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ENGN 36

Engineering Mechanics: Statics
Homework Problem Sets
Set #1
1. [image: image3.wmf]The cable stays AB and AD help support pole AC. Knowing that the tension is 500 N in AB and 160 N in AD, determine graphically the magnitude and direction of the resultant of the forces exerted by the stays at A using 

a) the parallelogram law,

b) the triangle rule.
Answer:  R = 575N at a standard angle of 247o
[image: image4.jpg]


2.  Two forces  P and Q are applied as shown at point A of a hook support.  Knowing that P = 15lb and Q = 25 lb, determine graphically the magnitude and direction of their resultant using 

a) the parallelogram law, 

b) the triangle rule.

Answer:  R = 37 lb at a standard angle of -76o
[image: image5.png]


3.  Two control rods are attached at A to lever AB. Using trigonometry and knowing that the force in the right-hand rod is F2 = 80 N, determine 

a) the required force F1 in the left-hand rod if the resultant R of the forces exerted by the  rods on the lever is to be vertical,
b) the corresponding magnitude of R.
Answer:  F1 = 89.2N 
R = 55.8 N
Set #2










1.  While emptying a wheelbarrow, a gardener exerts on each handle AB a force P directed along line CD. Knowing that P must have a 135-N horizontal component, determine
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a) the magnitude of the force P, 



             C
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b) its vertical component.
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Answer:  P=176.2N   Py =113.3N
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2.   Activator rod AB exerts on crank  BCD a force P directed along line AB. Knowing that P must have a 25-lb component perpendicular to arm BC of the crank, determine

a) the magnitude of the force P,

b) its component along line BC. 

Answer:  P=25.9 lb   Px =6.7 lb
3.  Knowing that ( = 65o, determine the resultant of the three forces shown.
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Answer:  R = 1019N  at a standard angle of 26.1o
Set #3
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1. Knowing that ( = 25o, determine the tension

a) in cable AC,

b) in rope BC.

Answer:  TAC=5.23 kN    TBC=0.503 kN
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2.  A chairlift has been stopped in the position shown. Knowing that each chair weighs 300 N and that the skier in chair E weighs 890 N, determine the weight of the skier in chair F.

Answer:  W=1309 N
3. Two forces P and Q are applied as shown to an aircraft connection. Knowing that the connection is in equilibrium and that the magnitudes of the forces exerted on rods A and B are FA = 600 lb and FB  = 320 lb, determine the magnitudes of P and Q.
Answer:  Q=42.1 lb   P = 457 lb
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4.  Two cables tied together at C are loaded as shown. Determine the range of values of W for which the tension will not exceed 1050 N in either cable.

Answer: 0 <= W <= 609N
Set #4
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1.  The cabin of an aerial tramway is suspended from a set of wheels that can roll freely on the support cable ACB and is being pulled at a constant speed by cable DE. Knowing that ( = 42 o  and ( = 32o, that the tension in cable DE is 20 kN, and

assuming the tension in cable DF to be negligible,



     (
determine
a) the combined weight of the cabin, its support system, and its passengers,

b) the tension in the support cable ACB.

Answer:  TACB=141.7 kN    W=33.1 kN
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2.  A load of  weight 400 N is suspended from a spring and two cords which are attached to blocks of weights 3W and W as shown. Knowing that the constant of the spring is 800 N/m, determine

a) the value of W,

b) the unstretched length of the spring.

Answer:  W=62.8N
Lo = 758 mm
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3.  A 280-kg crate is supported by several rope-and-pulley arrangements as shown. Determine for each arrangement the tension in the rope. (Hint: The tension in the rope is the same on each side of a simple pulley.)

Answer:  
a) T = 1373N
b) T = 1373N
c) T = 916N
d) T = 916N
e) T = 687N
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4.  A 350-lb load is supported by the rope-and-pulley arrangement shown. Knowing that ( = 25o, determine the magnitude and direction of the force P which should be exerted on the free end of the rope to maintain equilibrium. (Hint: The tension in the rope is the same on each side of a simple pulley.)
Answer:  There are two correct answers:

P = 149.1 lb  ( = 32.3o  
P = 274 lb   ( = – 32.3o  
Set #5
[image: image20.jpg]



