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Dr. Chan
EXAM #2 SOLUTION

Problem 1:
Part a) Centroid

First, take the Aluminum as a reference material.

By, _100x10° Pa

Ay = g 9
E 70x10° Pa

al

(0.12m)0.008m) =1.3714x107 m’

9
4 m_E_EI_A _ 70x10" Pa

“TE, M 70x10° Pa

i

(0.08m)0.008m) = 6.40x10™* m*

To calculate the centroid,

. > Ay, (1.3714x107 m? J0.060m) + (6.4x107 m? {0.04m
X ( Y0.060m)+ ( Y0.04m)

= = 0.0536m
Ye >4 1.3714x107 m” + 6.4x10"* m? -
. Az 3.2 -4 2 .
g X 2 _ (13714210 m* J0.084m) + (6.4x10~ m? f0.04m) _ o 0
D4 1.3714x107 m® +6.4x107* m*

Partb) I,
To calculate the moment of inertia,

3Bl ) A

¥ yi

ol

; 100x10° Pa

1
L= W(U(O.IZmXO.OOSm)S +(0.12m)0.0087:)(0.084m — 0.0700m)’ J +

+ (é (0.008m)(0.08m)" +(0.008mY0.08m Y0.04m — 0.0700m)2] =1.1934x107°m*



Problem 2:

- Part a) Max Bending Stress due to P

First, the moments are

Therefore,

Where,

And,

Therefore,

As a result,

o= (—MyKyz)y+(Msz)z

O-xz ('KZZ - KyzyJM.V

I
K, == and K, =%
A

8 .3
RAEL T
? A ;tzh(, 7 th3

0 0
o= (}w{}g MK, )+ (MK, - y{;cyz )



o= [24 1 JC“ PL)

7 rh3 7 tk3

-9PL  -24PL

+
* 7sz3 7th?

There are 2 critical points: The first one, at the most top-right part of the cross-
section; the second one, at the most bottom-left part of it. As a result,

—-9PL —24PL
h h

O v ror rIGHT) =

—33PL

O wror_RriGHT) — T

It makes sense that the top part of the beam is under compression. And the other

one,
- _=9PL (_ ) —24P1L (_ )
x{(BOTTOM -LEFT) P ik’
o _ 33PL
1{BOTTOM ~LEFT) E
Part b) Neutral Axis

To calculate the neutral axis,

21 91
(o + M =0
*(7m3 7m”0

91

3
tma=——2=—— 11 :+E
y 241 8

7 th’

o= ta;n_l(g]
8

a=03588rad or a=20.55 . [CLOCKWISE]



Problem 3:

First, the location of the centroid is calculated,

_ 2 (p/2)br)+ (0)2br)+ (B/2)br) _ b
e = 4, bt + 2bt + bi 4
z =0

The moment of inertia is,
I, = é[(b +1/2) (20 +1)—(b—1/2) (26 —1)| =86 + 261°

Assuming that £ <<b,and ¢’ ~0
I =8b
Because symmetry, the shear flow of each section is,

I

z

4, =

Where (), is, O, = A y" for each section.

For Section #1: 0<s<bh

S
—

by s| 3 |
= —— == |==ths ——ts5”
0, Sl|:(b 4] 2} PR

3 1 3 |
V| =ths ——ts* V1|=h —SZJ
V0 J’(4 2" J__ y(4 "2
1 8b'r 8p*




For Section #2: 0<s5s<2ph
A

Vi——tb
7R i BN

= —_— = e — = — + =
L T UV A EN 32b 3267 3287
v v
5_ " (p_p)= 2
T = =5

For Section #3: 0<s<bh

s b 1 5, 1
=st|=——|=—ts" ~—1b
O 5[2 4} 2" Ty

1 1 1 1
V| =ts® ——ths V —sz—mbs)
oy Oy ”(2 4 ]_Vy y[z 4
g, =4, — = - ; = -

I 326 8h°t 32b 8h°
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Problem 4:

Part a) Centroid
A =4, =10in* = 4 A, =4,=24 A, =A4,=34
. Zzllyf _ 2[(20:';1)/24(; (i (;iz)i/l;) Z)(om)u] _ 460;4 _20 e
z, =5in  (because symmetry)
Part b) Moments of Inertia

1, =¥, 4,27 =2[10in* (sin)’ +(20in* Y5in)? + (30in® 5in)’ |=3,000in* = 310 in*

2 2 2
1= 4y =2{(1 Oin® {201';1 - %Oinj +(20in? (1 Oin — %Qin] +(30in” (Oin - —é—oin) } -

2 2 2 .
=20 (@] + 2[9] + 3(— 20) = @[1600 +200+1200]= @[3000] _ 2110* = 6.667x10°in"

3 3 3 9 9 3
Part ¢) Shear flow with a cut at the web between Stringer 1 and 6.

