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EXECUTIVE SUMMARY

The Explanatory Materials (EM) contains background information and considerations reviewed in the
preparation of the Code of Practice for the Structural Use of Steel 2011 (the ‘Code’), and should be
read in conjunction with the Code.

Elaborations on robustness of structures, steel material classification, maximum thickness for
prevention of brittle fracture, second-order analysis, limitation of material strengths used in composite
design, reduction of Young's modulus of steel at elevated temperatures, and cold-formed steel, etc
are given in the EM. In addition, numerous worked examples in using the Code to demonstrate
second-order effects, section classification, structural analysis and design, composite beams and
columns, cold-formed profiled sheet and purlin, etc are incorporated in the EM for readers' reference.

The EM aims to provide a concise guidance on the design of steel and steel-concrete component
structures with their theoretical backgrounds and original assumptions, sources of reference,
limitations and worked examples, where the application of the provisions in the Code may require
special attention.
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GENERAL

SCOPE

The Code of Practice for the Structural Use of Steel 2011 is hereafter referred to as the
Code in this Explanatory Materials (EM).

The Code adopts a similar approach to that of the Australian and UK codes rather than
the Eurocodes or North American codes. It includes in one volume all those topics which
are generally required for the design of building structures. It contains 17 Sections and 4
Annexes in order to provide a concise single document containing guidance and
requirements for the design of buildings and related structures. In particular, it provides
guidance on tall building design including appropriate comfort criteria, composite design
of beams and columns, long span structures, stability issues making reference to the use
of second order analysis and a wide range of steel grades and qualities. It also provides
more detailed specifications for materials and workmanship than many other codes.

The Code addresses fundamental principles of overall stability, robustness, and the
behaviour of the structure as a whole. It proposes an advanced philosophy and a number
of methods for design against strength, ductility, robustness and stiffness under ultimate
and serviceability limit states. Both manual and computer-based stability design methods
are provided.

Section 1 of the Code contains general design requirements including the scope of the
Code. Short clauses are provided on the overall design process and requirements for
structures. Brief descriptions of limit state design philosophy, structural systems and
integrity are included. These are expanded in subsequent sections of the Code.

Hong Kong does not produce structural steel and the intention of the Code is to allow use
of steel and steel materials, such as nuts and bolts, from the major worldwide suppliers
on a “level playing field” basis. Section 3 covers the use of hot rolled steel sections, flats,
plates, hot finished and cold formed structural hollow sections and cold formed sections
conforming to acceptable international steel product standards from Australia, China,
Japan, United States of America and United Kingdom versions of European Union
standards. In addition to covering normally available steel with yield stresses in the range
from 190 N/mm? to 460 N/mm?, this section gives design recommendations on the use of
high strength steel with yield stresses between 460 and 690 N/mm?, and uncertified steel,
whereby the design strength is limited to 170 N/mm?. The use of steel with yield strength
greater than 690 N/mm? is not covered in the Code.

Recommendations for the practical direct application of “second order” methods of global
analysis are provided in Section 6.

Section 10 of the Code does not cover structures made from fibre composites, such as
carbon or glass fibre.

Section 1.1 of the Code points out the limitations of its scope, i.e. it does not cover special
types of steel structure such as rail or road bridges, articulated access walkways, nuclear
power stations or pressure vessels. These are all specialist areas and it is essential that
the designers of such structures should use the particular relevant design codes and
specialist literatures which are available. Naturally, the Code contains general principles
of steel design which can be applied to the preliminary design of some special types of
structure.

Design of slender structures including tall buildings is specifically considered in the Code.
It recommends that for stability analysis, when a frame has an elastic critical load factor
less than 5, manual methods should not be used and a non linear second-order analysis,
which includes consideration of P-A and P-3 effects and member and frame imperfections,
should be adopted. This will take account of the amplification of moment due to second-
order effect for sway and non-sway frames. New clauses on cold formed hollow section
and cold formed steel sheet pile section are incorporated in Section 11.
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DESIGN PHILOSOPHY

Aims of Structural Design

Structural design should aim to provide an economical structure capable of fulfilling its
intended function and sustaining the specified loads for its intended working life. The
design should avoid disproportional collapse and should facilitate safe fabrication,
transport, handling and erection. It should also take account of the needs of future
maintenance, final demolition, recycling and reuse of materials.

