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PART 11

BD 56/96

THE ASSESSMENT OF STEEL
HIGHWAY BRIDGES AND
STRUCTURES

SUMMARY

This Standard gives requirements for the assessment of
existing steel highway bridges and structures on
motorways and other trunk roads.

INSTRUCTIONS FOR USE

BD 56/96 is a new document in the Design Manual for
Roads and Bridges.

1. Insert BD 56/96 into Volume 3, Section 4,
at Part 11.

2. Archive this sheet as appropriate.

Note: A quarterly Index with a full set of Volume
Contents Pages is available separately from HMSO.
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Summary: This Standard gives requirements for the assessment of existing steel highway
bridges and structures on motorways and other trunk roads.
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1. INTRODUCTION

General

1.1 This Standard, which for assessment purposes
replaces BD 13 (DMRB 1.3), gives requirements for
the assessment of existing steel structures and
structural elements, and shall be used in conjunction
with BD 21 (DMRB 3.4.3).

1.2 Annex A of this Standard contains the relevant
assessment clauses and appendices which have been
presented as additions and amendments to the design
clauses and appendices in BS 5400: Part 3 as amended
by the Appendix A of BD 13 (DMRB 1.3).  These
additions and amendments have been specifically
developed to suit assessment conditions and, therefore,
must not be used in new design or construction.

1.3 BA 56 (DMRB 3.4.12) accompanies this
Standard, giving the necessary background
information and also guidance on the application of
this Standard.  It is recommended that the Advice Note
should be used in conjunction with this Standard.

1.4 Where there is no assessment addition to a
clause in Annex A, the existing design clause as
amended by this Standard shall be applicable for
assessment.

Scope

1.5 This Standard gives requirements for the
assessment of existing steel highway bridges and
structures on motorways and other trunk roads. For
use in Northern Ireland, this Standard will be
applicable to those roads so designated by the
Overseeing Organisation.

Implementation

1.6 This Standard shall be used forthwith for the
assessment of steel highway bridges and structures.
The requirements shall be applied to assessments
already in progress provided that, in the opinion of the
Overseeing Organisation, this would not result in
significant additional expense or delay.  Its application
to particular assessments shall be confirmed with the
Overseeing Organisation.
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General

2.1 The objective of this Standard is to produce a
more realistic assessment of the strength of steel
elements than has previously been possible using the
requirements of the existing design code.  This in part
is achieved by taking advantage of the information
available to an assessing engineer in respect of the
material strength, geometrical properties and
imperfections etc which can only be predicted at the
design stage.

2.2 Many of the criteria given in the design code are
based on experimental evidence which in some cases
have been either conservatively interpreted for use in
design or updated by later evidence allowing a less
conservative interpretation.  For assessment purposes
such criteria have been reviewed and amended where
appropriate.

2.3 The assessment additions will enable any
combination of the following aspects to be dealt with
in assessment:

a) measured imperfections and sizes
different from those assumed in the code;

b) structural steelwork components and
connections not fabricated or erected in
accordance with the Specification for
Highway Works (MCHW 1);

c) structural steel material not complying
with the relevant standards;

d) general configurations and shape
limitations not complying with the
limitation in BS 5400 Part 3;

e) restraint stiffnesses and strengths not
complying with BS 5400 Part 3; and

f) outmoded forms of construction not
complying with BS 5400 Part 3.

Global Analysis

2.4 Plastic analysis of load effects at ultimate limit
state for beams and slabs may be permitted provided
that the components are both compact and stocky and
that serviceability criteria are met.
Requirements are given when plastic global analysis is
to be used.

Partial Factor for Loads, γγγγγ fL

2.5 Assessment loads Q
A

* shall be obtained by
multiplying the nominal loads, Q

K 
 by γ

 fL
, the partial

safety factor for loads. The relevant values of  γ
 fL

 are
given in BD 21 (DMRB 3.4.3). The assessment load
effects, S

A
*shall be obtained by the relation:

     S
A

* = γ
 f3

 (effects of Q
A

*)

where γ
 f3

 is a factor that takes account of inaccurate
assessment of the effects of loading, unforeseen stress
distribution in the structure and variations in
dimensional accuracy in construction. γ

 f3
 shall be

taken as 1.1 for the ultimate limit state and 1.0 for the
serviceabilty limit state.

Partial Safety Factor for Materials, γγγγγ m

2.6 An important feature of the design code is the
application of the partial safety factor for material
strength, γ

 m
, to the characteristic values.  In

assessment, a reduced value of γ
 m

 may be used as an
alternative based on the results of laboratory tests.

Limit State

2.7 Although BD 21 (DMRB 3.4.3) specifies that
assessments shall be carried out at the ultimate limit
state, this Standard requires that serviceability limit
state checks be carried out in a number of cases.
However certain seviceability checks required by the
design rules may be waived when permanent
deformations are acceptable.
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Fatigue

2.8 In assessment, fatigue analysis is not normally
necessary. Where the configuration of the bridge is
such that fatigue assessment is essential the loading
and the method of analysis shall be as given in BS
5400 Part 10 as implemented by BD 9 (DMRB 1.3)

Condition Factor in BD 21

2.9 While the application of the condition factor F
c

in paragraph 3.18 of BD 21 (DMRB 3.4.3) is not
affected in principle by the requirements of this
Standard, care should be taken to ensure that the
estimated values of F

c
 do not allow for deficiencies of

the materials in a structure which are separately
allowed for by using the amended values of γ

 m
.
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3. USE OF ANNEX A, BS 5400 PART 3 AND
BD 13

3.1 Annex A is presented in the form of new
clauses, amendments or add-ons to the design clauses
in BS 5400 Part 3 as amended by BD 13 (DMRB
1.3).  For the benefit of engineers existing clauses in
BS 5400 Part 3 as amended by BD 13 (DMRB 1.3)
have been included on the facing pages of the
document. To facilitate this, the appropriate sections
of BS 5400 Part 3 have been highlighted. The page
numbers centred above the footer are the page
numbers of BS 5400 Part 3.

3.2 Some clauses in BS 5400 Part 3 and Appendix
A of BD 13 (DMRB 1.3) are expressed in a
mandatory form using the word ‘shall’, whereas some
other clauses are expressed in the form of
recomendations using the word ‘should’.  However,
even the latter requirements shall be considered as
mandatory.  In Annex A the word ‘shall’ is used
throughout.

3.3 Where reference is made to any part of BS
5400, this shall be taken as a reference to that part as
implemented by the Overseeing Organisation.
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5. ENQUIRIES

All technical enquiries or comments on this Standard should be sent in writing as appropriate to:

The Chief Highway Engineer
The Highways Agency
St Christopher House
Southwark Street T A ROCHESTER
London SE1 0TE Chief Highway Engineer

The Deputy Chief Engineer
National Roads Directorate
The Scottish Office Development Department
Floor 2C, Victoria Quay N B MACKENZIE
Edinburgh  EH6 6QQ Deputy Chief Engineer

The Director of Highways
Welsh Office
Crown Buildings
Cathays Park K THOMAS
Cardiff CF1 3NQ Director of Highways

The Director of Roads Service
Department of the Environment for
Northern Ireland
Roads Service Headquarters
Clarence Court
10-18 Adelaide Street W J McCOUBREY
Belfast BT2 8GB Director of Roads Service
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AMENDMENTS TO BS 5400 : PART 3 : 1982 AND
APPENDIX A OF BD13/90

BS 5400 Part 3 has been reproduced in Annex A with the kind permission of the
British Standards Institution.
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BD 56/94 THE ASSESSMENT OF STEEL HIGHWAY BRIDGES AND STRUCTURES

ANNEX A AMENDMENTS TO BS 5400: PART 3: 1982 AND APPENDIX A OF BD 13/90

1. Scope

Delete the existing text and substitute the following:

This Standard shall be used for the assessment of steel
highway bridges and their structural components.  The
assessment additions contained in this document
extend the existing Code to cater for the majority of
existing steel highway bridges.

In assessment, hybrid construction shall be dealt with
by taking due account of the different levels of yield
stress in all aspects of the assessment.

2. References

Add at end:

Additional references are given in Appendix Z of the
accompanying Advice Note BA 56 (DMRB 3.4.11).
These relate to specific references called up in the
added text, as well as listing other references useful for
the general interpretation of Part 3 in the context of
assessment.

7

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



Annex A
Volume 3   Section 4

Part 11 BD 56/96

A/18  November 1996ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



Volume 3   Section 4
Part 11 BD 56/96 Annex A

 November 1996 A/19ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

Add new Clause 3.2.4:

3.2.4 Symbols used in assessment

The main symbols and subscripts used for assessment
are generally in accordance with 3.2.3 and 3.2.4.
However, some additional symbols are needed for
assessment which are defined in the text as they occur.

4.1 General

Add at end:

The loading for assessment of existing bridges shall be
in accordance with BD 21 (DMRB 3.4.3).

The objectives and procedures for assessment of
existing bridges shall be in accordance with BD 21
(DMRB 3.4.3).  The compliance criteria for
assessment of structural steelwork in existing bridges
shall be in accordance with this part as supplemented
by the clause additions for assessment. Where other
documents are used for derivation of load effects,
analysis or other objectives, the principles and
requirements of this Part shall still be applied unless
specifically stated otherwise.  Further guidance notes
on assessment objectives and procedures are given in
the accompanying Advice Note BA 56
(DMRB 3.4.11).

Inspections for assessment shall follow the
recommendations of Appendix I as well as “The
Bridge Inspection Guide” (HMSO 1984).

4.2.2 Serviceability limit state

In Table 1, against 9.2.3.1 delete ‘1.67’ and insert ‘

1/ψ
R’

’.

Add the following NOTE under Table 1:

NOTE 1. Clauses 14.2.3 and 14.5.4.1.2
When calculated deflections due to bolt slip do not
cause unserviceability as defined in 4.2.2, the
serviceability limit criterion need not apply.

NOTE 2. GENERAL
Further cases, where additional serviceability checks
are required according to individual assessment
circumstances, are set out in the relevant clauses.
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 8     1. 8     8
(L / r + 5)

4.3 Partial safety factors to be used

Add the following text under (a) in Table 2:

Structural Components and Clauses γ
m

Behaviour

Compression members 10.6.1.1
10.6.3

 but not greater than 1.05

4.3.3 Values of partial safety factors

Add at end:

Where alternative methods of calculating strength
or resistance are used the value of resistance shall be
taken as:

[the predicted resistance]/ γ 
m

 γ
f3

where

 γ 
m

 in Table 2 is replaced by:

γ 
m

 = (1.05 + 26.5 m
cv

2) m
mean

m
mean

= m
tests

 + m
st
.k

m
cv

= m
st
/m

tests

m
tests

= The mean value of the ratios
for each test between the resistance
predicted using the proposed method and
the measured resistance

m
st

= The standard deviation of the ratios for
each test between the resistance predicted
using the proposed method and the
measured resistance

k = A correction factor obtained from
Table 4.3A in which n is the number of
tests.

n 2* 3* 4* 5 6 7 8 9 10 11
k 4.47 1.69 1.18 0.95 0.82 0.73 0.67 0.62 0.58 0.55

n 12 13 14 15 16 17 18 19 20 21
k 0.52 0.49 0.47 0.45 0.44 0.42 0.41 0.40 0.39 0.38

n 22 23 24 25 31 41 61 121 ∞
k 0.37 0.36 0.35 0.34 0.31 0.26 0.21 0.15 0.00

 NOTE: * The use of less than five tests is not recommended.

Table 4.3A. Sample standard deviation correction factor k

9

0.95 +

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



Annex A
Volume 3   Section 4

Part 11 BD 56/96

A/22  November 1996ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



Volume 3   Section 4
Part 11 BD 56/96 Annex A

 November 1996 A/23ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

4.5.1  General

Add at end:

Where an existing bridge has inaccessible surfaces and
does not comply with 4.5.5.1 or 4.5.5.2 as appropriate
an assessment of any existing corrosion losses at the
inaccessible surfaces shall be made in accordance with
Appendix I and either allowance be made in strength
assessment for existing and future losses in accordance
with 8.7 or remedial action taken to reinforce the
damaged part and to reliably protect it against
corrosion.

No allowance need normally be made for corrosion in
carrying out the global analysis to determine the
moments and forces in the structures.

4.5.2  Provision of drainage

Add at end:

In assessment of existing sealed box members and
other hollow sections checks shall be undertaken to
determine whether water has collected in them.  If
necessary water shall be drained.

4.5.3  Sealing

The first two paragraphs are not applicable to
assessment.

4.5.4  Narrow gaps and spaces

Not applicable to assessment.

5.1  Workmanship

Add at end:

In the assessment of existing structures allowance
shall be made for geometric and other imperfections in
accordance with 8.5.

5.2  Robustness

Not applicable to assessment.

5.4  Composite steel/concrete construction

Add at end:

In assessment of bridges of such construction

composite action shall be assumed only when the
strength of the shear connection between the materials
complies with the relevant ultimate limit state
provisions of BD 16 (DMRB 1.3) and the strength of
the concrete parts using BD 44 (DMRB 3.4).  No
composite action shall be assumed when the details of
shear connection are not known except as described in
8.8.

Where plastic methods of global analysis are used in
assessment (see 7.4) of structures in which all or some
of the members are of composite construction the
assessor shall satisfy himself that the concrete has a
sufficient strain plateau to permit the development and
sustaining of yield line plastic moments in reinforced
concrete slabs, or plastic moments in composite beams
in which the concrete is in compression.  Bridges
constructed with concrete complying with the
workmanship clauses of the Specification for Highway
Works (MCHW 1) will satisfy this requirement.

5.5  Built-up members

Add at end:

In assessment of such members which do not comply
with the design standard the connections of their
elements shall comply with section 14.

5.6  Diaphragms and fixings required during
construction

Add at end:

In assessment of existing structures the possible effects
of any residual defect or other permanent change
resulting from the removal of temporary attachments
shall be taken into account.

5.7  Camber

Not applicable to assessment.

5.9  Support cross beams

Add at end:

Where in an existing bridge a deck is supported on
cross beams and also directly on one or more supports
at a pier or abutment due account shall be taken in the
analysis of the total support system and any restraints
which it provides.
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6.1  Performance.

Not applicable to assessment.

6.2 Nominal yield stress

Delete the contents of the existing Clause and
substitute as follows:

The nominal yield stress for assessment of existing
bridges shall be derived in accordance with
Appendix H.

6.3 Ultimate tensile stress

Add at end:

The ultimate tensile stress of tension elements and
their connections of steel not complying with BS EN
10 025, BS 4360, BS 15 or BS 968 shall be
established from mill test certificates or by tests on
samples of the materials of the elements. The values of
the ultimate tensile stress for assessment of existing
structures shall be derived from the test data as for the
values of yield stress in accordance with Appendix H.

Where a plastic method of analysis is used in
assessment in accordance with 7.4 the steel in the parts
assumed to have plastic capacity shall either comply
with BS EN 10 025, BS 4360, BS 15 or BS 968 or

shall have ultimate tensile stress not less than 1.4 σ
y

when σ
y
 < 390 N/mm2 nor less than 1.2 σ

y
 when

σ
y 

 ≥ 390 N/mm2

where σ
y

is the nominal yield stress derived in
accordance with Appendix H.

 6.4 Ductility

Add at end:

Where a plastic method of analysis is used in
accordance with 7.4 or where the plastic moment
capacity of a compact section is utilised or
redistribution of tension flange stresses is assumed, the
ductility of the steel shall be not less than the

equivalent to an elongation of 19% on a gauge length

5.65 √ S
o
, where S

o
 is the original cross sectional area

of the test piece.  In addition where a plastic method of
analysis is used the strain at the ultimate tensile stress
shall be at least 20 times the strain corresponding to
the yield stress.

6.5.2 Design minimum temperature

Add at end:

For existing bridges the assessment minimum
temperature shall be taken as the design minimum
temperature.