1.  To stabilize a tree partially uprooted in a storm, cables AB and AC are attached to the upper trunk of the tree and then are fastened to steel rods anchored in the ground. Knowing that the tension in cable AC is 3.6 kN, determine
a)  the components of the force exerted by this cable on the tree,

b)  the angles (x, (y, (z that the force forms with axes at A which are parallel to the coordinate axes. 
[image: image21.jpg]


Answer:  Fx = - 1.076 kN
Fy = - 2.55 kN
Fz = +2.31 kN
(x= 107.4o
(y= 135.0o
(z= 50.1o
2.  A horizontal circular plate is suspended as shown from three wires which are attached to a support at D and form 30o angles with the vertical. Knowing that the x component of the force exerted by wire CD on the plate is -40 lb, determine

a)  the tension in wire CD,

b) the angles (x, (y, (z that  the force exerted at C forms with the coordinate axes.

[image: image22.jpg]


Answer:  TCD= 160lb
(x = 104.5o 
(z = 30.0o
(z= 64.3o
3.  A rectangular plate is supported by three cables as shown.  Knowing that the tension in cable AD is 195 lb, determine the components of the forces exerted on the plate at D. 
Answer:  Fx = - 75 lb
Fy = 144.0 lb
Fz = 108.0 lb
Set #6
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1.  Three cables are used to tether a balloon as shown.  Determine the vertical force P exerted by the balloon at A knowing that the tension in the cable AC is 100 lb. 
Answer:  P= 215 lb upward
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2.  A transmission tower is held by three guy wires attached to a pin at A and anchored by bolts at B, C, and D.  If the tension in wire AC is 2.6 kN, determine the vertical force P exerted by the tower on the pin at A. 


Answer: 
P= 8.81 kN upward 
Set #7
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1.  A foot valve for a pneumatic system is hinged at B. Knowing that ( = 28o, determine the moment of the 4-lb force about point B by resolving the force into horizontal and vertical components. 
Answer:  MB = 12.21 lb-in cw
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2.  It is known that a vertical force of 800 N is required to remove the nail at C from the board.  As the nail first starts moving, determine

a)  the moment about B of the force exerted on the nail,

b)  the magnitude of the force P which creates the same moment about B if ( = 10o, 

c)  the smallest force P which creates the same moment about B. 
Answer:  a) MB = 80 Nm ccw

b) P = 205 N

c) Pmin = 177.8 N at std angle 20o
[image: image27.jpg]


3.  It is known that a force with a moment of 1152 Nm about D is required to straighten the fence post CD. If the capacity of the winch puller AB is 2880 N, determine the minimum value of distance d to create the specified moment about point D knowing hat a = 0.24 m and b = 1.05 m.

Answer: d = 486 mm
4.  Determine the moment about the origin O of the force F = – (1.5lb)i + (3lb)j –(2lb)k which acts at a point A.  Assume that the position vector of A is 
a) r = (2.5ft)i – (1ft)j + (2ft)k
b) r = (4.5ft)i – (9ft)j + (6ft)k

c) r =   (4ft)i – (1ft )j + (7ft)k

Answer:  a) Mo= ( - 4i + 2j  + 6k ) ft-lb
b) Mo=   (0i  –  0j   - 0k ) ft-lb
c) Mo=(-19i – 2.5j - 10.5k ) ft-lb
5.  Before the trunk of a large tree is felled, cables AB and BC are attached as shown.  Knowing that the tension in cables AB and BC are 777 N and 990 N respectively, determine the moment about O of the resultant force exerted on the tree by the cables at B. 
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Answer:  Mo= (5.24i -  3.75k ) kN-m
[image: image29.jpg]



6.  The arms AB and BC of a desk lamp lie in a vertical plane that forms an angle of 30o with the xy plane.  To reposition the light, a force of magnitude 8 N is applied at C as shown.  Determine the moment of the force about O knowing that AB = 450 mm, BC = 325 mm, and line CD is parallel to the z axis. 
Answer: Mo = ( 2.98i - 3.16j  - 2.28k ) Nm
Set  #8
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1.  Consider the volleyball net shown. Determine the angle formed by guy wires AC and AD.

Answer:  ( = 38.9o
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2. Steel framing members AB, BC, and CD are joined at B and C and are braced using cables EF and EG.  Knowing that E is at the midpoint of BC and that the tension in cable EG is 445 N, determine

a) the angle between EG and member BC,

b) the projection on BC of the force exerted by cable EG at point E.