Design Responsibility and Assumptions

In Hong Kong, the Responsible Engineer (i.e. the responsible engineer for the structural
design) of private building development projects should be a Registered Structural
Engineer or RSE.

The design documents, i.e. design statement and loading, drawings, specifications and
justification calculations, should contain sufficient information to enable the design to be
detailed and the structure fabricated and erected. The design assumptions, structural
system, and whether loads or reactions are factored or not, should be clearly stated.

It is assumed that construction is carried out and supervised by qualified and competent
persons having the appropriate levels of knowledge, skill and experience.

The structure is also assumed for use as intended by the design brief and will be properly
maintained.

Structural System, Integrity and Robustness

Clause 1.2.3 of the Code is self-explanatory. See also clauses E2.3.4 and E2.5.9 in this
EM.

Overall stability

Clause 1.2.4 of the Code is self-explanatory.

Limit State Design

Clause 1.2.5 of the Code is self-explanatory.

Economy

Clause 1.2.6 of the Code is self-explanatory.

Design working life

The Code assumes a design working life of 50 years which is a widely accepted value for
normal buildings and other common structures.

The concept of a longer design life for buildings, which society considers more important,
is logical and similar to the idea of differing values of Importance Factors in American
codes such as UBC 1997 and IBC 2000.

For example, for buildings providing essential emergency services (such as Hospitals,
Police Stations, Fire Stations), or buildings of high economic or civic importance (such as
Government Headquarters, Power Stations, Fuel Depots), the Responsible Engineer
should consider discussing the adoption of a longer design working life with the client.
Various bridge design codes use a 120 year working life.
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REFERENCES

Lists of acceptable standards and references for use in conjunction with the Code are
given in Annex A in order to make the body of the Code easier to read. Other informative
references provide more detailed guidance on particular aspects of design.

Annex D of the Code contains abstracted essentials of some standards where
appropriate and where required, references are short and their contents are
straightforward. The abstracted essentials are for guidance and ease of use of the Code;
however, compliance with the acceptable standards and references is mandatory and
takes precedence over guidance given in the abstracted essentials.

Thus, the required (or acceptable) standards and references underpin the abstracted
essences and take precedence in any dispute in order to avoid ambiguity. This is also
necessary for quality assurance purposes to avoid the risk of error because an abstracted
essential omits some information.

The Code accepts materials, that is, hot rolled steel plates and sections, cold formed
steel plates and sections, forgings, castings, bolts, shear studs, welding consumables to
acceptable international steel product standards from the five regions. These are
Australia, China, Japan, United States of America and United Kingdom versions of
European Union standards.

Thus, the required, deemed to satisfy or normative standards and references for
materials and fastenings include manufacturing standards from a wide range of countries
in order not to restrict designers and suppliers to products from one region. The term
“required” shall be considered to have the same meaning as the term “normative” used,
for example, by Euro codes.

In the normal design office situation, it is unlikely that designers would need to refer to
these standards and references, their main purpose is to provide standards for materials,
with which suppliers must comply. However, it has been considered useful to abstract
some essential guidance, where possible and appropriate, from some references in order
to make the code more self-contained and user friendly.

Where relevant Hong Kong codes exist, such as the Code of Practice on Wind Effects in
Hong Kong and the Code of Practice for the Structural Use of Concrete, they are given as
the required references.

All required standards and references have been dated. This means that any revised
required standards and references can be reviewed by the Buildings Department prior to
its acceptance for use with this Code.

In order to provide a single consistent set of standards for workmanship, testing of
materials which may be required in Hong Kong, testing and qualification of workers and
quality assurance procedures, such tests and procedures shall generally be defined in the
Code or as given in the references in Annex A which are acceptable to the Building
Authority.

Weld testing and workmanship

For the sake of consistency, standards and references on workmanship and testing of
welds and on qualification of welders and weld testing personnel are based either on UK
versions of European Union standards or on American standards in order to avoid
ambiguity. This follows from current local practice. These standards and references are
given in Annex Al.4.

