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SIMPLE STRESS AND STRAIN
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Where,
p o =stress in N/mm?
Stress(c) 7 =7 P=Load in N
A=Area in mm?
Where,
Strain (e) e = E € =strain
L AL= Change in length or elongation in mm
L=Original length or gauge length in mm
Where,
o E= Youngs modulus or modulus of elasticity in
Youngs modulus(E) E=- N/mm?
€ o =stress in N/mm?
e =strain
Where,
ou ou =Ultimate stress in N/mm?
Factor of safety(FoS) FOS = - & =Working stress in N/mm?
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Where,
, A=area in mm?
A=mn/4Xxd D= Major diameter or outer diameter in mm
A=m/4x (D’°-d? d= Minor diameter or inner diameter in mm
Area(A) A=p %X t b= breadth or wide in mm
t= Thickness in mm
UTM (TENSILE TEST)
P Where,
ield Stress(ay) oy =2 S
A A=Area in mm?
Pu Where,
Ultimate Stress(cu) ou =— O Dltmate toaime
A A=Area in mm?
Pb Where,
Breaking Stress(cB) 0B = — O e o™
A A=Area in mm?
(LF LI) Where,
% of Elongation (%AL) %AL = — x 100 k:lini?izll llzr:]ggttr;1 inmm
Where,
. —a A= itial . 2
% of Reduction area (%AA) %AA = X 100 a= LT:;T ;rr:; (;: :::; of neck in mm?
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VOLUMETRIC STRAIN

Where,

€v = VVolumetric strain

Volumetricstrain | €V = AV/V AV= Change in volume in mm

3

e . =0rigi i 3
(ev) = elinx (1 -2 x 1/m) V=0riginal volume in mm
1/m = Poisson’s ratio
€lin= Linear strain
Where,
A= Area in mm2
Volume (V) V=AXL L= Length in mm
Where,
Poisson’s ratio 1 _ T €Lat= Linear strain
(1/m) /m = elLat / elin €Lin= Linear strain or Longitudinal
strain
Where,

Ad= Change in diameter in mm
d= Original diameter in mm
eLat = Ad/d (or) Ab/b (or) At/t Ab = Change in breadth or width

in mm

Lateral strain
(ELat)

b= Original breadth or width

In mm
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At = Change in thickness in
mm
t = Original thickness in mm
Where,
AL= Change in length or elongation
Linear strain (ELin) eLin = AL/L inmm
L=COriginal length or gauge length
in mm
ELASTIC CONSTANTS (E,G &K)

Young’s modulus (E) Bulk modulus (K) Rigidity modulus (C or N or G)

o od oS

e el/ esS

Where, Where, Where,
E= Youngs modulus or K= Bulk modulus or in C=N=G=Modulus of rigidity or
modulus of elasticity in N/mm? | N/mm? shear modulus in N/mm?
c =stress in N/mm? od = Direct stress in es= Shear strain
e =strain N/mm?
ev = Volumetric strain
Relationship between E,G,K
E=2Gx(1+1/m)
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E=3Kx(1—2x1/m)
E = 9KG / (3K + G)

OMPOSITE BAR

Where,
P=Total load acting on the composite in N
P- P1+ P2 o1=Stress induced in Material -1
_ o2=Stress induced in Material -2
P= 01A1+ G2A2 A:= Mareial-1 cross sectional area in mm?
A,= Mareial-2 cross sectional area in mm?

Condition (i)

Where,

1 7 o1=Stress induced in Material -1
.- .. el =e — : ] -

Condition (ii) c2=Stress induced in Material -2

O'l/E]_: O'Z/EZ E1= Young’s modulus of Material -1
E>= Young’s modulus of Material -2
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SHEAR FORCE AND BENDING MOMENT DIAGRAM

DIAGRAM SHORT CUT (SFD AND BMD)

LOAD SFD BMD
Point Horizontal Inclination
U.D.L Inclination Parabola
UV.L Parabola Parabola
CALCULATIONS (SFC AND BMC)
BEAM LOAD SFC BMC
Cantilever, Simply :
supported Point W WX D
Cantilever, Simply
supported UD.L WxD WxDx(D/2+G)
1 1
—XbhX|=Xd+ G
2 3
Cantilever, Simply Or
supported UVvi 1/ 2bh 1 9
E><bh><(§><al+(;)

Where, W= Load in N or KN, D= Distance in m or mm, G= Gap in mor mm
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THEORY OF SIMPLE BENDING

Bending equation

Where,

M=Bending moment or moment of resistance in

N-mm

I= Moment of in inertia in mm?

Gp = Bending stress in N/mm?
y= Distance in mm
E= Youngs modulus or modulus of elasticity in

N/mm?

