
Roof  Trusses 
 

The Basic Components of a Roof Truss 

• Apex – Highest point where the sloping top chords meet. 

• Bearing –  Structural support of trusses (usually walls) normally with a timber 

wall plate. 

• Bottom Chords (BC) – the lowest longitudinal member of a truss. 

• Cantilever – part of structural member that extends beyond its support. 

• Cantilever Strut – web that joins the bottom chord above the bearing point to 

the top chord of a cantilevered truss. 

• Chord – main members that form the outline of the truss and subject to 

relatively large axial forces and bending moments. 

• Clear Span – horizontal distance between interior edges of supports. 

• Heel – point on a truss which top and bottom chord intersect. 

• Joint – point of intersection of one or more web(s) with a chord. 

• Nail Plate – galvanized steel plate punched to form a nail pattern integral with 

the plate and used to connect timber members. 

• Node (node point) – point of intersection of two or more members that make 

up the panels of a truss. 

• Nominal Span – horizontal distance between outside edges of the supports 

(wall plates) – usually the tie beam length. 

 

 

What is a Roof Truss? 

In Structural Engineering, the name “truss” describes a triangular design. A joint 

framed structure that sustained the inclined, vertical or horizontal loads. A truss 

consist of angles, channels, plates and eye bars. It is a framework, typically consisting 

of rafters, posts, and struts, supporting a roof, bridge or other structure. You will find 

them supporting the roofs of auditoriums, cinema halls, stadiums, railways, stations, 

airports and others. 

 

King Post Truss 

Central vertical post used in architectural, working in tension to support a beam below 

from a truss apex. This truss usually spans up to 8 meters, which makes it perfect for 

multiple types of houses, especially the smaller ones. 

 

Queen Post Truss 

A very reliable, simple and versatile type of roof truss where you can use at any given 

time. This kind of truss offers a span of around 10 meters, and has a simple design 

which makes it perfect for a wide range of establishments. 



Howe Truss 

A kind of truss having upper and lower members, a combination of steel and wood or 

both. One thing that makes this truss extraordinary is that it has a very wide span, as it 

can cover anything from 6-30 meters. This is very useful for a wide range of project 

types. 

Pratt Truss 

The prat truss is the most popular steel truss since it is very economical. It includes 

vertical and diagonal members that slope down towards the center (opposite of Howe 

Truss). Pratt truss can cover lengths ranging between 6-10 meters. 

Fan Truss 

A simple design made out of steel. Most projects with larger span of around 10-15 

meters uses this kind of truss. 

 

 



 

 

Column 

 

Concept of Buckling of Columns 

 All Compression members have a tendancy to bed even if they are loaded axially. 

This bending of the column in the outward direction is called bukling. Buckling of 

column is also known as deflection of column. 

 

 

 

Effective Length  

 The length of the column which bends as if it is hinged at both ends is called 

effective length. It is denoted by l. 

Effective length depends upon the end conditions. 

Effective length for column 

both end pin ended = 1.0* L 

both end fixed = 0.5* L 

one end fixed and other end pinned = 0.707* L 

one end fixed and other end free = 2.0 *L 

L is the length of column 

 

Slenderness Ratio:- 

It is thw ratio between the effective lengthof the column to its least radius of gyration. 

It is denoted by λ. 



Column bases are structural elements used in the design of steel structures to 

transfer the column load to the footings. 

Types of Column bases 

1. Slab base 

2. Gusseted base 

Slab Base 

 

Slab bases are used where the columns have independent concrete pedestals. A thick 

steel base plate and two cleat angles connecting the flanges of the column to the base 

plate. In addition to these, web cleats are provided to connect the web of the column 

to the base plate. These web cleats guard against the possible dislocation of the 

column during erection. The ends of the column and also the base plate should be 

mechanized so that the column load is wholly transferred to the base plate. 

