3.225 Electronic and Mechanical Properties of Materials
Quiz 2
July 13, 2001

An orthotropic fiber composite has the following elastic moduli:

EI = 100 GPa vu = 0-30 GlZ = BOGPa
Ez = 20 GPa vla = 0.25 G13 - 15 GPa

and note that the Poisson’s ratio is defined as:

Calculate the strain in the composite under the following stress state:

50 15 5
o,=|15 20 10(MPa
5 10 0



Su = I/El = Yo = 6.0
STI.. 7 f’EL = II/?ao - 0-0';
533 * l'/el = Vlo = OB
S apply ¢ "‘“ﬂ"j € = Su6,
€ = 210y
\)rL - - e_:._
€,
e s
S ieline. . = 0000 o B}
[ loo
Shos =y e 036 . - 00838
E,‘ lod
S3p Bimlny - e 24 -0,01%
E:. o0
g‘l"q = .L- = _'1__ e G2
Gy Y
S * L M T
Gu‘s <
i ¥ i 3 a0 0N
6!1 25
o—ﬁ-ﬁ—b GL{ ':-(5.13': "«O
0" Pr |
T G’&, '.'-Gri‘}'.'- sf
63 = O

- Su 6
Si C,

[

_S_l__‘_

Si



Hooke's Land - / G MPa

—

r"é 7 pe ‘

I [ 6ol 602 -0002 o© o o So )
N doo3 0108 -60,01% © o o 2o
€, - “0.o028 -0.01% OO o8 5
&, .5 b ay By B |2
"~ &0 o o diden B 5
G{, E o ) =Eh 0,023 =1

€ - [(o.at\(sﬁ\ 0.0 (1) ~@ 002 (A] x0 = 0.4qxi0"3
€, = [E00o)(50) « (0 ] 16> = 6.88x107

€,z [fo.0n)(sd - oW TP = —gec xi07

Ey =M= 264 = (0.D00 (e?) = 0.002

Coe) () (10®) = 0,336 x1073

"

Ef " Bu,'; > L€,

€c 7 Yo = L6y (6:03D) (D) = o.Mds v

\r



3.225 Electronic and Mechanical Properties of Materials
Quiz 3
July 27, 2001

i Relaxation modulus data for PMMA at 115°C indicate that a relaxation
modulus at t = 3 x 10™ hours is 10” dynes/cm’. Calculate the time to reach the
same relaxation modulus at a temperature of 130°C. The glass transition
temperature for PMMA is 100°C.

2. (a) A component is subject to the stress state below. The material that the
component is made from has a yield strength of 250 MPa. Does the component
yield?
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(b) Metals and covalently bonded ceramics have Young’s moduli that are
of the same order of magnitude but yield strengths that are very different.
Explain why covalently bonded ceramics are intrinsically hard while metals are
intrinsically soft.

3. A component made from 316 stainless steel (atomic volume = 1.21 x 10%
m’ and grain size of 0.1 mm) is loaded to a constant uniaxial stress of 100 MPa at
a temperature of 1000°C. Calculate the steady state, secondary creep rate
associated with (a) vacancy diffusion and (b) grain boundary diffusion. Note
that Boltzmann's constant k = 1.38 x 10*' ] /°K and the gas constant R = 8.314

k] /(mole °K).

Creep data for 316 stainless:
Q. =280 k] /mole, D,, =3.7 x 10° m*/sec
Q; = 167 k] /mole, 8D, 5, = 2.0 x 10" m*/sec



f3- mo’cj T i L, =10° éﬂw feat - 32  @ie’s.
. T T’
W Wt g 2 e
C‘ (T-TD\
szT-Ta C'lr: -”Lflf
{T = ‘th ID Cl; SL‘::
—17, 4y (1<) —_— -
‘t«r‘ ¥ {Té |0 ¢ +/15_[op 2 ‘t-llg - 5}‘10'4{ b s
~-3.93
-2 {71‘0 lo 5 e /los.a's
L R
v = L¢ 10 = 2% hos) 10 = 2.5% hows.
¢ (Tz-‘l‘b\
‘t =: t \O C:*TL-—T_,
T?. T° =17.4U (I}o-lou\
$.6 +/3c —100
= (Z.S’f l/\o.ﬂfS\ IO

= (2.&( Llﬁam\ jo

- ¢4l

= Y xid? ban

[
|

|
|



{

2.0y Oeq = \)EL[(%‘%D" t (G gt ¢ bypradi)t 20t « 36} e

L LR
- | 5 1 2 1 'I..'
AR T ¢ Ho] LT R 3 (20)
s ﬁo‘ + 500 + 30 + 1200 |
= "3 HMP.
B s wio
b B
T= T®r215=413.

N _ 181,000
5 OFp ” (i (arey

(7Y 60O
7.3y (A1)

v){ [{,.é‘i? IO'B%(‘ > ;__q S.e.mng

lo K




#3. R Y

28 p T= lo0° ¢ = (N2 °K
Eidr (Du =4 b)
& 5 - = )
Dv . D"” w{) ghtlge * i P - :ﬁ': 20) =)o ein e WM
by = 8D exp ~Fhr 5 p.0x07" . 18 e £ -0
g = 0V rp ke ~ee, ¢ Wemt th
é - L s y 2 o3
- (Dv ¥ 'I Db\
krd*
= (’2\(00!10‘_){ (EJ):I.O-H ..("‘\ e |I10*\0’*6 * 2_(2,?310'“3114'5:{
e (lr"’sh\o’“&\ (lo’%} m'l(mg;jr 1o m S

¥

= [tz.'}'mil KF,?OXIOH[& + S 6o rm""]"‘"’?s
e

-\

= quxe TS

PLL é > kego - Y (%’Yﬁ

% [&fr - 0850 @i\lq
@.SLHY'.T,’)Q (33.§

i (9"3&* :u"‘\ (_M (¥

I

e /s



w#gam-ﬁ-

S 57‘IDM‘-—

R
B R
( 6:15 b ZS‘D HPC\
K, = L4 E % e
P A=~ 0.4
(i
Orn

b
e o (@) B (rc UWEE " o o ool amaiii &

1=

& (_LS-\ e 281vin Vi o SR b

"

mw?k;m T (E 1

\#W\(}L M\ s Pk PLpenE  sTea
{F* 5.5 _‘*’—QY e (ﬁy e St = T
av 2 \ 240 /
E SN .
L) Pave swa0 R mad B > ZS-rPfPW
P2 bl =1
=D SMISA AR PANE ST FUAUT MuGHIeX £gdnT .
SMMe s€ Yieuos (LLmeean @app T WE AU afeed
( .
3,5\ <. 0.0% (2_3_8— = .0.0\9 £0.03 = CAN L€
G
. @ or b, <fa s
: a3 s 3 N
seN speGianent V= 194 - b)) 163 (U - 384l 3 q)
= 214
0 ]é H‘Po\rM e






