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Chapter six

Bending

By
Laith Batarseh

] Bending \

6.1. shear and moment diagrams

OShear and moment diagrams are important to study the bending

stresses.

OTo construct shear moment diagram, follow these procedures

Find the supports reactions using F.B.D and static
equilibrium equations

Derive both shear and moment functions with respect

to x or y axis by analyzing sections through the body

Draw shear and moment diagrams from the
equations you found in the previous step
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hear and moment diagrams

The sign conventions are opposite when the
summing processes are carried out with
opposite direction.

T

gy

'T’T w(x)
Positive external distributed load

Positive internal shear

y €

Positive internal moment

Beam sign convention

EXAMPLE (6.1

Draw the shear and moment diagrams for the beam shown in Fig. 6-4a.

w
PR TR soruTon _ -
= Support Reactions. The support reactions are shown in Fig. 6-4c.

‘ | Shear and Moment Functions. A free-body diagram of the left
I % | segment of the beam is shown in Fig. 6-4b. The distributed loading on
this segment, wx, is represented by its resultant force only after the
@ segment is isolated as a free-body diagram. This force acts through the
centroid of the area comprising the distributed loading, a distance of
I . x/2 from the right end. Applying the two equations of equilibrium

2] yields

777777 M
7l) +13F, =0, — —wx -V =0
wL
G V= M(% = x) ()
wL i
(tZM =0; *(f)x &+ (wx)(i) +M=0
W

M= E(Lx - ) 2)
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EXAMPLE | 6.1 CONTINUED

Mupax =

wL?

L

©

Fig. 6-4

Shear and Moment Diagrams. The shear and moment diagrams
shown in Fig. 6-4c are obtained by plotting Eqs. 1 and 2. The point of
zero shear can be found from Eq. 1:

NOTE: From the moment diagram, this value of x represents the
point on the beam where the maximum moment occurs, since by
Eq. 6-2 (see Sec. 6.2) the slope V = dM/dx = 0. From Eq. 2, we

T )]
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EXAMPLE | 6.2

Draw the shear and moment diagrams for the beam shown in Fig. 6-5a.

Wo

SOLUTION
Support Reactions.

wol?

woL

woLL 7_,,1"//

(e

2 ®

The distributed load is replaced by its resultant

force and the reactions have been determined as shown in Fig. 6-5b.

Shear and Moment Functions.

A free-body diagram of a beam

segment of length x is shown in Fig. 6-5c¢. Note that the intensity of
the triangular load at the section is found by proportion, that is,
w/x = wo/L or w = wox/L. With the load intensity known, the
resultant of the distributed loading is determined from the area under

the diagram. Thus,
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EXAMPLE | 6.2 CONTINUED

SOLUTION
Support Reactions. The distributed load is replaced by its resultant 1 wox
force and the reactions have been determined as shown in Fig. 6-5b. E(T 1o _ o
wl T
Shear and Moment Functions. A free-body diagram of a beam 2 /,,,/’l‘ i o
segment of length x is shown in Fig. 6-5¢. Note that the intensity of (T/E 5
the triangular load at the section is found by proportion, that is, 5 Pl o
w/x = wp/L or w = wyx/L. With the load intensity known, the % 37
resultant of the distributed loading is determined from the area under &
the diagram. Thus, (c)
wol 1 [ wox
+ | ZE =10 — | ——Jx =0
e 2 2( 7 )x
wp 2
V= (L2— 1
et M
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EXAMPLE | 6.2 CONTINUED

W
WwolL
2
A
2 wol?  wyL 1 wox 1 _ !
(tEM =0; 3 7T(x)+5Tx§x +M=0 WOLZQ
3 Vv
L
M = 22(-2L% + 3L% — &) @
6L
These results can be checked by applying Eqs. 6-1 and 6-2 of Sec. 6.2,
that is, W
AV W o O
W—dx—ZL(O 2x) = T OK
aMm _ w 2 2 W0k ol iy 2
== — — = — - V&
% 6L(0+3L 3x5) 2L(L x7)  OK _WD3
()
Shear and Moment Diagrams. The graphs of Eqs. 1 and 2 are
shown in Fig. 6-5d. Fig. 6-5
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EXAMPLE | 6.3

Draw the shear and moment diagrams for the beam shown in Fig. 6-6a.