Area of base plate= (load of column)/(permissible bearing stress in 

concrete) 

Gusseted base 



Gussetted bases are provided for columns carrying heavier loads requiring large base 

plates. A gusseted base consists of a base of reduced thickness and two gusseted 

plates are attached one to each flange of the column. 

 

Guesseted base 

 

The gusseted plates, cleat angles and fastenings (bolts, rivets) in combination with 

bearing area of shaft shall be sufficient to take all loads. 

Example 12.1 A column section ISHB 250,@ 0.510 kN/m carries an axial load of 

600 kN. Design a slab for the column. The allowable bearing pressure on concrete is 4 

N/mm2. The allowable bending stress in the slab base is 185 N/mm2(MPa). 

Design: 

Step 1: Area of slab base required 

Axial load of column = 600 kN 

It is assumed uniformly distributed under the slab 

Area of the slab base required            



The length and width of slab base are proportioned so that projections on either side 

beyond the column are approximately equal. 

Size of column section HB 250,@ 0.510 kN/mm is 250 mm x 25 mm 

Area of slab base         =(250+2a)(250+2b) mm2 

 Step 2: Projections of base plate 

Let projections a and b are equal 

Area of slab (250+2a)2 = 15 x 104. Therefore a=68.45 mm 

Provide projections     a=b=70 mm 

Provide slab base (250 + 2 x 70) (250 + 2 x 70) = 390 mm x 390 mm 

Area of slab provided = 390 x 390 = 1,52,100 mm2 

Intensity of pressure from concrete under 

slab           

 Step 3: Thickness of slab base: 

Thickness of slab         

Provide 16 mm thick slab base. The fastenings are provided to keep the column in 

position. 

Example 12.2 A column section SC 250,@ 85.6 carries an axial load of 600 kN. 

Design a slab base for the column. The allowable bearing pressure on concrete is 4 

N/mm2. The allowable bending stress in the slab base is 185 N/mm2(MPa). 

Design: 

Step 1: Area of slab base required 

Axial load of column is 600 kN. It is assumed uniformly distributed under the slab. 

Area of slab base required      

The length and width of slab base are proportioned so that the projections on either 

side beyond the column are approximately equal. 

Size of column section SC 250,@ 85.6 kg/m = 250 mm x 250 mm 

Area of slab base                                             = (250 + 2a)(250+2b) mm2 

 Step 2: Projections of base plate 



Let the projections a and b be equal. 

Area of slab     (250+2a)2 = 15 x 104. Therefore a=68.45 mm 

Provide projections     a=b=70 mm 

Provide slab base (250 + 2 x 70) (250 + 2 x 70) = 390 mm x 390 mm 

Area of slab provided = 390 x 390 = 1,52,100 mm2 

Intensity of pressure from concrete under slab           

 Step 3: Thickness of slab base: 

Thickness of slab         

Provide 16 mm thick slab base. The fastenings are provided to keep the column in 

position. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

BEAM 

 

Different types of beams are used in construction of building and structures. These are 

horizontal structural element that withstand vertical loads, shear forces and bending 

moments. Beams transfer loads imposed along their length to their end points to walls, 

columns, foundations, etc. 

 

Plate Girder 

A plate girder is a deep built-up beam consisting of plates (or plates and angles) 

meant for carrying heavy loads on large spans. For heavily loaded girders of large 

spans single I-sections even with cover plates do not provide the necessary moment of 

resistance and shear resistance. A rolled steel beam may be suitable for spans not 

exceeding 15 m. For spans from 15 m to 20 m I-section with cover plates may be 

workable. 

 

Following are the advantages: 



(i) The section of the girder is designed specifically for the needed purpose. 

(ii) Strength to weight ratio of a plate girder is very high 

Components of a Plate Girder: 

A welded plate girder consists of following components: 

(i) The web plate. 

(ii) Flange plates – There may also be cover plates which may be curtailed at an 

appropriate section. 

(iii) Stiffeners – Bearing stiffeners, intermediate stiffeners, and longitudinal stiffeners. 

(iv) Splices for web and flange plate 

(v) End connections. 

