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Chapter 1 (eneral
g
1.1 Fundamental Philosophy

The fundamental philosophy of these specifications is that performance verification methods
shall be applied to all of the structural planning, design, construction, and maintenance of steel
and composite structures with full observance of engineering ethics at every stage.

0 commentaryd [

1.2 Composition

These specifications comprise the following six volumes: General Principles, Structural Planning,
Design, Seismic Design, Construction, and Maintenance.

0 commentaryd [

1.3 Scope

These specifications shall be applied to the structural planning, design, construction, and main-
tenance of steel structures, composite girders, and composite columns. This scope is described as

”steel and composite structures” herein.

0 commentaryd [

1.4 Design, Construction, and Maintenance Documents

(1) Design documents, drawings, construction procedure documents, maintenance documents,
and all other relevant documents shall include a statement to the effect that compliance
with relevant regulations has been fulfilled at every stage of structural planning, design,
construction, and maintenance. These documents also shall be lodged.

(2) Design documents, drawings, construction procedure documents, maintenance documents,
and all other relevant documents shall be presented in an appropriate manner that satisfies
the requirements for official information and/or documentation. In the absence of specific
requirements, the documents should be based on rules such as the Japanese Industrial Stan-
dards.

0 commentaryd [
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1.5 Terminology

The terminology used in these specifications is outlined in Table 1.5.1.

Table 1.5.1 Meaning of terms

Meanings of descriptive words and clauses

General examples for descrip-

tive words and clauses

0 Requirement
something that must be satisfied according

to these specifications

~ shall (be)
~ should (be)
~ is to (be)

O RecommendationO
the most commendable choice among

several alternatives

~ shall preferably (be)

0 Possibility0

one acceptable alternative

~ may (be)

0 commentaryd [

by public agencies.

based verification evidence.

1.6 Skills and Responsibilities of Engineers

(1) Engineers who take part in the structural planning, design, construction, and maintenance
of steel and composite structures shall be experts in the relevant field.
(2) Engineers who take part in the structural planning, design, construction, and maintenance
of steel and composite structures should preferably be persons certified in the relevant field

(3) Engineers who take part in the structural planning, design, construction, and maintenance
of steel and composite structure shall be responsible for ensuring public safety and benefit,
preservation of the environment, other public interests.

(4) Engineers who take part in the structural planning, design, construction, and maintenance of
steel and composite structure shall be accountable for both decisions made and performance-

0 commentaryd [

1.7 Structural Planning and Design Stage Reviews

Appropriate reviews should preferably be carried out in order to ensure that the technology and
quality of the structural planning and design meet the requirements.

0 commentaryd [
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1.8 Terms and Definitions

Terms commonly used in these specifications are defined below.

(1) General terms relating to structural planning, design, construction, and maintenance

1)

10)

11)

Performance-based design method: a design method in which there is no restriction
on structural type and materials, design method, or construction method. The only
requirement is that the designed structure meets the performance requirements. Specifi-
cally, it is a design method in which the specified performance of the structure is assured
at each of the structural planning, design, construction, and maintenance stages once
the objectives and functions of the structure have been clearly defined. That is, the
performance of the structure is specified so as to fulfill its function.

Regulation-based design: a design method in which the structure or structural members
are designed based on specific design codes that specify suitable procedures, such as
design calculations, structural materials, and their sizes.

Deemed to satisfy regulations: regulations in which one or more solutions that are
deemed to satisfy the performance requirements are illustrated. These regulations may
be adopted in cases where the method of verifying structural performance is not nec-
essarily specified. These regulations specify structural materials and their sizes, pro-
cedures such as design calculations that are empirically regarded as correct, and other
factors.

Reliability-based design method: a design method in which the possibility of a struc-
ture/structural member reaching the limit state is estimated based on probabilistic
theory.

Limit-state design method: a design method in which a limit state to be verified is
clearly specified and partial-factor design is adopted as the verification format. The
partial-factor design format is classified as a Level 1 verification format from the
reliability-based design viewpoint. Strictly speaking, partial-factor design is not equiv-
alent to limit-state design, although the two are sometimes regarded as equivalent in
Japan.

Partial-factor design format: a design format incorporating certain partial factors in
order to take into account uncertainties or scatter relating to actions, geotechnical
parameters, structural member size, structural analysis method, etc.

Life-cycle cost: the total cost of structural planning, design, construction, maintenance,
and demolition of a structure; in other words, the total amount invested over the
complete life cycle of the structure.

Design working life: the assumed period for which a structure fulfils its intended purpose
without major repair and within the scope of the initially established maintenance
plan. Design working life is determined at the design stage. Initially planned regular
inspections and repairs are continued throughout the design working life.

Durable lifetime: the period between entering service and the point in time at which
the performance of the structure falls below requirements due to fatigue, corrosion,
material deterioration, or other factors and the structure reaches its limit state.
Objective: a common expression of the reason for building the structure. It is often
desirable for the objective to be expressed with the word ’client’ or ’user’ as the subject
of the sentence.

Basic requirements: needs to be met relating to the basic use and function of structure,
environmental conservation, and work safety. Requirements relating to size/space and




12)
13)

14)

15)
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activities such as design and construction must be implemented based on the relevant
laws.

Function: the role that a structure has to play in accordance with the objective.
Review: a process carried out by an authorized third-party institution in order to de-
termine whether the design process, from determination of the objective to verification,
is proper or not.

Authorization: the final determination by the third party brought in to perform a
review.

Certification: the act of the third party institution issuing a certificate once the struc-

tural design is determined to be proper.

(2) Terms relating to performance

1)

2)

10)
11)

12)

Performance: the behavior that the structure has to demonstrate in order to meet the
objective or requirements.

Required performance: the performance that the structure has to demonstrate in order
to meet the objective.

Performance item: the itemization of required performance. For each performance item,
a verification index is set. The index generally includes a specified limit state.
Performance level: the level of performance that is required of each structure. Perfor-
mance level is determined for each required performance depending on its necessity.
Safety: ability of a structure to protect the lives and assets of users and third parties.
Serviceability: ability of a structure to perform such that allowed degrees of user-
experienced displeasure or unease are not exceeded.

Durability: ability of a structure or structural element to resist deterioration caused
by repeated variable action and/or environmental action. In the case of steel and com-
posite structures, corrosion of steel members caused by environmental action, fatigue
phenomena caused by repeated variable action, and deterioration of concrete member
materials and strength are considered.

Restorability: ease with which a structure can be restored to its originally specified
performance level after undergoing assumed actions that lead to deterioration of its
performance level.

Social and environmental compatibility: a measure of how a structure not only con-
tributes to sound social, economic, and cultural activities but also minimizes stress on
the surrounding social and natural environment.

Workability: a measure of how safe and assured construction work is during fabrication
and erection.

Initial soundness: the requirement that a structure performs, upon completion, in line
with the level intended at the design stage.

Maintainability: the ease of maintenance of a structure.

(3) Terms relating to limit state

1)

2)

Limit state: a state in which the structure or structural element no longer meets the
required performance.

Safety limit state: a state resulting in collapse or other similar form of structural failure
due to excessive deformation, displacement, vibration, or similar. The safety limit state
is used as the limit state associated with structure safety. The term is often referred to
as the ”ultimate limit state” and so is used in the Seismic Design volume.
Serviceability limit state: a state that corresponds to conditions beyond which the
specified service requirements for the structure or a structural element are no longer met.
The serviceability limit state is used as the limit state associated with the serviceability
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of a structure.

Repair limit state: a state in which continued use of a structure damaged by expected
action is possible after repairs using currently available repair methods, carried out at
reasonable cost, and carried out within a reasonable period. The repair limit state is
used as the limit state associated with ease of repair. In the Seismic Design volume,
the term ”damage limit state” is used in place of "repair limit state”.

Fatigue limit state: a state in which a structure or structural member suffers fatigue or
failure as a result of repeating variable action. Fatigue limit state is used as the limit
state corresponding to the fatigue durability of a structure.

(4) Terms relating to verification

1)

8)

Performance verification: activities performed in order to verify that the designed struc-
ture satisfies all of the performance requirements. When the limit-state design method
is adopted, the judgment entails comparing response values S with the limit values of
performance R.

Verification index: index used to express a performance item as a physical quantity.
Verification indices are used in performance verification.

Response value (Demand) S : physical quantity representing the response of the struc-
ture to an action.

Limit value of performance (Capacity) R : allowable limit of physical response to a
corresponding structural response. This value is determined based on the required
performance level.

Statistical characteristic value: a value corresponding to the a priori specified fractile of
the statistical distribution of a random variable such as a material property or action.
The expected value and the mode of a random variable are regarded as statistical
characteristic values.

Optimization: the process of obtaining an optimal solution such that the objective func-
tion, including required performance, performance item, etc. as subordinate variables,
becomes a minimum or maximum under restraint conditions.

Partial factor: a factor assigned to each design value in order to consider its uncertainty.
Five partial factors are generally used: an action factor, a material factor, a structural
analysis factor, a structural member factor, and a structure factor.

Structure factor: a factor that takes into account the importance of the structural,
social, and economic effects that failure of the structure would have.

(5) Terms relating to actions

1)

2)

Action: any effect that leads to deformation, displacement, constraint, or deterioration
of a structure or structural element.

Load: an assembly of mechanical forces directly acting on a structure. The forces are
converted from actions through the analytical model. A load is used as an input datum
for design calculations of the stress resultant, stress, displacement, and so on.

Design value of action: a value obtained by multiplying the action factor by the char-
acteristic value of the corresponding action.

Direct action: an assembly of concentrated or distributed mechanical forces acting on
a structure.

Indirect action: the cause of deformations imposed on the structure or constrained in
it.

Environmental action: mechanical, physical, chemical, or biological action that may
cause deterioration of the materials constituting a structure.

Permanent action: action that is likely to act continuously throughout the design work-
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ing life and for which variations in magnitude with time are small compared with the
mean value.

8) Variable action: action for which the variation during the design working life is not
negligible in relation to the mean magnitude and is not monotonous.

9) Primary variable action: one or one set of variable actions considered as the primary
influences when load combinations are taken into account in performance verification
work.

10) Secondary variable action: an action considered secondary among the variable actions
and that is additive to the combination of primary variable action and accidental action.

11) Accidental action: action that rarely occurs on a structure over the design working life
but which may cause serious damage if it does happen to occur.

12) Action modifying factor: a factor for converting the standard or nominal value of action
into a characteristic value.

13) Action factor: a factor that takes into account the unfavorable deviation of statistical
characteristic values of action, uncertainty relating to the action model, changes in ac-
tion characteristics during the design working life, the influence of action characteristics
on the relevant limit state of the structure, variations in environmental action, and so
on.

(6) Terms relating to structural materials

1) Characteristic value of material strength: a value corresponding to an a priori specified
fractile of the statistical distribution of material strength. The statistical distribution
is determined based on statistical data obtained from standardized material strength
tests.

2) Standard value of material strength: a value of material strength adopted in struc-
tural design specifications/standards other than ”Standard Specifications for Steel and
Composite Structures”.

3) Material strength modifying factor: a factor for converting the standard value of ma-
terial strength into a characteristic value.

4) Material factor: a factor that takes into account unfavorable deviation of statistical
characteristic values of material strength, differences in material properties between
experimental specimens and the real structure, the influence of material properties on
the relevant limit state of the structure, changes in material properties over a given
reference period, and so on.

5) Design value of material strength: a value obtained by dividing the characteristic value
of material strength by the corresponding material factor.

(7) Terms relating to calculation of response value

1) Factor for structural analysis: a factor used to take into account the accuracy of struc-
tural analysis methods applied in the calculation of the stress resultant and similar,
uncertainties relating to the modeling procedure used for the structure, and so on.

2) Design value of response: a value obtained by multiplying the factor for structural
analysis by the response value. The response value is calculated by multiplying the
values of actions by their corresponding action factors.

(8) Terms relating to calculation of limit value of performance

1) Structural member factor: a factor that takes into account the accuracy of structural
resistance analysis methods applied in the calculation of load-carrying capacity, varia-
tions in structural member size, the importance of the role of the structural member,
and so on.

2) Design limit value of performance: a value obtained by dividing the limit value of per-
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formance by the structural member factor. The limit value of performance is calculated
by using the design values of material strength.

O Commetaryd O
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O

Chapter 2 Basis for Structural Planning, 0O OO
00O Design, Construction, and 00O
Maintenance [0 0O

O

2.1 Purpose of Structural Planning, Design, Construction, and 0000
0 Maintenance

The most suitable type of steel and composite structure is selected and an outline of its dimen-
sions is determined at the structural planning stage. Thereafter, the structure shall satisfy the
required performance in all areas such as safety, serviceability, durability, restorability, social and
environmental compatibility at every stage of design, construction, and maintenance throughout
its design working life.

0 commentaryd [

2.2 Verification of Performance

(1) At every stage of structural planning, design, construction, and maintenance, the required
performance of a steel or composite structure shall be determined. In general, safety, ser-
viceability, durability, restorability, and social and environmental compatibility are required
to form part of the required performance.

(2) At the design stage, the performance level shall be demonstrated against each performance
item corresponding to the relevant required performance. Performance verification shall be
carried out for every performance item.

(3) In the performance verification of steel and composite structures, verification indices and
their corresponding limit values of performance shall be determined first. Then, in general, a
check as to whether the structural response value obtained through an appropriate numerical
analysis method is less than or equal to each limit value of performance is carried out.

(4) Experimental confirmation or compliance with regulations relating to structural type, struc-
tural materials, etc. may be substituted for the verification method described in (3) above.

(5) At the structural planning and design stages, verification shall be performed such that the
response value is less than or equal to the limit value of performance throughout both
the construction period and the structure’s working life. Specific verification methods are
illustrated in the Structural Planning volume, the Design volume, and the Seismic Design
volume.

(6) At the end of the construction stage, the just-completed structure shall meet the required
performance as considered in its design. Specific verification methods are illustrated in the
Construction volume.

(7) During the working life of a structure, an appropriate inspection or examination regime and
suitable countermeasures against damage shall be selected so as to ensure that the required
performance is satisfied. Specific verification methods are illustrated in the Maintenance

volume.
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0 commentaryd [

2.3 Performance Level and Importance of Structure

Performance level shall be determined for the required performance corresponding to safety,
serviceability, durability, restorability, and social and environmental compatibility. Performance
level shall depend on the importance of the structure.

0 commentaryd [
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Chapter 1 (eneral
g
1.1 Scope of Structural Planning

A structure shall fulfill its intended purpose, satisfy the conditions set by applicable laws and reg-
ulations, and be economic efficient. It shall also exhibit adequate safety, serviceability, durability,
seismic safety, post-earthquake serviceability and restorability, social and environmental compat-
ibility, and maintainability. Compliance with these requirements should be ensured through the
structural planning process, in which an appropriate form and type of structure is selected and an
outline, including major dimensions, should be developed.

O Commetaryd O

1.2 Considerations in Structural Planning

The structural planning process ensures that a structure fulfills its intended purpose and con-
forms to applicable laws and regulations. Economic efficiency, safety, serviceability, durability, so-
cial and environmental compatibility, maintenance, earthquake influence, and workability should
be considered in the structural planning also considers. During the structural planning process,
there shall be adequate consideration and comparison of alternative forms and types of structure.

0 Commentary 0O

1.3 Supplementary Considerations in Structural Planning

In addition to the considerations prescribed in 1.2 above, the construction period and ground
conditions shall be taken into account.