6 kip/ft

I — Support Reactions. The distributed load is divided into triangular

== . i " and rectangular component loadings and these loadings are then
} e i replaced by their resultant forces. The reactions have been
@ determined as shown on the beam’s free-body diagram, Fig. 6-6b.
36 kip 36 ki
1}?_, L 4kip/it Shear and Moment Functions. A free-body diagram of the left
e z + 2 kipye SCEMENt is shown in Fig. 6-6¢. As above, the trapezoidal loading is
| P

replaced by rectangular and triangular distributions. Note that the
intensity of the triangular load at the section is found by proportion.
- The resultant force and the location of each distributed loading are

121t g S 5
o also shown. Applying the equilibrium equations, we have
30 kip 42 kip 1 x
(b) +1=F, = 0; 30kip — (2kip/ft)x — 5(4 kip/ft)(ﬂ)x -V=0
=
V= (30 = Dl 3) kip (1)
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EXAMPLE | 6.3 CONTINUED

1 o
2: 745
H 4(%)kip/ft
i 12 kip/1t (+EM =0,
‘ M r 1 x X
EN —30 ki + (kip/ft)x| — | + -(dkip/ft) ——— x| - |+ M =0
L M in(e) + i 3 ) + 3k 5o (%)
X X
D 5
30 ki = — xX* — — |kip- 2
ip © M (30x x 27) kip - ft @)
Equation 2 may be checked by noting that dM/dx = V, that is, Eq. 1.
Also, w =dV/dx = -2 — %x. This equation checks, since when
x =0, w = —2kip/ft, and when x = 18 ft, w = —6 kip/1t, Fig. 6-6a.
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EXAMPLE | 6.3 CONTINUED

6 Kip/1t
2 Kip/1t
[ |
Shear and Moment Diagrams. Equations 1 and 2 are plotted
Ok o in Fig. 6-6d. Since the point of maximum moment occurs when
i P dM/dx = V = 0 (Eq.6-2), then, from Eq. 1,
30
V=0=30-2x— ﬁ
x(ft) 2
——9.7351t Choosing the positive root,
_p x = 9.735ft
M(kip-ft) M = 163 Kip-ft Thus, from Eq. 2,
M, 30(9.735) — (9.735) Ly
() max = ( 5 ) - ( % ) - 27
() = 163 kip- ft
Fig. 6-6
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EXAMPLE | 6.4

Draw the shear and moment diagrams for the beam shown in Fig. 6-7a.

15 KN
5 kN/m
80kN-m

T STSSS—Y !
A(""“"'——‘—‘—'———“? &

(a)

SOLUTION

Support Reactions. The reactions at the supports have been
determined and are shown on the free-body diagram of the beam,
Fig. 6-7d.

Shear and Moment Functions. Since there is a discontinuity of
distributed load and also a concentrated load at the beam’s center,
two regions of x must be considered in order to describe the shear and
moment functions for the entire beam.

Copyright 2011 Pearson Education, Inc. publishing as Prentice Hall

i = B "
b—y>5 m#Sm—" 5.75 kN

80 kN-m
P
X1 v

(b

15KN 5(x,—5)

575kN
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EXAMPLE | 6.4 CONTINUED

