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DESIGN OF STEEL STRUCTURE

GATE-2019

CHAPTER - 1
GENERAL DESIGN REQUIREMENTS
1.1 DESIGN OBJECTIVE
The objective of design is the achievement of an acceptable probability that structures will
perform satisfactory for the intended purpose during the design life. With an appropriate degree of
safety they should sustain all the loads and deformations during construction and use and have
adequate resistance to accidental loads and fire.
1.2 METHODS OF DESIGN
Structure and its elements shall normally be designed by limit state method as per IS 800-2007.
Where the limit state method cannot be conveniently adopted; working stress method shall be
used.
1.3 LOADS AND FORCES
For the purpose of designing any element, member or a structure, the following loads and their
effects shall be taken into account, where applicable with partial safety factors and combinations.
1. Dead load
2. Imposed loads (Livehood, crane load, snow load etc.)
3. Wind loads
4. Earthquake load
5. Erection loads
6. Accidental loads such as those due to blast
7. Secondary effects due to contraction or expansion resulting from temperature changes,
differential settlements of the structure as a whole or of its components, eccentric connections.
1.4 LOAD COMBINATIONS
The following load combinations with appropriate load factors may be considered in designing.
1. Dead load + Imposed load
2. Dead load + Imposed load + Wind or Earthquake load
3. Dead load + Wind or Earthquake load
4. Dead load + Erection load

Wind load and earthquake loads shall not be assumed to act simultaneously.
1.5 GEOMETRICAL PROPERTIES
IS 800-2007 gives the concept for the gross and effective cross-sections of a member.
1. The properties of the gross cross-section shall be calculated from the specified size of the
member or read from appropriate table.
2. The effective cross-section of a member is that portion of the gross-section that is effective in
resisting the stresses.
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CHAPTER - 2
CONNECTIONS
2.1 INTRODUCTION
1. Any steel structure is an assemblage of different members such as beam, columns and tension
members, which are fastened or connected to one another, usually at the member ends.
2. Connection between different members of a steel framework not only facilitates the flow of
forces and moments from one member to another but also allow the transfer of forces upto
foundation level.
A structure is only as strong as it weakest link. Unless properly designed and detailed, the
connections may become weaker than the members being joined. It is desirable to avoid
connection failure before member failure due to the following reasons.
(i) A connection failure may lead to a catastrophic failure of the whole structure.
(ii) Normally, a connection failure is not as ductile as that of a steel member failure.
(iii) For achieving an economical design, it is important that connectors develop full or a little
extra strength then the members that it is joining.
Connection (or structural joints) may be classified according to the following parameters.
(a) Method of fasterning such as rivets, bolts and welding-connections using bolts are further
classified as bearing or friction type connections.
(b) Connection rigidity-Sample, rigid (so that the forces produced in the member may be obtained
by using an indeterminate structural analysis) or semi-rigid.
According to the IS code, based on connection rigidity, the joints can be defined as follows:
2.1.1 Rigid
Rigid connections develop the full moment capacity of connecting member and retain the original
angle between the members under any joint rotation, that is rotational movement of the joint will
be very small on these connections, Examples or rigid connections are shown in Figure below:

(a)

(b)

(d)

2.1.2 Simple
In simple connections no moment transfer is assumed between the connected parts and hence are
assumed as hinged (pinned). The rotational movement of the joint will be large in this case.
Actually, a small amount of moment will be developed but is normally ignored in the design. Any
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CHAPTER - 3
DESIGN OF TENSION MEMBERS
3.1 TENSION MEMBERS
Tension members are linear members in which axial forces act causing elongation (stretch). The
members can sustain loads upto ultimate load at which stage they may fail by rupture at a critical
section. However if the gross area of the member yields over a major portion of its length before
the rupture load is reached the member may become nonfunctional due to excessive elongation
plates and other rolled sections in tension may also fail by block shear of end bolted regions under
combined shear along longitudinal sections along bolt lines and normal tensile stresses on a
transverse section across a bolt line.
The factored design tension T in the member shall satisfy the following requirement
T < Td
Where Td design strength of member
The design strength of member under axial tension T d is the lowest of the design strength due to
yielding of gross section Tg rupture of critical section T dn and block shear T dh.
3.2 DESIGN STRENGTH DUE TO YIELDING OF GROSS SECTION
The design strength of members under axial tension T dg as governed by yielding of gross-section
is given by
Tdg = fvAg/ m0
Where fv is yield strength of the material in MPa
Ag is gross area of cross-section in mm2
m0 is partial safety factor for failure in tension by yielding = 1.1
3.3 DESIGN STRENGTH DUE TO RUPTURE OF CRITICAL SECTION
Before going in to this discussion lets first understand few terms
1. Net Effective Area
It is defined as the gross area (Ag) of the section minus the deduction (A g) made for any loss of
material. Thus AD =AY = Ad
2. Diameter of Bolt Hole
Nominal size
S.R. No. of fastener d
mm

(1)
(i)
(ii)
(iii)
(iv)

(2)
12 14
16 22
24
Large than 24

Size of the hole Nominal Diameter of the Fastener Clearance mm
Standard
clearance
in
diameter
and
width of Slot

Over
size
clearance in
Diameter

(3)
1.0
2.0
2.0
3.0

(4)
3.0
4.0
6.0
8.0

Clearance in the Length of
mm slot
Short Slot
(5)
4.0
6.0
8.0
10.0

Long Slot
(6)
2.5 d
2.5 d
2.5 d
2.5 d
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CHAPTER - 4
DESIGN OF COMPRESSION MEMBERS
4.1 INDRODUCTION
While designing a structure there are members that are in compression. Vertical compression
members in buildings are called column posts or stanctions. Compression members in trusses are
called struts. The jib of crane which carries compression is called boom. Whatever care is taken by
the engineers to transfer load axially unexpected eccentricity of load is unavoidable due to
imperfection. The eccentricity causes lateral bending moment which results in to bending
compression also. As the axial compression increases the lateral deflection increases resulting into
additional bending stresses. A stage of instability is reached at a load much below crushing
strength of compression members. The phenomenon is called buckling of columns. Because of
buckling tendency the load carrying capacity of columns is reduced considerably. The load
carrying capacity depends upon the end conditions and also on slenderness ratio of the column
sections.
4.2 BUCKLING CLASS OF CROSS SECTION
Is 800-2007 divides various cross-sections into four buckling classes a, b, c, d as shown in table
below.
Buckling Class of Cross-Sections
Buckling
Buckling
Cross section
Limits
about
Class
(1)
(2)
axis
(4)
(3)
h/b > 1,2:
z-z
a
Rolled I Section
tf 40
z
y-y
b
mm
t
f

h

y

40mm tf
100 mm
Wbf
1.2:
100 mm

y

z
b

< 100 mm

z-z
y-y

a
b

z-z
y-y

b
c

z-z
y-y

d
d

z-z
y-y

b
c

z-z
y-y

d
d

Welded I-Section

z

z
tf

y

y

tf

y

4 mm

y

4 > 40
mm
z

z

ECG PUBLICATIONS
A unit of ENGINEERS CAREER GROUP

133

GATE-2019

DESIGN OF STEEL STRUCTURE

GATE QUESTIONS
1. A steel section is subjected to a combination
of shear and bending actions. The applied shear
force is v and the shear capacity of the section
is Vs. For a such a section, high shear force (as
per IS 800 : 2007) is defined as
[GATE - 2014]
(a) V > 0.6 Vs
(b) V > 0.7 Vs
(c) V > 0.8 Vs
(d) V > 0.9 Vs

3. Permissible bending tensile stress in high
yield strength deformed bars of grade 415 in a
beam is
[GATE - 1997]
(a) 190 N/mm2
(b) 230 N/mm2
(c) 140 N/mm2
(d) None of the above

2. Which one of the following is NOT correct
for steel sections as per IS 800: 1984?
[GATE - 2005]
(a) The maximum bending stress in tension or
in compression in extreme fibre calculated on
the effective section of a beam shall not exceed
0.66 fy.
(b) The bearing stress in any part of a beam
when calculated on the net area shall not exceed
0.75 fy.
(c) The direct stress in compression one of the
gross sectional area of axially loaded
compression member shall not exceed 0.6 fy.
(d) None of the above.

4. Generally, fatigue life of welded steel
structure to fatigue life of riveted steel structure
ratio is
[GATE - 1996]
(a) Smaller than 1
(b) Equal to 1
(c) Greater than 1
(d) Greater than 2.1
5. As per IS 800 : 1984, the minimum pitch of
rivets in a row is recommended as the diameter
of the rivet times
[GATE - 1995]
(a) 2.0
(b) 2.5
(c) 3.0
(d) 4.0
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ESE OBJ QUESTIONS
1. Consider the following two statements
regarding Bearing stiffeners provided at the
location of a concentrated load:
1. Bearing stiffeners have to resist bearing and
buckling loads.
2. Bearing area and the area resisting buckling
load are the same.
Which of the above statements is/are correct?
[ESE - 2017]
(a) 2 only
(b) 1 only
(c) Both 1 and 2
(d) Neither 1 nor 2
2. Consider the following statements:
1. When analyzing by the Ultimate Load
Method, the eccentrically loaded fastener group
rotates about an instantaneous centre.
2. The rivet which is the farthest from the
centre of gravity of the rivet group and may
also be the nearest to the applied load line is the
3. The deformation at each rivet is not
proportional to its distance from the centre of
rotation.
Which of the above statements are correct?
[ESE - 2015]
(a) 1 and 3 only
(b) 2 and 3 only
(c) 1 and 2 only
(d) 1, 2 and 3
3. A bolt designated as Hex bolt M 16 70 NL
will have
[ESE - 2010]
(a) Diameter of 16 mm
(b) Diameter of 70 mm
(c) Length of 16 mm
(d) Cross-sectional area of 16 70 cm2
4. Consider the following statements:
1. When wind load is the primary load, no
increase in the allowable stresses is provided
for in members or fasteners.
2. Due to wind load acting along with dead and
live loads, increase in allowable stress upto
33.33% can be provided for.

3. Due to wind load acting along with dead
load, increase in allowable stress of 25% in
foundation bolts can be provided for
Which of these statements is/are correct?
[ESE - 2009]
(a) 1, 2 and 3
(b) 1 only
(c) 2 and 3
(d) 3 only
5. When the effect of wind or earthquake load
is considered in the design of rivets and bolts
for steel structures, by what percentage the
permissible stresses may be exceeded?
[ESE - 2004]
(a) 15%
(b) 25 %
(c) 33.33 %
(d) 50 %
6. The stress strain diameter for mild steel
subjected to tensile load is given below. Now
consider the following statements:
D
A

C
B
Strain

1. The diagram represents average stress strain
diagram
2. The diagram represents actual stress strain
diagram
3. A represents upper yield point.
4. B represents lower yield point.
Which of these statements are correct?
[ESE - 2004]
(a) 1, 2 and 4
(b) 1, 3 and 4
(c) 2, 3 and 4
(d) 1, 2 and 3
7. Some steel do not show yield plateau and
show continuous curve. For such steel, how is
the yield strength obtained?
[ESE - 2004]
(a) By drawing 0.2% offset of the strain
(b) By drawing 0.5% offset of the strain
(c) By drawing initial tangent.
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GATE QUESTIONS
P

1.
has reversal of stress due to wind load. As per
IS 800:2007, the maximum slenderness ratio
permitted is
[GATE - 2015]
than that of member

100 mm

(c) Same for both the members
(d) Not specified in the code
2. The tension and shear force (both in kN) in
each bolt of the joint, as shown below,
respectively are
150 mm

