GNG1105 –ENGINEERING MECHANICS

Chap. 1.1 ‘’ What is Mechanics ’’ 

Mechanics is the science, which describes and predicts the condition of rest or motion of bodies under the action of forces.

Mechanics is divided in 5 parts: 	
· Mechanics of rigid bodies (divided in statics, bodies at rest and dynamics, bodies   in motion. Both bodies assumed to be perfectly rigid)
· Mechanics of deformable bodies (mechanics of materials, resistance of the structure)
· Mechanics of fluids (incompressible/compressible fluids)

It is not an abstract or pure science, it is an applied science. The purpose is to explain and predict physical phenomena and thus to lay the foundation for engineering applications. 

Chap 1.2 ‘’ Fundamental concepts and principles ’’ 

Basic concepts in mechanics:
· Space (position, lengths measured from an origin, coordinates)
· Time
· Mass (compare bodies on fundamental basis, mechanical experiments)
· Force (action of one body on another, characterized by its point of application, magnitude and direction, represented by a vector)

A particle is a very small amount of matter. A rigid body is a combination of a large number of particles occupying fixed positions.

The study of mechanics rests on 6 fundamental principles based on experimental evidence: 
· Parallelogram law for addition of forces: 2 forces action on ONE particle may be replaced by one single force (resultant)
· Principle of transmissibility: conditions of equilibrium of a rigid body will remain unchanged if a force acting at a given point is replaced by a force of same magnitude and direction but at a different point (HAS TO HAVE THE SAME LINE OF ACTION)
· Newton Laws: 
· If the resultant force acting on a particle is zero, the particle will remain at rest or will move with constant speed in a straight line (if originally)
· If the resultant force acting on a particle is not zero, the particle will have an acceleration proportional to the magnitude of the resultant and direction 
      F(resultant force) = M(mass of particle) x A (acceleration, 9.81 m/s^2)
· Forces of action and reaction between bodies in contact have the same magnitude, same line of action but OPPOSITE SENSE
								



Chap. 2.2 “ Forces on a Particle, Resultant of 2 Forces ”

A force represents the action of one body on another.

Its point of application, magnitude and direction characterize a force. 

The length of a segment is chosen to represent the magnitude of the force.

An arrow should indicate the sense of a force.
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Chap. 2.3 “ Vectors ”

Vectors are defined as mathematical expressions possessing magnitude and direction, represented by arrows.

The magnitude defines the length of the arrow to represent the vector.

A negative vector is a vector having the same magnitude, but opposite direction.

Chap. 2.4 “ Addition of Vectors ”

The parallelogram law does not depend upon the order, the addition of 2 vectors is commutative: P + Q = Q + P

The triangle rule: arranging 2 vectors tip-to-tail then connecting the tail of vector 2 with the tip of vector 1.

Subtraction is the addition of the corresponding negative vector: P – Q = P + (-Q)

The sum of 3 or more vectors: P + Q + S = (P + Q) + S = P + (Q + S) (Associative)

The polygon rule is adding 3 or more vectors tip-to-tail only if they are COPLANAR

The coefficient rule: P + P + P = 3 P if they are all identical

Chap. 2.5 “ Resultant of several Concurrent Forces ”

Concurrent: several forces contained in the same plane that pass though point A

Add 3 or more vectors using the polygon rule, the vector “R” represents the resultant of the given concurrent forces. The order does not matter, they are commutative. 



Chap. 2.6 “ Resolution of a Force into Components ‘’

A single force can be replaced by two or more forces, which together have the same effect. The process is called: resolving the force F into components. 

