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L7 Plate with width chamge, Fig, AN (C).
P=3CO0ON, w, =2%,w,=/t,t= 5 mwm

Polycarboma'te ,0=62 MFPec |, €. =110 to IS0,
Xy =7 adegquate?

_ P 3600 N
= = - 45 MF.
= W, t 16 (5) mm® TS MPa

_ GCo _ 2 MR _ 4
a S 45 MPa | 3%
The ralue s a bit low but ~may be surtable
uvder ideal civcumstamces. Note +hat +he
material 15 Quite ductile. <4
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345 Cawntilever beamwa, criyculay cross seec,
L 3 Tt
Gmax = FET 0 L= g (Fps A% A2)

Reguireaments : L, P, U5,,
Gepmeltry: F Mateyria/: =y £
Mimimize: (@) =T r2L p

(b) cost, C,,m
U:rna'x: L 3 + /"Zz 4-PAB )O.s-
azx

=£ Tyt 2T = Vo

3 0.5 _ .
= TLp(EEL VM) ~ £(Req.) £, (Mat'L)

neferr(FE )T 5

For the Table 3./3 -materials, use the
propertres grvem jFo calculate :
(@) farp/’/E; (b) )fzchrnfj/@

@) Material Modulus  Density Massf, Mass
E,GPa p, glom® olE®®  Rank

1020 steel 203 7.9 0.554 7

4340 steel 207 7.9 0.549 6

7075 Al 71 2.7 0.320 3

Ti-6-4 117 4.5 0.416 4

PC 2.4 1.2 0.775 8

Pine 12.3 0.51 0.145 1

GFRP 21 2.0 0.436 5

CFRP 76 1.6 0.184 2
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(315 p.2)
Fime has the /owest mass , and CFRIP

the secomia /owest, <
( b) Material Rel Cost Costf, Cost
Cn Cmp/E®® Rank
1020 steel 1 0.554 2
4340 steel 3 1.647 3
7075 Al 6 1.923 4
Ti-6-4 45  18.721 7
PC 5 3.873 5
Pine 1.5 0.218 1
GFRP 10 4.364 6
CFRP 200  36.707 8

Fime also has +he [owest cosT, but »now
/020 stleel /s secomnd, <

) Ig prme 7s swlabl, /1 /s the clear
Chorce, L+ mol, +hem 7075 Al or

$340 steel mghl be recasom a ble.
4
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3.47 Colummmn with a tubulayr sectiom.

o ':!'ﬁ. A.2((c):

t =0.2n
@ Gry=ritt/z A= 2T AT

aVa

A=2T (in)(o.2r) = 0.447r ?
T=T(lr)2(02Rr)= 0.2662TE"

Regquirements; L, P, X =R, /P
Gepametry: F Materrial ! L, £, (Con)
Mimiemize: m, (cCost)

T*ET
Ek: | 2 )

T2E (0, 2662 Tr*)
Br: XPZ /_2 ,

2/ XPL* )0.5
" Tl p.2¢62T3E

XPLE _\O°
M:O-4‘4‘TLP(O'26521735> — ‘F' ‘Fz'
S
A = [0.3529 L= (%{}E)O ] [’é—g?s]

o .
Mimiomi ze ‘Fp_ ‘“Eéjs ) Cé"';sp

m=ALP =044THL P
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Material Modulus Density Rel Cost Massf, Mass Costf, Cost

E,GPa p,glom’® Cm  PE*® Rank Cnp/E®® Rank
1020 steel 203 7.9 1 0.554 7 0.554 2
4340 steel 207 7.9 3 0.549 6 1.647 3
7075 Al 71 2.7 6 0.320 3 1.923 4
Ti-6-4 117 45 45 0.416 4 18.721 7
PC 2.4 1.2 5 0.775 8 3.873 5
Pine 12.3 0.51 1.5 0.145 1 0.218 1
GFRP 21 2 10 0.436 5 4.364 6
CFRP 76 1.6 200 0.184 2 36.707 8