6.5.4 Simple provisions

Add at end:

In assessment of existing bridges components of B.S.
EN 10 025 or B.S. 4360 steels having thicknesses not
greater than the limiting thicknesses given in Table 3
may be deemed to provide the required energy
absorption for Type 1.  The limiting thicknesses for
Type 2 may be taken as double the thicknesses given in
Table 3.
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12

6.5.5 Energy Absorption

Add at end:

When Charpy tests have been undertaken at test

temperature U
t
 differing from the assessment minimum

temperature (U) the results shall be extrapolated using
the temperature-impact-value relation in Note 4 to
Table 3, where T is redefined as the appropriate
temperature for the extrapolation, subject to the
following limitations:

(a) linear interpolation may be used within
the table,

(b) maximum effective C
v
 is 67 joules,

(c) If U
t
-U exceeds 10oC, C

v
 is 0 joules,

(d) U-U
t
 not to exceed 30 C.

Table 3 Limiting thickness of certain steels,
complying with the requirements of BS EN 10 025
or BS 4360, for parts in tension

(a)  Plates, strip and wide flats

Delete ‘*’ appended to the limiting thickness for grade
50EE and insert ‘**’

Delete ‘**’ appended to the limiting thickness for
grade 55EE and insert ‘*’.

Add new clause 6.5.7

6.5.7 Assessment of notch toughness

Where in the assessment of the adequacy of the bridge
either the tensile components do not satisfy the
provisions of 6.5.4 or the impact energy absorption
values for the tensile components are unknown the
notch toughness of the material may be determined by
testing samples taken from non-critical parts of the
components and compliance demonstrated with 6.5.5
or 6.5.6 as appropriate.

Where the notch toughness of the steel does not meet
the requirements of 6.5.5 or 6.5.6 the service and
loading history of the bridge may be taken into
consideration with the agreement of the Overseeing
Organisation. Further guidelines are given in the
accompanying Advice Note.
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13-1

This page is blank
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14

7.1 General

Add at end:

Alternatively, a plastic method of analysis may be used
in the assessment of beams in accordance with 7.4.

7.2 Sectional properties

Add at end:

When in assessment of existing bridges allowance is to
be made for unintended composite action where
permitted in 8.8 the appropriate composite properties
shall be used in global analysis.

Add new Clause 7.3:

7.3 Construction in stages

When in assessment of existing bridges the actual
construction sequence is known, that sequence shall be
used in the analysis.  When the construction sequence
is not known or is uncertain, a practicable sequence
shall be assumed which leads to maximum effects in
the structural element being considered.  More than
one such sequence may be required for a bridge, each
appropriate to different groups of structural elements.

Add new Clause 7.4:

7.4 Plastic methods of analysis

If a plastic method is employed it shall take account of
all parts of the structure which can participate in the
global response and shall be able to follow the
progressive development of plastic hinges (in parts
which are essentially linear in configuration) and of
yield lines (in parts which are planar, including
reinforced concrete slabs in composite structures).
The method shall generally be in accordance with
8.2.1 in Part 1.

Additionally, a plastic method of analysis shall only be
used if:

(a) The steel materials satisfy the appropriate
requirements of 6.3 and 6.4.

(b) The member cross sections satisfy the
requirements of 9.3.8.

(c) The structure is assessed in addition for the
serviceability limit state using an elastic
method of analysis.

(d) The assessment of supports, supporting
structures, webs and connections is based on
the most onerous of the load effects derived
from plastic and elastic analysis respectively.
Where a plastic method is used consideration
shall be given to all adverse patterns of
loading and potential failure mechanisms to
determine those providing the least safety
margins.

(e) Lateral restraint to plastic hinges is provided
as required in 9.12.5.

(f) Slenderness of members satisfy the
requirements of 9.7.6.
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8.3 Distortion and warping stresses in box girders

Add at end:

Where the stiffness does not comply with such
requirements (of Appendix B) distortional and warping
stresses shall be calculated (where required by 9.2.1.2)
by means of analysis of a finite element plate model of
the box girder and its diaphragms of sufficient extent
to ensure that the effects calculated are insensitive to
assumed end conditions.

8.5.1 Imperfections allowed for

Add at end:

For bridges which do not comply with the specification
requirements of Parts 6 and 9, bearing misalignment,
errors in level, bearing inclination, and imperfections
in flatness and straightness shall be determined by
inspections when required and as described in
Appendix I and taken into account in strength
assessments.  Where these are within the tolerances set
in Part 6 or Part 9 as appropriate, design strengths
given in Part 3 may be used in assessment.

For parts having measured imperfections beyond the
above tolerances their magnitude shall be taken into
account in strength assessment where explicit
provision is made in the assessment additions for doing
so or their strength and stiffness shall be assumed to
be zero where explicit provision is not made in the
assessment additions.  Alternatively remedial measures
shall be taken.  Values of imperfections less than the
tolerances may be taken into account when this is
significantly beneficial.

Where the imperfections are to be taken into account
in assessment, they shall be assumed to be 1.2 times
the measured imperfections to allow for inaccuracies
of measurement.  This factor of 1.2 is embodied into
the relevant assessment additions, and should only be
varied with the agreement of the Overseeing
Organisation where the nature of the survey so
warrants.

8.5.2.1 Torsionally stiff girders

Add at end:

For assessments imperfections in common planarity of
bearings shall be assumed to be 1.2 times the
tolerances specified for a bridge or 1.2 times the
imperfections recorded in as-built information. In the
absence of such specification or records the
imperfections shall be measured during preliminary
inspections as described in Appendix I and adopted in
analysis of load effects.  The factor of 1.2 is embodied
into the relevant assessment additions, and should only
be varied with the agreement of the Overseeing
Organisation where the nature of the survey so
warrants.

8.5.2.2 Columns

Add at end:

For assessment all eccentricities of rocker bearings to
the axes of columns shall be measured during detailed
inspections as described in Appendix I and the
measured values allowed for in assessments of column
strengths.

Add new Clause 8.5.2.3:

8.5.2.3 Other imperfections

Where inspection reveals detrimental imperfections or
effects other than those described above then due
allowance shall be made in the calculations for
assessment in accordance with 8.5.1 and Appendix I.
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Add new Clause 8.7:

8.7 Variations in structural dimensions

Measured section sizes shall be used in assessment of
strength of all critical sections, see Appendix I.  Due
account shall be taken of any existing or projected
future losses of section due to corrosion in accordance
with 4.5.5.  No changes are to be made to partial
safety factors when using the measured dimensions.

Add new Clause 8.8:

8.8 Originally unintended composite action

8.8.1 General

Stiffnesses and strengths calculated for steel sections
not originally intended as acting compositely can be
enhanced by consideration of composite action with
adjacent or surrounding structure with appropriate
reference to Part 5 where conditions are achieved as
given in 8.8.2 or 8.8.3.

8.8.2 Cased beams or filler beams or jack arch
decks

For cased beams and concrete filler beams the stress
analysis shall be based on composite properties to
Clauses 8.1, 8.2, 8.3, 8.4, 8.5.1 and 8.5.2 of Part 5
where there is no evidence of excessive corrosion,
fretting action or cracking sufficient to adversely affect
the achievement of composite action.  Sections can be
assumed to be compact where the compression flange
and webs are cased on both sides, and any uncased
section remaining is also compact.  Where the
requirements for resistance to longitudinal shear are
not met then the beams shall be assessed on the basis
of the properties of the steel section only, and may be
assumed to be compact carrying the entire load.

Alternatively where attachments to the beams are
sufficent to prevent relative longitudinal slip (such as
rivet or bolt heads or other transverse elements) as
demonstrated by push-out tests or by appropriate
evidence then these may be assumed to transmit the

longitudinal shear forces.  For dense brickwork filler
beam or jack arch decks global and stress analysis
shall be based on composite properties provided that
the bending resistance of the composite section shall
not be taken as greater than 30% in excess of the
calculated resistance of the steel section alone.

8.8.3 Concrete slab and steel beam decks

For concrete slab and steel beam decks global and
stress analysis using composite properties can be used
provided:

(a) At the steel/concrete interfaces there is no evidence
of corrosion, fretting action, relative longitudinal slip
or cracking sufficient to affect the required composite
action.

(b) The attachments to the beams at the interface are
sufficient to prevent relative slip (such as rivet or bolt
heads or other transverse elements) as demonstrated by
push-out tests or by appropriate evidence.

(c) Appropriate site testing is carried out to
demonstrate that the live load : stiffness relationship is
supportive of the composite action achieved, where the
amount of composite action is required to increase the
design strength by 30% or more.  Normally loading
approximately equivalent to the nominal calculated
live load capacity of the steel section only shall be
applied.

9.2.1.2  Effects to be considered

Add at end:

(e)  the effects of restraint of distortional warping and
transverse distortional bending.
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9.2.3.2  Effects to be considered.

In line 3, delete ‘(d)’ and substitute ‘(e)’.

In item (b), delete ‘and distortional’.

9.2.1.3  effects that shall be neglected.

In line 2, delete ‘and distortional’.

9.2.3.1  General:

In item (a), delete ‘1.67’ and substitute ‘ 1/  ψ
R
’

In item (a), delete NOTE and content.

Add the following at the end of item (a):

ψ
R
 is the restricting shear lag factor dependent on the governing load case, and the adopted partial factors of

safety on the governing loads.

ψ
R 

shall be derived from:

ψ
R 

 =
  
 

1
r   .r  .rf m fL3

Where
r f3 =  

f3

f3

ULS

SLS

γ

γ

r  =  m 
m 

m  

ULS

SLS

γ

γ

r  =  fl 

fLDEAD DEAD fLSUP SUP fLLIVE LIVE FLO o  ULS

fLDEAD DEAD fLSUP SUP fLLIVE LIVE fLO o  SLS

γ α γ α γ α γ α

γ α γ α γ α γ α

+ + + +





+ + + +





α 
DEAD

, α 
SUP

, α 
LIVE 

α
o
 are the fractions of load effect due to dead load, superimposed load, live

load and other loads, to the load effect due to the total load, respectively.

NOTE: For plate and box girder construction, serviceability limit state checks will not be required when 1/  ψ
R

<1.30, i.e. the shear lag factor ψ is greater than 0.77 when determined in accordance with 8.2.

16-1
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16-2

9.3.1 General

Delete the existing clause and substitute the
following:-

Figures 1 and 1A sets out the geometric notation used
throughout this section.

Where the proportions of flanges, stiffeners or hollow
sections comply with the requirements of 9.3.2.1, 9.3.4
and 9.3.6, taking σ

ys
 or  σ

y
 as the yield stress of the

material as defined in 6.2, the strength of the sections
shall be determined as specified in the appropriate
clauses of this standard relating to assessment of

strength, using this value of  σ
ys

 or  σ
y

where:

σ 
ys

relates to the stiffener

σ 
y

relates to the flange, the web or the
circular hollow sections, as appropriate.

Where the proportions do not thus comply, a lower

value of σ 
ys

 or  σ 
y 

shall be determined such that
compliance with 9.3.2.1, 9.3.4 or 9.3.6 as appropriate

is achieved, and this lower value of σ 
ys

 or  σ 
y 
shall

be used in all subsequent assessments of strength.

9.3.2.1  Outstands in compression.

On the third and fourth lines, delete ‘or 16 whichever
is the lesser’.

Add at end:

See 9.3.1 for assessment of non-complying outstands
in compression.

9.3.2.2  Outstands in tension.

Not applicable to assessment.

9.3.3.1  General

Add at end:

Openings rounded with a radius of less than ¼ of the
least dimension of the hole, or any openings not
complying with any of the requirements of 9.3.3.2,
shall be inspected individually for evidence of
cracking.  They shall be assessed for the effects on
fatigue life and brittle fracture propensity of stress
concentrations.  Detailed local analyses, e.g. finite
element analysis, shall be carried out where
appropriate.
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9.3.4.1.1. General.

Add at end:

See 9.3.1 and Appendix S of the accompanying
Advice Note for the assessment of non-complying
stiffener configurations.  Other shapes of stiffeners
other than those specified shall be assessed on the
basis of the nearest standard shape.

9.3.4.1.3  Bulb flat stiffeners

Add at end:

For assessment, the requirement in this subclause may
be omitted.

9.3.4.1.4  Angle stiffeners

Add at end:

For assessment, the requirement in this subclause may
be omitted.

9.3.4.1.5  Tee stiffeners

In item (c) (2), delete  σys / 355  and substitute

σy / 355

9.3.4.2  Closed stiffeners to webs and compression
flanges.

Add at end:

See 9.3.1 and Appendix S of the accompanying
Advice Note BA 56 for the assessment of non-
complying stiffener configurations.  Shapes of
stiffeners other than those specified shall be assessed
on the basis of the nearest standard shape.

Add new Clause 9.3.4.3:

9.3.4.3 Combinations of closed and open stiffener

A stiffener fabricated from a combination of closed
and open sections shall be proportioned such that
individual components meet the requirements of
9.3.4.1 or 9.3.4.2 as appropriate.

When an element is not connected directly to the
parent plate, no benefit shall be assumed from the
restraining effect of the parent plate when using
Appendix S or any other method.
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Figure 1A Geometric notation for sections that may be encountered in assessment
18
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9.3.5 Flanges curved in elevation

Add at end:

Assessment of flanges curved in elevation but not
complying with the above shall be analysed in detail
allowing for the effects of curvature on the stability of
the elements.

9.3.6 Circular hollow sections

Delete the expression and substitute 60(355/σ
y
)

Add at end:

See 9.3.1 and Appendix S for the assessment of non-
complying sections.

9.3.7.1  General

Add at end:

Where any part of a cross section fails to comply with
the appropriate requirements the complete section shall
be assessed as non-compact.

Add new clause 9.3.7.2.3

9.3.7.2.3  Alternative method

As an alternative to 9.3.7.2.1 & 9.3.7.2.2 the depth of
the web shall not exceed:

34tw

m

355

ywσ

when m does not exceed 0.5
or

( )
374tw

13m 1

355

yw− σ

when m exceeds 0.5
where

m is the ratio of the depth of the web plate
which is on the compressive side of the
plastic neutral axis of the beam to the
depth of the web plate.

tw is the thickness of the web plate

σ yw is the nominal yield stress of the web

material or any other lower stress

assumed in assessment.

NOTE 1.  The depth of the web referred to in this
clause shall be measured in its plane and taken clear of
root fillets for rolled sections and welds or flange
angles for fabricated sections.

NOTE 2.  In calculating the plastic neutral axis of the
beam, only the longitudinal stress due to bending
moment and/or axial force need to be considered.

9.3.7.3.3  Composite compression flanges.

Delete the existing expressions and substitute the
following expressions respectively:

30 t f 355/ yfσ

15 t f 355/ yfσ

22 t f 355/ yfσ

9.3.7.4  Circular hollow sections.

Delete the existing expressions and substitute

46(355/σ
y
).

Add new Clause 9.3.8:

9.3.8 Plastic sections

9.3.8.1 General

The use of plastic sections and analysis shall be in
accordance with 7.4. Plastic sections are those which
possess adequate ductility to enable them to carry the
full plastic moment whilst allowing rotation at a
plastic hinge to occur.  Rolled or fabricated I-beams,
channels and hollow sections can be taken to have
plastic sections provided that:

(a) They meet the limitations of shape defined in
9.3.8.2 to 9.3.8.4.

(b) The steel materials satisfy the requirements of
6.3 and 6.4.

Longitudinal stiffeners, if any, shall be ignored in
calculating the section properties and in deriving the
strength of a beam.

All parts of the cross section including stiffeners shall
comply with the appropriate requirements.21-1
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21-2

9.3.8.2 Webs

The depth d
1
 between the plastic neutral axis of the

beam and the compressive edge of the web shall not
exceed:

(a) 
28t 355

w
ywσ , if d1 ≤ 0.5 dw

(b) 32
8d

d
 t

3551  −



w

w

ywσ , if d1 > 0.5 dw

but not less than 24t
355

w 
ywσ

where

t
w

is the thickness of the web plate

d
w

is the depth of the web as defined in
Figure 1

σ
yw

is the yield stress of the web material as
defined in 6.2.1.

9.3.8.3 Compression flanges

Compression flanges shall comply with the provisions
for compact flanges given in 9.3.7.3.

