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Structural Steel
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Structural steel is construction material fabricated with a specific 
shape and chemical composition to suit a project’s applicable 
specifications.
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Structural Steel
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Due to the widespread use of steel in many applications, there are a 
wide variety of systems for identifying or designating steel, based 
on grade, type and class. Virtually every country with an industrial 
capacity has specifications for steel.

The principal 
types of structural 
steel in the US 
identified and 
specified by 
ASTM
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Structural Steel
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Typical grades are described as 'S275J2' or 'S355K2W'. In these 
examples, 'S' denotes structural; 275 or 355 denotes the yield 
strength in newton's per square millimeter; J2 or K2 denotes the 
materials toughness; and the 'W' denotes weathering steel. 

Structural steel grades – European standards
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Structural Steel sections
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 Depending on each project’s applicable specifications, the steel 
sections might have various shapes, sizes and gauges made by 
hot or cold rolling, others are made by casting or welding 
together flat or bent plates. 

Fabrication by casting
Hot-rolled steel 

elements
Cold-formed 

sections
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Hot-Rolled Shapes

6

 Hot-rolling is a primary shaping process in which massive red-hot 
billets of steel are rolled between several sets of profiled rollers.

 I- and H-shapes of cross-section are common for the large 
elements that form the beams and columns of structural 
frameworks. Theses shapes have a high second moment of area in 
relation to the total area.

 Channel and angle shapes are suitable for smaller elements such 
as secondary cladding supports and sub-elements in triangulated 
frameworks

 Square, circular and rectangular hollow sections (HSS) are efficient 
forms for members subjected to multi-axes loading as the cross-
sectional axes are symmetrical and thus exhibit uniform strength 
features. They also have good torsional resistance.

 Details of the dimensions and geometric properties of the sections 
are available from manufacturers.
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Built Up Sections
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Alternatively to standard 
sections it is possible to form 
welded sections with various 
cross section configurations 
using standard sections and 
plates or from welding 
different plates together.
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Hot-Rolled Shapes - American

8

Dimensions and Section Properties - W Sections
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Hot-Rolled Shapes - American
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Dimensions and Section Properties - W Sections
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Hot-Rolled Shapes - American
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Dimensions and Section Properties - W Sections
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Hot-Rolled Shapes - American
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Dimensions and Section Properties - Channels Sections
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Hot-Rolled Shapes - American
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Dimensions and Section Properties – Angles Sections
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Hot-Rolled Shapes - American
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Dimensions and Section Properties – Angles Sections
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Hot-Rolled Shapes - American
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Dimensions and Section Properties - Double Angles
• X-axis properties of double angles may be obtained from x-axis  properties of 

a single angle
• Y-axis properties depend on separation between backs  of angles and 

whether LLBB (Long Legs Back to Back)   or SLBB (Short Legs Back to Back)
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Hot-Rolled Shapes - American
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Dimensions and Section Properties - HSS (Hollow Structural Shape)

Rectangular

Round
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Hot-Rolled Shapes - European standards
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Parallel Flange I 
Section (IPE)
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Hot-Rolled Shapes - European standards
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Parallel Flange I 
Section (IPE)
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Connecting Structural Steel
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 Proper connection of steel members is 
crucial for the structure’s strength and 
stability.

 The primary connection methods for 
structural steel are bolting and welding.

 Connections made in a fabrication shop 
are called shop connections, while 
connections made in the field by the 
steel erector are called field connections.

 Bolting and welding may be used for 
shop and field connections. However, 
field connections are typically bolted, 
and shop connections are typically 
welded.

Bolted connection

Welded connection
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Steel Buildings
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 A steel building is a metal structure that is made of structural 
steel components connected to carry loads and provide rigidity. 

 Steel buildings are categorized as 

• Single-story/ industrial buildings

• Multi-story buildings – moment resisting (Rigid) or braced
frames.

