CE 371 - Section 02
Homework No. 6 - Solutions
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Determine the equations of the elastic curve for the beam using the x; and x, coordinates.
Specify the slope at A and the maximum deflection. El is constant

Sol:
P
P
‘ 3M1(X) =Px BMZ(X) = Pa
X a X,-a =
P
P
d?v
El — = M(x
dx? )
For My(X) = Pxy
El d2v1/dx12 = Pxy
El dvi/dx; = Px;%/2 + Cy 1)
Elvy = Px:%/6 + Cixq + C; (2)

For My(X) = Pa

Eld?va/dx,? = Pa

Eldv,/dx, = Pax, + C3 (3)
Elv, = Pax,%/2 + CsXo + C4 (4)



Boundary Conditions
vi=0atx=0

From eq. (2)

C,=0

Due to symmetry:
dvo/dx, =0 at X = L/2
From eq.(3)

0=PaL/2 +Cs

Cs =-PaL/2

Continuity conditions:

Vi=Voat X=X, =a

Pa’/6 + Cia = Pa/2 — Pa’L/2 + C,
Cia - C4 = Pa’/3 - Pa’L/2

dvi/dx; = dvo/dx; at X; =X, = a
Pa?/2 + C; = Pa? — PaL/2

Cy = Pa?/2 — PaL/2

Subtitute C; into eq. (5)

Cs=Pa’l6

dva/dx; = P(x;? + a® —aL) /2El

0a = dvi/dX1 | x1=0 = Pa(a — L)/2EI

vi = Pxo{(x:% + 3a(a —L)}/6El

v, = Pa{(3x(x — L) + a*}/6El
x= L2 = Pa(4a’ — 3L?)/24El

Vmax = V2

()

Ans

Ans

Ans
Ans

(Points 3)

(Points 3)

(Points 3)
(Point 1)
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Determine the equations of the elastic curve for the beam using the x; and x, coordinates.
Specify beam’s maximum deflection. EI is constant

k —x — H-ﬂ#&r -_r:.1
I +—L
Prab. $-4
Sol:
p
~
‘HL ——=1 /2=
P P/2 3P/2
V(%) V(xy)
M(x,) = -szdz‘ :wal) - PI2x,
- =
P/2
Slope and Elastic Curve
Eld®v/dx® = M(X)
For M(xy) = -Px41/2,
Eld?vi/dx?; = - Pxq/2
Eldvi/dx; = -Px:%/4 + C; (1)
Elvy = -Px;%/12 + Cyxq +C, (2)
For M(x2) = -Pxy,
Eld3v,/dx,? = -Px,
Eldva/dx, = -Px,%/2 + Cs (3)
Elv, = -Px,%/6 = Cax, + C4 (4)

Boundary Conditions:
vi=0atx; =0



From eq.(2), C,=0
vi=0atx;=L

From eq. (2)

0=-PL%12+CiL C; = PL%12
v, =0at x; = L/2

From eq. (4),
0=-PL%48 + LC3/2 + C,4 (5)

Continuity Conditions:

At x; = L and x; = L/2, dvi/dx; = -dvo/dx;
From egs (1) and (3),

-PL%/4 + PL?/12 = -(PL?/8 + Cs)

Cs = 7PL%/24

From eq. (5)

Cs=-PL/8

The Slope:

Substitute the value of C; into eq. (1)
dva/dx; = P(L? — 3x;%)/12E]I

dva/dx; = 0 = P(L? — 3x;%)/12El

X, = L3

The Elastic Curve:
Substitute the values of Cy, C,, C3 and C,4 into eqs (2) and (4), respectively,

Vi = Pxq(-x:% + L?)/12El Ans  (Points 4)
Vb = Vi|xi=1ns = P(LNB)(-L%/3 + L?)/12EI = 0.0321 PLY/EI

Vo = P(-4x2° + 7TL%x, — 3L3)/24El Ans  (Points 4)
Ve = Vol = 0= -PL¥/8EI

Hence,

Vimax = Ve = PL¥/8EI Ans  (Points 2)
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Use the moment- area theorems to determine the slope and deflection at C. El is constant

Sol:
15 kip
0
tan A 2 A T
e tB/A tC/A
\ A B C

tan B A 30 e 15" =

L
tan C 7.5 kip 22.5 kip
M/EI

-225/EI

0 =|tera /30

toia = ¥ (-225/E1)(30)(10) = -33750/E]

0a = 1125/EI

Ocia = ¥ (-225/E1)(30) + % (-225/E1)(15) = -5062.5/E| = 5062.5/EI
Oc = Ocia + Oa

0c = 5062.5/El — 1125/E1 = 3937.5/El Ans  (Points 5)



Ac :| tc/A| - 45/30|tB/A|
tca = %2 (-225/E1)(30(25) + %2 (-225/E1)(15)(10) = -101250/El

Ac = 101250/E1 — 45/30(33750/E1) = 50625/EI Ans  (Points 5)
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Use the moment- area theorems and determine the deflection at C and the slope of the beam
at A, B and C. El is constant.

HtN-J

)

Sol:

tein | n

A = b>8kN.m
1.333kN 1.333kN

M/EI

-8/E|
tesa = Y2 (-8/E1)(6)(2) = -48/El

toa = Y4(-8/E1)(6)(3+2) + (-8/E1)(3)(L.5) = -156/EI

Ac :| tc,4 - 9/6|tB,A| = 156/E1 — 9(48)/6EI = 84/E| Ans  (Points 3)
0a =|tern| /6 = 8/EI Ans  (Points 3)

O = ¥ (-8/E1)(6) = -24/E| = 24/EI

0g = Og/a + 0a
0 = 24/El — 8/El = 16/EI Ans  (Points 2)
Ocia = ¥ (-8/E)(6) + (-8/E1)(3) = -48/E = 48/E|

0c=0c/a + 0a
0c = 48/El — 8/El = 40/El Ans  (Points 2)
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Use the moment- area theorems and determine the slope at B and the displacement at C. The
member is an A-36 steel structure Tee for which | = 76.8in”.

Sol:
5kipl
___[L.5(6)=9.0kip
1
tan B
A A c
IAC t‘ . '
~_ _ | _— B/C : 3 3
et 7.0kip 7.0kip
M/EI 750Kip.ft/El
i 5
M/EI 6.75kip.ft/El
3 s

Moment Area Theorems:
Due to symmetry, the slope at midspan C is zero. Hence the slope at B is

05 ={Osic | = % (7.50/E1) (3) + 2/3(6.75/E) (3)
= 24.75kip.ft*/E|
= 24.75(144)/ {29(10°%) (76.8)}
=0.00160 rad Ans  (Points 5)



The displacement at C is

Ac =|th| = % (7.50/E1)(3)(2/3)(3) + 2/3(6.75/E1)(3)(5/8)(3)
= 47.8125 kip.ft*/El
= 47.8125(1728)/ {29(10%)(76.8)}
=0.0371in l Ans  (Points 5)



