Chapter 5 Stressesin Beam (Basic Topics)

5.1 Introduction
Beam : loads acting transversely to the longitudinal axis
the loads create shear forces and bending

f
moments, stresses and strains due to 'V |A Lg

and M arediscussed in this chapter (a)

lateral loads acting on a beam cause the

beam to bend, thereby deforming the axis of
I.v\ i

the beam into curve line, this is known as | ' T
(b)

the deflection curve of the beam

the beams are assumed to be symmetric about x-y plane, i.e. y-axis
IS an axis of symmetric of the cross section, al loads are assumed to act in
the x-y plane, then the bending deflection occurs in the same plane, it is
known as the plane of bending

the deflection of the beam is the displacement of that point from its
original position, measuredin 'y direction

5.2 Pure Bending and Nonuniform Bending

pure bending :

M = constant V = dM/dx = 0

pure bending in simple beam and cantilever beam are shown
M, M, M,

& L) | Peee——r
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le “

M

_rj\"fl
(b) (b)



nonuniform bending : A J é
M =+ constant { @ )
V = dM/dx # 0 a '”‘
simple beam with central region in pure .—n
bending and end regions in nonuniform v
bending is shown . 0 l - .
(©
5.3 Curvature of a Beam
consider a cantilever beam subjected to a p*
load P "
choose 2 points m; and m, on the '::).
deflection curve, their normals intersect at _‘ II_..--""”’
point O, is called the center of curvature, 2|\ ;
the distance mO' is caled radius of 7 . :
curvature p, and the curvature x is ’ _ _!,S
defined as |
(b)
k = 1lp
and we have pdd = ds ®
if the deflection is small ds =~ dx, then Fosiie
1 do do @
K = — = — = — ¢
p ds dx -
sign convention for curvature I\[un

+ : beam is bent concave upward (convex downward)

o

- . beam isbent concave downward (convex upward)

curvature



5.4 Longitudinal Strainsin Beams

consider a portion ab of a beam in pure bending produced by a
positive bending moment M, the cross section may be of any shape
provided it is symmetric about y-axis B d

under the moment M, its axis is bent into a circular curve, cross
section mn and pg reman plane and norma to longitudina lines
(plane remains plane can be established by experimental result)

" the symmetry of the beam and loading, it requires that all elements of
the beam deform in an identical manner (.. the curve is circular), this are

valid for any material (elastic or inelastic)

due to bending deformation, cross sections mn and pg rotate w.r.t.
each other about axes perpendicular tothe xy plane

longitudinal lines on the convex (lower) side (nq) are elongated, and on
the concave (upper) side (mp) are shortened

the surface ss in which longitudinal lines do not change in length is
called the neutral surface, its intersection with the cross-sectional plane is
called neutral axis, for instance, the z axisisthe neutral axis of the cross
section

in the deformed element, denote p thedistancefrom O' toN.S. (or
N.A.), thus

pdfd = dx



consider the longitudinal line ef, thelength L; after bendingis

y ,‘ 7\',-"\

Ly = (p-y)dd = dx - —dx rN
p -/ .
y
then A = L - dx = -—dx
P
and thestrainof line ef is
Aef y
SX = = - = -Ky
dx p

& vary linear with y (thedistancefrom N.S.)

y > 0 (aboveN.S) e = -
y < 0 (belowN.S) e = +

the longitudinal strains in a beam are accompanied by transverse strains

inthe y and z directionsbecause of the effects of Poisson'sratio

Example 5-1
asimply supported beam AB, L = 8 ft My i ; *0
A ‘]
bentby M, intoacircular are A fé}_
&otom = & = 0.00125 L L X
. (a)
Yootom = -31iN ‘
determine p, x, and ¢ (midpoint / \\\
deflection) 1\
[ "\-’1 L {
y -3 L B
p = -— = -— i ;’F I e \\
Ex 0.00125 /“"’ ”"\.\
= i = / "i cl ¢ ,I\\H ¢
2400in = 200ft g
|
2 \



1
— = 0.005 ft?

