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４－２．社会インフラストラクチャの強靭化に向けて（藤野特任教授）
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(a) Typical slip-slip Mode
(b) Typical Stick-Stick Mode

(Earthquake 1992-02-02 Frame-2)

(c) Typical Mixed Slip-Stick Mode
(Earthquake 1995-07-03 Frame-1)
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An Innovation and Knowledge Centre

International Advisory Group

18th January 2013
Centre for Smart Infrastructure and Construction, University of Cambridge,
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Tel: 01223 746976; Email: CSIC-admin@eng.cam.ac.uk; Web: www.centreforsmartinfrastructure.com
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４－３．多孔体・複合材料（コンクリート：地盤）と構造に関する知識構造化と
インフラの設計管理への応用
― multi-scale,multi-chemo-physics approach ―　（前川教授）

multi-scale, multi-chemo-physics approach 

Excessive deflection of PC viaducts Shear fatigue failure of RC bridge deck Building seismic – dynamic simulation
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(4) RC
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Effect of drying shrinkage on seismic performance

Ducom-COM3 link analysis

E-defense
initial shrinkage cracking

3nd floor – displacement
[mm – mm]
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100%

~28 days sealed

7~28 days drying

Moving wheel-type loadingFixed point pulsating load
Load position and direction fixed.

Simulation of RC slabs under high repetition of moving loads
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fixed point cyclic shear by FE analysis

Cyclic moving point shear 
by FE analysis

Dry experimental results

Submerged experimental results
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“Structural Concrete incorporating kinematics of ambient water”

crack = variable pore space 
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Closure pressure
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Associated with deformation
Pcr : Pressure 
in crack space

P : Pressure in 
micro-pores

Incorporating concrete and pore water : Biot’s modeling

Dynamic equilibrium equations for a saturated skeleton

�11,1 ��12,2 ��13,3 ��g1 � ���n��su1,tt �n�f�u1 � w1/n�,tt

�11,1 ��12,2 ��13,3 ��g1 � �u1,tt ��f w1,tt

�1j,j ��g1 � �u1,tt ��f w1,tt

���(1)

Summation�convention�

(2)�Generalization�for�each�coordinate�axis
�ij,j ��g1 � �ui,tt ��f wi,tt ���(5)

fc nn ��� ��� )1(

ifiijij wgu ���� ��� ��� )(,

(1)�Equilibrium�in�direction�x1
�11,1 ��12,2 ��13,3 ��g1 � ���n��su1,tt �n�f�u1 � w1/n�,tt

�11,1 ��12,2 ��13,3 ��g1 � �u1,tt ��f w1,tt
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�ij,j ��g1 � �ui,tt ��f wi,tt ���(5)

fc nn ��� ��� )1(
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(1)�Equilibrium�in�direction�x1

Dynamic equilibrium equations for fluid materials in the skeleton

a) porous�area�
b) normal�to�plane�x2�x3
c) gravity�force
d) permeability
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viscosity

gravity
force
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(p+dp/dx1 x1)nS

(1)�Viscosity���� resistant�force�exerted�by�contact�with�skeleton
From�simple�assumption;��without�any�acceleration��(static�movement)
�p,1 � w1,t
p,1���x1nS���1/�w1,t x1nS multiplied�by�“�1/� x1nS”

(2)�Dynamic�equilibrium
p,1��+��fg1��1/�w1,t +��f (u1,tt +�w1,tt�/n)

p,i =��f (ui,tt � gi)�+��f wi,tt /n +�1/�wi,t

pressure������gravity���������viscosity����������mass�x�acceleration=force���������
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d) permeability
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From�simple�assumption;��without�any�acceleration��(static�movement)
�p,1 � w1,t
p,1���x1nS���1/�w1,t x1nS multiplied�by�“�1/� x1nS”

(2)�Dynamic�equilibrium
p,1��+��fg1��1/�w1,t +��f (u1,tt +�w1,tt�/n)

p,i =��f (ui,tt � gi)�+��f wi,tt /n +�1/�wi,t
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t :time

a) normal�to�plane�x2�x3
b) normal�to�plane�x3�x1
c) normal�to�plane�x1�x2
d) gravity�force
e) mass�of�skeleton
f) acceleration�of�skeleton
g) mass�of�water
h) acceleration�of�water
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c) normal�to�plane�x1�x2
d) gravity�force
e) mass�of�skeleton
f) acceleration�of�skeleton
g) mass�of�water
h) acceleration�of�water
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�ij � ��ij �	ij li p

li ; unit directional vector 
normal to a crack plane

Modeling
used

Michigan

�� � � � �
��� � �		




�

�i ; mean permeability of cracked concrete
��; intrinsic permeability of uncracked      

concrete
�jj + �kk ; mean transverse in-plane strain
a ; constant value determined by experiment

