ME210 STRENGTH OF MATERIALS

Chapter 04 — Recitation 3

Example 1 An eccentric force P is applied as shown to

- a steel bar of 25 90-mm cross section. The
TN strains at A and B have been measured
’h and found to be
5 - 30 mm

// g4 =+350u e =-70u
.

A t Knowing that E=200GPa, determine

90%3 ! 145 o (a) The distance d

P (b) The magnitude of the force P
f

15 mm o * We need to find moment of inertia
I of the cross section

AN,

7

=

1
—Elh b=25mm h=15+4+454+30=90mm c=§h=45mm=0.045m

b 1 1
= ph3 = — 3 =1.51875x 10° 4
I 2 bh 2 (25)(90) x mm

=1.51875x 107° m*




convention

Example 1 +y e
P LEIh 4 l < m

B
x

25 mm 7~ [
\ﬁ b
=L - 30 mm _ P MyA _ P MyB (2)

A / =3 O =57

Wi
. B i :[45 . ” » *+ The distances of strain gages to the
V T P center of cross section:
5y Y4 =60 —45 = 15 mm = 0.015m

yg = 15—-45 = -30mm = —0.030m

* Stresses from strain o, = Eg, = (200 x 10°)(350 x 107%) = 70 x 10° Pa
gages at A and B: _
op = Egg = (200 x 10°)(=70 x 107%) = —14 x 10° Pa

A = bh = (25)(90) = 2.25 x 103 mm? = 2.25 x 1073m?

Example 1
P My, ) P Myg @)
Oy =———— op=————
25 mm A I A I
\
/’7 o4 =70 x 106 Pa A=225x10"3m?
//\\\1‘ 30 mm og=—14x 10° Pa y4=0.015m
| P t/ - I=151875x10"6m* Yp=—0.030m
s)oD B } :[45 P i\‘u p » Substracting
= e : [\1
T _ 4 ! s — Gu = — M(ya—yg)
15 mm B 4 B I
I(o,—0,
y — _ea=0w)
Ya—YB

1.51875 x 1075(84 x 10°)

. [(04—0B) +m 0.045
- convention

Ya— Vs M = —2835 Nm




Example 1 P My, P Myg

=___7 I
Oa= 7377 (1) op 1777 @)
25 mm\
/h oa=70x10°Pa 4 =225x10-3m?
K 30 mm op = —14x 10° Pa ya=0.015m
( ! t/ [=151875x10"6m* Yz =—0.030m
90 mm i " i \ ) « Multiplying (2) by y, and (1) by
V S LQII yp and subtracting:
4 N p
151“““ | Ya0s — Ypoa = (Va — yB)Z
p _ AGus ~ y50x) _ (225 x 107)[(0.015)(~14 x 10°) — (~0.030)(70 x 10°)]
A vs 0.045
| P=94.5x10°N |
Mg 5 M M = —Pd M —2835
= Iy d=—==_-_—2%2 _030m

P 945x103

convention

re o ¥ B
EEEE e 5

Example 1 * Alternative way using absolute values without signs
B « Assume directions of P and M

/‘/,’j 30 mm P
[ A t/ d =~ d e
90 mm B i \[45 mm :" P
< > -

tz/
T « Think about each term separately, and decide if they

N

1Bmm are tension (T) or compression (C)
g =430 e =-70p « Assume tension is ‘+’, compression is ‘-’
P M|y,| P M|yg| + Solve
loal =5 — 1) logl =7 — @
P =94500 N (T)
m o M © m © M = 2835 Nm (3)
P M P M
e LIRS Mo
_d =0.030
P MO015) 1, 106 P M(0.030) -

+70x10° = +

2.25x10-3  1.51875x10-° + 2.25x10~3  1.51875x10-6




Example 2 If the beam is subjected to an internal
moment of M=100 kN.m, determine the
bending stress developed at points A, B
and C. Sketch the bending stress
distribution on the cross section.)

My
I
» First, we need to find centroid and

neutral axis (n.a.). y and I are
measured using centroid

g =

A[mm?] y [mm] Ay [mm3]
1 (30)(300) =9000 30+300/2=180 1620000
[T 1 2 (300)(30) = 9000 30/2=15 135000
18000 1755000
. ¢y
= 1 A5 y = 241755000 o, ¢ = 00975
Y|, a2 | T34 " 18000 O/ mm = RERem
Location of centroid from bottom edge
Example 2 If the beam is subjected to an internal

moment of M=100 kN.m, determine the
bending stress developed at points A, B
and C. Sketch the bending stress
distribution on the cross section.)

My
I
+ Second, we need to find moment of inertia

I for this cross section about centroid.

1
I=1L+1 —Elh I =15bh°

b

Y =975mm ~ Ilzib1h3+Ad2 I =ib B3+ A,d2
1 k! 141 2 = 15 D22 + 4203
] _/C I = %(30)(300)3 +(9000)(30 + 150 — 97.5)% = 128756250 mm*
N_ d‘zil /e A Ii I = %(300)(30)3 +(9000)(97.5 — 15)2 = 61931250 mm*
V| eeraees = I =1+ 1, = 190687500 mm* = 0.1907x10~3m*




Example 2 If the beam is subjected to an internal

moment of M=100 kN.m, determine the

" ) / bending stress developed at points A, B
\_ A and C. Sketch the bending stress

300 mm distribution on the cross section.)
M MoA B M
O—z__y ( \} +M X
. )/ 1 LRSS, convention
‘ Egmm y: Distance between centoid and given point
¥4 =300+ 30— 975 = 232.5mm
PSO al yg =—975mm  Yc =—(97.5-30) = —67.5mm
M = +100x10°N.m

Y=975
A My,  100(10%)(0.2325)

y My 100(103)(—0.0975)
N [/'6 I A UB:_T:_W=+51.1=51.1Mpa(T)
= c _ Myc  100(10%)(-0.0675) 3
Y | - oc=-—-= 019070 - +35.4 = 35.4 MPa (T)
B
Example 2

If the beam is subjected to an internal
moment of M=100 kN.m, determine the
bending stress developed at points A, B
and C. Sketch the bending stress
distribution on the cross section.)

=122 MPa (C)

Zero at neutral axis
Changes linearly above and below n.a.

My 0c =354 MPa(T) — Ry
I /s

05 = 51.1 MPa (T)

g =






