46/17 CIVL2201 Structural Mechanics, Semester 1 2005 Page 1 of 8

723
ago The University of Sydney
Department of Civil Engineering

CIVL2201 Structural Mechanics

Semester 1, 2005

Time Allowed: 3 hours

Instructions to Candidates

(a) This paper contains 3 parts - A, B, & C; and is marked out of 90.
e Part Ahas 3 questions (Q 1 - Q 3, 30 marks).
e Part B has 3 questions (Q 4 — Q 6, 60 marks).
e Part C has 2 questions (Q 7 - Q 8, 20 marks - which are bonus marks).
(b) All questions may be attempted.
(c) Suitable working, diagrams and explanations are required for each question.
(d) Marks may be deducted for work that is not satisfactorily set out.
(e) Units are important.
(f) Programmable and non-programmable calculators may be used.
(9) Read the questions carefully before answering.

(h) Annotated copies of the “Structural Mechanics Lecture Notes” may be taken into the exam,
but no other written material is permitted. Other sheets of paper may not be inserted into the
set of lecture notes.

(i) Each question has an “explain” type component. It is expected that students should answer these
parts with a short written explanation (one or two paragraphs) plus a diagram. Performing
calculations is not necessarily expected, but using equations might also be useful.



46/17 CIVL2201 Structural Mechanics, Semester 1 2005 Page 2 of 8

Part A — Fundamental Questions

1) 10 Marks

Consider a cantilever beam of total length 4 m. There is a uniformly distributed load (UDL) of 3 kN/m,
acting vertically downwards between the points located 1 m and 3 m along the length of the beam. The
effects of self-weight are negligible compared to the effects of the applied loading. The beam is made
from steel which has a Young’s Modulus of 200000 MPa.

(a) Draw the free body diagram of the beam clearly showing the support reactions. Calculate the
values of the support reactions.

(b) Draw the bending moment diagram (BMD) and shear force diagram (SFD). Clearly indicate
the values of bending moment and shear force at the key points along the beam.

(c) The material of the beam is changed to one made from a new metallic alloy which has a Young’s
Modulus of 200 GPa. The dimensions, loading and support conditions of the beam are
unchanged. How will the BMD, SFD and deflections of the beam change? Calculations are
not required. Briefly justify the answer.

2) 10 Marks

Consider the following modified box section, the dimensions of which are
shown in the diagram. The section is symmetric about the vertical axis.
The cross section is made from aluminium which has a Young’s Modulus
of 70000 MPa, and a yield stress of 210 MPa.

630
() Calculate the location of the centroid and show this location
on a diagram.
(b) Calculate the second moment of area (lx) of the section about
the horizontal centroidal axis. 200 ?

(c)  Calculate the bending moment about the horizontal axis that ~All dimensions are in mm
will cause first yield of the section.

(d) Draw the stress and strain distributions (values required) in the cross-section due to the
bending moment calculated in (c) above.

(e) The thickness of the bottom flange is slightly decreased, while the top flange and web thicknesses
remain unchanged. How will the location of the centroid change in both the vertical and
horizontal direction? Calculations are not required. Briefly justify the answer.
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3) 10 marks
In Example 9.2.3 (p 9-5) of the lecture notes, it is shown that the deflection of a simply supported beam
witha UDL isgivenby v = L(z4 _oLzd s Lsz).

24E |

Consider a 200UB25.4 simply supported steel beam, with unknown length L. The relevant page of the
section properties handbook is given on the back page on this examination sheet — students are free to use
the values given in that table without the need to recalculate them. The density of steel is 7850 kg/m® and
the elastic modulus is E = 200000 MPa. The beam is oriented so that its web is in the vertical plane. The
beam experiences a uniformly distributed load, w, acting vertically downwards along the entire length of
the beam. The effects of self-weight can be ignored.

(@) Draw a diagram that shows the beam layout, the loading, and the support conditions; and also
provide a sketch that shows the beam cross section at midspan.

(b) For w = 2 KN/m, determine the length of the beam such that the maximum deflection is equal to
L/2000.

(c) If the beam was 4 m long, what value of w would cause a deflection of 2 mm at the point 1 m
from the left hand support?

(d)  The beam reoriented so that the web of the beam is now in the horizontal plane. How would
answers to parts (b) and (c) change?  Calculations are not required. Briefly justify the
answer.
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Part B — Applied Questions P

4) 20 Marks

A 165.1 x 3.0 CHS manufactured by Smorgon Steel Tube Mills is built-in at 10 kNm
the base and is experiencing a variety of loads. It experiences 2 applied

twisting moments and an unknown axial compression. The torques are

applied at mid-height and at the end, while the compression is applied at the

free end. At the support, there is a point on the outer surface of the CHS

which is under consideration. Q 12 kNm
The Smorgon Steel Tube Mills product catalogue gives the following
geometric properties for this section A = 1530 mm?, | = 5.02 x 10° mm®,

Z =60.8 x 10° mm?®, J = 10.0 x 10° mm*.