(@) For the space stationn, light werght

Is parasvont, and Vthe costof +he
meaTerral w:'w,?ar‘l‘am't CFRP is fhe
best chorce, Fime may have dr‘f—f;‘calf}/

Lol th p)qwé; SF weaRkness [ the
maleria/ +hal canr be overipme fi CFRF
by Javrrva )i or wx‘mdf'wj the frbers
skch  Fhat Fhere is ;o weak olame, 4
(b) /7/'042 /'S 90&# 54/)/‘&:2/ as cost s
Mo sompprlanl, LF is o0l conveniently
rade jmte a Fube, pul a box sectiomm
would work T L ro7 due Fo mrossture
or Fhe s/ze OF Fhe coluwmn IS a
/J}fﬂé/é/?f‘m use /020 sTee/, as we.fgﬁ?"

Gdoes mol maller ju Fhe garage case,
| 4
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3.19 /-eaf Sprimg as s/omyple bearmn,

L:O:Sﬂ’)’?/ Z—:é[)/rnwj h=Smmamn , F ol cTr
Made from lpew—alloy (Assume #390) steel.
/?é?a/'}’c?é/. h £ )2 mm R= [ =50 AN/m

AT oz = 30 mmm, X=/%

{CZ) For = 50 RN/, cobich Table 3,13
aterrals grve lighter wexp/xzﬁ?
=
:.;1%-‘2-" T=20"  (Fys A%, Az)
/Te qu/remenls: R=F/v =50 KN
Gvea*mehy; A Mealerial: P, £, (Copn)
Miwrimasze M, (Cost)

= 1/3
b P_ #8EL _ 4Eth ____L/A: )
4 /3 L3 / [2£ ¢

/}44"—“—‘?.4/’1/0 — Zéizéz_/zf)//zp

= [ﬁ (%) /3][5”3 =1 f2

C o
Mmimize 1, = El/z ) ‘E::‘Zsﬁ

From +he tadle (mext page) all but
/020 sTeel would give cc lighter <com-
/9&/71904? put Ti—E~4F cemd CFRP wwould
be very e;z/ae«ms/ye <
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(219, p. 2)

Material Modulus Density Rel Cost Massf, Mass Costf, Cost

E,GPa p,glem’ Cn p/E™ Rank C,p/E'™ Rank
1020 steel 203 7.9 1 1.344 8 1.34 2
4340 steel 207 7.9 3 1.335 7 4.01 4
7075 Al 71 2.7 6 0.652 3 3.91 3
Ti-6-4 117 4.5 45 0.920 6 41.40 7
PC 2.4 1.2 5 0.896 5 4438 5
Pine 12.3 0.51 1.5 0.221 1 0.33 1
GFRP 21 2 10 0.725 4 7.25 6
CFRP 76 1.6 200 0.378 2 75.55 8

(b) AH=L (ﬁ%&)//z For /1020 steel :

'/

50000 N / 3
= 500 Z

/ > 7000 amm  F (203,000 M) (60 7mm)

h = 5,04 mmm (others similarly; see 2wel table)

— 5‘0,@00}\) E 1So0 N
1 OO0 M

Oc Mc ~h i[f.‘__z M:E—’:
X I ' 2> STz 4

(F_jgs, Al A2 and AF) X =14

hW\QT = /Q /‘hao;r

_PLh 12 v 20:th?
X ¥ Zth? SPL

_ 2(260 MR)(60mman ) (5.0% amam) _
X = 3 (I500N) (500 ~mm) =0.352

(for /020 steel ; others srmilary )
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(319, p.3)

Material Strength Depth Safety Comment
c6.,MPa h, mm Fac X

1020 steel 260 5.04 0.35 fails X
4340 steel 1103 5.01 1.48 old design
7075 Al 469 7.16 1.28 fails X
Ti-6-4 1185 6.06 2.32 passes
PC 62 22.14 1.62 fails h
Pine 88 12.84 0.77 failsh, X
GFRP 380 10.74 234  passes
CFRP 930 7.00 243 passes

