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PREFACE

One of the most regular questions the BCSA is asked as part of its advisory service to the public is to
identify a steel section from its accessible dimensions and suggest ways of determining its load bearing
capacity.

This publication has been prepared to enable clients, architects, and engineers to have a comprehensive
guide to the various factors that need to be considered in assessing the load bearing capacity of an existing
steel framed building. The text is supplemented with advice on how to proceed with such structural
investigations and deriving additional data by simple calculation.

The author was the Chief Structural Engineer of Redpath Dorman Long and has had wide experience of
this type of work.

This book can be summarised as being a guide to over a century of building in iron and steel sections con-
taining information on properties of materials, profiles, loads and stresses.
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Copies of current British Standards can be obtained from the British Standards Institution, Linford Wood,
Milton Keynes MK14 6LE.
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SECTION NO. 1 Introduction and Historical Notes

1.1 Introduction

From time to time it is necessary to refurbish existing
buiidings of which little is known other than the approxi-
mate period when construction took place.

It is possible to ascertain the shape and dimensions of
the existing structure by making a careful survey of the
premises. Having obtained this information a great deal of
extra detail is still required such as:—

(a) Probable material ie Cast Iron, Wrought fron or

Steel.

(b} Technical properties of the different members.

(c) Origin of the members.

(¢) Strength of the material from which members

were made.

(e) Design loading at period of construction.

(f}  Design stresses etc relative to the particular

material.

All this information can probably be found by access to
various sources of information, though few people would
know how to readily locate these sources.

Whilst every care has been taken to ensure that the in-
formation given herein is accurate it must be appreciated
that gaps exist in some of the records which have been
consulted, and the author has attempted to bridge these
gaps in the interests of continuity.

1.2 Historical Notes

Requirements regarding quality of material, shapes and
sizes, design loads and permissible stresses all developed
rapidly after the year 1900 when British Standards
Institution as it now is called first came into being, though
BS| must not be considered as the only authority as the
Institution of Structural Engineers, the Greater London
Council and Government departments have made major
contributions to regulations controlling construction.

The various ways in which each has played a part
are mentioned from time to time in the following text.

It should also be appreciated that many commercial
firms have also contributed in the effort to promote the
use of their products or of their technical skills. Again
references will be made to these firms when necessary.

During the years before 1900 however the engineers
designing or constructing using iron or steel products
had far more to say regarding design requirements, mater-
ials and shapes, factors of safety etc, and hence were
required to have a much greater knowledge of all the
aspects of construction including the properties of
materials and shapes than applies at the present time.

In order to contain this publication within reasonable
proportions it has been necessary to condense a great
deal of technical information. It can be assumed there-
fore that recommendations made regarding material
qualities, sizes etc are representative rather than inflexible,
and the following text should be treated in this way.



SECTION NO. 2 Materials

2.1 introduction

Iron has been known since very early days. It was probably
first discovered by chance by heating iron ore in a charcoal
fire.

So much was the value of the metal appreciated, that in
the middle ages most of the forests in Britain were destroy-
ed to make charcoal to smelt the iron ore.

It was found that the fire burned more efficiently when
the wind was blowing. This led to the use of a forced draft
by means of bellows to increase the air supply and produce
the iron more rapidly.

Such primitive furnaces are the forerunners of the
modern blast furnaces, the charcoal being repilaced by coke,
a product of coal and not wood.

Iron produced by early primitive methods did not actua-
lly become molten and could be forged and shaped by
hammering. On the other hand the molten iron produced
by the blast furnaces was hard and brittle since it absorbed
three to five percent of carbon from the firing medium ie
charcoal or coke, both being almost pure carbon.

These are facts which are part of history, and are only
repeated in outline. The main purpose is to introduce the
three iron products used in building viz:—

(a) Cast lron

(b}  Wrought iron

(c) Steel

The basic difference chemically of the three is the
amount of carbon and other impurities included with the
iron, but the mechanical properties are appreciably
different.