Cross section of

(@ Draw the BMD, TMD and AFD and determine the internal Q the member
actions that apply at the cross-section at the support.

(b) At the point under consideration, determine the stress due to the torsion. Is this a normal
stress or a shear stress?

(c) Use von Mises’ yield criterion and given that f, = 400 MPa, determine the maximum value of P
that will cause yielding due to the combined stresses caused by P and the applied torques.

(d) Draw a diagram that shows the stresses acting at this point, draw the Mohr’s circle, and
establish the principal stresses for this point based on the value of P calculated in (c).

(e) How would the answers to (b) and (c) above change if the point under consideration was on the
inside surface of the CHS? Explain the answer.

5) 20 Marks

A builder tries to increase the strength of the steel/timber beam 100
considered in Example 6.8.3 on Page 6-38 of the lecture notes by Steel \_"'lz_5

rearranging the distribution of material. The builder uses 2.5 mm 150 | _T
thick steel plates on the top and bottom, then slices the timber [ Timber
horizontally through the centre into two equal 150 mm deep "\—15
sections, and then places a 5 mm thick steel plate between the two 1 t
parts of timber as shown. The beam is subjected to a positive 150
bending moment about the horizontal axis of 20 kNm. It can be Stee] —* l25
assumed that Egmper = 12500 MPa and Esge; = 200000 MPa. 1=
a) Draw the stress and strain distribution due to bending AILS;%EP;?S

(values required).
b) Compare the answers obtained in (a) above with the values in the Lecture Notes. Hence

comment on the effectiveness of the changes made by the builder. Explain why the changes
have or have not been beneficial.
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6) 20 Marks

An innovation in structural engineering is the Concrete Filled Double Skinned Tube (CFDST). A CFDST
consists of a hollow section placed inside another larger hollow section, and the space in between filled
with concrete. The inside of the inner tube is not filled. Once filled, the CFDST acts compositely. It can
be assumed that Econcrete = 30000 MPa and Esier = 200000 MPa and that both materials behave linear
elastically.

Consider the CFDST shown below. The outer tube has outer diameter 100 mm and thickness 5 mm, and
the inner tube has outer diameter 50 mm and thickness 2.5 mm. The member is used as a column, 4 m in
length, and is subjected to an axial compression. The design engineer wants to ensure that the stress in
the concrete does not exceed feoncrete, max = 45 MPa.

a) At what value of axial compression force does the concrete reach its maximum permissible
stress of 45 MPa?

b) For the value of load calculated in part (a) 100 mm
above, give the following:

A
v
<4

e Steel strain
e Steel stress A
e Concrete strain 5.0 mm
e Concrete stress «— am
e Total axial shortening
C) The inner tube is now filled with concrete.

Assuming that the same load as calculated in

(a) above is applied, would the following

increase or decrease (compared to the

original case)? Explain your answers.
e Steel strain B 50 mm v
o Steel stress (inner thickness 2.5 mm) I
e Concrete strain
o Concrete stress Typical column cross-section
o % of the overall load carried by the

concrete

% of the overall load carried by the steel
e Total axial shortening
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Part C — Advanced Questions

The questions in this section are designed for students who seek to obtain a mark of Distinction or higher.
They are not necessarily mathematically difficult, but require more thinking, visualisation, and
application than the other questions. The majority of marks will be awarded to completed questions, and
only minor marks will be awarded to partially answered questions — ie it is better to complete one
question fully, than half complete 2 questions.

The marks awarded in this section are bonus marks.

8) 10 Marks

The squared U-shaped structure is made up of three components, each of length L. The structure lies in a
horizontal plane and each segment is perpendicular to the adjacent segment. There are two perpendicular
horizontal loads, each of magnitude P, acting at the free end of the structure. The support is completely
fixed, preventing deflection in every direction, and rotation about any axis. Draw the bending moment,
twisting moment, shear force and axial force diagrams for the structure.

Rigid support

""""""

9) 10 Marks

Engineers have discovered a new material in which the elastic modulus in tension is one half of the
elastic modulus in compression. This material is used to make a beam with rectangular cross-sectional
dimensions of 100 mm x 50 mm. Consider a cross section that is resisting a positive bending moment of
600 KNm. Draw the strain and stress distributions on the cross section (values required where they can be
calculated). The beam is bending about its strong axis and it should be assumed that the yield stress of
the material is sufficiently large enough so that no yielding occurs under the applied load.

This is the end of the examination paper, but there is an additional data sheets on page 7.
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