 

LATERALLY SUPPORTED BEAMS 

The laterally supported beams are also called laterally restrained beams. When lateral 

deflection of the compression flange of a beam is prevented by providing effective 

lateral support (restraint), the beam is said to be laterally supported. The effective 

lateral restraint is the restraint which produces sufficient resistance in a plane 

perpendicular to the plane of bending to restrain the compression flange of a beam 

from lateral buckling to either side at the point of application of the restraint. The 

concrete slab encasing the top flange, so that the bottom surface of the concrete slab is 

flush with the bottom of the top flange, is shown in Fig. 14.2.A. It provides a 

continuous lateral support to the top flange of the beam. When other beams frame at 

frequent intervals into the beam in questions as shown in Fig. 14.2.B, lateral support 

is provided at each point of connection but main beam should still be checked 

between the two supports. 

 

In the laterally supported beams, the value of allowable bending compressive stress 

remains unaltered and the reduction in its value is not made. Bending comprehensive 

stress is taken equal to the allowable bending tensile stress, (σbc=σbt=0.66fy). The 



adequate lateral support is provided to safeguard against the lateral-torsional bucking. 

In case of doubt for adequate lateral support, the beams should be designed as 

laterally unsupported. In case the concrete slab holds the top flange (compression 

flange) of the beam from one side only, then, the lateral support is not credited. The 

concrete slab simply resting over the top flange of the beam without shear connectors 

also does not provide an lateral support. Sometimes, the plank or bar grating is 

attached to the top flange of beam by means of bolts. When the bolts are firmly 

fastened, then, they provide adequate lateral support temporarily. Even then, bolts 

have temporary nature of connections. It is possible that the bolts might be omitted or 

removed. As such, the top flange should not be considered laterally supported fully. 

The beams having lateral support from other members may buckle between points of 

lateral support. Therefore, the laterally unsupported length of beam is kept short. 

Design Step:- 

Step 1. For the design of beams, load to be carried by the beam, and effective span of 

the beam are known. The value of yield stress, fy for the structural steel to be used is 

also known. For the rolled steel beams of equal flanges as given in ISI Handbook no.1, 

the ratio of mean thickness of the compression flange (T=tf) to the thickness of web 

used to be less than 2.00. Also the ratio of the depth of web d1 to the thickness of web 

is also smaller than 85. The ends of compression flange of a laterally supported beam 

remain restrained against lateral bending (i.e., not free to rotate in plan at the 

bearings). 

In the beginning of design, the permissible bending stress in tension, σbt or in 

compression, σbc may be assumed as 0.66 fy. The bending compressive stress, σbc and 

the bending tensile stress, σbt are equal for the laterally supported beam. 

Step 2. The maximum bending moment M and the maximum shear force F in the 

beam are calculated. The required section modulus for the beam is determined as 

Z=(M/σbc) 

Step 3. From the steel section tables, a rolled steel beam section, a rolled steel beam 

section, which provides more than the required section modulus is selected. The steel 

beam section shall have (D/T) and (l/ry) ratios more than 8 and 40 respectively. As 

such the trial section of beam selected may have modulus of section, Z more than that 

required. Some of the beam sections of different categories have almost the same 

value of the section modulus Z. It is necessary to note the weight of beam per meter 

length and the section modulus, Z. The beam section selected should be such that it 

has minimum weight and adequate section modulus, Z. 

Step 4. The rolled steel beam section is checked for the shear stress. The average and 

maximum shear stresses should not exceed the allowable average and maximum 

values of shear stresses. 

Step 5. The rolled steel beam is also checked for deflection. The maximum deflection 

should not exceed the limiting deflection. 



ISI Handbook no.1 provides tables for allowable uniform loads on beams and 

channels used as flexural members with adequate lateral support for compression 

flange. The values of allowable uniform loads corresponding to respective effective 

spans are given for various beams and channel sections. For given span and total 

uniformly distributed load found, rolled beam or channel section may be selected 

from these tables. The rolled steel I-sections and wide flange beam sections are most 

efficient sections. These sections have excellent flexural strength and relatively good 

lateral strength for their weights. 