Answer:  a) ( = 65.0o
b) (TEG)BC= 188.3 N
[image: image32.jpg]



3. Slider P can move along rod OA.  An elastic cord PC is attached to the slider and to the vertical member BC. Determine the distance from O to P for which cord PC and rod OA are perpendicular.  Dimensions are in mm.

Answer:  dOP = 240mm
Set # 9
[image: image33.jpg]


1. A couple M of magnitude 10 ft lb is applied to the handle of a screwdriver to tighten a screw into a block of wood. Determine the magnitudes of the two smallest horizontal forces that are equivalent to M if they are applied 
a) at corners A and D,

b) at corners B and C,

c) anywhere on the block

Answer:  a) Pmin= 12.0 lb 
b) P = 10.29 lb 

c) P = 6.36 lb
2. The steel plate shown will support six 50-mm-diameter idler rollers mounted on the plate as shown. Two flat belts pass around the rollers, and rollers A and D will be adjusted so that the tension in each belt is 45 N. 
Determine
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a) the resultant couple acting on the plate if a = 0.2m,

b) the value of a so that the resultant couple acting on the plate is 54 N m clockwise.

Answer:  a) M = 48.0 Nm cw 
b) a = 243 mm
[image: image35.jpg]


3.  The tension in the cable attached to the end C of an adjustable boom ABC is 1000 N. Replace the force exerted by the cable at C with an equivalent force-couple system

a) at A,

b) at B.

Answer:  a) FA = 1000N  at  -20o
MA = 1724 Nm cw
b) FB = 1000N  at  -20o
MB = 958 Nm cw
[image: image36.jpg]



4) A 20-lb force F1 and a 40 ft lb couple M1 are applied to corner E of the bent plate shown. If F1 and M1 are to be replaced with an equivalent force-couple system (F2 M2) at corner B and if (M2)z = 0, determine
a) the distance d, 

b) F2 and M2.
Answer:  a) d = 5.40 in
b) F2 = (10.91i + 10.91j-12.73k) lb
    M2 = (- 21.0i + 45.7j) lb-ft 
Set # 10
[image: image37.jpg]


1. The masses of two children sitting at ends A and B of a seesaw are 38 hg and 29 kg, respectively. Where should a third child sit so that the resultant of the weights of the three children will pass through C if she has a mass of 

a) 27 kg,

b) 24kg.

Answer: a) d = 0.667 m
b) d = 0.750 m
2. Three stage lights are mounted on a pipe as shown. The mass of each light is mA  = mB = 1.8 kg and mC = 1.6 kg.

a) If d = 0.75 m, determine the distance from D to the line of action of the resultant of the weights of the three lights.

[image: image38.jpg]


b) Determine the value of d so that the resultant of the weights passes through the midpoint of the pipe

Answer: a) D = 1.185 m
b) d = 0.963 m
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3.  Gear C is rigidly attached to arm AB. If the forces and couple shown can be reduced to a single equivalent force at A, determine the equivalent force and the magnitude of the couple M.

Answer: a) RA = 362 N at - 81.9o
b) M =327 Nm
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4.  A truss supports the loading shown. Determine the equivalent force acting on the truss and the point of intersection of its line of action with a line through points A and G.

Answer: a) R = 773 N at 259o
b) d = 9.54 m to the right of A
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5.  Three forces and a couple act on crank ABC. 
For P = 5 lb and ( = 400,
a)  determine the resultant of the given system of forces,

b)  locate the point where the line of action of the resultant intersects a line drawn through points B and C, 

c)  locate the point where the line of action of the resultant intersects a line drawn through points A and B.

Answer: a) R = 1.471 lb at 55.6o
b) d = 19.12 in to the left of B
Set # 11
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1. Two children are standing on a diving board of mass 65 kg. Knowing that the masses of the children at C and D are 28 kg and 40 kg, respectively, determine
a) the reaction at A, 

b) the reaction at B.

Answer: 
a) Ay = 1.182 kN downward
b) By = 2.49 kN upward
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2. A T-shaped bracket supports the four loads shown. Determine the smallest distance a if the bracket is not to move.

Answer: 
amin = 40.0 mm
[image: image44.jpg]



3. Four boxes are placed on a uniform 14-kg wooden plank which rests on two sawhorses. Knowing that the masses of boxes B and D are 4.5 kg and 45kg, respectively, determine the range of values of the mass of box A so that the plank remains in equilibrium when box C is removed.