References of various other design guides are given in Annex A2, for example, the UK
Steel Construction Institute guides on Simple and Moment connection design and on
castings.
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GLOSSARY OF TERMS AND DEFINITIONS

Clause 1.4 of the Code contains general terms and definitions which are used throughout
the Code. In the Code, these are organized in generic groups whilst definitions of more
specialized terms are given in relevant sections. Most definitions are self explanatory
while some further clarification of definitions and newer concepts are given below:-

An acceptable quality assurance (QA) system is a QA system which is acceptable to the
Buildings Department and conforms to the requirements stipulated in ISO 9001 and any
other requirements under the Hong Kong Accreditation Service. Under a QA system, the
primary responsibility for testing of steel materials and products and ensuring its
compliance with the Code and relevant acceptable references lies with the steel material
or product manufacturer. A system of third party certification of the manufacturer to the
quality standards of ISO 9002 is designed to ensure that this is carried out properly.

MAJOR SYMBOLS

Clause 1.5 of the Code contains a list of the major symbols used and is generally self
explanatory. The symbols are generally as used in BS 5950 since Hong Kong engineers
are familiar with them. Those additional symbols for specialized applications are given in
relevant sections of the Code for easy reading. Diagrams of typical welding symbols are
given in Annex C.
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LIMIT STATE DESIGN PHILOSOPHY
GENERAL

Introduction

Clause 2.1.1 of the Code introduces the design methods allowed in the following
clauses 2.1.2 to 2.1.6. It highlights the importance of the assumptions made on joint
design for structural steelwork, which may be simple (i.e. effectively pin joints carrying no
moment); continuous (i.e. capable of carrying full moments applied to them); and semi-
continuous or semi-rigid, only capable of carrying limited moments. The assumptions in
clauses 2.1.2 to 2.1.4 of the Code apply both to bolted and welded connections.

Simple design

Simple design is most commonly used for relatively low rise steel structures and often
provides an economical structural solution. The distribution of forces may be determined
assuming that members intersecting at a joint are pin connected, thus beams are typically
designed as simply supported and columns are designed for axial forces and only those
moments which arise from eccentricities of reactions at beam ends.

Simple design allows a straightforward manual analysis of the structure.

Joints are assumed not to develop moments adversely affecting either the members or
the structure as a whole. In reality some moments will occur at typical multi-bolted
connections and the necessary flexibility in the connections, other than the bolts, may
result in some non-elastic deformation of the materials. These deformations are
assumed to be acceptable and will generally be so if simple connection details are used,
for example a flexible endplate or bolted finplate connection. Examples of simple
connections may be found in the publication of Steel Construction Institute “Joints in Steel
Construction — Simple Connections” given in the Informative Reference Annex A2.2 of the
Code.

A separate structural system is required to provide lateral restraint in-plane and out-of-
plane, to provide sway stability and to resist horizontal forces. This system may take the
form of diagonal steel bracing or concrete core or shear walls. Clauses 2.5.3 and 2.5.8 of
the Code discuss and summarise minimum lateral loads and notional horizontal forces.

Continuous design

Continuous design is where the connections are capable of sustaining the moments
which actually occur as the structure deforms to carry the various load combinations
which are applied.

Elastic or plastic analysis may be used. In elastic analysis, the joints should have
sufficient rotational stiffness to justify analysis based on full continuity. The joints should
also be capable of resisting the moments and forces resulting from the analysis.

In plastic analysis, the joints should have sufficient moment capacity to justify analysis
assuming that plastic hinges occur in the members adjacent to the joints. They should
also have sufficient rotational stiffness for in-plane stability.

In continuous design, the frame itself, rather than a separate structural system, will
generally provide overall resistance to lateral loads and thus stability should be properly
considered in all analyses. The frame is thus defined as a moment resisting frame
(MRF).

Semi-continuous design

Semi-continuous design may be used where the joints have some degree of strength and
stiffness which is insufficient to develop full continuity.

Relative rotation at a joint may occur from bolt slip in normal clearance holes and the
amount of slip is difficult to predict analytically. Or it may occur from limited elastic or
plastic deformation of plates forming the joint.



E2.1.5

E2.1.6

E2.1.7

Either elastic or plastic analysis may be used. The moment capacity, rotational stiffness
and rotation capacity of the joints shall be based on experimental evidence or advanced
elasto-plastic analysis calibrated against tests. This may permit some limited plasticity,
provided that the capacity of the bolts or welds is not the failure criterion. On this basis,
the design should satisfy the strength, stiffness and in-plane stability requirements of all
parts of the structure when partial continuity at the joints is taken into account in
determining the moments and forces in the members.

The Steel Construction Institute (UK) Publication P183 gives guidance and a design
method for semi-continuous braced frames.