0 = x; < 5m, Fig. 6-7b: 15 kN
SkN/m
+12F, =0; STSKN -V =0 80 kN-m h_l_w_ﬂ
V = 575kN (1) (T | ¢
7
VFEM =0; —80kN-m — 5.75kNx; + M =0 A? . B -
m 2m
M = (5.75x; + 80) kN -m 2 :
4 S5.75kN 3425 kN
S5m < xp = 10 m, Fig. 6-7c: v (kN)
+T2Fy =0; 575kN — 15kN — 5kN/m(x; —5m) -V =0
V = (1575 — 5x) kN By v(m)
(tEZM =0; —80kN-m — 5.75kN x; + 15kN(x; — 5m) -9.25
=5
+ 5 kN/m(xs — Sm)(%) +M=0 \
M (kN-m) 3425
M = (—25x2 + 15.75x; + 92.5) kN -m “4) 108.75
These results can be checked in part by noting that w = dV/dx ¢,
and V =dM/dx. Also, when x; =0, Egs. 1 and 2 give
V =575kN and M = 80 kN -m; when x, = 10m, Eqs. 3 and 4
give V. = —=3425kN and M = 0. These values check with the x(m)
support reactions shown on the free-body diagram, Fig. 6-7d. -
Shear and Moment Diagrams. Equations 1 through 4 are plotted 5
s Fig. 6-7
in Fig. 6-7d.
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\ Bending \
6.2. graphical method

w=wx) VB

Regions of distributed load: (@) _
q,_r-rr{"ﬂj [
Change in shear = area under distributed i c\ D R
Ioading v ‘I w = negative increasing

slope = negative increasing

A= ulek I

(®) —

| V= positive decreasing
| slope = positive decr‘easing

Change in moment = area under shear

diagram M | /."‘ —wy
/ [ vy o J
| = /
AM = [V (x)x /i
(c) x
Fig. 6-9
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2. graphical method

F
,
M M+ AM
V-F-(V+AV)=0
AV =—F
[ ar |V +av
(a)
M v M+ AM
- M+AM —M,~VAx—M =0
-0
M, AM =M,
[—ax—|V+av
(b)
Fig. 6-10

EXAMPLE | 6.5

Draw the shear and moment diagrams for the beam shown in Fig. 6-11a.

P I SOLUTION

l l Support Reactions. The reaction at the fixed support is shown on
| _ - the free-body diagram, Fig. 6-11b.
f Shear Diagram. The shear at each end of the beam is plotted first,
| L L Fig.6-11c. Since there is no distributed loading on the beam, the slope
' of the shear diagram is zero as indicated. Note how the force P at the

(@) center of the beam causes the shear diagram to jump downward an

amount P, since this force acts downward.

Moment Diagram. The moments at the ends of the beam are
plotted, Fig. 6-11d. Here the moment diagram consists of two sloping
lines, one with a slope of +2P and the other with a slope of +P.

The value of the moment in the center of the beam can be
determined by the method of sections, or from the area under the
shear diagram. If we choose the left half of the shear diagram,

Mly—p = M|i—o + AM
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EXAMPLE | 6.5 CONTINUED

M|,-; = —3PL + (2P)(L) = —PL

P

S N

w=0 (b)
slope = 0

s downward force P

downward jump P

©

V = positive constant

M slope = positive constant
/ 3
-PL
—3PL
(d)
Fig. 6-11
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EXAMPLE | 6.6

Draw the shear and moment diagrams for the beam shown in

Fig. 6-12a.
M,
L P —._
N
(a)
SOLUTION

Support Reactions. The reactions are shown on the free-body
diagram in Fig. 6-12b.

Shear Diagram. The shear at each end is plotted first, Fig. 6-12c.
Since there is no distributed load on the beam, the shear diagram has
zero slope and is therefore a horizontal line.

Moment Diagram. The moment is zero at each end, Fig. 6-124d. The
moment diagram has a constant negative slope of —M;/2L since this
is the shear in the beam at each point. Note that the couple moment
M, causes a jump in the moment diagram at the beam’s center, but it
does not affect the shear diagram at this point.

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
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EXAMPLE | 6.6 CONTINUED

4 Mo
i b—L ]
Mo/2L (b) Mo /2L
w=0
slope
[

M

—My/2L

(©

clockwise moment M,
positive jump M,

My /2

V = negative constant

slope = negative constant

—M, /2
(d)

Fig. 6-12
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EXAMPLE | 6.7

Draw the shear and moment diagrams for each of the beams shown in
Figs. 6-13a and 6-14a.

SOLUTION

Support Reactions. The reactions at the fixed support are shown
on each free-body diagram, Figs. 6-13b and Fig. 6-14b.

