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01 Chapter:-1 Introduction:  05 

02 Chapter:-2 Structural Steel Fasteners and Connections.   20 

03 Chapter:-3 Design of Steel tension Members  20 

04 Chapter-4  Design of Steel Compression members.  20 

05 Chapter:-5 Design of Steel beams:  10 

06 Chapter-6 

 

Design of Tubular Steel Structures  10 
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On completion of the course, a student will be able to-  
1. Design simple steel structure such as tension members, compression members and 
simple beams.  
2. Design timber structural elements  
3. Design staircase, footings by limit method of design.  
4. Draw the details of a steel roof truss.  
5. Draw the reinforcement details of underground RCC water tank and RCC footings.  
6. Use standards and design codes.  

 

 

 

 

 

 

 

 



Chapter 1   

 Introduction: 
Learning objectives 
1.1 Common steel structure, advantages and disadvantages of steel 

structure. 
1.2 Types of steel, properties of structural steel. 

1.3 Rolled steel section, special consideration in steel design. 

1.4 Load and load combination 

1.5 Structural analysis and design philosophy. Brief review of 
principle of limit state design. 

 
1.1 Common steel structures, Advantages & disadvantages of 

steel structures. 
Main structural types 

• Frame structures: Beams and columns. 

• Grids structures: latticed structure or dome. 

• Pre-stressed structures. 

• Truss structures: Bar or truss members. 

• Arch structure. 

• Arch bridge. 

• Beam bridge. 

• Cable-stayed bridge. Etc 

Advantages of Structural Steel Structures 
Steel is tensile. It has a high strength to weight ratio which means it has high strength per unit 
mass. So no matter how large the overall structure is, the steel sections will be small and 
lightweight, unlike other building materials. 

Steel can be easily fabricated and produced massively. Steel sections can be produced off-site 
at shop floors and then assembled onsite. This saves time and increases the efficiency of the 
overall construction process. 

Structural steel is very flexible. You can mold it into any shape, without changing its 
properties. You can convert it into sheets or turn it into wires as per the design. 



Structural steel is relatively cheap compared to other building materials. 

It is very durable. Structural steel structures can withstand external pressures such as 
earthquakes,         thunderstorms, and cyclones. A well-built steel structure can last up to 30 
years if maintained well. 

Disadvantages of Structural Steel Structures 
1. Steel is an alloy of iron. This makes it susceptible to corrosion. This problem can be 

solved to some extent using anti-corrosion applications. 

2. It has high maintenance costs  as it has to be painted to make it corrosion-resistant 

3. There are extensive fireproofing costs involved as steel is not fireproof. In high 
temperatures, steel loses its properties. 

4. Buckling is an issue with steel structures. As the length of the steel column increases 
the chances of buckling also increases. 

5. Steel has a high expansion rate with changing temperatures. This can be detrimental 
to the overall structure. 

1.2 Types of steel, properties of structural steel 

Steel is a combination of two elements, iron and carbon. Steel are broken is broken into 
four types and then in those types steel is broken down into grades. There are four main 
types of steel, Carbon Steels, Alloy Steels, Stainless Steels, Tool Steels 

Physical properties of structural steel irrespective of its grade may be taken as: 

a)  Unit mass of steel, p = 7850 kg/m~ 

b) Unit mass of steel, p = 7850 kg/m~ 

c)Modulus of elasticity, E = 2.0 x 10s N/mm2 (MPa) 

d) Poisson ratio, p = 0.3 

e) Modulus of rigidity, G = 0.769 x 10s N/mm2 (MPa) 

f) Co-efficient of thermal expansion cx.= 12 x10’ /“c 

 Mechanical properties of structural steel 



The principal mechanical properties of the structuralsteel important in design are the yield 
stress, fy; thetensile or ultimate stress, fu; the maximum percentelongation on a standard 
gauge length and notchtoughness. Except for notch toughness, the otherproperties are 
determined by conducting tensile testson samples cut from the plates, sections, etc, 
inaccordance with IS 1608. Commonly used propertiesfor the common steel products of 
differentspecifications 

1.3 Rolled steel sections, special considerations in steel design. 

 

 

Structural design, including design for durability, construction and use should be considered 
as a wholes The realization of design objectives requires compliance with clearly defined 
standards for materials, fabrication, erection and in-service maintenance. 



1.4  Loads and load combination 
For the purpose of designing any element, member or a structure, the following loads 
(actions) and their effects shall be taken into account, where applicable, with partial 
safety factors find combinations 
 
 
 
Loads 
Dead loads;Imposed loads (live load, crane load, snow load, dust load, wave load, earth 
pressures, etc); Wind loads; Earthquake loads;Erection loadsect. 
 
Load combinations 
Load combinations for design purposes shall be those that produce maximum forces and 
effects and consequently maximum stresses and deformations. 
 
The following combination of loads with appropriate partial safety factors (see Table 4) 
maybe considered. 
a) Dead load + imposed load, 
b) Dead load + imposed load + wind or earthquake load, 
c) Dead load + wind or earthquake load, and 
d) Dead load+ erect Earthquake 
 
 
1.5 Structural analysis and design philosophy. 

All the structural steel used in generalconstruction, coming under thepurview of this 
standardshall before fabrication conform to IS 2062. 

