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ME 304 Quiz #7
An |- beam is loaded as shown. Determine

w =50 M,
S 3
b 150 mm _L _L el _\FL—IO L|
o TEZ7A T, T, H+ALL
lmmﬂ—]—ij L- T __-_,:,/4_ L_{') Ac\,
R’f‘ om ?RQ i A
a e m\)
(a) T?c _ ?_1__‘
\I’C}VJV.}”( -

36. 1 = a) 47.5 x 106 mm*~4 b) 75.0 x 106 mm*4 c) 95.0 x
106 mm~4 d) 107.5 x 106 mm~4 e) 120.0 x 10"6 mm*"4

37. The distance ( X max ) from support 1 to location where M
is a maximum a) 1.531 . b) 2.052 m c) 2.663 md) 3.464 m
e) 5.196 m

38. The maximum bending moment = a) 115.47 N m b) 174.21
Nmc)230.94 Nmd) 313.53 Nm e) 364.41 Nm

39. The magnitude of the maximum stress in the beam=a)
455.80 MPa b) 382.74 c) 303.87 MPa d) 255.25 MPa e)
151.93 MPa

40. The magnitude of the stress in the beam at the joint
between the web and the flange for X max a) 455.80 MPa
b) 382.74 c) 303.87 MPa d) 255.25 MPa e) 127.62 MPa
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CHAP. 8] STRESSES IN BEAMS 191

8.11. The simply supported beam shown in Fig. 8-23(a) is subject to a uniformly varying load having
a maximum intensity of w N per meter of length at the right end of the bar. If the beam is a
wide-flange section having the dimensions shown in Fig. 8-23, determine the maximum load
intensity w that may be applied if the working stress is 125 MPa in either tension or compression.
Neglect the weight of the beam.

] 1500 mm —L T

mmﬂ" ;ﬂ;!m T " 4m 2 m ——e]
o % NA. T v

g 250 mm _L
cet 4 20 mm

R+ 6m ?RQ T Rl 6m R,

Fig. 8-23

The reactions R, and R, may readily be determined in terms of the unknown w by replacing the
distributed load by its resultant. Since the average value of the distributed load is w/2 N/m acting over a
length of 6 m, the resultant is a force of magnitude 6(w/2) = 3w N acting through the centroid of the
triangular loading diagram. that is, 4 m to the right of R,. This resultant thus appears as in Fig. 8-23(b).
From statics we immediately have R, = w N and R, = 2w N.

| gl N | /Tuju

] e ] T st

2w
Ry=w Shear Diagram _L Bending Moment
(@ ®) (@
Fig. 8-24

The shearing force and bending moment diagrams for this type of loading were discussed in Problem
6.5. Let us introduce an xv-axis coinciding with the beam and having its origin at the left support. Then at
a distance x to the right of the left reaction, the intensity of load is found from similar-triangle relationships
to be (x/6)w N/m. This portion of the loaded beam between R, and the section x appears in Fig. 8-24(a).
In accordance with the procedure explained in Problem 6.5. the shearing force V at the section a distance
x [rom the left support is given by

1/{x 1 :
Vaw—=|=-|wx=w——wx"
2\06 12

This equation holds for all values of x and from it the shear diagram is readily plotted, as shown in
Fig. 8-24(h). The point of zero shear is found by setting

w—4wx®=0  from which x=VI12=346m

This is also the point where the bending moment assumes its maximum value.
The bending moment M at the section a distance x from the left support is given by

1 (.\' X 1 .
M=wx—— -) W— = WX — — Wy~
2\6 3 36

Again. this equation holds (or all values of x and from it the bending moment diagram may be plotted as
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in Fig. 8-24(c). At the point of zero shear, v = 3.46 m, the bending moment is found by substitution in the
above equation to be

M, 340 = 3460w — £w(3.46)° = 231w N m

This is the maximum bending moment in the beam.
The bending stress on any fiber a distance y from the neutral axis of the beam is given by o = My/I.
The moment of inertia / of the beam is found from

_ 150@s0)° [ 65(210)°
12 12

} =95 10°* mm*

The maximum tensile stress occurs at the lower fibers of the beam where y = 125 mm at the section where
the bending moment is a maximum. This stress is 125 MPa, and thus o = My/I becomes

(2.31w) (0.125)

125X 10° =
95 X 10°(1072)

w =41 kN/m

8.12. Determine the section modulus of a beam of rectangular cross section.

Let i denote the depth of the beam and b its width. Bending is assumed to take place about the neutral
axis through the centroid of the cross section. The moment of inertia about the neutral axis is { = bh*/12.