Size, shape, mix proportions,
initial and boundary conditions
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DuCOM: Hydration computation
Determination of amount of solid phases

PHREEQC: Geochemical calculations
Determination of equilibrated amount of solid phases and pore 
solution concentration

DuCOM: Microstructure computation
Determination of amount of pore water

DuCOM: Pore pressure computation

DuCOM+PHREEQC: OH equilibrium and transport
* Determination of equilibrated amount of solid phases and pore 
solution concentration except OH by PHREEQC
*Concentration of free OH by DuCOM

DuCOM+PHREEQC: Ca equilibrium and transport
* Determination of equilibrated amount of solid phases and pore 
solution concentration except Ca by PHREEQC
*Concentration of free Ca by DuCOM

DuCOM+PHREEQC: SO4 equilibrium and transport
* Determination of equilibrated amount of solid phases and pore 
solution concentration except SO4 by PHREEQC
*Concentration of free SO4 by DuCOM

DuCOM+PHREEQC: Na equilibrium and transport
* Determination of equilibrated amount of solid phases and pore 
solution concentration except Na by PHREEQC
*Concentration of free Na by DuCOM

DuCOM+PHREEQC: K equilibrium and transport
* Determination of equilibrated amount of solid phases and pore 
solution concentration except K by PHREEQC
*Concentration of free K by DuCOM

Determination of pore pressure, RH, and moisture distribution

DuCOM+PHREEQC: Al equilibrium and transport
* Determination of equilibrated amount of solid phases and pore 
solution concentration except Al by PHREEQC
*Concentration of free Al by DuCOM

DuCOM+PHREEQC: Mg equilibrium and transport
* Determination of equilibrated amount of solid phases and pore 
solution concentration except Mg by PHREEQC
*Concentration of free Mg by DuCOM

DuCOM+PHREEQC: Cl equilibrium and transport
* Determination of equilibrated amount of solid phases and pore 
solution concentration except Cl by PHREEQC
*Concentration of free Cl by DuCOM

DuCOM+PHREEQC: HCO3 equilibrium and transport
* Determination of equilibrated amount of solid phases and pore 
solution concentration except HCO3 by PHREEQC
*Concentration of free HCO3 by DuCOM

DuCOM+PHREEQC: Si equilibrium and transport
* Determination of equilibrated amount of solid phases and pore 
solution concentration except Si by PHREEQC
*Concentration of free Si by DuCOM

Parallel events
0)(

���
�
���

ionion
ion QdivJ

t
CS�

Governing Equation
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ASR

ASRASR

XX [�] YY [�]

DuCOM-COM3 ASR

ASR

10cm 10cm 40cm

10cm 18cm 170cm

1/4

30cm 45cm 60cm

YY

ZZ

D13

D6

D10

- -

-
DuCOM-COM3 BioDuCOM

Japan
CCS

�
�
� CO2
�

�

�

Remaining fatigue life assessment of existing RC bridge decks
coupled with multi-scale platform

Combination of site inspection data and simulation platform

M
ax

. s
tre

ss
/C

om
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S
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th

Log N

specified S-N diagram for design

0.01Hz
analysis rate of
loading = 1.0Hz

Compressive Strain

Compressive Stress (MPa)
30

20

10

0.001           0.002           0.003

computational platform
users

Clear output S-N diagrams

site inspection
simple measurement

Knowledge of 
engineers

Advice
etc.

Compile & link

Knowledge of 
engineers

Quasi-Cracking Method

Crack maps by inspection Converted field of Pseudo-
cracking strain

Conversion of current cracking to strain field

Users’ interface for practice

/

Big data
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４－４．3次元モデルデータを利用した社会インフラ保全管理技術の確立
　　　　（矢吹教授）

3

2013 12 19 13 00 17 40
4 E

Nobuyoshi�Yabuki 1

BIM�(Building�Information�Modeling)

Nobuyoshi�Yabuki 2

Product�Model BIM/CIM
• 1970 CAD IGES Initial�Graphics�Exchange�Specification
• 1980 3 ISO,�TC184,�

SC4:�ISO�10303� STEP Standards�for�the�Exchange�of�Product�model�data

• 1994 IAI Industry Alliance�for�
Interoperability I Industry

• 1997 IAI International�Alliance�for�Interoperability AEC Architecture,�Engineering�&�
Construction IFC Industry�Foundation�Classes

• IAI buildingSMART�International
• 2012 IFC ISO PAS (Publicly�Available�Specification)�16739
• 2013 IFC ISO IS�(International�Standard)�16739
• IFC

• 3D

Nobuyoshi�Yabuki 3
3IAI HP

IFC (Industry�Foundation�Classes)