Structural steel other than those specifiedmay also be used provided that the permissible 
stressesand other design provisions are suitably modified andthe steel is also suitable for the 
type of fabricationadopted. 

 

For achieving the design objectives, the designshall be based on characteristic values for 
materialstrengths and applied loads (actions), which take intoaccount the probability of 
variations in the materialstrengths and in the loads to be supported. Thecharacteristic values 
shall be based on statistical data,if available. Where such data is not available, theseshall be 
based on experience. The design values arederived from the characteristic values through the 
useof partial safety factors, both for material strengths andfor loads. In the absence of special 
considerations, thesefactors shall have the values given in this sectionaccording to the 
material, the type of load and the limitstate being considered. The reliability of design 
isensured by satisfying the requirement: 

Design action 《   Design strength 

 
 



1.6 Brief review of Principles of Limit State design. 
For achieving the design objectives, the design shall be based on characteristic values 
formaterial strengths and applied loads (actions), which take into account the probability of 
variations inthe material strengths and in the loads to be supported. The characteristic values 
shall be based onstatistical data, if available. Where such data is not available, these shall be 
based on experience. Thedesign values are derived from the characteristic values through the 
use of partial safety factors, bothfor material strengths and for loads. In the absence of special 
considerations, these factors shall havethe values given in this section according to the 
material, the type of load and the limit state beingconsidered. The reliability of design is 
ensured by satisfying the requirement: Design action ≤ DesignstrengthLimit states are the 
states beyond which the structure no longer satisfies the performancerequirements specified. 
The limit states are classified as: a) Limit state of strength; and b) Limit state ofserviceability. 

 

Short questions with answer 

Q-1 Define structural steel . ( W-20 , 

Ans-The steel sections manufactured in rolling mills and used as structural members are 
known as rolled structural steel sections. The steel sections are named according to their cross 
sectional shapes. The shapes of sections selected depend on the types of members which are 
fabricated and to some extent on the process of erection. Many steel sections are readily 
available in the market and have frequent demand. Such steel sections are known as regular 
steel sections. Some steel sections are rarely used. Such sections are produced on special 
requisition and are known as special sections. ‘ISI Handbook for Structural Engineers’ gives 
nominal dimensions, weight and geometrical properties of various rolled structural steel 
sections. 

Q-2 Define load combination? 

Ans-A load combination sums or envelopes the analysis results of certain load cases. 
Summation is often suitable for a linear analysis in which results are superimposed, such as 
with 1.2*DL+1.6*LL. 

Q-3 Define design philosophy? 

Ans-Design Philosophies of Steel Structures is for achieving the design objectives, the design 
shall be supported characteristic values for material strengths and applied loads (actions), that 
take intoconsideration the probability of variations in the material strengths and in the loads 
to be supported. 

Q -4 write down the principle of limit state design. 

Ans-Limit state design (LSD) refers to a structural engineering design method. A degree of 
loading or other actions imposed on a structure can result in a 'limit state', where the 
structure's condition no longer fulfils its design criteria, such as; fitness for use, structural 
integrity, durability, and so on. 

Long question 



Q-1 Describe limit state method for steel design? 

Q-2 What are the properties of structural steel? 

Q-3 Explain the advantages and disadvantages of structural steel? ( S-19 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2 

Structural Steel Fasteners and Connections. 
Learning objectives 

 
2.1 Bolted Connections  

2.1.1 Classification of bolts, advantages and disadvantages of 
bolted connections.  

2.1.2 Different terminology, spacing and edge distance of bolt 
holes.  

2.1.3 Types of bolted connections.  

2.1.4 Types of action of fasteners, assumptions and principles 
of design.  

2.1.5 Strength of plates in a joint, strength of bearing type 
bolts (shear capacity& bearing capacity), reduction 
factors, and shear capacity of HSFG bolts.  

2.1.6 Analysis & design of Joints using bearing type and 
HSFG bolts (except eccentric load and prying forces) 
2.1.7 Efficiency of a joint.  

2.2 Welded Connections:  

2.2.1 Advantages and Disadvantages of welded connection  

2.2.2 Types of welded joints and specifications for welding 

2.2.3 Design stresses in welds.  

2.2.4 Strength of welded joints.  

 

2.1 Bolted Connections 
• Connections are always needed to connect two members.  
• It is necessary to ensure functionality and compactness of structures. 
• Prime role of connections is to transmit force from one component to another.  
• Steel connections can be made by bolts or welds. 
•  Connections accounts for more than half cost of steel structure. 
• Connections are designed more conservative than members because they are more 

complex. 



 

2.1.1 Classification of bolts, advantages and disadvantages of 
bolted connections. 
Unfinished Bolt – ordinary, common, rough or black bolts 

High strength Bolt – friction type bolt 

 

ADVANTAGES OF BOLTED CONNECTION 
 
The following are the advantages of bolted connection over other type of connection  
1 Use of simple tools and less skilled labour and working area. 
2 Speedy & noiseless Errection 

3 Economical due to reduced labour and equipment costs. 

4 Minimum strength reduction at joint due to less number of holes or bolts  

5 Easy alteration or dismantling of connections.  

 DISADVANTAGES OF BOLTED CONNECTION 
1  High cost of material. 

