Midterm 2 markers:

Q1

Silvena Reshotkina (PA)

Office: 3346 ME
sreshotk@connect.carleton.ca
Phone: 613-520-2600 Ext. 7470
Office hours: M 9:30-11:00a & F 3-4:30p
Q2

Omar Abdelalim (PA)

office: 3371ME
oabdelal@connect.carleton.ca
Phone: 613-520-2600 Ext. 7471
Office hours: T 1-3p

Q3

Mohammad Khalil (PA)

Office: 3374ME
mkhalil2@connect.carleton.ca
Phone: 613-520-2600 Ext. 5794
Office hours: T 3-5p

Q4

Waseem Mahmood (Lab)

Office: 1050B MC
wmahmood@connect.carleton.ca
Phone: 613-520-2600 Ext. 5716
Office hours: M 10-11a

Q5

Osama Salem (PA)

Office: 3371ME
osalem@connect.carleton.ca
Phone: 613-520-2600 Ext. 7471
Office hours: W 9:30-10:30a & R 2:45-3:45p




NOV-16-2009 08:29 cee_carleton u 6135203961 F.01-01

Question One (20 marks)
Draw the normal, shear and moment diagrams for the compound beam.
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Question Two(20 marks)

A beam has the cross section shown. If it is made of steel that has an allowable stress of Gaow = 24 ksi,
determine the largest internal moment the beam can resist if the moment is applied

(a) about the z axis, (b) about the y axis.

0.25 in.

Answer:
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Neutral Axis

h—2(tf

tF—T

I =I(upper.flange) + I (lower. flange) + | (web)

[4 marks]
't (b)? 3 3 3
I, = ¢ (0) . D)’ 10256 |, 6(025)° o .o
12 12 12 12
[4 marks]
_b t 3 3 3 3
I, = ﬁJr Ad? x2+b(tw) _|80.25) +6x0.25x(3.125)* x2+w=33.8in4
12 12 12 12

[6 marks]
M, .z . . . o, l, 24x9 L :
o, = Ii ... By reorganizing the equation we will have: M, = yz L = = 72kip.in = 6.0kip. ft
[6 marks]
o, = Mlz'y ....By reorganizing the equation we will have: M, = ol _ 243)(22'8 = 249.6kip.in = 20.8kip. ft
z y ’

Where (2) is the farthest point in the section from the Neutral axis along the Y-axis
And (y) is the farthest point in the section from the Neutral axis along the Z-axis
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Question Three (20 marks)

The resultant internal moment acting on the cross section of the aluminum strut has a
magnitude of M = 200 N - m and is directed as shown. Determine (1) the maximum bending
stress in the strut (2) The location y of the centroid C of the strut’s cross-sectional area (3)
specify the orientation of the neutral axis.
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M =520N'm
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LEU() mm —+200 mm

Figure: 06-37-04P06.106/107
Copyright & 2008 Pearson Prentice Hall, Inc.

Determine the location 7 of the centroid C' of the strut's cross-sectional area (4 marks):

Method 1:

> yA
Yy = W
10(400)(20) + 2(110)(180)(20)
400(20) + 2(180)(20)
= 57.37 mm

Method 2:

Nl

o 294
I=54
10(360)(20) + 2(100)(200)(20)
360(20) + 2(200)(20)

= 57.37 mm

Determine the resultant internal moment components directed along the principle y and z axis
(2 marks):

5
My:1—3520:200N~m
M. —_12520— 480 N



Determine the principle moment of inertia about the principle y and z axis (4 marks):
Method 1:

I = 11—2(400)(20)3 +400(20)(57.37 — 10)* + 211—2(20)(180)3 +2(20)(180)(57.37 — 110)?

= 57.6 x 10° mm?
= 5.76 x 107° m?

I, = 1—12(20)(400)3 + 21—12(180)(20)3 +2(20)(180)(190)?

= 367 x 10% mm?
= 3.67 x 107* m?

Method 2:

12
= 57.6 x 10° mm?
= 5.76 x 107° m?

I = i(360)(20)3 +360(20)(57.37 — 10)* + 211—2(20)(200)3 +2(20)(200)(57.37 — 100)?

