Problem 1 (25 points): A drill jammed in the wall is acted upon by a point load at D, and a
torque at B, as shown in the figure below. For the given state of loading,

a) Determine the stress state at the point M on the cross section aa’, and represent the stress
state on an appropriate stress element.

b) Determine the stress state at the point N on the cross section aa’, and represent the stress
state on an appropriate stress element.

c) Using a Mohr’s circle, determine the absolute maximum shear stress 7,4y qps fOr the points
M and N.

30 mm

200N

cross section aa’
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Problem Solution

Making a cut at aa’ and drawing the FBD,

ww 0S T

173.2N

100 N

Force balance gives:
SF, =Fl+Fyj+F,k—17321+100j=0
=>F,=1732N F,=-100N F,=0N
Moment balance gives:
IM, = My + Myyj + Mgk — 300+ (0.30 1 — 0.15 /)x (—=173.2 1+ 100 ) = 0
= M,y =30Nm M,, =0Nm M,, =—4.02Nm

For the cross section,

7(0.0302 m(0.030*
4= "00300) _ 500071 m? 1 = I, = (00300 _ 3 9755108 m
4 64
7(0.030%) _
L,(or)) = —y = 7.95x10"8 m*

State of stress at aa’ represented on the positive face
State of Stressat M
M,,y N F,  (4.02)(0.015)  173.2

I,, A 3.975x10-8 *0.00071

g, =

o, = 1.516 MPa + 0.244 MPa = 1.76 MPa (C)

_ Myr (30)(0.015)

Tyy = = 5.66x10° MPa —
S 7.95x107°

State of Stressat N
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F, 173.2
o’x = — = —

A W= 0.244 MPa (C)

o EQ  (30)(0.015) 4(100)
Ty = + = + = 5.66 MPa + 0.188 MPa = 5.848 MPa
xy L, It 7.95x1078 3(0.00071)
Stress Element at M Stress Element at N
YT YT
I
| \
Z
z PP
_\ 5 66 MPa 5.848 MPa
i t 0.244 MP3f
1.76 MPa
WX X
Mohr’s Circlefor Point M Mohr’s Circle for Point N
E_T___. Z (0, 5.66 MPa) S 63,845 MPa)
= =
i i
o (ﬁ/!Pa)
X(- a, = a) i X (-0.244 MPa, -5.848 \ a‘\r
7 (MPa) T (MPa)
Tmax (abs) = 573 M Pa Tmax (abs) = 585 M Pa
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Problem 2 (25 points) SOLUTION

tank cross section stress state at point a

The closed, thin-walled tank shown above has an inner radius of r and wall thickness t
and contains a gas of pressure of p. The state of stress at point “a” on the tank is
represented by stress components shown above for an unknown stress element rotation

angle of 6. Note that Ty is in the direction shown; however, its magnitude is also

unknown. For this problem, you are asked for the following (in no particular order):

¢ Determine the principal components of stress, 0, and o, .
e Determine the magnitude of 7 e

e Draw the Mohr’s circle for this state of stress. Show the location of the x'— axis in
your Mohr’s circle. From this, determine the rotation angle 6.

e Determine the absolute maximum shear stress for this state of stress.

Tave = TEF' = 12218 = o o) 7
Ya
5’)(_@ W:V;:zO-A:V_‘ZV e s
Jo = Va ' = Th Th
a’LﬁL: / T

Vave +R =2 (Tave "'2“)

(VI =V‘aue+/23
le R=3F Tauwe = 5kBS

U2 = Tawe —R

o T = s s==0es;

Also: 2_ [T 2 2
—~feX = F=Q
R <>< )+ Dy

Ty = | R-(5%) =[5 (28] = 4ks




=63.4°

126.9° = 6

Also from Mohr’s circle:

x'— axis

O e =15



Problem 3 (25 Points):

NN

L L

The beam AC of constant flexural rigidity EI and length 2L shown in the figure is subjected to a
triangular distributed load with a maximum intensity po (load/length). The beam is fixed at C and
supported by vertical rollers at A. Notice that support A can have a vertical displacement but it
cannot rotate, therefore the slope of the beam at A is zero.

a) Draw the free body diagram for the beam and write down the equilibrium equations.
b) Justify whether the beam is statically indeterminate or not.

c) Write down the geometric boundary conditions at supports A and C.

d) Write down the load function p(x) using discontinuity functions.

e) Determine the deflection function for the beam using the discontinuity method. Express your
answer interms of El, L, and po and indicate which variables are unknown.

f) Following the suggested order, find:
1. Thereaction(s) at the support A;
2. Thedeflection at A;
3. Thereaction(s) at the support E.

g) Sketch the deflection curve.
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Problem 4.1 (3 points): The loading function and boundary condition for a beam is given

below. Mark the figure below that this loading function describes.

p(x) = —%ml +B, (x - %yl + Gy — L)t + Mc(x — L)~2

Boundary conditions: x = % tv=0 x=L: v=0, v =0
3 Ya b) YA
Po Po
ER' 7 L 44
AF—>B C % A—>» B o\C
L4 3L/4 7 L 31/4 "

Po 9 Po
S
A B c == T ID, o

xon % : /
A 7 . 7
L4 31, /4 7 314 Z

Problem 4.2 (3 points): Beam AB is subjected to the various loads as shown below. Which

loading function describes the beam?

