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University of Maryland Homework 3
Problem 3 Solution

ENCE353: Introduction to Structural Analysis

Problem 3. For the three-pin arc structure shown below, the profile is given by y = % z(l— ), where f=4 m

and /=16 m.

(a) Calculate the reactions at A and B;

(b) Calculate the internal forces at point E (i.e. axial force F, shear force Fq and bending moment M);

(c) Draw the moment diagram.

Gd) if /=8 m, redo the calculation (a), (b), and (c)) q part of our
Solution: assignment

(a) Draw the free body diagram of the arc structure:

> F, =0, Hy=H,

sz:O? VA+VB:FP

SOMi=0, Fprd =V, 16=0= Vo= 22(1) = v, = 222 (1)

Slice the arc structure at point C, and write the moment equilibrium about point C (left part) would get:

SMe=0, ~Fp 4+ V8= Hy 4=0 = H,= "2 (=) = Hy= 2 (+)



Homework 3

(b) Slice the arc structure at point E, and draw the free body diagram of the right part: Problem 3 Solution

Mg
FE
Hg
B
Vi T Hy
Vs
Fp

F
D F=0, Vet Va=0=Ve=-"()
Fp
ZME:O, _ME_VB.4+HB'y(12) :0 = ME:T(J.\)

The axial force at point E is along with the tangent of the arc profile at point E and the shear force is
perpendicular to the tangent of the arc profile. Thus, to calculate the axial and shear force, decomposition of Hg
and VE is needed:

vy
P AT\Q
“ //
g \\,, ,fi i »H
A

Ve
d 4 1
d_Z|x:12 = l_zf(l_2$) |17:12 == §

tana=—% = a=153.43(deg) = B=26.57(deg) = v=[3=26.57(deg)

sinB=0.447 ,cos § = 0.894

P=VygsinB+ Hcos(3 = % -0.447 + % -+ 0.894 = 0.559F, (compression)
. Fp Fp
Q=-VzcosfB+ Hsinf3= - 1 -0.894 + > -0.447=0

(c) Assume the moment at point x=x is positive in clockwise:

For section 0<=x<=4, write the moment equilibrium about point at x=x:
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Problem 3 Solution
> M, =0, Vi o—Hy y(z) + M(z) =0

_3F, | Fp(4f P, F
= M(z) = 7 T+ > (—12 x(l—x)) D R e
For section 4<=x<=16,

> M, ,=0,Vi-a—H, y(@) —Fp- (z—4) + M(z) =0

3Fs Fp (Af Fr 3Fs
=M@ =——"z+ - 2z(l—2)| =- 22>+ ——2x—4F,
@) === 2+ 5 \pel—2) 327 T P
Draw the moment diagram (Assume the value of F, >=0):
0.5Fp T T T T 4
——Moment Diagram
—Arc Profile
13.5
0 3
12.5
— Q@
c =
o o
€ -0.5Fp 12
= o
<
11.5
-1Fp r 11
10.5
_1 5Fp | | | L 1 L 0
0 2 4 6 8 10 12 14 16

*QOur assignment solution
ends here



Homework 3
(d-a) Problem 3 Solution

Draw the free body diagram of the arc structure:

> F, =0, Hy=H,

> F,=0,Vi+V,=F,
SOMi=0, Fpod—V, 16 =0= Vy= 22(1) = V,= 252 (1)

Slice the arc structure at point C, and write the moment equilibrium about point C (left part) would get:

S Mo=0, ~Fp4+V, 8~ H, 8=0=H,= 2 (=) = Hy= £ ()

(d-b) Slice the arc structure at point E, and draw the free body diagram of the right part:

My
E
Hy
V

B
-~ H,
VBT
Fp
SOF =0, Hy=Hy = Hy =" (=)
Fp
SOF,=0, Vet V,=0=V,=- (1)
Fp
ZME:O, _ME_VB'4+HB’y(]_2) :O:MEZT(J\)

The axial force at point E is along with the tangent of the arc profile at point E and the shear force is
perpendicular to the tangent of the arc profile. Thus, to calculate the axial and shear force, decomposition of Hg
and VE is needed:
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Ve

d 4
d_:?ilz:u =l—!(l—2$)|zu =-1

tana =-1=a=135(deg) = B =45(deg) = v= 3 =45(deg)
sin3=0.707,cos 3 =0.707

P=VgsinB+ HcosfB= % -0.707 + % -0.707 =0.353F» (compression)

Q=—VEcosﬁ+Hsinﬁ=—% -0.707+% -0.707=0

(d-c) Assume the moment at point Xx=x is positive in clockwise:

For section 0<=x<=4, write the moment equilibrium about point at x=x:

> M, ,=0,Vi-o—Hy y(z) + M(z) =0
= M (z) =—%x+%<?—zfx(l—x)> = e Fr,

For section 4<=x<=16,

> M, ,=0,Viz—Hi y(@) —Fp- (z—4) + M) =0

:>M(x)=—3fpx+%<%x(l—x)>—ﬁ”p-(a§—4)
_ Fr 5 3F
= 32:1: + 1 x—4Fp

Draw the moment diagram (Assume the value of F, >=0):
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——Moment Diagram
—— Arc Profile

o
Arc Profile

10

12 14 16



