STEEL CONSTRUCTION
TODAY & TOMORROW
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Motohide Tada: After finishing the master’s
course of the Graduate School of Engineering,
Osaka University, he entered Nikken Sekkei Ltd.
in 1982. He became assistant professor of the
School of Engineering, Osaka University in 1989
and assumed his current position as professor of
the School of Engineering, Osaka University in
2007. His specialization is building structures.

Fig. 1 Organization of AlJ Design Standards and Recommendations for

Structural Steel Buildings

* Allowable stress design:
Design Standard for Steel Structures —Based on Allowable Stress Concept
¢ Plastic design:
Recommendations for the Plastic Design of Steel Structures
e Limit-state design:
Recommendations for Limit State Design of Steel Structures

Recommendations that address a

structural type

* Recommended Provisions for
Seismic Damping Systems
applied to Steel Structures

* Recommendations for the
Design and Fabrication of
Light Weight Steel Structures

Recommendations that address

structural components

* Recommendations for Design
of Connections in Steel
Structures

* Design Recommendations for
Composite Constructions

* Recommendations for the
Design and Fabrication of
Tubular Truss Structures in

Steel

Recommendations that address

load effects

¢ AlJ Recommendations for Fire
Resistant Design of Steel
Structures

Recommendations that address

structural behavior

* Recommendations for
Stability Design of Steel
Structures




Taichiro Okazaki: After finishing the doctor’s course at the Gradu-
ate School of Engineering, Kyoto University in 1996 and receiving
Ph.D. from the University of Texas in 2004, he became assistant
professor, University of Minnesota in 2005. Then he served as
researcher, National Research Institute for Earth Science and Di-
saster Resilience in 2009 and assumed his current position as pro-
fessor, Hokkaido University in 2016. His specialization covers steel
structures and earthquake engineering.

Photo 1

Front cover of 2005 AlJ
Design Standard for Steel
Structures



Fig. 1 Sample Page Excerpted from 2005 AlJ Design Standard for

Steel Structures

Table 1 Structural Steel Products Applied in Building Construction

F(NMM?) __|vield-to-tensile| o| § 86

i i -lo- 2o |n|l®n i}

Steel type aDﬁg'gpangm Thickness (mm) |strengths ratio, | © |G Sl L % qéﬁ

<40 | >40 |max, % S e -2
400 | 235 215 =
Rolled steels for general structure SS [ 490 | 325 295 -
540 | 375 S -
400 | 235 215 -
490 | 325 295 S
Rolled steels for welded structure SM =55 355 3357 -
570 | 400 400 -
. 400 | 235 215 80
Rolled steels for building structure SN 290 | 325 595 80
Welded light gauge steel H section for general structure | SWH | 400 | 235 215 -
Carbon steel square and rectangular STKR 400 | 235 215 -
tubes for general structure 490 | 325 295 =
400 | 235 215 -

STK
Carbon steel tubes for general structure 290 | 325 295 N
- 400 | 235 215 80*
Carbon steel tubes for building structure STKN 290 | 325 295 80

. 400 | 235 215 -
Rolled steel bars for building structure SNR 2490 | 325 295 -
Light gauge steel sections for structure SSC | 400 | 235 215 -
Hot-rolled atmospheric corrosion resisting SMA 400 235 215 -
steels for welded structure 490 | 325 295 -

* Max. 85% for arc-welded pipe. #315 N/mm? for thickness over 75 mm.
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Hideki Idota: After finishing the doctor’s course of
the Tokyo Institute of Technology in 1988, he became
assistant professor of the Faculty of Engineering, Na-
goya Institute of Technology in 1998. He assumed his
current position as professor, the Graduate School of
Engineering, Nagoya Institute of Technology in 2009.
He received the Architectural Institute of Japan Prize
2015 (Research Themes Division).

Table 1 Outline of the Plant Building Targeted for Retrofitting

No. of stories

1 story aboveground, no underground floor and penthouse

Total building area

About 33,600 m?

Plane shape

Long side: 13 spans, about 200 m; Short side: 12 spans, about 160 m

Eaves height,
building height

Eaves height: GL=8.2 m; Building height: 11.5m

Year of design

1966 (based on the former Seismic Design Code)

Column Built-up column using rolled H-shapes

Beam Truss beam using L-shapes

Roof Saw-tooth configuration, slate covering

Foundation Independent foundation, steel pipe pile, exposed column base

Earthquake load

Unit load that reflects latest equipment load: 1.84 kN/m?

