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Question 1  Statically-indeterminate frame (ELASTIC)
(109 attempts, average 9.1/20) '

A less popular question that many students found difficult.
(a) Many did not realise that there were only two redundancies.
(b) (1) Most students did realise that they needed to split the structure into two
determinate structures, use data book coefficients to find deflections and then apply
compatibility to find the unknown internal forces. However, only a minority were
successful in following this approach without significant errors in their method.

(i) Many students who were stuck on (b) (i) realised that by using the given
internal forces there were some easy marks available for calculating the reactions at the
supports although quite a few failed to calculate the moments.
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Question 2 Mohr’s circles of stress and strain and yield criterion (ELASTIC)
(Attempts: 148. Average mark: 12.6/20)

A fairly popular and straightforward question.
(a) Most were broadly successful in applying the data book formula for strain

transformations and solving some basic algebra. Some students simply skipped the
second part which required them to find the shear strain as a function of the strain gauge
readings.

(b) (1) A straightforward conversion from the strain gauge readings to strains in
the x,y coordinate system. Most scored well here — but a surprising number of students
Jost a minus sign and were unable to use the given formula correctly.

(i)  Application of Hooke’s law from the databook. Generally well done, )
just a few surprising numerical errors.

(iii)  Drawing of Mohr’s circle of stress, calculation of principal stresses and
their directions. Most made good attempts but the full 5 marks were only awarded to
students who adopted the correct data book sign convention, used calculations in
addition to a careful diagram and specified both principatl directions.

(iv)  Most students quoted von Mise’s criterion for yield correctly. However,
many did not correctly understand the concept of a “factor of safety” and lost marks.
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Question 3 Statically-indeterminate pin-jointed truss (ELASTIC)
(Attempts: 208. Average mark: 13.4/20)

The most popular question in Section A and quite straightforward.

(a) Although quite a few students thought there was more than one redundancy, in
general this did not prevent them having a reasonable attempt at the remainder of the
question. (A few, however, did go on to try and find more than one state of self stress
and wasted a lot of time).

(b) (i) Mostly well done. Correct equilibrium solutions used either only SQ and RQ
or, alternatively, only OP, SP & PQ to resist the load. Marks were deducted for
inaccuracy of signs or numerical inaccuracies.

(i) Again generally well done. Some students set bar SQ to a load of 1, others
chose PQ. The examiner preferred exact answers (i-e. including square roots) but also
gave full marks to correct numerical approximations (e.g. 3 s.f.).

(iii) Even those students who had completely- failed on the first parts of the
question generally outlined and attempted the correct expected method (i.e. t = to + xs,
e=Ft, s.e=0tofind x). However, one student successfully solved the problem using
a displacement diagram to determine the compatibility condition.

(iv) Finding the horizontal displacement of node P could be found by using the
formal method of the virtual work equation with a virtual force and equilibrium system
together with the real bar extensions. However many students correctly realised that
the horizontal displacement of P was simply the extension of bar SP and therefore wrote

the answer down directly for an easy full 3 marks. " A few students attempted to

calculate the vertical displacement, or even chose the wron g node.
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Question 4  Thin walled structure (ELASTIC)
(128 attempts, average 11.2/20)

This was a standard problem on the response of a thin walled structure to bending,
torsion and axial load. It was very similar in principle to questions on this topic in
several exams in recent years although a slight complication was introduced by having
bending applied about two axes due to the orientation of the wire applying the tension
force to the structure. A disappointingly large number of students failed to determine the
tensile force in a steel wire whose extension was given. Many also failed to recognise
that this was a biaxial bending problem and only looked at flexure about one axis. As in
past years a large number of students had difficulty determining the second moment of
area for this very simple section. Of those that could, many took quite some time
working through the parallel axes formulae when a trivial calculation could have been
made. A common mistake was to assume that the torsion about the z-axis was the wire
tension multiplied by the distance from the corner Q to the centre of the column, rather
than force times the perpendicular distance from the line of action to the axis of rotation.

The calculation of rotation in part (c) threw up the same mistakes seen every year with
some confused over the term for the enclosed area, A, and others confusing J with 1.
One complication in this question was the fact that the applied load would cause yield in
the steel section and thus elastic solutions would not in fact be valid. The original
intention had been to select a tension force that would ensure the section remained fully
elastic however in the final version a larger force resulted. Nevertheless it provided an
excellent opportunity to test whether or not students understood the significance of the
results they obtained. It had been hoped that the better students would pick up on this
point however only one student recognised that yield would occur, and even this student
only referred to the possibility of the wire itself yielding and not the column section.

Relatively few students recognised that the shear stress on the line of symmetry at R due
to the component of load in the y-direction was zero although most were able to obtain
the uniform shear stress resulting from the torsion 7.

| #



OES

() Duenui

(h)

Eo -~ Zml® = m 4/ 2 +m/o7<>¢—".o> x 2
=5 - A

vz,/
= o

= Qm//lv"#o() # Qm/l +4_°<)
o<

i |+ 227

‘ T — e

L apf - Q/,jg/,im), g4 "2"”/'7‘/77}*“00('2/
e A

= &/ P ) = 2(m )

olen T 2 L oaeR= ) =
o 7 2Z
‘ o — e /
- hSC,;’/nga,,/«g oo A

W - >/m’~m)/wz) = g/ )



