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Foreword

The present edition of BS 153 Parts 3B and 4 is a metric edition of that published in 1958. Included in the
present edition are the eight amendments published as well as those amendments needed to give the designer the
information required to use the higher tensile steel, grade 55, which is included in BS 4360.

A revised British Standard on bridges is in course of preparation but is not due for publication for some time.
As many designers are working in SI units this edition has been written in SI units in place of the previous
imperial and c.g.s. units.

The values of the SI units represent the equivalents of the values of the imperial units rounded to convenient
numbers. Where the value of Young’s modulus occurs in a calculation, the values have been revised using a value
of £=205 x 10°* N/mm?2

BS 153 was first published in two volumes: Parts 1 and 2 (Materials and Workmanship) in 1922 and Parts 3, 4
and 5 (Stresses, Construction and Erection) in 1923. These two volumes were then revised in 1933 and 1937
respectively.

As a result of modifications in the loading requirements for railway and highway bridges and of advances in
experimental research leading to developments in design procedure, a further revision became necessary.

Q Agreement having been reached on loading requirements, it was considered advantageous to precede the revision
of 1958 with the issue in 1954 of Part 3A, ‘Loads’. This part replaced Clauses 1 to 12 of Part 3 :1937 and

Appendix No. 1 of Part 3 : 1925. Documents
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The work of revising the remaining parts of BS 153 was completed in 1958; these were re-grouped, and all the
Parts were published under the authority of the Iron and Steel Industry Standards Committee in three volumes:

Part 1. Materials and workmanship.

Part 2. Weighing, shipping and erection.
Published 1958

Part 3A. Loads. Published 1954

Part 3B. Stresses.

Part 4. Design and construction.
Published 1958

The standard was considerably enlarged in that revision, and the design and fabrication procedures were
brought up to date with a view to ensuring consistent methods leading to maximum efficiency in the finished
structure.

Except where otherwise stated, references in this standard to bolts and nuts apply to bolts and nuts in
accordance with 1.2.1 and 1.2.2 of Part 1. The use of high strength friction grip bolts in accordance with 1.2.3 of
Part 1 is governed by 4.1.2 of Part 4.

For convenience, the amendments made to BS 153 : Parts 3B and 4 : 1958 are as follows:

Amendment No. 1 (PD 3508, issued in September 1959 and incorporated in the 1963 reprint) was
necessitated by amendments to the specified yield stresses for steels to BS 15 and BS 2762; as a consequence in
Part 3B, Tables 3, 4, 9 and 10 were changed, together with Clauses 7, 8, 9, 10 and 11. In Part 4, minor changes
were made to 2.2, 2.3 and 3.3.

Amendment No. 2 (PD 4071, issued in March 1961 and incorporated in the 1963 reprint). In Part 3B editorial
changes were made to the first paragraph in Clause 3 and also in Table 1. In Part 4 further editorial changes were
made to 2.2, 2.3, 2.8, 3.4 and 3.9, and 1.7 and 3.2 were revised, reducing the effective width of plates in
compression. .

Amendment No. 3 (PD 4638, issucd in August 1962) introduced the following changes:

The last paragraph of the Introduction was changed to make reference to the use of high strength friction
grip bolts.

In Part 3B, changes were made to Table 3, increasing stresses for rivets and bolts; to Clause 8, introducing
values for H.T. welds, and to Clause 11 (editorial).

In Part 4, changes were made to 1.10, 3.9, 4.1 and 4.6, introducing grip bolts; editorial changes were also
made.

Amendment No. 4 (PD 4639, issued in August 1962) introduced the following changes:

In Part 3B, the whole of Clause 6 and Table 2 dealing with fatigue were replaced, and Figs. 1 to 3 were
added.

Amendment No. 5 (PD 5039, issued in October 1963) introduced the following changes:

In Part 3B changes were made to Clauses 12 and 15 to make reference to cast iron rollers.

Amendment No. 6 (PD 5213, issued in April 1964) introduced the following changes:

In Part 3B, the stresses in fillet welds (8.2) were changed and Tables 9 and 10 were extended for greater
values of d/r.