Once again, because symmetry, the shear flow of each section is reduced to

N2
1

¥

q, =

Where Q; is, Q; = A"z for cach scction.
For Section #1-2:
0, = 4z, = (10in* (5in) = 50in’

. 3
i =-Lameke)_,




For Section #2-3:
0, = 4,7, = (20in? \5in) = 100in®

(L000/BY100im*) _ 50 100 _
(3.000in*) 3 3

qus = q;z -
For Section #3-4:
0, = A,z; = (30in? {5in) = 150in’

. (1,0000)(150in°)

C_ =-50-50=-100b/in
q1y = n (3’000;5”4)

For Section #4-5:
Qs = G = —50Ib/in

For Section #5-6:
v v 50 .
956 =12 = _?lb/m

Part d) Shear flow of each segment for the closed section.

Taking summation of moments at “3”,

(2. =2, +(0)is10) + Q0 0in)

(221000)= 220}, + 10K-s0)10)+ 1of - o)

qo = 1%9 =33.3333b/in

Finally,

. 100 50 50, .
qu:go""%z:?_?:?lb/m



G = o+ =5 —50==" I/

di4 =4, +q'34 = 120—100 = —-22011:;/1}1

100

. 50
=g, + == —50=—"1blin
a5 =9y T 445 3 3

. 100 50 50, .
dss =490 T 955 :T—“?;“:?lb/m

G =G0 +qo = 100 +0= Loolb/in
3 3
Part e} Shear center

Because of symmetry about “z” axis, the shear center lies on this axis. Therefore,
we only need to find ..

Taking again summation of moments at “3” but this time V, is not applied on the
- centroid but through the shear center (assumed to be at distance ey from “1”)

e, V. =244, +(10in)q,; (10in)+ (10in)q,, (10in)
(e, X1000) = 2(20)10)g, +(10)(- 50)10)+ (1 o{— 530)(10)

2(20)10)g, =1000e, +5000 + 50300

g, = 1000, 5000 5000
° 400 7 400  3(400)

_0,3,
qO 3 2 ¥y
Recalculating,
gy, =4, + ¢, _30,3, 303,
12 0 12 27 3 a5y

3



27 3 27
. 50 5 250 5
=, + g, =—+—e, —100=-——+=¢
Gy = Go TG 3 y 3 9%
. 50 5 100 5
G5 =qotqys = 3 +Eey"'50=" 3 2%
3 .50 5 50 5
s¢ =qo T s 3 +Eey_ 3 _Eey
: 5 50 5
61 =4 Tdg +-e, +0= 3 te,

Finally, since V, passes through the shear center, the twist angle is equal to zero.

1 ds
O=—da® =0 . .
N RA 2.4

Qo F Gy T3 TG4 G5 +q5 =0
5 100 5 250 5 100 5 5 50 5
e, |+t Te, |+ =Tt e, |+~ e, |+ Te, [+ Tt Te,
2 3 2 3 2 3 2 2 3 2

_ 490 _

1l
o

15e 0

Finally, |
400 20 20 .
ySC = K—? = E = 22221”



Take Home Problem:

Part a) Centroid
A =4, =lin> =4 A, =4,=24

_ 2 A (10in)4+(10im)4 _ 20 _10

Ve = =3.3333in
Y4, A+24+24+4 6

z, = 2.5in (because symmetry)

Part b) Moments of Inertia

I,=% Az} = A(5-25) + 24(5-2.5) +24(0-2.58 + 4(0-2.5m) = 3%0 =37.5in*

2 2
IZ=ZAI.yf=A(10~%9J +2A(0—1§] ZA[O-—I??J +

i

A[lo - 139) = ng_ =133.3333in"

Because symmetry, /7, must be “07, let’s check,

=3 Az = A(ggj(z.sm)+ 2;4(— 19j(z.sm)+
+24 [- —](— 2.5in)+ A[ ](— 2.5in) = Oin*

Check it.!1!
Part c) Shear flow with a cut at the web between Stringer 1 and 4.

Once again, because symmetry, the shear flow of cach section is reduced to

V.0,
I

z

q,=—

Where Q. is, @, = A"y’ for each section.