At the outer fibers the distance to the neutral axis is 4/2, and this is commonly denoted by c. The
maximum bending stresses at these outer fibers are given by

Mc M
Opag =~ 5 T
‘ i llc

The ratio e is called theé section modulus and is usually denoted by Z. Then o, = M/Z. For the beam
of rectangular cross section,

L binz  bw?

e hi2 6

The section modulus Z has units of m® or in’.

8.13. A beam is loaded by one couple at each of its ends, the magnitude of each couple being 5 kN - m.
The beam is stcel and of T-type cross section with the dimensions indicated in Fig. 8-25(b).
Determine the maximum tensile stress in the beam and its location, and the maximum

" compressive stress and its location,
It is first necessary to locate the centroid of the cross-sectional area since the neutral axis is known
to pass through the centroid. To do this we introduce the x-y coordinate system shown and use the methods
of Chap. 7. The y-coordinate of the centroid is defined by

vda

y=

A
Y
5 KN 5kN AP'7A
kN- ‘m
F W ]
27 €3
100 mm // l Zg
%% 1
s o OLDATA 12
T8 B
(a) LSO* 25 ,50‘1

mm ‘mm' mm

{
Fig. 8-25 *




ME 304 Quiz #8

A composite beam is composed of three layers as shown. You
will need to transform materials A and B to look like material C.
Determine

o ; w.ad

, \ll’__—«é——‘“\] EPr: 9070 e Ih.d- éé}
. B Bg= okl  TyoT +/~}¢i
v L7 T B, = ook

e i > 3‘: fj_ﬁ
P P 4, f']&'
|

41. The location of the neutral axis ( wrt bottom of beam ) a)
1.543 in b) 1.704 in c) 1.936 in d) 2.074 in e) 2.132 in

42. 1 relative to the neutral axis a) 10.12 in*4 b) 20.25 in*4 c)
30.38 in*4 d) 40.50 in *4 e) 50.62 in ~4

If the yield stress in Material A is 4 ksi, determine

43. The load P required to produce yielding in A a) 500.0 Ib b)
652.41b c) 750.0 Ib d) 978.6 Ib e) 1304.9 Ib

44. At this load P, what is the maximum stress in C a) 1.53 ksi b)
2.24 ksi c) 3.06 ksi d) 3.37 ksi e) 4.49 ksi

45. At this load P, what is the maximum stress in B a) 1.44 ksi b)
2.16 ksi c) 2.87 ksi d) 4.31 ksi e) 5.74 ksi



ME 304 Quiz #8

A composite beam is composed of three layers as shown. You
will need to transform materials A and B to look like material C.
Determine

£ i
.J_L___A._-—\_\ Ep= 90k - 'f""'T\i bl
X . : - e
1"0 B ﬂ?r":G:.' (6O k-!(.; _)_'y :Ic/+ﬂ¢\,
L ¢ | ! f-;
\ E C < gao kJ L - i . Iq,\.‘
< Jim —D ) é A
PP L
LLBI’ i ‘jl ! 3 ‘

41. The location of the neutral axis ( wrt bottom of beam ) a)
1.543 in b) 1.704 in c) 1.936 in d) 2.074 in e) 2.132 in

42. 1 relative to the neutral axis a) 10.12 in*4 b) 20.25 in"*4 c)
- 30.38 in"“4 d) 40.50 in 4 e) 50.62 in 74