The components can be found if: 
· One of the 2 components is known. Then we apply the triangle rule and joining tip-to-tail
· The line of action of each component is known. Then we apply the parallelogram law

The magnitude can be found by the cosine law: R =  P + Q – 2PQcosB

The direction can be found by the sine law: sinA/a = sinB/b 

Chap. 2.7 “ Rectangular Components of a Force ”

Rectangular components: F  Fx & Fy (perpendicular)

Unit vectors: i and j (vectors) are multiplied by the Fx and Fy (scalar)

Fx = Fxi				Fy = Fyj				F = Fxi + Fyj 

F = √Fx + Fy

tan = Fy/Fx

Chap. 2.8 “ Addition of Forces by Summing X and Y ”

R = P + Q + S  Rxi + Ryj = Pxi + Pyj + Qxi + Qyj + Sxi + Syj
Rx = Px + Qx + Sx				Ry = Py + Qy+ Sy
Rx = Σ FX					Ry = Σ Fy

Scalar components Rx and Ry of the resultant R of several forces acting on a particle are obtained by adding algebraically the corresponding scalar components of the given forces.

Chap. 2.9 “ Equilibrium of a Particle ” 

When the resultant of all the forces acting on a particle is zero, the particle is in equilibrium. 
It will be in equilibrium if:
· 2 forces have the same magnitude, same line of action but OPPOSITE direction
· By using the polygon rule, it brings it back to the point of origin
· Σ R = O, so Σ Fx = 0 & Σ Fy = 0

Chap. 2.10 “Newton’s First Law of Motion ”

If the resultant force acting on a particle is zero, then the particle will remain at rest or will move at a constant speed in a straight line (if originally). 


Chap. 2.12 “ Rectangular Components of a Force in Space ”

3D: (x, y, z)

y: between F and y axis, vertical component Fy
Fy = Fcosy

Fh: horizontal component, resolved in 2 components Fx and Fz
Fh = Fsiny
Fx = Fhcos = Fsinycos
Fz = Fhsin = Fsinysin

Fx, Fy, Fz in Pythagorean theorem:
F = (OA) = (OB) + (BA) = Fy + Fh
Fh = (OC) = (OD) + (DC) = Fx + Fz
F = √ Fx + Fy + Fz (magnitude)

Fx = Fcosx				Fy = Fcosy				Fz = Fcosz	

				F = Fxi + Fyj + Fzk
				F = Fcosxi + Fcosyj + Fcoszk
				F = F (cosxi + cosyj + coszk)	
↓
λ = cosxi + cosyj + coszk, λ is a unit vector (1)
λx = cosx				λy = cosy				λz = cosz

λx + λy + λz = 1
cosx + cosy + cosz = 1

cosx = Fx/F				cosy = Fy/F				cosz = Fz/F

Chap. 2.13 “ Force defined by its magnitude and 2 points ”

MN = dxi + dyj + dzk

λ = MN / MN (distance) = 1/d (dxi + dyj + dzk)
F = F λ = F/d (dxi + dyj + dzk)

Fx = Fdx/d				Fy = Fdy/d				Fz = Fdz/d
dx = x2 – x1				dy = y2 – y1				dz = z2 – z1

				d = √ dx + dy + dz
cosx = dx/d				cosy = dy/d				cosz = dz/d





Chap. 2.14 “ Addition of Concurrent Forces in Space ”

R = Σ F, Rxi + Ryj + Rzk = Σ (Fxi + Fyj + Fzk)

Rx = Σ Fx				Ry = Σ Fy				Rz = Σ Fz

R = √Rx + Ry + Rz (magnitude)

cosx = Rx/R				cosy = Ry/R				cosz = Rz/R

Chap. 2.15 “ Equilibrium of a Particle in Space ”

A particle is in equilibrium if the resultant of all the forces is equal to 0.

Σ Fx = 0				Σ Fy = 0				Σ Fz = 0




































Summary of chapter 2

Vector quantities are characterized by a point of application, a magnitude and a direction. You can add them by using the parallelogram law, graphically or trigonometry using the law of cosines to find the magnitude and the law of sinus to find the direction. 

