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Concept of Stress (22| I E)
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HHEH= A=

O =2 -d

The main objective of the study of the mechanics of materials is to provide
the future engineer with the means of analyzing and designing various
machines and load bearing structures.

= 2= 2H2r oA AMllle S5 & B2 AL

2. 0l HllA=S82 HE 200

Both the analysis and design of a given structure involve the determination

of stresses and deformations. This chapter is devoted to the concept of
stress.
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Review of Statics

« 30kN 2l ots= XA = U=
2= 2
» The structure is designed to support a
30 kN load

o ANABUAM EF 2242 AL =
2

SOl =S ZHa| 9l
X o1 8k g Ad
O /1 T -

o = 20 mm

» The structure consists of a boom and
rod joined by pins (zero moment
| connections) at the junctions and

50 mm 3 -':‘ J‘E B Su ppOI‘tS
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NE= XX (20 E=0
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|
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|

SO0 mm

30 kN

» Perform a static analysis to determine
the internal force in each structural
member and the reaction forces at the
supports
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Component Free—Body Diagram (A}
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Method of Joints (2& Y, XQIEH)

« =(boom)t S(rod)2 2HETH, = FTHE
STl 20l S Xl & BlS 2D US

e WHAMEIE 0|F)| HlAM= a2 BtEA| &2
A A A0S =0 BaHoz FI|JF &)
Srak2 B 2 & Ztions

. HE(ZOIE)NAE Blo MABES 0|RE
HEOI HEXAS D=

30 kN
B Fag —40kN  Fgc =50kN
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== 30kN 2| 3t=2 ESHH KX
?

o F.g = 40 KN (compression)

3
oo = 0= 20N 59 Mpa

A 314x10%m?

’\ o= . AUT(steeN2 W2 SHOZ2EH sl
Na

aall =165 MPa
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Design (& Hl)

e NE0|26mm 2l &=[0|s20| &

M2 RESS #Ho)| SlahME 852
SEEAIDID| 918t RAE | X|4o B3
HEES Se

dHd, FH, 7Ed 52 Jdotd £=F0ls
0

= (o= 100 MPa)S & &,
XE2 A0t}

J
]
Qﬂ
J
-0

P P  50x10°N
Oal = A= =

A oal 100x10°Pa

—500x10"%m?

d: =

T

-6 .2
4A \/4(500xl0 m ):2,52x10-2m:25.2mm
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o THHO| & O] 2 & (force intensity) S
=& S (normal stress)2 £ &2l &,

o= lim F o P
ﬂ\rr AA—>0 AA WA
« SHEH &=ole s SE=2 E2S8UUSE =
o o] O |.28:|_=,’_HO| StSo El.g Al 0=
m M — O T L — = O &2 —
P=oaeA=[dF = [odA
& A
fl’h o NIE& 0l S & & E(detailed distribution of stress)=
i £ & & (statically indeterminate )OI, =
l,,. " I,,. I... dastidoz 28s = QlE

{a) () () (el)
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HAG
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force) Jt 2 % E(moment)0fl 215t Z2 &
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2ot E 2D HEE Ot

(e1) (b
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et PP = S AB 0| &

3t Sk (transversely)

"’ . B PO} P
oz &g
B
s MAS0ol= Uig2 &H Cll #Z0tH 0|2
& &2 (shearing forces) Ol 2t &F.
P o HO| XMHE =P 2t S
I}l
‘ . l & Al Sl HANCIS 2
i oool'; O LL_ L - O M
P
‘. Tave—x
I]‘
(a) e MESEH2 2 EHN M= H(zero)0| O,
\ - g2 B E0 &8N M 2 30 E
| o
v‘ e MHSEEL=ALoCHD JIEE £
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Shearing Stress Examples