Y Po

I
A‘Px ( ‘.MG B
A \_' A A
L/4
7%1 L/2 5;33 Lj2 " R,
1) p() = Rix)™ + Mo (x =272 + Ry (x =)™ = py (x — )0 — Ryfx — L)~

p(x) = Ry(x) ™" = Mo (x = 2)™2 + Ry (x = 2)™ = po (x = D)% + Ry(x — L)

3)  p() = Ry(x)° = Mo (x — 272 + Ry (x —2)° — po (x — )1 + Ryfx — L)L
4)  p(0) = Ry(x) ™ = Mo (x — 72 4+ Ry (x — )71 —pg (x = D1 = Ry(x — L)
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Problem 4.3 (10 points): A rectangular member is subject to a combination of loads. A cut is

made somewhere along the beam and perpendicular to the x axis. At the cut surface, the loading
condition is as shown below:

a) Thenormal stressat A is.

h h
M, (_) Fy My (_) E
L 2 g B
*  (bh3/12) bh *  (bh3/12) bh
b b
' x (bh3/12)  bh ' *  (bh3/12) bh
5. None of the above
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Problem 4.3 (continued):

b) The shear stressat A is:

bR b
Tyy =0 2. Txy=g£32—/1£§1

F, M bhy b

5. None of the above
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Problem 4.3 (continued): A rectangular member is subject to a combination of loads. A cutis

made somewhere along the beam and perpendicular to the x axis. At the cut surface, the loading
condition is as shown below:

o
R
c) Thenormal stressat C is:
h b h b
. a:Mz(z)++My(z)+g ) G:_Mz(z)+My(z) E
"7 (bh3/12) bh3/12 ~ bh o (bh3/12) ~ (bh3/12)  bh
h b h b
; JzMz(z)_My(z) B . Jz_Mz(z)_My(z)Jrg
r— * (bh3/12) (bh3/12) bh X (bh3/12) (bh3/12)  bh
I 5. I None of the above
h

o) M@ R
* = (bh3/12) (hb3/12) ' bh
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Problem 4.3 (continued):

d) Theshear stressat C is:

Txy =

__slilla+s

T

_slrll+s

(bh3/12)b ¥ (bh3/12)b
bhith  h bhitb b
; =_Fy[T][z+§ jy[ﬂ[ﬂg
' xy (bh3/12)h xy (bh3/12)h
5. None of the above
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Problem 4.4 (3 points)

o

Mohr’ scircleisagraphical method to find
a) Bending stresses

I b)  Principal stresses |

c) Torsiona shear stresses
d) Noneof the above
Circle all of the loading conditions below that can lead to having the Mohr’s circle

being centered at the origin (mor e than oneitem can becircled):
a) uni-axial loading
b) equal bi-axial loading

C) puretorsion
d) combined puretorsion and uni-axial loading

e) combined flexural and shear stresses
The abscissa (horizontal x-direction) of the Mohr’s circleisa
€) Shear stress

) Norma siress |

(© Normal aswell as shear stress
(d) None of the above
Theordinate (vertical y-direction) of the Mohr’s circleisa

| 25) Shear stress |

(b) Normal stress
(© Normal aswell as shear stress

(d) None of the above
In the Mohr’s circle, the planes of maximum normal and shear stressesare:

@ 45 degrees apart
(b) 30 degrees apart

| (C) 90 degrees apart |

(d) None of the above

In the Mohr’s circle, the scales of ordinate and abscissa haveto be:
@ Ordinate scale has to be twice the abscissa
(b) Abscissa scale has to be twice the ordinate

I (0 Abscissa scal e has to be the same as the ordinate |

(d) None of the above
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Problem 4.5 (4 Points): The cantilever beam isloaded as shown below. Which one of the

Mohr's circle shown here represents the stress element at point A and B?

Stress eement at A

T (cw)

.

1/

T (cew)

Stresselement at B

T(cw)

.

N

T (cew)

a)

T (cw)

b)

T (cw)

[
]

T (ccw)

T(cw)

T (ccw)

b)

T(cw)

R
N

T (ccw)

<)

T (ew)

vQa

T (cew)

T (cw)

£
N

d)

vQa

T (ccw)

A
_/

d)

Problem 4.6 (2 Points): The beam is loaded as shown below. Which one of the Mohr's circle

shown here represents the stress element at point A?

T (cw)

~
\

\
/

T (cew)

T (cw)

T (cew)

b)

T (cw)

[
]

T (ccw)

T (ew)

T (cew)

Y
N

d)
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