Any given force acting on a particle can be resolved into components. A force can be resolved into 2 components by drawing a parallelogram using the x and y axis. Fx along the x axis and Fy along the y axis. Fx = Fxi, Fy = Fyj, F = Fxi + Fyj. Fx and Fy are scalar components of F. Fx = Fcos and Fy = Fsin.  To find the magnitude, F = √Fx + Fy. To find the direction, tan = Fy/Fx.

If three or more forces are acting on a particle, R can be obtained by adding algebraically the corresponding components, Rx = Σ Fx, Ry = Σ Fy and R = √Rx + Ry.

3D rectangular components Fx, Fy, Fz. Fx = Fcosx, Fy = Fcosy, Fz = Fcosz. 
F = Fxi + Fyj + Fzk or F = F (cosxi + cosyj + coszk).
cosx + cosy + cosz = 1
F = √Fx + Fy + Fz (magnitude) 	&	 cosx = Fx/F, cosy = Fy/F and cosz = Fz/F 

When F is defined by its magnitude and 2 points, the components obtained :
1. MN = dxi + dyj + dzk
2. MN = √dx + dy + dz
3. λ = MN / MN (distance) = 1/d (dxi + dyj + dzk)
4. F = F λ = F/d (dxi + dyj + dzk)
5. Fx = Fdx/d			Fy = Fdy/d			Fz = Fdz/d

If 2 or more forces are acting on a particle, R = √Rx + Ry + Rz, Rx = Σ Fx, Ry = Σ Fy and Rz = Σ Fz.

If a particle is in equilibrium, R = 0, R = Σ Fx + Σ Fy + Σ Fz, 0 = Σ Fx + Σ Fy + Σ Fz.


















Chap. 3.1 “ Equivalent System of Forces ”

The effect of a force:
· Moment of a force about a point (vector and scalar products)
· Moment of a force about an axis (vector and scalar products)

Chap. 3.2 “ External and Internal Forces ”

External: 
· Action of other bodies on the rigid body under consideration
· Responsible for external behavior of the rigid body
· Causes it to move or ensure it remains at rest

Internal:
· Forces which hold together the particles forming the rigid body

Chap. 3.3 “ Principle of Transmissibility: Equivalent Forces ”

The conditions of equilibrium or motion of a rigid body will remain unchanged if a force T is replaced by a force F’ (same magnitude and direction) but acting on a different point ONLY IF THEY HAVE THE SAME LINE OF ACTION.

F and F’ have the same effect and are equivalent.

Chap. 3.4 “ Vector Products of Two Vectors ”

Vector product P x Q = V:
· The line of action V is perpendicular to P and Q
· The magnitude of V = PQsin
· The direction of V is determined by the right hand rule

If P & Q have either the same direction or opposite directions, the vector product is zero.

If  is not 0 or 180, the magnitude:
· V = P x Q is equal to the area of the parallelogram P & Q
· V = P x Q = P x Q’

P x Q ≠ Q x P,     Q x P = -(P x Q)

P x (Q1 + Q2) = P x Q1 + P x Q2

(P x Q) x S ≠ P x (Q x S)










Chap. 3.5 “ Vector Products in Rectangular Components ”
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i x i = 0, j x j = 0, k x k = 0

V = P x Q = (Pxi + Pyj + Pzk) x (Qxi + Qyj + Qzk) 
V = (PyQz – PzQy) i + (PzQx – PxQz) j + (PxQy – PyQx) k

Vx = PyQz – PzQy	    	    Vy = PzQx – PxQz		    Vz = PxQy – PyQx
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Chap. 3.6 “ Moment of a Force ”

F: vector that represents the magnitude and direction
r: effect of the force, position joining fixed reference (point of origin) with A

Moment:
· = r x F
· Must be perpendicular to the plane containing the origin and the force 
· Direction is determined with the right hand rule
· = r Fsin = Fd, d is the perpendicular distance from O to the line of action of F

The magnitude of the moment measures the tendency of the force F to make the rigid body rotate about a fixed axis directed along Mo

The line of action of F must lie in plane through O perpendicular to the moment

The moment of a force about a point depends on the magnitude, line of action and the sense of the force. It does not depend on the ACTUAL POSITION. The moment does not characterize the position.