Seismic resistance
diagnosis result

Minimum value of seismic index of structure (Is value): 0.17;
Average value: 0.30

Natural period (s)

No retrofitting Long side: 1.21; Short side: 0.89

Extremely rare equivalence Long side: 1.78; Short side: 1.70

Fig. 1 Perspective Drawing of 3D Analysis Model
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Fig. 2 Detailed Configuration of Saw-tooth Roof

Fig. 3 Maximum Response Spectrum

Simulated earthquake motion for structural design
(85% in scale of motions of extremely rarely occurring earthquake)

Simulated earthquake motion for structural design
(100% in scale of motions of extremely rarely occurring earthquake)

Earthquake motions estimated to occur in Tokai, Tonankai and Nankai Earthquakes
Initial-stage primary natural period (south-north direction)
Initial-stage primary natural period (east-west direction)

Equivalent primary natural period in rarely extremely occurring earthquake
(south-north direction, east-west direction)

Maximum response acceleration (cm/s/s)

Maximum response displacement (cm)

Damping coefficient h=5%

Natural period (s)

Damping coefficient h=5%

Story drift angle 1/50

Story drift angle 1/100

Natural period (s)
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Fig. 4 Concept of Push Over Analysis of Phased Strength Loss Type®

Shear force

Fig. 5 Results of Push Over Analysis
Long-side direction

Story shear force (kN)

Story shear force (kN)

First push over analysis

Short-side direction

Story displacement (mm)

First fracture in truss connection

Second fracture
in truss connection

Third push over analysis in the case
of deleting the fractured truss

P-A effect
judgement
gradient

Story displacement (mm)

P-A effect
judgement
gradient

Story displacement (mm)

Second push over analysis in the case
of deleting the fractured truss

Deformation

— AXiS A Axis B
Axis C Axis D
Axis E Axis F
Axis G Axis H
—— Axis | Axis J
Axis K Axis L
— —=1/70 = 1/47
Axis 1 Axis 2
Axis 3 Axis 4
Axis 5 Axis 6
Axis 7 Axis 8
——— Axis 9 Axis 10
Axis 11 Axis 12
Axis 13 Axis 14
— — = 1/70 1/41

Fig. 6 Response-control Buttress Framing Installed Outside of Plant
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Fig. 7 Hysteresis of Axial Strain-Axial Stress of the Truss that Causes Buckling

300 —_—

Restoring force characteristic in the case
250 of ignoring buckling
200

150

Hysteresis of time-story analysis

X
100 Fracture strength at connection

0
50
-50

Axial stress (N/mm/mm)

-100

-150

-0.010 -0.008 -0.006 -0.004 -0.002 -0.000 0.002
Axial strain (=)

Photo 1 Response-control buttress framing employing viscosity damper
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Fig. 1 Manufacture of Built-up Box Section Column (Box Column)
by Means of Large Heat-input Welding

Inner diaphragm weld

Submerged arc welding (SAW) Electro-slag welding (ESW)
Heat input: 150~650 kJ/cm Heat input: 400~1,300 kJ/cm
Fig. 2 Outline of Column-Beam Connection Position of anxiety over brittle

of Box Column and Anxiety over  Backing metal Tacture occurrence
Brittle Fracture Occurrence

Built-up box

section column Inner diaphragm

S
H-section beam

ESW Column

SAW Microstructure of column-beam weld joint section

Fig. 3 Brittle Fracture Occurring from  Condition of fracture occurring from
Backing Metal Slit Tip and Cause Packing metal slit tip
of Fracture Occurrence

(C€ONWeldImetall
Beam flange Diaphragm
Crack ESVY)

Crack
fecwe suriges "¢

Slit tip

dn plee
) Backing
Skin plate melel
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Fig. 4 Understanding of Fracture Occurrence Condition
by Means of Structural Testing

Loading test for T-shaped section framing  Tension test for cruciform joint

Skin plate

Charpy impact test for ESW

Arrangement and analysis of correspon-
dence relation between fracture strength
and Charpy impact value at ESW joint

Fig. 5 Partial Framing Test: Example of Fracture Condition

Fig. 6 Relation between Fracture Strength and
Toughness Level of ESW Joint

OPartial model test
A Partial framing test

Fracture strength/design yield
strength of ESW joint

Toughness level of ESW (J)
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Fig. 7 Understanding of Fracture Occurrence Condition
by Means of FEM Analysis