The various impurities which can be mixed with the
pure iron are Carbon, Silicon, Managanese, Sulphur, Phos-
phorus, Chromium and Copper, though minute quantities
of Tin, Tungsten, Antimony etc can be found.

The influence of the main impurities on the quality and
characteristics of the material can be briefly summarised as
follows: —

(a) Carbon:- Decreases malleability — increases hard-

ness.

(b) Silicon:— Tends to prevent solubility of the

carbon in the metal — increases fuseability.

{c) Manganese:— Increases malleability.

{d) Sulphur:— Increases hardness.

(e}  Phosphorus:— Makes metal more fusable.

(f)  Chromium:— Increases tensile strength.

(g) Copper:— Increases resistance to corrosion.

Acceptable quantities of these various impurities will be
specified later. As far as steel is concerned they are of
course specified in the various British Standards.

The use of cast iron as a building material probably dates
back to about the year 1800, with wrought iron being
introduced a few years later. Cast lron columns were still
being made for limited use in the early 1930’s though they
substantially ceased to be used in any quanitity after the
beginning of the century when steel took over as the main
structural material.

Wrought iron, probaly because it was costly to produce,
began to be replaced by steel about 1850 and very little
wrought iron was used after 1890, though there is evidence
of some use of wrought iron sections as late as 1910, and
also mixtures of wrought iron and steel in identical sizes
in the same structure.

Steel structural sections were available in very limited
sizes from 1850 onwards but in 1880 they had started to
increase quickly in both size and quantity. As will be
seen from the next section, in 1887 Dorman Long and
Company produced a range of 99 beam sizes as well as a
vast range of channel and angle shapes.

The three structural metals will each be examined in
detail in separate items in this section.

2.2 Cast Iron as a structural material

iron castings could be made directly from the molten metal
from the blast furnace but these were of inferior quality
and it was usual to run the metal into pig beds and manu-
facture cast iron by remelting pig iron and then running the
metal into moulds of the required shape.

Cast lron contains from 2.0 to 6.0% of carbon. It is
brittle, not forgeable or weldable.

There were three types of cast iron used for structural
members viz:

Grey lron

White Iron

Mottled Iron
these depending upon the type of impurities present in the
pig iron.

Grey Cast Iron was made from the best quality pig iron
and was therefore the most reliable.

White Cast lron was less subject to rusting than grey but
it was harder, more brittle and less reliable.

Mottled Cast Iron had many of the characteristics of the
other two. It contained more sulphur and was more prone
to cracking during cooling.

Engineers usually specified grey iron for their castings
and unless there is evidence to the contrary this type of
iron should be assumed as having been used.

The uitimate tensile and compressive strengths of cast
iron varied appreciably as will be seen from the figures in
table 2.1 published in 1879. Earlier figures, published in
1872 gave somewhat higher average values.

For the purpose of checking the carrying capacity of
cast iron beams and columns it is advisable to adopt conser-
vative figures for the ultimate strength, the following being
considered as suitable:—

Ultimate strength in tension 6 tons/sq. in.
Ultimate strength in compression 32 tons/sq. in.
Ultimate strength in shear 8 tons/sq. in.

A factor of safety (usually 4) should be used to arrive at
working stresses.

Table 2.1  Ultimate Strengths of Cast Iron 1879
Compressive Tensile
Description of Iron Strength Strength

tons/sq inch

Lowmoor fron- No 1 25.2 5.7
Lowmoor fron No 2 41.2 6.9
Clyde Iron No 1 39.6 7.2
Clyde Iron No 2 45,5 7.9
Clyde iron No 3 46.8 10.5
Blenavon Iron No 1 35.9 6.2
Blenavon lron No 2 30.6 6.3
Calder lron No 1 33.9 6.1
Coltness Iron No 3 45.4 6.8
Brymbo iron No 1 33.8 6.4
Brymbo Iron No 3 34.3 6.9
Bowling Iron No 2 33.0 6.0
Ystalyfera Iron No 2 42.7 6.5
(anthracite)
Ynis-cedwyn IronNo 1 35.1 6.2
Yniscedwyn Iron No 2 33.6 5.9
Average 34.24 6.77




