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' Attempt Q 1 and One Other Question -
All Questions are worth 50 marks

1(a) An unsymmetnc [O / 90] lammate is bemg tested in tens1on Longltudmal
- strain gauges are mounted on both the front and back surfaces as sown in
. Flgure l(a) The ply thmlcness 1s 0.7 Smm and tb.e lammate width is 20mm.

o ‘At an apphed load of 10, OKN the outputs of the stram gauges are as follows:

.AAFrontGauge =30x107 =3%)
~:BackGauge £= 10><10'3 (—1%)

v(i) . What is the Young S Modulus of the lammate in the x—d1rect10n? '

- (ii)  What will the radius of curvature of the lammate be at an apphed load of
"--,"'.15KN‘7 . : _ , .

__ Front Gauge, 'F'

i -- _._B ack Ga'uge, 'B'

. Figurel®@



" 1() Show that the in-plane shear modulus, Gyz can be determined from data
recorded from the 45°C tensile test, Figure 1(b). - |

Go= Ex (i 45° specimen) -
2 ‘ 21+ vyy )(:i: 45° specimen)

© 90° Gauge .

Figure 1(b)

S 1(c)"' - A25° spécimen of unidirectional composite material is hieated from room
" temperature to 25 0°C in an oven. A strain-gauge rosette, mounted at room
- temperature, shown in Figure 1(c) reads the following data:

e £ =038%
RN _ SR ¢ =1.34%

L “ .Célé;ulé.te; the thermal expansion‘cpéfﬁciént_s}, ajand @; of the material.

2 W

25°
45°

Gauge’zv 'B'

\ Gaugc 'C

Figure 1(c)
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1(d) A 40° specimen of unidirectional matenal is loaded in equal b1ax1al tension .
Given the material properties below, use the following failure
criteria to predict the value of biaxial tensile stress which causes failure.
In cases (i) and (ii) also identify the failure mode.

(i) Maximum Strain Criterion
(i) Maximum Stress Criterion
(iii) Tsai-Wu Failure Criterion =

EL= 77 OGPa Er=35.2GPa; Grr =3.8GPa ; vir=035 -

XT=1830MPa;  XC=1052MPy; X, = 50MPa ;

XC=T0MPs;  Xe=T5MPa | | |
YT=20% " | Y;‘?=1.3%.;A‘ | YzT%o.96% , Y2£=1.35%
Yem19% ., e R

(50)

- 2. A [o I+ 60] 25" lammate of glass/PEI is cooled from its stress-free temperature -

of 200°C to room temperature (20°C) The laminate i is then loaded in b1ax1a1
‘ tens1on until ﬁrst-ply faﬂure occurs.

) The followmg loadmg is applied: -

. :
o, =0y, a'y =0.50'o

leen the matenal propertles below, calculate the values of Oy that w111 cause
! ﬁrst-ply fa11ure in each ply

| Where will the ﬁrs_t fallure oceur lnthe vla:rhix.iéte, and af Whaf valiue"ofl 0,0 .?
Gven: o e
o -"E‘L 134GPa , ET-89GPa,vLT—028 Gu-—SlGPa N
20x10'6/°C | 20x10 /°c o
Yl =L8% , YiC=03% , YT=021% "Yz_‘?“="_o.'99%v
'-_‘Y_6'=.1-55% S i

(50
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- A 2.4 mm thick S-Glass/Epoiy |_900 /0° Js plate is tested in uniform bonding

- inthe X-direction. Given the material properties below, calculate the value of

M; which causes =
(i) first-ply failure
(i) subsequent, and ultimate failure
Given: Ep = 55.0 GPa, ET =14.0GPa, Grr=34GPa, v;; =03
XS=XT=1100MPa, X;7= X =120 MPa
X =100MPa |

- NOTE: o 1. | Use the Maxnnum Stress Failure criterion ‘
. 2. Assume the 90 phes unload with modulus ET =30 GPa

(50)

Tkl X
g
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 ME 505 - MECHANICS OF COMPOSITE MATERIALS - EQUATIONS

{Q] IN TERMS OF ENG. CONSTANTS - EXI’ANSIONAL_STRESS RESULTANTS
‘ El | o V'.,E; | _. . ".'.1 o
Qs ST mEEN T T gy | VS ,‘ (F0h + ef'Qh + ' Qo
; ‘ - :
o . ‘ . » - ‘ln" ’
) "By ' . Vi o= j (Gt Qn + ef Q:z +¢f Q,.)d"
Qll - [l -yfl(El/El)] * QG‘ = Gu . § —.hll
NE = S (ef' Ot + ¢ 0 + ' Tladz
. v o Rt ot
S'rI_FFNEsé TRAIN_SFVO‘RMII\TIO,NS .~ COMPLIANCE TRANSFORMATIONS
On = Qnm‘ + ZM’R’(QI: + ZQ“?) + Qull B I E‘ = ;s'.'."',i + 25, + Su‘).mxf"’ + Sy
: - B . . : o S
—Q-l; = _(Q'xi + Qu - 4Q‘¢‘.)m1n1' +>.le(m".'+ nq) ; ) o 3':, = (S” + Szz'-— S“)’"’"-’ + ".S"l('l"‘ +’n4)
—=" _.’.‘__..'.z .... ' »
.Qu [(Qn :. Q|: . 2Q.u).'7" . o S = _[(25" - 25.3 - S“)mg
L (sz Qn FZQ:u)Il ]‘mn‘ o , ‘, R (25_" e 15'1 - S")n’]mn
Qu : Qnm + -(Q"_ ‘+..2’Q._.)n_:’n’ +‘Q“" e o S = ‘_su?"‘. +,(25u + Soq)m’n‘ + Sun'
Oy = ~[@u=Qu=-20wm [ T =[5 - 2 - S
| (Qu - Qu - ZQu)n’]mn . o 1 L '-,j(js|. - 25“"'_ 3;.)',,11,,,;,'
Q“ (Q" + Qu - ZQ")m "’ + Qu(mx '; nz)’ : o :'ISu = Z(ZSM + ZSu - 48u - Su)m

: + Sgg(m + "‘)
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ME 505 . MECHANICS OF COMPOSITE MATERIALS - EQUATIONS (cont)

Transformation of Stress and Strain

o, | = [T} oy

' . . "€y . 4 Ex
NS/ ' ‘ L €2 = [T]{ e

o m? n? 2mn

[T} = | n? m?- —-2mn
‘ | -mn ma m? - n?

.."_2;; g .- . N ,
" Tsai-Wu Failure Theory K
‘ F]U‘|+ Fz‘(.TZI.EEP_GTliZ.-F_FHQIZ+‘F226'.22‘;"."‘>F¢.55T122"{;2F|20'[0'2 = |

i Whe'rév .

©E=UXT - UXSF, = KT XD)
Fa=UXI - UX§  Fp=UXIXS)

T TS irmmsmme el s e vt i e e st s siie o cmbaais et e oo o m————— | Camms oo s n ot 2t e - o e - .t m n e

o Fe=USE - US§ Fe = USEST)
S Fp= ‘1/(2VXTX§XF?<§)' |

‘o e o e e i