9.3.8.4 Circular hollow sections

The ratio of the outside diameter to the wall thickness
of a circular hollow section shall not exceed:

33 
355

yσ











where

σ
y

is the yield stress of the material of the
circular hollow section as defined in
6.2.1.
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9.4.2.4 Effective compression flange

In line 3, delete ‘K
c
bt’ and substitute ‘K

c
k

h
A

c
’

Delete definitions for b and t

Add the following definitions:

k
h
 = 1.0 for a part free from holes or for a part

with one or more holes greater than
40 mm in diameter, or 1.2 for a part in
which holes do not exceed 40 mm in

diameter, provided that k
h
A

c
 in no case

exceeds the gross area of the part.

A
c

is the net area of each part, derived from
the gross area, less a deduction across a
section perpendicular to the centre line of
the part for open holes or clearance holes
for pins, black bolts or countersunk bolts.
Holes carrying rivets, HSFG, close
tolerance or turned barrel bolts, or fully
filled plug holes, need not be deducted.

Delete the entire ‘NOTE 2’ and substitute the
following ‘NOTE 2’:

NOTE 2: The values of λ for plating given in 9.10.2.2
may be adopted when assessing the adequacy of
longitudinal flange stiffeners complying with (a) above
in accordance with 9.10.2.3 and 9.10.3.3.2.
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9.5.4 Redistribution of web stresses in a
longitudinally stiffened beam.

Add at end:

The effective longitudinal stiffness of the web panels,
from which stress is assumed to be redistributed, shall

be reduced by a fraction ρ
w
 (equivalent to using a

modular ratio for the panels of (1- ρ
w
)).  The modified

properties of the cross section shall be used to
calculate the revised longitudinal stress distribution
either from the load effects calculated by use of the
gross section properties in the global analysis or by
use of those calculated using the modified properties
for those portions of the beam in which redistribution
is assumed.  Due account shall be taken of any change
in bending moment due to longitudinal loads resulting
from change in effective centroid position.

9.5.6  Transverse stresses in webs.

Delete the entire Clause and substitute the following:

The transverse stress in the plane of a web due to load
applied to a flange shall be calculated on the
assumption that the load is dispersed (as shown in
figure 6) uniformly:

(a) At an angle of 60o from the line of
application of the load through the
combined thickness against which the
load is bearing, where present, of bearing
plate, flange plates, horizontal leg and
root radius of flange angles or of rolled
section beams.

(b) At an angle of 45o from the line of
application of the load through the
remainder of the web plate itself.

Transfer of load by direct bearing between flange plate
and web shall not be assumed in the case of riveted
construction unless reasonable evidence of direct
contact is available, ie by sight of the end of the beam,
for example.

24

Figure 6. Dispersal of load through webs
(Load P shown shall be compressive or tensile)
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9.6.1 General

Add at end:

Where the resistance of the restraining systems is less

than required to resist force F
R
 under 9.12.4.1 then the

slenderness parameter λ
LT

 appropriate to the length l
e

at the support under consideration, shall be modified
as follows:

λ λ
LT

LT

RD

R

5F

F
3)]

1
2

′ =

+[ (1
8

where

λ
LT’

is a modified value of λ
LT

λ
LT

is defined in 9.7.1

l
e

is defined in 9.6.2

F
R

is as defined in 9.12.4.1

F
RD

is the available resistance which is

less than F
R
 excluding the effects of

wind, frictional and other applied
forces.

[1 (
 8
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9.6.5 Beams restrained by U-frames

Delete the equation for l
e
 and substitute:

l
e
 = k

3
k

5
(EI

c
I
u
 δ)0.25   but not less than l

u

Add the definition for k
5
 after the definition for k

3

k
5

= 2.5 where the beams are
restrained at their supports against
torsion about their longitudinal axis in
accordance with 9.12.4.

= π where the beams are unrestrained at their
supports against torsion about their
longitudinal axis.

NOTE: Where the restraint against torsion at
supports is less than required to resist forces

F
R
 under 9.12.4.1 or the stiffness of the

bearing stiffeners is less than required to meet
the criteria of 9.12.4.2 then linear
interpolation shall be used to determine a

value of k
5
 between 2.5 and π.

Add the following paragraph at the end of the
definition for f.

Values of f shall be determined experimentally
or taken from test results available which
shall cover the required ultimate capacity of
the joint and which shall be representative of
the particular type of joint.

Add at end:

Where in assessment the stiffness of the restraint
against torsion at supports is less than that required
under 9.12.4.2 the effective length, shall be taken as

l
e

1:

l l
1 k

1
k

1
2

1

6

6

e

e e

1

= +

+

+ 





δ

δ
Σ

where

l
e
 is as defined above

Σ (1/δ) is the sum of the values of 1/δ for each
of the intermediate U-frames in the effective
length

δ
e
 is the value of δ for the support restraint.

k
2l

1

EI
6

e
3

=







Σ
δ

π4
c
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9.6.6.2 Deck not at compression flange level

Add at end:

Where in assessment the stiffness of the restraint against
torsion at supports is less than that required under

9.12.4.2 the effective length shall be taken as l
e

1 as
defined in 9.6.5.
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for flanged beams
symmetrical about
the minor axis

for flanged beams
symmetrical about
the major axis

where B
f

is the average width of the two flanges,
the top flange width being taken as the
effective width of the slab.

Add the following NOTE 3 at end of the Clause

NOTE 3: Angle sections used alone as beams are
strictly not covered by the above. The behaviour of
angle sections is affected by the non-coincidence of the
principal U-U and V-V axes.

9.7.3.1 Uniform rectangular or trapezoidal box
sections

Delete the definition for ‘S’ and substitute the
following:

S = Z
pe

 / Z
xc

Delete the existing definition for "ξ" and substitute
the new definition as follows:

( )( )
ξ =

− −











I I I 0.385J

I

x y x

2
x

0.25

Delete the existing definition for ‘y
t
’.

Delete the entire ‘NOTE 2’ and ‘NOTE 3’.

9.7.2 Uniform I, channel, tee or angle sections

Delete the existing definition for k
4
 and substitute the

new defnitions as follows:

k =

4Z 1 -
I

I

A h
4

2
pe

y

x
2 2





























1 4/

k I Z

I

I

A C
y

2
pe

y

x
2

w
4 =

1 -




























1 4/

     =1.0 for all other beams

C
w

is the warping constant and can be taken
equal to

( )
d  t  t  B  B

t  B +  t  B

f
2

ft fb ft
3

fb
3

ft ft
3

fb fb
312

Z
pe

is defined in 9.9.1.2

A, I
x
, I

y
are defined in 9.7.3.1

d
f

is defined in 9.9.3.1

t
ft
 B

ft
are the thickness and width
respectively of the top flange

t
fb
 B

fb
are the thickness and width
respectively of the bottom flange

h is the distance between the
centroids of the flanges.

For composite beams in which the area of longitudinal
reinforcement in the slab is at least 25% of the area of

the steel top flange the value of k
4
 may be assumed to

be:

0.64
0.213

, but not less than 0.6

1/ 4

−












d

B
f

f2
2
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9.7.4 Varying sections

Add at end:

For the purpose of determining the limiting stress at

the minimum section the value of λ
LT

 shall be
obtained from 9.7.2 or 9.7.3 assuming that the
minimum section is uniform throughout L.

Add new Clause 9.7.6

9.7.6 Slenderness limitations for plastic analysis

The slenderness parameter  λ σLT yc / 355  for

sections which are assessed using plastic methods of
analysis (see 7.4) shall not exceed 30.

9.8.1 General

Add at end:

Where in assessment of the adequacy of a beam
allowance is to be made for initial departures from

straightness of the flanges ∆
F
, measured in accordance

with Table 5 of Part 6, σ
li
 shall be calculated from the

equation in Appendix G7 with η taken as:

( ) [ ]η β β
β

= − + −





 −0.005 45

45
1.2 0.0012l

y

r
F

y
2

∆

but not less than zero

where

∆
F

 is the greater of the values measured in
accordance with 4(a) and 4(b) respectively of
Table 5 of B.S. 5400: Part 6 over a gauge
length equal to the length of the beams
between points of effective lateral support.

y is the distance in the x-direction from the y-y
centroidal axis to the extreme fibre of the
compression flange (see Figure 1).

r
y

is the radius of gyration of the gross cross
section about its y-y axis.

30
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9.8.3 Non-compact sections

Add at end:

Alternatively, the limiting compression stress, σ
lc
, for

non-compact sections may be calculated as follows:

(a) For composite construction where the compression
flange of the non-compact section under consideration
is attached to a concrete or composite slab by shear
connection and the overall width of the slab is not less

than the depth of the steel section, σ
lc
 shall be taken as

σ
yc

For non-compact sections with λ σLT yc / 355 <

45, σ
lc 

shall be taken as the lesser of

         ( )[ ]S 1.01 0.006 / 355 - 45   σ λ σ σli LT yc ycor−

(c) For other non-compact sections, σ
lc
, shall be taken

as the lesser of:

S  or σ σli yc

where

σ
li

is as derived in 9.8.1

σ
yc

is as defined in 9.8.1

S  = Z
pe

/Z
xc

Z
pe

 is the plastic modulus of the effective
section derived in accordance with 9.4.2.

Z
xc

 is the elastic modulus of the section with
respect to the extreme compression fibre,
based on the effective section derived in
accordance with 9.4.2.

9.9.1.3 Non-compact sections

Add the following NOTE at the end:

NOTE: For composite sections, Z
xc

 and Z
xt

 shall be
based on the transformed section. The transformed
area of the concrete compression flange shall be
obtained using either the short-term or the long-term
modulus of elasticity of the concrete as appropriate to
the type of loading. Concrete in tension shall be
ignored but the area of the longitudinal reinforcement
shall be included.
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9.9.4.2 Buckling of beam

Add at end:

Alternatively, a uniform beam of I section subject to
combined bending and axial compression is deemed to
pass assessment if the following criteria are satisfied:

γ γ γ γ γ γ
π η σm f3 max

e

m f3 xmax

xc

m f3 ymax y

yc

2 y

e

2
y

y
yc

 P

A

  M

Z

 M  N

Z
E  

r

l

K

1 K
+ + +









−









 ≤

where

Ae is the effective cross sectional area of
the beam as defined in 10.5.2

Zxc is the section modulus with reference
to the x-x axis and the extreme fibres of
the compression flange

Zyc is the section modulus with reference
to the y-y axis and the extreme fibres in
bending compression

N 1
4

1
1 v2

y
y

y

xmax

cr

K

K

M

M
= +

−









 +



















π

K
P l

EI

M

My
max 

2
e

2
y

xmax

cr

2

= +








π

K P EIp max y= l e
2 2/π

M
E Z2

2cr
xc

LT
=

π
λ

σ
yc

is as defined in 9.8.1
λ

LT
is as defined in 9.7.2

v is as defined in 9.7.2
l
e

is as defined in 9.7.2

( )η β= −








 + − +









0.0062

l

r
15 0.005 45 1

v2
e

y

p

y

2
xmax

2
cr y

cr

xmax

K

K

M

M K

M

M

β is as defined in Appendix G.7

NOTE: The value of γ
m

 separately associated with

P
max

, M
xmax

 and M
ymax

 shall be in accordance with

Table 2, with due account of the γ
m 

value associated

with M
DX

 and M
DY

 as derived in 9.9.1 and replaced

above by the relevant Z
c
σ

yc
/γ

m
γ
f3

 term in the
criterion above.
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9.9.7 Differential temperature and concrete
shrinkage.

In the last paragraph, insert the following after ‘from
(b)’:

taking into account the effect of shear lag.

9.9.8 Serviceability check for unsymmetric
cross-sections

Add at end:

However in assessment where

( )ρ ρft
2 k

k
k

≥ +0.016 
0.16

D

the section need not be checked for the serviceability
limit state when the partial load factors as given in
BD 37/88 have been used.

In this expression

k = 2 for steel beams; or 1 for composite
beams

ρ
ft

is the proportion of the sectional area of
the tension flange of the beam to the total
area of the beam

ρ
D

is the proportion of unfactored dead load
(ie not including superimposed) moments
to unfactored total moments.

Where the compression flange area is less than the
tension flange area, ea. in a non-composite stage of

construction, ρ
ft
 shall be based on the ratio of the

compression flange area to the total area of the beam.

NOTE: For composite beams the transformed section
appropriate to live load shall be used for the relevant
sectional area, ie short term modulus.

38

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



Annex A
Volume 3   Section 4

Part 11 BD 56/96

A/88  November 1996ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



A/89 November 1996

Volume 3   Section 4
Part 11 BD 56/96 Annex A

ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

This page is blank

39

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



Annex A
Volume 3   Section 4

Part 11 BD 56/96

A/90  November 1996ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



A/91 November 1996

Volume 3   Section 4
Part 11 BD 56/96 Annex A

ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

This page is blank

40

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



Annex A
Volume 3   Section 4

Part 11 BD 56/96

A/92  November 1996ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



A/93 November 1996

Volume 3   Section 4
Part 11 BD 56/96 Annex A

ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

9.10.5 Curtailment of longitudinal flange stiffeners

Add at end:

In assessment, where longitudinal flange stiffeners are
curtailed prematurely beyond the theoretical cut off
point, due account of this shall be taken in application
of the foregoing clauses. The arrangement shall always
be checked to ensure the extension beyond any
assumed cut off point is sufficient to develop the
assessment loads in the stiffener. The assessment
procedure shall take due account of the actual end of
the stiffener in deriving the capacity of the
arrangement, by working back to the point where the
stiffener can be assumed to be effective. The resulting
extension shall be ignored for calculating stresses and
other strength checks.

9.11.1 General

Add at end:

Webs not complying with the requirements of  9.3.3
(with respect to openings) or of 9.11.6 (with respect to
partly extended/curtailed stiffeners) shall be assessed
for the effects of stress concentrations and detailed
local analyses shall be used in all such cases.
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Figure 20. Dispersal of  load through a
longitudinally stiffened web.

At the end of the ‘NOTE’, add ‘and shall be
compressive or tensile.’
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9.11.4.3.1 General.

Add at end:

Where the out-of-flatness of the plate panels exceed
the tolerance in Part 6, allowance shall be made for
this in deriving the buckling coefficients and their
interaction. A method for this is included in the
accompanying Advice Note.

Where the out-of-flatness of the plate panels is less
than the tolerance in Part 6, allowance may be made
for this in deriving the buckling coefficients and their
interactions.

9.11.4.3.2 Axial coefficient K
1

Add at end:

If stress is tensile then K
1 
= 1.0.

9.11.4.3.5 Transverse coefficient K
2

Add at end:

If stress is tensile then K
2
 = 1.0.
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47-1

9.11.5.2 Strength of longitudinal web stiffeners

Add at end:

Where in assessment of the adequacy of a longitudinal web stiffener allowance is to be made for initial

departures from straightness, ∆
sx

, measured in accordance with Part 6 over a gauge length taken as a, σ
ls

and k
s
 shall be calculated from the equations in Appendix G12 with η taken as:-

( ) ( )
η λ λ

λ
= − + −





−







0.0083 15

15 1.2 0.0016∆sx
2
se

a y

r

but not less than zero.

in this expression
y is the distance from the neutral axis of the effective stiffener to the extreme fibre under

consideration

∆
sx

is taken as positive when the bowing is in a direction away from the extreme fibre under
consideration.

The strength shall be checked for both the extreme fibres in the outstand and in the associated web plate

They may, however, be used in assessing the stability
of the web under shear and/or compression provided
they are terminated not more than four times the web
thickness from the transverse stiffeners. In carrying
out such stability checks the longitudinal stiffeners
shall be assumed to carry a compressive stress equal
to that in the web plate calculated in accordance with
the above.

9.12.1 Elements providing effective intermediate
discrete lateral restraints

Delete the whole clause and substitute the following-

Where the effective length is determined in accordance
with 9.6.2, the beam shall be provided with an
effective restraint system which has sufficient strength
and stiffness to inhibit lateral movement of the
compression flange relative to the supports. This shall
be provided by (a) lateral restraints or (b) torsional
restraints.

9.11.6 Curtailment of longitudinal web stiffeners

Add at end:

In assessment, where longitudinal web stiffeners are
curtailed prematurely beyond the theoretical cut off
point, due account of this shall be taken in application
of the foregoing clauses. The arrangement shall always
be checked to ensure the extension beyond any
assumed cut off point is sufficient to develop the
assessment loads in the stiffener. The assessment
procedure shall take due account of the actual end of
the stiffener in deriving the capacity of the
arrangement, by working back to the point where the
stiffener can be assumed to be effective. The resulting
extension shall be ignored for calculating stresses and
other strength checks, but may be used in assessing
stability in accordance with 9.11.7.

