4C2

CRIBS
Question 1

(a) A balanced laminate (4,6 = A26 = 0) is one in which the laminate as a whole exhibits no tensile-
shear interactions i.e. the tension-shear interaction terms contributed by the individual laminae all
cancel out each other (a tensile stress induces no shear straining and a shear stress induces no normal
strain).

Consider a +@angle ply laminate with a ply thickness ¢/ 2, as illustrated in the figure below.

P2

+0 T .

y _q)
It can be easily found that the tension-shear interaction terms for the -@ply have the opposite sign
from the corresponding terms for the +¢ply.

©.),=-@.),
©@.),=-@x),

The laminate stiffness matrices 416 and 4,4 can be written as

A, = z/2(§16)+¢ +t/2(§16)_¢ =0

A, =1/ 2(@26)+¢ vy 2(@26)% =0

This laminate is balanced when loaded along the x -direction, or along the y-direction.

(b) (i)
Yo Yoy, =0.06
El E2

Calculate [Q] in principal material axes (1, 2)

El El
. = = = 102E1
1—v12v21 1-0.3x0.06
E, 0.2E
0, = = =0.20E,
l-v, v, 1-0.3x0.06

3 qu2 3 0.3><O.2E1
25—y v, 1-0.3x0.06

12721

Q66 = GIZ = 009 El Q16 = Q26 = 0

=0.06E,

102 006 0
[0]=E| 006 020 0
0 0 0.09
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(i1) Calculate the transformed stiffness matrix [é] in the global x-y axes. The transformed stiffness

matrix for the +45° plies is given by

(é”)w = E[1.02 ¢* +0.20 5* +2(0.06+2-0.09)s’” | = 0.43E,

(élz)w = £[(1.02+0.20-4-0.09)5¢* +0.06(c* +5*) | = 0.25E,

(ézz )450 = E[1.025°+0.20 ¢* +2(0.06+2-0.09)s’c* | = 0.43E,

(g_zm)w = E,[(1.02-0.06-2:0.09)c’s —(0.20-0.06 - 2-0.09) s> | = 021,
(ézé)w = E,[(1.02-0.06-2-0.09)cs” - (020~ 0.06 - 2-0.09)c’s | = 0.21E,
(ééé )450 - E (1 02+0.20~2-0.06—2+0.09)s% +0.09(s* + c4)J = 0.28E,

where ¢ = cos45, s = sin45

B 043 025 021
0] =£] 025 043 o2
021 021 028

The transformed lamina stiffness matrix [(] for the -45° plies is given by

B 043 025  -021
o] =£| 025 o043 o021
021 -021 028

The laminate extensional stiffness matrix [A4]

4, =t/2|:-(é11)+45 + (én)_“]:

=1/2-(0.43+0.43) E,
=043 (E,

Similarly
A, =1/2-(025+0.25) E,=0.25 (E,
=1/2-(0.43+0.43) E,= 043 1E,
A, =112 (021—0.21)E:
A =1/2-(021-021) E,
(

A, =1t/12- 028+028)E 0.28 ¢E,
0.43 0.25 0

[4]=] 025 043 0 |t
0 0 028
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(ii1) Using the radius R of the cylinder (D= 2R), the stress resultants from internal pressure P are
given by

vt
> —> —>
N, 2R
WA A
2RP
¥k ¥k -
ARRRS
N‘ 27[RN\, /____:'_:_::_'_::_'_::_:_:::::"
‘{"‘_ ‘<" ..... *_-*-.*-._* +
I:‘— \\“ ,l<_<\_ '_'l'"'l""l" "
fe ‘.:::4_4—4; \AAAA
ER D I
2 \x LA U
 nRP
TR’P=2nRN,
:>NX:%=O.O3MNm_1
2N, =2RP= N = PR=0.06 MN m!
Stress resultant from bending
M RM M
g N == — 016 MNm
y * nmR® ~©R
N, =0
Net hoop and axial forces:
Ny=0.19MNm", N,=0.06 MNm™", N_ =0
8X NX
1
e, [=[4]] N,
7/Xy NXy
043 025 0
[4]=| 025 043 0 |t
0 0 0.28
| 0.12 -007 0
-1
[A] = SOE -0.07 012 0
0341E, 0 0 012
£, N, | 0.12 -0.07 0 0.19
-1
g, =[A] N, = S ~0.07 012 0 0.06
N 03418, 0 0 012 0
yxy Xy
. 0.54 | 5.4%107
=—1| —0.18 |MNm'=—| -1.8x10™"
tE 0 tE 0
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2(d) Coupon tests for lamina/laminate stress-based failure
Strength-based test configurations aim to have a uniform stress in the test section and to avoid stress
concentrations.

Both uni-and multi-directional laminate lay-ups are used.

Tension
Tabs may be bonded on.

May have a waisted test section.

Alignment important specimen ats

Strain or clip gauges or laser extensometers

may be used to monitor the test

Compression
Need to prevent macro-buckling

of the specimen.

Either use very squat specimens,
or have anti-buckling guides.

__~
alignment /
\

L wedge grips
fixture tabbed

specimen

alignment jig specimen support

In-plane shear
Tube tests ‘\

Difficult to prepare specimens
Difficult to perform test

Off-axis tests

Interpretation of data required
End-effects important

losipescu shear test Shear here

! }

Specialised rig and specimen required
Some questions about data interpretation
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4C2
Biaxial tests

Requires specialised rigs
Tubes tests common

Careful specimen preparation
Lots of testing required

to characterise failure

Interlaminar shear
A squat beam is used to generate interlaminar shear
Data is semi-quantitative

Good for quality control purposes M

Flexure
A long span is used to avoid interlaminar shear loading rofler ‘

Interpretation required L specimen
Used for quality control purposes o : 23
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(b) Pultrusion

e Similar to metal extrusion, but fibres are pulled through die
e Principally thermoset resin
e Cost effective mass production of prismatic shapes

Pre-impregnation Postimpregnation Cool-off  Cut-off
f@ ovidance guidance section saw

Reinforcement Heated die Pullin
g
supply mechanism
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Examiner’s Comments

Question 1: Elastic Deformation
A very popular question, very well answered by all candidates. Marks were lost mainly because of
errors in estimating the stress resultants in part b(iii).

Question 2: Stress-based lamina failure

This was the least popular question on the paper. Most students seemed to run out of time. Part (a)
was answered reasonably well, but part (b) was answered less well with many students not
including the Poisson effect when estimating the tensile stresses. Only a few students attempted
part (c), presumably due to time pressure. Almost all candidates attempted part (d) which was
answered poorly due to lack of details.

Question 3: Microbuckling, design (carpet plots)

Part (a) was answered reasonably well, but only a few answers had good sketches and stated clearly
the assumptions. Parts (b) and (c) were answered well. Part (d) answers lacked detail. In part (e),
several candidates didn’t estimate correctly the constraint due to the torsional load and a large
number of them did not have time to use the carpet plots to optimize the design.

Question 4: Interlaminar failure, design

Part (a) was answered reasonably well, with loss of marks due to lack of details. Part (b) was
answered less well. In part b(i), only a few candidates had accurate drawings and applied correctly
the force balance. Part b(ii) was answered poorly as the majority of candidates focused on tensile
failure rather than compressive, which required higher failure loads. A significant number of
candidates didn’t realise that the outside of the beam was under compression. Part (c) was answered
poorly; very few candidates mentioned that through-thickness stresses are critical for composites
with high thickness and curvature.

Athina E. Markaki (Principal Assessor)
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