Nobuyoshi�Yabuki 4

Bridge

Girder_bridge Cable_stayed
_bridge

DOUBLEspan

cable_style

main_tower_heightgirder

  Girder_type DOUBLE

STRING

SCHEMA  example14;
TYPE Girder_type = ENUMERATION OF (I_Girder, Composite, Box);
END_TYPE;
ENTITY Bridge
SUPERTYPE OF (ONEOF (Girder_bridge, Cable_stayed_bridge));

span : DOUBLE;
UNIQUE

UR1 : span;
END_ENTITY;
ENTITY Girder_bridge
SUBTYPE OF (Bridge);

girder : Girder_type;
END_ENTITY;
ENTITY Cable_stayed_bridge
SUBTYPE OF (Bridge);

main_tower_height : DOUBLE;
cable_style : OPTIONAL STRING;

END_ENTITY;
END_SCHEMA;

ISO-10303-21;
HEADER;
FILE_DESCRIPTION((' '),'2;1');
FILE_NAME('AP202\SAMPLEFILE01.p21', '2005-10-15T10:40:07',
('shitani'), (' '), 'STEP version 1.0', 'AutoCAD2002', ' ');
FILE_SCHEMA(('sample'));
ENDSEC;
DATA;

#11=GIRDER_BRIDGE(50, 'I_Girder')
#14=CABLE_STAYED_BRIDGE(100, 'Harp', 20);
#17=AXISPLACEMENT(#24, $, $);
#24=CARTESIANPOINT(2.000000E+00, 0.000000E+00, 0.000000E+00);

ENDSEC;
END-ISO-10303-21;

EXPRESS�G� EXPRESS
Part�21

CIM
• 2012 4

BIM CIM Construction�Information�Modeling
BIM JACIC CIM

• CIM Computer�Integrated�
Manufacturing

• 2012 11

• 3

• 2013 CIM
7 3D

CIM
• 3 CAD

•

• IFC

Nobuyoshi�Yabuki 5

BIM/CIM

Nobuyoshi�Yabuki 6
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Nobuyoshi�Yabuki 7

•
2002

IFC
PC

•
AutoCAD2002 Forum8 UC�1

3

• IAI CSTB
SETRA

IFC
IFC�BRIDGE

• IFC

• JSPS
SAKURA

• 2004 IAI

Nobuyoshi�Yabuki 8

• 2005 JACIC IFC
IFC�ShieldTunnel

• IAI
IFC�ShieldTunnel

• IFC IFC�
ShieldTunnel

•
• IFC�Tunnel
•

•

Nobuyoshi�Yabuki 9

LandXML
•

XML

• LandXML.org 37
441 2006 7

• LandXML.org

• OpenINFRA LandXML

• buildingSMART�International� IAI
IFC ISO IS

• 2013 10 OpenINFRA

Infrastructure Room
•

Alignment�Model

• OGC Open�Geospatial�Consortium

• Infrastructure�Room
1. Alignment
2. Data�Dictionary
3. IFC�Bridge
4. Delivery�of�As�Built�Data�for�Asset�Management

Nobuyoshi�Yabuki 10

COBie
• Construction�Operations�Building�Information�Exchange
• FM 3 CAD

• ERDC Bill�
East 3

BIM
• EXCEL
•

•
• GSA

Nobuyoshi�Yabuki 11

2000

Nobuyoshi�Yabuki
12

3 3 CAD

GIS
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2002 2004 IC
68 PDA

• IC
•

•

Nobuyoshi�Yabuki 13

• MEMS Micro�Electro�Mechanical�Systems

•

•
•

•

•

Nobuyoshi�Yabuki 14

•

•

•

•
•

Nobuyoshi�Yabuki 15

2007
•

•

•

Nobuyoshi�Yabuki 16

•

• 3

•
Integration

• KDD Knowledge�Discovery�in�Database

•
– NEES George�E.�Brown,�Jr.�Network�for�Earthquake�

Engineering�Simulation Peng &�Law
(2004) NEES Reference�Data�Model

– E�Defense
EDgrid 2006

Edgrid Data�Model
–

•
– IAI buildingSMART IFC
– IFC

•
–

– Qualitative�Reasoning

Iwasaki,�1997)

Nobuyoshi�Yabuki 17

NEES Reference�Data�Model (Relational)

Nobuyoshi�Yabuki 18

Peng &�Law�(2004)
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NEES�Reference�Data�Model IFC

Nobuyoshi�Yabuki 19

ER Entity�Relationship IFC

2012

• BEMS/HEMS

• Facts Rules
•
• IF THEN
• IFC
• Prolog
•

•

Nobuyoshi�Yabuki 20

 

