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1(a) An unsymmetric [0/ 90] laminate is béing tested in tension. Longitudinal

@

(i)

~ strain gauges are mounted on both the front and back surfaces as sown in

Figure 1(a). The ply thlckness is 0. 75mm and the larmnate width is 20mm.

: ‘At an apphed load of 10. OKN the outputs of the strain gauges are as follows:

. Front Gauge_: &= 3’0 %1073 (=3,%)
- Back Gauge:  £=10x107  (=1%)

. What is the You;g s Modulus of the laminate in the x-direction?

What will the radius of curvature of the lammate be at an apphed load of

 15KN?
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1(b) Show that the in-plane shear modulus, G2 can be determined from da _
recorded from the 45°C tensile test, Figure 1(b). - ' !

Ex @: 45° specimen)

Gn= 21+ vyy )(i 45° spebimen)

Figure 1(b)

' 1(c)' A 25° specimen of unidirectional composite material is heated from room
'~ temperature to 250°C in an oven. A strain-gauge rosette, mounted at room
temperature, shown in Figure 1(c) reads the following data:

£, =0.38%.
g5 =0.29%
e gc =1.34%

Calculate the thermal expansion coéfficiénts, a;and &, of the material.
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Figure 1(c)
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1(d) A 40° specimen of unidirectional material is loaded in equal biaxial 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.

(1) Maximum Strain Criterion

(i1) Maximum Stress Criterion
(iii) Tsai-Wu Failure Criterion

EL=77.0GPa ; Er=52GPa; Gur =3.8GPa ;  v,;;=035

X, = 1830 MPa ; X°=1052MPa; X, =50MPa ;

X, = 70MPa; X =75MPa

YT=20%  YCS=13%  Y7=096% , Y. C=135% |
Yo=1.9% " |

(50)

2. A [o I+ 60] »s laminate of glass/PEI is cooled from its stress-free temperature

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

‘ The following loading is applied:

Given the material properties below, calculate the values of O that will cause
ﬁrst-ply failure in each ply.

Where will the first failure occur in the laminate, and at wﬁat vaiue‘of | 5'0 ?
Givéﬂ: A
Ep = 134GPa , Br= 89GPa , »;=028, Gur=>5.1GPa
él =20x 107‘/ °c,‘ alié 20x% 1()'6/_°C, | |
Y= 183% | YC=03% , i =6.21% L, YS=099% |
 Ye=155% | |

(50)
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A 2.4 mm thick S-Glass/Epoxy [900 /0° Js plate is tested in uniform bonding

in the X-direction. Given the material properties below, calculate the value of
M which causes

() first-ply failure
(i) subsequent, and ultimate failure
Given: EL=55.0GPa, E;= 14.0_GPa » Grr =3.4GPa, » r =0.3
XC=X"=1100MPa,  X,T= X, =120 MPa
 Xs =100MPa

NOTE: 1. Use the Maximum Stress Failure criterion
‘ 2. Assume the 90° plies unload with modulus Er=-3.0 GPa

(50)
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