In Part 4, 1.7.1 and 3.2.4 were changed, reducing the effective width of plates in compression in as-welded
members.

Amendment No. 7 (PD 5749, issued in March 1966) introduced the following changes:

The Foreword was rewritten and Clause 2 of Part 3A was added. References to BS 548 were deleted.

In Part 3B, Clause 6, welding classes D, F and G, together with Figs. 1 to 3, were modified; corrections were
made to the stress values for V=600 000 cycles in Table 2. Changes to the stresses in Clauses 7 and 9 were
made.

In Part 4, Fig. 1 (1.13) was deleted and 2.5 was replaced by a new clause. Minor changes were made to
Clauses 1.1, 2.4, 2.9. 3.14, 4.11 and 4.14.

Amendment No. 8 (AMD 93, issued September 1968) was issued after the publication of BS 4360, ‘Weldable
structural steels’. It introduced the grades of steel in BS 4360 which were approximately equivalent to the steels
previously specified in BS 15, BS 968 and BS 2762.

The amendments contained in this edition supersede those of Amendment No. 8.
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e ) e e T 3 e e e v P e e e S,
British Standard Specification for

Steel girder bridges

Part 3B. Stresses
Part 4. Design and Construction

T e e e e S e e S S TTT,.

Q Scope of BS 153

This specification is primarily intended to apply to the superstructure of simple supported steel bridges of spans
up to 100 m. Where appropriate the requirements of the specification may be adopted for larger spans or other
types of steel bridges, but care should be taken, in these circumstances, to make whatever amendments are
necessary for fixity at the supports, continuity and other indeterminate or special conditions, such as, for
instance, may apply to opening bridges.

NOTE 1. The titles of the British Standards referred to in this standard are listed on the inside back cover.
NOTE 2. Attention is drawn to the fact that equations in the text, for which no units are specified, are applicable in any system
of units, imperial or metric, provided the unit of length and the unit of force used in an equation are consistent throughout.

%4

Part 3B. Stresses

Clauses 2 and 16 of Part 3A and repeated below for convenience of reference.
The types of loading HA and HB referred to below are described in Appendix A of Part 3A.

FORCES TO BE TAKEN INTO ACCOUNT
{Clause 2 repeated from Part 3A)

For the purpose of computing stresses the following items shall, where applicable, be taken into account:

(1) Dead load.
@ (2) Live load.
(3) Impact effect.
(4) Lurching effect.
(5) Nosing effect.
(6) Centrifugal force.
(7) Longitudinal force.
(8) Wind pressure effect,
(9) Temperature effect.
(10) Resistance of expansion bearing to movement.
(11) Forces on parapets.
(12) Erection forces and effects.
(13) Forces and effects due to earthquakes, ice packs, subsidence and other similar causes.

Subject to the provisions of other clauses, all forces shall be considered as applied and all loaded lengths
chosen in such a way that the most adverse effect is caused on the member under consideration.

COMBINATION OF FORCES
(Clause 16 repeated from Part 3A)

The following combinations of forces shall be considered:

@ (1) The worst combination possible of dead load with live load, impact, lurching and centrifugal force.
When a member whose primary function is to resist longitudinal and nosing forces due to live load is under
consideration the term live load shall include these forces. Documents
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(2) The worst combination possible of any or all of the forces listed under (1) to (11) inclusive in Clause 2.
(3) The worst combination possible of forces during erection.
(4) The worst combination possible of any or all of the forces listed in Clause 2, at the discretion of the engineer.

1. Allowable working stresses for combinations of forces

1.1 For the forces of Combination (1) above, the allowable working stresses shall be those stresses given in
Clauses 7 to 18 inclusive, except for type HB loading or wheels 112 kN force of type HA loading, when an
increase of 25 % shall be allowed (but see Clause 6).

1.2 For the forces of Combination (2) above, the allowable working stresses shall be those stresses given in
Clauses 7 to 18 inclusive increased by 25 % except for type HB loading or wheels 112 kN force of type HA
loading, when an increase of 30 % shall be allowed (but see 3.3 and 3.4).