K =
P
0o = p(l-cosb)

p islarge, .". thedeflection curveisvery flat

_ L/2 8x12
then snf = — = —— = 0.020
p 2 x 2,400

0 = 002rad = 1.146°
thens = 2400(1-cosl1.146°) = 0.48in

5.4 Normal Stressin Beams (Linear Elastic M aterials)

& occursdueto bending, .. thelongitudina line of the beamis

subjected only to tension or compression, if the material islinear elastic

.\V

then on = Eg = -Exy | y

o vary linear with distance y | — d /

_—dA

— e

from the neutral surface

I
I
QI

[ ¥

N

consider a postive bending
moment M applied, stresses are 2
positive below N.S. and negative
above N.S.

" no axia force acts on the cross section, the only resultant

thus two equations must satisfy for static equilibrium condition
e TF, = (odA = - {ExydA = 0

E and x areconstants at the cross section, thus we have

(b)

is M,



fydA = 0

we conclude that the neutral axis passes through the controid of the cross
section, also for the symmetrical conditionin y axis the y axis must
pass through the centroid, hence, the origin of coordinates O islocated at
the centroid of the cross section

the moment resultant of stress o, IS

dM = = O.X y dA
then M = - §oydA = SExy'dA = Ex Sy dA
M = Exl
where | = y2 dA is the moment of inertia of the cross-sectional
areaw.r.t. z axis y Positive
bending
1 M +M_ moment _+M
thus K = — = — ( %:—_:ﬂj
p El Positive
curvature
this is the moment-cur vatur e equation, 0 *
and El iscaled flexural rigidity Newat
y Negative
+M => +curvature bending
moment
-M => -curvature o
M Negative =
curvature
the normal stressis 0 "
M My
ox = -Exy = -Ey(——) = -——
El I

this is called the flexure formula, the stress o, is caled bending
stresses or flexural stresses



Compressive stresses
oy vay linearly withy
L £y ~— Positive bending
GX ~ M GX ~ 1/ I l : o ‘\mc:mcm
s /
the maximum tensile and compressive | =

Tensile stresses

stresses occur at the points located farthest

from the N.A. v
Tensile stresses
M C]_ M i 7!
o1 = - - T ey N bendi
_— " RGN
M c, M ) =y <,
gy = - — ! .
I SZ L’mnpr‘«'zssivc SLIesses
(3}
| | _ _
where § = — , S = — areknown asthe section moduli
C1 Co

if the cross section is symmetric w.r.t. z axis (double symmetric cross

section),then ¢, = ¢, = C
thusS = S and 1 = -0, = -ﬁ = —M
I S
for rectangular cross section
12 6 ] Y
for circular cross section :,1,’ o | | :_'.\,\_\—“ /)
= 2 _ ot e { \.l
64 32 @)

the preceding analysis of normal stress in beams concerned pure bending,

no shear force
in the case of nonuniform bending (V + 0), shear force produces warping



(out of plane distortion), plane section no longer remain plane after bending,
but the normal stress o, caculated from the flexure formula are not
significantly altered by the presence of shear force and warping

we may justifiably use the theory of pure bending for calculating oy
even when we have nonuniform bending

the flexure formula gives results in the beam where the stress distribution
Is not disrupted by irregularities in the shape, or by discontinuous in loading

(otherwise, stress concentration occurs)

example 5-2
a steel wire of diameter d = 4 mm

Is bent around a cylindrical drum of radius /,?\\

R = 05m f( ) / ‘\‘\ y
E = 200GPa oy = 1200MPa / / AN
determine M and G A 4

the radius of curvature of thewireis

d
p = RO + —
2
El 2 El rEd*
M = — = - =
p 2R, +d 32(2R, + d)
7 (200 x 10°) 4*
= = 5007 N-mm = 5.007 N-m
32 (2 x 500 + 4)
M M Md 2Eld Ed
Omax — — = = = = -
S |/ (d/2) 21 21 (2R, +d) 2R, +d
200 x 10% x 4

