Practice Exam #2 - Fall 2012

PROBLEM #1 (33 points)

1) The beam shown below is loaded by a distributed load go=10 kN/m and a moment
M=50 KNm.

¢ Determine and plot the shear force and bending moment diagrams. Your answer

needs to be expressed as a V(x) and M(x) diagram with characteristic values

(any local maxima and minima as well as values of discontinuities) clearly stated.
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2) The beam possesses a T-shaped cross section.

e Determine the location along the beam axis where ©
the maximum value of flexural stress occurs and ¥
determine the maximum value of flexural stress;

o Determine the distribution of the flexural stresses on
the beam cross-section. Document your answer in a
drawing that depicts the distribution of these
stresses in the beam cross-section and indicate
minimum and maximum values.
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Problem #2

The beam shown below has a constant cross sectional area and modulus of elasticity
(EI = constant). It is supported by a roller at A and fixed into the wall at B. The beam
is loaded vertically downward by a distributed load w, as shown. Determine:

e The reaction forces and moment at the supports

W, (force/length)
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YF=0>R+R =w,L
y
DM, =0 R*L-w[*/2=M,=0
2 equations and three unknowns: R ,R,, M,

q(x) =—w,
V(ix)=—wx+R,

2
M(x)z—wox?+Rlx+ M,
M =0

: R
Elv(x)= ?lxz —%Jf +C

1
R
Elv(x)= le3 - %x“ +Cx+C,

Boundary Conditions are:

1.x=0,v=0
2.x=Lv=0
3.x=Lyv =0

using boundary condition 1 — C, =0

R
using boundary condition 3 — C, =— ?‘ L+ % r

Substitute for C, from above in deflection equation and then use boundary condition 3, we obtain

3w

R=—"72L
8
Substitute for R, in sum of forces in the y direction results in:
5w,
R =—"L
8

Substitute for R, in sum of the moments at the wall results in:



Problem #3

At a point in a structure the stress state is determined to be plane stress and
characterized by o, =20 MPa, o, =40 MPa, 1, =50 MPa.

Determine:

e The values of the first and second principal stresses; and draw a properly
oriented material element for this stress state;

e The value of the maximum in-plane shear stress; and draw a properly oriented
material element for this stress state;

e Draw Mohr’s circle for the stress state, and on Mohr’s circle mark the locations
representing the stress state in (x-y) coordinates, mark the locations representing
the principal stresses and the maximum shear stress.

SOLUTION: Principal stresses are given by

. o, +a,
' 2 \ ).
+ 20— 407" . 0 0
1= 202 40 + 20 «, 40 | + (50 =30+ .’ID‘ +50° =30+509

g =30+509=81MPa
T, =30-509=-21MPa

The orientation of the principal stress plane is given by: 61 =81MPa
psz=—21MPa
tan(28 '&=—q, substituting the values we get fipz=50.60
(o, mey) /2 . |,|
X Switc
wan(26,) =—0 5 8oz = -39.30
(20-40)/2
- ¢ a;=-21MPa Py
="BX 50§ 01 =81MPa

b3
By =6y + 90" =—393" 2 00=5088 54.%

Having found the principal stress values and the orientation of the principal plane, a material element
can be drawn as shown on the side.
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The value of maximum in-plane shear stress can be calculated using the following:

T = 50.99 MPa = 51MPa

-

The arientation of the maximum in-plane shear stress is given by:
gawg=30MPa

- B
[o.-o, | .’S;h Tus=51MPa
P 2 ) i
tan(26,)=——— ¢ \\'n, Bs2=P5 lls oxz=30MPa
Ty i
rs

oa-.gzsompft'u, 51—5@’
!
1

\ L |
—_— =
tan{zgs] - 5 - 3 'L'm.m=5 1MPa|1_4""

‘T

60 ﬁ.wg=3UMPa

5.
8, +90° =5.6+90=95.6"

6_-'1
8, =

On the plane of maximum in-plane shear stress the normal stresses are the average normal stress given

o, +0,  20+40
A T

in-plane shear stress as shown on the side.

= 30 MPa . With this we can plot the material element for the maximum

MNow Mohr circle can be drawn as shown below:

(Garg= 30,7 =-51)
0 —__Y(0y= 40, Twy = -50)

v(cr:e=-21.1:=[]'*I |+(01=81.T=0]'
|| 1]

X(ox= 20|ty = 50— @~
(0:= 20/ T (Gue=30,7=51)

T (CCW)

Y