4
5

3

P

P u=250 kN

(a) 100 mm
(c) 110 mm

[GATE - 2012]
(b) 105 mm
(d) 115 mm

4. Two plates, subjected to direct tension, each
[GATE - 2014] of 10 mm thickness and having widths of 100
(a) 30.33 and 20.00
(b) 30.33 and 25.00
mm and 175 mm, respectively are to be fillet
(c) 33.33 and 20.00
(d) 33.33 and 25.00 welded with an overlap of 200 mm. Given that
the permissible weld stress is 110 MPa and the
3. Two plates are connected by fillet welds of permissible stress in steel is 150 MPa, the
size 10 mm and subjected to tension, as shown length of the weld required using the maximum
in the sketch. The thickness of each plate is 12 permissible weld size as per IS 800:1984 is
mm. The yield stress and the ultimate tensile
stress of steel are 250 MP and 410 MPa
respectively. The welding is done in the 100 mm
175 mm
workshop ( mm = 1.25). As per the Limited
State Method of IS 800:2007, the minimum
length (rounded off to the nearest higher
200 mm
multiple of 5 mm) of each weld to transmit a
[GATE - 2010]
force P equal to
(a) 245.3 mm
(b) 229.2 mm
(c) 205.5 mm
(d) 194.8 mm
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CHAPTER - 5
DESIGN OF BEAMS
5.1 INDRODUCTION
Beam is structural member with length considerably larger than cross sectional dimension subject
to lateral loads which give rise to bending moment shear forces in the member.
There are mainly two types of beams based on the lateral supports to compression flange:
1. Laterally supported beams
2. Laterally unsupported beams
If the compression flanges are laterally supported by flooring it is mainly subject to bending and
shear. If the compression flange of beam is not laterally supported the lateral buckling of the
compression flange reduces the load carrying capacity of the beam.
5.2 LATERALLY SUPPORTED BEAMS
Compression flange of a beam has the tendency to buckle laterally due to bending compressive
stresses. Hence compression flange may fail in buckling before full strength is utilized unless
supported laterally.
Compression
Flange

fb c
A

N

Tension
Flange

f bc

ftx is bending compressive stress

5.3 LATERAL TORSIONAL BUCKLING OF COMPRESSION FLANGE

It is called lateral torsional buckling as due to horizontal deflection of the
compression flange, the vertical load will start flange, the vertical load will start
producing a torsion in the beam.
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CHAPTER - 6
DESIGN OF PLATE GIRDERS
6.1 INDRODUCTION
When span and load increases, the available rolled section may not be sufficient even after
strengthening with cover plates. Such situations are common in the following:
1. Large column free halls in the lower floor of a multistorey building.
2. In a workshop where girders are required to carry crane beam.
3. In road or railway bridges
Flange Plate

Web Plate

Flange Plate
Typical Plate Girder

Figure 1
Before welding technology advanced, it was common practice to use riveted/bolted plate girders.
Flange and web plates are connected to each other using angles and rivets/bolts. Many railways
bridges of 24 m to 16 m were built like this. This practice of using riveted/bolted plate girder is
-a-days only welded plate girders are built which are aesthetically good
and at the same time light compared to riveted/bolted girders. Hence, in this chapter, design of
only welded plate girder is discussed.
6.2 ELEMENTS OF PLATE GIRDERS
The following are the elements of a typical plate girder:
1. Web
2. Flanges
3. Stiffners
Flange

Horizontal Stiffener

Web
End Stiffener

Intermediate Stiffener

Figure 2
Web of required depth and thickness re provided to:
1. Keep flange plates at required distances.
Flanges of required width and thickness are provided to resist bending moment acting on the beam
hy developing compressive force in one flange and tensile force in another flange.
Stiffeners are provided to safeguard the web against local buckling failure. The stiffeners provided
may be classified as:
1. Transverse (vertical) stiffeners and
2. Longitudinal (horizontal) stiffeners
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CHAPTER - 7
DESIGN OF GANTRY GIRDERS
7.1 INDRODUCTION
The travelling over-head cranes are commonly used in factories and workshops to lift and move
heavy material and assembled parts from one point to other. The crane system consists of a bridge
over which a crab (trolley) hoist and cabin which houses the controls and operator move [Ref.
Figure 1]. The crane bridge (girder) itself is provided with wheels to move over the rails provided
over gantry girder. Thus gantry girder supports crane girder. The gantry girder is supported on the
columns with bracket. Figure 1 shows the typical system of gantry girder and crane.
The size of crab wheel spacing etc. depend upon the capacity of the crane. These details are
standardized and the manufactures supply them. The cranes may be operated manually or by
electrically.
7.2 LOADS
The following imposed loads should be considered in the design
1. Vertical loads from the cranes.
2. Impact loads from crane.
3. Longitudinal horizontal force along the crane rail.
4. Lateral thrust (surge) across the crane rail.
In calculating the above forces crane should be positioned such that it gives maximum design
forces in the girder. In case of tandum operation with more cranes, the positioning of all cranes for
getting maximum design forces in the girder should be considered. The impact loads to be
considered are as presented in the table below.
Wherever necessary, the design should be checked for earthquake forces and secondary effects
such as handling, erection, temperature effects and fatigue.
7.3 POSITION OF MOVING LOAD FOR MAXIMUM EFFECTS
The following points studied in structural analysis should be noted for positioning moving loads
for maximum effects.
Additional Impact Loads
Types of loads
Impact Allowance
1. Vertical loads
25% of maximum static wheels loads
(i) for electric operated cranes
10% of maximum wheel loads
(ii) For hand operated cranes
2. Horizontal forces transverse to rails
(i) For electric operated cranes
10% of weight of trolley and weight lifted
(ii) For hand operated cranes
5% of weight of trolley and weight lifted
3. Horizontal force along the rails
5% of the static wheel loads
7.3.1 Position of Crane Hook for Maximum Vertical Load on Gantry Girder
The maximum vertical load on gantry girder is the maximum reaction of crane girder. To get the
crab should be placed as close to gantry as possible.
Referring to Figure 2,
If, Lc is span crane girder
L1 is minimum approach of crane hook (distance between e.g. of gantry girder and trolley)
W is weight of trolley plus the weight lifted
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REINFORCED CONCRETE

CHAPTER - 1
INTRODUCTION
1.1 PLAIN AND REINFORCED CONCRETE
1.1.1 Plain concrete
It is a mixture of sand, gravel, cements and water which results in a solid mass. Concrete is strong
in compression but weak in tension. Its tensile strength is aprox. One tenth of compressive
strength. Plain concrete is mostly used in mass concrete work. (As in dams)
1.1.2 Reinforced Concrete
1. It is concrete with reinforcement embedded in it. The embedded reinforcement makes it capable
of resisting tension also.
2. Steel bars embedded in the tension zone of concrete, relieves concrete of any tension and takes
all tension without separating from concrete.
3. The bond between steel and surrounding concrete ensures strain compatibility i.e. the strain any
point in the steel is equal to that in the adjoining concrete.
4. Reinforcing steel imparts ductility to concrete which is otherwise brittle material
5. Here ductility means large deflection owing to yielding of steel, thereby giving ample warning
of impending collapse.
6. Tensile stress in concrete arises on account of direct tension. Flexural tension, diagonal tension
due to shear. Temperature and shrinkage effect, restraint to deformation.
7. Under these conditions, reinforcements must be provided across potential tensile crack.
1.2 GRADE OF CONCRETE
1. Compressive Strength of Concrete
It is the most important property of concrete. Because other properties like tensile strength, shear
strength, bond strength, density, impermeability, durability etc can be inferred from the
compressive strength using established correlations.
Top surface during casting

[Caping] [done with neat cement paste 1.5mm
to 3 mm + thickness]

1

3

2

[Caping done after 2-4 hrs after casting]

Face in touch of mould

2. Compressive Strength
(i) It can be measured by standard test on concrete cube (or cylinder) specimen
(ii) Strength of concrete in uniaxial compression is determined by loading standard test cube (150
mm size) to failure in compression testing machine.
(iii) The test specimen in generally tested 28 days after casting (and continuous curing)

ECG PUBLICATIONS
A unit of ENGINEERS CAREER GROUP

1

GATE-2019

REINFORCED CONCRETE

CHAPTER - 2
LIMIT STATE METHOD
2.1 INTRODUCTION
The Philosophy of the limit state method of design represents a definite advancement over the
traditional design philosophies. Unlike working stress method, which is based on calculations at
service load conditions alone and unlike ultimate load method, which is based on calculations on
ultimate load conditions alone limit state method aims for a comprehensive and rational solution
to the design problem by considering safely at ultimate loads and serviceability at working alods.
The limit stte philosophy uses a partial safety factor format which attempts to provide adequeate
safety at ultimate loads as well as adequate serviceability at service loads by considering all
possible limit state.
2.2 LIMIT STATE METHOD
1. The Accepatatible limit for the safety and serviceability requirement of structure or structural
element before failure occurs is called limit stte.
2. In this structure is so designed that it carry the loads with sufficient degree of safety and
serviceability and structure will ot become unfit for use for which it sis to be designed.
Two main Limit State
Limit State of Collapse
Limit State of Serviceability
1. To satisfy this limit state, the strength must be 1. To satisfy this limit state, deflection,
adequate to carry the loads.
cracking and vibration must not be
Limit state of collapse includes limit state of
excessive.
(i) Flexure
2. Excessive deflection can reduce the
(ii) Compression
efficiency of the structure and must be
(iii) Torsion
avoided
(iv) Shear
3. Cracking causes ingress of water
2.3 CHARACTERISTIC STRENGTH OF MATERIALS
The Strength of material below which not more than 5% of the test results are expected to fall is
known as the characteristic strength of the material and denoed by fck
Frequency

5% of
results
fck

1.65

fm

Strength

Deflection Curve for characteristic load
fck = fm

1.65

S X

2

n 1
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GATE QUESTIONS
1. Two rectangular under-reinforced concrete
beam sections X and Y are similar in all aspects
except that the longitudinal compression
reinforcement in section Y is 10% more. Which
one of the following is the correct statement?
[GATE - 2018]
(a) Section X has less flexural strength and is
less ductile than section Y
(b) Section X has less flexural strength but is
more ductile than section Y
(c) Section X and Y have equal flexural strength
but different ductility
(d) Section X and Y have equal flexural strength
and ductility

(d)xu, bal does not depend on the grade of
concrete and grade of steel
5. Consider the singly reinforced beam section
given below (left figure). The stress block
parameters for the cross section from IS: 4562000 are also given below (right figure). The
moment of resistance for the given section by
the limit state method is _________.
M25
4-12
Fe 415

0.42xu

xu

0.36fckxu

d

xu,max = 0.48d
for Fe 415

200mm
2. As per IS 456 : 2000, the minimum
percentage of tension reinforcement (up to two
[GATE - 2015]
decimal places) required in reinforced-concrete
beams of rectangular cross-section (considering 6. Consider the singly reinforce beam shown in
effective depth in the calculation of area) using the figure below
Fe500 grade steel is ___________
P
P
[GATE - 2018]

X

3. A singly-reinforced rectangular concrete
beam of width 300 mm and effective depth 400
mm is to be designed using M25 grade concrete
X
and Fe500 grade reinforcing steel. For the beam
to be under-reinforced, the maximum number of
L
L/2
L
16 mm diameter reinforcing bars that can be
At cross section XX, which of the following
provided is
[GATE - 2018] statements is TRUE at the limit state?
[GATE - 2015]
(a) 3
(b) 4
(a) The variation of stress in linear and that of
(c) 5
(d) 6
strain is non-linear
4. According to IS 456 2000, which one of the (b) The variation of strain is linear and that of
following statements about the depth of neutral stress is non-linear
axis xu, bal for a balanced reinforced concrete (c) The variation of both stress and strain is
linear
section is correct?
[GATE - 2017] (d) The variation of both stress and strain is
(a) xu, bal depends on the grade of concrete only non-linear
(b) xu, bal depends on the grade of steel only
(c) xu, bal depends on both the grade of concrete 7. For a beam of cross-section, width = 230mm
and effective depth = 500mm, the number of
and grade of steel
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CHAPTER - 3
LIMIT STATE OF COLLAPSE IN SHEAR
3.1 INTRODUCTION
The section of a structural member may be subjected to shear force due to flexure, punching or
torsion. Accordingly, the shear may be flexural shear, punching shear or torsional shear.
1. Flexural Shear
(i) The shear associated with change of bending moment along the span is known as flexural
shear, or simply shear.
(ii) Flexural shear force present n beam is given by dM/dx= V
(iii) The horizontal and vertical shear stresses are to be accounted for in the designs of beams.
(iv) Exact analysis of shear in a reinforced concrete beam is quite complex, several experimental
studies have been conducted to understand the various modes of failure. Which could occur due to
possible combination of shear and bending momentum acting at a given section.
2. Punching Shear
(i) The shear associated with the possibility of punching a thin member by a concentrated load is
called punching shear.
(ii) A slab carrying a concentrated wall load, beamless floor slab supported directly by columns
(called flat slab) or a footing slab carrying a concentrated column load are subjected to punching
shear.
(iii) For the member subjected to both the above types of shear, the flexural shear is referred to as
one way shear, where as punching shear is called two way shear. A foot in slab carrying
concentrated column load I subjected to both these shears.
3. Torsion Shear
(i) When a member is subjected to torsion, it is subjected to tensional shear.
(ii) The beams are usually subjected to flexural shear, and sometimes to torsion shear also.
(iii) It the shear failures take place before flexural failures, they are brittle and occur without
warning. If the flexural failure takes place prior to shear failure, the ductile failure of the beam is
ensured.

