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Expectations for DX Progress in the Field of Building and Infrastructure
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Abstract
In order to avoid divergent discussions on DX in the field of building and infrastructure and to
provide an opportunity to obtain extensive advice from DX experts and academics, I will summarize
the challenges and expectations for DX development in this field.
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Environmental Changes and Social Needs

Natural disasters (Disaster Decrease in working population

Prevention and Mitigation) (Productivity increase)

Aging Global warming
(Life extension and maintenance)| (Energy conservation, CN)

A

DX
(IoT, ICT, CPS, BIM/CIM)

Problem—solving methods
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R1 ABETHRETILEDHEITF
The broader meaning of social infrastructure covered in
this report

Roads, railroads, water supply, electricity
Social (transmission facilities), gas, communications
infrastructure |(towers), ports, levees, dams, stations, airports,
Important buildings (hospitals, city halls, schools)
Industrial | Various plants including steel works,
infrastructure |Power plants and other energy facilities
High-rise buildings (offices, condominiums, hotels,
. commercial facilities)
Building . . . o o
Low-rise residential buildings (apartment buildings,
detached houses, commercial facilities), warehouses
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Classification of DX in this report

Technology to reproduce/transcend human proficiency
DX-A |with data science

(big data, machine learning, etc.)

Technology for data sharing and virtualization of
DX-B  |machining/construction processes

(3D databasing and virtualization, etc.)

Cases where the business model and/or concept is more

DX-C  |important than the technology

(using/not using the latest technologies listed above)
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Cyber space

>( Fabrication )>

data

Design

Physical space

(a) Information Society to date (Society 4.0)

Cyber space

| Al, BIG DATA |

T New value
&
D w

Physical space

(b) Society5.0
HEA T ITRHFICHEIZ2INETORBESHS
Society5.0 NDE{E1 x =
Schematic diagram of change from the Society4.0 to
Society 5.0 in the field of building and infrastructure
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(a) Optimization

Frenye | I

Variety of materials, member and module
(b) Standardization

G AP

Smaller module
(c) Modularization

3 Society5.0 #EIRT 3 -DDMEHED 3 DDEE
Three approaches to R&D for Society 5.0

Members

Larger module
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60 | K-shape |
roove
5 @ 50 { V-shape o V20% g/
5 roove
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S3 30 V20% —_~~
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> E e !
s g 10 ,/ ¥ Reduction rate of thickness
© ~ @ Reduction rate of welding
0 : : : . q
10 15 20 25 30 35 40 45 50

Thickness of base metal (mm)
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An example of the relationship between steel thickness re-

duction and welding (welding material and work) reduction
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5 U9 TREESSUKIEEEDHEY
Future projection for amount of steel scrap and global
steel demand®

REMZ% CO, HEE AT H AR TIRAILL T Z &
JHTHY, TOFEE LT DX NOHIEEITAZV,

4.2 ETHOZEIL (BIM/CIM DER)

MEA VT IHEHIIBILHETHO DX OFEFIE LT,
BIM/CIM %33 % Z L 1Z 3 ETHNR/ZE B THLH, T15H
RIGH L7727 — ¥ SRS 5 TB Y, oy (B
KR ASEAN FEIE) 12 BT 5 Z 15 O HIZEN L Y Jef7
LTwh,

BIM/CIM k1%, 3D 0BT — ¥ 2 @it 7 ut A2k T
HFETLHMATH L, ZNHOEHIIBEIHENTWDE S
DS, RIEGTOMMIFEL, TRRA AT %E
6IIRT, M2 ERUU L TRERE ML, #BEo3 oI
EHLTREAMLLTEBY, BIM/CIMAS 7Ty b7+ —24k
) F— G ENDZ ETHEEEEN AL E SN
Twb, —J, 728 ZITENOBESG 755 O BIM 128
WL, RETLREEMLLREE TTF—=20rshcsh,
HHEDOHTOT =5 DRV IZEELED L bl TE
7oo @A BIMEHLEIZBIT A 3D RO ETH L 05
FHEROTR TRV L TWADIZR L, T BIM Tl
3D EFH ON—=F v )V /A=) LOFFITIEE (74
THI) NERTLLERH LD THDH, ZIT—F
OHIMEZT TR, B EDLETE (TEMoII 2=
e a itk D EEALR AN U SN LT,
HHVIET— FIERIE (57— 7 OB L ) A L HIHE
HWEOEMONTEICETLME) i IS
TWhe BV EDLEIZE LAYy PERALTELBITT
BE, ENOEERCHMEDHRATLDH S, VWbWwb “ L
HY—VATL"OVEDTHY, ZNHHENI L) 2
THAR D BIM/CIM % #5105 P EDD S HOTIC
BULHEIZRLTHAI,

B, COWRKPEOVDEOL ENTELFETLALM
TTHEDOBIM 77— O3 E L 29 €24 ZEREICHF
TELTBY, 5HBFOHEE, FHUIE) BIM/CIM DV o
Z) DO— AL FF ST b,

H A& # # & W #4215 (2023)