Shear Diagram. The shear at each end point is plotted first, Figs. 6-13¢
and 6-14c. The distributed loading on each beam indicates the slope
of the shear diagram and thus produces the shapes shown.

Moment Diagram. The moment at each end point is plotted first,
Figs. 6-13d and 6-144d. Various values of the shear at each point on the
beam indicate the slope of the moment diagram at the point. Notice
how this variation produces the curves shown.

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
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EXAMPLE | 6.7 CONTINUED

NOTE:

Observe how the degree of the curves from w to V to M
increases exponentially due to the integration of dV = wdx and
dM = Vdx. For example, in Fig. 6-14, the linear distributed load
produces a parabolic shear diagram and cubic moment diagram.

Copyright @ 2011 Pearson Education, Inc. publishing as Prentice Hall

EXAMPLE | 6.7 CONTINUED
\(b)
14

Wo
R ENTERNRN
v
wol2 \ (b)
2
w = negative constant (—wp)
Vv slope = negative constant (—wg )
woL
X
(©
V = positive decreasing
M DX "
slope = positive decreasing
1 x
g wol.2
- @
Fig. 6-13

wo L2

w = negative decreasing
slope = negative decreasing

0

x
©
V = positive decreasing
slope = positive decreasing,

| x

@ )

Fig. 6-14
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EXAMPLE | 6.8

Draw the shear and moment diagrams for the cantilever beam 2kN Mg = 11kN-m
in Fig. 6-15a. l 15kN/m \
P

2kN
L5 kN,
/m B, =SkN
2m — 2m —|

A =
‘ ‘ w=0 W = negative constant
‘ 2m ‘ 2m ‘ slope =0 slope = negative constant
V (kN
(@) (kN)
2 4
| 4 x (m)

! | j
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EXAMPLE | 6.8 CONTINUED

SOLUTION

Support Reactions. The support reactions at the fixed support
B are shown in Fig. 6-15b.

Shear Diagram. The shear at end A is —2 kN. This value is
plotted at x = 0, Fig. 6-15c. Notice how the shear diagram is )
constructed by following the slopes defined by the loading w, V= negitive constant R

_ . 4 .~ slope = negative constant V' = negative increasing
The shear at x = 4 m is —5 kN, the reaction on the beam. This slope = negative increasing
value can be verified by finding the area under the distributed  y (kN-m)
loading, Eq. 6-3.

x(m)
Vledm = Vlemgm + AV = —2kN — (1.5kN/m)(2 m) = —5kN

-4
Moment Diagram. The moment of zero at x = 0 is plotted in
Fig. 6-15d. Notice how the moment diagram is constructed based (d) =11
on knowing its slope, which is equal to the shear at each point. S
The change of moment from x = 0 to x =2 m is determined
from the area under the shear diagram. Hence, the moment at 1
x=2mis

M|y sm = Mo+ AM =0 + [-2kN(2m)] = —4kN-m m———
(e

This same value can be determined from the method of sections, .
Fig. 6-15e. Fig. 6-15

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

V=2kN

T‘M:4kN~m
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EXAMPLE | 6.9

Draw the shear and moment diagrams for the overhang beam in

Fig. 6-16a.
4kN/m
4 kN/m
A
A B
4m | 2m J I 4m 1 2 m——|
A, =2kN . \:éb) B,=10 kN (a)
Flope S0 w = negative constant
V(kN) slope = negative constant SOLUTION
Support Reactions. The support reactions are shown in
8 Fig. 6-16b.
Shear Diagram. The shear of —2 kN at end A of the beam
is plotted at x = 0, Fig. 6-16c. The slopes are determined
0 [ 3 s 5 from the loading and from this the shear diagram is
-2 constructed, as indicated in the figure. In particular, notice
the positive jump of 10 kN at x = 4 m due to the force By, as

(©

indicated in the figure.