5[!:)‘) /“ mﬁafwc Sol uJ-wn ugmca !\%5’ }f':wl\ me-)-kwl
AV

e I ) S
425 2
[ L T
&0, T, E N
16 v &=5 =1
/ | <L KL -

(o4
. = T \,\\?(L N <>(L.-) ( L) L 9%

rz. = / L \L -+ / 2—-\ ey .L j‘if_

%/L - \ % - { + Gtz

PN e /o ‘
. od. e W/ }+(21>()L
\\\‘. P
6): OL LS&\“\‘.W\:) = \Vm = / L
R (5 -
4

- _— B
o= m L6024 mizel. B2 S LN

+ M. L//H%?P J./M%z‘)l 4”

ot S Tran
L e

o

= Ay 4 A2 2 ) 4
C =y > /

%

= [ Z ¥ Bx) ¥ 2on [1 A}
Uk o U J - o T

= 2 (L 4 F2m (L 2 A)
-2 (Y:q “k m\ { nL o+ 4’7:’;’) &C L e



5 C c> : T
) g

LR Y

; \B_J\ 3
’ ‘[7> . =6
- 5 = __L =

\,\ N\
XN AN
! ror
D=re

\.\-/-\)—-.-? Aj loael Wp = P 7 = P) = P - LB 2 A
» US]I'\S pmjécho;"\ methuel 1~ * ﬁ/// f |
G_E.B_ Mﬂ{e)o”ma I =mlb. L
sbml L 2z 4 by 2 %
e 3k

&1

'y

AR L e

4-93(m #m)

H

o= ED
R & 15mn)

=4[ /m—#m’)




21

De). Alernahve *“w‘l JSing lw;fm,j .Q‘/’\%?i\ smethoo . e
o,
r ) ‘
) 2N |72 RPN E - 7
| PN s 0t 17{) L T 2 AN i \‘ )
N \\ { R oA : l B \
v ﬂ L ™

) ) n
A @\W Ly ! (B
G{—" / o3
i~/L . \ r L 2z /‘k L_IQ:EL
— /‘f'/* }3 2~r3/ ) 6—- ﬁ 3
WD = Po_.= ! PN ZAWY/
L,
23
E> =6+ < = Bg = = %g = 2 =B e DFOL
- 1z N

a,\o}xve ranL\/ov\,S 24 MSO \}Z".L = Q,L JC -

; \/ yb ;\k(//\ Hf)‘\*)nlh
o | P

i /e [ Eoe/L Zomit ko 2.m)6

AN S T

L C -
o v T 2 nm) = iF 2 S sen ) = 403 Dy
J3 N e R £ )




22

& (d) |

wD = P
Vsing projechon methodl <~

.7 3 - zngm ’,/é = 27m
ED= 27TF.m. ) . ¢
e A ED = L. zr.n5 9\ M
| o o s 2w
-+ 2. m.1L . v - @ﬁ./%m
: /D/ A AR

) ' B = 27T -
= ZVT(M/-‘*M) g |

}35 Z‘;’V/M/"'W\) :'6'23(M/4M)




&S(d} Allemahve Su) t)%ma} L\Oﬂl()ﬁm{)}\ me thaid -

”SSD/me '5: /.

/g//%ﬁ‘”ij///m; S:/‘@v ;/- .
: S /d

—~ ’;‘.—)’ ‘‘‘‘‘ ‘j
Zfaj/)( 0/) \7/&/0"///7[ g ~r é )
= 2n,
n

. Dve fé Aoﬁmj yL

ED = M. m r‘zn L= 27’

/'T;_/' Syjmj()/e/o/ﬁne ﬂ’m/w @/\7/‘5}04-

co= . -
91’/ "91 Bz -ﬁ’ﬁllj‘?:='m
<L RE
fg\;é 2n ‘9/z:¢‘.~t =28 L= Bz3=0s

A
n r
I =277 = AN
= 0im.r 277% soame | TEET

> Toh/ EDZ 27 [m +m)

Co o

P = :277/m /%m)

15(&) 7:; = e Zg(m /+T”W) )s lecsi Oppel” bovad

See Pz <P <Py




Question 5 Yield-line analysis of a slab (PLASTIC)
(217 attempts, average 12.1/20)

This question was very popular being attempted by 85% of candidates and was
generally well done. The derivation in part (b) was straightforward. The use of vector
rotation diagrams to calculate the relative rotation of yield-lines confused many
students. The most common mistake was in the calculation of the length of the sagging
yield lines in the hexagonal mechanism, which many gave as L/2 rather than the correct
value of L/\3. The examiner wishes to emphasise the advantages of using the projection
method, as is taught almost universally in the textbooks and is widely adopted in
practice, purely because it is so much simpler and quicker when applied to this common
type of problem. It is recommended that it be taught in future years, even if only as an
alternative computational technique to the use of the vector rotation diagram.
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Question 6  Plastic collapse of a frame (PLASTIC)
(196 attempts, average 11.2/20)

This question was also quite popular but rather poorly answered. As a result the original
marking scheme was adjusted to give more weight to the correct identification of
compatible failure mechanisms than had originally been intended. It was" very
disappointing to see haw many students drew “collapse mechanisms” which were in
fact either statically determinate, or in some cases statically indeterminate rigid frames.
The other common mistake was to postulate collapse mechanisms with a full beam
mechanism with 3 hinges plus an additional hinge at one (or even two) of the supports.
The derivation of the work equation for the combined mechanism also proved
problematic for many candidates. :