Cruciform joint test

Arrangement and analysis of correspon-
dence relation between local stress and
Charpy impact value at slit tip

Fig. 8 Relation between Equivalent Maximum Main Stress
at Fracture Initiation Point and Toughness Level

Equivalent maximum main stress
at fracture initiation point (N/mm?2)

T-shaped joint test

OPartial model test
/A Partial framing test

Toughness level of ESW (J)

Table 1 Standard for Upper-limit Value of Applied Stress of Inner Diaphragm

Toughness level of ESW (vE)

15J or higher

27J or higher

47J or higher

Standard for upper-limit value
for applied stress (, O)

160 N/mm?
or lower (0.5xF)

240 N/mm? or
lower (0.75xF)

325 N/mm? or
lower (1.0xF)
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Fig. 9 Flow of Easy Examinations Required for
ESW Fracture Prevention

I—D

Reexamination of
connection detail
(Reduction of
stress by means
of width
expansion, etc.)

A

Settlement of
toughness level of ESW

* Reference of existing
performance data

+ Confirmation by
means of advance
welding test as
the need arises

|

Confirmation of applied
stress of inner
diaphragm based on
toughness level

Applied stress:
Upper limit or lower

Standard toughness
level: 27J (0°C)

Standard
(corresponding to 27J)
upper limit for applied
stress: 240 N/mm?

End

Fig. 10 Flow of Detailed Examinations Required for
ESW Fracture Prevention

1) Calculation
of stress
occurring in
inner diaphragm

2) Calculation of
maximum main
stress working on
fracture initiation
point

3) Decision of
toughness
required to avoid
brittle fracture
occurrence

>

Settlement of
design condition
(detail, external
force)

Calculation of
applied stress .0
of inner diaphragm

Calculation of
maximum main
stress .0 at
fracture initiation
point

Settlement of
welding condition
(toughness level \E)

Calculation
of required
strength e,

Calculation of upper-
limit strength ¥

Fig. 11 Procedure for Extraction and Preparation of Test Specimens
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Table 1 Features of H-SA700 in Mechanical Properties Fig. 1 Member Downsizing Attained by

c
Designa- [Thickness Yield | Tensile |Yield| Impact Ceq B the Use of H-SA700, and Resulting g
e strength | strength | ratio| energy o Steel Weight Reduction s
ton | (mm) | (Nymme) | (Nimm?) | 6) | @) | ) | @) gr=e i
B=t<12 T Dimension SN490B | H-SAT0| o &
= = ~ o < < i 2 © ©
SN490B | 1251<40 | 325445 | 4s0~st0 | _ | 1) ((E‘:(i% =029 goo, | Ly Wedstrengln) Nimm#)| 295 | 700 2 =
40512100 | 295~415 = = =0 5 _‘_’E Web thickness t1(mm) 85| 40 -§u\°.|-
E =| =o. <0. P Ul - | Flange thickness t2(mm) | 100 | 35 £
HSATO0A| 6<t<50 | 700~900 |780~1000| =98 [LUo147 065 12032 ) f-gs5 | e 3D
H-SA7008 [20C]47=] =060 [=0.30] p>="== | Section area(cm?) 2578 | 1085 | £ 2
*SN490B: Conventional steel product for building construction B
Table 2 Features of SA440 in Mechanical Properties Fig. 2 Member Downsizing Attained by s
. . Yield | Tensile |Yield | Impact c the Use of SA440, and Resulting g
Lespres Jiciisse strength | strength | ratio| energy €4 Pew Steel Weight Reduction S8
tion (mm) (N/mm2) | (Nfmm2) | (%) Q) (%) (%) A
mm mm 9 Dimension SNAJ0B| SA40 | © §
G2tclz | 3252 ~— [oC] | (ts40)=044 Fy (yield strength) (imm?)| 205 | 440 | & S
SN490B | 12=t<40 | 325~445 | 490~610 | _ 7= (4{0<t) ;0‘46 =0.29 800 =5
40=t=100 | 293~415 =80 = g 5 = | Web thickness t1(mm) 85| 65 o8
. <40) <044 | = Bl |t | Flange thickness 2(mm) | 100| 50 | 3
SA440C |19=t=100 | 440~540 | s90~740 | =80 | [O'C] 140044\ 2028) | | -85 200 35
= i e to=100 | Section area (cm2) 2578 | 1711 | 5= 490B 440
Table 3 Features of TMCP Steel in Mechanical Properties Fig. 3 High Strength and Good
Designa- | Thickness |  Yield Tensile Yield Impact Weldability Weldability Offered by TMCP Steel
tion (mm) strength | strength ratio energy Ceq Tensile strenath
(N/mm2) | (N/mm2) (%) ) (%) (N/mlmz) 9 TMCP steel
6=i<12 | 325= — (air cooling)
— = [0l (t=40) <0.44
SN490B | 12=t<40 | 325~445 | 400~610 [ _ .o 572 (40<t) < 0 46 TMCP stee| —————>
40=t=100| 295~415 - - ’ 700 (water cooling)
TMCP3258 _ N - [0%C] (ts50) <0.38
(MDCR0016) 40=t=100| 325 ~445| 490~610 =80 27= (50<t) <0.40 600
TMCP355B _ _ [ocl (ts50) <0.40 500
(MDCR0016) 40=t=100| 355~475 | 520~640 =80 27 = (50<t) <0.42
R ( : 400 As-rolled steel
~ ~ [0C] t=50) <0.40
(MDCR0017) 19=t=100 | 385~505 | 550~670 =80 70= (50<t) <0.42
0.20 0.30 0.40 0.50
Ceq (%)
Fig. 4 Comparison between Fig. 5 Optimal Structural Design and Construction Cost Savings
Conventional H-beam and H-beam Attained by the Use of H-beam with Fixed Outer Dimensions
with Fixed Outer Dimensions Conventional H-beam | H-beam with fixed outer dimensions
Bracket-H beam connection
g
(0]
©
% Filler plate: Filler plate:
3 2 types and 1 type and
';92 ] 5 pieces —] 2 pieces
S
f—l — —
Fixed flange width .
Conventional H-beam H-beam with Celimuspeaiconoeton
(Fixed inner dimension) fixed outer dimensions
Stiffener: Stiffener:
Different in top Identical in top
and bottom and bottom
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Photo 1 Full view of ROKI Global Innovation Center

