DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

B.Eng (Civil and Environmental Engrg.) Degree 13 Semester Examination 2020/2021 Session

CVE 407: Design of Structures Units: 3 Time Allowed: 3Hrs
INSTRUCTION: Answer Four Guestions. Each carries 25 marks T
Question 1 HOD’S SIGNATURE

(a) A simply supported 406 x 178 x 74 UB is required to span 4.5 m and carry an ultimate design
load of 40 kN/m. Check the suitability of the section with respect to shear.
Sectional properties: t = 9.6mmi; D = 412.8mm d = 360.4mm, Py = 275N/mm? (9 marks)
(b) Explain the terms limit state design, ultimate limit state and serviceability limit state. (10 marks)
(c) Mention five main categories of steel produced from blast furnace. (6 marks)

Question 2

(a) A single span beam of 8. 0 m span supporting two factored point loads is shown in Figure 1.
Assuming lateral and torsional restraint to the compression flange at the ends and points of
application of the loads only, check the suitability of a 406 x 140 x 39 UB with respect to
bending. Neglect self-weight, i.e. the beam is not loaded between adjacent lateral restraints.

Sectional properties: u = 0.858, Py = 275N/mm?, ryy = 28.7 mm, Pb = 131N/mm?2, Sx = 724
cm? R (12 marks)
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(b) Briefly explain the process of producing steel from blast furnace (13 marks)



/
Question 3

i - [ mpact, semi-compact
(a) Structural sections are classified into four sections namely: plastic, comp

- (10 marks)
and slender sections. Explain all the sections. _ ‘b ?
i mati sion flange of beam
(b) What are the four factors responsibly for deformation of compres g 4 marks)

(c) A 406 x 178 x 54 UB is simpiy supported and carries factored loading as sh(iar‘;Ng)l(grEnglgf; g
Assuming lateral restraints to the compression flange at A, B, C and D as i marks)' ,
check the suitability of the section with respect to bending.

Sectional properties: S« = 1055 cm?, Pb.= 182.5 N/mm?
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Question 4
(a) jOii

(i) bolt bearing,
(iii) plate bearing, and
(iv) plate tension capacity.,
Sectional Properties: for 16mm bolt edge/end distance = 25

; A =25mm, Ps = 1 2
=157mm2, Pyp = Py, = 460N/mm? ' e s

(19 marks)
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(c) Briefly discuss two most widely use applications of structural steel work in buildings.

Question 5

(6 marks)

(a) An industrial unit comprises a series of braced rectangular frames as shown in Figure 4
8. A travelling cranc is suppoited on a runner beam attached to the underside, at the mid-
span point of the rafters. Using the design data provided, check the suitability of a 203 x

133 x 25 UB for the column of a typical internal frame, using the simplified

Sectional properties: Py = 275N/mm?
Section Propertics: 203 x 133 x 25 UB

D= 202mm B = 1332mm T = 78mm Z,= 230 cmi? dn = 302
A= 3200mm* d = 1724mm o = 57mm 8, = 258 om’ T = 8.54

L}
1l

31.0 mm Foo = 856mm  wu 0.877 x = 250

Tyy

approach.

(20 marks)



Design Data:

Characteristic dead load due to the sheeting, purlins and services - 035 kN/:n:’2
Characteristic imposed load 0.75 kNr;l
Characteristic dead load due to side sheeting 0.3 kN/m
Characteristic dead load duc to crane 5.'0 kN
Characteristic imposed load 25.0kN

Ignore wind loading
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(b) List five aims or objectives of designing structures, (S marks)

Question 6

(12 marks)
Design Data: ’ 7
Column / Beam Section 610 x 305 x 149 UB
Ultimate Design Moment at the knee joint 540 kNm
Ultimate Design Shear Force at the knee joint 38O kN

Section Data: 610 x 305 x 149 UB

D = 609.6 mm d =5372mm  I,= 1247 % 10’ ey’
B = 3048 mm bIT =774 Ly = 9308 x 10° cm?
£ = 119mm dit =451 '«= 25.6cm

T = 197mm ry =699cm v = 0.886

x = 325 A =190 cm?

K =10 and x4 = 045



fPeam 210 « 305 « 149 UB

Figure 5
b) An industrial frame huilding supports a light electri i
(b) e e g s J‘w:‘@ a light electric overhead travelling crane on brackets
e ” o pptoa shown in Figure 6 below. Using the design data given determine
a sutable suze C S £ 0 belto cornect the brackets io the columns. (13 marks)

Sectional properties: for 20mm HGFG bolts Py = 71.3kN and Pt = 130kN

Craracter ate doad bad = 60 kN
saractesate imposed load = 85 kN
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Figure 6

4 6 16 mm diameter black bolt is

- Fioure 4 15 in which a single Grade
this passes through the threaded

A lap joint 18 shown | .
nlerface and LIS assumed that

used There 18 one shizd

portion of the bolt
4 maximum edge and end distances.

(a) Check the minimum &

(b) Determine the shaar capacity of the connection with respect to:

(1) bolt shear,

(w) bolt beanng,

(m) plate bearing, and

() plate tension capanity

Sectionzal properties. frt 16min bolt, edge/end distance = 25mm, Ps = 160kN/mm2, As =

157mm2. Pbb = Pbc = 460N/mm2