Step 1. For the design of beams, load to be carried by the beam, and effective span of 

the beam are known. The value of yield stress, fy for the structural steel to be used is 

also known. For the rolled steel beams of equal flanges as given in ISI Handbook no.1, 

the ratio of mean thickness of the compression flange (T=tf) to the thickness of web 

used to be less than 2.00. Also the ratio of the depth of web d1 to the thickness of web 

is also smaller than 85. The ends of compression flange of a laterally supported beam 

remain restrained against lateral bending (i.e., not free to rotate in plan at the 

bearings). 

In the beginning of design, the permissible bending stress in tension, σbt or in 

compression, σbc may be assumed as 0.66 fy. The bending compressive stress, σbc and 

the bending tensile stress, σbt are equal for the laterally supported beam. 

Step 2. The maximum bending moment M and the maximum shear force F in the 

beam are calculated. The required section modulus for the beam is determined as 

Z=(M/σbc) 

Step 3. From the steel section tables, a rolled steel beam section, a rolled steel beam 

section, which provides more than the required section modulus is selected. The steel 

beam section shall have (D/T) and (l/ry) ratios more than 8 and 40 respectively. As 

such the trial section of beam selected may have modulus of section, Z more than that 

required. Some of the beam sections of different categories have almost the same 

value of the section modulus Z. It is necessary to note the weight of beam per meter 

length and the section modulus, Z. The beam section selected should be such that it 

has minimum weight and adequate section modulus, Z. 

Step 4. The rolled steel beam section is checked for the shear stress. The average and 

maximum shear stresses should not exceed the allowable average and maximum 

values of shear stresses. 

Step 5. The rolled steel beam is also checked for deflection. The maximum deflection 

should not exceed the limiting deflection. 

ISI Handbook no.1 provides tables for allowable uniform loads on beams and 

channels used as flexural members with adequate lateral support for compression 

flange. The values of allowable uniform loads corresponding to respective effective 

spans are given for various beams and channel sections. For given span and total 

uniformly distributed load found, rolled beam or channel section may be selected 

from these tables. The rolled steel I-sections and wide flange beam sections are most 



efficient sections. These sections have excellent flexural strength and relatively good 

lateral strength for their weights. 

 

 

Step 1. For the design of beams, load to be carried by the beam, and effective span of 

the beam are known. The value of yield stress, fy for the structural steel to be used is 

also known. For the rolled steel beams of equal flanges as given in ISI Handbook no.1, 

the ratio of mean thickness of the compression flange (T=tf) to the thickness of web 

used to be less than 2.00. Also the ratio of the depth of web d1 to the thickness of web 

is also smaller than 85. The ends of compression flange of a laterally supported beam 

remain restrained against lateral bending (i.e., not free to rotate in plan at the 

bearings). 

In the beginning of design, the permissible bending stress in tension, σbt or in 

compression, σbc may be assumed as 0.66 fy. The bending compressive stress, σbc and 

the bending tensile stress, σbt are equal for the laterally supported beam. 

Step 2. The maximum bending moment M and the maximum shear force F in the 

beam are calculated. The required section modulus for the beam is determined as 

Z=(M/σbc) 

Step 3. From the steel section tables, a rolled steel beam section, a rolled steel beam 

section, which provides more than the required section modulus is selected. The steel 

beam section shall have (D/T) and (l/ry) ratios more than 8 and 40 respectively. As 

such the trial section of beam selected may have modulus of section, Z more than that 

required. Some of the beam sections of different categories have almost the same 

value of the section modulus Z. It is necessary to note the weight of beam per meter 

length and the section modulus, Z. The beam section selected should be such that it 

has minimum weight and adequate section modulus, Z. 

Step 4. The rolled steel beam section is checked for the shear stress. The average and 

maximum shear stresses should not exceed the allowable average and maximum 

values of shear stresses. 