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

V = negative constant
slope = negative constant

M (kN-m)

0

EXAMPLE | 6.9 CONTINUED
\ \

V = negative decreasing
slope = negative decreasing

slope = 0
s )L
¢ x (m)

6

Moment Diagram. The moment of zero at x = 0 is
plotted, Fig. 6-16d. Then following the behavior of the slope
found from the shear diagram, the moment diagram is
constructed. The moment at x = 4 m is found from the area
under the shear diagram.

My = M|i_g + AM =0 + [-2kN(4 m)]=—8kN-m

‘We can also obtain this value by using the method of sections,
as shown in Fig. 6-16e.

2kN

Fig. 6-16

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
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EXAMPLE | 6.10

The shaft in Fig. 6-17a is supported by a thrust bearing at A and a
journal bearing at 5. Draw the shear and moment diagrams.

120 Ib/ft

l 12 ft !

(a)

120 Ib/it

Al Ay

12 ft

Ay=2401b \ e

slope = negative increasing

w = negative increasing B,=4801b

V (Ib)
240
6.93 12
0 +— x (ft)
©
V = positive decreasing
slope = positive decreasing — 480

V = negative increasing
slope = negative increasing
| 1
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EXAMPLE | 6.10 CONTINUED

SOLUTION

Support Reactions. The support reactions are shown in
Fig. 6-17b.

Shear Diagram. As shown in Fig. 6-17c, the shear at x = 0 is
+240. Following the slope defined by the loading, the shear
diagram is constructed, where at B its value is —480 1b. Since the
shear changes sign, the point where V' = 0 must be located. To do
this we will use the method of sections. The free-body diagram of
the left segment of the shaft, sectioned at an arbitrary position x, is
shown in Fig. 6-17e. Notice that the intensity of the distributed
load at x is w = 10x, which has been found by proportional
triangles, i.e., 120/12 = w/x.

Thus, for V' = 0,

+13F, =0 2401b — 3(10x)x = 0
x = 6931t

M (Ib-ft)

=10,
slope = O\‘

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
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EXAMPLE | 6.10 CONTINUED

Moment Diagram. The moment diagram starts at 0 since there
is no moment at A; then it is constructed based on the slope as
determined from the shear diagram. The maximum moment
occurs at x = 6.93 ft, where the shear is equal to zero, since
dM/dx =V =0, Fig.6-17d,

(tEM =0; Ay =2401b
M + 5[(10)(6.93)] 6.93 (5(6.93)) — 240(6.93) = 0 ©
M = 1109 1b - ft Fig. 6-17
Finally, notice how integration, first of the loading w which is linear,

produces a shear diagram which is parabolic, and then a moment
diagram which is cubic.

NOTE: Having studied these examples, test yourself by covering
over the shear and moment diagrams in Examples 6-1 through 64
and see if you can construct them using the concepts discussed here.

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

] Bending \

6.3. bending deformation

Assumptions:

1. Plane section remains plane
2. Length of longitudinal axis remains unchanged

3. Plane section remains perpendicular to the
longitudinal axis

4. In-plane distortion of section is negligible

Axis of
symmetry ¥

M
T— - &
x =T Gl Neutral
[ surface
w
Longitudinal _-:_:\ :
axis J~
Fig. 6-18 @ o

Fig. 619
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Bending \

ng deformation

Normal strain variation

M =[yaF :LJ’(O'dA):LJ’(yO'mjdA o)

(a)

Bending stress variation
{c)

Fig. 6-24 (cont.)

T
(profile view)

(b)

Fig. 6-24

EXAMPLE | 6.11

A beam has a rectangular cross section and is subjected to the stress
distribution shown in Fig. 6-25a. Determine the internal moment M at
the section caused by the stress distribution (a) using the flexure
formula, (b) by finding the resultant of the stress distribution using
basic principles.

SOLUTION

Part (a). The flexure formula is oy = Mc/I. From Fig. 6-25a.
¢ = 6in. and oy, = 2 ksi. The neutral axis is defined as line NA,
because the stress is zero along this line. Since the cross section has a
rectangular shape, the moment of inertia for the area about NA is
determined from the formula for a rectangle given on the inside front
cover; i.e.,

S PYE B R P — 864 in*
I= leh = 12(()m,)(12m,) = 864 in

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
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EXAMPLE | 6.11 CONTINUED

Therefore,
Mc ., M(6in)
Tmax = T; 2 klp/ll’l = m
M = 288kip-in. = 24 kip - ft Ans.

