OAD & STKESS ANALYSIS
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; EQUIL\BR\UM .
A SYSTEM \S IN EQU\LIBR(IUM (F (T \S
» MOTIONLESS OR, AT MmosST, HAS CONSTANT
VELOCITY SUCH THAT THERE s ZERO
. ACCELERATION. THEN, THE Sum OF
SYSTEM ' FORCES AND MOMENTS ACTING ON THE
' S‘{STEM eALANCE SUCH THAT | 2F=0 §2ZM=0-
THE WORD SYSTEM WILL BE - — SE———————

USED TO DENOTE ANY ISOUATED | 7
PART OR PORTION OF A FREE BopY DIAGRAM (FBD)
MACHINE OR STRUCTURE AT | A FBD 15 A GRAPHICAL REPRESENTATION
WE wisH TO STUDY, | USED TO VISUALIZE THE FORCES & MBOMENTS
o * __ACTING oN A S‘{STEM
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LETS (ONSIDER THE BEAM BELOW,& TAKE A CUT AT x, °

b !F‘ I; ‘LFB | gt v
. B > X —-b: M (N=O ASTHERE
L——x‘—-a] f e~ x, 9| 2 ARE NO AMAL
R, Ry R, LOADS APPLIED)

THE INTERNAL SHEAR FORCE (V) AND BENDING MOMENT (M) MUST
ACT ON THE CuT SURFACE To £NSURE EQUILIBR|UM.
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NOW, LETS CONSIDER A REAM WITH AN ARBITRARY DISTRIBUTED
LOADNOTE THAT gq(x) IS CAUED THE LDAD INTENSITY.
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EXAMPLE : DRAW SHEAR & MOMENT DIAGRAMS FOR THE CANTILEVER &AM
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C
A COMPLETE STATE OF STRESS (S DEFINED BY NINE STRESS
COMPONENTS, Ox, 6y, 02, Txy, Tyz ) Uyx, Cyz, Lzx, onel T, 2y

IN MOST CASES (WHEN ANGULAR MOMENTUM 1S CONSERVED),
“CROSS-SHERRS" ARE EQVAL. %T o
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A STATE OF PLANE sm{;ss OCCURS-WHEN STRESSES ON ONE
SURFACE ARE ZERO, AS SHOWN BELOW.
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NOW, LETS TAKE A CUT THROVGH THE ELEMENT ABOVE AT
AN ANGLE () AND ApplY EQUILIBRIVM (SimILAR TO HOwW WE DID
WHEN CUTTING THROUGH ABEAM).
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THESE ARE CALLED THE PLANE—STRESS TRANSFORMM\DN E&NS
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Sticky Note
define normal and shear stress components


DIFFERENTIATING THE PLANE-STRESS TRANSFORMATION EQNS wiTH
RESPECT TO ¢ AND SETTING THE RESULT EQUAL 10 O MAXIMIZES 4T

AND GIVES :
WHICH CAN BE

REW AS . 6x~OCy _. - =
Q’\Ng")?l@mglﬁ?: 2Ty R\TTEN AS: _"_i—ﬁstqbp 'C,ZCOSZQIJP O

| =
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7 whew N BE =77=0
MAnmle _O0x =0y ReWRITTEN AS® . ~ _&
Jranf=- 1Tx > e, * Ty Sin265 =
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THIS MEANS THAT WHEN & IS MAXIMIZED, T =0, AND WHEN T (S
MAXIMIZED, O IS THE AVERAGE OF Gx AND GOy .

SUBSTITUTING ANGLES quP AND 2¢s INTO THE PLANE STRESS TRANSFORM.
EQANS YIELOS OUR PR\NGPAL STRESSES c, AND crz

5—”@ 5&;5 +J(0"‘__2) 4.1:1}

AND THE EXTREME VALUE SHE—AR STRE&SES T, AND Ta.

\ ‘U.,Tf - *\/'U_x_j)+n;

IN THE KITCHEN,
» CLOCK 1S ABOVE

’ » COUNTER |S BELOW
¢, (To HELY REMEMBER T
IS POS\TWVE AND TW(S
NECATIVE)
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l:XPrMPLE CoNSIDER A DOGBONE TENSILE SAMPLE SUBJECTED TO AN AXIAL
LOAD F=10,000N. THE SAMPLE IS (Omm WIDE AND S5mm THICK
AT ITS SMALLEST CROSS-SECTION.

USE MOHR'S CIRCLE TD DETERMINE THE PRINCIPAL STRESSES
E AND MAXIMUM SHEAR STRESS.

F 10000 N

Gy A T (ome)(5™)
5'%= 200 MPa
03 =0

G (M)

(100,100
T (e

WhY THIS MATTERS : DUCTILE MATERIALS FAIL IN SHEAR (TYPCALLY),
WHILE BRITTLE MATERIALS TYPICALLY FAIL DUE
TO MAXTMUM PRINCIPAL STRESSES.

NOW, LET'S SAY OUR LOSS-OF ~FUNCTION STRESS IS
200 MPa. THEWN, (F QUR DOGBONE 1S MADE OVT OF
A DUCTILE MATERIAL, OUR SAFETY FACTOR \S:

__ 200 MPa

® =00 Mg 2.
WHILE (FIT & MADE OUT OF A BRITTLE MATERIAL,

n= %ﬂ%’l =1.0 CFA\LVRE PRCDlCTED)
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