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2160607- Elementary Structural Design

Tutorial-1: Philosophy of Limit state design

Q.1 Distinguish between the working stress method, ultimate strength design, and
limit state design.

Q.2. What are the limitations and shortcomings of the working stress method?

Q.3. What are the possible limit states that are considered in the limit states method?

Q.4. What are the partial safety factors (of resistance) for materials adopted by the
code?

Q.5. What are the partial load factors adopted for the following loading
combinations?

(a) Dead Load (b) Live Load (c) Wind Load (d) Dead Load + Live Load

Q.6 Write a brief not about the various serviceability limit states considered by the
codes.
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2160607- Elementary Structural Design

Tutorial-2: Bolted Connections

Note-Steel of grade 410 and bolts of grade 4.6 may be used if not specified in the
problem. Also, assume that the threads of bolts fall in the plane of shear, if not
specified.

Q.1 Design a lap joint between two plates of size 100x 16 mm thick and 100x 10mm
thick so as to transmit a factored load of 100kN using a single row of M16 bolts.

Q.2 A member of a truss consists of two angles ISA 65x65x6 place back to back. It
carries an ultimate tensile load of 125 kN and is connected to a gusset plate 8-mm
thick place in between the two connected legs. Determine the number of 16-mm
diameter ordinary bolts required for the joint.

Q.3 Design a butt joint to connect two plates 200x8 mm using M16 bolts. Arrange the
bolts to give maximum efficiency.

Q.4 Design a hanger joint as shown in Fig.1 to carry a factored load of 200kN. Use end
plate of size 250mm x 100mm and appropriate thickness, two M20 HSFG bolts of
grade 9.8  and Fe410 steel for end plate (fy=250MPa). Assume 8-mm fillet weld
between the hanger and the end plate.

Fig.-1

Q.5 Write short notes on : (a) Unstiffened seat angle connection (b) Stiffened seat
angle connection (c) Web angle connection (d) Flexible end plate connection (e)
Web side plate connection

Q.6 What are the advantage and disadvantage of bolted connection?

250 mm

250 x 100 mm end plate

20- mm thick hanger plate

40mm

3T

8-mm fillet weld
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2160607- Elementary Structural Design

Tutorial-3: Welded Connections

Note-Use steel for grade Fe 410 and shop welding, if not specified in the problem

Q.1 Two plates of thickness 12 mm and 10 mm are to be jointed by a groove weld. The
joint is subjected to a factored tensile force of 275 kN. Assuming an effective
length of 150mm, check the safety of the joint for (a) single- groove weld joint
and (b) double –V groove weld joint.

Q.2. A web of plate girder consists of (800x12)-mm  plate of grade 410 and is to be
provided with a splice at a section where the factored shear and bending moment
to be resisted by the web are
V=800 kN and M = 250 kNm.
The flange plate thickness = 2x 20= 40 mm each. Design a web splice.

Q.3 A bracket plate is welded to the flange of a column ISHB 300 as shown in Fig. 1.
Calculate the size of the weld required to support a factored load of 150kN.

Fig.-2
Q.4 What are the advantage and disadvantage of welded connection?
Q.5 What do you mean by partial penetration and full penetration groove weld?

Which one is preferred and why?

150kN
300mm
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2160607- Elementary Structural Design

Tutorial-4: Design of Tension Members

Note-Use 20-mm diameter bolt holes of grade 4.6 and steel of grade Fe 410, if not
specified in the problem. Also assume load factor = 1.5 if not specified. Assume the bolts
to be in standard clearance holes. All the dimensions are in mm.

Q.1 What is the net area An for the tension member shown in Fig. 1, when (a) the
holes are made by drilling, (b) holes are made by punching. Assume M20 bolts.

Fig.-1
Q.2 Determine the net area An for the 150x 75 x 8 angle with M20 bolt holes as

shown in Fig. 2.