Add New Clause 9.11.7:

9.11.7 Discontinuous longitudinal stiffeners not
 connected to transverse stiffeners

Where longitudinal stiffeners are discontinuous, i.e.
they are fitted between transverse stiffeners and are
not adequately connected to them, their area shall be
ignored in calculating the stresses in the cross section.
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47-2

(a) Lateral restraints

Lateral restraints should be capable of
resisting force F and should either be
connected to an appropriate system of
plan bracing capable of transferring the
restraint forces to the supports or else
connected to other beams or part of the
structure capable of fulfilling this
function.

It should be noted that where two or more
parallel beams require lateral restraint at
intervals, it is not adequate merely to
connect the compression flanges together.

(b) Torsional restraints

Torsional restraints should be capable of
resisting two equal and opposite forces F
applied normal to the beam and in the
planes of its two flanges.

Torsional restraint shall be provided by
means of a suitable diaphragm between
two beams or equivalent triangulated
lateral bracing such that the beams
transfer the restraint effects by equal and
opposite vertical shears to the supports.
Restraint shall alternatively be provided
by external means.

The force F should be taken as:

F = ΣP
f
/80 when the effects of wind

and other laterally applied
forces are included,
or

F = ΣP
f
/40 when the effects of wind

and other laterally
applied forces are not
included.

where

ΣP
f

is the sum of the greatest
forces in two of the
compression flanges of the
beams connected by the
bracing at the restraint under
consideration.

Each intermediate restraint should be capable of
resisting forces F appropriate to the restraint under
consideration for which the assumed compression
flange forces should be the maximum which occur at
the restraint, or if greater, at a position midway
between the restraints and the adjacent restraints
(including any support restraint present which should
be assumed to be an intermediate restraint for this
purpose). The restraint system should be designed to
resist the most severe effects arising from forces F at
one restraint only within any length of flange in
compression. Vertical component forces arising from
application of forces F should be taken into
consideration in design of the beams and restraints.
Any eccentricity of the bracing members with respect
to the line of action of forces F should be taken in
account.'

9.12.2.2 Strength

Delete the definition for 'S' and substitute the
following:

‘S=Zpe/Zxc’

Delete the definition for ‘y
t
’

Delete the entire ‘NOTE 1.’
Change ‘NOTE 2’ to ‘NOTE 1’.

Add at end:

When a bridge with compression flanges restrained by
U-frames is to be assessed using measured deviations
of the flanges from straightness, the horizontal forces,

F
u
 shall either be calculated by non-linear elastic

analysis with the measured deviations from
straightness allowed for in the initial geometry, or from
the following:

Fu F 
fc

ci fc
=

−















1.2
δ

σ

σ σ
∆

but not greater than

48 EIc
l u

D  
s

fc
sci sfc

3 F=
−















where
         ∆f     is the initial departure from straightness of

the compression flange at the position of
the U-frame measured in accordance with
Table 5 in Part 6 at the mid-point of a
gauge length G equal to the greater of 1.2
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47-3

times the effective length l
e
 determined in accordance

with 9.6.5 or 9.6.6 as appropriate or twice the spacing
of the U-frames along the beam.

Where a beam with intermediate U-frames is not

rigidly restrained at its supports (see 9.12.4.2) F
u
 shall

be factored by:

1

1
6

1+















n eδ

δ
Σ

with l
e
 taken as l

e
1 in accordance with 9.6.5

where

δ, l
u
, I

c
are as defined in 9.6.5

δ
e

is the value of δ for an end support

Σ 1/δ is the sum of the value of 1/δ for
each of the intermediate U-frames

within a length l
e
 adjacent to the

support

n is the number of supports adjacent
to the half-wavelength.

NOTE: In assessment of a beam for which l
e
 is greater

than l
u
, σ

ci
 shall be taken as π2E(r

yc
/l

e
)2

where

l
e

is determined in accordance with
9.6.5 or 9.6.6.2 as appropriate

r
yc

is the radius of gyration of the
compression  flange about its
centroidal axis parallel to the
web at the point of maximum
bending moment.
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49

9.12.2.3 U-frames with cross members subjected to
vertical loading

In item (a), delete the expression for 'F
c
' and the

definitions for I
1
, d

2
 and θ’and substitute the

following:

F
d

l

 EI

c
2
3
u

c

=
+

θ

δ
15

where

d
2
, δ, 1

u
 and I

c
 are as defined in 9.6.5

θ is the rotation in radians of the cross
member at its junction with the main
beam under consideration assuming that
the cross member is simply supported,

under the loading used in calculating σ
fc

(see 9.12.2.2). The average value of θ
should be used for cross members within
a non-uniformly loaded portion of the
span.

9.12.3.2 Deck not at compression flange level

Add at end of (a):-

When a bridge with compression flanges restrained by
the webs is to be assessed using measured deviations
of the flanges from straightness, the horizontal forces,

per unit length f
u
 shall be calculated either by non-

linear elastic analysis with the measured deviations
allowed for in the initial geometry or from the above

equation with 1.2 ∆
Fmax

 replacing l
e
/667

where

∆
Fmax

  is the maximum value of ∆
F

obtained in accordance with Table 5
in Part 6 with a gauge length G

equal to l
e
 traversed along the

critical parts of the flange.
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9.12.4.1 Restraining forces

Add at end of (b) (2):-

    In assessment where the imperfections of the beam have been measured, the value of F
2
 shall be

    calculated from:-

F
M

D

/ D

L L2
fc ci

fc

ci

2 o
fc

ci

2
=

−




















+

−


















































4

2 1

1

1

σ σ

σ
σ

θ
σ
σ

∆

where

θ
o

is the twist of the mid span of the beam
relative to the mean of the departures
from verticality at its supports, each twist

being measured as ∆
D
/D in accordance

with 4(b) in Table 5 in BS5400 Part 6.

∆ =
σ
σ

fc

ci

DSmean
Fmean

∆
∆

1.5






+

∆DSmean is the mean of the value of ∆D at the

two end supports and ∆Fmean is the mean

of the values of ∆F for the top and bottom
flanges respectively measured in
accordance with 4(a) in Table 5 in

BS5400 Part 6 over a gauge length LG.

∆Fmean shall be taken as positive and θo
shall be taken as positive when it
corresponds to a displacement of the
compression flange relative to the tension

flange in the same direction as ∆Fmean.

Add at end of (b) (3):-

In assessment where the imperfections of the beam

have been measured F2 shall be taken as F2
1 where:

F F F ) F1
2 u c= + +1

2
( 2Σ

F
2

is derived from the assessment
addition in 9.12.4.1 (b) (2)

Σ(F
u
+F

c
) is the sum of the Forces F

u
 and F

c
for each of the U-frames within a

length 1.2 l
e
 of the compression

flange derived in accordance with
9.12.2.2 and 9.12.2.3(a)

9.12.4.2 Stiffness

(a) Stiffener acting as cantilever

Add at end:

If the maximum compressive stress within a length l
e

adjacent to a support derived in the assessment of a

beam is less than σ
lc
 as given in 9.8.1 the second

moment of area of a bearing stiffener acting as a

cantilever, I
x
, shall exceed the lesser of the foregoing

limit or

9 D

1

t

l

r
v

.
R

W
fmax

3

e

y

3

4 LT

LT

2
v









 −





















λ
λ"

where

t
fmax

is as defined in 9.12.4.1

l
e
, D, r

y
 and λ

LT
 are all as defined in 9.7.2

v is as defined in the notes to Table 9

′′λLT
 is the value of λ

LT
 to be used to obtain a

value of σ
lc
 equal to the maximum

compressive stress by use of Figure 10.
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(b) Stiffener as part of U-frame

Add at end:-

If the maximum compressive stress within a length le
adjacent to a support derived in the assessment of a
beam restrained by U-frames at its supports is less

than σ
lc
 as given in 9.8.1 the value of α

LT
 may be

taken as:-

27

v4

3 2
l

r
e

y

LT

LT









 −

′′




















1 λ
λ

but not greater than the value obtained from Figure 24

factored by l/v4, where v, l
e
, r

y
, λ

LT
 and λ"

LT
 are as

defined in (a) above.

Add new item (c)

(c) Other support stiffeners

If the bearing stiffeners are not rigidly supported on
their bearings or of a type other than a cantilever the
requirements of 9.12.4.2(b) shall be met, with δ
calculated as for U-frames.

Add new clause 9.12.5:

9.12.5 Restraint to plastic hinges

All structures which are assessed using plastic
methods of analysis in accordance with 7.4 shall
provide lateral restraint close to all locations of
plastic hinges which may occur under the various
load cases. Such restraint shall be provided within
a distance along the member from the theoretical
plastic hinge locations not exceeding half the depth
of the member.

9.13.1 General

Add at end:

In the assessment of existing arrangements where
transverse stiffeners are not provided in accordance
with the above, local effects shall be considered.
Detailed analyses shall be carried out to cater for
local effects resulting from the following:-

a) absence of web stiffeners where cross beams
connect to the web;

b) absence of web stiffeners where a sloping
flange changes direction;

c) where the stiffener does not extend over the
whole depth of the web or is not fitted closely
to the flange at a point of application of a
concentrated load to the flange;

d) where cut outs are not properly connected to
the longitudinal stiffener

The assessment may utilise the relevant aspects of
9.14.6 and 9.15.6.

As an alternative to the provisions of 9.13.3 to 9.13.6,
the adequacy of the transverse stiffeners or deep webs
with longitudinal stiffeners may be assessed using the
methods of 9.15.6. In this case the longitudinal
stiffeners shall also be checked at the serviceability
limit state as for the flanges in accordance with
9.10.3.3.

50-2
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52

9.13.3.3 Axial force representing the destabilising
influence of the web

Add at end:

In the assessment of the adequacy of a transverse web
stiffener, where allowance is to be made for initial

departures from straightness, ∆
sx

, measured in

accordance with Part 6, k
s
 shall be calculated as

described in 9.11.5.2
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 9.13.5.3 Buckling of effective stiffener section.

Add at end:

Where in assessment of the adequacy of a transverse
web stiffener allowance is to be made for initial

departures from straightness, ∆
sx

, measured in

accordance with Part 6, σ
ls
 shall be calculated as

described in 9.11.5.2.

9.14.1 General

Add at end:

In the assessment of existing arrangements where
bearing stiffeners are not provided in accordance with
the above, local effects shall be considered. Detailed
analyses shall be carried out to cater for local effects
resulting from the following as appropriate:

    a) where the stiffener does not extend over
    the whole depth of the web or is not fitted
    closely to the flange;

    b) where cut outs are not properly
    connected to the longitudinal stiffener.

Where bearing stiffeners are not provided, in
accordance with the above, the adequacy of the web
under transverse loading shall be checked in
accordance with 9.14.6.
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54

9.14.3.3 Eccentricity.

Add at end:

In assessing the adequacy of an existing stiffener,
where any error in positioning and any unevenness
of seating on a flat bearing is measured, the following
values of eccentricity shall be taken into account in
respect of (c) and (d) above.

    (1) half the width of the flat bearing
    surface plus the measured error in
    positioning for flat topped rocker bearing in
    contact with flat bearing surface: or

    (2) the measured error in positioning for
    radiused upper bearing resting on flat or
    radiused lower part or for flat upper
    bearing resting on radiused lower part.
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9.14.4.3 Buckling of effective stiffener section

In the defnition for P, delete 'within the middle third
of its length'.

Add new clause 9.14.6:

 9.14.6 Unstiffened web at supports

9.14.6.1 Strength of web

The strength of an unstiffened web shall be taken
as the limiting value of patch load P, as determined
in accordance with Appendix D.

9.14.6.2 Buckling resistance of web

The buckling resistance P
D
 of an unstiffened web

over a bearing shall be taken as:

P
 b  t

 D
c eff w

m f3

=
σ

γ γ
where

σ
c

is the ultimate compressive stress
about an axis along the centre line

of the web obtained from σ
c
/σ

y
 in

accordance with Curve C of Figure 37;

NOTE: In using Figure 37, l
e
 shall

be determined taking account of the
lateral and rotational restraint of
the flange.

b
eff

is the effective breadth of web obtained
from

( )b d seff
2 2= +

but not greater than the width
available (see Figure 27).

d is the overall depth of the beam;

s is the bearing length.

γ
m

is taken as 1.05 for ultimate limit
state.

9.15.1.2 Compression flanges

Add at end:

Compression flange transverse members which do not
comply with the requirements of 9.15.3 and
9.15.5 shall be assessed in accordance with 9.15.6.

56
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9.15.4.4 Profile deviation in compression flanges

Add at end:

When a survey of the deflections of the transverse
members has been carried out, the factors of 200 and
160 in the denominator of (a), (b) and (c) above shall
be replaced by

G

3
and

G

3.75c c∆ ∆

respectively where G and ∆
c
 are defined in Table 5

of Part 6. The actual value of ∆
c
 to be used shall

 be the largest measured value at any point of the
span of the transverse member being considered and
shall not be taken as less than 3mm. in any
circumstances.
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Add new clause 9.15.6

9.15.6 Compression nange transverse members
with insufficient stiffness to prevent overall buckling
of the Bange, or with insufficient strength

9.15.6.1 General

When the stiffness of the effective transverse member
(when assessed in accordance with 9.15.3) is not
capable of restricting the buckling wavelength of the
flange to the spacing between cross frames,
assessment may be made by an appropriate method
that caters for overall buckling of flanges. Appropriate
methods are by means of a full analysis in accordance
with 9.15.6.2 or by utilising the critical stress of the
flange in accordance with 9.15.6.3 of the
accompanying Advice Note.

For both approaches the effective sections to be used
shall be as set down in 9.15.2, and the effects to be
considered shall be as set down in 9.15.4.

Further to the above, advantage may be taken of the
reduced destabilising effects that can be obtained by
utilising more exact stress proportions and
distributions in the flange. Also allowance may be
made for measured imperfections and the effect of the
mode of buckling on imperfections assumed. These
procedures may also be applied in cases where
strength is initially assessed as insufficient.

9.15.6.2 Structural model when a full analysis is
utilised

The model shall be in the form of a non-linear analysis
that fully takes into account the stiffness of the
orthotropic deck systems and the magnified stresses
resulting from deformation of the cross girders due to
combined actions of longitudinal deck stresses and
imperfections of the cross girders. The structural
model to be analysed shall include an initially
deformed shape of the flange. In the absence of a
survey of the actual flange, the relevant deformations
specified in Item 5 of Table 5 of B.S. 5400: Part 6
shall be used with the peak values occurring at the mid
points of each span of the transverse member or at the
cantilever tips, and with a smooth curve between.
Alternate spans of a particular transverse member
shall be deformed up and down.

Adjacent transverse members along the bridge shall be
deformed up and down either alternately, or alternately
in groups of two, three ... etc., whichever eventually
gives the highest forces and moments. Consideration
shall also be given to having an undeformed transverse
member between the up and down groups.

The Computer program shall be capable of analysing
displacement in all six primary degrees of freedom
(three linear, three rotational) and shall take into
account the change of geometry under load. Member
material behaviour may be linear elastic. No allowance
for plasticity shall be made in the analysis.

The compressive load in the flange shall be applied at
the end and side boundaries of the model, as
appropriate. The transverse loads on the flange and
transverse members shall be those specified in
9.15.4.1(a) to (f) insofar as they are not otherwise
taken into account in the model. Loading between
transverse members shall be applied directly at the
appropriate position and not distributed as described in
9.15.4.5. The loads shall not be magnified by a
destabilising factor as this will be taken account of in
the non-linear analysis.

If a survey is made of the actual deformations, these
may be used directly subjected to a minimum of 3mm
but increased in the model by a factor of 1.2. If the
result of the analysis shows a deflected form radically
different from the measured form, further analyses
shall be made with the initial deformation conforming
more closely to the final pattern.

9.16.1 General

Add at end:

Assessment of plated intermediate diaphragms shall be
assessed in accordance with 9.18.