As the use of cast iron as a structural material was on the
decline when the BSI was first established little interest
was shown in producing a detailed specification for the use
of the material in structures. There are however a number
of standards for cast iron as a material, and BS1452 1948
defines seven separate grades of cast iron with ultimate
tensile strengths of 10, 12, 14, 17, 20, 23 and 26 tons/sq.
inch. These grades and strength values can only be consid-
ered of general interest.

2.3 Wrought lron as a structural material

Wrought iron was traditionally produced from cast iron by
the puddling process which consisted of raising the iron to a
high temperature in a reverberatory furnace where the
carbon and other impurities were removed by a strong air
blast, the iron being kept from direct contact with the fuel.

The carbon was removed by combining with the oxygen
as a gas and the silicon and other impurities forming a
fusible slag which could be run off.

Wrought iron is almost pure iron, softer than steel but
less liable to corrosion etc. The material being malleable
could be forged and bent to shape. It was considered as
being of approximately equal strength in both tension and
compression, the ultimate tensile strength varying between
18 and 30 tons/sq. inch.

In 1879 the following values were recommended as
average for the strength of wrought iron:—

Ultimate strength in tension 21 tons/sq.in.

Uitimate strength in compression 16 tons/sq.in.

Ultimate strength in shear 20 tons/sq.in.

One of the main advantages of wrought iron was its
facility to stand reheating and rolling to shape with increas-
ed strength resulting from elongating into fibres the cubic
crystals which formed the basic metal.

It is stated in 1879 that rolled I beams of depths from
3” to 14” in an endless variety were obtainable from
different makers in both this country and abroad, particu-
larly Belgium.

It is of interest to note that the foreign iron joists could
be obtained some 20% cheaper than the British!

2.4 Steel as a structural material

Steel has been produced for structural purposes since about
1850, although it took 40/60 years for it to entirely replace
wrought iron.

Steel has much less carbon and other impurities than
cast iron, although appreciably more than wrought iron.

Originally it could be produced by one of two methods
e

(a) By adding carbon to wrought iron.

(b) By removing carbon etc from pig iron.

The first of these methods is too expensive to be of
practical use and therefore the second was the method
generally adopted.

The two early methods of steelmaking were

{1)  The use of the Bessemer converter

{2)  The use of the Siemens Martin open hearth

furnace
Two alternatives of each process are
(i} Acid
(ii}  Basic

The difference is in the lining of the furnace; in the case
of the acid process the lining consists of a material with a
high content of silicon, whilst in the case of the basic pro-
cess the lining contains a high proportion of basic oxides
ie calcined dolomite or magnesite.

The use of either acid or basic process is governed by
the type of iron ore used since the former is not capable
of removing sulphur and phosphorus and the latter is.

There are now several more modern steel making pro-
cesses all of which are acceptable. These will not be dis-
cussed in the publication.

Mild steel has many of the properties of wrought iron,
but with ultimate tensile and compressive strengths roughly
equal ie between 28 and 32 tons/sq. inch.

in 1879 the following average values for the uitimate
strength of mild steel were quoted: —

Uttimate strength in tension

Ultimate strength in compression 30 tons/sq.in.

Ultimate strength in shear 24 tons/sq.in.

A factor of safety (usually of four) was adopted to ob-
tain the safe working stresses.

Structural steel quickly replaced wrought iron and by
the year 1900 few beams or other structural shapes were
rolled in wrought iron.

Developments in the manufacture and in the control of
quality and strength of steel are reflected in the British
Standard Specifications which are reviewed in 2.5.

32 tons/sq.in.

2.5 British Standard Specifications for Structural
Steel

BS15 1906 Standard Specification for Structural
Steel for Bridges and General Building

Construction

For bridges the steel must be made by the Open Heath
process, either acid or basic.

