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QUESTION 1

a) Figure Q1(A) shows the section of an internal stegl column
UKC 254x254x107 to be used in a multi-story building. The ¢olumn has
pinned boundary conditions at each end, and the inter-storéy*heightis 4.5m.
By using the EC3 method, assess the suitability of thgisection t9 resist an
ultimate design axial compressive load of 2875kN.

(18 marks)
)
: _ h = 266.7mm
—— 1 b, "= 258.8mm
tw = 12.8mm
s = 20.5mm
’ 2w A p 136cm?
ly = 17510cm*
I = 5928cm*
fy = 11.3cm
i —_ ¥ iz = 6.59cm
z Class 1 section
Figure Q1(A) Steel grade S275
Modulus of Elasticity E = 210 kN/mm?
Yield Strength fy = 275 N/mm?

Additionallinformation:

EulerCritical load N =

Design method and data sheet for buckling of columns to EC3 are

attached at the end of this paper on Page 10 and Page 11.

b) Compare the structural behaviour between stocky and slender columns and
analyse the imperfections that affect the buckling behaviour of slender
columns.

(7 marks)
Total 25 marks

PLEASE TURN THE PAGE
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QUESTION 2

a) A connection comprises of 6 bolts, arranged in pairs as show, i@QZ
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Note: Engi ing Equationis = =2 =2
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Note g gEq I y R

olt should be checked for tension?

(3 marks)

ily What are the maximum shear and tension loads in the bolts?

(12 marks)

Question 2 continues over the page
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Question 2 Continued

b) Determine the tension and shear in the hardest working m he
connection shown in Figure Q2 (B)
Marks)

Figure Q2 (B)

Total 25 marks

PLEASE TURN THE PAGE
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QUESTION 3

Concrete slab

. 1200mm | 1200mmhx,100mm
v | 7| ESH3.3kN/m?
= 2
’IOOmm‘ fea= 16ZN/mm
A

Steelbeam 305x127x48 kg/m UB
Grade S275

lyy = 9500cm*

Area = 60.8 cm?

E = 205 kN/mm?2

310mm

Figure Q3(A)

Figure Q3 (A) shows the section of a‘compesite steel/concrete beam.
The E value of the steel is 205°kN/mm? and the E value of the concrete is
13.3 KN/mm?,

The beam is simply(supported over a span of 5.0m and carries the following

factored uniformly distributed loads:

During construction(steel section alone carries loads)
10kN/m Dead Load + 15kN/m Imposed Load

In service (Loads are carried by the composite action)
15kN/m Dead Load + 18kN/m Imposed Load

a) Find the maximum working stress and maximum deflection of the beam

during construction.
(4 marks)
Question 3 continues over the page
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Question 3 continued

b) Transform the composite section to an equivalent steel bea
position of the neutral axis, the value of the moment of i
the values of elastic section modulus, Wel,y,comp, for the tfansfo

(12 marks)

c¢) For the in-service condition, find the maxim tress in the steel, the

maximum stress in the concrete and the ma deflection of the
composite beam. (6 marks)
d) Check whether the stresses in steel and crete are within the allowable

limits.
(3 marks)
Total 25 marks

DATA
The central deflection of a simply supperted beam carrying a uniformly distributed load
. L

w per unit length is giv,

&
5

PLEASE TURN THE PAGE
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QUESTION 4

a) Using the data given below, evaluate the stresses at top and{bottom'at

transfer of a rectangular shaped beam which supports a bfidge.
Data:

* The beam is simply supported with a span of 6.0m

* Depth of beam 300 mm, Breadth of beam 150mm

« Section modulus of the beam is 2.25 x 10%mm3

+ Distance from neutral axis of beam frombottom is 150mm

* The beam contains six pre-stressing strands (10mm diameter) at an

average height of 100mm from\the bottom of the beam
» The ultimate tensile force ofithe beam is 659.735 kN

(10 marks)

b) Critically cempare| and contrast pre-tensioning and post-tensioning

methodsf prestressing, considering:
i) Alhe stages involved in each method using neat sketches

(10 marks)

ii) The advantages and disadvantages of each of the methods.