9.16.2.1 Girder layout

Add at end:

Cross frames in girders not complying with the above
shall be assessed in accordance with 9.16.6.
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9.16.2.2 Cross frames

Add at end:

Cross frames not complying with these limitations
shall be assessed in accordance with this Standard
with the exception of Appendix B, provided that the
analytical models used fully account for the plane
direction of the frames and interconnection between
the frames and longitudinal members.

9.16.3 Load effects to be considered

Add at end:

The forces and stresses due to torsion to be carried
by a frame shall be determined from elastic analysis
(see 9.16.4.2) or, for boxes with any web inclination
and provided that the cross frames comply with
9.16.2.2, shall be derived in accordance with
Appendix B.3.4.

Where the webs of the box girder are inclined to
the vertical, horizontal components of load induced in
top and bottom transverse members shall also be
considered.
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Add new clause 9.16.4.4:

9.16.4.4 Ring frame corners

The strength of the connection between web transverse
members and flange transverse members shall be
adequate to transfer the forces and  moments from one
member to the other. In determining the strength of the
connection, the web and flange shall only be
considered to act with the transverse member if the
corner is stiffened, see 9.16.2.3

Add new clauses 9.16.6 and 9.16. 7:

9.16.6 Cross frames not complying with limitations

Where the adequacy of cross frames to girders not
complying with the limitations defined in 9.16.2 is to
be assessed, the strengths of the components of the
frames shall be determined from this Standard subject
to the following requirements: Global analysis shall be
undertaken in accordance with 7.1 and 7.2. The
structure shall be analysed either by a finite element
method with all its primary components modelled or
an equivalent grillage provided that the elastic
properties of the equivalent members are derived from
finite element analysis of the box girders.

Analysis to determine load effects from local loads and
reactions including distortional effects shall be
undertaken using a finite element method on a model
of sufficient extent to ensure that the effects calculated
are insensitive to assumed end conditions.

9.16.7 Cross girder stiffness

Where distortional and warping stresses in the box
girders are calculated in accordance with Appendix B
the stiffness of a cross girder shall comply with the
requirements of B.3.4. Where the stiffness
requirements are not complied with, the stresses shall
be derived in accordance with 8.3.

9.17 Diaphragms in box girders at supports

9.17.1 General

Add at end:

Where the adequacy of a stiffened diaphragm not
complying with the limitations given in 9.17.2 is to be
assessed, the assessment shall be undertaken in
accordance with Appendix L.

Alternatively, diaphragms may be assessed in
accordance with Appendix L.
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Add new clause 9.18:

9.18 Intermediate diaphragms in box girders

9.18.1 General

This section shall apply to intermediate plated
diaphragms provided in box girders to transfer deck
loads to the webs, to resist forces due to local changes
in slope of the flanges and to restrict distortion of the
cross-section.

9.18.2 Limitations

The limitations given in 9.17.2 other than those related
to bearings shall be applicable to intermediate
diaphragms. Assessment of unstiffened and stiffened
intermediate diaphragms shall be carried out in
accordance with 9.18.5 and 9.18.6 respectively.

9.18.3 Loading on diaphragms

9.18.3.1 Derivation

The load effects in intermediate diaphragms and
associated parts of box girders shall be derived from
global and local analysis in accordance with 7.1, 7.2
and 9.4.1.

9.18.3.2 Effects to be considered

Intermediate diaphragms shall be assessed with due
account taken of the application of the load effects
given in 9.13.3 and 9.15.4.

In this context the diaphragm/web junction shall be
considered to be equivalent to a web stiffener.

9.18.4 Effective sections

The effective sections of intermediate diaphragms to
be used in deriving stresses shall be in accordance with
9.17.4.

9.18.5 Unstiffened intermediate diaphragms

9.18.5.1 General

Unstiffened diaphragms complying with the

limitations of 9.18.2 shall be assessed to the yield
criterion of 9.18.5.4 and the buckling criterion of
9.18.5.3 using reference stress values of 9.18.5.2 and
buckling coefficients of 9.18.5.3. Web/diaphragm
junctions shall be assessed in accordance with 9.18.7.
Diaphragm stiffness shall be assessed in accordance
with 9.18.8, to ascertain the relevant distribution of
warping and distortional stresses in the box girder or
diaphragm.

9.18.5.2 Reference values of in-plane stresses

9.18.5.2.1 General

The stresses in an unstiffened diaphragm resulting
from the load effects given in 9.18.3 shall be
determined in accordance with 9.18.5.2.2 to
9.18.5.2.4.

9.18.5.2.2 Vertical stresses

The reference value of the in-plane vertical stress σ
R1

shall be taken as the greater of σ
R1T 

 and σ
R1B

where

σ
R1T

is the maximum value of compressive
vertical stress on the effective horizontal
section of the diaphragm plating beneath
the top flange due to deck loading

σ
R1B

is the maximum value of compressive
vertical stress on the effective horizontal
section of the diaphragm plating above
the bottom flange due to change in slope
of the flange or other applied vertical
loading

9.18.5.2.3 Horizontal stresses

By reference to Figure 9.18.5A the reference value of
the in-plane horizontal stress at a section distance S

from the centre of the web, σ
R2

, shall be taken as the
greater of:

[ ][ ]σ σR2T 2+

or

[ ][ ]σ σR2B 2+71-1
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where

σ R2T
T

M

Z
=

σ R2B
B

M

Z
=

( )M  M F  Y F  Y
Q

2D
 B B Y

D

2
Q Se 1 T 2 B T B B T= + + + − −





−

( ) ( )
F

Q

D
S

(B B ) 1

B
S

B B

4

Q

D
S

B B

4
v T B

T

T B T T B
1 4

1= + −





− +
−






















+ +

−











( ) ( )
F

Q

D
S

(B B ) 1

B
S

B B

4

Q

D
S

B B

4
v T B

B

T B T T B
2 4

1= +
−





− +
−






















+ +

−











M
e

is the bending moment at the section under
consideration due to externally applied loads
transmitted to the diaphragm (see 9.15.4) and
changes in slope of the bottom flange
calculated treating the diaphragm as a
simply-supported beam spanning between
the mid points of the webs.

Y
T

and Y
B
 are the distances to the top and bottom

diaphragm/flange junctions from the centroid
of the effective diaphragm section.

Q = Q
V
 + Q

T
.

Q
v

is one half the total resultant load transmitted
to the diaphragm (see 9.15.4).

Q
T

B BT
B T

=
+









T is the torque about the centre line of the
diaphragm due to any eccentricity of
externally applied loads transmitted to the
diaphragm (see 9.15.4).

[ ] ( )σ β
2 2A

= −V V
Tan

T B
e

V
T

is the total factored vertical load applied to the
top of the diaphragm

V
B

is the total factored vertical load applied
upwards to the bottom of the diaphragm (in

either case the coincident values of V
T
 and V

B
shall be taken as those causing the maximum
combined stress in strength assessment).

Z
B
 Z

T
are the effective section moduli of the
diaphragm and flanges on the diaphragm
centre line with respect to the bottom flange
and the top flange respectively

t
D
, σ

yd
are as defined in 9.17.5.4

A
e

is the effective area of the diaphragm and
flanges at the vertical section under
consideration

β is the greater angle of inclination to the
vertical of either web

B, B
T
, B

B
 are as defined in Figure 9.18.5A.
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Figure 9.18.5A

Figure 9.18.5B
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9.18.5.2.4 Shear stresses

The reference value of the in-plane shear stress TR
shall be taken as follows:

( )τR v T i fv
ve

Q Q P Q
A

= + − +Σ 1

where, as shown in figure 9.18.5.B

Q
v

and Q
T
 are as defined in 9.18.5.2.3.

A
ve

is the minimum effective vertical shear
area, as given in 9.17.4.3.

ΣP
i

is the sum of the vertical applied loads
transmitted to the diaphragm between the
section considered and the edge of the top
flange at point A.

Q
fV

is the vertical force transmitted to the
diaphragm by the portion of the bottom

flange over a width l
f 
 when there is a

change of flange slope.

l
f

is the horizontal distance from the section
considered to the edge of the bottom
flange at point B.

The value of τ
R
 to be used in yield checks in

accordance with 9.18.5.4 is the maximum value within
the middle third of the median width, B, of the
diaphragm. Additionally, the value on the sections
adjacent to the webs shall be applied in yield checks

with σ2 = 0. For buckling checks τ
R
 shall be taken as

the average shear stress in the diaphragms.

9.18.5.3 Buckling of diaphragm plate

The diaphragm plate shall be assessed in accordance
with the criterion given in 9.11.4.4 using the buckling
coefficients for an unrestrained panel given in clause
9.11.4.3 in which the stresses defined in 9.11.3 shall be
taken as the following:

σ
1

= [σ
2
]

σ
b

= σ
R2T

 or σ
R2B

, whichever is compressive

t = τ
R

σ
2

= σ
R1

The panel dimension ‘b’ in Figure 19 shall be taken as
the depth of the diaphragm (D in Figure 33) and the
dimension ‘a’ shall be taken as the maximum width
between box webs.

9.18.5.4 Yielding of diaphragm plate

The values of σ τ σ τR1 R R2
2

R,  3   and 3 2+

shall not exceed
σ

γ γ
yd

m f3 

9.18.6 Stiffened intermediate diaphragms

9.18.6.1 General

Intermediate diaphragms stiffened by an orthogonal
system of stiffeners shall be assessed in accordance
with the yield and buckling criteria for the plating
given in 9.18.6.3.1. Stiffeners shall be assessed in
accordance with the yield and buckling criteria given
in 9.18.6.3.2. Stiffeners which span between box walls
shall be treated as primary. All other stiffeners shall be
treated as secondary. Web/diaphragm junctions shall
be assessed in accordance with 9.18.7. Diaphragm
stiffnesses shall be assessed in accordance with 9.18.8,
to ascertain the treatment of warping and distortional
stresses in the box girder or diaphragm.

9.18.6.2 Values of in-plane stresses

9.18.6.2.1 General

The stresses in a stiffened diaphragm resulting from
the load effects given in 9.18.3 shall be determined in
accordance with 9.18.6.2.2 to 9.18.6.2.4.

9.18.6.2.2 Vertical stresses

Vertical stresses, σd, due to concentrated loads applied
to the deck shall be calculated assuming dispersion of
load at 45° from the width of contact and diminishing
linearly to zero from the level of intersection of the
lines of dispersion with the web to the bottom of the
diaphragm. Stresses due to changes in slope of the
bottom flange shall be calculated from the vertical
components of flange force and be assumed to
diminish linearly up the height of the diaphragm. The
vertical stresses due to top and bottom loads are to be
added.

9.18.6.2.3 Horizontal stresses

The horizontal stresses shall be derived in accordance

with 9.17.6.2.3. In-plane bending, σ2b’ shall be
71-4
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calculated by treating the diaphragm with the
associated effective widths of flanges as a simply
supported beam spanning between the box webs

(span B) and horizontal stresses, σ
2q

, due to
inclination of webs to the vertical shall be calculated in
accordance with 9.18.5.2.3.

9.18.6.2.4 Shear stresses

The values of the in-plane shear stresses, τ, on any

section shall be taken as the reference value τ
R
 as

defined in 9.18.5.2.4.

9.18.6.2.5 Stresses in diaphragm stiffeners

The equivalent stress in a stiffener for buckling check
shall be determined from 9.17.6.3.4 as appropriate for

intermediate stiffeners with σ
2b

, σ
2q

 and τ calculated
in accordance with 9.18.6.2.3 and 9.18.6.2.4. Except

that σ
a
 for vertical intermediate stiffeners is not

necessarily zero but shall include loading effects due to
tension field in accordance with 9.13.3.2 and 9.13.4.
Loading from clause 9.13.3.3 shall be excluded. All
additional load  effects as defined in 9.18.3.2 shall be
considered.

9.18.6.3 Strength criteria

9.18.6.3.1 Diaphragm plating

Plate panels between stiffeners or between stiffeners
and box walls shall be assessed inaccordance with the
criteria in 9.17.6.4 and 9.17.6.5.

9.18.6.3.2 Stiffeners

Diaphragm stiffeners shall be assessed in accordance
with the criterion given in 9.17.6.7.

9.18.7 Intermediate diaphragmAveb junctions

The intermediate diaphragm web junction shall be
assessed as a stiffener to the box web spanning
between box flanges, unsupported in the plane of the
diaphragm, in accordance with 9.17.7.2 to 9.17.7.4
using effective sections derived in accordance with
9.17.4.5.

9.18.8 Intermediate diaphragm stiffness

Where distortional and warping stresses in the box
girders are calculated in accordance with Appendix B
the stiffness of an intermediate diaphragm shall
comply with the requirements of B.3.4 Where the
stiffness requirements are not complied with, the stress
shall be derived in accordance with 8.3.

10.3.1 Unstiffened Outstand
Delete the existing definition for σ

y
' and substitute

following definition:-

σ
y
' is the lesser of the nominal yield stress

of the material or such lower value of
yield stress as would be necessary to meet
the strength criteria of the subsequent
clauses.
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10.3.3 Circular Hollow Section

Delete the expression and substitute

60 
355

yσ











Add new sub-clause 10.3.4:

10.3.4 Assessment of sections not complying with
shape limitations

Outstands not complying with 10.3.1 or 10.3.2 shall
be assessed in accordance with 9.3.2. Circular hollow
sections not complying with 10.3.3 shall be assessed in
accordance with 9.3.6. This means that a lower value
of yield stress shall be determined such that
compliance with the strength criteria of 10.6 and
10.3.1, 10.3.2 or 10.3.3 as appropriate is achieved.
This lower value of yield stress shall be used in all
subsequence assessment of strength, in accordance
with 9.3.1.
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10.6.1.1 Strength

Add at end:

Where in assessment of the adequacy of a compression
member allowance is made for initial departures from

straightness, ∆
s
, measured in accordance with

BS5400: Part 6, over a gauge length G equal to the

clear length of the compression member, σ
c
 shall be

calculated from the equation in Appendix G16 with η
taken as:

( )
( )

η α λ λ
λ

= − + −





−













 15
15 1.2 0.00012G y

r

s

2

∆

but not less than zero.
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10.6.2.1 Strength

Add at end:

For assessment of the adequacy of a uniform member
of I-section subject to combined bending and axial
compression, the buckling criterion above shall be
replaced by the alternative criterion given in 9.9.4.2.

10.7.2 Evaluation of stresses

Add at end of (c):

Where in assessment of the adequacy of a compression
member with longitudinal stiffeners allowance is to be
made for measured initial departures from

straightness, ∆
i
 shall be taken as:

∆
i

= 1.2 ∆
s
 determined separately for the X-X

and Y-Y axes where ∆
s 
is the departure

from straightness measured in accordance
with BS5400: Part 6 over a gauge length G
equal to the distance between appropriate
points of restraint.
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77

10.7.3 Limitations of stiffener shape

Add at end:

Stiffener shapes not complying with 9.3.4 shall be
assessed in accordance with 9.3.1 and Appendix S.
Stiffeners of shapes other than those specified shall be
assessed on the basis of the nearest standard shape.

10.8.1 General

Add at end:

For assessment, where the arrangements of the
member do not comply with any of the above
requirements, the strengths of the battens and of the
battened member shall be assessed in accordance with
Clauses 10.8.5.3 and l0.8.5.4 respectively.

10.8.2 Radius of gyration of the member

Add at end:

For assessment, where the battened member does not
comply with the requirements of 10.8.1, the radius of
gyration of the member shall be taken as √φ times the
actual radius of gyration where φ is as defined in
10.8.5.4.

10.8.3 Spacing of battens

Add at end:

When the spacings of the battens exceed the limits
derived from the above requirements, the strengths of
the battened member shall be assessed as described in
l0.8.5.4.
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For members with battens and their arrangements not
complying with the limits given 10.8.1, 10.8.4 or
10.8.5.1, the lowest values of the elastic critical

buckling loads PI
EY

 and P1
EX

 shall be determined as

described in 10.8.5.4 and shall be used instead of P
EY

and P
EX

.

Where in assessment of the adequacy of a battened
member, account is to be taken of measured departure
from straightness exceeding that permitted by BS5400:
Part 6, the number 200 in the denominator of
equations (1) and (2) above shall be reduced to

where

∆
s

is the departure from straightness
measured over a gauge length equal to

l
e
.

