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Fig. 1 General View/Cross-Section of Main Bridge

Photo 1 View of construction by inclined bent

Photo 2 View of construction by cantilever
erection

Fig. 2 Analysis Model

Photo 3 SPSP installation

Beam(deck slab)

Truss(stay cable)
Rigid link

Beam(steel girder)



Fig. 3 Comparison of Target and Actual Girder Displacement during Cantilever
Erection

Survey Analysis target

Table 1 Steel Fabrication Summary

IHI Aichi (Japan) 2,500 tons
IHI Infrastructure 7,885 tons
Asia Co., Ltd. (IlA) (Vietnam)

Mitsui Thang Long Steel 4,000 tons
Construction Co., Ltd.

(MTSC) (Vietnam)

Photo 4 Steel fabrication works

Photo 5 Night view of Nhat Tan Bridge
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Fig. 1 Structural Concept Model

Fig. 2 Structural Components of Ribbon Chapel

Spiral frame

Connections between
inner and outer spirals

Tuned mass dampers

Steel basement

Friction pendulum
system
(base isolation)

©Kaoji Fujii / Nacasa & Partners Inc.
The chapel spirals up a cliff overlooking the sea

Ribbon Chapel

Vertical posts supporting
inner spiral

Fig. 3 3D Concave Offset to Absorb the
Vertical Support Post Movement

2: Offset in 3D in reverse
direction

0: Original model

1: Calculated deformation
due to self-weight

10
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Building appearance Perimeter column

Viscous wall-type damper

\ Buckling-restraint brace
Colum-type metallic damper
Steel shear wall

Main structure CG

05%—
| S S SIS ISR S e il
o i 5 e | e o R G S
Tt i =i 1
o —i o e e O O e O 1 ,
]
& .
~
N
©
64.8 m o
[a]
o o ] ] ] @ [e] ] ]

Typical office floor plan
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Structural Outline

Aboveground

section

«Steel structure,
CFT for part of
column (FC90~60)

14F~

*Grade of steel
product for
column: SN490C

15F~

*Grade of steel
product for
column: SN490B

Adoption of
high-strength
steel product for
main frame

B2F~7F

*Grade of steel
product for
column: SA440C,
TMCP385C

2F~14F

*Grade of steel
product for
girder: TMCP385B

Underground

section

*SRC structure
(partly RC structure)

Foundation
*Spread foundation

Seismic-resistant brace
(elastic axle)

High-rise section
(main frame: elastic)

Viscous response-control wall

(response-control damper)

Energy-absorption
concentration layer
(main frame: elastic)

Steel plate seismic-resistant

wall (elastic)

Seismic-resistant
brace (elastic)
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Low-rise section=
Highly rigid
(main frame: elastic)

Filling soil
Yurakucho bed

Tokyo formation
(sandy soil layer,clay soil layer)

Tokyo gravel layer

Edogawa formation

Full view

Spacious atrium fagade
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Fig. 1 Methods of Reinforcement of STKR Column

f Steel plate

(a) Reinforcement by steel plates

Steel plate
Y /PC bar
/*St%l plate

Stiffener

(c) Reinforcement by steel plates and PC bars

fAngIe steel

(b) Reinforcement by angle steels

/ Mortar
/ Steel mold

Shear cotter

(d) Reinforcement by wrapping
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Fig. 1 Configuration and Dimension of Test Specimen
160

(unit: mm)
50 16

10

120
700

Fig. 2 Fatigue Failure Surface with Beach Mark

Fig. 3 Relation between Stress Concentration Factor
and Weld Penetration Depth

Toe
Root

Stress concentration factor

Main plate thickness Tm: 16 mm

Longitudinal-direction penetration depth
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Fig. 1 BIM integrated drawing at basic design stage of Lazona Kawasaki Toshiba Building

Photo 1 Lazona Kawasaki Toshiba Building

Fig. 2 BIM of Hoki Museum
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Fig. 3 Simulation by use of BIM of On the water

