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Basic Stress Equations

Centroid of Centroid of
Cross Section Cross Section

Internal Reactions:

. Shear Forces Bending Moments
6 Maximum (t) (s)
(3 Force Components
& 3 Moment Components) X X
P\Z T\Z
Normal Force Torsional Moment
(s) or Torque (t)
Force Components Moment Components
Normal Force:
wCut Surface” = S S = E ® Uniform over the entire cross section.
Sz A ® Axial force must go through centroid.
Axial Force
Axial Str
Shear Forces.
Cross Section Point of interest

LINE perpendicular to V through point of interest

"y" Shear Force -

QN

b = Length of LINE on the cross section

A4 = Areaon oneside of the LINE

t Centroid of entire cross section
X" Shear Force - Centroid of area on one side of the LINE
x> t | = Areamoment of inertia of entire cross section

about an axis pependicular to V.

N

y = distance between the two centroids

¢ = VAAL)
| X
Note: The maximum shear stress for common cross sections are:
Cross Section: Cross Section:
Rectangular: trex = J2%V/A Solid Circular: t e =4/3%V/A
I-Beam or Thin-walled
H-Beam: flangdf—web| tmax = V/Aweb tube: t e = 2XV/A
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Torgueor Torsional Moment:

Solid Circular or Tubular Cross Section:

r = Distance from shaft axisto point of interest
) ' Tx R = Shaft Radius
"Cut Surface’ — t =—— | D = Shaft Diameter
T J p0* _pR*
t —_—

Torque J= 2 > for solid circular shafts
— 1657 o p>(Do4- Di4)
t max —F for solid circular shafts J= for hollow shafts
P 32
16XT D,
tmax = 2 ) for hollow shafts
p Do - Di
Rectangular Cross Section:
y t, Cross Section:
- = b
"Cut Surface” Note:
:> a a>b
z
Torque Torsional Stress
Method 1.
tax =11 = T>(1<">>a+1.8><b)/(a2 >b2) ONLY appliesto the center of the longest side
Method 2:
o= T a/b aj a,
12~ 2 10 .208 .208
21220 15 231 269
2.0 .246 .309
Use the appropriate a from the table 28 gg; g?g
on the right to get the shear stress at 6.0 '299 '402
either position 1 or 2. : : .
8.0 307 414
10.0 313 421
¥ .333

Other Cross Sections:
Treated in advanced courses.



Basic Stress Equations

Bending M oment

"x" Bending Moment

"y" Bending Moment

X 3
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M, X
MY and s =
» ly

where: My and M, are moments about indicated axes
y and x are perpendicular from indicated axes
Ix and |y, are moments of inertia about indicated axes

s
Moments of Inertia:
_ 3 4 4
| I 2% his perpendicular to axis (‘: I‘? 1 = p-D = PR
© 12 64 4
h - 2 _
z= 12 b0 ;-1 _p0° _ pR
c 6 c 32 4
Paralld Axis Theorem:
,,,,,,, New axis | = Moment of inertia about new axis
d Area, A - 2 | = Moment of inertia about the centroidal axis
""""""""" . I = 1+Ad A = Areaof the region
centroid d = perpendicular distance between the two axes.
Maximum Bending Stress Equations:
M >xc M 32>XM . 6
s = = =21 S mex = ——=  (Solid Circular) =—— (Rectangular)
mex | Z pD° T

The section modulus, Z, can be found in many tables of properties of common cross sections (i.e., I-beams,

channels, angleiron, etc.).

Bending Stress Equation Based on Known Radius of Curvature of Bend. I .

The beam is assumed to be initially straight. The applied moment, M, causes the beam to assume a radius of

curvature, r .
Before:

After:

S:E)l
r

E = Modulus of elasticity of the beam material

y = Perpendicular distance from the centroidal axis to the
point of interest (samey as with bending of a
straight beam with My,).

r =radius of curvature to centroid of cross section



Basic Stress Equations

Bending Moment in Curved Beam:
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Geometry:
nonlinear So . centroid
stress centroidal
distribution axis % / Y _ A A = cross sectional area
e ] | ="
T . T J‘ dA rp = radius to neutral axis
S, . I TT I "o area T =radiusto centroidal axis
neutral axis ‘n Ti rr e=T-r, e = eccentricity
+
k/ M
Stresses:
Any Position: I nside (maximum magnitude): Outside:
. -Mxy _ Mx _-Mx,
S=—— S; = So =
eXAXr, +y) A X, XA X,
Area Propertiesfor Various Cross Sections.
: _ | dA
Cross Section § aea 1 A
Rectangle
T
al i txin| fe h
‘t Ty ‘ X
rO
Trapezoid
— Yt —F t: +t
-r q\* Ctitty) | g -+t i gl o hxl—°
t; to o r 2
" For triangle:
i settjorty 100
lo
Hollow Circle
— T a
i _ _ 2 2
=T W T 2>‘p|:\/l’2-b2-\/l’2-az:| p>(a-b)
b




Basic Stress Equations Dr. D. B. Wallace

Bending Moment in Curved Beam (Inside/Outside Stresses):

Stresses for the inside and outside fibers of a curved beam in pure bending can be )
approximated from the straight beam equation as modified by an appropriate Centroidal
curvature factor as determined from the graph below [i refersto theinside, and o Axis
refers to the outside]. The curvature factor magnitude depends on the amount of
curvature (determined by the ratio r/c) and the cross section shape. r isthe radius
of curvature of the beam centroidal axis, and c is the distance from the centroidal
axisto the inside fiber.

ES
Inside Fiber: Si = K XI_ M

Outside Fiber: So= Kogx—

4.0 | | | |
1 | Vauesof Kj forinside fiber asatA
3st—F—— I —+—  _
: UorT
3.0- |
Curvature 25: Roun‘d or Ellletlcd
Factor - ]
1 Trapezoidal T
5 b/6
20 B
K. ] | or hollow rectangular
I ]
1.5
1.0 p—r—————— —
K i - | or hollow rectangular
o] 0.5+ —UorT | |
b Round, Elliptical or Trapezoidal | | Valuesof K¢ for outside fiber asatB
07\\\\l\\\\i\\\\i\\\\i\\\\\\\\\\\\\\\\\\\\\\\\

1 2 3 4 5 6 7 8 9 10 11

Amount of curvature, r/c



