ME 556 - HOMEWORK ASSIGNMENT #1
Solutions
1. The stress state at a point of interest onuatstre is known to be:

o =-25000 psi o = 25000 psi . =-25000 psi
XX yy Xy

For each of the following coordinate systems (fedmine the three in-plane stress components,igrdtgw a "rough
sketch" of the stress components gr@perly orientecelement. Make sure your sketch is neat and easdypreted.

SOLUTION: Mohr’s circle of stress for this problem is sumiipad on a following page. Stress states corredipgrio
parts (a), (b), (c), and (d) are shown in blackgbted, and brown fonts, respectively. Alterndgivthe stress
transformation equations discussed during the welgetures can be applied in each case
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Tyy =—25000psi
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(b) The x-y' coordinate system, 50° CCW from thg coordinate system:

Oyy cos? @ sin’ @ 2cosfsing Oyx
Oyy (= sin @ cos 8 = Zosfsing oy
Txy —cosfsingd cosdsind (cos2 6-sin? 0) || Txy
cos® (B50°) sin? 60°) 2cos60°)sinG0°)  |[-25ksi]  [-20280 psi
= sin® BG0°) cos B0°) —2c0s60°)sinG0°)  [{ 25ksi b =1{ +20280psi

—cos60°)sinB0?) cosE0°)sinBO°)  (cos” BO°) —sin? B0°)) || - 25ksi| | +28960psi
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(c) The x"-y" coordinate system, 40° CW from thg geordinate system:

Oy co& (-40°) sin? (-40°) 2c0s(40)sin(-40°)  |(- 25ksi 2028psi
Oyyt = sin? (-40°) co& (-40°) - 2c0sE4C)sinE40°) || 25ksi b = {—20280psi
Tyy | |-cosE40)sin(-40°) cosE40)sin(-40°) (cos’ (-40°) —sin® (-40°)) ||~ 25ksi] |- 28960psi
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(d) The principal stress coordinate system: Usigg E12 and 1.14a:

2 _ : . 2
Oyt 0 Oyy — 0 - — -
01,05 = ><><2 yyi\/[ xx2 yy] +T)%y _ 25k5|2+ 25k5|i\/( 25k5|2 25k5|j + (25ks)? = + 35355psi

2r _
91 = 1 tan_l _ TN - 1 tan_l[ﬂ] = 225°
2 Oxx~=Oyy ) 2 — 25ksi——-25ksi

Inspection of Mohr's circle shows that this is Hrggle from the x-axis to the +2-axis. Hence, thgl@from the x-axis to
the +1 axis is (22%9(°) = -67.%
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(e) From Mohr’s circle, the maximum shear stregstexn a coordinate system 22@GW from the x-axis , with a

magnitude given byr .y = % (or-0,)= % (35355psi+35355si) = 35355si
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' .= 28.96 ksi
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2. The strain state at a point of interest on acsitre is measured to be:

Ex ™ 3000um/m gyy = -3000pum/m ¥ y = -3000urad

For each of the following coordinate systems (ied®mine the three in-plane strain components, @ndréw a "rough
sketch" of both the initial square element anddbrmed elemenproperly oriented Make sure your sketch is neat and
easily interpreted.

SOLUTION: Mohr's circle of strain for this problem is summnzad on a following page. Strain states correspantb
parts (a), (b), (c), and (d) are shown in blackgbted, and brown fonts, respectively. Alterndgivthe strain
transformation equations discussed during the welgetures can be applied in each case.

Exx =300Qum/m
(a) The x-y coordinate systemey, =-300Qum/m

Vxy =-300Qurad

(b) The x-y' coordinate system,”40CW from the x-y coordinate system:

E ey cos? @ sin? 6 2cosfsing Exx
Eyy (= sin? @ cos? 6 - 2cos@sind Eyy
Yxy 12| | —dosfsing cosfsing (cos’ 6-sin?8) || yy, /2
cos @ao) sin? @0 2c0s@0°)sin(40°) 300Qum/ m -956um/ m
= sin? (40°) cos’ (40°) —2Cc0s@0°)sin@0®) | —300Qum/m! =1 956um/m
—cos@0°)sin(@0°) cos@0®)sin(@d0®) (cos’ (40°) —sin® (40°)) || —150Qurad -3215rad
E ey -956um/ m

Eyy =9 956um/ m
Yxy -643Qurad




(c) The x"-y" coordinate system, 5CW from the x-y coordinate system:

£y cod (-50°) sin? (-50°) 2c0sE50°)sin50°) | 300Qum/m 956um/m
Egy (= sin? (-50°) cod (-50°) - 2¢0sE50°)sin(-50°) | —300Qum/ m! = { —956zm/m
Yy 12] | —cosE50°)sin(-507) cosE50°)sin(-50°) (cos’ (-50°) —sin? (-507)) || ~150Qurad 3215rad

Eyyr 956um/ m
Eyyr ¢ =17956um/ m
Yxy 643Qurad
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£11 =3354um/ m
(d) The principal strain coordinate system. Frowhks circle: €55, = -3354um/m
6, =133°CW
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Vmax = —6708ad

(e) The maximum shear strain coordinate systenmmviohr’s circle:
Bmax = 317°CCW
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€ = =954 um/m
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€. =954 um/m
-ny/2 =3215 prad

20,= 153.4°
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Y /2 =-3215 prad



3. An isotropic material is known to have the fallog elastic properties:

E =205GPa v = 0285 G =798GPa

What stress tensor must be applied to this materiider to induce a uniaxial stra&ry, =200Qum/m?

SOLUTION: Apply Hooke’s law using the specified maal properties and strain tensor:

[@-v) v v 0 0 0
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Ty v v @-v) O 0 0 ||¢w
9z E | o 0 o LM 0o |/f=
r @+v)d-2v) Vyz
yz y
1-2
Try 0 o o0 o L2 4
T -
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Tyz| (1285)(0430| O 0 0 (0219 © 0 0
Txz 0 0 0 0 (0215 0 0
Ty | O 0 0 0 0 (0215 | 0
Oxx| [2115MPa
Oyw| [5305MPa
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Ty 0
i 211.5 MPa T
+z !
+y
4 »
211.5 MPa

530.5 MPa



