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#100 = IFCRBUILDINGELEMENTPROEY( “1234-bB878-9012-34568°  ,#20,$.$.4#101.4104.5).
S#% ObjectPlacement #/1
#101= [FCLOCALPLACEMENT C$.#102) ;.
#10z2= IFCAXISBPL&CEMENT3D(#IDS $ $)s
#103= [FCCARTESTIAWPOINTCCO. . 0.0
/% Representation */L
04= IFCPRUDUCTDEFINITIUNSH&PE($ $ (#1055
#105= [FCSHAPEREPRESENTATION($, Geometriclet’ ,(HL0B)):L
#1068= [FCPOLYLINEC(#107 #1083, #109))
#107= IFCC&RTESI&NPUINT((94491.46,*143050.83,1.54));L
#108= [FCCARTESIANPOINT((94489.85,-1430562.52,1.63)) 4
#109= [FCCARTESTAWPOINTC (944868 .25, -143081.16.1.831) ;4

#106 Polyline
#107 Cartesian Point

#108 Cartesian Point
#109 Cartesian Point
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Inspection of Cracks in Concrete
Structures for Asset
Management

Nobuyoshi Yabuki (c) 2013 40




Bridge Inspection

Inspection: Visual only

Subjective

Depends on experience

Depends on the person

Very important

More objective method is needed.

Nobuyoshi Yabuki (c) 2013 41

Illustrative Example

| [<] <

N SN C N\

I T S T S R N

Crack Length 15.2 21.6 325
Crack Area 0.0075 0.0173 0.0293
Inspection 5 4 2
Incidents None None Automobile accident
and repair

Nobuyoshi Yabuki (c) 2013 42




Crack Length and
Crack Area

Inspection
Evaluation

= NN W B~ U

Illustrative Chart

//

V

K\j Year

Accumulation of Inspection Data

We will be able to obtain the relationship

between the crack data and visual inspection
assessment by the accumulation of data.

How can we accumulate the data?
Paper-based? No.

Digital? Of course.

But more. Should be model-based. 3D and 4D.
Plus RFID and wireless sensors. More data.




4D Product Model Representing both
Inspection Assessment and Cracks

HeCtCrackLiner (3)

-~ feCtCrackLiner (5)

WeCtCrackLiner (4) = ./
feCtwali 0y W/ ol HeCtwall (1)
. "\'/ : o
- S
; - .
P ot 1
.'-' || / 18
HeCtCrackLiner (1) < |4 I | |ifectwall (2

WeCtCrackLiner {2)

Degradation Curves

year year
Rate of Rate of
Inspection Inspection
year year

Rate of Rate of
Inspection Inspection

Depends on the location, element, environment, make, usage, etc.




Maintenance

year year
Rate of Rate of
Inspection Inspection
year year
Rate of Rate of
Inspection Inspection

Depends on the location, element, environment, make, usage, etc.
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Repair timing and Maintenance cost

year

Rate of
Inspection

Repair when damage is medium

Maintenance
Cost |

year

Rate of
Inspection

Maintenance Repair when damage is severe

Cost
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Asset Management

A structure is composed of many members and elements.
The importance depends on the member or the element.

Decisions must be made whether minor repair, major repair,
refurbishment, or renewal.

Which structure (e.g., bridge) should be repaired first, and
second, and third,....? Making an optimum order is very
difficult, compromising in political decision, which results in
terrible situations.

Budgetary constraints.

We need to make a reasonable and rational repair,
refurbishment, and renewal plan for a number of different
types of geographically distributed bridges.

Research Points

We need a rational and acceptable methodology to make such
plans.

We need to find a method, based on the scientifically correct
observed data and logic.

Statistical approach v.s. Markov chain

The interesting point is that we must pay attention to budget and
value of each structure, i.e., economics.

Decision making and policy

Optimization under various constraints

Asset Management = Engineering + Economics

Relatively new research field in civil and building engineering
Using ICT extensively, such as KUMONOS




SROMFFEIEDDHDLRTTIOYINET IV

Condition | | Damage
Ranking . Ahs.trnnt . | Leve
Emergency repalr nesded
(structural damages). High

Emergency repair needed
(other damages).
Repair implemented at once
after specific inspection.
c Repair needed belore next
periodic inspection (in 5 years).
52 Repair implemented or not base

' on the inspection result.
B Repair i nol required before next
: periodic inspection (in 5 years).

- Daily management needed.

A No damage. Low

Zhou & Yabuki (2013)

before repainting under repainting (fences were  after repainting (fences were
used to marking a prohibited removed)
area during the work)

4D simulation of repainting work

Day 8 work finished

4D simulation of.addition work
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NEES Reference Data Model (Relational)
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PK : Primary Key
FK : Foreign Key
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