= 796.8MPa < 1,200 MPa(OK)
2x500+4



Examp|85-3 P=12k

asimple beam AB of length L = 22 ft ll lr,!=|.sml
g = 15ki/t P = 12k N —
b = 875in h = 27in ) L=221 |
determine the maximum tensile and . o
compressive stresses due to bending R mem
firstly, construct the V-dia and M-dia ' 'R\H\
Omax OCCUrs at the section of M o 2141
Mmax = 151.6 k-ft [k"f"‘;“ 156

e H\\
the section modulus S of the sectionis U,/ /{ \‘\_

b 8.75x 277 @
S = = = 1,063in°
6 6
M 151.6 x 10° x 12 _
o = 0, = — = = 1,710 ps
S 1,063
oc = oo = -— = -1710ps
S
Example 5-4 T q’= »'“v.:'kwlfm’ |
an overhanged beam ABC subjected AR— A
uniform load of intensity q=3.2kN/m . 0 M e LS m
for the cross section (channel section) v
4.8 kN
t=12mm  b=300mm  h=80mm Y iow N
determine the maximum tensile and ol AN

compressive stresses in the beam 1125 m \l

(b)

—6.0 kN



construct the V-dia. and M-dia. first 2.025 KN‘m

M
f\\
we can find + My = 2.205KkN-m ’ | w i
_ 1.125 m /
“Mmx = -3.6kN-m -3.6 kN'm
next, we want to find the N. A. of the section el
A(mm?)  y(mm) Ay (mmd) | b= 300
\ [
A 3,312 6 19,872 B ) Kl
O ;=12 mm =
A 960 40 38,400 | G I"f’
Ag 960 40 38,400 W
total 5,232 96,672 o o e
Z \ -‘ : i— I=12mm
SAY 96672 e T ||
C, = = =18.48 mm o ‘ . actl L
Z A' 5’232 7—-_-:';= 12 mm 4-:_4—;:
- b=30mm—  12mm
c;c = h - ¢ = 6152mm (b
moment of inertia of the sectionis
ln = lx + Ad’
1 3 1 3 4
l, = —(b-2)t° = —276x12° = 39744 mm
12 12
d = ¢ - t/2 = 1248 mm
l, = 39,744 + 3312x1248 = 555600 mm*
smilaly 1, = 1l = 956,000mm’
then the centroidal moment of inertia 1, Is
, = 1, + 1, + |y = 2469x10°mm*
S = — =133,600 mm S = — = 40,100 mm

C1 C



at the section of maximum positive moment

M 2.025 x 10° x 10°
o = 0, = — = = 50.5 MPa
S 40,100
M 2.025 x 10° x 10°
oc = 04 = -— = - = -15.2MPa
S 133,600
at the section of maximum negative moment
M -3.6x10°x 10°
oo = 04 = -— = - = 26.9MPa
S 133,600
M -3.6x10°x 10°
Oc = 0, = — = - = -89.8 MPa
S 40,100

thus (g9)mex OcCcursat the section of maximum positive moment

(G)mex = 50.5MPa

and (oJ)max OCCUrS at the section of maximum negative moment

(Gc)rmx = = 89.8 MPa.

5.6 Design of Beamsfor Bending Stresses

design a beam : type of construction, materias, loads and environmental
conditions

beam shape and size : actual stresses do not exceed the allowable stress

for the bending stress, the section modulus Smust be larger than M / o

I.e. Sﬂn = Mmax/O'allow

calow 1S based upon the properties of the material and magnitude of the
desired factor of safety



if ogaow are the same for tension and compression, doubly symmetric
section islogical to choose

If ogaon are different for tension and compression, unsymmetric cross
section such that the distance to the extreme fibers are in nearly the same
ratio as the respective alowable stresses

select a beam not only the required S but adso the smallest
cross-sectiona area

Beam of Standardized Shapes and Sizes
steel, duminum and wood beams are manufactured in standard sizes
steel : American Ingtitute of Steel Construction (AISC)

e.g. wide-flange section  W30x 211 depth =30in, 211 Ib/ft
other sections : Sshape (I beam), C shape (channel section)
L shape (angle section)

aluminum beams can be extruded in almost any desired shape since the
diesarerelatively easy to make

wood beam always made in rectangular cross section, such as4" x 8", but
itsactual sizeis3.5" x 7.25" after it is surfaced

consider arectangular of width b and depth h

[U!:-

b h* Ah
S = = = 0.167 Ah E
6 6
T 0 h
a rectangular cross section becomes 4
more efficient as h increased, but very T

narrow section may fail because of lateral (a)

bucking



for acircular cross section of diameter d L A

zd®  Ad L\ |
S = - = 0125Ad ;
32 8

comparing the circular section to a square section of same area

h> = nd?/4=>h = /=zd/2
Squwe _ 0167Ah 0167 /md/2 0148

= 1184

". the square section is more efficient than circular section

the most favorable case for a given area A and depth h would
haveto distribute A/2 atadistance h/2 fromtheneutral axis, then