R= Radius of curvature in mm

BEAM LOAD BENDING MOMENT (M)
Cantilever Point WL
Cantilever U.D.L WL?
2
Simply supported Point ﬂ
4
Simply supported U.D.L WL?
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BEAM SECTION MOMENT OF INERTIA (1) DIS_I;SNCE MODSlJEEJ;C()§=|/y))
Solid circular % X d"4 d/2 n/32xd?
T
Hollow circular a1 % (D4 — d"4) D/2 n/32x(D*-d*)/D
N
Rectangular bd"3 d/2 bd?/6
1/\2
Square or cube at4 al2 a’/6

12
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TORSION

Torsional Equation

T/J=fs/ R=C6/L

Where,
T=Torque or twisting moment in N-mm
J= Polar Moment of in inertia in mm?*
fs = Shear stress in N/mm?
R= Radius in mm
C=N=G=Modulus of rigidity or shear
modulus in N/mm?
0= Angle of twist in radians
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Where,
P= Power in Watts

Power(P) P=27NT/(60%10°) T=Torque or twisting moment in N-mm
N=Speed in Rpm
0= Angle of twist in radians
Where,
T=n/16xfxd? T=Torque or twisting moment in N-mm
For solid shaft fs = Shear stress in N/mm?
d= Diameter in mm
Torque(T) Where,

T=n/16xf;x(D* d*/D)
For Hollow shaft

T=Torque or twisting moment in N-mm
fs = Shear stress in N/mm?
D=Major diameter in mm
d= Minor Diameter in mm

Polar moment

J=m/32xd*
For solid shaft

Where,
J=Polar moment of inertia moment in N-mm
d= Diameter in mm

of inertia Where,
(J) J=n/32x(D*-d*) J=Polar moment of inertia moment in N-mm
For Hollow shaft D=Major diameter in mm
d= Diameter in mm
. R=d/2 For solid shaft |Where,
Radius (R) d= Diameter in mm

R=D/2 For Hollow
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D=Major diameter in mm

GEOMETRICAL SECTIONS

Where,
a1 = Section 1 area in mm?
— alx1l + a2x2 + a3x3 a2 = Section 2 area in mm?
X = as = Section 3 area in mm?
al + a2 + a3
Centroid
7 alyl + a2y2 + a3y3

al + a2 + a3

Li=b1d1%/12+ b2d23/12+ bsds®/12+a1x(F-y1) 2+ a2x(V-Y2)*+ asx(y-Ys)?
Moment of inertia
lyy=d1b:1®/12+ d2b23/12+ dsbs3/12+a1x(X-X1)?+ a2x( X-X2)?+ asx( X-X3)?

Kox — Ixx

XX = A
Radius of gyration Iyy
oy=a

A=al+ a2+ a3
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Cylinder and spherical shells

Cylindrical shell

Hoop stress or Circumferential Pd
ol =—
stress (61) 4t
Pd
Longitudinal Stress (c>) o2 = T
Pd
Maximum shear stress(t) T= Br

Circumferential strain (e1)

el

= — X

_Ad_al ( 1
~d E

2

1——x—

n

Longitudinal strain (ez)

)

Volumetric Strain(ev)

AL o1 1 1
"1 F (E_E

AV
ev=7=82+2€1

V=AXL

A=m/4xd?

Where,

P= Internal Pressure in N/mm?
d= Internal diameter in mm
t=Thickness of the cylinder in mm
Ad= Change in diameter in mm
AL= Change in length in mm

E= Young’s modulus in N/mm?

1/m= Poisson’s ratio
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Spherical shell

Hoop stress or Circumferential Pd
ol =—
stress (1) 4t
. . . Ad o1 1
Circumferential strain (e1) el=—=—x (1 — _)
d m
_ _ AV = 3el xV
Volumetric Strain(ey)
V=m/6xd"3

Where,

P= Internal Pressure in N/mm?
d= Internal diameter in mm
t=Thickness of the cylinder in mm
Ad= Change in diameter in mm
E= Young’s modulus in N/mm?

1/m= Poisson’s ratio




Slope and deflection of the beam
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Double integration method

Beam Load Slope (0) Deflection (y)
Cantilever |Point load at free end WLz wiL?3
2E1 3EI
Cantilever |Point load apart from Wa? 3 2
fixed and free end 2FE1I Wa + Wa X (L—a)
3EI 2E1
Cantilever |UDL distributed at entire WL3 wiL*
length 6EI 8EI
Cantilever |UDL distributed from Wa3 Wa* WwWa?
fixed end to “a” distance 6EI 8EI t 6EI x (L—a)
Simply Point load at mid span WL? wiL3
supported 16EI A8EI
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Simply
Supported

UDL distributed at entire wiL3
length 24EI

S5WL*
384EI




