MAE 3315
Dr. Chan
SOLUTION HW #5

Problem #1:

Part A:

Assume the corner of the thin-walled section is the origin, the distance between

centroid and the original y and z are ¥, and z_, respectively.
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To calculate the inertia of the cross-section, we need to,

we can neglect this term because ¢ << A
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where,
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IMPORTANT NOTE: Please, realize this is not the only way to calculate I, . This is only to

illustrate the way to calculate it through integration. However, the best way to calculate [, is the

following,
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Finally, to calculate the neutral axis,
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As aresult, the M s cancel each other.
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And

@ = ArcTan(3/5)=31° [CLOCKWISE]

NOTE: The way the book define positive r is clockwise; therefore, we should be careful
with that. '

In addition, the stress distribution can be calculated using the following equation
all over the cross-section.
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Again, M, =0. Therefore,
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Part B:

Now, we need to rotate the cross-section 45° counterclockwise.

1, =1,Cos*(0)+1_Sin*(0)+ 21 ,Sin(0)Cos(6)
I, =1,8in*(8)+1,Cos*(8)~ 21 .Sin(6)Cos(0)
1, = 1,8m(0)Cos(9) - I,Sin(0)Cos(0)+ 1,,[Cos*(0) - Sin* (6)]

Substituting,
I, =1,Cos*(45)+1,Sin*(45)+ 21 ,Sin(45)Cos(45)
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1, =1 8in*(45)+I,Cos*(45)— 21, Sin(45)Cos(45)
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1, =1I,Sin(45)Cos(45)~ I,Sin(45)Cos(45)+ 1, |Cos? (45) - Sin® (45)]
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Problem #2:
Part A:

Assume lower-left stringer is the origin; we can obtain the centroid as,
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To calculate the moment of inertia,

I, = Z A,z? = (4)40.9091) +(2)(40.9091)° + (1)(50 — 40.9091)" +
+{4)100 - 40.9091)° = 24090.909cm*
I, =3 A4y =(4)54.5455) +(2)200 - 54.5455)° + (1)(200 - 54.5455)" +
| +(4)54.5455)° =87272.727cm*

I, = ZA 3,2, = (4X~54.5455)~ 40.9091)+(2)(200 — 54.5455 )~ 40.9091}+

+ (1)(200— 54.5455)(50 —40.9091)+ (4)Y54.5455)~- 100 + 40.9091) = 14545 .455¢cm*

Now to calculate the bending stress in the stringers,
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_ (24090.909)(200,000) — (- 14545.455 )~ 500,000)

T (24090.909)87272.727) - (- 14545.455 )

(87272 727)~ 500,000)— (— 14545.455)200, ooo)

(24090.909)87272.727)— (- 14545.455)°

XX

o, =-1.298077y—21.538461z



‘Therefore, the bending stress in each stringer is:

Y Z; O
(cm) {cm) (N/em?)
-54.5455  -40.9091 951.923
145.4545 -40.9091 692.308
145.4545 9.09091 -384.615
-54.5455 59.09091 -1201.923

Part B:

To calculate the neutral axis,

_ (24090.909)200,000) - (—14545.455 )~ 500,000)
(87272.727 X~ 500,000) — (—14545.455)200,000)

a = ArcTan(0.0602679)

a =3.45° | [CLOCKWISE]




Problem #3:

As usually, first we need to find the centroid. Let’s assume lower-left string is the
origin.
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To calculate the moments of bending,

M, =-2PL =-2(200)500) = ~200,000Ncm

M, = -2PL = -2(200)(500) = 200,000 Ncm
Remember that M, is positive on positive “y” direction. Therefore, in this
problem, M, should be negative because is pointing in the negative “y” direction. On the
other hand, M; is positive on negative “z” direction. Therefore, for this problem M,

should be negative because is pointing in the positive “z” direction.

Then, we can calculate the moment of inertia,

I, =Y A4z =(4)13.3333)" +(4)13.3333)" + (4)40 -13.3333)" = 4266.6667cm*
I, = 4y! =(4)26.66667) +(4)80-26.66667)" +(4)26.66667)" =17066.66667cm*

I, =) 4yz = (4)(- 26.66667 {—13.3333) +(4 )}~ 80 + 26.66667 13.3333 }+

+(4X—26.66667 40 —13.3333) = —4266.6667cm*

The bending stresses in the stringers are,

LM -I M,  IM,-I.M,

o, = y+
I -1, LI, -1,




(4266.6667 - 200,000)— (- 4266.6667 |- 200,000)

(4266.6667 {17066.66667)— (— 4266.6667 )
N (17066.66667 {— 200,000) — (- 4266.6667 {~200,000)

{4266.6667 (17066.66667)— (- 4266.6667 )

XX

o, =—31.2500y ~78.1250z

Therefore, the bending stress in each stringer is,

Yi Zi O
{cm) (cm) (Nfcm?)
-28.6667 26.6667 -1250.00
-26.6667 -13.3333 1875.00
53.3333 -13.3333 -625.00

Finally, to calculate the neutral axis,

by (4266.6667 )~ 200,000)— (- 4266.6667 {— 200,000)
(17066.66667 -~ 200,000) — (— 4266.6667 {— 200,000)

o = ArcTan(0.4)

a =218 [CLOCKWISE]
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