MAE 3315
Dr. Chan
SOLUTION HW #6

Problem #1:

First, take the Aluminum as a reference material.

o _ By, _15x10° psi

Ali = £ 0 6 A:i =1'5Ari
E, 10x10° psi
. FE ¢ psi
A, = La _ 10x10° psi A =14,

E, " 10x10° psi

To calculate the centroid,

o Y. A4z 1.54,(0.65in)+ 4,,(0.25in)
IV 1.54,+ A4,

+ _ 1.5(0.3in)1in {0.65in)+(0.5in X1inY0.25in)
7z =
‘ 1.5(0.3in)1in) +1(0.5in 1in)

= 0.439in

Finally, to calculate the moment of inertia,

af

L=yr, =—§-'L(f0 +4d*), +(I, + 4d7)

al

15x10°psi (1 .. , _ .
I, = m(a (1in)0.3in)’ +(1in)0.3irY0.439 — 0.65)2] +

+ (% (tin)0.5in) +(1in)0.5in{0.439 - 0.25)2} =5.169x107*in*




Problem #2:
Part a) Centroid of the section.

Just as before, take the Aluminum as a reference material and substituting
t =0.04in and a =12¢ = 0.48in,

6 .
A= E, 4 = 163610‘5 pSi: (2af) = 16x10° psi
E 10x10° psi 10x10° p,

al

(2(0 48in)(0.04in) = 0.06144in’

E
* —
Aa[l - Aa!l =

E

al

10x10° psi

—————ar =0.0192in’
10x10° psi

E
M —
Aa! 2 = Aaf 2

Ea!

6 .
10919 PSE ( _ 24)¢) = 0.016in?
10x10° psi

. E, 10x10° psi
Aa{3 = : Aa!?n = —ﬁp
E 10x10° psi

al

at = 0.0192in?

To calculate the centroid,

o _ DAz (0.06144)a +1/2)+(0.0192)a/2)+(0.016)a ~1/2)+(0.0192)a/2)

“ > 4 0.06144+0.0192+0.016 + 0.0192

+ _ (0.06144)0.5)+(0.0192)0.24)+(0.016)0.46) + (0.0192)0.24)
0.11584

z: =0.408in

Part b) Equivalent moment of inertia based on Aluminum.

,=Yr, (I +4d%), +(1, + 4d*),

a[

_16210" psi p““( (2a)¢* )+ (2a)¢Y0.408 - 0.5) |+ ) ( 12(t)(a3)+at(0.408—0.24)2)+

Y 10x10° psi\1

+[112 a—26)8 )+(a— 26 )e)0.408 - 046)) [Z(r)(a3)+at(0-408-0.24)2)

I, =2.395x107in*



I, =ZI:: =§ﬁ (Io +Ad2):: +(Io +Ad2)

al
al

; —M(i(txza)s +(2a)(t)(0)2J+(é(a)(t3)+at(0.22)2]+

1T 10x10° psi\ 12

+ (llz (tXa=2) +{a— 2:)(t)(0)2] + (é (a)le* )+ at(0.22)2)

I, =6.796x107in*

And because symmetry,
I, =0
Part ¢) Max. bending stress and location.
To calculate the constants,
. 1
ky = "—:*:"”"{"":'_ =i* =147.1

Therefore,
o, =(147.1)50)y +(417.5Y200)z

To calculate the neutral axis,

But [, =0, M, =200b-in,and M, =50/b-in as aresult,

M,

tang =
="y



— treTan] (23953107 )50)
- (6.796x10" )200)

a =5 [CLOCKWISE]

Therefore, there are only 2 possible locations for the maximum bending stress.
The first one, the most top-right point; and the second one, the most bottom-left point.

For the first point ¥ =0.48in and z = 0.52in —0.408in = 0.112in
(0 Vroppicnr = (147.1)(50)(0.48)+(417.5)(200)0.112)
C )TOP—RJGHT =12.86Ksi

For the second point y = ~0.24in and z =-0.408in

(. ) sorron—zerr = (147.1)(50)—0.24) +(417.5)200)~ 0.408)

(0' x )BOTTOM—LEFT =-33.87Ksi

‘Therefore, the bending stress is the highest at the bottom-left corner and it’s in
compression.



Problem #3:

For Figure 5.30:

The moment of inertia is,
I, = % [(0.102)(0.202)3 ~0.098(0.198)° ] = 6.667x10 m"

Because symmetry, the shear flow of each section is,

7,0,
I

¥y

q, =

Where Q, is, O, = A"z" for each section.
¥ ¥y

For Section #1: 0<5<0.1 (0 > 4)

1l

0, =St% —1x107 s



-3 .2
ooV 5000(1x10 s ) s a0t
1 6.667x10

¥

g =~7.5x10°(0.1 =-7500

For Section #2: 0<5<0.1 (4— B)

0, =stz, = 5(0.002)0.1)=2x10"s

—4
. _V}QZ _ 7500 500025107 s) _ o0 Lo s

=9 6.667210-°

¥

gF =-~7500~1.5x10%(0.1) = 22500
For Section #3: 0<5<02 (B> Q)
0, = st(O.l —%) =2x107* s —1x107 s

5000(2x10™ s —1x1075)
6.667x107

45 =45 —K}Qi =—22500 - = -22500—1.5x10°s +7.5x10° 5*

¥
g¢ =-22500~-1.5x10°(0.2)+7.5x10°(0.2)° = -22500

NOTE: g, =q5!