2 Reduced tensile strength due to area reduction at the root of threads. 
3  Normally loose fit reduces joint rigidity leading to excessive deflection.  

4 Susceptibility of loosing of bolts under vibration and dynamic loads. Large joint space, 
when heavy loads are required. 

 

 

2.1.2 Different terminology, spacing and edge distance of bolt 
holes. 

 

->Gauge Line: This is a line parallel to the direction of stress (or load)  

along which the bolts are placed.  

->Pitch:        It is the distance between the centres of two consecutive bolts measured along 
a row of bolts  

(Gauge Line). It is denoted by p.  

->Gauge Distance:   This is the perpendicular distance between adjacentgauge lines. It is 
denoted by g. 



->Edge Distance: This is the shortest distance from the edge of the  

member to the extreme bolt hole centre along the Gauge line.  

->End Distance:   It is the shortest distance from the edge of the member to the extreme bolt 
hole centre perpendicular to the Gauge line. 

2.1.3 Types of bolted connections. 
Based on Joint:  

• Lap Joint 
• Butt Joint 

Based on Load transfer Mechanism:  

• Shear and Bearing,  
• Friction 

2.1.4 Types of action of fasteners, assumptions and principles of 
design. 
There are two main types of bolted joint designs: tension joints and shear joints. In the 
tension joint, the bolt and clamped components of the joint are designed to transfer an applied 
tension load through the joint by way of the clamped components by the design of a proper 
balance of joint and bolt stiffness. 

 



Assumptions in the analysis of bearing bolts 

1  The analysis of bolted joints is very complex and to simplify it, the following assumptions 
at nude in tir design of bearing type of (finished or unfinished) bolted connections. 
2  stress distribution on the plates between the bolt holes is uniform. 

3  friction between the plates is negligible. 

4  The shearing stress is uniformly distributed over the cross-section of the bolts. 
bolts in a group share the direct load equally. 

6  Bending stresses developed in bolts is neglected. 
TIE following guiding principles are to be observed in the design of bolted connections.. 
• The arrengementof bolts should satisfy the gauge, pitch and the edge distance 

requirements. 

• To effect economy of material cost in respect of cover plates, gusset plates etc. the 
length of tie is kept as small as possible. 

• The c.g of tir bolt pup should coincide with the centre line of connected member. 

• centre lirr of all members meeting at a joint should coincide atone point only to avoid 
twisting tie joint out of position. 

• TIE nurnber of bolts should be gradually increased towards the joint for uniform 
stress distribution in the bolts. 

Mere possible. Zigzag or diamond form of bolting may be adopted so as to effect minimum 
strength reduction due to holes. 

2.1.5 Strength of plates in a joint, strength of bearing type bolts 
(shear capacity& bearing capacity), reduction factors, and shear 
capacity of HSFG bolts 
 



 

2.1.6 Analysis & design of Joints using bearing type and HSFG 
bolts (except eccentric load and prying forces) 



 
 

Example:1 Two plates 200mm × 8mm are to be connected by 16mm diameter bolts in a 
lap joint. Calculate the strengths for the black type (Bearing type bolts). Take 4.6 grade 



of bolts. Take ultimate tensile strength of plate = 410  



 
 
 

 
 



 
 



 

 
 
2.2 Welded Connections: 
 
When two members are connected by means of welds, such a connection is known as welded 
connection. Welding offers an opportunity to the designer to achieve a more efficient use of 
the materials. Earlier designers considered welds as less fatigue resistant. It was believed that 
attaining good welds at site is impossible. Now a day, with the advances in the field of non 



destructive testing methods (NDT), testing and quality control of welds became easier. This 
gives the designers enough courage to explore the possibilities and capabilities of welded 
connections. Speedy construction is facilitated by using welded connections. Weight of 
welded connections is relatively low and hence 
 
2.2.1 Advantages and Disadvantages of welded connection 
 
The following are the advantages of welded joints. 
• Due to the absence of gusset plates and other connecters, the welds are usually lighter. 
• Welding process is quicker as it requires no drilling of holes. 
• Welding is more adaptable than other types of connections and can even be used in 
circularpipes.  
• 100% efficiency can be achieved in welding where as the connection such as bolts can have 
amaximum efficiency of 70 - 80%. 
• Noise produced during the welding process . 
• Welds usually have good aesthetic appearance. 
• Welded joints are air tight and water tight and can be used for water tanks and gas tanks. 
• Welded joints are rigid. 
• Mismatch of holes will never happen in welded connection. 
• Alternation of joints can easily be made in the case of welded connections. 
However the welded connection is having the following disadvantages. 
• Due to the uneven heating and cooling, members are likely to distort in the process of 
welding. 
• Possibility of brittle fracture is more in the case of welded connections. 
• Welded connections are more prone to failure due to fatigue stresses. 
• The inspection of welded joints is difficult and expensive. It can only be done by employing 
NDT. 
• Highly skilled persons are required for welding. 
• Proper welding in field conditions is difficult. 
• Welded joints are over rigid. 
 