1.3 For the forces of Combination (3) above, the allowable working stresses shall be those stresses given in
Clauses 7 to 18 inclusive increased by 30 %. Additional material shall be added or other provision shall be made
to keep stresses during erection within that limit (but see 3.4).

1.4 For the forces of Combination (4) above, the allowable working stresses to be used shall be at the discretion
of the engineer.

2. Induced stresses and relief of stresses

2.1 The stresses induced in the bracing members or other parts of a structure by strains due to stress and
temperature in adjacent members shall be taken into consideration.

2.2 In determining the maximum stress in any member of a bridge it is permissible to take into account any relief
afforded the member by adjoining parts. In determining the amount of relief, the secondary stresses, if any, in the
member shall be determined and considered with the other co-existent stresses. Such relief may be taken into
account only if the relieving parts have been suitably designed and are effectively attached to the member.

3. Secondary stressas

3.1 In the design of triangulated structures, axial stresses in members are usually calculated on the assumption
that:

—

all members are straight and free to rotate at the joints;
all joints lie at the intersection of the centroidal axes of the members;
all loads, including the weight of the members, are applied at the joints.

These stresses are defined as primary stresses.
In practice these assumptions are not realized and consequently members are subjected not only to axial stress
but also to bending and shear stresses. These stresses are defined as secondary stresses and fall into two groups:

(1) stresses which are the result of eccentricity of connections and of off-joint loading generally (i.e. loads
rolling direct on chords, self weight of member and wind loads on member),
(2) stresses which are the result of the elastic deformation of the structure and the rigidity of the joints.

3.2 Such structures shall be designed, fabricated and erected in such a manner as to minimize as far as possible
secondary stresses.

3.3 Secondary stresses which are the result of eccentricity of connections and of off-joint loading generally
3.1(1), shall be computed and combined with the co-existent axial stresses in accordance with Clause 5, but
secondary stresses due to the self weight and wind on the member shall be ignored in this case.
3.4 Secondary stresses which are the result of the elastic deformation of the structure and the rigidity of the ,;
joints 3.1(2) need not be calculated for a truss in which the ratios of the width of the members (in<he plane of
distortion) to their lengths between centres of intersections are not greater than 1/12 for chord Q&MJ}HENtS
Document Sharing Hub
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1/24 for web members, provided that the allowable working axial tensile stresses are reduced by 10 % in all web
members in which axial stresses due to live load and its dynamic effects are greater than those due to dead load.

3.5 Where, for any combination of loading, all secondary stresses due to eccentricity of connections and off-joint
loading generally, and to the elastic deformation of the structure combined with the rigidity of the joints, are
computed and combined with the co-existent axial stresses in accordance with Clause §, the appropriate allowable
working stresses shall be increased by 20 %.

3.6 Structures may be prestressed to counteract the effects of secondary stresses, in which case it is permissible
to ignore these stresses in the members relieved.

4. Stresses for design

All members shall be designed for the most severe combination of forces as set out in Clause 1. The primary
stresses shall not exceed the appropriate values given in Clauses 7 to 18. The combined primary and secondary
stresses shall be in accordance with the appropriate requirements of Clause 3.

Table 1 gives the total variation in allowable stresses after combining the provisions of Clause 1 and Clause 3.
The values given in the table do not allow for the effect of fluctuations in stresses, which must be dealt with
under Clause 6, while stresses arising from combinations of bending, bearing and shear are subject to the
provisions of 11.2.

NOTE. Attention is drawn to the necessity of the engineer’s ensuring that any assumptions made in the design are such that the
modified stress permitted in Table 1 will not, in fact, be exceeded in the structure.

5. Combined bending and axial stresses

5.1 Bending and axial compression. Members subjected to both axial compressive stresses and bending stresses
shall be so proportioned that the quantity

fic , e

Dac  Pue
does not exceed unity, where

fac = the calculated axial compressive stress;
*p,e = the allowable working stress in axially loaded compression members (see Clause 10);
fuc = the calculated maximum compressive stress due to bending about both principal axes, including
secondary stresses if any;
*nue = the appropriate allowable working compressive stress in bending (see Clause 11).