O Commentaryd 0O
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Chapter 2 Constraints and Prerequisites [0 [
0000 in Structural Planning 0000

g
2.1 Constraints Imposed by Laws and Regulations

Applicable laws and regulations shall be properly considered in the planning of a structure.
If other structures impose restrictions, adequate consultation with related organizations shall be
held, in addition to satisfying applicable laws and regulations.

0 Commentary 0O

2.2 Prerequisites for Performance Verification

Prerequisites such as actions to be supported and design working life shall be considered from

the structural planning stage of a new structure.

O Commentaryd 0O



Chapter 3 Economic Efficiency
g
3.1 General

Economic efficiency shall be taken into account in selecting the form and type of structure, and

calculating the major dimensions.

0 Commentary 0O

3.2 Methodology

Economic efficiency shall be considered in terms of initial cost and life-cycle cost.

0 Commentary 0O
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Chapter 4 Safety
g
4.1 General

Safety shall be considered in selecting the form and type of structure and in calculating major

dimensions.

O Commentaryd 0O

4.2 Methodology

Safety shall be considered in accordance with Part 3, Chapter 6 ”Demand for Safety and Veri-
fication”.

O Commentaryd 0O



Chapter 5 Serviceability
g
5.1 General

Serviceability shall be taken into account in selecting the form and type of structure and in

calculating major dimensions.

0 Commentary 0O

5.2 Methodology

Serviceability shall be considered in accordance with Part 3, Chapter7 ” Required Serviceability
Performance and Verification”.

O Commentaryd 0O
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Chapter 6 Durability
g
6.1 General

Durability shall be taken into account in selecting the form and type of structure and in calcu-

lating major dimensions.

0 Commentary 0O

6.2 Consideration of Fatigue Resistance

In principle, a type of structure that is properly considered for fatigue resistance shall be selected
in consideration of durability.

O Commentaryd 0O

6.3 Consideration of Corrosion Resistance

In principle, specific methods of corrosion protection that offer adequate resistance shall be
selected in consideration of durability.

O Commentaryd 0O

6.4 Consideration of Resistance to Material Deterioration

In principle, materials that have adequate resistance to deterioration shall be selected in con-
sideration of durability.

0 Commentary 0O
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Chapter 7 Social and Environmental
Compatibility
g
7.1 General
In selecting the form and type of structure, social and environmental compatibility shall be
taken into account in principle.

O Commentaryd 0O

7.2 Consideration of Landscape

Landscape shall be properly considered in the consideration of social and environmental com-
patibility.

O Commentaryd 0O

7.3 Consideration of Noise and Vibration

Noise and vibration shall be properly considered in the consideration of social and environmental
compatibility.

0 Commentary 0O

7.4 Consideration of Environmental Impact Reduction

Reduction of environmental impact of the structure through effective resource utilization shall
be properly considered in the consideration of social and environmental compatibility.

0 Commentary 0O
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Chapter 8 Maintenance
g
8.1 General

In selecting the form and type of structure, maintenance shall be taken into account so as to
ensure that the intended performance is maintained after the start of service.

0 Commentary 0O

8.2 Consideration of Potential Future Problems

Potential problems with the future maintenance of the structure shall be considered from the

structural planning stage.

O Commentaryd 0O

8.3 Consideration of Maintenance Facilities

Maintenance facilities for the structure shall be considered from the structural planning stage.

O Commentaryd 0O



Chapter 9 Earthquake Influence
g
9.1 General

If earthquakes will have a dominant influence on the structure, their effects shall be considered
in selecting the form and type of structure and in calculating the major dimensions.

0 Commentary 0O

9.2 Selection of Seismic-Resistant Structural Type

In selecting the form and type of structure, local topography, geology, and ground conditions
shall be considered as well as the structure’s location. A type of structure that offers adequate
seismic safety, post-earthquake serviceability and restorability under the prevailing conditions shall
be selected.

0 Commentary 0O

9.3 Consideration of Seismic Safety, Post-earthquake Serviceability 0
O and Restorability

(1) In order to consider seismic safety, post-earthquake serviceability and restorability, prospec-
tive earthquake motions and the importance of the structure shall be defined.

(2) Appropriate seismic performance shall be determined in accordance with the prospective
earthquake motions and the importance of the structure, as determined in (1) above.

(3) The seismic safety, post-earthquake serviceability and restorability of the structure shall be

ensured in compliance with the seismic performance requirements given in (2).

0 Commentary 0O
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Chapter 10 Constructability

O

10.1 General

In selecting the form and type of structure, workability shall be taken into account.

0 Commentary 0O

10.2 Consideration of Workability during Shop Fabrication

The study of workability shall in principle include consideration of workability during shop
fabrication.

O Commentaryd 0O

10.3 Consideration of Workability during Erection

The study of workability shall in principle include consideration of workability during on-site

erection.

O Commentaryd 0O



Part III [Design



Standard Specifications for Steel and Composite Structures

0 Deisgn [
O
Contents
O
Chapter 1 General Provisions .............. .. e e 1
DLl SCODE ot 1
01.2 Terms and Definitions . ... .......oi i e et 1
001.2.1 Commonly Used TEITIS .. ...ttt et e et 1
001.2.2 Terms used in this Design volume .......... . i 5
O1.3  NOBATION .ottt e e e e e e 5
01.4 Basis of Design .. ... 7
O01.4.1 Purpose of deSIZI . ..ottt e 7
001.4.2 Verification of performance ........... ... 7
0 01.4.3 Verification method .. ....... .. 8
0 01.4.4 Partial factors ... ... 8
001.4.5 Modification fACtors . ... ...t e e e 8
O1.5  Structural FACtor . ... ... e e 9
Chapter 2 AcCtionS ... 10
2.1 General o 10
02.2 Kinds of ACHONS . ...t e e e 10
02.3 Combinations of ACHIONS . ... ...ttt e e e 11
02.4 Action Values . ... 11
O02.4.1  General ..o 11
002.4.2 Dead load . ... 11
O002.4.3 Earth pressure . ..........oouiiit i e e 12
002.4.4 Prestressing force .. ... 12
O02.4.5 Live 1oad ..o e 12
002.4.6 Impact load .. ... 12
002.4.7 Flowing Water PIESSUIE .. ......tuttntt ettt e e e 12
0 02.4.8 Hydrostatic PreSSUIe ... ... ...ttt e e 12
002.4.9 Buoyancy or uplift . ... i 13
O002.4.10 Wind load . ... 13
O02.4.11 Snow load . ... 13
0 02.4.12 Braking force and acceleration force ......... ... .. .. i 13
002.4.13 Centrifugal force . ... ... 13
0 02.4.14 Longitudinal load imposed by long welded rail ........ ... ... ... . . .. 13
0 02.4.15 Lateral train load and transverse wheel thrust ........... ... ... ... ... ... ... 14
O 02416 WAVE DPIESSUTE .. vttt ittt ettt ettt et e e e et et et e e e e 14
0 02.4.17 Erection-related force .......... ..o i 14
0 02.4.18 COollISION fOTCE ...ttt e e e e et e e 14
002.4.19 Concrete shrinkage ...... ... i 14
0 02.4.20 Effect of CONCTEte Creep ... ...ttt e 14
002.4.21 Effect of temperature changes ........ ... i 15
0 02.4.22 Effects of displacement of supports and differential settlement ...................... 15
002.4.23 Effect of earthquake . ... ... . 15
0 02.4.24 Effect of airborne salinity ............. .o 16
002.4.25 Effect of exhaust gases ..... ... i 16



002.4.26 Effect of carbon dioxide concentration .............c.c.ooiiiiiiiii . 16

0 02.4.27 Effect of acid concentration .......... ... ..ottt i 16
002.4.28 Effect of drying and wetting ...... ... e 16
002.4.29 Effect of sunshine ...... ... 16
002.4.30 Effect of freezing ...... ..o i 17
002.4.31 Effect of fiTe . ..o e e 17
2.5 Action Factors .. ... 17
Chapter 3 Materials ........... o i 18
O3.1  General oo 18
003.1.1 Fundamentals of material physical properties ........ ... ... it 18
003.1.2 Required properties of materials ......... ... . i 18
03.2  Structural Steel ... ... ... 18
003.2.1 Required steel properties . ..........o.oii it 18
003.2.2 Selection of steel type .. ... 18
I 20 T 700 T3 <1 < 19
03.4 Value of Material Properties for Design ........ ... 19
O03.4.1  General ..o 19
003.4.2 Structural steel . ... 19
O 03.4.3  COMCTEEE ottt et et e e e e e e e e e e e 20
03.5 Partial Factors for Materials ....... ... . 20
Chapter 4 Structural Analysis ...... ... 21
4.1 General .o 21
04.2 Structural Analysis Factor ...... ... 21
Chapter 5 Structural Member Resistance ............... ... ... ... .. i 22
O5.1  General ..o 22
05.2 Partial Factor for Uncertainty in Resistance ........... .. .. ... i i, 22
05.3 Steel Member Resistance .. ........... 22
005.3.1 Tensile TeSISEANCE . ...ttt 22
005.3.2 Compressive TESISEANICE ... .uut ittt et et et e et 23
005.3.3 Bending resiStance ....... ... 23
0 05.3.4 Shear resistance of web ... ... 23
005.3.5 Local buckling resistance ........... ... i 23
05.4 Resistance of Steel PIpes .. ... 24
05.5 Resistance of Cables .. ... .. 24
Chapter 6 Demand for Safety and Verification ............. ... ... ... ... ... ... ... 25
O6.1  General .o 25
06.2 Performance Requirement for Safety ........ ... . . . 25
006.2.1 Structural Safety .. ... 25
006.2.2 Public Safety . .....ouii 25
06.3 Verification of Structural Safety ........ ... 25
0 06.3.1 Verification of load-carrying capacity .............oiiiiiiiiiii i 25
0 06.3.2 Verification of Displacement/Deformation Capacity ..........c.c.oovuiiuiiiiniiien... 26
006.3.3 Verification of Stability ....... ..o 26
06.4 Verification of Structural Safety by Nonlinear Structural Analysis ........................ 27
06.5 Verification of Structural Safety through Experiment ........... ... .. .. ... ... ... ... 27
Chapter 7 Required Serviceability Performance and Verification ................... ... 28
O7.1  General .. 28
07.2 Required Performance for Serviceability .......... ... i 28

020



007.2.1 Vehicle operating performance ................oouiieiniitiiii i 28

007.2.2 Train operating performance ....... ... . 28
007.2.3 Pedestrian cOmfOrt ... ... ... .o e e 28
007.2.4 Other Considerations for USers ...............oiieiiiinii e 28
07.3 Verification of Serviceability ........... .. 29
007.3.1 Verification of vehicle operating performance .......... .. .. .. o i, 29
007.3.2 Verification of train operating performance .......... .. .. .. i i 29
0 07.3.3 Verification of pedestrian comfort ......... . ... . i 29
007.3.4 Other considerations for verification ............ ... . . i i 30
Chapter 8 Required Durability Performance and Verification .......................... 31
O8.1  Gemeral .. 31
08.2 Required Durability Performance ....... ... .. i 31
0 08.2.1 Fatigue resiStance ... .........o.oiiui i 31
0 08.2.2 Corrosion TesiSEANCE ... .. ...ttt e e 31
0 08.2.3 Resistance to material deterioration .......... ... ... i 31
008.2.4 Maintainability .. ... 31
08.3 Verification of Durability ........ ..o i 32
008.3.1 Verification of fatigue resistance ........... .. i i 32
0 08.3.2 Verification of resistance to steel corrosion .................oiviiiiiiiiiiinneann.. 32
0 08.3.3 Verification of resistance to material deterioration ................. ... ... ... ...... 33
0 08.3.4 Verification of maintainability .......... . .. i 33
Chapter 9 Required Social and Environmental Compatibility Performance and
Verification . ... 34
9.1 General ... 34
09.2 Required Social and Environmental Compatibility Performance .......................... 34
09.3 Verification of Social and Environmental Compatibility ................ ... ... ... ... ... 34
0 09.3.1 Verification of social compatibility ......... ... i 34
0 09.3.2 Verification of economic rationality .......... ..., 34
0 09.3.3 Verification of environmental compatibility .......... .. .. i 35
Chapter 10 Structural Members in General ............ ... ... ... .. .. . iiiiiiiii... 36
010.1 Structural Members .. ... 36
O10.2  General ... 36
O 010.2.1  SeCONAATrY SETESS ...ttt t et ettt et et e e e e et 36
0 010.2.2  Stress ConCentration . ... ... .....o..eeent ettt e e e et e 36
0010.2.3 Alternately stressed structural members .......... ... .. i 36
0 010.2.4 Minimum plate thickness and corrosion ................cooiiiiiiiiiiiiiiiininn... 36
0 010.2.5 Curved MEIMIDETS . ...ttt ettt 37
0 010.2.6 Dynamic wind-resistant design of structural members .................... .. .. ..., 37
010.3 Frame Members with Axial Tensile Force ....... ... ... . i 37
0 010.3.1 Slenderness ratio of members ......... ... 37
010.4 Frame Members with Axial Compression Force ........... .. .. i i ... 37
0 010.4.1 Width-thickness ratio of plate subjected to compressive stress and stiffened plate ... 37
0010.4.2 Perforated plate ........oui i 37
0010.4.3 Influence of eccentric bending moment .......... .. .. . i 37
0 010.4.4 Slenderness ratio of structural members ......... ... ... ... . i 38
010.5 Frame Members with Bending ......... .. i 38
0 010.5.1 Width-thickness ratio of plate subjected to compressive stress and stiffened plate ... 38
0 010.5.2  Effective SECUION . ...ttt ettt e et ettt e e e e e 38

030



0 010.5.3 Overlapping flange . ... 38

0 010.5.4 Effective section for shear forces ......... ..o i 38
O10.6  Steel PIpes ..ot e e 38
0 010.6.1 Radial thickness ratio ........ ..o e 39
0 010.6.2 Stiffened member . ... 39
0 010.6.3 NOAE STTUCTUTE . .\ttt ettt ettt e et e et e e e e e e e e 39
O0010.6.4 Curved tube . ... 39
0 010.6.5 Steel pipe CONNECLIONS . ... u vttt ettt ettt e e 39
Chapter 11 Joints ... 40
OL11.1  General ..o e e 40
011.2 Joint Safety Requirements ......... ... e 40
011.3 Verification of Joint Safety ...... ..o i 40
011.4 General Principles for JoInts ........ ..o i 40
O011.4.1 Member JOINtS . ..ottt et e e e e e 40
0 011.4.2 Mixed welded, high-strength bolted, and bolted connections ........................ 41
011.5 Welded COonnections ... ........uutint ettt e e et et 41
O011.5.1  ReqUITemEnts . ... ..ottt et e et e e et e 41
0 011.5.2 Safety verification of welded connections ............ ... . .. 41
0 011.5.3 Size of fillet welds and geometry and dimensions of welded connections ............. 41
011.6 High-Strength Bolted Connections .......... ...t 41
0011.6.1 Requirements for safety of high-strength bolted connections ........................ 41
0011.6.2 Safety verification of high-strength bolted connections .............. ... .. .. ... ... 42
0011.6.3 Design characteristic values for verification of connection safety ..................... 42
011.7 Structural Details of High-Strength Bolted Connections ............... ... .o ooo... 42
0 011.7.1 Bolts, nuts, and Washers . ... e e 42
O 011.7.2 Holes for Dolts .. ... e e 42
O011.7.3 Boltlength ... e e 42
O011.7.4  Bolt SPACINE ..ottt e e e e 43
O011.7.5 End and edge distance .......... ..ot 43
0011.7.6 Minimum number of bolts . ... 43
OO11.7.7 Filler plates .. ... e e e 43
0011.7.8 Angled and circular washers ........ ... 43
011.8 Bolted Connections .. ... ...ttt ettt e e et e 43
OO11.8.1 General ..o e e 43
0 011.8.2 Bolts, nuts, and washers ....... ... i e 44
0 011.8.3 Structural details .........o i 44
011.9 Pin Connections .. ......o.uiinn ittt e e 44
Chapter 12 General Considerations for Framed Structures ............................. 45
O12.1  SCODE ettt ettt e 45
012.2 Member Section Design ..........o oo 45
OO12.2.1  General oo 45
0012.2.2 Design of truss MEIMDETS .. ..ot 45
0 012.2.3 Design of rigid frame members ......... ... i 46
0012.2.4 Design of arch members ...... ... . 46
0012.2.5 Calculation of effective buckling length by eigenvalue analysis ....................... 47
012.3 Checking of Overall Structure ........ ... i 47
012.4 Constraint in Horizontal Direction ... ......... ...t i 48
012.5 Maximum Camber . ... ... ...t et 48