The moment of a force F of a given magnitude and direction defines the line of action of F. The line of action must lie in a plane through O perpendicular to the moment. The distance d from the point of origin = Mo/F.



Chap. 3.7 “ Varignon’s Theorum ”

r x (F1 + F2 + F3 +…) = r x F1 + r x F2 + r x F3 + …..

The moment about a given point O of the resultant of several concurrent forces is equal to the sum of the moments of the various forces about the same point O. 

Chap. 3.8 “ Rectangular Components of the Moment of a Force ”

r = xi + yj + zk

F = Fxi + Fyj + Fzk

Mo = r x F  Mo = Mxi + Myj + Mzk

Mx = yFz – zFy
My = zFx – xFz
Mz = xFy - yFx
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2D:  Mo = (xFy – yFx) k

        Mo = Mz = xFy – yFx

        MoB = (xA – xB) Fy – (yA – yB) Fx










Chap.3.12 “ Moment of a Couple ”

Two forces F and –F having the same magnitude, parallel lines of action and opposite sense are said to form a couple.

The sum of the components of the two forces in any direction is zero. The sum of the moments of the two forces about a given point is not zero because the two forces will not translate the body on which they act, they will tend to make it rotate. 

rA x F + rB x (-F) = (rA –rB) x F, where rA – rB = r
M = r x F, M is a vector perpendicular to the plane containing the 2 forces

M= rFsin = Fd (perpendicular distance between lines of action of F and –F) (magnitude)
The direction is determined by the right hand rule. 

Chap. 3.13 “ Equivalent Couples ”
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Chap. 3.14 “ Addition of Couples ”

M = r x F = r x (F1 + F2)
M = r x F1 + r x F2
M = M1 + M2

The sum of two couples is itself a couple. 

The moment of the resultant couple can be obtained by forming the vector sum of the moments M1 and M2 of the given couples.
 
Chap. 3.15 “ Couples can be Represented by Vectors ”

The vector representing a couple is called a couple vector. 

The couple vector M can be resolved into component vectors Mx, My and Mz. 







Chap. 3.16 “ Resolution of a Given Force into a Force at O and a Couple ”
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Mo = r x F, any force F acting on a body can be moved to an arbitrary point O provided that a couple is added whose moment is equal to the moment of F about O.

Mo’ = r’ x F = (r + s) x F = r x F + s x F
Mo’ = Mo + s (vector joining O’ to O) x f

Chap. 3.17 “ Reduction of a System of Forces to One Force and One Couple ”

Any system of forces can be reduced to an equivalent force-couple system acting at a given point O.

R = Σ F			Mo = Σ Mo = Σ (r x F)
Σ r = xi + yj + zk
Σ F = Fxi + Fyj + Fzk
R = Rxi + Ryj + Rzk
Mo = Mxi + Myj + Mzk

Chap. 3.18 “ Equivalent System of Forces ”

Two system of forces are equivalent, therefore, if they can be reduced to the same force-couple system at a given point O.

Two system of forces (F1,F2,F3,….) and (F1’,F2’,F3’,…..) which act on the same rigid body are equivalent if the sums of the forces and the sums of the moments about a given point O of the forces of the two systems are equal. 

Σ F = Σ F’ 			Σ Mo = Σ Mo’
Σ Fx = Σ Fx’			Σ Fy = Σ Fy’			Σ Fz = Σ Fz’
Σ Mx = Σ Mx’			Σ My = Σ My’			Σ Mz = Σ Mz’






Chap. 3.20 “Further Reduction of a System of Forces”

Any given force acting on a rigid body can be reduced to an equivalent force-couple system at O consisting of a force R equal to the sum of the forces of the system and a couple vector Mo of the moment equal to the moment resultant of the system

When R=0, the force-couple system reduces to the couple vector Mo. The given system of forces can then be reduced to a single couple, called the resultant couple system.