If the yield stress in Material A is 3 ksi, determine

43. The load P required to produce yielding in A a) 500.0 Ib b)
652.4 Ib c) 750.0 Ib d) 978.6 Ib e) 1304.9 Ib

44. At this load P, what is the maximum stress in C a) 1.53 ksi b)
2.24 ksi c) 3.06 ksi d) 3.37 ksi e) 4.49 ksi

45. At this load P, what is the maximum stress in B a) 1.44 ksi b)
2.16 ksi c) 2.87 ksi d) 4.31 ksi e) 5.74 ksi



ME 304 Quiz #8

A composite beam is composed of three layers as shown. You
will need to transform materials A and B to look like material C.
Determine

0 : —
l_%____ﬁ___\___ﬁ] Eh’: L/J-D h)t "LV'CC: ;LLLB
T 8 Bg= 160 ksl
“p -8 &4 = ] <
1, C E.= §00ks0 I WC/")( Al
iy 3 D j‘:_ { Z_, J
P P S AL
= 7’ S 5

41. The location of the neutral axis ( wrt bottom of beam ) a)
1.543 in b) 1.704 in c) 1.936 in d) 2.074 in e) 2.132 in

42. 1 relative to the neutral axis a) 10.12 in*4 b) 20.25 in"4 c)
30.38 in"4 d) 40.50 in ~4 e) 50.62 in A

If the yield stress in Material A is 2 ksi, determine

43. The load P required to produce vielding in A a) 500.0 Ib b)
652.4 1b c) 750.0 Ib d) 978.6 Ib e) 1304.9 Ib

44. At this load P, what is the maximum stress in C a) 1.53 ksi b)
2.24 ksi c) 3.06 ksi d) 3.37 ksi e) 4.49 ksi

45. At this load P, what is the maximum stress in B a) 1.44 ksi b)
2.16 ksi c) 2.87 ksi d) 4.31 ksi e) 5.74 ksi
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ME 304 Quiz #9
A wood beam is loaded by the point loads shown. Determine for
section nn

Pz 1.5 kv "
Sgeve EELA
T jjz 2‘ N/

1. The location of the neutral axis ( wrt the bottom of

the beam ).

2. The moment of inertia about the neutral axis.

3. The transverse shear in the web at joint a ( just
below the intersection of the web and flange ).

4. The transverse shear in the web at joint b ( just
above the intersection of the web and flange ).

5. The maximum transverse shear.




ME 304 Quiz #9
A wood beam is loaded by the point loads shown. Determine for
section nn

t

il

SR

04

_F_i"i‘—f 4

02y

Pe 3k A :
A= Y& = i?‘ iy

% A
e

1. The location of the neutral axis ( wrt the bottom of
the beam ).

2. The moment of inertia about the neutral axis

3. The transverse shear in the web at joint a ( just
below the intersection of the web and flange )

4. The transverse shear in the web at joint b ( just
above the intersection of the web and flange )

5. The maximum transverse shear.



428  Shearing Stresses in Beams and Thin-Walled Members

F P
olem 6.1

-’} :“ Lo X e Beam AB is made of three plates glued together and is subjected, i
' - its plane of symmetry, to the loading shown. Knowing that the wiqyp,
S e = of each glued joint is 20 mm, determine the average shearing stress i,
L i _)_‘_‘L B e each joint at section n-n of the beam. The locatipn of the centroig of

" 02m the section is given in Fig. 1 and the centroidal’'moment of iner(ig is

—

known to be I = 8.63 X 10°% m*, J:C;gmm

[f— 100 mm —|

20 min I

[ ,\_[oint(r

50 mm (‘. o
20 mm — -

1 L 5/]01111 b gn

20 mm o |

t

s
GO mm

Fig. 1 Cross section dimensions with
location of centroid.

STRATEGY: A free-body diagram is first used to determine the shear

at the required section. Eq. (6.7) is then used to determine the average
shearing stress in each joint.

MODELING:

Verti

ar at Section n-n. As shown in the free-body diagram
in Fig. 2, the beam and loading are both symmetric with respect to the
center of the beam. Thus, we have A = B = 1.5 kN 1,

section n-n.