2.2.2 Types of welded joints and specifications for welding 
 
The basic types of welded joints can be classified depending on the types of welds, position 
ofwelds and type of joint. 
 Based on the type of weld 
Based on type of weld, welds can be classified in to fillet weld, groove weld (or butt 
weld),plug weld, slot weld, spot weld etc. Various types of welds are shown in Figure 15. 
. Groove welds (butt welds) 
Groove welds (butt welds) and fillet welds are provided when the members to be joined 
arelined up. Groove welds are costlier since it requires edge preparation. Groove welds can 
be employed 
safely in heavily stressed members. Square butt welds are provided up to a plate thickness of 
8mmonly. Various types of butt welds are shown in Figure 16. 
 
Fillet welds 



Fillet welds are provided when two members to be jointed are in different planes. Since 
thissituation occurs more frequently, fillet welds are more common than butt welds. Fillet 
welds areeasier to make as it requires less surface preparation. Nevertheless, they are not as 
strong as thegroove welds and cause concentration of stress. Fillet welds are preferred in 
lightly stressed members where stiffness rather than strength governs the design. The various 
types of fillet welds are shown in Figure 17. 
 
Slot and plug welds 
 
Slot and plug welds are used to supplement fillet welds where the required length of fillet 
weldcannot be achieved. 
 
Based on the position of weld 
 
Based on the position of weld, welds can be classified in to flat weld, horizontal weld, 
verticalweld, overhead well etc. 
 
. Based on the type of joints 
 
2.2.3 Design stresses in welds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 



 

2.2.4 Strength of welded joints. 
 
Example 1. Two plates 16 mm thick are joined by i. a double U butt weld, ii. A single U butt 
weld. Determine the strength of the welded joint in tension in each case. Effective length of 
weld is 150 mm. Allowable stress in butt weld in tension is 142 N/mm2.   

Solution 

i.In case of double U but weld, complete penetration of weld takes place 

Effective throat thickness of weld       = 16 mm 

Effective length of weld                     = 150 mm 

 Strength of single U butt weld = throat thickness x length of weld x permissible shear stress 

                                                   = (16 x 150 x 142/1000)      = 340.8 kN 

ii.In case of single U butt weld, incomplete penetration of butt weld takes place 

Effective throat thickness       = 5/8 x 16        = 10 mm 

Effective length of weld                                 = 150 mm 

  



Strength of single U butt weld           = (10 x 150 x 142/1000)         = 213.0 kN 

 Example 2. In a truss girder of a bridge, a tie as shown in Fig. 7.18 is connected to the 
gusset plate by fillet weld. Determine the strength of the weld. The size of the weld in the 
fillet weld is 6 mm. 

 

Solution 

            Size of weld                                                = 6 mm 

            Effective throat thickness                             = 0.7 x 6 = 4.2 mm 

            Effective length of fillet weld                        = 200 + 200+ 200       = 600 mm 

             Strength of fillet weld                                   = (4.2 x 600 x 110/1000)        = 277.2 kN 

Example 3. In Example 7.2, the pull to be transmitted by the tie is 300 kN. Determine the 
necessary overlap of the tie. 

Solution 

            Size of weld                                               = 6 mm 

            Effective throat thickness                            = 4.2 mm 

             Pull transmitted by the end fillet weld           = (4.2 x 200 x 110/1000)        = 92.4 kN 

            Let l be the necessary overlap required, the pull transmitted by the side fillet is 

                                                                                    = (4.2 x 2 x l x 110/1000)       = 
0.924 l kN 

            Total pull transmitted  = 92.4 + 0.924 l           = 300 kN 

            Therefore, the necessary overlap of the tie l   = 224.7 mm. 

Short questions with answer 

No. 1 ) Define bolt & write the types of bolt (W-18 , 

Ans. Bolts used in steel structures are of three types: 1) Black Bolts, 2) Turned and Fitted 
Bolts and 3) High Strength Friction Grip (HSFG) Bolts. ... The load transmitted from plate to 
bolt is therefore by bearing and the bolt is in shear. 

No. 2 ) what does 4 &6 imply for bolts of grade 4..6 ( S-18 , 



Ans. The specification Class 4.6 Threaded Rod is a standard that covers fasteners 
manufactured from either Low carbon steel or medium carbon steel. ... The ultimate material 
strength of Grade 4.6 Threaded Rod is 40 Mpa while its yield strength or the proof stress is 
60% that of the ultimate strength. 

No.3 ) Define efficiency of joints ( W-18 , 

Ans. Joint efficiency is an important factor to be considered in the design stage. When 
designing the minimum thickness of the shell or the design pressure, the strength of the base 
metal should be multiplied by the Joint Efficiency value 

No.4) Define net area of bolts 

Ans. When tension members are spliced or connected to a gusset plate by rivets or bolts, 
some material is removed from the cross-section due to bolt or rivet holes. The net area at any 
section is equal to the gross area minus the deduction for holes at that section. 

No.5) Define pitch ( S-17 , 

Ans. The thread pitch for fasteners is the axial distance from one thread groove to the next. 
Another way to measure thread pitch is to place a steel rule down into the axis of a screw and 
then count the number of thread crests in a given length from that point. 

No.6) Write  the types of welds 

Ans. 

.Butt joint. 

•Tee joint. 

•Corner joint. 

•Lap joint. 