Add new Clause 10.8.5.3:

10.8.5.3 Strength assessment of non-complying
battens

Where the arrangements and sizes of the battened
member do not comply with the requirements 10.8.1,
10.8.4 or 10.8.5.1, the battens shall be of such sizes
that:

(a) the maximum bending stress does not exceed

σ
γ γ

y

m f3 

(b) the maximum average shear stress =

longitudinal shear force

Abnet

     does not exceed

σ

γ γ
y

m f31.5 3  

where A
bnet

 = Net cross sectional area of the batten;

78

10.8.4.1 Length.

Add at end:

Where the length of each batten is less than specified
above, the strength of the battened member shall be
assessed in accordance with 10.8.5.4.

10.8.4.2 Thickness.

Add at end:

Where the thickness of any batten is less than that
specified above the adequacy of such batten shall be
assessed in accordance with 10.8.5.3.

10.8.5.1 Arrangement of battens.

Add at end:

Where the arrangement of battens does not comply
with the recommendations above the battened
compression member shall be assessed in accordance
with 10.8.5.4.

10.8.5.2 Loads and moments on battens.

Add at end:

For assessment, (a) and (b) shall be modified to read:

(a) a longitudinal shear force equal to K
b
Qs/nb

(b) a bending moment, acting in the plane of

the batten, equal to K
b
Qs/2n

where

K
b

= l/2 for end battens,
for intermediate battens

=
1

2 1 2cos cos
π π
l

x
l

x+





l is the overall length of the battened
member;

x
1
,x

2
are the respective distances from
one end of the member to points a
distance s/2 either side of the
centre line of the batten under
consideration.

1 2cos cos
π π
l

x
l

x+





3.8 
∆s    

+
     1

        le
          

815
1/
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78-2

or the average maximum shear stress does not exceed

K

 

t

d
 N / mm

m f3

b

b

2
2

γ γ








whichever is the lesser
where

K is obtained from Table 10.8A

t
b

is the thickness of the batten

d
b

is the depth of the batten in the
direction parallel to the axis of the
member

b is as defined in 10.8.5.2.

Add new clause 10.8.5.4:

10.8.5.4 Strength assessment of non-complying
battened members

Where the arrangements of the battened member do
not comply with the requirements of 10.8.1, 10.8.4 or
10.8.5.1 the compressive strength of the battened
member shall be calculated in accordance with Clauses
9.1 to 9.9, 10.1 to 10.7 using effective radii of
gyration defined in 10.8.2.

The lowest values of the elastic critical buckling loads

P1
EY

 and PI
EX 

shall be taken as K times the critical
loads determined by non-linear buckling analysis of
the battened member.

where
K = 1 for welded or friction grip

    bolted battens;
= 0.7 for riveted or black bolted
   connections

Alternatively, where the arrangement of battens
complies with the requiremetns of 10.8.5.1 and battens

are equally spaced, P1
EY

 and PI
EX

 may be

Table 10.8A

d
b
/b 1.5 1.1 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2

K 87.3 36.8 32.2 25.1 19.1 14.1 9.9 6.7 4.2 2.3 1.0
(x104)

determined from Appendix M of the accompanying
Advice Note.

The factor √φ should be taken as

P

P
 or 

P

P
     as appropriateEY

EY

EX

EX

1 1

The adequacy of each main component of the battened
member shall be checked assuming it to resist, in
addition to the axial force, a bending moment about
each of the X-X and Y-Y axes equal to Qs/4 together
with the effects of transverse external forces, if any
and assuming its effective length to be equal to

lb1where Q is as defined in 10.8.5.2 and lb1, is as
defined in 10.8.3.

NOTE: Members with planes of battens in opposite
faces in which the centres of the battens are staggered
may conservatively be treated as if the battens were
not staggered.
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10.8.6.2 Loads and moments on battens

Add at end:

For assessment (a) and (b) shall alternatively be
modified to read:

(a) a longitudinal shear force equal to KbQr,s/b

(b) a bending moment acting in the plane of the batten

equal to KbQr,s/b

where Kb is as defined in 10.8.5.2

10.9.1 General

In the fourth paragraph after ‘The strength’, insert
‘of a member as a whole and’.

10.9.2 Inclination of lacing bars

Add at end:

For assessment of a laced member having lacing bars
not complying with the above limits to inclination the
critical buckling loads and strength of the whole
member shall be determined as follows:

The critical loads for buckling about the Y-Y or X-X
axes respectively may be taken as:

P1
EY = φPEY, P

1
EX = φPEX  where φ  may be derived

from:

φ π
θ θ

= +
























−

1
A  r

l

1

A  Cos  Sin  
2 e

2

2
l

2

1

where

Al is the total cross sectional area of
lacings within a laced panel in the
appropriate plane of bracings;

θ is angle of inclination of the
lacings to the axis of the member;

l = l
x
 or l

y
 as appropriate;

r = radius of gyration of the member
as a whole about the X-X or Y-Y
axes as appropriate;

Ae is the effective area of the whole
member determined in accordance
with 10.5;

PEY, PEX  are as defined in 10.8.5.2.

The strength of the member as a whole shall be
determined in accordance with 10.9.1 with the radius
of gyration about the appropriate axis taken as √φ
times the actual radius of gyration using the value of φ
appropriate to the axis considered.

10.9.3 Spacing of lacing bars

Add at end:

For assessment where the spacing of lacing bars does
not comply with these requirements, the main
components of the member shall comply with the
following requirement:

P

A

M

Z P

P

M

Z P

P
 e

x

x

EX

y

y

EY

c

m f3

+
−



















+
−



















≤1

1

1

1
1 1

σ
γ γ

where

A
e

is the effective area of cross
section of the laced member
(see Clause 10.5.2.1);

P is the axial load applied to the
laced member;

Z
x

and Z
y
 are the section moduli

of the laced member about the
X-X and Y-Y axes respectively
related to the centroid of the
main component considered;

P1
EX, 

P1
EY

are as defined in 10.9.2.

M
x

= M
ox

 + 1.2 P∆
x
;

M
y

= M
oy

 + 1.2 P∆
y
;

M
ox

, M
oy

are any applied bending
moments about the X-X and
Y-Y axes respectively in the
plane of the lacing including
that due to eccentricity of axial
load to the centroid of the
laced member;

∆x, ∆y are the maximum departures
from straightness of the laced
member in the directions
normal to the X-X and Y-Y
axes respectively measured in
the plane of the lacings over a
length between points of
effective lateral restraint to the
laced member in the relevant
direction;
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σc is the ultimate compressive stress
for buckling of the main component
about its centroidal axis perpendicular
to the plane of lacing obtained from

σc/σy in accordance with Figure 37

using l
e
 equal to the spacing of the

lacing bar intersections along the
component;

r is the least radius of gyration of the
section of the main component;

y is the distance from the axis of least
radius of gyration to the extreme
fibre of the section of the main
component;

σy is the nominal yield stress of the
material.

79-2
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80

11.1 Tension Members - General

Add at end:

This section shall cover the assessment of nominally
straight members subjected to axial tension or to
combined tension and bending. Where members act as
compression members under defined assessment
loading then they shall be assessed under section 10
unless it can be shown that sufficient redundancy or
alterative load path exists in which case such
compression may be ignored.

11.3.2 Effective area

Add at end:

For assessment the value of k
2
 shall be taken as

follows: -
1.2 where the member is B.S. 4360 grade 43 or

B.S. 15 steel;
1.1 where the member is B.S. 4360 grade 50 or

B.S. 968 steel;
1.0 where the member is B.S. 4360 grade 55 or

Thirty Oak steel;
or

1.0 0.5 1.2
y

+ −











σ
σ
ULT

but not exceeding 1.2 where the member is of steel not
complying with BS4360, BS15, BS548 or BS968

where σ
y
 and σ

ULT
 are the nominal yield stress and

ultimate stress derived in accordance with 6.2 and 6.3
respectively.
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11.3.5 Pin connected members

Add at end:

Where this requirement is not met, it shall be checked
that tearing will not occur beyond the pin hole.

11.4 Thickness at pin holes

Add at end:

Where this requirement is not complied with, it shall
be checked that local buckling will not occur beyond
the pin hole.

81
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11.6.1 Genera1

Add at end:

Where battens have been incorporated to cater for
lateral loading or vibration (or for erection and
handling during construction), and the requirements of
11.6.2 to 11.6.7 are not complied with, the battens and
their fixings shall be assessed to resist the effects of
all-loading to which they are subjected, including
wind.

82
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11.7.1 General

Add at end:

Where lacing has been incorporated to cater for lateral
loading or vibration (or for erection and handling
during construction), and the requirements of 11.7.2 to
11.7.5 are not complied with, the lacing bars and their
fixings shall be assessed to resist the effects of all
loading to which they are subjected including wind.

11.8.1 General

Add at end:

Where the above requirements are not met, the
perforated plate shall be assessed to resist the effects
of all loading to which it is subjected including wind.

11.9 Tension members with components back to
back

Add at end:

Where the requirements of 10.11.1 and 10.11.3 are not
complied with, the members and their fixings shall be
assessed to resist the effects of all loading to which
they are subjected including wind.

12.1 General

Add at end:

Bending effects shall be ignored in 12.2.2 and 12.2.3
where these are solely due to axial deformation of
members where the joints are formed using
untensioned bolts or rivets in clearance holes and any
secondary bending developed can be relieved by joint
movement.
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12.5.1 Effective length

Delete the existing text and substitute the following

Where a compression chord is not provided with a
system of lateral bracing, but is restrained laterally by
U-frames comprising cross members and truss web

members (see figure 41), the effective length l
e
 of the

chord member shall be taken as:

l
e 
= K

3
 K

5
 (E I

c
 a δ)0.25 but not less than a

where

K
3

shall be taken as 1.0 but where the
compression chord is restrained
against bending in plan at its
section over the supports of the

truss, a lower value of K
3
 shall be

obtained from figure 7(b).

K
5

= 2.5 where the trusses are
restrained at their supports against
torsion about their longitudinal axis
in accordance with 12.5.3.2, or

= π where the trusses are
unrestrained at their supports
against torsion about their
longitudinal axis.

NOTE: Where the restraint against
torsion at supports is less than

required to resist forces 2(F
U
 + Fc)

under 12.5.3.2 then linear
interpolation shall be assumed to

determine a value of K
5 
between

2.5 and π.

I
c

Is the maximum second moment of
area of the chord about the Y-Y
axis shown in figure 41;

a is the distance between U-frames;

δ is the lateral deflection which would
occur in the U-frame, at the level of the
centroid of the chord being considered,
when a unit force acts laterally to the
U-frame only at this point and
simultaneously at each corresponding
point on the other chord or chords
connecting to the same U-frame. The

direction of each unit force shall be such as to produce
the maximum aggregate value of δ. The U-frame shall
be taken as fixed in position at each point of
intersection between the cross member and an upright,
and as free and unconnected at all other points.

NOTE: ln cases of symmetrical U-frames, where
cross members and verticals are each of constant
moment of inertia throughout their own length, it shall
be assumed that

δ =
+











+ +d

E I I
d

d

usd

EI
fd1

3

1 3
1
3

3
3

2
2

2
2
2

3

where

d
1

is the distance from the centroid of the
compression chord to the nearer face
of the cross member of the U-frame;

d
2

is the distance from the centroid of the
compression chord to the centroidal
axis of the cross member of the
U-frame;

d
3

is the length of the diagonals measured
as the distance sloping from the
centroid of the compression chord to
the top face of the cross member of the
U-frame;

I
1

is the second moment of area of the
web member forming an arm of the
U-frame in its plane of bending;
NOTE: In the case of warren girder
without intermediate vertical members
then the diagonal members shall be
assumed to provide U-frame stiffness,

with I
1
 = 0

I
2

is the second moment of area of the
cross member in its plane of bending;

I
3

is the second moment of area of the
diagonals which are assumed to act as
part of the U-frame acting in their
plane of bending;

84
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u = 0.5 for an outer beam, or
= 0.33 for an inner beam, if there
are three or more beams
interconnected by U-frames;

s is the distance between centres of
consecutive main girders connected
by the U-frame;

f is the flexibility of the joint between
the cross member and the verticals
of the U-frame, expressed in
radians per unit moment: f shall be
taken as 0.5 x 10-10 rad/N mm, when
the cross member is bolted or
riveted through unstiffened end
plates or cleats (see Figure 42(a))
or

0.2 x 10-10 rad/Nmm. when the cross member is bolted
or riveted through stiffened end plates (see Figure
42(b)) or

0.1 x 10-10 rad/N mm, when the cross member is
welded right round its cross section or the connection
is by bolting or riveting between stiffened end-plates
on the cross member and a stiffened part of the vertical
or stiffened section of the chord (see Figure 42(c)).

NOTE: Values of f may be determined experimentally
or taken from test results available which shall cover
the required ultimate capacity of the joint.

In the case of the modified warren or similar trusses
(see Figure 41) the end diagonal shall be considered as
chord for the purposes of this clause.

Figure 41. Lateral restraint by U-frames

Delete the existing fgure and substitute the following
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12.5.3.1 Intermediate U-frames

In item (c), delete the expression for ‘F
c
’ and the

definitions for ‘θ, I, and d
2
’ and substitute the

following:

F
d

a
15EI

c
2

3

c

=
+

θ

δ

where

d
2
, δ, a and I

c
 are as defined in 12.5.1

θ is as defined in 12.5.2 except that it should
be calculated assuming the cross member is
simply supported.’

Add at end:

Where in assessment of the adequacy of an
intermediate U-frame allowance is to be made for
initial departures from straightness of a compression

chord F
u 
shall be calculated in accordance with

9.12.2.2 with l
e
 in accordance with 12.5.1.

Add new Clause 12.6.3:

12.6.3 Lateral bracing not providing adequate
restraint

In cases where any of the provisions of 12.6.1 or
12.6.2 are not met in assessment, such bracing shall be
ignored and assumed to provide no restraint. However,
in cases where partial restraint may be available from
any lateral bracing provided, this may be utilised
providing it can be verified by a rigorous non-linear
analysis of the complete system. Alternatively, the

values of ΣP
C
 in 12.6.2 could be restricted such that

the requirements of 12.6.2 are complied with.
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12.7 Curved members

Add at end:

Where members do not comply with requirements (a)
to (d) consideration shall be given to the following:

(1) The forces and stresses according to
9.5.7;

(2) The effects of the change in neutral
axis position due to curvature;

(3) The buckling resistance of the section
where it does not satisfy the criteria for a
compact section;

(4) Flanges must be adequate to resist
the radial component of the flange
force. Assuming the axial force in
the flange is distributed uniformly
across the width, the line load
radial force per unit width across
the flange per unit length of the
flange may be expressed as:

σ f fo

f

 t

R in a flange outstand, or

in a plate panel
between longitudinal
stiffeners and/or webs

where σ
f
, t

fo
, t

f
 and R

f
are all as defined in
9.5.7.1.

σ f
t

f

fR
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12.8.2 Detailing

Add at end:

In the case of severe changes in geometric shape such
as the presence of sharp re-entrant cuts then stress
concentration factors shall be applied.

Where b
g
/t exceeds the above limit then local buckling

of the gusset plates shall be checked, either by means
of a detailed analysis or by means of reducing the yield

stress, σ
y
, given in 12.8.1 to a value given by

0.9 106

2

×










t

bg

14.1 General

Add at end:

For assessment the term ‘fastener’ also applies to the
components of members such as screwed tie rods and
turnbuckles.

14.2.3 Serviceability limit state

Add at end:

Where, in assessment, such connections are calculated
to slip under serviceability factored loading in
accordance with 14.5.4.1.2 and no distress is apparent
at the joints (see Note 3 in 4.2.2) they shall be checked
under ultimate factored loading in accordance with
14.5.4.1.1(b) and the fatigue endurance of the joint
shall be checked assuming the fasteners to be black
bolts. If there is evidence of loose rivets in rivetted
connections then the fatigue endurance of the joint
shall also be checked assuming the fasteners to be
black bolts. Fatigue endurance shall be assessed in
accordance with 14.2.2.