A y

A h A h2 _". 1; 2 _' — Flange
= () x2 = — =61 =
2 2 4 | l ,7r7wvh
| Ah ’ " [ |
S = = = 05Ah 1 L Flnee
h/2 2 4
(c) ) (d)
the wide-flange section or an | - section with most material in the

flanges would be the most efficient section

for standard wide-flangebeams, S isapproximately
S ~ 035Ah

wide-flange section is more efficient than rectangular section of the same
area and depth, °." much of the material in rectangular beam is located near
the neutral axis where it is unstressed, wide-flange section have most of the
material located in the flanges, in addition, wide-flange shape is wider and
therefore more stable with respect to sideways bucking



Example 5-5
a smply supported wood beam carries r

g =4201b/01

uniform load
L = 12ftq = 420Ibift
Galow = 1800ps  wood weights 35 Ib/ft®

select the size of the beam

(a) calculatetherequired S

L2 420/12) (12 x 12)?
Moy = a . ( ) ( ) = 90,720 lb-in
8 8
M e 90,720
S = = = 5040in°
Oallow 1,800

(b) select atria size for the beam (with lightest weight)
choose 3x12 beam, S = 5273in’> andweight 6.81b/ft

(c) now the uniform load on the beam isincreased to 426.8 |b/ft

426.8

Sequires = (50.40) = 51.22in°

420

() Seuirs < S of 3x12 beam(52.73in°) (O.K.)

Example 5-6
P=12kN P=12kN
avertical post 2.5 m high support alateral o 1
load P = 12kN atitsupper end i —
1=25m 1 h=25m
(@) alow forwood = 15MPa | =
determine thediameter d; aAlw_ . Al |

(b) ga10w fOr duminumtube = 50 MPa

(a) (h)



determine the outer diameter d, if t = d,/8
Mmex = Ph = 12x25 = 30kN-m

(a) wood post

7 d? M e 30x 10° x 10°
S = = — = = 2x10°mm’

di = 273mm

(b) duminum tube

T
l, = —[d* - (d-21)7% = 0.03356d,"
64
| 0.03356 d,* ;
S = — = — = 006712d,
C d2/2
M rax 30x 10° x 10°
S = — = = 600x 10° mm®
Tallow 50
solvefor d, => d, = 208 mm

Example 5-7
g =2.000 Ib/ft g = 2,000 Ib/ft

asimplebeam AB of length 21 ft L1l I
&

?er(’-ft*»
L

Y V¥V ¥ Y vV Yy
1
B

A
q = 2000Ibftoge, = 18,000 ps VN
select a wide-flange shape 1

I 2 fi aE:
Ry
(a)

firstly, determine the support reactions

18,860

Ra = 18860lb Rs = 17,140lh ™

theshear forceVfor 0 = x = 12ft is \' x>

-17.140

V.= Ra - QgxXx



for V = 0, thedistance x; is
Ra 18,860
X1 = —— = = 9.43ft
q 2,000

and the maximum moment at the section is

Mpax =

18,860x9.43/2 =

88,925 [b-ft

the required section moudlusis

M rex
S = =

88,925 x 12

= 59.3in

Oallow

18,000

fromtable E-1, sdectthe W12x 50 sectionwith S
the weight of the beam is 50 |b/ft, now recalculate the reactions, My,

and  Sequiress, Wehave
Ra = 19380Ib Rs = 17,6701b
V = 0 a x = 9455ft => M
M e
Seird = —— = 6L1in° < 64.7in’
Oallow
Example 5-8 2,
the vertica posts B are supported il
planks A of the dam 1 B2
post B areof squaresection bxb L;T
the spacing of theposts s = 0.8m -
water level h = 20m _J_ A
Gaow = 80MPa g

determine b

(a) Top view

= 64.7in’

91,600 |b-ft

(0.K.)

