3.225 Electronic and Mechanical Properties of Materials

Test - Elasticity
Friday July 19, 2002

1. A fibre composite is transversely isotropic and has the following elastic
constants:

E,=E,=5GPa E,=25GPa v,=--2=025 v”=—i_—’=0.33 G =8GPa

EI 1

The composite is subjected to the stress state:

10-0. 8
6,=|0 5 3MPa
8 .35

Calculate the strain energy in the composite under this stress state.

2a) - Why are most crystalline materials linear elastic?
b) © Why are rubbers almost incompressible?
c) © Why does the Young's modulus of a crystalline material decrease with

increasing temperature while the Young's modulus of a rubber increases with
increasing temperature?
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3.225 Electronic and Mechanical Properties of Materials
Mechanical Properties: Test 2
Friday July 26, 2002

la) - At a temperature of 50°C, an amorphous polystyrene (T, = 40°C) has a 10

minute relaxation modulus of 0.05 GPa. How long does it take to reach the same
value of the relaxation modulus at a temperature of 60°C? (10 points)
Time-temperature shift constants:

To (°K) C C
Tg -17.44 51.6
Ty+50 -8.86 101.6

1b)  Spring-dashpot models can be used to represent the linear viscoelastic
behaviour of polymers. The simplest such models are the Maxwell and Voigt
models with the spring and dashpot in series and parallel, respectively. Describe
the limitations of the Voigt spring-dashpot model. (5 points)

2a)  Analuminum alloy (o, =170MPa) component is subjected to the

~ following stress state:

10n 3n 2n
o;=|3n 5n n | MPa
2n  n 10n

What value of n is sufficient to initiate yield in the component? (5 points)

2b)  Why is the intrinsic lattice resistance of covalently bonded solids much
larger than that of metals? (5 points)

2¢)  Describe two methods of alloying metals to increase their yield strength.
Develop equations describing the increase in yield strength. (10 points)
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3a) Creep data are given in the attached tables. Calculate the steady state

* creep strain rates for 316 stainless steel with a grain size of 100um at a stress of

150 MPa and a temperature of 1000°C for: diffusional flow and power law creep.
The atomic volume for 316 SS is 1.21 x 10 m?. Note that Boltzmann’s constant
is k=138 x10-2 J/°K and the gas constant R = 8.314 ] /mole/°K. (10 points)

3b) The two main mechanisms of diffusional flow are vacancy diffusion and

éra'm boundary diffusion. Why is the activation energy for vacancy diffusion
higher than that for grain boundary diffusion? (5 points)

4~ Adouble edge notch specimen of PMMA is loaded in tension. The width,

* W of the specimen is 30mm, the thickness B is 5 mm and the edge notch length a

is 3mm. The fracture toughness of the PMMA is 0.5 MPa m!/2 and the yield
strength is 75 MPa. The geometrical factor Y for the stress intensity factor
calculation is 1.12 for a double edge notch specimen.

a) What stress is required to break the specimen? (4 points)

b) What is the plane strain plastic zone size for this material just prior to
fracture? (3 points)

c) Does the test specimen meet the requirements of a plane strain fracture
toughness test? (3 points)

(60 points total)
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TABLE 6.5
38 DIFFUS TONAL CKEEF PARAMETERS
MATERIAL Q, J/mole) "D (m?/s; |q kIfwole| 6D_ (mP/s)
i
Titanium Carbide 740 4.4 47 2 =02
Zirconium Carbide 220 1 = 107! 468 5 = 10712
Tungsten 585 5.6 x 107" | 385 2.3 =12
Silicon 496 9 x 107! (300) (1 = 10-'3%)
Uranium Dioxide 452 1.2 = 10-5 | 293 2 x 10715
Tantalum 413 1.2 = 1072 | (280) (5.7 = 1o0=1%)
Mo Lyl de num 405 ; 5 = 10”3 (263) (5.5 = 1071%)
Niobium . 40l .1 = 107" | (263) (5.0 = 107
Vanadium 308 3.6 x 1075 | (209) (5 » 107'Y)
Chrowi um 106 2.8 x 1075 | (192) (5 x 10715
Cermanium 287 8.0 = 107Y | (172} (1.0 = 1077
Nimonics, Nichromes 285 R Vo | (T T 3.5 = 10~15
" Mickel 284 3.9 = 107 | 1S 3.5 = 1015
wwm.”..:wmvm:&. 280 e SO B S 2.0 x 10-13
y-iron (Austenite) 270 1.8 x 1073 159 TS u par s
Magnes ium Oxide 261 2.5 » 10719 (230) (1.3 = 107 15)
Low Alloy Steels 251 20 » 107 1% 1.1 = 1g712
a-Iren, Hild Sceel 251 2.0 = 107 | 174 1.1 = 10”12
Sodium Chloride 217 £ 2.5 x 1072 ] 158 6.2 = 10719
Lithium Fluoride 214 7.4 = 1073 - -
Copper (and ulloys) 197 2 = 1078 104 s = 018
Silver 185 . 4.4 » 1075 90 4.5 = 10718
Aluminium (and alloys)| 142 1.7 = o™ 84 5.0 x 10714
Magnesium (and alloys)| 135 1.0 % 107" 92 5.0 x 10712
Lead 109 1.4 » 107" 66 4.0 = 0714
Zine 92 1.3 = 1073 61 1.3 = j0- 1%
Tce 59 9.1 = 107" | (38) (8.2 = w13

6.22

TABLE 6.6

ARCHETYPAL DIFFUSLON EQUATIONS

“I
mnﬂbm or soLID

LATTICE DIFTUSION COEFFICTENT wl/a

BOUNDARY DLFFUSION COESFICIENT wl/s
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TABLE 6.4

POWER-LAW CREEP PARAMETERS

HATERIAL Q_ kJ/mole| o HN[a? ..Mnu
A

Titanium Carbide 140 .015 5.0
Zirconium Carbide 120 .052 5.0
Tungsben 585 0.41 4.7
Nimonics 556 3.2 1.7
Silicon 496 .19 5.0
Uranium Dioxide 452 0.89 4.0
Tantalum 413 0.34 4.2
Mo lybdenum 405 0.89 4.85
Niobium 401 0.11 4.4
Vanadium 308 0.62 5.0
Chromium 306 0.59 4.3
Cermanium 287 0.32 5.0
Nichromes 285 1.1 u...o
Niekel 284 0.5 4.6
316 Stainless Steels|270 31.5 1.9
304 Stainless Scteel |270 11.3 15
¥-Iroa (Austenite) 270 1.0 4.5
Magnes ium Oxide 261 13.2 3.3
Low Alloy Steels 251 ). 1 6.0
a-Iron, Mild Steel |]251 1.92 6.9
Sodium Chloride e 0.013 3.6
Lithium Fluorida 214 0.6 6.6
Copper 197 1:1 4.8
Silver 185 1.1 4.3
Aluminium 142 0,12 4.4
Hagnes ium 135 0.49 5.0
Le ad 109 0.08 5.0
Zinc 92 1.24 4.5
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