L3N] B3 ky

vy tn 3 ‘ B '

" RONT

Y

|
A=15kN B=15kN A=13EN =
Fig. 2 Free-body diagram of beam and segment of beam to left of 'f

Drawing the free-body diagram of the portion of the beam to the left
of section n-n (Fig. 2), we write 4

+1 2, = o L5kN — V=0 V=15kN

(continued)



"6.2 Distribution of Stresses in a Narrow Rectangular Beam

~— 0.100 1 — ANALYSIS:

0mf [ e

& 1
o 1

| — Shearing Stress in Joint a. Using Fig. 3, pass the section a-a
through the glued joint and separate the cross-sectional area into two
e ‘ parts. We choose to determine Q by computing the first moment with
i i respect to the neutral axis of the area above section a-a.

l'.l‘ s

:,,L‘.J__.i
1 1
3 Using area above section a-a to Q= Ay, = [(0.100 m)(0.020 m)](0.0417 m) = 83.4 X 10~°m?
2
fmommmmmem Recalling that the width of the glued joint is £ = 0.020 m, we use
i 1 < . . s
R o Eq. (6.7) to determine the average shearing stress in the joint.
traladis JIC —
b L 0 e i p
T R !1’2{_ 0.0553 m VQ (1500 N)(83.4 X 10™°m?) s
oo20m] [ e—]—1 - T T (863 X 100 m00z0m) e T (2K
0.060 m

3 Jsing area below sectionb-bed g, ring Stress in Joint b. Using Fig. 4, now pass section b-b and

compute ( by using the area below the section.

Q = Ay, = [(0.060 m)(0.020 m)](0.0583 m) = 70.0 X 10~° m?

VQ (1500 N)(70.0 x 107°m?)
It (8.63 X 10 °m*)(0.020 m)

" e = 608 kPa

Tﬂ\'E

f"on/‘ lm.m._(( Q-’: A-t?} o A?_ ?2 ‘;(
= G345 K=t

. MR DL L e X V] < -

63 Nip6 -0’};))

2y ”E"l' "5H'*P-* Sample Problem 6.2
H 3.5 1n, e e e e e
: ‘:, {:f B_’] h A timber beam AB of span 10 ft and nominal width 4 in, (actual
LRI VT g width = 3.50n) is to support the three concentrated loads shown.
b ' Knowing that for the grade of timber used o, = 1800 psi and
*'_ﬁ_; ”_ELB P ”1 - 7a1 = 120 psi, determine the minimum required depth d of the
beam.
10 ht

STRATEGY: A free-body diagram with the shear and bending-
moment diagrams is used to determine the maximum shear and
bending moment. The resulting design must satisfy both allowable
stresses. Start by assuming that one allowable stress criterion governs,
and solve for the required depth d. Then use this depth with the other
criterion to determine if it is also satisfied. If this stress is greater than
the allowable, revise the design using the second criterion.

(continued)
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ME 304 Quiz #10
A structure is loaded as shown. Determine

// ;7’\ /f\:’_\_‘j_—_-(?_é
‘3m L=
- L ’[,,3
- r — )
16—/‘5»{9]@'-5_"-7}&'3% — r \L 2% gl
Px 4 keafm B ¢ R = ¢
]
- g
100 mn,
coehd] |
W T les) _'—
Eomm

51. The magnitude of the reaction at B a) 2.5 kN b) 5 kN c) 10
kN d) 15 kN e) 20 kN '

52. The magnitude of the reaction at A in the x direction a) 8
kN b)4 kN c) 2 kN d) 16 kN e) 12 kN

53. The magnitude of the axial stress at location R for section
nn a) 169.6 MPa b) 127.2 MPa c) 42.4 MPa d) 21.2 MPa e)
84.8 MPa

54. The magnitude of the axial stress at location R for section
mm a) 28.9 MPa b) 127.2 MPa c) 115.6 MPa d) 57.8 MPa e)
84.8 MPa

55. The magnitude of the transverse shear stress at location
R for section nn a) 1.436 MPa b) 1.728 MPa c) 0.864 MPa
d) 3.456 MPa e) 0.432 MPa
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For the plane STRESS problem shown, compute the magnitudes of

T, & 3mPA - | |
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