B H

(b) Side view



the post B is subjected to the water i
pressure (triangularly distributed)
the maximumintensity ¢p is 5

Qo = 7yhs

the maximum bending moment occurs at : %

(¢) Loading diagram

thebaseis
Gh h yh®s
Mmax = (—) =
2 3 6
M hes b
ad S = ™ = = _
Oallow 6 Talow 6
yh*s  9.81x2°x0.8
b= = =0.007848 m® = 7.848 x 10° mm®

O allow 8 X 106

b = 199 mm useb = 200mm

5.7 Nonprismatic Beams

nonprismatic beams are commonly used to reduce weight and improve
appearance, such beams are found in automobiles, airplanes, machinery,
bridges, building etc.

c = M/S S vaying with X, so we cannot assume that the

maximum stress occur at the section with M pax

Example 5-9
atapered cantilever beam AB of solid circular cross section supports a
load P atthefreeendwith dg/dan = 2

determine oz and oex



X
dx = dA + (dB - dA)_
L

rd’ x X 3
S = =—[da+ (dg - dn)—]
32 32 L
"My = Px thenthe maximum bending stress at any cross section

My _ 32Px
S 7 [da + (ds - da) (W/L)]°

atsupport B, dg = 2d,, x = L, then

4P L
o =
7'CdA3
to find the maximum stressin the beam, take doy/ dx = 0
= x = L/2

at that section (x = L/2), the maximum is

128 P L PL
Omox = —— = 4741

277 dA3 T dA3

it is 19% greater than the stress at the built-in end

Example 5-10

aload P atthefreeend

width b, the height may vary such that

acantilever beam of length L support

Ccross section is rectangular with constant

Omax = Oalow [OI €Very Cross section



(fully stressed beam)
determine the height of the beam

th2
M = Px S =
6
M P x 6P Xx
Oalow = — = =
S bh?/6 b h?

solving the height for the beam, we have

6P X
hx - )1/2

b Oallow

atthefixedend (x=1)

6PL 1
he = (

b Oallow

X 1o the idealized beam has the
then hy = hg(—)

L parabolic shape

5-8 Shear Stressin Beam of Rectangular Cross Section

for a beam subjected to M and V with rectangular cross section
having width b and height h, the shear stress 7 acts parallel to the
shear force V

assumethat 7 isuniform across the width of the beam

consider a beam section subjected the a
shear force V, we isolate a small <

eement mn, the shear stresses 1 act

vertically and accompanied horizontally as o ’ |

shown



"." the top and bottom surfaces are free, L

s jl/ kﬂ n %
then the shear stress must be vanish, i.e. ‘//// ;"'/ ' : L
’L'Zoaty:ihlz m
(b) (¢)
for two equal rectangular beams of lp

height h subjected to a concentrated

load P, if no friction between the beams,
each beam will be in compression above its

N.A., the lower longitudina line of the

upper beam will dide w.r.t. the upper line
of the lower beam (b)

for a solid beam of height 2h, shear stress must exist adong N.A. to
prevent dliding, thus single beam of depth 2h will much siffer and
stronger than two separate beams each of depth  h

consder a small section of the beam

subjected M and V in left face and L mf |*{“"’”} _‘
M+dM and V+dV inrightface = ) Ve

for the element mmyp,p, 7 acts on S,[h
p;p andnostresson mmy

if the beam is subjected to pure bending MC: = ;_T . 4"’% Y
(M = constant), o, actingon mp and 2 7 !

mp; must be equd, then ¢ = 0 on —

Side view of element

PP: "
for nonuniform bending, M actson mn and M + dM acts on

myny, consider dA atthedistance y form N.A., thenonmn

M — :H H.‘:ir -
i = Moy Shn=d/

dx

Side view of subelement
(c)



hence the total horizontal forceon mp is

ey

My -
Fl = S dA 5 L
' b
. S
similarly Scons et o earmit subeliment
(d)
M+ dM)y
F, = ({—dA
I m mny —
F]_} — Fy I
and the horizontal forceon pp; is 3 | —— AU |
F3 = 7tbdx i :
: ey )
equation of equilibrium
Fs = F, - R
M+ dM)y My
tbdx = {——dA - [——dA
I I
aM 1 V
t = —— {ydA = —— fJydA
dx Ib I b
denote Q = §[ydA isthe firss moment of the cross section area

abovethelevel y (area mmyp,p) at which the shear stress 7 acts, then

1)