€y All but Ti-é-4, GFRP, and CFRP
fail due Fo A too farge or X < /4. A/
of fthese jmiolve a cost /mcrease , Oy &
factor of 715/4.01 =18 for GFRP,
amd muth mmore For Fhe other 700,
For GFRP, the wwerght is reduced Ly
o factor of 7.25/1.335 =0.5¢, [ence,
GFR P /s arvewaSonmwble chorce, CFARF
/5 cboul /Ja?/f *ApL we/ﬁéf oFf QFWP)
beCOSfS /OX WI’OVEJ gnd So see s ns
Qg L iRE Sy Aok e, <
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4.5 Fimd: (@) E, (b) Ly amd afier unlpad
For Li= 200 amm, (C) o For B, (4) Lp amg

atter umload,
Jzo: (a) Ng&

: O .| A

1200 O
1000 [ Ai I/(O\02156 199 _ /022 MFa
- \ (000493, 1022) ] 0,.00493

800 [
600 S! // = 207,300 MPC{
400 | / |
7 ¢/

! AlS] 4140 Steel,

200 Epif o 100 ]
- \ §38°C (1000°F) Temper
0 LJi_t L4 ¢ | / i I L | i S ) i Lesid ool i | N W |

o, Stress, MPa

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040
g, Strain

BLa D)= (200 mm)DO0KIZ= O, 986 mm

4
La=Li+ ALy= 200.99 mm <
after umivad, [ =L; = 20000 <

— - _ _ 193 MPg  _
© €= £~ = 0.02156 - T2 = 00153

(b) €4=

A

ALg

() £5= 255

Lg=1L;+4Lg= 2043/ mm <4
After umload: AlL,=L; £5p=(200)00158| = 3,6

vl

L,=L;+ AL, = 203,16 mm <

AL g =(200)0.02156 = 4.3] mm
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4.6 Tensrom fest oy 6061-T6 Al,
Fimd E, 0.2% Gu, Oy, 100 €., G KA. d;y =998,

d.F - 6} 2— 5 UiaMzd
g, Strain (Curve 2), %

0 2 4 6 8 10 12 14 16
350 LI | s LI LI i T T ’ L LI T LI DL
—e-=__"0u=323 MPa| 4 .
300 = —— = .
/ ‘ \ (hrghes
550 Curve 2 / 7| O5= 01 MR N ¢ ‘ q-.l.. b
g 1/ €« 5| in table)
= 200 / Yy
) / / Frac'ture
£ 150 Initial Data, Curve 1 f
s [ |
© 100 ]
/ // 6061-T6 Alumilgum
50 i

0.0 02 04 06 0.8 1.0 1.2 1.4\ 1.8
g, Strain (Curve 1), % EF{ (top Sca}e)

E=71,550 MPa (fit y=cx,0=0 to 199 MFE)
E¢q =/008, = 19.59 = 14.6 7, (at fracture) 4

— __U:fm_ _223[\4PQ — 0. (428
fos= ErTE = O AT e O

100 Epc = |43 % (atter fracture) <

di?—d¢ 9.49%-625% mm’
.%RPV:&/OO 0.2 = /00 G452 o

%RA: 56,570 4
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4.7 Tension test omgray cast lrom. (4
Find £,,02% G, Ty, /00 E¢, BRA, df=8.57,
cly = 8,49 mm. (b) Compare 10 duyctr)e romn,

250
- ¥ | O, = 0;= 240 MFa
C £ .F
200 [ ! /"/O/O/o" /{' (€ racture pt.)
© - " /=) / <4
%..150 E Etﬂ/fo'a:/7cf' Mla 4 /
8 b 14 /
a"‘)’ 100 : j{/ / /'
6 ' / )\
%0 ; / Gray Caét Ironm'
N | . A
0.000 0.002 0.004 0.006 0.008/0.010 0.012
g, Strain épf
Ey=hoaiag = 97,700 Mz (15t data pt) 4
Egq= 1008, = 173 =//7% (at fracture) <
Epr = € ___@5___ 0.01/73~ ££0 Mra__ _ 0, 004927
HETE 97 700 Mi%
/005/07(-—— 0939 (after fracture) 4

d’z—d‘a 2
27 RA= o P c 857 847
Z /0 2 /00 == =/ 867 4

(p) 7 4e E Oz, amnd O, are Com_s'/a/gk&/é/y Joeee i Fhem
For the ductife jrom, amd ductr/ity, /008, ard
G RA , are ctrastrcally locwer. TAH/S /s @ue T2
The Graphrte £lakes actimg as CracRsimgray
(VON, Whith does mal occur for ductrie 1yam,
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410 Tonrsson tfeston JOIS—TESY

Al ap = 7.07
E.FJ %/?A'.