Concurrent forces are applied at the same point and can be added directly to obtain their resultant R. It always reduces to a single force.

Coplanar forces: Rx = Σ Fx		Ry = Σ Fy		Mz = Mo
			
					xRy –yRx = Mo					

Parallel forces: Ry = Σ Fy		Mx = ΣMx		Mz = ΣMz
					 r x R = Mo
		 		(xi + yj) x Ry = Mxi + Mzk
				-zRy = Mx		xRy = Mz
































Summary of chapter 3

According to the principle of transmissibility, the effect on an external force on a rigid body remains unchanged if that force is moved along its line of action. F and F’ acting on a rigid body at two different points have the same effect on that body if they have the same magnitude, same direction and some line of action. These forces are equivalent.

Vector product: V = P x Q. It is defined perpendicular to the plane containing P and Q.
Magnitude: V = PQ sin
Direction: right hand rule (Q x P = - (P x Q))

i x i = 0				i x j = k				i x k = -j
j x j = 0				j x k = i 				j x i = -k
k x k = 0				k x i = j				k x j = -i

Vx = PyQZ –PzQy
Vy = PzQx – PxQz
Vz = PxQy – PyQx

Mo = r x F, where r is the position vector drawn from O to the point of application. 
Mo = rFsin = Fd, d represents the perpendicular distance from O to the line of action. 

Mx = yFz – zFy
My = zFx – xFz
Mz = xFy – yFx

If there are 2 points given, r will be: xA – xB, yA – yB, zA – zB (rA/B)

The scalar products of two vectors P • Q : PQcos, where  is the angle between P and Q
					        PxQx + PyQy + PzQz

The projection of a vector : P • λ
			         Pxcosy + Pycosy + Pzcosz

Two forces F and –F having the same magnitude, parallel lines of action and opposite sense are said to form a couple. The moment of a couple is independent of the point about which it is computed. It is a vector M perpendicular to the plane of the couple and equal in magnitude to the product of the common magnitude F of the forces and the perpendicular distance d between their lines of action. 

Two couples having the same moment M are equivalent. They have the same effect on a given rigid body. The sum of two couples is itself a couple, and the moment M of the resultant couple can be obtained by adding vectorially the moments M1 and M2 of the original couples. 

A vector can be called a couple vector; equal in magnitude and direction to the moment M of the couple can represent a couple. A couple vector is a free vector, it can be attached to the origin O and resolved into components.




Any force F acting at a point A of a rigid body can be replaced by a force-couple system, consisting of the force applied at O and a couple of moment Mo equal to the moment about O of the force F in its original position. It should be noted that the force F and the couple vector Mo are always perpendicular to each other. 

Any system of forces can be reduced to a force-couple system at a given point O by first replacing each of the forces of the system by an equivalent force-couple system at O and then adding all the forces and all the couples determined in this manner to obtain a resultant force R and a resultant couple vector Mo. The resultant R and the couple vector Mo will not be perpendicular to each other. 

As far as rigid bodies are concerned, two systems of forces, (F1 F2 F3….) and (F1’ F2’ F3’……) are equivalent if  Σ Fx = Σ Fx’ and  Σ Mo = Σ Mo.

If the resultant force R and the resultant couple vector Mo are perpendicular to each other, the force-couple system at O can be further reduced to a single resultant force. This will be the case for systems consisting concurrent forces, coplanar forces or parallel forces. If the resultant R and the coupe vector Mo are not perpendicular to each other, the system cannot be reduced to a single force. it can be reduced to a special type of force-couple system called a wrench































Chap. 4.2 “ Free-Body Diagram ”

1. All forces should be indicated on the free-body diagram. The weight should also be included among the external forces. 
2. The magnitude and directions already known should be marked. 
3. Unknown external forces consist of the reactions. The reactions constrain the body to remain at the same position. Reactions are exerted at the points where the body is supported by or connected to other bodies and should be indicated.
4. Should include dimensions.
5. Should include the x, y and z axis.