3 3
• CIM 3

• 3

• 3 3 CAD

•

•
•
•
• TS
•

Nobuyoshi�Yabuki 21

•

•

•

•

Nobuyoshi�Yabuki 22

2012

Nobuyoshi�Yabuki 23

•

•

•

•

•

•

Nobuyoshi�Yabuki 24

2013
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Nobuyoshi�Yabuki 25

IDEF0

IFC
Nobuyoshi�Yabuki 26

RC

TS
3

• 40

•

•

3
•

Nobuyoshi�Yabuki 27

( ) KUMONOS NETIS

4

Nobuyoshi�Yabuki 28

Zhou�&�Yabuki�(2013)

Nobuyoshi�Yabuki 29

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

after�repainting�(fences�were�
removed)

4D�simulation�of�repainting�work

Day�8�work�finished

4D�simulation�of�addition�work Nobuyoshi�Yabuki 30

•
•
•
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４－５．情報技術を用いた社会インフラ強靭化の支援　（増田教授）
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４－６．都市機能の維持のための地震防災　―分析と構想（堀教授）
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４－７．アセットマネジメントの現状と今後の展開（貝戸准教授）

2013.12.19 

 
kaito@civil.eng.osaka-u.ac.jp 

http://www.infra-assetmetrics.com/ 
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Elapsed time (years)



CRDS-FY2013-WR-16

60

独立行政法人科学技術振興機構 研究開発戦略センター

科学技術未来戦略ワークショップ
社会インフラ強靭化のための研究開発戦略

 

 
 

1994 HDM-4 
 

 

 
 

ISO5500X 2013  
How to  

ISO5500X 

ISO5500X

ISO5500X
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•

 

• one-size-fits-all standards
one-finds-own-size standards

 

•

 

• quality control( ) quality assurance

 

 
 

 
 

 
 

 
 

 
ISO5500X 

 
PFI  

1  
 
 

Crack 
Rate 0% 
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2.5%-5% 

5%-10% 
10%-20% 
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1  
 

Rating FWD results 

1 D <= 400 

2 400 < D <= 800 

3 800 < D <= 1,200 

4 1,200 < D <= 1,600 

5 1,600 < D 

 
FWD  

3 ARFIMAX-GARCH  

  

 
1

 

Generalized Autoregressive Conditional Heteroscedasticity  

ARMAX-GARCH  

ARFIMAX-GARCH  
 

4  

 
 

 
 

 

 
 

 
 

 
 

 
 

VaR  
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４－８．東京都における下水道アセットマネジメント
　―下水道総合情報管理システムの活用―（高橋専務取締役）

 
 

25 12 19  
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3.  

 

東京都下水道局 

効率・効果的な管路内調
査 
（下水管の８０％以上は人が立
ち入れない�８００ｍｍ未満） 

ニーズ・課題 

開発内容 

ミラー方式テレビカ
メラ 

下水道管路内を直進するだけで、管内壁
面全体（３６０度）の詳細な映像を取
得・調査  

管きょ内面展開図化システム
と管きょ検査診断支援システ
ム 

ミラー方式テレビカメラ調査のデジタルデータか
ら、帳票出力の自動化と管きょ内面を展開図化し、
管路全体を一括表示 
管きょの損傷か所を自動診断 

管路診断システム 

調査結果から、管路の健全度を判定  
 

更生工法 

非開削で老朽管きょを更生 

管路調査結果のシステム化 

管路診断の省力化 

非開削による管きょ
の改良・再構築 

・管路の現況のデータ化 

・調査結果のデータベース 

・管路の健全度評価 

・効率的な再構築施工法 

 

 

( )

 

① 

② 

③ 

 

   ミラー方式テレビカメラ 
 

直進のみで管内の正面(直視）・
壁面（側視）とも同時に撮影完了 

アナログ式テレビカメラ 
 

管の壁面撮影は、一時停止して 
  側視を実施（360度可能） 

 

17 

 
250m/ � 500 /  

+

 
 

取付管接続部 
  

18 

直視画像 

直視画像のみ 

側視画像 
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②管の頂点で切り分ける

管路 

展開画像 

取付管 

    撮影画像情報の加工      
  ー管きょ内側視（壁面）画像データを座標変換して展開図化ー 

①ミラーカメラ 
映像 ③一枚の平面として表記す

る

原画像 

20 

内面展開図 

側視画像 

直視画像 

21 

管きょ検査診断支援システムの機能
ークラック幅などを自動計測し、ランク分けー

22 

自動診断ソフトにより診断を実施

管きょ検査診断支援システムの機能  
ー自動診断、自動集計の結果ー 

 

 

① 

② 

③ 

④ 

 
凡 例 

改良優先度1 

改良優先度２ 

改良優先度３ 

要補修 

対策不要 

24 
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