CVG-3140

EXAMPLES 3.1: Drawing deflected shape p.1
EXAMPLES
3.1 Deflections
(Drawing deflected shape)
Draw the deflected shape for the beams and frames below:
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EXAMPLES 3.1: Drawing deflected shape
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CVG-3140 EXAMPLES 3.2A: Moment area method p.1

EXAMPLES
3.2A Deflections
(Moment-Area method)

Example 1: Determine the slope at "b" and "c" (free end) of the cantilever beam.
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Draw shear and moment diagram ...
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Draw M/EI diagram...
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Draw an exaggerated elastic curve...
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CVG-3140 EXAMPLES 3.2A: Moment area method p.2

Apply theorem 1 ...

A Ia n__fi ”_,'r__.'_.'|

T

Determine the slope at point B:

50kNm 1(100kNm 50kNm 375kNm?
Op =Ogjp =— (5m) -~ - Gm)=———
El 2 El El El
- 375KNm _ — ~0.00521 rad
[200(10°)kN / m?][360(10°)(10 Z)m"]
Determine the slope at point C:
1( 100kNm 500k Nm?
0. =6.,,=—| — 10m)=——"—1—
= Gein = -2 Jaom) - - 5%
2
—500kNm _ ~0.00694 rad

~ [200(10°)kN / m?][360(10°)(10 " 2)m"]
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CVG-3140 EXAMPLES 3.2A: Moment area method p.3

Example 2: Determine the deflection at points "B" and "C" of the cantilever beam. E = 200 GPa.
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1 I4p = 8(10°) mm* Igc = 4(10°) mm*
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Draw shear and moment diagram ...
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Draw M/EI diagram...
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Draw an exaggerated elastic curve...
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EXAMPLES 3.2A: Moment area method p.4

Determine the Deflection at point B:

. ctan C
[ Ap =1t tan A
M
Elgc 00
250 Ela:
—_—— BC
B S
A I_E m—‘ C
4m i 3Im

250N+m

2000N - m’
Ap=tgs= [Tgc(a’l m)](2 m) = e

Elp

2000Nm’

Ag= [200(107) N/m?][4(10°) mm*(1 m*/(10°)* mm*)]

=0.0025m = 2.5mm.

Since the answer is positive it indicates that point B
lies above the tangent at A (as assumed)

Determine the Deflection at point C:

. Ct_i].t“l C
[ Ap=ipa tan A
M
250 —
?EC | EIEC
A ) m_‘B E
4m i 3m
250N'm SO0N*m
= topy = |—— - 3 )
Ac =t [ Elye (4m)|(Sm) El, ( m)](l m)
_TS0N'm’ T250N - m’

Elge  [200(10°) N/mZJ[4(10%)(107%) m|
= 000906 m = 9,06 mm

Since the answer is positive it indicates that point C lies
above the tangent at A (as assumed)
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CVG-3140 EXAMPLES 3.2A: Moment area method p.5

Often the moment-area theorems will not give us the slope and deflection directly. In these
cases we need to use the theorems, geometry and knowledge of similar triangles to solve the
problems ...

Some illustrative examples

Consider the beam below, how would you find the deflection at point C?
20 kN

= —
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Consider the beam below, how would you find the deflection at point C ?
Sk-ft

C
m}f)
| |
o r 12 ft 1 12 ft ]
A » B
= [ |Ae
ol 1C Not Horizontal !
P Ic/p
A/B| s

tan B

Consider the beam below, how would you find the deflection at point C?
tan A

.3 [ H _f*_lk%/ﬁ ﬂ A A ﬂ?m -

— Ac

.
Sm—3 gy

24kN s tan C
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CVG-3140 EXAMPLES 3.2A: Moment area method

p.6

Example 3: Determine the deflection of point C. E =200 GPa, |= 4X108 mm?

5 kN.m »
(A ,‘r C "
— | ————d 1
—3m | 3m —
3.2A EXAMPLES p.7


ALAA
Rectangle

ALAA
Text Box
I= 4X106 mm4

ALAA
Text Box
kN.m

ALAA
Text Box
3 m

ALAA
Text Box
3 m


CVG-3140 EXAMPLES 3.2B: Conjugate Beam method

EXAMPLES
3.2B Deflections
(Conjugate-Beam method)

Example 1: Draw the corresponding conjugate beams...
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CVG-3140 EXAMPLES 3.2B: Conjugate Beam method

Example 1:

Determine the slope and deflection at point B of the steel beam shown
in Fig. 8-24a. The reactions have been computed. E = 29(10%) ksi,

I = 800in*

5k
Skf 4 |
t S ————————— | !
Tk 15 fi 15 fi |
real beam

(a)

V, M diagrams

Draw conjugate beam with appropriate supports and M/EIl loading

' 15 ft i 15t

conjugate beam

(b)
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CVG-3140 EXAMPLES 3.2B: Conjugate Beam method p.3

Analyze conjugate beam

i 15 ft i 15 ft ’*5 fit J| 25 ft JI My
|
i
I
I
I
I—'

75 .
El . 562.5
conjugate beam -
(b) reactions

_ 5625k £t

+13F, = 0; T—VB.=0
562.5 k - ft
Op=Vp = - EI
B —562.5k - ft?
29(10%) k/in?(144 in?/ft2)800 in*(1 ft*/(12)* in*)
= —0.00349 rad
562.5 k - ft>
(+=Mp =0 T(25 ft) + Mg =0
14 062.5 k - ft*
St
~14062.5k - ft3

" 20(10%)(144) k/£2[800/(12)] ft*
= —0.0873 ft = —1.05 in.

The negative signs indicate the slope of the beam is measured
clockwise and the displacement is downward
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CVG-3140 EXAMPLES 3.2B: Conjugate Beam method p.4

Example 2:

Determine the slope @ B and the displacement @ C for the beam shown below.
Give your answers in terms of Elas Note that: Elsp =2 Elag  and Elag = Elpe

8 kN 8 kN

l 10m B 10m 10m D 10m
A

V, M diagrams

Draw M/EI diagram :

A
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CVG-3140 EXAMPLES 3.2B: Conjugate Beam method

Conjugate beam with appropriate loading & analyze:

E

N 40

El Ly AN ;;[]

'
Determine slope @ B ... eb - Vb (shown as By' in the figure)

20 D,

- ]
Determine deflection @ C ... Ac - Mc

40
EL,
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