Single-story building Multi-story  building
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Single Story Buildings
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 The skeleton of a typical single-story building consists of three 
major elements: 
• Cladding for both roof and walls.
• Secondary elements to support the cladding (purlins; rails). 
• Main frame of the structure, including all necessary bracing. 
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Single Story Buildings
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 Cladding. Cladding is the outer skin of the building to provide, 
Weather protection; Daylight/ Ventilation, and Aesthetic value. 
They are made from Fiber cement; Coated steel sheets and 
Aluminum alloy sheets.
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Single Story Buildings

22

 Secondary Elements. In the normal single-story building the 
cladding is supported on secondary members, which transmit 
the loads back to main structural steel frames. There are three 
main types of these members namely, Zed, Modified Zed and 
Sigma
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Single Story Buildings
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 The Main Frame of the 
Structure. The building frame can 
be portal frame eighter Pre-
Engineered or Conventional Steel 
frame. Additionally, trusses are 
widely used in this type of 
construction.

 A pre-engineered steel building is 
a modern technology where the 
complete design is done at the 
factory using customized built-up 
sections. An efficiently designed 
pre-engineered frame can be 
lighter than the conventional 
frame by up to 30%. 
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Bracing
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 The longitudinal structural 
rigidity of portal steel 
frame structure is relatively 
weak in the length 
direction, so it is necessary 
to set up bracings along 
the longitudinal direction 
to ensure its longitudinal 
rigidity and longitudinal 
stability.

 The bracing system of light 
portal steel frame 
structure includes roof horizontal 
bracing and inter-column bracing.
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Bracing
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 Lateral buckling can be induced in 
a steel beam by compressive 
stresses acting on a slender 
portion insufficiently rigid in the 
lateral direction. Accordingly 
lateral support as shown shall be 
provided.
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Steel Trusses
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 A truss is an assemblage of 
straight members connected at 
their ends by pin connections to 
form a rigid configuration either 
in space (space truss) or plane 
(2D truss).

 The main characteristic of 
trusses is that they are 
composed of axially loaded 
members. The internal forces are 
either purely tensile or purely 
compressive. Bending is not 
present, nor can it be developed, 
as long as external loads are 
applied at nodal points.

Space Truss

Plane Truss
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Important Dimensional Variables
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Span

Truss 
Depth

Trusses 
Spacing

Purlins 
Spacing 

Designers aim to minimize the lengths of Compression members. 
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Steel Trusses
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Trusses are very efficient structures for single-story buildings. 
However, for long spans, the required depth of the truss 
significantly increases.
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Trusses Details - Elevation
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Member 
Mark

Supporting 
Column

Joint Mark

Member 
Type

Purlin Locations 
& Spacing

Member Centroidal Axis 

• Note that the centroidal axis of all 
members meeting at the same joint 
should intersect in the joint center.

Member Schedule
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Truss Joint Detail
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• Note that the centroidal axis of each member coincides with the 
line connecting the centers of the adjacent joints.

2L 50x50x5

10 mm thick
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Truss – Joints & Supports
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Braced Frames
 Braced frames are essentially pin-

jointed structures (a pin connections 
are used to make beam-column 
joints & connection).

 Braced frames are effective 
structural solution for resisting lateral 
loads due to  wind and earthquakes.

 Most of their horizontal load-carrying 
capability is achieved by their members 
working in either pure compression or 
tension. They can be visualized as vertical 
trusses.

 Braced frames are popular in industrial 
countries where steel is affordable.
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Types of Braced Frames 
 There are two general 

types of braced 
frames: conventional 
concentric and 
eccentric. 

 In the concentric 
frame, the center lines 
of the bracing 
members meet the 
horizontal beam at a 
single point. 

 In the eccentric-braced frame, the braces are deliberately 
designed to meet the beam some distance apart from one 
another.
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Flooring systems of Steel structures
 Typical floor slab systems for steel 

frameworks include:

a) In - situ reinforced concrete flat slab.

b) Precast concrete floor units.

c) In situ concrete on profiled steel 
permanent formwork.

d) Composite precast and in situ 
concrete. 

 All of these systems are normally one-
way-spanning and require to be 
supported on a parallel arrangement 
of steel beams. However, system (a) 
can be a two-way-spanning structure. 