I, = 1—12(20)(360)3 + 21—12(200)(20)3 +2(20)(200)(190)?

= 367 x 10% mm?
= 3.67 x 107* m?

Determine the maximum bending stress in the strut (8 marks):

Determine the bending stress at point A: At point A, y = y—200 = —142.6 mm = —0.1426 m
and z = —200 mm = —0.2 m, therefore

M,y M,z
L I,
(—480)(—0.1426) N 200(—0.2)
5.76 x 10=? 3.67 x 104
= —1.30 x 10° Pa
= —1.30 MPa

Op — —

Determine the bending stress at point B: At point A, y = y = 57.37 mm = 0.05737 m and
z = 200 mm = 0.2 m, therefore



M.y . M,z

R
~ (—480)(0.05737) N 200(0.2)
5.76 x 103 3.67 x 104
= 5.87 x 10° Pa
= 0.587 MPa

Therefore, point A undergoes the maximum bending stress at 1.30 MPa.

Specify the orientation of the neutral axis (2 marks):

The angle 6 that the internal makes with the principal z axis is

5
0 = tan ' (—
an (_12)

= —22.6°

The angle o that the neutral axis makes with the principal z axis is

a = tan~! <£tan9)
[y

= —3.74°



Question Four(20 marks)

The beam is made from three plastic pieces glued together at the seams A and B

If it is subjected to the loading shown, determine the shear stress developed in the glued joints at the
critical section.

Note: The supports at C and D exert only vertical reactions on the beam
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Question Five (20 marks)

Determine the deflection at the center of the beam and the slope at B. El is constant.

Solution No.1 M,
“Slope & displacement by integration” (
- Support Reactions: A 2“3 §=B_
My =0 ol
— _ M, - ¥ B
Ay.L— M, =00 — A,==2 Ayl L
At distance (x) M, N y
M, _ _ :
M)+ 5 2= M =00 G — 5 M(x)
M(x) = M,(1— Z) (Moment function) | X > Ay
- Moment Equation: Ay v
ELYY = M(x) = My(1 =5 L)
" dx? 0 L
By Integration twice;
dv _ rx x _ x?2
El.a—f()(Mo(l—z)).dx—Mo(x—z)+ ¢ - @)
X x? x?  x3
EI.vzf0 (Mo(x—z)+ 01)-dx:Mo(?—a)+ c1x + ¢, — (3)

- Applying Boundary Conditions:

At x=00 - v=00 ()]
At x=L - v=00 (1))
From (1) into egn. (3)
2 3
EI.(0.0) = M, ((0'20) — (06'2) )+ c;(00)+ ¢, - ¢, =00
From (1) into egn. (3)
2 3
EL(00) = My(“=—25) + ¢,(1) + 00
_ (L)3 (L)? L L M,y.L
(L) = My (5= =) Se =M (i-5) = -5

Substitute with ¢, & ¢, into egn. (3)
2 3 L 2 3 L

El.v = Mo(x__x_)_MO(x_): MO (i_i_x_)
2 6L 3 2

- Deflection at the center of the beam at (C)
At (C), x =L/2 into egn. (lI1)

L\?2 L\3 L
- - =)L 2 2 2 2_712_qr2
EI.V:M()((Z)—(Z)—(2)>:MO(L—L——L):M0(6L L 8L)
2 6L 3 8 48 6 48
- 2 _ 2 _ 2
El v = Mo( 3L): M,y.L = M,.L
48 16 16 EI
- Slope at (B), where (x=L)
Substitute with ¢, into eqgn. (2)
d 2 . 2
ELL =My (x = 3) =55 = Mo (x = 32— 5) = Mo (5)




Solution No.2

“Slope & displacement by the Moment-Area Method”

- From the Elastic Curve:
AC — A, - tC/B

A" tam r _ tas
O~ w 4%

5) t(

Ac= L2 — teyp — (1)

2

- From the Moment-Area Theorem

tarp = GL) EL (%)] = 1‘”60_;
o= (OO -5
Into eqn. (1) 2 2
b= 1) (52
M,. L2
Ac= TeET

- From the Elastic Curve
The slope at (B)

Mg.L2
9 tasB
p=— =

— _6EI
L L

By:
Osama Salem
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