040



012.6 Substructure Members . ... ...t e e e e 48

012.7 Torsion on Iron TOWETS ... ...t e e e e e e 48
Chapter 13 Plate Structures ........ ... .. i 49
O13. 1 General ..o 49
013.2 Effective Width .. ... 49
013.3 Steel Girder Web .. ... e e 49
013.4 Out-of-Plane Loading or Combined Out-of-Plane and In-Plane Loading ................. 49
013.5 Other Plate Structures . ... e 50
013.6 Load Concentration Points ......... ... i e 50
013.7 Beam-to-Column Connections ... ...........inuieoute et i aie e 50
013.8 Panel Conmections .. ... ......utnnttt ettt e e e e et 50
013.9 Cross Beams, Cross Frames, Lateral Bracing, and Diaphragms .......................... 50
OO13.9.1  General oo 50
O 013.9.2  Cross DEAILS . ...ttt e e e e 51
0 013.9.3 CroSs fTAINES ... .ett ettt ettt e e e e e e e e e 51
0 013.9.4 Lateral bracing ... .......oouuiiii e e 51
O0013.9.5 DIaphragms . ... ... e e 51
Chapter 14 Slab Design ... 53
O14.1  Gemneral oo 53
O014.1.1  SEructural SCOPE . ... ui ettt et e e e e e e 53
O014.1.2 Design action .. .....ouuiiintt i e e e e 53
0014.1.3 Analytical procedure .. ....... ... 53
O14.2  Safety o 53
0014.2.1 Safety of slab .. ... 53
0014.2.2 Out-of-plane shear ........... .o e 54
0014.2.3 Out-of-plane bending ..........o i 54
O0014.2.4 In-plane forces .. ... ..o e 54
0 014.2.5 Safety verification of slab ... .. 54
O14.3  Serviceability ... ...t e 54
0 014.3.1 Serviceability of slab ... ..o 54
0 014.3.2 Serviceability verification of slab ........ ... . 55
014.4 Fatigue ResiStance .......... ... i 55
0014.4.1 Fatigue resistance of slab ... . 55
0014.4.2 Fatigue due to out-of-plane shear ........ ... .. 55
0014.4.3 Fatigue due to out-of-plane bending ........ ... .. .. .o 55
0014.4.4 Influence of Water .......... o e 56
014.5 Corrosion Resistance and Resistance to Material Deterioration ......................... 56
0 014.5.1 Resistance to steel COTTOSION .. ...ttt i 56
0 014.5.2 Resistance to concrete deterioration ..............c..ooiiiiiiiiii i 56
014.6 Slabs of Various TyPes . ... ..ot e 56
0 014.6.1 Reinforced concrete slab ... . i 56
0 014.6.2 Pre-stressed concrete slab ... ... i 57
0 014.6.3 Steel-concrete composite slab . ... .. i 57
0 014.6.4 Orthotropic steel deck . ... i 57
Chapter 15 Design of Composite Girders ............ .. ... . i, 58
O15.1  General ... 58
015.2 Resistance of Composite GIrder ..............ouiiiiii i i 58
0 015.2.1 Classification of cross SECtIONS . .........o.iiit i i 58

050



0 015.2.2 Design bending resistance ...............ooiiiiiii i 58

0 015.2.3 Verification of bending moment ......... ... ... i 58
0 015.2.4  Shear TeSISEANCE ... ...ttt ettt et e e e e et et e e e 59
0 015.2.5 Verification of shear ........ ... 59
0015.2.6 Verification of combined bending and shear ........... .. ... ... ... .. 59
015.3 Structural Analysis and Resultant Force ........... .. .. .. . . i 59
015.4  Shear CONMECTOTS . ...ttt e ettt et et et e e e et et e e 59
OO15.4.1  General oo 59
0 015.4.2 Type of shear CONNECTOrS .. ... ...ttt e 60
0 015.4.3 Ultimate limit state for shear connectors ........... ... .. .. . i, 60
0 015.4.4 Verification at safety limit state ...... ... i e 60
0 015.4.5 Verification at fatigue limit state ....... .. . i 60
0015.4.6 Design resistance of shear connectors ........... ... .. .o i .. 61
0 015.4.7 Effect of steel girder plasticity on horizontal shear force ............................. 61
015.5 Detailing of Shear CONNECtOrs . ... ......i.t it 62
O 015.5.1 Headed stud cOnnectors .............oo.uiiiiiii e 62
0 015.5.2 Perforated-plate dowels ......... .. i 62
0 015.5.3 Block connectors ... .........oo i 62
015.6 Verification of Crack Width in Composite Girders ........ ... .. ..., 63
015.7 Effective Width of Concrete Deck for Composite Girders ........... ... ... 63

oeO



O

Chapter 1 (eneral Provisions

1.1 Scope

This Design volume of the Standard Specifications for Steel and Composite Structures (”Spec-
ifications”) describes the standard procedure for performance verification in the design of steel
structures and composite girders ("steel and composite structures”). The Specifications also de-
scribe the structural details of the structure to be verified. The design step of verifying the effects
of a large-scale earthquake (L2 earthquake) is described separately in the Earthquake-Resistant
Design volume.

0 Commentary 0O

1)

6)

1.2 Terms and Definitions

1.2.1 Commonly used terms

(1) General terms relating to design

Performance-based design method: a design method in which there is no restriction
on structural type and materials, design method, or construction method. The only
requirement is that the designed structure meets the performance requirements. Specifi-
cally, it is a design method in which the specified performance of the structure is assured
at each of the structural planning, design, construction, and maintenance stages once
the objectives and functions of the structure have been clearly defined. That is, the
performance of the structure is specified so as to fulfill its function.

Regulation-based design: a design method in which the structure or structural members
are designed based on specific design codes that specify suitable procedures, such as
design calculations, structural materials, and their sizes.

Deemed to satisfy regulations: regulations in which one or more solutions that are
deemed to satisfy the performance requirements are illustrated. These regulations may
be adopted in cases where the method of verifying structural performance is not nec-
essarily specified. These regulations specify structural materials and their sizes, pro-
cedures such as design calculations that are empirically regarded as correct, and other
factors.

Reliability-based design method: a design method in which the possibility of a struc-
ture/structural member reaching the limit state is estimated based on probabilistic
theory.

Limit-state design method: a design method in which a limit state to be verified is
clearly specified and partial-factor design is adopted as the verification format. The
partial-factor design format is classified as a Level 1 verification format from the
reliability-based design viewpoint. Strictly speaking, partial-factor design is not equiv-
alent to limit-state design, although the two are sometimes regarded as equivalent in
Japan.

Partial-factor design format: a design format incorporating certain partial factors in
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11)
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order to take into account uncertainties or scatter relating to actions??, geotechnical
parameters, structural member size, structural analysis method, etc.

Life-cycle cost: the total cost of structural planning, design, construction, maintenance,
and demolition of a structure; in other words, the total amount invested over the
complete life cycle of the structure.

Design working life: the assumed period for which a structure fulfils its intended purpose
without major repair and within the scope of the initially established maintenance
plan. Design working life is determined at the design stage. Initially planned regular
inspections and repairs are continued throughout the design working life.

Durable lifetime: the period between entering service and the point in time at which
the performance of the structure falls below requirements due to fatigue, corrosion,
material deterioration, or other factors and the structure reaches its limit state.
Objective: a common expression of the reason for building the structure. It is often
desirable for the objective to be expressed with the word ’client’ or ’user’ as the subject
of the sentence.

Function: the role that a structure has to play in accordance with the objective.
Review: a process carried out by an authorized third-party institution in order to de-
termine whether the design process, from determination of the objective to verification,
is proper or not.

Authorization: the final determination by the third party brought in to perform a
review.

Certification: the act of the third party institution issuing a certificate once the struc-

tural design is determined to be proper.

(2) Terms relating to performance

1)

2)

10)

Performance: the behavior that the structure has to demonstrate in order to meet the
objective or requirements.

Required performance: the performance that the structure has to demonstrate in order
to meet the objective.

Performance item: itemization of required performance. For each item, a verification
index is set. The index, generally, includes a specified limit state.

Performance level: the level of performance that is required of each structure. Perfor-
mance level is determined for each required performance depending on its necessity.
Safety: ability of a structure to protect the lives and assets of users and third parties.
Serviceability: ability of a structure to perform such that allowed degrees of user-
experienced displeasure or unease are not exceeded.

Durability: ability of a structure or structural element to resist deterioration caused
by repeated variable action and/or environmental action. In the case of steel and com-
posite structures, corrosion of steel members caused by environmental action, fatigue
phenomena caused by repeated variable action, and deterioration of concrete member
materials and strength are considered.

Restorability: ease with which a structure can be restored to its originally specified
performance level after undergoing assumed actions that lead to deterioration of its
performance level.

Social and environmental compatibility: a measure of how a structure not only con-
tributes to sound social, economic, and cultural activities but also minimizes stress on
the surrounding social and natural environment.

Workability: a measure of how safe and assured construction work is during fabrication

and erection.
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Initial soundness: the requirement that a structure performs, upon completion, in line
with the level intended at the design stage.
Maintainability: the ease of maintenance of a structure.

(3) Terms relating to limit state

1)

2)

Limit state: a state in which the structure or structural element no longer meets the
required performance.

Safety limit state: a state resulting in collapse or other similar form of structural failure
due to excessive deformation, displacement, vibration, or similar. The safety limit state
is used as the limit state associated with structure safety. The term is often referred to
as the 7ultimate limit state” and so is used in the Seismic Design volume.
Serviceability limit state: a state that corresponds to conditions beyond which the
specified service requirements for the structure or a structural element are no longer met.
The serviceability limit state is used as the limit state associated with the serviceability
of a structure.

Repair limit state: a state in which continued use of a structure damaged by expected
action is possible after repairs using currently available repair methods, carried out at
reasonable cost, and carried out within a reasonable period. The repair limit state is
used as the limit state associated with ease of repair. In the Seismic Design volume,
the term ”damage limit state” is used in place of "repair limit state”.

Fatigue limit state: a state in which a structure or structural member suffers fatigue or
failure as a result of repeating variable action. Fatigue limit state is used as the limit
state corresponding to the fatigue durability of a structure.

(4) Terms relating to verification

1)

8)

Performance verification: activities performed in order to verify that the designed struc-
ture satisfies all of the performance requirements. When the limit-state design method
is adopted, the judgment entails comparing response values with the limit values of
performance.

Verification index: index used to express a performance item as a physical quantity.
Verification indices are used in performance verification.

Response value (Demand) S: physical quantity representing the response of the struc-
ture to an action.

Limit value of performance (Capacity) R: allowable limit of physical response to a
corresponding structural response. This value is determined based on the required
performance level.

Statistical characteristic value: a value corresponding to the a priori specified fractile of
the statistical distribution of a random variable such as a material property or action.
The expected value and the mode of a random variable are regarded as statistical
characteristic values.

Optimization: the process of obtaining an optimal solution such that the objective func-
tion, including required performance, performance item, etc. as subordinate variables,
becomes a minimum or maximum under restraint conditions.

Partial factor: a factor assigned to each design value in order to consider its uncertainty.
Five partial factors are generally used: an action factor, a material factor, a structural
analysis factor, a structural member factor, and a structure factor.

Structure factor: a factor that takes into account the importance of the structural,
social, and economic effects that failure of the structure would have.

(5) Terms relating to actions

D

Action: any effect that leads to deformation, displacement, constraint, or deterioration
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of a structure or structural element.

Load: an assembly of mechanical forces directly acting on a structure. The forces are
converted from actions through the analytical model. A load is used as an input datum
for design calculations of the stress resultant, stress, displacement, and so on.

Design value of action: a value obtained by multiplying the action factor by the char-
acteristic value of the corresponding action.

Direct action: an assembly of concentrated or distributed mechanical forces acting on
a structure.

Indirect action: the cause of deformations imposed on the structure or constrained in
it.

Environmental action: mechanical, physical, chemical, or biological action that may
cause deterioration of the materials constituting a structure.

Permanent action: action which is likely to act continuously throughout the design
working life and for which variations in magnitude with time are small compared with
the mean value.

Variable action: action for which the variation during the design working life is not
negligible in relation to the mean magnitude and is not monotonous.

Primary variable action: one or one set of variable actions considered as the primary
influences when load combinations are taken into account in performance verification
work.

Secondary variable action: an action considered secondary among the variable actions
and that is additive to the combination of primary variable action and accidental action.
Accidental action: action that rarely occurs on a structure over the design working life
but which may cause serious damage if it does happen to occur.

Action modifying factor: a factor for converting the standard or nominal value of action
into a characteristic value.

Action factor: a factor that takes into account the unfavorable deviation of statistical
characteristic values of action, uncertainty relating to the action model, changes in ac-
tion characteristics during the design working life, the influence of action characteristics
on the relevant limit state of the structure, variations in environmental action, and so

on.

(6) Terms relating to structural materials

D

Characteristic value of material strength: a value corresponding to an a priori specified
fractile of the statistical distribution of material strength. The statistical distribution
is determined based on statistical data obtained from standardized material strength
tests.

Standard value of material strength: a value of material strength adopted in struc-
tural design specifications/standards other than ”Standard Specifications for Steel and
Composite Structures”.

Material strength modifying factor: a factor for converting the standard value of ma-
terial strength into a characteristic value.

Material factor: a factor that takes into account unfavorable deviation of statistical
characteristic values of material strength, differences in material properties between
experimental specimens and the real structure, the influence of material properties on
the relevant limit state of the structure, changes in material properties over a given
reference period, and so on.

Design value of material strength: a value obtained by dividing the characteristic value
of material strength by the corresponding material factor.
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(7) Terms relating to calculation of response value
1) Factor for structural analysis: a factor used to take into account the accuracy of struc-
tural analysis methods applied in the calculation of the stress resultant and similar,
uncertainties relating to the modeling procedure used for the structure, and so on.
(8) Terms relating to capacity of structural member
1) Structural member factor: a factor that takes into account the accuracy of structural
resistance analysis methods applied in the calculation of load-carrying capacity, varia-
tions in structural member size, the importance of the role of the structural member,
and so on.
2) Design capacity of structural member: a value obtained by dividing the capacity by the
structural member factor. Capacity is calculated by using the design values of strength

materials.
1.2.2 Terms used in this Design volume

(1) Primary member: a member whose failure would directly lead to loss of stability and/or
function and failure of the whole structure.

(2) Secondary member: a member that fulfills a secondary function and whose failure would not
directly lead to loss of stability and/or function nor failure of the whole structure.