Concrete is very strong in compression and also quite strong in shear however, the
combination of the vertical and horizontal shear stress along with tension due to
bending produces diagonal tension which is quite serious and will be now examined.
The complementary diagonal compression should also be taken into account.
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CHAPTER - 4

WORKING STRESS METHOD
4.1 WORKING STRESS METHOD
1. This was the traditional method of design
2. Both concrete and steel are assumed to behave in linearly elastic manner.
3. Stresses within the materials are not allowed to exceed the permissible stresses.
4. Working stress method of design used to be the basis of design for all RCC structures in the
past. But these days it finds application in calculating serviceability requirement like deflection
and crack width under service load condition.
5. It is also used in the design of few structures like liquid retaining structures and highways
bridges and chimney.
4.1.1 Deficiency in Working Stress Method
1. It may not be possible to keep the stress with in permissible stress. This is because of
(i) term effect of shrinkage and creep
(ii) Effect of stress concentration and other secondary effect.
2. All such effects result in significant local increase in stresses into inelastic range and
redistribution of the calculated stress.
3. In working stress method actual margin of safety is not equal to the factor of safety used in
WSM because the stress strain curve is nor linear upto collapse.
collpase load
3. Actual margin of safety here is given in term of factor like
the F.O.S. on the other
working load
characteristic stress
hand is
permissible stress
4. WSM fails to discriminate between types of loads that act simultaneously, but have different
degrees of uncertainty. This may sometimes lead to signify scantly conservative design
particularly when two different loads have counteracting effect. Example, if dead load and wind
load produce counteracting stress but if they are simply added, the design load would be much
larger.
4.2 PERMISSIBLE STRESSES
1. In working stress method, the stresses in materials are not exceeded beyond their permissible
values. The permissible stress in a material is given by
Limiting strength
Permissible stress=
Factor of safety
2. The factor of safety in the case of tensile steel reinforcement is approximately = 1.82. Hence,
the permissible tensile stress in steel is st 0.55 f y
3. For concrete, the factor of safety is higher than for steel. This is so because concrete suffers
from higher degree of variability regarding its strength and properties than steel which is produced
under well controlled conditions.
4. The factor of safety for flexural compressive in concrete is = 3. Thus, the permissible
compressive stress in concrete in flexural compression is cbc = 0.333fck
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GATE QUESTIONS
1. A simply supported reinforce concrete
beam of length 10m sags while undergoing
shrinkage. Assuming a uniform curvature of
0.004 m-1 along the span, the maximum
deflection (in m) of the beam at mid-span
is___________.
[GATE - 2015]

4. Top ring beam of an Intze tank carries a
hoop tension of 120kN. The beam cross
section is 250 mm wide and 400 mm deep and it
is reinforced with 4 bars of 20 mm diameter of
Fe-415 grade. Modular ratio of the concrete is
10. The tensile stress in N/mm2 in the concrete
is
2. In a reinforced concrete section, the stress
[GATE - 2003]
at the extreme fibre in compression is 5.80MPa. (a) 1.02
(b) 1.07
The depth of neutral axis in the section is M25. (c) 1.20
(d) 1.32
Assuming linear elastic behavior of the
concrete, the effective curvature of the section 5. The working stress method of design
(in per mm) is
specifies the value of modular ratio, m =
[GATE - 2014] 280/(3 cbc), where cbc is the allowable stress in
(a) 2.0 10-6
(b) 3.0 10-6
bending compression in concrete. To what
-6
(c) 4.0 10
(d) 5.0 10-6
allowance for the creep of concrete?
3. The first moment of area about the axis of
[GATE - 2003]
bending for a beam cross section is
(a) No compensation
[GATE - 2014] (b) Full compensation
(a) Moment of inertia
(c) Partial compensation
(b) Section modulus
(d) The two are unrelated
(c) Shape factor
(d) Polar moment of inertia
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Example 1. A simply supported beam is 250
mm wide and 500 mm depth is has 2 nos. of 20
mm TOR bars going into support. If the shear
force at the centre of support is 110 kN at
working loads check safety for bond n this beam
assume. M20 grade of concrete and Fe415 TOR
steer.
Solution.
1.3M1
Ld
L0
V
1. TOR steel is given so straight bar is provided
Vu = 1.5 110 = 165kN
M1 = 0.87fyAst(d 0.42xu)

xu

(20) 2
4
0.36 20 250

0.87 415

0.87f y A st

0.36f ck b
xu = 120.59mm
xu.lim = 0.48d
d = 500

clear

2

Assume clear cover(d) = 25mm
d = 500

25

20
= 465mm
2

xu.lim = 0.48 465 = 223mm
xu < xu.lim, section is under reinforced
M1 = 0.87fyAst(d 0.42xu)
M1

0.87 415

4

(20)2 (465 0.42 120.29)

M1 = 93.54kNm
For flexure bond
1.3M1
Ld
L0
V
Because there is no, anchorage length i.e.,
L0 = 0
0.87f y 0.87 415 20
Ld
4 bd
4 1.2 1.6
Ld = 910.22mm

1.3M1 1.3 93.54 106
V
165 103
Ld = 736.5mm
Ld(941.22) > Ld(736.5)
This is not safe bond
Use 90 bond
L0 = S
L0 = 8 20 = 160mm
1.3M1
Ld
L0
V
Ld = 736.5 + 160 = 896.5mm
Ld(910.22) > Ld(896.5mm)
So this is also not safe in mode
2. List U hook for anchorage
L0 = S
L0 = 16 20 = 320mm
Ld = 736.5 + 320 = 1056.5mm
Ld(910.22) > Ld(1056.5mm)
Now this safe is bond.
Ld

Example 2. A continuous beam 250 mm width
and 200 mm deep carries 3 nos. of 16 mm
longitudinal bars beyond the point of inflection
in the sagging movement region. If the factors
shear force at this point of inflection is 150 kN,
check if the beam is safe in bond. Use M20 and
Fe415 grade of steel.
Solution.

Ld

M1
V

L0
Section of point
of inflection

400
3#16
d
d

< Mv 1 +L0

Here section has not taken as support hence
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CHAPTER - 5
BOND AND ANCHORAGE
5.1 INTRODUCTION
1. While analyzing and designing the reinforced concrete structures, the basic assumption is that
there is a perfect bond between concrete and steel i.e. there is absolutely no slippage between the
concrete and steel.
2. It is this bond which is responsible for the transfer of axial force from a reinforcing bar to the
surrounding concrete, thereby providing strain compatibility and Composite action of concrete and
steel.
3. If this bond is inadequate, slipping of the reinforcing bar will occur destroying full composite
action. Hence the fundament assumption of the theory of flexure viz plane sections remain plane
even after bending becomes valid n reinforced concrete only if the mechanism of bond is fully
effective.
4. The term bond describes the means by which the relative movement between concrete and steel
is prevented and the intensity of adhesive force is called bond stress.
5. Thus, bond stress is defined as longitudinal shear stress acting on the surface between steel
and concrete.
6. Bond between steel and concrete is due to combined effect of adhesive resistance frictional
resistance and mechanical resistance (for deformed bars)
7. The adhesive resistance is provided by chemical gum produced by concrete during setting.
8. The bond due to friction is provided by gripping of bars due to shrinkage. The friction gives
considerable bond resistance. With increasing force in bar the adhesion is lost first than the friction
between concrete and steel.
9. The mechanical resistance is provided by deformed bars only (not by the plain bars). The
deformed bars have lugs are corrugations and give higher bond resistance by providing an
interlock between steel and concrete.
10. In deformed bar adhesion and friction become minor elements and the bond strength is
primarily dependent on bearing of concrete against the lugs or corrugations.

If bond is absent, the stress at all points on a straight bar would be constant, as in a
string or a straight cable.
5.2 TYPES OF BOND STRESS
The Bond stress in reinforced concrete members arises due to two distinct situations.
1. The change in the bar force along its length due to variation in bending moment in this length.
This type of bond stress is called flexural bond stress.
2. From the anchorage of bar in case of tension or compression. This type of bond force is known
as anchorage bond stress. Anchorage bond is also called development bond.
5.2.1 Flexural Bond Stress
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CHAPTER - 6
TORSION
6.1 INTRODUCTION
1. Torsion produced in a beam is classified as
(i) Primary torsion or equilibrium torsion
(ii) Secondary torsion or compatibility torsion
(i) Primary Torsion: Torsion which can be determined only by using the static equilibrium
condition is called 1 torsion or torsion induced in beams curved I
n plan and subjected to
gravity loads and also in beams where the transverse los are eccentric with respect to the shear
centre of the x-section.
Example. a slab cantilevered from a beam which is assumed to be fixed at supporting columns
Slab load W induces a torsional moment of Wx in beam or a small beam BC is cantilevered from
beam B1 Beam. B1 is considered fixed at columns. Here negative moment of beam BC will be the
torsional moment of beam B1.

Beam B1
W

T

Beam BC
Column

x

(b) Cantilever BC supported on B1

(c) Circular beam

(ii) Secondary torsion: It is induced in a structural member by rotation (twist) applied at one or
more points along the length of member through inter connected members, instead of by directly
applied load. Twisting moment induced in this case is proportional to the torsional stiffness of the
member.
2. These moments are generally statically indeterminate and their value is obtained using
compatibility equation, this is the reason these torsion are called compatibility torsion.

Compatibility
torsion
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Example 1. A rectangular beam section of size
230 mm width and 400 mm overall depth is
reifnroced with 2 nos. of 10 mm dia bars at the
top 3 nos. of 16 mm bar at the bottom being
tension reinforcement. It is subjected to
characteristic load shear force of
18 kN as torsional moment of 1.2 kN-m,
bending moment 18 kNm check for torsion
reinforcement , material are Fe 415 M 20
Solution.
Mu = 1.5 18 = 17kNm
Vu =1.5 18 = 17kNm
Tu =1.5 1.2 = 1.8kNm
16
d = 400 30
2 362mm
(Assuming clear cover = 30 mm)
T
1.8
Ve Vu 1.6 u 27 1.6
b
0.230
Ve = 39.52kN
c=?
3

(16) 2

A st
4
100
100 0.72
bd
230 362
2
c = 0.55N/mm
Ve
39.52
0.475N/mm2
ve
bd 230 362
ve < c
Only minimum shear reinforcement is provided
ASv
0.4
bSv 0.87f y

Sv

ASv 0.87f y
b 0.4
2

0.87 250
4
230 0.4
Sv < 133.62mm
Sv

(i) 0.75 d = 271.5 mm
(ii) 300 mm
(iii) 133.62 mm
Provided 6 mm , Sv = 130mm
Example 2. Design A reinforced concrete beam
of rectangular section is 550 mm wide and 750
mm overall depth. It is subjected to an ultimate
bedning moment of 150 kNm and ultimate
torsional moment of 50 kNm. Use M 15 and Fe
415 grade of steel determine the necessary
longitudinal reinforcement.
Solution.
b = 550 mm
Me1 = Mu + Mt
D
750
Tu 1
50 1
b
550
Mt
1.7
1.7
Mt = 69.51kNm
Me1 = 150 + 69.51 = 219.5kNm
Mu.lim = 0.36fckxu.limb(d 0.42xu.lim)
d = 750

25

20
= 715
2

Mu.lim
= 0.36 15 0.48 715 550(715 0.42 0.48 715)
Mu.lim = 581.87kNm
Mu < Mu.lim, section is under reinforced
Me1 = 0.87fyAst(d 0.42xu)
0.87f y Ast 0.87 415 Ast
xu
0.36fck b
0.36 15 550
Me1=

0.87 415 A st
0.36 15 550
6
219.5 10 = 361.05Ast(715 0.051Ast)
219.5 106 = 258150.78Ast 18.41 A st2
Ast = 909.27mm2
0.87 415 Ast 715 0.42
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Example 1. Design a rectangular simply
supported beam over a clear span of 6 m, if
super imposed load 30 kN/m is applied. The
beam suspended from the upper floor. The
width of suspenders is 500 mm, in each side use
M15 Fe415grade of steel?
Solution.
Clear span
10(Thumbrule)
d
Clear span 6000
d
600mm
d
10
Use 25 mm clear cover and 20 mm diameter bar
D = 600 + 25 +

20
= 635mm
2

b = 0.5 D = 0.5 635 = 317.5mm 330mm
Load calculation
Deal load = B D
= 330 635 25
= 5.24kN/m
Super imposed load = 30 kN/m
Total load = 30 + 5.24 = 35.24 kN/m
1.5 35.24L2eff
Mu
8
Leff is minimum of
(i) 6 + 6 = 6 + 0.6 = 6.6 m
(ii) 6 +

0.5 0.5
= 6.5m
2
2

1.5 35.24 6.52
279.16kN m
8
Check for d (for under reinforced)
Mu 0.36fckxu.limb(d 0.42xu.lim)
279.16 106
0.36 15 0.48d 330(d 0.42 0.48d)
d 639.35mm
drequired(639.35) > dprovided(600)
So revise the section take D = 700 mm
Mu