A particular application of the semi-continuous method is the Wind-Moment method for
unbraced frames. This is applicable to structures where wind loads are relatively low and
allow the beams and columns to be designed for gravity loads assuming simple
connections. The method recognises that the “simple” joints will actually have some
moment strength and allows this to be used for resisting lateral loads. Thus the “simple”
joint moment capacity must be justified as being sufficient for the applied wind framing
moments. The Steel Construction Institute (UK) Publication P263 gives guidance on the
method for wind-moment design.

Design justification by tests
Clause 2.1.5 of the Code is self-explanatory.

Performance based design

Clause 2.1.6 of the Code allows new and alternative methods of design which are not
explicitly covered in the Code to be used. It notes that the Responsible Engineer must
provide adequate design justification (which must be acceptable to the Building Authority)
that it meets the requirements of the aims of design given in clause 1.2.1 of the Code.

The term “performance based design” needs some clarification. Generally, codes are a
mix of performance based and ruled based design. For example, calculations to justify
that a beam will not collapse under load are calculations about the performance of the
beam and a code based design will achieve this. This may be contrasted with a code
with “rule based design” whereby a masonry wall shall not have a height to thickness ratio
exceeding “N”.

In some building sub-contracts, for example for cladding design, the term means that a
performance specification is given by the client to the designer/contractor who is then
required to achieve the stated performance, typically by designing to normal codes of
practice. Typically, for example, the performance specification might state:- “The design
must comply with the Code of practice for the Structural use of Steel 2011”.

When used in the Code, the term “performance based design” is either taken to mean
that the design does not of itself comply with the Code but is justified by engineering
arguments and calculations, for example, the Code requires deflections at the top of a
building not to exceed Height/500 but will allow performance based justification of a
marginally higher value of deflection.

Alternatively, calculations may be done to justify an aspect of a design on which the Code
does not have specific provisions, such as differential shortening between core and
perimeter columns.

Owing to the rapid development of technology in materials and in design concept,
performance-based design is allowed as an alternative to the prescriptive approach in
various sections of the Code. These include fire engineering, floor vibration, comfort
analysis of tall buildings and non linear analysis and design.

Calculation accuracy

Clause 2.1.7 of the Code acknowledges that engineering design is not a precise science
and is self-explanatory.
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E2.2

E2.3

E2.3.1
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Foundation design

Clause 2.1.8 of the Code is generally self-explanatory. The clause notes the importance
of stating whether or not the forces and moments given on foundations result from
factored or unfactored loads. Any tension connection, for example from wind uplift,
between foundation and structure, must be designed to safely carry the required tension
with the appropriate factor for the ultimate stability case.

LIMIT STATE PHILOSOPHY

Clause 2.2 of the Code gives a brief description of the philosophy of limit state design, i.e.
design loads, design load effects, design resistance and verification of adequacy. This is
expanded in the EM as the concepts may be less familiar to those used to permissible
stress codes.

Furthermore, an understanding of the philosophy of the various partial load factors is
important when applying engineering judgment to particular situations, such as the
assessment of existing structures and considerations of extreme events.

Further descriptions of the method may be found in BS5400 part 1 and BS5950 annex A.

Limit state design considers the functional limits in the aspects of strength, stability and
serviceability of both single elements of the structure and the structure as a whole. This
contrasts with allowable stress design which considers permissible upper limits of stress
in the cross-sections of single members. It is generally considered that the main
weakness of the allowable stress design method is the over-simplistic use of a single
material factor of safety applied to the material yield strength to control the safety margin
of a structure.

The weakness of the permissible stress approach was highlighted in the collapse of the
Ferrybridge power station cooling towers in U.K. Structural instability is often critical in
long and slender members and structures under high applied loads, and it is more
common in steel and composite structures than in concrete structures.

In limit state design, both cross section capacity and member resistance are checked
against material yielding and structural instability respectively, and various load and
material partial safety factors are incorporated for different modes of failure and limit
states. Limit state design will normally lead to more economical and safer designs. Limit
state design methods accord more logically with the performance-based design
approach.

Examples of limit states relevant to steel structures are given in Table 2.1 of the Code.

Differential settlement or rotation of foundations may be a serviceability or a strength
issue, depending on magnitudes.

ULTIMATE LIMIT STATES (ULS)

Clause 2.3 of the Code is self-explanatory. Ultimate limit states consider the strength and
stability of structures and structural members against failure.

Limit state of strength
Clause 2.3.1 of the Code is self-explanatory.