Step 5. The rolled steel beam is also checked for deflection. The maximum deflection 

should not exceed the limiting deflection. 

ISI Handbook no.1 provides tables for allowable uniform loads on beams and 

channels used as flexural members with adequate lateral support for compression 

flange. The values of allowable uniform loads corresponding to respective effective 

spans are given for various beams and channel sections. For given span and total 

uniformly distributed load found, rolled beam or channel section may be selected 

from these tables. The rolled steel I-sections and wide flange beam sections are most 

efficient sections. These sections have excellent flexural strength and relatively good 

lateral strength for their weights. 



Example 14.1 The effective length of compression flange of simply supported beam 

MB 500,@0.869 kN/m is 8 m. Determine the safe uniformly distributed load per 

meter length which can be placed over the beam having an effective span of 8 meters. 

Adopt maximum permissible stresses as per IS 800-1984. The ends of beam are 

restrained against rotation at the bearings. 

Solution: 

Step 1: Permissible bending stress 

MB 500,@0.869 kN/m has been used as simply supported beam. The effective span 

of beam is 8 m. The effective length of compression flange is also 8 m. 

From the steel section table, the section modulus of beam          Z=1808.7 x 103 mm3 

Mean thickness of compression flange                                         tf =T= 17.2 mm 

Thickness of web                                                                          tw=10.2 mm 

It is assumed that the value of yield stress, fy for the structural steel of MB 

500,@0.869 kN/m is 250 N/mm2(MPa). 

 

      From IS: 800-1984, the maximum permissible bending stress, for above ratios 

(by linear interpolation) σbc=65.121 N/mm2(MPa) 

  Step 2: Load supported over beam 

 

      MB 500,@0.869 kN/m can resist maximum bending moment equal to moment of 

resistance. Therefore the maximum bending moment M=160.189 m-kN 

Step 3: Load supported over beam 

The effective span of the beam is 8 meters. Let w be the uniformly distributed load 

per meter length. The maximum bending moment, M for the beam occurs at the 

centre.. 



  

The self-weight of the beam is 0.869 kN/m. Therefore, the safe uniformly distributed 

load which can be placed over the beam        (20.02-0.869)=19.15 kN. 

 Example 14.2 Design a simply supported beam to carry a uniformly distributed load 

of 44 kN/m. The effective span of beam is 8 meters. The effective length of 

compression flange of the beam is also 8 m. The ends of beam are not free to rotate at 

the bearings. 

Design: 

Step 1: Load supported, bending moment and shear force 

Uniformly distributed load                 = 44 kN/m 

Assume self weight of beam               =   1.0 kN/m 

Total uniformly distributed load      w= 45 kN/m 

The maximum bending moment, M occurs at the centre 

 

Step 2: Permissible bending stress 

It is assumed that the value of yield stress, fy for the structural steel is 250 

N/mm2 (MPa). The ratios (T/tw) and (d1/tw) are less than 2.0 and 85 respectively. The 

maximum permissible stress in compression or tension may be assumed as σbc = σbt = 

(0.66 x 250) = 165 N/mm2 

 

The steel beam section shall have (D/T) and (l/ry) ratios more than 8 and 40 

respectively. The trial section of beam selected may have modulus of section, Z more 

than that needed (about 25 to 50 per cent more). 

Step 3: Trial section modulus 

1.50 x 2181.82 x 103 mm3=3272.73 x 103 mm3 

From steel section tables, try WB 600,@1.337 kN/m 

Section modulus,        Zxx=3540.0 x 103 mm3 



Moment of inertia,      Ixx=106198.5 x 104 mm4 

Thickness of web,       tw=11.2 mm 

Thickness of flange,    T=tf=21.3 mm 

Depth of section,        h=600 mm 

Step 4: Check for section modulus 

  

The effective length of compression flange of beam is 8 m. 

 

From IS: 800-1984, the maximum permissible bending stress σbc=118.68 

N/mm2(MPa) 

Section modulus required 

 

Further trial may give more economical section. 