For general buildings the Bessemer process acid or basic
was included.

For bridges not more than 0.06% sulphur and no phos-
phorus was allowed.

For buildings 0.06% sulphur and 0.07% phosphrous
was permitted.

The ultimate tensile strength was specified at 28 to 32
tons/sq.in.
BS15 1912 . Standard Specification for Structural

Steel for Bridges and General Building
Construction
Same steel making processes as in 1906.

A class steel for bridges not more than 0.06% sulphur
or phosphorus.

B Class steel (not for bridges) not more than 0.06%
sulphur and not more than 0.08% phosphorus permitted.

Ultimate tensile strength specified at 28 to 33 tons/
sq.in.

BS15 1930 Standard Specification for Structural
Steel for Bridges and General Building
Construction

All as 1912 except basic Bessemer process not now per-
mitted.
BS15 1936 Standard Specification for Structural
Steel for Bridges and General Building
Construction

Division of steel into classes A & B omitted.

Not more than 0.06% sulphur or phosphorus.

Ultimate tensile strength specified at 28 to 33 tons/
sq.in.

CF(15) 7376 1941 War Emergency revision to BS15

Two main qualities of steel
No 1 Quality as BS15 1936; No 2 Quality as BS15 1936
plus
{a) 0.20 to 0.35% copper
{b) 0.35 to 0.50% copper
Otherwise as 1936.

BS15 1948 Structural Steel
Steel processes open hearth acid or basic or acid Bessemer.
No 1 Quality not more than 0.06% suiphur
No 2 Quality not more than 0.06% sulphur or phospho-
rus + 0.20 to 0.50% copper as wartime emergency.



For the first time yield strenth introduced into mech-
anical properties ie

Up to and including % inch thick

Over %'’ up to 1%" thick 15 tons/sq.in.

Over 1% thick 14.75 tons/sq.in.

Ultimate tensile strength 28 to 33 tons/sq.in.

16 tons/sq.in.

BS15 1961 Mild Steel for General Structural

Purposes

Steel processes as 1948 plus any of the oxygen processes.
Carbon content 0.25% to make suitable for welding.
If oxygen process used nitrogen content not more than
0.008%.
The full chemical content now given against three
grades viz:—

Grade 1 Grade 2 Grade 3
Carbon 0.25% 0 t0025% 0 t00.25%
Copper 0 0.20t0 0.35% 0.351t00.5%
Sulphur 0.06% 0 1t00.06% 0 t00.06%
Phosphorus  0.06% 0 t0006% 0 to00.06%

The carbon content of 0.25% on material up to 2 inches
thick, above to be agreed between maker and user.

Yield strength and ultimate strength as 1948.

This was the last issue of BS 15 being replaced by BS
4360: 1968.

Additional specifications for steel before 1968 included
the following:—

BS548 1934 High Tensile Structural Steel for Bridges

and General Building Contruction.
Steel processes were similar to BS 15 1930 (which excluded
basic Bessemer process).
The chemical properties included

Carbon maximum of 0.30%
Sulphur maximum of 0.05%
Phosphorus  maximum of 0.05%
Copper up to 0.6%

The mechanical properties included:—
Yield Strength

Thickness up to and including 1%" 23 tons/sq.in.
Over 1%” up to and including 13" 22 tons/sq.in.
Over 1%” up to and including 2% " 21 tons/sq.in.
Over 2%" up to and including 2%" 20 tons/sq.in.

Over 2%" 19 tons/sq.in.
Ultimate tensile strength 37 to 43 tons/sq.in.

\Var emergency amendment to BS 548 1942
Sulphur and Phosphorus allowance increased to 0.06%.

Note:— This specification was withdrawn in 1965.

BS 968 1941 (War emergency standard) High Tensile

(Fusion Welding Quality) Structural Steel

for Bridges and General Building Purposes.