Stability limit states

Clause 2.3.2 of the Code is generally self-explanatory and the principles are restated
here for clarity.

General

Stability includes global stability or equilibrium of the structure, for example against
overturning or sliding caused by lateral forces or against uplift caused by water pressure.



E2.3.3

Static equilibrium

Clause 2.3.2.2 of the Code states that factored loads (as given in section 4 of the Code)
should be used for overall stability checks on sliding, overturning and uplift since stability
failure is an ultimate limit state. The last sentence of the clause goes on to say that the
design should also comply with the requirements of the Building (Construction)
Regulation (the ‘B(C)R’) for stability. The current requirements of the B(C)R are more
onerous than the Code and thus will prevail. For example, when considering stability
against overturning, the Code combination 2 uses 1.0 Dead
+/- 1.4 Wind compared with 1.0 Dead +/-1.5 Wind given in the B(C)R.

Resistance to horizontal forces

Where required by the overall structural system, floor and roof slabs should have
adequate strength and be properly fixed to the structural framework so as to provide
diaphragm action and transmit all horizontal forces to the lateral load resisting elements
(collector points). The Code also notes that cladding elements must be strong enough to
transmit wind loads to the supporting structure.

Sway stiffness and resistance to overall lateral or torsional buckling

A large error may often be made in assumptions of buckling length, effective length or the
K-factor. In an example of a portal frame, an error larger than the load factor can result if
the Responsible Engineer assumes an effective length equal to the distance between
nodes. When this error is larger than the load factor, the structure will collapse.

Non linear advanced analysis can be used as a performance-based design method for
strength and stability since the design codes buckling curves and formulae are not used
at all and the structure is only required to be checked against the criteria of equilibrium,
strength, stability and ductility under ultimate or service loads. The criteria for using the
non linear design method can be set for the magnitude of notional forces, imperfection
mode, frame and member imperfections. Updated Eurocode 3 (2005) gives detailed
information on all these values and the Code will extend the criteria with allowance for
local conditions and use of eigen-buckling modes as imperfection modes.

The performance-based non linear analysis can be used as a good example to
demonstrate the deficiency of the prescriptive design in which most engineers give largely
varied assumption of effective length. In overseas and local practice, engineers assume
the effective length normally as distance between nodes which can be erroneous by more
than the margin of load factors whilst non-linear analysis gives a close estimation of load
capacity when compared with hand calculation methods.

Fatigue

Clause 2.3.3 of the Code gives a general introduction to the principles of fatigue design.
It notes that design for fatigue is not normally required for buildings and that fatigue need
not be considered unless a structure or element is subjected to numerous significant
fluctuations of stress. Stress changes due to normal fluctuations in wind loading need not
be considered.

However, there are some situations where fatigue design is required, examples of these
which may occur in buildings are: steel masts which can be subjected to cross wind
vibration at relatively low wind speeds by vortices, steelwork supporting vibrating
machinery etc. Clause 13.6.3.3 of the Code gives a method for fatigue assessment of
footbridges.

The introduction to the design method given in the Code is similar to that given in
Section 9 of the Australian steel Code AS 4100 or Clause 9 of Eurocode 3 (BS EN 1993-
1-1: 2005). These codes are in turn similar to the very comprehensive fatigue code:- the
Code of Practice for Fatigue Design and Assessment of Structures, BS 7608 — 1993. In
addition, an alternative method based on a translation of the China Code GB 50017—
2003 is given in the Code.



Fatigue design procedure based on Appendix E of GB50017 - 2003

The design method given here is directly based on a translation of GB 50017— 2003.
Alternative methods are given in Section 9 of AS 4100, BS EN 1993: Part 1-9: 2005 or BS
7608: 1993, the Code of Practice for Fatigue Design and Assessment of Structures,
which provides a very comprehensive reference guide.

Fatigue Design

(@)

(b)

For steel members and their connections that are directly subjected to repeated
dynamic loading: once the number of stress cycles ‘n’ equals or exceeds 5 x 10*,
a fatigue calculation should be carried out.

This section is not applicable to fatigue calculations of structural members and
their connections under special conditions such as:-

1) Members with a surface temperature higher than 150°C.

2) Members exposed to corrosive sea water.

3) Residual stresses which have been eliminated after welding and heat
treatment.

4) Low period — high strain loading.