No.7) Define gauge distance (W-20 , 

Ans. Gauge distance (g) : It is the distance between the two consecutive bolts of adjacent 
rows and is measured at right angles to the direction of load. 

Long questions 

No.1) Explain different types of butt welds with sketches 

No.2) Discuss the advantages & disadvantages of bolted connections ( S-17 ,  

No.4) Discuss the advantages & disadvantages of welded connections ( W-18 , 
 

 

 

 

 



Chapter 3.      

 Design of Steel tension Members 
Learning objectives 

3.1 Common shapes of tension members.  

3.2 Maximum values of effective slenderness ratio.  
 

3.3 Analysis and Design of tension members.( Considering strength 
only and concept of block shear failure.)  

 
3.1 Common shapes of tension members. 
 



3.2 Maximum values of effective slenderness ratio. 
Maximum values of Effective Slenderness Ratios 

 

Sl.   No. Member 
Maximum Effective 
Slenderness Ratio 
(KL/r) 

(i) A member carrying compressive loads resulting from 
dead loads and imposed loads 180 

(ii) A tension member in which a reversal of direct stress 
occurs due to loads other than wind or seismic forces 180 

(iii) 

A member subjected to compression forces resulting 
only from combination with wind/earthquake actions 
provided the deformation of such member does not 
adversely affect the stress in any part of the structure. 

250 

(iv) Compression flange of a beam against lateral-torsional 
buckling. 300 

(v) 

A member normally acts as a tie in a roof truss or a 
bracing system not considered effective when subject to 
possible reversal of stress into compression resulting 
from the action of wind or earthquake forces. 

350 

(vi) Members always under tension (other than pre-tensioned 
members) 400 

 

3.3 Analysis and Design of tension members.( Considering 
strength only and concept of block shear failure.) 



 

 



 

 

 



 

 

 

Short questions with answer 

Q -1 what is tension member? 

Ans-Tension members are structural elements that are subjected to axial tensile forces. 
Examples of tension members are bracing for buildings and bridges, truss members, and 
cables in suspended roof systems. 

Q -2 what is tack bolting? 

Ans-Tack bolts are additional bolts provided to satisfy the maximum pitch requirements of 
the steel structural members. When a member consists of two elements, which is supposed 



to act a single unit, then they are connected by tack bolts. They are used to prevent the local 
buckling in compression member. 

Q-3 what is block shear?W-20 

Ans-Block shear is a limit state that should be accounted for during the design of steel 
tension members. This failure mechanism combines a tensile failure on one plane and a 
shear failure on a perpendicular plane. 

Q-4 Define staggered pitch?S-17 

Ans-The staggered pitch is also known as alternate pitch or reeled pitch. The staggered pitch 
is defined as the distance measured along one rivet line from the centre of a rivet on it to 
the centre of the adjoining rivet on the adjacent parallel rivet line. 

Q-5.  Define net area of a tension member.   W-20 

Ans.   The net sectional area of tension member is the gross sectional area of the member 
minus sectional area of the max no. of holes. 

Long questions 

Q-1 Describe the design strength of threaded rods and design if single angle governed by 
rupture at net section? 

Q-2 Draw the varies forms of tension members like wire and cable ,bars and rods. 

Q-3.  Explain block shear failure with sketches for the case of bolted connection 

S-16 , S-18 

Q-4.  A tie member of a roof truss consist of 2 ISA 90×60×8 mm. The angles are connected 
on the either side of 10 mm gusset plate and the member is subjected factored pull of 360 
KN. Design the welded connection. Assume field welding. 

S-17 

 

 

 

 

 

 

 

 

 

 



Chapter- 4  

Design of Steel Compression members. 

Learning objectives 
 

4.1 Common shapes of compression members.  

4.2 Buckling class of cross sections, slenderness ratio 

4.3 Design compressive stress and strength of compression members.  

4.4 Analysis and Design of compression members (axial load only).  

 

4.1 Common shapes of compression members. 
 

 

 

4.2 Buckling class of cross sections, slenderness ratio 



(i) IS 800:2007 recommends different column curves or buckling class viz. a, b, c and d in 
non-dimensional form based on Perry Robertson approach based on cross-section 
classification. 

 

(ii) The buckling curves (a, b, c and d) give the value of reduction factor χ of the resistance of 
the column as a function of non-dimensional effective slenderness ratio called as reference 
slenderness for various types of cross sectional shapes. 

(iii) AS per IS 800, the value of imperfection factor (α) increases with imperfection as given 
in table 

Buckling curve a b c d 

α  0.21 0.34 0.49 0.76 

 

 

Slenderness ratio of a compression member is defined as the ratio of effective length to the 
least radius of gyration of that member. 

Slenderness ratio = effective length / least radius of gyration. 

4.3 Design compressive stress and strength of compression 
members.  

Common hot rolled and built-up steel members used for carrying axial compression, usually fail by 
flexural buckling. The buckling strength of these members is affected by residual stresses, initial bow 
and accidental eccentricities of load. To account for all these factors, the strength of members 
subjected to axial compression is defined by buckling class a, b, c, or d as given Table 

The design compressive strength Pd, of a member is given by:  



where P~ = Ac x f Cd 

 

 

 

 



4.4 Analysis and Design of compression members (axial load 
only). 
 

Example 1 A single angle discontinuous strut ISA 150 mm x 150 mm x 12 mm (ISA 150 
150,@0.272 kN/m) with single riveted connection is 3.5 m long. Calculate safe load carrying 
capacity of the section. 