Add new Clause 14.3.3.3:

14.3.3.3 Assessment

For assessment elastic analysis shall be used in
accordance with 14.3.3.1 for H.S.F.G bolts checked
for the serviceability limit state when adopted under
14.2.3, and when considering the fatigue

endurance of welds as required under 14.2.2. In other
ases, plastic analysis shall be used in accordance with
14.3.3.2.

It may normally be assumed that for the assessment of
connections in beams, all the bending is resisted by the
flanges along with any associated flange angles, and
:hat shear only is resisted by the web, provided that
this is compatible with the basis of the assessment of
the member.

14.3.4 Distabution of load to the connected
members

Add at end:

For assessment where any part of a member is
connected so that the load is not distributed over its
effective section, then it shall be assumed that the load
is dispersed from a fastener onto a connected part
within an angle of ± 45° from the direction of the
force, unless a detailed analysis is carried out which
can substantiate an improved distribution.
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14.3.5 Connection of restraints to parts in
compression

Add at end:

In cases where the connection cannot resist the forces
in (a) and (b) above, the intermediate restraint shall be
ignored, or the system may be checked making due
allowance for the maximum restraint that can be
provided, see 9.6.

14.3.6 Prying force

Add at end:

Where more than one line of bolts or rivets is present,
then in the absence of effective stiffening to reinforce
the connection, only the inner line of fasteners adjacent
to the web shall be assumed as effective in resisting the
tensile load.

The value of prying force assigned to the force H shall

only be taken as P
t
/10 providing a greater value is not

produced by either H
1
 or H

2
, where:

    

( )
( )

H P
Lt / 30ab A

a

b

a

3b
1 Lt / 6ab A

t
e

2
e

1

4 2

4
=

−

+





+



















1
2

    H
c

2a2 = −





1

8  ( )[ ]P F Lt / ac At v e− 4 218

In cases where both H1 and H2 are less than Pt/10, the

higher value of H1 or H2 shall be used. For notation
see Fig 45A in the Advice Note.

14.4.1.1 General

Add at end:

The following assumptions shall be made for
assessment:

(a) Where both surfaces of the spliced parts are
provided with covers then axial stresses shall only be
assumed in design.

(b) Where only one surface is provided with covers,
then bending effects are to be considered at the
serviceability limit state, but may be ignored at the
ultimate limit state. For the calculation of bending
effects it may be assumed that the line of action of the
axial force in the splice is located along the interface
between the parent material and the cover. The effects
of eccentricity shall be ignored when bending is
effectively prevented by:

(i) the presence of surrounding or adjacent
concrete or other solid infill, or

(ii) the presence of an element which prevents
bending of either the parent material or the
cover. This element shall be within a distance
of 12t from the furthest fastener where t is the
thickness of the parent material to which the
cover plate is attached.

Add new Clause 14.4.5:

14.4.5 Obsolete splicing methods

In older bridges, limitations on thickness of plate
which could be rolled meant that several plates were
required to build up the required section thickness.
When assessing splices in such section, consideration
shall be given to the load path through the joint to
ensure no single component is overloaded, see figure
14.4A and B.
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Figure 14.4A Force flow in typical triple plate shinglejoint

(a) Loose fillers

(b) Tight fillers

Figure 14.4B Types of filler plates.
(a) Loose fillers, (b) Tight fillers
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Add new Clause 14.5.1.5:

14.5.1.5 Assessment of non-complying arrangements

Where any of the limits in 14.5.1.1, 14.5.1.2, 145.1.3
or 145.1.4 are not complied with, allowance shall be
made for a reduced strength of the fasteners or plate in
assessment. Guidance is given in the accompanying
Advice Note.
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14.5.2 Edge and end distance

Add at end:

Where any of the above limits are not complied with,
the strength of the fastener or plate shall be reduced for
assessment purposes. Guidance is given in the
accompanying Advice Note.

14.5.3.1 General

Add at end:

Where any of the general or specific requirements of
this or any of the following sub-clauses are not met in
assessment, due allowance shall be made on the
strength of the fasteners. Guidance is given in the
accompanying Advice Note. Where black bolts have
been used in permanent main structural connections,
their assessment shall include a fatigue check, ie
generally as Class G detail. Bolts shall be assumed to
be black bolts and rivets shall be assumed to be hand
driven, unless there is evidence to the contrary.
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14.5.4.1 General

Add at end:

Friction grips bolts of types, arrangements or
tightening not in accordance with this or any of the
following sub clauses shall be assessed by reference to
14.2 and published data relating to the bolt type or by
tests on selected bolts in the structure. Guidance is
given in the accompanying Advice Note.
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95

14.6.1 General

Add at end:

In assessment of bridges known to have been welded in
accordance with Part 6 or BS5135: 1974 (or 1981),
the strength of the welds shall be determined as given
by 14.6.2.3 and 14.6.3.11. In assessment of bridges
not known to have been welded in accordance with
Part 6 nor with BS5135: 1984 (or 1981) the strengths
of the welds shall be derived in accordance with (a) to
(d) as follows.

(a) For butt welds in compression and butt welds in
tension or shear demonstrated to comply with BS5135:
table 18 quality A, the strengths may be taken as
defined in 14.6.2.3.

(b) For butt welds in tension or shear free from surface
cracks but not known to comply with BS5135: table
18 quality A the strengths shall be taken as 85% of
those derived from 14.6.2.3.

(c) For fillet welds in bridges constructed to BS153:
Part 1: 1958 or 1972 and free from surface cracks the
strengths shall be taken as 90% of those derived from
14.6.3.11 in the absence of demonstration of their
compliance with BS5135: Table 19 quality A or equal
to those strengths when such compliance has been
demonstrated.

(d) For other fillet welds free from visible surface
cracks the strengths shall be calculated in accordance

with 14.6.3.11, but replacing σ
W

=[1/2 (σ
y
 + 455)] by

0.4(400 + σ
ymin

) in the absence of demonstration of
their compliance with BS5135: Table 19 quality A, or

by 0.5(400 + σ
ymin

) when such compliance has been

demonstrated, where σ
ymin

 is the yield stress of the
weaker of the parts connected by the welds.

Where any of the general or specific requirements of
this or any of the following sub-clauses are not met,
due allowance shall be made in the assessment of the
strength of welds. Guidance is given in the
accompanying Advice Note.

14.6.2.1 Intermittent butt welds

Delete the existing clause and substitute the
following:

In the assessment of intermittent butt welds any
contribution to strength of the weld at each end of any
intermittent length, a length equal to three times the
throat thickness shall be ignored.

14.6.2.2 Partial penetration butt welds

Add at end:

The strength of partial penetration butt welds shall be
calculated as for fillet welds. For single sided joints
where transverse bending causes tension across the
root then the yield stress of the weld metal shall be
taken as 50% of the weaker of the parts joined in
assessing the resistance to transverse bending.
However, partial penetration butt welds in non-fatigue
prone connections could be assessed by reference to
BS5950. Eccentric welds need to be specially
considered.

Unless known to have been tested through procedure
trials at the time of construction or demonstrated by
testing, the throat thickness of a partial penetration
butt weld shall be taken as 90% of the nominal.
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Add new Clause 15.

15 Outmoded forms of construction

15.1 General

Some outmoded forms of construction cannot be
directly assessed even by the assessment clauses
above. This section gives guidance and methods of
assessment for certain specific outmoded forms of
construction. Any outmoded forms not covered within
this section shall be assessed by the relevant section of
the standard where possible. Where necessary
additional studies, special analyses and tests may be
beneficial to the type and form of outmoded
construction encountered, to supplement the
assessment checks carried out.

15.2 Buckle plates

15.2.1 General

Buckle plates consisting of vertically curved steel
plates supporting non-structural filling beneath
roadways or footways and spanning between
supporting steel members shall be assessed by 15.2.2
or 15.2.3 as appropriate.

15.2.2 Spans of 1.2 m. or less

Where the clear span measured between edges of
supporting members is 1.2 m. or less and complies
with the following:

(a) rise between 1
12 th and 118 th of the clear

span, and
(b) plate thickness is at least 6 mm,

the strength shall be assessed assuming arch or
catenary action where the horizontal thrust may be
taken as:

wL

8

2

r
per unit width

where
w = pressure on surface of plate due

to dead loads and distributed wheel
load. The wheel pressure
calculated is resumed to occupy the
full area of the plate, (see the
Advice Note).

L = spans of buckle plate between
supporting members

r = rise of buckle plate.

Arched (ie concave downward) buckle plates may be
checked as straight compression members in
accordance with 10.6 with η taken as a (λ - 15) when

calculating the value of σ
c
 with an appropriate

effective length of not less than 0.25L. Suspended (ie
concave upward) buckle plates may be checked as
tension members under axial load in accordance with
11.5.1. The fixings and the supporting members shall
be capable of resisting the horizontal thrust.
Concentrated wheel loads over the plate may be
dispersed at 1:1 through solid filling and at 1
(horizontal) to 2 (vertical) through loose filling.
Alternatively, the buckle plate may be considered as an
encastre flat plate in which case the effects of
horizontal thrust may be ignored.

15.2.3 Spans of more than 1.2 m.

When the clear span exceeds 1.2 m. or does otherwise
not comply with 15.2.2, then the strength shall be
assessed assuming that the plate behaves as a flat
member without benefit from arch action unless testing
or other information is made available to demonstrate
the strength under traffic loading.

15.3 Joggled stiffeners

15.3.1 Joggled stiffeners acting as transverse web
stiffeners other than at supports

Joggled or knee type stiffeners may be considered as
transverse web stiffeners. Where an axial force
resulting from application of 9.13.3.1 (c), (d), (e) and
(f) can be applied to joggled or knee type stiffeners
other than within the straight portion between joggles,
then the additional bending stress introduced by the
shape of the stiffener shall be included within the
joggle height when checking yielding of the stiffener
under 9.13.5.2.

(a) For joggled stiffeners the bending stress may be
calculated assuming that a bending moment is applied
to each stiffener leg equivalent to its axial load
multiplied by an eccentricity equal to one half of the
joggle offset.

The joggle height over which the bending stress can be
included shall be taken as at the level of the joggle and
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extending to the first fastener either side which
connects the stiffener to the web.

(b) For knee stiffeners the bending stress may be
calculated assuming that a bending moment is applied
to each stiffener leg equivalent to its axial load
multiplied by an eccentricity equal to one half of the
horizontal distance from the centroid of the stiffener to
the point of intersection of its flange with the beam
flange.

The height over which the bending stress should be
included shall be taken as from the flange in contact
with the stiffener to the first fastener where the
stiffener is connected to the web.

15.3.2 Joggled stiffeners acting as load bearing
support stiffeners

Gusseted joggled, or gusseted knee stiffeners may also
be considered as load bearing support stiffeners.
Joggled or knee type stiffeners as considered are
potentially unsuitable, but where they occur then
additional bending stress may be introduced due to the
shape of the stiffener and shall be assessed when
applying 9.14.4.1. The additional bending stress may
be calculated in accordance with 15.3.1.

15.3.3 Assessment of joggled stiffeners

9.13 and 9.14 have only been addressed above as far
as specific criteria for the assessment of joggled
stiffeners is concerned. The criteria for assessment of
such stiffeners shall use the relevant sub-clauses of
9.13 or 9.14 as appropriate to derive effective sections
and loading and assess the strength. In addition,
consideration of limitations on shape shall be
addressed in accordance with 9.3. Further guidance on
the typical form of joggled stiffeners is given in the
Advice Note.

Add new Clause 16.

16 Bearings and bearing areas

16.1 General

Bearings shall be assessed to B.S. 5400 Part 9 where
appropriate. Steel bearings of types outside the scope
of B.S. 5400 Part 9 shall be assessed using B.S. 5400

Part 3, where Part 9 is not applicable. Due
consideration shall be given in allowance for load
effects resulting from movement restraint where
freedom of the bearing is restricted or impaired.

16.2 Beams without bearings

Where beams do not have discrete bearings and bear
directly on concrete, brickwork, or masonry
substructures with or without a bearing plate or other
distributive layer then the local distribution of load to
the substructure shall be assessed taking due account
of any rotation or movement. Patch loading to the web
of the beam shall be assessed in accordance with 9.9.6
where appropriate.

16.3 Pressure distribution under bearing areas

Where the end of a beam bears directly on a
substructure without bearings a linear pressure
distribution may be assumed varying from a maximum
at the inner face of the contact area down to zero at the
far face or free end of the girder. The assumed length
of the contact area shall not exceed the length of girder
in contact, or the depth of the beam if less. For
distribution transversely or in other directions as
appropriate, a dispersal angle of 2 horizontal to 1
vertical shall be assumed through any flange angles,
flange plate(s) and bearing plate (s) present onto the
surface of concrete, brickwork, masonry or other
material of the substructure. The effective span of the
beam shall be assumed to extend from the centroid of
the contact area determined. See further guidance in
the Advice Note.

16.4 Maximum pressures under bearing areas

For concrete substructures the compressive stress in
the contact area shall not exceed those given by B.S.
5400 Part 4. Where inspection shows no evidence of
local spalling, cracking or similar distress beneath
bearing areas then the limiting strength in compression
for unreinforced concrete may be increased by a
maximum of 50%.

For masonry bedstones, stresses shall not exceed

0.4 f
cu

 where f
cu

 is the characteristic compressive
strength of the masonry. This value may be increased

to 0.6 f
cu

 where inspection shows no evidence of local
spalling, cracking or other distress. Bearing loads shall
be assumed to disperse at an angle of 1: 1 down to
supporting coursed masonry or brickwork.
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extending to the first fastener either side which
connects the stiffener to the web.

(b) For knee stiffeners the bending stress may be
calculated assuming that a bending moment is applied
to each stiffener leg equivalent to its axial load
multiplied by an eccentricity equal to one half of the
horizontal distance from the centroid of the stiffener to
the point of intersection of its flange with the beam
flange.

The height over which the bending stress should be
included shall be taken as from the flange in contact
with the stiffener to the first fastener where the
stiffener is connected to the web.

15.3.2 Joggled stiffeners acting as load bearing
support stiffeners

Gusseted joggled, or gusseted knee stiffeners may also
be considered as load bearing support stiffeners.
Joggled or knee type stiffeners as considered are
potentially unsuitable, but where they occur then
additional bending stress may be introduced due to the
shape of the stiffener and shall be assessed when
applying 9.14.4.1. The additional bending stress may
be calculated in accordance with 15.3.1.

15.3.3 Assessment of joggled stiffeners

9.13 and 9.14 have only been addressed above as far
as specific criteria for the assessment of joggled
stiffeners is concerned. The criteria for assessment of
such stiffeners shall use the relevant sub-clauses of
9.13 or 9.14 as appropriate to derive effective sections
and loading and assess the strength. In addition,
consideration of limitations on shape shall be
addressed in accordance with 9.3. Further guidance on
the typical form of joggled stiffeners is given in the
Advice Note.

Add new Clause 16.

16 Bearings and bearing areas

16.1 General

Bearings shall be assessed to B.S. 5400 Part 9 where
appropriate. Steel bearings of types outside the scope
of B.S. 5400 Part 9 shall be assessed using B.S. 5400

Part 3, where Part 9 is not applicable. Due
consideration shall be given in allowance for load
effects resulting from movement restraint where
freedom of the bearing is restricted or impaired.

16.2 Beams without bearings

Where beams do not have discrete bearings and bear
directly on concrete, brickwork, or masonry
substructures with or without a bearing plate or other
distributive layer then the local distribution of load to
the substructure shall be assessed taking due account
of any rotation or movement. Patch loading to the web
of the beam shall be assessed in accordance with 9.9.6
where appropriate.

16.3 Pressure distribution under bearing areas

Where the end of a beam bears directly on a
substructure without bearings a linear pressure
distribution may be assumed varying from a maximum
at the inner face of the contact area down to zero at the
far face or free end of the girder. The assumed length
of the contact area shall not exceed the length of girder
in contact, or the depth of the beam if less. For
distribution transversely or in other directions as
appropriate, a dispersal angle of 2 horizontal to 1
vertical shall be assumed through any flange angles,
flange plate(s) and bearing plate (s) present onto the
surface of concrete, brickwork, masonry or other
material of the substructure. The effective span of the
beam shall be assumed to extend from the centroid of
the contact area determined. See further guidance in
the Advice Note.