VQ
r = —=  shear sressformula },_,

I b

T

0
h
for V, |, b aecongtants, 7~Q ‘1

|
e bh—

for arectangular cross section

(a)

h hi2 -y, b h? ,
Q = b(—-y)Wn+ ) = —(—-w¥)
2 2 2 4




V  h , v
then 7 = —(—-w) 2 \
2| 4 { }'nm
]
7 = 0 a yu = £h/2, tax OCCUrS ﬂ //
a yi = 0 (NA) '
(b)
V h? V h? 3V 3
Tmax = = —3 = — = —Tae
81 8 b h°/12 2A 2
Tmax 1S 50% larger than tape
V = reaqultant of shear stress, .. V and 1 In the same
direction
Limitations

the shear formula are valid only for beams of linear elastic material with
small deflection

the shear formula may be consider to be exact for narrow beam (*." 7 is

assumed constant across b), when b = h, true 7. IS aout 13%

larger than the value given by the shear formula

Effects of Shear Strains
7 vary parabolically from top to

bottom, and y = 7/ G must vary in

the same manner
thus the cross sections were plane

surfaces become warped, no shear
strains occur on the surfaces, and maximum
shear strain occurs on N.A.

ymax = Tmax ! G, If 'V remains constant aong the beam, the



warping of al sections is the same, i.ee mm = pp, = -, the
stretching or shortening of the longitudinal lines produced by the bending
moment is unaffected by the shear strain, and the distribution of the normal
stress ¢ isthesameasitisin pure bending

for shear force varies continuously along the beam, the warping of cross
sections due to shear strains does not substantialy affect the longitudinal
strains by more experimental investigation

thus, it is quite justifiable to use the flexure formula in the case of
nonuniform bending, except the region near the concentrate load acts of
irregularly change of the cross section (stress concentration)

Example 5-11 4= 160 Iblin.
ametal beamwithspan L = 3ft ,1[' 4 3 7“%5( —’B
q = 160lblin b = 1linh = 4in £ " £
determine oc and tc apoint C | PRRIN

—— =3l ———»

the shear force V. and bending @)

moment Mc a the section through C y

are found T

j 1.0in.
(A
3= 20in.| ¢ 'y

[
y=10in,

Mc = 17,920 Ib-in )
VC = = 1,600 Ib %: 2.0in,

—

the moment of inertia of the sectionis po 1.(;45;-..

bh 1

| = — = _—x1x4® = 5333in’
12 12

normal stressat C is



My 17,920x 1

oc = -—— = = -3,360ps
I 5.333
_ -l_é(}]\.\i
shear stressat C, caculate Q¢ first 3}(}Up5i°H fH”iu psi
Ac = 1x1 = 1limyc = 15in 450
Q = Acye = 15in° “
Ve Q 1,600x 1.5
¢ = - 7T - 40 ps
I b 5.333x 1
the stresselement at point C isshown
Example 5-12
P P
a wood beam AB supporting two J'
concentrated loads P — .
=
b = 100mm h = 150mm L AN
a = 05Maoye, = 11MPa o ]
Talow = 1.2MPa (a)
determine Py
the maximum shear force and bending moment are
Viex = P Mmeax = Pa S
the section modulus and area are : o/l i
b h? 2B
S = —— A = b h L—IJ—J
6 (b)
maximum normal and shear stresses are
M irax 6Pa 3 Vimax 3P

S b h? 2A 2bh



Galiow b P 11 x 100 x 1507

I:)bending = — = =8,250 N = 8.25 kN
6a 6 x 500
2 Taiow P D 2x 1.2x100x 150
Pgear = —— = = 12,000 N =12 kN
3 3