(3) Structural detail: a design method agreed in response to a part that cannot be designed by
applying a design calculation method and/or to a request made regarding construction to be
considered at the design stage. A structural detail is a necessary condition for guaranteeing

appropriate prior conditions for the design calculations.S

O Commentaryd 0O

1.3 Notation

The following notation is defined for this specification. Only general notation is given.

(1) Action, sectional force, capacity and stress

Fy Characteristic value of action
Fy Design action

M Bending moment

Mgy Design bending moment

My, M, End moment

Mg Lateral torsional buckling moment
M, Flexural capacity

Myq Design flexural capacity

M, Yield moment

M, Full plastic moment

N, P Axial force

Ny, P, Axial capacity

Ngg Design axial force

Nygq, Prq Design axial capacity

Ny, Ny Yield axial force

v Shear force

Vird Design shear capacity

T Torsional moment




Standard Specifications for Steel and Composite Structures [Design]

Tsd
Trd
PE7 Pe
fr
fa
fyk
fyd
fuk
fud

1

yk

1

yd
fvyk
fvyd
o U

Ord

Trd

Ocr

Ter

OF, O¢
Or

Oy

Oy, Oy

(2) Displacement and strain
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(3) Geometrical values

A

Ae

D— Et?
12(1 — v?)

L, ¢

I
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J
b oy 12(1 —v?)

=T

w

Z

T

Le
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Design torsional moment

Design torsion capacity

Euler buckling load

Characteristic value of material strength
Design material strength

Characteristic value of tensile yield strength
Design yield strength

Characteristic value of tensile strength
Design tensile strength

Characteristic value of compressive strength
Design compressive strength

Characteristic value of shear yield strength
Design shear strength

Normal stress

Shear stress

Design local buckling strength

Design shear strength

Buckling stress

Shear buckling stress

Euler buckling stress

Residual stress

Ultimate stress

Yield stress

Displacement in z, y, z direction
Axial strain

Yield strain

Shear strain

Starting hardening strain
Modulus of direct elasticity
Modulus of rigidity

Initial strain hardening coefficient

Poisson’s ratio

Cross-sectional area
Effective cross-sectional area

Bending stiffness of plate
Member length

Geometrical moment of inertia
Bending torsional constant
St.Venant’s torsional constant

Width-thickness ratio parameter

Sectional modulus

Plastic sectional modulus

Radius of rotation (radius of gyration of area)
Effective buckling length
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Lo/ Slenderness ratio
be Effective width of plate
t Plate thickness
a=a/b Aspect ratio of plate (ratio of long side to short side)
k Buckling coefficient
vy Relative stiffness of stiffener
A= K_e 1/ Slenderness ratio parameter
ro\ E
Verification
S, R Response value, Limit value (Resistance)
S4, Ra Design response value,Design limit value (Design resistance)
Yi Structural factor
Ya Structural analysis factor
Vf Action factor (load factor)
Vb Structural member factor
Ym Material factor

O Commentaryd 0O
ooo

1.4

Basis of Design

1.4.1 Purpose of design

Steel and composite structures shall be designed so that they satisfy the required performance
in all areas such as safety, serviceability, restorability, durability, and social and environmental
compatibility throughout their design working life.

0 Commentary 0O

(1)

(2)
3)

1.4.2

Verification of performance
During design, the performance required for steel and composite structures shall be defined
clearly. Generally, required performance shall be established in the areas of safety, service-
ability, restorability, durability, and social and environmental compatibility .
During design, a performance level shall be specified for each performance item and the
performance level shall be verified for each performance item.
In general, verification indexes and limit states for the indexes shall be established. The per-
formance of the structure shall be verified such that the response calculated by appropriate
numerical analysis does not exceed the limit states.
For any verification not carried out by the method in (3) above, verification through exper-
imental methods or adherence to specifications relating to structure details and materials
can be considered a suitable means of performance verification.
In verifying performance, it shall be verified that the response value does not exceed the

limit value at any time during the construction period and the design life.

O Commentaryd 0O
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1.4.3 Verification method
(1) Verification shall be based on the partial factor method on the basis of reliability theory

and, as a standard design procedure, it shall be based on the limit-state design method.

(2) In general, verification shall be based on design responses to design actions, design limits as

determined by design material strengths, and individual partial factors. The performance of

the structure shall, in general, be verified using Equations (1.4.1) and (1.4.2):

Sq
2 <10 1.4.1
Vg, = (1.4.1)

TR/ m) [0

whered OR; O design resistance

fr O characteristic value of material strength
Ym O material factor
v O structural member factor

R(--+) O function for calculating limit value of structure from material strength
Sy 0O design response
Fj;,  Oindividual characteristic value of action
Yo O structural analysis factor
~; O action factor corresponding to each action (load factor)

S(--+) O function for calculating response value of structure from action

v; O structural factor

(3) During design, a verification shall be carried out for every limit state that can be considered.

O Commentaryd 0O

1.4.4 Partial factors

(1) Partial factors in a verification shall be determined based on the concept given in (2) and
(3).

(2) The material factor, structural member factor, structural analysis factor, and action factor
shall be determined in consideration of 1) unfavorable deviations from characteristic values,
2) uncertainties in computational accuracy, and 3) discrepancies between design and practice
with respect to actions or structures and materials.

(3) The structural factor shall be determined as per the provisions of Section 1.5 below.

O Commentaryd 0O

1.4.5 Modification factors
(1) The specification provides for two modification factors, namely a material modification factor
and an action modification factor.
(2) The action modification factor shall be defined for converting a specified or nominal action
value into a characteristic action value.
(3) The material modification factor shall be defined for converting a specified value of material
strength into a characteristic value of material strength.
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O Commentary 0O

1.5 Structural Factor

Structural factor 7; shall be determined according to structural importance and also the social
and economical impact of the structure reaching its limit state.

0 Commentary 0O
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Chapter 2 Actions

O

2.1 General

(1) In the design of steel and composite structures, actions expected to act on a structure during
the construction period and during the design working life shall be determined according to
the required performance.

(2) Actions are all causes of deformation, displacement, constraint, and deterioration of a struc-
ture or structural member, as indicated below.

e Direct action: an assembly of concentrated or distributed mechanical forces acting on
a structure.
e Indirect action: the cause of deformations imposed on the structure or constrained in
it.
e Environmental action: mechanical, physical, chemical, or biological action that may
cause deterioration of the materials constituting a structure.
(3) A load is defined as an assembly of mechanical forces acting directly on a structure. These
forces are converted from actions through the analytical model. A load acts as an input
datum for design calculations yielding the stress resultant, stress, displacement, and so on.

O Commentaryd 0O

2.2 Kinds of Actions

(1) In the design of steel and composite structures, actions shall be properly determined in
correspondence with the verification items and the relevant structural members.

(2) Actions are classified into three classes according to their characteristic occurrence frequency,
duration, and fluctuation, as defined below.

e Permanent action: action that is likely to act continuously throughout a given reference
period and for which variations in magnitude with time are small compared with the
mean value.

e Variable action: action for which the variation in magnitude with time is neither neg-
ligible in relation to the mean value nor monotonic.

e Accidental action: action that is unlikely to occur with a significant value on a structure
over a given reference period and which may cause a serious damage to a structure if
it does happen to occur.

(3) Actions are classified into three classes according to the characteristics response of a structure
to them, as defined below.

e Static action: action that does not cause significant acceleration of the structure or
structural members.

e Dynamic action: action that may cause impulse acceleration or other significant accel-
eration of the structure or structural members.

e Repeating action: action that may result in fatigue damage.




Chapter 2 Actions

O Commentary 0O
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2.3

Combinations of Actions

In a typical case of structural design, the combinations of actions shown in Table 2.3.1 shall
be considered. In a case where an unusual combination of actions might be anticipated, action
combinations aside from those listed in Table 2.3.1 may be taken into consideration according to
the judgment of the responsible chief engineer.

Table 2.3.1 OCombinations of actions

Required performance Combination of actions
Permanent actions+Primary variable actions+Subsidiary variable actions
Safety Permanent actions+Accidental actions+Subsidiary variable actions
Serviceability Permanent actions+Variable actions
Durability Permanent actions+Variable actions

O Commentaryd 0O

24

(1)

3)

Action Values

2.4.1 General

The values of permanent actions and primary variable actions that are considered when
verifying safety against structural failure or collapse may be statistical characteristic values
obtained as an a priori specified fractile of construction period and design lifetime largest or
smallest value probability distribution. The accidental action value may be taken to be the
previously occurring largest value. The value of subsidiary variable action shall depend on
which action combination is taken into account.

The action value considered when verifying serviceability shall be the value expected to
be observed frequently during the construction period and the design working life. This
value shall be determined depending on the required performance and the relevant action
combination.

The value of action considered when verifying durability shall be determined by taking into
account the variability of action during the design lifetime.

0 Commentary 0O

(1)
(2)

2.4.2 Dead load

The dead load shall be the action caused by the weight of the structural elements and
ancillary facilities themselves.

The characteristic value of dead load shall be calculated by reading off the dimensions of
structural members precisely and by evaluating the unit weight of the structural materials

properly.

O Commentary
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2.4.3 Earth pressure
Earth pressure shall be determined according to the required performance by considering the
type of structure, structural rigidity, and type of subsoil.

0 Commentary[]

2.4.4 Prestressing force
(1) In a case where prestress is to be introduced into the structure, both the prestressing force
immediately after the prestress is applied as well as the effective prestressing force after
losses shall be considered in design and these values shall be determined according to the

required performance.

(2) If a statically indeterminate force is caused by prestress, it shall also be considered properly.

O Commentary

2.4.5 Live load

The live load shall consist of the moving load of vehicles, railway loading, and sidewalk load-
ing (including crowd loading). It shall be determined according to the required performance by
considering the load variations.

O Commentary

2.4.6 Impact load

The stress imposed by the live load shall be incremented to account for impact effects. The
dynamic influence of vehicles moving over the structure shall be considered as one kind of im-
pact. The value of the impact load shall be determined according to the required performance in
consideration of the structure’s span, design characteristics, etc.

0 Commentary[]

2.4.7 Flowing water pressure
(1) The value of flowing water pressure acting on a structure shall be determined according
to the required performance in consideration of the type of structure and the shape of the
structural members.
(2) When designing structures on which flowing water may act, the dynamic influence of the
flow water shall be taken into consideration.

O Commentary

2.4.8 Hydrostatic pressure
The value of hydrostatic pressure shall be determined according to the required performance by
properly taking into consideration fluctuations in water level and the size of the structure.

O Commentary
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2.4.9 Buoyancy or uplift
(1) The value of buoyancy or uplift shall be determined according to the required performance
by properly taking into consideration the pore water and fluctuations in water level.
(2) Buoyancy or uplift shall be assumed to act in the vertical direction and the severest case of
uplift shall be assumed.

O Commentary

2.4.10 Wind load
(1) The value of wind load shall be determined according to the required performance by prop-
erly taking into consideration the wind characteristics of the construction site, the type of
structure, the shape of structural members, etc.
(2) Flexible structures or structural members, in particular, shall be designed in consideration
of dynamic deformation or stress resulting from wind because they may be considerably
influenced by wind vibration.

O Commentary

2.4.11 Snow load
In the design of structures that are constructed in areas that receive snowfall, the value of snow
load shall be determined according to the required performance by taking into consideration the

snowfall characteristics and maintenance procedures.

0 Commentary[]

2.4.12 Braking force and acceleration force

Braking forces and acceleration forces act on a structure when vehicles and trains slow down
or accelerate. The values of these forces are determined according to the required performance
by properly taking into consideration the types of vehicles or trains and the characteristics of the
structure.

O Commentaryd 000

2.4.13 Centrifugal force

A structure carrying curved tracks shall be designed to withstand centrifugal force. The value
of centrifugal force shall be determined according to the required performance by properly taking
into consideration the type of train and the characteristics of the structure.

0 Commentaryd 000

2.4.14 Longitudinal load imposed by long welded rail

Where long welded rails are laid on a railway bridge, the mutual force resulting from differences
between the behavior of the rails and the bridge under temperature changes shall be treated as a
longitudinal load imposed by the long rails. The value of this longitudinal load shall be determined
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according to the required performance by considering the type of bridge, its length, the track type,
the arrangement of bearings, etc.

O Commentary 0O

2.4.15 Lateral train load and transverse wheel thrust
A train crossing a bridge imposes a lateral load while the wheels cause a transverse thrust. The
values of these forces shall be determined properly according to the required performance.

O Commentary 0O

2.4.16 'Wave pressure
The value of wave pressure shall be properly determined according to the required performance
by considering the type of structure, its shape, the water depth, and the wave characteristics.

O Commentary 0O

2.4.17 Erection-related force

Structures are generally designed in consideration of the structural system in place at com-
pletion, but this may differ from the system of load support during erection. The forces arising
during erection shall be properly taken into consideration according to structural conditions during
erection and erection procedure used.

O Commentaryd 0O

2.4.18 Collision force

A collision force might be imposed by a user of the structure, as in the case of a vehicle collision,
by a third party as in the case of a ship impact, or through a natural phenomenon such as impact
by driftwood, etc. The anticipated value of the collision force shall be determined according to
the required performance in consideration of the location of the structure.

0 Commentary 0O

2.4.19 Concrete shrinkage
(1) The characteristic value of concrete shrinkage shall be determined in consideration of the
materials used, environmental conditions, the size of structural members, etc.
(2) In the design of statically indeterminate structures such as rigid frames and arches, concrete

shrinkage may have a uniform effect on the cross section of the structure.

O Commentaryd 0O

2.4.20 Effect of concrete creep
(1) The characteristic value of concrete creep shall be determined in consideration of the mate-

rials used, environmental conditions, structural member size, concrete age at application of
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stress, etc.
(2) In the design of statically indeterminate structures such as rigid frames and archs, concrete
creep may have a uniform effect on the cross section of the structure.

15

0 Commentary 0O

2.4.21 Effect of temperature changes

(1) The effect of temperature changes shall be determined according to the required performance
by taking into consideration the type of structure, environmental conditions, the size of
structural members, etc.

(2) The characteristic value of temperature change shall be determined as a rise and fall in
temperature from an a priori specified temperature. In the design of statically indetermi-
nate structures, temperature change may have a uniform effect on the cross section of the
structure.

(3) In the case of a structure in which the temperature difference between structural members
or between portions of the structure is not negligible, such differences shall be taken into
account.

(4) In order to ensure a safe-side design, the characteristic value of temperature change when
calculating the structure’s stress resultant shall preferably be different from that used in
determining the deformation of the structure.

O Commentary[1] 0O

2.4.22 Effects of displacement of supports and differential settlement

(1) Where displacement of a structure’s supports and/or differential settlement is anticipated
and if the effects of such movement on the structure might be significant, their effects shall be
determined according to the required performance in consideration of the type of structure
and subsoil conditions.

(2) The characteristic values of displacement of a structure’s supports and/or differential settle-
ment shall be determined carefully as they may have a considerable effect on the size and
shape of structural members.

0 Commentary 0O

2.4.23 Effect of earthquake

(1) Earthquake motion and all actions resulting from earthquake motion shall be considered in
the seismic design of a structure.

(2) In taking account of the direction of earthquake motion, it is preferable that two perpen-
dicular directions on the horizontal plane be considered not independently rather than si-
multaneously. If necessary, earthquake motion in the vertical direction shall be considered
according to the dynamic characteristics of the structure.

(3) Two classes of earthquake motion shall be used in verification, as follows.