Fig. 1 Concept Sketch for ROGIC Building Proposed at Initial Design Stage

Sk Air duct (elevator)
' I\/_Iountain
Mechanical side
Filter zone ) pod
(semi-external space) Sky light
Shielding
louver
Open Elevator  Ceiling film
T shaft, air duct
ree

Regulating
reservoir

Photo 2 Peripheral area of ROGIC where the
river flows and trees grow thick
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Photo 3 Entire working space seen from 4th floor

Fig. 2 Structure of Huge Roof Employing Steel Frame-Wood Hybrid Members
Upper chord member: H-194x150x6x9

V-shaped Diagonal member: 2L-75%x75x6

column Lower chord member: T-149x149x5,5x8
Buckling-restraint member: Laminated wood

V-shaped
column

Fig. 3 Detail of Steel Frames Used for Roof Truss
\ \
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Photo 4 Hoisting and welding of field-assembled  Photo 5 Fixing wood members to lower chord
roof truss beam units member

Photo 6 Wood-grid roof structure after jacking down

Fig. 4 Detail of V-shaped Column Outline of ROGIC Building

Location: Hamamatsu, Shizuoka Prefecture
Project owner: ROKI Co., Ltd.

Main application: R&D facility

Site area: 67,510.58 m?

Building area: About 5,000 m?

(incl. 1,500 m? of existing headquarters building)
Total floor area: About 9,000 m?

(incl. 4,500 m? of existing headquarters building)
Structural type: RC structure

(partly steel frame-RC composite structure)

No. of stories: 4

Maximum height: 14,978 mm

Architect: Tetsuo Kobori Architects

Structural engineer: Arup

Mechanical and electrical engineer: Arup
Landscaping: studio on site

Lighting design: Izumi Okayasu Lighting Design
Office design: Okamura Corporation
Construction: Taisei Corporation

Design term: Jan. 2009~Oct. 2010
Construction term: Jan. 2011~Sept. 2013

Photos and figures

Photos 1, 3 and 7: Takahiro Arai

Photo 2: Kawazumi-Kenji Kobayashi Photo Office
Photos 4, 5 and 6; Figs. 1, 2, 3 and 4: Tetsuo
Kobori Architects
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Photo 7

East-side look of the huge
roof that spans an entire
building
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JISF seminar in Tokyo

JISF seminar in Osaka

Presentation by Chairman Ken-ichiro
Fujimoto of JISF International Envi-
ronmental Strategic Committee
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