standards for converting 
the information obtained using non-destructive tests 
into physical property values, as shown in Table 2. 
In addition, the variation in the reduction in cross- 
sectional area of steel cannot be observed directly 
because the rebar is embedded in concrete. The 
structural capacity of the deteriorated member could 
be affected by large and localized corrosion weight 
loss. Therefore, it may appropriate to measure the 
diameter of the rebar after pinpointing the most cor-
roded location with nondestructive test by removing 
the cover concrete, so that the structural performance 
can be analyzed with high accuracy. 

 
Table 2. Standard to connect physical properties value with 
measurement data using nondestructive test. 

Target Method Healthy Deteriorated 
Steel 
corrosion 
(location) 

Half-cell 
potential 

● 
JSCE-E 601, 
ASTM C 876 

○ 
JSCE-E 601, 
ASTM C 876 

(rate) Polarization 
resistance △ △ 

Cover depth 

Electromagnetic  
wave radar 

● 
NDIS 3429, 

 JCMS-III B5707 

○ 
NDIS 3429,  

JCMS-III B5707 

Electromagnetic 
induction 

● 
NDIS 3430,  

CMS-III B5708 

○ 
NDIS 3430,  

JCMS-III B5708 

Crack 

Supersonic 
wave 
(depth) 

○ 
NDIS 2426-1, 

JCMS-III B5705

○ 
NDIS 2426-1, 

JCMS-III B5705 
Shock elastic  
wave (depth,  
inside defect) 

▲ 
NDIS 2426-2 

▲ 
NDIS 2426-2 

AE 
(monitoring) 

▲ 
NDIS 2421 

▲ 
NDIS 2421 

Float,  
Exfoliation 

Hammering ○ 
NDIS 2426-3 

○ 
NDIS 2426-3 

Shock elastic  
wave 

▲ 
NDIS 2426-2 

▲ 
NDIS 2426-2 

Thermography ▲ 
NDIS 3428 

▲ 
NDIS 3428 

Note 
●: Data by a nondestructive test connects theoretically with a 
physical properties value, and there are standards. 
○: There are standards, but the investigation about the corre-
spondence between data by a nondestructive test and the physi-
cal properties value is more necessary. 
▲: There is much number of the applications of the nonde-
structive test, which is standard, but data by a nondestructive 
test does not connect with a physical properties value. △: There is much number of the applications of the nondestruc-
tive test, but the standard of the test method does not exist. 
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4 MODELING TO ANALYZE STRUCTURAL 
PERFORMANCE FOR DETERIORATED 
MEMBER 

Evaluation by structural analysis is necessary for 
deteriorated structures. However, for a concrete 
analysis method of deterioration modeling, the input 
data necessary for the model, investigation methods 
to obtain the necessary data, and the evaluation accu-
racy of every model are currently not sufficient. 
Therefore, Table 3 shows a proposed approach to 
improve the accuracy of the modeling method of de-
terioration. An approach of appropriate modeling for 
the necessary evaluation accuracy and the necessary 
survey data will be determined. In addition, past 
knowledge for the corroded reinforced concrete 
member was adopted in Table 3. Furthermore, the 
result was considered after examining the influence 
of variation in materials properties and existence of 
the crack on the deformation property and the de-
struction behavior. 

Figure 2 shows the results of the structural analy-
sis using the finite element method for the case study 
target mentioned in Section 2. According to this fig-
ure, it can be confirmed that the load capacity de-
creases from the 70th year. Therefore, even when re-
pair is necessary according to the grading judgement 
based on visual observation, the structural perfor-
mance is the same as in the healthy state. Thus, it 
can be thought that the timing of repair is delayed, 
and, subsequently, the repair priority decreases when 
there are many deteriorated structures. However, it 
can be confirmed that the load capacity decreases 
remarkably at the 90th year. Herein, the dead and 
live loads are 566 kN and 302 kN, respectively, 
based on the specification for the road bridges. 
Therefore, it can be confirmed that the load capacity 
at the ultimate state does not satisfy the required val-
ue. Thus, it can be thought that the inspections 

should be strengthened if the repair was postponed at 
the 70th year. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Relationship between load and central displacement. 

5 SUMMARY 

A subcommittee on “Priority in Maintenance and 
Management of Deteriorated Concrete Structures 
(JSCE-342)” was organized from May 2010 to De-
cember 2015. This report introduces a part of final 
report. Firstly, examples of the case study promoted 
under the flow of ideal maintenance are introduced. 
Next, a method to investigate a substitution value of 
the performance evaluation model for the deteriorat-
ed member on site is analyzed. Furthermore, model-
ing techniques to evaluate the structural performance 
of the deteriorated member are analyzed while dif-
ferentiating it from a model used for the design of a 
healthy member. As a result, the techniques from in-
spection to performance evaluation were discussed 
progressively. By the case study for bridges, a pro-
cedure of ideal maintenance management was also 
shown. 
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Table 3. Approach of modeling for nonlinear finite element analysis for deteriorated member (Example). 
Target Content Approach of modeling (Example) 

Deformation Load action Model Distribution Accuracy 
Shape Concrete Defect (Section loss) 

[Exfoliation of cover concrete,  
Dissolution] 

Compressive No element Longitudinally change ○○ 
Longitudinally same,  
Maximum loss ○ 

Longitudinally same,  
Average loss △ 

Macro-crack 
[Steel corrosion,  
ASR, 
Temperature, 
Shrinkage] 

Perpendicu-
lar to 
main stress 

Compressive Discontinuous Most effective location × 
Ignore - ○ 

Tensile Discontinuous Most effective location ○ 
No element Most effective location ○ 

Parallel to 
main stress 

Compressive Discontinuous Most effective location ○ 
Ignore - ○ 

Rebar Defect (Section loss) 
[Steel corrosion] 

Tensile Section loss at 
disintegration rebar 

Longitudinally change ○○ 
Longitudinally same, 
Minimum section 

○ 

Longitudinally same,  
Average section 

△ 

Break Tensile Discontinuous at 
disintegration rebar 

Actual location ○○ 

PC steel 
strand 
wires 

Defect (Section loss) 
[Steel corrosion] 

Tensile Section loss by 
disintegration 
modeling every wire 

Longitudinally change ○○ 
Longitudinally same, 
Minimum section 

○ 

Longitudinally same,  
Average section 

△ 

Section loss by 
disintegration 
modeling strand   
wire 

Longitudinally change ○ 
Longitudinally same, 
Minimum section 

○ 

Longitudinally same,  
Average section 

△ 

Break 
[Steel corrosion, ASR] 

Tensile Section loss by 
disintegration 
modeling every wire 

Actual location ○○ 

Section loss by 
disintegration 
modeling strand 
wire 

Actual location ○ 

Constitu-
tive 
rule of 
materials 

Concrete Micro-crack 
[Frost attack, ASR] 

Compressive, 
Tensile 

Direct structural  
model after 
deterioration 

Longitudinally change ○○ 
Longitudinally same,  
Maximum deterioration ○ 
Longitudinally same,  
Average deterioration △ 

Decrease of strength 
and elastic modulus 

Longitudinally change △ 
Longitudinally same,  
Maximum deterioration ○ 
Longitudinally same,  
Average deterioration △ 

○○: The accuracy is high for an influence item, ○: Under a certain condition, accuracy is enough, △: Caution is necessary, ×: No evaluation. 


