Solution to Some Problems in Tutorial 1/ENME222/2001

(Needs to be checked)

1. Consider the equilibrium of the overall structure.  


By inspection, the horizontal reaction at D,  HD = 0   …(1)

Taking moment about D in the clock-wise direction gives:  

480(3.9)-RE(2.4)=0 giving 

RE = 480(3.9)/2.4=780 N  ……(2)

(Fy = 0 gives:

RD + RE – 480 = 0  giving 

RD = 480 - RE 

= 480 – 780 = -300 N  ……(3)

Geometry:

From Figure (1), tan  = 1.3/1.2 giving 47.29( and sin and cos 

(Also,
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because DE=2AB=2DP giving DP=PE.)

Now consider joint E:

(Fy = 0 gives: FBE sin R

i.e.  FBE  R sin ….(4)

(Fx = 0 gives: FBE cos  FDE 

FDE FBE cos  -(-1061 cos  ….(5)


Now consider joint D:

(Fx = 0 gives: FBD cos  FDE =0
This gives FBD  -FDE  /cos ….(6)

(Fy = 0 gives: FBD sin  FAD + RD

i.e.  FAD =  FBD sin  RD sin -300)

= 1080 N….(7)
To find the b.m and s.f just right of B, consider the following section: 

(Fy = 0 gives: FBC = - 480 N

 and taking moments about the cut gives: 

MBC = -480(2.7)= -1296 Nm

 (Alternative Method): Consider the equilibrium of the beam.  Since pin-jointed member AD is not subject to any intermediate load, the force induced (FAD) will be axial.  

MA in the c-wise direction gives: 480(3.9)-RB(1.2)=0 giving RB = 1560 N…(1)

(Fy = 0 gives: RB - FAD – 480 = 0 giving FAD = RB– 480 = 1080 N (Tensile) …(2)

Fx = 0 gives: HB = 0……(3)

By Newton’s third law, the reaction from the beam on the pin-jointed frame DBE will be equal and opposite to the reactions on the beam.  Hence we can consider the equilibrium of the joint B:

(Fx = 0 gives: FBE cos  FBD cos 

This gives FBE  FBD….(4)

(Fy = 0 gives: FBE sin  FBD sin R

Substituting equations (1) & (4) into the above gives:

2FBD sin 1560

FBD = -1560/(2 sin 

But from Figure (1) tan  = 1.3/1.2 giving 47.29( and sin and cos 

Therefore FBD = -1061 N  (compressive)….(5)

From equation (4) FBE 1061 N (compressive)….(6)

Now consider joint E:

(Fy = 0 gives: FBE sin R

i.e. R FBE sin ….(7)

(Fx = 0 gives: FBE cos  FDE 

FDE FBE cos  -(-1061 cos  ….(8)


By inspection, the horizontal reaction at D, HD = 0 since the overall structure is not subject to any horizontal force and the reaction at E must be vertical.

(Fy = 0 gives: RD + RE – 480 = 0  giving RD = 480 - RE = 480 – 780 = -300 N

To find the b.m and s.f just right of B, consider the following section: (Fy = 0 gives: FBC = - 480 N and taking moments about the cut gives: MBC = -480(2.7)= -1296 Nm

2. For overall equilibrium,
 MC =0 gives: -VE (  (3.0) + 7.2 (  (1.25) = 0 giving, VE = 3.0 kN.

 Fx =0 gives HC = 0
 Fy =0 gives 

VC = 7.2-3.0 = 4.2 kN

Consider the quilibrium of joint E.


 Fy =0 (
VE + FBE  sin (0 

giving FBE = -2(3 kN

 Fx =0 ( FDE + FBE  cos (0 

giving FDE = (3 kN

Now consider the equilibrium of beam AB.

 MA =0 gives: -SGB ( (1.5) + 7.2( (0.5)=0

giving SGB = 2.4 kN. This is the shear force in AB at B.

The shear and axial force in AB will be exterted in the opposite directions on Joint B.  Fy =0 (
SBG + FBD  sin ( FBE  sin (0 giving 

FBD  = -( SBG + FBE  sin ()/ sin ((3 kN

 Fx =0 ( FAB + (FBD-FBE) cos (0 giving FAB =-1.2(3 kN
3. The reaction at E is perpendicular to CD since the pin is free to slide along (the slot) CD.

For the equilibrium of AB,

 MA =0 gives: -RE (  AE sin () + 200 = 0

 tan-1 (0.5/1.2)=22.62(
 tan-1 (0.5/0.375)=53.13(
AE=(0.3752 + 0. 52) 0.5 =0.625 m

RE = 200/(0.625 sin 14.25() = 1300 N

For the equilibrium of CD,

 MD =0 gives: -RE (  DE + M = 0

DE = (1.22 + 0. 52) 0.5 = 1.3 m

M = 1.3 (  1300 = 1690 Nm

For equilibrium of AB, RA = RE

For equilibrium of CD, RD = RE
In CD, between E and D, there will be a shearing force of magnitude 1300 N only.

In AB, betwen A and E, there will an axial force of RE cos 14.25( = 1260 N (tensile)

And a shearing force of magnitude RE sin 14.25( = 320 N.


4. The reaction at C is perpendicular to AB since the collar is free to slide along AB.

(DCA = 180(-110(-20( = 50(
For the equilibrium of CD,

 MD =0 gives:

150 (  0.2 cos 20( - RC (  0.7 sin (90+50)( = 0 giving RC = 150 ( 0.2 cos 20(/(0.7 sin 140()

= 62.65 N
For the equilibrium of AB,

 MA =0 gives:

M- RC ( AC = 0 giving M = RC ( AC = 62.65 N ( (0.239 /sin 70() = 15.94 Nm

The force in AB is pure shear and is equal to 62.65 N.

Now consider the equilibrium of a segment of CD by taking a section between C and E.

Resolving along CE gives:

FCE + RC cos (180-140) ( = 0

Giving FCE = -47.99 N

Resolving perpendicular to CE gives:

SCE + RC sin 140 ( = 0 giving

SCE =  - 40.27 N


Resolving along CE gives:

FED + RC cos 40 ( + 150 cos 70(   = 0

Giving FED = -99.3 N

Resolving perpendicular to CE gives:

SED + RC sin 140 (+ -150 sin 70(    = 0 giving

SED =  100.68 N


5. AE is a two force member. Therefore the force in AE is axial only.

For the r.h.s side freebody,

 MD =0 gives:

50 ( 0.9 cos ( + FAE ( 0.4 sin 76( = 0 giving FAE = -91.37 kN

 Fx =0 gives: ( T + FAE cos ( 0 giving T = 72.0 kN

CD is a two force member. Therefore the force in CD is axial only.

For the left side freebody,

 MA =0 gives:

25 ( 2.7 cos  + FCD ( 0.7 sin 2 = 0 giving FCD = -96.43 kN

For the r.h.s side freebody,
 Fx =0 gives: ( H + FCD cos  0 giving H = 83.5 kN
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