Fit First 5
data pts, by
leasT squares,

de =778 mm. Fimd £,05,0,, /00

700
600 | QOB‘-:EZS’ MPc 4

© 500 | T

S ,/

; 400 /

% 300 | / e

v 200 i ’0'=68,675£ £ = 67 GFCL
100 Z/ 2 7075-T651 Al— <

N AV R I B

0.000 (‘ 0.004 0.008 0.012 0.016 0.020

0.002 g, Strain
700 ] =
600 | 2 5.—?7:/\1{0'4 At Lracture
© 500 {o fracture| |00 %F = |5.3%
%_ 400 ) CJ:,_ =517 MFPa <4
@ 200 J Acter frac.
(g‘ 200 J fUOfPJ = 4.5
i 7075-T651 Al 4
100
0 [ | L2t i
0.00 0.02 0.04 006 008 010 0.12 0.14 (.16
g, Strain

After fracture: €,0= €. -~ /E
Epg= 01533-571/68,675 = 0./450

_ di*- d;* 9.07*-778
% RA= /00 e = /00 ~=5—

2

=2647% 4
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413 Temsiom test om PC, 0—¢ clata pa;mtg
+o resmoval of extemsometey

Tmitial s we=12.54,t;= 2,00, Li=50 mm
After fracture, we=1009,+,=137 L,=85.5
Fractuve at 1466 RN mm
Fimd! £, 9oy, Tu, W0 Ee , L RA

g, Strain (Curve 2), % E '76 Mp
0 15 30 45 60 75 O:OBO
e e U W A Sra
[ Gpu = Oy = 6.3.3MPa /f“\(iOﬁG) E.=2530
| 4/ M P <

60 ;/Q | ! // 1 ,, .
- V&I Data, Curve 2 | ?
I ! ' | 1y O, =
40 ‘ T -Remove — : £7C — T 1254x2.00

1]
% fracture (466 N
2 S , |
b} ;
= Extensometer ; i m2
U;' / | ! m
| {
,;M.u._, - ; S [ f e G‘.f_ _..._5'8 5
nitial Data, Curve 1 | | I M Pa
. g i . Polycarbonate !
O ] L 1 I3 : 1 L J. 1 i L 1 1 1 i 1 1 L L ' L 1 L 'F_\
0 1 2 3 4 5 ép{ (fop scale)

g, Strain (Curve 1), %

AL§ (855 =50) mm _ -

Estimate a{: Sracture value ) meglec‘t recoverys
5%.5 MPa _ o35

£ Eps + E =91+ Ssomm =

|00 E{‘ ~ 732 3 7o 4 (extemd plot above to €c,9%)
— - Wetg 12,54 % 2,00 - 1009%X\.37

TRA 100= \2.54 % 2,00 0O

WL'L

=44.99, <
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4.14
For given stress-strain data from a tension test on PMMA polymer,
determiqu, G, » Oy » 1008f, and %RA . = G 00 Mfa
80 j ! ' O-___G- 'E‘_ 0:0024"
_ PMMA Polymer « 'I‘:‘ract'ﬁre
oK (1st data pt)
s %0 < /)] |
s Et':/'"’ LT E,= 3730
g 40 , / MPa <4
£ G, =38 Mz 4
S oo / (0.2 9} offset)
I //
20,002
0‘//?’.{.././.
0.000 0.010 T 0.020 0.030 0.040
EP{. g, Strain
, MPa , %
S RE— ¢, =0.0319, 1006, =319% <
9.00 0.241 f
17.20  0.490 O 66.3 MPa
248  0.733 Eog = C{. T—==0.0314—
323  0.995 " E 3730 MFa
38.7 1.239
446 1487 Epf = OO [ 100E,c= 141 % <
49.5 1.729
53.7 1.960
577 223 T KAXO (s omerl]) <
606 246 (No width, thickmess chamge was
63.3 2.75
649 295 £foumd.)
663« 319 Oy =66.3 MR <«
(Final point is fracture)