Answer: 2.32 kg  <=  mA  <= 266kg
4.    Rod ABC is bent in the shape of a circular arc of radius R. Knowing that ( =350, determine the reaction
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a) at B,

b) at C.
Answer: 
a) B =1.743P at std angle 125o 
b) C = 1.088P  at std angle -23.2o
5.   Bar AC supports two 100-lb loads as shown. Rollers A and C rest against frictionless surfaces and a cable BD is attached at B. Determine 

a) the tension in cable BD,

[image: image46.jpg]


b) the reaction at A, 

c) the reaction at C.
Answer: 
a) TBD =358 lb
b) A =275 lb upward
c) C = 350 lbs pointed to the left
Set #12

1. For the frame and loading shown, determine the reactions at C and D.
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Answer: 
C = 270 N at std angle 123.7o
D =167.7N at std angle -26.6o

2. For the frame and loading shown, determine the reactions at A and C.
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Answer: 
A =276 N  at std angle -45.0o
C =379 N at std angle 121o

[image: image49.jpg]


3.  A 200-lb crate is attached to the
trolley-beam system shown. 
Knowing that a = 1.5 ft. determine
a) the tension in cable CD,

b) the reaction at B.


Answer: 
a) T= 183.1 lb
b) B = 177.5 lb  at std angle -32.3o

4.   Member ABCD is supported by a pin and bracket at C and by an inextensible cord attached at A and D and passing over frictionless pulleys at B and E. Neglecting the size of the pulleys, determine the tension in the cord and the reaction at C.
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Answer: 
 T = 544 N
C = 865 N  at std angle -33.7o

Set # 13
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1.  Two transmission belts pass over sheaves welded to an axle supported by bearings at B and D. The sheave at A has a radius of 50 mm, and the sheave at C has a radius of 40 mm. Knowing that the system rotates with a constant rate, determine

a) the tension T,

b) the reactions at B and D.

Assume that the bearing at D does not exert any axial thrust and neglect the weights of the sheaves and the axle.

Answer: 
a) T= 375 N
b) B = (337.5N) j – ( 700N)k
   D = (337.5N) j + ( 280N)k
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2.   A 1.2 x 2.4-m sheet of plywood having a mass of 17 kg has been temporarily placed among three pipe supports. The lower edge of the sheet rests on small collars A and B and its upper edge leans against pipe C. Neglecting friction at all surfaces, determine the reactions at A, B, and C.

Answer: 
A = (112.5 N) i +( 41.7 N) j
B = (112.5 N) i + (125.1 N) j
C = (-225 N) i
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3.   The 10-kg square plate shown is supported by three vertical wires. 
Determine

a) the tension in each wire when a = 100 mm,

b) the value of a for which tensions in the three wires are equal.
Answer: 
a) TC  = 36.8 N
    TB  = 36.8 N 
    TA  = 24.5 N 

b) a = 150.0 mm
Set # 14 
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#1.    

 Locate the centroid of the plane area shown.

Answer: Ybar = 16.00 in
Xbar = 12.00 in
2. Locate the centroid of the plane area shown.
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Answer: Xbar = -15.83 mm
Ybar =    3.34 mm
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3. The 750-g uniform steel rod is bent into a circular arc of radius 500 mm as shown. The rod is supported by a pin at A and the cord BC. Determine

a) the tension in the cord,

b) the reaction at A.

Answer: a) TBC = 1.470N
b) A = 6.13N at a standard angle of 96.9o 
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4. The homogeneous wire ABCD is bent as shown and is supported by a pin at B. Knowing that  l = 8 in., determine the angle ( for which portion BC of the wire is horizontal.
Answer: ( = 63.6o
Set # 15
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1.  Determine by direct integration the centroid of the area shown. Express your answer in terms of a and h.

Answer: xbar =   2/5 a
ybar =  4/7 h

2. Determine by direct integration the centroid of the area shown. Express your answer in terms of a and h.
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Answer: xbar = 16/35 a
ybar = 16/35 h
3.  Determine the volume of the solid generated by rotating the semi-elliptical area shown about
a) the axis AA(,

b) the axis BB(,
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c) the y axis.

Answer:
a) V =π2a2b 

b) V= 2 π2a2b

c) V= 2/3 πa2b

[image: image61.jpg]



4.  A 15-mm-diameter hole is drilled in a piece of 20-mm-thick steel; the hole is then countersunk as shown. Determine the volume of steel removed during the countersinking process.

