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1. 1 FLNBAMUNANEVBINTEBNULLUNSIAINTIY (Engineering Design) luiduasms
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3‘1]171 1 The design flow chart [Ashby, 1999]
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5. Ranizanldvihdsufansdurmalng dilsisanuiaaarisifundn (eak before
break) 1ag3T Materials index laafnualwi minimum yield strength = 100 MPa L8z M
= 40 N/m (20 AZULW)



237-405 Mid-term Examination

Page 8 of 14

dl o’
1L TR TR T2 T PP
9/ P o & W sl @
goyanaravidnaa by
1000 T T T T T T T T
6. Fracture 7 UK 2/ERIMY) (D
———— Ic Q
Toughness-Modulus it 0
6.~ Kic? P Engineering” o
e E MFA:88-91 7 Alloys A0
-~
s/ - /\
7/ -
-~
100F VZ - 14
o Guide Line 7 /E/n/' ! aFRe
s Ko, , P ineerin niply
s IG/e=C \ _~  Composite CFRP
& - T _~f laminates
-~ Ve - - GFRP Al
o - - I
E //// - P -7 =g Alloys e-c
S 10 —%z(kum?)__.,é: c i i (i
< o =7 Engineering _ -~ P s A8 3
o F / Prald Polymers - 3
T O 7 - Engineering [ £579%) \]
) - / . Ceramice \ [SiC
E i y / _ P - _ P iamon
. Ve e
g (00 - ommon -
= 10 Pottery
g las: i
.g Cilica) 4
\C Cement/ :
Concrete
0.1} (7
Lower :
" Threshold
for K. h
001 1 lllllll[ 1 I
0.01 10 100 1000

Youngs Modulus, £ (GPa)



Page 9 of 14
B et SR e,
1000 T Lo | Ty L o Ty
7. Fracture S k2. A
ic '-"1 00 ]
Toughness-Strength .
Metals and Polymers: Yield Strength ]
Ceramics and Glasses: Compressive Strength
Composites: Tensile Strength 4
Process Zone Diameter ~ KI:L‘ noy EA: 5601
100 > —
3 L 7 E
- Yield before / ]
P 4
- Fracture ’ P .
- ’ A )
- jGuide Lines // - -
Nl /- Engineering”,, R
ol "t~ 7 -7 Compostes
10 A
F
C - / Sialons
Kz "‘
B —C y; LD
e e ¢
/

Fracture Toughness K| (MPa m1’2)

Z ( \
[3 MA /” Pottery \ >‘
\ Brick etc. l¢

@Y ELfCommon r~ ~ 3
JFs Looaocks ,x Glasses 1 ]
™~ __, -
/ g Englnegring h
. Ceramics

ement + y //
oncretg // .

o l 7 Ceramics

oL i Ice v
// // // E
e L7 Fracture .
, . ..
, e before Yield )

7/ Vs
1073 10" *mm h
001 1 L L i 1al 11 o taat L L L st ] Lttty i L1 L igtf
0.1 1 10 100 1000 10000

Strength o, (MPa)



237-405 Mid-term Examination

Page 10 of 14

............................................................................ TWR . vt
:Moments of sections
Section Shape A(m?) Lo (m™) K(m*) Z(m*) Q(m?)
% | - | v | v | 7] 7
! Z//// b? b 0.14b"* b’ 0.216"
T_ 0 14b 6 21b
T T na’ b’ b4 na*b
3 2
2{@_ wab Za b m Z(l b 5
b—2p —=i (a < b)
I bh b bh 1—058'3) bl b
% 12 3 “h 6 3h+ 1.8b
\ZZ th > b) (h> b)
% VP v @ ’
1'__ 2) 4 1273 80 32 20
a8
T | - | Toi-nh | Zei-h | ei-m | et
j__ ; 2 3 4r,, 2r,,
27t ~ mrit ~ 2t X ri = 27rit
1— ! ! 4 1\?
4bt b b (l ) —b*t 200 {1 — —
-L by —d b 3 ’ b
¢
b 4 5/2 2
{@ wla+by |t (1 += % e (1 + %) 2t (ab) 12
b—2p——d ¢ b > a)
/
e ‘_A_‘l bth, h) 1)2(11;: h;‘) bj) (/z‘f ”1‘)
L i 1 — (n _—
;._mb__, ~ 2bt e Ebthf, = bth,
2th*h?

22 Y a2 I 21b} I
A Q) YU 3 h+b 2 ' ;
I%r Uh+b) |-k (1 + -};’—) t " ,’,’,3,_’_ (1 + %)

b bom bl ] 2, an 4h

2o+ 0 4e(+3)
o R et & f 2 :
I . R0 H , %(sb+h) H
1 %, 2t(h + b) 6 (h* +4br?) NET (h* + 4br?)
bl b I 2/,,-‘(! ] 2,014 ab
3 h 3/11 A
, ,
g U (, N z_r?g%) nd? _ td
— s — 422 8 4 -




237-405 Mid-term Examination

Pressure vessels

Thin Walled

Frf 1 /A d

-
/

1
{
|

\
\

bbb b 387 |

\
\,

2b

Thick Walled

Page 11 of 14

............ TWR. et
Cylinder
pb
Oy = ——
t
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T2t
Sphere

p = pressure (N/m?)
t = wall thickness (m)
a = inner radius (m)
b = outer radius (m)

r = radial coordinate (m)
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Ky = Co/na
failure when

Ky, > K¢

K| = stress intensity (N/m>/?)
o = remote stress (N/m?)
F = load (N)
M = moment (Nm)
a = crack half-length
= surface crack length (m)
w = half-width (centre) (m)
= width (edge crack) (m)
b = sample depth (m)
¢t = beam thickness (m)
point load on crack face:
L F
2ab
moment on beam:
oM
7= o
3-point bending:
AFe
% o
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i Elastic deflection

¥ g
; (r 76 ( g KG
; 4 '
Failure
; ((T T¢ ( 3 :_ Koy
: ! i d T, = —= (Onset of yield
| i}_ | do(nseoyle)
2K
T, = or (Brittle fracture)
ETC dy

T = torque (Nm)

6 = angle of twist

Yield  —= G = shear modulus (N/m?)
) T % T
, ( ‘Gt < ( ¢ = length (m)

d = diameter (m)

— e 4
Fracture: o K = see Table 1 (m")
(T d T ( o, = yield strength (N/m?)
4

o = modulus of rupture (N/m?)

Spring deflection and failure

_ 64FR3n
T Gd*
b4 d3oy
i Ff =33
32 R
F = force (N)

u = deflection (m)
R = coil radius (m)

n = number of turns