D = 700

25

Deal load =

D
2

20
= 665mm
2
D

= 350 700 25

= 6.125kN/m
Total load= 6.125 + 30 = 36.125kN/m
wL2eff
Mu
8
Leff Minimum of
(i) 6 + 0.665 = 6.665 m
(ii) 6 +

0.5 0.5
= 6.5m
2
2

Leff = 6.5m
2.5 36.125 6.52
Mu
286.2kN m
8
Check d for under reinforced section
Mu 0.36fckxu.limb(d 0.42xu.lim)
286.2 106
0.36 15 0.48d 350(d 0.42 0.48d)
d 628.56mm
D = 628.56 1.05+ 25 +

20
= 694.988mm
2

Drequired(694.988) > Dprovided(700)
Take D = 700

25

20
= 665mm
2

Check of Ast
Mu = 0.87fyAst(d 0.42xu)
0.87f y A st 0.87 415 Ast
xu
0.36f ck b
0.36 15 350
286.17 106
= 0.87 415 Ast 665

0.87 415 A st
0.36 15 350

Ast = 1443.10mm2
Use 20 mm diameter bar
1143.10
4.594 5
No. of bar =
(20) 2
4
Use 5 no. of 20 mm diameter bar
Ast = 5

4

(20)2 1570mm2

Check of Ast.min
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DESIGN OF BEAM AND SLAB
7.1 INTRODUCTION
A beam is a horizontal structural element that is capable of withstanding load primarily by
resisting bending. The bending force induced into the material of the beam as result of the external
loads, own weight span and external reactions to these loads is called a bending moment.
7.2 I.S 456 PROVISION
7.2.1 Simply Supported Beam or Slab
The effective span of a member that is not built integrally with its supports shall be taken as clear
span plus the effective depth of slab or beam or centre of supports, whichever is less.
Effective span (Leff) = L0 + d
d

L0
w

Or Leff = L0 +

w
2

w
2

Which ever is less
Where, d is effective depth
w is width of support
L0 is clear span
7.2.2 Continuous Beams or Slab
In case of continuous beam or slab, if the width of support is less than 1/12 of the clear span, the
effective span shall be as in (a) above. If the supports are wider than 1/12 of the clear spa or 600
mm, whichever is less,the effective span shall be taken as under :
L0
Clear span
w
Case-1. (If width of support <
)
12
12
Then effective span is calculated same as for simply supported case
Leff = L0 + d
Or Leff

L0 +

w
2

w
2

Whichever is less

L0
Clear span
w
)
12
12
(i) (a) For one end fixed other continuous
(b) Both end continuous (Intermediate span) Leff = L0
(ii) One end discontinuous other continuous (simply supported)
Leff = L0 + d/2
Case-2. (If width of support >
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Vco

0.67bD f t2 0.8f cp f t

The moment Pe will cause an uplift of

Maximum principal tensile stress,
f t 0.24 fck 0.24 45 = 1.61 N/mm2
b = 150 mm, D = 300 mm
Compressive stress at centroidal axis,
P
200 103
f cp
4.44 N / mm2
bD 150 300
Sol.82. (c)
The minimum clear spacing between groups of
cables or ducts of grouped cables shall be great
of the following :
(i) 40 mm
(ii) 5 mm plus maximum size of the aggregate

PeL2
8EI

Sol.88. (d)
Sol.89. (d)
Sol.90. (b)
Sol.91. (a)
In partially prestressed members, limited tensile
stresses are permitted in concrete under service
loaded with control on the maximum width of
cracks. The untensioned reinforcement is
required in the cross
section for various
reasons such as to resist differential shrinkage,
temperature effects and handling stresses.

Sol.83. (d)
The load balancing concept is used to decide to
decide the cable profile. The shape of B.M.D Sol.92. (d)
Area , A = 45 103 mm2
forms the basis for cable profile.
In the case of udl, the BMD is parabolic so Section modulus,
Bd 2 150 3002
cable profile will also be parabolic.
Z
= 2.25 106 mm2
6
6
Sol.84. (b)
Dead load = 0.15 0.30 1 25
= 1.125 kN/m
Sol.85. (c)
For bottom fibre stress to be zero
The stress varies from zero at one extreme fiber P Pe M
M LL
DL
to c at other extreme fiber.
A Z
Z
(1.125 5) 82
M DL M LL
49kN m
8

e 75mm
P
"
c

2.25 106

49 106
1
75
45 103 2.25 106

= 392 kN
c

Sol.86. (b)
Pretensioned prestressed plank can resist both
compressive and tensile stresses. However,
pretensioning is done to keep the stresses
compressive throughout the beam.
Sol.87. (c)

P

Sol.93. (b)
Due to high prestressing force, the possibility of
diagonal tension crack is eliminated.
Sol.94. (a)
In load balancing method, the applied load is
balanced by the cable profile. Thus bending
moment and shear forces do not exist.
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Example1. Design a isolated footing for square
column of size 450 mm 450 mm reinforced
with 8 nos of 25 mm dia and carrying service
load of 2300 KN available bearing pressure is
300 kN/m2 at a depth 1.5 m below the ground
level assume M20 and Fe415 grade of steel for
footing and M25, Fe415 for column.
Solution.
P = 2300 kN
Allowable bearing pressure (A.B.P.)
= 300 kN/m2
Total load on soil
= load on column + self weight of footing
10
2300 2300
2530kN
100
Totalloadof soil 2530
Area of footing =
A.B.P
300
= 8.43m2
Size of footing = B B = 8.43
B = 2.904
Take B B = 3 3m
Upward soil pressure =
2530
281.1kN/m2 300
3 3
Factored-net soil pressure = 15 255.56
= 383.33 kN/m2
Calculation of depth of footing
Case-1.For one way shear
y

(1.275-d)

0.45
d

0.45

w = 383.33 KN/m
(1.275-d)

3m

y
3 0.45
1.275
2

V = w (1.257 d) 3
383.33 (1.275 d) 3
v
3d
c=?
Assume 0.25% of M20

2

= 0.36 N/mm2
K=1
v < K. c
383.33 (1.275 d) 3
1 0.36
3d
d > 0.657 m
For two way shear
c

0.45

d/2

d/2

0.45 + d

0.45
d/2

3m

Net punching force = fP
= w[3 3 (0.45 + d) (0.45 + d)]
= w[9 (0.4 + d)2 KN
fp
Punching Stress =
Perimeter d
vpunching

< kc
0.25 fck

vpunching
c

383.33[9 (1.45 d) 2 ]
4 (0.45 d) d
c

0.25 20

1.118N/mm 2

KS = 0.5 +
1
0.450
1
0.450
KS = 0.5 + 1 = 5
1
KS = 1
383.33[9 (0.45 d)2 ]
1 1.118
4 (0.45 d) d
d > 0.625 m
Hence one way shear govern the depth of
footing
d = 657 mm
Assume clear over 50 mm & dia of bar 12 mm
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CHAPTER - 8
COLUMN
8.1 INTRODUCTION
1. A compression member is a structural element which is subjected predominality to axial
compressive forces. Compression members are most commonly encountered in reinforced
concrete building as columns (and sometimes as reinforced concrete walls).
2. The column is representative of all types of compression members, and hence, sometimes, the
terms column and compression member are used interchangeably.
3. The code defines the column as a compression member, the effective length of which exceeds
three times the least lateral dimension.
4. The term pedestal is used to describe a vertical compression member whose effective length is
less than three times its least lateral dimension of the code.
8.1.1 Consumptions
The following assumptions are made for the limit state of collapse in compression.
1. Plane sections normal to the axis remain plane after bending.
2. The relationship between stress strain distributions in concrete is assumed to be parabolic. The
maximum compressive stress is equal to 0.67fck/ 1.5 or 0.446R fck
3. The tensile strength of concrete is ignored.
4. The stresses in reinforcement are derived from the representative stress-strain curve for the
type of steel used.
5. The maximum compressive strain in concrete in axial compression is taken as 0.02.
5. The maximum compression strain at the highly compressed extreme fibre in concrete subjected
to axial compression and bending but when there is no tension on the section, is taken as 0.0035
minus 0.75 times the strain at the least compressed extreme fibre.
6. The maximum compressive strain at the highly compressed extreme fibre in concrete subjected
to axial compression and bending, when part of the section is in tension is taken as 0.0035.
8.1.2 Classification of Columns based on Type of Reinforcement
Reinforced concrete columns may be classified into the following three types based on the type of
reinforcement provided.
1. Tied columns where the main longitudinal bars are enclosed with closely spaced lateral ties.
2. Spiral column (spirally reinforced columns) where the main longitudinal bars are enclosed
within spiral reinforcement.
3. Composite columns where the reinforcement is in the form of structural steel sections or pipes
with or without longitudinal bars.
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CHAPTER - 9
FOOTING
9.1 INTRODUCTION
1. Till now we discussed the different structural elements viz. beams, slabs, staircases and
columns, which are placed above the ground level and are known as superstructure.
2. The superstructure is placed on the top of the foundation structure, designated as substructure as
they are placed below the ground level.
3. The elements of the superstructure transfer the loads and moments to its adjacent element below
it and finally all loads and moments come to the foundation structure, which in turn, transfers
them to the underlying soil or rock.
4. Thus, the foundation structure effectively supports the superstructure. However, all types of soil
get compressed significantly and cause the structure to settle.
5. Accordingly, the major requirements of the design of foundation structures are the two as given
below.
(i) Foundation structures should be able to sustain the applied loads, moments, forces and induced
reactions without exceeding the safe bearing capacity of the soil
(ii) The settlement of the structure should be as uniform as possible and it should be with in the
tolerable limits. It is well known from the structural analysis that differential settlement of
supports causes additional moments in statically indeterminate structures. Therefore, avoiding the
differential settlement is considered as more important than maintaining uniform overall
settlement of the structure.
9.2 TYPES OF FOUNDATION STRUCTURES
Foundations are namely of two types
1. Shallow foundation
2. Deep foundations.
The two different types are explained below
9.2.1 Shallow Foundations
1. Shallow foundations are used when the soil has sufficient strength within a short depth below
the ground level.
2. They need sufficient plan area to transfer the heavy loads to the base soil.
3. These heavy loads are sustained by the reinforced concrete columns or walls (either of bricks or
reinforced concrete) of much less areas of cross-section due to high strength of bricks or
reinforced concrete when compared to that of soil.
4. The strength of the soil, expressed as the safe bearing capacity of the soil is normally supplied
by the geotechnical experts to the structural engineer.
5. Shallow foundations are also designated as footings.
The different types of shallow foundations or footings are discussed below.
1. Plain Concrete Pedestal Footings
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CHAPTER - 10
PRESTRESSED CONCRETE
10.1 INTRODUCTION
1. Prestressed concrete is basically a concrete in which internal stress of suitable magnitude and
distribution are introduced so that the stresses resulting from external load are counteracted to a
desired degree.
2. A prestressed concrete is different from a conventional RCC structure due to the application of
an initial load on the structure prior to its used.
3. For concrete internal stressed are induced (usually by mean of tensioned steel) due to the
following reasons
(i)
flexural members such as beams and slabs. Hence if the members are compressed prior to
application of flexural load the cracking will not occur.
(ii) Prestressing enhances the bending, shear and tensional capabilities of the flexural members.
(iii) In pipes and liquid storage tanks the hoop tensile stresses can be effectively counteracted by
circular prestressing.
How do we apply prestress by means of tensioned wire?
There are two way (i) Pretensioning (ii) Post tensioning
10.1.1 Pre-Tensioning

Steel Tendon
Jack
Prestress bed
(a) Applying tension to tendons

(b) Casting of concrete
Cutting of tendon

(c) Transferring of prestress

Stages of Pre - tensioning
1. In pre-tensioning system, the high strength steel tendons are pulled between two end abutments
(also called bulkheads) prior to the casting of concrete.
2. The abutments are fixed at the ends of a prestressing bed.
3. Once the concrete attains the desired strength for prestressing, the tendons are cut loose from
the abutments.
4. The prestress is transferred to the concrete from the tendons, due to the bond between them.
5. The stages of prestensioning are shown schematically in the following figures.
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CHAPTER - 1
MECHANICS
1.1 FORCE
Force may be defined as a push or pull which produces or tends to produce a change in the state of
rest or of uniform motion of a body or change in the direction of motion of the body.
F = ma
Force = mass × acceleration
This is the fundamental equation of motion which gives the measurement of force. It is a vector
equation.
1.1.1 Effects of a Force
1. Change the motion
2. Change the direction
3. Change the size or shape
4. Give rise to internal stresses
1.1.2 Characteristics of Force
1.
KN etc.)
2. The line of action or direction of the force may be taken with respect to reference lines.
3. Its point of application, that is the point on the body at which forces acts.
4. Sense or nature of the force (Push or Pull)

Magnitude
(100kN)

Point of Application
Line of Action
(Direction)
Object

Sense (Push)

1.1.3 Classification of Forces
1. According to the Nature of Force
(i) Action (R ) and Reaction (R)

Reaction
R
R
Body
Reaction is always
perpendicular to the
surface

Plain Surface
R´
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WORKBOOK
Example 1. A four-bar linkage (the fourth link [ u = 0]
is the fixed part) shown in Figure below carries
1
forces as shown. For a given value of = 35°, 200 2 s1 cos 35
determine the force Q for equilibrium of the
1
linkage.
Q
s1 sin 35
300N
2
Q = 1142.55 N
B
C
Q
= 35°

0

Example 2. A crank and connecting rod
arrangement is shown in Figure 6.5. The force p
on the piston is p = 250 N. Determine the
moment, M, acting on the crank under
equilibrium conditions, making use of the
principle of virtual work.