Answer: V = 720mm3
Set # 16

1.  For the beam and loading shown, determine

a) the magnitude and location of the resultant of the distributed load,

b) the reactions at the beam supports.

[image: image62.jpg]



answer:  a) R = 1800 lb  xbar =10.80 ft

b) A =1800 lb upward   MA = 19.44 kip-ft ccw

2.  Determine the reactions at the beam supports for the given loading.
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answer:  A= 270 N upward

B =720 N downward 

3.  Determine the reactions at the beam supports for the given loading.
[image: image64.jpg]



answer:  A= 1600 lb upward



  B =800 lb upward 

4.  The cross section of a concrete dam is as shown.  For a dam section of unit width, determine

a) the reaction forces exerted by the ground on the base AB of the dam.

b) the point of application of the resultant of the reaction forces of part a.

c) the resultant of the pressure forces exerted by the water on the face BC of the dam.

d) the point of application of the resultant of the resultant of the pressure forces of part c.

Specific weight of fresh water is 62.4 lb/ft3  (1000 kg/m3)
Specific weight of concrete is 150 lb/ft3  (2400 kg/m3 )  
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answer: a) H = 10.11 kips to the right   V = 79.8 kips upward

b) The point of application of the resultant is 15.9 ft to the right of A

c) Rx = 10.11 kips to the left  Ry = 79.8 kips downward

d) The point of application of the resultant is       above B and      to the left of B

Set # 17
[image: image66.jpg]| D
8 ft t 17.5 ft |





1.  Consider the composite body shown. Determine

a) the value of xcg when h = L/2
b) the ratio h/L for which xcg = L

Answer: a) xcg = 0.548 L
  b)  h/L =2
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2.   For the machine element shown, determine the x coordinate of the center of gravity.

Answer: xcg = 2.44in

3.   For the same machine element shown, determine the y coordinate of the center of gravity.

Answer: ycg = 0.749 in
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4.   For the stop bracket shown, locate the x coordinate of the center of gravity.

Answer: xcg = 93.6 mm

5.   For the same stop bracket shown, locate the z coordinate of the center of gravity.

Answer: zcg = 52.5 mm
Set # 18
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1.   Using the method of joints, determine the force on each member of the truss shown. State whether each member is in tension or compression.

Answer: FAD =  3.48 kN T
FCD =  2.52 kN C
FAC =  3.36 kN C
FBC =  2.52 kN C
FAB =1.200 kN T
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2.   Using the method of joints, determine the force on each member of the truss shown. State whether each member is in tension or compression.

    Answer: FCD = 3.70 kips T

FBC = 3.70 kips C

FAD = 8.13 kips T

FBD = 6.08 kips C

FAB = 4.38 kips C
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3.   Using the method of joints, determine the force on each member of the truss shown. State whether each member is in tension or compression.

Answer: FAB = 200 N C

FAC = 520N T

FBE= 480 N C

FBC= 520 N T

FCD = FCE =520 N T

FDE = 200 N C

4.  The portion of truss shown represents the upper part of a power transmission line tower. For the given loading, determine the force in each of the members located above HJ. State whether each member is in tension or compression.
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Answer: FDF =  2.86 kN T

FEF =  2.86 kN C

FBD =  2.76 kN T

FDE = 0.750 kN C

FAB =  2.86 kN T

FAC =  2.86 kN T

FBE =  0

FBC = 0.750 kN C

FCE =  2.76 kN C

FCH = 1.500 kN C

FHE = 0

FEJ = 1.500 kN

[image: image73.jpg]


5. For the given loading, determine the zero-force members in the truss shown.

Answer:  FBC  = 0
FCD = 0
FIJ  = 0
FIL  = 0
FMN = 0
FLM = 0
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6. For the given loading, determine the zero-force members in the truss shown.

Answer:  FDI  = 0
FEI  = 0
FAI  = 0
FBJ  = 0
FFK = 0
FGK = 0
FCK = 0
7. For the given loading, determine the zero-force members in the truss shown.
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Answer:   FBC = 0
FBE = 0
FFG = 0
FEF = 0
FDE = 0
FMN = 0
FKN = 0
FIJ  = 0
Set # 19
1.   A Warren bridge truss is loaded as shown. Determine the force in members CE, DE, and DF.
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Answer:   FCE = 4.00  kN T
FDE =1.300 kN T
FDF = 4.50 kN C

[image: image77.jpg]


2.  A Howe scissors roof truss is loaded as shown. Determine the force in members GI, HI, and HJ.


Answer:   FGI = 16.22 kN T
FHI = 1.000 kN T
FHJ =17.33 kN C

3. Determine the force in members AF and EJ of the truss shown when P = Q = 2 kips. (Hint: Use section aa.)
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Answer:   FAF = 2.50  kips T
FEJ = 1.500 kips T

4.   The diagonal members in the center panel of the truss shown are very slender and can act only in tension; such members are known as counters. Determine the force in members BD and CE and in the counter which is acting when P = 3 kips.