Fig.-2

Q.3 Select a suitable angle section to carry a factored tensile force of 150 kN, assuming
(a) single row of M16 bolts, (b) welded end connection. Assume design strength as
fy=250N/mm2.
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Q.4. What tensile load can an ISA 75 x 75 x 6 carry with the connections shown in
Fig.3? Assume that the connection is stronger than the members connected.
Assume M30 bolts with an edge distance of 50 mm and a pitch of 75 mm, for
bolted connections. The size of the fillet weld is 4 mm and the length on each side
is 225 mm. Assume that the yield and the ultimate stress of steel used are 250
MPa and Fe410MPa, respectively.

Fig.-3
Q.5 Determine the design tensile strength of a plate (160 x 8 mm) connected to a 10-mm

thick gusset using 16 mm-diameter bolts as shown in Fig. 4.

Fig.-4
Q.6 A diagonal member of a roof carries an axial tension of 300 kN. Design the

section and its connection with a gusset plate and lug angle
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2160607- Elementary Structural Design

Tutorial-5: Design of Compression Members

Note-Assume steel of grade Fe 410 and bolts of grade 4.6 if not specified in the
problems. Also assume load factor = 1.5 if not specified. All the dimensions are in mm.

Q.1 Check whether an ISHB 400 in Fe 540 steel would be affected by local buckling
effects when used as column.

Q.2 A single angle discontinuous strut ISA 65 x65x 6 is 1.2m long. It is connected by
one bolt at each end. Calculate the safe load this strut can carry.

Q.3 A double angle discontinuous  strut 2.25 m long consists of two ISA 60 x 60 x 5
connected to the same side of the 8-mm thick gusset plate by one bolt calculate
the load that this strut can carry.

Q.4 Design a column to support an axial load of 2500kN , assuming that the column
has an effective length of 8 m with respect to the z- axis and 4 m with respect to
the y-axis. Since the maximum available rolled section (ISHB 450) may not be
sufficient to support this load, design a built-up I-section with two flange plates.

Q.5 Design a double angle section to act as a compression member in a truss having
2.1 m length and to carry a factored load of 150kN.

(a) Connected back-to-back to both sides of a 12-mm thick gusset plate.
(b) Connected back-to-back to one side of the 12-mm thick gusset plate.
(c) Angles in star formation.

Q.6 Design a built-up column with two channels toe-to-toe to carry a factored load of
2000kN. Take the effective length as 5.5m.

(a) Design it as a laced column and design the lacings.
(b) Design it as a battened column and design the battens.
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2160607- Elementary Structural Design

Tutorial-6: Design for Beams and Beam-Columns

Note-Assume steel of grade Fe 410 and bolts of grade 4.6 if not specified in the
problems. Also assume load factor = 1.5 if not specified. All the dimensions are in mm.

Q.1 Determine the moment capacity of an ISMB 400 section with fy = 250MPa when
it is simply supported over a span of 3.5m. Assume beam is laterally unrestrained.

Q.2 Compute the moment carrying capacity and shear strength of ISMB 300 member
of length 3.0m for (a) laterally unrestrained and (b) laterally restrained.

Q.3 A beam-column of length 5 m is subjected to a compression of 800kN and a major
axis moment of 4.5 kN.m. The weaker plane of the column is strengthen by
bracing. If effective length factored is 0.8, design the beam-column.

Q.4 Redesign the beam-column given in Q.3 using two channels welded together to
form a box section.

Q.5 Design a beam-column of length 3.75 m if it carries a compressive load of 500kN,
a major axis moment of 5 kN m and a minor axis moment of 32 kN m. Assume
that the effective length factor is 1.2 and the column is free to buckle in any plane.
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2160607- Elementary Structural Design

Tutorial-7: Slab base and Gusset base

Note-Assume steel of grade Fe 410 and bolts of grade 4.6 if not specified in the
problems. Also assume load factor = 1.5 if not specified.

Q.1 Design a base plate for a column ISHB 200 carrying a factored load of 600kN.
Assume that the column is supported on a concrete of grade M25.

Q.2 Design the base plate for an ISHB 300 column subjected to a factored axial load of
800kN and a factored moment of 40kN m in the major axis. Assume M25
concrete for the foundation.

Q.3 Redesign the base plate mentioned in Q.2 using gusset plates.
Q.4 Design the base plate for an ISHB 300 column subjected to a factored axial load of

300kN, bending moment of 60kN m and shear force of 300kN. Assume M25
grade concrete.
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