Solution: 

Step 1: Properties of angle section 

ISA 150 mm x 150 mm x 12 mm (ISA 150 150,@0.272 kN/m) is used as discontinuous strut. 
From the steel tables, the geometrical properties of the section are as follows: 

Sectional area              A = 3459 mm2 

Radius of gyration      rxx= ryy=149.3 mm 

Radius of gyration      ruu= 58.3 mm, rvv=29.3 mm 

 Step 2: Slenderness ratio, 

Minimum radius of gyration rmin= 29.3 mm 

Effective length of strut l= 3.5 m 

Slenderness ratio of the strut 

 Step 3: Safe load 

From IS:800-1984 for l/r=119.5 and the steel having yield stress, fy=260 N/mm2, allowable 
working stress in compression σac =64.45 N/mm2 (MPa) 

For single angle discontinuous strut with single riveted connection, allowable working stress 

0.80 σac = (0.80 x 64.45) = 51.56 N/mm2. 

The safe load carrying capacity          

 Example 2 In case in Example 11.1, a discontinuous strut 150 x 150 x 15 angle section is 
used, calculate the safe load carrying capacity of the section. 

Solution: 

Step 1: Properties of angle section 

Angle section 150 mm x 150 mm x 15 mm is used as discontinuous strut. From the steel 
tables, the geometrical properties of the section are as follows: 

Sectional area              A = 4300 mm2 

Radius of gyration      rxx= ryy=45.7 mm 

Radius of gyration      ruu= 57.6 mm, rvv=29.3 mm 



 Step 2: Slenderness ratio, 

Minimum radius of gyration rmin= 29.3 mm 

Effective length of strut l= 3.5 m 

Slenderness ratio of the strut  

 Step 3: Safe load 

From IS:800-1984 for l/r=119.5 and the steel having yield stress, fy=260 N/mm2, allowable 
working stress in compression σac =64.45 N/mm2 (MPa) 

For single angle discontinuous strut with single riveted connection, allowable working stress 

0.80 σac = (0.80 x 64.45) = 51.56 N/mm2. 

The safe load carrying capacity          

Example 3 In Example 11.1, if single angle discontinuous strut is connected with more than 
two rivets in line along the angle at each end, calculate the safe load carrying capacity of the 
section. 

Solution: 

Step 1: Properties of angle section 

Discontinuous strut ISA 150 mm x 150 mm x 12 mm (ISA 150 150,@0.272 kN/m) is used 
with double riveted connections. From the steel tables, the geometrical properties of the 
section are as follows: 

Sectional area              A = 3459 mm2 

Radius of gyration      rxx= ryy=149.3 mm 

Radius of gyration      ruu= 58.3 mm, rvv=29.3 mm 

Length of strut between centre to centre of intersection L=3.50 m 

 Step 2: Slenderness ratio, 

Minimum radius of gyration rmin= 29.3 mm 

Effective length of discontinuous strut double riveted          0.85 x L= 0.85 x 3.5 = 2.975 m 

Slenderness ratio of the strut    

 Step 3: Safe load 

From IS:800-1984 for l/r=101.5 and the steel having yield stress, fy=260 N/mm2, allowable 
working stress in compression σac =71.65 N/mm2 (MPa) 

Allowable working stress for discontinuous strut double riveted is not reduced. 



The safe load carrying capacity          

Example 4 A double angle discontinuous strut ISA 125 mm x 95 mm x 10 mm (ISA 125 
95,@0.165 kN/m) long legs back to back is connected to both the sides of a gusset plate 10 
mm thick with 2 rivets. The length of strut between centre to centre of intersections is 4 m. 
Determine the safe load carrying capacity of the section. 

Solution: 

Step 1: Properties of angle section 

The double angle discontinuous strut 2 ISA 125 mm x 95 mm x 10 mm (ISA 125 95,@0.165 
kN/m) is shown in Fig. 11.4. Assume the tacking rivets are used along the length. From the 
steel tables, the geometrical properties of (two angle back to back) the sections are as follows: 

Sectional area              A = 4204 mm2 

Radius of gyration      rxx= 39.4 mm 

Angles are 10 mm apart 

Radius of gyration      ryy= 40.1 mm 

Length of strut between centre to centre of intersection L=4 m 

 Step 2: Slenderness ratio, 

Minimum radius of gyration rmin= 39.4 mm 

Effective length of discontinuous strut          0.85 x L= 0.85 x 4.0 = 3.40 m 

Slenderness ratio of the strut   

 Step 3: Safe load 

From IS:800-1984 for l/r=86.3 and the steel having yield stress, fy=260 N/mm2, allowable 
working stress in compression σac =95.96 N/mm2 (MPa) 

The safe load carrying capacity           

 

 

 

Short questions with answer 

No.1) Define compression member 

Ans. Compression members are structural elements that are pushed together or carry a load, 
more technically they are subjected only to axial compressive forces. 