[image: image79.jpg]dB 240 N

T YA
0.75 m C ‘
-*— o oD
o.7+5 m ‘ |

Y
L1.25 m*L—l m~>‘




Answer:    FCD = 606 lb T
FCE = 331 kips T
FBD =383 kips C

Set # 20
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1.   Determine the force in member AC and the reaction at B when

a) ( = 300
b) ( = 600


Answer: FAC = 138.6 lb T
B = 123.5 lb at std angle -13.710
FAC =138.6 lb T
B = 105.8 lb at std angle -49.10
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2.   For the frame and loading shown, determine the components of all forces acting on member ABC.
Answer: Ay =5.00 kips ↓
Ax = 4.50 kips ←
FBE = 2.25 kips →
Cx = 2.25 kips →
Cy =5.00 kips ↑
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3.   Determine the components of the reactions at A and E when a 160-lb force directed vertically downward is applied

a) at B,

b) at D.

Answer: Ex =96.0 lb→
So Ey = 48 lb ↑
Ax =96 lb ←
Ay = 112.0 lb ↑
Ex =96.0 lb →
Ax = 96.0 lb ←
So Ay =32.0 lb ↑
Ey = 128.0 lb ↑
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4.   Determine the components of the reactions at A and B when 
a) the 240-N load is applied as shown,

b) the 240-N load is moved along its line of action and is applied at E.

Answer: By = 432 N ↑
Ay = 192.0 N ↓
So Bx = 0
Ax = 0
Then Ax =320 N →
Bx = 320 N ←
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5. Knowing that the pulley has a radius of 1.25 in., determine the components of the reactions at B and E.

Answer: Bx = 175.0 lb ←
Ex = 175.0 lb →
Ey = 125 0 lb ↑
By = 50 0 lb ↓
Set #21
[image: image85.wmf]
1.   A 50-N force directed vertically downward is applied to the toggle vise at C. Knowing that link BD is 150 mm long and that a = 100 mm, determine the horizontal force exerted on block E.

Answer: Eblock = 282 N →

2.   The press shown is used to emboss a small seal at E. Knowing that P = 60 lb, determine

[image: image86.jpg]


a) the vertical component of the force exerted on the seal,

b) the reaction at A.

Answer: A = 135.7 lb at std angle - 61.30
E = 179 lb downward
3.  For the system and loading shown, determine

a. [image: image87.jpg]M, =0.25




the force P required for equilibrium

b. the corresponding force in member BD

c. the corresponding reaction at C

Answer: 

a. FBD = 254 N T

b. [image: image88.jpg]M, =045




Cx = -219.6 N
Cy = 173.2 N
C =    280 N   38.3o
c. [image: image89.jpg]@
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P = 220 Y
4.   A couple M of magnitude 15 kip in. is applied to the crank of the engine system shown. For each of the two positions shown, determine the force P required to hold the system in equilibrium.
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Answer:   P = 7.00 kips ←
P = 17.50 kips ←

Set # 22

#1. Determine the internal forces (axial force, shearing force, and bending moment) at point J for  ( = 30 o and ( = 60o.
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answer: F = 0

V = 40 lb up

M = 160 lb-in ccw
#2. Two members, each consisting of straight and168-mm-radius quarter-circle portions, are connected as shown and support a 480-N load at D.  Determine the internal forces at point J.
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answer: F = 48.0 N

V = 83.1 N

M = 17.86 M-m ccw
#3.  A force P is applied to a bent rod which is supported by a roller and a pin and bracket. For each of the three cases shown, determine the internal forces at point J.
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answer: a) F = 0



b) F = 2P downward

b) F = 2P/7 downward

V = P/2 to the right

    V = 3P/2 to the left

    V = 3P/14 to the right   

M = aP/2  ccw


    M = 3aP/2  cw

   M = 3aP/14  ccw

#4. A quarter-circular rod of weight W and uniform cross section is supported as shown.  Determine the bending moment at point J when and ( = 30o 
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answer: a) M = 0.0557Wr ccw
Set # 23