@ Level 1 earthquake motion that has a relatively high probability of occurring during
the working life of the structure.
@ Level 2 earthquake motion that is strong and has a relatively low probability of occurring

during the working life of the structure.
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(4) The worst-case effect of earthquake motion on the structure shall be determined by con-
sidering seismicity around the site of construction, characteristics of the hypocenter and
propagation of earthquake motion, amplification characteristics depending on subsoil condi-
tions at the site, etc.

(5) Generally, a time-history acceleration wave of earthquake motion shall be used for verifica-

tion.

O Commentaryd 0O

2.4.24 Effect of airborne salinity

If required performance is determined in consideration of airborne salinity, the worst-case effect
over the structure’s working life shall be assumed by considering the site location, the materials
used, etc.

0 Commentary 0O

2.4.25 Effect of exhaust gases
In designing a structure located where traffic jams are common, the effect of exhaust gases shall
be considered by taking into account traffic flow volumes and transportation system management.

O Commentaryd 0O

2.4.26 Effect of carbon dioxide concentration
If necessary, the effect of carbon dioxide (COs) concentration shall be considered as it might
affect the neutralization of concrete.

0 Commentary 0O

2.4.27 Effect of acid concentration
The worst-case effect of acid concentration on the structure over its design working life shall be
determined by considering the site location, materials used, etc.

O Commentaryd 0O

2.4.28 Effect of drying and wetting
The effect of repeated drying and wetting shall be considered in the case that a structure is
subject to extremely frequent dry-wet cycles, since cracks leading to deterioration of concrete

members may result.

0 Commentary 0O

2.4.29 Effect of sunshine
In the case that a steel structure has a required performance relating to painting for which the
effect of sunlight is considered, the worst-case effect of sunshine over the design working life shall
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be determined by considering the site location, materials used, etc.
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O Commentaryd 0O

2.4.30 Effect of freezing
In a case where repeated freezing and thawing might cause severe cracking in concrete members,

the effect of freezing shall be considered properly.

O Commentaryd 0O
O

2.4.31 Effect of fire
In a case where there is a possibility of the structure being exposed to high temperatures such
as in a fire, their effects shall be considered properly.

O Commentaryd 0O

2.5 Action Factors

(1) An action factor is used to take into account any unfavorable deviation of the statistical
characteristic value of an action, uncertainties relating to action modeling, changes in action
characteristics over a given reference period, influence of action characteristics on the relevant
limit state of structure, variations in environmental action, and so on. The actual design
value of each action shall be obtained by multiplying the action value as defined in 2.4 by
its corresponding action factor.

(2) Where combinations of actions are taken into consideration, the action factors described in
(1) above shall be modified by a reduction factor in consideration of the probability of the
simultaneous occurrence of multiple actions according to the judgment of the responsible
chief engineer.

0 Commentary 0O
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Chapter 3 Materials

O

3.1 General

3.1.1 Fundamentals of material physical properties

Regarding basic physical properties, the materials used in steel and composite structures must
satisfy the following requirements:

(1) Adequate strength and deformability, or toughness

(2) Resistance to change or deterioration in quality during the working life
(3) Minimum impact on the environment
(4)

4) Minimum impact on human beings and animals/plants

0 Commentary 0O

3.1.2 Required properties of materials
(1) The materials used in steel and composite structures must have properties that are sufficient
to meet the required performance.
(2) Material properties must be described using measurable physical quantities and be consistent

with the calculation model.

O Commentaryd 0O

3.2 Structural Steel

3.2.1 Required steel properties
(1) The mechanical properties, chemical composition, shape, and dimensions of structural steel
must satisfy the structure’s required performance.
(2) Structural steel conforming to standards such as ISO and JIS and that has a long history of
use in past projects is deemed to satisfy requirement (1). Such material can be used once
conformity with the standards is confirmed through inspection certificates.

O Commentaryd 0O

3.2.2 Selection of steel type
(1) The type of steel used for a steel or composite structure must be selected according to the
required material properties, which depend on the stress state where used, environmental
conditions at the site, corrosion protection method, construction method, and so on. The
properties of interest include strength, ductility, toughness, chemical composition, shape,
size, and surface characteristics.
(2) A variety of types of steel is available depending on the requirements of quality control, work-

ability, labor-saving, etc.. The selected material shall be demonstrated to have properties
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that satisfy the objective through an appropriate procedure such as testing.

O Commentaryd 0O

3.3 Concrete

(1) The strength, ductility, and workability of concrete must be of specific quality suitable for
construction.

(2) Ready-mixed concrete shall conform to JIS A 5308 in principle.

0 Commentary 0O

3.4 Value of Material Properties for Design

3.4.1 General

(1) The quality of steel or concrete is expressed not only in terms of tensile or compressive
strength but also through other material properties such as strength, deformation, heat,
durability, or water tightness according to design needs. Appropriate consideration must be
given to the influence of loading rate on strength and deformation properties.

(2) The characteristic value of material strength, fi, should be selected such that most test
values fall above it.

(3) Design material strength, f4, is given by the characteristic value of material strength, fg,

divided by the partial factor for the material, ..

0 Commentary[]

3.4.2 Structural steel
(1) Strength

1) The characteristic values of tensile yield strength, f,x, and tensile strength, f,, should
be determined based on values obtained through tensile tests.

2) The guaranteed value shall be taken as the characteristic value, fyr and fux, for a
material conforming to a standard such as ISO or JIS. In general, the nominal value of
cross sectional area shall be used for design calculations.

3) The characteristic value of compressive yield strength, f{;kv shall be considered to be
equal to that of tensile yield strength, fy.

4) In general, the characteristic value of shear yield strength shall be obtained using Equa-
tion (3.4.1).

fyk
Joyk = == 3.4.1
vy \/g ( )
(2) Fatigue strength The characteristic value of fatigue strength shall be determined based on
fatigue tests in which type of steel, shape, size, welding process, residual stress, fabrication
errors, the histogram of applied stress range, and environmental conditions are taken into

consideration.
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(3) Stress-strain curve
1) An appropriate stress-strain curve should be determined according to the objective of
the examination.

2) In verification for safety, the stress-strain curve shown in Figure 3.4.1 can be used.

O A

£a EN00

E

0 Eyd S:ud ;
Fig.3.4.1 Stress-strain curve of steel

(4) Young’s modulus

1) In principle, Young’s modulus of the steel shall be determined through a tensile test

conforming to a standard such as JIS Z 2241.

2) Young’s modulus of steel can be generally taken as 205kN /mm?.

(5) Poisson’s ratio
Poisson’s ratio of steel can be generally taken as 0.3.

(6) Coefficient of thermal expansion

The coefficient of thermal expansion of steel can be generally taken as 1 x 107°/0.

O Commentary

3.4.3 Concrete
The strength, stress-strain curve, Young’s modulus, Poisson’s ratio, and the other material
properties of the concrete shall be determined through tests.

0 Commentary[]

3.5 Partial Factors for Materials

The partial factors for materials shall be properly determined in consideration of adverse varia-
tions in strength from characteristic values, variations between properties in specimens and actual
structures, the influence of properties on limit states, changes in properties with time, and differ-
ences between real characteristic values and values assured by standards such as ISO and JIS.

O Commentary



Chapter 4 Structural Analysis
g

4.1 General

(1) The structural analysis carried out must be relevant to the verification method used.
(2) Tt is important to note that structural analysis may not be always an appropriate means of

verification.

0 Commentary 0O

4.2 Structural Analysis Factor

(1) The value of the structural analysis factor, ~,, shall be decided by taking account of various
uncertainties, such as those involved in the structural analysis method and the structural
model.

(2) In general, the structural analysis factor, -y,, may be set to 1.0 in the case of linear analysis.

(3) In the case of nonlinear analysis, the relevance of the analysis method shall be verified first

and then an appropriate value of structural analysis factor, v,, decided.

0 Commentary[
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Chapter 5 Structural Member Resistance
g

5.1 General

(1) The design resistance of structural members, as used in the verifications specified in Chapters
6~10, shall be obtained by dividing the characteristic value of member resistance by the

material partial factor.2
(2) The characteristic values of member resistance shall be determined using the characteristic

values of material strength.

O Commentary 0O

5.2 Partial Factor for Uncertainty in Resistance

The partial factor for uncertainty in resistance (structural member factor) shall be determined
in accordance with the formulas for calculating member resistance, while also taking into con-
sideration uncertainty in the calculation method, the influence of member size variance, and the
importance of the member (the influence of a member reaching the limit state on the structure as

a whole).

O Commentaryd 0O

5.3 Steel Member Resistance

5.3.1 Tensile resistance
The tensile resistance of structural members shall be taken as the smaller of the values calculated

by equations (5.3.1) and (5.3.2).

A

Nyg = % (5.3.1)
Anu

Ny — W{d (5.3.2)

where, ON,; 0O design tensile resistance of the member
Ay, O gross area of the cross section to be verified
A,, Onet area of the cross section to be verified
fya O design yield strength
fua O design tensile strength
v O structural member factor

O Commentaryd 0O
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5.3.2 Compressive resistance

The compressive resistance of steel structural members in the axial direction shall be taken as
the smaller of the resistance value for the strong axis and the weak axis calculated on the basis of
the buckling curve in consideration of factors such as structural member imperfections, eccentric
loading, residual stress, and variance in the yield strength in the cross section as well as the local

buckling strength of plate elements constituting the member.

O Commentaryd 0O

5.3.3 Bending resistance
5.3.3.1 Classification of cross section
Structural members are classified as follows according to the maximum width-thickness ratio
of the sectional element subject to bending or combined compression and bending (that is, the
member’s resistance to local buckling):
(1) Compact section: sections that may develop a plastic moment resistance
(2) Non-compact section: sections in which the stress in the extreme compression fiber of the
steel, assuming an elastic distribution of stresses, may reach the yield strength, but local
buckling is likely to prevent development of a plastic moment resistance
(3) Slender section: sections in which local buckling will occur before the yield stress is reached

in one or more parts of the cross section.

0 Commentary[]

5.3.3.2 Bending resistance

The bending resistance of steel structural members shall be determined based on the nominal
bending resistance corresponding to the classification of cross section, taking into account the
influence of initial deflection and residual stress as well as elastic lateral-torsional buckling.

0 Commentary[]

5.3.4 Shear resistance of web

The shear resistance of the webs shall be determined properly in consideration of factors such
as the constraining effect of flange and stiffeners, initial deformation, and residual stress due to
welding.

O Commentary

5.3.5 Local buckling resistance
(1) The local buckling resistance of plates supported at both ends or at one edge and of stiff-
ened plates subject to compression shall be determined in consideration of factors such as
boundary conditions and initial imperfections due to welding, including initial deformation
and residual stress.
(2) Plates supported at both ends or at one edge and stiffened plates in locations with particular
ductility requirements shall be of dimensions that guarantee the required ductility.
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0 Commentary[]

5.4 Resistance of Steel Pipes

(1) The tensile resistance and compressive resistance of steel pipes shall be determined according
to the provisions in 5.3.1 and 5.3.2.

(2) The bending resistance of steel pipes shall be determined on the basis of local buckling
resistance against compressive stress in the axial direction, bending stress, or a combination
of the two stresses.

(3) The shear resistance of steel pipes shall be determined in consideration of factors such as
boundary conditions, initial imperfections due to welding, including initial deformation and
residual stress, and whether the pipe is stiffened with rings or diaphragms.

0 Commentary[

5.5 Resistance of Cables

The design resistance of cables shall be taken as the value calculated by equation (5.5.1).

(5.5.1)

where, 0N,y O design resistance of cables
fa 0O design strength of the material
A,, O nominal cross sectional area of the cable
v O structural member factor

O Commentary



g
Chapter 6 Demand for Safety and Verification
g

6.1 General

(1) Safety shall be verified in consideration of all actions that might arise during the erection
period and the design working life.

(2) Structural safety and public safety shall be the performance items verified to meet the safety
requirement.

(3) An appropriate limit state shall be established for each performance item and safety shall

be verified against the limit states of all performance items.

0 Commentary 0O

6.2 Performance Requirement for Safety

6.2.1 Structural Safety
Steel and composite structures shall satisfy the requirements for load-carrying and displace-
ment/deformation capacity and also shall be stable under the actions given in Chapter 2.

O Commentaryd 0O

6.2.2 Public Safety
The public shall be protected from any possible hazard that a steel or composite structure might

pose throughout its service life.

0 Commentary 0O

6.3 Verification of Structural Safety

6.3.1 Verification of load-carrying capacity
The verification of load-carrying capacity shall entail ensuring that the design action effect is

smaller than the design member capacity.

O Commentaryd 0O

6.3.1.1 Verification of load-carrying capacity of members in framed structure

The load-carrying capacity of a structural member in a framed structure shall be verified for all
applicable cases among the following:

(1) axial force

(2) bending moment

(3) combined axial force and bending moment




26 Standard Specifications for Steel and Composite Structures [Design]

(4) shear force or a combination of shear force and torsional moment
(5) combined axial force, bending moment, and shear force
(6) biaxial stress in the above five cases when significant

O Commentary 0O

6.3.1.2 OVerification of load-carrying capacity of plate
(1) The load-carrying capacity of a plate shall, in principle, be verified for normal stress and
shear stress using the following equations. These stress components shall be obtained from

forces and/or moments acting in the cross section.

%Uid <1.0 (6.3.1)
W10 (6.3.2)

whered 0O 0Ov; Ostructural factor
o 0O maximum normal stress in the cross section
orqg O design strength
7 [0 maximum shear stress in the cross section

Trqa U design shear strength

(2) The load-carrying capacity of a plate shall be verified for all applicable cases among the
following:
1) in-plane forces
2) out-of-plane forces
3) combined in-plane and out-of-plane forces
4)
)

5

stiffened plate subjected to in-plane forces
a steel pipe subjected to a combination of forces in the transverse section

O Commentaryd 0O

6.3.2 Verification of Displacement/Deformation Capacity
A member required to have a particular displacement/deformation capacity shall be verified to

ensure that the displacement/deformation due to actions will not exceed the limit state.

0 Commentary 0O

6.3.3 Verification of Stability
(1) The stability of a structure with regard to rigid-body motion shall be verified for all possible

transitional directions and rotations.
(2) The stability of a structure shall be verified by ensuring that the strongest action acting on

the whole structure or part of the structure will not exceed its capacity.

O Commentaryd 0O
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6.4 Verification of Structural Safety by Nonlinear Structural Analysis

Structural safety may be verified by evaluating the ultimate load-carrying capacity of the whole

structure by nonlinear structural analysis.

O Commentaryd 0O

6.5 Verification of Structural Safety through Experiment

Structural safety may be verified by evaluating the effect of actions such as cross-sectional forces,
stress and displacement, or load-carrying capacity experimentally.

0 Commentary[
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O

Chapter 7 Required Serviceability
00000 Performance and Verification
O

7.1 General

(1) Steel and composite structures must remain serviceable under the actions specified in Chap-
ter 2 throughout their in-service period.

(2) Performance items related to serviceability include vehicle operating performance, train op-
erating performance, and pedestrian comfort according to how the structure is utilized.

(3) Serviceability shall be verified for the limit state established for each performance item by
setting proper verification indices representative of the performance item, except in cases
where use of the structure is restricted or where the structure is rendered unusable due to

meteorological conditions or earthquakes.

O Commentaryd 0O

7.2 Required Performance for Serviceability

7.2.1 Vehicle operating performance
Steel and composite structures shall be designed to provide safe passage of vehicles and to avoid
undesirable psychological reactions among passengers in vehicles under the expected actions and

meteorological conditions.

O Commentary

7.2.2 Train operating performance
Steel and composite structures carrying railway tracks shall be designed to provide smooth
passage of trains and to avoid undesirable psychological reactions among train passengers under

the expected actions and meteorological conditions.