No.2) What is web buckling 

Ans. In structural engineering, buckling is the sudden change in shape (deformation) of a 
structural component under load, such as the bowing of a column under compression or the 
wrinkling of a plate under shear 

No.3) What is web crippling ? 

Ans. Crippling is just like buckling, but it happens in the web of a beam when it is being 
compressed. 

No.4. Why compression members are more critical than tension members 

Ans. Compression beside compression forces causes buckling of member. Presence of holes 
in bolted connection reduce Gross area in tension members.  A column is more critical than 
a beam or tension member because minor imperfections in materials and dimensions mean a 
great deal. 

No.5) Name the types of compression member 

Ans. Which of the following is not a compression member? Explanation: Strut, boom and 
rafter are compression members, whereas tie is a tension member. Explanation: Generally, 
ISHB sections are used as compression members. 

Q-6.   How slenderness ratio influences design of steel structural compression member .Also 
define effective length.   S-19 

Ans.   The slenderness ratio of a compression member is defined as the ratio of effective 
length of compression member to appropriate radius of compression member as small as 
possible, so that the material may be stressed to its greater possible limit. 

                   The length which affected by the load is known as effective length. 

Long questions 

No.1) Explain elastic buckling 

No.2) Calculate the value of the least radius of gyration for compound column consist of 
ISHB 250 @ 53613 N/m with one cover plate 300mm×20 mm in each flange 

No.3)What are the factors that determine the buckling class of structural elements. 

No. 4)   What are the factors that determine the buckling class of structural elements ? 
Determine the buckling class of ISHB 400 @ 806.4 N/m.       S- 16 

No. 5)   Design a steelcolumn section using channel section only to carry a factor axial load 
of 400 KN. The column is 4m long&is effectively held in position at both ends but restrained 
against rotation at one end only. Consider Fý = 250 Mpa&assume wind earthquake actions.   
S-18 , W-18 , S-19 

 

  

 



 

 

 

Chapter 5  

 Design of Steel beams: 
Learning objectives 

 
5.1 Common cross sections and their classification.  

 
5.2 Deflection limits .web buckling and web crippling  

 
5.3 Design of laterally supported beams against bending and shear. 

 

5.1 Common cross sections and their classification. 
 



 

 

5.2 Deflection limits, web buckling and web crippling 
(i) The deflection of a member is calculated without considering the impact factor or dynamic 
effect of the loads causing the deflection. 

(ii) The deflection of a member shall not be such as to impair the strength or efficiency of the 
structure and lead to damage to finishing. 

(iii) Generally, the maximum deflection for a beam shall not exceed 1/325 of the 
span. This limit may be exceeded in cases where greater deflection would not impair the 
strength or efficiency of the structure or lead to damage to finishing. 

(iv) The deflection of the beams may be decreased by increasing the depth of beams, 
decreasing the span, providing greater and restraint or by any other means. 

Buckling is characterized by a sudden sideways deflection of a structural member. 

Crippling is just like buckling, but it happens in the web of a beam when it is being 
compressed. It often occurs at the supports of a beam, where the bottom flange is resting on a 
support, and the top flange is holding up the load, such as on a bridge abutment. 

5.3 Design of laterally supported beams against bending and 
shear. 



 

 



 
Short questions with answer 

No.1) Differentiating between bending &buckling of a beam 

Ans. is that bend is to cause (something) to change its shape into a curve, by 
physical force, chemical action, or any other means while buckle is to distort or 
collapse under physical pressure; especially, of a slender structure in 
compression or buckle can be to fasten using a buckle. 

No.2) which are most economical beam section. 

Ans. Rolled T – section are most economical beam section. 

No.3) How does buckling of column & beam differ 

Ans. As we know both bending and buckling is caused in a structural member 
due to applied load. When transverse load is acting perpendicular to neutral 
axis of structural members is known as bending. Bending in structural member 
is 2 types sagging and hogging. 

No.4)Will a beam buckle when the loading is to its minor axis 

Ans. Initially, the beam will bend in its minor axis. Comparing the bending 
capacity of the minor and major axis, the minor axis holds very low bending 
capacity. So, in this case, the beam will reach its maximum bending capacity in 
the minor axis before, the section displaces lateralaxis 

No. 5)   Differentiate between web buckling & web crippling.    S-18 

Ans.   After the load of beam, the beam is just buckle at its web is known as 
web buckling. 

-  After the manner of concertina of forces the beams are large bearing 
stress are developed below the concentrated load. 

- This type of local buckling phenomenon is called crippling of web. 

Long questions 

No.1 Write the common cross section& their classification of beam. 

No.2) Explain plastic capacity of moment of beam section. 

No3) Write the design steps of laterally supported beam against bending & 
shear. 

No.3) Explain about web buckling & web crippling.S-16 



No.4) Explain the concept of shear lag.  S-16 

No.5) Draw the types of built up sections of beam. 