5.2 Bending and axial tension. Members subject to both axial tensile stress and bending stress shall be so
proportioned that the quantity

fat , Fot
Pat Dot
does not exceed unity, where
fat = the calculated axial tensile stress;
*Pat= the basic permissible axial tensile stress (see Clause 7);

fot = the calculated maximum tensile stress due to bending about both principal axes, including secondary
stresses if any;
*ppe = the basic permissible tensile stress in bending (see Clause 7).

* Where an increase or reduction in allowable working stresses is specified, both p,. and py and both p,; and py¢, shall be the
“increased or reduced allowable working stresses as directed in the relevant clauses. D ocum ent S
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Table 1. Total variation in allowable stresses

Case 1 refers to all loadings excluding Type HB loading and the 112 kN force wheel loads of Type HA loading.
Case II refers to all loadings when combined with Type HB loading or the 112 kN force wheel loads of
Type HA loading.

Increase or decrease of
allowable stresses given in
Clauses 7 to 18 inclusive

Stress combination (but see Clauses 6 and 11.2).
Case | Case II
%o %
A. Solid web girders and Vierendeel trusses
Combination of forces (1) no increase 125
(2) +25 ' +30
3) +30 -

B. Triangulated structures.

1. Primary stresses only or where primary stresses are combined with
calculated secondary stresses of 3.1(1) (self weight and wind on
member ignored) and with secondary stresses of 3.1(2) left uncalculated
but provided for as in 3.4.

a. All members except tension web members where stresses due to live
load and its dynamic effects are greater than those due to dead load.

Combination of forces (1) no increase  +25
2) ' +25 +30
3) +30 —

b. Tension web members where stresses due to live load and its dynamic
effects are greater than those due to dead load.

Combination of forces (1) —10 +12.5
(2) +12.5 +17
(3) +17 -

2. Where primary stresses are combined with calculated secondary stresses
of both 3.1(1) (including self weight of members and wind on members)

and 3.1(2).
Combination of forces (1) +20 +50
(2) +50 +56
(3) +56 -
C. Maximum stresses due to Combination (4) At the discretion of the
engineer

6. Fluctuations of stress (fatigue)

NOTE. Members which are subjected to fluctuations of stress are liable to suffer from fatigue failure, and this may be caused by
loads which are very much lower than those which would be necessary to cause failure under a single application. The initiation of
fatigue cracks is due, primarily, to stress concentrations introduced by the constructional details. Discontinuities such as bolt or
rivet holes, welds and other local or general changes in geometrical form set up such stress concentrations from which fatigue
cracks may be initiated, and these cracks may subsequently propagate through the connected or fabricated member.

6.1 General, All details shall be designed to avoid, as far as possible, stress concentrations likely to result in
excessive reduction of the fatigue strength of members or connections. Care shall be taken to avoid sudden
changes of shape of a member or part of a member, especially in regions of tensile stress or locﬁsecondary
bending, and steps shall be taken to avoid aerodynamic and similar vibrations. ocuments
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6.2 Loads and stresses to be considered. Working stresses shall be reduced, where necessary, to allow for the
effects of fatigue, as described below. Allowance for fatigue shall be made for combinations of stresses due to
dead load, live load, impact, lurching and centrifugal force, including secondary stresses as defined in 3.1(1).
Stresses due to wind, temperature and longitudinal and nosing forces, and secondary stresses, as defined in 3.1(2)
may be ignored in considering fatigue.

Elements of a structure may be subjected to a very large variety of stress cycles varying both in range
(fnin/fmax) and in magnitude (fnax) of maximum stress. Each element of the structure should be designed for the
number of cycles of different magnitudes to which that element is liable to be subjected during the expected life
of the structure. The number of cycles of each magnitude must be estimated by the engineer in the light of
available data regarding the probable frequency of occurrence of each type of loading. For bridges carrying
railway tracks on British Railways and London Transport, these are given in Appendix E of Part 3A.

The working stresses referred to below are the principal stresses at the point under consideration. Thus, in the
design of girder webs, the combined effect of both bending and co-existent shear stresses shall be considered.