0 Commentary 0O

7.2.3 Pedestrian comfort

Structures shall be designed to avoid undesirable psychological reactions among pedestrians
under the expected actions and meteorological conditions.

It is recommended that structures be designed to provide safety and accessibility for all users,

including the elderly and handicapped.

0 Commentary 0O

7.2.4 Other Considerations for Users
Non-structural aspects of structures, including aesthetics and water-tightness, shall also be
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designed to avoid undesirable psychological reactions among users under the expected actions and

meteorological conditions.

29

O Commentaryd 0O

7.3

(1)

Verification of Serviceability

7.3.1 Verification of vehicle operating performance
Vehicle operating performance under normal, wet, windy, and winter conditions shall be verified
in principle as specified below.

Verification of vehicle operating performance under normal conditions [OPerformance re-
quirements for vehicle operating performance under normal conditions shall be road surface
soundness, stiffness, and operating visibility. Assessments shall be as follows.
Road surface soundness: Road surface flatness and friction coefficient shall meet a specified
criterion for each item.
Stiffness : Deformation due to live load shall not be greater than a specified criterion.
Operating visibility : Visibility shall be the minimum required for the design velocity.
Verification of vehicle operating performance under wet conditions

OVehicle operating performance under wet conditions shall be verified by confirming that
the surface drainage system has a capacity be greater than a predetermined level of rainfall.
Verification of vehicle operating performance under windy conditions

OVehicle operating performance under windy conditions shall be verified by confirming that
the wind velocity over the structure is less than the specified criterion or that a speed limit
dependent on wind velocity is imposed.
Verification of vehicle operating performance under winter conditions [Vehicle operating
performance under winter conditions shall be verified by confirming that the floor slab se-

lected is less prone to icing or that anti-freezing measures are adopted.

0 Commentary[]

(1)

7.3.2 Verification of train operating performance
The train operating performance and ride comfort of steel and composite structures that carry
railway tracks shall, in principle, be verified under normal conditions as specified below.

Verification of train operating performance under normal conditions

Train operating performance under normal conditions shall generally be verified by confirm-
ing that structure displacement as determined through static analysis is less than a criterion
determined from the viewpoint of an operating safety limit.

Verification of ride comfort

Ride comfort under normal conditions shall generally be verified by confirming that structure
displacement as determined through static analysis is less than a criterion determined from
the viewpoint of a ride comfort limit.

O Commentaryd 0O

7.3.3 Verification of pedestrian comfort
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Pedestrian comfort under normal conditions shall, in principle, be verified in terms of pavement
soundness, walking-induced vibration, and visibility as specified below.

(1) Verification of pavement soundness
Pavement soundness shall be verified by confirming that flatness is assured, slip resistance
coefficient is within a range of a vibration index, and gradient is not greater than a specified
criterion.

(2) Verification of walking-induced vibration
Walking-induced vibration shall be verified by confirming that vibration velocity and ac-
celeration, which may affect walking comfort, are not greater than criteria specified for the
natural frequencies of the structure or that the natural frequencies are outside the range of
resonance.

(3) Verification of visibility
Pedestrian visibility shall be verified by confirming that visibility is not less than a specified
criterion and that there is a large enough variation in brightness to allow discrimination of
guidance block edges and stairway steps.

0 Commentary 0O

7.3.4 Other considerations for verification
Other considerations for users shall be verified in principle using appropriate indices and related

criteria.

0 Commentary[



Chapter 8 Required Durability Performance

and Verification
O

8.1 General

(1) Steel and composite structures must continuously maintain the required level of performance
under the expected actions throughout the design working life.

(2) Performance verification items related to the durability of steel and composite structures in-
clude fatigue resistance, corrosion resistance, resistance to material deterioration, and main-
tainability.

(3) Verification of fatigue resistance, corrosion resistance, resistance to material deterioration,
and maintainability must involve the setting of adequate indices representing performance

item and verification of the limit state established for each item.

0 Commentary 0O

8.2 Required Durability Performance

8.2.1 Fatigue resistance
Steel and composite structures must never suffer fatigue failure due to repeated loading during
the design working life. Namely, the design must take into account fatigue resistance such that no

steel member cracks or fails even if a crack is initiated and then propagates.

0 Commentary 0O

8.2.2 Corrosion resistance
Steel and composite structures must maintain the required level of mechanical performance and
function even if steel corrosion takes place under the expected environmental actions throughout

the design working life. No failure of a steel member is allowed.

O Commentaryd 0O

8.2.3 Resistance to material deterioration
Steel and composite structures must maintain the required performance level with respect to

material deterioration throughout the design working life.

0 Commentary 0O

8.2.4 Maintainability

Ease of repair must be considered against time-dependent degradation of members due to fatigue,
corrosion, and material deterioration throughout the design working life.

Ease of maintenance, covering repair and inspection, after entry into service must be considered.
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O Commentary 0O

8.3

(1)
(2)

3)

(4)

Verification of Durability

8.3.1 Verification of fatigue resistance
8.3.1.1 Verification of fatigue under repeated loading

The verification of fatigue under repeated loading must in principle involve using the following
method. If another adequate verification method is available, it may be applied. Verification of
fatigue under wind loading shall be in accordance with 8.3.1.2.

It must be confirmed that no welded joints of low fatigue strength or for which quality control
is difficult are used in fabricating steel members.

For steel members, it must be confirmed whether the maximum stress range resulting from
repetition of expected actions throughout the design working life is less than the fatigue
limit (cut-off limit).

In a case where the maximum stress range is greater than the fatigue limit (cut-off limit)
under the expected actions throughout the design working life, it must be confirmed that
the cumulative fatigue damage is less than the threshold value for fatigue failure.

In verifying the fatigue of concrete members, it must be confirmed that serviceability and
mechanical performance are maintained under the expected actions throughout the design
working life.

O Commentaryd 0O

8.3.1.2 Verification of fatigue under wind loading

Verification of fatigue under wind loading must in principle involve confirming that the wind
velocity at which vortex-induced vibrations arise is greater than the design wind velocity or the
amplitude of vortex-induced vibrations is less than a threshold value. If another adequate verifi-

cation method is available, it may be applied.

0 Commentary 0O

(1)

(2)

8.3.2 Verification of resistance to steel corrosion
Verification for resistance to steel corrosion must in principle involve using the following method.
If another adequate verification method is available, it may be applied.

In a case where the corrosion protection method consists of a surface coating such as paint,
it must be confirmed that the specific coating selected is suitable for the particular corrosive
environment.

In a case the corrosion protection method is anything except natural weathering of the steel
or a surface coating, it must be confirmed that the specific corrosion protection method
selected is suitable for the particular corrosive environment.

Regarding corrosion of steel reinforcement in concrete, it must be confirmed that the concrete
carbonation depth and the chloride ion concentration remain below the threshold values for

the occurrence of steel corrosion.

O Commentary
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8.3.3 Verification of resistance to material deterioration
Verification of resistance to material deterioration must in principle involve using the following
methods. If another adequate verification method is available, it may be applied.
(1) Tt must be confirmed that concrete has the required frost resistance by determining the
dynamic elastic modulus and mass loss in freezing and thawing tests.

2) Regarding concrete corrosion due to chemical attack, it must be confirmed through acceler-
ated tests, atmospheric exposure tests, or another adequate verification method that concrete
deterioration does reach a tangible level or affect the required level of performance.

3) It must be confirmed that concrete has the required resistance to the alkali aggregate reaction
(ASR).

4) In a case where a surface coating is applied to concrete, the waterproofing effect of the

coating must be confirmed in consideration of maintenance planning.

0 Commentary[]

8.3.4 Verification of maintainability

Verification of maintainability must in principle involve determination at the design stage of ease
of maintenance, including inspection and repair, throughout the design working life. If another
adequate verification method is available, it may be applied.

0 Commentary[
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g
Chapter 9 Required Social and Environmental

Compatibility Performance and

Verification
O

9.1 General

(1) Steel and composite structures shall maintain their social and environmental compatibility
under the actions specified in Chapter 2 throughout the construction and in-service periods.

(2) Performance items related to social and environmental compatibility include social compat-
ibility, economic rationality, and environmental compatibility.

(3) Social and environmental compatibility shall be verified with respect to the limit state es-
tablished for each performance item by setting a proper performance index representative of
each performance item. However, in cases where there are difficulties in setting and verify-
ing such limit states for social and environmental compatibility, society and environmental
compatibility shall be verified by optimizing each performance item.

O Commentaryd 0O

9.2 Required Social and Environmental Compatibility Performance

(1) Steel and composite structures shall be designed to provide the functions required according
to their importance.

(2) Steel and composite structures shall be designed to be safe and functional and to minimize
both construction cost and life-cycle cost.

(3) Steel and composite structures shall be designed to avoid adverse effects on the surrounding
social and natural environments resulting from vibration and noise, to minimize environ-
mental impacts, such as CO2 emissions, throughout their life cycle, and to offer an aesthetic
that does not provoke undesirable psychological reactions in people nearby.

O Commentaryd 0O

9.3 Verification of Social and Environmental Compatibility

9.3.1 Verification of social compatibility

Social compatibility shall be verified by confirming that the performance index representative
of each performance item satisfies the limit-state requirements established for that performance
item in consideration of the importance of the steel or composite structure.

0 Commentary[]

9.3.2 Verification of economic rationality
Economic rationality shall be verified by confirming that the life-cycle cost 0 LCCOof a steel or
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composite structure is minimized or that the life-cycle utility (LCU), including social, economic,
and cultural utilities, is maximized. However, in a case where it is impossible to satisfy these

conditions, economical rationality shall be verified by optimizing LCC or LCU.

0 Commentary[]

9.3.3 Verification of environmental compatibility

Environmental compatibility shall be verified by confirming that performance indices for vibra-
tion and noise, which might adversely affect the surrounding social and natural environments,
environmental impacts such as CO4 emissions, and landscape are less than the specified criteria.
However, in a case where it is impossible to satisfy these conditions, environmental compatibility

shall be verified by optimizing each performance item.

0 Commentary[]
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Chapter 10 Structural Members in (General

O
10.1 Structural Members

All structural members shall be designed with the simplest possible structure for convenience
in fabrication, transportation, site erection, examination, painting, maintenance, repair, etc. Ex-

amination of critical stage of members is given in Chapter 6.

0 Commentary 0O

10.2 General

10.2.1 Secondary stress

Secondary stresses in a structural member resulting from eccentricity, node rigidity, sudden
sectional changes, floor girder deflection, floor framing deformation related to variations in member
length, deflection under self-loading, etc. must be designed to be as small as possible.

0 Commentary 0O

10.2.2 Stress concentration
Stress concentration must be considered in design where it influences notch sections or structural

discontinuities in a structural member.

O Commentary 0O

10.2.3 Alternately stressed structural members
A structural member that is subjected to alternating compressive and tensile stresses must be

designed for safety under each stress.

0 Commentary 0O

10.2.4 Minimum plate thickness and corrosion
(1) The minimum thickness of a steel plate is assumed to be that which ensures no change occurs
during processing, transport, and site erection and that allows for damage to the section by
corrosion, wear, etc.
(2) Where a corrosion allowance [margin] is allowed, the plate thickness assumed in verifying

safety shall be the original thickness reduced by this margin.

O Commentaryd 0O
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10.2.5 Curved members
When a curved structural member is designed as a straight member, it is necessary to thoroughly

examine any additional stresses added by the curvature.

0 Commentary[

10.2.6 Dynamic wind-resistant design of structural members
Wind-induced vibration may arise in the following types of structural members as well as in
bridge girders, so the need for dynamic wind-resistant design must be examined.
e Towers of cable-stayed bridges and suspension bridges
e (Cables of cable-stayed bridges and hangers of suspension bridges
e Arch bridges and truss bridges with large slenderness ratios
e Pillar-shaped members with especially large slenderness ratios, such as lighting pillars

O Commentary

10.3 Frame Members with Axial Tensile Force

10.3.1 Slenderness ratio of members
The maximum slenderness ratio of a tensile member shall be below a maximum value determined

in consideration of structural characteristics.

O Commentary

10.4 Frame Members with Axial Compression Force

10.4.1 Width-thickness ratio of plate subjected to compressive stress
and stiffened plate
The maximum width-thickness ratio of a plate subjected to compressive stress or a stiffened plate
is assumed to be determined in consideration of steel type and position of the plate. The strength
of a plate subjected to compressive stress or a stiffened plate is given in Chapter 5 ”Strucutral

Member Resistance”.

O Commentary

10.4.2 Perforated plate

The minimum thickness of a perforated plate subjected to compressive stress shall be determined
in consideration of the distance between welding lines and the distance from a welding line to a
hole.

0 Commentary[]

10.4.3 Influence of eccentric bending moment
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The influence of eccentric bending moment shall be considered when angle steel, T-steel, etc. is
fitted on only one side of a gusset plate.T

O Commentary

10.4.4 Slenderness ratio of structural members
The slenderness ratio of a compressive member shall be below the maximum width-thickness
ratio determined in consideration of the characteristics of the structure.

O Commentary

10.5 Frame Members with Bending

10.5.1 Width-thickness ratio of plate subjected to compressive stress
and stiffened plate
The maximum width-thickness ratio of plate subjected to compressive stress or a stiffened plate
is assumed to be determined in consideration of the type of steel and the position of the plate.

0 Commentary[]

10.5.2 Effective section
In calculating deflection, statically indeterminate force, etc., bending rigidity is defined in terms
of effective section corresponding to the effective width of the flanges.

0 Commentary[]

10.5.3 Overlapping flange

Where a cover plate overlapping another plate acts as a flange, the detailed structure shall take
into consideration 1) welding properties and stress flow, 2) stress distribution in the girder, 3)
fatigue, etc..

0 Commentary[]

10.5.4 Effective section for shear forces
The effective section bearing shear forces shall be determined appropriately according to the
sectional shape of the member.

0 Commentary[]

10.6 Steel Pipes

10.6.1 Radial thickness ratio
The maximum radial thickness of steel pipes shall be determined in consideration of local buck-
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ling. The strength of steel pipe members is given in ”5.5 Steel Pipes Strength”.
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O Commentary

10.6.2 Stiffened member
Steel pipe members shall have a structure that resists buckling or local transformation caused

by shear and torsion.

O Commentary

10.6.3 Node structure
Nodes and shoes, which bear concentrated loading, shall be of a structure that resists local

transformation and transmits stress smoothly.

0 Commentary[]

10.6.4 Curved tube
When curved tubes are used, safety against additional stresses arising in curved sections and

local buckling must be determined.

0 Commentary[

10.6.5 Steel pipe connections

(1) Connections between steel pipes shall be of a design that ensures stress transmission, resists
local transformation, and secures sufficient strength.

(2) Axial connections of steel pipes shall be direct joints using high tensile bolts or welds.
However, if the performance demanded in Chapter 11 ”Joints” can be satisfactorily assured,
flange joints are acceptable.

(3) In connecting a steel pipe to a structural member with a different axis, a gusset joint or

branching joint shall be used.

0 Commentary[]
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Chapter 11 Joints
g
11.1 General

Joints shall be of a design that remains safe for all actions anticipated during erection and

throughout the design working life.

0 Commentary[]

11.2 Joint Safety Requirements

Requirements relating to the load-carrying capacity and deformation of joints shall be specified
adequately so as to ensure the safety of the structure under the influence of all actions anticipated

during erection and throughout the design working life.

O Commentary[1] 0O

11.3 Verification of Joint Safety

The safety of joints shall be verified by means of the following methods to confirm that the
requirements of 11.2 are met during erection and throughout the design working life.