Yield stremgth value is very semsitive +o
- Yhe offsel value arbityarily chose»,
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4.21 Temsiom Test om 7075-T65) AL
(@) Cale, & ¢ up to Sy, plet withovs <,
(b) Calc. &, , plot T vs £, om log-log, €t E‘f“:—Hg;

Engr Engr Engr True True True Plastic

Stress  Strain Strain Stress  Strain Strain
o, MPa ¢ % g
0 0 0 0 0 0
112 0.165 0.00165 112  0.00165 0
222 0.322 0.00322 222  0.00321 0
326 0474 0.00474 326  0.00473 0
415 0.605 0.00605 415  0.00603 0

473 0.703  0.00703 473  0.00701 0.00012
505 0.797  0.00797 505 0.00794 0.00058
527 0.953 0.00953 527 0.00948 0.00181 4
542 1209 0.01209 542 0.01202  0.00413
551 1.498 0.01498 551 0.01487 0.00685
557 1.819  0.01819 557  0.01803 0.00992
563 230 00230 576 00227  0.01435 £it
577 4.02 0.0402 600 0.0394 0.0307
587 5.98 0.0598 622 0.0581 0.0490
593 8.02 0.0802 641 0.0771 0.0678
596 9.52 0.0952 653 0.0909 0.0814
597 10.97 0.1097 662 0.1041 0.0944
597 12.50 0.1250
591 13.90 0.1390
571 16.33 0.1533
(Final paint is fracture)

[From Frob, 4./10! 0, =528 MPe, £, =0.0097,
2£,=0,0194, Below +his, use &=0a:

Table gives calculatioms, plots onmext page,
O =0U+Te) for £>2¢,, &= ln (1+€)
Least squares poweayr egm, £it om log~log
pPlot gives =747 MPa, n= 00597 <
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(4.21, p.2)

700
_ I 0
600 Bﬁgﬁ P DN
500
C(Lu R
= 400 4
) - 4 —O=—enginering
@ 300 ot
& J rue
200
100 7075-T651 Aluminum
0 1. H L L 1 1 L L ] 1L 1 i ) L 1 ] : L L k. L Xk 1
0.00 0.02 0.04 0.06 0.08 0.10 012 0.14 0.16
Strain
1000
g Qoo | T[]
= y = 749.41x>95
2 4
7]
[
2
}..
7075-T651 Aluminum
| I
100 L L]
0.001 0.010 0.100

True Plastic Strain
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4.22 For tevmsion test om Mam~-Tewn steel,

with d; = 6.32 mm; (&) Fimd E,C,, Tu, 7% RA
(b) De’rermime, ol p’Ot a, g) also &3 j -F:'Mﬁf
O—{-B CC) Calculate EP and €it 073 = H EP .

o Flot b

500 | ©=211,876e Man-Ten Steel © Egimming
& ' of data.
S 400 | \ B
g 300 <_ 0 Lgasf squares
@ 200 o, = 317 MPa fitof first &
" 100 | Pts. gives.

E = 2”/ CIOD MPC(

0
0000 0003 0006 0008 o012 £ =219 GFPx

g, Strain 4
Take highest T in table tobe 0y =576 MF’C:.4

o iy, P 6.32%- 350"
KA = O =& ft . =
7 R T = 100 220 = 613%

(b) Calculate &, & as below | vralues jan table,
6“‘--0‘ for EL2€,= 0,007
6 = O(l+eg) for £>2¢, where d umknocom

0 = !%_ O‘(--—) where d Romprom
g =In(1+ where d umRvowm
&=l —’2—— = (d‘ where d Rmowm

Note that G=0(1t€) amd £=In(i+&) used < T)

P ™
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