Part (b). The resultant force for each of the two triangular stress
distributions in Fig. 6-25b is graphically equivalent to the volume
contained within each stress distribution. Thus, each volume is

1
F = - (6in.)(2 kip/in?)(6 in.) = 36 kip

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

EXAMPLE | 6.11 CONTINUED

These forces, which form a couple, act in the same direction as the
stresses within each distribution, Fig. 6-25b. Furthermore, they act
through the centroid of each volume, ie., %(6 in.) = 4in. from the
neutral axis of the beam. Hence the distance between them is 8 in. as
shown. The moment of the couple is therefore

M = 36kip(8in.) = 288 kip -in. = 24 kip - ft Ans.
NOTE: This result can also be obtained by choosing a horizontal

strip of area dA = (6 in.) dy and using integration by applying
Eq.6-11.

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
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EXAMPLE | 6.12

The simply supported beam in Fig. 6-26a has the cross-sectional area
shown in Fig. 6-26b. Determine the absolute maximum bending stress
in the beam and draw the stress distribution over the cross section at
this location.

5kN/m

LLEL Ll 7

‘ —x(m)

6m 1
(a) ©

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

EXAMPLE | 6.12 CONTINUED

20 mm

N

5

=&

SOLUTION

Maximum Internal Moment. The maximum internal moment in
the beam, M = 22.5 kN -m, occurs at the center.

T

(i Section Property. By reasons of symmetry, the neutral axis passes

ES

20 mm —»| |«—

# through the centroid C at the midheight of the beam, Fig. 6-26b. The
150" mm area is subdivided into the three parts shown, and the moment of
| inertia of each part is calculated about the neutral axis using the

20 mm

L—ZSO mm—|

parallel-axis theorem. (See Eq. A-5 of Appendix A.) Choosing to
work in meters, we have

I=3(+ Ad%)

D

= 2[11—2(0.25 m)(0.020 m)® + (0.25 m)(0.020 m)(0.160 m)?

+ [i(o.ozo m)(0.300 m)*

12
= 301.3(10°%) m*
Mc 22.5(10%) N-m(0.170 m)
fopary = T; Omax = 301.3(104) > = 12.7MPa Ans.

Fig. 6-26

Copyright ® 2011 Pearson Education, Inc. publishing as Prentice Hall
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EXAMPLE | 6.12 CONTINUED

A three-dimensional view of the stress distribution is shown in
Fig. 6-26d. Notice how the stress at points B and D on the cross
section develops a force that contributes a moment about the
neutral axis that has the same direction as M. Specifically, at point B,

yg = 150 mm, and so

Myg 22.5(10% N -m(0.150 m)

op = 7’ op

301.3(10°%) m*

= —11.2 MPa

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

EXAMPLE | 6.13

The beam shown in Fig. 6-27a has a cross-sectional area in the shape 2.6kN

of a channel, Fig. 6-27b. Determine the maximum bending stress that 3/,

occurs in the beam at section a—a. 5 o
SOLUTION L

Internal Moment. Here the beam’s support reactions do not have
to be determined. Instead, by the method of sections, the segment to the
left of section a—a can be used, Fig. 6-27c¢. In particular, note that
the resultant internal axial force N passes through the centroid of the

cross section. Also, realize that the resultant internal moment must be v = 59.09

calculated about the beam’s neutral axis at section a—a.