#1.  For the beam and loading shown, 
a) draw the shear and bending-moment diagrams, 
b) determine the maximum absolute values of the shear and bending moment.
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answer:  
|V|max = 9.50 kN on CD

|M|max  = 4.80 kN-m at C
#2.  For the beam and loading shown, 
a) draw the shear and bending-moment diagrams, 
b) determine the maximum absolute values of the shear and bending moment.
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answer:  
|V|max = 14.40 kips at B

|M|max  = 57.6k ip-ft at C
#3.  Two short angle sections CE and DF are bolted to the uniform beam AB of weight 3.33 kN, and the assembly is temporarily supported by the vertical cables EG and FH as shown.  A second beam resting on beam AB at I exerts a downward force of 3 kN on AB. Knowing that a = 0.3 m and neglecting the weight of the angle sections, 

a) draw the shear and bending-moment diagrams for beam AB, 
b) determine the maximum absolute values of the shear and bending moment in the beam.
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answer:  
|V|max = 1.833 kN at C and D

|M|max = 799 N-m at C and D
#4. For the beam shown, determine
a) the magnitude P of the two upward forces which minimizes all the bending moments along the length of the beam concurrently,  
b) the corresponding value of |M|max.
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Hint: To “minimize all the bending moments along the length of the beam concurrently” means that the absolute values of the maximum bending moments along the length must all be as small as possible at the same time. So draw the bending-moment diagram and then equate the absolute values of the largest positive and negative bending moments obtained.
answer:  
a)  P = 40.0 kN

b) |M|max = 40.0 kN-m
Set # 24
#1.  Using graphical methods, for the beam and loading shown, 
a) draw the shear and bending-moment diagrams, 
b) determine the maximum absolute values of the shear and bending moment.
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answer:  
|V|max = 810 N

|M|max = 162.0 N-m
#2. Using graphical methods, for the beam and loading shown, 
a) draw the shear and bending-moment diagrams, 
b) determine the maximum absolute values of the shear and bending moment.
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answer:  
|V|max = 810 N

|M|max = 162.0 N-m
#3.  Using graphical methods, for the beam and loading shown, draw the shear and bending-moment diagrams, and determine the maximum absolute value of the bending moment knowing that 

a) P = 14 kN,

b) P = 20 kN.
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answer:  a) |M|max = 35.0 kN-m  1.5m from A

b) |M|max = 57.1 kN-m  1.125m from A
#4.  Using graphical methods, for the beam and loading shown, draw the shear and bending-moment diagrams, and determine the maximum absolute value of the bending moment and its location.  Assume that the 4-kN force applied at E is directed upward. 
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answer:  |M|max = 13.44 kN-m  1.833m from A
Set # 25
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1.   Determine whether the block shown is in equilibrium, and find the magnitude and direction of the friction force when (  = 350 and P = 400 N.
Answer:  Feq < Fmax      OK      equilibrium
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F = 246 N up the incline
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2.   Determine whether the 20 lb. block shown is in equilibrium, and find the magnitude and direction of the friction force when P = 12.5 lb and (  = 150.

Answer:  Feq > Fmax  which is impossible, 
so block slides up
F = 3.89 lb down the incline
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3.   Considering only values of ( less than 900, determine the smallest value of ( for which motion of the block to the right is impending when

a) m = 30 kg,

b) m = 40 kg.

Answer: θ = 50.50
θ = 66.50
4.   Knowing the P = 25 lb, determine the range of values of ( for which equilibrium of the 18-lb block is maintained.
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Answer: Equilibrium for 16.810 ≤ θ ≤ 65.30

5.    The coefficients of friction are μs =0.40 and μk =0.30 between all surfaces of contact. Determine the force P for which motion of the 60-lb block is impending if cable AB 

a) is attached as shown,

b) is removed.
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Answer:   P = 72 lb
P = 40.0 lb
Set # 26
1.   A 40-lb weight is hung from a lever which rests against a 100 wedge at  A and is supported by a frictionless hinge at C. Knowing that the coefficient of static friction is 0.25 at both surfaces of the wedge and that for the position shown the spring is stretched 4 in., determine

a) the magnitude of the force P for which motion of the wedge is impending,

b) the components of the corresponding reaction at C.