(5 marks)

Total 25 marks

PLEASE TURN THE PAGE
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QUESTION 5
a) Figure Q5 shows a T-shaped pre-stressed concrete beam section. The beam
contains eight pre-stressing strands (10mm diameter) at an average height

of 100mm from the bottom of the beam.

900mm
- - /
100mm
W
h
N ~77 o o - Y N A
700mm
506.5 mm
L 111
A enee
100mm $ N v
#200mm
Figure Q5

The beam supports aparking area and so the proportion of the variable load
to be considered in‘the'quasirpermanent loading condition is 0.6. In service,
the beam is simply supparted over a span of 12.0m and carries the following

loads:

Permranent load (including beam self-weight) 9 kN/m

Variable load 25 kN/m

Characteristic breaking load of one strand =150.3 kN

Initial pre-stress =70% of UTS

Rre-stress losses = 25% of initial pre-stress
Concrete strength at transfer fck = 40 N/mm?
Concrete strength in service fck = 55 N/mm?

Limiting stresses in concrete:
At transfer 0.6 fck in compression; 1 N/mm? in tension

In service 0.45 fck in compression; 3.80 N/mm? in tension

Question 5 continues over the page
PLEASE TURN THE PAGE
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Question 5 continued

i) Calculate the stresses in the concrete at the top and bottom ofthe beam:
- At transfer;
(5 marks)

- In service under quasi-permanent loads

(7 marks)

ii) Draw the distribution of stress over the height of the beam in service
under quasi-permanent loads
(3 marks)

iii) Compare the calculated yalues,of stress in the concrete with the limiting
values of stress in the concrete and comment on the adequacy of the
beam at transfer and\serviee’'under quasi-permanent loads.

(5 marks)

b) Explain the copCept of the’pressure line in prestressed concrete beams. Use a
neatly sketched diagram to illustrate the pressure line along the beam's cross-
section due to prestressing, considering a simply supported beam prestressed
by asfaree P at a constant eccentricity e with a uniformly distributed load
throughoutithe beam.

(5 marks)

Total 25 marks

END OF QUESTIONS

Supplementary Information follows over the page
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Supplementary Information
Extracts from Eurocode 3 : Design of Steel Structures

Extracts from Eurocode 3: Design of steel structures

6.3 Buckling resistance of members

6.3.1 Uniform members in compression
6.3.1.1 Buckling resistance

(1) A compression member shall be verified against buckling as follows:

Neg
Torra =110 (6.46)

where

Neg  Is the design value of the compression force
Np,ra is the design buckling resistance of the compression

(3) The design buckling resistance of a compression me ould b en as:

XAT
No,pa =" for Class 1, 2 and 3 cross-sectio (6.47)

ZAeﬂ‘fy

Ny, ra = “—pr for Class 4 cross-sectio (6.48)

NOTE For determining the buckling res
member or for non-uniform distribution
to 5.3.4(2) may be performed. F

ession force second-order analysis according
ne biickling see also 6.3.4.

(4) In determining A and A
into account.

C s the value of y, for the appropriate non-dimensional
slenderness 4 s ined from the relevant buckling curve according to:

x%=1,0 (6.49)

f f
fo Y for Class 4 cross—sections
'cr

is an imperfection factor
is the elastic critical force for the relevant buckling mode based on the gross cross

sectional properties.

he imperfection factor o corresponding to the appropriate buckling curve should be obtained
Table 6.1 and Table 6.2.

Table 6.1 — Imperfection factors for buckling curves

Buckling curve ap a b c d

Imperfection factor o 0,13 0,21 0,34 0,49 0,76

(3) Values of the reduction factor y, for the appropriate non-dimensional slenderness 1 may be
abtained from Figure 6.4.

_ \ .
(4) For slenderness <0, 2 or for %F‘is 0, 04 the buckling effects may be ignoréd and only cross-
sectional checks apply. o

PLEASE TURN THE PAGE
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Supplementary Information continued

Guide to the Structural Eurocodes for students of structural design

Table 6.2 — Selection of buckling curve for a cross-section o
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