Solution-Question 1

(@)
Free-body diagram of the beam is shown in Figure S1.
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Figure S1: FBD of the beam.

Note: All the forces are vertical and there are no moments (because of the two-force
members and smooth joints).

B, = tension in the bronze rod

P = tension in the steel rod

s

Equilibrium of the Beam:
(>M,=0: Rxa-Bxa=0 — R=F (i

A second equation (e.g., force balance) will introduce a new unknown R (reaction at O)
and will not lead to solution of the axial forces in the two rods —» statically indeterminate
system.

A compatibility condition is needed to solve the problem.

Note: Tightening the nut will pull the steel rod (upward) generating its tension 2. The

equal downward reaction on the nut will be balanced by the upward reaction from the
beam on the nut. Hence, the downward force on the beam by the nut is P, as shown in

Figure S1.

Tension in the bronze rod will extend it through &, , where,



RL
E 4,

As the end A of the beam moves up by J, , the end B will move down by 6, (because OA
= OB).

6, = (ii)

Tension in the steel rod will extend it through &, where,

PL
o, = A (iii)

The extensions in the two rods would generate a gap of &, +J, between the nut and the

top surface of the beam. This gap is removed by the two full turns of the nut. Hence, the
compatibility condition is,

0,+0,=np (iv)
where
n = number of turns of the nut
p = pitch of the thread.
Substitute (i)-(iii) into (iv):

1 1
E4, EA

Substitute numerical values:

1 1

+ =2x0.5x107"
100x10°(Pa)x 20x107*(m?) 200><109(Pa)><10><10'6(m2)) x107(m)

B (N)x1.0mx(

(~ ~) 1x10®° - B =1x10°N=P
10° "2

Normal (tensile) stress in the bronze rod,

_BR _ 1x10°'(N)

o, = ——~—=50x10° Pa =50 MPa
4 20x10°(m?)

Normal (tensile) stress in the steel rod,



3
o =£=ﬂo(ﬂ-=100x106 Pa =100 MPa

P4, 10x107°%(m?)

(b)
After the temperature rise of AT = 20°C, the new quantities are denoted by ().
We have:

R=F o)

*

S, =( PZ +a,-AT)L (i)’

b =
b

*

8 =( AI:E +a,-AT)L (i)’

S, +6, =np  (iv)’
Substitute (i)"- (iii)" and (iv)":

PL ! +L)=np-(ab+as)-AT-L

B B

Substitute numerical values (and make use of the previous computations):

%=1x10_3 ~(17x107 +12x10)x 20 x10 = 0.42x 10"

- PR =042x10° N=F

. B 042x10°(N)

= =21x10° Pa =21 MPa
b 20x107°(m?)

=——————-=42x10° Pa=42 MPa
10x107°(m?)

a-s

-
A,

«_ B _0.42x10°(N)
A4,
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Solution-Question 4
(@)
Free-body diagram of the beam is shown in Figure S4.

A B C

. ~,

Figure S4: FBD of the beam.

Equations of Equilibrium:

CZMB=0: R,xL-M_ =0 —>RA=AI'§0 @)
T> F,=0: —R, +R, =0 — RB=RA=% (ii)

(b)

We use the method of direct integration for the two segments AB and BC of the beam,
separately, as given in Table S4.

Table S4: Steps of determining the beam deflection.



Quantity

AB

BC

2
M= Eli—
dx?

dv

Integrate: El—
dx

L4 is the same at B from
both expressions:
(atx=1L)

Integrate: Elv=

v is the same at B from
both expressions:

v=0 at x=0

v=0 at x=L

+A4L=0 —

R, x+M,+Ryx(x—L)

-%xz +M°x(x—L)+%'i(x—L)2+B,

B,
R,

——Ax

: +1Z x(x=L)’ +£——x(x Ly +4x+B,

For x=0toL:

6EI 651 &)

M x
" 6EIL

For x=L to2L:

—(}-x*) forx=0to L

(ii) (From (i))

1
V= [RE +3M, (5= L) + Ry(a— 1)+ Ry L]

6EIL

" GEIL

6EIL

o[ x +3L(x% —2xL + I*) + (x°

°©[—x*+3L(x— L)’ +(x— L)’ + ’x]

——[-Mox3 +3M L(x- L)’ + M (x— L)’ + M_I’x]

=3x’L +3x - ) + I*x]



ML

= v= 357 (L-x) forx=Lto 2L (iii)
(©
From (iii),
v at x=2L is,
2
Vo = M,L (L-2L)= _ML
3EI 3EI

From Table S4, iv_ at x=1Lis
dx

@ 1| RL 4 _ 1| R RE | RE ML

dx|y EI 2 EI 2 6 3EI 3EI

Ve =V + 2 <L {Because, slope is constant, which can be confirmed by
X|s

differentiating (iii) or by the fact that M = 0 from B to C}
with v =0.

2
_MxL _M"L

3EI 3EI

> V.=

This confirms the previous result forv, .