(a)

(b)

(c)

(d)
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Flooring systems of Steel structures

 To increase efficiency and therefore reduce the size of the 
beams, shear studs are usually welded to the floor beams which 
allow composite action to be developed between the beams and 
the floor slabs. 
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Detailing of Steel Buildings
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Steel structural drawings have different levels of details including:

A. General drawings such as general notes and foundation plans.

B. layout of the whole structures (floor plans) for which the steel 
works are to form. Usually consists of plans and elevations 
when needed.

C. Layout of the steelworks (e.g. a truss, columns, girders, …) 
usually represented by plans, elevations and sections.

D. Details of connections of the steelworks represented by plans, 
elevations and sections, even sometimes by isometric views.
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Foundation plan
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 Steel buildings usually have concrete foundations designed 
and details as explained for the concrete buildings. After 
constructing the foundations, steel structure is fixed using the 
anchor bolts installed in the footings

 The foundation plan and grid line plan of a steel structure is 
similar to that of concrete buildings. However the plans 
usually shows the anchorage bolts locations on the concrete 
footing.
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General layout (Floor) plan
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The plans show
1. The general 

dimensions of the 
steelworks

2. The nominal size of 
the members

3. The center lines (or 
line of centroid) of 
members forming 
the framework.

4. The arrangements of 
connection (referred 
to enlarged details 
where necessary)
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Column Base Plate
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 Typical column bases consist 
of a single plate fillet welded 
to the end of the column and 
attached to the foundation 
with holding down bolts. A 
layer of grout is used for 
leveling of the plate and 
setting it at the specified 
elevation.

 The plate is designed to 
transfer the column loads 
(axial, shear and moment) to 
the foundation through the 
anchor bolts.
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Column Base Plate
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The distribution of 
the anchor bolts 
determine the 
transferred loads 
or type of the 
connection (pin or 
fixed).
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Beams & Beam Connections 
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 Structural steel floors are laid on 
repetitive grid which establishes 
a standard structural bay. The 
most efficient floor plan is 
rectangular, in which ‘main’ or 
‘primary’ beams span the shorter 
distance between columns and 
closely-spaced ‘secondary’ 
beams span the longer distance 
between primary beams.

 Typical beams cross sections 
are I, H or castellated beams 
to improve the structural 
efficiency .
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Beam-to-Column Connections 
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 Cap Plate Connection. One of the most common types of beam-
to-column connections in commercial and industrial buildings. A 
cap plate connection calls for a steel plate, commonly called a cap 
plate, to be welded to the top end of a W-shape, pipe, or HSS 
column at the fabricating shop. The beam will be attached to the 
plate at the site, as shown. 
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Beam-to-Column Connections 
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Standard Framed Beam-to Column Connection. Beams are 
fastened to columns by means of framing angles. This usually 
consists of two structural steel angles, one on either side of the 
beam, which are either welded or bolted to the beam web in the 
fabricator’s shop and then fastened to a column at the job site with 
high strength bolts. This type of connections is assumed to transfer 
end reaction only where only the Web of the beam is connected 
with no connection for the flanges
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Beam-to-Column Connections 
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 Standard Framed Beam-to Column Connection: other types of 
these connections include the end plate sheer connection (left) 
and the single plate shear connection (right).
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Beam-to-Column Connections 

45Beam-to-column moment-resisting connection detail 

Beam to Column Rigid Joints: this is a connection that designed 
to transfer moment from beam to columns, here web as well as 
flange of the beam shall be connected to the column as shown 
below.
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Beam-to-Column Connections 
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Beam to Column Rigid Joints
 Some times Stiffener plates are used to ‘shore up’ the column 

flanges against the forces transmitted by the beam flanges.  The 
stiffeners may be full length or may extend  only part of the 
column web depth.
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Beam-to-Beam Connections 
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Those are simple connections that connect secondary beams to 
girders, they are usually designed to transfer shear only. They 
have several arrangement based on the level and sizes of the 
secondary beams relative to the girders.
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Beam-to-Beam Connections 
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Steel Protection
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 Two problems associated with steel are 

1. Its poor performance in fire, due to the loss of mechanical 
properties at relatively low temperatures.

2. Its high chemical instability, which makes it susceptible to 
corrosion. 

 Both of these have been overcome to some extent by the 
development of fireproof and corrosion protection materials, 
especially paints, but the exposure of steel structures, either 
internally, where fire must be considered, or externally, where 
durability is an issue, is always problematic.
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عزل الرطᗖᖔة –الحماᘌة من التأᝏل 
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 ᢝᣢᘌ ما ᣢل عᝏة من التأᘌكز الحما ᡨᣂت 
1.᛿ ᢝ

ᡧᣚ ة المتعارف عليهاᘌجراءات الحماឝب ᡧᣎة للمبᗖᖔاق الرط ᡨᣂمنع اخ ᢝ
ᡧᣍاᘘل الم. 