200N

A

300( s1 cos 35 )

D

(a)

Piston

300N
s2

s1

C

B

200N

1
2
A

P=250N

s7

Q

s1

s3

s1

1
s3
2

Draw the FBD of the entire system and define
the independent coordinates.
Solution.
M
L

R

P

=35°
(b)

D

Solution.
A line sketch of the linkage is redrawn in Figure
(b). As discussed earlier, the given system has
one degree of freedom. The dashed lines in the
figure show that the effect of a virtual rotation
causes the virtual displacement s1, of B to be
directed perpendicular to AB. Because of
symmetry, the virtual displacement of C is equal
to that of B while the virtual displacements of
forces of 200 and 300 N are one-half of s1.
We now apply the concept that work is the
product of a force and its component of
displacement in the direction of the force; the
virtual work displacement gives

x

x

The system has a single independent degree of
freedom, viz. .
Give a virtual angular displacement
to crank.
The virtual displacement of the piston will be
x. Use the principle of virtual work.
[ u = 0]
M.
+p. x=0
We shall now develop an equation for x in
terms of .
From the diagram, we see that
R sin = L sin
R
or sin
sin
L
and
x = R cos + L cos
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CHAPTER - 2
STRESS AND STRAIN
2.1 STRESS ( )
When a material is subjected to an external force, a resisting force is set up within the component.
The internal resistance force per unit area acting on a material or intensity of the forces distributed
over a given section is called the stress at a point.
(i) It uses original cross section area of the specimen and also known as engineering stress or
conventional stress.
P
Therefore,
A
P

P

P

Where P is expressed in Newton (N) and A, original area, in square meters (m), the stress
be expressed in N/m2. This unit is called Pascal (Pa).
(ii) As Pascal is a small quantity, in practice, multiples of this unit is used.
103 Pa

1kPa

6

10 3 N / m 2
6

2

1MPa

10 Pa

10 N / m

1GPa

10 9 Pa

10 9 N / m 2

1N / mm

will

(kPa = Kilo Pascal)
(MPa = Mega Pascal)

2

(GPa = Giga Pascal)

Let us take an example: A rod 10 mm 10 mm cross-section is carrying an axial tensile load 10
kN. In this rod the tensile stress developed is given by

P
A

1

10kN
10 103 N
100N / mm2 100MPa
(10mm 10mm) 100mm2

The resultant of the internal forces for an axially loaded member is normal to a section cut
perpendicular to the member axis.
The force intensity on the shown section is defined as the normal stress.
P

F
Q

P

lim
A

0

F
A

and

avg

A

P

P
A
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CHAPTER - 3
PRINCIPAL STRESS & STRAIN
3.1 STATES OF STRESS
3.1.1 Uni-Axial Stress
Only one non-zero principal stress, i.e. 1.
Right side figure represents Uni-axial state of stress.

Area

1

1

3.1.2 Bi-Axial Stress
One principal stress equals zero, two do not, i.e. 1 >
Right side figure represents Bi-axial state of stress.

3;

2=

0

2

1
1

2

3.1.3 Tri-Axial Stress
Three non-zero principal stresses,
i.e. 1 > 2 > 3
Right side figure represents Tri axial state of stress.
2

3

1
1

3

2

3.1.4 Isotropic Stress
Three principal stresses
are equal, i.e. 1 = 2 = 3
Right side figure represents Isotropic state of stress.
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CHAPTER - 4
BENDING MOMENT AND SHEAR FORCE DIAGRAM
4.1 SHEAR FORCE AND BENDING MOMENT
At first we try to understand what shear force is and what is mending moment?
We will not introduce any other co-ordinate system. We use general co-ordinate axis as shown in
the figure.

This system will be followed in shear force and bending moment diagram and in deflection of
beam. Here downward direction will be negative i.e. negative Y-axis. Therefore downward
deflection of the beam will be treated as negative.
Some books fix a co-ordinate axis as shown in the following figure.

Here downward direction will be positive i.e. positive Y-axis. Therefore downward deflection of
the beam will be treated as positive. As beam is generally deflected in downward directions and
this co-ordinate system treats downward deflection is positive deflection.
cut by a section X-X, we see that the applied force tend to displace the left-hand portion of the
beam relative to the right hand portion, which is fixed in the wall. This tendency is resisted by
internal forces between the two parts of the beam. At the cut section a resistance shear force (Vx)
and a bending moment (Mx) is induced. This resistance shear force and the bending moment at the
cut section is shown in the left hand and right hand portion of the cut beam.

Using the three equations of equilibrium.

ECG PUBLICATIONS
A unit of ENGINEERS CAREER GROUP

231

GATE-2019

SOLID MECHANICS

ESE OBJ QUESTIONS
1. In fig.
350N
+ve

O

A

(a)

350N
100N
C
B
50N

A

C

E

100N
+ve
D

(b)
E

O

A

E

50N
350N

350N

The shear force diagram of a single overhanging
beam is shown in figure. One simple support is

(c) A
A

C

E

E

the beam is

(d)
[CE ESE - 2018]
C
(a) 800 N
(b) 600 N
(c) 400 N
(d) 200 N
4. A beam of overall length l, with equal
overhangs on both sides, carries a uniformly
2. Two persons weighing W each are sitting on distributed load the entire length. To have
L numerically equal bending moments at the
a plank of length L floating on water, at
centre of the beam and at its supports, the
4
distance between the supports should be
from either end. Neglecting the weight of the
[CE ESE - 2015]
plank, the bending moment at the middle point
(a) 0.277l
(b) 0.403l
of the plank is
(c) 0.586l
(d) 0.707l
[CE ESE - 2018]
WL
WL
5. A simply supported beam is subjected to a
(a)
(b)
16
64
couple at a section within its span. It will
produce
WL
(c)
(d) Zero
1. SF diagram of zero magnitude
8
2. Uniformly varying triangular BM diagram
3. The bending moment diagram of a beam is 3. Sudden change in sign of BM at the point of
application of the couple
shown in the figure
Equal and opposite reactions at supports. Which
C
of the statements are correct?
[CE ESE - 2015]
(a)
1
and
2
(b)
2
and 3
D E
B
A
(c) 3 and 4
(d) 1 and 4
6. The bending moment at C for the beam
The shear force diagram of the beam is shown in the figure is
represented by ?
[CE ESE - 2015]
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CHAPTER - 5
DEFLECTION OF BEAM
5.1 INTRODUCTION
1.We know that the axis of a beam deflects from its initial position under action of applied forces.
2.In this chapter we will learn how to determine the elastic deflections of a beam.
5.1.1 Selection of Co-ordinate Axis
We will not introduce any other co-ordinate system. We use general co-ordinate axis as shown in
the figure. This system will be followed in deflection of beam and in shear force and bending
moment diagram. Here downward direction will be negative i.e. negative Y-axis. Therefore
downward deflection of the beam subjected to a given loading where we will use the formula,

d2 y

Mx .
dx 2
Some books fix a co-ordinate axis as shown in the following figure. Here downward direction will
be positive i.e. positive Y-axis. Therefore downward deflection of the beam will be treated as
positive. As beam is generally deflected in downward directions and this coordinate system treats
downward deflection is positive deflection.
EI

To determine the value of deflection of beam subjected to a given loading where we will use the
d2y
Mx .
formula, EI 2
dx
5.1.2 Why to calculate the deflections
1. To prevent cracking of attached brittle materials
2. To make sure the
3. To help analyzing statically indeterminate structures.
4. Information on deformation characteristics of members is essential in the study of vibrations of
machines
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GATE QUESTIONS
1. The figure shows a simply supported beam 4. A beam of length L is carrying a uniformly
PQ of uniform flexural rigidity El carrying two distributed load w per unit length. The flexural
moments M and 2M
rigidity of the beam is EI. The reaction at the
M
2M
simple support at the right end is
Q

P
L/3

L/3

The slope at P will be
(a) 0
(c) ML/(6EI)

L/3

[GATE - 2018]
(b) ML/(9EI)
(d) ML/(3EI)

wL
(a)
2
2. Two prismatic beams having the same
2
wL
flexural rigidity of 1000 kN-m are shown in the (c)
figures.
4
6kN/m

5. A simply supported beam of length 2L is
subjected to a moment M at the mid-point x =0
as shown in the figure. The deflection in the
domain 0 x L is given by
Mx
W
(L x)(x c)
12EIL

1

4m
120kN

2

1m

[GATE - 2016]
3wL
(b)
8
wL
(d)
8

1m

moment of inertia and c is a constant (to be
If the mid-span deflections of these beams are
determined).
denoted by 1 and 2 (as indicated in the
figures), the correct option is
[GATE - 2017]
(a) 1 = 2
(b) 1 < 2
(c) 1 > 2
(d) 1 >> 2
3. A simply supported rectangular concrete
beam of span 8m has to be span 8m has to be
prestressed with a force of 1600 kN. The tendon
is of parabolic profile having zero eccentricity
at the supports. The beam has to carry an
external uniformly distributed load of intensity
30 kN/m. Neglecting the self-weight of the
beam, the maximum dip (in meters, up to two
decimal places) of the tendon at the mid span
to balance the external load should be ____
[GATE - 2017]

The slope at the center x = 0 is
(a) ML/(2EI)
(c) ML/(6EI)

[GATE - 2016]
(b) ML/(3EI)
(d) ML/(12EI)

6. A 3 m long simply supported beam of
uniform cross section is subjected to a
uniformly distributed load of w = 20 kN/m in
the central 1 m as shown in the figure.
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CHAPTER - 6
BENDING & SHEAR STRESSES
6.
Equation
M E
y
I
R
Where is bending Stress
M is bending moment
I is moment of inertia
E is modulus of elasticity
R is radius of curvature
y is distance of the fibre from NA (Neutral axis)

or (Bending Stress Formula) or Bending

6.2 ASSUMPTIONS IN SIMPLE BENDING THEORY
All of the foregoing theory has been developed for the case of pure bending i.e. constant B.M.
along the length of the beam. In such case
1. The shear force at each c/s is zero.
2. Normal stress due to bending is only produced.
3. Beams are initially straight.
4. The material is homogenous and isotropic i.e. it has a uniform composition and its mechanical
properties are the same in all directions.
5. The stress strain relationship is linear and elastic.
6.
7. Sections are symmetrical about the plane of bending.
8. Sections which are plane before bending remain plane after bending.
6.3

max

t

Mc1
I

;

min

c

Mc2 (Minimum in sense of sign)
I

6.4 SECTION MODULUS (Z)
I
Z
y
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GATE QUESTIONS
1. An 8 m long simply-supported elastic beam
of rectangular cross-section (100 mm × 200
mm) is subjected to a uniformly distributed load
of 10 kN/m over its entre span. The maximum
principal stress (in MPa, up to two decimal
places) at a point located at the extreme
compression edge of a cross-section and at 2 m
from the support is ________.
[GATE - 2018]

50mm
10mm

10mm
50mm

[GATE - 2013]

2. A cantilever beam of length 2 m with a
square section of side length 0.1 m is loaded 5.
vertically at the free end. The vertical in bending theory implies
displacement at the free end is 5 mm. The beam

[GATE - 2013]
(a) Strain profile is linear
10 N/m . The maximum bending stress at the (b) Stress profile is linear
fixed end of the cantilever is
(c) Both profiles are linear
[GATE - 2018] (d) Shear deformation is neglected
(a) 20.0 MPa
(b) 37.5 MPa
(c) 60.0 MPa
(d) 75.0 MPa
6. The maximum tensile stress at the section X11

2

3. Two beams are connected by a linear spring
as shown in the following figure. For a load P as
shown in the figure, the percentage of the
applied load P carried by the spring is ______.
P
L
EI