A permissible stress amplitude method should be used for fatigue calculations (in
which the stresses are derived from elastic analysis). The number of stress
cycles and the type of member and connection, the detail category, determine the
permissible stress amplitude. When no tension stress exists in a stress cycle, the
fatigue calculation need not be carried out.

Fatigue Calculation

(a)

Constant amplitude fatigue

For constant amplitude fatigue (with constant stress amplitude during every
stress cycle), the following formula below should be used:

Ac < [Ac] (1-1)
where:

Ac —  stress amplitude of welded area, AG = Gmax — Omin; Stress amplitude of
non - welded area, AG = Gmax — 0.7 * Omin

omax— the maximum tension stress of every stress cycle (take the positive
value)

omin— the minimum tension stress (take the positive value), or compression
stress (take the negative value) of every stress cycle.

[Ac] — when calculating permissible stress amplitude (N/mm?) of constant
amplitude fatigue, the following formula below should be used:

[Ac] = (C/n) P (1-2)
where:
n is the number of stress cycles,
Cand B are factors which are determined from Table E2.1 and the member and
connection detail categories given in Table E2.4.

Table E2.1 - C and [ factors for various detail categories

Detail Category of
Member and 1 2 3 4 5 6 7 8
Connection
C 1940 861 3.26 2.18 1.47 0.96 0.65 0.41
x10"” | x10" x 10" x10" | x10" x 10" x 10" | x10"
B 4 4 3 3 3 3 3 3




(b)

(c)

Varying amplitude fatigue

This is the case where stress amplitude varies stochastically during stress cycles.
During the service life of a structure, if the following:

1) Different loading frequency distribution
2) Stress amplitude level

3) Sum of frequency distribution

4) Design stress spectrum

can be predicted, then resolved (1 — 4) to effective constant fatigue by using the
following formula:

Ac. < [Ac] (1-3)
where

Ac.— effective stress amplitude of varying amplitude fatigue, using the
following method:

Ace=  [Zni* (Aci)P/ Zni]"P (1-4)

2ni— anticipated service life of structure, which is determined by stress cycle
number

ni— stress cycle number, which is determined by the stress amplitude level

matches Ac;during the anticipated service life.

Fatigue of heavy duty crane beams and trusses

The fatigue of heavy duty crane beams and trusses of medium to heavy cranes
may be calculated by using the formula:

0;* Ac < [Ac]lxpe (1-5)
where
Qs — effective factor under no load effect, refer to Table E2.2.

[Ac],xns i the permissible stress amplitude with cycle number n = 2 x 10°,
refer to Table E2.3.

Table E2.2 - Effective Factor Of for Crane Beam or Truss Under No Load Effect

Type of Crane Of

Heavy Duty Crane With Hard Hook 1.0
Heavy Duty Crane With Soft Hook 0.8
Middle Duty Crane 0.5
Table E2.3 - Permissible Stress Amplitude (N/mm?) with Cycle Number n = 2 x 10°
Detail Category 1 2 3 4 5 6 7 8
of Member and
Connection

[Ac] 24100 176 144 118 103 90 78 69 59

Note: Permissible Stress Amplitude in the above table has been calculated using the formula 1-2.
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Classification of member and connection details for fatigue calculation

Table E2.4 shows detail categories for the more typical details of members and connections.

Table E2.4 - Member and connection detail categories

Detail
lllustration Description Category
Number

Reference
Number

1 For continuous steel members:

I 1) Rolled Steel 1

<<> <>> 2) Steel Panel

a) Both sides are either rolled 1

or planned side

- T - b) Both cutting sides are either | 2

I automatic or semi-

automatic (Cutting quality

must correspond to GB
50205)

2 Transverse Butt Weld
1) Must be first grade welded seam | 3
- - - that correspond to GB 50205
| 2) After additional finishing
(especially polishing) of first 2
grade welded seam

3 Polished transverse butt weld with 2
| xh different thickness (or width) should
- - correspond to GB 50205.

4 Longitudinal butt weld 2
I - Welding must correspond to
-— - the second grade welding

Il standard

5 Flange welded connection

I 1) Welded seam between flange

<:<> 1 > plate and web plate
= a) Automatic welding, Second | 2

1| ! grade T - shaped butt and
T fillet grouped weld

( e ] ) b) Automatic welding, Fillet 3

I weld, The appearance
quality must correspond to
the second grade

¢) Manual welding, Fillet weld, | 4
The appearance quality
must correspond to the
second grade