Chap. 4.3 “ Reactions at Supports and Connections for a 2D Structure ”

1. Reactions equivalent to a force with a known line of action:
Supports and connections causing reactions include rollers, rockers, frictionless surfaces, short cables, collard on frictional rods and frictionless pins and slots. Each of these can prevent motion in ONE DIRECTION ONLY. Each of these reactions involve one unknown (magnitude of the reaction). 

2. Reactions equivalent to a force of unknown direction and magnitude:
Supports and connections casing reactions of this type include frictionless pins in fitted holes, hinges and rough surfaces. They can prevent translation to the body in ALL DIRECTIONS but cannot prevent rotation. Reactions to this group involve two unknowns (x and y components).

3. Reactions equivalent to a force and a couple:
Reactions are caused by fixed supports. These forces form a system, which can be reduced to a force and a couple. Reactions of this group involve three unknowns (x and y components and the moment of the couple).

Chap. 4.4 “ Equilibrium of a Rigid Body in 2D ”

Fz = 0				Mx = My = 0				Mz = Mo
ΣFx = 0			ΣFy = 0				ΣMo = 0

These equations can solve no more than 3 unknowns.

Chap. 4.6 “ Equilibrium of a Two-Force Body ”

If a two-force body is in equilibrium, the two forces must have the same magnitude, the same line of action and opposite sense.

If several forces act at two points A and B, the forces acting at A can be replaces by their resultant F1 and those acting at B can be replaced by their resultant F2. A two-forced body can be defined as a rigid body subjected to forces acting at only two points. The resultant F1 and F2 must have the same line of action, magnitude and opposite sense. 






Chap. 4.8 “ Equilibrium of a Rigid Body in Three Dimensions ”

Six scalar equations are required to express the conditions for the equilibrium of a body in the general 3D case.

ΣFx = 0			ΣFy = 0				ΣFz = 0
ΣMx = 0			ΣMy = 0				ΣMz = 0

They can be solved for no more than 6 UNKNOWNS. 

Σ F = 0				ΣMo = Σ (r x F) = 0

1. Express the forces F and position vector r in terms of scalar components and unit vectors. 
2. Vector product (r x F)
3. Three unknowns may be eliminated (i x i, j x j, k x k)
4. Knowing that the summation = 0, we obtains the desired unknown values.

Chap. 4.9 “ Reactions at Supports and Connections for a 3D Structure ”

There can be between one and six unknowns. 

Ball supports, frictionless surfaces and cables prevent translation in one direction only and exerts a single force (magnitude is unknown).
Rollers on rough surfaces and wheels on rails prevent translation in two directions (consists of two unknown force components).
Rough surfaces in direct contact and ball-socket supports prevent translation in three directions (consists of three unknowns).
The reaction of a fixed support, which prevents translation and rotation, consists of three unknown forces and three unknown couples.
A universal joint, which allows rotation but not translation, will exert a reaction consisting of three unknown force components and one unknown couple. 




















Summary of chapter 4



















































Chap. 5.1 “Introduction”

The force W (weight of the body) is to be applied at the center of gravity of the body. 

Chap. 5.2 “ Center of Gravity of a 2D Body ”

ΣMy : xW = Σx W
ΣMx : yW = Σy W

ΣFz : W = W1 + W2 + W3+….

ΣMy : xW = x1W1 + x2W2 +……
ΣMy : yW = y1W1 + y2W2 +……

Chap. 5.3 “ Centroids of Areas and Lines ”

Qy = xA				Qx=yA
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