To find the location of the neutral axis, the cross-sectional area is
subdivided into three composite parts as shown in Fig. 6-27b. Using
Eq. A-2 of Appendix A, we have

I 2:m

SyA  2[0.100 m](0.200 m)(0.015 m) + [0.010 m](0.02 m)(0.250 m)

YT 34 T 2(0.200 m)(0.015 m) + 0.020 m(0.250 m)

= 0.05909 m = 59.09 mm

This dimension is shown in Fig. 6-27c.
Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
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EXAMPLE | 6.13 CONTINUED

2.4 kN

Applying the moment equation of equilibrium about the neutral
axis, we have

0.05909 m

1.0 kN

N
(+=My, = 0; 24kN(2m) + 1.OKN(0.05909m) — M =0 c
2
M = 4859kN-m o
Section Property. The moment of inertia about the neutral axis is Fig. 6-27

determined using the parallel-axis theorem applied to each of the three
composite parts of the cross-sectional area. Working in meters, we have

I= [%(0.250 m)(0.020 m)® + (0.250 m)(0.020 m)(0.05909 m — 0.010 m)z]

+ 2[%(0.015 m)(0.200m)> + (0.015 m)(0.200 m)(0.100 m — 0.05909 m)z]

= 42.26(10°%) m*

Maximum Bending Stress. The maximum bending stress occurs at
points farthest away from the neutral axis. This is at the bottom of the
beam,c = 0.200 m — 0.05909 m = 0.1409 m. Thus,
Mc  4.859(10°) N-m(0.1409 m
ey B (1) 76( ; ) _162MPa  Ans
I 42.26(107°) m
Show that at the top of the beam the bending stress is ¢’ = 6.79 MPa.

NOTE: The normal force of N = 1 kN and shear force V = 2.4 kN will
also contribute additional stress on the cross section. The superposition
of all these effects will be discussed in Chapter 8.
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EXAMPLE | 6.14

The member having a rectangular cross section, Fig. 6-28a. is designed
to resist a moment of 40 N+ m. In order to increase its strength and
rigidity, it is proposed that two small ribs be added at its bottom,
Fig. 6-28b. Determine the maximum normal stress in the member for
both cases.

SOLUTION
Without Ribs. Clearly the neutral axis is at the center of the cross
section, Fig. 6-28a,s0y = ¢ = 15mm = 0.015 m. Thus,

1

7= Eblﬁ = 11—2(0.060 m)(0.030 m)? = 0.135(10°°) m*

Therefore the maximum normal stress is
_ Mc _ (40N-m)(0.015m)

e _m AT _4MMPa Ans
s =y 0.135(10°%) m"* = e
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EXAMPLE | 6.14 CONTINUED

With Ribs. From Fig. 6-28b, segmenting the area into the large main
rectangle and the bottom two rectangles (ribs), the location ¥ of the
centroid and the neutral axis is determined as follows:
ZyA
A
[0.015 m](0.030 m)(0.060 m) + 2[0.0325 m](0.005 m)(0.010 m)
(0.03 m)(0.060 m) + 2(0.005 m)(0.010 m)

y:

= 0.01592 m
This value does not represent c. Instead
¢ =0.035m — 0.01592 m = 0.01908 m
Using the parallel-axis theorem, the moment of inertia about the
neutral axis is

I= [11—2(0.060 m)(0.030 m)® + (0.060 m)(0.030 m)(0.01592 m — 0.015 m)z]

+ 2[%(0.010 m)(0.005 m)® + (0.010 m)(0.005 m)(0.0325 m — 0.01592 m)z]

=0.1642(107%) m*
Therefore, the maximum normal stress is
Mc 40N-m(0.01908 m)
Tmax T T 0.1642(10°%) m?
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= 4.65 MPa Ans.

EXAMPLE | 6.14 CONTINUED

This value does not represent c. Instead
¢ =0.035m — 0.01592m = 0.01908 m
Using the parallel-axis theorem, the moment of inertia about the
neutral axis is

I= [%(0.060 m)(0.030 m)® + (0.060 m)(0.030 m)(0.01592 m — 0.015 m)ﬂ

+ 2[%(0.010 m)(0.005 m)® + (0.010 m)(0.005 m)(0.0325 m — 0.01592 m)z]

= 0.1642(107°) m*
Therefore, the maximum normal stress is
Mc  40N-m(0.01908 m)

Omax = = W = 4.65 MPa Ans.

NOTE: This surprising result indicates that the addition of the ribs
to the cross section will increase the normal stress rather than decrease
it, and for this reason they should be omitted.
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