[image: image108.jpg]
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Answer: Cx = 1.082 lb ←
Cy = 104.7 lb ↑
P = 4.94 lb
2.   Two 8o wedges of negligible mass are used to move and position a 240-kg block. Knowing that the coefficient of static is 0.40 at all surfaces of contact, determine the magnitude of the force P for which motion of the block is impending.

Answer: P = 1.957 kN
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3.   Block A supports a pipe column and rests as shown on wedge B. Knowing that the coefficient of static friction at all surfaces of contact is 0.25 and that ( = 450, determine the smallest force P required to raise block A.

Answer: 2.46 kips ←

Set # 27
1.   Blocks A and B are connected by a cable that passes over support C. Friction between the blocks and the inclined surfaces can be neglected. Knowing that motion of block B up the incline is impending when WB = 16 lb, determine 

a) the coefficient of static friction between the rope and the support,
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b) the largest value of WB for which equilibrium is maintained. 
(Hint: T2/T1 = e μ( is valid for any shape of surface provided that the coefficient of friction is the same at all points of contact.)

Answer:  μs =0.213
WB = 25.0 lb
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2.   A 120-kg block is supported by a rope which is wrapped 1 ½  times around a horizontal rod. Knowing that the coefficient of static friction between the rope and the rod is 0.15, determine the range of values of P for which equilibrium is maintained.
Answer: 286 N ≤ P ≤ 4.84 kN

3.   The coefficient of static friction μs is the same between block B and the horizontal surface and between the rope and support C. Knowing the WA = WB,  determine the smallest value of μs for which equilibrium is maintained.
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Answer: μs = 0.475
4.  High-strength bolts are used in the construction of many steel structures.  For a 24-mm-nominal-diameter bolt the required minimum bolt tension is 210 kN.  Assuming the coefficient of friction to be 0.40, determine the required couple that should be applied to the bolt and nut.  The mean diameter of the thread is 22.6 mm, and the lead is 3 mm.  Neglect friction between the nut and washer, and assume the bolt to be square-threaded. 
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Answer: Torque = 1.068 kN-m
Set # 28
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1.   Determine by direct integration the moment of inertia of the shaded area with respect to the y axis.

Answer: Iy = 5/33 a3 b


2.    Determine by direct integration the moment of inertia of the shaded area with respect to the y axis.

Answer: Iy = 47/60 a3 b


3.   Determine by direct integration the moment of inertia of the shaded area with respect to the x axis.

Answer: Ix = 5/17 ab3

4.   Determine by direct integration the moment of inertia of the shaded area with respect to the x axis.
Answer: Ix = 0.0430ab3
Set # 29

1.   Determine the moment of inertia and the radius of gyration of the shaded area with respect to the  x axis.

Answer: Ix = 2.44 in4
kx = 1.093 in


2.    Determine the moment of inertia and the radius of gyration of the shaded area with respect to the  x axis.

Answer: Ix = 7.36 
[image: image2.wmf]´

 106 mm4
kx = 32.0 mm

3.   Two 1-in. steel plates are welded to a rolled S section as shown. Determine the moments of inertia and the radii of gyration of the section with respect to the centroidal x and y axes.

Answer:   I barx 9.82 in4
k barx = 5.66 in.
I bary =101.0 in4
k bary =1.814 in.

Set # 30

1.    The moments and product of inertia for an  L102 X  76 X 6.4 -mm angle cross section with respect to two rectangular axes x and y through C are, respectively, 
Ibar x = 0.166 X 106 mm4, 
Ibar y = 0.453 X 106 mm4, 
and Ibar xy  < 0.  

The minimum value of the moment of inertia of the area with respect to any axis through C is 
Ibar min = 0.051 X 106 mm4. 

Using Mohr’s circle, determine

a) the product of inertia of the area

b) the orientation of the principal axes,

c) the value of  Ibar max .
Answer: 
a) Ixy = -0.215 o x 106 mm4
b) (m = -28.1 clockwise

c) Imax = 0.567 x 106 mm4
#2.   Using Mohr’s circle, determine for the cross section of the rolled-steel angle shown (L5 X 3 X ½)  the orientation of the principal centroidal axes and the corresponding values of the moments of inertia.

Answer: 
(m  = 19.643o counter- clockwise

Imax = 10.456 in4
Imin = 1.575 in4
� EMBED Equation.3  ���
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