X shown in the figure below is
L/3
L/3
L/3
X

b
P

d/2
d/2

d

X
L/2

L/2

[GATE - 2008]
8P
6P
EI
(a)
(b)
bd
bd
4P
2P
[GATE - 2015] (c)
(d)
bd
bd
4. A symmetric I-section (with width of each
flange = 50 mm, thickness of web = 10 mm) of 7. For the component loaded with a force F as
steel is subjected to a shear force of 100 kN. shown in the figure, the axial stress at the comer
Find the magnitude of the shear stress (in point P is
N/mm2) in the web at its junction with the top
flange
3

Ks=3EI(2L )
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1. A steel wire of 20mm diameter is bent into a
circular shape of 10m radius. If E, the modulus
of elasticity, is 2
106 kg/cm2, then the
maximum tensile stress induced in the wire is,
nearly
[CE ESE - 2018]
(a) 2 103= kg/cm2
(b) 4 103 kg/cm2
(c) 2 104 kg/cm2
(d) 4 104 kg/cm2

5. A homogenous prismatic simply supported
beam is subjcted to point load F. The load can
be placed anywhere along the span of the beam.
The very maximum flexural stress developed in
the beam is
[CE ESE - 2017]

2. A long rod of uniform rectangular section
with thickness t, originally straight, is bent into
the form of a circular arch with displacement d
at the mid-point of span I. The displacement d
may be regarded as small as compared to the
length l. The longitudinal surface strain is
[CE ESE - 2018]
2td
4td
(a) 2
(b) 2

(a)

(c)

8td

(d)

2

3. In fig
0.5m
A

16td
2

250N

C
1.2m

B
1.2m

A horizontal bar of 40 mm diameter solid
section is 2.40 m long and is rigidly held at both
ends so that no angular rotation occurs axially
or circumferentially at the ends (as shown in
figure). The maximum tensile stress in the bar is
nearly
[CE ESE - 2018]
(a) 12.2 N/mm2
(b) 13.7 N/mm2
(c) 15.2 N/mm2
(d) 16.7 N/mm2
4. In the case of a rectangular beam subjected to
a transverse shearing force, the ratio of
maximum shear stress to average shear stress is
[CE ESE - 2018]
(a) 0.75
(b) 1.00
(c) 1.25
(d) 1.50

B

D
L

3FL
2BD2
2FL
(c)
3BD 2

3FL
4BD2
4FL
(d)
3BD 2
(b)

6. The span of a cantilever beam is 2m. The
dcross section of the beam is a hollow square
with external sides 10mm; and its 1 = 4 105
mm4. The safe bending stress for the beam
material is 100 N/mm2. The safe concentrated
load at the free end would be
[CE ESE - 2017]
(a) 100 N
(b) 200 N
(c) 300 N
(d) 400 N
7. Consider the following statements:
1. The shear stress distribution across the
section of a circular shaft subjected to twisting
varies parabolically.
2. The shear stress at the centre of a circular
shaft under twisting moment is zero
3. The shear stress at the extreme fibres of a
circular shaft under twisting moment is
maximum.
Which of the above statements is/are correct?
[CE ESE - 2017]
(a) 1, 2 and 3
(b) 1 only
(c) 2 only
(d) 3 only
8. Assertion (A): The failure surface of an
axially loaded mild steel tension specimen of
circular cross-section is along a plane at 45 to
the axis of the specimen.

ECG PUBLICATIONS
A unit of ENGINEERS CAREER GROUP

396

GATE-2019

SOLID MECHANICS

CHAPTER - 7
TORSION, THIN & THICK CYLINDER
7.1 INTRODUCTION
1.
-section,
which supports gears, sprockets, wheels, rotors, etc. and which is subjected to torsion and to
transverse or axial loads acting singly or in combination.
2.
3.
h as line shaft, head shaft, stub shaft, transmission shaft,
countershaft, and flexible shaft are names associated with special usage.
7.2 TORSION OF CIRCULAR SHAFTS
1. Equation
T G
Torsion Equation,
R J
L
Where j is polar moment of inertia
is shear stress induced due to torsion T
G is modulus of rigidity
is angular deflection or shaft
R, L is shaft radius and length respectively.

7.2.1 Assumptions
1. The bar is acted upon by a pure torque
2. The section under consideration is remote from the point of application of the load and from a
change in diameter.
3. Adjacent cross sections originally plane and parallel remain and parallel after twisting, and any
radial line remains straight.
4.
s law.
5. Cross-sections rotate as if rigid, i.e. every diameter rotates through the same angle.
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SOLUTIONS
Sol.1. (a)
Dia of steel wire = 20 mm
Radius of circular shape = 10m
Modulus of elasticity, E = 2 106 kg/cm2
y = 10mm

20 mm

2

2

d

or R

8R
8d
From bending formula
E
E
2
y R
t/2
8d
y 4dt
2
E
R

Sol.3. (d)
Steel wire

M
I
f
y

From bending formula
f E
y R
E
R

f

250

125/4
250

125/4

125

2.4

2.4 m

250

R1

E
y
R

R2

6

2 10 20
10 3 kg / cm 2
10
2
f = 2 103 kg/cm2

250 125 62.5
2
2.4 2.4
250 125 62.5
2
2.4 2.4
250

f

43.75 Nm

106.25 Nm

125

R1 = 46.875 Nm

Sol.2. (b)

2.4
8

8

137.5 Nm

R2 = 203.125 N

t
12.5Nm
d
R

From property of circle
1
1
(2r d) d
.
2
2
same

43.75 Nm

106.25 Nm

R

Maximum bending stress occur at the point
of maximum bending moment
32M
max (at mid span)
d3
32 137.5 1000
=
403
= 21.88 Mpa
32M
max (at end B)
d3
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ESE OBJ QUESTIONS
1. A steel column is printed at both ends and
has a buckling load of 200 kN. If the column is
restrained against lateral movement at its mid
height, its buckling load will be
[CE ESE - 2018]
(a) 100 kN
(b) 200 kN
(c) 400 kN
(d) 800 kN

A

X

C

B
20

10

20

20

20

20

Y

2. A steel column is printed at both ends and When the temperature on this piece increases by
has a buckling load of 200 kN. If the column is 50°C, the stresses in sections A and B are
[ME ESE - 2015]
restrained against lateral movement at its mid
(a)
120
MPa
and
480
MPa
height, its buckling load will be
(b) 60 MPa and 240 MPa
[CE ESE - 2018]
(a) 100 kN
(b) 200 kN (c) 120 MPa and 120 MPa
(c) 400 kN
(d) 800 kN (d) 60 MPa and 120 MPa
3. The state of stress at a point in an elastic 5. What is the slenderness ratio of a 4 m
material, with yield stress of 200 MPa in simple column with fixed ends if its cross-section is
square of side 40 mm?
[ME ESE - 2014]
figure.
(a) 100
(b) 50
2
(c) 160
(d) 173
1.4

1.4
2

The permissible value of
theory is
(a) 75 Mpa
(c) 150 Mpa

6. A 4 m long solid round bar is used as a
column having one end fixed and the other end

by maximum strain found as 10 kN and E = 210 GPa for the
material of the bar, the diameter of the bar is
[CE ESE - 2017]
[ME ESE - 2014]
(b) 100 Mpa
(a) 50 mm
(b) 40 mm
(d) 200 Mpa
(c) 60 mm
(d) 45 mm

4. The figure shows a steel place of diameter
20 mm at A and C, and 10 mm at B. The
lengths of three section A, B and C are each
equal to 20 mm. The piece is held between two
rigid surfaces X and Y. The coefficient of linear
expansion
= 1.2 × 10 5/°C
modulus E = 2 × 105 MPa for steel:

7. An aluminium bar of 8 m length and a steel
bar of 5 mm longer in length are kept at 30°C. If
ambient temperature is raised gradually, at what
temperature the aluminium bar will elongate 5
mm longer than the steel bar (the linear
expansion coefficient for steel and aluminium
are 12 × 10 6/°C and 23 × 10 6/°C respectively)?
[ME ESE - 2014]
(a) 50.7°C
(b) 69.0°C
(c) 143.7°C
(d) 33.7°C
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CHAPTER - 1
INDETERMINACY AND STABILITY OF STRUCTURE
1.1 INTRODUCTION

Stability

External

Internal

Related to the support
condition

Related to the shape
of structure

1.1.1 External Stability
Large displacement of the entire structure at the supports and joint is not permitted. However,
small elastic deformance may occur at free ends. To prove rigid body displacement there should
be enough reaction at the supports. At their arrangement should be adequate.
For plane structure (2D) there should be minimum of 3 in depended reactions at the support which
should be
1. Non parallel
2. Non-concernment
3. Non-trivial
It may permit large displacement if reaction is small that it is called rival equation. A spring
support with small stiffness.

All the support reaction are ( ) than linear un-stability will occur reaction are
parallel.
P

R1

R2

R3

Linear Instability
If all reaction are concurrent than angular un-stability will occur.
P

R1

R2

R3
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CHAPTER - 2
SLOPE DEFLECTION METHOD
2.1 INTRODUCTION
Consider the force (flexibility) method of analysis of statically indeterminate structures. Recall
that in the force method, the unknown redundant forces are determined first by solving the
structure's compatibility equations; then the other response characteristics of the structure are
evaluated by equilibrium equations or superposition. An alternative approach that can be used for
analyzing indeterminate structures is termed the displacement (stiffness) method. Unlike the force
method, in the displacement method the unknown displacements are determined first by solving
the structure's equilibrium equations; then the other response characteristics are evaluated through
compatibility considerations and member force-deformation relations.
In this chapter, we consider a classical formulation of the displacement method, called the slopedeflection method. An alternative classical formulation, the moment-distribution method, is
presented in the next chapter, followed by an introduction to the modern matrix stiffness method.
The slope-deflection method for the analysis of indeterminate beams and frames was introduced
by George A. Many in 193. The method takes into account only the bending deformations of
structures. Although the slope-deflection method is itself considered to be a useful tool for
analyzing indeterminate beams and frames, an understanding of the fundamentals of this method
provides a valuable introduction to the matrix stiffness method, which forms the basis of most
computer software currently used for structural analysis.
We first derive the fundamental relationships necessary for the application of the slope-deflection
method and then develop the basic concept of the slope-deflection method. We consider the
application of the method to the analysis of continuous beams and present the analysis of the
frames in which joint translations are prevented. Finally, we consider the analysis of frames with
joint translations.
2.2 SLOPE DEFLECTION EQUATIONS
When a continuous beam or a frame is subjected to external loads, internal moments generally
develop at the end of its individual members. The slope-deflection equations relate the moments at
the end of member to the rotations and displacements of its ends and the external loads applied to
the member.
To derive the slope-deflection equations, let us focus our attention on an arbitrary member AB of
the continuous beam shown in figure below. When the beam is subjected to external loads and
support settlements, member AB deforms, as shown in the figure, and internal moments are
induced at its ends. The free-body diagram and the elastic curve for member AB are shown using
an exaggerated scale in figure below. As indicated in this figure, double-subscript notation is used
for member end moments, with the first subscript identifying the member end at which the
moment acts and the second subscript indicating the other end of the member. Thus, MAB denotes
the moment at end A of member AB, whereas MBA represents the moment at end of B of member
AB. Also, as shown in figure below, A and B denote, respectively, the rotations of ends A and B
of the member with respect to the undeformed (horizontal) position of the member; denotes the
relative translation between the two ends of the member in the direction perpendicular to the
undeformed axis of the member; and the angle
the straight line connecting the deformed position of the member ends) due to the relative
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CHAPTER - 3
MOMENT DISTRIBUTION METHOD
3.1 INTRODUCTION
In this chapter we consider another classical formulation of the displacement method, the momentdistribution method. Like the slope-deflect ion method, the moment-distribution method can be
used only for the analysis of continuous beams and frames, taking into account their bending
deformations only. This method, which was initially developed by Hardy Cross in 1924, was the
most widely used method for analysis of structures from 1930, when it was first published,
through the 1960s. Since the early 1970s, with the increasing availability of computers, the use of
the moment-distribution method has declined in favor of the computer-oriented matrix methods of
structural analysis. Nonetheless, the moment-distribution method is still preferred by many engineers for analyzing smaller structures, since it provides a better insight into the behavior of
structures. Furthermore, this method may also be used for preliminary designs as well as for
checking the results of computerized analyses.
The main reason for the popularity of the moment-distribution method in the pre-computer era was
due to the fact that it does not involve the solution of as many simultaneous equations as required
by the other classical methods. In the analysis of continuous beams and frames without sideways,
the moment-distribution method completely avoids the solution of simultaneous equations,
whereas in the case of frames with sideways, the number of simultaneous equations involved
usually equals the number of independent joint translations.
The moment-distribution method is classified as a displacement method, and from a theoretical
viewpoint, it is very similar to the slope-deflection method. However, unlike the slope-deflection
method in which all the structure's equilibrium equations are satisfied simultaneously, in the
moment -distribution method the moment equilibrium equations of the joints are solved iteratively
by successively considering the moment equilibrium at one joint at a time, while the remaining
joints of the structure are assumed to be restrained against displacement.
We first derive the fundamental relations necessary for the application of the moment-distribution
method and then develop the basic concept of the method. We next consider the application of the
method to the analysis of continuous beams and frames without sideways and, finally, discuss the
analysis of frames with sideways.
3.2 DEFINITIONS AND TERMINOLOGY
Before we can develop the moment-distribution method, it is necessary to adopt a sign convention
and define the various terms used in the analysis.
3.2.1 Sign Convention
In applying the moment-distribution method, we will adopt the same sign convention as used
previously for the slope-deflection method:
1. Counterclockwise member end moments are considered positive.
Since a counterclockwise moment at an end of a member must act in a clockwise direction on the
adjacent joint, the foregoing sign convention implies that clockwise moments on joints are
considered positive.
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CHAPTER - 4
FORCE METHOD OF ANALYSIS
4.1 INTRODUCTION
Purpose of choosing statically indeterminate structure as compared to statically determinate ones
is as follows:
1.For a given loading, the maximum stress and deflection of an indeterminate structures are
generally smaller than that the in statically determinate structure.
Example.
P