The chemical properties included:

Carbon maximum of 0.23%
Silicon maximum of 0.35%
Manganese maximum of 1.8%
Chromium (optional) maximum of 1.0%
Nicke! (optional) maximum of 0.5%
Sulphur maximum of 0.06%
Phosphorus maximum of 0.06%
Copper maximum of 0.6%
NB. Manganese plus Chromium not more than 2.0%.

The mechanical properties were as BS 548.
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War time amendment No 1 to BS 968 1943
The chemical properties were divided into two classes
viz:—

Class (a)  Class (b)
Carbon maximum of 0.23% 0.23%
Silicon maximum of 0.35% 0.35%
Manganese maximum of 1.8% 0.8%
Nickel maximum of 0.5% 0.5%
Chromium maximum of 0.35% 0.8%
Sulphur maximum of 0.06% 0.06%
Phosphorus  maximum of 0.06% 0.06%
Copper maximum of 0.6% 0.6%

Because chromium was in short supply the Class (b)
steel only to be called up in exceptional circumstances.

The mechanical properties included:—

Material up to and including %" thick

Yield Strength 21 tons/sq.in.

Ultimate Tensile Strength 35 to 41 tons/sq.in.

Material over %" thick

Yield Strength

Ultimate Tensile Strength

19 tons/sq.in.
33 to 39 tons/sq.in.

BS 968 1962 High Tensile (Fusion VWelding Quality)
Structural Steel for Bridges or General
Building Purposes.
A new steelmaking process produced steel with improved
yield strength.
Chemical properties {ladle analysis)

Carbon maximum 0.20% — 0.22% over 58" thick
Silicon maximum 0.35% — increased to 0.5% in
1965

Manganese maximum 1.5%
Chromium maximum 0.5%
Sulphur maximum 0.05%
Phosphorus maximum 0.05%
Mechanical properties —
Yield Strength

Thickness up to and including 5/8” 23 tons/sq.in.

over 5/8’° up to and including 1%"” 22.5 tons/sq.in.

over 1%'* up to and including 2" 22 tons/sq.in.

Over 2" to be agreed

Ultimate Tensile Strength 32 to 39 tons/sq.in.

This specification was also replaced by BS 4360 1968.

i Total not to exceed 1.6%

BS4360 1968 Weldable Structural Steels

This was the first issue of a comprhensive specification
covering steels previously specified in BS15 BS968 BS2762
and BS3706 but appreciably increaing the range of steels.

Four groups of steels were included with ultimate tensile
strength with a minimum of 26, 28, 32 and 36 tons/sq.inch
and corresponding yieid strengths.

The specification was also widened to include tolerances
on plates, tolerances on sections being covered elsewhere.

Amendment Slip No 1 to BS4360 1968 was published in
September 1969 and as well as correcting minor errors
altered the number to BS4360 Part 1 Inch Units.

BS4360 Part 2 1969 Metric Units was issued without any
technical alteration to Part 1.

BS4360 1972 Weldable Structural Steels
This revision to the specification cancelled the imperial
version hence it reverted to a number without the addition
of Part 1 or Part 2.

The scope of the specification was extended to include
weathering steels and the whole format was altered and
improved.



BS4360 1979 Weldable Structural Steels
At the time of writing this is the current version of the
specification and apart from the inclusion of additional
steels, flat products are aligned with European practice,
and dimensional tolerances introduced to replace weight
rolling margins.

The BSI committee concerned has just embarked on a
further revision to BS4360.

It is assumed that copies of BS430 and amendments
thereto are readily available hence no details of specific
items are given.

26 General Remarks

This section has been restricted to the developments in iron
and steel construction in the United Kingdom. However a
great deal of parailel development took place in Europe,
especially in Belgium and Luxembourg.

For some reason the continental steel makers did not
match up to the qualities achieved by the U.K., at least
most authorities insisted on the use of lower strength values
when the steel was imported.