For Section #4: 0<5<0.1 (C— D)
0, = stz, = 5(0.002)-0.1)= —2x107"s

_5000{-2x10"s)

66710 =-22500+1.5x10°s
. X

V
qs =qs — —}Q“ =-22500

¥

gy =-22500+1.5x10°(0.1) = =7500
NOTE: g, =q,!

For Section #5: 0<5<0.1 (D> E)

0, = st[— 0.1+ %) =-2x10"s5 +1x1075°

_ b -3 .2
5000(—2x10 5412107 ) 5004 LSx10% s 7 5x10° 2
6.667x10

gs =q7 u%Qi =-7500—

4
¥

gs =-7500+1.5x10°(0.1)- 7.5x10° (0.1 =0

To calculate the Shear Center, we can take summation of moments at middle-right
point (point 0’). In that way, g, and g, will not contribute to the total summation of

moments.

4>

 ptllh
o wou

Vz

.

G,

V,e= qudsb.l + U@dsb.l + Uq4ds}).1

Therefore,



Ui 0.2
[ [(7500-1. leoss)dsJO 1+( [(-22500-1.5210%s +7.5x10552)dsJ0.1 +
0 0

Oi
+ ( [ (~22500+1. leoss)dsJO 1
0

0.1 0.2

0.1+

¢

2
Ve= (— 75005 —1.5x10° %J

2 3
0.1 +[- 225005 —1.5x10° % +7.5%10° f3—]

0
0.1

0.1

2
+ (— 225005 +1.5x10° %}
4]

:[-7500(0.1)—1.5;:105 (021) }0 1+[ 22500(0.2)—1.5x10° (022) +7.5x10° (03) ]o.1+

‘ 2
+[- 22500(0.1) +1.5x10° %ln)-}o.l

V.e=-850
5000e = —850

~ =830 _ 6 170m
5000

NOTE: Please, realize that “‘e¢” does NOT depend on the value of V, (it cancels out).



For Figure 5.32:

Assuming that the bottom-left stringer is the origin,

_ D V4, _ (2n)24,)+(2n)24,) 4 \

Yo T NTA T 2dg Ay + Ay +24, 3

L _Xnd_ (m)e4)r(4) 1,

TN A 24,44 v 4,424, 2

To calculate the moment of inertia,

I, :ZA,.Z,? = (24, k1 2Y + (4, XR/2) + (4, Xh/2) +(24, Xh/2) =%th2

Again, because symmetry, the shear flow of each section is,

— Vz Qy
1

y

q; =

For Section #1: (The upper horizontal thin sheet).
O, = (24, Xh12)= A4,k

g, = Vle — VZ(AOk)_ 2}72
=l =2V
I %thz 3k

For Section #2: (The semicircular thin sheet).

Ak
O :(Ao)(h/z)zL



For Section #3: (The lower horizontal thin sheet).

0, = (4 )-h12)=-2*

|4 :
R T L T i e e

Taking summation of moments at the center of the vertical line that defined the
semicircle,

QUG

Ve= 4 Vzklezhn'
3 4

z

As we can see, V, cancels out and “e” is independent of it, as we said before.

8=h[—i—lﬁj|
3 4

e=—-212h



Problem #4:

Part a)

ZFy =0: g2y C'os(a) = q,1,,Cos(a)
And since [, =1,

4, =43

: ZFz =0 V., =-q (0-2)+ qleSin(a)-}- q3l3lSin(a)
Since 123Sin(a)= O0.land ¢, =¢,
V,=-q,(02)+g,02

Vz = 02(q2 _Q1)

Taking summation of moments at point 3,
- 1 2 1
~7,08=24g, =2q,| 7(0.1) +5(0.8)(O.2)

~(5000)0.8 = ¢,(0.017 +0.16)

q, =—20897N/m=-20.9kN/m
Then,

V.0
I

Y

q, =4, —



Where,

I, =001 4+(~0.17 4=2x10"m*

0, =—0.14 =-0.0001m*

q, =4, —MSOJ) =-20897 — 5000(_ 0'_2001) =4103N/m=410kN/m
2x10 2x10

g, =q, =410kN/m

To calculate the twist angle,
1 ds 1
f=—" g2 = [g.1.. +q.L., +q,arc
26239 T 2(27:10° Yo.09571)0.001) 12 2 T A T al

6= 0.1935x104[4103«/0.12 +0.87 +410310.1% +0.8 —20897(0.17:)_|

0 =9.8710"rad / m = 5.65x10"" deg/ m

2 F, =0 = 4, =45

. __¥.0, _(5000)0.1}0.001) _ 55400 N/ m

=" 210"