P

l
M ax BM

3

Pl
,
4

Pl
48E I

M axBM

Pl
,
8

3

Pl
192EI

2. Indeterminate structures have a tendency to redistribute its load to its redundant supports in case
where faulty design or overloading occurs.
P

P

Plastic Large
As load P is increased, plastic hinge will form at supports first and hence it will be treated as
simply supported structures. Further load can also be resisted. However, in case of simple
supports, hinge will form at centre hence collapse will early.
3. Although there well be cost saving in material due to lesser stress in member, the cost of
construction of supports and joint may sometime offset the saving in material.
4. Differential settlement of supports, temperature variation, change in length due to fabrication
errors in indeterminate structures will introduce internal stresses in structure.
4.1.1 In any statically indeterminate structure, it is necessary to satisfy:
1. Equilibrium equations
2. Compatibility equation
3. Force displacement requirement
There are two different ways to satisfy these requirements.
(i) Force method
(ii) Displacement method
Force Method

Displacement Method
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CHAPTER - 5
ARCHES
5.1 THREE-HINGED ARCHES
Figure (a) shows a three-hinged arch. It consists of two parts AC and BC hinged to each other at
C. Each of the parts is hinged to a permanent support like an abutment at the lower ends A and B.
The hinge C is provided usually at the highest point of the centre line of the arch. The horizontal
distance between the lower hinges A and B is called span of the arch. The hinges, A and B may or
may not be at the same level. When the two hinges A and B are at the same level height of the
crown (highest point of the arch) above the level of the lower hinges is called thereof the arch.
W2

W1

C

W3

A

B

a

W1

y
H

Va

x

c

W3

d

C

X

A

W2

b

h
B
l

H

Vb

(a)
The tendency of the external loads is to cause an increase in the span length. Since neither vertical
nor horizontal movements are possible at the lower the reactions at each of the neither lower hings
A nor will B have vertical and horizontal components. When the ends A and B are at the same
level, the .vertical reaction Va and Vb may be determined as in the case or a simply support beam
of the same span carrying the same loading.
The vertical reactions Va and Vh can be determined by equating the clockwise moment to the anticlockwise moment of the forces on the structure about either lower end. The horizontal component
of the reaction at either lower end is called the horizontal thrust at the support. If the load system
applied on the entirely vertical the horizontal thrust at each of the supports A and B must same.
Since the parts AC and BC arc hinged at C, the bending moment at C must be zero. Hence, after
finding (he vertical reaction Va and Vb the horizontal thrust H can be computed by equating the
bending moment at the crown hinge C to zero.
For instance, referring to figure (a) taking moments about C of the forces e on the left side of C,
we have,
l
l
Va
Hh W1
a or taking moments about C of the forces on the right side of C.
2
2
l
l
l
We have, Vb
Hh W3
d W2
d c
2
2
2
The horizontal thrust H at each support can be determined from any of the above two expressions.
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CHAPTER - 6
TRUSSES
6.1 INTRODUCTION
A truss is a structure composed of slender members joined together at end points by
bolting/Rivetting or welding. Ends of the members are joined to a common plate called gusset plate.

Gusset Plate

The following figure shows a roof truss and its components.

Roof Sheet
Purlin
Top
Chord
Bottom
Gusset Chord
Plate
Column
Span

Diagonal Bracing
Knee Braces
Bay

6.1.1 Roof Trusses
1. Roof trusses are often used as industrial building frame. The roof load is transmitted to the truss
at the joints by means of a series of purlins. The roof truss along with its supporting columns is
termed as bent.
2. To keep the truss rigid, and thereby capable of resisting horizontal wind forces, knee braces are
sometimes used at the supporting columns.
3. The space between adjacent truss is called a bay.
4. Bays are often tied together using diagonal bracing in order to maintain rigidity of the building's
structure.
5. Trusses used to support roofs are selected on the basis of the span, the slope and the roof
material. Some of the more common types of trusses used are shown in figure below.
6. The scissors truss can be used for short spans that require overhead clearance.
7. The Howe and Pratt trusses are used for roofs of moderate span about (18 m) to (30 m). For
larger spans, the fan truss or Fink truss may be used.
8. If a flat roof or nearly flat roof is to be selected, the Warren truss is used.
9. Sawtooth trusses are used where column spacing is not objectionable and uniform lighting is
important.
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CHAPTER - 7
INFLUENCE LINE DIAGRAM
7.1 INTRODUCTION
1. An influence line represents the variation of either the reaction, shear, moments or deflection at a
specified point in a member as a concentrated unit force moves over the member.
2. Influence lines represent the effect of a moving load only at a specified point on a member,
whereas shear and moment diagram represents the effect of fixed loads at all points along the
member.
3. Thus influence line helps in deciding, at a glance, where should the moving loads be placed on
the structure so that it creates greatest influence at the specified point.
7.1.1 Sign Convention
1. Influence line for reaction
(+) ve, if reaction acts upward.
2. Influence line for shear and moment

(+)ve shear

(+)ve bending moment

3. Influence lines for statically determinate structures consists of straight-line segment.
4. Influence lines for statically indeterminate structure will consist of curved-line segments.
The following example illustrates the construction of influence line diagram.
7.2 ILD FOR REACTION RA & RB
1. When the rolling load P = 1 is between A & E
Taking moment, of forces to the right of E about E & F .We get RC = 0, RD = 0
Taking moments of left hand side forces at E,
ME = 0 RA(L1 + a) + RB a P(L1 + a x) = 0
Since P = 1 we get
RA(L1 + a) + RBa = L1 + a x
Also, we have
FV = 0
RA + RB = P
Since, P = 1 we get
RA + RB = 1
From eqs. (i) and (ii) we get
x
x
RA 1
; RB
(iii)
L1
L1
These two lines are shown figures (d) and (e).
2. When unit rolling load P is between E and F
(L1 + a) x (L1 + L2 + a)
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CHAPTER - 8
MATRIX METHOD OF ANALYSIS
8.1 DEFINITION AND NOTATIONS
1. Matrix is defined as an array of quantities, usually called elements, grouped together for some
specific purpose arranged systematically in rows and columns.
2. For demonstration purpose, these elements are enclosed by either square brackets, { }, or
perentheses (),
3. In general, the entire matrices are denoted by boldface letters A, B, C, etc. The matrix A of order
m n consisting of m rows and n columns of elements aij situated at the intersection of the ith row
and j-th column may be represented as follows:
a11 a12
a 1n
a 21
a 22
a 2n
A [A]mxn [a ij ]m n
a m1 a m2

a mn

8.2 TYPES OF MATRIX
8.2.1 Square Matrix
A matrix which has equal number of rows and columns is called a square matrix i.e. m = n
For example
1 3 2
3 5 7
4 3 1
Is a square matrix of dimension (or order )3. Here, the elements 1, 5 and 1 are called the diagonal
elements and the diagonal is named as principal diagonal
(i) If any matrix (square type) has the diagonal elements non - zero and the non - diagonal elements
are all zero, it is called a diagonal matrix.
(ii) If any square matrix has the elements symmetrical about the principal diagonal, it is called a
symmetric matrix i.e. aij = aji
1 4
3
4 2
6
3 6 1
Is a 3 3 symmetric matrix
(iii) If any diagonal matrix has all the diagonal elements same, it is called a scalar matrix.
x 0 0
0 x 0
0 0 x 33
Is a scalar matrix.
(iv) If any scalar matrix has all the diagonal elements one (unit), it is called an identity or unity
matrix and represented by [I]. Thus,
1 0
Identity matrix of 3 dimensions = I 3
and
0 1
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P1

Example 1. Find external static indeterminacy
for the structure shown in figure.

Solution.
Total re = 3 + 1 + 3 = 7
Total equilibrium condition = 3
Dse = re 3 = 7 3 = 4
When loading is not mention then general
loading is consider which may have horizontal
and vertical component both there-fore at the
support horizontal 8 and vertical Q moment
reaction all will be available.
If only vertical load is present than in frame,
arches and truss hence vertical component of
reaction will be present also moment depending
upon support condition.
But in beams due to vertical loading alone
horizontal reactions will not be present therefore
to determine Dse horizontal reaction may be
ignored and equation for horizontal forces may
be ignored.
P1

Re = 5

P2

rr = 3 + 3 = 6
Dse = 6 3 = 3
Example 2.

3
6
6

3

Solution.
re 6 3 6 3 18

Dse

re 6 18 6 12

Example 3. Find Ds shown in figure.

Fy =0

Equation of equilibrium = 2
Mz =0

Dse = re 2 = 5 2 = 3
re = 5
Equation of equilibrium = 2
Fy = 0
Mx = 0

Solution.
Method-I. re 3 1 2 6
Dse re 3 6 3 3
Dsi 36 re 3 1 0 3
Ds Pse Dsi 3 3 6
Method-II. Ds 3m re 35
3 8 6 3 8 18 6 24

6
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Example 1. Calculation of fixed end moments Solution.
in case of one end being hinged from the fixed
end moments corresponding to the case of both Fixed end moment at A
end fixed.

M FBA
2

M FAB

w

A

B

l
A

B

Solution.
wl 2
If corresponding to both end being fixed, the
12
fixed end moments are MFAB and MFBA as
shown in the figure below.
Hence, M FAB
A

wl 2
12
wl 2
M FBA
12

wl 2
12

B

Hence,
MFAB

MFBA

A

B

A

B

w

Then, when end B is released by applying
l
moment opposite to MFBA i.e. MFBA, the
moment carried over to the near end A will be
l2
l2
l2
MFBA
12
24
8
.
2
[( ) ve means anticlockwise]

MFAB

Example 3. Write shear and joint equilibrium
for the frame shown below.

MFBA

P

Hence, fixed end moment at A corresponding to
the loading shown below will be
A

L

B

Fixed end moment at A

M FBA
2

M FAB

M FBA
2
where MFAB and MFBA are fixed end moments at
A and B corresponding to the case of both end
being fixed.

Fixed end moment at A

M FAB

Example 2. Find fixed end moment at A
corresponding to the loading shown below.
A

B

w

B

C
2L
3

L
3

I

A

D
L
I
E

HA

HB

Solution.

P
MBD

MDB

MBA

MDE

HB

HA
MAB
V1

V2

l
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GATE QUESTIONS
P

1. A prismatic beam P-Q-R of flexural rigidity
EI = 1 × 104 kNm2 is subjected to a moment of
180 kNm at Q as shown in the figure.

B

A

180 kNm

P

P

d
R

Q
5m

L

4m

[GATE - 2015]
The rotation at Q (in rad, up to two decimal
5. In a beam of length L, four possible
places) is __________
[GATE - 2018] influence line diagrams fro shear force at a
section located at a distance of L/4 form the left
2. The value of m in the beam ABC shown in end support (marked as P, Q, R and S) are
the figure is such that the joint B does not shown below. The correct influence line
diagram is
rotate.
The value of support reaction (in kN) at b
should be equal to ______
0.75
[GATE - 2017]
3. The value of M in the beam ABC shown in
the figure is such that the joint B does not (a)
rotate.
30 kN/m

M
C

A
4m

0.25
L
4

3L
4

0.6

6m
B

The value of support reaction (in kN) at b
should be equal to _____
(b)
[GATE - 2017]
4. A simply supported beam AB of span, L =
24 m is subjected to tow wheel loads acting at a
distance, d = 5 m apart as shown in the figure
below. Each wheel transmits a load, P = 3 kN
and may occupy any position along the beam. If
(c)
the beam is an I-section having section
3
modulus, S = 16. 2 cm , the maximum bending
stress (in GPa) due to the wheel loads is
______.