As far as the design of structures was concerned, the
codes of practice and design specifications closely followed
upon developments in materials etc. and one must be
related to the other.
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SECTION NO. 3 Shapes & Sizes

3.1 Introduction
Previous sections have given details of developments in
materials, and standardisation. This section will concen-
trate on shapes and sizes of structural sections over the last
100/150 years.

The subject will be dealt with in three parts correspond-
ing to the three basic materials.

3.2 Cast iron

During the period 1830 to 1900 cast iron was extensively
used as a building material and many important structures,
including the Crystal Palace, were constructed using the
material.

Because of the method of manufacture ie the casting
into moulds of moulten iron, sections were purpose made
for the particular application and therefore it is not possible
to give details of actual shapes and sizes.

The two main structural elements in cast iron ie beams
and columns, were used either separately or together. For
instance, cast iron beams were used supported on brick-
work or on columns and cast iron columns were used to
support timber and wrought iron beams as well as cast iron
beams.

Connections between beams and columns were of the
simplest form, consisting mainly of direct support on
brackets cast on the column with a nominal attachment
of beam to column by bolts or coach screws in cored holes.

Because it is impossible to give actual sizes some guide to
determining the proportions could be useful.

3.2.1 Cast Iron Beams

It has already been mentioned in Section 2 that cast iron is
a brittle material, strong in compression but weak in
tension.

For this reason cast iron beams were made of asymmet-
ric shape as shown in Figure 3.1.

It is important to note that such case iron beams must
be simply supported at each end. |f the beam is used as a
cantilever the proportions must be reversed.

Strengthening an existing structure by introducing
intermediate props under cast iron beams can be danger-
ous as this will result in the reversal of stresses. Should
such strengthening be required it is best done by inserting
a new beam below or alongside the existing cast iron beam
to take the full loading.

Being purpose made, many cast iron beams were pro-
vided with a curved elevation as shown in Figure 3.2.

—
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Stiffeners
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8
Figure 3.1 Cast Iron Beam.
Note:-~ The dimensibns gi\)en on the sketch show the

proportions recommended by Professor John Goodman
of Leeds University circa 1904 as giving the most econo-
mical section. Beams made prior to that date may vary
from these proportions.

As cast iron beams were frequently used to support
barrel vault floors as indicated in Figure 3.3 care must be
taken in examining the construction to avoid damaging the
brick arches.

Top Flange Hog Backed 7

N/

Bottom Flange Straight /

Stitfeners

Figure 3.2 Elevation of Cast Iron Beam.
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Figure 3.3 Barret vault construction.

Figure 3.3 Barrel vault construction

3.2.2. Cast Iron Columns

The use of cast iron columns extended well beyond the
period when cast iron beams were replaced by mild steel
beams, in fact isolated cases of their use were recorded in
the early 1930's.

By far the most extensive use of cast iron columns
occurred however before the beginning of the twentieth
century.

Cast iron columns were usually of hollow circular con-
struction provided with brackets to receive the beams and
carried up to receive the column over. Bases were often
cast separately with a simple end to the column itself.

In order to ensure adequate contact area for the trans-
mission of load sometimes the ends of the columns were
machined but with a good iron foundry sufficient accuracy
could be achieved to eliminate the need for machining and
often a simple lead pad was introduced between bearing
surfaces to improve contact.

Figure 3.4 shows a typical
assembly.

In examining existing cast iron construction it is
necessary to determine the thickness of the metal. Since
access to the core will not be possible the thickness should
be found by drilling small holes and measuring by means of
a piece of wire.

One possible error which can be found in existing cast
iron columns is cases where the core is not central on the
column. To ensure that this is not the case three holes
should be drilled in positions as indicated in Figure 3.6 —
not of course on the same horizontal line — and the average
taken of the thickness measured at each position.

cast iron column

Column over

Joint between
columns

=® 3 .
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Supporting Beams bolted to
brackets ' fins on column
|
| i
! |
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Length of |
casting I !
| §
I | Hollow circular
; ! column
! I
! |
.
! i
' |
! [
: I
I !
[ I Il
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| i
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] |
! |
ll._--—-hl--—’ Cpumpm— W _——_J]
e il 2 s

Figure 3.4 Cast Iron Column.