No. 6)  Explain special consideration in steel design.   S-18 

No. 7)   Determine the plastic moment capacity of the unsymmetrical I-Section. 
Given size of top flange 100×20 mm , bottom flange 200×20 mm & web 
200×20 mm.        S-17 , S-19 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter-06 
 

Design of Tubular Steel Structures 
 
Learning objectives 

 
6.1 Round Tubular Sections, Permissible Stresses 

  
6.2 Tubular Compression ,Tension Members 

6.3 Joints in Tubular trusses , Analysis of problems 

 
6.1 Round Tubular Sections, Permissible Stresses  

 



 
 
 
 
 
6.2 Tubular Compression & Tension Members  
 
 

 



 

 



 

 
 
 
6.3 Joints in Tubular trusses  
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Short questions with answer 

No.1) For what types of structure tubular steel sections are suitable?. W-20 

Ans. Tenaris structural tubes have applications in civil structures including stadiums, bridges, 
airports and industrial structures such as hangars, commercial buildings, industrial units. 

No.2) Define crinkling.  W-18 

Ans. Due to concentrated load of RTS, the outer surface of RTS may bent into curve form , 
that type of form is known as crinkling of the tube section 

No.3) Define crinkling in tubular steel section . W-20 

Ans. When a steel tubular member is subjected to compression, then the tube may crinkle. 
These folds may be circular, oval, or polygon. They may occur after or before the 
longitudinal stress reaches the yield point 



Long questions 

No.1) A tubular column consist of IS 1161grade of steel is hinged at both ends. The outer 
side diameter of the tube is219.1mm & weight per length is310N/m. If the length of column 
is 4.5m , determine its safe load carrying capacity. 

S-19 , S-16 , W-18 

No.2) Explain crinkling in tubular steel compression members .  Dete 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter -07 
Design of Masonry Structures 

 
Learning objectives 
 
 
 
 
 
 
 
 
 
 
    7.1 

Design considerations for Masonry walls   

Columns 

Analysis of problems  

Load Bearing & Non-Load Bearing walls, 

Analysis of problems 

Permissible stresses 

Analysis of problems 

Slenderness Ratio, 

 Effective Length, Height & Thickness 

Analysis of problems 

 
 
7.1 Design considerations for Masonry walls & Columns, Load 
Bearing & Non-Load Bearing walls, Permissible stresses, 
Slenderness Ratio, Effective Length, Height & Thickness.  
 

Design Considerations 
 Masonry structures shall be designed based on working stress and linear stress‐strain 
distribution. Requirements for working stress design of unreinforced and reinforced masonry 
structures are provided in Sec 4.5 and 4.6 respectively. In lieu of the working stress design 
method, slender walls and shear walls may be designed by the strength design method 
specified in Sec 7.7. The structure shall be proportioned such that eccentricity of loading on 
the members is as small as possible. 
  
Eccentric loading shall preferably be avoided by providing: 
(a) adequate bearing of floor/roof on the walls 
(b) adequate stiffness in slabs, and 
(c) fixity at the supports. 
 



Effective Height 
(a) Wall : The effective height of a wall shall be taken as the clear height between the 

lateral supports at top and bottom in a direction normal to the axis considered. For 
members not supported at the top normal to the axis considered, the effective height is 
twice the height of the member above the support. Effective height less than the clear 
height may be used if justified. 
 

(b) Column : Effective height of the column shall be taken as actual height for the 
direction it is laterally supported and twice the actual height for the direction it is not 
laterally supported at the top normal to the axis considered. 
 
 

Effective Thickness 
The effective thickness of walls and columns for use in the calculation of slenderness ratio, 
shall be 
defined as follows: 

(a) Solid Walls: The effective thickness of solid walls, faced walls or grouted walls shall 
be the specified thickness of the wall. 
 

(b) Solid Walls with Raked Mortar Joints: The effective thickness of solid walls with 
raked mortar joints shall be the minimum thickness measured at the joint. 
 
 

(c) Cavity Walls: When both limbs of a cavity wall are axially loaded, each limb shall be 
considered independently and the effective thickness of each limb shall be determined 
as in 
 
 

(d) Walls Stiffened by Pilasters: When solid or cavity walls are stiffened by pilasters at 
intervals, the effective thickness to be used for the calculation of h'/t ratio shall be 
determined as follows: 
 

Columns: The effective thickness for rectangular columns in the direction considered is the 
actual thickness provided in that direction. The effective thickness for nonrectangular 
columns is the thickness of a square column with the same moment of inertia about its axis as 
that about the axis considered in the actual column. 
 
 



 

 



 
 

 
 
Short questions with answers 

No.1 What is slenderness ratio of a masonary wall . S-16 , W-20 

Ans. The slenderness ratio of a masonary wall is the ratio of length to the thickness of wall 



No.2. What are classification of mortar.  W-20 , S-18 

Ans. 1. Cement mortar 

 2. Lime mortar 

 3. Surki mortar 

No.3) Define non load bearing wall and explain by taking different types of non load bearing 
wall 

Ans. The wall which not to take load is called non load bearing wall 

Types --- panel wall 

Partition wall 

Long questions 

1 Write down the codal provision of design consideration of masonry wall under eccentricity 
footing.S-18 , W-20 

2 Write down the codal provision of design consideration of masonry wall footing.S-17 , S-
16 

3.  Define the following terms ,  

Column 

Pier 

Buttress 

Eccentricity load 

&  non-load bearing wall.W-18 

4.  What are loading & other consideration that are taken into account, while designing load 
bearing wall ?   S-16
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