(1) Load-carrying capacity
It must be confirmed that the resistance of joints is sufficiently greater than the actions
applied during erection and throughout the design working life to ensure the required load
carrying capacity.

(2) Deformation
Standard procedure is to confirm that joint deformation during erection and throughout the
design working life under all anticipated actions is less than the deformation requirements
in consideration of required deformation capacity and also sufficiently below the safe degree

of deformation.

O Commentaryd 0O

11.4 General Principles for Joints

11.4.1 Member joints

Structural details of joints between members shall be designed so as to satisfy the following
requirements.

(1) Smooth transfer of load

(2) Avoidance of eccentricity

(3) Avoidance of undesirable stress concentration
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(4) Avoidance of undesirable residual stress and secondary stress

O Commentaryd 0O

11.4.2 Mixed welded, high-strength bolted, and bolted connections
Where there is a mix of welded, high-strength bolted, and bolted connections, the propriety of
such joints shall be judged in consideration of the load-transfer mechanism.

0 Commentary[

11.5 Welded Connections

11.5.1 Requirements
(1) Welded connections that transfer load shall not be subject to failure under all actions an-
ticipated during the design working life and should transfer forces securely and smoothly
between members/elements.
(2) Weldability shall be taken into consideration.

O Commentaryd 0O

11.5.2 Safety verification of welded connections
(1) The safety verification of welded connections that transfer load shall be confirmed such that
their resistance exceeds all actions and does not fall far below the resistance of the weld
material and the member itself.
(2) Verification of weldability shall be confirmed through due consideration.

O Commentaryd 0O

11.5.3 Size of fillet welds and geometry and dimensions of welded connections

(1) The size and minimum effective length of each fillet weld shall exceed each the required
design value in every case. The size of a fillet weld, taken as the heat-affected zone, shall be
minimized.

(2) The geometry and dimensions of welded connections shall be designed in consideration of
smooth load transfer, avoidance of undesirable secondary stress and deformation, and fatigue.

0 Commentary 0O

11.6 High-Strength Bolted Connections

11.6.1 Requirements for safety of high-strength bolted connections
The requirements for the safety of high-strength bolted connections shall be specified such that

the requirements given in 11.2 are satisfied.
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O Commentary 0O

11.6.2 Safety verification of high-strength bolted connections
The safety of high-strength bolted connections shall be verified in accordance with 11.3.

O Commentaryd 0O

11.6.3 Design characteristic values for verification of connection safety
Design characteristic values for the verification of connection safety shall be specified appropri-
ately in consideration of the load-transfer mechanism and the verification method used.

O Commentaryd 0O

11.7 Structural Details of High-Strength Bolted Connections

11.7.1 Bolts, nuts, and washers

(1) Friction-type connections
Properties of bolt, nut, and washer materials used for friction-type connections shall comply
with those specified in JIS B 1186 (Japanese Industrial Standards). Further, bolts, nuts, and
washers shall have sufficient resistance to delayed fracture. Appropriate axial force shall be
applied at installation and the force shall not decrease significantly during the service life.

(2) Bearing-type connections
Standards for bolts, nuts, and washers used for bearing-type connections shall be as specified
in JSS II 01-1981 (Japanese Society of Steel Construction Standards).

(3) Tension-type connections
Properties of the bolt material used for tension-type connections shall comply with those
specified in JIS B 1186 (Japanese Industrial Standards). Further, bolts shall have sufficient
resistance to delayed fracture. The appropriate axial force shall be applied at installation
and the force shall not decrease significantly during the service life.

0 Commentary 0O

11.7.2 Holes for bolts
The size of holes for bolts shall be determined in consideration of the corresponding load-transfer
mechanism for the connection type as well as workability.

0 Commentary 0O

11.7.3 Bolt length
(1) Bolts must be long enough to deliver firm contact force between the contact surfaces.
(2) Bolt threads in bearing connections shall not extend into the shear plane.

O Commentaryd 0O
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11.7.4 Bolt spacing
The minimum bolt spacing shall be larger than the spacing required to allow tightening. The
maximum spacing should not exceed the local buckling and corrosion-prevention requirements.

0 Commentary 0O

11.7.5 End and edge distance

The minimum distance from the end or edge of a member to the centre of a bolt hole shall be
larger than the value required to ensure that there is no end or edge failure because of tearing
prior to bolt failure. The maximum distance from the end or edge of a member to the centre of a

bolt hole shall not exceed the corrosion prevention requirements.

O Commentaryd 0O

11.7.6 Minimum number of bolts
At least two bolts are required per connection. Where a connection is subject to shear force,

two rows of bolts, meaning a minimum of 4 bolts in total, are required.

O Commentaryd 0O

11.7.7 Filler plates
(1) In the case of friction connections where plates of different thicknesses are connected, filler
plates should be installed to fill the design gap.
(2) Where it is impossible to install a filler plate, the slip resistance of the connection shall be
reduced by means of an appropriate method.
(3) In choosing the thickness and material grade of the filler plate, corrosion prevention and
protection from rust shall be considered in addition to the load-transfer mechanism.

O Commentaryd 0O

11.7.8 Angled and round washers
In a case where the bolt axis is not perpendicular to the surface of the connected member, or
if the surface of the connected member is not flat, care shall be taken not to impose undesirable

bending stress on bolts and washers.

O Commentaryd 0O

11.8 Bolted Connections

11.8.1 General
(1) Regular bolted connections shall be adopted in cases where there is no need for high-strength

bolted connections.

(2) The standard use of bolted connections is for bearing-type or tension-type connections where
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there is no axial force on the bolt.

O Commentary 0O

11.8.2 Bolts, nuts, and washers
The standard bolts, nuts, and washers used in bolted connections shall be as specified in JIS
B1180, JIS B1181, and JIS B1256, respectively.

0 Commentary 0O

11.8.3 Structural details
Structural details of bolted connections should be determined appropriately in the same way as

those of high-strength bolted connections.

0 Commentary 0O

11.9 Pin Connections

(1) Structural members joined by pin connections shall not move at the point of connection.
Further, nuts should be secured to prevent pins coming loose. The influence of wear on
rotation at the pin and pin-hole shall be minimized.

(2) Pin design shall include consideration of wear loss to the pin cross section.

(3) In designing a member with a hole for a pin, the safety of the connection shall be verified in

consideration of the stress concentration adjacent to the hole.

O Commentary



g
Chapter 12 General Considerations for
Framed Structures
g
12.1 Scope
This chapter applies to the design of framed structures such as trusses, rigid frames, arches, and
suspension structures.

O Commentaryd 0O

12.2 Member Section Design

12.2.1 General
The design of members comprising a framed structure is given in Chapters 5~ 9 and Chapter
10.

O Commentaryd 0O

12.2.2 Design of truss members
12.2.2.1 Composition of sections

(1) Regarding sectional composition, the centroid of the section shall by preference be designed
to line up with the center of the section as well as to fit in the frame line.

(2) In combining plates to form the section, joints shall be designed not only with right-left
symmetry but also with up-down symmetry.

(3) Chord members carrying compressive forces, end pillars, diagonal braces at the intermediate
supports of a continuous truss and similar members shall have a box section or w-shaped
section in principle. The slenderness ratio relating to the radius of gyration of area about the
vertical axis (out of truss plane), is smaller than the one of horizontal axis (in truss plane).

(4) In a box section, the cross-sectional area of plates oriented parallel to the truss plane shall

in principle be more than 40% of the gross cross-sectional area.

O Commentaryd 0O

12.2.2.2 Effective buckling length of compression members
(1) In the truss plane
The effective buckling length of members can be taken to be the frame length.
(2) Out of truss plane
The effective buckling length of members can be taken to be the distance between support
points when the member is supported effectively by out-of-plane components and in-plane

components.
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O Commentary 0O

12.2.2.3 Combined compression material
The combined compression materials consisting of the sectional steel and other members shall
be designed as follows.
(1) Slenderness ratio of combined compression materials
The slenderness ratio in both strong and weak axes of combined compression materials shall
be computed by a suitable method.
(2) Shear force according to buckling of combined compression materials
Every part of combined compression materials shall be designed to bear a shear force amount-
ing to 2
(3) Structural details of combined compression materials
Structure details of combined compression materials shall be provided as appropriate.

O Commentaryd 0O

12.2.2.4 Member with direct load
When a load acts to the place besides nodes, bending moment will happen except axial force in

the member. This is valued appropriately in consideration of itself.

O Commentaryd 0O

12.2.3 Design of rigid frame members
12.2.3.1 Effective buckling length

The out-of-plane and in-plane effective buckling lengths of frame members shall be computed
by a suitable method.
12.2.3.2 Members with axial compression forces and bending moments

The method of safety examination for members subjected to combined axial compression forces
and bending moments is given in Chapter 6.
12.2.3.3 Examination of composition of bending, axial forces, and shear forces

The method of safety examination for members subjected to bending, axial forces, and shear
forces is given in Chapter 6.
12.2.3.4 Influence of foundation structure

The influence of rotation and relative movement of the foundation must be considered in the

design.

O Commentaryd 0O

12.2.4 Design of arch members
12.2.4.1 Effective buckling length
The out-of-plane and in-plane effective buckling lengths of arch members shall be computed by

a suitable method.

O Commentary
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12.2.4.2 In-plane load-bearing ability of arches
Arch members shall be designed as members subjected to combined axial compression forces

and bending moments.

0 Commentary[

12.2.4.3 Out-of-plane buckling of arches
The out-of-plane buckling of arches must be checked using a suitable method.
(1) Structures consisting of one main arch or two main arches (where the two main arches are
smaller than the span) must be checked for safety against out-of-plane buckling.
(2) Out-of-plane buckling must be checked under the most dangerous loading conditions.
(3) The lateral structure and sway bracing of arches shall be designed according to the regula-
tions given in 12.4.

0 Commentary[]

12.2.5 Calculation of effective buckling length by eigenvalue analysis

The effective buckling length of a member can be calculated by applying elastic eigenvalue
analysis to the total structural system, as given by equations(12.2.1) and (12.2.2), if 12.2.2.2,
12.2.3.1, and 12.2.4.1 do not apply.

|Kg + kKa(N;)| =0 (12.2.1)
(E1)i
- 12.2.
fei =™\ [N, (122.2)

Here, Kpg 0O elasticity rigidity matrix of infinitesimal displacement theory.
Kg 0O geometric rigidity matrix in standard state
Kk O eigenvalue
Le; O effective buckling length of member i (m)
(EI); O Bending rigidity of material of member i (kNm?)
N; O design axial force of member i obtained by structural analysis (kN)

0 Commentary 0O

12.3 Checking of Overall Structure

The safety of framed structures such as trusses, rigid frames, and arches shall be checked not

only in terms of each member and joint but also in terms of the whole structure.

0 Commentary 0O
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12.4 Constraint in Horizontal Direction

There shall be adequate rigid lateral structures and sway bracing structures to ensure stereo-

scopic functioning of trusses and arches.

O Commentaryd 0O

12.5 Maximum Camber

2.5 Maximum Camber
The maximum camber can be manufactured for structures with its completed shape inspected
when assembled.

O Commentary 0O

12.6 Substructure Members

Members that have the characteristics of substructures, such as base portions of rigid-frame
pillars, shall be designed in consideration of providing adequate design load capacity, corrosion
prevention, and transfer of forces to foundations.

O Commentaryd 0O

12.7 Torsion on Iron Towers

Transmission line towers and other steel pillars subjected to torsion caused by unequal tension
of strung wires shall be designed to withstand the torsion.

0 Commentary 0O



Chapter 13 Plate Structures

O
13.1 General

(1) This chapter applies to the design of plate structures. Plate elements and stiffened plate
elements should be designed according to Chapters 6 and 10. A structure that can be
considered a frame structure shall be designed according to Chapter 12.

(2) The structural analysis of special structures to which this chapter does not apply shall be
carried out under rational loading and support conditions.

(3) Structural details and both of loading and support conditions for structural analysis should

be followed design engineer.

0 Commentary 0O

13.2 Effective Width

The stress and flexural stiffness of girders and beams subjected to bending moments shall be
calculated in consideration of the influence of shear lag by accounting for effective width.

0 Commentary 0O

13.3 Steel Girder Web

A steel girder web subjected to both in-plane bending and shear loading can be expected to
exhibit post-buckling strength. The influence of welding distortion, manufacturing stress, trans-
portation, and construction should be considered in the design of the steel girder web.

O Commentaryd 0O

13.4 Out-of-Plane Loading or Combined Out-of-Plane and
In-Plane Loading

(1) In stiffening a steel plate subjected to out-of-plane loading, the arrangement and stiffness of
the stiffeners shall be defined such that both deflection and stress do not exceed limit values.
The loaded safety performance of the stiffeners themselves shall be verified.

(2) In stiffening a steel plate subjected to combined out-of-plane and in-plane loading, the loaded
safety performance shall be verified against each loading individually and the combined

loading.

O Commentaryd 0O
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13.5 Other Plate Structures

A rectangular plate structure of uniform shape and thickness shall be designed according to
Chapter 6. Other plate structures shall be designed with careful attention to their particular

mechanical characteristics.

O Commentary

13.6 Load Concentration Points

Points of load concentration, such as supports, shall be designed by verifying safety under the

concentrated loading.

0 Commentary[]

13.7 Beam-to-Column Connections

At beam-to-column connections, stress shall be transferred smoothly between beam members
and column members. Further, beam-to-column connections shall be designed with careful atten-

tion to stress concentrations in the vicinity.

O Commentary

13.8 Panel Connections

Panel connections shall be of the simplest structure possible to smoothly transmit membrane
forces between panels. Further, in designing the structural details of panel connections, con-
sideration shall be given to ease of connecting members and ease of maintenance work, such as

inspection, drainage, cleaning, and so on.

O Commentaryl]

13.9 Cross Beams, Cross Frames, Lateral Bracing, and Diaphragms

13.9.1 General
(1) The structural details of steel girders shall be designed such that shape and stiffness of the
structure are maintained and lateral loading is transmitted to the supports.
(2) Load concentration points in steel girder and truss structures shall be designed such that
the shape of the structure is maintained and concentrated loads are properly transmitted.
(3) The geometric properties of cross frames and lateral bracing shall be designed in considera-

tion of both structural rigidity and ease of construction.

(4) If all of the following criteria are met, the slenderness parameter of the member can be
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designed according to the criterion given in Chapter 10,
— the bridge structure can be considered a plane structure with respect to the main girder
or main structure.
— cross frames or lateral bracing do not act as principal members.

— cross frames or lateral bracing are installed as truss members.

O Commentary

13.9.2 Cross beams
In a case where the slab is supported on several main girders, cross beams at the supports or
load-distribution cross beams shall be fitted between the main girders.

0 Commentary[]

13.9.3 Cross frames
(1) At the supports of a deck bridge, end cross frames shall be fitted between the main girders
or main structural members.
(2) Cross frames responsible for load distribution shall be designed as principal members.
(3) The cross frames of a skew bridge should be placed with careful attention to the analytical
procedure and the production and construction process.
(4) If all of the following criteria are satisfied, the cross frame count can be reduced:
— structural rigidity is ensured for the whole structure such as in the case of a reduced
main girder bridge
— the responsible design engineer has verified structural safety.

0 Commentary[]

13.9.4 Lateral bracing

(1) The structural details of a steel girder shall be designed to ensure lateral loading is transferred
to the supports.
(2) If all of the following criteria are satisfied, the amount of upper lateral bracing can be
reduced:
— the bridge is a deck bridge
— the orthotropic deck or concrete slab is connected to the main girder

— horizontal motion of the main girder is restrained.