Fig. 4 BIM of No. 1 Building of Toho Gakuen Chofu Campus

Photo 2 Hoki Museum

Photo 3 On the water

Photo 4 No. 1 Building of Toho Gakuen Chofu
Campus
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Fig. 1 Procedures from Preparation to Application of Construction BIM

) Output
+ Settlement of purpose and execution plan P

+ Assignment of person in charge of BIM

* Prior discussion
(D BIM application process
@ Information and data required for subcontractor
(3 Information and data supplied by general contractor
(@ BIM tools and their versions
® File formats
(® Origin, axes, units, layers
@ Information sharing, management of latest version
Approval procedure
(9 Copyright, confidentiality obligation

* Preparation of BIM collaboration plan document

Preparation

Photo 1 “What’s Construction BIM—Handbook
for the Collaboration of General Con-
tractors and Subcontractors”

BIM collaboration plan document

+ Improvement of BIM environment
* Holding of kick-off meeting

+ Flow to BIM-based consensus

+ BIM modeling Minute of
* BIM integration proceedings
+ BIM application

BIM model

Application

Data

Photo 2 Fixing of ceiling inside equipment and * Holding of follow-up meeting

coordination of steel-frame sleeves

Development

BIM application report

Fig. 2 Construction BIMs by Type of Construction Works

(No. of work items)
0 5 10 15 20 25 30

Preparation work
Temporary work

Demolition work

Photo 3 BIM-based consensus of steel-frame Piling, excavation and

; earth retaining

members for elevator equipment (red) S P
oundation and inverte

and steel-frame model (grey) construction method

RC structure work
Seismic isolation work

Steel-frame work
MEP work

Exterior wall and
exterior member work

Elevator installation work

~_Interior wall and
interior member work

Water-proofing work

Exterior work

Work items requiring BIM tying between

General contractors and Subcontractors BIM solely of General contractor
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Fig. 3 Formation of BIM-based Consensus

Conventional consensus formation

BIM-based consensus formation

Interference section

Checking
Drawings for use Approval
for examination drawing

A lot of drawings and complicated work is required to
correct drawings and maintain consistency among drawings

Fig. 4 Procedures for BIM-based Consensus (Example)

Steel-frame fabricator General contractor

G .
(DSteel-frame model Supply of BIM before connection design

Consideration to size of BIM data
(Scope and level of detail/development)

(3Discussion and consensus formation
employing integrated BIM

@Approval drawing
(shop drawing)

Preparation of drawing
after BIM-based consensus formation

Shop drawing

Approval
drawing

Reduction of drawings for use for examination at the process
of adjusting consistency is attained by confirmation and
correction employing BIM

Elevator supplier

(@Required members for installation of
elevator in steel-frame construction

- Fastener plate

« Rail support beam

« Angle to mount Jamb

« Sill support

« Part which can be hang

« Machine beam and
other required members

(@Preparation of approval drawing
(shop drawing)

Shop drawing for elevator
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Fig. 1 Outline of Three-dimensional Bridge Product Modeling (Modeler: Symphony)

Function of Symphony

3D product modeling
(Modeler: Symphony)

1 Preparation of
" framing line

2. Definition of object

in steel frame

7. Pre-cambering

MicroStation

3. Alignment of object

8. 2D development

Making connections

4. Addition of attribute
information

5. Collation of model

6. Calculation of
tonnage

Oracle/access

9. NC fabrication
information

Symphony: The system to prepare product modeling not only for steel bridges

but also other general civil engineering structures

Product modeling function
Function specializing

10. Fabrication document

Fig. 2 Application of Three-dimensional Bridge Product Modeling Used for Strategic Maintenance (Image)

r

Existing bridge

Modeling by use of conventional
drawing and 3D measurement

Newly-installed
bridge

(

Recording of design information,
as-built QC and geometry record

Repair, reinforcement, remodeling

* Repair/reinforcement/remodeling designs
by means of 3D product modeling,
construction plan, construction simulation

- Improved construction
and inspection efficiency

-

3D bridge maintenance database

3D bridge product modeling

Data on bridge
dimensions
Including QC record

Repair/reinforcement
and as-built geometry, data

Structural health

Inspection database monitoring record

Maintenance plan
by use of bridge
management system

« Drafting of strategic management
plan in liaison with bridge
management system (BMS)

Survey and inspection

« Reflection and recording in 3D-PDM
the inspection results in liaison with
bridge inspection labor-saving system
capitalizing on information and
communication technology (ICT) device

Monitoring

« Periodical monitoring by use of
3D measurement device
(laser scanner, digital camera, etc.)