Pmax = 8.25kN

8-9 Shear Stressesin Beam of Circular Cross Section

VQ mrt o
— | = —— forsolid section
I b 4

T =

the shear stress at the neutral axis

nr’  A4r 213
Q = Ay = ((——)—) = — b = 2r
2 37 3
V(2r3/3) a4\ 4\ 4
Tmax — . = 5 = = — Tawe
(mr*14)(2r) 3nr 3A 3
for ahollow circular cross section 7 ‘
T p/ 2\
= — (r24 - r14) Q = — (rz3 - r13) it 4 1
4 3 \.\.\ T i
b = 2(ry-r)
then the maximum shear stressat N.A. is I’
VQ AV 17+ 1y ‘ '521,,
Trax = 27— ( 2, .2 =t ||
I b 3A My +1rq b ' i

where A = n@l-rd



Example 5-13
avertical poleof acircular tube i —
d,=4.0in d;=32in P=15001Ib 1 ||

(a) determine the 7.4 in the pole 11

o)

R N s

(b) for same P and same tma, Calculate dg |

of asolid circular pole

m
(d) The maximum shear stress of a circular "
tubeis
4P r22 +1rorq + r12
3 I‘24 - r14
for P=1,500I1b r,=2in ry=16iIn
Tmax = 658 ps
(b) for asolid circular pole, tux IS
4P
Thex = ——
37 (do/2)?
) 16 P 16 x 1,500 .
do = —— = —— = 387Iin
37 Trrax 37 X 658

then d, = 1.97in

the solid circular pole has a diameter approximately one-haf that of the

tubular pole

5-10 Shear Stressin the Webs of Beamswith Flanges
for a beam of wideflange shape K

LT

(a)

subjected to shear force V, shear stress

—x



IS much more complicated
most of the shear force is carried by shear
stresses in the web

consider the shear stress at  ef, the same B
assumption as in the case in rectangular beam, i.e.

v Il 'y axisand uniformly distributed across t

vVQ
T = —— isdllvaidwith b = t
b

the firs moment Q of ‘
the shaded area is divided |,

into two parts, i.e the

upper flange and the area

between bc and ef in the
web

h h1 hl
A = b(— - —) A, = t(— - )
2 2 2

thenthefirss momentof A; and A, w.r.t. N.A.Is

hl h/2 - h1/2 hl/2 Y1
Q = A(— + —) + A + —)
2 2 2
b t
= —(*-h?) + —(h’-4y)
8 8
VO V b t
T = = [—(W*-h?) + —(h’-4y)]
| b 8lt 8 8
b h’ (b-t) h? 1
where | = i " = Z(bh-bhi+thd

12 12 12



maximum shear stressintheweb occursat N.A., y» = 0

V
tox = ——@OK - bh? + thd
81t

minimum shear stress occurs where the web meets the flange, y;, = +
h./2

Vb ) ,
Tmin = —(h - hl)
81t

the maximum stress in the web is from 10% to 60% greater than the
minimum stress

the shear force carried by the web consists two parts, a rectangle of area

hy 7min  and aparabolic segment of area %5 hy (trex - Tmin)

Vo = Mthin + %M (Tmax - Trin)

thy
3

(2 Tmex T Tmin)

Vo = 90% ~ 98% of totad V

for design work, the approximation to calculate 7, IS

V <= total shear force

Tmax —

thy <= webarea

for typical wide-flange beam, error iswithin  + 10%

when considering y in the flange, constant 7 across b cannot
be made, eg. a& y; = hJ/2, t a ab and cd must be zero, but
on bc, t = 1Tmn

actually the stress is very complicated here, the stresses would become

very large at the junction if the internal corners were square



Example 5-14
a beam of wide-flange shape with b = 165 mm, t = 7.5mm, h = 320 mm,
and h; = 290 mm, vertical shear force V =45kN

determine 7oax Tmin  and total shear force in the web

fl = A mi
320 mm 17.4 MPa
Z hy=

290 mm

7y nax=

me
21.0 MPa

t=7.5 mm
e
SIS e = Tnin

b= (b)
165 mm—s»