0 Commentary[

13.9.5 Diaphragms
(1) Diaphragms shall in principle be placed as follows.
— angled in a skew direction in the supporting part of a skew girder bridge
— perpendicular to the main girder in the intermediate section of a skew girder bridge.
— perpendicular to the main girder in a curved girder bridge.
(2) An opening, or manhole, shall be installed in the diaphragm if necessary.
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0 Commentary[]
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Chapter 14 Slab Design
g
14.1 General

14.1.1 Structural scope
This chapter applies mainly to designed slabs under out-of-plane actions.

0 Commentary 0O

14.1.2 Design action
The design actions as stipulated in Chapter 2 shall be considered in the design of a slab to cope

with variable actions such as a live load.

0 Commentary 0O

14.1.3 Analytical procedure

(1) The analytical model shall be developed through the choice of an appropriate modeling range
under appropriate boundary conditions.

(2) In principle, the slab part shall be extracted as a board structure in the analysis. Depending
on the purpose of the verification, the slab shall be modeled as having a large influence on
the stress state at the verification point.

(3) In modeling each structural member, an appropriate element shall be chosen in consideration
of its structural characteristics.

(4) The value of each material physical property shall be made an appropriate value reflecting
its behavior.

(5) The evaluation of the analytical results shall be based on the modeling conditions as appro-

priate.

0 Commentary 0O

14.2 Safety

14.2.1 Safety of slab
(1) The slab shall be able to carry the load safely and directly, transmitting it to the supports.
(2) The slab shall be designed so as to secure safety with respect to the two performance items
that follow.
(@D Safety in carrying the load directly
@ Safety as the main structural member

O Commentaryd 0O
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14.2.2 Out-of-plane shear

(1) Under out-of-plane shear, the slab shall be completely safe against punching shear at the
loading point.

(2) Under out-of-plane shear, the slab shall be safe against shear at the supports.

(3) In the case of change of stress transmission mechanism, the safety of slab shall be considered
under the influence of cyclic loading.

0 Commentary 0O

14.2.3 Out-of-plane bending

(1) Under out-of-plane bending, the slab shall be completely safe against the appropriate calcu-
lated out-of-plane bending.

(2) In the case of according to proposed out-of-plane bending equation, it shall be necessary to
note the coverage, the analytical condition, and accuracy and to carry out an appropriate

correction if necessary.

O Commentaryd 0O

14.2.4 In-plane forces
(1) Under in-plane forces, the slab shall be safe with respect to functioning as part of the main
structure. It shall also be safe against earthquake, wind, and temperature changes.
(2) When under in-plane forces caused by deformation of the slab supporting girder, the safety
of the slab shall be considered of its influence.

O Commentary 0O

14.2.5 Safety verification of slab

The safety of the slab shall be verified in consideration of pre-determined factors. At minimum,
the verification of slab safety should be evaluated as follows.

(1) General Part
(2) Overhanging part (Support point and Base of handrail)
(3) Girder end
(4)

4) Opening

O Commentaryd 0O

14.3 Serviceability

14.3.1 Serviceability of slab
The serviceability of the slab shall be verified using three performance items as follows.
(1) Deformation of slab
From the point of view of users, the slab shall perform without deformation so as to provide

safety and comfort for pedestrians and traffic.
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(2) Vibration of slab

The slab shall perform without improper vibration under cyclic loading.
(3) Drainage of slab

The slab shall drain quickly, without water pooling on the slab surface.

O Commentaryd 0O

14.3.2 Serviceability verification of slab
According to section 7.3 ”Verification of Serviceability”, the serviceability of a slab should be
verified using the following performance items.
(1) Deformation of slab
Deflection under live load and condition of the slab surface shall be within limits.
(2) Vibration of slab
The slab shall not resonate at the frequency of passing trucks.
(3) Drainage of slab
The slab shall drain quickly without water pooling on the slab surface.

O Commentaryd 0O

14.4 Fatigue Resistance

14.4.1 Fatigue resistance of slab

(1) The slab fatigue resistance under cyclic loading (live load and wind load) shall be assured
for the whole of the design working life.

(2) The verification of slab fatigue resistance shall clarify the failure mechanism and examine
the respective influence of out-of-plane shear and out-of-plane bending.

(3) The verification of slab fatigue resistance shall be based on the appropriate specifications for
fatigue strength.

0 Commentary[]

14.4.2 Fatigue due to out-of-plane shear
(1) The slab shall exhibit durability against out-of-plane punching shear fatigue caused by wheel
loading.
(2) The slab shall exhibit durability against out-of-plane shear fatigue around it’s the supports.

O Commentary

14.4.3 Fatigue due to out-of-plane bending
(1) The slab shall exhibit durability against out-of-plane bending,.
(2) Slab connection components shall exhibit durability against stress caused by out-of-plane
bending.
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0 Commentary[]

14.4.4 Influence of water

(1) A waterproof layer should be used to protect against infiltration of water from the slab
surface, which could damage the fatigue resistance of the slab.

(2) If a waterproof -layer is not used, the slab fatigue resistance shall be verified in consideration
of the influence of water on the slab.

0 Commentary[]

14.5 Corrosion Resistance and Resistance to Material Deterioration

The materials used for the slab of a steel or composite structure shall exhibit sufficient corrosion

resistance and resistance to material deterioration.

O Commentary

14.5.1 Resistance to steel corrosion
Steel components of the slab shall exhibit corrosion resistance.
(1) steel corrosion
(2) corrosion of steel used in the concrete

O Commentary

14.5.2 Resistance to concrete deterioration
Concrete components of the slab shall exhibit sufficient resistance to material deterioration.
(1) Damage due to alkali-aggregate reaction
(2) Damage due to frost
(3) Damage due to Chemical action

0 Commentary[

14.6 Slabs of Various Types

A slab shall be appropriately designed and then constructed in the field so as to perform as
required with respect to each performance item.

0 Commentary[]

14.6.1 Reinforced concrete slab

An RC slab shall be designed such that it satisfies each performance item. Performance shall
be considered as satisfied through the observing of appropriate structural details.

(1) Slab thickness



Chapter 14 Slab Design 57

(2) Connection to main girder
(3) Execution precision
(4) Reinforcement at girder end

0 Commentary[]

14.6.2 Pre-stressed concrete slab

A PC slab shall be designed such that it satisfies each performance item taking into account
construction by pre-casting or post-casting. Performance shall be considered as satisfied through
the observing of appropriate structural details.

(1) Slab thickness

(2) Connection to main girder
(3) Connection between slabs
(4) Reinforcement at girder end

O Commentary

14.6.3 Steel-concrete composite slab
A steel-concrete composite slab shall be designed such that it satisfies each performance item.
Performance shall be considered as satisfied through the observing of appropriate structural details.
(1) Slab thickness
(2) Shear connector
(3) Reinforcement at girder end

0 Commentary[

14.6.4 Orthotropic steel deck
An orthotropic steel deck shall be designed such that it satisfies each performance item. Perfor-
mance shall be considered as satisfied through the observing of appropriate structural details.
(1) Thickness of steel deck
(2) Effective width

0 Commentary[
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Chapter 15 Design of Composite Girders

O
15.1 General
This chapter applies to steel-concrete composite girders forming a concrete deck connected to a

steel section via shear connectors.

0 Commentary[]

15.2 Resistance of Composite Girder

15.2.1 Classification of cross sections

(1) For the calculation of bending resistance, cross sections of composite girders are classified
in the same way as those for steel sections, as defined in Chapter 5: (a) compact, (b) non-
compact, and (c¢) slender.

(2) Where a steel compression flange is effectively restrained from buckling by a concrete flange
attached using a shear connector, the section may be classified in accordance with the width-
thickness ratio of the compressive web plates.

(3) A composite girder under negative bending moment or a steel compression flange that is not
restrained from buckling should be classified in accordance with the classification of steel

sections defined in Section 5.3.3.1.

O Commentary

15.2.2 Design bending resistance
The design bending resistance of a composite girder shall be determined by an appropriate
method in consideration of the cross section classification of the compact, non-compact, or slender

section.

O Commentaryd 0O

15.2.3 Verification of bending moment
The bending moment of a composite girder shall be verified using the following;:
Msd

Vi M,y

< 1.0 (15.2.1)

whered OM,; 0O design bending moment
Mg 0O design bending resistance
v; O structural factor

O Commentaryd 0O
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15.2.4 Shear resistance
The design shear resistance of a composite girder is equal to that of the steel girder used in the
composite girder.

0 Commentary[

15.2.5 Verification of shear
At the safety limit state, the section shall satisfy the following:
Vsd

’Yi‘/rd

<1.0 (15.2.2)

whered 0OV,4 0O design shear resistance OV, /v
Vsa O design shear moment
v; O structural factor

0 Commentary[

15.2.6 Verification of combined bending and shear
When a bending moment and vertical shear act on a composite girder simultaneously, the
combined action of the two resultant forces shall be considered.

0 Commentary[]

15.3 Structural Analysis and Resultant Force

Linear elastic analysis is the basic analytical method for structural design of composite girders.
In the case of continuous composite girders, tensile cracking may take place in the concrete slab
near an internal support. Accordingly, resultant forces should be calculated in consideration of
the reduction in stiffness caused by this cracking. When the resistance to bending moment is
expected to be the full plastic bending moment, attention must be paid to the redistribution of
the resultant forces due to plasticity.

0 Commentary[

15.4 Shear Connectors

15.4.1 General
(1) Shear connectors shall be verified to satisfy the requirements of each performance item.
(2) Shear connectors shall be designed at both the safety limit state and the fatigue limit state
to ensure proper performance throughout the design working life.
(3) Shear connectors shall have sufficient deformation capacity to redistribute horizontal shear
force between the concrete deck and the steel element. The redistribution of horizontal shear

force is assumed at at the safety limit state.
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(4) When two or more different types of shear connector are used within the same span of a beam,
account shall be taken of the effect of any difference in the shear force-slip relationships.

O Commentary

15.4.2 Type of shear connectors
(1) Shear connectors are the devices provided at the interface between the steel element and the
concrete deck to resist interface shear.
(2) In principal, shear connectors should be mechanical devices that join the steel and the
concrete. However, other types of shear connector may be used as long as their safety has

been verified in the proper way.

0 Commentary[

15.4.3 Ultimate limit state for shear connectors
The safety and durability of shear connectors shall be verified at the safety limit state and the
fatigue limit state, respectively. The ultimate load is applied to verify the safety limit state, while

the service load is used in verifying the fatigue limit state.

O Commentary

15.4.4 Verification at safety limit state
At the safety limit state, the shear connectors shall satisfy both of the following requirements:

1 qsd
— (yEd) < 10 15.4.1
1.1 (7 qu> = ( )

Qsd

; < 1.0 15.4.2
row ( )

whered Ogsq O horizontal design shear force per unit length
qrq 0O horizontal design shear resistance per unit length
®sq 0O total horizontal design shear force over longitudinal length where the size,
Otype, and spacing of shear connectors are constant
Q.q O total horizontal design shear resistance of shear connectors provided over the
Olength
v; O structural factor. For a standard structure, taken to be v; = 1.0.

0 Commentary[

15.4.5 Verification at fatigue limit state
At the fatigue limit state, shear connectors shall satisfy the following requirement:
Vsd

’Yi‘/rd

< 1.0 (15.4.3)
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whered 0OV O horizontal fatigue shear range of an individual shear connector
Vrq 0O horizontal fatigue resistance range of an individual shear connector

v; O structural factor

0 Commentary[]

15.4.6 Design resistance of shear connectors
This clause is applicable to (1) headed stud connectors, (2) perfobond ribs, and (3) block dow-
els. Other types of shear connector can be used provided that the design resistance has been

appropriately determined through experiment or other methods.

15.4.6.1 Design resistance of headed stud connectors

(1) The design resistance of headed stud connectors should be determined using appropriate
methods in consideration of the casting direction of the concrete.

(2) Where headed stud connectors are subject to tensile force in addition to shear force and the
influence of the tensile force is not negligible, a more accurate method that takes account of
the tensile force shall be used.

(3) Where the headed stud connectors are arranged in groups, the influence of the grouped

arrangement shall be taken into consideration by an appropriate method.

O Commentary

15.4.6.2 Design shear resistance of perforated bonds
(1) The design shear resistance of shear connectors using perforated steel plates shall be eval-
uated in a suitable way that distinguishes between a transverse reinforcing bar running
through a perforation and no transverse reinforcing bar.
(2) The shear resistance of a perforated steel plate should be greater than that of a shear

connection with a perforated bond.

0 Commentary[]

15.4.6.3 Design shear resistance of block connectors
The design shear resistance of a block connector using perforated plates shall be evaluated in

the proper way.

O Commentary

15.4.7 Effect of steel girder plasticity on horizontal shear force
If the design bending moment exceeds the yield moment at the safety limit state, the effect
of steel girder plasticity on horizontal shear force should be considered in the design of shear

connectors.

O Commentary
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(1)
(2)

15.5 Detailing of Shear Connectors

15.5.1 Headed stud connectors

The standard shank diameter shall be 19 mm or 22 mm. Reference should be made to JIS
B 1198 "Headed stud connectors” for material properties, types, shapes, and proportions.
The maximum spacing of headed stud connectors in the direction of the shear force shall be
determined such that the required performance of the shear connectors is satisfied while also
taking into account buckling of the flanges of the girders and other undesirable behavior.
The minimum spacing of headed stud connectors shall be determined such that the required
performance as the shear connectors is satisfied while also considering work execution and
the prevention of harmful cracks in the slab.

The distance between the edge of a headed stud connector and the edge of the girder flange
shall be greater than 25 mm.

In composite twin I-girder bridges or other similar types of bridge, headed stud connectors
should be arranged in consideration of the transversal force and the tensile force in addition
to the shear force.

In the cross-section of the slab near the headed stud connectors, sufficient safety shall be
assured against the shear force acting on the headed stud connectors.

The shear holes in the precast slab shall be appropriately detailed in consideration of work
execution in order to avoid local failure.

0 Commentary[]

1.

15.5.2 Perforated-plate dowels

The thickness of the perforated plate and the diameter of the reinforcing bar running through
the perforation shall be determined properly.

The diameter of the perforation shall be determined by considering bleeding and compaction
of the concrete.

The maximum longitudinal center-to-center spacing of two adjacent perforations shall be
determined so as to satisfy the required performance of the shear connectors.

4. The design shall include sufficient concrete cover at the perforated plate.

If two or more perforated plates are installed in parallel, sufficient transverse spacing shall
be allowed.
Details of the perforated plates shall be determined with due consideration of fatigue.

0 Commentary[]

15.5.3 Block connectors
1.

In a block connector with a hoop, if the hoop is diagonally welded to the block, the angle
between the hoop and the steel flange shall in principle be 45 degrees.

The standard thickness of steel pate used in shear connectors shall be at least 16 mm and
the diameter of a hoop should be at least 16 mm.

No shear connector shall be used that effects a wedge action on the concrete deck.

O Commentary
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15.6 Verification of Crack Width in Composite Girders

In a concrete slab subjected to a negative bending moment, the crack width due to composite
action with a steel girder w,,q and crack width due to local bending of the concrete deck caused
by the wheel load wpg shall satisfy the following:

Wmd

i < 1.0 (15.6.1)
W,

yyobd 1.0 (15.6.2)
w,

where Ow, 0O design critical value of crack width
v; O structural factor for standard structures v; = 1.0

0 Commentary[]

15.7 Effective Width of Concrete Deck for Composite Girders

For composite girders, effective width of the concrete deck shall be assigned in consideration of

appropriate limit states.

O Commentary
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