In order to allow for the effect of fatigue the procedure set down in 6.4 shall be followed, using the
information supplied in Table 2. This table covers mild and high yield stress steels fabricated or connected by
welding, riveting or bolting, as described below, giving the maximum allowable stress p for different values of
Funin/fmax and N, or, conversely, values of NV for different values of fiin/fmax and fmax, where

p = maximum allowable tensile or compressive working stress;

Jmin = the minimum stress in the element during a particular stress cycle;
fmax = the maximum stress in the element during the same stress cycle;
N = the allowable number of repetitions of this stress cycle.

63 Allowable working stresses

6.3.1 In the case of members subjected to a number of repetitions, n, of a single stress cycle, the allowable
working stresses shall be those given in Table 2, taking 7 = NV and fmax = p. In such cases, if the stress level fiax 1S
smaller than the allowable stress p specified for 107 cycles, fatigue need not be considered.

6.3.2 In the more general case of members subjected to a stress spectrum, i.e. to number of cycles iy, n, etc. of
different maximum stress levels fy, fa, etc., or of different ratios of finin/fmax, OF both, the following design
method shall be used:

(1) All cycles with a maximum stress equal to or lower than the allowable stress quoted in Table 2—Class G
for 108 cycles and for the relevant ratio of fiin/fmay shall be ignored.

(2) Where the loading conditions do not give rise to groups of clearly defined stresses, all stresses greater
than the allowable stress obtained from Table 2—Class G, as defined in (1) above, shall be divided into at least
five selected representative stress levels approximately equally spaced between the minimum and the
maximum of the stresses to be considered.

(3) For each of the stress cycles the maximum allowable number of cycles Ny, N, etc., shall be
determined from Table 2, by graphical interpolation if necessary.

NOTE. If the stress level under consideration (f'max)is smaller than the allowable stress p specified for 10° cycles, or larger than

that specified for 10° cycles, the relevant value of N can be found by extrapolating the design curve for the particular detail and
value of fmin/fmax by means of the formula:

log,o N _ 198105 19810/ 'max
log,,fy —10gofs

where f, and f;; are the allowable stresses for 107 and 10® cycles respectively, as given in Table 2.

(4) Designating the expected number of cycles for each stress level ny, n,, etc., the element shall be
designed so that

n o, M L
L 24t
N, TN, T

6.3.3 Under no circumstances shall the basic permissible stresses given in Clause 7, or lower stresses required by

any other clause in this standard, be exceeded. Documents
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6.4 Classes of constructional details. In Table 2 (Class A to Class G) the values of allowable stresses are given
separately for the classes of details stated below for steels of grades 43, 50 and 55 to BS 4360.

NOTE. Except where specifically stated to the contrary, the allowable stresses for any particular detail are the same for both mild
and high yield stress steel. However, the allowable stress may exceed the basic permissible stress for mild steel, in which
circumstances high tensile steel may be advantageous.

In designing for fatigue conditions, the classes of weld should be clearly specified. Where the class of weld is not specified, the
welding procedure should be agreed by the engineer.

6.4.1 Class A

(1) Plain steel in the as-rolled condition with no gas cut edges.

(2) Members fabricated with continuous full penetration longitudinal or transverse butt welds with the
reinforcement dressed flush with the plate surface and the weld proved free from defects by non-destructive
examination, provided also that the members do not have exposed gas cut edges.

Welds shall be dressed flush by machining or grinding, or both, which shall be finished in the direction parallel
to the direction of the applied stress.

6.4.2 Class B

(1) Members fabricated with continuous longitudinal butt welds with full or partial penetration made with
either a submerged or open arc automatic process but with no intermediate start-stop positions within the weld
length.

(2) Members fabricated with continuous longitudinal fillet welds made with either a submerged or open arc
automatic process but with no intermediate start-stop positions within the weld length.

NOTE. If a ‘stop’ should accidentally occur in a weld which is supposed to be free of start-stop positions, the weld crater shall be
chipped or machined back in the form of a taper over a length of at least eight times the weld size, and the weld shall then be
restarted at the top of the tapered slope. On completion the surface of the weld at the start-stop position shall be ground smooth.
The object of this procedure is to eliminate the possibility of lack of fusion or trapped slag at the weld root and a change of shape
of longitudinal surface profile of the weld.