(a)

the moment of inertia of the cross section is

1
= —((h-bh’+th?® = 130.45x10°mm’
12

the maximum and minimum shear stresses are

v

Tmex = —— ((h°—bh2+th? = 21.0MPa
81t
Vb

Twin = —— ((?*—h) = 17.4MPa
81t

thetotal shear forceis

th
3

tnd the average shear stressin theweb is

\Y,
Tae = —— = 20.7MPa
thy



Example 5-15 b=

a beam having a T-shaped cross section 'J —r
b=4in t=1in h=8in e
V = 10,000 Ib 1= 1.0 in.
determine 7, (top of theweb) and 7 |
3x1x05+8x1x4 _
C, = = 3.045in
3x1+8x1 .
C2 = 8 - Cl = 4.955 In Tma
| = la - ACG =
bh? (b-t) h? o |
lg = — - — = 339.67in
3 3 N B, T
(h
Ac? = 270.02in° |
| = 69.65in’

to find the shear stress 71 (zn), calculate Q, first

Q. = 4x1x(3.045-05 = 10.18in°

VQ 10,000 x 10.18 _
71 = = = 1460 ps
It 69.65 x 1

tofind 7., Wwewanttofind Qnax a N.A.

Quax = (G (C2) = 1x4.955x(4.9552) = 12.28in°
V Qe 10,000 x 12.28

Tmax = = = 1760 ps
| t 69.65 x 1

5.11 Built-up Beams and Shear Flow



5.12 Beamswith Axial Loads

o ___1 P
beams may be subjected to the simultaneous 3 JA/’S
action of bending loads and axial forces, | - ' |
e.g. cantilever beam subjected to an inclined ‘ﬂ' ,
force P, it may be resolved into two :fI A:_,l.
components Q and S then |._.t,44
M=Q(L-x V=-Q N=S N
and the stressesin beams are | = 1 |®_ I 3
a:_ﬂ T:E g:_N I@ ® ® @
I | b A

the final stress distribution can be obtained by combining the stresses
associated with each stress resultant

My N
g =-——— + —

I A

whenever bending and axial loads act simultaneoudly, the neutral axis no
longer passes through the centroid of the cross section

Eccentric Axial Loads
aload P acting a distance e from |

A B P
the x axis, e iscaled eccentricity jl‘#—’ x
N = P M = - Pe @)
then the normal stress at any point is |
A B
m\°
Pey P I JPe
g = @ —_— + R

(b)
I A



the position of theN.A. nn canbeobtained by setting ¢ = 0
I

Yo = -—— minus sign showsthe N.A. liesbelow z-axis
Ae
: . "‘" ®
if e increased, N.A. movescloserto > /

the centroid, if e reduced, N.A. moves — L L/

n- E. n n
away from the centroid _

Example 5-15

a tubular beam ACB of length L = 60 in loaded by a inclined
force P at midlength

P = 10001Ib d = 55in b = 6in A = 20in?
| = 86.67in’

T g5,

.‘% ? e ? l

: Yy
30 in. )MT
Al "' B Pty
v —l ' 4 AP b =6in.
] * T, it “ (S
\ £ aJ\\ BN
d=55in e J
£ =10001b

b =6in.
=600

{a)

(b)
P, = Psin60®° = 866Ib
P, = Pcos60° = 500Ib
Mo = P,d = 866x55 = 4760in-Ib

the axia force, shear force and bending moment diagrams are sketched
first

, N 866 Ib

My = 4760 Ib-in. |
% Pr =866 Ib Y
e | B
Ry A cl/ :& (b)
Ry Py =50016 v 3291
I‘ ,L L TR” 0 —
| 7 =30in. | 5 =30in. 1 —1711b
= T ™
(c)
Ry =866 1b
Ry=3291b Rp=1711b 9870 Ib-in.
M | 5110 Ib-in.
(a)
0 (=

(d)



the maximum tensile stress occurs at the bottom of the beam, y = - 3in

N My 866  9870(-3)
(O't)max = — - = - -

A | 20 86.67
= 43 + 342 = 385ps

the maximum compressive stress occurs at the top of the beam, y = 3in

N My 866 9870 x 3
(CJet = — - — =T — - ———
A | 20 86.67
= 43 - 342 = -29ps
N My 0 5110x 3
(Gc)right - - - — = — -
A 20 86.67
= 0 - 177 = -177ps
thus (6)max = - 299 ps occurs a the top of the beam to the left of
point C

5.13 Stress Concentration in Beams