Step 5: Check for shear force 

Average shear stress,   

Permissible average shear stress      

0.4 x fy = (0.4 x 250) = 100 N/mm2 > Actual average shear stress 

Step 6: Check for deflection 

Maximum deflection of the beam 

 

Allowable deflection              



The maximum deflection is less than allowable deflection, hence the beam is safe. 

Provide WB 600,@1.337 kN/m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fabrication and erection of steel structures 

  

INTRODUCTION  

In India, the fabrication and erection of structural steelwork has been out 

of the purview of the structural designer. Nevertheless, in the future emerging 



situation, the entire steel chain, i.e. the producer, client, designer, fabricator and 

contractor should be able to interact with each other and improve their efficiency and 

productivity for the success of the project involving structural steelwork. 

 

Steel Fabrication( is the process of preparing components ready for assembly at 

site . 

The process of steel fabrication involves grinding, welding, cutting, bending, drilling, 

punching, burning or melting and other general crafting methods using 

various high-quality tools and CNC equipment. The entire steel fabrication process is 

systematic and requires utmost planning, precision, and knowledge. Steel fabricators 

are well aware of all the crucial steps and measures that need to be taken care of in the 

fabrication process. Structural steel is usually fabricated to create structures like beams, 

trusses, hollow sections, angles and plates. 

These steel members must be accurately fabricated before assembling them together. 

All component parts of these members are fitted-up temporarily with rivets, bolts, or 

small amounts of welds. Various fastening methods are employed to deliver different 

types of finishes. Finishing is generally performed by milling, sawing or other suitable 

methods. 

It’s important to understand how structural steel structures are designed before 

assembling them together. 

Construction Needs: 

First and foremost, it’s crucial to know the type of structure you want to construct. 

Commercial structures have a distinct designing process. Similarly, residential 

structures are totally dissimilar from industrial structures. Hence, all the structures 

demand different types of construction processes. Moreover, any and every type of 

construction process requires unique structures varying in sizes, dimensions, and 

designs. Each structure has to be specifically designed and fabricated before 

constructing and assembling them together. For any joint to be site welded, the 

members will have to be held securely in position such that the setup for welding is 

accurate and rigid. 

Erection Techniques: 

Mobile Elevating Work Platforms (MEWPs) and cranes are predominantly used in the 

erection of steel structures for buildings and bridges. However, there various other 

techniques that are sometimes used for constructing steel bridges. Cranes are usually 

divided into two broad categories, mobile and non-mobile cranes. Truck mounted, 

crawler and all-terrain cranes are included in the first category, while tower cranes are 

included in the second category. 

http://northern-weldarc.com/equipment/


The MEWPs can be used both on the ground or on the partly erected steel structure, in 

order to erect lighter steel elements. These MEWPs are used to access the steelwork 

during erection to bolt up the pieces lifted by the crane. Important measures need to be 

taken before using the MEWPs such as first checking if the steel structure can support 

the weight of the MEWP and then determining whether they should be used on the 

ground or on the erected structures. 

Steel Erection: 

There are four primary tasks that need to be considered before the steel erection 

process. 

– It is extremely important to establish the foundations and confirm if they are suitable 

and safe for erection to commence. 

– With the help of cranes or sometimes by jacking, lifting and placing components into 

position is essential. Additionally, to secure the components in place, bolted 

connections are made but they may not be fully tightened. Similarly, bracings may not 

be fully secured. 

– Aligning the structure is essential, principally by checking that column bases are 

lined and leveled and columns are plumb. To allow column plumb to be adjusted, 

packing in beam-to-column connections may need to be changed. 

– Last but the least, bolting-up is required, which means completing all the bolted 

connections to secure and impart rigidity. 

Steel fabrication and erecting steel structures  

 Our steel fabricators at Northern Weldarc use the best steel fabrication tools and 

equipment to ensure that the fabrication and erection processes of steel structures are 

done with accuracy and perfection. 
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