6.4.3 Class C

(1) Members fabricated with continuous longitudinal butt welds, including fabricated beams with full web
penetration of the web to flange welds, with start-stop positions within the length of the weld.
(2) Members of steels of grade 50 or 55 to BS 4360 fabricated or connected with rivets or bolts.

6.4.4 Class D

(1) Members fabricated with full penetration transverse butt welds made in the shop by manual welding with
electrodes other than deep penetration electrodes, provided that all runs are made in the downhand position and
that there is no undercutting. This does not include welds made on a backing strip if the backing strip is left in
position.

(2) Members fabricated with full penetration transverse butt welds, other than above, and having the weld
reinforcement dressed flush and with no undercutting.

(3) Members with continuous longitudinal fillet welds with start-stop positions within the length of the weld.

(4) Members of steel of grade 43 to BS 4360 fabricated or connected with rivets or bolts.

6.4.5 Class E

(1) Members fabricated with transverse butt welds, other than above, or with transverse butt welds made on a
backing strip.
(2) Members fabricated with full penetration cruciform butt welds (see Fig. 1). : Documents
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6.4.6 Class F

(1) Members with T type full penetration butt welds (see Fig. 2).

(2) Members with intermittent longitudinal or transverse non-load-carrying fillet or butt welds, except for
those details covered in Class G below (see Fig. 2).

(3) Members connected by transverse load-carrying fillet welds, except as shown in Fig 3.

(4) Members with stud shear connectors.

6.4.7 Class G

(1) Members connected by longitudinal load-carrying fillet welds (see Fig. 3a).

(2) Members connected by load-carrying cruciform fillet welds (see Fig. 3b).

(3) Members with intermittent 10ng1tudmal non-load-carrying fillet or butt welded attachments on or adjacent
to their edges (see Fig. 3¢).

NOTE. In Classes F and G, a weld is considered as load-carrying with respect to the member under consideration if it transmits a
N major part of the total load in that member.

6.5 Connections, riveted or bolted

6.5.1 Connections made with rivets and bolts to 1.2 of Part 1 of this standard. No allowance for fatigue shall
normally be made in calculating the required number of rivets or bolts in a riveted or bolted connection except
that all rivets or bolts subjected to reversal of stress during the passage of the live load shall be proportioned for
the arithmetical sum of the maximum load plus 50 % of the maximum load of the opposite sign. In the case of
wind bracing, the connections shall be designed to resist the greater stress only.

6.5.2. Connections made with friction grip bolts and designed to the requirements of 4.1.2 of Part 4. No
allowance for fatigue shall normally be made in calculating the required number of bolts.

6.6 Load-carrying fillet welds (see Fig. 3). These welds shall be designed such that the stress on the total effective
throat area of fillet welds does not exceed the relevant figure given in Table 2 for Class G details.

Load carrying fillet welded joints shall be designed so that secondary bending stresses are not introduced (i.e.
single lap joints may not be used).

For minimum sizes of fillet welds, see BS 1856 or BS 2642.
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X
/ Class E stress refers to this member.
- —a Load is transmitted directly
through the central plate.
X

Fig. 1. Class E full penetration cruciform butt weld

Check principal stress in
web at ends of stiffener =
to web welds,(or equally
at any other attachment

to a shear loaded member)

/ z In this case oad is

resisted by bending
= : w — of the plate.

Ends of flange plates
whether welded transversely

e
or not. S
@./%
X 7

e

NOTE. The stresses to be considered are in all cases the nominal stresses at the points marked ‘X,

Fig. 2. Typical Class F weld details
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Member under X

'c/onsideration h/
'Cruciform / 'Egg box’

b X
!F‘IEI &
Load carrying longitudinal and transverse fillets
X
\' c. Fillet or butt welds on or adjacent to the edges of stressed plates
NOTE. The stresses to be considered are in all cases the nominal stresses at the points marked ‘X’
Fig. 3. Typical Class G weld details
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