CE 371.01 - Structural Analysis I
Homework #7

24. Using the moment-area theorems, determine the slope at point B and the deflection at point C.

E and | are constant over the length of the member. Assume that the support at A is a roller and
the support at B is a pin.

5k 10k 5k

Sol:
t 10k
5k tan B 5k
tes
? &/ >Z
tvs tan C A
A & oY B
C
Ay By
10k 10k
=10 —— 10' —— 10' —— 10'———=

M/EI

By symmetry of loading, Ay = By = 10k
From the M/EI diagram,
A= Ay = As = A, = -250/EI
Bs:  08(20%) =tams = A2(10/3) + As[10 + 2(10)/3]
0g = [-250(10°)/EI*3 — 250(10° + 20°/3)/E1}/20’
=250 /El MmN >
tag: = 05(207) = 250(20)/EI = 5000/E1t

teom:  tomd=0s*2(10)/3 = 250(20)/3*El = 1667/E1{,
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A’ (tanB—> pt C):  =1/2(tas) = 2500/E14

Ac = A4 - tepy = 2500/E1 — 1667/EI = 833/E14

Summary:
0s = 250/El M > Ans  (Points 5)
Ac=833/El 4 Ans  (Points 5)
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25. Using the moment-area theorems, determine the slope just to the left and just to the right of the
hinge at B. Also determine the deflection at D. Assume the beam is fixed at A and that C is a
roller. E and | are constant over the length of the structure.

Sol:
tan Br tgc Che 5kNm
m ™ fan C &sm
tan L ®BIA B Q: DIC
Ax CvE 1kN Av
M/EI
5/El
Al
A; A
-5/E|

Cut @ hinge: BCD
N XMg = 0 = 5kN.m — Cy (5m)
Cy = 1kN#4

Full Structure:
+>XFy=0=-Av+1

Ay = 1kN ¥
U =Ma = 0= Ma— 5kN.m +1kN(10m)
Ma = 5kN.m 0
A; = 52/2*E| = 12.5/E]
A, = 12.5/E]
As = 25/El

OgL: OgL = OB,AU: A; =125/El< ¢

Oc: Oc = (AB +t B/c)/5m = [A1(2*5/3) + A2(2*5/3)]/5m
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0c = 12.5(2)/(3*El) + 12.5(2)/(3*El) = 16.67EIN>
Osr.  Osr = OcM> - 0> = 16.67/El — A2 = 16.67/El — 12.5/El = 4.17/EIn >
Ao, Ap=0cy(5M) + toc¥ = 16.67(5m)/EI + Az (5m)/2

Ap = 16.67(5)/(El) + 25(5)/(2*El) = 145.85/El¥

Summary
0. =125/EI< ¥ Ans  (Points 4)
Osr=4.17/EIn > Ans  (Points 4)
Ap = 145.85/E1} Ans  (Points 2)
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26. Use the moment-area theorems and determine the value of a so that the slope at A is equal to
zero. El is constant.

A ‘r{? B

I L L N
e T ? ? |
Sol:
P P
A \lc B A C B
B N e - g— = |
P(a+L)/L Y Pall
M/EI PL/4EI M/EI
‘ a Tz aL a [t L
-Pa/2El
-Pa/El
tan A
——(a),
e
-
anC  (Buo),

tan A
(torn),
),

: |

tan B
Moment Area Theorems:

0a = (Oac)1 = Y(PL/AEI)(L/2) = PLY16EI

(te/n)2 = Yo(-Pa/EN)(L)(2L/3) = Pa%/3El

(0a)2 = (tesa)2| /2 = (-PaL?/3EI)/L = PaL/3El
Require, 0a=0=(0a)1 — (0a)2

0 = PL?/16EI — PaL/3El

a=3L/16 Ans  (Points 10)
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27. Using the moment-area theorems, determine the horizontal and vertical components of
displacement at C. Let E = 29,000 ksi and | = 80 in* for each member.

A

10 ft

Sol:
M/EI A,

-6,4/E|

/ BY
/

G

Bex

45Fx=0;  Ax-02(8)=0
Ax = 1.6k =

UIMa=0;  -1.6(4) +Ma=0
Ma = 6.4k fty

A; = 64/EI kft?
A, = 6.4(8)/3EI = 17.07/EI
0g = A; = B4/EI <N

ABy = ACy = A; (5) = 64(5)/EIl = 320/El},
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Ocis = Az = 17.07/EI p

to = Ax(3/4)(8) = 17.07(3)(2)/El = 102.42/E1 <
0s(8) = 64(8)/El = 512/El<—

ACx = (102.42 + 512)/El = 614.42/E| <+

El = 29000ksi (80in*) = 2.32 X 10°.in’

ACy = 320(1728)/2.32 X 10° in = 0.24” §

ACx = 614.42(1728)/2.32 X 10° = 0.46” <

Summary:
ACy =0.24} Ans
ACx =0.46" & Ans

(Points 5)

(Points 5)
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28. Using the moment-area theorems, determine the slope at A and the deflection of B. The moment

of inertia for each member is indicated in the figure, and E = 29,000 ksi. Assume A is a roller

support and D is a pin support.

SERRRRNNRN

——
b B Jpo=900 in® ¢
..:1
125 | | Po= 000"
I = 600 in’
.
I Bt -1
Sol:
& <&
&
D
M/EI
+ZFY; AY + DY - 5(8)
By Symmetry: Ay = Dy =5(4) = 20k4

M/EI @centre-line: 5*82/8*E| = 40/E| kft

AL =A2 = 40(4)(2)/3*El = 106.7/El
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0g = A, = 106.7/E1 ¥

0c = 106.7/ElgS >=0p

Ac = 0p(12) = Ag = 106.7(12)/Elgc = 1280 kft*/Elgc kin
Ag = 1280(1728) / (29000*900) = 0.085" 4—

0a = Ag/12° = 0.085/12(12) = 0.59 x 10” radm >

Summary:
Ag = 0.085” < Ans (Points 5)
0a = 0.59 x 107 rad <Mor 33.7 x 10 (degrees) Ans (Points 5)
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