- Constant monitoring by use of
various sensors for applying monitoring
results into emergency reporting system
during disasters, route information
control and other disaster-prevention/
control measures

« Detection of abnormality employing
large-scale data analytical technology

« Route information control in liaison
with geological information system (GIS)

Structural health monitoring

+ Assessment of load-supporting capacity
in liaison with 3D structural analysis
software

« Assessment of structural health
by referring database
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Fig. 3 Laser Scanner Measurement and 3D Modeling Technology

Laser scanner

Example of conversion into 3D solid model
measurement

Statistical processing of point
cloud data to prepare plane
and nodal line (ridge line)

Composition of planes in conformity
with nodal lines

3D solid modeling

3D measurement data 3D solid model
(Point cloud data)

Data size: 23.6 GB Data size: 11.5 MB (about 1/2000)
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Fig. 1 Data Preparation Procedures

Design drawing

v v
Preparation of 3D model Preparation of 3D model
for main structure for accessory structure

| * ]

Addition of maintenance information

v

Information output, preparation
of data for accessing

Fig. 2 Three-dimensional Model for Main Structures

Cross beam back-up member
of supporting point

Stiffener of supporting point \
>

Bearing reinforcing rib

Fig. 3 Three-dimensional Model for Main Structures and
Accessory Facilities

Intermediate

cross beam Stringer

Superstructure
inspection platform
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Fig. 4 Information on Members of Main Structures
Information on members of main structures

Information on members
of main structures

< Property information >
on individual members

Lot No.=NI1

Kind of member=Upper flange
Material grade=SM570
Member shape=PL

Plate thickness=30
Weight=4416.28
Width=2718.58
Length=7160.98

Fig. 5 Maintenance Information (Jack-up Stiffener Design
Reaction Force)

<Main girder ¥G1¥B7¥LF107¥GC55¥1>

Lot No.=NI1

Kind of member=G_stiffening plate

Material grade=SM400A

Member shape=PL

Plate thickness=27

Weight=19.08

Width=300

Length=300

Jack-up stiffener design reaction force=(kN)
Reaction force=3244.8kN

Fig. 6 Maintenance Information (Paint Record Table)

<Main girder ¥G1¥B1¥WL101¥GC53¥1>

Lot No.=NI1

Kind of member=Paint record table

Material grade=---

Member shape=---

Plate thickness=---

Weight=---

Width=270

Length=370

Date of paint=December 2014

Painting company=Primer coat, intermediate coat,
top coat: TAKADAKIKO Co., Ltd.

Paint grade=Primer coat: Epoxy resin paint;
Intermediate coat and top coat: Fluorine resin paint

Top coat color=GN-...
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Table 1 Grades of Stainless Steel Specified in Various Standards

Target facilities in construction
standards, and building
standards

Stainless steel grades

Dam, weir

SUS304, SUS316

Water service (aqueduct)

SUS304, SUS316

Water service (reservoir)

SUS304, SUS316, SUS329J4L

Building Standard Law

SUS304, SUS316, SUS304N2

Table 2 Grades of Duplex Stainless Steel Specified in Various Standards

Jis ASTM EN
Sus821L1 $82122 -
SUS323L $32304 1.4362
SUS329J3L $32803, $32205 1.4462
SUS329J4L - 1.4507
Sus327L1 $32750 1.441

Photo 2 Floodgate (sluicing outlet)

Photo 1 Ventilation opening cover at the Tokyo

Station
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Photo 3 Solar panel framing

Photo 4 Atami Baien service reservoir
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