ᗖة مثل الأسس والأجزاء الإᙏشا.2 ᡨᣂة الملامسة للᘭشائᙏة الأعضاء الإᘌة حماᘭئ
 .المرتᘘطة معها مثل صفᘭحة القاعدة

دنᘭة عن تنظᘭم الرطᗖᖔة داخل المبᡧᣎ لمنع تكثف الᘘخار عᣢ العناᣅ المع.3
 .طᗫᖁق التكيᘭف

 .دهان العناᣅ المعدنᘭة ᗷطلاء مقاوم للتأᝏل.4
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الحماᘌة من الحᗫᖁق
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 )Thin film intumescent coatings(الطلاءات المنتفخة 1.
 وᢝᣦ مواد شᙫيهة ᗷالطلاء تكون خاملة عند درجات

لتفاعل حرارة منخفضة ول᜻نها توفر العزل نᘭᙬجة
 ᡧ ᢕᣌاوح عادة ب ᡨᣂمعقد عند درجات حرارة ت ᢝ

᡽ᣍاᘭمᘭ200 ك 
ᢝ درجات الحرارة هذه. درجة مئᗫᖔة 250و 

ᡧᣚ لن تتأثر
ت تفخ  ونᘭᙬجة لهذا التفاعل فإنها . خصائص الفولاذ

.ᘭلوتوفر طᘘقة موسعة من الفحم منخفض التوص

 )  Boards(الألواح 2.
ᘻستخدم الألواح عᣢ نطاق واسع 
ᢝ ا

ᡧᣚ ةᘭᜓلᘭة من الحرائق الهᘌة للحما᜻لممل
هذه  ᘌغلف العنᗷ ᣆطᘘقة من. المتحدة

ᢝ وزنها وت
ᡧᣚ تختلف ᢝ

ᡨᣎركيبها الألواح وال
 وسماᜧتها وفقا للحماᘌة المطلᗖᖔة

ᡧ الألواح والطلاءات الرقᘭقة الم.وقرارات المصمم ᢕᣌالتداخل ب ᢔᣂعتᘌ نتفخة أمر᠍ا
شائع᠍ا جد᠍ا
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الحماᘌة من الحᗫᖁق
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 )Spray protection(الرش ᗷالمواد الأسمنᘭᙬة العازلة 3.
ᢝ ال

ᡧᣚ نطاق واسع ᣢالرش عᗷ ةᘌستخدم الحماᘻ اتᘌولا
ᡧ . المتحدة ᢕᣂة الأشتتمᘭة استخدامها لتغطᘭمᜓانឝᜓال ب

ᘌ ᢝمكن أᘌض᠍ا استخدام ᗷع. والتفاصᘭل المعقدة
ᡧᣚ ضها

التطبᘭقات الخارجᘭة وتطبᘭقات الحرائق 
.الهᘭدروكᗖᖁونᘭة

)Flexible blanket systems(أنظمة الᘘطانᘭات المرنة 4.
اᗷة تم تطᗫᖔر هذه الأنظمة للحماᘌة من الحرائق ᛿استج

ᢝ للحاجة إᣠ مادة حماᘌة سهلة التطبيق ᘌمكن استخد
ᡧᣚ امها

كᘭب  الوزن وسهلة خفᘭفة. الأشᜓال والتفاصᘭل المعقدة ᡨᣂال
 90 وتمتلك مقاومة جᘭدة للحرارة تصل اᣠ حماᘌة مدتها 

وت᙭بᘭت  دقᘭقة للأنواع الجᘭدة منها ول᜻نها معᘭقة للجمالᘭة
.الᙬشطيᘘات
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