— 104 —

Cyber space

4 4 4
DG

Physical space

X6 BIM/CIMIC&LBEHT—2DHH
Construction data sharing using BIM/CIM
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BERMEDT A 794 7 VIZBIF 5 o, (LIF, LCCo,)
PRI X D EAREO %, 60 FEEHITIE 3 5L
FicnzbvrREL D5, 2L 2ITEBEEIIBITS
LCCO, fipliz, MEFIT ORI IZHD S BB EEZ R
WCEHR L RO—BNIR 7 L2 %, BHETETOVD
W2HIYART 4 FCO, I F&ED20%HIRIZEETY, Hilk
PED720124 U % CO, 1EHATIT AR TIZ &R DK 30%
CRSESND, WiEMEZ GRS 5 2 L1285, @I CO,
U TIiE LCCO, HEAFD 720 DM AR IZ LV R 5o

AR 7 & TR O MERE S E &l L 7B HEE CO,
JEMFZEEL Ve S TBY, MEEoREMILL AT T
Y AEEDORFALD KL % Bo 72 & 2T PERED
CO, MEIEREZZNZI30%HIKL, T#HDHEERD
L LCZVRT 4 FCO, %4 (0.7x0.750.5) §5Z &
EFE TG0 KICRA Y T F 2 AFM OIS & )
ik 2P IS IEIET 2 LT, CO, & 4D 1/4(0.7x0.7
x0.550.25) FCHEMT LI L2 HIEL-W (H8), Sk
EHTELEMERALZ LIIMHETIE RV EBbNE,
e IR L LTI Twa v,

&) B EROUE, HHVIEAY T T ALE
OizA v 7 7 EFHFMILIZE 5H CO, FRA, ML
DWTIIHAEEICRZ 2L )IITELZEHNDX~DOK
ELHFFTH 5,

M IIBEE SN DB % & b < IZIFEEDIRFIH A 7
ENBEVIRELRRA) Y bELOMETH LD, MED
DRENDVFA 7 NVEEDIZ VS ZIREVTATH A2
VTEHMIiCE 2 £ 912, ZohTafRiEts BiIL C»
CTENAREMEEMOVOE DL EZ Do ZHIXIFRD
HERERSZ (I Tl b CIA L3 & EE 2 i



HET12 77 (AR - BE) SEFICHT5 DXERANDHT

Construction
hot water supply Maintenance

heating /demolition

evocation
cooling

Operated emission

Embodieci B

0 50,000 100,000 150,000 200,000 250,000 300,000 350,000
LCCO, of low-rise residential building (kg/house/60year)

7 REEFEED 60 FRETHHHT 5 CO, & ZDERD—1I
Life cycle CO, emissions in low-rise housing over 60 years
and its composition (an example)

1.0
co,

TSI § R = SIS § -
. 1
L

New constructing Re- constructing )! h

a) Current status

o7><o7____ . Use of >___
0.5 co, maintenance cycles
New constructing  Continuous use J.
(b) Future targets
M8 BEERILERF{LICLSCOHIBZ—7 v bDIX—

CO, reduction target due to we|ght reduction and longer
operating life

| (a) Optimization, (b) Standardization, (c) Modularization |

Cyber space

Physical space
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Ideal construction/operation data sharing in the field of building and infrastructure
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Material
(electric furnace)
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Material = Q—@)'—e @
(electric fumace) Recycle Maintenance
Materia IO (D— @ Operation
(electric fumace)
Mater|a| —P—1D) =—(F)="Construction
(blastfurnace) Plan Design ' 2crication
10 #VEINB VYA 7L ERTIRE U IRER AR
pA= R

Construction process and recycling spiral (Ideal longer life
cycle)
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A
R Cyber space

BV Al, BIG DATA, Quantum computing =

BIM

Building / Construction Information Modeling as data platform

| Physical space |
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Approach to a complex set of issues by promoting optimi-
zation, standardization and modularization
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Damaged "\
N/

Identify damage details
(level, location)
A Smm—

Actual frequency

Decrease in eigen frequency due to damage

1
I I I | I i i
4 (‘(, Accelero- 1
Impact meters | |
weight 11
7 [ ]
Undamaged Earthquake Eigenvalue FE analysis
road pier Damaged analysis model  model
| Physical | | Cyber |

12 51> T779HICH TS CPS O—1fl
An example of CPS in the field of building and infrastructure

Satellite o
® AN Information BIM
N,
g

Design & Cost Estimate

\Y4
@ % Parts Processing
\Y4
, Roof Panel Module
,, Assembling
Vv

Restoration <]
(Site work)

T

Aging roof Damaged roof

13 ANIHE&EAL-BREEDHE - BIRY X7 4
Satellite-based roofing component repair and restoration
system

Delivery

52 AIHEDER (X13)
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Total design
based on L-LCA
Hybrid material
Structure Conventional ===T===‘C—~ © Optimal solution
Approximation Calculate a realistic
to “Ising model” solution with smaller
P evaluation index
/
‘
3
[
Recycle/Reuse optimal condition
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ZEMREtEEDBREEFT7 =) JTEHT
54 XA—JH)
Expectations for quantum computing: Schematic diagram
of using quantum annealing to find a solution to a multi-
objective optimization problem in integrated design
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