L
4

0.6

3L
4

0.5

L
4

0.5

3L
4
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Example 1. Analyze the beam shown below by
M
Hence,
moment distribution method.
A

240kN/m

15m

20m

IAB 300 106 mm4 , IBC 600 104 mm4
Solution.

4EI 4E×300×106
l
15
4EI 4E×600×106
Stiffness of BC=
l
20
Total stiffness of joint
4E 300 106 4E 600 106
B
15
20
Stiffness of BA as compared to total stiffness of
joint
4E 300 10 6
15
4E 300 10 6 4E 600 10 6
15
20
1
1
1
0.4
15
1
2 1 1.5 2.5
20
Distribution factor for BA = 0.4
Stiffness of BC compared to total stiffness of
joint
Distribution factor for BC = 0.6
Stiffness of BA

Total stiffness of joint

B

C

4EI AB
lAB

4EI BC
l BC

4EI AB
lAB
Distribution factor for BA
4EI AB 4EI BC
lAB
lBC
1. Assume all the joints to be fixed and
corresponding to external forces fixed end
moments are calculated. The sign convention
adopted will be same as that in case of slope
deflection method i.e. clockwise member end
moment is taken as (+) ve and anticlockwise
member end moment is taken as ( ) ve.
A

B

240

15m

A
DF
FE
M

0

20m

B
0.
4
0

C

+

M

B

C

240 400
12
= 8000

240 400
12
= 8000

0.6

2. Joint B has been assumed to be fixed in step
1. But in reality it is not fixed. Hence due to
fixed end moments there is an unbalanced
moment at joint B of magnitude ( ) 8000 kNm
but in reality net moment at B must be zero i.e.
Moment distributed in BA = 0.4 M
MBA + MBC = 0. This unbalanced moment has to
Moment distributed in BC = 0.6 M
balanced by applying +8000 kNm moment at
Note: As the joint B is rigid i.e. as there can be
BA + MBC = 0.
no relative rotation of BA with respect to BC,
3. Of this + 8000 kNm, 3200 kNm (i.e. 0.4
we have
BA

BC

4EI BA
lBA

B

B

4EI BC
lBC

(i.e. 8000
B

0.6) to BC.

M
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1. The portal frame shown in figure is If the flexural rigidity (EI) of the beam is 30 10 6
subjected to a uniformly distributed vertical N-m2, the maximum slope (expressed in
load w (per unit length)
radians) of the deformed beam is
w
[GATE-2016]
R
Q
(a) 0.681 × 10 7
(b) 0.943 × 10 7
(c) 4.310 × 10 7
(d) 5.910 × 10 7
L/2
P

4. Considering the symmetry of a rigid frame
as shown below, the magnitude of the bending
moment (in kNm) at P (preferably using the
L
The bending moment in the beam at the joint moment distribution method) is
S

24kN/m

[GATE - 2016]
wL2
(hogging)
(b)
24

(a) Zero
2

(c)

wL
(hogging)
12

Ic

wL
(sagging)
8

(d)

11.25 kN

11.25 kN

Q

Ic

[GATE - 2014]
(b) 172
(d) 178

(a) 170
(c) 176

5. All members in the rigid-jointed frame
shown are prismatic and have the same flexural
stiffness EI. Find the magnitude of the BM at
Q(in kN-m) due to given loading.
2m

[GATE-2016]

Q
2

EI = 30 10 Nm
1m

1m

R
P

150 mm

w = 20 kN/m
6

4m

S

R
150 mm

8m

3m

3. A 3 m long supported beam of uniform cross
section to a uniformly distributed load of w = 20
kN/m in the central 1 m as shown in the figure.

1m

Ic

8m

S

P

P

4Ic

2

2. A 450 mm long plain concrete prism is
subjected to the concreted vertical loads as
shown in the figure. Cross section of the prism
is given as 150 mm × 150 mm. Considering
linear s tress distribution across the crosssection the modulus of rupture (expressed in
MPa) is _______

150 mm

P

4Ic

T
100kN-m

2m
Q

[GATE - 2014]
Common data for Q. 6 & Q. 7
A two span continuous beam having equal
spans each of length L is subjected to a
uniformly distributed load w per unit length.
The beam has constant flexural rigidity
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1. A single-bay portal frame of height h fixed at
1
4
(d)
the base is subjected to a horizontal (c) 3
2
displacement at the top. With constant EI, the
base moment developed is proportional to
5. The carry-over factor CAB for the beam as
[ESE - 2017] shown in the figure.
1
1
[ESE - 2014]
(a)
(b) 2
Internal Hinge
h
h
A
B
1
1
(c) 3
(d) 4
h
h

s
2. The ratio
of, (s) stuffiness of a beam (of
t
constant EI) at the near end when the far end in
hinged, to (t) the stiffness of the same beam at
the near end when the far end is fixed, is
[ESE - 2017]
1
3
(a)
(b)
2
4
1
4
(c)
(d)
1
3
3. Carry-over factor at a support/end is defined
as
[ESE - 2015]
(a) Modulus of Elasticity EI
(b) The ratio of moment produced at the far end
to the applied moment at that support end.
(c) The value of the moment to be applied to
that end to cause a local slope of one radian
(d) 2 EK
4. The ratio of (i) the moment required for unit
rotation of the near end of a prismatic member
with its far end fixed to (ii) that of a different
moment required for the same effect when the
far end is hinged is
[ESE - 2014]
3
(a) 1
(b)
4

L

(a) 0.25
(c) 0.75

L

(b) 0.50
(d) 1.00

6. Assertion (A): For the frame shown in figure
below, the BM at every cross-section is zero.
P

P

B

C

L/2
A

D
L/4

L/2

L/4

Reason (R): The shape of the structure follows
the funicular polygon.
[ESE - 2011]
(a) Both A and R are true and R is the correct
explanation of A
(b) Both A and R are true but R is not a correct
explanation of A.
(c) A is true but R is false.
(d) A is false but R is true.
7. The moment-distribution method in structural
analysis falls in the category of
[ESE - 2011]
(a) Displacement method
(b) Force method
(c) Flexibility method
(d) First order approximate method
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WORKBOOK
Example 1. Determine the moment at the fixed
1 20
10
R A 10
10
0
wall for the beam shown below. EI = constant.
2 EI
3
M
100
A
RA
A
3EI
B
20 kNm
Shear is (+)ve
slope is anticlockwise at A
Let us now apply redundant moment M A to the
10 m
beam. This leads to a slope of A at A.
MA
10
Solution.
A

MA
A

'
A

B

20 kNm

MA
10

10 m

Redundant
Applied

The beam is indeterminate to the 1st-degree. Let
us choose MA as redundant. Release the
moment MA. Hence beam will have a slope at
A.
A

10m
M=20kNm

A

A

MA
10

M0L
3EI

MA
EI

2kN
2kN
Primary
Structure

R

Conjugate Beam
A

1 MA
20 1 10M A
10
will be calculated for the above loading by R 'A
2 EI
3 10
3EI
any of the method used for calculating slope or
R
'
Shear
is
negative
in
conjugate
beam
A
deflection.
10M A
Let us use conjugate beam method:
( ) ve sign means,
'A
3EI
20
clockwise slope.
EI
Compatibility Equation
'A 0
A
A
B
10m
100 10M A
0
3EI
3EI
Conjugate Beam Loading
MA 10kNm
R
As per conjugate beam theorem, shear at A in (+) value of M A means the direction of M
A
conjugate beam is equal to slope at A in real
assumed is correct.
beam.
MB 0
A

A

ECG PUBLICATIONS
A unit of ENGINEERS CAREER GROUP

196

GATE-2019

STRUCTURAL ANALYSIS

GATE QUESTIONS
1. Two prismatic beams having the same 3. The unit load method used in structural
flexural rigidity of 1000 kN-m2 are shown in the analysis is
figures.
[GATE - 2004]
6kN/m
(a)Applicable only to statically indeterminate
structures
(b)Another name for stiffness method
(c)An extension of Maxwell s reciprocal
4m
(d)Derived from Castigliano s theorem
120kN
1

4. The end moment (in kNm) developed in the
roof level beams in the laterally loaded frame
If the mid-span deflections of these beams are shown below (with all columns having identical
denoted by 1 and 2 (as indicated in the cross-sections) according to the cantilever
figures), the correct option is
Method of simplified analysis is
30kN
[GATE - 2017]
4m
(a) 1 = 2
(b) 1 < 2
(c) 1 > 2
(d) 1 >> 2
60kN
2

1m

1m

2. For a linear elastic structural system,
minimization of potential energy yields
[GATE - 2004]
(a) Compatibility conditions
(a) 7.5
(b) Constitutive relations
(c) 20
(c) Equilibrium equations
(d) Strain-displacement relations

4m
6m

6m

[GATE - 2001]
(b) 15
(d) 30
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1. For a plane truss member, the length is 2m, E
= 200 GPa and area of cross-section is 200
mm2. The stiffness matrix coefficient K11 with
reference to its local axis is
[ESE - 2018]
(a) 200 N/m
(b) 2 107 N/m
(c) 4 107 N/m
(d) 400 N/m

(d)Equilibrium
components

state

of

internal

stress

5. Which of the following statements are
correct?
1. It is common practice to discount the
influence of axial thrust o bending stiffness of
member of frames.
2. In a portal frame of single bay, the columns
2. The rotational stiffness coefficient indicate as have different thermal coefficients of
expansions. If the whole frame is subjected to a
K11 for the frame with details as shown is
[ESE - 2017] same temperature, there will be a component of
Hinged
deformation in the vertical directions.
A
3. The flexibility method of analysis cannot be
used to solve any kind of indeterminate
structural problem.
C
K
[ESE - 2013]
(a)1, 2 and 3
(b) 1 and 3 only
(c) 1 and 2 only
(d) 2 and 3 only
11

B

9EI
(a)
L
7EI
(c)
L

8EI
L
6EI
(d)
L
(b)

3. The stiffness coefficient k11 for the beam as
shown below is
1

C
Hinge
a

6. Flexibility matrix for a beam element is
1 36 9
[F]
EI 9 4
What is the corresponding stiffness matrix [S]?
[ESE - 2010]
9
EI 36
EI 36 9
(a) [S]
(b) [S]
63 9 4
63 9 4
(c) [S]

b

9
EI 4
63 9 36

(d) [S]

EI 4 9
63 9 36

[ESE - 2013]
1 1
(b) 2EI 3
a b3
1 1
(d) 4EI 3
a b3

7. Consider the following statements relating to
structural analysis:
1.Flexibility matrix and its transpose are equal.
2.Elements of main diagonal of stiffness matrix
are always positive
3.For unstable structures. Coefficients in
4. Stiffness method of structural analysis starts leading diagonal matrix can be negative.
with
Which of these statements is/are correct?
[ESE - 2013]
[ESE - 2010]
(a) Force-deformation relations
(a) 1, 2 and 3
(b) 1 and 2 only
(b) Equilibrium condition
(c) 2 and 3 only
(d) 3 only
(c) Compatible deformation

1 1
(a) EI 3
a b3
1 1
(c) 3EI 3
a b3
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SOLUTIONS
Sol. 1. (b)
For truss local stiffness matrix is
AE
AE
L
L
=
AE
AE
L
L
AE 200 200 103
k11
L
2
= 2 107 N/m
Sol. 2. (c)

Sol. 5. (c)
Sol. 6. (c)
Sol. 7. (b)
Sol. 8. (d)
Product of flexibility and stiffness matrices is an
identity matrix i.e. flexibility and stiffness
matrices are inverse of each other.
[f] [s] = [f]
Sol. 9. (d)
Flexibility coefficient f12 means displacement at
(1) when a unit load is applied at (2).

Hinged
C
B
C

A

K BA
K BC

K11
K11

1

K11

1unit

Fixed

4EI
I
3EI
I
K BA K BC
4EI
L

3EI
L

7EI
L

Sol. 3. (c)

P
1
P1
1
P2
+
1

P1 + P2 = 3EI
Sol. 4. (b)

1
a3

1
b3

2

f12

1 L3
3EI

L3
3EI

L3
2EI

L
1 L 2
L
2EI

L

L3
1.2 EI

Sol. 10. (c)
We know that
DQ = DQS + FQ
DQ is the final displacement matrix
corresponding to the redundant in the actual
structure.
DQS = DQL + DQT + DOP + DOR
DQS includes the effects of external loads (D QL),
temperature (DQT), prestrain effects (DQP),
support settlements, etc.
F is the Flexibility matrix and Q is the unknown
reactions, etc.
Assuming upward displacements as positive
0
0
D QL
; D QP
;
0
0
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