¥y

9"——1—_—§ §=0 = §qa’s=0

40(0-17)+ (g5 + 3 Vs + (g0 + @3 Jor =0



g,(0.17)+ 2{g, —2.5x10* N0.12 +0.8% =0

_ (5:0x10* Y0.806) 5 100 106w /m

qp

0.1z +2(0.806)

2

F =0:

|

Ve=gqg,24

(2.092x10*)0.1914)
5000 -

0.8m

0

_IQM +9,1,;Cos(a@)— g;1,,Cos() =0
0

(q,d5)Sind +q,1,,Sin(e: )+ q,1,, Sin(e)+V, =0

~ [ (q,RSinGd0)+24,0.1+Y, =0
0



g,(0.1)Cos6|; +24,0.1=V,
7,(0.1)Cos(z) - ¢,(0.1)Cos(0)+2¢,0.1=V,
~g,(0.1)-¢,(0.1)+24,0.1=V,
-2¢,(0.1)+2¢,0.1=V,

¥V, =02(g, ~q,) The equation is checked!

z

Part b)
>F, =0 = V, =g, Cos(a)—g;1,Cos(a)
Since 123C03(a) =0.80

10,000 =¢,0.8—-¢,0.8 Equation #1

YE=0 = V, = g,1,Sin{a) + ¢,1,, Sin(ar}- [ (q,RSin636)

¢
Once again, /,,Sin(a)= IMSin(o:) =0.1,
5000 = ¢,0.1+¢,0.1+¢,(0.1)Cosé];

5000 =g,0.1+¢,0.1-24,(0.1) Equation #2

Taking summation of moments at point 3,

¥,0.1-7,08=24q, =2q, [% 2(0.1)" + %(O.S)(O.Z)J

(10,000)0.1~(5,000)0.8 = ¢,(0.017 + 0.16)  Equation #3
Solving Equation #3,

(10,0000.1-(5,00008 _ oo s v m
(0.017 +0.16) -

1




Solving Equation #1 and #2 together,

g, =155T8N/m=156kN/m

g, =3078N/m=3.1kN/m

1
0= G [‘ha”clz + ¢yl +‘]3131]
1
0= [—156720.1 15578+/0.1% +0.8" +3078+/0.1° 0.82]
2(27x10° )0.09571)(0.001) (017 +155780.1% +0.8" + T

6 =0.1935x10"° l—15672(0.1ﬂ)+15578w/0.12 +0.8% +3078+0.1% +0.82J

6 =19577x10"rad /m




Problem #5:

Assuming that the bottom-left stringer (#2) is the origin,

2y _(B0Y0)+E0)0)

D4 15+15+10+10

Z z,4, (40)(1 5 (20)(1 0) =16cm

D4 15415410410

The moment of inertia is,

I = ZA z2 =(15)40-16) +(15)16)* +(10X16)* +(10)20-16)* =15,200cm*
I, —ZA y2 =(15)32) +{15)32) +(10Y80—-32)" +(10)80-32)° = 76,800cm*

I, = ZA,. y,z, = (15X=32)40-16)+ (15X~ 32)-16)+(10)80 —32)-16)+

+(10)80-32)20 ~16) = -9,600cm*

'I'he constants &, k., and k are now determined,

y2? Tz

1, 15,200

ko= - =1.4137x10 cm*
* LI -1 (15200)76,800)—(-9,600) e

L _ 76,800 —7.1429%107 cm*

E =
LI I (15,200)76,800)—(-9,600)

1 -
= 2,600 =-8.9286x10"°cm’*

k=
¥ LI -I.  (15200%76,800)—(~9,600)°

The shear flow is,
4. = _(kyVy _kszz pz _(kZVZ _kyZVJ’ )Qy
,=k.7 )0, -

Therefore,



gy, = (-8.9286x10°}5000)-32)(15) - (7.1429x107* | 5000{ 40— 16)15) = ~107.14N / cm
G2 = q1p +(~8.9286x107° |5000)(— 32)15)— (7.1429x107* 5000~ 16)15) = ON / cm

G54 = 4 +(~8.9286x107 [5000)(80 — 32)(10) - (7.1429x107° 5000)~16)(10) = 35.71N / em

Taking summation of moments at point 2,

V,e, =(80cm)35.71N / cm)20cm)

. (80cm)(35.71N / cm)(20cm)

; =11.43¢cm
5,000N

Ve =11.43-32 =-20.5Tcm

To calculate z,, we need to assume a ¥, and ¥, = 0. In this case, the shear flow
becomes

9, = —(kyVy )Qz + (kszy py

g1, =—{1.4137x107 7, (-32)15) + (- 8.9286x107° )7, (40— 16)(15) = 3.5714x10F,
05 = 4 +(1.4137x107 7, (= 32)(15)+ (- 8.9286x10 7, (- 16)15) = ~1.0714x1077,

03 = 4 + (141372107 7, (80— 32)(10) + (- 8.9286x10 7, (~ 16)(10) = 7.1429x10°°,

Once again, taking summation of moments at point 2,
Ve, = (80)(7.1429x1077, )20)
As usually, ¥, cancels out,
e, =(80)7.1429x107{20) = 11.43¢cm

2, =-16-11.43 =—27.43cm