For Section #1:
O, =4y = (11'}12 {230111] = 2301'113

(50015)(@5113

2 =~ [400. 4J
—in
3

) =-25lb/in

For Section #2:

_ le = Azy; = (2in2{~ 130111] = “Qii’f

20

. 5001p) ~

Gr = G, _593__25*”’_( { 3
S in (400. 4)

— IR

3
For Section #3:

G =—qy, =250/ in

For Section #4:
g, =0b/in

Part d) Shear flow for each segment.

A

\'%

A 4

Taking summation of moments at the centroid,

Vy (O) =24q, + (1 O)qllz (2-5)"' (10)%4 (2'5)

.n3) |
=-25+25=0ib/in



0=2(5)10)g, +(L0)-25)2.5)+ (10)25)2.5)
g, =0lb/in
As aresult,

4, =4y +q,, ==25Ib/in
Gy =qo +q5 =00b/in

Gro =qo + s =25Ib/in
Qo =4y +4y =0b/in

Part e) Shear center.

zg- will be located at z = 0 because of symmetric cross-section,

2 1
e -
0lH/in O0lb/'in
w— Vy
3 > A

Prove: Taking summation of moments at 1,
V,(e)=24g, +(5)q,,(10)+ (10)g,, (5)
500(e) = 2(5)10)q, + (10X25X5)
q, =5¢—12.5
Therefore,
Gy =4y +qp, =5¢—12.5-25=5¢-37.5
G =Gy + 45 =5¢~125+0=5¢—-12.5

Gz =Go +qay =5¢—12.5+25=5e+12.5



G =Gy +q, =5-12.5+0=5e—12.5

Finally,
1 ds
2GA f{q ¢
q 1_+q §+ _}:.94_ é—o
27 2 £ p qeﬂt

(5e~37.5010+ (5¢ —12.5)5 + (5S¢ +12.5)10 + (5¢ —12.5)5 = 0

(50e —375)+(25¢ — 62.5)+ (50e +125)+(25¢ - 62.5) = 0

150e—-375=0
e:ﬁuémZSm
150 2

On the other hand, to calculate y.,

[———>]
2 il
- 1
e
3 4
V.
In this case, g =— _‘}Q” ,

¥

v.(1M2.5) 20 2
2= == Vz =—ax -4

300/8 300 30

.o (225 2 4 1
= AN 25, WICA. WGE =Ny /N =—_V
Tn =9~ 73503 30 ° 30V2 5 °¢

, , 2
= =—-7V
9 =412 30 °



Taking moments at 1,

V.(e)=24¢, +(5)g,,(10)+ (10)g, (5)
V.(e)=2{5)10)q, + (5)[— é v, ](1 0)+{1 o)(— 320 v, ](5)

2(5X10)g, =V, (e)+ ? v,

As usually,

1 21, 2 11
=g+ g, =| et V==V, = e+ |V
T2 =40 T [100 15} T [100 15} :

CT1 21, 2 11
A U S R S
| o0 =90 T 0 [100 15} T [100 15} :

o1 2 1 2
=gy +qy=|——e+—=V, +0=| —e+ — WV,
da =40 T4y |:100 15:| z [100 15} z

(Y=}

Because the force in “z” is assumed to pass through the shear center, then 6 =0,

2GA 47 ¢t
|
\

100 15 t 100 153 "¢ |100 15 t 100 15§ "¢

As you can see V, cancels out,

[m1u-~-e+i 10+ LemL S+ Jwe+l 10 + Le+£ 5=0
100 15 100 15 100 15 100 15 :



12101 1] 1 2} [1 2}
—e+—|+|me——|+| e+ |[+| e+ |=0
10 3 20 3] [10 3 200 3

Finally,

Ve =(10-3.333)-5.556 =1.111in

Part f) Bending stress due to M, = 500Kips — in

0 0 0
o = (}Jffg — My%‘)y + (MK, - yﬁcw )2

c=MK,)
~ Where,
PO AT ) B B
LI -y I, 300
As aresult,

o = (500x10° 75 - in(g 14Jz
300 in

_ 4x10*
T3

z

Evaluating the bending stress at 1 and 2, we get that,

_ 4x10°*

O-Iiatl&?_(z=2.5) - 3

(E] = 1xlO5 =33.3ksi
2] 3

Now evaluating the bending stress again but this time at 3 and 4,

4
_ ﬂ(_ 5) _ _;xlos = 33 .3ksi

at3 &4 (z=-2.5) 3 )

x