16.4 Maximum pressures under bearing areas

For concrete substructures the compressive stress in
the contact area shall not exceed those given by B.S.
5400 Part 4. Where inspection shows no evidence of
local spalling, cracking or similar distress beneath
bearing areas then the limiting strength in compression
for unreinforced concrete may be increased by a
maximum of 50%.

For masonry bedstones, stresses shall not exceed

0.4 f
cu

 where f
cu

 is the characteristic compressive
strength of the masonry. This value may be increased

to 0.6 f
cu

 where inspection shows no evidence of local
spalling, cracking or other distress. Bearing loads shall
be assumed to disperse at an angle of 1: 1 down to
supporting coursed masonry or brickwork.
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B.2 Restraint of torsional warping

In the definition for J, delete "B" and replace by "W".

In the definition for B, delete "B" and replace by "W".

102

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



A/240  November 1996

Annex A
Volume 3   Section 4

Part 11 BD 56/96

ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.s
ta

nd
ar

ds
fo

rh
ig

hw
ay

s.
co

.u
k 

on
 2

6-
A

pr
-2

02
5,

 B
D

 5
6/

96
, p

ub
lis

he
d:

 N
ov

-1
99

6



Volume 3   Section 4
Part 11 BD 56/96 Annex A

 November 1996 A/241ELECTRONIC COPY NOT FOR USE OUTSIDE THE AGENCY.
PAPER COPIES OF THIS ELECTRONIC DOCUMENT ARE UNCONTROLLED

B.3.2 Corner stresses

Add the following at the end of the definition for R
D
:

"or from

R

1
B

B

D

D

d

B

2B

B B

B

B B
V 2

B

B

D

D

d

B

D

T

B

YT

YC T

B

T B

B

T B
D

B

T

YT

YC T

=
+

+






 +

+






 − +







 +









1

where V
D
 is as defined in B.42"
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B.3.4.2 Strength

Delete the whole clause and substitute the following:

“(a) A plate diaphragm should be capable of

resisting a shear stress τ
D
 given by:

τD
d

T

2BDt
=

where

t
d

is the thickness of the
diaphragm plate

B is as defined in 9.17.2.7, ie
the average of the widths at
the top and bottom flanges

D is as defined in B.2.

T is the torque due to loads
applied to the deck at or
adjacent to a diaphragm
against which the diaphragm
provides distortional
restraint. Any such torque
due to loads applied
between diaphragms should
be apportioned to adjacent
diaphragms by elastic
analysis.

(b) A cross frame consisting of a pair of cross
braces connecting both pairs of opposite
corners of the box, in which both braces are
considered to be simultaneously effective,

should be capable of carrying a force F
B
 in

each brace, given by:

F
TL  B

BD BB
p B

T

=
4

where

T, B and D are as defined in (a)

B
B
 and B

T
 are as defined in B.2

L
p
 is as defined in B.3.4.3.

(c) A V-braced cross frame with the V centred
in the top or bottom flange, in which both
braces are considered to be simultaneously

effective, should be capable of  carrying a force F
B
 in

each brace, as given by:

where
T, B and D are as defined in (a)

L
b
 is as defined in B.3.4.3.”

B
B
 and B

T
 are as defined in B.2.

3.4.3 Stiffness

Delete the whole clause and substitute the following:

"Where the effect of distortional warping is to be
considered, a cross frame or a diaphragm should have
dimensionless stiffness S not less than the value tained
from table 17.

where

S
Gt L K

2A L
 d p b

p D

=
2 2δ

for plated diaphragm,

or

S
EA K

L L
 b b

D P

=
δ2

for a cross braced cross frame 

or

S
EA L K

L L
 b p b

D b

=
2 2

34
δ

for a vee braced cross frame 

105-1

irrespective of whether the centre
of the V is at the top or bottom
flange, alternatively

FB =
  TL

b 
B

B

              
2BD B

T

4L
D
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S
K

KL
 R=

D  

for an unbraced ring cross frame with 

                  

S
P K

L
 p b

p D

=
δ2

∆
for any type of cross frame 

∆
p

is the change in length of the diagonal L
p

calculated to occur under the system of

diagonal forces P
p
 as shown in the figure

below. This method of deriving stiffness
may be used for any type of frame including
those given above.

L
p

= √ (D2 + B2) is the length of the
diagonal

L
b

is the length of the brace

A
p

= BD is the surface area of the
plated diaphragm

A
b

is the area of cross section of brace

δb
B p

BD

KB L
= 4

is a unit length flexibility

B = (B
T
 + B

B
)/2 is the average width of the

box girder

constant-section framing members

including a ring cross frame

L
D
 and K are as defined in B.3.2

K
R

is the value of K
derived by taking

D
YT

,D
YB

 and D
YC

 as
the flexural rigidities of
the effective framing
members attached to
the top and bottom
flanges and webs
respectively and d equal
to the distance between
the centroids of the
effective sections of the
top and bottom framing
members

B
T
 B

D
 and D are as defined in B.2.”
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105-3

Table 17 Diaphragm stiffness S

Delete the existing table and substitute the following table:

Single torque Uniformly
distributed torque

βL
D

For σ
DW

For σ
DB

For σ
DW

For σ
DB

2.65 0 0 0 0
2.0 0 5 0 20
1.6 0 10 0 70
1.0 10 50 100 500
0.8 50 100 200 1 000
0.5 500 1 000 200 10 000
0.3 2 000 10 000 200 20 0000

Note: For intermediate values of βL
D
 values of S may be obtained by logarithmic interpolation.
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B.4.2 Corner stresses

Add the following at the end of the definition for V
D
:

"or from

V

D

D

d

B

B

B

B

B

D

D

d

B

B

B

B

B

D

D

B

B

D

YT

YC T

B

T

T

B

YT

YC T

B

T

B

T

YT

YB

B

T

=
+







 +











+






 + + +



































+






















2 1

1 1 2 1
2 3
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Appendix D

Patch loading on webs: buckling consideration

Delete the contents of the existing appendix and
substitute as follows:

D.1 Beams without longitudinal stiffeners on web.

The limiting value of patch load P on each web in its
plane should be taken as the lesser of

(a) web buckling criterion

0.5  E
t

t
  1

3w

d

t

t
  1

1t
w

2
yw

f

w

w

f

1.5
f

yw

2 0.5

m f3

0.5

σ σ
σ γ γ







 +





















−
























(b) web yielding criterion

( ) 2t B t t w   1
1

f yf yw f w
0.5

yw w
f

yw

2 0.5

m f3
σ σ σ σ

σ γ γ
+





−
























where

t
f

is the flange plate thickness

t
w

is the web plate thickness
w is the width of the patch load (see 9.5.6

and figure 6) but to be taken not greater
than 0.2d

B
f

is the width of the flange plate
d is the depth of the web in its plane

σ
yf

and σ
yw

 are the nominal yield stresses of the
material of flange and web, respectively

σ
f

is the longitudinal stress in the flange due to
bending moment and/or axial force on the
beam. For a compact section the bending
stress may be calculated on the basis of its
plastic modulus

γ
m

is taken as 1.05 for the ultimate
limit state.

D.2 Beams with longitudinal stiffeners on web.

The limiting value of patch load P on each web in its
plane should be taken as the lesser of the limiting values
given in D.1(a) multiplied by a factor K or D.1(b)

where

K = 1.28 - 0.7 (b/d) but not less than
1.0 or greater than 1.21

b is the clear distance between the
flange and the longitudinal web
stiffener nearest to the flange,
which complies with 9.11.5.
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Appendix E Transverse moments in compression
flanges: U-frame restraints

In the definition for σ
ci
, item (a), replace "9.1.2.2"

with "9.12.2.2"
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Add new Appendix H

Appendix H

Derivation of nominal yield stress for assessment

H.1 General

The following methods may be used to derive values of

the nominal yield stress, σ
y
, for use in the assessment

of existing bridges. Although written in terms of yield
stress some methods may also be used to assess
ultimate tensile stress.

H.2 Yield stress based on specifications

In the assessment of existing bridges the nominal yield
stress for steels specified to comply with BS EN 10
025 or BS 4360 shall be taken as the values defined in
6.2. For steels to BS 15, BS 548, BS 968 or BS 2762
and thickness up to 63mm the nominal yield stress may
be taken as the minimum value specified in the relevant
Standard for material appropriate to the thickness of
16mm irrespective of the actual thickness of the
component. The issue of the Standard referred to
should be that current at the date of fabrication. When
the material quality specified is not known and no test
information is obtained the steel may be assumed to be
a mild steel grade with specified minimum yield stress
in BS 15 or BS 4360 appropriate to the date of
construction provided that the steel can be identified,
by means of trade marks or names, as being made by a
British supplier.

H.3 Yield stress based on tests of the material in the
component to be assessed

If a tensile test in accordance with BS 4360 is
undertaken on a sample taken from a particular
component to be assessed at the location within its
cross section defined in BS 4360 the nominal yield
stress of that component may be taken as the measured
value.

H.4 Yield stress based on mill test certificates or
tests on samples

H.4.1 Yield stress based on mill test certificates or
tests on samples taken from existing structures
composed of BS EN 10 025, BS 4360, BS 15, BS
548, BS 968 or BS 2762 steel

When in assessment mill test certificates for the
material used are available or tests are undertaken on
the materials for representative parts the yield stresses

derived from these may be used to derive the nominal
yield stress as follows, provided that the materials were
specified to one of the above Standards.

(a) If mill test certificates are available which can be
identified as applying to the cast number and product
type of the component being assessed but not necessarily
to a particular batch from which the component was
rolled, or the results of tests in accordance with BS 4360
on samples taken from components of the same profile
and the same structure as the part to be assessed are
obtained, the nominal yield stress of that component
may be taken as the greatest of:

(i) σ
y
 = the value derived from H.2

above

(ii) σ σy ym
n

n
= − +











1 0.128 
1

where σ
ym

is the mean of the yield
stresses on the relevant
certificates or obtained from
the tests;

n is the number of relevant
certificates or test results.

(iii)

σ
σ

σ

y
ym

ym

k s
=

− ∗

+ ∗









1.2 

0.93 17.4 
s

2

where σ
ym

is as defined in H.4.1(a)
above

s* is the standard deviation

from σ
ym

 of the relevant test
results

k is a statistical coefficient
values of which are given in
Table H.4A for various
numbers, n, of relevant test
results

If a mill test certificate is available which can be
identified as applying to the particular batch of material
from one cast or a 40 tonne part of cast from which
component being assessed was rolled, or the result a test
on a sample taken from the component is obtained the
nominal yield stress may be taken as:

σ
y

= σ
yt

 - 10 N/mm2
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where σ
yt

, is the yield stress given on the
certificate or obtained from the test
in N/mm2

Table H.4A: Values of statistical coefficient k

n 2* 3* 4* 5 6 7 8 9 10 11
k 25 7.66 5.14 4.20 3.71 3.40 3.19 3.03 2.91 2.82

n 12 13 14 15 16 17 18 19 20 21
k 2.74 2.67 2.61 2.57 2.52 2.49 2.45 2.42 2.40 2.37

n 22 23 24 25 26 27 28 29 30
k 2.35 2.33 2.31 2.29 2.28 2.26 2.24 2.23 2.22

n 35 40 45 50 60 70 80 90 100∞∞∞∞∞
k 2.17 2.13 2.09 2.07 2.02 1.99 1.96 1.94 1.93 1.65

NOTE:  * The use of less than five test results is not recommended.

H.4.2 Yield stress in existing structures composed of
other or unidentified steels:

When the steel material is not known to comply with
BS EN 10 025, BS 4360, BS 15, BS 548, BS 968 or
BS 2723, tests should be undertaken on samples taken
from the components or similar components in the same
structure to determine the yield stress and the nominal
yield stress should be derived in accordance with H.4.1
(a) (iii) above.

H.5 Worst credible yield stress

When none of the methods in H.2 to H.4 can be applied,
the nominal yield stress may be taken as the worst
credible yield stress, being the value judged to be the
least that the actual yield stress would have. In this
context, the results of hardness testing (see 6.3) may
be used to provide an estimate of the U.T.S. from
which the grade of steel may be judged.
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Appendix I

Inspections for assessment

I.1 General

Inspections for Assessment should comply with the
aims and provisions of BD21 and with the
recommendations given below.

I.2 Criticality ratings

The nature and extent of inspections should be related
to:

(a) the prior knowledge of the construction of the
bridge, including as-built drawings, construction
procedures, dimensional surveys and material property
data; and

(b) the criticality of each part of the bridge in relation
to its overall and local structural adequacy.

A preliminary inspection should be undertaken to
establish the following:

(1) In the absence of drawings or previous dimensional
surveys of any part of the whole of a bridge, the layout
dimensions and nominal component sizes should be
recorded. Details of all accessible connections should
be measured and the locations of any inaccessible
parts or connections should be noted. Locations of
significant visible damage, deterioration or cracking
should be recorded.

(2) If design drawings but no as-built drawings or
previous dimensional surveys are available, the layout
dimensions should be checked against the design
drawings and nominal component sizes used should be
verified. Connections should be visually inspected for
compliance with the drawings and any variation in
location or arrangement noted. Locations of significant
damage, deterioration or cracking should be recorded.

(3) For bridges in which the load effects are sensitive
to errors in level inclination or common planarity of
bearings and for which no as built records of these are
available the bearings should be surveyed and the
errors recorded.

(4) If as-built drawings and/or previous surveys are
available no preliminary inspection is needed.

Following any preliminary inspection an initial
assessment of the adequacy of the structure should be
undertaken using the best information then available.
This should be used to establish the relative criticality
of each part and to identify what further information is
required to enable the final assessment to be
undertaken. At this stage pessimistic assumptions
should be made with respect to any relevant
parameters for which information is lacking (eg
material properties, or constructional imperfections).
Those parts shown as likely to be inadequate should be
identified on drawings to be used for reference in a
detailed inspection. They should include parts shown
by the preliminary inspection to be significantly
corroded or deteriorated.

I.3 Detailed inspections

The detailed inspection of a bridge should supplement
the information concerning the details and conditions
obtained in the preliminary survey as set out in I.4 to
I.6.

I.4 Structural arrangements and sizes

The section dimensions of components at critical
locations should be measured. Dimensions of
connections and their connectors should be recorded,
including weld sizes.

I.5 Constructional imperfections

All components should be visually inspected for gross
deformations from intended flatness or straightness.
Additionally for all critical parts, the strengths of
which are related to geometric imperfections, detailed
measurement of deviations should be made in
accordance with Clause 5.6 of BS5400 Part 6 or as
otherwise defined in the assessment addenda to
BS5400 Part 3.
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The alignments of all bearings in relation to load
bearing stiffeners and/or diaphragms should be
measured. The coincident ambient temperature of the
main bridge members should be recorded and
appropriate adjustment made to the eccentricities or
alignment to allow for the differences between the
observed and the effective bridge temperature relative
to the assessments required.

I.6 Condition

At all locations where corrosion, deterioration or
damage is apparent, its significance should be assessed
by reference to the criticality ratings and where
appropriate detailed measurements should be made of
loss of section and/or investigations should be
undertaken of potential influences on fatigue life or
fracture propensity.

Connections in critical regions should be subjected to
detailed inspection. Paint should be removed from
welds and the welds subjected to 100% MPI
inspection. For fatigue critical connections the welds
should be also subjected to full ultrasonic examination.
All bolted and riveted connections should be inspected
for loss or looseness of connectors. Friction grip
bolted connections should be tested for tightness by
application of the appropriate torque to a
representative sample of nuts.

I.7 Material properties

Where there is inadequate information concerning
material properties for critical parts, samples should
be taken for mechanical testing. To make use of results
of such tests in accordance with Section 6, the samples
should be taken in the same structure and considered
to be likely to have been supplied from the same batch
of material. Where possible such samples should be
taken from a position on a member remote from its
critical region. The locations of the samples within a
section should be relevant to the strength criteria being
used (e.g. within a flange of a beam when considering
bending capacity) and in accordance with BS 4360.

Test specimens and tensile testing should be
accordance with BS 4360. Strain rates in testing
should be similar to those used in mill testing. In
taking samples great care must be exercised to avoid
the introduction of unacceptable stress concentrations
in the structure and the modifications of the properties
of the samples due to any heat input.
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