13



Less than diameter of holes
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Figure 3.5 Thickness of Cast Iron Column.

3.3 Wrought lron

During the period 1850 to 1900 wrought iron was used to
replace cast iron for beams in building construction. Some
wrought iron joist shapes were produced but of very limited
depth, around 8" being considered the limit. Above this
size rivetted fabricated girders were used made up of angles
and plates or in some instances angles latticed with small
plates, see Figure 3.6.

The actual sizes of the angles used in these girders can be
determined by measurement. It can be assumed that many
of the mild steel sizes given later were originally produced
in wrought iron.

It has been reported that the annual production of
wrought iron plates and sections in 1870 amounted to
around 3 million tons.

During the last quarter of the nineteenth century miid
steel became increasingly used on account of its increased
strength. It is reputed that by changing from wrought iron
to mild steel for the Forth Railway Bridge design stresses
were increased from 5.0 to 6.5 tons per square inch.

To conclude on this subject, when considering the
strength of any structure built between 1850 and say 1890
when the material is in question, caution should be adopted
and the lower stresses for wrought iron assumed.
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Figure 3.6 Typical Fabricated Girders.



3.4 Steel

Steel sections were produced in quantity from about 1883
through some of the smaller sections were available in mild
steel before that date.

Prior to the formation of the British Standards Institu-
tion (as it is now called) in 1900, shapes and sizes were sett-
led by the individual manufacturer, mainly of course to
meet their customers requirements. These manufacturers
produced catalogues giving dimensions, and in some instan-
ces design properties of the various sections which they
produced.

The earliest available handbook which has been consider-
ed is that published by Dorman Long and Company in
1887. Subsequent copies were published in 1890 and 1895
but showed little variation from the 1887 issue.

Redpath, Brown & Co published their first handbook in
1892 and as this firm manufactured girders etc as opposed
to producing steel sections, their handbook was more of a
design manual than a catalogue.

As it was considered that only a limited number of
engineers could actually design, safe load tables were pro-
duced from which, in theory at least, the uninitiated were
able to select the right member to meet their requirements.

In part 3.5, numerous tables are given to provide as
much design information as possible on steel sizes from
1887 onwards. Notes are included giving details of the
various tables.

From 1903, when British Standard 4 was first issued,
all the tables refer to British Standard Sections, though at
various times since 1903 some steel sections have been im-
ported and used which do not conform to British Standards.
The most notable of these are Broad Flange Beams rolled
on the continent of Europe. Details of these and other
continental sections are given in Section 8.

Since the last of the main section tables given in part
3.5 two major developments have occured. In 1972 British
Standard 4848 Part 4 Metric Equal and Unequal angles
was issued. These metric sizes replace the imperial sizes in
British Standard 4.

Details of metric angles and their properties are con-
tained in the Constrado publication ““Structurai Steelwork
Handbook — Metric Angles to BS4848 Part 4 1972 pub-
lished in 1973 and which is currently available.

The second major development was the issue of British
Standard 4 Part 1. 1980. This updated previous issues of
BS4 to correct minor inaccuracies and to cover the proper-
ties of Universal Beams which now all have parallel flanges.
Again, all the details given in BS4 Part 1 1980 are included
in the BCSA/Constrado publication ““Structural Steelwork
Handbook — Sections to BS4 Part 1” which is currently
available and also includes the Safe Load Tables.

Though this was published in 1978, before the last re-
vision to BS4 Part 1. 1980, it anticipated the information
given in the latter. Editorial and other minor corrections
have been incorporated in subsequent impressions of this
publication.

3.5 Tables

In the tables which follow the properties of a wide range
of sections are given.

These tables are produced in the units in which the
information was originally presented and the equivalent
metric or imperial size is given immediately after the
original. This is to enable the size to be identified in
whicheve