2 M CH(Single Shear) 0| = & &H(Double Shear)

. _P_F
ave A 2A

F
A

>|T

Tave =
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Stress Analysis & Design Example (S=&oi& 2 & H Ol XI)

y l’ >/ o =25 mm

20 mm ¢ ? —$— % 9—' _?_ XH 9|-
Klatend TOP VIEW OF ROD BC AL A S5 = H A

o = 20 mm

600
T PRONT VIEW 7

« ZH HHL=FH
F.,g = 40 kN (compression)
Fsc = 50 kN (tension)

o =20 mm _
o =325 mm

_5 T S ¢ AB 2 BCUIA

AXl=ed 2 O 9
T T O Ty

IS0 N &S D)

L O M

N&SE= Aol OF &.

g 500 mm
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d 25 mm

.m]\% 50 kN \ o CO.”A_I _U_| O] %:!8 % BCO-“ 9' 6H j|-6HI._|
' it s

ol

ABOIl 2o Jtol & & 1t
o = 25 mm % OEI 61_ g % E Ol I-l Cl- (dOUbIe Shear)
i AHEH €
o o
: D! i 3 {0 kN
F, : & P e—- TA ave - E 20 kN = 407 MPa
" A 491x107°m?
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sF 5 =20kN

| e BOIA ZIS I 2 ML
AN Yol B2

Pin B § Q= 15kN
.LU'— Fy = 50 kN PE=15kN
. Ps = 25kN (largest)
. 4STHE BE MES2A2 HAGHE,
P, 25kN

LQ = 15kN TB,ave = S = — 5 —20.9MPa

" A 491x10"°m
()

Llrm = 20 kN

l‘(_]n = 15 kN

el
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« @ AB2 AlIA NISE= A& (t=30mm,
d =25 mm)

P 40kN
=—= = 53.3MPa
b T (30mm)(25mm)

« B2l AGIA KI2ZS=E A&t (t=2(25 mm) =50
mm, d = 25 mm)

= ] o= = AKN 5 oMPa
25 mm > td ~ (50mm)25mm)

d = 25 mm
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Stress in Two Force Members (22212 =)
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Stress on an Obligque Plane (ZAIEHO 224)

N

(et)

4—1[l I T-r P

(b)

STHOIA XD 29 S 0|2
B0 N o) S

S PEIMBN=EEELN
HEHdZ2Z =ol

o= F Pcosé P 0s2 0
~ A
& Ase
T= Xg— Alj)sme = P sin@dcos@
/056?
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Maximum Stresses

- g g - BHES SN EEE
{a) Axial loading o= ECOSZ 0 1= isin 0cosd
Ao Ao
l/" 2 2 i, = FiA, o = =
d—» o XA SE 2 & X H(reference plane) 0| & M
=0l 220l A0
() Stresses lor #=0
R 5 Ny P '
: . o' = Ffadda O_m:_ r =O
| A Ao
N 7= PR2A, _ =
: | e ZIHMHSE2 2 S0l +45° 0l Al 2A
(e) Stresses for # = 45°
r = PI2A,
| \ m =—-—sIn45¢c0s45=—=0"'
3 o'=PRA,

(el) Stresses for @ = —45°
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State of Stress

1

—— T_if.‘t' AA

t—— (] ——

[ o, AA

SHIEExyz S0l BYOR Bore
AUl 8. == 0|=)] oA E0[X|
H2H0AN= I &0 BHIHE S
SS0&HEESE 00
S380 2lst &2 B = 0|=I| 2l
Ct= A2H = BHSof0F &

ZszZF :ZFZZO

Txy = Tyx
similarly, 7y, =7, and 7y, =174

o &l == &t (complete state of stress)=
62 SESd=E= 2= .
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Factor of Safety (2t& H =)

HIZ29 2L I HESS
M & 2| 2ot & (ultimate

FS = Factor of safety

Fs - Ou _ ultimate stress
oy allowablestress
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| 2 B = AJes
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SNt XKlote S5

=% 2 =M 2 S(risk to life and
property)

JIH IS 2l G ek(influence on
machine function)
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